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Front Cover Illustrations:

Upper Images: Maps showing configuration and expansion of the historical 
water-distribution system networks serving the Dover Township area, New Jersey: 

1962, 1971, 1988, 1995, and 1996.

Lower Image: Plot showing three-dimensional representation of monthly water-supply well 
production for the Dover Township area, New Jersey, January 1962–December 1996.
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CONTENTS—CONTINUED

GLOSSARY AND ABBREVIATIONS

Definition of terms and abbreviations used throughout this report are listed below:

Term or
Abbreviation Definition

AC Asbestos cement water pipeline

ATSDR Agency for Toxic Substances and Disease Registry

CD-ROM Computer disc, read only memory

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act;
is also known as Superfund

Consumption The use of water by customers of a water utility; is also known as demand.
In a water-distribution system, consumption should 
equal production if there are no losses through leaks or pipe breaks

Direct measurement or A method of obtaining data that is based on measuring or observing the
observation parameter of interest. 

EPA U.S. Environmental Protection Agency

EPANET 2 A water-distribution system model developed by the EPA

EPS model Extended period simulation model; a simulation method used to analyze a 
water-distribution system that is characterized by time-varying demand 
and operating conditions

Epidemiologic study A study to determine whether a relation exists between the 
occurrence and frequency of a disease and a specific factor 
such as exposure to a toxic compound found in the environment

ft Foot (feet)

GA Genetic Algorithm; a method of optimization that attempts to find the most
optimal solution by mimicking the mechanics of natural selection and genetics

GIS Geographic information system

gal gallon(s)

gpm gallon(s) per minute

Historical reconstruction  A diagnostic analysis used to examine the historical characteristics 
of a water-distribution system

in. Inch(s)

Link The representation of a length of pipeline section in EPANET 2

Manual adjustment process A modeling approach whereby a balanced flow condition is achieved through
the repeated modification and refinement of modeling  parameters by
the analyst

Master Operating Criteria Guidelines developed for operating a water-distribution system that 
are based, in part, on hydraulic engineering principles

Maximum-demand month A time during a prescribed year when water usage is greatest; is also 
known as a peak- or summer-demand period
iv Historical Reconstruction of the Water-Distribution System Serving the Dover Township Area, 
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CONTENTS—CONTINUED

GLOSSARY AND ABBREVIATIONS—CONTINUED

Definition of terms and abbreviations used throughout this report are listed below:

Term or
Abbreviation Definition

MGD Million gallons per day

Mgal Million gallons

mi Mile(s)

Minimum-demand month A time during a prescribed year when water usage is least; is also
known as a low- or winter-demand period

Model node The representation of the end point of a section of pipeline in EPANET 2; is
also known as pipeline junction

NJDHSS New Jersey Department of Health and Senior Services

NPL National Priorities List; the EPA’s official list of hazardous waste 
sites which are to be cleaned up under the Superfund

Pipeline junction Representation of the end point of a section of pipeline in EPANET 2; is
also known as model node

Point demand The spatial distribution of total consumption to pipeline or model
locations based on measured data such as metered billing records

Point of entry The location where water enters a water-distribution system from a
source such as an aquifer, lake, stream, or river. For the Dover
Township area, the points of entry are the wells and well fields

Production The processing of potable water by a water utility and the delivery of the
water to locations serviced by the water-distribution system. In 
a water-distribution system, production should equal consumption 
if there are no losses through leaks, pipe breaks, or non-metered water usage.

Proportionate contribution The derivation of water from one or more sources in differing
proportions. The sum of the proportionate contribution at any
location in the water-distribution system should equal 100%

PVC, PE, IPS Types of plastic water pipelines

psi pounds per square inch

Qualitative description A method of estimating data that is based on inference or is
synthesized using surrogate information

Quantitative estimate A method of estimating data that based on using computational techniques

SAN Styrene-acrylonitrile trimer

Sensitivity analysis A method of characterizing or quantifying uncertainty and variability.
This involves conducting a series of model simulations, changing 
specific parameter or constraint values, and comparing the effect of 
changed parameter(s) or constraint(s) with reference to a base condition
Contents v



CONTENTS—CONTINUED

GLOSSARY AND ABBREVIATIONS—CONTINUED

Definition of terms and abbreviations used throughout this report are listed below:

Term or
Abbreviation Definition

Source-trace analysis A method used to identify the source of delivered water using a water-
distribution model. A source-trace analysis can be used to track the
percentage of water reaching any point in a water-distribution system over
time from a specified location or source

SNL Supply-node-link simulation method

Steady-state model A simulation method used to analyze a water-distribution system that is
characterized by static or non-time-varying demand and operating conditions

SVOC Semi-volatile organic compound

System operations The on-and-off cycling of wells and high-service and booster pumps and the
operational extremes of water levels in storage tanks over a 24-hour period

TCE Trichloroethylene

TIGER Topologically integrated, geographic encoding and referencing system. 
A database developed by the U.S. Department of Commerce that
describes in a digital format the locations of roadways, hydrography,
landmarks, places, cities, and geographic census boundaries

UWTR United Water Toms River, Inc.

VOC Volatile organic compound

Water-distribution system A water-conveyance network consisting of hydraulic facilities such 
as wells, reservoirs, storage tanks, and high-service and booster pumps;
and a network of pipelines for delivering potable water

WSTP Well-Storage Tank-Pump simulation method

DISCLAIMER

Use of trade names and commercial sources is for identification only and does not imply endorsement by the Agency
for Toxic Substances and Disease Registry or the U.S. Department of Health and Human Services.
vi Historical Reconstruction of the Water-Distribution System Serving the Dover Township Area, 
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APPENDIX A

TABLES OF WATER-DISTRIBUTION  SYSTEM PIPELINE  CHARACTERISTICS , 
DOVER TOWNSHIP AREA, NEW JERSEY, 1962–96
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Table A-1. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19621

1Assumed in-service date for all pipelines is January 1, 1962.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 2,217 71.6 93.0 4,6,8,12 120

Cast iron (CI) 1950 53 1.6 2.1 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 77 2.4 3.1 6,8,12 130

Galvanized (GA) 1950 45 1.4 1.8 2 120

Additional inf ormation
Total number of pipe segments (links) in model network:  2,402
Total length of pipe segments in model network:  77.1 miles
Total number of pipe junctions (nodes) in model network:  2,272

Table A-2.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19631

1Assumed in-service date for all pipelines is January 1, 1963.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 2,535 81.4 93.3 4,6,8,10,12 120

Cast iron (CI) 1950 59 1.8 2.1 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 79 2.4 2.8 6,8,12 130

Galvanized (GA) 1950 45 1.4 1.6 2 120

Plastic (PVC) 1963 1 0.04 0.05 12 140

Additional inf ormation
Total number of pipe segments (links) in model network:  2,730
Total length of pipe segments in model network:  87.2 miles
Total number of pipe junctions (nodes) in model network:  2,571
A-2 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 



Table A-3.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19641

1Assumed in-service date for all pipelines is January 1, 1964.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 2723 86.9 93.2 4,6,8,10,12 120

Cast iron (CI) 1950 60 1.8 1.9 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 86 2.9 3.1 6,8,12 130

Galvanized (GA) 1950 45 1.4 1.5 2 120

Plastic (PVC) 1963 1 0.04 0.04 12 140

Additional inf ormation
Total number of pipe segments (links) in model network:  3,068
Total length of pipe segments in model network:  93.2 miles
Total number of pipe junctions (nodes) in model network:  2,884

Table A-4.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19651

1Assumed in-service date for all pipelines is January 1, 1965.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 3,402 108.9 94.4 4,6,8,10,12 120

Cast iron (CI) 1950 63 1.8 1.6 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 89 2.9 2.5 6,8,12 130

Galvanized (GA) 1950 45 1.4 1.2 2 120

Plastic (PVC) 1963 2 0.2 0.2 12 140

Additional inf ormation
Total number of pipe segments (links) in model network:  3,613
Total length of pipe segments in model network:  115.3 miles
Total number of pipe junctions (nodes) in model network:  3,403
Tables of water-distribution system pipeline characteristics, 1962–96 A-3
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Table A-5.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19661

1Assumed in-service date for all pipelines is January 1, 1966.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 3,678 116.8 94.8 4,6,8,10,12 120

Cast iron (CI) 1950 63 1.8 1.5 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 89 2.9 2.4 6,8,12 130

Galvanized (GA) 1950 45 1.4 1.1 2 120

Plastic (PVC) 1963 2 0.2 0.2 12 140

Additional inf ormation
Total number of pipe segments (links) in model network:  3,892
Total length of pipe segments in model network:  123.2 miles
Total number of pipe junctions (nodes) in model network:  3,666

Table A-6.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19671

1Assumed in-service date for all pipelines is January 1, 1967.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline

 first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 4,050 128.9 95.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 63 1.8 1.3 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 89 2.9 2.1 6,8,12 130

Galvanized (GA) 1950 45 1.4 1.0 2 120

Plastic (PVC) 1963 2 0.2 0.1 12 140

Additional inf ormation
Total number of pipe segments (links) in model network:  4,267
Total length of pipe segments in model network:  135.3 miles
Total number of pipe junctions (nodes) in model network:  4,013



Tables of water-distribution system pipeline characteristics, 1962–96 A-5

Table A-7.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19681

1Assumed in-service date for all pipelines is January 1, 1968.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 4,371 138.6 95.4 4,6,8,10,12,16 120

Cast iron (CI) 1950 68 1.9 1.3 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 97 3.1 2.1 6,8,12 130

Galvanized (GA) 1950 45 1.4 1.0 2 120

Plastic (PVC) 1963 2 0.2 0.1 12 140

Additional inf ormation
Total number of pipe segments (links) in model network:  4,601
Total length of pipe segments in model network:  145.3 miles
Total number of pipe junctions (nodes) in model network:  4,327

Table A-8. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19691

1Assumed in-service date for all pipelines is January 1, 1969.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 4,868 150.9 95.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 68 1.9 1.2 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 101 3.4 2.1 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.9 2 120

Plastic (PVC) 1963 20 0.6 0.4 6,8,12 140

Additional inf ormation
Total number of pipe segments (links) in model network:  5,115
Total length of pipe segments in model network:  158.3 miles
Total number of pipe junctions (nodes) in model network:  4,808
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Table A-9.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19701

1Assumed in-service date for all pipelines is January 1, 1970.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline

 first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 5638 174.3 96.0 4,6,8,10,12,16 120

Cast iron (CI) 1950 68 1.9 1.0 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.1 2 130

Ductile iron (DI) 1950 98 3.2 1.8 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.8 2 120

Plastic (PVC) 1963 24 0.7 0.4 6,12,16 140

Additional inf ormation
Total number of pipe segments (links) in model network:  5,891
Total length of pipe segments in model network:  181.6 miles
Total number of pipe junctions (nodes) in model network:  5,536

Table A-10.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19711

1Assumed in-service date for all pipelines is January 1, 1971.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 6,319 193.0 96.4 4,6,8,10,12,16 120

Cast iron (CI) 1950 68 1.9 0.9 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.05 2 130

Ductile iron (DI) 1950 98 3.2 1.6 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.7 2 120

Plastic (PVC) 1963 24 0.7 0.3 6,12,16 140

Additional inf ormation
Total number of pipe segments (links) in model network:  6,584
Total length of pipe segments in model network:  200.3 miles
Total number of pipe junctions (nodes) in model network:  6,165
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Table A-11. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19721

1Assumed in-service date for all pipelines is January 1, 1972.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 6,696 203.8 96.5 4,6,8,10,12,16 120

Cast iron (CI) 1950 75 2.0 0.9 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.05 2 130

Ductile iron (DI) 1950 98 3.2 1.6 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.7 2 120

Plastic (PVC) 1963 24 0.7 0.3 6,12,16 140

Additional inf ormation
Total number of pipe segments (links) in model network:  6,970
Total length of pipe segments in model network:  211.2 miles
Total number of pipe junctions (nodes) in model network:  6,526

Table A-12.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19731

1Assumed in-service date for all pipelines is January 1, 1973.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 7,213 219.0 96.6 4,6,8,10,12,16 120

Cast iron (CI) 1950 75 2.0 0.9 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.04 2 130

Ductile iron (DI) 1950 108 3.5 1.5 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.6 2 120

Plastic (PVC) 1963 24 0.7 0.3 6,12,16 140

Plastic (PE) 1973 1 0.01 0.0 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  7,488
Total length of pipe segments in model network:  226.7 miles
Total number of pipe junctions (nodes) in model network:  7,004
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Table A-13. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19741

1Assumed in-service date for all pipelines is January 1, 1974.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 7,628 233.0 96.8 4,6,8,10,12,16 120

Cast iron (CI) 1950 76 2.0 0.8 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.04 2 130

Ductile iron (DI) 1950 108 3.5 1.5 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.6 2 120

Plastic (PVC) 1963 24 0.7 0.3 6,12,16 140

Plastic (PE) 1973 1 0.01 0.0 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  7,904
Total length of pipe segments in model network:  240.7 miles
Total number of pipe junctions (nodes) in model network:  7,390

Table A-14. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19751

1Assumed in-service date for all pipelines is January 1, 1975.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 8,041 245.5 96.9 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.8 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.04 2 130

Ductile iron (DI) 1950 109 3.5 1.4 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.6 2 120

Plastic (PVC) 1963 24 0.7 0.3 6,12,16 140

Plastic (PE) 1973 1 0.01 0.0 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  8,320
Total length of pipe segments in model network:  253.3 miles
Total number of pipe junctions (nodes) in model network:  7,765
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Table A-15.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19761

1Assumed in-service date for all pipelines is January 1, 1976.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 8,281 251.9 96.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.8 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.04 2 130

Ductile iron (DI) 1950 142 5.1 1.9 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.4 2 120

Plastic (PVC) 1963 24 0.7 0.3 6,12,16 140

Plastic (PE) 1973 5 0.1 0.04 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  8,565
Total length of pipe segments in model network:  259.7 miles
Total number of pipe junctions (nodes) in model network:  7,991

Table A-16. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19771

1Assumed in-service date for all pipelines is January 1, 1977.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 8,516 260.7 96.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.7 2,4,6,6,10,12 130

Copper (CP) 1950 3 0.1 0.04 2 130

Ductile iron (DI) 1950 142 5.1 1.9 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.4 2 120

Plastic (PVC) 1963 24 0.7 0.3 6,12,16 140

Plastic (PE) 1973 36 0.6 0.2 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  8,863
Total length of pipe segments in model network:  270.6 miles
Total number of pipe junctions (nodes) in model network:  8,262
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Table A-17. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19781

1Assumed in-service date for all pipelines is January 1, 1978.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 8,983 273.3 96.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.7 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.04 2 130

Ductile iron (DI) 1950 159 5.4 1.9 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.5 2 120

Plastic (PVC) 1963 24 0.7 0.2 6,12,16 140

Plastic (PE) 1973 52 0.9 0.3 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  9,363
Total length of pipe segments in model network:  283.8 miles
Total number of pipe junctions (nodes) in model network:  8,718

Table A-18. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19791

1Assumed in-service date for all pipelines is January 1, 1979.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,295 283.3 95.9 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.7 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.03 2 130

Ductile iron (DI) 1950 167 5.5 1.9 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.5 2 120

Plastic (PVC) 1963 26 0.9 0.2 6,12,16 140

Plastic (PE) 1973 101 2.0 2.0 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  9,733
Total length of pipe segments in model network:  295.2 miles
Total number of pipe junctions (nodes) in model network:  9,056
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Table A-19. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19801

1Assumed in-service date for all pipelines is January 1, 1980.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,431 287.7 95.7 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.7 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.03 2 130

Ductile iron (DI) 1950 167 5.5 1.8 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.5 2 120

Plastic (PVC) 1963 33 1.3 0.4 6,8,12,16 140

Plastic (PE) 1973 124 2.4 0.8 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  9,904
Total length of pipe segments in model network:  300.5 miles
Total number of pipe junctions (nodes) in model network:  9,212

Table A-20. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19811

1Assumed in-service date for all pipelines is January 1, 1981.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,495 289.7 93.8 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.6 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.03 2 130

Ductile iron (DI) 1950 167 5.5 1.8 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.5 2 120

Plastic (PVC) 1963 235 7.2 2.3 6,8,12,16 140

Plastic (PE) 1973 146 2.7 0.9 2 140

Plastic (IPS) 1981 10 0.1 0.03 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  10,199
Total length of pipe segments in model network:  308.8 miles
Total number of pipe junctions (nodes) in model network:  9,490
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Table A-21. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19821

1Assumed in-service date for all pipelines is January 1, 1982.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 92.1 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.6 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.03 2 130

Ductile iron (DI) 1950 167 5.5 1.7 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.4 2 120

Plastic (PVC) 1963 378 12.4 3.9 6,8,12,16 140

Plastic (PE) 1973 172 3.2 1.0 2 140

Plastic (IPS) 1981 10 0.1 0.03 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  10,370
Total length of pipe segments in model network:  314.6miles
Total number of pipe junctions (nodes) in model network:  9,646

Table A-22.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19831

1Assumed in-service date for all pipelines is January 1, 1983.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 89.5 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.6 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.03 2 130

Ductile iron (DI) 1950 168 5.5 1.7 6,8,12 130

Galvanized (GA) 1950 45 1.4 0.4 2 120

Plastic (PVC) 1963 672 21.0 6.5 2,6,8,12,16 140

Plastic (PE) 1973 202 3.9 1.2 2 140

Plastic (IPS) 1981 10 0.1 0.03 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  10,697
Total length of pipe segments in model network:  323.9 miles
Total number of pipe junctions (nodes) in model network:  9,944
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Table A-23.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19841

1Assumed in-service date for all pipelines is January 1, 1984.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 85.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.6 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.03 2 130

Ductile iron (DI) 1950 178 5.9 1.7 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.4 2 120

Plastic (PVC) 1963 1,193 35.3 10.4 2,6,8,12,16 140

Plastic (PE) 1973 250 5.1 1.5 2 140

Plastic (IPS) 1981 10 0.1 0.03 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  11,276
Total length of pipe segments in model network:  339.8 miles
Total number of pipe junctions (nodes) in model network:  10,488

Table A-24. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19851

1Assumed in-service date for all pipelines is January 1, 1985.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 81.8 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.6 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.03 2 130

Ductile iron (DI) 1950 181 6.0 1.7 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.4 2 120

Plastic (PVC) 1963 1,675 48.8 13.8 2,6,8,12,16 140

Plastic (PE) 1973 276 5.9 1.7 2 140

Plastic (IPS) 1981 10 0.1 0.03 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  11,782
Total length of pipe segments in model network:  354.1 miles
Total number of pipe junctions (nodes) in model network:  10,962
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Table A-25.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19861

1Assumed in-service date for all pipelines is January 1, 1986.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 73.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.5 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.03 2 130

Ductile iron (DI) 1950 187 6.2 1.6 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.4 2 120

Plastic (PVC) 1963 3,065 90.0 22.8 2,4,6,8,12,16 140

Plastic (PE) 1973 277 5.9 1.5 2 140

Plastic (IPS) 1981 10 0.1 0.03 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  13,180
Total length of pipe segments in model network:  395.5 miles
Total number of pipe junctions (nodes) in model network:  12,292

Table A-26. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19871

1Assumed in-service date for all pipelines is January 1, 1987.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 71.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 77 2.0 0.5 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 188 6.2 1.5 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 3,331 100.7 24.8 2,4,6,8,12,16 140

Plastic (PE) 1973 278 5.9 1.5 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  13,447
Total length of pipe segments in model network:  406.2 miles
Total number of pipe junctions (nodes) in model network:  12,545
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Table A-27. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19881

1Assumed in-service date for all pipelines is January 1, 1988.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 67.9 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.5 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 192 6.2 1.5 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 3,932 121.0 28.4 2,4,6,8,12,16 140

Plastic (PE) 1973 279 6.0 1.4 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  14,050
Total length of pipe segments in model network:  426.6 miles
Total number of pipe junctions (nodes) in model network:  13,114

Table A-28. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19891

1Assumed in-service date for all pipelines is January 1, 1989.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 66.0 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.5 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 193 6.3 1.4 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 4,408 133.5 30.4 2,4,6,8,12,16 140

Plastic (PE) 1973 280 6.0 1.4 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  14,528
Total length of pipe segments in model network:  439.2 miles
Total number of pipe junctions (nodes) in model network:  13,543
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Table A-29.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19901

1Assumed in-service date for all pipelines is January 1, 1990.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 65.4 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.5 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 193 6.3 1.4 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 4,510 137.4 31.0 2,4,6,8,12,16 140

Plastic (PE) 1973 280 6.0 1.4 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  14,629
Total length of pipe segments in model network:  443.1 miles
Total number of pipe junctions (nodes) in model network:  13,632

Table A-30. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19911

1Assumed in-service date for all pipelines is January 1, 1991.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 64.7 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.4 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 193 6.3 1.4 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 4,646 142.2 31.7 2,4,6,8,12,16 140

Plastic (PE) 1973 280 6.0 1.3 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  14,773
Total length of pipe segments in model network:  447.9 miles
Total number of pipe junctions (nodes) in model network:  13,770
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Table A-31.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19921

1Assumed in-service date for all pipelines is January 1, 1992.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 64.2 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.4 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 193 6.3 1.4 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 4,746 145.4 32.2 2,4,6,8,12,16 140

Plastic (PE) 1973 280 6.0 1.3 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  14,874
Total length of pipe segments in model network:  451.2 miles
Total number of pipe junctions (nodes) in model network:  13,863

Table A-32.  Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19931

1Assumed in-service date for all pipelines is January 1, 1993.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 63.2 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.4 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 193 6.3 1.4 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 4,986 152.5 33.3 2,4,6,8,12,16 140

Plastic (PE) 1973 280 6.0 1.3 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  15,112
Total length of pipe segments in model network:  458.2 miles
Total number of pipe junctions (nodes) in model network:  14,083
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Table A-33. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19941

1Assumed in-service date for all pipelines is January 1, 1994.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 62.1 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.4 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 194 6.3 1.3 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 5,316 161.1 34.5 2,4,6,8,12,16 140

Plastic (PE) 1973 280 6.0 1.3 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  15,444
Total length of pipe segments in model network:  466.9 miles
Total number of pipe junctions (nodes) in model network:  14,402

Table A-34. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19951

1Assumed in-service date for all pipelines is January 1, 1995.

Pipe material

(model identification)2

2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).

Year 
pipeline 

first  
installed

Numer of pipe 
segments in 

model 
network

Length of pipe 
segments in model 

network
(miles)

Percentage of total 
model network by 

length
(percent)

Range of pipe 
diameters in 

model network 
(inches)

Value of Hazen-
Williams “C-F actor”  

used in model3

(dimensionless)

3From Rossman (2000, Table 3.2).

Asbestos cement (AC) 1950 9,505 289.8 61.3 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.4 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 194 6.3 1.3 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 5,560 166.9 35.3 2,4,6,8,12,16 140

Plastic (PE) 1973 280 6.0 1.3 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

Additional inf ormation
Total number of pipe segments (links) in model network:  15,688
Total length of pipe segments in model network:  472.7 miles
Total number of pipe junctions (nodes) in model network:  14,629
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Table A-35. Water-distribution system pipeline characteristics, Dover Township area, New Jersey, 19961

Year Numer of pipe Length of pipe Percentage of total Range of pipe Value of Hazen-
Pipe material pipeline segments in segments in model model network by diameters in Williams “C-F actor”  

(model identification)2 first  model network length model network used in model3

installed network (miles) (percent) (inches) (dimensionless)

Asbestos cement (AC) 1950 9,505 289.8 60.1 4,6,8,10,12,16 120

Cast iron (CI) 1950 78 2.0 0.4 2,4,6,8,10,12 130

Copper (CP) 1950 3 0.1 0.02 2 130

Ductile iron (DI) 1950 194 6.3 1.3 6,8,12,16 130

Galvanized (GA) 1950 45 1.4 0.3 2 120

Plastic (PVC) 1963 5,920 176.4 36.6 2,4,6,8,12,16 140

Plastic (PE) 1973 280 6.0 1.2 2 140

Plastic (IPS) 1981 10 0.1 0.02 2 140

1Assumed in-service date for all pipelines is January 1, 1996.
2Data for pipe material, year first installed, year last installed, and range of pipe diameters from Flegal (1997).
3From Rossman (2000, Table 3.2).

Additional inf ormation
Total number of pipe segments (links) in model network:  16,048
Total length of pipe segments in model network:  482.1 miles
Total number of pipe junctions (nodes) in model network:  14,965



20 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 



Tables of water-distribution system groundwater well production and operating data, 1962–96 B-1

APPENDIX B

TABLES OF WATER-DISTRIBUTION SYSTEM GROUNDWATER WELL

PRODUCTION AND OPERATING DATA,
DOVER TOWNSHIP AREA, NEW JERSEY, 1962–96
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Tables of water-distribution system groundwater well production and operating data, 1962–96 B-5
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B-6 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of water-distribution system groundwater well production and operating data, 1962–96 B-7
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B-8 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of water-distribution system groundwater well production and operating data, 1962–96 B-9
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B-10 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of water-distribution system groundwater well production and operating data, 1962–96 B-11
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B-12 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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B-16 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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B-18 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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B-34 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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B-36 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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B-40 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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B-58 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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B-60 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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B-64 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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APPENDIX C

TABLES OF WATER-DISTRIBUTION SYSTEM OPERATIONS USED IN EPANET 2,
DOVER TOWNSHIP AREA, NEW JERSEY, 

1962, 1965, 1971, 1978, 1988, 1995, AND 1996
Tables of water-distribution system operations used in EPANET 2 C-1



Month Description of Operations

Name of storage tank:  Initial Water Level (e.g., WL=17.0 feet)

(Notes are provided in italics to describe tank status, how represented in EPANET 2, or hours of operation 

January
of booster pumps obtaining water from the tank and supplying the system)

well location and identification (e.g., Brookside well #15), hours of operation  (e.g., [0000 to 2400]), and flow rate 
(e.g., 700 gpm)

(Notes are provided in italics to describe well operational status)

NOTES ON SYSTEM OPERATION TABLES

The following tables are contained in Appendix C and describe the monthly operation of the water-distribution sys-
tem as simulated using the EPANET 2 (Rossman 2000) water-distribution system model:

Table C-1:  January 1962–December 1962

Table C-2:  January 1965–December 1965

Table C-3:  January 1971–December 1971

Table C-4:  January 1978–December 1978

Table C-5:  January 1988–December 1988

Table C-6:  January 1995–December 1995

Table C-7:  January 1996–December 1996

Description of operations are taken from the EPANET 2 input data files for the appropriate month and year and are
described in the tables according to the following basic format:
C-2 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



Table C-1.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1962–December 1962 
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations

Horner Street elevated storage tank in service:  Initial WL=63.0 feet

January
Holly well #13 on  [1300 to 1500] at 376 gpm

Holly well #14 on  [1500 to 1700] at 402 gpm

Brookside well #15 on  [0000 to 1300] and [2200 to 2400] at 678 gpm

February
(Minimum-Demand 

Month)

Horner Street elevated storage tank in service:  Initial WL=63.0 feet

Holly well #13 on  [1300 to 1400] at 595 gpm

Holly well #14 on  [1400 to 1500] at 640 gpm

Brookside well #15 on  [0000 to 1400] and [2200 to 2400] at 673 gpm

Horner Street elevated storage tank in service:  Initial WL=63.0 feet

March
Holly well #13 on  [1400 to 1600] at 567 gpm

Holly well #14 on  [1600 to 1700] at 591 gpm

Brookside well #15 on  [0000 to 1400] and [2200 to 2400] at 688 gpm

Horner Street elevated storage tank in service Initial WL=70.0 feet

April
Holly well #13 on  [1400 to 1600] at 556 gpm

Holly well #14 on  [1600 to 1900] at 648 gpm

Brookside well #15 on  [0000 to 1400] and [2200 to 2400] at 699 gpm

May
(Maximum-Demand 

Month)

Horner Street elevated storage tank in service Initial WL=87.0 feet

Holly well #13 on  [0900 to 1600] at 599 gpm

Holly well #14 on  [1600 to 2200] at 631 gpm

Brookside well #15 on  [0000 to 1700] and [2200 to 2400] at 713 gpm

Horner Street elevated storage tank in service:  Initial WL=80.0 feet

June
Holly well #13 on  [0800 to 1500] at 595 gpm

Holly well #14 on  [1500 to 2200] at 578 gpm

Brookside well #15 on  [0000 to 1600] and [2200 to 2400] at 711 gpm

Horner Street elevated storage tank in service:  Initial WL=85.0 feet

July
Holly well #13 on  [1000 to 1500] at 645 gpm

Holly well #14 on  [1500 to 2200] at 635 gpm

Brookside well #15 on  [0000 to 1700] and [2200 to 2400] at 691 gpm

Horner Street elevated storage tank in service:  Initial WL=80.0 feet

August
Holly well #13 on  [1200 to 1600] at 605 gpm

Holly well #14 on  [1600 to 2200] at 561 gpm

Brookside well #15 on  [0000 to 1500] and [2200 to 2400] at 701 gpm

Horner Street elevated storage tank in service:  Initial WL=80.0 feet

September
Holly well #13 on  [0900 to 1400] at 556 gpm

Holly well #14 on  [1400 to 2200] at 608 gpm

Brookside well #15 on  [0000 to 1500] and [2200 to 2400] at 715 gpm
Tables of water-distribution system operations used in EPANET 2 C-3



C-4 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

October
(Average-Demand 

Month)

Horner Street elevated storage tank in service:  Initial WL=75.0 feet

Holly well #13 on  [1300 to 1700] at 562 gpm

Holly well #14 on  [1700 to 2200] at 626 gpm

Brookside well #15 on  [0000 to 1400] and [2200 to 2400] at 692 gpm

November

Horner Street elevated storage tank in service:  Initial WL=63.0 feet

Holly well #13 on  [1400 to 1600] at 559 gpm

Holly well #14 on  [1600 to 1900] at 652 gpm

Brookside well #15 on  [0000 to 1400] and [2200 to 2400] at 703 gpm

December

Horner Street elevated storage tank in service:  Initial WL=63.0 feet

Holly well #13 on  [1400 to 1600] at 548 gpm

Holly well #14 on  [1600 to 1900] at 639 gpm

Brookside well #15 on  [0000 to 1400] and [2200 to 2400] at 689 gpm

Table C-1.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1962–December 1962—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations



Tables of water-distribution system operations used in EPANET 2 C-5

Table C-2.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1965–December 1965 
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations

January

South Toms River elevated storage tank in service:  Initial WL=10.0 feet

(note: Holly well #13 out of service)
(note: Holly well #14 out of service)
Holly well #16 on  [1400 to 2200] at 799 gpm

Brookside well #15 on  [0000 to 1500] and [2200 to 2400] at 700 gpm

February
(Minimum-Demand 

Month)

South Toms River elevated storage tank in service:  Initial WL=10.0 feet

Holly well #16 on  [1400 to 2200] at 846 gpm

Brookside well #15 on  [0000 to 1600] and [2200 to 2400] at 701 gpm

March
South Toms River elevated storage tank in service:  Initial WL=10.0 feet

Holly well #16 on  [1300 to 2200] at 765 gpm

Brookside well #15 on  [0000 to 1600] and [2200 to 2400] at 711 gpm

April

South Toms River elevated storage tank in service:  Initial WL=15.0 feet

Holly well #14 on  [1400 to 1600] at 696 gpm

Holly well #16 on  [1600 to 2200] at 785 gpm

Holly well #18 on  [0900 to 1400] at 699 gpm

Brookside well #15 on  [0000 to 1500] and [2200 to 2400] at 690 gpm

May

South Toms River elevated storage tank in service:  Initial WL=14.0 feet

Holly well #14 on  [0600 to 1000] at 627 gpm

Holly well #16 on  [1000 to 2000] at 812 gpm

Holly well #18 on  [0600 to 1700] at 738 gpm

Brookside well #15 on  [0000 to 1500] and [1800 to 2400] at 692 gpm

June
(Maximum-Demand 

Month)

