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Executive Summary
The New Jersey Department of Environmental Protection (NJDEP) issued a Request for
Proposal (RFP) in 2004 to complete an Interconnection Study. The RFP included the following
statement:
"The study shall evaluate the existing primary water transmission infrastructure in New
Jersey. Both physical (interconnections and major transmission routes) and financial
(contracts and operational costs) will be evaluated to provide recommendations with
estimated costs to:
•
•
•

Optimize current water diversions and transfers to avert and mitigate drought
related water supply emergencies.
Mitigate the effects during water supply emergencies due to catastrophic loss.
Optimize current water diversions under 'normal operation'."

The goals of the Interconnection Study are threefold. First, the Study will develop
recommendations on how to optimize current water diversions and transfers between systems in
an effort to avert and mitigate drought related water supply emergencies. Second, the Study will
identify procedures to lessen the impacts on the State's water supply systems due to catastrophic
losses. Third, the Study will attempt to optimize the existing system interconnections during
"normal operations" to help increase overall water transmission efficiencies across the State.
Similar to the 1986 Water Resources Interconnection Feasibility Study, this
Interconnection Study is divided into six (6) tasks. The tasks were defined in the original RFP
dated May 2004. Each task and the manner in which they were addressed are described below.
Task 1 – Physical Infrastructure & Capacity Evaluation
In this task the status and capacity of the existing Primary Water Transmission and
Interconnection Infrastructure was determined. Primary Water Transmission Infrastructure has
been defined as:



Interconnections between water systems at least 12 inches in diameter and any
pump station/pumping equipment that is integral to the operation of the
interconnection.
The RFP required water mains that are at least 24 inches in diameter or water
main networks capable of transmitting a flow rate of 20 million gallons per day
(mgd) under normal operating pressures. In many cases 16-inch mains were
included. This is described in more detail in Chapter 2.

The goals of the Interconnection Study are to develop recommendations on how to
optimize current water diversions and transfers between systems in an effort to avert and mitigate

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

drought related water supply emergencies. The Study will identify procedures to lessen the
impacts on the State's water supply systems due to catastrophic losses, and to identify
deficiencies in existing interconnection infrastructure and recommend improvements and
additional infrastructure.
The Study will attempt to optimize the existing system
interconnections during "normal operations" to help increase overall water transmission
efficiencies across the State.
This task included the identification of deficiencies, including operational status,
hydraulic restrictions, and contractual limitations in the existing interconnection infrastructure.
In completing this task, a list of information was developed that was required to complete
this task as well as Tasks 2 - 6. The information was assembled from the Department archives
and individual systems.
Task 2 – Hydraulic Model
This task requires the development of a hydraulic model of the existing primary
interconnections and transmission routes in New Jersey. The model was developed from data
collected in Task 1 and was utilized in Tasks 1, 3, 4, and 5.
Task 3 – Optimizing Existing Water Diversions During Drought Conditions
This task involves the evaluation of existing water diversions and operational conditions
to identify what changes can be made to avert drought related water supply emergencies. As part
of this task, a decision support tool was developed that can be used by the NJDEP to assist in
making drought related decisions in the future. The process of developing the decision support
tool is described in Chapter 6.
Task 4 – Catastrophic Infrastructure Failure
This task is intended to address both security and reliability concerns from a statewide
perspective. The primary elements of this task involve the evaluation of community systems
under a variety of catastrophic "what-if" scenarios and the subsequent determination of
recommended improvements, in cases where the communities are deemed to be at risk as a result
of the catastrophic scenarios.
The purpose of the evaluation is to identify a classification for each system for each of
the what-if scenarios to assess a system's vulnerability to the respective catastrophic event.
Task 5 – Optimize Diversions During Normal Conditions
This task is intended to identify areas for possible improvement in water-supply planning
during normal conditions. During normal conditions, optimization is focused on management
and preparation for drought at the local level — within water systems.
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Task 6 – Financial Infrastructure
This task is intended to address the impact on purveyors' financial condition when the
State adopts regulations which change water diversions, water conservation measures, and
transmission of water to confront water supply emergencies. The primary focus of this task is
evaluating the existing financial infrastructure of the parties involved to determine if it will be
necessary to propose changes in order to avoid disproportionate financial hardship or profits.
Organization of the Chapters of this Report
During this project and the development of this report it was determined that it would be
better to organize them in the following fashion:
Chapter 2
Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9

Task 1 – Physical Infrastructure & Capacity Evaluation
Task 2 – Hydraulic Model
Task 4 – Catastrophic Infrastructure Failure
Water Supply Management Decision Support Tool
Task 3 – Optimizing Existing Water Diversions
Task 5 – Optimize Diversions During Normal Conditions
Evaluation of Recommendations
Task 6 – Financial Infrastructure

Water Supply Prioritization & Recommendations
New Jersey, because of its relatively small size and extended potable water systems, has a
unique opportunity to integrate most of their major water sources throughout the state. NJDEP's
support for interconnections between regions will allow the potable water systems to have
multiple redundancies at their disposal to address all types of catastrophes.
The recommendations of this report are as follows:
1.

It is recommended that the NJDEP institute the Advisory Curve and Water Supply
Management Decision Support Tool (WSMDST) as described in Chapter 6. This
will require the Drought Management Rules be amended to give the NJDEP
powers under a Drought Advisory similar to the powers under a Drought Warning
(Water Supply Allocation Rules 7:19-11.6) which include, among other
parameters, the ability for the NJDEP to mandate water transfers. These rules and
the potential pricing arrangements are discussed in Chapter 9.

2.

The greatest opportunity for demand transfer involves the New Jersey American
Water Company (NJAWC)-Elizabethtown – Newark-North Jersey District Water
Supply Commission (NJDWSC): These 3 systems are interconnected through the
[
NAME REACTED
]. NJDWSC has conducted preliminary
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investigations of an operational procedure change to provide a continuous supply
of 10 mgd from the Elizabethtown system to the NJDWSC system via the
Virginia Street Pumping Station. Their investigations indicate that if this had
been in place between 1990 and 2003, the number of days the Wanaque Reservoir
was below the drought warning curve would have been reduced from 221 days to
only 29 days. This study identifies this interconnection as a critical reducing the
length of droughts in the Northeast Region. This option merits support by the
NJDEP.
3.

It is recommended the NJDEP and United Water begin discussions to evaluate the
potential for additional water supply. Based on the analysis in this study United
Water was identified as a purveyor in deficit in six of the seven drought
simulations. In addition, the United Water interconnection with Jersey City and
NJDWSC were identified as the limiting interconnections during non-simulated
drought emergencies.

4.

It is recommended that [
NAME REDACTED
] and [ NAME
REDACTED] evaluate options that would allow them to be rated higher than
vulnerable in the catastrophic infrastructure analysis. Both systems are classified
as large systems serving more than 50,000 people, are somewhat isolated and
have limited existing options. There are some nearby options that could assist that
should be investigated.

5.

It is recommended that NJDEP update their statewide Drought Management Plan
to redefine roles of various state and local agencies during a drought emergency,
to establish minimum requirements of local plans, and to provide guidance to
local agencies for drought response. An updated statewide drought management
plan will insure that agencies throughout the state implement consistent responses
to the Drought Indicator System, thus encouraging an equitable distribution of
hardship during drought emergencies. This plan should include, among other
things, statewide conservation goals and minimum water use restrictions for each
sector during each drought stage.

6.

Reclaimed Water for Beneficial Reuse (RWBR) is a proven water supply
management tool that has been used extensively in other areas of the country and
shows great potential as a water supply management tool for New Jersey. As
NJDEP continues to develop and promote its RWBR program, they should
develop a strategic plan and long-term goals for the program. This plan should
identify goal volumes of reuse to be achieved in the state as a whole and in
individual regions, according to regional water needs. To better position
themselves to meet their long term goals, New Jersey might consider establishing
a program to provide financial incentives for agencies to evaluate the benefits and
possibilities of reuse.
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7.

The distribution networks of the NJAWC's Elizabethtown and Short Hills systems
currently are interconnected, and part of the Short Hills system demand is met
with water from the Elizabethtown system. Modeling shows benefits of
strengthening the connections between these 2 regions. The Short Hills system
has an average demand of just under 40 mgd, about 30 of which is met with
supplies in the Northeast Region. If this demand could be met with supplies from
the Central Region, about 30 mgd of supply might be made available to meet
demands in the Northeast Region on a regular basis. More detailed investigations
are needed to determine the economic and political feasibility of this option.

8.

Additional studies are also recommended to evaluate the feasibility, costs, and
benefits of source optimization and demand transfer between surface water and
groundwater within the Middlesex Water, NJAWC-Western and Sayreville
systems.

9.

Aquifer Storage and Recovery (ASR) appears to have great potential as a water
supply management tool in New Jersey. It is recommended that NJDEP continue
to promote ASR through programs that encourage utilities to incorporate ASR
into their water supply planning. The current permitting process and monitoring
requirements are extensive, intimidating and can take years to navigate, the
discharge permit being the most difficult hurdle. Therefore, it is recommended
that NJDEP review the process and consider streamlining these processes as much
as possible, and assist in coordinating permitting activities among the various
DEP Bureaus. It is further recommended that NJDEP encourage more utilities to
pilot and hopefully adopt ASR for multi-year water storage or "banking". This
technology provides drought management through the transfer of demand from
year to year, storing during wet years and recovering during dry years.

10.

NJDEP is interested in establishing standard recommendations even regulations
for evaluating water losses and in determining the demand reduction that could be
realized if systems are optimized. To this end, it is recommended that NJDEP
require all utilities to conduct annual water audits using the IWA/AWWA Water
Audit Method and to implement a leakage control plans. Once a uniform system
for auditing and reporting water losses water is implemented statewide, it is
recommended that NJDEP commission a detailed study and cost benefit analysis.
This study would evaluate the potential for demand reduction that could be
realized through enhanced water loss control and determine if the benefits of the
reductions balance the cost of implementing control programs. The NJDEP could
then use the results of this study to establish or modify their goal ILI based on
achieving some desired level of demand reduction.

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

Financial Recommendations and Guidelines
In our initial discussions with the NJDEP it was considered that water transfers during a
drought situation should be priced at the bulk purchase rate (bulk rate) in existing contracts or
below so that supplying water systems would not profit from the drought situation. However, an
alternative view was expressed during discussions with water purveyors. The consensus was that
if the transfer of water during a drought was priced at bulk rate or below, there would be no
incentive for water systems that habitually fall into a drought situation earlier than others due to
inadequate water supply to set up long term contracts with the neighboring suppliers or to invest
in alternative sources of water. It was a concern that these systems would always get “bailed
out” at the expense of the supplying systems and their customers that funded the infrastructure in
order to have an adequate water supply. On the other hand, if the supplying water systems are
guaranteed a high rate for their water in a drought situation, these supplying systems may not
have motivation to sign a long-term contract at a lower rate than their General Metered Service
(GMS) rate. The following recommendations address these issues.

1.

In preparation for emergencies, we recommend that the NJDEP, during the
permitting process, enforce the requirement that water purveyors with physical
interconnections with other water purveyors have an Emergency Water Transfer
Pricing Schedule in place at all times, including a bulk rate for those systems that
expect diversions over .1 mgd. These prices can be in accordance with the criteria
outlined in the Water Supply Allocation Rules and would be used in case of a water
transfer to a water system not currently engaged in a long term contract with the
supplying water system.

2.

In addition, the Emergency Water Transfer Pricing rules could be amended to
include the stipulation that if a water purveyor is in a drought situation and is
buying from a supplier who is not under water use restrictions, that the purchasing
water supplier pay its own GMS rate and the difference between the bulk rate
charged by the supplying system and its own GMS rate would then be used as a
funding source for the State to supplement the 1981 bond fund and used for State
sponsored projects. This structure could potentially create a funding source for
needed projects but must be carefully considered as to not create a hardship
situation for the purchasing water purveyor. However creative solutions between
water purveyors should be encouraged, such as the use of standby fees and/or longterm contracts that would supersede the Emergency Water Transfer Pricing rules.

3.

It is proposed that the water systems with interconnections develop a standby
agreement which pays the supplying water purveyor a fee to have an assured source
of water at a bulk rate price in an emergency (including drought) rather than being
subject to the Emergency Transfer Pricing rules. This fee should be priced to
compensate the rate payers of the supplying system for the investment in
infrastructure. The consumption charge for the actual use could then be set to the
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incremental cost of supplying the water or a bulk rate since the fixed costs have
already been paid through the standby fee. Potentially, these standby fees could
evolve to a steady purchase of water by the water systems in need, which could help
mitigate water shortages under drought conditions.
4.

If a water purveyor does not develop a contract as recommended above for an
emergency, it is recommended that NJDEP impose an alternative based on the
Emergency Water Transfer Price criteria. In this case, the water purveyor in need
of water during a period of water restriction and without long term contracts with
water suppliers would risk the price of water equal to the supplying water
purveyors' GMS rate or its own GMS rate depending on the regulations. This risk
may encourage the development of an alternative pricing strategy, the development
of an alternate water source, or even prevent the water purveyor in need from
buying the water, choosing instead to impose further restrictions on water use for its
customers. In the long run, this approach may force an open dialogue with the rate
payers. The water purveyor could describe the options and costs related to a long
term contract, development of a new water supply and expanded water restrictions.
In some cases the rate payers will accept rate increases to reduce the need for
restrictions. In others the rate payers will prefer the restrictions to higher rates.
This strategy could also create the impetus for the supplying water purveyor to be
open to negotiation of terms. If the supplying water purveyor is aware that the water
system in need is going through an evaluation of the alternatives they may be more
inclined to consider negotiation in the terms when confronted with the risk of losing
the opportunity altogether.

5.

In addition, the Drought Management Rules should be amended to compensate
intermediary water systems that “wheel” the water from one system to another. As
stated earlier in this report, the fee should be based upon the allocated cost of
pumping and transmission for the wheeling water system. However, absent a long
term contract, the NJDEP should recommend a wheeling fee that equals the
difference between the wheeling system's GMS rate and its Sales for Resale rate. In
some instances the NJBPU may have to be included in these discussions.

6.

Most importantly, we recommend that the Drought Management Rules be amended
to give the NJ DEP powers under a Drought Advisory similar to the powers under a
Drought Warning (Water Supply Allocation Rules 7:19-11.6) which include, among
other parameters, the ability for the NJ DEP to mandate water transfers. The
pricing mechanism is not discussed in the Water Allocation Rules for a Drought
Warning, however we recommend using the Emergency Water Transfer Pricing
rules and criteria if another contract is not in place. In addition, the Drought
Management Rules should be amended to stipulate that if an agreement is not
already in place the water purveyor in need of the water transfer (as indicated by the
model referenced in this report) should pay any costs related to the rehabilitation
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7.

and activation of interconnections between water systems and completion of the
interconnection flow tests.
Finally, it is also recommended that the NJDEP work with the water suppliers,
public and private, who have take or pay contracts with other water purveyors to
add flexibility to the use of the water supply. The purchasing water purveyor
should be reimbursed for some or all of its contractual allocation of water if it is
used by another water purveyor whose source of water is more limited. This
reimbursement must be at least equal to the price paid for water via an alternate
source used. This would allow for a more efficient distribution of water in a
potential drought situation. NJDWSC is one of the largest water suppliers in the
State and maintains take or pay contracts with various water purveyors. The
Commission has indicated that the water purveyors on its system, through a series
of contracts, have a mechanism to be reimbursed for their water allocation if it is
used by another water purveyor in times of water shortages.
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1.0

DEVELOPMENT OF INTERCONNECTION STUDY

The New Jersey Department of Environmental Protection (NJDEP) issued a Request for
Proposal (RFP) in 2004 to complete an Interconnection Study. The RFP included the following
statement:
"The study shall evaluate the existing primary water transmission infrastructure in New
Jersey. Both physical (interconnections and major transmission routes) and financial
(contracts and operational costs) will be evaluated to provide recommendations with
estimated costs to:
•
•
•
1.1

Optimize current water diversions and transfers to avert and mitigate drought
related water supply emergencies.
Mitigate the effects during water supply emergencies due to catastrophic loss.
Optimize current water diversions under 'normal operation'."

The Interconnection Study

The Interconnection Study is intended to be an update of previous interconnection
studies, as well as providing a framework and recommendations to avert drought emergencies,
mitigation of catastrophic events, and financial infrastructure. The following subsections
provide greater detail regarding the goals and the scope of the Study, as well as a narrative
outlining the organization of the Study and the methodologies employed to complete the Study.
1.1.1

Interconnection Study Goals

The goals of the Interconnection Study are threefold. First, the Study will develop
recommendations on how to optimize current water diversions and transfers between systems in
an effort to avert and mitigate drought related water supply emergencies. Second, the Study will
identify procedures to lessen the impacts on the State's water supply systems due to catastrophic
losses. Third, the Study will attempt to optimize the existing system interconnections during
"normal operations" to help increase overall water transmission efficiencies across the State.
1.1.2

Scope of the Interconnection Study

The Interconnection Study focuses on water transmission and distribution systems that
serve 10,000 people or more. Also included in the Study are reviews of existing
12-inch-diameter and larger interconnections, as well as existing water transmission mains that
are 16-inch-diameter or larger. Another defining limitation of the Study is the inclusion of all
transmission systems and mains that are capable of delivering 20 million gallons per day (mgd)
or more.
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The NJDEP specifically excluded some items form this study. They included:
•
•

Evaluation of new sources of supply
Evaluation of safe yield or passing flow determinations specified in Water
Allocation Permits

In addition, the evaluation of "reduction in consumption" was limited to percentages
necessary to facilitate the transfers, since it is the intent of the study to avoid getting into drought
emergencies. The study was intended to be an infrastructure study and not a demand study.
1.1.3

Interconnection Study Organization and Task Descriptions

Similar to the 1986 Water Resources Interconnection Feasibility Study, this
Interconnection Study is divided into six (6) tasks. The tasks were defined in the original RFP
dated May 2004. Each task and the manner in which they were addressed are described below.
Task 1 – Physical Infrastructure & Capacity Evaluation
In this task the status and capacity of the existing Primary Water Transmission and
Interconnection Infrastructure was determined. Primary Water Transmission Infrastructure has
been defined as:



Interconnections between water systems at least 12 inches in diameter and any
pump station/pumping equipment that is integral to the operation of the
interconnection.
The RFP required water mains that are at least 24 inches in diameter or water
main networks capable of transmitting a flow rate of 20 mgd under normal
operating pressures. In many cases 16-inch mains were included. This is
described in more detail in Chapter 2.

The goals of the Interconnection Study are to develop recommendations on how to
optimize current water diversions and transfers between systems in an effort to avert and mitigate
drought related water supply emergencies. The Study will identify procedures to lessen the
impacts on the State's water supply systems due to catastrophic losses, and to identify
deficiencies in existing interconnection infrastructure and recommend improvements and
additional infrastructure.
The Study will attempt to optimize the existing system
interconnections during "normal operations" to help increase overall water transmission
efficiencies across the State.
This task included the identification of deficiencies, including operational status,
hydraulic restrictions, and contractual limitations in the existing interconnection infrastructure.
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In completing this task, a list of information was developed required to complete this task
as well as Tasks 2 - 6. The information was assembled from the Department archives and
individual systems.
Task 2 – Hydraulic Model
This task requires the development of a hydraulic model of the existing primary
interconnections and transmission routes in New Jersey. The model was developed from data
collected in Task 1 and was utilized in Tasks 1, 3, 4, and 5.
Task 3 – Optimizing Existing Water Diversions During Drought Conditions
This task involves the evaluation of existing water diversions and operational conditions
to identify what changes can be made to avert drought related water supply emergencies. As part
of this task, a decision support tool was developed that can be used by the NJDEP to assist in
making drought related decisions in the future. The process of developing the decision support
tool is described in Chapter 6.
Task 4 – Catastrophic Infrastructure Failure
This task is intended to address both security and reliability concerns from a statewide
perspective. The primary elements of this task involve the evaluation of community systems
under a variety of catastrophic "what-if" scenarios and the subsequent determination of
recommended improvements, in cases where the communities are deemed to be at risk as a result
of the catastrophic scenarios.
The purpose of the evaluation is to identify a classification for each system for each of
the what-if scenarios to assess a system's vulnerability to the respective catastrophic event.
Task 5 – Optimize Diversions During Normal Conditions
This task is intended to identify areas for possible improvement in water-supply planning
during normal conditions. During normal conditions, optimization is focused on management
and preparation for drought at the local level — within water systems.
Task 6 – Financial Infrastructure
This task is intended to address the impact on purveyors' financial condition when the
State adopts regulations which change water diversions, water conservation measures, and
transmission of water to confront water supply emergencies. The primary focus of this task is
evaluating the existing financial infrastructure of the parties involved to determine if it will be
necessary to propose changes in order to avoid disproportionate financial hardship or profits.
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1.1.4

Organization of the Chapters of this Report

During this project and the development of this report it was determined that it would be
better to organize them in the following fashion:
Chapter 2
Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9
1.2

Task 1 – Physical Infrastructure & Capacity Evaluation
Task 2 – Hydraulic Model
Task 4 – Catastrophic Infrastructure Failure
Water Supply Management Decision Support Tool
Task 3 – Optimizing Existing Water Diversions
Task 5 – Optimize Diversions During Normal Conditions
Evaluation of Recommendations
Task 6 – Financial Infrastructure

History of Water Supply Planning in New Jersey
The general goals of a water supply plan are:
1.
2.
3.

To provide a comprehensive assessment of water availability, water supply needs,
and water usage for a given area;
Predict water demands over a pre-determined planning horizon (typically 30 to
50 years); and
To provide guidance for future development of water sources in the planning area
in order to satisfy the projected water demands.

Water supply plans can be developed for a single water provider, or they can be prepared
on a regional basis. Regional water supply plans also address the ability to transfer water from
one service area to another, commonly referred to as "interconnections". These interconnections
are beneficial by minimizing the impacts of droughts or water supply shortages found within the
region.
1.2.1

Historical Droughts

The occurrences of significant droughts or water shortages often result in the
development of new water supply plans, or revisions to existing documents. Over the years,
there have been multiple droughts that have had a significant impact on water availability in New
Jersey.
1980 Drought
One such drought occurred from 1980 until 1982. Drought conditions began in the
summer of 1980, with rainfall amounts in August 1980 at 20% of the normal precipitation levels.
The northeast portion of New Jersey was hardest hit by the drought due to poor distribution
system conditions and a lack of sufficient interconnections with neighboring systems.
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As a result of the water crisis, the Governor of New Jersey issued three executive orders,
which placed water restrictions on potable water usage. These executive orders were only
partially effective. As available water supply continued to diminish, under Executive Order
No. 98, the Governor ordered mandatory water rationing, including indoor water use restrictions
for specific municipalities in the northeastern portion of the State. The amount of available
water continued to decrease over the fall of 1980. By the end of January 1981, the major
reservoirs utilized by northeastern New Jersey were below 25% capacity.
In February 1981, the State Legislature approved emergency funding for the construction
of new interconnections and overland pipelines to supplement the water supplies in the areas
hardest hit by the drought. Three projects included interbasin transfers from:
•
•
•

New York City Reservoirs across the George Washington Bridge to reduce drafts
from the Oradell Reservoir (Hackensack/United Water Company);
Lake Hopatcong in the Delaware River Basin by way of a pump station to the
Rockaway River to reduce drafts from the Boonton Reservoir (Jersey City);
Elizabethtown Water Company in the Raritan basin via the Virginia Street Pump
Station to indirectly reduce drafts from the Wanaque and Pequannock Reservoirs
(Newark).