South Toms River elevated storage tank in service:  Initial WL=17.0 feet

Holly well #14 on  [0600 to 1000] at 628 gpm

Holly well #16 on  [1000 to 2100] at 807 gpm

Holly well #18 on  [0600 to 1800] at 740 gpm

Brookside well #15 on  [0000 to 1600] and [1800 to 2400] at 696 gpm

July

South Toms River elevated storage tank in service:  Initial WL=14.0 feet

Holly well #14 on  [0600 to 1000] at 628 gpm

Holly well #16 on  [1000 to 2000] at 806 gpm

Holly well #18 on  [0600 to 1700] at 733 gpm

Brookside well #15 on  [0000 to 1500] and [1800 to 2400] at 681 gpm

August

South Toms River elevated storage tank in service:  Initial WL=15.0 feet

Holly well #14 on  [0600 to 1000] at 614 gpm

Holly well #16 on  [1000 to 2100] at 782 gpm

Holly well #18 on  [0600 to 1700] at 782 gpm

Brookside well #15 on  [0000 to 1500] and [1800 to 2400] at 700 gpm
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September

South Toms River elevated storage tank in service:  Initial WL=10.0 feet

Holly well #14 on  [0600 to 1000] at 570 gpm

Holly well #16 on  [1000 to 1900] at 833 gpm

Holly well #18 on  [0600 to 1600] at 750 gpm

Brookside well #15 on  [0000 to 1400] and [1800 to 2400] at 697 gpm

October
(Average-Demand 

Month)

South Toms River elevated storage tank in service:  Initial WL=10.0 feet

Holly well #14 on  [0600 to 0900] at 538 gpm

Holly well #16 on  [0900 to 1600] at 768 gpm

Holly well #18 on  [1600 to 2100] at 800 gpm

Brookside well #15 on  [0000 to 1600] and [2100 to 2400] at 695 gpm

November

South Toms River elevated storage tank in service:  Initial WL=15.0 feet

(note: Holly well #14 out of service)
Holly well #16 on  [1200 to 2200] at 835 gpm

(note: Holly well #18 out of service)
Brookside well #15 on  [0000 to 1800] and [2200 to 2400] at 694 gpm

December
South Toms River elevated storage tank in service:  Initial WL=15.0 feet

Holly well #16 on  [1300 to 2200] at 829 gpm

Brookside well #15 on  [0000 to 1700] and [2200 to 2400] at 716 gpm

Table C-2.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1965–December 1965—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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Table C-3.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1971–December 1971 
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1

January

South Toms River elevated storage tank in service: Initial WL=16.0 feet

Indian Hill elevated storage tank in service: Initial WL=14.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [1300 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1300] at 1,422 gpm)

Holly well #14 on [0600 to 1300] at 5 gpm

Holly well #16 on [0600 to 1300] at 240 gpm and [1300 to 2400] at 900 gpm

Holly well #18 on [0600 to 1300] at 616 gpm

Holly well #19 on [0600 to 1300] at 555 gpm

Holly well #21 on [0600 to 1300] at 5 gpm

Brookside well #15 on [0000 to 1800] and [2200 to 2400] at 692 gpm

South Toms River well #17 on [1800 to 2100] at 693 gpm

Indian Head well #20 on [1800 to 2200] at 499 gpm

February
(Minimum-Demand 

Month)

South Toms River elevated storage tank in service: Initial WL=18.0 feet

Indian Hill elevated storage tank in service: Initial WL=12.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [1300 to 2400] at 900 gpm

Holly high-service pump #2 on  [0600 to 1300] at 1,365 gpm)

(note:Holly well #14 out of service)
Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 1300] at 245 gpm; [1300 to 2400] at 900 gpm

Holly well #18 on [0600 to 1300] at 807 gpm

Holly well #19 on [0600 to 1300] at 313 gpm

(note:Holly well #21 out of service)
Brookside well #15 on [0000 to 1100] and [2200 to 2400] at 685 gpm

South Toms River well #17 on [1700 to 2100] at 788 gpm

Indian Head well #20 on [0900 to 2200] at 490 gpm

Anchorage well #98 on [0700 to 0800] at 252 gpm

Silver Bay well #99 on [0800 to 0900] at 212 gpm
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March

South Toms River elevated storage tank in service: Initial WL=18.0 feet

Indian Hill elevated storage tank in service: Initial WL=10.0 feet

Holly ground-level storage tank in service (closed in EPANET 2) 

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [1800 to 2400] at 900 gpm

Holly high-service pump #2 on  [0600 to 1800] at 1,373 gpm)

Holly well #14 on [0600 to 1800] at 9 gpm

Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 1800] at 364 gpm; [1800 to 2400] at 900 gpm

Holly well #18 on [0600 to 1800] at 928 gpm

Holly well #19 on [0600 to 1800] at 73 gpm

Brookside well #15 on [0000 to 1600] and [2200 to 2400] at 705 gpm

South Toms River well #17 on [1600 to 2100] at 745 gpm

Indian Head well #20 on [1700 to 2200] at 494 gpm

(note:Anchorage well #98 out of service)
(note:Silver Bay well #99 out of service)

April

South Toms River elevated storage tank in service: Initial WL=18.0 feet

Indian Hill elevated storage tank in service: Initial WL=8.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1800] at 1,254 gpm)

Holly well #14 on [0600 to 1800] at 125 gpm

Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 1800] at 493 gpm; [1800 to 2400] at 900 gpm

Holly well #18 on [0600 to 1800] at 1,032 gpm

Holly well #19 on [0600 to 1800] at 430 gpm

Holly well #21 on [0600 to 1800] at 74 gpm

Brookside well #15 on [0000 to 1700] and [2200 to 2400] at 697 gpm

South Toms River well #17 on [1600 to 2100] at 684 gpm

Indian Head well #20 on [1100 to 2200] at 510 gpm

Anchorage well #98 on [0700 to 1000] at 426 gpm

Silver Bay well #99 on [1000 to 1400] at 380 gpm

Table C-3.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1971–December 1971—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1
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May

South Toms River elevated storage tank in service: Initial WL=20.0 feet

Indian Hill elevated storage tank in service: Initial WL=15.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 2100] at 1,237 gpm)

Holly well #14 on [0600 to 2100] at 114 gpm

Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 2100] at 583 gpm; [2100 to 2400] at 900 gpm

Holly well #18 on [0600 to 2100] at 768 gpm

Holly well #19 on [0600 to 2100] at 646 gpm

Holly well #21 on [0600 to 2100] at 27 gpm

Brookside well #15 on [0000 to 1700] and [2200 to 2400] at 692 gpm

South Toms River well #17 on [0600 to 1200] and [2100 to 2200] at 783 gpm

Indian Head well #20 on [0800 to 1800] at 501 gpm

Anchorage well #98 on [0600 to 1200] at 379 gpm

Silver Bay well #99 on [1200 to 2100] at 394 gpm

June

South Toms River elevated storage tank in service: Initial WL=22.0 feet

Indian Hill elevated storage tank in service: Initial WL=9.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0000 to 2400] at 1,409 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0800 to 0900] at 3195 gpm)

Holly well #14 on [0000 to 2400] at 249 gpm

Holly well #16 on [0000 to 2400] at 701 gpm

Holly well #18 on [0000 to 2400] at 561 gpm

Holly well #19 on [0000 to 2400] at 452 gpm

Holly well #21 on [0000 to 2400] at 345 gpm

Parkway well #22 on [0800 to 0900] at 1,304 gpm

Parkway well #23 on [0800 to 0900] at 651 gpm

Parkway well #27 on [0800 to 0900] at 1,239 gpm

Brookside well #15 on [0000 to 1500] and [1900 to 2400] at 710 gpm

South Toms River well #17 on [0700 to 1200] and [1500 to 2000] at 784 gpm

Indian Head well #20 on [0600 to 2100] at 488 gpm

Anchorage well #98 on [0600 to 2000] at 404 gpm

Silver Bay well #99 on [0500 to 2100] at 406 gpm

Table C-3.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1971–December 1971—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1
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July
(Maximum-Demand 

Month)

South Toms River elevated storage tank in service: Initial WL=22.0 feet

Indian Hill elevated storage tank in service: Initial WL=10.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0000 to 2400] at 1,445 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0700 to 1700] at 2,820 gpm)

Holly well #14 on [0000 to 2400] at 249 gpm

Holly well #16 on [0000 to 2400] at 699 gpm

Holly well #18 on [0000 to 2400] at 554 gpm

Holly well #19 on [0000 to 2400] at 490 gpm

Holly well #21 on [0000 to 2400] at 353 gpm

Parkway well #22 on [0700 to 1700] at 1,122 gpm

Parkway well #23 on [0700 to 1700] at 533 gpm

Parkway well #26 on [0700 to 1700] at 555 gpm

Parkway well #27 on [0700 to 1700] at 610 gpm

Brookside well #15 on [0000 to 2100] at 695 gpm

South Toms River well #17 on [0500 to 0700] and [1700 to 2200] at 729 gpm

Indian Head well #20 on [1000 to 2200] at 500 gpm

Anchorage well #98 on [0000 to 1000] and [1700 to 2400] at 403 gpm

Silver Bay well #99 on [0000 to 1000] and [1700 to 2400] at 399 gpm

August

South Toms River elevated storage tank in service: Initial WL=19.0 feet

Indian Hill elevated storage tank in service: Initial WL=17.0 feet

Holly ground-level storage tank in service (closed in EPANET 2) 

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 2300] at 1,351 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0800 to 1100] at 3,109 gpm)

Holly well #14 on [0600 to 2300] at 253 gpm

Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 2300] at 634 gpm; [2300 to 2400] at 900 gpm

Table C-3.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1971–December 1971—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1
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August—Continued

Holly well #18 on [0600 to 2300] at 625 gpm

Holly well #19 on [0600 to 2300] at 661 gpm

Holly well #21 on [0600 to 2300] at 78 gpm

Parkway well #22 on [0800 to 1100] at 917 gpm

Parkway well #23 on [0800 to 1100] at 444 gpm

Parkway well #26 on [0800 to 1100] at 954 gpm

Parkway well #27 on [0800 to 1100] at 794 gpm

Brookside well #15 on [0000 to 1900] and [2200 to 2400] at 692 gpm

South Toms River well #17 on [0600 to 0800] and [1900 to 2200] at 701 gpm

Indian Head well #20 on [1300 to 2200] at 508 gpm

Anchorage well #98 on [0000 to 1000] and [1800 to 2400] at 406 gpm

Silver Bay well #99 on [0000 to 1000] and [1800 to 2400] at 405 gpm

September

South Toms River elevated storage tank in service: Initial WL=15.0 feet

Indian Hill elevated storage tank in service: Initial WL=16.0 feet

Holly ground-level storage tank in service (closed in EPANET 2) 

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1600] at 1,297 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0700 to 0900] at 2,719 gpm)

Holly well #14 on [0600 to 1600] at 201 gpm

Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 1600] at 467 gpm; [1600 to 2400] at 900 gpm

Holly well #18 on [0600 to 1600] at 703 gpm

Holly well #19 on [0600 to 1600] at 785 gpm

Holly well #21 on [0600 to 1600] at 41 gpm

Parkway well #22 on [0700 to 0900] at 825 gpm

Parkway well #23 on [0700 to 0900] at 421 gpm

Parkway well #26 on [0700 to 0900] at 810 gpm

Parkway well #27 on [0700 to 0900] at 664 gpm

Brookside well #15 on [0000 to 1800] and [2200 to 2400] at 689 gpm

South Toms River well #17 on [2000 to 2200] at 883 gpm

Indian Head well #20 on [1200 to 2200] at 497 gpm

Anchorage well #98 on [0600 to 2200] at 403 gpm

Silver Bay well #99 on [0600 to 2200] at 398 gpm

October

South Toms River elevated storage tank in service: Initial WL=14.0 feet

Indian Hill elevated storage tank in service: Initial WL=16.0 feet

Holly ground-level storage tank in service (closed in EPANET 2) 

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1500] at 1,273 gpm)

(note:Parkway ground-level storage tank out of service)
(note:Holly well #14 out of service)
Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 1500] at 423 gpm; [1500 to 2400] at 900 gpm

Table C-3.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1971–December 1971—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1
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October—Continued
(Average-Demand 

Month)

Holly well #18 on [0600 to 1500] at 898 gpm

Holly well #19 on [0600 to 1500] at 851 gpm

(note:Holly well #21 out of service)
(note:Parkway well #22 out of service)
(note:Parkway well #23 out of service)
(note:Parkway well #26 out of service)
(note:Parkway well #27 out of service)
Brookside well #15 on [0000 to 1700] and [2200 to 2400] at 701 gpm

South Toms River well #17 on [2000 to 2200] at 641 gpm

Indian Head well #20 on [1800 to 2200] at 449 gpm

Anchorage well #98 on [0600 to 2200] at 399 gpm

Silver Bay well #99 on [0600 to 2200] at 398 gpm

November

South Toms River elevated storage tank in service: Initial WL=15.0 feet

Indian Hill elevated storage tank in service: Initial WL=14.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [1200 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1200] at 1,429 gpm)

Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 1200] at 106 gpm; [1200 to 2400] at 900 gpm

Holly well #18 on [0600 to 1200] at 444 gpm

Holly well #19 on [0600 to 1200] at 878 gpm

Brookside well #15 on [0000 to 1800] and [2200 to 2400] at 709 gpm

South Toms River well #17 on [2100 to 2200] at 818 gpm

Indian Head well #20 on [1300 to 2200] at 478 gpm

Anchorage well #98 on [0600 to 1100] at 415 gpm

Silver Bay well #99 on [0600 to 1300] at 402 gpm

December

South Toms River elevated storage tank in service: Initial WL=13.0 feet

Indian Hill elevated storage tank in service: Initial WL=15.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [2200 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 2200] at 1,415 gpm)

Holly well #16 on [0000 to 0600] at 900 gpm; [0600 to 2200] at 593 gpm; [2200 to 2400] at 900 gpm

Holly well #18 on [0600 to 2200] at 308 gpm

Holly well #19 on [0600 to 2200] at 514 gpm

Brookside well #15 on [0000 to 1900] and [2200 to 2400] at 712 gpm

(note:South Toms River well #17 out of service)
Indian Head well #20 on [0800 to 2200] at 489 gpm

(note:Anchorage well #98 out of service)
(note:Silver Bay well #99 out of service)

1The Anchorage and Silver Bay wells were not assigned identification numbers by the water utility. For simulation and analysis 
purposes in this report, the two wells are assigned the following identification numbers: Anchorage well #98 and Silver Bay 
well #99.

Table C-3.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1971–December 1971—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1
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Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978 
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1

January

South Toms River elevated storage tank in service: Initial WL=17.0 feet

Indian Hill elevated storage tank in service: Initial WL=12.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [1900 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1900] at 1,417 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0600 to 1300] and [1700 to 2300] at 2,837 gpm)

Holiday City ground-level storage tank in service: Initial WL=18.0

Holiday City booster pump off and bypass pipe open  [0000 to 07:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [07:30 to 12:30]

Holiday City booster pump off and bypass pipe closed  [12:30 to 2200]

Holiday City booster pump off and bypass pipe open  [2200 to 2400]

Holly well #16 on [0000 to 0600 at 900 gpm, [0600 to 1900] at 521 gpm, [1900 to 2400] at 900 gpm

Holly well #18 on [0600 to 1900] at 896 gpm

(note:Holly well #19 out of service)
Parkway well #22 on [0600 to 1300] and [1700 to 2300] at 974 gpm

(note:Parkway well #23 out of service)
Parkway well #24 on [0600 to 1300] and [1700 to 2300] at 264 gpm

Parkway well #26 on [0600 to 1300] and [1700 to 2300] at 365 gpm

(note:Parkway well #27 out of service)
Parkway well #28 on [0600 to 1300] and [1700 to 2300] at 579 gpm

Parkway well #29 on [0600 to 1300] and [1700 to 2300] at 656 gpm

South Toms River well #17 on [0000 to 0400] and [2300 to 2400] at 788 gpm

Indian Head well #20 on [0000 to 2100] and [2200 to 2400] at 491gpm

February

South Toms River elevated storage tank in service: Initial WL=17.0 feet

Indian Hill elevated storage tank in service: Initial WL=12.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 896 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0600 to 1400] and [1700 to 2300] at 2,963 gpm)

Holiday City ground-level storage tank in service: Initial WL=18.0

Holiday City booster pump off and bypass pipe open  [0000 to 07:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [07:30 to 12:30]

Holiday City booster pump off and bypass pipe closed  [12:30 to 2200]

Holiday City booster pump off and bypass pipe open  [2200 to 2400]

Holly well #16 on [0000 to 2400] at 694 gpm

Holly well #18 on [0000 to 2400] at 202 gpm

Parkway well #22 on [0600 to 1400] and [1700 to 2300] at 1,009 gpm

Parkway well #24 on [0600 to 1400] and [1700 to 2300] at 29 gpm

Parkway well #26 on [0600 to 1400] and [1700 to 2300] at 733gpm
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February—Continued
(Minimum-Demand 

Month)

Parkway well #28 on [0600 to 1400] and [1700 to 2300] at 540 gpm

Parkway well #29 on [0600 to 1400] and [1700 to 2300] at 652 gpm

South Toms River well #17 on [0000 to 0400] and [2300 to 2400] at 815 gpm

Indian Head well #20 on [0000 to 2100] and [2200 to 2400] at 495 gpm

March

South Toms River elevated storage tank in service: Initial WL=17.0 feet

Indian Hill elevated storage tank in service: Initial WL=12.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 832 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0600 to 1500] and [1700 to 2300] at 2,895 gpm)

Holiday City ground-level storage tank in service: Initial WL=18.0

Holiday City booster pump off and bypass pipe open  [0000 to 07:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [07:30 to 12:30]

Holiday City booster pump off and bypass pipe closed  [12:30 to 2200]

Holiday City booster pump off and bypass pipe open  [2200 to 2400]

Holly well #16 on [0000 to 2400] at 694 gpm

Holly well #18 on [0000 to 2400] at 138 gpm

Parkway well #22 on [0600 to 1500] and [1700 to 2300] at 861 gpm

Parkway well #23 on [0600 to 1500] and [1700 to 2300] at 3 gpm

Parkway well #24 on [0600 to 1500] and [1700 to 2300] at 512 gpm

Parkway well #26 on [0600 to 1500] and [1700 to 2300] at 626 gpm

Parkway well #27 on [0600 to 1500] and [1700 to 2300] at 330 gpm

Parkway well #28 on [0600 to 1500] and [1700 to 2300] at 209 gpm

Parkway well #29 on [0600 to 1500] and [1700 to 2300] at 353 gpm

South Toms River well #17 on [0000 to 0500] and [2300 to 2400] at 719 gpm

Indian Head well #20 on [0000 to 2100] and [2200 to 2400] at 491 gpm

April

South Toms River elevated storage tank in service: Initial WL=15.0 feet

Indian Hill elevated storage tank in service: Initial WL=8.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [1900 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1900] at 1380 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0700 to 1900] at 3004 gpm)

Holiday City ground-level storage tank in service: Initial WL=18.0

Holiday City booster pump off and bypass pipe open  [0000 to 07:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [07:30 to 12:30]

Holiday City booster pump off and bypass pipe closed  [12:30 to 2200]

Holiday City booster pump off and bypass pipe open  [2200 to 2400]

Holly well #16 on [0000 to 0600] at 900 gpm, [0600 to 1900] at 521 gpm, [1900 to 2400] at 900 gpm

Holly well #18 on [0600 to 1900] at 474 gpm

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1



Tables of water-distribution system operations used in EPANET 2 C-15

April—Continued

Holly well #19 on [0600 to 1900] at 386 gpm

Parkway well #22 on [0700 to 1900] at 606 gpm

(note:Parkway well #23 out of service)
Parkway well #24 on [0700 to 1900] at 529 gpm

Parkway well #26 on [0700 to 1900] at 431 gpm

Parkway well #27 on [0700 to 1900] at 460 gpm

Parkway well #28 on [0700 to 1900] at 515 gpm

Parkway well #29 on [0700 to 1900] at 463 gpm

Brookside well #15 on [0000 to 0800] and [2200 to 2400] at 713 gpm

South Toms River well #17 on [0000 to 0400] and [2200 to 2400] at 732 gpm

Indian Head well #20 on [0000 to 1300] and [2200 to 2400] at 500 gpm

May

South Toms River elevated storage tank in service: Initial WL=16.0 feet

Indian Hill elevated storage tank in service: Initial WL=9.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [1700 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1700] at 1379 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0600 to 1900] at 2978 gpm)

Holiday City ground-level storage tank in service: Initial WL=19.0

Holiday City booster pump off and bypass pipe open  [0000 to 06:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [06:30 to 11:40]

Holiday City booster pump off and bypass pipe open  [11:40 to 16:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [16:30 to 20:30] 

Holiday City booster pump off and bypass pipe open  [20:30 to 2400]

Holly well #16 on [0000 to 0600] at 900 gpm, [0600 to 1700] at 452 gpm, [1700 to 2400] at 900 gpm

Holly well #18 on [0600 to 1700] at 765 gpm

Holly well #19 on [0600 to 1700] at 162 gpm

Parkway well #22 on [0600 to 1900] at 542 gpm

Parkway well #23 on [0600 to 1900] at 150 gpm

Parkway well #24 on [0600 to 1900] at 394 gpm

Parkway well #25 on [0600 to 1900] at 113 gpm

Parkway well #26 on [0600 to 1900] at 439 gpm

Parkway well #27 on [0600 to 1900] at 438 gpm

Parkway well #28 on [0600 to 1900] at 443 gpm

Parkway well #29 on [0600 to 1900] at 459 gpm

Brookside well #15 on [0000 to 1200] and [2200 to 2400] at 706 gpm

South Toms River well #17 on [0000 to 0500] and [2200 to 2400] at 737 gpm

Indian Head well #20 on [0000 to 2400] at 505 gpm

Anchorage well #98 on [0000 to 0600] and [2200 to 2400] at 384 gpm

Silver Bay well #99 on [0000 to 0600] and [2200 to 2400] at 390 gpm

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]
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C-16 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

June
(Maximum-Demand 

Month)

South Toms River elevated storage tank in service: Initial WL=16.0 feet

Indian Hill elevated storage tank in service: Initial WL=9.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1700] at 1,267 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0400 to 0800] and [1100 to 1700] at 2,884 gpm

Parkway high-service pump #2 on [0800 to 1100] at 3985 gpm, [1700 to 2100] at 3,957 gpm)

Holiday City ground-level storage tank in service: Initial WL=19.0

Holiday City booster pump off and bypass pipe open  [0000 to 06:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [06:30 to 11:40]

Holiday City booster pump off and bypass pipe open  [11:40 to 16:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [16:30 to 20:30] 

Holiday City booster pump off and bypass pipe open  [20:30 to 2400]

St. Catherine’s (Rt. 37) ground-level storage tank in service: Initial WL=35.0

St. Catherine’s (Rt. 37) booster pump off and bypass pipe open  [0000 to 0900]

St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed  [0900 to 12:30]

St. Catherine’s (Rt. 37) booster pump off and bypass pipe closed  [12:30 to 17:30]

St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed  [17:30 to 21:15] 

St. Catherine’s (Rt. 37) booster pump off and bypass pipe open  [21:15 to 2400]

Holly well #16 on [0000 to 0600] at 900 gpm, [0600 to 1700] at 452 gpm, [1700 to 2400] at 900 gpm

Holly well #18 on [0600 to 1700] at 1104 gpm

Holly well #19 on [0600 to 1700] at 496 gpm

Holly well #21 on [0600 to 1700] at 116 gpm

Parkway well #22 on [0400 to 0800] and [1100 to 1700] at 469 gpm, [0800 to 1100] and [1700 to 2100] at 669 gpm

Parkway well #23 on [0400 to 0800], [1100 to 1700] at 618 gpm

Parkway well #24 on [0400 to 0800] and [1100 to 1700] at 491 gpm, [0800 to 1100] at 613 gpm

Parkway well #25 on [0400 to 0800] and [1100 to 1700] at 106 gpm, [0800 to 1100] and [1700 to 2100] at 530 gpm

Parkway well #26 on [0400 to 0800] and [1100 to 1700] at 149 gpm, [0800 to 1100] and [1700 to 2100] at 745 gpm

Parkway well #27 on [0400 to 0800] and [1100 to 1700] at 410 gpm, [1700 to 2100] at 585 gpm

Parkway well #28 on [0400 to 0800] and [1100 to 1700] at 354 gpm, [0800 to 1100] and [1700 to 2100] at 708 gpm

Parkway well #29 on [0400 to 0800] and [1100 to 1700] at 288 gpm, [0800 to 1100] and [1700 to 2100] at 720 gpm

Brookside well #15 on [0000 to 1600] and [2200 to 2400] at 708 gpm

South Toms River well #17 on [0000 to 0600] and [2300 to 2400] at 774 gpm

Indian Head well #20 on [0000 to 2400] at 489 gpm

Anchorage well #98 on [0000 to 1100] and [1800 to 2400] at 394 gpm

Silver Bay well #99 on [0000 to 1000] and [1800 to 2400] at 409 gpm

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1



Tables of water-distribution system operations used in EPANET 2 C-17

July

South Toms River elevated storage tank in service: Initial WL=16.0 feet
Indian Hill elevated storage tank in service: Initial WL=10.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [00:00 to 24:00] at 900 gpm
Holly high-service pump #2 on [06:00 to 18:00] at 1,274 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [02:00 to 08:00] and [11:00 to 17:00] at 2,986 gpm
Parkway high-service pump #2 on [08:00 to 11:00] and [17:00 to 21:00] at 4,000 gpm)
Holiday City ground-level storage tank in service: Initial WL=18.0
Holiday City booster pump off and bypass pipe open [00:00 to 06:30]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:30 to 11:40]
Holiday City booster pump off and bypass pipe open [11:40 to 16:30]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [16:30 to 20:30] 
Holiday City booster pump off and bypass pipe open [20:30 to 24:00]
St. Catherine’s (Rt. 37) ground-level storage tank in service: Initial WL=35.0
St. Catherine’s (Rt. 37) booster pump off and bypass pipe open [00:00 to 09:00]
St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed [09:00 to 12:30]
St. Catherine’s (Rt. 37) booster pump off and bypass pipe closed [12:30 to 17:30]
St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed [17:30 to 21:15] 
St. Catherine’s (Rt. 37) booster pump off and bypass pipe open [21:15 to 24:00]
Holly well #16 on [00:00 to 06:00] at 900 gpm, [06:00 to 18:00] at 489 gpm, [18:00 to 24:00] at 900 gpm
Holly well #18 on [06:00 to 18:00] at 998 gpm
Holly well #19 on [06:00 to 18:00] at 570 gpm
Holly well #21 on [06:00 to 18:00] at 118 gpm
Parkway well #22 on [02:00 to 08:00] and [11:00 to 17:00] at 428 gpm [08:00 to 11:00] and [17:00 to 21:00] at 641 gpm
Parkway well #23 on [02:00 to 08:00] and [11:00 to 17:00] at 324 gpm, [08:00 to 11:00] and [17:00 to 21:00] 
   at 354 gpm
Parkway well #24 on [02:00 to 08:00] and [11:00 to 17:00] at 560 gpm, [08:00 to 11:00] at 611 gpm
Parkway well #25 on [02:00 to 08:00] and [11:00 to 17:00] at 253 gpm, [08:00 to 11:00] and [17:00 to 21:00] 
   at 505 gpm
Parkway well #26 on [02:00 to 08:00] and [11:00 to 17:00] at 320 gpm, [08:00 to 11:00] and [17:00 to 21:00] 
   at 512 gpm
Parkway well #27 on [02:00 to 08:00] and [11:00 to 17:00] at 356 gpm, [17:00 to 21:00] at 609 gpm
Parkway well #28 on [02:00 to 08:00] and [11:00 to 17:00] at 398 gpm, [08:00 to 11:00] and [17:00 to 21:00] 
   at 682 gpm
Parkway well #29 on [02:00 to 08:00] and [11:00 to 17:00] at 348 gpm, [08:00 to 11:00] and [17:00 to 21:00] 
   at 696 gpm
Brookside well #15 on [00:00 to 19:00] and [22:00 to 24:00] at 685 gpm
South Toms River well #17 on [00:00 to 07:00] and [23:00 to 24:00] at 788 gpm
Indian Head well #20 on [00:00 to 24:00] at 490 gpm
Anchorage well #98 on [00:00 to 12:00] and [18:00 to 24:00] at 389 gpm
Silver Bay well #99 on [00:00 to 11:00] and [18:00 to 24:00] at 401 gpm

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]
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C-18 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

August

South Toms River elevated storage tank in service: Initial WL=17.0 feet

Indian Hill elevated storage tank in service: Initial WL=12.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1300] at 1,187 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 2000] at 2,967 gpm)

Holiday City ground-level storage tank in service: Initial WL=19.0

Holiday City booster pump off and bypass pipe open  [0000 to 06:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [06:30 to 11:40]

Holiday City booster pump off and bypass pipe open  [11:40 to 16:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [16:30 to 20:30] 

Holiday City booster pump off and bypass pipe open  [20:30 to 2400]

St. Catherine’s (Rt. 37) ground-level storage tank in service: Initial WL=35.0

St. Catherine’s (Rt. 37) booster pump off and bypass pipe open  [0000 to 0900]

St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed  [0900 to 12:30]

St. Catherine’s (Rt. 37) booster pump off and bypass pipe closed  [12:30 to 17:30]

St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed  [17:30 to 21:15] 

St. Catherine’s (Rt. 37) booster pump off and bypass pipe open  [21:15 to 2400]

Holly well #16 on [0000 to 0600] at 900 gpm, [0600 to 1300] at 195 gpm, [1300 to 2400] at 900 gpm

Holly well #18 on [0600 to 1300] at 1,608 gpm

Holly well #19 on [0600 to 1300] at 283 gpm

(note:Holly well #21 out of service)
Parkway well #22 on [0500 to 2000] at 366 gpm

Parkway well #23 on [0500 to 2000] at 308 gpm

Parkway well #24 on [0500 to 2000] at 409 gpm

Parkway well #25 on [0500 to 2000] at 346 gpm

Parkway well #26 on [0500 to 2000] at 333 gpm

Parkway well #27 on [0500 to 2000] at 319 gpm

Parkway well #28 on [0500 to 2000] at 459 gpm

Parkway well #29 on [0500 to 2000] at 427 gpm

Brookside well #15 on [0000 to 1900] and [2200 to 2400] at 685 gpm

South Toms River well #17 on [0000 to 0500] and [2300 to 2400] at 690 gpm

Indian Head well #20 on [0000 to 2400] at 503 gpm

Anchorage well #98 on [0000 to 1000] and [1800 to 2400] at 410 gpm

Silver Bay well #99 on [0000 to 1000] and [1800 to 2400] at 406 gpm

September

South Toms River elevated storage tank in service: Initial WL=16.0 feet

Indian Hill elevated storage tank in service: Initial WL=10.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1300] at 1,174 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]
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Tables of water-distribution system operations used in EPANET 2 C-19

September—Continued

Parkway high-service pump #1 on [0500 to 1900] at 2,883 gpm)

Holiday City ground-level storage tank in service: Initial WL=19.0

Holiday City booster pump off and bypass pipe open  [0000 to 06:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [06:30 to 11:40]

Holiday City booster pump off and bypass pipe open  [11:40 to 16:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [16:30 to 20:30] 

Holiday City booster pump off and bypass pipe open  [20:30 to 2400]

St. Catherine’s (Rt. 37) ground-level storage tank in service: Initial WL=35.0

St. Catherine’s (Rt. 37) booster pump off and bypass pipe open  [0000 to 0900]

St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed  [0900 to 12:30]

St. Catherine’s (Rt. 37) booster pump off and bypass pipe closed  [12:30 to 17:30]

St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed  [17:30 to 21:15] 

St. Catherine’s (Rt. 37) booster pump off and bypass pipe open  [21:15 to 2400]

Holly well #16 on [0000 to 0600] at 900 gpm, [0600 to 1400] at 283 gpm, [1400 to 2400] at 900 gpm

Holly well #18 on [0600 to 1400] at 1,705 gpm

Holly well #19 on [0600 to 1400] at 86 gpm

(note:Parkway well #22 out of service)
Parkway well #23 on [0500 to 1900] at 225 gpm

Parkway well #24 on [0500 to 1900] at 596 gpm

Parkway well #25 on [0500 to 1900] at 243 gpm

Parkway well #26 on [0500 to 1900] at 466 gpm

Parkway well #27 on [0500 to 1900] at 235 gpm

Parkway well #28 on [0500 to 1900] at 524 gpm

Parkway well #29 on [0500 to 1900] at 594 gpm

Brookside well #15 on [0000 to 1800] and [2200 to 2400] at 696 gpm

South Toms River well #17 on [0000 to 0400] and [2300 to 2400] at 810 gpm

Indian Head well #20 on [0000 to 2400] at 492 gpm

Anchorage well #98 on [0000 to 0700] and [2000 to 2400] at 389 gpm

Silver Bay well #99 on [0000 to 0700] and [2000 to 2400] at 387 gpm

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]
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C-20 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

October

South Toms River elevated storage tank in service: Initial WL=18.0 feet

Indian Hill elevated storage tank in service: Initial WL=15.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [2200 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 2200] at 1,478 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0600 to 1300] and [1800 to 2300] at 2,953 gpm)

Holiday City ground-level storage tank in service: Initial WL=18.0

Holiday City booster pump off and bypass pipe open  [0000 to 07:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [07:30 to 12:30]

Holiday City booster pump off and bypass pipe closed  [12:30 to 2200]

Holiday City booster pump off and bypass pipe open  [2200 to 2400]

(note:St. Catherine’s (Rt. 37) ground-level storage tank out of service)
Holly well #16 on [0000 to 0600] at 900 gpm, [0600 to 2200] at 592 gpm, [2200 to 2400] at 900 gpm

Holly well #18 on [0600 to 2200] at 820 gpm

Holly well #19 on [0600 to 2200] at 67 gpm

(note:Parkway well #23 out of service)
Parkway well #24 on [0600 to 1300] and [1800 to 2300] at 793 gpm

(note:Parkway well #25 out of service)
Parkway well #26 on [0600 to 1300] and [1800 to 2300] at 607 gpm

(note:Parkway well #27 out of service)
Parkway well #28 on [0600 to 1300] and [1800 to 2300] at 788 gpm

Parkway well #29 on [0600 to 1300] and [1800 to 2300] at 765 gpm

Brookside well #15 on [0000 to 1900] and [2200 to 2400] at 698 gpm

South Toms River well #17 on [0000 to 0500] and [2300 to 2400] at 714 gpm

Indian Head well #20 on [0000 to 2400] at 487 gpm

(note:Anchorage well #98 out of service)
(note:Silver Bay well #99 out of service)

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]
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Tables of water-distribution system operations used in EPANET 2 C-21

November

South Toms River elevated storage tank in service: Initial WL=15.0 feet

Indian Hill elevated storage tank in service: Initial WL=13.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [2200 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 2200] at 1,416 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0600 to 1300] and [1600 to 2300] at 2,905 gpm)

Holiday City ground-level storage tank in service: Initial WL=18.0

Holiday City booster pump off and bypass pipe open  [0000 to 07:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [07:30 to 12:30]

Holiday City booster pump off and bypass pipe closed  [12:30 to 2200]

Holiday City booster pump off and bypass pipe open  [2200 to 2400]

Holly well #16 on [0000 to 0600] at 900 gpm, [0600 to 2200] at 587 gpm, [2200 to 2400] at 900 gpm

Holly well #18 on [0600 to 2200] at 812 gpm

Holly well #19 on [0600 to 2200] at 17 gpm

Parkway well #22 on [0600 to 1300] and [1600 to 2300] at 360 gpm

Parkway well #24 on [0600 to 1300] and [1600 to 2300] at 641 gpm

Parkway well #26 on [0600 to 1300] and [1600 to 2300] at 550 gpm

Parkway well #28 on [0600 to 1300] and [1600 to 2300] at 684 gpm

Parkway well #29 on [0600 to 1300] and [1600 to 2300] at 671 gpm

Brookside well #15 on [0000 to 0600] at 670 gpm

South Toms River well #17 on [0000 to 0200] at 871 gpm

Indian Head well #20 on [0000 to 1900] and [2200 to 2400] at 504 gpm

December

South Toms River elevated storage tank in service: Initial WL=19.0 feet

Indian Hill elevated storage tank in service: Initial WL=14.0 feet

Holly ground-level storage tank in service (closed in EPANET 2)

(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 0600] and [1000 to 2400] at 900 gpm

Holly high-service pump #2 on [0600 to 1000] at 1,390 gpm)

Parkway ground-level storage tank in service (closed in EPANET 2)

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1
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December—Continued

(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 2200] at 2,951 gpm)

Holiday City ground-level storage tank in service: Initial WL=18.0

Holiday City booster pump off and bypass pipe open  [0000 to 07:30]

Holiday City booster pump on (set at 0.87) and bypass pipe closed  [07:30 to 12:30]

Holiday City booster pump off and bypass pipe closed  [12:30 to 2200]

Holiday City booster pump off and bypass pipe open  [2200 to 2400]

Holly well #16 on [0000 to 0600] at 900 gpm, [0600 to 1000] at 117 gpm, [1200 to 2400] at 900 gpm

Holly well #18 on [0600 to 1000] at 1,263 gpm, [1000 to 1200] at 900 gpm

Holly well #19 on [0600 to 1000] at 10 gpm

Parkway well #22 on [0500 to 2200] at 304 gpm

Parkway well #24 on [0500 to 2200] at 721 gpm

Parkway well #26 on [0500 to 2200] at 431 gpm

Parkway well #28 on [0500 to 2200] at 762 gpm

Parkway well #29 on [0500 to 2200] at 733 gpm

(note:Brookside well #15 out of service)
South Toms River well #17 on [0000 to 0500] at 809 gpm

(note:Indian Head well #20 out of service)

1The Anchorage and Silver Bay wells were not assigned identification numbers by the water utility. For simulation and analysis 
purposes in this report, the two wells are assigned the following identification numbers: Anchorage well #98 and Silver Bay 
well #99.

Table C-4.  Water-distribution system operations, Dover Township area, New Jersey, 
January 1978–December 1978—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations1



Tables of water-distribution system operations used in EPANET 2 C-23

Table C-5.  Water-distribution system operations, Dover Township area, New Jersey, January 1988–
December 1988 
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations

January

South Toms River elevated storage tank in service: Initial WL=8.0 feet
South Toms River booster pump #1 and #2 off and bypass pipe open [0000 to 0700]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [0700 to 0900]
South Toms River booster pump #1 and #2 off and bypass pipe open [0900 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 1900]
South Toms River booster pump #1 and #2 off and bypass pipe open [1900 to 2400]
Indian Hill elevated storage tank in service: Initial WL=10.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0800 to 1300] at 893 gpm
Holly high-service pump #2 on [0000 to 0800] and [1300 to 2400] at 1394 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0800 to 1200] and [1600 to 2000] at 3,005 gpm)
Holiday City ground-level storage tank in service: Initial WL=24.0
Holiday City booster pump off and bypass pipe open [0000 to 06:45]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 2400]
Holly well #21 on [0800 to 1300] at 425 gpm
Holly well #30 on [0800 to 1300] at 468 gpm, [0000 to 0800] and [1300 to 2400] at 1,394 gpm
Parkway well #22 on [0800 to 1200] and [1600 to 2000] at 680 gpm
Parkway well #23 on [0800 to 1200] and [1600 to 2000] at 317 gpm
Parkway well #24 on [0800 to 1200] and [1600 to 2000] at 1,506 gpm
Parkway well #29 on [0800 to 1200] and [1600 to 2000] at 502 gpm
Brookside well #15 on [0000 to 0200] and [0600 to 2400] at 701 gpm
(note:Indian Head well #20 out of service)
Route 70, well #31 on [0000 to 2100] and [2200 to 2400] at 702 gpm
South Toms River well #32 on [1200 to 1900] at 713 gpm
Berkeley well #33 on [0000 to 2400] at 1,169 gpm
Berkeley well #34 on [0900 to 1700] at 994 gpm

February
(Minimum-Demand 

Month)

South Toms River elevated storage tank in service: Initial WL=6.0 feet
South Toms River booster pump #1 and #2 off and bypass pipe open [0000 to 0700]
South Toms River booster pump #1 on, Booster Pump #2, bypass pipe closed [0700 to 0900]
South Toms River booster pump #1 and #2 off, bypass pipe open [0900 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 2000]
South Toms River booster pump #1 and #2 off, bypass pipe open [2000 to 2400]
Indian Hill elevated storage tank in service: Initial WL=6.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0800 to 1200] at 900 gpm
Holly high-service pump #2 on [0800 to 1200] at 1,306 gpm,[0000 to 0800] and [1200 to 2400] at 1,406 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0800 to 1100] and [1600 to 2000] at 2,897 gpm)
Holiday City ground-level storage tank in service: Initial WL=24.0
Holiday City booster pump off and bypass pipe open [0000 to 06:45]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 2400]
(note:Holly well #21 out of service)
Holly well #30 on [0800 to 1200] at 2206 gpm, [0000 to 0800] and [1200 to 2400] at 1,406 gpm
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February—Continued
(Minimum-Demand 

Month)

Parkway well #22 on [0800 to 1100] and [1600 to 2000] at 1,080 gpm
(note:Parkway well #23 out of service)
Parkway well #24 on [0800 to 1100] and [1600 to 2000] at 1,817 gpm
(note:Parkway well #29 out of service)
Brookside well #15 on [0000 to 0300] at 597 gpm
Route 70, well #31 on [0000 to 2100] and [2200 to 2400] at 705 gpm
South Toms River well #32 on [1100 to 2000] at 677 gpm
Berkeley well #33 on [0000 to 2400] at 1,167 gpm
Berkeley well #34 on [0800 to 2000] at 1,003 gpm

March

South Toms River elevated storage tank in service: Initial WL=6.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [0000 to 0700]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [0700 to 0900]
South Toms River booster pump #1 and #2 off, bypass pipe open [0900 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 2000]
South Toms River booster pump #1 and #2 off, bypass pipe open [2000 to 2400]
Indian Hill elevated storage tank in service: Initial WL=6.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 951 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0800 to 1200] and [1600 to 2000] at 2,892 gpm)
Holiday City ground-level storage tank in service: Initial WL=24.0
Holiday City booster pump off and bypass pipe open [0000 to 06:45]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 2400]
Holly well #30 on [0000 to 2400] at 951 gpm
Parkway well #22 on [0800 to 1200] and [1600 to 2000] at 1,293 gpm
Parkway well #24 on [0800 to 1200] and [1600 to 2000] at 1,599 gpm
Brookside well #15 on [0000 to 1000] and [2000 to 2400] at 708 gpm
Route 70, well #31 on [0000 to 2100] and [2200 to 2400] at 696 gpm
South Toms River well #32 on [1000 to 2000] at 670 gpm
Berkeley well #33 on [0000 to 2400] at 1,168 gpm
Berkeley well #34 on [0500 to 2200] at 1,005 gpm

April

South Toms River elevated storage tank in service: Initial WL=14.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [0000 to 0700]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [0700 to 0900]
South Toms River booster pump #1 and #2 off, bypass pipe open [0900 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 1800]
South Toms River booster pump #1 and #2 off, bypass pipe open [1800 to 2400]
Indian Hill elevated storage tank in service: Initial WL=16.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0800 to 2200] at 915 gpm
Holly high-service pump #2 on [0000 to 800] and [2200 to 2400] at 1,400 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0800 to 1200] and [1500 to 2000] at 3,085 gpm)
Holiday City ground-level storage tank in service: Initial WL=24.0
Holiday City booster pump off and bypass pipe open [0000 to 06:45]

Table C-5.  Water-distribution system operations, Dover Township area, New Jersey, January 1988–
December 1988—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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April—Continued

Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 2400]
Holly well #30 on [0800 to 2200] at 915 gpm, [0000 to 800] and [2200 to 2400] at 1,400 gpm
Parkway well #22 on [0800 to 1200] and [1500 to 2000] at 1,573 gpm
Parkway well #24 on [0800 to 1200] and [1500 to 2000] at 1,511 gpm
Brookside well #15 on [0000 to 1500] and [2000 to 2400] at 698 gpm
Route 70, well #31 on [0000 to 2100] and [2200 to 2400] at 693 gpm
South Toms River well #32 on [1000 to 1800] at 681 gpm
Berkeley well #33 on [0000 to 2400] at 1,126 gpm
Berkeley well #34 on [0600 to 2200] at 1,021 gpm

May

South Toms River elevated storage tank in service: Initial WL=20.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [00:00 to 07:00]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [07:00 to 09:00]
South Toms River booster pump #1 and #2 off, bypass pipe open [09:00 to 14:00]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [14:00 to 18:00]
South Toms River booster pump #1 and #2 off, bypass pipe open [18:00 to 24:00]
Indian Hill elevated storage tank in service: Initial WL=22.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #2 on [0000 to 2400] at 1,352 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0700 to 1200] and [1500 to 2100] at 3,088 gpm)
Holiday City ground-level storage tank in service: Initial WL=24.0
Holiday City booster pump off and bypass pipe open [0000 to 06:45]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 2400]
Holly well #21 on [0000 to 2400] at 34 gpm
Holly well #30 on [0000 to 2400] at 1,318 gpm
Parkway well #22 on [0700 to 1200] and [1500 to 2100] at 1,247 gpm
Parkway well #23 on [0700 to 1200] and [1500 to 2100] at 273 gpm
Parkway well #24 on [0700 to 1200] and [1500 to 2100] at 1,120 gpm
Parkway well #28 on [0700 to 1200] and [1500 to 2100] at 310 gpm
Parkway well #28 on [0700 to 1200] and [1500 to 2100] at 138 gpm
Brookside well #15 on [0000 to 1300] and [2000 to 2400] at 714 gpm
Route 70, well #31 on [0000 to 2100] and [2200 to 2400] at 698 gpm
South Toms River well #32 on [0900 to 1800] at 691 gpm
Berkeley well #33 on [0000 to 2400] at 1,158 gpm
Berkeley well #34 on [0500 to 2200] at 1,011 gpm

June

South Toms River elevated storage tank in service: Initial WL=17.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [0000 to 0700]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [0700 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 1600]
South Toms River booster pump #1 and #2 off, bypass pipe open [1600 to 2000]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [2000 to 21:30]
South Toms River booster pump #1 and #2 off, bypass pipe open [21:30 to 2400]
Indian Hill elevated storage tank in service: Initial WL=12.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 0900], [1200 to 1800], [2100 to 2200] at 900 gpm

Table C-5.  Water-distribution system operations, Dover Township area, New Jersey, January 1988–
December 1988—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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June—Continued

Windsor ground-level storage tank in service: Initial WL=24.0
Windsor high-service pump #1 and #2 off, bypass pipe open [0000 to 08:30]
Windsor high-service pump #1 on, Booster Pump #2 off, bypass pipe closed [08:30 to 1500]
Windsor high-service pump #1 and #2 off, bypass pipe open [1500 to 2400]
Holly well #21 on [0000 to 0600] and [2200 to 2400] at 1,160 gpm
Holly well #30 on [0000 to 0600] and [2200 to 2400] at 236 gpm, [0600 to 0900], [1200 to 1800] and [2100 
   to 2200] at 2,194 gpm, [0900 to 1200] and [1800 to 2100] at 2,794 gpm
Parkway well #22 on [0500 to 0700], [0700 to 1000] at 4000 gpm, [1200 to 1700] at 263 gpm
Parkway well #23 on [0500 to 0700] and [1200 to 1700] at 985 gpm
Parkway well #24 on [0500 to 0700] and [1200 to 1700] at 173 gpm, 1000 to 1200] and [1700 to 1800] at 4,000 gpm
Parkway well #28 on [0500 to 0700] and [1200 to 1700] at 174 gpm, 1800 to 2100] at 4,000 gpm
Parkway well #29 on [0500 to 0700] and [1200 to 1700] at 1,489 gpm
Brookside well #15 on [0000 to 0900] and [1500 to 2400] at 715 gpm
Indian Head #20 on [0000 to 0800] at 515 gpm
Route 70, well #31 on [0000 to 2100] and [2200 to 2400] at 695 gpm
South Toms River well #32 on [0400 to 2200] at 703 gpm
Berkeley well #33 on [0000 to 2400] at 1,154 gpm
Berkeley well #34 on [0000 to 2400] at 1,106 gpm

July
(Maximum-Demand 

Month)

South Toms River elevated storage tank in service: Initial WL=20.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [0000 to 0400]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [0400 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 1900]
South Toms River booster pump #1 and #2 off, bypass pipe open [1900 to 2400]
Indian Hill elevated storage tank in service: Initial WL=13.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0500 to 0800] and [1300 to 1700] at 900 gpm
Holly high-service pump #2 on [0500 to 0800] and [1300 to 1700] at 1,300 gpm,
[0000 to 0500] and [2200 to 2400] at 1,628 gpm
Holly high-service pump #3 on [0800 to 1300] and [1700 to 2200] at 3,000 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0400 to 0700] and [1200 to 1700] at 2,936 gpm
Parkway high-service pump #2 on [0700 to 1200] and [1700 to 2100] at 4,000 gpm)
Holiday City ground-level storage tank in service: Initial WL=20.0
Holiday City booster pump off and bypass pipe open [0000 to 06:30]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:30 to 11:30]
Holiday City booster pump off and bypass pipe open [11:30 to 16:30]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [16:30 to 20:30]
Holiday City booster pump off and bypass pipe open [20:30 to 2400]
St. Catherine’s (Rt. 37) ground-level storage tank in service: Initial WL=40.0
St. Catherine’s (Rt. 37) booster pump off and bypass pipe open [0000 to 09:30]
St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed [09:30 to 14:45]
St. Catherine’s (Rt. 37) booster pump off and bypass pipe closed [14:45 to 2000]
St. Catherine’s (Rt. 37) booster pump off and bypass pipe open [2000 to 2400]
Windsor ground-level storage tank in service: Initial WL=24.0
Windsor high-service pump #1 and #2 off, bypass pipe open [0000 to 08:30]
Windsor high-service pump #1 on, Booster Pump #2 off, bypass pipe closed [08:30 to 1400]
Windsor high-service pump #1 and #2 off, bypass pipe open [1400 to 2400]
Holly well #21 on [0000 to 0500] and [0500 to 0600] at 2,200 gpm, [2200 to 2400] at 1,431 gpm

Table C-5.  Water-distribution system operations, Dover Township area, New Jersey, January 1988–
December 1988—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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July—Continued
(Maximum-Demand 

Month)

Holly well #30 on [0000 to 0500] and [2200 to 2400] at 197 gpm, [0600 to 0800] and [1300 to 1700] at 2200 gpm, 
   [0800 to 1300] and [1700 to 2200] at 3,000 gpm
Parkway well #22 on [0400 to 0700] at 457 gpm, [0700 to 0900] at 4000 gpm, [1200 to 1700] at 457 gpm 
Parkway well #23 on [0400 to 0700] and [1200 to 1700] at 738 gpm
Parkway well #24 on [0400 to 0700] at 372 gpm, [0900 to 1100] at 4000 gpm, [1200 to 1700] at 372 gpm
Parkway well #26 on [0400 to 0700] and [1200 to 1700] at 242 gpm, [1100 to 1200] and [1700 to 1800] at 4,000 gpm
Parkway well #28 on [0400 to 0700] and [1200 to 1700] at 431 gpm, [1800 to 2000] at 4,000 gpm
Parkway well #29 on [0400 to 0700] and [1200 to 1700] at 696 gpm, [2000 to 2100] at 4,000 gpm
Brookside well #15 on [0000 to 0900] and [1600 to 2400] at 707 gpm
Indian Head #20 on [0000 to 1800] and [2200 to 2400] at 488 gpm
Route 70, well #31 on [0000 to 2000] and [2200 to 2400] at 686 gpm
South Toms River well #32 on [0500 to 2200] at 706 gpm
South Toms River well #38 on [0400 to 1200] at 665 gpm
Berkeley well #33 on [0000 to 2400] at 1,134 gpm
Berkeley well #34 on [0000 to 2100] and [2200 to 2400] at 998 gpm
Berkeley well #35 on [0500 to 2200] at 708 gpm

August

South Toms River elevated storage tank in service: Initial WL=10.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [0000 to 0500]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [0500 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 1600]
South Toms River booster pump #1 and #2 off, bypass pipe open [1600 to 1900]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1900 to 21:30]
South Toms River booster pump #1 and #2 off, bypass pipe open [21:30 to 2400]
Indian Hill elevated storage tank in service: Initial WL=11.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 0800], [1200 to 1700], [2100 to 2200] at 900 gpm
Holly high-service pump #2 on [0600 to 0800], [1200 to 1700], [2100 to 2200] at 1,300 gpm, [0000 to 0600] and 
   [2200 to 2400] at 1,400 gpm
Holly high-service pump #3 on [0800 to 1200] and [1700 to 2100] at 2,852 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0400 to 0800] and [1200 to 1800] at 2,887 gpm
Parkway high-service pump #2 on [0800 to 1200] and [1800 to 2100] at 4,000 gpm)
Holiday City ground-level storage tank in service: Initial WL=21.0
Holiday City booster pump off and bypass pipe open [0000 to 06:30]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:30 to 11:30]
Holiday City booster pump off and bypass pipe open [11:30 to 16:30]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [16:30 to 20:30]
Holiday City booster pump off and bypass pipe open [20:30 to 2400]
St. Catherine’s (Rt. 37) ground-level storage tank in service: Initial WL=40.0
St. Catherine’s (Rt. 37) booster pump off and bypass pipe open [0000 to 09:30]
St. Catherine’s (Rt. 37) booster pump on and bypass pipe closed [09:30 to 14:45]
St. Catherine’s (Rt. 37) booster pump off and bypass pipe closed [14:45 to 2000]
St. Catherine’s (Rt. 37) booster pump off and bypass pipe open [2000 to 2400]
Windsor ground-level storage tank in service: Initial WL=24.0
Windsor high-service pump #1 and #2 off, bypass pipe open [0000 to 08:30]
Windsor high-service pump #1 on, Booster Pump #2 off, bypass pipe closed [08:30 to 1500]

Table C-5.  Water-distribution system operations, Dover Township area, New Jersey, January 1988–
December 1988—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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August—Continued

Windsor high-service pump #1 and #2 off, bypass pipe open [1500 to 2400]
Holly well #21 on [0800 to 1200] and [1700 to 2100] at 959 gpm
Holly well #30 on [0000 to 0600] and [2200 to 2400] at 1,400 gpm, [0800 to 1200] at 1,893 gpm,
[1700 to 2100] at 1,893 gpm, [0600 to 0800], [1200 to 1700], [2100 to 2200] at 2,200 gpm
Parkway well #22 on [0400 to 0800] at 726 gpm, [0800 to 0900] at 4,000 gpm, [1200 to 1800] at 726 gpm
Parkway well #23 on [0400 to 0800] and [1200 to 1800] at 565 gpm
Parkway well #24 on [0400 to 0800] at 211 gpm, [0900 to 1100] at 4,000 gpm, [1200 to 1800] at 211 gpm 
Parkway well #26 on [0400 to 0800] at 576 gpm, [1100 to 1200] at 4,000 gpm, [1200 to 1800] at 576 gpm
Parkway well #28 on [0400 to 0800] and [1200 to 1800] at 288 gpm, [1800 to 2000] at 4,000 gpm
Parkway well #29 on [0400 to 0800] and [1200 to 1800] at 521 gpm, [2000 to 2100] at 4,000 gpm
Brookside well #15 on [0000 to 0800] and [1500 to 2400] at 716 gpm
Indian Head #20 on [0000 to 0800] and [1100 to 2400] at 596 gpm
Route 70, well #31 on [0000 to 2000] and [2200 to 2400] at 699 gpm
South Toms River well #32 on [0500 to 1900] at 674 gpm
South Toms River well #38 on [0500 to 1100] at 674 gpm
Berkeley well #33 on [0000 to 2000] and [2200 to 2400] at 988 gpm
Berkeley well #34 on [0000 to 1100] and [1700 to 2400] at 983 gpm
Berkeley well #35 on [0600 to 1900] at 720 gpm

September

South Toms River elevated storage tank in service: Initial WL=12.0 feet
South Toms River booster pump #1 and #2, bypass pipe open [0000 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 2000]
South Toms River booster pump #1 and #2 off, bypass pipe open [2000 to 2400]
Indian Hill elevated storage tank in service: Initial WL=17.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows
Holly high-service pump #1 on [0400 to 2300] at 909 gpm
Holly high-service pump #2 on [0000 to 0400] and [2300 to 2400] at 1,400 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows
Parkway high-service pump #1 on [0400 to 0800] and [1200 to 1700] at 2,910 gpm
Parkway high-service pump #2 on [0800 to 1200] and [1700 to 2100] at 4,000 gpm)
Holiday City ground-level storage tank in service: Initial WL=24.0
Holiday City booster pump off and bypass pipe open [0000 to 06:45]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 2400]
(note:St. Catherine’s (Rt. 37) ground-level storage tank out of service)
(note:Windsor ground-level storage tank out of service)
(note:Holly well #21 out of service)
Holly well #30 on [0000 to 0400] at 1,400 gpm, [0400 to 2300] at 909 gpm, [2300 to 2400] at 1,400 gpm
Parkway well #22 on [0400 to 0800] a 272 gpm, [0800 to 1000] at 4,000 gpm, [1200 to 1700] at 272 gpm 
Parkway well #23 on [0400 to 0800] and [1200 to 1700] at 603 gpm
Parkway well #24 on [0400 to 0800] at 199 gpm, [1000 to 1200] at 4,000 gpm, [1200 to 1700] at 199 gpm
Parkway well #26 on [0400 to 0800] and [1200 to 1700] at 155 gpm, [1700 to 1900] at 4,000 gpm
Parkway well #28 on [0400 to 0800] and [1200 to 1700] at 255 gpm, [1900 to 2100] at 4,000 gpm
Parkway well #29 on [0400 to 0800] and [1200 to 1700] at 1,426 gpm
Brookside well #15 on [0000 to 0700] and [2200 to 2400] at 694 gpm

Table C-5.  Water-distribution system operations, Dover Township area, New Jersey, January 1988–
December 1988—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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September—Continued

Indian Head #20 on [0000 to 1900] and [2200 to 2400] at 495 gpm
Route 70, well #31 on [0000 to 1900] and [2200 to 2400] at 703 gpm
South Toms River well #32 on [1200 to 2000] at 710 gpm
South Toms River well #38 on [0600 to 0700] at 60 gpm
Berkeley well #33 on [0000 to 2000] and [2200 to 2400] at 1,010 gpm
Berkeley well #34 on [0500 to 2200] at 989 gpm
Berkeley well #35 on [0700 to 2100] at 694 gpm

October
(Average-Demand 

Month)

South Toms River elevated storage tank in service: Initial WL=8.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [0000 to 1400]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [1400 to 2000]
South Toms River booster pump #1 and #2 off, bypass pipe open [2000 to 2400]
Indian Hill elevated storage tank in service: Initial WL=11.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 936 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0400 to 0700] and [1200 to 1700] at 2,925 gpm
Parkway high-service pump #2 on [0700 to 1200] and [1700 to 2100] at 4,000 gpm)
Holiday City ground-level storage tank in service: Initial WL=24.0
Holiday City booster pump off and bypass pipe open [0000 to 06:45]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 2400]
Holly well #30 on [0000 to 2400] at 936 gpm
Parkway well #22 on [0400 to 0700] at 452 gpm, [0700 to 0900] at 4,000 gpm, [1200 to 1700] at 452 gpm 
Parkway well #23 on [0400 to 0700] and [1200 to 1700] at 766 gpm
Parkway well #24 on [0400 to 0700] at 339 gpm, [0900 to 1100] at 4,000 gpm, [1200 to 1700] at 339 gpm 
Parkway well #26 on [0400 to 0700] and [1200 to 1700] at 287 gpm, [1100 to 1200] and [1700 to 1800] at 4,000 gpm
Parkway well #28 on [0400 to 0700] and [1200 to 1700] at 398 gpm, [1800 to 2000] at 4,000 gpm
Parkway well #28 on [0400 to 0700] and [1200 to 1700] at 682 gpm, [2000 to 2100] at 4,000 gpm
Indian Head #20 on [0000 to 1900] and [2200 to 2400] at 493 gpm
Route 70, well #31 on [0000 to 2000] and [2200 to 2400] at 697 gpm
South Toms River well #32 on [1300 to 2000] at 698 gpm
(note:South Toms River well #38 out of service)
Berkeley well #33 on [0000 to 2400] at 988 gpm
Berkeley well #34 on [0700 to 2100] at 975 gpm
Berkeley well #35 on [0600 to 0900] at 623 gpm

November

South Toms River elevated storage tank in service: Initial WL=8.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [00:00 to 07:00]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [07:00 to 09:00]
South Toms River booster pump #1 and #2 off, bypass pipe open [09:00 to 14:00]
South Toms River booster pump #1 off, Booster Pump #2 on, bypass pipe closed [14:00 to 20:00]
South Toms River booster pump #1 & #2 off and bypass pipe open [20:00 to 24:00]
Indian Hill elevated storage tank in service: Initial WL=10.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [00:00 to 24:00] at 847 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [04:00 to 07:00] and [12:00 to 17:00] at 2,925 gpm
Parkway high-service pump #2 on [07:00 to 12:00] and [17:00 to 21:00] at 4,000 gpm)

Table C-5.  Water-distribution system operations, Dover Township area, New Jersey, January 1988–
December 1988—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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November—Continued

Holiday City ground-level storage tank in service: Initial WL=24.0
Holiday City booster pump off and bypass pipe open [00:00 to 06:45]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 24:00]
Holly well #21 on [00:00 to 24:00] at 61 gpm
Holly well #30 on [00:00 to 24:00] at 785 gpm
Parkway well #22 on [08:00 to 12:00] and [15:00 to 20:00] at 672 gpm
Parkway well #23 on [08:00 to 12:00] and [15:00 to 20:00] at 136 gpm
Parkway well #24 on [0800 to 1200] and [1500 to 2000] at 637 gpm
Parkway well #26 on [0800 to 1200] and [1500 to 2000] at 600 gpm
Parkway well #28 on [0800 to 1200] and [1500 to 2000] at 476 gpm
Parkway well #29 on [0800 to 1200] and [1500 to 2000] at 566 gpm
Brookside well #15 on [0000 to 0400] and [1900 to 2400] at 713 gpm
Indian Head #20 on [0000 to 1900] and [2200 to 2400] at 493 gpm
Route 70, well #31 on [0000 to 2100] and [2200 to 2400] at 686 gpm
South Toms River well #32 on [1100 to 2000] at 683 gpm
(note:South Toms River well #38 out of service)
Berkeley well #33 on [0000 to 2400] at 996 gpm
Berkeley well #34 on [0700 to 2200] at 992 gpm
Berkeley well #35 on [0700 to 1500] at 676 gpm