Because New York State statutes prohibited routine transport of water across State lines,
an interstate agreement first had to be reached and was predicated on New Jersey's Emergency
Declaration, water use restrictions and an equal reduction in New Jersey's withdrawal from the
Delaware Basin via the D&R Canal. The interconnection with New York City was approved and
constructed but not utilized. The cost sharing and repayment formulas for interconnections were
based on the proportionate share of total demand. The GWB interconnection has since been
dismantled. The Lake Hopatcong interbasin transfer (Delaware to Passaic) pipeline remains in
place. Its condition is not known, and the pump station has since been dismantled. The Virginia
Street pump station remains in place with limited use since its construction.
The drought conditions started to ease in the spring of 1981, with heavy rainfall in May
1981 resulting in the combined reservoir levels increasing above 90% capacity. Reservoir levels
fluctuated over the next 12 months, and on April 27, 1982, the State of New Jersey ended the
water emergency via Executive Order No. 5.
1985 Drought
Another significant drought event occurred between April 1985 and March 1986. Due to
experiences gained during earlier droughts, as well as the Emergency Water Supply Allocation
Plan Regulations adopted in conjunction with the State's Water Supply Management Act (1981),
New Jersey was better prepared to handle a water shortage event. The regulations established a
statewide response system that included water supply and demand management elements that
could be enacted in a statewide fashion, or limited to only areas affected by a drought.
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Supply management was based on the transfer through interconnections of raw or
finished water between purveyors after a "Warning" declaration. Emergency pricing regulations
permitted the Department to establish water rates between sending and receiving systems in the
event contracts were not sufficient. Demand management was based on Declaration of an
Emergency and a sequential four-phase system that was to forestall the most severe economic
and public health consequences by first restricting outdoor nonessential uses and thereafter
restricting each class of water users comparably.
The system interconnections built during and after the 1980-1982 drought were also
beneficial during the 1985-1986 drought. It has been documented that demand management
strategies employed during the 1980-1982 drought resulted in a 25% reduction in peak water use
in northeastern New Jersey.
1.2.2

Water Supply Regulations and Master Plans

As a result of historical droughts and inconsistencies associated with overall water supply
and demand management, New Jersey enacted the Water Supply Management Act (NJSA 58:1
A-1 et seq.). This act provided a comprehensive water supply management program that better
defined the role of the State relative to water supply management.
New Jersey also authorized the development of a comprehensive statewide Water Supply
Master Plan, which was first adopted by the State in 1982. The plan was generated to serve as a
planning tool to help guide the State in making proper water supply management decisions.
The Master Plan provided a list of recommended construction projects to bolster the
water supply and distribution systems in the State, as well as guidance for the planning and
implementation of future projects. The Master Plan was intended to be a working tool, requiring
periodic reviews and revisions to address changes in the water supply systems in the State.
Construction projects that were recommended for immediate implementation by the Master Plan
were funded by the Water Supply Bond Act of 1981, which issued $350 million in bond monies.
An update to the Master Plan was completed in 1996. It recommended a number of
initiatives, capital projects, and regional studies. Another update is in progress, and the draft
report is expected to be issued in 2007.
1.2.3

Interconnection Analyses

Throughout the water supply planning history of New Jersey, interconnection analyses
have been performed, including those accomplished as a direct result of major drought events.
In the 1982 Water Supply Master Plan, there was an interconnection study, but it was limited to
the evaluation of twenty-five (25) water purveyors who provided approximately two-thirds of the
State's water demand at that time.
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The interconnection study reviewed the transfer capacities under normal, drought, and
disaster scenarios. The disaster scenarios assumed that there would be a total loss of the local
water supply. The study concluded that approximately half of the water supply systems could
not meet disaster demands based solely on the use of interconnections.
A stand-alone interconnection study, titled Water Resources Interconnection Feasibility
Study, was completed in 1986.
The 1986 study included one hundred and ninety
(190) municipal and investor-owned water systems that served more than 5,000 people each.
These systems represented approximately 95% of the total population in New Jersey at the time
of the study.
The review of the water systems was based on the Water Supply Management Acts
requirements associated with the satisfaction of certain levels (75% and 50%) of the average
daily demand of the systems by use of interconnections alone, local sources, or a combination of
both.
The study found that 75% of the water systems could supply 75% of the average daily
demand through either interconnections alone or through a combination of interconnections and
local sources. The study also determined that approximately 4% of the water systems could
supply 50% of the average daily demand through interconnections alone. The remaining 21% of
the water systems reviewed in the study did not meet the Water Supply Management Act
requirements. The noncompliant systems lacked sufficient interconnection capacity, had
inadequate standby power sources, or were remotely located and did not have any significant
interconnections to neighboring systems. The largest systems were assumed to be self reliant
because of their redundant treatment trains, even if interconnections could not provide 75% of
the average daily demand. Based on these findings, the study provided a list of recommended
projects to improve interconnection capacities. Most of the recommended projects involved
additional standby power.

1.3 Recent Incidents Affecting Water Supply
There have been a number of events that have had a significant impact on water supply
systems in New Jersey.
1.3.1

Large Infrastructure Failures

1975 Trenton Water Crisis
The City of Trenton suffered a significant water crisis that started on August 31, 1975.
While the immediate crisis event ended on September 10, 1975, system deficiencies associated
with the crisis were not completely addressed until March 8, 1976.
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The water crisis began on August 31, 1975, when events, including human error,
equipment failures, and design flaws resulted in the failure of service to the City of Trenton and
adjacent portions of Ewing, Hamilton, and Lawrence Townships. The system failure affected
approximately 200,000 residents.
To further complicate the crisis, there were no existing interconnections between the
affected systems and neighboring water systems. Canvas hose interconnections were
immediately put in place between the affected system and nearby water systems. Aboveground
steel pipelines that had been stockpiled for civilian defense services replaced the canvas hoses.
Regardless of these valiant efforts, the Trenton reservoir went dry, and distribution system
pressures decreased dramatically. Residents at higher elevations of the service area had no water
service at the height of the water crisis.
The crisis ended when pumping was restored on September 5, 1975. All customers were
back in service by September 8, 1975; however, due to the fear of contamination resulting from
the crisis, customers were asked to boil or chemically treat all potable water until September 10,
1975. Repairs to structural damage attributed to the water crisis were completed on March 8,
1976. During that time period, permanent interconnections were installed to help protect the
Trenton system from future system failures.
United Water Transmission Main -1996
On February 7, 1996, a chain of events caused a major service interruption which
affected a large portion of the service territory of United Water New Jersey. The service
disruption was the result of a separation of a 54-inch-diameter water main and a subsequent
valve failure. The incident resulted in a wide range of disruptions to a customer base of
175,000 water subscribers, representing over 750,000 water consumers in Bergen and Hudson
Counties. An estimated 100,000 water subscribers experienced low pressure, and in some cases
were without any water service for days. A boil-water advisory affected all United Water New
Jersey (UWNJ) water subscribers. Water service was restored by February 10, with limited
outages and low pressure cases persisting in higher elevation areas.
Raritan Millstone Plant Flooding -1999
Hurricane Floyd started as a tropical storm in the Atlantic and peaking as a Category 4
Hurricane. By the time Floyd hit the shore, it was significantly weaker than it was at sea;
however, Floyd produced torrential rains and high winds throughout the Mid-Atlantic. Rainfall
amounts peaked at 13.34 inches (339 mm) in Somerville, New Jersey. The Raritan River basin
experienced record flooding as a result of Floyd's heavy rains. Bound Brook, New Jersey was
especially hard hit by a record flooding event: 14.13 feet above flood stage, and sent 12 feet of
water on Main Street.
The flood waters inundated Elizabethtown Water Company's Raritan Millstone Plant.
The plant had a peak capacity of 210 mgd and supplied potable water to approximately one
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million people in Central New Jersey. During the plant outage, Elizabethtown was able to serve
a large portion of the customers using other sources, including well supplies, their Canal Road
Plant, and interconnections, but a significant section of the system lost pressure.
Interconnections with Newark were available because of the higher system pressure of the
Wanaque and Pequannock reservoirs and treatment plants that serve Newark. Customers were
asked to boil all potable water. The system returned to partial service within 4 days and full
service within 10 days.
Trenton 2006
The Trenton Water Plant had a history of trouble treating highly turbid water. The
Trenton Water system also has a large treated water storage facility in the distribution system.
Historically, during high turbidity events the Trenton Water Plant would be shut down, the
system would draw from storage until the river turbidity dropped, and the plant would be placed
back on line.
In 2006 the Delaware River experienced an extended period of highly turbid water during
which Trenton Water came close to draining system storage. Existing interconnections were
utilized to a limited extent. Since that time, the interconnection with NJAW's Elizabethtown
System was improved with plans for additional enhancements.
Other Large Magnitude Infrastructure Failures
In addition to the failures listed above there have been several other significant
infrastructure failures. The following is a partial listing.
•
•
•
•

Newark's Pequannock Aqueduct Failure (Spring 1982)
Jersey City Transmission Failure (July 1982)
Jersey City Aqueduct Contamination with #2 Fuel Oil (Summer 1981)
United Water Haworth Plant – High Turbidity (Hurricane Floyd, Sept 1999)

The above examples do not represent a complete list of significant infrastructure failures.
The list is offered to provide a sense of the size and regularity of the occurrences.
1.3.2

Security Concerns

With the events of September 11, 2001, it is evident that the security environment must
now be seen in a fundamentally different light. Every water system in the U.S. should be
prepared regarding security. While no water system can be absolutely free from threats, it can be
prepared.
Hardening of the assets, as recommended in the Best Management Practices (BMP)
developed and adopted by the New Jersey Water Security Sector (a subgroup of the NJ
Infrastructure Advisory Committee of the NJ Domestic Security Taskforce), is acknowledged.
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However, redundancy is an important component to being prepared. Redundancy allows the
system to maintain service or bounce right back into service after an unexpected event does
occur. Interconnections are an important component in developing redundancy for water
systems.
1.4 Water System Review
In addition to requesting infrastructure information and hydraulic models that are
documented in Chapters 2 and 3, the draft report was presented April 18, 2007, to, and reviewed
by, the "Big 25 Water Systems" group and to the Water Supply Advisory Council, April 20,
2007, and their submitted comments are recorded in the Appendix.
The "Big 25 Water Systems" group consists of representatives of the 25 largest water
systems, which includes municipally owned; state and local government commission owned; and
investor owned water systems.
The Water Supply Advisory Council (WSAC) was established under P.L. 1981, Chapter
262, to advise the Department and consists of representatives from the agricultural community,
industrial and commercial water users, residential water users, private watershed protection
associations, academic community, golf course superintendents of NJ, and two members each
from investor owned water companies and municipal or county water companies along with a
representative of the nursery/landscapers/irrigation contractors industry.
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2.0

TASK 1: PHYSICAL INFRASTRUCTURE AND CAPACITY EVALUATION

2.1

Background and Objective

Task 1 involved documenting and developing information related to the Primary Water
Transmission and Interconnection Infrastructure, which was subsequently used throughout the
Interconnection Study. The primary objectives of Task 1 were as follows:
1.
2.
3.
2.2

Identify and document the existing Primary Water Transmission and
Interconnection Infrastructure for systems included in the study.
Estimate the capacities of the identified primary interconnections.
Identify factors that limit the capacities of the primary interconnections.

Definition of Primary Water Transmission and Interconnection Infrastructure
According to the RFP, the NJDEP defines primary transmission infrastructure as follows:
•

•

Primary Interconnections between water systems are interconnections at least
12 inches in diameter, and any pump station/pumping equipment that is integral to
the operation of the interconnection.
Primary Transmission routes are water mains that are at least 24 inches in
diameter or are water main networks capable of transmitting a flow rate of
20 mgd under normal operating pressures.

For the purpose of this study, Primary Transmission and Interconnection Infrastructure
were further defined as follows:
•

•

Primary Interconnection Infrastructure
¾ An interconnection with a minimum reported size of 12 inches on the receiver
and supplier side between systems serving a population of at least
10,000 people is defined as a "primary interconnection."
¾ The primary interconnection infrastructure also includes any pump
station/pumping equipment or control valves that are associated with the
transfer of water at a primary interconnection.
Primary Transmission Infrastructure
¾ Water mains that are at least 24 inches in diameter or water main networks
estimated to be capable of transmitting a flow rate of 20 mgd under normal
operating pressures are considered "Primary Transmission Mains."
¾ The primary transmission infrastructure also includes any pump
station/pumping equipment, control valves, or storage facility that is integral
to the flow of water in the primary transmission mains.
¾ This definition was expanded to include 16 inch mains that were included in
hydraulic models that were provided by the systems for this study.

2-1

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

2.3

Drought Regions

Following a period of drought in the late 1990s, the
Department established a set of drought indicators to improve
understanding and management of water resources during
periods of water-supply drought. These indicators are
designed to compile a large amount of information into
simple summary indicators. The summary indicators are
based on precipitation, streamflow, reservoirs, and
groundwater levels. Data in this system are intended to be
supplied in real-time, and the database of these indicators is
continuing to grow. The Department divided the state into
six drought regions as depicted in Figure 2-1. The regions
correspond closely to natural watershed boundaries.

Figure 2-1 - Drought Regions

Figure 2-2 - Water Source importance to New
Jersey’s water supply by drought region

Figure 2-3 – Drought Indicators

It is important to recognize the State of New
Jersey water infrastructure is made up of a
complex network of water systems.
In addition, as depicted in Figure 2-2,
the
regions
depend
upon
different
combinations of surface water and
groundwater. As a result, droughts do not
affect all of the state equally. Each drought is
different.
The Department has developed
drought indicators for all six drought regions.
They provide an overview of the general water
supply sources in a region. Figure 2-3 is an
example from the Northeast Drought Region
on March 27, 2002, and shows that the region
was in a drought emergency at the time.

In developing this study it was decided that it would beneficial to utilize the drought
regions. The system was established, had been accepted, and had historical data that could be
utilized. The following is a brief description of each region.
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2.3.1

Northeast Drought Region

The Northeast Drought Region has the largest population and the largest water demands.
The region is primarily supplied by surface water and includes the majority of state’s reservoirs.
Table 2-1
Northeast Region Reservoirs
Reservoir
Name
DeForest
Tappan
Woodcliff
Oradell
Monksville
Wanaque
Canistear
OakRidge
Clinton
Charlotteburg
EchoLake
Splitrock
Boonton

Total Capacity
(BG)
5.7
3.9
0.9
3.5
7.0
29.6
2.4
3.9
3.5
2.9
1.8
3.3
7.6

Water System
United
United
United
United
NJDWSC
NJDWSC
Newark
Newark
Newark
Newark
Newark
JerseyCity
JerseyCity

There are several regional water systems located in the Northeast Region. They include
North Jersey District Water Supply Commission (NJDWSC), United Water - Haworth, Newark,
PVWC, Jersey City, NJAW - Short Hills, Southeast Morris Co MUA, and Morris Co. MUA.
Table 2-2
Northeast Region Treatment Capacities
Water System
Treatment Capacities
Jersey City MUA
80 MGD
Morris County MUA
9.5 MGD
NJAW – Shorthills
20 MGD
NJDWSC
210 MGD
Newark
50 MGD
PVWC
100 MGD
Southeast Morris MUA
15 MGD
United Water
202 MGD

The systems have extensive interconnections within the region and are interconnected
with the Central Region by way of NJAW-Shorthills and Newark.
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2.3.2

Central Drought Region

In the Central Drought Region, the New Jersey Water Supply Authority
(NJWSA) - Raritan system is the single largest supplier of raw water. It has a safe yield of 225
MGD that was recently reset and approved for 241 MGD. This new safe yield includes 65 MGD
of safe yield from the Delaware and Raritan Canal. The region has the largest available safe yield
and has been identified as the most likely location in the state for future water supply projects
including the Confluence Pump Station and Kingston Quarry Reservoir. The NJAWCElizabethtown system, with a treatment capacity of 250 MGD, and Middlesex Water Company,
with a treatment capacity of 85 MGD, are the regional water purveyors in the Central Region.
Both systems receive most of their water from the NJWSA, already have significant
interconnection capacity with the Northeast and Coastal North Regions and are expected to play
significant roles in future water transfers to the Northeast and Coastal North drought regions.
2.3.3

North Coastal Drought Region

The NJWSA – Manasquan System, with a Safe Yield of 31 MGD, is the single largest
provider of raw water in the North Coastal Region. The NJAW-Monmouth System, with 81
MGD of treatment capacity, is by far the largest water supplier. This area has experienced
significant residential development during the last 20 years and has seen increasing water
demands. The NJWSA – Manasquan System is nearing full allotment of its safe yield and no
major potential water supply projects have been identified within the region. It is anticipated that
future increases in demands will be satisfied by transfers from the Central Region.
2.3.4

Southwest Drought Region

The Southwest Drought Region runs along the western edge of the state along the
Delaware River from Trenton to south of Camden. The region includes two regional water
suppliers. The City of Trenton has a treatment capacity of 65 MGD and the NJAW- Western
Division has a treatment capacity of 87 MGD (47 MGD Groundwater). Both draw surface water
from the Delaware River. The systems are interconnected locally but do not have a regional
interconnection between them. Trenton has existing interconnections with the Central Region by
way of NJAW – Elizabethtown. It is anticipated that Trenton and NJAW – Elizabethtown will
continue to improve their interconnection capacity and it may be worthwhile to consider a
connection between Trenton and the NJAW- Western Division to reinforce both systems and the
capability to transfer water between the regions.
2.3.5

Coastal South Drought Region

The Coastal South Drought Region is the largest and least densely populated region in the
state. Most of the existing development is located along the Atlantic Ocean. It has three primary
suppliers. The Atlantic City MUA and NJAW- Atlantic County systems both have treatment
capacities of 21 MGD. The City of Wildwood has a treatment capacity of 18 MGD. Atlantic City
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MUA and the NJAW – Atlantic County systems are interconnected but neither is connected to
the City of Wildwood system. The area has seen significant residential and commercial
development during the last 20 years. Because the region's developed areas are a considerable
distance from other developed areas in the state, it is anticipated that increasing demands will
have to be met with local solutions.
2.3.6

Northwest Drought Region

The largest water supplier in the Northwest Drought Region is Sparta Township with a
treatment capacity of 2.3 MGD. A large portion of the water demand in the area is satisfied by
private wells. There may be opportunities to interconnect some of the local public systems but
the region does not have a need for nor offer much opportunity to interregional solutions.

2.4

Data Acquisition and Compilation

This study required the evaluation of 140 water systems. Many include far-reaching and
complex pipe networks. Successful data acquisition and compilation would have a significant
impact on the value of this project’s recommendations.
In February 2005, the project team made a kickoff presentation to the Big 25 Water
Systems. The project approach and confidentiality procedures were presented. During the
presentation it became obvious that a number of systems had concerns about the NJDEP internal
confidentiality procedures. It was agreed that the NJDEP would develop a protocol for data
related to this project. The project team and NJDEP agreed that significant data collection could
not occur prior to the development of this protocol. In April 2005, NJDEP issued a letter to the
water systems that included a description of the security protocols that would be used for this
project.
At that time the NJDEP maintained a library of hardcopy water system maps. The
NJDEP had also documented, through previous reports, various other data pertaining to system
capacities, interconnections, average daily demands, planning studies and operational data. It
was the goal of the project team to use these two groups of resources to develop a significant
amount of the geospatial and attribute data necessary for this project.
Early on in the initial data collection effort it became obvious that a substantial portion of
the hard copy data was out of date and would require contacting the water systems directly. As
individual systems were contacted, many were very helpful but some significant water systems
were not providing the required information. Some were reluctant to provide the data, some had
limited data available and others were unresponsive.
At the time the project team could have pushed forward with the analysis with the limited
data that was available from the NJDEP. Recognizing that the success of this project was
dependant on water system acceptance, it was decided to continue to pursue the most accurate
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data. The project team requested and received additional assistance from the NJDEP in acquiring
the necessary data. Numerous meetings, site visits and phone interviews were arranged with the
systems in question. In the end, it took close to two years to complete the data collection
necessary to develop a worthwhile product.
Some systems provided electronic system maps, hydraulic models, pumping history,
reservoir operational data, system storage data, etc… Others did not. The accuracy of the
representation of each system in this report is directly related to the level of
interaction/cooperation the project team had with the system.
Even at the completion of this project there are data limits and inconsistencies that are
impacting the level of accuracy of the recommendations. In a few cases the missing data limited
the ability to complete analysis required in the original RFP. (These omissions are identified in
their respective sections.) As another example, inconsistencies have been noted between the
water systems comments, NJDEP staff comments and electronic data. In these cases, the NJDEP
staff was advised. In most cases the NJDEP comments were employed, but the NJDEP should
confirm agreement with the respective systems and correct their own internal electronic data.

2.5

Identification of Primary Water Transmission and Interconnection Infrastructure

Available data was reviewed to identify the locations and details (size, status, etc.) of all
primary water transmission and interconnection infrastructure. This data was subsequently used
to develop the hydraulic model as part of Task 2 and to complete various analyses of the
Interconnection Study. Based on available information, 225 primary interconnections were
identified.
Preliminary identification of primary transmission and interconnection infrastructure was
based on data obtained during the initial data collection effort. The primary source of the data
for the preliminary identification was the New Jersey Environmental Management System
(NJEMS), which included a database of available interconnection information. A Geographical
Information System (GIS) map was developed to document the locations and details of the
preliminary primary infrastructure locations and data. Locations of primary interconnections
were identified in the GIS based on coordinate and intersection data from the interconnection
database, when available. Service boundaries of all water systems serving greater than
10,000 people were also identified on the GIS map. This preliminary map was used to assist in
identifying systems that have primary transmission infrastructure and correspondingly to identify
systems to be included in the hydraulic model that was completed as part of Task 2. Based on
this review and discussions with NJDEP, 20 systems were identified as having primary
transmission infrastructure or were integral to the transfer of water throughout the regions of the
state and thus were included in the hydraulic model. These 20 systems comprise 16 of the
25 "Big 25" systems in the state. A detailed discussion regarding the development of the model
pipeline network and corresponding identification and documentation of the primary
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transmission infrastructure is provided in Chapter 3 of this Report.
(20) systems included in the model is provided in Table 2-3.

A list of the twenty

Table 2-3
Systems Included in Hydraulic Model
PWSID #
0102001
0119002
0238001
0327001
0408001
0712001
0714001
0901001
0906001
0907001
1111001
1204001
1225001
1328002
1345001
1424001
1605002
1613001
1614001
2004002

System Name
Atlantic City Municipal Utilities Authority
New Jersey American Water Company – Atlantic County
United Water New Jersey
New Jersey American Water Company – Western Division
Camden Water Department
New Jersey American Water Company – Short Hills
Newark Water Department
Bayonne Water Department
Jersey City MUA
Kearny Water Department
Trenton Water Department
East Brunswick Water Utility
Middlesex Water Company
Marlboro Township Municipal Utilities Authority
New Jersey American Water Company – Coastal North
Southeast Morris County Municipal Utilities Authority
Passaic Valley Water Commission
North Jersey District Water Supply Commission
Wayne Township Division of Water
New Jersey American Water Company – Elizabethtown

Based on a review of all available information, including information provided by
individual systems, it was determined that the interconnection database provided by NJDEP
contained errors and omissions. Corrections were made to and noted in the database, as needed,
to complete the Interconnection Study and as data was available. In particular, the locations of
many primary interconnections were inaccurate or were not included in the database. As part of
the model development process, the x,y coordinates (based on the NJ State Plane Coordinate
System) of 151 of the 225 primary interconnections were identified/verified and added to the
database. For the remaining 74 primary interconnections, the x,y coordinates were established,
when possible, based on location information (address, intersections, etc.) provided in the
interconnection database. Approximately 35 of the 74 primary interconnections that were not
verified are between systems that were not included. Detailed system mapping was not obtained
from systems that were not included in the model, and thus the locations of these
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35 interconnections could not be verified as part of this study. The locations of the remaining
39 primary interconnections were unable to be verified based on data available to complete the
Study. The updated interconnection database includes a column identifying the primary
interconnections for which the x,y coordinates were verified/updated. In addition to the
151 primary interconnections for which locations were verified, the x,y coordinates of
approximately 36 non-primary interconnections were verified/updated during the model
development process. (The scope of services for the Interconnection Study did not include
identification or analyses of non-primary interconnections. The 36 non-primary interconnections
identified were located in the routine process of the model development.) The updated
interconnection database was provided to NJDEP as part of this Study.
2.6

GIS Database

The primary water transmission and interconnection infrastructure identified as described
above was converted to a Geodatabase and provided to NJDEP as part of this Study. The
Geodatabase includes location information, along with updated relevant data for all identified
primary transmission and interconnection infrastructure. The Geodatabase also includes relevant
background layers and corresponding features that were used in the development of the model
and for use with other aspects of this study. The Geodatabase is projected in the NJ State Plane
Coordinate System, North American Datum 1983, as units in feet for consistency with other
NJEMS data. A list of the primary features included in the Geodatabase is provided below.
•

Water Systems
 Line Features
¾ Primary transmission mains;
¾ Mains associated with primary interconnections;
¾ Additional water mains necessary for completion of hydraulic model.
 Point Features
¾ Primary interconnections
¾ Pump stations associated with the transfer of water at a primary
interconnection, integral to the flow of water in primary transmission
mains, or necessary for completion of the hydraulic model.
¾ Control valves associated with the transfer of water at a primary
interconnection or integral to the flow of water in primary transmission
mains, or necessary for completion of the hydraulic model.
¾ Storage facilities integral to the flow of water in primary transmission
mains, or necessary for completion of the hydraulic model.
¾ Points of entry for sources of supply (treatment plants, wells, etc.) integral
to the flow of water in primary transmission mains or necessary for
completion of the hydraulic model.
 Polygon Features
¾ Water service area boundaries for systems serving greater than
10,000 people.
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•

Background Information
 Line features
¾ Road centerlines used as a background map during the creation of the
hydraulic model.
¾ County and municipal boundaries.
¾ Digital Elevation Model (DEM) data used to assign model node
elevations.

Attribute tables were created for each of the water system feature classes. The attribute
tables are populated with and consistent with information from the hydraulic model. The
attribute tables for the primary interconnections also contain additional information from the
interconnection database. The interconnections are labeled using a unique identifier consistent
with the interconnection ID used in the interconnection database. This will also allow the
features to be linked to the NJEMS tables as needed.
2.7

Interconnection Capacity Evaluation

Task 1 required the calculation of estimated capacities for all primary interconnections.
The method used to estimate the interconnection capacities was based on the method that was
used in the 1980 New Jersey Statewide Water Supply Plan and the 1986 Water Resources
Interconnection Feasibility Study. This method considers three (3) primary components of the
capacity to transfer water through an interconnection: Availability of Excess Supply,
Contractual Agreements, and Hydraulic Capacity. These components are defined later in this
chapter.
The interconnection capacity estimates were completed through use of spreadsheets. The
spreadsheets document existing information needed to complete the analyses and also document
the calculations used to complete the evaluation. The evaluation required documentation of
existing source of supply capacity and demands and projecting future demands. Sources of
information for each of the respective data needed to complete the evaluation are documented in
sections below. In all cases, the tabulated information used to complete the capacity estimates
constitutes best available information based on the data sources used for this study. The
information reflects review comments provided by NJDEP and water systems. However, due to
the quantity of data involved in completing this evaluation and difficulties in obtaining data, it is
acknowledged that there may be errors in the reported data. Thus, all capacity valves should be
considered approximate, order of magnitude estimates. A description of the tabulation of
existing information used to complete the evaluation, the methods used to complete the
evaluation, and the results of the evaluation are provided in subsequent sections.
Two-way flow interconnections were identified based on the interconnection database,
review comments, and additional available information. For two-way flow interconnections, the
interconnection hydraulic capacity and the excess treated water supply capacity were estimated
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for supply in both directions, according to the methods described below. Additionally, the
Interconnection Contractual Capacity was provided for supply in both directions, as applicable.
The hydraulic model developed as part of Task 2 provides a means to simultaneously
analyze the components that impact the capacity to transfer water through an interconnection
under a variety of system conditions. Thus, the model was used as a tool when estimating the
capacities of primary interconnections between 2 systems included in the hydraulic model.
2.7.1

Demands

Current Demands
Current Average Day Demand (ADD) and Maximum Day Demand (MDD) were
documented for each system serving greater than 10,000 people. The following sources of
information were used in tabulating the historical demands (listed in order of precedence of use):
1.
2.
3.
4.

NJDEP supplied values
System Supplied Data
NJDEP Staff and Technical Reports
NJDEP Surplus\Deficit Data

Available historical ADD and MDD were documented for the years 2000 through 2005.
This tabulation was initiated in 2005, and as such, information for most systems was only
available through 2004. Further, for many of the systems, information was typically not
available for all five (5) years between 2000 and 2004. In many cases, only 1 year of historical
data was available. Based on the availability of data, a "Current" ADD was estimated to be an
average of all reported ADD values (on a yearly basis) between 2000 and 2005. If only 1 year of
historical ADD was available, that value was assumed to be the "Current" ADD. Further, any
current ADD values directly provided by NJDEP were assumed to be the "Current" ADD.
When possible, historical MDD values were tabulated based on reported MDD values for
a given year. When historical MDD values were unavailable, the NJDEP Staff and Technical
Reviewer Reports and Surplus\Deficit Data were used to estimate a MDD. These sources of
information based the MDD on the average daily demand for the peak demand month in a given
year. Current MDD was assumed to be the maximum MDD between 2000 and 2005, determined
as described above, or a current MDD value provided by NJDEP, if greater than the maximum
value between 2000 and 2005. If an MDD was not available from any of the mentioned sources,
the MDD was estimated based on an assumed MDD to ADD ratio of 2.0.
Future Demands
Future demands were projected for the year 2020 for each system serving greater than
10,000 people. Demand projections were provided by New Jersey American Water Company
(NJAWC) – Western Division, Newark, and Marlboro. It was assumed that demand projections
obtained from systems provide the best available information and thus were utilized when
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available. For all other systems, demand projections were developed based on per capita demand
estimates and population projections.
A database of population served by municipality for each system was obtained; however,
the data did not properly reflect populations served for bulk service customers. Further, errors
were identified in populations served when considering other available information. As a result,
effort was made to update and verify the current population served values in this database. In
order to account for the populations served for a bulk service customer, estimates regarding the
percentage of normal daily supply received through the bulk service connection were made.
These estimates are presented in Table 2-4. (Please note, because of the length of the remaining
tables in Section2 they have been relocated to the end of this Section) The assumed normal daily
supply (based on a percentage of total daily supply) was estimated based on available
information from system demand and production data, system treatment capacities, system
inspection reports, allocation information, reviewed comments, and other available information.
The estimated percentage of total daily supply for bulk service customers was then used to
estimate the percentage of the total population served within the receiving system by the bulk
supplying system. The estimated percentage of total daily supply was assumed to be directly
correlated (equal) to the percentage of the total population served within the receiving system
that is supplied by the bulk supplying system.
Current and projected population estimates by municipality developed by the
Metropolitan Planning Organization, as provided by NJDEP, were obtained for use in projecting
future demands. It was assumed that the population projections represent the best available
information for the purpose of this study regarding future growth of the water systems and
corresponding demands. The percentage of the total municipal population served by
municipality for each water system was estimated based on the current population estimates and
updated population served estimates, which account for bulk service between systems as
described above. It was assumed that future growth of the water system would increase at the
rate of growth of the population for the municipalities it serves (directly and via bulk service).
The future population served for each system by municipality was estimated based on the
projected municipal populations and the percentage of total municipal population served. A
detailed breakdown of the current and projected populations served for each system by
municipality is provided in Table 2-5.
A current per capita demand was estimated for each system based on the current ADD
and the updated population served estimate. It is acknowledged that per capita residential
demands are decreasing in some areas of the state as a result of the 1992 Energy Policy Act and
general advances in water conservation of fixtures. However, sufficient historical data to
analyze such trends on an individual system basis was not available for this study. Thus, it was
assumed that the per capita demand for each system would remain constant in the future. The
future ADD was then estimated based on the projected population served estimate and the
estimated per capita demand. The future MDD was estimated based on the calculated current
MDD to ADD peaking factor. A summary of the current and projected future demands is
provided in Table 2-6.
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Drought and Emergency Condition Demands
Demands for each system were estimated for drought and emergency conditions by
applying assumed demand reduction factors to the system ADD values. Actual percentage
reductions in demand for a given drought or emergency condition will vary greatly depending on
the severity and duration of the given drought or emergency event and the customer base of the
given system. Daily demand records from recent drought periods such as 1999 or 2002 could be
used to estimate individual reduction factors for each system; however, daily demand records
were not available from each system in the study. Thus, for the purpose of this study, uniform
reduction factors that are assumed to be reasonable reduction goals were applied to all systems
for a theoretical drought or emergency condition.
The theoretical drought condition assumes that the given system has already reached a
Stage 4 – Drought Emergency. Section 6 of this report provides additional detail regarding
systems response to drought conditions, including demand reduction goals for other states in the
northeast United States. Based on the demand reductions goals recommended for the State of
New Jersey, as described in Section 6, a demand reduction factor of 0.85 (15%) was used to
estimate system demands during drought conditions. Estimated current and future drought
condition demands are shown in Table 2-6.
The theoretical emergency condition assumes that the system is experiencing a severe
water supply shortage of 35% or more and/or loss of a primary system facility. In the 1980 New
Jersey Statewide Waster Supply Master Plan, emergency demands were estimated using a
reduction factor between 0.33 (systems serving greater than 1,000,000 people) and 0.75 (systems
serving less than 2,500 people). Based on feedback from NJDEP, it is believed that a reduction
factor of 0.33 would be difficult to achieve for systems greater than 1,000,000 as the large, urban
systems are less likely to abide by discretionary use restrictions. Based on the reduction factors
utilized in the 1980 Plan, feedback from NJDEP, and a review of available literature regarding
drought and emergency system conditions and response, a reduction factor of 0.50 was assumed
for all systems. Estimated current and future emergency condition demands are shown in
Table 2-6.
2.7.2

Source of Supply

Available information was reviewed to determine the total treated water supply capacity
for each system for use in the interconnection capacity analyses, development of the hydraulic
model, and for use with other tasks of this study. The total treated water supply capacity is a
function of the available raw water supply and the capacity of the corresponding treatment plants
and can be limited by either factor. The water supply limit for each system was based on
Monthly Allocation Limits as reported in the on-line NJDEP Deficit/Surplus database, unless
other information was directly provided by NJDEP or individual systems. The Monthly
Allocation limits were converted to a daily average by dividing the monthly limit by 30.5 days
per month for use in this study. The water supply limit is considered to be the available raw
water supply for a system under normal conditions. The total safe yield is considered the
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available raw water supply for a given system under drought conditions. The total treatment
plant capacity for each system was tabulated per information from a database provided by
NJDEP, unless other information regarding the total system treated water supply capacity was
provided by NJDEP or individual systems. The database provided capacities for individual
treatment plants by system. The total treated water supply capacity for normal conditions is the
lesser of the water supply limit and the treatment plant capacity. The total treated water supply
capacity for drought conditions is considered to be the lesser of the total safe yield and the total
treatment plant capacity. A summary of the total treated water supply capacities for each system
is presented in Table 2-7. Table 2-7 also includes reported contract bulk purchase amounts for
each system.
Several comments and assumptions regarding the source of supply data are noted below:
•

•

•

2.7.3

Identified individual treatment plants for the following systems were listed as
having a capacity of 0 mgd: Garfield Water Department, Jackson Township
Municipal Utilities Authority (MUA), NJAWC - Lakewood, Park Ridge Water
Department, Ridgewood Water Department, Sparta Township Water Department,
and United Water - Rahway. It was conservatively assumed that the capacities of
these plants are 0 mgd or they do not exist.
The Water Supply Limits for North Brunswick, New Brunswick, and Middlesex
were adjusted to include the contract limit for purchase of raw water from New
Jersey Water Supply Authority - Raritan.
The Water Supply Limit for New Jersey Water Supply Authority - Manasquan
was not available. However, the limit is assumed to be greater than the Total
Treatment Plant Capacity of 4.0 mgd based on available information and is listed
as such in Table 2-7.

Interconnection Capacity Calculations

Excess Supply Capacity
The excess supply capacity is defined as the total available treated water supply capacity
of a supplying system that, after supplying its ADD, can be transferred to another system.
Excess supply capacity was first analyzed on a total system basis and then considered for
transfers between systems for each of the primary interconnections. In many case drought
supply capacities were not available and thus the drought excess supply capacity could not be
calculated. The analysis was also conducted for existing and future demands.
The treated water supply capacity for a system was tabulated as described in
Section 2.6.2, and was assumed to remain constant for current and future conditions for the
purpose of this analysis. The demands of the supplying and receiving systems were assumed to
be equal to the system ADD, which were tabulated as described in Section 2.6.3. The excess
supply capacity for a system under normal conditions is thus assumed to be the total treated
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water supply capacity, less the system ADD. The excess supply capacity for a system under
drought conditions is assumed to be the total safe yield, less the system ADD. A negative value
for the excess supply capacity for a system indicates that the system demand is greater than the
treated water supply capacity. All systems that have a negative excess supply capacity for
current and future conditions, excluding Hammonton Water Department (Hammonton) and
NJAWC – Lakewood, receive water through a bulk service interconnection on a normal basis to
compensate for the lack of available supply within the given system. Analyses indicate a
negative excess supply capacity for Hammonton and NJAWC – Lakewood for future conditions.
According to available information, NJAWC – Lakewood has a contract to purchase up to
approximately 4 mgd through bulk service connections, and thus it is assumed the system could
utilize such connections to meet any source of supply needs in the future. The negative future
excess supply capacity for Hammonton may indicate the need for additional supply for this
system or the need for bulk purchase of water in the future. A summary of the excess supply
capacities for each system serving greater than 10,000 people is provided in Table 2-8.
The excess supply capacities for each system were then used to estimate the excess
supply that can be transferred between the supplying system and receiving system for each of the
primary interconnections. For the purpose of calculating interconnection capacities, it was
assumed that all excess supply capacity will be supplied to a single interconnected system and
flow to interconnections with other systems from the supplying system will continue at normal
flow rates. Systems that are bulk service providers were considered as an "Additional Supplier"
for the corresponding receiving systems. Per NJDEP, it was assumed the excess supply capacity
from the bulk supplier can be available to a primary interconnection between the normal bulk
service receiving system and another system. In order to account for the normal supply to the
receiving system, which is already reflected in the demands of the supplying system, the
assumed normal supply to the receiving system was subtracted from the suppliers ADD when
calculating the excess supply capacity. Thus, the normal supplies are included in the
interconnection excess supply capacity. The assumed normal bulk service supplies used to
complete the excess supply capacity estimates are documented in Table 2-4.
For the described method of calculation, it was not possible to consider limitations on the
deliver of the excess supply capacity to a particular pressure zone or area of the receiving system
considering system operations and capacity of system infrastructure. Thus, for the systems that
were not included in the hydraulic model, the excess supply capacity was analyzed solely for
transfers on a system to system basis assuming that the excess supply capacity can be conveyed
to the primary interconnection. For primary interconnections between two systems in the model,
the model was used to analyze the ability of the receiving system to transfer the excess supply
capacity to the corresponding interconnection. The system to system excess supply capacity for
the primary interconnections is presented in Table 2-9.
Contractual Capacity
The transfer of water between systems is often governed by a contractual agreement
between the supplying and receiving system. The contractual agreements typically set forth
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maximum transfer flows and conditions. Contractual flow limits between systems were
tabulated when available based on information from the following sources listed in order of
precedence of use: system supplied data, NJDEP staff and technical reviewer reports, and
NJDEP inspection reports. In all cases, the contractual capacity is considered to correspond to
the system to system transfer capacity.
Contractual capacities related to individual
interconnections between systems that are interconnected at multiple locations typically do not
exist and were not available for this study. The identified contractual capacities between systems
with primary interconnections are shown in Table 2-10.
Hydraulic Capacity
The hydraulic capacity of an interconnection is dependent upon many factors. These
factors include the following:
•
Hydraulic capacity of the interconnection piping, valves, and pumping facilities;
•
Hydraulic capacity of the primary transmission systems on the source and
receiving sides of the interconnection;
•
Demand conditions;
•
Hydraulic gradient\pressure differential between interconnected systems;
•
Capacity of system facilities; and
•
Existing system flows and pressures.
A method was developed to calculate order of magnitude estimates of the hydraulic
capacity of all primary interconnections by developing assumptions related to the factors that can
influence the capacity. Additionally, the model was used to verify that the estimated hydraulic
capacities of primary interconnections between two systems included in the model were
reasonable.
The hydraulic capacity of a pumped interconnection was assumed to be equal to the
design capacity of the corresponding pump station. It is assumed that the interconnection
capacities available from the interconnection database for pumped interconnections are based on
pump capacities, and thus were assumed to be representative of the hydraulic capacity for a
pumped interconnection unless additional information regarding pump capacity was available
from information provided by a system or another data source.
Flow capacities for gravity interconnections were estimated using a standard
flow/headloss equation similar to the 1980 and 1986 studies. In addition to the estimate using
the flow/headloss equation, an estimate of the flow capacity through the interconnection at a
maximum velocity of 5 feet per second (fps) through the transmission mains connected to the
interconnection was calculated and compared with the capacity calculated from the
flow/headloss equation. This additional calculation attempts to account for headloss within the
supplying and receiving systems by recognizing that high velocities in pipelines on either side of
the interconnection may cause high headloss that exceeds the available differential pressure
between the supplying and receiving systems. The flow capacity of a gravity interconnection is
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assumed to be limited by the minimum pipe diameter on either side of the interconnection. A
summary of the estimated hydraulic capacities for the primary interconnections is provided in
Table 2-11. A list of the assumptions used to develop the hydraulic capacity calculations is
provided below:
•
•

•
•
•

•

•

•

•
•
2.8

The flow/headloss equation utilized was the Hazen Williams Equation.
A theoretical interconnection was assumed to consist of the following:
o 25 feet of main on the receiving and supplying side of the interconnection
o (2) 90-degree bends
o 2 valves
o 2 tee junctions
o 1 meter
The C Factor for all interconnection piping was assumed to be 100.
If the diameter on the receiving and/or supplying side of the interconnection was
unavailable, it was assumed to be 12 inches.
The supplier and receiver normal pressures were obtained from the
interconnection database unless other information was available. It was assumed
that this pressure corresponds to a reading at the entrance and exit of the 25-foot
sections of interconnection main.
The estimated receiver emergency pressure was estimated to be 20 pounds per
square inch (psi) less than the receiver's normal pressure, but not less than 40 psi.
This assumes that the receiving system can operate at a lower pressure during
emergency conditions.
A normal pressure differential of 20 psi was assumed when the supplying or
receiving pressure was not available; however, the minimum assumed pressure
was assumed to be 40 psi.
A gravity flow capacity was calculated for normal and emergency conditions if
the corresponding pressure differential was greater than 0. If the pressure
differential was 0 psi or negative (receiver pressure greater than the supplier
pressure), the gravity flow capacity was assumed to be 0 mgd.
The estimated interconnection hydraulic capacity is assumed to be equal to the
maximum of the estimated pumped and gravity flow capacity estimates.
The assumed gravity flow hydraulic capacity was set equal to values provided by
individual systems, as appropriate.

Infrastructure Limitations

The excess supply capacities, contractual capacities, and hydraulic capacities were
compared for transfer of water between systems at primary interconnections to identify the
limiting capacity and corresponding factor that limits the capacity. The comparisons were
completed on a system to system basis as information was generally not available regarding the
excess supply capacity and the contractual capacity at individual interconnections. Thus, the
sum of the total estimated hydraulic capacity was compared with the excess supply capacity and
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the contractual capacity. The tabulation of the interconnection capacities and corresponding
limitations is provided in Table 2-12. Limitations were noted if the total estimated hydraulic
capacity or contractual capacity was identified as the limiting factor. Additionally, limitations
were noted for systems that cannot receive water through a primary interconnection. A summary
of the identified limitations is provided below.
The identified infrastructure limitations can help identify the type of improvement that
may be needed to increase the capacity of a given interconnection. However, an identified
infrastructure limitation should not necessitate an improvement if the capacity of the given
interconnection is adequate or if a given interconnection is not needed. Thus, improvements to
address identified infrastructure limitations are not included as part of Chapter 2. The results of
the catastrophic analyses, water supply management decision support tool, and optimization of
existing water diversions, which are documented in Chapters 4, 5, and 6 of this report, were used
to determine the need to address the identified limitations. Correspondingly, if necessary,
improvements to address identified limitations are provided in subsequent chapters of this report.