December

South Toms River elevated storage tank in service: Initial WL=12.0 feet
South Toms River booster pump #1 and #2 off, bypass pipe open [0000 to 1000]
South Toms River booster pump #1 on, Booster Pump #2 off, bypass pipe closed [1000 to 1400]
South Toms River booster pump #1 and #2 off, bypass pipe open [1400 to 2400]
Indian Hill elevated storage tank in service: Initial WL=16.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0900], [1200 to 1800], [2100 to 2300] at 2,977 gpm
Parkway high-service pump #2 on [0900 to 1200] and [1800 to 2100] at 4,000 gpm)
Holiday City ground-level storage tank in service: Initial WL=24.0
oliday City booster pump off and bypass pipe open [0000 to 06:45]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:45 to 12:30]
Holiday City booster pump off and bypass pipe open [12:30 to 2400]
(note:Holly well #21 out of service)
(note:Holly well #30 out of service)
Parkway well #22 on [0500 to 0900], [1200 to 1800], [2100 to 2300] at 83 gpm, [0900 to 1200] at 4,000 gpm
(note:Parkway well #23 out of service)
Parkway well #24 on [0500 to 0900], [1200 to 1800] and [2100 to 2300] at 34 gpm; [1800 to 2100] at 4,000 gpm
Parkway well #26 on [0500 to 0900], [1200 to 1800], [2100 to 2300] at 953 gpm
Parkway well #28 on [0500 to 0900], [1200 to 1800], [2100 to 2300] at 1,050 gpm
Parkway well #29 on [0500 to 0900], [1200 to 1800], [2100 to 2300] at 856 gpm
(note: Brookside well #15 out of service)
Indian Head well #20 on [0000 to 0600] and [1900 to 2400] at 490 gpm
Route 70, well #31 on [0000 to 1000] and [1200 to 2400] at 703 gpm
South Toms River well #32 on [0700 to 1400] at 691 gpm
South Toms River well #38 on [0600 to 0700] at 676 gpm
Berkeley well #33 on [0000 to 2400] at 989 gpm
Berkeley well #34 on [0600 to 1900] at 1,002 gpm
Berkeley well #35 on [1000 to 1900] at 699 gpm

Table C-5.  Water-distribution system operations, Dover Township area, New Jersey, January 1988–
December 1988—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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Table C-6.  Water-distribution system operations, Dover Township area, New Jersey, January 1995–
December 1995 
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations

January

Indian Hill elevated storage tank in service: Initial WL=18.0 feet
Parkway ground-level storage tank in service (closed in EPANET 2) 
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 2200] at 3037 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=26.0 feet
Parkway well #22 on [0500 to 2200] at 624 gpm
Parkway well #24 on [0500 to 2200] at 394 gpm
Parkway well #26 on [0500 to 2200] at 179 gpm
Parkway well #28 on [0500 to 2200] at 602 gpm
Parkway well #29 on [0500 to 2200] at 126 gpm
Parkway well #42 on [0500 to 2200] at 1,112 gpm
Indian Head well #20 on [0000 to 1100] and [1700 to 2400] at 451 gpm
Route 70, well #31 on [0000 to 1300] and [1500 to 2400] at 660 gpm
South Toms River well #32 on [0000 to 2400] at 513 gpm
Berkeley well #33 on [0000 to 1300] and [1600 to 2400] at 903 gpm
Berkeley well #34 on [0200 to 2300] at 878 gpm
Berkeley well #35 on [0200 to 2300] at 615 gpm

February
(Minimum-Demand 

Month)

Indian Hill elevated storage tank in service: Initial WL=18.0 feet
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 2300] at 3004 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=26.0 feet
Parkway well #22 on [0500 to 2300] at 596 gpm
Parkway well #24 on [0500 to 2300] at 405 gpm
(note:Parkway well #26 out of service)
Parkway well #28 on [0500 to 2300] at 601 gpm
Parkway well #29 on [0500 to 2300] at 465 gpm
Parkway well #42 on [0500 to 2300] at 937 gpm
Indian Head well #20 on [0000 to 1300] and [1600 to 2400] at 441 gpm
Route 70, well #31 on [0000 to 2400] at 655 gpm
South Toms River well #32 on [0500 to 2200] at 536 gpm
South Toms River well #38 on [0600 to 0700] at 330 gpm
Berkeley well #33 on [0000 to 1300] and [1500 to 2400] at 903 gpm
Berkeley well #34 on [0600 to 2100] at 897 gpm
Berkeley well #35 on [0100 to 2300] at 620 gpm

March

Indian Hill elevated storage tank in service: Initial WL=22.0 feet
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows
Parkway high-service pump #1 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 2,966 gpm
Parkway high-service pump #2 on [0700 to 1000] and [1800 to 2000] at 4,800 gpm
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March—Continued

Holiday City ground-level storage tank in service: Initial WL=18.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=30.0 feet
Parkway well #22 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 289 gpm; [0700 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 321 gpm; [0900 to 1000] at 4,800 gpm
Parkway well #26 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 570 gpm
Parkway well #28 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 249 gpm; [1800 to 2000] at 4,800 gpm
Parkway well #29 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 776 gpm
Parkway well #42 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 761 gpm
Indian Head well #20 on [0000 to 1300] and [1600 to 2400] at 445 gpm
Route 70, well #31 on [0000 to 2400] at 673 gpm
South Toms River well #32 on [0600 to 1200] at 552 gpm
(note:South Toms River well #38 out of service)
Berkeley well #33 on [0000 to 1400] and [1500 to 2400] at 902 gpm
Berkeley well #34 on [0000 to 2400] at 907 gpm
Berkeley well #35 on [0600 to 1700] at 594 gpm

April

Indian Hill elevated storage tank in service: Initial WL=32.0 feet
Holly ground-level storage tank in service (closed in EPANET 2) 
(note:Holly wells pump directly into system and represent Holly high-service pump flows
Holly high-service pump #1 on [1100 to 1600] at 976 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1100 to 1800] and [2100 to 2300] at 3,129 gpm
Parkway high-service pump #2 on [0700 to 1100] and [1800 to 2100] at 4,800 gpm
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=35.0 feet
Holly well #30 on [1100 to 1600] at 976 gpm
Parkway well #22 on [0500 to 0700], [1100 to 1800] and [2100 to 2300] at 309 gpm; on [0700 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1100 to 1800] and [2100 to 2300] at 421 gpm; on [2000 to 2100] at 4,800 gpm
Parkway well #26 on [0500 to 0700], [1100 to 1800] and [2100 to 2300] at 1,034 gpm
Parkway well #28 on [0500 to 0700], [1100 to 1800] and [2100 to 2300] at 296 gpm; on [0900 to 1100] at 4,800 gpm
Parkway well #29 on [0500 to 0700], [1100 to 1800] and [2100 to 2300] at 76 gpm; on [1800 to 2000] at 4,800 gpm
Parkway well #42 on [0500 to 0700], [1100 to 1800] and [2100 to 2300] at 993 gpm
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 445 gpm
Route 70, well #31 on [0000 to 2400] at 688 gpm
South Toms River well #32 on [0000 to 2400] at 516 gpm
Berkeley well #33 on [0000 to 1400] and [1500 to 2400] at 873 gpm
Berkeley well #34 on [0000 to 2400] at 895 gpm
Berkeley well #35 on [0100 to 2300] at 612 gpm

Table C-6.  Water-distribution system operations, Dover Township area, New Jersey, January 1995–
December 1995—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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May

Indian Hill elevated storage tank in service: Initial WL=33.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note: Holly wells pump directly into system and represent Holly high-service pump flows
Holly high-service pump #1 on [0500 to 2200] at 893 gpm
Holly high-service pump #2 on [0000 to 0500] and [2200 to 2400] at 1,400 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows
Parkway high-service pump #1 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 2,953 gpm
Parkway high-service pump #2 on [0700 to 1200] and [1700 to 2100] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=31.0 feet
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0600 to 0800] at 895 gpm)
Holly well #30 on [0500 to 2200] at 893 gpm; on [0000 to 0500] and [2200 to 2400] at 1,400 gpm
Parkway well #22 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 282 gpm; on [0700 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 1,173 gpm
Parkway well #26 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 1,148 gpm
Parkway well #28 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 105 gpm; on [0900 to 1100] at 4,800 gpm
Parkway well #29 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 90 gpm; on [1900 to 2100] at 4,800 gpm
Parkway well #42 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 155 gpm; on [1100 to 1200] and [1700 
   to 1900] at 4,800 gpm
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 437 gpm
Route 70, well #31 on [0000 to 2400] at 679 gpm
South Toms River well #32 on [0000 to 2400] at 541 gpm
Berkeley well #33 on [0000 to 1300] and [1600 to 2400] at 908 gpm
Berkeley well #34 on [0000 to 2400] at 901 gpm
Berkeley well #35 on [0000 to 2300] at 614 gpm
Windsor well #40 on [0600 to 0800] at 895 gpm

June

Parkway high-service pump #2 on [0600 to 1200] and [1700 to 2200] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=32.0 feet
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0600 to 1300] at 1,000 gpm)
Holly well #30 on [0000 to 0600] and [1700 to 2400] at 1,400 gpm; [0600 to 1700] at 2,048 gpm
Holly well #37 on [0600 to 1700] at 133 gpm
Parkway well #22 on [0400 to 0600] and [1200 to 1700] at 613 gpm;[0600 to 0800] at 4,800 gpm
Parkway well #24 on [0400 to 0600] and [1200 to 1700] at 1,373 gpm
Parkway well #26 on [0400 to 0600] and [1200 to 1700] at 302 gpm;[0800 to 1000] at 4,800 gpm
Parkway well #28 on [0400 to 0600] and [1200 to 1700] at 287 gpm;[1000 to 1200] at 4,800 gpm
Parkway well #29 on [0400 to 0600] and [1200 to 1700] at 181 gpm;[1700 to 1900] at 4,800 gpm

Table C-6.  Water-distribution system operations, Dover Township area, New Jersey, January 1995–
December 1995—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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June—Continued

Parkway well #42 on [0400 to 0600] and [1200 to 1700] at 95 gpm; [1900 to 2200] at 4,800 gpm
Brookside well #15 on [0000 to 0100] and [2300 to 2400] at 812 gpm
Indian Head well #20 on [0000 to 1200] and [1700 to 2400] at 453 gpm
Route 70, well #31 on [0000 to 2400] at 684 gpm 
South Toms River well #32 on [0300 to 2300] at 522 gpm
South Toms River well #38 on [0600 to 1000] at 559 gpm
Berkeley well #33 on [0000 to 1300] and [1500 to 2400] at 871 gpm
Berkeley well #34 on [0000 to 2400] at 938 gpm
Berkeley well #35 on [0000 to 2300] at 623 gpm
Windsor well #40 on [0600 to 1300] at 1,000 gpm

July

Indian Hill elevated storage tank in service: Initial WL=31.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 0900], [1100 to 1800] and [2000 to 2200] at 900 gpm
Holly high-service pump #2 on [0600 to 0900], [1100 to 1800] and [2000 to 2200] at 1,290 gpm;
     on [0000 to 0600] and [2200 to 2400] at 1,390 gpm
Holly high-service pump #3 on [0900 to 1100] and [1800 to 2000] at 2,790 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0400 to 0600] and [1200 to 1700] at 3,095 gpm
Parkway high-service pump #2 on [0600 to 1200] and [1700 to 2200] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=32.0 feet
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0600 to 1200] at 999 gpm)
Holly well #30 on [0000 to 0600] and [2200 to 2400] at 1,173 gpm; on [0600 to 0900], [1100 to 1800] and 
   [2000 to 2200] at 2,190 gpm; on [0900 to 1100] and [1800 to 2000] at 2,790 gpm
Holly well #37 on [0000 to 0600] and [2200 to 2400] at 216 gpm
Parkway well #22 on [0400 to 0600] and [1200 to 1700] at 602 gpm; [0600 to 0800] at 4,800 gpm
Parkway well #24 on [0400 to 0600] and [1200 to 1700] at 1,365 gpm
Parkway well #26 on [0400 to 0600] and [1200 to 1700] at 293 gpm; [0800 to 1000] at 4,800 gpm
Parkway well #28 on [0400 to 0600] and [1200 to 1700] at 308 gpm; [1000 to 1200] at 4,800 gpm
Parkway well #29 on [0400 to 0600] and [1200 to 1700] at 223 gpm; [2000 to 2200] at 4,800 gpm
Parkway well #42 on [0400 to 0600] and [1200 to 1700] at 305 gpm; [1700 to 2000] at 4,800 gpm
Brookside well #15 on [0000 to 0500] at 696 gpm
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 436 gpm
Route 70, well #31 on [0000 to 2400] at 681 gpm
South Toms River well #32 on [0500 to 2300] at 537 gpm
South Toms River well #38 on [0400 to 2300] at 523 gpm
Berkeley well #33 on [0000 to 1200] and [1600 to 2400] at 898 gpm
Berkeley well #34 on [0000 to 2400] at 942 gpm
Berkeley well #35 on [0000 to 2300] at 624 gpm
Windsor well #40 on [0600 to 1200] at 999 gpm

Table C-6.  Water-distribution system operations, Dover Township area, New Jersey, January 1995–
December 1995—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations



Tables of water-distribution system operations used in EPANET 2 C-35

August
(Maximum-Demand 

Month)

Indian Hill elevated storage tank in service: Initial WL=34.0 feet 
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0500 to 0800], [1200 to 1700] and [2100 to 2400] at 900 gpm
Holly high-service pump #2 on [0500 to 0800], [1200 to 1700] and [2100 to 2400] at 1,300 gpm; on [0000 to 0500] 
   at 1,492 gpm
Holly high-service pump #3 on [0800 to 1200] and [1700 to 2100] at 3,000 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0400 to 0600], [1200 to 1700] and [2200 to 2300] at 3,180 gpm
Parkway high-service pump #2 on [0600 to 1200] and [1700 to 2200] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=22.0 feet
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0000 to 2400] at 1,166 gpm)
Holly well #30 on [0000 to 0500] at 29 gpm; on [0500 to 0800], [1200 to 1700] and [2100 to 2400] at 2,200 gpm;
   on [0800 to 1200] and [1700 to 2100] at 3,000 gpm
Holly well #37 on [0000 to 0500] at 1,463 gpm
Parkway well #22 on [0400 to 0600], [1200 to 1700] and [2200 to 2300] at 583 gpm; on [0600 to 0800] at 4,800 gpm
Parkway well #24 on [0400 to 0600], [1200 to 1700] and [2200 to 2300] at 60 gpm; on [0800 to 1000] at 4,800 gpm
Parkway well #26 on [0400 to 0600], [1200 to 1700] and [2200 to 2300] at 247 gpm; on [1000 to 1200] at 4,800 gpm
Parkway well #28 on [0400 to 0600], [1200 to 1700] and [2200 to 2300] at 787 gpm; on [2100 to 2200] at 4,800 gpm
Parkway well #29 on [0400 to 0600], [1200 to 1700] and [2200 to 2300] at 1,383 gpm
Parkway well #42 on [0400 to 0600], [1200 to 1700] and [2200 to 2300] at 118 gpm; on [1700 to 2100] at 4,800 gpm
Brookside well #15 on [0000 to 1300] and [2200 to 2400] at 677 gpm
Indian Head well #20 on [0000 to 1700] and [2100 to 2400] at 439 gpm
Route 70, well #31 on [0000 to 2400] at 681 gpm
South Toms River well #32 on [0200 to 2300] at 531 gpm
South Toms River well #38 on [0500 to 2200] at 717 gpm
Berkeley well #33 on [0000 to 1500] and [1800 to 2400] at 877 gpm
Berkeley well #34 on [0000 to 2400] at 959 gpm
Berkeley well #35 on [0000 to 2300] at 624 gpm
Windsor well #40 on [0000 to 2400] at 1,166 gpm

September

Indian Hill elevated storage tank in service: Initial WL=33.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 2000] at 900 gpm
Holly high-service pump #2 on [0600 to 2000] at 1,310 gpm; [0000 to 0600] and [2000 to 2400] at 1,409 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 3,002 gpm
Parkway high-service pump #2 on [0700 to 1200] and [1700 to 2100] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]

Table C-6.  Water-distribution system operations, Dover Township area, New Jersey, January 1995–
December 1995—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations



C-36 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

September—Continued

Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=34.0 feet
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0600 to 1400] at 990 gpm)
Holly well #30 on [0000 to 0600] and [2000 to 2400] at 1381 gpm; [0600 to 2000] at 2,210 gpm
Holly well #37 on [0000 to 0600] and [2000 to 2400] at 28 gpm
Parkway well #22 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 400 gpm; on [0700 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 1,099 gpm
Parkway well #26 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 35 gpm; on [0900 to 1100] at 4,800 gpm
Parkway well #28 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 30 gpm; on [1100 to 1200] and [1700 to 
   1800] at 4,800 gpm
Parkway well #29 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 1,333 gpm
Parkway well #42 on [0500 to 0700], [1200 to 1700] and [2100 to 2200] at 105 gpm; on [1800 to 2100] at 4,800 gpm
Brookside well #15 on [0000 to 0700] and [2100 to 2400] at 687 gpm
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 441 gpm
Route 70, well #31 on [0000 to 2400] at 683 gpm
South Toms River well #32 on [0600 to 2100] at 535 gpm
South Toms River well #38 on [0600 to 1800] at 514 gpm
Berkeley well #33 on [0000 to 1300] and [1600 to 2400] at 886 gpm
Berkeley well #34 on [0000 to 2400] at 946 gpm
Berkeley well #35 on [0000 to 2300] at 632 gpm
Windsor well #40 on [0600 to 1400] at 990 gpm

October
(Average-Demand 

Month)

Indian Hill elevated storage tank in service: Initial WL=28.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0100 to 2300] at 920 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows
Parkway high-service pump #1 on [0500 to 0700], [1000 to 1800] and [2000 to 2200] at 3,102 gpm
Parkway high-service pump #2 on [0700 to 1000] and [1800 to 2000] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=35.0 feet
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0600 to 1200] at 932 gpm
Holly well #30 on [0100 to 2300] at 920 gpm
(note:Holly well #37 out of service)
Parkway well #22 on [0500 to 0700], [1000 to 1800] and [2000 to 2200] at 60 gpm; on [0700 to 1000] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1000 to 1800] and [2000 to 2200] at 603 gpm
Parkway well #26 on [0500 to 0700], [1000 to 1800] and [2000 to 2200] at 97 gpm; on [1800 to 2000] at 4,800 gpm
Parkway well #28 on [0500 to 0700], [1000 to 1800] and [2000 to 2200] at 858 gpm
Parkway well #29 on [0500 to 0700], [1000 to 1800] and [2000 to 2200] at 969 gpm
Parkway well #42 on [0500 to 0700], [1000 to 1800] and [2000 to 2200] at 514 gpm 

Table C-6.  Water-distribution system operations, Dover Township area, New Jersey, January 1995–
December 1995—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations



Tables of water-distribution system operations used in EPANET 2 C-37

October—Continued

(note:Brookside well #15 out of service)
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 448 gpm
Route 70, well #31 on [0000 to 2400] at 680 gpm
(note:South Toms River well #32 out of service)
(note:South Toms River well #38 out of service)
Berkeley well #33 on [0000 to 1400] and [1500 to 2400] at 871 gpm
Berkeley well #34 on [0000 to 2400] at 961 gpm
Berkeley well #35 on [0000 to 2300] at 605 gpm
Windsor well #40 on [0600 to 1200] at 932 gpm

November

Indian Hill elevated storage tank in service: Initial WL=20.0 feet
note: Holly ground-level storage tank out of service)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note: Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 2,950 gpm
Parkway high-service pump #2 on [0700 to 1000] and [1800 to 2000] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=27.0 feet
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0600 to 0900] at 1,073 gpm)
(note:Holly well #30 out of service)
Parkway well #22 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 81 gpm; on [0700 to 1000] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 631 gpm
Parkway well #26 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 153 gpm; on [1800 to 2000] at 4,800 gpm
Parkway well #28 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 821 gpm
Parkway well #29 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 932 gpm
Parkway well #42 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 332 gpm 
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 454 gpm
Route 70, well #31 on [0000 to 2400] at 667 gpm
Berkeley well #33 on [0000 to 1400] and [1500 to 2400] at 876 gpm
Berkeley well #34 on [0000 to 2400] at 1,014 gpm
Berkeley well #35 on [0000 to 2400] at 616 gpm
Windsor well #40 on [0600 to 0900] at 1,073 gpm

Table C-6.  Water-distribution system operations, Dover Township area, New Jersey, January 1995–
December 1995—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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December

Indian Hill elevated storage tank in service: Initial WL=20.0 feet
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 2,890 gpm
Parkway high-service pump #2 on [0700 to 1000] and [1800 to 2000] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0 feet
Holiday City booster pump off and bypass pipe open from [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed from [0600 to 1100]
Holiday City booster pump off and bypass pipe closed from [1100 to 2300]
Holiday City booster pump off and bypass pipe open from [2300 to 2400]
(note:Windsor ground-level storage tank out of service)
North Dover elevated storage tank in service: Initial WL=26.0 feet
Parkway well #22 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 6 gpm; on [0700 to 1000] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 201 gpm
Parkway well #26 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 732 gpm
Parkway well #28 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 37 gpm; on [1800 to 2000] at 4,800 gpm
Parkway well #29 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 837 gpm
Parkway well #42 on [0500 to 0700], [1000 to 1800] and [2000 to 2300] at 1,077 gpm
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 444 gpm
Route 70, well #31 on [0000 to 1400] and [1500 to 2400] at 704 gpm
South Toms River well #32 on [0600 to 1000] at 613 gpm
Berkeley well #33 on [0000 to 1200] and [1600 to 2400] at 985 gpm
Berkeley well #34 on [0000 to 2400] at 1,002 gpm
Berkeley well #35 on [0200 to 2300] at 704 gpm
(note:Windsor well #40 out of service)

Table C-6.  Water-distribution system operations, Dover Township area, New Jersey, January 1995–
December 1995—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations



Tables of water-distribution system operations used in EPANET 2 C-39

Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996 
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations

January

Indian Hill elevated storage tank in service: Initial WL=19.0 feet
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 3,039 gpm
Parkway high-service pump #2 on [0700 to 1000] and [1800 to 2000] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=31.0 feet
Parkway well #22 on [0500 to 0700] at 23 gpm, [0700 to 0900] at 4,800 gpm, [1000 to 1800] and [2000 to 2200] 
   at 23 gpm 
Parkway well #24 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 496 gpm
Parkway well #26 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 820 gpm
Parkway well #28 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 86 gpm, [0900 to 1000] and [1800 to 1900] 
   at 4,800 gpm
Parkway well #29 on [0500 to 0700] and [1000 to 1800] at 523 gpm, [1900 to 2000] at 4,800 gpm and [2000 to 2200] 
   at 523 gpm
Parkway well #42 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 1,091 gpm
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 448 gpm
Route 70, well #31 on [0000 to 2400] at 667 gpm
South Toms River well #32 on [0600 to 1400] at 563 gpm
Berkeley well #33 on [0000 to 1300] and [1500 to 2400] at 886 gpm
Berkeley well #34 on [0000 to 2400] at 1,001 gpm
Berkeley well #35 on [0400 to 2200] at 641 gpm

February
(Minimum-Demand 

Month)

Indian Hill elevated storage tank in service: Initial WL=22.0 feet
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0600], [1100 to 1700], [2100 to 2300] at 3,028 gpm
Parkway high-service pump #2 on [0600 to 1100] and [1700 to 2100] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=29.0 feet
Parkway well #22 on [0500 to 0600], [1100 to 1700], [2100 to 2300] at 41 gpm,[0600 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0600], [1100 to 1700], [2100 to 2300] at 9 gpm, [0900 to 1100] at 4,800 gpm
Parkway well #26 on [0500 to 0600], [1100 to 1700], [2100 to 2300] at 49 gpm; [1700 to 1900] at 4,800 gpm
Parkway well #28 on [0500 to 0600], [1100 to 1700], [2100 to 2300] at 118 gpm, [1900 to 2100] at 4,800 gpm
Parkway well #29 on [0500 to 0600], [1100 to 1700], [2100 to 2300] at 1,244 gpm
Parkway well #42 on [0500 to 0600], [1100 to 1700], [2100 to 2300] at 1,567 gpm
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 454 gpm
Route 70, well #31 on [0000 to 2400] at 657 gpm
South Toms River well #32 on [0600 to 1500] at 514 gpm
Berkeley well #33 on [0000 to 1200] and [1600 to 2400] at 900 gpm
Berkeley well #34 on [0000 to 2400] at 959 gpm
(note:Berkeley well #35 out of service)



C-40 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

March

Indian Hill elevated storage tank in service: Initial WL=20.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 1500] at 917 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1100 to 1800], [2100 to 2300] at 3,007 gpm
Parkway high-service pump #2 on [0700 to 1100] and [1800 to 2100] at 4,800 gpm
Holiday City ground-level storage tank in service: Initial WL=17.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=27.0 feet
Holly well #30 on [0600 to 1500] at 917 gpm
Parkway well #22 on [0500 to 0700], [1100 to 1800], [2100 to 2300] at 18 gpm, [0700 to 1000] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1100 to 1800], [2100 to 2300] at 1gpm, [1000 to 1100] and [1800 to 1900] 
   at 4,800 gpm
Parkway well #26 on [0500 to 0700], [1100 to 1800], [2100 to 2300] at 764 gpm
Parkway well #28 on [0500 to 0700], [1100 to 1800], [2100 to 2300] at 67 gpm, [1900 to 2100] at 4,800 gpm
Parkway well #29 on [0500 to 0700], [1100 to 1800], [2100 to 2300] at 1,005 gpm
Parkway well #42 on [0500 to 0700], [1100 to 1800], [2100 to 2300] at 1,152 gpm
Indian Head well #20 on [0000 to 1200] and [1600 to 2400] at 443 gpm
Route 70, well #31 on [0000 to 2400] at 674 gpm
South Toms River well #32 on [0600 to 1800] at 527 gpm
Berkeley well #33 on [0000 to 1200] and [1600 to 2400] at 899 gpm
Berkeley well #34 on [0000 to 2400] at 915 gpm

April

Indian Hill elevated storage tank in service: Initial WL=26.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 1600] at 900 gpm
Holly high-service pump #2 on [0600 to 1600] at 1,282 gpm, [0000 to 0600] and [1600 to 2400] at 1,382 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 3,058 gpm
Parkway high-service pump #2 on [0700 to 1000] and [1800 to 2000] at 4,800 gpm
Holiday City ground-level storage tank in service: Initial WL=17.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
North Dover elevated storage tank in service: Initial WL=23.0 feet
Holly well #30 on [0000 to 0600] and [1600 to 2400] at 1,383 gpm, [0600 to 1600] at 2,182 gpm
Parkway well #22 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 379 gpm, [0700 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 786 gpm
Parkway well #26 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 826 gpm
Parkway well #28 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 39 gpm, [0900 to 1000] and [1800 to 1900] 
   at 4,800 gpm

Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations



Tables of water-distribution system operations used in EPANET 2 C-41

April—Continued

Parkway well #29 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 402 gpm, [1900 to 2000] at 4,800 gpm
Parkway well #42 on [0500 to 0700], [1000 to 1800], [2000 to 2200] at 626 gpm
Indian Head well #20 on [0000 to 0700] and [2200 to 2400] at 464 gpm
Route 70, well #31 on [0000 to 0600] and [2300 to 2400] at 673 gpm
South Toms River well #32 on [0300 to 2300] at 526 gpm
Berkeley well #33 on [0000 to 1200] and [1700 to 2400] at 883 gpm
Berkeley well #34 on [0000 to 2300] at 900 gpm

May

Indian Hill elevated storage tank in service: Initial WL=31.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [05:00 to 22:00] at 900 gpm
Holly high-service pump #2 on [05:00 to 22:00] at 1,312 gpm, [00:00 to 05:00] and [22:00 to 24:00] at 1,413 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [05:00 to 06:00], [12:00 to 17:00], [22:00 to 23:00] at 2,933 gpm
Parkway high-service pump #2 on [06:00 to 12:00] and [17:00 to 22:00] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=16.0
Holiday City booster pump off and bypass pipe open [00:00 to 06:00]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [06:00 to 11:00]
Holiday City booster pump off and bypass pipe closed [11:00 to 23:00]
Holiday City booster pump off and bypass pipe open [23:00 to 24:00]
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [06:00 to 18:00] at 981 gpm)
North Dover elevated storage tank in service: Initial WL=21.0 feet
Holly well #30 on [00:00 to 05:00] at 1,235 gpm, [05:00 to 22:00] at 2212 gpm,[22:00 to 24:00] at 1,235 gpm 
Holly well #37 on [00:00 to 05:00] and [22:00 to 24:00] at 179 gpm
Parkway well #22 on [0500 to 0600], [1200 to 1700], [2200 to 2300] at 94 gpm, [0600 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0600], [1200 to 1700], [2200 to 2300] at 1,442 gpm
Parkway well #26 on [0500 to 0600], [1200 to 1700] and [2200 to 2300] at 113 gpm, [2000 to 2200] at 4,800 gpm
Parkway well #28 on [0500 to 0600], [1200 to 1700] and [2200 to 2300] at 138 gpm, [1800 to 2000] at 4,800 gpm
Holly well #37 on [0000 to 0500] and [2200 to 2400] at 179 gpm
Parkway well #22 on [0500 to 0600], [1200 to 1700], [2200 to 2300] at 94 gpm, [0600 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0600], [1200 to 1700], [2200 to 2300] at 1,442 gpm
Parkway well #26 on [0500 to 0600], [1200 to 1700] and [2200 to 2300] at 113 gpm, [2000 to 2200] at 4,800 gpm
Parkway well #28 on [0500 to 0600], [1200 to 1700] and [2200 to 2300] at 138 gpm, [1800 to 2000] at 4,800 gpm
Parkway well #29 on [0500 to 0600], [1200 to 1700], [2200 to 2300] at 1,056 gpm
Parkway well #42 on [0500 to 0600], [1200 to 1700] and [2200 to 2300] at 89 gpm, [0900 to 1200] and [1700 to 1800] 
   at 4,800 gpm
Brookside well #15 on [0000 to 0400] at 698 gpm
Indian Head well #20 on [0000 to 0200] at 408 gpm
Route 70, well #31 on [0000 to 0500] and [2200 to 2400] at 724 gpm
South Toms River well #32 on [0500 to 2300] at 531 gpm
South Toms River well #38 on [0600 to 0700] at 182 gpm
Berkeley well #33 on [0000 to 1300] and [1800 to 2400] at 879 gpm
Berkeley well #34 on [0000 to 2400] at 922 gpm
Berkeley well #35 on [0000 to 0100] at 231 gpm
Windsor well #40 on [0600 to 1800] at 981 gpm

Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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June
(Maximum-Demand 

Month)