Hydraulic Limitations
System-to-system transfers at primary interconnections that are limited by the estimated
hydraulic capacity are noted as such in Table 2-12. Table 2-13 provides a summary of these
primary interconnections that were identified as having a hydraulic limitation. Due to the
method used to calculate the hydraulic capacities and corresponding level of accuracy, minor
differences between available excess supply and hydraulic capacity are not considered of
significant concern. However, an excess supply capacity that greatly exceeds the estimated
hydraulic capacity may indicate that pipeline or system improvements could be implemented to
allow transfer of a greater flow rate through the primary interconnection.
Table 2-14 provides a list of primary interconnections in which the difference between
the diameter of the reported supplying and receiving transmission or interconnection mains are
greater than 3 standard pipe diameters. (Standard pipe diameters are assumed as follows:
12-inch, 16-inch, 20-inch, 24-inch, 30-inch, 36-inch, 42-inch, 48-inch, 54-inch, 60-inch, and
72-inch.) These interconnections are noted as having a potential hydraulic restriction. The
smaller diameter main at the interconnection or in the corresponding transmission main may be
severely limiting the hydraulic capacity of the interconnection. Implementing pipeline
improvements to increase the size of the smaller diameter main could significantly increase the
capacity of the interconnection. However, as noted above, such improvements should be
dictated by a specific need, and thus are not addressed as part of Chapter 2.
Contractual Limitations
System-to-system transfers at primary interconnections that are limited by the reported
contractual capacity are noted in Table 2-12. Table 2-15 provides a summary of these primary
interconnections that are impacted by a contractual limitation based on available data. In many
2-17

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

cases, a written or unwritten agreement is formed between systems, which can override
contractual limitations during specific situations of need. Thus, contractual limitations do not
necessarily limit the transfer of water between systems during specific situations, and thus do not
necessarily require immediate attention. However, resolution of contractual limitations could
provide a simple means to avoid potential issues regarding contractual limitations when
additional flow is needed. All systems that are listed in Table 2-15 should consider resolving
any contractual issues that may limit the amount of water that can be transferred through an
interconnection during a time of need. The urgency to address a specific contractual limitation
should be based on the need to transfer water at a rate greater than the contractual capacity, the
amount that the contractual capacity could be increased considering excess supply and hydraulic
capacity, and existing relationships between the corresponding systems.
No Primary Interconnections
Systems that serve greater than 10,000 people, but are not able to receive water through a
primary interconnection, are identified in Table 2-16. Of the 141 systems that serve greater than
10,000 people, 65 systems can receive water through one or more of the 226 identified primary
interconnections. Of the remaining 76 systems, 45 systems can receive water through one or
more non-primary interconnections as shown in Table 2-17. The remaining 31 systems cannot
receive water through an interconnection with another system per available data. As noted
above, the development of a primary interconnection for those systems that do not have a
primary interconnection should be dictated by a specific need, considering the availability of
non-primary interconnections, and thus are not addressed as part of Chapter 2.
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INTERCONNECTION EXCESS SUPPLY CAPACITY
TABLE 2.9
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INTERCONNECTION ESTIMATED HYDRAULIC CAPACITY
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INTERCONNECTION CAPACITY SUMMARY
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PRIMARY INTERCONNECTIONS WITH IDENTIFIED HYDRAULIC LIMITATIONS
TABLE 2.13
[REDACTED]

Table 2-13

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies
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PRIMARY INTERCONNECTIONS WITH IDENTIFIED CONTRACTURAL LIMITATIONS
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SYSTEMS WITH NO PRIMARY INTERCONNECTIONS
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[REDACTED]

Table 2-17

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

3.0

TASK 2: HYDRAULIC MODEL

3.1

Background and Objective

Task 2 involved the development of a hydraulic model of the existing primary
interconnection and transmission infrastructure in New Jersey. Primary interconnections and
transmission infrastructure are defined in Section 2.1 of this report. The general process of the
development of the model is described in Chapter 3. More detailed information regarding the
development of the model is provided in the Model User Manual, which was submitted to
NJDEP as part of this study. The User Manual includes data used to develop the model,
assumptions, descriptions of model scenarios and alternatives, and other general notes to assist
potential users in understanding the model. The model software includes significant on-line help
and hard-copy references. The intent of the "User Manual" is thus not to provide a complete
"how-to" or help reference on use of the model software, as this will be provided in the software
documentation.
3.2

Software Selection

Bentley's WaterGEMS software was used to develop the "statewide" hydraulic model.
WaterGEMS is a graphical hydraulic and water quality modeling software that provides a
seamless integration with GIS applications. WaterGEMS has the capability of running within an
ArcGIS environment. This integration allows overlay of the hydraulic model on the
Department's and other agencies' existing GIS data. The seamless integration of the model and
GIS allows for more efficient model development and enhanced model analyses as a result of the
additional geospatial data analyses tools that are available within the ArcGIS software. The
user-friendly Graphical User Interface (GUI) of WaterGEMS simplifies the learning process for
model use and promotes easy and efficient model updates and modifications.
Existing WaterCAD or WaterGEMS models were available and obtained from the
following systems: Atlantic City, Bayonne, Marlboro, Newark, New Jersey American Water
Company – Short Hills, Coastal North, Atlantic County, Elizabethtown, Western Division, and
Trenton. Additionally, shapefiles of existing model data that could be directly imported into
WaterGEMS were obtained from United Water and Passaic Valley Water Commission. Thus,
use of WaterGEMS for the current Interconnection Study simplified the model development
process by allowing direct use of currently available system models. Additionally, use of
common software among a large percentage of systems, particularly the larger systems, will help
facilitate future communication and cooperation between NJDEP and the involved water
systems.

3.3

Limits of Hydraulic Model

As described in Section 2.4, available data was reviewed to identify systems that have
primary transmission infrastructure or are integral to the transfer of water throughout the regions
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of the state, and thus were included in the hydraulic model. Based on this review, the hydraulic
model includes 20 systems, including 16 of the 25 "Big 25" systems in the state. The systems
included in the model are listed in Table 2.1.
The model includes all primary transmission routes and primary interconnections
between systems included in the model. The model also includes the sources of supply and
critical distribution facilities including tanks, distribution pumps, and regulating valves for the
identified 20 systems. Primary transmission routes were simulated as model pipelines based on
available information. Primary interconnections between systems in the model are represented
as a model node that connects pipes between two or more systems. Additionally, the model
includes primary interconnections between a system in the model and a system not in the model.
These interconnections were simulated as a model node. For normal bulk service connections, a
bulk demand was applied to the corresponding node to represent the transfer of water at that
primary interconnection. No demand was applied for emergency interconnections or other
connections that are normally closed. 151 of the 225 primary interconnections identified in
Task 1 were represented in the model. The remaining interconnections are between two systems
not included in the model or that could not be located based on available data. The model
pipeline network and all interconnections identified within the model are shown on Exhibit 3-1.
3.4

Model Development

As indicated in Section 3.2, existing models were obtained from half of the systems
included in the hydraulic model. These models were reviewed, converted to the current version
of WaterGEMS, as needed, and processed to ensure uniformity and individual model integrity
within the "statewide" model. In addition, these models were skeletonized as needed to represent
only the primary interconnections and transmission mains and other system infrastructure
necessary for the completion of the model.
Hydraulic models were developed with WaterGEMS for water systems without existing
models based on various forms of information including paper maps, AutoCAD files, and GIS
data bases. The locations of pipelines, facilities, and interconnections for these systems included
in the model were identified through use of a statewide road-base background map. These
models were developed in a skeletonized manner to include only the primary interconnections
and transmission mains.
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Figure 3-1
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As needed, locations of primary transmission routes and facilities and corresponding data
for facilities and sources of supply were assumed when data was unavailable in order to have a
working model. A description of these assumptions is provided in the Model User Manual.
All new models created for this study were projected in the NJ State Plane Coordinate
System, North American Datum 1983, as units in feet for consistency with other NJEMS data.
As needed, existing models were also projected to the NJ State Plane Coordinate System, North
American Datum 1983, as units in feet. The individual system models were subsequently joined
together to complete the "statewide" model, which was facilitated by developing the models in
the same projection. The joining process, however, required significant effort to resolve
interconnection locations. Elevations for model junctions from existing models were set to the
currently assigned elevations. Elevations for new model junctions were assigned using 30 meter
Digital Elevation Model data obtained from the United States Geologic Survey (USGS) National
Elevation Dataset (NED).
Facilities within systems with existing models were assumed to be accurately simulated
in the existing model and thus were generally not adjusted. Facilities for systems that required
the development of new models were simulated based on available information. As needed,
assumptions were made to represent the facility in the model. The User Manual includes
documentation regarding the assumptions that were required and includes specific information
regarding the method of simulation for critical facilities and interconnections included in the
model.
Current average day demands were assigned to each system in the model based on the
values indicated in Table 2-4. It is assumed that the demand distribution for existing models
provides a relatively high accuracy. Thus, the demand distribution was utilized "as is", and
demands were scaled as needed to reflect the current ADD. Demands for new models were
distributed evenly across a particular system. For all systems, identified bulk demands to a
system not included in the model were represented in the model according to the assumed
normal bulk supplies identified in Table 2-2. Additionally, a future year ADD model scenario
was created based on the demand projections identified in Table 2-4. Model demand scenarios
were also developed for current year drought and emergency system conditions according to the
reduction factors described in Section 2.5.1.
A typical diurnal demand pattern was assigned to all model node demands for the
purpose of developing a travel time/water age scenario, at the request of NJDEP. It should be
noted, however, that the accuracy of travel time calculations is dependent upon numerous
factors, such as the degree of model "skeletonizing", the existence of an accurate extended period
simulation model, including accurate system demand distributions and diurnal demand patterns,
the accuracy of pipeline headloss coefficients, and the accuracy of system facility representations
in the model. Based on the overall objective of the study and corresponding required primary
objective and degree of accuracy of the model, it is very likely that the accuracy of travel time
calculations performed by the model will have a relatively high degree of uncertainty. In
particular, the significant skeletonizing of the models will result in inaccuracies in travel time
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calculations, potentially greater than +/- 24 hrs. Due to these inaccuracies, the results of the
travel time scenario should be used with discretion.
As indicated, individual system models were obtained from half of the systems that are
included in the model. It is assumed that these existing system models are more detailed and
assumed to be more accurate than what is required by this study. Additionally, pipeline
roughness coefficients were provided by Passaic Valley Water Commission and United Water.
For the remaining systems, a pipeline roughness C Factor value of 120 was assigned for ductile
iron main, 100 for cast iron pipe, and 120 for unknown pipe materials. Actual system data and
operating records were not available to perform a thorough assessment of the accuracy of model
results; however, effort was made to verify that the model produced reasonable results. This
effort involved a review of model output data to identify potentially unreasonable model results
that could indicate an issue with the model input parameters. The review identified the
following:
•
•
•
•

High flow rates in and out of Tanks and Reservoirs (greater than 5 mgd)
Extremely high and low pressures (less than 10 psi or greater than 250 psi)
High velocities in pipelines (greater than 10 feet per second)
Proper direction of flow in critical transmission mains.

As needed, adjustments were made to model input parameters to address the identified
unreasonable results. Based on this review, it is assumed that the model is capable of performing
the "planning level" analyses required by this study.

3-5

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

4.0

TASK 4 CATASTROPHIC INFRASTRUCTURE FAILURE

This task is intended to address both security and reliability concerns from a state-wide
perspective. The primary elements of this task involve the evaluation of community systems
under a variety of catastrophic “what-if” scenarios and the subsequent determination of
recommended improvements, in cases where the communities are deemed to be at risk as a result
of the catastrophic scenarios.

4.1

Identification of Scenarios

A series of catastrophic "what-if" scenarios were identified for each community water
system serving a population of at least 10,000. The initial set of “what-if” scenarios for each
system included the following:
1.
2.
3.

Loss of the primary (largest capacity) source of supply for the system for an
extended period of time (greater than a week).
Loss of the primary source of supply for the system for 24 hours.
Loss of a primary distribution system component for an extended period of time.
For the purposes of the Task 4 analyses, a primary distribution system component
will include:
A. Transmission Mains 48-inch or greater
B. 60 mgd or greater Pump Stations
C. Finished Water Storage Facilities

Many of the systems evaluated did not contain transmission mains of 48-inch diameter or
greater, nor 60 mgd Pump Stations. This left loss of finished water storage facilities and loss of
primary source of supply as the main conditions for evaluation. As information pertaining to
storage facilities was only reliably available for a small number of the larger systems, the
principle scenario investigated involved loss of primary source of supply for an extended period
of time.
In addition to the what-if scenarios for system specific catastrophic events, what-if
scenarios for regional catastrophic events were identified to consider the extent of affected
systems. The regional catastrophic scenarios included the following:
1. Loss of a regional water supply source for an extended period of time.
2. Loss of a regional primary distribution system component for an extended period of
time.
While the scope of the study included investigation of how the presence or absence of
emergency power supplies might affect the rating of a system, information from the systems
about their emergency power supplies was largely unavailable. Given this limitation, our
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analysis must conclude that emergency power is not available in the systems. If additional
information becomes available, it may be necessary to re-evaluate our conclusions.
4.2

Evaluation

The purpose of the evaluation is to identify a classification for each system for each of
the "what-if" scenarios. In effect, the evaluation will assess a system's vulnerability to the
respective catastrophic event. Every community water system included in the study is served by
at least one primary source of supply. As information on system storage was largely unavailable,
and the classifications require demands be met without use of system storage, the evaluation
does not account for volume available in storage. However, relatively few communities will
have 48-inch transmission mains or pump stations with a capacity greater than 60 mgd. Thus,
for most systems, an evaluation was only conducted for catastrophic events involving loss of the
primary source of supply and loss of the primary (largest capacity) finished water storage
facility.
The classification system is defined as follows:
Self Sufficient: System shall be capable of providing (without system storage) at least
75% of average daily demand and maintain supply to all parts of the system without the
use of interconnections.
Class A: System shall be capable of providing at least 75% of the average daily demand
and maintain supply to all parts of the system with the use of interconnections with the
following condition: no individual interconnection shall provide more than 50% of the
total interconnection supply while relying on no more than 1 adjacent system for more
than 25% of the average water supply of that system.
Class B: System shall be capable of providing at least 50% of the average daily demand
and maintain supply to all parts of the system with the use of interconnections while
relying on no more than 1 adjacent system for more than 35% of the average water
supply of that system.
If a water system is not compliant with any of the above classifications it shall be
classified as "Vulnerable."
The evaluation was conducted through use of spreadsheet/database tools and the
hydraulic model, which was created as part of Task 2. For the majority of systems, a
classification for the loss of primary source supply scenario is provided in Table 4-1. Where
possible, a classification for each system for multiple "what-if" scenarios is provided based on
the results of the evaluation. A description of the evaluation methods for the different types of
what-if scenarios is provided below.
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When evaluating interconnections, it was necessary to compare both hydraulic capacity
and excess system capacity. The lower of the two values was determined to be the limiting
factor. This lower value was used as the capacity for that interconnection. It was possible for
interconnections to have hydraulic potential, but no excess capacity to share. Similarly, a system
could have excess capacity, but no means to transfer water into a receiving system. This may be
caused by pressure differentials across the systems. In situations where excess capacity is
available, but hydraulically not possible, the systems should make every effort to correct the
connection hydraulics.
System Specific
1.

Loss of the primary source of supply for the system for an extended period of
time.
The available supply capacity for a particular system with its primary supply out
of service was compared with the average daily demand for the particular system
to determine the level of dependence of the system on the primary supply. It is
assumed that storage facilities can not be used as a supplemental supply for an
extended period. Consideration was given to whether the water can reach all parts
of the system. This transmission component of the analysis was limited to
systems included in the model.
If a system was served solely through its own treated water capacity, the
catastrophic capacity available was compared against the average daily demand.
If the catastrophic capacity exceeded 75% of the average daily demand, the
system was determined to be self-sufficient. If the system was served through a
combination of self-produced supply and bulk purchase agreements, the largest
source was evaluated as out of service. If the bulk purchase connection could
provide additional flow to meet the average demand, based on hydraulics of the
interconnection, then the system was classified as Class B. The source of primary
and secondary flow becomes the one bulk purchase provider. This makes the
reader aware that the flow is provided only through one source under emergency
conditions. According to the definition of Class A, no more than 50% of
emergency flows may be provided by any one single supplier.
In some situations, water was purchased from a supplier, but multiple connection
points exist. For example, Bloomfield has 5 points of interconnection with the
City of Newark Water Supply System. Only 2 are used on a regular basis,
however any combination of the 5 stations could be used to meet their bulk
purchase agreement. When the primary connection stations were evaluated as
unavailable and the secondary stations were used for supply, they were considered
as interconnections. This highlights the fact that the primary connections are not
in service and the system has moved to secondary sources. They may be able to
draw water in accordance with their bulk purchase agreements through these
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secondary sources, but we felt it was necessary to distinguish these situations
from normal operations.
2.

Loss of the primary source of supply for the system for 24 hours.
The available supply capacity for a particular system with its primary supply out
of service was compared with the average daily demand for the particular system
to determine the level of dependence of the system on the primary supply.
Available storage capacity was considered as a viable supplemental supply for a
24 hour period.
Though the intent was to evaluate this scenario for all of the systems, given the
lack of available storage information, this analysis could not be performed. The
NJDEP requested that we investigate the capacity of alternative power for each
system. This data would have been used to analyze the impact of a regional power
outage on the system, such as occurred in the Northeast in August of 2003.
Despite requests to the systems in January of 2007, the information was largely
unavailable and the analysis could not be performed.

3.

Loss of a primary distribution system component for an extended period of time.
A. Finished Water Storage Facility
The available supply and storage volume for a particular system with its
primary storage facility out of service was compared with the estimated peak
hourly demand on an average demand day to determine the systems
dependence on its primary storage facility in meeting peak demands. The
systems included in the model were subject to an analysis of the need for that
storage structure to provide adequate pressure.
B. Transmission Main 48-inch or greater
All transmission mains 48-inch and greater are included in the hydraulic
model. Thus, for systems with transmission mains 48-inch or greater, the
model was used to assess a system's ability to meet average day demands if
the transmission main is out of service.
C. 60 mgd or greater Pump Station
All pump stations with a capacity of 60 mgd and greater are included in the
hydraulic model. Thus, for systems with 60 mgd or greater pump stations, the
model was used to assess a system’s ability to meet average day demands if
the pump station is out of service.
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Regional
1.

Loss of a regional source of supply for an extended period of time.
Systems impacted by the loss of a primary regional source of supply were
identified. The available supply capacity for those affected systems with the
primary regional supply out of service were compared with the average daily
demand for the particular system to determine the regional level of dependence on
the regional primary supply. It was assumed that storage facilities can not be used
as a supplemental supply for an extended period. The systems included in the
model received an analysis to determine the extent of the impact.
This analysis affects only those systems whose primary source of supply is
through bulk purchase agreements. Whereas in the loss of primary source
analysis, systems were able to treat multiple source connections as back-up
secondary interconnections, in this analysis, all supply from a regional supplier is
considered to be unavailable. In situations where a system produces its own
potable water, their internal facilities are considered functional for the regional
analysis. For these systems, the regional analysis rating is a continuation of the
primary source analysis and are shown as blank in Table 4-3.

2.

Loss of a regional primary distribution system component for an extended period
of time.
Systems impacted by the loss of a particular regional primary distribution system
component were identified. The model was used to assess a system’s ability to
meet average day demands with the primary regional distribution component out
of service to determine the regional level of dependence on the component. The
systems included in the model received an analysis to determine the extent of the
impact.



4.3

Results
[SECTION 4.3 REDACTED]
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Table 4-1
Summary
Catastrophic Infrastructure Failure Analysis
[TABLE 4-1 REDACTED]

[SECTION 4.3 REDACTED]

4.4

Infrastructure Needs



[SECTION 4.4 REDACTED]
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Table 4-2
Results of Loss of Primary Supply for a Prolonged Period
[TABLE 4-2 REDACTED]
Table 4-3
Results of Loss of Regional Supply for a Prolonged Period
[TABLE 4-3 REDACTED]

[SECTION 4.4 REDACTED]
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TABLE 4-4
RESULTS OF CATASTROPHIC FAILURE ANALYSIS
LOSS OF REGIONAL SUPPLY SOURCE SCENARIO
[REDACTED]
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TABLE 4-4
RESULTS OF CATASTROPHIC FAILURE ANALYSIS
LOSS OF REGIONAL SUPPLY SOURCE SCENARIO
[REDACTED]

4-12

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

TABLE 4-4
RESULTS OF CATASTROPHIC FAILURE ANALYSIS
LOSS OF REGIONAL SUPPLY SOURCE SCENARIO
[REDACTED]
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TABLE 4-5
RESULTS OF CATASTROPHIC FAILURE ANALYSIS
LOSS OF PRIMARY SUPPLY SOURCE SCENARIO
[REDACTED]
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TABLE 4-5
RESULTS OF CATASTROPHIC FAILURE ANALYSIS
LOSS OF PRIMARY SUPPLY SOURCE SCENARIO
[REDACTED]
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TABLE 4-5
RESULTS OF CATASTROPHIC FAILURE ANALYSIS
LOSS OF PRIMARY SUPPLY SOURCE SCENARIO
[REDACTED]
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5.0

WATER SUPPLY MANAGEMENT DECISION SUPPORT TOOL (TASK 3 &
TASK 5)

5.1

Introduction and Purpose

The overall objective of Task 3 of the Interconnection Study involves the evaluation of
existing water diversions and operational conditions of selected utilities around the state to
identify potential changes that might be made to avert drought related water supply emergencies.
More specifically, the primary objectives of Task 3 include:
•
•
•
•

Evaluate existing water diversions and operating conditions
Identify alternative water diversions and operating conditions to avert drought
related water emergencies
Identify water transfer infrastructure deficiencies based on the alternatives
Identify and evaluate infrastructure improvements to correct deficiencies

To achieve these objectives, a Water Supply Management Decision Support Tool
(WSMDST) was developed, as described in the following section. The WSMDST integrates the
use of 3 models that have been developed as part of the Interconnection Study:
•
•
•

Hydraulic Model
Interconnection Mass Balance Model (IMBM)
Reservoir Mass Balance Model (RMBM)

The hydraulic model developed as part of Task 2 and described in Chapter 3 is used to
evaluate existing interconnections and primary transmission infrastructure to optimize the use of
existing water sources. The model also is used to identify water transmission infrastructure
deficiencies and analyze corrective infrastructure improvements.
The interconnection mass balance and reservoir mass balance models are described in
this chapter. Also, the NJ Water Supply Drought Indicator System is described, as the
WSMDST is envisioned to supplement, not replace, this system. This chapter also includes a
discussion of the various water supply scenarios that have been evaluated.
It should be noted that the WSMDST does not include a groundwater modeling
component to it. In a meeting with NJDEP and NJGS in August 2006, it was determined that the
data and level of effort required to complete such a task was beyond the scope of this study.
Therefore, it was determined that groundwater would be treated as a constant supply at the well
production capacity. Additionally, it was assumed in the WSMDST that systems having surface
and groundwater sources of supply would use their groundwater capacity first and then resort to
surface sources.
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5.2

WSMDST

This tool was developed and used to evaluate alternatives as part of this project and will
also assist the NJDEP in making drought related decisions in the future. The general objective of
the decision support tool is to divert water, using available interconnection capacities, to mitigate
excessive drawdown of water resources in localized areas and adjust the drawdown of each
indicator to approximately coincide with the average drawdown rate in the drought region. The
"fitness" of each solution of transfers is controlled by numerous constraints, including permit
limits, inter-basin transfer limits, and passing flow requirements, among other factors that have
been identified through discussions with NJDEP.
5.2.1

Relation to NJ Water Supply Drought Indicator System
The drought indicator system is a comprehensive data collection effort that provides
NJDEP professionals, state officials, and water supply
professionals with the information required to make
drought mitigation strategy decisions. Some of the
actions that can be taken as a result of the increased
awareness provided by the drought indicator system
include:
•
Closer monitoring of indicators, system
and regional demands
•
Public
awareness
and
education
campaigns
•
Reduction of passing flow requirements
•
Transfers of water
•
Water demand reductions
New Jersey is divided into 6 drought regions that
roughly coincide with major watershed boundaries, as
shown in Figure 5-1. Actual divisions are along
municipal boundaries, as, in the event of a drought
emergency, local municipal police would be the primary
enforcement authority for drought remediation efforts.
Drought regions allow NJDEP to respond to changing
conditions without imposing restrictions on areas of the
state not experiencing water shortages.
NJDEP has established four drought indicators:
Figure 5-1: New Jersey Drought Regions
precipitation, streamflow, reservoir levels, and
groundwater levels. The goal of each indicator is to
summarize the status of a single factor affecting water supply in a given region.
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Each indicator is assigned one of four possible conditions:
•
•
•
•

Near or above normal
Moderately dry
Severely dry
Extremely dry

These are updated weekly during dry periods and monthly during normal conditions.
Based on the drought indicators, best professional judgment, and input from water purveyors,
NJDEP will declare a drought status as follows:
•
•
•
•

Normal
Watch
Warning
Emergency

In each region, representative groundwater levels, streamflows, reservoir levels, and
90-day precipitation are compared to rule curves derived from statistical data which dictate a
drought condition recommendation. Derivation of the rule curves is described in the Joint BPU
and NJDEP Water Emergency Planning Team Final Report included in Appendix X. Reservoir
rule curves are named observe, caution, and extreme and are often used interchangeably in this
study with the drought condition which they describe: watch, warning, or emergency,
respectively. Example rule curves are shown in Figure 5-2. The NJDEP Commissioner can
declare or lift a drought watch or drought warning; only the Governor can declare or lift a
drought emergency.
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Figure 5-2: Rule Curves for United Water Reservoir System

5.2.2

Model Software

The WSMDST is a software model that builds on the framework of the drought indicator
system. Armed with the understanding of when droughts are imminent and where they are most
severe, decision-makers can use the support tool to gage the effectiveness of their mitigation
plans. By anticipating possible drought scenarios, the WSMDST can guide long-term planning
efforts to identify infrastructure improvements necessary to ease water supply shortages in
severely affected regions. Specific application of the drought indicator system to the decision
support tool is described in the following paragraphs.
The progressive status of a drought from watch to warning to emergency implies
increasingly aggressive actions for mitigation. During normal conditions, interconnections
between water purveyors are assumed to be used only for contractual water sale and purchase.
The software model derives what these normal transfers are likely to be as a preliminary step in
the analysis, but because of its express purpose for use in drought situations, the minimum
drought condition is assumed to be drought watch. During drought watch conditions, the
decision support tool allows the use of emergency interconnections within a drought region
only — non-regular inter-regional water transfers are not allowed. In keeping with the
progressive nature of response, a drought warning in any region will allow any inter-region
interconnection to be used. NJDEP has non-emergency power to require water purveyors to
transfer water during a drought warning following a public hearing. Emergency conditions also
optimize water resources using inter-region interconnections, and a reduction in demand can be
manually applied within the program to simulate mandatory water use limits.
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The WSMDST also incorporates rule curves from the drought indicator system. The
reservoir rule curves specify a combined reservoir system volume that varies throughout the
year, lowest in the late summer and fall, and highest during the winter and spring. For example,
if the combined volume of Monksville and Wanaque reservoirs on a specified date is below the
volume specified by the "observe" rule curve for that date, but above the volume specified by the
"caution" curve for that date, then that particular drought indicator will suggest a drought watch
condition. These curves are used in the software as a reference for normalizing the drawdown of
reservoir systems, so that ideally (if sufficient transfer capacity exists) no reservoir system will
reach a drought warning condition until all other systems in the same region have drawn down to
drought warning conditions. Similarly, once in a drought warning (and therefore inter-region
transfers are available) no reservoir system should reach emergency status until all other sources
become correspondingly exhausted. Because each reservoir system's unique rule curves reflect
their differing recharge behavior, this normalization scheme takes into account differing risks of
running dry. For example, Jersey City's reservoir system is one of the quickest to refill, and its
"extreme" curve dips all the way to 25% of its total volume. The Spruce Run and Round Valley
system refills much more slowly so its "extreme" curve only drops to 35% at its lowest point and
ramps back up with a much more shallow slope. Systems that withdraw from rivers are given
preference in the normalization scheme because there is no storage that requires recharge.
5.3

Interconnection Mass Balance Development

One of the key components of the WSMDST is the Interconnection Mass Balance Model
(IMBM). Written in Visual Basic and drawing from an intuitive and easily accessible and
editable database in Microsoft Excel spreadsheets, the IMBM is at the core of the decision
support tool. In itself, it is not a hydraulic model, but it relies heavily on findings from the
Task 2 hydraulic model that predicts the capacities of major interconnections throughout the
state based on pipe diameters, relative pressures of neighboring purveyors, and pump curves.
The IMBM finds the optimum use of water supply to meet demand by analyzing all of the
available parallel and series paths for water transfer. This capability is important in determining
how much transfer capacity exists for different drought scenarios so that existing infrastructure
can be used most efficiently. It also identifies which interconnections have the highest usage
rates and where additional or improved infrastructure (enlarged or parallel water mains, pump
stations, new interconnections, etc) can be most effectively implemented.
5.3.1

Model Input Database

A large amount of data has been collected and organized into a database for use by the
IMBM. Expansion and editing of this database to include newly documented or revised data is
very simple. By modifying the input database, hypothetical improvements can be added to
determine their value and effectiveness; emergency situations can be generated to simulate
drought conditions, contaminated sources, treatment plants out of service, main breaks and other
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scenarios. This section describes all of the supply, demand, and interconnection data that are
processed by the WSMDST.
Starting on the supply end of the mass balance equation are the water source and
treatment plant data. Organized into two separate tables, one for groundwater supplies and one
for surface water, the data fields include Public Water System Identification (PWSID), purveyor
name, treatment plant capacity (peak vice firm capacity), allocation limit, treatment plant name,
and a typical monthly supply pattern for each; where insufficient data has been available from
suppliers reasonable values have been assumed. In the groundwater table, each well/wellfield
operated by the same purveyor has been combined into a single source for simplicity and
conciseness. The surface water table additionally summarizes from which reservoir or river
system each plant draws. The database includes 33 groundwater sources with a combined
capacity of 340 mgd and 21 surface water treatment plants with a combined capacity of
1,250 mgd. Table 5-1 and Table 5-2 summarize the treatment plant information included in the
IMBM. (Abbreviated names are used in subsequent tables for improved readability.) The
unabridged data for these and all other tables in this section are accessible in the IMBM
software.

PWSID
0102001
0112001
0119002
0201001
0221001
0233001
0238001
0327001
0408001
0506010
0514001
0705001
0706001
0710001
0712001
0713001
0719001

Purveyor Name
Atlantic City MUA
Hamilton Township MUA
NJAWC - Atlantic System
Allendale Water Department
Garfield City Water Department
Mahwah Water Department
United Water New Jersey
NJAWC - Western Division
Camden City Water Department
NJAWC - Neptune System
Wildwood City Water Department
East Orange Water Commission
Essex Fells Water Department
Livingston Township Water Division
NJAWC - Short Hills
Montclair Township Water Bureau
South Orange Village Twp Water Dept

Production
Capacity
(MGD)
19
9.14
21.75
1
2.4
7.7
2
47.9
19.44
1
18.6
11
1
5.09
20
1.8
0.5

PWSID
0802001
0810004
1103001
1209002
1213002
1216001
1219001
1221004
1225001
1328002
1345001
1352003
1424001
1432001
1506001
2004002

Purveyor Name

Production
Capacity
(MGD)

Deptford Township
Mantua Township MUA
Aqua New Jersey, Inc. - Hamilton Square
Old Bridge MUA
Monroe Township MUA
City of Perth Amboy
Sayreville Borough Water Department
South Brunswick Twp Water Utility
Middlesex Water Company
Marlboro Township MUA
NJAWC - Monmouth System
Wall Township Water Department
Southeast Morris County MUA
Morris County MUA
Brick Township MUA
NJAWC - Elizabethtown

8.73
3.09
7.83
9.1
11.36
8
11
5.5
25.06
4.5
15.43
4.478
13.44
9.52
2.5
11.08

Table 5-1: Groundwater production capacities of purveyors included in the WSMDST
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Production
Capacity
(MGD)
Treatment Plant Name
Pleasantville Water Treatment Plant
21
Haworth WTP
203
Delaware River Regional WTP
40
Canoe Brook Station Plant No. 1 & 2
20
Pequannock Water Treatment plant
50
Jersey City WTP
80
Trenton Water Filtration Plant
65
New Brunswick Water Treatment Plant
18

Source of Supply
Absecon Creek, Doughty Pond & Kuehnle Pond
Hackensack River System
Delaware River
Passaic River and Canoe Brook
Pequannock watershed
Boonton Reservoir
Delaware River
Delaware & Raritan Canal and Raritan River

Surface Water Treatment

10

Delaware-Raritan Canal

Bordentown Avenue WTP

7

Carl J. Olsen (CJO) Plant
Swimming River WTP
Jumping Brook WTP

60
36
30

South River & Duhernal Water System,
groundwater wells
Delaware & Raritan Canal
Swimming River Reservoir
Glendola Reservoir, groundwater wells, NJWSA

1352005 NJWSA Manasquan
1424001 Southeast Morris County MUA

Manasquan Water Treatment Plant
Clyde Potts

4
2

Manasquan River
Passaic River Basin

1506001 Brick Township MUA
1605002 Passaic Valley Water Commission

William Miller WTP
Little Falls WTP

16
100

Metedeconk River
Passaic and Pompton Rivers

1613001 North Jersey District Water
Supply Commission
2004002 NJAWC - Elizabethtown
2004002 NJAWC - Elizabethtown

Wanaque Treatment Plant

210

Wanaque Reservoir

Rariton Millstone S.W. TP
Canal Road S.W. TP

179
60

Raritan and Millstone Rivers
Raritan and Millstone Rivers

PWSID
0102001
0238001
0327001
0712001
0714001
0906001
1111001
1214001
1215001
1219001
1225001
1345001
1345001

Purveyor Name
Atlantic City MUA
United Water New Jersey
NJAWC - Western Division
NJAWC - Short Hills
Newark City Water Department
Jersey City MUA
Trenton Water Works
New Brunswick City Water
Department
North Brunswick Water
Department
Sayreville Borough Water
Department
Middlesex Water Company
NJAWC - Monmouth System
NJAWC - Monmouth System

Table 5-2: Surface water production capacity of purveyors included in the WSMDST
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Purveyors can also receive water supply from contract interconnections, and for some
this is the only source of supply. A separate sheet in the IMBM correlates suppliers and
receivers along with their PWSIDs, contractual limits, interconnection identification numbers,
and a typical monthly supply pattern. The database includes 38 contract interconnections
totaling a combined capacity of nearly 300 mgd. These data are summarized in Table 5-3.
Supplier
PWSID
0102001
0327001
0705001
0712001
0712001
0714001
0714001
0906001
0906001
0906001
0907001
1111001
1225001
1225001
1225001
1225001
1225001
1225001
1352005
1352005
1352005
1352005
1352005
1432001
1605002
1605002
1605002
1605002
1605002
1613001
1613001
1613001
1613001
1613001
1613001
1613001
2004002
2004002
2004002
2004002

Supplier Name
Atlantic City
NJAWC - Western
East Orange
NJAWC - Short Hills
NJAWC - Short Hills
Newark
Newark
Jersey City
Jersey City
Jersey City
Kearny
Trenton
Middlesex
Middlesex
Middlesex
Middlesex
Middlesex
Middlesex
NJWSA Manasquan
NJWSA Manasquan
NJWSA Manasquan
NJWSA Manasquan
NJWSA Manasquan
Morris County
Passaic Valley
Passaic Valley
Passaic Valley
Passaic Valley
Passaic Valley
NJDWSC
NJDWSC
NJDWSC
NJDWSC
NJDWSC
NJDWSC
NJDWSC
NJAWC - Elizabethtown
NJAWC - Elizabethtown
NJAWC - Elizabethtown
NJAWC - Elizabethtown

Purchaser
PWSID
0119002
0802001
0719001
0710001
1424001
0701001
0705001
0232001
0238001
0905001
0704001
1103001
1204001
1205001
1207001
1209002
1219001
1328002
1214001
1215001
1225001
1345001
1352003
0712001
0211001
0221001
0704001
0712001
0904001
0704001
0713001
0714001
0901001
0907001
1605002
1614001
0712001
1205001
1221004
1225001

Purchaser Name
NJAWC - Atlantic
Deptford
South Orange
Livingston
Southeast Morris County
Belleville
East Orange
Lyndhurst
UWNJ
Hoboken
Cedar Grove
ANJI - Hamilton Square
East Brunswick
Edison
Highland Park
Old Bridge
Sayreville
Marlboro
New Brunswick
North Brunswick
Middlesex
NJAWC - Monmouth
Wall
NJAWC - Short Hills
Elmwood
Garfield
Cedar Grove
NJAWC - Short Hills
Harrison
Cedar Grove
Montclair
Newark
Bayonne
Kearny
Passaic Valley
Wayne
NJAWC - Short Hills
Edison
South Brunswick
Middlesex

Contract Capacity
(MGD)
1.9
1.1
2.4
0.1
2.9
3.5
1.4
2.7
5.7
4.1
0.8
0.1
7.4
0.7
1.9
4.4
1.5
4.0
3.5
5.9
29.5
2.1
2.9
0.8
2.0
1.9
0.4
8.0
1.1
1.4
4.2
35.8
8.8
6.6
40.8
7.6
13.0
6.5
3.7
4.9

Table 5-3: Contract interconnections

Moving to the opposite end of the mass balance equation, retail demand is what drives
groundwater and reservoir withdrawals. Demand data from each purveyor were analyzed for the
period of record provided, and the results are tabulated in the demand sheet of the IMBM. The
database includes an average day demand and monthly factors that describe the trends for each
purveyor. Daily peaking factors are not considered because cumulative effects on reservoir
drawdown follow average withdrawal rates. For purposes of the model, the average day demand
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Marc
h

April

May

June

July

Augu
st

Septe
mber

Octo
ber

Nove
mber

Dece
mber

Purveyor Name
Atlantic City
Hamilton
NJAWC - Atlantic
Allendale
Elmwood
Garfield
Lyndhurst
Mahwah
UWNJ
NJAWC - Western
Camden
NJAWC - Neptune
Wildwood
Belleville
Cedar Grove
East Orange
Essex Fells
Livingston
NJAWC - Short Hills
Montclair
Newark
North Caldwell
South Orange
Deptford
Mantua
Bayonne
Harrison
Hoboken
Jersey City
Kearny
ANJI - Hamilton Square
Trenton
East Brunswick
Edison
Highland Park
Old Bridge
Monroe
New Brunswick
North Brunswick
Perth Amboy
Sayreville
South Brunswick
Middlesex
Marlboro
NJAWC - Monmouth
Wall
NJWSA Manasquan
Southeast Morris County
Morris County
Brick
Passaic Valley
NJDWSC
Wayne
NJAWC - Elizabethtown

Febru
ary

PWSID
0102001
0112001
0119002
0201001
0211001
0221001
0232001
0233001
0238001
0327001
0408001
0506010
0514001
0701001
0704001
0705001
0706001
0710001
0712001
0713001
0714001
0715001
0719001
0802001
0810004
0901001
0904001
0905001
0906001
0907001
1103001
1111001
1204001
1205001
1207001
1209002
1213002
1214001
1215001
1216001
1219001
1221004
1225001
1328002
1345001
1352003
1352005
1424001
1432001
1506001
1605002
1613001
1614001
2004002

Average
Day
Demand
(MGD)

Janua
ry

during each month was considered. Demand data for all purveyors is included in Table 5-4 and a
graphical representation of the monthly variation in demand is shown in Figure 5-3.

12.7
1.9
12.8
1.0
2.0
3.2
2.7
4.5
113.4
39.1
10.6
1.0
3.8
3.5
2.5
9.2
0.5
3.9
38.2
4.9
83.3
1.0
2.6
2.7
1.1
8.8
1.1
4.1
50.4
6.6
3.4
27.4
7.4
7.2
1.9
7.3
4.3
14.0
5.9
5.7
6.2
5.3
49.2
5.3
41.3
2.9
3.1
9.8
3.4
9.8
90.6
114.8
7.6
147.7

0.92
0.85
0.82
0.77
0.92
0.95
0.91
0.70
0.95
0.93
0.94
0.82
0.58
1.03
0.70
1.04
0.80
0.92
0.95
0.98
1.04
0.70
1.03
0.86
0.81
1.00
1.17
1.00
1.06
1.08
0.81
0.98
0.88
1.03
1.06
0.95
0.72
1.04
1.00
0.93
0.88
0.89
0.95
0.76
0.98
0.86
0.70
0.91
0.70
0.89
0.97
0.70
0.87
0.95

0.86
0.77
0.72
0.68
1.02
0.96
0.90
0.80
0.86
0.84
0.89
0.77
0.52
1.03
0.80
0.93
0.86
0.80
0.86
0.89
0.97
0.80
0.96
0.79
0.73
0.93
1.03
0.93
0.94
0.97
0.73
0.93
0.79
0.92
0.99
0.78
0.63
0.94
0.90
0.91
0.80
0.79
0.85
0.70
0.88
0.81
0.80
0.82
0.80
0.79
0.91
0.80
0.76
0.88

0.91
0.85
0.79
0.76
0.88
0.91
0.99
0.90
0.92
0.91
0.96
0.84
0.57
0.85
0.90
1.02
0.94
0.85
0.92
0.92
1.01
0.90
1.04
0.85
0.81
1.02
1.28
1.01
0.95
1.04
0.83
0.93
0.81
0.98
1.02
0.83
0.70
0.99
0.94
0.92
0.87
0.70
0.92
0.80
0.94
0.85
0.90
0.89
0.90
0.88
1.00
0.90
0.79
0.95

0.89
0.85
0.82
0.81
0.99
0.93
0.93
0.95
0.89
0.91
1.01
0.84
0.71
0.99
0.95
0.97
0.92
0.87
0.91
0.84
0.97
0.95
0.99
0.91
0.88
0.96
0.95
0.98
0.89
1.00
0.87
0.96
0.87
0.94
0.92
0.86
0.80
1.00
0.92
1.01
0.91
0.86
0.91
0.86
0.93
0.88
0.95
0.89
0.95
0.90
0.97
0.95
0.84
0.95

0.98
1.10
1.09
1.11
0.89
0.97
0.81
1.00
1.03
1.04
0.95
1.05
1.11
0.98
1.00
1.00
1.08
1.03
1.04
1.03
1.01
1.00
1.06
1.06
1.12
1.03
0.94
1.00
0.94
1.05
1.07
0.95
1.05
1.00
0.96
1.05
1.15
1.01
1.01
1.03
1.10
1.03
1.03
1.11
0.99
1.08
1.00
1.04
1.00
1.14
1.02
1.00
1.05
1.04

1.08
1.16
1.23
1.18
1.01
1.05
1.13
1.00
1.08
1.08
1.00
1.17
1.43
0.98
1.00
1.01
1.17
1.15
1.09
1.14
0.98
1.00
1.08
1.12
1.21
1.01
0.79
0.97
1.05
1.03
1.27
1.02
1.15
1.02
0.96
1.19
1.31
0.99
1.04
1.05
1.13
1.19
1.08
1.25
1.01
1.15
1.00
1.11
1.00
1.16
1.05
1.00
1.13
1.08

1.26
1.31
1.43
1.58
1.12
1.08
1.26
1.00
1.24
1.19
1.16
1.39
1.92
1.05
1.00
1.06
1.22
1.34
1.25
1.17
1.04
1.00
1.08
1.31
1.44
1.04
0.93
1.01
1.15
1.11
1.40
1.19
1.38
1.07
1.09
1.32
1.59
1.05
1.18
1.12
1.21
1.42
1.20
1.59
1.28
1.33
1.00
1.27
1.00
1.25
1.16
1.00
1.41
1.15

1.23
1.25
1.35
1.51
1.24
1.17
1.26
0.95
1.17
1.15
1.15
1.33
1.96
1.08
0.95
1.07
1.21
1.29
1.17
1.06
1.07
0.95
1.03
1.28
1.37
1.03
0.90
1.04
1.15
0.78
1.27
1.15
1.24
1.10
1.10
1.24
1.48
1.02
1.13
1.02
1.25
1.34
1.18
1.34
1.19
1.24
0.95
1.25
0.95
1.11
1.15
0.95
1.29
1.14

1.07
1.06
1.15
1.17
1.01
1.04
1.06
0.90
1.03
0.99
1.04
1.10
1.25
1.11
0.90
0.93
1.20
1.08
1.04
1.11
1.00
0.90
0.97
1.05
1.09
1.00
0.86
1.01
1.03
0.93
1.11
1.04
1.11
1.02
1.03
1.12
1.22
1.01
1.02
1.04
1.12
1.13
1.04
1.09
1.00
1.07
0.90
1.07
0.90
1.05
1.01
0.90
1.11
1.08