Indian Hill elevated storage tank in service: Initial WL=31.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 2100] at 900 gpm
Holly high-service pump #2 on [0600 to 2100] at 1,300 gpm, [0000 to 0600] and [2100 to 2400] at 1,400 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0600] and [1100 to 1700] at 3,103 gpm
Parkway high-service pump #2 on [0600 to 1100] and [1700 to 2200] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=16.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0000 to 2400] at 1,148 gpm)
North Dover elevated storage tank in service: Initial WL=25.0 feet
Holly well #30 on [0000 to 0600] at 1400 gpm, [0600 to 2100] at 2,200 gpm, [2100 to 2400] at 1,400 gpm; 
(note:Holly well #37 out of service)
Parkway well #22 on [0500 to 0600] and [1100 to 1700] at 553 gpm, [0600 to 0800] at 4,800 gpm
Parkway well #24 on [0500 to 0600] and [1100 to 1700] at 600 gpm, [0800 to 0900] at 4,800 gpm
Parkway well #26 on [0500 to 0600] and [1100 to 1700] at 646 gpm, [0900 to 1000] at 4,800 gpm
Parkway well #28 on [0500 to 0600] and [1100 to 1700] at 677 gpm, [1000 to 1100] at 4,800 gpm
Parkway well #29 on [0500 to 0600] and [1100 to 1700] at 281 gpm, [1700 to 1800] at 4,800 gpm
Parkway well #42 on [0500 to 0600] and [1100 to 1700] at 346 gpm, [1800 to 2200] at 4,800 gpm
Brookside well #15 on [0000 to 0400] at 760 gpm
(note: Indian Head well #20 out of service)
Route 70, well #31 on [0000 to 2400] at 671 gpm
South Toms River well #32 on [0700 to 1800] at 526 gpm
South Toms River well #38 on [0700 to 1700] at 696 gpm
Berkeley well #33 on [0000 to 1200] and [1600 to 2400] at 898 gpm
Berkeley well #34 on [0000 to 2400] at 934 gpm
Berkeley well #35 on [0000 to 2400] at 681 gpm
Windsor well #40 on [0000 to 2400] at 1,148 gpm

Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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July

Indian Hill elevated storage tank in service: Initial WL=32.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 2000] at 900 gpm
Holly high-service pump #2 on [0600 to 2000] at 1,304 gpm, [0000 to 0600] and [2000 to 2400] at 1,404 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1000 to 1900], [2100 to 2200] at 2,889 gpm
Parkway high-service pump #2 on [0700 to 1000] and [1900 to 2100] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=16.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0600 to 2300] at 1,025 gpm)
North Dover elevated storage tank in service: Initial WL=29.0 feet
Holly well #30 on [0000 to 0600], [2000 to 2400] at 1404 gpm, [0600 to 2000] at 2,204 gpm
Parkway well #22 on [0500 to 0700], [1000 to 1900], [2100 to 2200] at 22 gpm, [0700 to 1000] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1000 to 1900], [2100 to 2200] at 30 gpm, [1900 to 2100] at 4,800 gpm
Parkway well #26 on [0500 to 0700], [1000 to 1900], [2100 to 2200] at 834 gpm
Parkway well #28 on [0500 to 0700], [1000 to 1900], [2100 to 2200] at 869 gpm
Parkway well #29 on [0500 to 0700], [1000 to 1900], [2100 to 2200] at 626 gpm
Parkway well #42 on [0500 to 0700], [1000 to 1900], [2100 to 2200] at 507 gpm
Brookside well #15 on [0000 to 0100] at 411 gpm
Indian Head well #20 on [0000 to 0500] and [2300 to 2400] at 438 gpm
Route 70, well #31 on [0000 to 2400] at 667 gpm
South Toms River well #32 on [0000 to 2400] at 581 gpm
(note: South Toms River well #38 out of service)
Berkeley well #33 on [0000 to 2000] at 873 gpm
Berkeley well #34 on [0000 to 2400] at 939 gpm
Berkeley well #35 on [0000 to 2400] at 652 gpm
Windsor well #40 on [0600 to 2300] at 1,025 gpm

Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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August

Indian Hill elevated storage tank in service: Initial WL=32.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 2200] at 900 gpm
Holly high-service pump #2 on [0600 to 2200] at 1,300 gpm [0000 to 0600] and [2000 to 2400] at 1,395 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0600], [1000 to 1800], [2000 to 2200] at 3,078 gpm
Parkway high-service pump #2 on [0600 to 1000] and [1800 to 2000] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=16.0 
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
Windsor ground-level storage tank in service (closed in EPANET 2)
note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0000 to 2400] at 1,111 gpm)
North Dover elevated storage tank in service: Initial WL=27.0 feet
Holly well #30 on [0000 to 0600] and [2200 to 2400] at 1,395 gpm, [0600 to 2200] at 2,200 gpm
Parkway well #22 on [0500 to 0600], [1000 to 1800], [2000 to 2200] at 288 gpm, [0700 to 0900] at 4,800 gpm
Parkway well #24 on [0500 to 0600], [1000 to 1800], [2000 to 2200] at 360 gpm
Parkway well #26 on [0500 to 0600], [1000 to 1800], [2000 to 2200] at 805 gpm
Parkway well #28 on [0500 to 0600], [1000 to 1800], [2000 to 2200] at 133 gpm, [0900 to 1000] and [1800 to 1900]
   at 4,800 gpm
Parkway well #29 on [0500 to 0600], [1000 to 1800], [2000 to 2200] at 683 gpm, [1900 to 2000] at 4,800 gpm
Parkway well #42 on [0500 to 0600], [1000 to 1800], [2000 to 2200] at 807 gpm
(note:Brookside well #15 out of service)
(note:Indian Head well #20 out of service)
Route 70, well #31 on [0000 to 2400] at 665 gpm
South Toms River well #32 on [0000 to 2400] at 570 gpm
Berkeley well #33 on [0000 to 2100] at 895 gpm
Berkeley well #34 on [0000 to 2400] at 928 gpm
Berkeley well #35 on [0000 to 2400] at 667 gpm
Windsor well #40 on [0000 to 2400] at 1,111 gpm

Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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September

Indian Hill elevated storage tank in service: Initial WL=36.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0800 to 1500] at 917 gpm
Holly high-service pump #2 on [0000 to 0800] and [1500 to 2400] at 1,418 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0500 to 0700], [1200 to 1700], [2100 to 2300] at 3,077 gpm
Parkway high-service pump #2 on [0700 to 1200] and [1700 to 2100] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=16.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0600 to 1700] at 974 gpm)
North Dover elevated storage tank in service: Initial WL=30.0 feet
Holly well #30 on [0000 to 0800] at 1418 gpm, [0800 to 1500] at 917 gpm, [1500 to 2400] at 1,418 gpm
Parkway well #22 on [0500 to 0700], [1200 to 1700], [2100 to 2300] at 8 gpm, [0700 to 1000] at 4,800 gpm
Parkway well #24 on [0500 to 0700], [1200 to 1700], [2100 to 2300] at 941 gpm
Parkway well #26 on [0500 to 0700], [1200 to 1700], [2100 to 2300] at 67 gpm, [1000 to 1200] at 4,800 gpm
Parkway well #28 on [0500 to 0700], [1200 to 1700], [2100 to 2300] at 247 gpm, [1700 to 1900] at 4,800 gpm
Parkway well #29 on [0500 to 0700], [1200 to 1700], [2100 to 2300] at 981 gpm
Parkway well #42 on [0500 to 0700], [1200 to 1700], [2100 to 2300] at 833 gpm, [1900 to 2100] at 4,800 gpm
Route 70, well #31 on [0000 to 2400] at 657 gpm
South Toms River well #32 on [0000 to 2400] at 624 gpm
Berkeley well #33 on [0000 to 1200] and [1600 to 2400] at 876 gpm
Berkeley well #34 on [0000 to 2400] at 982 gpm
Berkeley well #35 on [0000 to 2400] at 677 gpm
Windsor well #40 on [0600 to 1700] at 974 gpm

October
Average-Demand Month

Indian Hill elevated storage tank in service: Initial WL=36.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0800 to 1300] at 940 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0400 to 0600], [1200 to 1700], [2200 to 2400] at 2,949 gpm
Parkway high-service pump #2 on [0600 to 1200] and [1700 to 2200] at 4,800 gpm)
Holiday City ground-level storage tank in service: Initial WL=17.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
(note:Windsor ground-level storage tank out of service)
North Dover elevated storage tank in service: Initial WL=33.0 feet
Holly well #30 on [0800 to 1300] at 940 gpm
Parkway well #22 on [0400 to 0600], [1200 to 1700] and [2200 to 2400] at 530 gpm, [0600 to 0800] at 4,800 gpm

Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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October—Continued
Average-Demand Month

Parkway well #24 on [0400 to 0600], [1200 to 1700], [2200 to 2400] at 35 gpm, [0800 to 1000] at 4,800 gpm
Parkway well #26 on [0400 to 0600], [1200 to 1700], [2200 to 2400] at 77 gpm, [1000 to 1200] at 4,800 gpm
Parkway well #28 on [0400 to 0600], [1200 to 1700], [2200 to 2400] at 1,320 gpm
Parkway well #29 on [0400 to 0600], [1200 to 1700], [2200 to 2400] at 946 gpm
Parkway well #42 on [0400 to 0600], [1200 to 1700], [2200 to 2400] at 40 gpm, [1700 to 2200] at 4,800 gpm
Route 70, well #31 on [0000 to 2400] at 666 gpm
South Toms River well #32 on [0000 to 2400] at 591 gpm
Berkeley well #33 on [0000 to 1300] and [1600 to 2400] at 879 gpm
Berkeley well #34 on [0000 to 2400] at 1,010 gpm
Berkeley well #35 on [0000 to 2400] at 695 gpm

November

Indian Hill elevated storage tank in service: Initial WL=23.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0000 to 2400] at 913 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
(note:Parkway wells pump directly into system and represent Parkway high-service pump flows)
Parkway high-service pump #1 on [0900 to 2100] at 2,883 gpm)
Holiday City ground-level storage tank in service: Initial WL=16.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0300 to 2300] at 1,014 gpm)
North Dover elevated storage tank in service: Initial WL=26.0 feet
Holly well #30 on [0000 to 2400] at 913 gpm
Parkway well #22 on [0900 to 2100] at 523 gpm
Parkway well #24 on [0900 to 2100] at 369 gpm
Parkway well #26 on [0900 to 2100] at 375 gpm
Parkway well #28 on [0900 to 2100] at 426 gpm
Parkway well #29 on [0900 to 2100] at 314 gpm
Parkway well #42 on [0900 to 2100] at 875 gpm
Route 70, well #31 on [0000 to 2400] at 674 gpm
South Toms River well #32 on [0700 to 2000] at 542 gpm
Berkeley well #33 on [0000 to 1200] and [1600 to 2400] at 895 gpm
Berkeley well #34 on [0000 to 2400] at 952 gpm
Berkeley well #35 on [0400 to 2200] at 629 gpm
Windsor well #40 on [0300 to 2300] at 1,014 gpm

Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations
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Table C-7.  Water-distribution system operations, Dover Township area, New Jersey, January 1996–
December 1996—Continued
[WL, water level; gpm, gallons per minute; Operational time in hours is based on a 24-hour time clock. Thus, 
600 a.m. is represented as 0600 hours and 600 p.m. is represented as 1800 hours]

Month Description of Operations

December

Indian Hill elevated storage tank in service: Initial WL=12.0 feet
Holly ground-level storage tank in service (closed in EPANET 2)
(note:Holly wells pump directly into system and represent Holly high-service pump flows)
Holly high-service pump #1 on [0600 to 1900] at 900 gpm
Holly high-service pump #2 on [0600 to 1900] at 1,315 gpm, [0000 to 0600] and [1900 to 2400] at 1,415 gpm)
Parkway ground-level storage tank in service (closed in EPANET 2)
Holiday City ground-level storage tank in service: Initial WL=16.0
Holiday City booster pump off and bypass pipe open [0000 to 0600]
Holiday City booster pump on (set at 0.87) and bypass pipe closed [0600 to 1100]
Holiday City booster pump off and bypass pipe closed [1100 to 2300]
Holiday City booster pump off and bypass pipe open [2300 to 2400]
Windsor ground-level storage tank in service (closed in EPANET 2)
(note:Windsor well pumps directly into system and represents Windsor high-service pump flows)
Windsor high-service pump #1 on [0000 to 0600] and [2000 to 2400] at 1,049 gpm, [0600 to 2000] at 1,100 gpm)
Windsor high-service pump #3 on [0600 to 2000] at 1,100 gpm
North Dover elevated storage tank in service: Initial WL=10.0 feet
Holly well #30 on [0000 to 0600] and [1900 to 2400] at 1,415 gpm, [0600 to 1900] at 2,215 gpm
(note:Parkway well #22 out of service)
(note:Parkway well #24 out of service)
(note:Parkway well #26 out of service)
(note:Parkway well #28 out of service)
(note:Parkway well #29 out of service)
(note:Parkway well #42 out of service)
Route 70, well #31 on [0000 to 2400] at 674 gpm
(note: South Toms River well #32 out of service)
Berkeley well #33 on [0000 to 1300] and [1500 to 2400] at 901 gpm
Berkeley well #34 on [0000 to 2400] at 1,035 gpm
(note:Berkeley well #35 out of service)
Windsor well #40 on [0000 to 0600] and [2000 to 2400] at 1,049 gpm, [0600 to 2000] at 2,200 gpm
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Tables of groundwater-well and high-service booster pump operations D-1

APPENDIX D

TABLES OF GROUNDWATER-WELL AND HIGH-SERVICE AND BOOSTER PUMP OPERATIONS, 
DOVER TOWNSHIP AREA, NEW JERSEY,

MINIMUM-, MAXIMUM-, AND AVERAGE-DEMAND MONTHS,
1962, 1965, 1971, 1978, 1988, 1995, AND 1996
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Tables of groundwater-well and high-service booster pump operations D-3
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D-4 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of groundwater-well and high-service booster pump operations D-5
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D-6 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of groundwater-well and high-service booster pump operations D-7
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D-8 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of groundwater-well and high-service booster pump operations D-9
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D-10 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of groundwater-well and high-service booster pump operations D-11
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D-12 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of groundwater-well and high-service booster pump operations D-13
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D-14 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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Tables of groundwater-well and high-service booster pump operations D-15
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D-16 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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RECONSTRUCTION OF HYDRAULIC MANAGEMENT OF A
WATER-DISTRIBUTION SYSTEM USING GENETIC ALGORITHMS

by M.M. Aral,1 J. Guan,2 M.L. Maslia,3 and J.B. Sautner4

ABSTRACT

An epidemiologic study of childhood leukemia and central nervous system cancers that occurred in the period
1979 through 1996 in Dover Township, N.J., is being conducted. The study is exploring a wide variety of possible
risk factors; one being the exposure to groundwater contaminants that occurred through private and community water
supplies (i.e., the water-distribution system serving the area). For this purpose a model of the complex water-
distribution system has been developed and calibrated through an extensive field investigation. The components of
this water-distribution system, such as number of pipes, number of tanks, and number of supply wells in the network,
have changed significantly over a 35-year period (1962 through 1996)—the time frame established for the
epidemiologic investigation. For the completion of the study, information on monthly distribution of water in the
networks, based on a management strategy, is necessary for the period 1962 through 1996.  For certain months of the
analysis period, some data are available to estimate the operational characteristics and the management strategy
employed to operate the water-distribution system. For other months, there are no data to predict the characteristics of
this management system. Further complicating the study is that within a given month of any year, the water-
distribution system may have operated under peak-, winter-, or average-demand conditions. Manual reconstruction of
this management system is time consuming, labor intensive, and costly, given the complexity of the system and the
time constraints imposed on the study. In an effort to reduce the required computational time, the problem was
formulated as an optimization problem. For each month of the investigation, the management strategy was arrived at
by obtaining a solution to the optimization problem. Thus, in this study, it is assumed that the water-distribution
system was operated in an optimum manner at all times to satisfy the minimum and maximum pressure constraints
and tank level constraints in the system. Given these assumptions, we have used Genetic Algorithms along with the
EPANET2 water-distribution network solver to solve the optimization problem and to develop the historical
management strategy used by the water-distribution system serving the Dover Township area, N.J. This process
reduced the required solution time significantly and generated a historically consistent management strategy for the
system.
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1. INTRODUCTION

An epidemiologic study of childhood leukemia and central nervous system cancers that occurred in the period
1979 through 1996 in Dover Township area of New Jersey is being conducted [Maslia et al., 2000a, 2000b]. The
study is exploring a wide variety of possible risk and exposure factors. Groundwater is the source of potable water in
the area. Approximately 85% of the current Dover Township area residents are served by a public water supply
system which relies on groundwater resources. Potential groundwater contamination of water-supply wells in Dover
Township has generally consisted of volatile organic compounds (VOCs) such as trichloroethylene (TCE) and semi-
volatile organic compounds (SVOCs) such as styrene-acrylonitrile (SAN) trimer [NJDHSS, 1999]. The possibility of
human exposure to these contaminants exists through the groundwater pathway which was distributed by the water-
distribution system. Thus, an analysis of exposure of the public to contaminants through the water-distribution system
is necessary. For this purpose a computational model of the complex water-distribution system has been developed
and calibrated through an extensive field investigation by the Agency for Toxic Substance and Disease Registry
(ASTDR) [Maslia et al., 2000a, 2000b]. For the completion of the exposure study, information on monthly
distribution of water in the network based on a management strategy is necessary for the period 1962 through 1996.
The components of this water-distribution system, such as number of pipes, number of tanks, and number of supply
wells in the network, have changed significantly over the past 35-year period (Figure E-1 and Figure E-2). For certain
months of the study period, some data are available to estimate the characteristics of the management strategy
employed to operate the water-distribution system. For other months and years, these data are not available to predict
the characteristics of the management system. Manual reconstruction of this management system is time consuming,
labor intensive, and costly, given the complexity of the system and the time constraints imposed on the study. In an
effort to reduce the time to reconstruct the management strategy, the problem was formulated as an optimization
problem by defining the goal of the management system as the objective function. The goal of the management
system is to satisfy the minimum and maximum pressure constraints for each junction and water level constraint for
each tank in the system. For each month of the investigation period, the management strategy was arrived at by
obtaining an optimal solution to the problem formulated.  A Progressive Optimality Genetic Algorithm (POGA) is
developed to solve the optimization problem, which utilizes the EPANET2 water-distribution network model as a
simulator.This approach is employed to reconstruct a historically consistent management strategy for the water-
distribution system serving the Dover Township area, New Jersey.

2. Formulation of the Optimization Problem

2.1 Decision Variables and Constraints

A model of the water-distribution system serving Dover Township, N.J., has been developed and calibrated
through an extensive field investigation. An EPANET2 input data file has been generated for each month for the
period 1962 through 1996 by ATSDR; the data file generates an error-free run for the pipe network system. These
EPANET2 input data files are the basis of our reconstruction of the management strategy. The management strategy
of the water-distribution system includes the operation of tanks, booster pumps and water-supply wells in the
network. In addition to other parameters defined in an EPANET2 input data file, the management strategy of tanks
and booster pumps are represented by the “control rules.”  The management strategy of the water-supply wells are
represented by the “patterns” associated with these wells [Rossman, 2000]. The “control rules” represent the status
(close, open, and pumping efficiency) of the booster pumps during the operation of the water-distribution system. A
“pattern” in an EPANET2 input data file represents the water demand over time at a junction (node) of the network
based on the “base demand” of the junctions [Rossman, 2000].  A “pattern” in an EPANET2 input data file includes
one or more “pattern factors.”  The number of such “pattern factors” in a “pattern” is generally equal to the number of
time intervals in the operation period.  In this study, the number of time intervals is always defined to be 24 in a one-
day period. For instance, if the “base demand” of a junction is 100 gallons per minute (gpm) and the “pattern factor”
of the junction at a time interval t is 0.5, the actual water demand of the junction at the time interval t is (100 × 0.5 =
50) gpm. In an EPANET2 input data file for the Dover Township area water-distribution system, the “pattern” is
assumed to be the same for all junctions except the junctions representing water-supply wells, and each water-supply
Reconstruction of Hydraulic Management of a Water-Distribution System Using Genetic Algorithms E-3
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Figure E-1.  Water-distribution system serving the Dover Township area, New Jersey, 1962.
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well has its own pattern. The major task for the reconstruction of the management strategy is to determine these
patterns for the water-supply wells to satisfy the minimum and maximum pressure constraints for each junction and
water level constraint for each tank in the network.

If there are N water-supply wells in the water-distribution system, we may denote these wells as n = 1, 2, ...,  N.
Each water-supply well has its own supply pattern. The pattern is defined for a 24-hour period of one day. Each
pattern consists of 24 “pattern factors” and each “pattern factor” represents the water supplied by the water-supply
well during that hour.  Therefore, there are 24 “pattern factors” for each water-supply well. We may denote these
“pattern factors” as xi(t) (i = 1, 2, ..., N, t  = 1, 2, ..., 24), where subscript i represents the well number and t represents
the time (hour). Because the total water supplied by each water-supply well in the period of one day is known, the
following constraints should then be applied to these “pattern factors.

(E-1)i

t

ix (t) = b i = 1,2,..., N
=
∑

1

24

where bi is the sum of the “pattern factors” of the ith well during a one-day period, which is a known constant because
the total supply of the well is known for a day.

If the ith  water-supply well is not operated at hour t, the “pattern factor” of the well i at hour t is zero, xi(t) = 0. If
the ith water-supply well is in operation at the hour t, the “pattern factor” of the ith well at hour t, xi(t) should be larger
than a minimum value and smaller than a maximum value representing the operational range of the water-supply
well. These constraints for each “pattern factor” xi(t) (i = 1, 2, ..., N, t  = 1, 2, ..., 24) can be represented as

(E-2)x t 0  or x x (t) xi i i imax( ) min= ≤ ≤

where ximin is the minimum and ximax is the maximum “pattern factor” of the ith water-supply well. The pattern
factors can be written in vector form as

(E-3)

X = [ (1),  (2),..., (24),..., (1),  (2),..., (24), ...,  (1),..., (24)]1
Tx x x x x x x xi i i N N1 1

In this study, we assume the “control rules,” which control the operation of the booster pumps are predefined
based on the hydraulic characteristics of the equipment, and the variables described above (pattern factors) are the
only decision variables for our optimization problem to reconstruct the management strategy of the water-distribution
system.

2.2 Objective Function

The goal of the reconstruction of the management strategy is to determine the “pattern factors” for the water-
supply wells to satisfy the water pressure requirements at every junction (node) and water level constraints at every
tank in the water-distribution system. Suppose there are M junctions in the system, one of the objectives is to satisfy
the minimum and maximum pressure constraints as

(E-4)min maxP P (t) P     i = 1,2,..., M,     t = 1,2,..., 24i≤ ≤

where Pi (t) is the water pressure at the ith junction at hour t, Pmin is the minimum pressure required at a junction, and
Pmax is the maximum pressure a junction may bear. 
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The other objective is to satisfy the water level constraints in tanks. The tank operation rules require that the water
level in any tank should always be lower than its highest allowable water level and higher than its lowest allowable
water level.  If we assume there are T tanks in the system, then, we can define these constraints as

(E-5)

jmin j jmaxL L t L     j = 1,2,...,T;    t = 1,2,..., 24≤ ≤( )

where Lj(t) is the water level in the jth tank at hour t and Ljmin and Ljmax are the lowest and highest allowable water
levels of the jth tank.

In addition to the above two objectives, the initial (t = 0) water level in a tank is constrained to be equal to the
water level in the tank at the end of the day (t = 24), because continuous simulations over a 24-hour period will be
required during subsequent analysis for the epidemiologic study. We can define these constraints as

(E-6)

j jL L   j = 1,2,...,T( ) ( )24 0=

In Equations (E-4) to (E-6), the variables, Pi(t) and Lj(t) are functions of the decision variables, xi(t). They can be
obtained by solving the hydraulic simulation of the water-distribution system using EPANET2 water-distribution
model. Due to the complexity of the network and the EPANET2 water-distribution model, Pi(t) and Lj(t) cannot be
represented as explicit functions of the decision variables. Thus, it may not be feasible to enforce the constraints of
Equations (E-4) to (E-6) directly in the hydraulic management-reconstruction problem. In order to best satisfy the
constraints, we will formulate these constraints into an objective function by imposing a penalty for the violation of
the constraints. By minimizing the objective function with the constraints of Equations (E-1) and (E-2), we obtain the
“pattern factors” of the water-supply wells in the system with minimized violation of constraints (Equations (E-4) to
(E-6)).

If the water pressure of a junction at time t, Pi(t), satisfies Equation (E-4), there is no penalty, i.e. the “penalty” is
assumed to be 0. If the water pressure at the junction is out of the constraint range, a penalty will be imposed. We may
define the “penalty” at the ith junction at time t, Ci(t)

J, to be

(E-7)i
J

i

i
2

i

i
2

i

C (t )  =  

    P P (t) P

  P - P (t)   P (t) < P

  P (t) - P   P (t) > P

0 min max

min min

max max

[ ]

[ ]

≤ ≤








Therefore, the “penalty”  for the ith junction for a day can be defined as

(E-8)i
J

i
J

t

C  =  C ( t )     i = 1,2,..., M
=
∑

1

24

Similar to junctions, if the water level in the jth tank at time t, Lj(t) satisfies Equation (E-5), the “penalty” is
defined as zero. Otherwise, a penalty is imposed. Thus the “penalty” function for the jth tank at hour t, Cj(t)

T, can be
defined as,

(E-9)
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where aT is the penalty factor for a tank violating the water level requirement. Similarly the total penalty for the jth

tank for a day can be defined as,

(E-10)j
T

j
T

t

C  =  C (t )     j = 1,2,...,T
=
∑

1

24

If the water level in the jth tank at time t = 24 hour is equal to the water level in the tank at time t = 0, Equation 
(E-6) is satisfied. Otherwise, a penalty is imposed and the penalty function, Cj

TI is defined as,

(E-11)C a L L   j = 1,2,...,Tj
TI

TI j j= −[ ( ) ( )]24 0 2

where aTI is the penalty factor for violating the constraint of Equation (E-6). 

The objective function of the optimization problem for hydraulic management reconstruction is defined in terms
of the total penalty function for the system, which can be given as, 

(E-12)C = C   +  C Ci
J

i

M

j
T

j

T

j
TI

= =
∑ ∑ +

1 1

( )

2.3 EPANET2 Water-Distribution System Model

EPANET2 is a computer program that performs extended period simulation of hydraulic and water quality
behavior within pressurized pipe networks [Rossman, 2000]. The EPANET2 has been used to simulate water-
distribution systems in numerous field applications in the literature including  [Aral 1996, 2001; and Maslia, et. al,
2000a, 2000b].  In our reconstruction of the management strategy, the EPANET2 code is being used to model the
water-distribution system serving the residents of the Dover Township area. The EPANET2 toolkit will be used to
obtain the hydraulic simulation parameters of the water-distribution system. Mathematically, the EPANET2 toolkit
works as a function that associates the decision variables (the “pattern factors”), X, with junction pressures, Pi(t) (i =
1,2,...,M; t = 1, 2,...,24) and water levels in tanks Lj(t) (j = 1,2,...,T; t = 1, 2,...,24). For the given values of the decision
variables X, the Pi (t) and Lj(t) can be obtained by the EPANET2 toolkit. Thus, we have mathematically

(E-13)
i it

J

j jt
T

P (t) = F (

L (t) = F (

X)     i = 1,2,...,M,  t = 1,2,...,24

X)     j = 1,2,...,T,  t = 1,2,...,24

2.4 Optimization Model

Based on the above discussion, the objective function C of Equation (E-12) is a function of the decision variables, X.
Thus, we may write the objective function as

(E-14)C =  f (X)
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The reconstruction of the optimal hydraulic management strategy can now be formulated as 

(E-15)

Minimize f X

x (t) = b i = 1,2,..., N

x t 0  or x x (t) x i N; t

i

t

i

i i i imax

{ ( )}

( ) , ,..., , ,...,min

=
∑

= ≤ ≤ = =
1

24

1 2 1 2 24

3. Non-Uniqueness of Optimal Solutions

The analysis presented above will be used to generate  the optimal operational strategy for the water-distribution
system. During a subsequent study, this operational strategy will be used to evaluate the contaminant transport
characteristics of the water-distribution system. The purpose in that study is to evaluate the effect of the operation of
the water-distribution system on the contaminant transport conditions that will be generated in the system. So far we
have described the operation of the water-distribution system in terms of two patterns. These patterns are generated
using the manual trial and error approach and the optimization approach. However, the management strategy obtained
from the above described mathematical model may not be unique. Thus, it may be argued that there are other
hydraulic management strategies that may also satisfy the recorded constraints, which may not be optimal. In turn,
this management strategy may yield different results, when proportiante contribution of water analysis for the system
is evaluated. Therefore, based on the model described above, another mathematical model is used to identify another
solution which yields a pattern distribution as different as possible from the first solution, while still satisfying the
constraints of the problem. Eventually, the purpose is to find out if this new solution would yield a significantly
different proportinate contribution of water distribution pattern within the system and, if it does, what would be the
difference.

To start this formulation, we begin with the optimal solution obtained from the first model, defined as

(E-16)X = [ (1),  (2),..., (24),..., (1),  (2),..., (24),  ... (1),..., (24)]0 Tx x x x x x x xi i i N N1
0

1
0

1
0 0 0 0 0 0

and the corresponding optimal objective function value as f(X0) or f 0. The new solution is still defined as given in
Equation (E-3) and the objective function is expressed using Equation (E-14) as f(X) or f.  As expected, the new
solution has an objective value that is equal to or less than f(X0). However, we would like to have the new solution
pattern for all water-supply wells to be different from X0 as much as possible. Therefore, this requirement can be
quantitatively stated as a new objective function,

(E-17)Maximize F X Maximize x t x t G Xi i
ti

N

{ ( )} { ( ( ) ( )) ( )}= − −
==
∑∑β 0

1

24

1

2

where G(X) is the term related to the previous objective value and defined as

(E-18)G X
f X f X f X f X

otherwise
( )

( ( ) ( )) ( ) ( )
=

− − >



0 2 0

0

δ
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β is a trade-off coefficient, δ is an allowable error. Equation (E-18) reflects the tolerance for a new solution. In order
to analyze and compare the solutions obtained from both models, the constraints of the new model must be the same
as the ones used in the previous model. Thus, the optimization model for selecting a new solution can be
mathematically stated as

(E-19)

Maximize F X

x (t) = b i = 1,2,..., N

x t 0  or x x (t) x i N t

i

t

i

i i i imax

{ ( )}

( ) , ,..., , ,...,min

=
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= ≤ ≤ = =
1

24

1 2 1 2 24

4. Solution Algorithm

The mathematical models given in Equations (E-15) and (E-19) are nonlinear multi-stage multi-dimensional
dynamic optimization problems. In general, for the solution of dynamic problems, the Dynamic Programming (DP)
method [Bellman, 1957],  provides a powerful tool because it has attractive features such as global optimal solution
and its unique generality. However, in this problem, the dimension of the optimal problem is defined in terms of the
number of the water-supply wells. The number of the water-supply wells in the water-distribution system is very
large, thus the “curse of dimensionality” in DP programming methods becomes a serious limitation. Furthermore, the
computational time for the evaluation of objective function mainly depends on the scale of water-distribution system
and is almost independent of the number of water-supply wells in the system. For a large-scale water-distribution
system, the question as to how to reduce the computational time required in the evaluation of the objective function
becomes important. This is necessary to improve the optimization algorithm performance. It should also be noted that
the objective function is a non-continuous and non-separate implicit function of the decision variables. Thus, the
nonlinear gradient-based search algorithms cannot be applied to this problem efficiently. In recent years, a new breed
of heuristic combinatorial search techniques—genetic algorithms (GAs)—have aroused the interest of scientists in
searching optimal solutions to complicated optimization problems. Genetic algorithms are established through the
combination of artificial survival of the fittest concept with genetic operations abstracted from nature [Holland,
1975]. The most important feature of genetic algorithms is that they use the objective function itself, instead of
derivative information on the objective function and constraints, to search the optimal solution. It is well known that
genetic algorithms have proved to be very efficient in solving problems with bounds. For the problems with equality
and inequality constraints, additional transformations should be done [Guan and Aral, 1999a, 1999b]. Considering
the complex nature of both optimization problems and the features of genetic algorithms, a new approach, that
embeds genetic algorithm (GA) in progressive optimality algorithm (POA) is developed. The resulting algorithm is
identified as Progressive Optimality Genetic Algorithm (POGA) and is proposed as the method to solve the problems
described above. Considering that the difference between both models is only in the definition of the objective
functions, and has no effect on the optimization algorithms used, the model described by Equation (E-15) is chosen as
an example to illustrate the principles and processes included in POGA. 