0.99
0.99
0.96
0.94
0.98
1.02
0.90
0.80
0.98
1.03
1.03
1.00
0.81
0.91
0.80
1.00
0.93
0.95
0.98
0.93
0.97
0.80
0.96
0.98
0.94
1.00
0.96
1.04
0.97
1.03
0.99
0.96
1.03
0.98
0.98
0.94
0.95
1.05
1.00
1.02
1.02
0.96
0.99
0.92
0.95
1.02
0.80
0.98
0.80
1.00
0.96
0.80
0.99
0.96

0.92
0.87
0.83
0.74
0.99
1.01
0.96
0.85
0.91
0.95
0.90
0.90
0.57
0.98
0.85
0.96
0.80
0.86
0.90
1.00
0.97
0.85
0.88
0.90
0.79
0.97
1.07
1.00
0.91
0.99
0.83
0.93
0.86
0.94
0.92
0.87
0.71
0.99
0.96
0.98
0.85
0.84
0.91
0.76
0.90
0.86
0.85
0.87
0.85
0.90
0.91
0.85
0.87
0.90

0.90
0.95
0.84
0.76
0.93
0.92
0.89
0.75
0.94
1.02
0.97
0.86
0.56
1.01
0.75
1.01
0.86
0.85
0.93
0.91
0.99
0.75
0.91
0.89
0.80
1.01
1.13
1.00
0.96
0.99
0.82
0.96
0.84
1.00
0.96
0.85
0.73
0.95
0.97
0.98
0.85
0.86
0.94
0.79
0.97
0.85
0.75
0.89
0.75
0.92
0.90
0.75
0.88
0.90

Table 5-4: Average daily demand and monthly demand patterns
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A
complex
web
of
1.80
interconnections link water supply
1.60
sources to the demands of
1.40
consumers.
Under normal
1.20
conditions, only a limited number
1.00
of interconnections are used on a
0.80
regular basis as a sole supply for
0.60
small purveyors or as a supplement
0.40
to purveyors of all sizes. In order
0.20
to prevent an emergency, these
0.00
Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
interconnections can be opened to
allow water to flow from Figure 5-3: Monthly Demand Pattern for a Typical Purveyor
unstressed sources to areas that
normally rely on water sources that
are temporarily stressed. By reducing withdrawals from stressed sources and allowing more
recharge, local areas are less vulnerable to continuing drought conditions. The software model
assumes that interconnection flow is limited only by interconnection capacity. For example, if
water must pass through an intermediate purveyor's distribution system en route from an
unstressed watershed to a stressed one, it is assumed to pass freely through that distribution
system and only be restricted at the interconnection. These assumptions must be verified using
the Task 2 hydraulic model.
Coordinating the supply, demand, and interconnection tables is a list of major water
purveyors throughout New Jersey. Among many critical functions in the programming code,
this list has the significant importance of assigning each purveyor to a drought region. Fifty-five
purveyors are interrelated in the IMBM. (All purveyors are listed in Table 5-4.)
The IMBM is only one half of the WSMDST. Notably absent from the above list of data
is any information pertaining to the reservoirs and rivers from which water is taken. All of these
and other hydrologic factors are partitioned within the WSMDST in the RMBM.
5.3.2

Optimization Criteria and Constraints

The compilation of data in the IMBM is an essential component of the entire decision
support tool, but the processes performed by the Visual Basic coded program is the only way to
decipher such complex relationships between the numerous variables to produce a useable and
understandable output. The details of how these processes are implemented are outlined in the
WSMDST User’s Manual (Appendix X), but the following paragraphs describe in general terms
how the model results are derived.
The goal of the optimization routine is the equitable hydrologic drawdown of the
reservoir systems. The optimization routine, by using the rule curves established by NJDEP,
reflects the refillability of the reservoir systems. It calculates the specific withdrawal rate for
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each reservoir system at which all reservoir systems have the same level of risk of going dry.
During drought watch conditions, when inter-region transfers are not allowed, only those
reservoir system drawdown rates within a region can be equalized. In the more severe warning
and emergency conditions, the drawdown is optimized for the entire state.
The water distribution algorithm begins by supplying all purveyors with the maximum
allocation of groundwater that each can produce. This is constrained by permitted limits and the
capacities of pumping and treatment facilities. For systems that utilize both surface water and
groundwater, the model assumes that the groundwater supplies will be maximized first. For each
purveyor that cannot meet its demand with groundwater alone, surface water treatment plants are
used to supplement supply up to the limits imposed by permits and treatment plant capacities.
Finally, for those water suppliers that rely solely or partially on wholesale purchases of water,
the contract interconnections flows are increased to meet demand. This progression of meeting
demand by first groundwater, then surface water, and finally interconnections is an assumption
that is based on the likely behavior of each purveyor to meet demand with its own source water,
most easily and economically treated first, and with lowest preference given to bulk purchasing
of water from another producer. It is understood that this type of progression is not always used
by all water suppliers.
Under normal conditions, this first step would be sufficient to summarize supply and
demand patterns for the major purveyors throughout the state. At this point, the user has the
option to modify this initial output to account for specific knowledge of individual water system
behaviors. For example, the model may predict that a water supplier produces water from its
groundwater sources at maximum capacity, but perhaps the supplier has some reason to keep its
surface water treatment plant production at a fixed rate and therefore lower its groundwater
production rate. The user can adjust each of these rates to reflect real-world initial conditions
prior to optimization for drought conditions.
The next step applies constraints to the withdrawals from reservoir systems. Using the
RMBM and the supply pattern determined in the previous step, reservoir drawdown rates are
determined for each reservoir system. These are summed to equal the combined drawdown rate
for all systems. The drawdown is redistributed by adjusting treatment plant withdrawal rates
such that the reservoir systems that are most stressed are drawn down the least and those
reservoir systems that are least stressed are drawn down the most.
The target withdrawal rate for each reservoir system is divided among those treatment
plants that withdraw from the given system. The algorithm that initially determined supply and
demand is re-run with the new, constrained treatment plant production rates. In this scenario,
however, emergency interconnections may be necessary to meet the demand of a purveyor that
normally relies on a water source that is currently stressed.
The user has an opportunity to change the treatment plant production rates (limited by
plant capacity) from the values recommended by the optimization routine, and the results for
both the recommended and modified rates are recorded in the model output. In the event that a
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purveyor is not able to meet demand using the constrained treatment plant rate and supply
through emergency interconnections, the treatment plant rate is increased above the target
withdrawal rate, and the results are reflected by lower final reservoir levels in the RMBM.
5.3.3

Model Output

Just as there is an enormous amount of data that go into the IMBM, an equally unwieldy
volume of data is generated by it. The results of a single model run (a single set of initial
conditions and assumptions for future hydrologic factors) are summarized in several tables that
outline the sources of water for each purveyor, the percent capacity at which their treatment
plants operated and the usage of emergency interconnections. Interpretation of the data is sped
by automatic call-outs that direct a user's attention to the significant results.
In the broadest look, a summary by drought region reports the total rate of production of
groundwater and surface water and the interconnection supplies between each region. This
big-picture synopsis is probably very predictable based on the starting conditions, but
importantly provides an order of magnitude estimate of how much water is transferred between
regions.
A table that summarizes all interconnection flow sharpens the focus down further to the
individual purveyor level. Suppliers, receivers, and the rate of interconnection flow (mgd) are all
listed, along with comments that reflect whether the receiver was able to meet demand through
interconnections or if the emergency supply capacity was insufficient. Flow from the supplier to
the receiver may be wheeled through several intermediary purveyors, and this chain consisting of
multiple interconnection links is also listed by interconnection identification number. One such
table stores the model results using the optimized data while a duplicate table stores the results
following the user's modifications to the recommended values.
Another output displays the interconnection usage data in a different format. Instead of
focusing on the suppliers and receivers, this table lists all of the interconnections individually,
rather than in the supply chains for which they were used. This format allows easier comparison
of interconnection capacities to simulation usages.
The most comprehensive output table lists all purveyors, their treatment plant usage as a
percent of capacity, supply, demand, and emergency interconnection flow. Automatically
generated comments focus on those purveyors for whom there are insufficient interconnection
supplies.
5.4

Reservoir System Mass Balance Development

So far the optimization of water diversions during drought conditions has focused only on
what is possible or necessary from the perspective of infrastructure and retail supply and
demand. Referenced briefly in the explanation of optimization criteria and constraints in
Section 5.3, the IMBM relies on the RMBM for an assessment of reservoir storage levels and
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hydrologic factors to determine how much water should be withdrawn and from where. The
RMBM is a separate module of software that is written in the same Microsoft Excel and Visual
Basic format that interfaces with the IMBM through a data exchange workbook that hands
necessary information back and forth between the two models. The RMBM uses initial
conditions; treatment plant withdrawals; statistical data for streamflows, precipitation, and
evaporation; and reservoir operating rules to project the behavior of reservoir systems for a
specified time into the future. This prediction is used to constrain the only variable in this
complex equation — the treatment plant withdrawal rates. The reservoirs included in the
RMBM are listed in Table 5-5.
The RMBM is a collection of "water balance" for each reservoir listed in Table 5-5 based
on the conservation of mass. In the analysis, the reservoir is the control volume, and water
entering and leaving the reservoir is an application of the Law of Conservation of Mass. The
model adjusts the reservoir storage volume, between the bounds of usable volume and the
spillway elevation, to equal the difference in the reservoir inflow and outflow. This is an
iterative approach based on a daily time-step. The solution of the water balance equation occurs
when the difference in reservoir inflow and outflow equals the change in reservoir storage
volume. The following water balance equation is used by the model:
VOL1 = [VOL0 + INFLOW + PRECIP] – [TREAT + EVAP + SPILL + MIF]
The variables in the equation are defined as:
VOL1
VOL0
INFLOW
PRECIP
TREAT
EVAP
SPILL
MIF

= reservoir volume at the end of the day
= reservoir volume at the beginning of the day
= volume of inflow during the day (direct or indirect streamflow)
= volume of precipitation on the reservoir during the day
= treatment plant withdrawal volume during the day
= volume of reservoir evaporation during the day
= volume of reservoir spills during the day
= passing flow downstream of the dam and intake

Each reservoir modeled has unique characteristics for inflows and outflows, like off-line
pump stations, raw water interconnections, or treatment demands from several Purveyors. The
RMBM includes all of these inflow and outflow characteristics for each reservoir along with its
reservoir operating rules as provided by NJDEP and the Purveyors. Summary tables with these
assumptions for each individual reservoir were provided to the Purveyors for review and
comment at the Big-25 meeting on January 2007. All comments were included into the RMBM.
5.4.1

Model Input Database

Between information provided by the USGS, the National Oceanographic and
Atmospheric Administration (NOAA) and the NJDEP, there is a wealth of information to be
considered when modeling water resources. For all of the information that does go into the
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RMBM, however, the complexity of groundwater interaction with surface water was determined
to be beyond the scope of this analysis. The vast amount of data in this portion of the WSMDST
is not always as straight-forward as the hard numbers of supply, demand, and capacity. For
example, there may be 60 years of daily data for a given streamgage, but this streamflow may
only represent a fraction of the total surface flow into a reservoir. For the reservoir drainage area
that bypasses the streamgage, some judgment must be applied in the analysis. Additionally,
much of the data related to reservoir operating rules cannot be easily tabulated, but must be
expressed through iterative processes. This is discussed further in Section 5.4.2: Optimization
Criteria and Constraints.
Reservoir
Lake DeForest
Lake Tappan
Woodcliff
Oradell
Monksville
Wanaque
Canistear
Oak Ridge
Clinton
Charlotteburg
Echo Lake
Splitrock
Boonton
Round Valley
Spruce Run
Swimming River
Manasquan
Glendola

Total Capacity
(MG)

Drainage Area
(mi2)

5,670
3,853
871
3,507
7,000
29,630
2,407
3,895
3,518
2,964
1,763
3,310
7,620
55,000
11,000
2,610
4,670
1,000

27.5
49
19.4
113
40.4
90.4
6.08
27.3
10.5
56.2
4.35
5.5
119
5.7
41.3
49.2
3.18
1

Table 5-5: Summary of basic data for reservoirs included in RMBM

In addition to the in-stream and off-stream reservoirs included in the RMBM,
consideration was given to the use of other "off-stream" reservoirs to mitigate water supply
shortages. Specifically, PVWC's Point View Reservoir in the Northeast Region and Brick
Township MUA's recently constructed reservoir in the Coastal North Region were considered.
Point View Reservoir has a capacity of about 3 billion gallons, and Brick's Reservoir has a
capacity of about 1 billion gallons. Both reservoirs are operated by pumping water into the
reservoirs during high river flows with gravity release from the reservoirs directly to their
respective treatment plants. Point View Reservoir is not used very often, and is considered more
of a back-up supply in the event of an emergency. Brick's Reservoir has been in use only a few
years, and so there is no historical use record. The intent is to use it when flow in the
Metedeconk River is low or when water quality in the river is poor. This reservoir may be used
on a more regular basis by Brick in the future to meet increased demands in the region.
Based on historical use patterns and the sizes of these reservoirs, their use as
supplemental supplies to regularly mitigate water shortages is not considered viable. It is
recommended that these reservoirs be continued to be used as a last resort when drought
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emergency conditions are realized. In this way, the use of these reservoirs would provide
another option after all other options have been exhausted. Therefore, these reservoirs are not
included in the RMBM.
One of the basic references of the RMBM is the storage curve for each individual
reservoir. These geometric data are tabulated to correlate the stage or water surface height,
volume, and surface area. The software most frequently deals with the water bodies in terms of
volume, but the changing surface area of a reservoir as it fills and empties has the potential to
significantly influence the water lost through evaporation. An example of a reservoir storage
curve is shown in Figure 5-4. The comprehensive collection of data for reservoir storage curves
and all other components of the RMBM database discussed in this section are accessible in the
software.
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Figure 5-4: Stage/storage/surface area curve for Spruce Run Reservoir

The remaining tabular data are a statistical representation of all available historical data.
This applies to reservoir levels, streamflows, precipitation, and evaporation.
One of the first attempts to develop an equitable hydrologic drawdown scheme for
reservoir systems used statistical data based on historical reservoir levels. Some reservoir levels
will vary greatly between seasons in a typical year while others experience only a slightly
noticeable dip going into the fall. This difference is illustrated in Figure 5-5. Because of this
diverse behavior, percentiles were used as the normalizing criteria, reflecting individual
reservoirs' natural cycles. Trying to force reservoir systems to the same percentage full would be
an unrealistic and unnatural goal, but driving them to the same percentile ensures that drought
effects are felt equally across a region or across the state.
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Figure 5-5: Comparison of drawdown characteristics of two different reservoir systems

This approach was abandoned, however, when results showed that it is not uncommon
for some reservoir systems to reach undesirably low storage volumes on a more regular basis
than others, and the equitable hydrologic drawdown scheme reinforced this trend. If, for
example, one reservoir system has consistently faced water shortages in dry years, the
normalization scheme would force that system into a water shortage simply because of the fact
that it is a normal occurrence, even if it is undesirable.
The final algorithm for equalizing hydrologic drawdown uses the reservoir rule curves,
average, minimum and maximum levels for normalization. This approach is similar to a forcing
function that drives all reservoir levels to end a simulation at the same volume, relative to their
unique rule curves. Tables have been developed for all reservoir systems that describe many
graduated curves between the existing rule curves, average, and maximum and minimum
constraints. (These curves are only used internally by the software and are transparent to the
user.) Figure 5-6 is a graphical representation of these tables. The normalization scheme may,
for example, force reservoir levels to a point that is one quarter of the way between the "observe"
curve and the average curve. On the graphs below a 2-month optimized simulation starting on
July 1 will ideally end with both reservoir levels on the same curve on September 1 (e.g. the blue
dashed curve) regardless of on which curve they began.
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Figure 5-6: Example Normalization Curves for 2 Reservoir Systems

Streamflows are pertinent to reservoir modeling because they could represent a
significant flow into or out of a reservoir. They may also be the basis of application of a
particular operating rule that dictates how much augmentation flow must be released from a
reservoir to meet passing flow requirements. Data were collected from USGS for all applicable
streamgages and arranged into tables, several for each streamgage, which describe the flow on
any given day of the year for several percentiles. The following paragraphs use the inflow to
Spruce Run Reservoir as an example of how streamflow tables were typically derived.
All streamgage data in Spruce Run reservoir drainage area were combined and adjusted
to account for any drainage area that is not gauged; for example, the drainage areas of
streamgages might cover only half of the reservoir's total watershed area, so the data from these
gages would be multiplied by 2 to account for areas not gauged. The data were averaged to
produce a curve that characterizes the annual flow pattern into the reservoir. A graph of this
curve is shown in Figure 5-7.

5-17

mber
Dece

N ove
mbe r

Octob
er

mber
Septe

st
Augu

July

June

May

April

Marc
h

Febru

ary

160
140
120
100
80
60
40
20
0
Janua
ry

3

Inflow to Spruce Run (ft /s)

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

Figure 5-7: Inflow to Spruce Run Reservoir

The data are then analyzed to determine percentile factors of cumulative flow for a period
beginning on a specific date. For example, the 1-month (30-day) cumulative inflow starting on
January 1 is compiled by first adding inflow from January 1 to January 30 and repeating for
every year on record. This generates a cumulative inflow for every year for this date as
illustrated in Figure 5-8.
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Figure 5-8: 1-Month Cumulative Inflow to Spruce Run Reservoir following January 1

Several cumulative streamflow percentiles are derived from these values. In the case of
Spruce Run inflow, only 1 out of 100 years is likely to have a cumulative inflow less than
305 MG for this period and 1 out of 2 years is likely to have less than 1,075 MG. These numbers
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are divided by the average cumulative inflow for the same period to determine the final table
value. This percentile factor is applied to the average inflow when generating simulation
conditions in the RMBM.
This procedure has been repeated for every day of the year and was then repeated again
for 2, 3, and 6-month cumulative periods for every applicable streamflow. The RMBM
automatically applies the correct values based on the user-entered percentile, starting date, and
the duration of the simulation.
Precipitation and evaporation data for several sites across New Jersey have been obtained
through the NOAA website. The gages have been correlated to reservoir systems based on their
geographic proximity. Between 2 to 5 precipitation gages in the vicinity of each reservoir
system were cluster and averaged to produce the precipitation historic record for each reservoir
system. Evaporation data were taken from 2 gages, one in Philadelphia and another in Newark.
These 2 gages were averaged to produce the evaporation historic record. Throughout the
historical record of reservoir levels, there are obvious acclivities caused by large, singular
rainfall events. The RMBM does not have any capability of predicting these isolated events, so
precipitation input is based on a smoothed, average curve of daily historical data — effectively
simulating storm events by spreading them out to a light drizzle over a month. The resulting
precipitation curve represents a smoothed yearly average precipitation record of daily values.
This curve can be adjusted to simulate wet and dry years by adjusting the average curve with an
appropriate adjustment factor. . For example, a normal year of precipitation would be
represented by a factor of 1.0, while a wet year might have an adjustment factor of 1.2 (20%
above normal precipitation) or 0.9 (10% below normal precipitation) for a dry year. Evaporation
is projected in a similar manner. (Streamflows fluctuate rapidly and respond to discrete rainfall
events, but these data are not smoothed. Reservoir operating rules reference streamflows;
removing peaks and depressions may prevent these values from crossing certain thresholds that
would occasionally change the operation of the reservoir. For this reason, the random storm
events that skew data and are not likely to re-occur on the same date are used to project the
future.) Example graphs of precipitation and evaporation data are shown in Figure 5-9.
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Figure 5-9: Precipitation and evaporation data used for reservoir modeling

5-19

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

This collection of data only starts the process of reservoir modeling. The following
section explains the manipulation of data that takes place to ultimately recommend optimum
water diversions.
5.4.2

Optimization Criteria and Constraints

The RMBM performs a daily, iterative algorithm that is unique to each reservoir to
predict reservoir levels at a user-specified point in the future. This process is performed once at
the start of a WSMDST simulation to predict levels with the current, normal withdrawal rates
(based on demands at the start of the simulation), and again with rates adjusted to optimize
diversions.
Though not discussed as a part of the input database, each unique algorithm is based on a
large amount of information collected from NJDEP permits. The permits outline prescribed
allocations and reservoir releases. These amounts vary depending on a set of logical rules that
reference streamflows and other reservoir levels, among other factors. This makes the RMBM a
complex web of interrelated information. Each reservoir has a dedicated sheet within the Excel
model in which the calculations, logical tests, and references to other sheets are performed.
Forecasting future reservoir levels is the first step in making the necessary adjustments to
treatment plant withdrawals to equalize the hydrologic drawdown across the region or state.
After summing the volumes of all reservoirs in each system, and then summing the volumes of
all systems in a region, and then regions in the state, the RMBM determines the achievable
normalized level at which the reservoirs should operate. It then recommends adjusted treatment
plant withdrawal rates that will bring each reservoir system to the same normalization curve as
all others within a specified period of time. This process is performed on a drought region scale
during drought watch and on a statewide scale during drought warning or emergency.
The RMBM passes the recommended treatment plant rates to the IMBM for further
processing.
5.4.3

Model Output

The output of the RMBM requires much less interpretation than that of the IMBM. Its
purpose, after all, is to provide input to the IMBM to achieve the overall objective of optimizing
transfers to mitigate localized drought effects. The RMBM does, however, offer a look at the
effect of withdrawal rates on reservoir level. These data can be plotted daily for the period
simulated with normal, optimized, and user-adjusted treatment plant rates.
5.4.4

Historic Balance Development

The same algorithms and data that are used to forecast reservoir behavior can also be used
to simulate past droughts. Rather than using streamflow and precipitation data derived from the
compilation of all historical data, the historic RMBM uses actual streamflow, evaporation and
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precipitation data from periods of drought. When the model is used to predict future droughts,
the uncertainties are almost entirely hydrologic, with a fairly high confidence in demand. On the
other hand, when we try to recreate past droughts, it is the demand that is less certain as we look
further into the past (because demand records from the 1960s, for example, are not available, and
significant changes have occurred since then), and the hydrologic data of which we are much
more certain. Simulations of historic droughts are discussed in section Section 5.5.
5.5

Scenario Development

Safe yield simulations were developed for each reservoir system to serve as a model
validation check and to provide a relatively uniform basis for comparison of reservoir system
behavior during drought and normal conditions. Historical hydrologic data were used with
current reservoir configuration, operating rules, and permitted safe yield to simulate reservoir
system drawdown and refill. Representative simulations are shown in Figure 5-10 and
Figure 5-11.
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Figure 5-10: Safe yield reservoir system simulation, 1948-2006
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Figure 5-11: Safe yield reservoir system simulation, 1948-2006

5.5.1

Analysis of Drought History

The following drought analyses are based on current reservoir configuration, operation,
and demand condition. Unfortunately, operational rules, treatment, consumer demand patterns,
and conservation measures taken during these periods were not available. Therefore, the drought
analyses below use historical streamflow, precipitation, and evaporation data, but current
operational rules and treatment and consumer demand patterns. The analyses below show what
would happen if the same hydrologic conditions were to occur today. The graphs below are for
the Newark system and are used to divide the historical droughts into 4 categories – Emergency,
Warning, Watch, and Normal – to form the basis for simulation of all reservoir systems in the
WSMDST and later sections of the report.
Reservoir system drawdown is represented as percent usable volume remaining, and the
events during which the reservoir drops to the lowest levels of usable volume are useful events
for relative comparison. The 1960's drought period is considered the drought of record in the
state, and a more detailed plot indicates that reservoir systems would have experienced Drought
Emergency levels, as shown in Figure 5-12. The 2002 drought period results in another
significant drop in usable storage on the heels of a less extreme drought event in 1999. These
events are shown in Figure 5-13 and Figure 5-14, respectively. The 2002 drought draws the
reservoirs down to Drought Emergency levels, while the 1999 drought reaches Drought Watch
levels. The droughts of 1980-81 and 1985 drop the reservoirs to Drought Warning levels, as
shown in Figures 5-15 and 5-16.