4.1 Progressive Optimality Genetic Algorithm (POGA)

Progressive optimality algorithm is based on “principle of optimality” [Bellman, 1957]. Its basic idea of searching
optimal solution is straightforward. In this approach, the optimization process is divided into two steps:
decomposition and iteration. In the decomposition step, POGA decomposes a multi-stage multi-dimensional dynamic
problem into a series of two-stage multi-variable static problems, which can be solved by static optimization methods
such as the linear and nonlinear programming and genetic algorithms. In the iteration step, POGA applies the
iteration mechanics to obtain a converged solution. For simplicity and  without loss of generality, an example with
one water-supply well with index “i” is chosen to illustrate the computational procedures of the POGA.
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Step 1. A feasible solution is assumed as initial solution and is denoted as [xi(1)(k), xi(2)(k), …, xi(24)(k)]T, 
where superscript k indicates index of iterations, where initially k = 0. 

Step 2. Under the condition of fixed xi(τ)(k), ∀τ  except xi(t)
(k) and xi(t+1)(k), one adjusts xi(t)

(k) and xi(t+1)(k) to
minimize the objective function. The resultant new solution is [xi(1)(k), xi(2)(k), …, xi(t)

(k+1), xi(t+1)(k+1), …,
xi(24)(k)]T.

Step 3. For t = 1 to 23, one repeats step 2 and obtains a new solution denoted as [xi(1)(k+1), xi(2)(k+1), …,
xi(24)(k+1) ]T. 

Step 4. Compare two consecutive solutions [xi(1)(k), xi(2)(k), …, xi(24)(k) ]T, and [xi(1)(k+1), xi(2)(k+1), …,
xi(24)(k+1) ]T. If the difference between these two solutions is smaller than a pre-specified accuracy limit, the
computation process terminates. Otherwise, one selects [xi(1)(k+1), xi(2)(k+1), …, xi(24)(k+1)]T as the new initial
solution, i.e., k = k + 1 and continues with steps 2 through 4 until convergence is achieved.

As demonstrated in the application of this algorithm, the objective function values in the iteration process are
monotonically decreasing, and the minimum objective function value in this problem is zero if all constraints are
satisfied. This indicates that the iteration process is convergent.

4.2 Optimization Algorithm in Two-Stage Problems

In two-stage optimization problems, genetic algorithm is applied to search for the optimal solution. Assuming that
the two stages are t and t+1, X(t) and X(t+1) are two vectors denoted as X(t) = [x1(t), x2(t), …, xN(t)]T, and X(t+1) =
[x1(t+1), x2(t+1), …, xN(t+1)]T, then the original optimization problem can be restated as

(E-20)
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1
1

24

τ τ

τ
τ
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where xi(τ), τ = 1, 2, …, 24, but τ ≠ t and t+1, are constants evaluated by previous iteration or initial solution.The
model can be further simplified as

(E-21)
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where

(E-22)d b xi i i

t t

= −
=

≠ +

∑ ( )

,

τ
τ

τ
1

1

24

Through this approach, the original problem becomes a static optimization problem with 2×N variables. Because
of the equality constraints, the number of independent variables is N. Without loss of generality, xi(t+1) ∀ i are taken
as the independent variables, and xi(t) ∀ i as the dependent variables, which can be directly calculated using the
equality constraints. In the application of GA, the random selection of xi(t+1) must yield xi(t) variables that satisfy the
bounds of this variable. To achieve this condition, the constraint for xi(t+1) can be given as,

(E-23)d x t x t d x ti i i i i− ≤ + ≤ −max min( ) ( ) ( )1

At the same time, xi(t+1) must also satisfy xi min(t + 1) ≤ xi (t + 1) ≤ x i max(t + 1). Synthetically considering these
two constraints, a new constraint can be obtained as,

(E-24)x t x t x ti low i i up( ) ( ) ( )+ ≤ + ≤ +1 1 1

where

(E-25)
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x t d x t x t

i low i i i
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max min
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+ = − +

1 1

1 1

Therefore, the two-stage problem can be simplified as,

(E-26)

Minimize C f X t X t

x t x t x t
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=

1
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This is a bounded optimization problem, which can be solved by genetic algorithms efficiently [Guan and Aral,
1999a, 1999b]. The application of GA is straightforward for the optimal solution of this problem. GA starts with an
initial population of members generated randomly. Three operators, identified as “selection,” “crossover,” and
“mutation,” abstracted from biologically evolutionary process, are applied to this population in improving the
objective function value to form the new generation, in which the members have a higher “quality.” Each member in
the population corresponds to a solution in the solution space. Member’s quality is represented by its fitness
associated with the objective function value. The principle of “survival of the fittest” is taken as a rule in the search
process.  Members of the population are improved from generation to generation until an optimum condition is
satisfied [Goldberg, 1989]. These procedures of the genetic algorithm used in the solution of this problem are
described below for completeness.
E-12 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



Division of Variables: variables xi(t) and xi(t+1) ∀ i are divided into two parts, i.e., the independent and
dependent variables. In this formulation xi(t+1) ∀ i are defined as the independent variables, xi (t) ∀ i are defined
as the dependent variables. 

Coding the problem: in GAs, the independent variables are encoded as binary strings. The bits of the encoded
variables are combined to simulate the biological chromosomes of a natural environment. If a k-bit binary
variable is used to represent one variable xi(t+1), the integers of the binary variable would ranges from 
0 to (2k-1). This range can be mapped linearly into the solution space [xi low(t+1), xi up(t+1)] and the variable
range will be discretized into 2k points. The discrete interval can now be given as

(E-27)∆x t
x t x t

i
i up i low

k( )
( ) ( )

+ =
+ − +

−
1

1 1

2 1

If the integer of binary variable is “m,” then the corresponding variable xi(t+1) value can be given by

(E-28)x t x t m x ti i low i( ) ( ) ( )+ = + + +1 1 1∆

If xi(t+1) is less than the minimum load constraint of water-supply wells, then let xi(t+1) = 0. 

Forming the initial population: to start the solution, an initial population with m members is created. For the
independent variables xi(t+1) ∀ i, integer values are generated randomly in the interval [0, 2k-1] with uniform
distribution. These integer values are then mapped into real area of xi(t+1) using Equation (E-27) given above.
The dependent variables xi(t) are calculated using the equality constraint, together with xi(t+1), forming the
initial population. In order to guarantee the objective function to be monotonic, the initial population should
include the last solution.

Evaluation of members in the population and choosing parents: the “quality” of the members of a
population is measured by their fitness values. The fitness of a member is a nonnegative function, which is
determined by the objective function value. In this problem, objective function is minimized. The fitness of each
member can be defined by

(E-29)F f X t X t f X t X tj j= + − +max ( ( ), ( )) ( ( ), ( ))1 1

where j indicates the index of the members in the population. Relative fitness or probability of selection (psj) is
defined by

(E-30)ps
F

F
j

j

l
l

m=

=
∑

1

The probability of selection value may then be used to select strings from the current population to form a mating
pool. The larger the fitness, the larger the probability that the corresponding member is selected as parents. Thus,
members with higher relative fitness values are more likely to be selected for mating.  The roulette wheel selection
may be taken as a method for choosing members of the mating pool.
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Forming a new population: The next population is formed by using the three standard operations of GAs.
These include direct selection, crossover and adaptive mutation processes. 

Direct Selection Operation: Members with the highest fitness enter directly to the next population at
some proportion.  These members may also be selected as parents for the mating pool. Thus, using this
selection, the best members are protected, and at the same time this selection assures the monotonic
increase of the objective function values of the best member during each generation.

Crossover Operation: Crossover is a principle genetic operation. It is the splicing of two parent members
from mating pool, at a randomly chosen point, to create two children strings each made up of  “genetic
material” from both parents.The crossover operation can be easily realized by computer bit operations.

Adaptive Mutation Operation: Mutation operation randomly changes bits within newly created strings. In
this operation zero/one bits are changed to one/zero bits respectively in a random manner based on a
mutation probability value. Mutation maintains variability in the population, and reduces the chance that
the population will prematurely converge on one possible sub-optimal solution. For standard GAs, the
probability of any member in the population to be selected to undergo mutation is the same, that is,

(E-31)p
m

i mi = =1
1 2; , , ...,

This process may also be improved if a member with smaller fitness value has a larger probability of mutation than
one with a larger fitness value. Therefore, the following steps are used to determine the probability of mutation in
GA; (i) sort the members of the population according to their fitness value from the smallest to the largest; and (ii)
assign the largest probability value to first member by,

(E-32)p
c

m
ci = >; 1

and the smallest probability value to final member in the list by,
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The probability values for other members of the population are linearly interpolated as,
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In these equations the condition given below will be observed,
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j
=
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Because the interval for c is 1 ≤ c ≤ 2, then selecting c = 1 implies pj = 1/m, which is the standard genetic algorithm
rule. Selecting c = 2 yields
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If this equation is used to assign the probabilities for the selection of members that will undergo mutation, then it
is assured that the member with the lowest fitness has the highest probability of mutation, and the member with the
highest fitness has a zero probability of mutation. This implies that the worst members are more likely to be selected
for mutation and the best members do not undergo mutation. This adaptive mutation process helps to protect best
members from mutation and improves worst members through mutation.

The three operations are applied to the current population to form next population of xi(t+1). For each member in
next population, xi(t) can be computed by the equality constraint, forming a new generation with higher quality,
together with xi(t+1). xi(t) and xi(t+1), together with xi(τ),τ = 1, 2, …, 24, but τ ≠ t and t+1 determine the fitness of
each member in next generation.

The steps described above are repeated from generation to generation for a specified number of generations or
until some stopping criterion, such as convergence of the population to a single solution is achieved.These procedures
yield a very effective solution strategy for optimization problems, where the solution domain is bounded. The
flowchart of the procedure for progressive optimality genetic algorithm is shown in Figure E-3.

Set iteration index k = 0  

Set time step t = 1

Solve the static problem with variable xi(t)
and xi (t+1) using the genetic algorithm

t = t + 1

Choose new
Yes solution as the

initial solution
No 

k = k + 1

No

Yes 

Output results

Figure E-3.  Flowchart of progressive optimality genetic algorithm.

t < 24

New solution satisfies the 
convergence criterion?

Start

Read initial solution and parameters

Stop
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5. Integrated System of POGA and EPANET2

The POGA has been employed as an effective optimization algorithm to reconstruct hydraulic management
strategy in a water-distribution system and to select new patterns based on the optimized solution for analyzing the
effect of non-uniqueness of solutions. In POGA, the pressure distribution on the node network and the operation
processes of tanks are calculated using the functions in EPANET2 dynamic link library. EPANET2 software is a
powerful tool for performing extended period simulation of hydraulic and water quality behavior within pressurized
pipe networks. EPANET2 is taken as a simulator, which can be either operated independently or embedded in POGA
software for analyzing the effect of optimized results on hydraulic and water quality behavior. The manually
constructed historical datasets are the starting point of the optimization process. The optimized datasets provide a
consistent management strategy for reconstruction of the hydraulic management of the water-distribution system. The
optimized results are used as the input to reconstruct the historical contaminant distribution pattern in the water-
distribution system. The components of POGA are integrated to form an integral decision support system. The system
architecture is shown in Figure E-4. 

Figure E-4.  The integrated system architecture for the 
Progressive Optimality Genetic Algorithm (POGA).

GUI
(Graphical

User
Interface)

Database

POGA Optimizer

EPANET 2 Simulator

EPANET 2
Dynamic Link Library

6. Numerical Results

To demonstrate the models and algorithms described above, the integrated system of POGA and EPANET2 is
applied to the water-distribution system serving the Dover Township area to reconstruct its hydraulic management
strategy. The study period spans from 1962 through 1996. The components of the water-distribution system have
been significantly changed during this period. For example, the water-distribution system contained only one water
storage tank and three water-supply wells in 1962, as shown in Figure E-1, and became a very complex system with 9
water storage tanks and 20 water-supply wells in 1996, as shown in Figure E-2. Through extensive field
investigation, an initial EPANET2 input file has been generated for each month of every year by ATSDR. A
corresponding text file is also generated for each month to include the specific constraint information for the water-
supply wells and tanks in the water-distribution system for the particular period. After the POGA and EPANET2 are
applied to the monthly data, both an optimized EPANET2 input data file and a text file including input parameters
and information on iteration process are generated for the purpose of further analysis. The optimized EPANET2 input
data files represent the optimized hydraulic management strategy for each month. The optimized hydraulic
management strategy generally results in much smaller water pressure violation at the network junctions in Equation
(E-7) as well as water level violation in tanks in Equations (E-9) and (E-11) than the initial management strategy
presented in the initial EPANET2 input data files. Both the calculation of optimal pattern and the selection of new
patterns are addressed in this section. 
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Parameter Setting: The integrated system requires two categories of parameters—water-distribution system
parameters and POGA parameters. According to the pressure requirements for the Dover Township water-
distribution system, the minimum pressure limit, Pmin, is selected as 15 pounds per square inch (psi), and the
maximum pressure limitation, Pmax, is selected as 110 psi. The penalty coefficient for water-level violation in a tank
in Equation (E-9), aT, is selected to be 1.0 and the penalty coefficient for the initial water level violation in a tank in
Equation (E-11), aTI, is selected to be 5000. The selection of these penalty coefficients may affect the optimization
results because the objective function is dependent on these coefficients. The larger the penalty coefficients aT and
aTI are, the more the water-level violation in the tanks weighs in the objective function. Other GA parameters used in
POGA are listed in Table E-1. 

Table E-1.  Parameters used in Progressive Optimality 
Genetic Algorithm (POGA)

Parameter Value

Population size 5

String length for each variable 10

Maximum generation 2

Crossover ratio 0.9

Direct selection ratio 0.1

Mutation ratio 0.1

Beta (β) 100

Delta (δ ) 0

Calculation of Optimal Patterns: The optimal patterns are calculated using two data sets. The first data set
represents the water-distribution system serving the Dover Township in May 1962, which contained 2,272 junctions,
2,403 pipe links, one water storage tank and 3 water-supply wells as shown in Figure E-1. Optimization calculation
takes four iterations. The initial and optimal operation patterns of water-supply wells are shown in Figure E-5. The
optimal patterns are obtained through slight adjustment based on the initial patterns using POGA. However, junction
pressure violation cost is largely reduced. The relationship between objective function, time step and iterations are
shown in Figure E-6. In this case, tank violation cost is very small, junction violation cost is 3436.8 initially. The first
iteration reduces junction violation cost from 3436.8 to 470.25. Consecutively  these values are reduced to 61.19,
8.91, and finally to 0.21. The objective function is convergent and also monotonically reduces throughout the
computation. The results imply that the water pressure of each junction in the system would stay in the allowed water
pressure range (15 psi to 110 psi) if the optimized hydraulic management strategy were employed in the system
operation. The water pressure as function of time in a one-day period for the junction #3399 and junction #4627
clearly shows that the optimized data set is much better than the initial data set in terms of water pressure violation as
shown in Figures E-7 and E-8. Using the initial patterns, the water pressure at junction # 3399 is lower than the lower
pressure limit (15 psi) from 8:00 AM to 12:00 PM and from 10:00 PM to 12:00 AM. However, using the optimal
patterns, the water pressure at that junction is always higher than the lower pressure limit (15 psi). Similarly, the
water pressure at junction # 4627 is lower than 15 psi from 6:00 AM to 14 PM using the initial patterns, while the
water pressure is higher than 15 psi all the time using the optimal patterns. For both the initial and the optimal
patterns, the water level in tank 33934-HORTA stays within its lower level and upper level limits at all times, and the
water level in the tank at the beginning of the day equals to that at the end of the day for this case as shown in Figure
E-9. However, the tank operates on a higher water head using the optimal patterns than using the initial patterns,
increasing the efficiency of the tank.

The second data set represents the water-distribution system serving the Dover Township area in October 1996.
This network shows significant development and now contains 14,965 junctions, 16,048 pipe links, 8 water-storage
tanks and 20 water-supply wells (Figure E-2). Optimization calculation also takes four iterations. The initial and
optimal operation patterns of three of the water-supply wells are shown in Figure E-10. Because there is a large
decision space in this case, the optimal patterns have significantly changed when compared with the initial patterns.
In this case, junction violation, tank violation costs and objective value are initially 42,728.6, 1585.72 and 44314.3,
Reconstruction of Hydraulic Management of a Water-Distribution System Using Genetic Algorithms E-17
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Figure E-5.  Initial and optimal operation patterns of water-supply wells, May 1962. (See Figure E-1 for well llocations.)
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respectively. Through optimization calculation of four iterations, they are reduced to 2910.2, 0.98 and 2911.2
respectively. Figures E-11(a), E-11(b) and E-11(c) show the convergence of the objective function, junction violation
cost and tank violation cost as a function of time step and iterations. Although the tank-violation cost has some
fluctuation during the iteration, the objective function is monotonically reduced. In this case the water pressure
violations in many junctions are very large when the initial patterns are used. The water-pressure violations are
significantly improved although the violation still exists in some junctions using the optimal patterns, as shown in
Figures E-12, and E-13. These violation junctions are at the suction sides of the pumps and not at demand nodes, and
are expected to occur. The water pressure at junction #55024 is much higher than the upper pressure limit (110 psi)
from 0800 to 1000 hours and at a maximum reaches 240 psi using the initial patterns. This situation should be
prohibited in real operation of the water system distribution. In contrast, the water pressure at the junction stays
within the lower pressure limit and upper pressure limits at all times using the optimal patterns (Figure E-12). Similar
observation can be seen from Figure E-13 for the junction #55022. The water level in the tank is within its lower level
and upper level limits at all times for both the initial and the optimal patterns, which is enforced by the EPANET2
water-distribution system model as shown in Figures E-14 and E-15. However, the initial water level in a tank at the
beginning of the day may not be equal to the water level at the end of the day. The water levels in tank 33564-IHTA
at the beginning and the end of the day are 196 ft and 195.92 ft, respectively, resulting in a difference of 0.08 ft using
the initial patterns, and the difference reduces to 0.01 ft using the optimal pattern (Figure E-15). For tank 33566-
NDTA, the difference reduces from 0.48 ft (203–202.52) in the initial patterns to 0.01 ft (203–202.99) in the optimal
patterns (Figure E-14). In the reconstruction simulation, the optimal patterns selected will be continuously operated
for 1200 hrs. Even though the difference in water levels in a tank between the beginning and end of the day is small,
the long term simulations may result in a large difference in the water level in the tank between the beginning and the
end of the simulation period. This may affect the flexibility of the patterns, and create negative pressures at junctions
and cause water delivery problems. This is the reason why the penalty coefficient for this term is selected to be large
compared with other terms in the objective function.
 

Figure E-10.  Initial and optimal operation patterns of water-supply wells, October 1996. (See
Figure E-2 for well locations.)
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Selection of New Patterns: As described in Section 3, the solution of the optimization model in Equation (E-15)
may not be unique. The data set in October 1996 is chosen as an example to address the effect of non-uniqueness of
optimal solutions on the operation of the water-distribution system. The model in Equation (E-19) and POGA
algorithm is employed with the optimal patterns obtained from Equation (E-15) as its initial solution to select new
patterns. The new patterns should have an original objective value calculated from Equation (E-14) close to the
optimal patterns and they also must have a different pattern schedule when compared to the original optimal pattern.
In this optimization, maximum iteration is selected as 8 considering the characteristics of the model in Equation (E-
19). The resulting patterns are shown in Figure E-16 for three water-supply wells in this case. It might be noted that
new patterns have a large difference when compared with the original optimal patterns. The original objective value
of the new patterns reduces to 2900.45 from the value of 2911.09 for the original optimal pattern, resulting in a small
difference 10.6 (0.37%). The convergence process of the new objective function in Equation (E-17) as a function of
iterations and time steps is shown in Figure E-17(a). The new objective values are monotonically increasing as
iterations and time steps. In the iterations, the original objective function is fluctuating within ± 1% range as shown in
Figure E-17(b). The water pressure in the representative junctions using the new patterns has similar values when
compared to the original optimal patterns although there is a significant difference between the two patterns. Figures
E-18 and E-19 show the water pressure at junction #55024 and #55022 using the two different patterns. It should also
be noticed that the operation of tanks is also similar for original optimal solution and the new patterns as seen in
Figures E-20 and E-21. Therefore, we may conclude that the effect of using different patterns on contaminant
transport solution would be negligible.

Computational Cost: In POGA, the computational cost in the terms of computational time consists of two parts.
First is the computational cost of calculation of the objective function and second is the calculation of GA operations,
such as crossover, mutation and comparison of fitness values. The calculation of objective function accounts for more
than 95% of total computational cost so that the effect of the second calculation cost can be neglected. The
computational cost for calculation of the objective function depends on the scale of the water-distribution system. For
example, the computational cost for each calculation of objective function needs about 2 seconds for the system in
1962, and about 10 seconds for the system in 1996 on an IBM/PC Pentium system. If we define t as the computation
time of one calculation of the objective function, G as the maximum number of generations, P as the population size,
N as maximum number of iterations, M as the number of time steps and T as the total time, then total time using
POGA can be approximately estimated by 

(E-37)T G P N M t××××=

In searching optimal patterns, G = 2, P = 5, M = 23, N = 4, T = 920 t. In the case of 1962 simulation, t = 2 s, then
total computational time T = 1840 s = 30.7 m = 0.5 hr. In the case of 1996 simulation, t = 10 s, then total
computational time T = 9200s = 153.3m = 2.6 hrs. 

From Equation (E-36), the total computational time seems to be independent of the number of decision variables.
In fact, the effect of the number of decision variables on the total computational cost is implicitly reflected in
population size and generations. In general, the more the decision variables there are, the larger the number of
population size and generations should be set. For example, in the case of year 1996 simulation, there are 20 water-
supply wells in the system. The resulting number of decision variables is (20 × 24 = 480). If the GA is directly used to
solve this problem, the population size should be set at least as 50 and the number of generations should be set to at
least 20. The total computational time T would be at the least (50 × 20 × t =  10,000 sec = 2.8 hrs). In POGA, the
optimization problem is divided into 23 sub-problems in each iteration. The number of variables in the sub-problem
reduces to the number of water-supply wells. In the case of year 1996 simulation, it is 20. Therefore, we can choose a
small population size and generations to reduce the computational cost. Furthermore, the equality constraints are not
so easily handled as they are treated in POGA if GA is directly applied to this problem. 
E-22 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data
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7.     Sensitivity Analysis

The control parameters in the model have a large effect on the optimal solution. Among these parameters, the
minimum pressure limitation at the junctions in the water-distribution system and the difference in water levels in the
tanks between the beginning and the end of the day play an important role in the objective function value. Therefore,
a sensitivity analysis for these two parameters is necessary.  The effect of minimum pressure on the operation pattern
of water-supply wells can be analyzed by setting different values. In this study, three minimum pressure values, 15,
20, 30 psi, are used to calculate the optimal patterns.  The effect of difference between storage starting and ending
water levels in a 24-hour period on the optimal patterns can be reflected by adjusting Equation (E-6). Equation (E-6)
is a tightening constraint and can be relaxed by 

(E-38)| ( ) ( ) | , ,...,L L L j Nj j24 0 1 2− ≤ =∆

where ∆L is an allowable error, and can be set to zero or 3 ft as is done in the sensitivity analysis phase. The dataset
for October 1996 is used to present the sensitivity analysis results here, although numerous cases were analyzed. The
optimal patterns of the water-supply wells are shown in Figures E-22(a) and E-22(b) by setting different minimum
pressure values and the different water-level limits in tanks. It may be noted that these two parameters have a
significant effect on the schedule of optimal patterns obtained. The convergence of the objective function in the first
iteration using different patterns with different parameters is shown in Figure E-23, where Pmin indicates minimum
water pressure, ∆L indicates allowable water-level difference in the storage tanks. From this Figure E-23, we can
observe the following: when the minimum water-pressure limit increases, more junctions violate the minimum water-
pressure constraints; thus, the objective values increase. The objective values decrease when the constraint of water-
level difference in tanks is relaxed, and this effect is more obvious for higher minimum water-pressure requirement.
The different patterns result in the fluctuation of the water pressure for some junctions. The water-pressure variation
as function of time is the same for junction #55024, however, it is has changed for the junction #55022 as shown in
Figures E-24 and E-25. The change in minimum water-pressure limit has no obvious effect on the operation of tanks,
although the optimal patterns obtained are different as shown in Figures E-26 and E-27. Comparing with the initial
patterns, all optimal patterns tend to keep the tanks operating at a higher water level to maintain the higher “low
pressure” limits. Under the same minimum water-pressure limit, different allowable water-level differences between
the starting and the ending of a 24-hour period (day) in storage tanks leads to the ending water level not returning to
that of the starting of the day as shown in Figures E-28 and E-29. The starting and ending water levels in storage
tanks are given in Table E-2.

Table E-2.  Difference between storage tank starting and ending 
water levels in a 24-hour period

Minimum water Allowable Water level
Storage pressure water-level Difference

tank (pounds per difference Starting Ending (feet)
square inch) (feet)

33566-NDTA 20 0 203.00 202.97 0.03
3 203.00 201.44 1.56

30 0 203.00 202.96 0.04
3 203.00 200.82 2.12

33564-IHTA 20 0 196.00 195.98 0.02
3 196.00 196.93 -0.93

30 0 196.00 195.98 0.02
3 196.00 198.79 -2.79
E-26 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data
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October 1996. (See figure E-2 for location.) 
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Figure E-27.   Water level at Indian Hill
elevated storage tank using different patterns
with different minimum pressure constraints,
October 1996. (See figure E-2 for location.) 
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Figure E-28.   Water level at North Dover
elevated storage tank using different patterns
with different minimum pressure and tank-
level constraints, October 1996. (See figure 
E-2 for location.) 
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Figure E-29.   Water pressure at Indian Hill
elevated storage tank using different patterns
with different minimum pressure and tank-
level constraints, October 1996. (See figure 
E-2 for location.) 
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when the allowable water level difference in tanks is set as 3 feet, the difference in actual operation is 1.56 feet for
Pmin = 20 psi and 2.12 feet for Pmin = 30 psi for tank 33566-NDTA; is –0.93 feet for Pmin = 20 psi and –2.79 feet for
Pmin = 30 psi for tank 33564-IHTA. Although increasing allowable water-level difference in tanks may improve
water pressure distribution at junctions and provide flexibility to the selection of patterns, the long-term continuous
operation using the same patterns during a 1200 hr simulation period results in a large difference at the starting and
end of the simulation period in storage tanks which would violate the tank-level constraints. 

8. Conclusions

In this study, the reconstruction of hydraulic management strategies in the water-distribution system is formulated
as an optimization problem. In the model, the pumping rates of water-supply wells are selected as decision variables,
and the penalty functions are assigned to the violation of the management objectives, which are incorporated into the
objective function. The equality and bounded limits of decision variables for each water-supply well reflect the
historical operation of the system. Considering the non-uniqueness of the optimal solution of this model, a new
optimal model  is developed based on the optimal solution of the first model. The objective function in the new model
reflects the expectation that the new patterns obtained from the second model have an objective value close to the
optimal solution obtained from the first model, and also there should be a large difference between the optimal
patterns. Both models have the same constraints so that the results obtained from them can be used to analyze the
effect of different optimal patterns on hydraulic and contaminant transport characteristics of the system. Both models
are multiple-stage nonlinear dynamic problems with equality constraints. For the solution of both models, a new
algorithm, identified as Progressive Optimality Genetic Algorithm (POGA), is developed and coded. This algorithm
incorporates progressive optimality algorithm and genetic algorithm. POGA is integrated with EPANET2 to construct
a high integrity system, which provides a visual tool for reconstructing the hydraulic management strategies in a
water-distribution system. 

The integrated system has been applied to the monthly data sets of the water-distribution system serving the
Dover Township area, N.J. for the study period between the years 1962 and 1996. The effect of several parameters on
hydraulic management strategies in the water-distribution system has also been analyzed. The computational results
show that the objective function value has been significantly improved for all of the data sets, which implies that the
optimized hydraulic management strategies are better in satisfying the hydraulic management objectives than the
initial hydraulic management strategy. Based on the results and analysis, we make the following conclusions:

• The models described in Equations (E-15) and (E-19) reflect the historical situation associated with the
water-distribution system and can be used to reconstruct the hydraulic management strategies. The POGA
is an effective and efficient algorithm for solution of both models. The idea of POGA may be applied to
other multiple-stage dynamic problems.

• Optimized management of the water-distribution system may improve the hydraulic condition of the
system operation, reduce the violation of water-pressure requirement, and heighten the efficiency of the
system.

• The reconstruction problem may not have a unique solution. However, the different patterns satisfying
optimal conditions seem to have little effect on water-pressure distribution at junctions, the operation of
tanks in the water-distribution system and consequently have little effect on final contaminant distribution
pattern in the system. 