5-22

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

Historical Dought- 1964~1967
Volume (%)

Watch

Warning

Emergency

110.0%
100.0%

Percent Full % (Volume)

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
5/9/1964

11/25/1964

6/13/1965

12/30/1965

7/18/1966

2/3/1967

Date

Figure 5-12: Simulated Drought Emergency Event
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Figure 5-13: Simulated Drought Emergency Event
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Figure 5-14: Simulated Drought Watch Event
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Figure 5-15: Simulated Drought Warning Event
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Figure 5-16: Simulated Drought Warning Event

5.5.2

Drought Scenarios

The following droughts are analyzed in detail in Section 6 to develop recommendations
for infrastructure improvements:
•
•
•
•
5.5.3

1965 – Drought Emergency
2002 – Drought Emergency
1980-81 – Drought Warning
1999 – Drought Watch

Normal Scenarios

The following time periods are analyzed in Section 7 as a part of normal reservoir
operation evaluation:
•
1998 – Normal
•
2005 – Normal
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6.0

OPTIMIZE EXISTING WATER DIVERSIONS DURING DROUGHT
CONDITIONS (TASK 3)

The series of Task 3 analyses were conducted to identify changes that could be made to
the existing system to avert drought-related water supply emergencies at 3 levels of drought.
The analyses include evaluation of existing infrastructure and operating conditions to identify
apparent deficiencies and consideration of improvements. Analyses were performed for
4 different historic droughts using simulated and historical drought information. Section 6.1
focuses on the use of interconnections during droughts, while Sections 6.2 and 6.3 discuss
reduction in consumption and non-potable uses, respectively.
6.1

Historic Drought Analysis and Recommendations

Development of a drought mitigation strategy requires that judgments be made with
incomplete information. One will never, in the foreseeable future, be able to predict the weather,
and this is the single factor that ultimately drives recharge of reservoirs. Discrete precipitation
events can dramatically affect reservoir storage levels and can occur (or persistently refrain) in
any season and at any time.
Even after the most thorough investigation of all factors, there is no crystal ball. There is
a spectrum of mitigation strategies that start with proactive measures and ends with high-volume
transfers at the last possible moment. Early action to normalize water resources across the state
and shift demand to water-rich areas will require cooperation, possibly in the face of reduced
revenues for water purveyors, if they are required to purchase water wholesale rather than
produce it from their own resources. This approach also runs the risk of initiating costly
mitigation when no drought materializes; however, this end of the spectrum will minimize the
need for infrastructure improvements. If drought mitigation action is taken only when conditions
have deteriorated to an unambiguous level, the volumes of water transfer required will
necessitate expensive improvements to infrastructure. Even with these improvements, this
approach may not be able to guarantee avoidance of a drought emergency and mandatory
demand reductions under all possible conditions.
6.1.1

Drought Analysis Procedure

It has become clear from past droughts that by the time a drought watch or warning
condition is identified, it may take very extreme measures or may be impossible to avert a
drought emergency. In recent history (since the 1960s), 7 drought warnings have resulted in
5 drought emergencies, with an additional drought emergency in 1985 not preceded by any
drought warning. While demand reductions are very effective in restoring reservoir storage once
an emergency condition has been reached, they are considered to be a secondary means of
mitigation after interconnection usage for the purpose of these analyses.
The WSMDST has been designed to predict the likelihood of reaching drought conditions
within a specified time period. By following the procedure described below, water suppliers and
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purveyors will be able to weigh the risks and consequences of drought with sufficient time to
take action.
Because of the consistently short time between drought watch and emergency, a new
standard for initiating closer monitoring of reservoir levels has been identified — the advisory
level. This proposed rule curve simply splits the difference between the already established
"observe" curve and the average reservoir level. When compared to historical scenarios, this
level strikes a reasonable balance between early identification of eminent drought and
minimization of false alarms. This new curve is for NJDEP’s internal use as a trigger for NJDEP
to start observing the falling water levels and to use the WSMDST model to predict the
likelihood of reaching drought conditions as explained in the following paragraphs. The advisory
level is not a “rule curve” where transfers will be mandated.
If storage in any single reservoir system falls below the advisory curve, the WSMDST
should be employed as frequently as once per week to forecast possible drought conditions. This
prediction relies heavily on statistical theory and is only as valuable as the judgment used in its
interpretation. Streamflow data in most cases has been collected for almost 60 years. This
population of data is sufficient for drawing some conclusions, but a larger collection is always
preferable. Statistical tables have been prepared for 1, 2, 3, and 6-month cumulative streamflows
for all streams affecting the recharge of reservoir systems in the analysis. The first application of
the WSMDST should be a 1-month projection of reservoir levels using an acceptable risk
determined by NJDEP. Analyses of past droughts performed for this report have assumed an
acceptable risk of 10%; therefore, reservoir levels were modeled using 10th percentile, 1-month
cumulative streamflow data. In other words, only 1 out of 10 years is expected to be as dry as
what is predicted in the WSMDST. If the resulting reservoir levels at the end of this month are
below the "observe" curve, initiation of water transfers is recommended. The amount of water
transferred can be limited to that required to keep any single reservoir system from entering
drought watch at the end of the projected month. If the model optimization results in all systems
in a region normalizing to some level below the drought watch curve, inter-region transfers
should be considered.
The same procedure is next applied to a 3-month period. The 10th percentile, 3-month
cumulative streamflows will be greater (less severely dry) than the 1-month streamflow because
3 consecutive months of dryness are less likely than dryness for only a single month. Just as in
the 1-month simulation, if the model results in any system or region having reservoir levels
below the drought watch curve, sufficient water should be transferred to keep all systems above
the drought watch condition. This process is repeated again with 6-month statistics.
This approach allows NJDEP and purveyors an opportunity to make the minimum water
transfers necessary to prepare for short or longer-term drought. This method will not, however,
necessarily prevent drought emergencies. Using the 10th percentile attempts to balance risk and
expense. In 9 out of 10 years, the minimum transfers recommended by the WSMDST will
prevent localized water shortages due to drought. However, 1 out of 10 years will require more
extreme measures than those recommended by the WSMDST. As such a drought progresses,
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continued application of the WSMDST will result in more extreme optimization
recommendations that reflect the deteriorating conditions.
In the text of the following analyses, the terms "predicted" and "forecasted" carry distinct
meanings. Predicted curves are artificially generated by the WSMDST, but are based on actual
historic streamflows and precipitation; "predicted" may be a slight misnomer as it has the benefit
of hindsight. Forecasted curves are artificially generated by the WSMDST as well, but the
streamflow and precipitation data are based on statistical tables discussed in Section 5.4.1, as if
nothing were known about the hydrologic conditions after the starting date of the simulation.
Furthermore, "optimized" curves are those that use the recommended interconnections; otherwise
drawdown rates are based on operating rules without regard to any normalization effort.
Some raw water transfers are automatically implemented by the WSMDST based on
operating rules. The performance of these transfers has been spot-checked to ensure that
WSMDST simulations match fairly consistently with the historic records of transfers maintained
by NJDEP.
The following sections describe the analyses that were conducted for the following
droughts:
•
•
•
•
•
•
•
6.1.2

1960s
1981-82
1995
1998
1999
2001-2002
2005

1960s Drought Analysis

Analysis of the conditions that contributed to the 1960's drought is difficult for several
reasons. The drought itself cannot be realistically analyzed due to the fact that so much has
changed since the time of the drought. One can, however, simulate the effects on today's water
systems if the same hydrologic conditions that caused that drought were to re-occur.
Since reservoir water surface elevations were not readily available for all reservoirs
modeled in the WSMDST during the 1960s, reservoirs were assumed to start full and were given
ample time to reset to normal conditions before the drought period analyzed. The optimization
analysis began at the point where a single reservoir dropped below the advisory line, in this case
UWNJ, around August 1, 1964. The reservoir volumes on that date were used as the starting
volume for the optimization analysis.
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Figures 6-1 through 6-5 illustrate the predicted reservoir levels that might be observed
over a 3-year period if no demand reductions or interconnection transfers were employed. (The
blue line ("observed") in these figures is intentionally absent because no actual reservoir
observations were included in the data provided by NJDEP or purveyors.)
Jersey City

 

14
12

Volume (BG)

10
8
6
4
2
1960 Drought Analysis
0
1/1/64

10/27/64

8/23/65

6/19/66

Watch

Warning

Emergency

Average

Advisory Level

Observed

4/15/67

Sc1 - Predicted Drawdown

Figure 6-1: Jersey City MUA - Model Predicted Drawdown
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Figure 6-2: Newark - Model Predicted Drawdown
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6-3: North Jersey DWSC - Model Predicted Drawdown
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Figure 6-4: UWNJ - Model Predicted Drawdown
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Figure 6-5: Spruce Run/Round Valley (SRRV) - Model Predicted Drawdown

The predictions above demonstrate those reservoir systems which recharge very quickly,
like Jersey City, and those which refill much more slowly, like Spruce Run and Round Valley.
An abbreviated analysis of this drought was conducted for the first 6 months following
August 1, 1964. After this time, the uncertainties within the model are too significant to derive
any realistic conclusions. In the end, it is obvious that water transfers can only mitigate a
drought if there is excess water to be moved, and this is not the case after 3 consecutive dry
years. Conservation is the only strategy that can alleviate this condition in the long term.
6.1.3

1981-1982 Drought Analysis

Analysis of the 1981-82 drought was conducted in a similar manner as the 1960s drought.
Starting water surface elevation for all reservoirs was determined following the procedure
described in Section 6.1.2. As with the 1960s drought, streamflow, precipitation, and
evaporation data were available for this period. Therefore, the same hydrologic conditions have
been applied to existing reservoir operational conditions (demand and supply sources
corresponded to the present). Figures 6-6 through 6-9 show the model predicted drawdown for
different northeast reservoirs. (Again, blue lines ("observed") are intentionally absent from these
figures because observed reservoir levels were not included in the data provided by NJDEP or
purveyors.)
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Figure 6-6: Jersey City MUA - Model Predicted Drawdown
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Figure 6-7: Newark - Model Predicted Drawdown
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Figure 6-8: North Jersey DWSC - Model Predicted Drawdown
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Figure 6-9: UWNJ - Model Predicted Drawdown

As shown in Figure 6-6 through Figure 6-9, UWNJ fell below its advisory curves on
July 31, 1981, and was predicted to reach the "observe" level in one month. The WSMDST was
used to optimize the northeast reservoirs for this drought period starting on July 31, 1981 for a
period of 30 days. WSMDST model predicts that approximately 55 mgd of water is required to
bring UWNJ out of watch conditions. During this period, NJDWSC reservoir has sufficient
capacity to provide UWNJ with additional supply to come out of watch conditions; however,
total emergency interconnection capacity to UWNJ is 40 mgd (from Task 1). Thus, based on the
1981-1982 drought, an additional emergency interconnection of 15 mgd is required from Jersey
City to UWNJ or from NJDWSC to UWNJ. Figure 6-10 compares the predicted drawdown for
UWNJ with the optimized drawdown using 55 mgd of supply through emergency
interconnections.
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Figure 6-10: United - Predicted vs. Optimized Drawdown

6.1.4

1995 Drought Analysis

UWNJ reservoirs crossed the advisory curve on June 22, 1995. There was a gap in the
data provided for Newark reservoirs for this year, and, therefore, starting volume of Newark
reservoir was unknown. Because the starting volumes of these reservoirs significantly affect the
outcome of the simulation, Newark is considered to play a negligible role as either supplier or
receiver for this drought analysis. Figure 6-11 shows the observed level of UWNJ reservoirs,
along with the calibrated model projection. The 2 lines remain close until they diverge in
September 1995, when the actual reservoir levels dip into emergency, and the effects of demand
reductions reduce the actual drawdown.
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Figure 6-11: UWNJ - Observed vs. Predicted Drawdown

The 3-month drought projection from June 22 using 10th percentile for streamflow
predicts that United Reservoir will fall into drought watch. Figure 6-12 shows UWNJ reservoirs
for this period. Model predicted drawdown for United Reservoir was not as severe as the
observed drawdown. The difference could be attributed to observed streamflow being less than
the 10th percentile streamflow used for the model simulation. During this period, Jersey City was
close to its advisory level and NJDWSC was slightly above its watch level. Modelers estimated
that UWNJ can be brought out of watch condition by transferring 30 mgd of water to it from
Jersey City and NJDWSC. Figure 6-13 shows the model predicted drawdown for United
reservoirs if 30 mgd was transferred to it (20 mgd from Jersey City and 10 mgd from NJDWSC).
For this scenario, historical streamflow and precipitation data were used. There is sufficient
emergency interconnection capacity for this transfer.
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Figure 6-12: UWNJ – 3-Month Observed vs. Forecasted Drawdown

6-15

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

United

 

16
14

Volume (BG)

12
10
8
6
4
2
1995 Analysis
0
6/22/95

7/14/95

8/6/95

8/28/95

Watch

Warning

Emergency

Average

Advisory Level

Observed

9/20/95

Sc4 - Predicted Drawdown

Figure 6-13: UWNJ– 3-Month Observed vs. Optimized Drawdown

Though there is much uncertainty about the actual conditions of this drought without
complete data for the Newark reservoir system, it is clear that existing interconnection capacity
would have been sufficient to avert the emergency experienced by UWNJ.
6.1.5

1998 Drought Analysis

North Jersey DWSC reservoirs fell below the advisory curve on September 29, 1998,
with UWNJ dropping below the curve in early November. NJDWSC was the only reservoir
during the 1998 drought to reach "observe" or "caution" levels, and a drought warning was
declared from December 14, 1998 to February 2, 1999.
The WSMDST was initiated on September 29, 1998. Figure 6-14 shows a calibrated
reservoir drawdown chart for the period of the drought.
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Figure 6-14: Newark - Observed vs. Predicted Drawdown

The model was then used for conducting a 1-month simulation starting at September 29,
1998, but using the streamflow percentile data rather than the observed streamflow and
precipitation data. 10th percentile was used for streamflow data. The model predicted that none
of the reservoirs would reach watch condition and thus no transfer is required. This matched
closely with what was later on observed. Figure 6-15 shows the model forecasted drawdown for
1 month compared with the observed drawdown for Newark reservoir.
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Figure 6-15: Newark - 1-Month Observed vs. Forecasted Drawdown

Next the model was used for forecasting the drawdown for 3 months into the future
starting again at September 29, 1998. The model forecasted that NJDWSC will lower to watch
conditions after approximately 2 months. The model predicts that approximately 25 mgd is
required to keep NJDWSC out of watch condition. During this time, Jersey City and Newark
were significantly above their watch levels and can provide emergency transfer to NJDWSC.
Figure 6-16 shows the model predicted drawdown and the recommended optimized drawdown
for NJDWSC.
During 1998 NJDWSC was the only reservoir that lowered to watch conditions; however,
NJDWSC could have been prevented from reaching drought watch conditions by transferring
water to it from Jersey City and Newark.
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Figure 6-16: North Jersey DWSC - Observed vs. Predicted and Optimized Drawdown
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6.1.6

1999 Drought Analysis

The signs of drought were first identified in this analysis when the UWNJ reservoir
system dropped below the advisory curve on July 10, 1999. An initial run of the WSMDST was
used to calibrate the model to observed reservoir drawdown. An example of a calibrated model
run is shown in Figure 6-17. (The effect of demand reductions on actual reservoir levels
becomes very apparent after the reservoir reaches emergency levels. These demand reductions
are not accounted for in the WSMDST.)
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Figure 6-17: UWNJ - Observed vs. Predicted Drawdown

With all reservoir systems calibrated, modelers simulated a 1-month scenario using
5th percentile hydrologic factors from the start date of July 10. The results show that the
Northeast region would have been able to stay out of drought watch with sufficient
interconnection capacity. UWNJ would receive approximately 38 mgd from NJDWSC, and
PVWC; Jersey City MUA also required 18 mgd from PVWC to stay out of drought watch.
Figure 6-18 and 6-19 illustrate the actual, simulated, and optimized drawdown for these
receiving purveyors.
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Figure 6-18: UWNJ - 1-Month Observed vs. Forecasted and Optimized Drawdown
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Figure 6-19: Jersey City - 1-Month Observed vs. Forecasted and Optimized Drawdown

Because the reservoir levels normalized to a level very close to drought watch for the
Northeast Region, a 2-month simulation was considered appropriate in addition to longer term
analyses. The results of the 2-month simulation indicated that additional water from outside the
Northeast Drought Region was necessary to prevent drought watch. The model predicted that
Jersey City requires 30 mgd and UWNJ 35 mgd to stay out of watch conditions. For this scenario
PVWC had a surplus of 20 mgd which can be provided to Jersey City or UWNJ. The remaining
deficit of 45 mgd has to be supplied by the Central region; however, this deficit cannot be met by
Elizabethtown due to limited emergency interconnection capacity. Total capacity from
Elizabethtown to Northeast reservoirs is 40 mgd (from Task 1). Also UWNJ has a total
emergency interconnection capacity of 40 mgd (from Task 1) which is 5 mgd short of the
requirement for staying out of watch condition.
The interconnection chain that connects NJAWC-Elizabethtown to Newark to Jersey City
MUA to UWNJ is an essential component of statewide drought mitigation that, based on the
analysis of 1999 drought, needs to be expanded.
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6.1.7

2001-2002 Drought Analysis

The following paragraphs summarize the analysis of the 2001-2002 drought using the
WSMDST procedure recommended previously.
Reservoir levels first became apparently low when the NJDWSC reservoir system
crossed the advisory curve on October 26, 2001. Newark's Pequannock Watershed reservoirs
dropped below the advisory level a few days later on October 31, with UWNJ and Jersey City
MUA reservoir systems falling below the advisory curve in the second half of November.
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This drought came with little warning and was far more severe than any drought in recent
years. Figure 6-20 shows cumulative precipitation at a representative point in New Jersey for the
3 months preceding the initial advisory alert on October 26, compared with the same statistic for
previous years.

Year
Figure 6-20: 3-Month Cumulative Precipitation Preceding October 26, 2001

The rainfall in 2001 is slightly below the average, but unexceptionally so. If the same
statistic a few months later is re-examined, one can see how exceptional the winter of 2001-2002
became (Figure 6-21).
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Figure 6-21: 3-Month Cumulative Precipitation Preceding December 26, 2001

Within only 2 months, the 3-month cumulative precipitation up to December 26 had
dropped to the lowest in over 50 years. These conditions persisted until March of 2002.
Demand reductions due to declaration of drought emergency and increased precipitation helped
to returned reservoirs to normal levels, but it was nearly 2003 before all reservoirs were back
above average levels.
The WSMDST was initiated on October 26, 2001. Modelers first used historical
precipitation, evaporation, and streamflow data to calibrate the output of the WSMDST to
observed behavior of the reservoirs. This is a luxury that will not be available when modeling
the unknown future, but is beneficial in this case to account for known variables that change over
time, such as demand and unknown factors not included in the model. By assuming that the sum
of known and unknown factors remains constant for the duration of the period simulated and
accounting for them, the projected reservoir levels are much more accurate. Figure 6-22
illustrates a reservoir system graph that has been calibrated to match the output to the observed
historical behavior.
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Figure 6-22: Jersey City MUA - Observed vs. Predicted Drawdown

With the model calibrated for all reservoir systems, a projected forecast of streamflow
and precipitation based on the driest 1 out of 10 years was applied from the start date for a
duration of 1 month. Figure 6-23 illustrates the historic drawdown compared with the drawdown
that would be observed by applying predicted hydrologic factors. (Similar graphs are generated
for all reservoir systems but not included here for brevity.) However, one can see from the
historical data that the period simulated turned out to be much worse than 1 out of 10 years.
The simulation was repeated for 3-month durations with a projected forecast of
streamflow and precipitation based on the driest 1 out of 100 years. Figures 6-24 – 6-27
Illustrate the historic drawdown, model simulated drawdown, and optimized drawdown during
emergency conditions. Table 6-1 lists the surplus and deficit for different reservoir systems. As
shown in the table, the Northeast Region as a whole required 131 mgd of water over a course of
3 months to stay out of watch conditions. PVWC has a surplus of 18 mgd and
NJAWC-Elizabethtown a surplus of 100 mgd. Water from PVWC can be easily transferred
within the Northeast Region through the existing interconnections. However, NJAWCElizabethtown only has a 41 mgd interconnection with Newark, so even though it has surplus
supply, limited infrastructure prohibits the transfer of water. Building sufficient interconnection
capacities to mitigate the effects of this drought would require increasing the capacity of the
NJAWC-Elizabethtown interconnection to the Northeast Region.
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Figure 6-23: Jersey City MUA - Observed vs. Forecasted Drawdown
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Figure 6-24: Jersey City MUA - Observed vs. Forecasted Drawdown vs. Optimized Drawdown
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Figure 6-25: Newark - Observed vs. Forecasted Drawdown vs. Optimized Drawdown
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Figure 6-26: NJDWSC - Observed vs. Forecasted Drawdown vs. Optimized Drawdown
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Figure 6-27: United - Observed vs. Forecasted Drawdown vs. Optimized Drawdown
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Table 6-1: Transfer Required for Minimal Optimization
Supply
Required to
bring to
Watch
conditions
Surplus
Purveyor Name
Region
(MGD)
(MGD)
Jersey City Municipal Utility
Northeast
35
NA
Authority
North Jersey District Water
Northeast
44
NA
Supply Commission
Newark City Water
Northeast
32
NA
Department
United Water New Jersey
Northeast
20
NA
Passaic Valley Water
Northeast
NA
18
Commission
New Jersey American Water
Central
NA
100
Company - Elizabethtown

6.1.8

2005 Drought Analysis

North Jersey DWSC and UWNJ fell below their advisory curves on August 1, 2005.
North Jersey DWSC and UWNJ reservoirs both reached watch levels in the first week of
September, 2005. The WSMDST was initiated on August 1, 2005. Figure 6-28 shows a
calibrated reservoir drawdown graph for the period of the drought.
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Figure 6-28: UWNJ - Observed vs. Predicted Drawdown

The model was then used to conduct a 1-month simulation starting at August 1, 2005
using 10th percentile streamflow data. The model forecasted that none of the reservoirs would
reach watch condition and thus no transfer is required. This matched closely with what was
later on observed. Figure 6-29 shows the model forecasted drawdown for one month compared
with the observed drawdown for NJDWSC reservoir.
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Figure 6-29: North Jersey DWSC - Observed vs. Forecasted Drawdown

Next the WSMDST was used for forecasting the drawdown for three months starting
again at August 1, 2005. The model forecasted that NJDWSC and UWNJ would hit watch
conditions after approximately 40 days. However, NJDWSC barely touched the watch condition
and never went below the watch curve. As such no transfer is recommended for this reservoir.
UWNJ could have avert drought watch by getting emergency supply through PVWC which has
no downstream users and is the first choice for transfers required for averting droughts.
Figure 6-30 show the model forecasted drawdown and the recommended optimized drawdown
for UWNJ.
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Figure 6-30: UWNJ - Observed vs. Forecasted and Optimized Drawdown
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Recommended Improvements based on Historical Drought Analysis
Table 6-2 summarizes the recommendations for infrastructure improvements based on the various historical droughts analyzed above.
Table 6-2: Summary of Recommendations based on Historical Drought Analysis
Drought
Condition
1960's

Emergency

Purveyors in
deficit

Interconnection
required to stay out
of drought watch

All

Existing interconnection
capacity

Purveyors with
surplus

Limiting
interconnections

No surplus water in
New Jersey

Comments

(See Table 1 for breakdown)

None
Jersey City, Newark,
NJDWSC, PVWC

Interconnection from
NJDWSC to UWNJ

Model predicted using emergency interconnections through other Northeast
reservoirs and PVWC to provide water to United, to avert hitting watch conditions.
30 MD can be provided through Jersey City and NJDWSC.