• The constraints on minimum water pressure at junctions and water level of the tanks at the starting and
ending of the simulation period directly affect the optimal patterns. The relaxed allowable water-level
difference in tanks may reduce the violation of water pressure at junctions, but may result in a large
accumulated water-level difference between the starting and ending of the simulation period.
Reconstruction of Hydraulic Management of a Water-Distribution System Using Genetic Algorithms E-31



 The results of analysis presented in this report provide the data that can feed into the epidemiologic study of
childhood leukemia and central nervous system cancers that occurred in the period 1979 through 1996 in Dover
Township area, N.J. It is expected that these results will be used in identifying the contaminant transport
characteristics of the water-distribution system so that the epidemiologic studies can be completed.
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EPANET 2 source-node  identifications used to conduct monthly source-trace analyses F-1

APPENDIX F
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F-6 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-7
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F-8 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-9
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F-10 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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F-12 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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F-14 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-15
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F-16 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-17
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F-18 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-19
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F-20 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-21



19
82

 W
el

l o
r 

w
el

l fi
el

d 
(p

oi
nt

 o
f e

nt
r

y)
 a

nd
 E

P
A

N
E

T
 2

 S
ou

rc
e-

N
od

e 
Id

en
tifi

ca
tio

n
1

H
ol

ly
2

B
ro

ok
si

de
2  

S
ou

th
 T

om
s 

R
iv

er
2

In
di

an
 H

ea
d

2  
2

P
ar

kw
a

y
R

ou
te

 7
0

2
B

er
ke

le
y2

W
in

ds
or

2  
2

A
nc

ho
ra

g
e

S
ilv

er
 B

a
y2  

26
26

16
71

1
16

19
8

55
02

0
46

65
55

03
1

13
51

55
04

0
55

09
8

55
09

9

Ja
nu

ar
y

—
—

X
X

X
X

—
—

—
—

Fe
br

ua
ry

—
—

X
X

X
X

—
—

—
—

M
ar

ch
—

—
X

X
X

X
—

—
—

—

A
pr

il
X

—
X

X
X

X
—

—
—

—

M
ay

X
X

X
X

X
X

—
—

—
—

Ju
ne

X
—

X
X

X
X

—
—

—
—

Ju
ly

X
X

X
X

X
X

—
—

—
—

A
ug

us
t

X
—

X
X

X
X

—
—

—
—

Se
pt

em
be

r
X

—
X

X
X

X
—

—
—

—

O
ct

ob
er

X
—

X
X

X
X

—
—

—
—

N
ov

em
be

r
X

—
X

X
X

X
—

—
—

—

D
ec

em
be

r
X

—
X

X
X

X
—

—
—

—

1 E
PA

N
E

T
 2

 (
R

os
sm

an
 2

00
0)

.
2 So

ur
ce

-n
od

e 
id

en
tifi

ca
tio

ns
 f

or
 o

pe
ra

tin
g 

w
el

ls
 o

r 
w

el
l fi

el
ds

:
26

26
, H

ol
ly

 (
21

an
d 

30
);

16
71

1,
 B

ro
ok

si
de

 (
15

);
16

19
8,

 S
ou

th
 T

om
s 

R
iv

er
  (

17
 a

nd
 3

2)
;

55
02

0,
 I

nd
ia

n 
H

ea
d 

(2
0)

;
46

65
, P

ar
kw

ay
 (

22
, 2

3,
 2

4,
 2

5,
 2

6,
 2

7,
 2

8,
 a

nd
 2

9)
;a

nd
55

03
1,

 R
ou

te
 7

0 
(3

1)
.

ac
e 

A
N

E
T

 2
 s

ou
rc

e-
no

de
 id

en
tifi

ca
tio

ns
 u

se
d 

to
 c

on
du

ct
 m

on
th

ly
 s

ou
rc

e-
tr

B
)]

 A
pp

en
di

x 

y)
 a

nd
 E

P

se
e

xi
st

in
g 

(

el
l fi

el
ds

 (
po

in
ts

 o
f e

nt
r

, 1
98

2
w

 J
er

se
y

w
ns

hi
p 

ar
ea

, N
e

el
ls

 a
nd

 w
oT

er
 

W v
  

le
 F

-2
1. , D

o
abT
na

ly
se

s
a —

, w
el

l o
r 

w
el

l fi
el

d 
no

t p
um

pi
ng

 d
ur

in
g 

m
on

th
 o

r 
no

n-
e

[

F-22 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-23
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F-24 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-25
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F-26 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-27
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F-28 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-29
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F-30 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-31



F-32 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-33
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F-34 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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EPANET 2 source-node identifications used to conduct monthly source-trace analyses F-35

19
94

 W
el

l o
r 

w
el

l fi
el

d 
(p

oi
nt

 o
f e

nt
ry

) 
an

d 
E

PA
N

E
T

 2
 S

ou
rc

e-
N

od
e 

Id
en

tifi
ca

tio
n

1

2
H

ol
ly

B
ro

ok
si

de
2  

S
ou

th
 T

om
s 

R
iv

er
2

In
di

an
 H

ea
d

2  
2

P
ar

kw
ay

R
ou

te
 7

0
2

2
B

er
ke

le
y

W
in

ds
or

2  
2

A
nc

ho
ra

ge
2

S
ilv

er
 B

ay
 

26
26

16
71

1
16

19
8

55
02

0
46

65
55

03
1

13
51

55
04

0
55

09
8

55
09

9

Ja
nu

ar
y

—
—

X
X

X
X

X
—

—
—

Fe
br

ua
ry

—
—

X
X

X
X

X
—

—
—

M
ar

ch
—

—
X

X
X

X
X

—
—

—

A
pr

il
X

X
X

X
X

X
X

X
—

—

M
ay

X
X

X
X

X
X

X
—

—
—

Ju
ne

X
X

X
X

X
X

X
X

—
—

Ju
ly

X
X

X
X

X
X

X
X

—
—

A
ug

us
t

X
X

X
X

X
X

X
—

—
—

Se
pt

em
be

r
—

X
X

X
X

X
X

X
—

—

O
ct

ob
er

—
X

X
X

X
X

X
—

—
—

N
ov

em
be

r
—

—
X

X
X

X
X

—
—

—

D
ec

em
be

r
—

—
X

—
X

X
X

—
—

—

1 E
PA

N
E

T
 2

 (
R

os
sm

an
 2

00
0)

.
2 So

ur
ce

-n
od

e 
id

en
tifi

ca
tio

ns
 f

or
 o

pe
ra

tin
g 

w
el

ls
 o

r 
w

el
l fi

el
ds

:
26

26
, H

ol
ly

 (
21

, 3
0,

 a
nd

 3
7)

;
16

71
1,

 B
ro

ok
si

de
 (

15
);

16
19

8,
 S

ou
th

 T
om

s 
R

iv
er

  (
32

 a
nd

 3
8)

;
55

02
0,

 I
nd

ia
n 

H
ea

d 
(2

0)
;

46
65

, P
ar

kw
ay

 (
22

,2
4,

 2
6,

 2
8,

 2
9,

 3
9,

 4
1,

 a
nd

 4
2)

;
55

03
1,

 R
ou

te
 7

0 
 (

31
);

13
51

, B
er

ke
le

y 
(3

3,
 3

4,
 a

nd
 3

5)
;a

nd
55

04
0,

 W
in

ds
or

 (
40

).

ac
e 

A
N

E
T

 2
 s

ou
rc

e-
no

de
 id

en
tifi

ca
tio

ns
 u

se
d 

to
 c

on
du

ct
 m

on
th

ly
 s

ou
rc

e-
tr

B
)]

 A
pp

en
di

x 

y)
 a

nd
 E

P

se
e

xi
st

in
g 

(

el
l fi

el
ds

 (
po

in
ts

 o
f e

nt
r

, 1
99

4
y

w
 J

er
se

el
ls

 a
nd

 w
ow

ns
hi

p 
ar

ea
, N

e
T

er
 

W v
  

le
 F

-3
4. , D

o
abT an

al
ys

es
—

, w
el

l o
r 

w
el

l fi
el

d 
no

t p
um

pi
ng

 d
ur

in
g 

m
on

th
 o

r 
no

n-
e

[



F-36 Dover Township area, New Jersey, Historical Reconstruction Analysis—Supplemental Data 
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APPENDIX G

TABLES OF SIMULATED PROPORTIONATE CONTRIBUTION OF WATER
DERIVED USING THE MANUAL ADJUSTMENT PROCESS, 

DOVER TOWNSHIP AREA, NEW JERSEY
 1962, 1965, 1971, 1978, 1988, 1995, AND 1996
Tables of simulated proportionate contribution of water derived using the manual adjustment process G-1



Table G-1.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1962 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between 
pipeline location and model node; see Plate 52 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 
Indian Route 

Toms Parkwa y Berkele y Windsor Anc hora ge
Head 70

River

Silver 

Bay
SUM1

January

A
B
C
D
E

9
0

25
0
0

91
0

75
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
20

100
100

0

February

A
B
C
D
E

0
0
8
0
0

100
0

92
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

March

A
B
C
D
E

10
0

21
0
0

90
0

79
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

April

A
B
C
D
E

28
0

47
0
0

72
0

53
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

May

A
B
C
D
E

23
0

72
0
0

77
0

28
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

June

A
B
C
D
E

27
0

80
0
0

73
0

20
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

July

A
B
C
D
E

24
0

78
0
0

76
0

22
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

August

A
B
C
D
E

31
0

62
0
0

69
0

38
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

G-2 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



September

A
B
C
D
E

33
0

84
0
0

67
0

16
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

October

A
B
C
D
E

41
0

72
1
0

59
0

28
99

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

November

A
B
C
D
E

26
0

44
0
0

74
0

56
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

December

A
B
C
D
E

26
0

47
0
0

74
0

53
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

1SUM: sum of percentages across row for each location.
2A sum of 0% indicates node was not part of water distribution-system for this month and year.

Table G-1.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1962—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between 
pipeline location and model node; see Plate 52 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1
Tables of simulated proportionate contribution of water derived using the manual adjustment process G-3



Table G-2.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1965 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node ; see Plate 58 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

54
91
47

0
0

46
9

53
100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

February3

A
B
C
D
E

56
83
39

0
0

44
17
61

100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

March

A
B
C
D
E

56
86
43

0
0

44
14
57

100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

April

A
B
C
D
E

89
99
72

6
3

11
1

28
94
97

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

May

A
B
C
D
E

98
100

78
20

0

2
0

22
80

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

June

A
B
C
D
E

98
100

80
20

0

2
0

20
80

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

July

A
B
C
D
E

98
100

78
21

0

2
0

22
79

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

August

A
B
C
D
E

99
100

82
22

0

1
0

18
78

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100
G-4 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



September

A
B
C
D
E

97
100

72
21

1

3
0

28
79
99

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

October

A
B
C
D
E

87
100

72
6
0

13
0

28
94

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

November

A
B
C
D
E

73
92
37

0
0

27
8

63
100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

December

A
B
C
D
E

59
89
38

0
0

41
11
62

100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

1SUM: sum of percentages across row for each location.

Table G-2.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1965—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node ; see Plate 58 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1
Tables of simulated proportionate contribution of water derived using the manual adjustment process G-5



Table G-3.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1971 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 64 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

93
100

4
26
32

0
0
0

73
62

7
0
0
1
0

0
0

96
0
6

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
100

February

A
B
C
D
E

85
100

4
46
24

0
0
0

44
34

15
0
0
2
0

0
0

96
8

42

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
100

March

A
B
C
D
E

83
100

4
37
36

0
0
0

60
54

17
0
0
2
1

0
0

96
1
9

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
100

April

A
B
C
D
E

84
100

4
41
29

0
0
0

54
49

16
0
0
1
0

0
0

96
3

20

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
1

0
0
0
0
2

100
100
100

99
101

May

A
B
C
D
E

89
100

4
43
22

0
0
0

54
24

11
0
0
2
0

0
0

96
1

18

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
1

0
0
0
0

35

100
100
100
100
100

June

A
B
C
D
E

88
100

4
44
24

0
0
0

52
9

12
0
0
3
0

0
0

96
1

16

0
0
0
1
7

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

12

0
0
0
0

33

100
100
100
101
101

July

A
B
C
D
E

97
100

0
30

3

0
0
0

54
4

3
0
0
0
0

0
0

96
3
5

0
0
4

14
24

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

24

0
0
0
0

40

100
100
100
101
100

August

A
B
C
D
E

100
100

0
39

2

0
0
0

61
2

0
0
0
0
0

0
0

96
0
2

0
0
4
1

14

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

27

0
0
0
0

53

100
100
100
101
100
G-6 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



September

A
B
C
D
E

99
100

0
18

1

0
0
0

75
8

1
0
0
0
0

0
0

96
2
1

0
0
4
6
3

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

19

0
0
0
0

69

100
100
100
101
101

October

A
B
C
D
E

100
100

4
19

0

0
0
0

80
2

0
0
0
0
0

0
0

96
1
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

21

0
0
0
0

77

100
100
100
100
100

November

A
B
C
D
E

99
100

2
14

4

0
0
0

83
50

1
0
0
0
0

0
0

98
3

15

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
9

0
0
0
0

22

100
100
100
100
100

December

A
B
C
D
E

100
100

4
27
15

0
0
0

72
49

0
0
0
0
0

0
0

96
1

36

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
100

1SUM: sum of percentages across row for each location.

Table G-3.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1971—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 64 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1
Tables of simulated proportionate contribution of water derived using the manual adjustment process G-7



Table G-4.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1978 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 83 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

88
20

0
70
11

0
0
0
0
0

12
0
0
3
1

0
50
34

3
10

0
30
66
23
79

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100

99
101

February

A
B
C
D
E

84
10

0
55

6

0
0
0
0
0

15
0
0
3
0

0
53
30

4
9

0
36
70
39
85

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

99
99

100
101
100

March

A
B
C
D
E

74
8
0

50
5

0
0
0
0
0

20
0
0
4
0

1
53
27

4
8

5
39
73
43
86

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
101

99

April

A
B
C
D
E

76
18

0
44

2

0
0
0

22
8

24
0
0
7
0

0
38
16

2
2

0
44
84
26
31

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

39

0
0
0
0

17

100
100
100
101

99

May

A
B
C
D
E

75
14

0
34

2

0
0
0

30
15

25
0
0
6
0

0
54
10

1
2

0
32
90
28
35

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

28

0
0
0
0

17

100
100
100

99
99

June

A
B
C
D
E

81
14

0
25

0

0
0
0

42
4

19
0
0
4
0

0
43

2
0
0

0
44
98
30
25

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

29

0
0
0
0

41

100
101
100
101

99

July

A
B
C
D
E

82
15

0
23

1

0
0
0

46
7

18
0
0
3
0

0
40

0
0
0

0
45

100
28
27

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

31

0
0
0
0

34

100
100
100
100
100

August

A
B
C
D
E

84
16

0
18

0

0
0
0

59
4

14
0
0
4
0

0
46
13

0
0

2
38
87
19
19

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

29

0
0
0
0

47

100
100
100
100

99
G-8 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



Tables of simulated proportionate contribution of water derived using the manual adjustment process G-9

September

A
B
C
D
E

84
18

0
25

1

0
0
0

48
11

16
0
0
4
0

0
48
23

0
0

0
34
77
23
28

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

30

0
0
0
0

31

100
100
100
100
101

October

A
B
C
D
E

85
25

0
40

8

0
0
0

48
25

15
0
0
2
0

0
48
18

1
4

0
27
82

9
63

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
100

November

A
B
C
D
E

98
17

0
56

8

0
0
0

10
7

2
0
0
0
0

0
47
29

2
6

0
36
71
31
79

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100

99
100

December

A
B
C
D
E

84
19

0
56

7

0
0
0
0
0

12
0
0
3
0

0
0
0
0
0

4
81

100
41
92

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100

99

1SUM: sum of percentages across row for each location.

Table G-4.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1978—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 83 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1



G-10 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Table G-5.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1988 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 99 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

79
0

11
40

5

0
0
0

54
8

20
0
0
1
0

0
0
0
0
0

0
0

53
4

36

0
0

12
0

47

1
100

24
1
4

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

February

A
B
C
D
E

69
0
3

74
7

0
0
0
6
1

29
0
0
4
0

0
0
0
0
0

0
0

27
11
24

0
0
3
0

50

2
100

66
5

17

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100

99
100

99

March

A
B
C
D
E

58
0
0

44
2

0
0
0

35
4

31
0
0
2
0

0
0
0
0
0

0
0

29
6

31

0
0
2
1

49

11
100

69
12
14

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

April

A
B
C
D
E

79
0
0

41
2

0
0
0

47
6

16
0
0
1
0

0
0
0
0
0

0
0

43
8

37

0
0
1
0

45

5
100

57
3

10

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
101
100
100

May

A
B
C
D
E

84
0
1

56
3

0
0
0

36
6

13
0
0
1
0

0
0
0
0
0

0
0

54
6

42

0
0
1
0

41

3
100

44
1
8

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

June

A
B
C
D
E

50
15

9
46

5

0
0
0

30
5

48
0
0
7
0

0
1
4
0
5

0
1

80
15
64

0
0
0
0

21

3
83

7
1
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

101
100
100

99
101

July

A
B
C
D
E

40
8

25
49

6

0
0
0

26
3

60
0
0

11
0

0
0
4
0

15

0
0

53
14
57

0
0
0
0

16

0
91
18

1
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
99

100
101

99

August

A
B
C
D
E

52
49

6
45

4

0
0
0

32
4

47
0
0
9
0

0
1

14
1

15

0
4

80
13
58

0
0
0
0

19

1
47

0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
101
100
100
100



Tables of simulated proportionate contribution of water derived using the manual adjustment process G-11

September

A
B
C
D
E

74
1
0

24
0

0
0
0

25
1

19
0
0
0
0

0
0

31
5

25

0
0

69
43
44

0
0
0
0

30

7
99

0
3
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

October

A
B
C
D
E

77
0
0

22
0

0
0
0
0
0

15
0
0
0
0

1
22
21

8
18

1
31
79
69
43

0
0
0
0

39

6
46

0
1
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
99

100
100
100

November

A
B
C
D
E

58
0
0

30
1

0
0
0

32
2

28
0
0
1
0

0
0

54
10
25

0
0

27
17
22

0
0
2
1

47

14
100

17
9
3

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

December

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

17
0
0
0
0

2
0

15
4
4

13
0

71
90
47

0
0

13
1

48

68
100

0
5
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100

99
100

99

1SUM: sum of percentages across row for each location.

Table G-5.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1988—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 99 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1



G-12 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Table G-6.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1995 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 118 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

90
0
0
3
0

0
0
8
3

27

0
0

82
74
44

0
0
0
0

23

10
100

10
20

6

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

February

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

55
0
0
1
0

0
0

12
4

29

0
0

88
83
43

0
0
0
0

27

45
100

0
11

0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100

99
99

March

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

5
0
0
0
0

2
0

11
7

28

24
0

87
90
43

0
0
0
0

29

69
100

1
3
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100

99
100
101

April

A
B
C
D
E

7
0
0
9
0

0
0
0
0
0

75
0
0
3
0

0
0
3
2

22

0
0

86
67
55

0
0
0
0

21

18
100

11
18

2

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100

99
100

May

A
B
C
D
E

32
0
0

42
0

0
0
0
0
0

63
0
0
5
0

0
1
0
0

18

0
1

86
44
58

0
0
0
0

20

4
98
14

8
3

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

99
100
100

99
99

June

A
B
C
D
E

54
22

2
73

2

0
0
0
2
0

42
0
0
4
0

0
0
0
0

14

0
1

94
18
73

0
0
0
0
9

4
77

4
4
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
101

99

July

A
B
C
D
E

27
41
18
73

7

0
0
0
6
1

71
0
0
9
0

0
0
0
0

13

0
6

79
10
71

0
0
0
0
9

2
53

2
1
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100

99
99

102

August

A
B
C
D
E

24
59
12
55
11

0
0
0

12
7

76
0
0

23
1

0
1
1
0
5

0
17
87

2
69

0
0
0
0
6

0
24

0
0
0

0
0
0
7
1

—
—
—
—
—

—
—
—
—
—

100
101
100

99
100



Tables of simulated proportionate contribution of water derived using the manual adjustment process G-13

September

A
B
C
D
E

54
27
14
66

4

0
0
0

18
1

40
0
0
4
0

0
1
3
0

14

0
0

77
9

70

0
0
0
0
9

6
72

6
4
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
101

99

October

A
B
C
D
E

66
0
0

29
0

0
0
0
0
0

0
0
0
0
0

0
0
4
2

22

0
0

79
50
54

0
0
0
0

20

34
100

17
19

5

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
101

November

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

1
0
5
5

32

16
0

81
81
38

0
0
0
0

24

83
100

14
14

7

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
101

December

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

1
0
6
6

28

12
0

77
82
36

0
0
0
0

26

87
100

17
12
10

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

1SUM: sum of percentages across row for each location.

Table G-6.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1995—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 118 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1



G-14 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Table G-7.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1996 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 137 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

12
0
0
0
0

0
0
7
4

22

8
0

79
74
46

0
0
0
0

27

79
100

14
21

5

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

99
100
100

99
100

February

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

16
0
0
2
0

4
2
8
6

28

48
19
92
89
48

0
0
0
0

24

31
79

0
3
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

99
100
100
100
100

March

A
B
C
D
E

26
0
0

10
0

0
0
0
0
0

26
0
0
2
0

0
1

11
4

24

25
20
88
79
51

0
0
0
0

24

22
80

0
5
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

99
101

99
100

99

April

A
B
C
D
E

48
38
13
85

4

0
0
0
0
0

52
0
0
6
0

0
0
0
0
4

0
0

85
8

91

0
0
0
0
0

0
61

1
1
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
99
99

100
99

May

A
B
C
D
E

64
56
20
80

8

0
0
0
7
2

35
0
0
6
0

0
0
0
0
0

0
8

80
7

89

0
0
0
0
0

0
36

0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

99
100
100
100

99

June

A
B
C
D
E

68
36
19
66
13

0
0
0
2
2

27
0
0
9
1

0
0
0
0
0

0
2

74
2

74

0
0
0
0
5

5
62

7
4
2

0
0
0

17
3

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

July

A
B
C
D
E

35
10
17
80
12

0
0
0
0
0

65
0
0

15
1

0
0
0
0
6

0
0

69
3

70

0
0
0
0
7

0
90
14

1
4

0
0
0
0
1

—
—
—
—
—

—
—
—
—
—

100
100
100

99
101

August

A
B
C
D
E

40
20
20
66
17

0
0
0
0
0

60
0
0

14
1

0
0
0
0
0

0
0

65
1

68

0
0
0
0
7

0
80
14

1
5

0
0
0

18
3

—
—
—
—
—

—
—
—
—
—

100
100

99
100
101



Table G-7.  Simulated proportionate contribution of water from well or well field to selected pipe-line 
locations using manual adjustment process, Dover Township area, New Jersey, 1996—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 137 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 
Indian Route 

Toms Parkwa y Berkele y Windsor Anc hora ge
Head 70

River

Silver 

Bay
SUM1

September

A
B
C
D
E

23
0
2

67
4

0
0
0
0
0

76
0
0

13
0

0
0
0
0
0

0
3

71
14
77

0
0
0
0

10

1
97
27

6
9

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

October

A
B
C
D
E

7
0
0
9
0

0
0
0
0
0

83
0
0
6
0

0
0
0
0
0

0
0

92
65
76

0
0
0
0

20

11
100

8
20

4

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

101
100
100
100
100

November

A
B
C
D
E

48
0
0

56
5

0
0
0
0
0

33
0
0
6
0

0
0
0
0
0

0
0

49
2

59

0
0
0
0

18

19
100

51
16
13

0
0
0

21
5

—
—
—
—
—

—
—
—
—
—

100
100
100
101
100

December

A
B
C
D
E

96
3

30
1

33

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0

23

4
97
70

0
13

0
0
0

99
30

—
—
—
—
—

—
—
—
—
—

100
100
100
100

99

1SUM: sum of percentages across row for each location.
Tables of simulated proportionate contribution of water derived using the manual adjustment process G-15
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Graphs of simulated proportionate contribution of water derived using the manual adjustment process H-1

APPENDIX H

GRAPHS OF SIMULATED PROPORTIONATE CONTRIBUTION OF WATER
DERIVED USING THE MANUAL ADJUSTMENT PROCESS, 

DOVER TOWNSHIP AREA, NEW JERSEY 
MINIMUM-, MAXIMUM-, AND AVERAGE-DEMAND MONTHS

1962, 1965, 1971, 1978, 1988, 1995, AND 1996
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Figure H-1.  Simulated proportionate contribution of water derived using the 
manual adjustment process, Dover Township area, New Jersey, 1962.



Graphs of simulated proportionate contribution of water derived using the manual adjustment process H-3
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Figure H-2.  Simulated proportionate contribution of water derived using the 
manual adjustment process, Dover Township area, New Jersey, 1965.
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Figure H-3.  Simulated proportionate contribution of water derived using the 
manual adjustment process, Dover Township area, New Jersey, 1971.



Graphs of simulated proportionate contribution of water derived using the manual adjustment process H-5
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OCTOBER 1978: Average-demand month
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Figure H-4.  Simulated proportionate contribution of water derived using the 
manual adjustment process, Dover Township area, New Jersey, 1978.



H-6 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data
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Figure H-5.  Simulated proportionate contribution of water derived using the 
manual adjustment process, Dover Township area, New Jersey, 1988.



Graphs of simulated proportionate contribution of water derived using the manual adjustment process H-7
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Figure H-6.  Simulated proportionate contribution of water derived using the 
manual adjustment process, Dover Township area, New Jersey, 1995.
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OCTOBER 1996: Average-demand month
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Figure H-7.  Simulated proportionate contribution of water derived using the 
manual adjustment process, Dover Township area, New Jersey, 1996.
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APPENDIX I

TABLES OF SIMULATED PROPORTIONATE CONTRIBUTION 
OF WATER DERIVED USING GENETIC ALGORITHM (GA)

METHODS, SENSITIVITY ANALYSES SENS0, 
DOVER TOWNSHIP AREA, NEW JERSEY

 1962, 1965, 1971, 1978, 1988, 1995, AND 1996
Tables of simulated proportionate contribution of water for sensitivity analyses SENS0  I-1  



Table I-1.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1962 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 52 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 
Indian Route 

Toms Parkwa y Berkele y Windsor Anc hora ge
Head 70

River

Silver 

Bay
SUM1

January

A
B
C
D
E

2
0

25
0
0

98
0

75
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
2 0

100
100

0

February

A
B
C
D
E

0
0
1
0
0

100
0

99
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

March

A
B
C
D
E

11
0

31
0
0

89
0

69
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

April

A
B
C
D
E

15
0

43
0
0

85
0

57
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

May

A
B
C
D
E

21
0

73
0
0

79
0

27
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

June

A
B
C
D
E

28
0

85
0
0

72
0

15
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

July

A
B
C
D
E

22
0

84
0
0

78
0

16
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

August

A
B
C
D
E

22
0

49
0
0

78
0

51
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

I-2 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



September

A
B
C
D
E

41
0

90
0
0

59
0

10
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

October

A
B
C
D
E

39
0

76
0
0

61
0

24
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

November

A
B
C
D
E

23
0

40
0
0

77
0

60
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

December

A
B
C
D
E

23
0

44
0
0

77
0

57
100

0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
0

100
100

0

1SUM: sum of percentages across row for each location.

Table I-1.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1962—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 52 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

2A sum of 0% indicates node was not part of water distribution-system for this month and year.
Tables of simulated proportionate contribution of water for sensitivity analyses SENS0  I-3  



Table I-2.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1965 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node ; see Plate 58 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

54
91
47

0
0

46
9

53
100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

February3

A
B
C
D
E

56
83
39

0
0

44
17
61

100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

March

A
B
C
D
E

56
86
43

0
0

44
14
57

100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

April

A
B
C
D
E

89
99
72

6
3

11
1

28
94
97

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

May

A
B
C
D
E

98
100

78
20

0

2
0

22
80

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

June

A
B
C
D
E

98
100

80
20

0

2
0

20
80

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

July

A
B
C
D
E

98
100

78
21

0

2
0

22
79

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

August

A
B
C
D
E

99
100

82
22

0

1
0

18
78

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100
I-4 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



September

A
B
C
D
E

97
100

72
21

1

3
0

28
79
99

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

1
1
1
1
1

October

A
B
C
D
E

87
100

72
6
0

13
0

28
94

100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

1
1
1
1
1

November

A
B
C
D
E

73
92
37

0
0

27
8

63
100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

1
1
1
1
1

December

A
B
C
D
E

59
89
38

0
0

41
11
62

100
100

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

1
1
1
1
1

1SUM: sum of percentages across row for each location.

Table I-2.  Simulated proportionate contribution of water from well or well field to selected pipeline locatio
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1965—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node ; see Plate 58 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SU

00
00
00
00
00

00
00
00
00
00

00
00
00
00
00

00
00
00
00
00

ns, 

M1
Tables of simulated proportionate contribution of water for sensitivity analyses SENS0  I-5  



Table I-3.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1971 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node ; see Plate 64 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

93
100

4
26
34

0
0
0

73
60

7
0
0
1
0

0
0

96
0
6

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
100

February

A
B
C
D
E

84
100

4
44
24

0
0
0

45
33

16
0
0
2
0

0
0

96
9

43

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
100

March

A
B
C
D
E

81
100

4
36
40

0
0
0

61
48

19
0
0
2
1

0
0

96
1

12

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
101

April

A
B
C
D
E

79
100

7
40
28

0
0
0

55
48

21
0
0
1
0

0
0

93
3

20

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
2

0
0
0
0
2

100
100
100

99
100

May

A
B
C
D
E

89
100

4
43
23

0
0
0

55
22

11
0
0
2
0

0
0

96
1

18

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
2

0
0
0
0

35

100
100
100
101
100

June

A
B
C
D
E

88
100

11
44
22

0
0
0

52
10

12
0
0
3
0

0
0

89
0

13

0
0
0
1

10

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

12

0
0
0
0

33

100
100
100
100
100

July

A
B
C
D
E

96
100

0
29

4

0
0
0

53
4

4
0
0
0
0

0
0

96
3
5

0
0
4

15
23

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

24

0
0
0
0

40

100
100
100
100
100

August

A
B
C
D
E

100
100

0
41

2

0
0
0

58
3

0
0
0
0
0

0
0

92
0
3

0
0
8
1

16

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

23

0
0
0
0

53

100
100
100
100
100
I-6 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



September

A
B
C
D
E

100
100

0
17

0

0
0
0

78
7

0
0
0
0
0

0
0

96
1
1

0
0
4
5
3

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

20

0
0
0
0

69

100
100
100
101
100

October

A
B
C
D
E

99
100

4
21

0

0
0
0

79
0

1
0
0
0
0

0
0

96
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

16

0
0
0
0

84

100
100
100
100
100

November

A
B
C
D
E

99
100

2
16

7

0
0
0

81
43

1
0
0
0
0

0
0

98
3

17

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
9

0
0
0
0

25

100
100
100
100
101

December

A
B
C
D
E

100
100

3
28
16

0
0
0

71
50

0
0
0
0
0

0
0

97
1

34

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100
100

1SUM: sum of percentages across row for each location.

Table I-3.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1971—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node ; see Plate 64 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1
Tables of simulated proportionate contribution of water for sensitivity analyses SENS0  I-7  



Table I-4.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1978 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 83 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

81
23

0
65
10

0
0
0
0
0

19
0
0
6
1

0
49
34

2
11

0
29
66
27
78

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
101
100
100
100

February

A
B
C
D
E

81
10

0
47

6

0
0
0
0
0

19
0
0
4
0

0
56
29

6
4

0
33
71
43
89

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
99

100
100

99

March

A
B
C
D
E

80
8
0

44
5

0
0
0
0
0

12
0
0
3
0

2
54
31

3
4

6
38
69
50
90

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
100

99

April

A
B
C
D
E

76
19

0
43

1

0
0
0

23
6

24
0
0
7
0

0
36
15

1
3

0
45
85
25
35

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

35

0
0
0
0

19

100
100
100

99
99

May

A
B
C
D
E

75
17

0
34

2

0
0
0

33
15

25
0
0
3
0

0
51
13

1
1

0
32
87
29
46

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

20

0
0
0
0

16

100
100
100
100
100

June

A
B
C
D
E

80
18

0
22

0

0
0
0

42
5

20
0
0
4
0

0
40

1
0
0

0
41
99
33
23

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

32

0
0
0
0

39

100
99

100
101

99

July

A
B
C
D
E

80
17

0
20

1

0
0
0

50
7

20
0
0
3
0

0
39

0
0
0

0
44

100
28
34

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

31

0
0
0
0

27

100
100
100
101
100

August

A
B
C
D
E

92
20

0
13

0

0
0
0

52
4

6
0
0
1
0

0
44
16

0
0

2
36
84
34
16

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

40

0
0
0
0

40

100
100
100
100
100
I-8 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



Tables of simulated proportionate contribution of water for sensitivity analyses SENS0  I-9  

September

A
B
C
D
E

86
18

0
19

1

0
0
0

51
15

14
0
0
2
0

0
49
17

0
0

0
33
83
28
31

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

23

0
0
0
0

29

100
100
100
100

99

October

A
B
C
D
E

84
26

0
31

5

0
0
0

55
27

16
0
0
3
0

0
45
29

1
5

0
28
71
10
63

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
99

100
100
100

November

A
B
C
D
E

96
19

0
51

7

0
0
0

15
6

4
0
0
1
0

0
46
30

3
2

0
36
70
29
84

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
101
100

99
99

December

A
B
C
D
E

72
17

0
52

7

0
0
0
0
0

25
0
0
5
1

0
0
0
0
0

3
83

100
44
93

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

100
100
100
101
101

1SUM: sum of percentages across row for each location.

Table I-4.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1978—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 83 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1



I-10 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Table I-5.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1988 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 99 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

80
0

13
39

5

0
0
0

53
8

20
0
0
1
0

0
0
0
0
0

0
0

54
6

39

0
0
9
0

45

0
100

23
1
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100

99
100

99

February

A
B
C
D
E

71
0
5

75
7

0
0
0
7
1

29
0
0
4
0

0
0
0
0
0

0
0

24
11
28

0
0
0
0

46

1
100

71
4

18

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

March

A
B
C
D
E

50
0
0

38
3

0
0
0

35
7

34
0
0
8
0

0
0
0
0
0

0
0

22
9

38

0
0
2
0

40

16
100

75
9

12

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100

99
99

100

April

A
B
C
D
E

80
0
1

40
2

0
0
0

52
6

16
0
0
2
0

0
0
0
0
0

0
0

39
4

40

0
0
1
0

44

5
100

60
3
9

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

101
100
101
101
101

May

A
B
C
D
E

83
0
1

49
2

0
0
0

43
3

14
0
0
1
0

0
0
0
0
0

0
0

46
6

50

0
0
0
0

37

3
100

53
1
8

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

June

A
B
C
D
E

48
16

9
46

5

0
0
0

30
5

49
0
0
7
0

0
0
4
0
5

0
1

80
16
63

0
0
0
0

22

3
83

7
1
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100
101

July

A
B
C
D
E

40
10
17
48

5

0
0
0

28
3

60
0
0
9
0

0
0
4
0

15

0
0

65
14
59

0
0
0
0

15

0
90
14

1
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100
100

99

August

A
B
C
D
E

52
46

6
45

4

0
0
0

32
4

47
0
0
9
0

0
1

15
0

15

0
4

79
13
57

0
0
0
0

20

1
49

0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

100
100
100

99
100



Tables of simulated proportionate contribution of water for sensitivity analyses SENS0  I-11  

September

A
B
C
D
E

72
0
0

24
0

0
0
0

24
1

19
0
0
0
0

0
0

34
5

25

0
0

65
43
44

0
0
0
0

30

8
100

0
4
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

99
100

99
100
100

October

A
B
C
D
E

73
0
0

20
0

0
0
0
0
0

22
0
0
0
0

1
16
22

7
17

1
26
78
72
44

0
0
0
0

39

4
58

0
1
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

101
100
100
100
100

November

A
B
C
D
E

58
0
0

30
1

0
0
0

26
2

30
0
0
1
0

0
0

42
11
22

0
0

29
20
29

0
0
1
1

43

13
100

27
11

4

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

101
100

99
100
101

December

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

18
0
0
0
0

3
0

18
6
4

21
0

75
88
56

0
0
7
1

39

57
100

0
5
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

99
100
100
100
100

1SUM: sum of percentages across row for each location.

Table I-5.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1988—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 99 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1



I-12 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Table I-6.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1995 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 118 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

80
0
0
4
0

0
0

13
4

24

0
0

69
69
42

0
0
0
0

28

20
100

18
23

6

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

February

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

50
0
0
3
0

0
0

19
8

25

1
0

78
77
46

0
0
0
0

30

49
100

3
13

0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

March

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

10
0
0
0
0

1
0

11
3

24

31
0

80
93
45

0
0
0
0

30

58
100

10
4
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

April

A
B
C
D
E

6
0
0
5
0

0
0
0
0
0

66
0
0
4
0

1
0

15
3

15

2
0

76
73
58

0
0
0
0

24

26
100

9
16

4

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

May

A
B
C
D
E

37
0
0

37
1

0
0
0
0
0

59
0
0
6
0

0
9
4
1

17

0
8

76
47
58

0
0
0
0

19

4
83
21
10

6

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

June

A
B
C
D
E

54
39

4
64

2

0
0
0
2
0

41
0
0
6
0

0
5
2
0

12

0
3

80
23
70

0
0
0
0

14

5
54
14

5
3

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

July

A
B
C
D
E

22
45
11
66

4

0
0
0
9
0

76
0
0
9
0

0
4
7
0

10

0
15
75
14
74

0
0
0
0

11

2
36

7
2
2

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

August

A
B
C
D
E

25
50
14
45

8

0
0
0

15
3

74
0
0

23
2

0
2
1
0
7

0
32
82

5
72

0
0
0
0
7

1
17

3
1
1

0
0
0

11
2

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100
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September

A
B
C
D
E

49
44

8
62

2

0
0
0

17
1

45
0
0
7
0

0
0
3
0

11

0
5

70
10
78

0
0
0
0
9

6
51
19

4
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
101

October

A
B
C
D
E

66
0
0

25
0

0
0
0
0
0

0
0
0
0
0

0
0
7
2

18

0
0

70
56
56

0
0
0
0

22

34
100

22
17

5

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

November

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

3
0
5
3

22

20
0

70
81
46

0
0
0
0

26

77
100

24
16

6

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

December

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

3
0
0
0
0

3
0
7
3

23

15
0

55
84
45

0
0
0
0

27

79
100

38
13

6

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

1SUM: sum of percentages across row for each location.

Table I-6.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1995—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 118 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1
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Table I-7.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1996 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 137 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 

Toms 

River

Indian 

Head
Parkwa y

Route 

70
Berkele y Windsor Anc hora ge

Silver 

Bay
SUM1

January

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

4
0
0
0
0

1
0

19
5

28

9
0

66
81
40

0
0
0
0

27

86
100

15
13

5

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100

99
100

February

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

12
0
0
0
0

7
6
8
4

27

49
8

92
94
49

0
0
0
0

25

32
87

0
2
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
101
100
100
101

March

A
B
C
D
E

28
0
0
5
0

0
0
0
0
0

17
0
0
1
0

3
4
6
3

28

27
12
93
86
48

0
0
0
0

24

26
84

0
5
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

101
100

99
100
100

April

A
B
C
D
E

49
36

9
82

3

0
0
0
0
0

50
0
0
5
0

0
0
1
0
4

0
0

88
12
92

0
0
0
0
0

1
64

1
1
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100

99
100

99

May

A
B
C
D
E

68
60

3
74

7

0
0
0
0
0

32
0
0
7
0

0
0
0
0
0

0
8

97
10
91

0
0
0
0
0

0
32

0
0
0

0
0
0
0
1

—
—
—
—
—

—
—
—
—
—

100
100
100
100
101

June

A
B
C
D
E

61
38
13
62
11

0
0
0
0
0

30
0
0

12
1

0
0
0
0
0

0
3

83
3

76

0
0
0
0
5

9
59

4
6
1

0
0
0

15
2

—
—
—
—
—

—
—
—
—
—

100
100
100
101

99

July

A
B
C
D
E

39
13
24
81
11

0
0
0
0
0

61
0
0

13
1

0
0
0
0
5

0
0

57
5

67

0
0
0
0

12

0
87
19

1
4

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

100
100
100
100
100

August

A
B
C
D
E

40
19
13
66
16

0
0
0
0
0

60
0
0

13
1

0
0
0
0
0

0
0

78
2

65

0
0
0
0

12

0
81
10

1
3

0
0
0

18
3

—
—
—
—
—

—
—
—
—
—

100
100
101
100
100



Table I-7.  Simulated proportionate contribution of water from well or well field to selected pipeline locations, 
Genetic Algorithm (GA) simulation SENS0, Dover Township area, New Jersey, 1996—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node; see Plate 137 for pipeline location]

Month
Pipeline 

location

Water contrib uted fr om well or well field (per centa ge)

Holl y Brookside

South 
Indian Route 

Toms Parkwa y Berkele y Windsor Anc hora ge
Head 70

River

Silver 

Bay
SUM1

September

A
B
C
D
E

25
0
3

62
4

0
0
0
0
0

73
0
0

12
0

0
0
0
0
0

0
0

65
21
75

0
0
0
0

10

1
100

32
6

10

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

99
100
100
101

99

October

A
B
C
D
E

6
0
0
8
0

0
0
0
0
0

81
0
0
5
0

0
0
0
0
0

0
0

87
69
72

0
0
0
0

23

14
100

13
17

6

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

101
100
100

99
101

November

A
B
C
D
E

54
0
0

62
6

0
0
0
0
0

30
0
0
8
1

0
0
0
0
0

0
0

47
2

51

0
0
0
0

24

16
100

53
17
15

0
0
0

11
4

—
—
—
—
—

—
—
—
—
—

100
100
100
100
101

December

A
B
C
D
E

96
0

43
2

34

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0

21

4
100

57
0

16

0
0
0

98
30

—
—
—
—
—

—
—
—
—
—

100
100
100
100
101

1SUM: sum of percentages across row for each location.
Tables of simulated proportionate contribution of water for sensitivity analyses SENS0  I-15  
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APPENDIX J

GRAPHS OF SIMULATED PROPORTIONATE CONTRIBUTION OF WATER DERIVED USING

GENETIC ALGORITHM (GA) METHODS, SENSITIVITY ANALYSES SENS0,
DOVER TOWNSHIP AREA, NEW JERSEY,

MINIMUM-, MAXIMUM-, AND AVERAGE-DEMAND MONTHS

1962, 1965, 1971, 1978, 1988, 1995, AND 1996
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Figure J-1.  Simulated proportionate contribution of water from wells and well fields to selected locations, 
Dover Township area, New Jersey, 1962 [Genetic Algorithm (GA) optimization simulation SENS0].
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Figure J-2.  Simulated proportionate contribution of water from wells and well fields to selected locations, 
Dover Township area, New Jersey, 1965 [Genetic Algorithm (GA) optimization simulation SENS0].
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Figure J-3.  Simulated proportionate contribution of water from wells and well fields to selected locations, 
Dover Township area, New Jersey, 1971 [Genetic Algorithm (GA) optimization simulation SENS0].
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FEBRUARY 1978: Minimum-demand month JUNE 1978: Maximum-demand month
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Figure J-4.  Simulated proportionate contribution of water from wells and well fields to selected locations, 
Dover Township area, New Jersey, 1978 [Genetic Algorithm (GA) optimization simulation SENS0].

Well or well field—Number in parenthesis Well or well field—Number in parenthesis
is well number. See Plate 83 for location is well number. See Plate 87 for location

Well or well field—Number in parenthesis
is well number. See Plate 94 for location



J-6 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Holly (30)
Brookside (15)
South Toms River (32)
Parkway (22,24)
Route 70 (31)
Berkeley (33,34)

Holly (21,30)
Brookside (15)
South Toms River (32,38)
Parkway (22,23,24,26,28,29)
Route 70 (31)
Berkeley (33,34,35)

P
E

R
C

E
N

T
A

G
E

 O
F

 W
A

T
E

R
 F

R
O

M
 W

E
LL

 O
R

 W
E

LL
 F

IE
LD

100

90

80

70

60

50

40

30

20

10

0
A B C D E

P
E

R
C

E
N

T
A

G
E

 O
F

 W
A

T
E

R
 F

R
O

M
 W

E
LL

 O
R

 W
E

LL
 F

IE
LD

100

90

80

70

60

50

40

30

20

10

0

P
E

R
C

E
N

T
A

G
E

 O
F

 W
A

T
E

R
 F

R
O

M
 W

E
LL

 O
R

 W
E

LL
 F

IE
LD

100

90

80

70

60

50

40

30

20

10

0

Holly (30)
South Toms River (32)
Indian Head (20)
Parkway (22,23,24,26,28,29)
Route 70 (31)
Berkeley (33,34,35)

A B C D E

A B C D E

FEBRUARY 1988: Minimum-demand month JULY 1988: Maximum-demand month

SELECTED PIPELINE LOCATION SELECTED PIPELINE LOCATION

OCTOBER 1988: Average-demand month

SELECTED PIPELINE LOCATION

Well or well field—Number in parenthesis Well or well field—Number in parenthesis
is well number. See Plate 99 for location is well number. See Plate 105 for location

Well or well field—Number in parenthesis
is well number. See Plate 112 for location

Figure J-5.  Simulated proportionate contribution of water from wells and well fields to selected locations, 
Dover Township area, New Jersey, 1988 [Genetic Algorithm (GA) optimization simulation SENS0].
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FEBRUARY 1995: Minimum-demand month AUGUST 1995: Maximum-demand month
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Figure J-6.  Simulated proportionate contribution of water from wells and well fields to selected locations, 
Dover Township area, New Jersey, 1995 [Genetic Algorithm (GA) optimization simulation SENS0].

Well or well field—Number in parenthesis Well or well field—Number in parenthesis
is well number. See Plate 118 for location is well number. See Plate 123 for location

Well or well field—Number in parenthesis
is well number. See Plate 131 for location
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Figure J-7.  Simulated proportionate contribution of water from wells and well fields to selected locations, 
Dover Township area, New Jersey, 1996 [Genetic Algorithm (GA) optimization simulation SENS0].



APPENDIX K

TABLES OF ABSOLUTE DIFFERENCE IN SIMULATED PROPORTIONATE CONTRIBUTION OF 
WATER BETWEEN THE MANUAL ADJUSTMENT PROCESS AND

GENETIC ALGORITHM (GA) METHODS FOR SENSITIVITY ANALYSES SENS0, 
DOVER TOWNSHIP AREA, NEW JERSEY,

1962, 1965, 1971, 1978, 1988, 1995, AND 1996
Tables of absolute difference in simulated proportionate contribution of water between K-1      
the manual adjustment process and sensitivity analyses SENS0 



Table K-1. Absolute difference in proportionate contribution of water from well or well field to selected 
pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
sensitivity analyses SENS0, Dover Township area, New Jersey, 1962 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y
South 

Indian Route 
Brookside Toms Parkwa y Berkele y Windsor Anc hora ge

Head 70
River

Silver 
Bay

January

A
B
C
D
E

7
0
0
0
0

7
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

February

A
B
C
D
E

0
0
7
0
0

0
0
7
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

Mar ch

A
B
C
D
E

1
0

10
0
0

1
0

10
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

April

A
B
C
D
E

13
0
4
0
0

13
0
4
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

May

A
B
C
D
E

2
0
1
0
0

2
0
1
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

June

A
B
C
D
E

1
0
5
0
0

1
0
5
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

July

A
B
C
D
E

2
0
6
0
0

2
0
6
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

August

A
B
C
D
E

9
0

13
0
0

9
0

13
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

K-2 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



September

A
B
C
D
E

8
0
6
0
0

8
0
6
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

October

A
B
C
D
E

2
0
4
1
0

2
0
4
1
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

November

A
B
C
D
E

3
0
4
0
0

3
0
4
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

December

A
B
C
D
E

3
0
4
0
0

3
0
4
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

Table K-1. Absolute difference in proportionate contribution of water from well or well field to selected 
pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
sensitivity analyses SENS0, Dover Township area, New Jersey, 1962—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y Brookside
South 
Toms 
River

Indian 
Head

Parkwa y
Route 

70
Berkele y Windsor Anc hora ge

Silver 
Bay
Tables of absolute difference in simulated proportionate contribution of water between K-3      
the manual adjustment process and sensitivity analyses SENS0 



Table K-2. Absolute difference in proportionate contribution of water from well or well field to selected 

sensitivity analyses SENS0, Dover Township area, New Jersey, 1965 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y Brookside
South 
Toms 
River

Indian 
Head

Parkwa y
Route 

70
Berkele y Windsor Anc hora ge

Silver 
Bay

January

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

February

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

Mar ch

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

April

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

May

A
B
C
D
E

1
0
4
1
2

1
0
4
1
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

June

A
B
C
D
E

2
0
3
3
0

2
0
3
3
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

July

A
B
C
D
E

2
0
2
1
1

2
0
2
1
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

August

A
B
C
D
E

1
0
3
1
1

1
0
3
1
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
K-4 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



September

A
B
C
D
E

1
0
2
1
2

1
0
2
1
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

October

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

November

A
B
C
D
E

0
1
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

December

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

Table K-2. Absolute difference in proportionate contribution of water from well or well field to selected 

sensitivity analyses SENS0, Dover Township area, New Jersey, 1965—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y Brookside
South 
Toms 
River

Indian 
Head

Parkwa y
Route 

70
Berkele y Windsor Anc hora ge

Silver 
Bay

pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
Tables of absolute difference in simulated proportionate contribution of water between K-5      
the manual adjustment process and sensitivity analyses SENS0 



Table K-3. Absolute difference in proportionate contribution of water from well or well field to selected 
pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
sensitivity analyses SENS0, Dover Township area, New Jersey, 1971 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y
South Indian Route 

Brookside Toms Parkwa y Berkele y Windsor Anc hora ge
Head 70

River

Silver 
Bay

January

A
B
C
D
E

0
0
0
0
2

0
0
0
0
2

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

February

A
B
C
D
E

1
0
0
2
0

0
0
0
1
1

1
0
0
0
0

0
0
0
1
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

March

A
B
C
D
E

2
0
0
1
4

0
0
0
1
6

2
0
0
0
0

0
0
0
0
3

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

April

A
B
C
D
E

5
0
3
1
1

0
0
0
1
1

5
0
0
0
0

0
0
3
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
1

0
0
0
0
0

May

A
B
C
D
E

0
0
0
0
1

0
0
0
1
2

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
1

0
0
0
0
0

June

A
B
C
D
E

0
0
7
0
2

0
0
0
0
1

0
0
0
0
0

0
0
7
1
3

0
0
0
0
3

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

July

A
B
C
D
E

1
0
0
1
1

0
0
0
1
0

1
0
0
0
0

0
0
0
0
0

0
0
0
1
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

August

A
B
C
D
E

0
0
0
2
0

0
0
0
3
1

0
0
0
0
0

0
0
4
0
1

0
0
4
0
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
4

0
0
0
0
0

K-6 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



Table K-3. Absolute difference in proportionate contribution of water from well or well field to selected 
pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
sensitivity analyses SENS0, Dover Township area, New Jersey, 1971—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Month
Pipeline 
location

Holl y
South 

Indian Route 
Brookside Toms Parkwa y Berkele y Windsor Anc hora ge

Head 70
River

Silver 
Bay

September

A
B
C
D
E

1
0
0
1
1

0
0
0
3
1

1
0
0
0
0

0
0
0
1
0

0
0
0
1
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
1

0
0
0
0
0

October

A
B
C
D
E

1
0
0
2
0

0
0
0
1
2

1
0
0
0
0

0
0
0
1
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
5

0
0
0
0
7

November

A
B
C
D
E

0
0
0
2
3

0
0
0
2
7

0
0
0
0
0

0
0
0
0
2

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
3

December

A
B
C
D
E

0
0
1
1
1

0
0
0
1
1

0
0
0
0
0

0
0
1
0
2

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

Tables of absolute difference in simulated proportionate contribution of water between K-7      
the manual adjustment process and sensitivity analyses SENS0 



Table K-4. Absolute difference in proportionate contribution of water from well or well field to selected 

sensitivity analyses SENS0, Dover Township area, New Jersey, 1978 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute difference in percentage of water contributed from well or well field

Holly Brookside
South 
Toms 
River

Indian 
Head

Parkway
Route 

70
Berkeley Windsor Anchorage

Silver 
Bay

January

A
B
C
D
E

7
3
0
5
1

0
0
0
0
0

7
0
0
3
0

0
1
0
1
1

0
1
0
4
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

February

A
B
C
D
E

3
0
0
8
0

0
0
0
0
0

4
0
0
1
0

0
3
1
2
5

0
3
1
4
4

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

March

A
B
C
D
E

6
0
0
6
0

0
0
0
0
0

8
0
0
1
0

1
1
4
1
0

1
1
4
7
4

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
0

April

A
B
C
D
E

0
1
0
1
1

0
0
0
1
2

0
0
0
0
0

0
2
1
1
1

0
1
1
1
4

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
4

0
0
0
0
2

May

A
B
C
D
E

3
3
0
7
1

0
0
0
7
2

3
0
0
4
0

0
1
5
2
1

0
2
5
2
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
1

0
0
0
0
3

June

A
B
C
D
E

1
4
0
3
0

0
0
0
0
1

1
0
0
0
0

0
3
1
0
0

0
3
1
3
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
3

0
0
0
0
2

July

A
B
C
D
E

2
2
0
3
0

0
0
0
4
0

2
0
0
0
0

0
1
0
0
0

0
1
0
0
7

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0
0

0
0
0
0
7

August

A
B
C
D
E

8
4
0
5
0

0
0
0
7
0

8
0
0
3
0

0
2
3
0
0

0
2
3

15
3

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0
0
0
0

11

0
0
0
0
7

pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
K-8 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data



Tables of absolute difference in simulated proportionate contribution of water between K-9      
the manual adjustment process and sensitivity analyses SENS0 

Table K-4. Absolute difference in proportionate contribution of water from well or well field to selected 
pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
sensitivity analyses SENS0, Dover Township area, New Jersey, 1978—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Absolute difference in percentage of water contributed from well or well field
Pipeline 

Month South 
location Indian Route Silver 

Holly Brookside Toms Parkway Berkeley Windsor Anchorage
Head 70 Bay

River

2 0 2 0 0 — — — 0 0
0 0 0 1 1 — — — 0 0

September 0 0 0 6 6 — — — 0 0
6 3 2 0 5 — — — 0 0
0 4 0 0 3 — — — 7 2

A
B
C
D
E

1 0 1 0 0 — — — 0 0
1 0 0 311 1 — — — 0 0

October 0 0 0 0 11 — — — 0 0
9 7 1 1 1 — — — 0 0
3 2 0 0 — — — 0 0

A
B
C
D
E

2 0 2 0 0 — — — 0 0
2 0 0 1 0 — — — 0 0

November 0 0 0 1 1 — — — 0 0
1 5 1 1 2 — — — 0 0

1 0 4 5 — — — 0 0

A
B
C
D
E

12 0 13 0 1 — — — 0 0
2 0 0 0 2 — — — 0 0

December 0 0 0 0 0 — — — 0 0
4 0 2 0 3 — — — 0 0
0 0 1 0 1 — — — 0 0

A
B
C
D
E



K-10 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Table K-5. Absolute difference in proportionate contribution of water from well or well field to selected 
pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for
sensitivity analyses SENS0, Dover Township area, New Jersey, 1988 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Month
Pipeline 
location

Holl y
South 

Indian Route 
Brookside Toms Parkwa y Berkele y Windsor Anc hora ge

Head 70
River

Silver 
Bay

January

A
B
C
D
E

1
0
2
1
0

0
0
0
1
0

0
0
0
0
0

0
0
0
0
0

0
0
1
2
3

0
0
3
0
2

1
0
1
0
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

February

A
B
C
D
E

2
0
2
1
0

0
0
0
1
0

1
0
0
0
0

0
0
0
0
0

0
0
3
1
4

0
0
3
0
5

1
0
5
2
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

March

A
B
C
D
E

8
0
0
6
1

0
0
0
0
3

3
0
0
6
0

0
0
0
0
0

0
0
7
3
7

0
0
0
1
9

5
0
6
3
2

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

April

A
B
C
D
E

1
0
1
1
0

0
0
0
5
0

0
0
0
1
0

0
0
0
0
0

0
0
4
4
3

0
0
0
0
1

0
0
3
0
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

May

A
B
C
D
E

1
0
0
7
1

0
0
0
7
3

1
0
0
0
0

0
0
0
0
0

0
0
8
0
8

0
0
1
0
4

0
0
9
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

June

A
B
C
D
E

2
1
0
0
0

0
0
0
0
0

1
0
0
0
0

0
1
0
0
0

0
0
0
1
1

0
0
0
0
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

July

A
B
C
D
E

0
2
8
1
1

0
0
0
2
0

0
0
0
2
0

0
0
0
0
0

0
0

12
0
2

0
0
0
0
1

0
1
4
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

August

A
B
C
D
E

0
3
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
1
1
0

0
0
1
0
1

0
0
0
0
1

0
2
0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—



Tables of absolute difference in simulated proportionate contribution of water between K-11      
the manual adjustment process and sensitivity analyses SENS0 

September

A
B
C
D
E

2
1
0
0
0

0
0
0
1
0

0
0
0
0
0

0
0
3
0
0

0
0
4
0
0

0
0
0
0
0

1
1
0
1
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

October

A
B
C
D
E

4
0
0
2
0

0
0
0
0
0

7
0
0
0
0

0
6
1
1
1

0
5
1
3
1

0
0
0
0
0

2
12

0
0
0

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

Nov ember

A
B
C
D
E

0
0
0
0
0

0
0
0
6
0

2
0
0
0
0

0
0

12
1
3

0
0
2
3
7

0
0
1
0
4

1
0

10
2
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

December

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

1
0
0
0
0

1
0
3
2
0

8
0
4
2
9

0
0
6
0
9

11
0
0
0
1

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

Table K-5. Absolute difference in proportionate contribution of water from well or well field to selected 

sensitivity analyses SENS0, Dover Township area, New Jersey, 1988—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y Brookside
South 
Toms 
River

Indian 
Head

Parkwa y
Route 

70
Berkele y Windsor Anc hora ge

Silver 
Bay

pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for



K-12 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Table K-6. Absolute difference in proportionate contribution of water from well or well field to selected 

sensitivity analyses SENS0, Dover Township area, New Jersey, 1995 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y Brookside
South 
Toms 
River

Indian 
Head

Parkwa y
Route 

70
Berkele y Windsor Anc hora ge

Silver 
Bay

January

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

10
0
0
1
0

0
0
5
1
3

0
0

13
5
2

0
0
0
0
5

10
0
8
3
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

February

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

5
0
0
2
0

0
0
7
4
4

1
0

10
6
3

0
0
0
0
3

4
0
3
2
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

Mar ch

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

5
0
0
0
0

1
0
1
4
4

7
0
7
3
2

0
0
0
0
1

11
0
9
1
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

April

A
B
C
D
E

2
0
0
4
0

0
0
0
0
0

9
0
0
1
0

1
0

12
1
7

2
0

10
6
3

0
0
0
0
3

8
0
2
2
2

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

May

A
B
C
D
E

5
0
0
5
1

0
0
0
0
0

4
0
0
1
0

0
8
4
1
1

0
7

10
3
0

0
0
0
0
1

0
15

7
2
3

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

June

A
B
C
D
E

0
17

2
9
0

0
0
0
0
0

1
0
0
2
0

0
5
2
0
2

0
2

14
5
4

0
0
0
0
5

1
23
10

1
2

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

July

A
B
C
D
E

5
4
7
7
3

0
0
0
3
1

5
0
0
0
0

0
4
7
0
3

0
9
4
4
3

0
0
0
0
2

0
17

5
1
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

August

A
B
C
D
E

1
9
2

10
3

0
0
0
3
4

2
0
0
0
1

0
1
0
0
2

0
15

5
3
3

0
0
0
0
1

1
7
3
1
1

0
0
0
4
1

—
—
—
—
—

—
—
—
—
—

pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for



Tables of absolute difference in simulated proportionate contribution of water between K-13      
the manual adjustment process and sensitivity analyses SENS0 

September

A
B
C
D
E

5
17

6
4
2

0
0
0
1
0

5
0
0
3
0

0
1
0
0
3

0
5
7
1
8

0
0
0
0
0

1
21
13

0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

October

A
B
C
D
E

0
0
0
4
0

0
0
0
0
0

0
0
0
0
0

0
0
3
0
5

0
0
9
6
2

0
0
0
0
2

0
0
5
3
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

November

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

2
0
0
2

10

4
0

11
0
8

0
0
0
0
2

6
0

10
2
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

December

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

3
0
0
0
0

2
0
1
3
5

3
0

22
2
9

0
0
0
0
1

8
0

21
1
4

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

Table K-6. Absolute difference in proportionate contribution of water from well or well field to selected 

sensitivity analyses SENS0, Dover Township area, New Jersey, 1995—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y Brookside
South 
Toms 
River

Indian 
Head

Parkwa y
Route 

70
Berkele y Windsor Anc hora ge

Silver 
Bay

pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for



K-14 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data

Table K-7. Absolute difference in proportionate contribution of water from well or well field to selected 

sensitivity analyses SENS0, Dover Township area, New Jersey, 1996 
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y Brookside
South 
Toms 
River

Indian 
Head

Parkwa y
Route 

70
Berkele y Windsor Anc hora ge

Silver 
Bay

January

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

8
0
0
0
0

1
0

12
1
6

1
0

13
7
6

0
0
0
0
0

7
0
1
8
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

February

A
B
C
D
E

0
0
0
0
0

0
0
0
0
0

4
0
0
2
0

3
4
0
2
1

1
11

0
5
1

0
0
0
0
1

1
8
0
1
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

Mar ch

A
B
C
D
E

2
0
0
5
0

0
0
0
0
0

9
0
0
1
0

3
3
5
1
4

2
8
5
7
3

0
0
0
0
0

4
4
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

April

A
B
C
D
E

1
2
4
3
1

0
0
0
0
0

2
0
0
1
0

0
0
1
0
0

0
0
3
4
1

0
0
0
0
0

1
3
0
0
0

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

May

A
B
C
D
E

4
4

17
6
1

0
0
0
2
0

3
0
0
1
0

0
0
0
0
0

0
0

17
3
2

0
0
0
0
0

0
4
0
0
0

0
0
0
0
1

—
—
—
—
—

—
—
—
—
—

June

A
B
C
D
E

7
2
6
4
2

0
0
0
1
1

3
0
0
3
0

0
0
0
0
0

0
1
9
1
2

0
0
0
0
0

4
3
3
2
1

0
0
0
2
1

—
—
—
—
—

—
—
—
—
—

July

A
B
C
D
E

4
3
7
1
1

0
0
0
0
0

4
0
0
2
0

0
0
0
0
1

0
0

12
2
3

0
0
0
0
5

0
3
5
0
0

0
0
0
0
1

—
—
—
—
—

—
—
—
—
—

August

A
B
C
D
E

0
1
7
0
1

0
0
0
0
0

0
0
0
1
0

0
0
0
0
0

0
0

13
1
3

0
0
0
0
5

0
1
4
0
2

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for



Tables of absolute difference in simulated proportionate contribution of water between K-15      
the manual adjustment process and sensitivity analyses SENS0 

September

A
B
C
D
E

2
0
1
5
0

0
0
0
0
0

3
0
0
1
0

0
0
0
0
0

0
3
6
7
2

0
0
0
0
0

0
3
5
0
1

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

October

A
B
C
D
E

1
0
0
1
0

0
0
0
0
0

2
0
0
1
0

0
0
0
0
0

0
0
5
4
4

0
0
0
0
3

3
0
5
3
2

0
0
0
0
0

—
—
—
—
—

—
—
—
—
—

November

A
B
C
D
E

6
0
0
6
1

0
0
0
0
0

3
0
0
2
1

0
0
0
0
0

0
0
2
0
8

0
0
0
0
6

3
0
2
1
2

0
0
0

10
1

—
—
—
—
—

—
—
—
—
—

December

A
B
C
D
E

0
3

13
1
1

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
2

0
3

13
0
3

0
0
0
1
0

—
—
—
—
—

—
—
—
—
—

Table K-7. Absolute difference in proportionate contribution of water from well or well field to selected 

sensitivity analyses SENS0, Dover Township area, New Jersey, 1996—Continued
[—, well or well field not part of distribution-system network for this year; see Table 18 for correspondence between pipeline 
location and model node]

Month
Pipeline 
location

Absolute diff erence in per centa ge of water contrib uted fr om well or well field

Holl y Brookside
South 
Toms 
River

Indian 
Head

Parkwa y
Route 

70
Berkele y Windsor Anc hora ge

Silver 
Bay

pipeline locations, between the manual adjustment process and Genetic Algorithm (GA) methods for



K-16 Dover Township area,  New Jersey,  Historical Reconstruction Analysis–Supplemental Data
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