By early February 1965 no water systems had surplus water to share.

19811982

Emergency

United

55 mgd required

40 mgd (See Table 1 for
breakdown)

1995

Warning

United

30 mgd required

40 mgd (See Table 1 for
breakdown)

Jersey City, Newark,
NJDWSC, PVWC

None

25 mgd required

81.8 mgd (See Table 1 for
breakdown)

Jersey City, Newark
& United.

None

United

35 mgd required

40 mgd (See Table 1 for
breakdown)

PVWC, NJAWC Elizabethtown

Interconnection from
Jersey City to UWNJ

PVWC supplied 20 MGD. UWNJ's interconnection supply was limited by flow
through Jersey City (short by 5 MGD). Flow to Northeast reservoir from
Elizabethtown is also limited to 40 MGD (short by 5 MGD).

Jersey City

30 mgd

176.50 mgd (See Table 1 for
breakdown)

PVWC, NJAWC Elizabethtown

None

Jersey City had sufficient interconnection capacity to stay out of drought watch in
the near and long term.

Jersey City

35 mgd required

113 mgd through PVWC

NJDWSC.

44 mgd required

40 mgd from PVWC

Newark

32 mgd required

46 mgd from PVWC & 41 MGD
from Elizabethtown

United

20 mgd required

7 mgd from PVWC

PVWC had a surplus
of 18 mgd and
Elizabethtown had a
surplus of 100 mgd

Through
Elizabethtown

Total of 131 MGD was required to bring all the Northeast reservoirs out of drought
watch condition with out demand reductions. Even though Elizabethtown had a
surplus of 100 MGD the emergency interconnection capacity from Elizabethtown to
Northeast reservoirs is only 41 MGD.

United

10 mgd required

40 mgd (See Table 1 for
breakdown)

Jersey City, Newark
& PVWC

None

Model predicted using interconnection with PVWC to receive the required 10 MGD.

1998

1999

2002
2005

Watch

Warning

Emergency

NJDWSC.
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6.2

Reduction in Consumption from Drought Restrictions

Mandatory and voluntary calls for reduction in consumption are common components of
drought management plans at the utility, community, and state levels. These short-term water
conservation strategies serve to temporarily reduce potable water demands by encouraging or
requiring reductions in non-essential water use by domestic, commercial, and industrial users.
Such programs are typically implemented using a phased approach, with voluntary reductions
being called for during the initial drought stages and mandatory reductions or even rationing
being instituted during drought emergencies. When water use restrictions are in place, domestic,
commercial, and industrial water uses are expected to limit non-essential water use by reducing
or refraining from activities such as lawn and garden irrigation, vehicle washing, street/sidewalk
cleaning, and filling of pools. As the severity of a drought situation progresses from a watch to
an emergency, non-essential uses should be incrementally reduced and may ultimately be
eliminated. In addition to reducing water use, consumers are often asked to optimize indoor and
outdoor water use by identifying and addressing leaks in plumbing, reducing overspray from
sprinkler systems, timing outdoor watering to occur during the coolest hours of the day,
installing low water use fixtures, and reducing shower length, among other activities. Table 6-3
provides an example of typical drought management stages.
Table 6-3: Sample Drought Management Strategy
Water
Demand
Water
Use
Restrictions
and
Supply
Reduction
Outreach Activities
Deficit*
Goals**
Stage 1 – Prevention
0–5%
Public
education,
voluntary
(normal conditions)
conservation
Stage 2 – Drought Watch
5 – 10%
5 – 15%
Increased public education, provide
guidelines for voluntary conservation
activities, water audits, scheduled outdoor watering, incentives (hand-outs,
rebate programs)
Stage 3 – Drought Warning
10 – 20%
5 – 20%
Increased public education, provide
guidelines for voluntary or mandatory
water use restrictions, water audits,
scheduled out-door watering
Stage
4
–
Drought 20 – 35%
10 – 25%
Mandatory reductions in non-essential
Emergency
uses,
rationing,
patrolling
and
enforcement, conservation pricing
Stage 5 – Critical Water 35 - 50%
Mandatory elimination of non-essential
Supply Emergency
uses, water rationing
* From, American Water Works Association Drought Management Handbook, 2002
**Compiled from drought management plans for select northeast states.
Drought Stage

Short-term demand management programs, when carefully implemented and enforced,
have been shown to be quite effective in delaying the on-set of a drought emergency.
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6.2.1

Example Utility Plan Implementation

The City of Austin, Texas is an example of the successful implementation of a drought
contingency plan (Gregg, 2002). The City relied upon short-term conservation measures to
manage demand during 5 consecutive summers while new sources were developed to meet the
rapidly growing residential demand. At the on-set, the City revised its drought contingency plan,
which among other things, called for automatically implementing Stage 1 drought restrictions
from May through September each year. For 4 years the intensive public awareness efforts and
requests for voluntary conservation efforts were effective at maintaining demands at safe levels.
However, during the 5th year the city was forced to declare and implement Stage 2 drought
restrictions when the demand peaked at within 7 mgd of the system capacity. Stage 2 drought
restrictions called for mandatory reductions in non-essential uses. Implementation of Stage 2
restrictions included staffing a 24-hour hotline, patrolling for and reporting violations, and
issuing warnings and citations. The city was under water use restrictions for over 2 months, but
the efforts worked, with the demand falling below the action level within a few days of
notification and staying at safe levels throughout the unusually long hot summer. The City's
public outreach and enforcement measures and the resulting consumer cooperation averted the
need for more severe demand reduction strategies like rationing and increased rates.
6.2.2

Example State Programs

The state of Georgia implemented state-mandated water-use restrictions in May 2000, in
response to severe water supply deficit statewide. This was the first time such restrictions had
been mandated. The campaign overall was believed to be successful, but many lessons were
learned. The restrictions included time-off daily watering restrictions, which limited outdoor
watering to specific morning and evening hours. Evaluation of demand data from utilities
throughout the region showed that adherence to these restrictions resulted in unusual diurnal
demand patterns and extreme peaks in demand during the prescribed watering hours (Comstock,
2002). In response, the restrictions were modified to include odd/even day requirements, which
further restricted water based on house number. This modification was effective in reducing the
extreme peaks and proved to be a more effective strategy. Since that time, the State has revised
their Drought Management Plan. The latest revision includes odd/even day watering restrictions
even during non-drought periods, with successively more strict hourly restrictions for each
drought phase (Georgia Drought Management Plan, 2003).
State environmental agencies throughout the country have developed drought
management plans. These plans vary in their level of detail. Some only address various agency
roles during a drought emergency, while others include statewide drought indicator systems,
defined goal reductions in consumption, and water use restrictions for each drought stage. Table
6-4 summarizes reduction in consumption goals for states in the northeast that have more
detailed drought management plans. New York City's goals are included, as New York State
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does not have defined goals. The goals are fairly consistent from state to state within the region
and are consistent with goals from states throughout the country.

Table 6-4: Select Reduction in Consumption Goals
Drought Stage
Reduction Goals by Agency
VA DEQ*
CT DEP**
MD DEP^
NYC DEP^^
Advisory
10%
Watch
5%
15%
5-10%
15%
Warning
5-10%
20%
10-15%
20%
Emergency
10-15%
25%
15-20%
25%
* VA Drought Assessment and response Plan, March 2003
**Connecticut Drought Preparedness and Response Plan, August 2003
^ Maryland Statewide Water Conservation Advisory Committee report, Nov 2000
^^ NYCDEP website - access Feb 2007
^^^ PADEP Fact Sheet - Drought Management in Pennsylvania, Sep 2005

6.2.3

PA DEP^^^
5%
10-15%
25%

Long-Term Conservation Efforts

In addition to short term reductions in non-essential uses, many drought management
programs encourage long-term conservation efforts. Long-term conservation programs are
implemented under normal water supply conditions in an effort to achieve a sustained reduction
in demand. Sustained reductions in demand extend water supplies and serve as a drought
prevention measure. Successful conservation programs can result in reductions in consumption
of 10 - 20% over 10 - 20 years (Maddaus, 1996). Water conservation plans are developed based
on demand reduction goals and demand projection forecasts and include both supply-side (water
purveyor) and demand-side (water consumer) conservation measures. The United States
Environmental Protection Agency (USEPA) promotes conservation plans as a means to extend
the life of water and wastewater utility infrastructure, and many state regulatory agencies require
that utilities develop conservation plans as part of their permitting process. NJDEP does require
water conservation for all utilities through the water allocation permit process; however, there is
no mechanism for follow-up on plan implementation.
6.2.4

NJDEP Program

New Jersey's statewide drought management plan was developed in 1989. The plan,
which is entitled "Joint BPU and DEP Water Emergency Planning Team (WEPT) Final Report,"
provided recommendations as to how the state agencies could improve their drought
management activities. The report addressed 3 main issues: the identification of triggers and
responses, the development of enforcement policies, and the importance of delivering consistent
and effective public outreach at the state and local levels. The plan established: a set of drought
triggers based on precipitation amounts and reservoir levels, a consistent set of terminology to be
used in describing a drought (including defining of the various drought phases), a model
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ordinance for local enforcement of drought restrictions, suggested tariff language to allow for the
adoption of conservation rates, and a "Drought Emergency Communications Plan" to insure
effective communication among the state and local agencies and the public. The report
identified 5 drought phases as listed in Table 6-5, with each phase tightening restrictions for a
different class of users. The report did not, however, establish goal reductions for each of these
phases. Though the report was comprehensive, it is rather dated, and as such, parts of it have
been updated or superseded. For example, the Drought Indicator System now in place evolved
out of the triggers developed in the report.
Table 6-5: Summary of NJDEP Drought Status and Restrictions - 1989
Drought Status
Restrictions
Enforcement
Advisory
None
None
Warning
Voluntary conservation
None
Emergency Phase I
Mandatory outdoor restrictions
Discontinuance
Emergency Phase II
Mandatory outdoor and
indoor Discontinuance
restrictions
Emergency Phase III
Mandatory residential, industrial and Discontinuance
commercial restrictions
Adapted from “Joint BPU and DEP Water Emergency Planning Team (WEPT) Final Report”, 1989

NJDEP requires all purveyors to develop a "Water Supply Emergency Response Plan"
that outlines system specific triggers and responses for various drought phases. Applicants for
water allocation permits must provide information from this plan; however, there do not appear
to be guidelines for developing the plans or minimum requirements of the plans.
Other agencies in New Jersey that have authority over water withdrawals are the
Delaware River Basin Commission (DRBC) and the New Jersey Pinelands Commission. DRBC
has adopted conservation policies that address both supply-side and demand-side measures.
DRBC requires that all purveyors distributing more than 100,000 gallons per day (gpd)
implement leak detection and repair programs, and that all service connections be metered.
Purveyors are also required to submit conservation plans with all new or expanded water
withdrawal permit applications and applicants with withdrawals of greater than 1 mgd must
include an evaluation of the feasibility of implementing a water conservation pricing structure
and billing program in the plan. In 2001 DRBC amended their Comprehensive Plan and Water
Code to establish water usage reporting requirements for all withdrawals greater than
100,000 gpd. Finally, DRBC established minimum performance standards for plumbing fixtures
and fittings. NJDEP is designated as the administrator of some of these policies, and has
implemented those policies statewide through the water allocation permitting process.
6.2.5

Recommended Action Items

It is recommended that NJDEP update their statewide Drought Management Plan to
redefine roles of various state, county, and local agencies during a drought emergency, to
establish minimum requirements of local plans, and to provide guidance to local agencies for
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drought response. NJDEP has already implemented the NJ Water Supply Drought Indicator
System, which is described in Chapter 3. This system provides decision makers at the state and
local levels with reliable and consistent information upon which to base drought response
decisions. Having such a system is an important component of a statewide drought management
plan. An updated statewide drought management plan will insure that agencies throughout the
state implement consistent responses to the Drought Indicator System. The statewide plan
should include delineation of agency roles during a drought emergency and an outline of
minimum recommendations for reduction in water use by each sector during each drought stage.
Additionally, the state should provide easily accessible resources for local agencies and utilities
for developing individual or system-specific drought plans, establishing drought ordinances at
the local level, developing and implementing enforcement actions, conducting public outreach
campaigns, and developing conservation pricing.
It is recommended that NJDEP develop goals similar to those established by other states
for reduction in consumption at each drought stage, as well as guidelines for voluntary
reductions and water use restrictions. This type of conservation strategy would be implemented
in response to the existing Drought Indicator System. Table 6-6 outlines the suggested structure
for a drought related conservation strategy for New Jersey.
Table 6-6: Recommended Reduction in Consumption Strategy
Demand
Activities
Reductions
Goals
Stage 1 – Prevention (normal 0 – 5%
Ongoing public education, promoting voluntary
conditions)
conservation
Stage 2 – Drought Watch
5 – 10%
Increased public education, guidelines for
voluntary conservation activities, water audits,
scheduled out-door use, incentive programs,
(hand-outs, rebate programs)
Stage 3 – Drought Warning
10 - 15%
Increased public education, mandatory water use
restrictions (scheduled out-door watering, vehicle
washing, paved surface cleaning), patrolling and
enforcement
Stage 4 – Drought Emergency 15 - 20%
Mandatory reductions/elimination of non-essential
uses, patrolling and enforcement, rationing,
conservation pricing
Drought Stage

In addition to implementing the drought related reductions in consumption outlined
above, NJDEP might consider evaluating the potential benefits associated with long-term water
conservation efforts. To achieve this, a more detailed understanding of customer water use is
needed. Examining the seasonal patterns of monthly water use is particularly useful for
identifying typical indoor and outdoor water use. Indoor water use is generally equated to the
lowest month's water use during a year. Seasonal peak water use is often associated with
outdoor use, such as landscape watering. In humid areas, summer water can be double the
winter water use. In the arid western US, water use can increase by a factor of 5 to 6 from winter
to summer (AWWA, 2006). An examination of peak-day ratios could provide an estimate of
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seasonal use, if a system's peak day use is associated with seasonal water use, and is not
attributable to a water main break or other high water use factors. The peak-day ratio is
calculated using the water produced on the highest water use day divided by the annual average
daily water use for the system. The state of New Jersey could examine seasonal water use trends
using high peak-day ratios as an indicator of possible high outdoor water use.
Once the seasonal trends and uses contributing to peak-day demands are determined,
NJDEP might consider developing statewide guidance for reducing peak-day demands during
normal conditions. Such guidance would recommend community and utility based actions that
would reduce peak demands under normal conditions and thus reduce stress on water systems
and water supplies under drought conditions. Actions that might achieve such reductions
include: outdoor water use restrictions (day and time, recommend watering every 4 to 5 days
during morning and evening hours) implemented throughout the growing season
(April - October), required installation of water efficient irrigation systems in all new
construction and redevelopment for residential, commercial and public lands, promote beneficial
reuse for irrigation, street cleaning and sewer jetting where possible, and scheduled utility
maintenance activities such as main flushing and sewer jetting. However, it is noted that
peak-day ratios and the contributing factors to peak-day flow may vary from system to system.
If this is the case in New Jersey, statewide policy may not be appropriate.
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7.0

OPTIMIZE EXISTING WATER DIVERSIONS DURING NORMAL
CONDITIONS (TASK 5)

This task is intended to identify areas for possible improvement in water supply planning
during normal conditions. During normal conditions, optimization was focused on management
and preparation for drought at the local level within water systems.
7.1

Optimize Existing Reservoir Storage Capacity

Optimization of the available storage capacity in systems with multiple reservoirs in the
same watershed can improve drought preparedness or help mitigate short duration droughts.
This section evaluates the benefits and practicality of the use of pumped transfer to equalize
recharge rates between lower and higher elevation reservoirs. The analyses do not include any
changes to existing safe yields or passing flow criteria already in place for the reservoir systems.
7.1.1

Jersey City MUA

Jersey City MUA operates a surface water system composed of Split Rock and Boonton
reservoirs. Split Rock Reservoir is located at the upstream end of Beaver Brook. It has a
drainage area of approximately 5.5 mi2 and a storage volume of approximately 3.3 BG. Boonton
Reservoir is located on the Rockaway River, with a drainage area of approximately 119 mi2 and
a storage volume of approximately 8.1 BG. Split Rock and Boonton reservoirs have passing
flow requirements of 1 and 7 mgd, respectively. Split Rock Reservoir is used to augment flow to
Beaver Brook which feeds Rockway River upstream of Boonton Reservoir.
During severe drought events, Split Rock releases undergo significant evaporation and
infiltration losses as flow makes it way downstream to Boonton Reservoir. One option that has
been considered is constructing a pipeline between the Split Rock and Boonton reservoirs to
minimize release losses and permit pump back of water from Boonton Reservoir to Split Rock
Reservoir. The concept involves pumping water from Boonton Reservoir to Split Rock
Reservoir when Boonton Reservoir is spilling. When Boonton Reservoir is low, water would be
released from Split Rock and routed directly to Boonton via the same pipeline. The piping of
water from Split Rock to Boonton would eliminate the significant loss of water that now occurs
through groundwater recharge in the stream connecting the two reservoirs. The implementation
of this concept poses a number of challenges:
•
•

•

Construction of a large pipeline through a relatively pristine area.
Potential reduction of the current recharge that would occur in the stream when
Split Rock would be spilling and the potential adverse impacts on the
groundwater system.
Timing of the transfer of water – based on discussions with reservoir operations
staff, most times when Boonton is low, Split Rock also is low; and when Boonton
is high, Split Rock also is high. Transfer would have to be timed when Split Rock
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•

is low and Boonton is high, considering that Boonton recharges faster than Split
Rock and would recover quickly.
Effects on the local ecology of reducing the overall volume of water in the stream
that now travels between the 2 reservoirs via the stream. passing flow
requirements would not be changed.

For these reasons, the physical "connection" of these 2 reservoirs is not considered
feasible and is not recommended at this time. A more detailed analysis of these and other issues
must be undertaken to be able to definitively say that this is a viable alternative.
7.1.2

United Water New Jersey

United Water New Jersey operates a 4-reservoir system, DeForest Lake, Lake Tappan,
Woodcliff Lake, and Oradell Reservoir. DeForest Lake is located on the Hackensack River just
upstream of Lake Tappan with a drainage area of approximately 27.5 mi2 and a storage capacity
of about 5.7 BG. DeForest Lake capacity is shared with United Water New York and the Village
of Nyack. Lake Tappan is located on the Hackensack River upstream of Oradell Reservoir with
a drainage area of approximately 49 mi2 and a storage capacity of around 3.8 BG. Woodcliff
Lake is located on the Pascack Brook upstream of Oradell Reservoir with a drainage area of
19.4 mi2 and a storage capacity of approximately 0.87 BG. Oradell Reservoir is the most
downstream reservoir in the United Water New Jersey system. Located on the Hackensack
River, it has a drainage area of approximately 113 mi2 and a storage capacity of 3.5 BG.
In the past, studies have considered the benefit of connecting Oradell Reservoir to
Woodcliff Lake with a pipeline. Results showed that such a connection is not beneficial based
on a cost/benefit analysis. Woodcliff Lake is a small reservoir that cannot provide significant
flow contribution for a prolonged period of time. Supplying approximately 20% of UWNJ raw
water demand would drain the reservoir in about a month. A similar analysis connecting Oradell
Reservoir to Lake Tappan yields similar results. In addition, Lake Tappan and Oradell Reservoir
have similar drainage area to storage capacity ratios, which is an indicator of their refillability.
Typically, when Oradell Reservoir is spilling, Lake Tappan is spilling as well.
7.1.3

North Jersey District Water Supply Commission

NJDWSC operates Monksville and Wanaque reservoirs. Monksville Reservoir is located
on the Pompton River, just upstream of Wanaque Reservoir. It has a drainage area of
approximately 40.4 mi2 and a storage capacity of around 7 BG. Wanaque Reservoir has a
drainage area of approximately 90.4 mi2 and a storage capacity of approximately 29.6 BG.
NJDWSC reservoir system would not benefit from connecting both reservoirs with a
pipeline, as they are close to each other in proximity and operate virtually as one reservoir.
Typically, when Wanaque Reservoir is full, Monksville Reservoir is almost full or also full.
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7.1.4

City of Newark

The City of Newark operates a reservoir system that includes Canistear, Oak Ridge,
Clinton, and Charlotteburg reservoirs and Echo Lake. The supply from this reservoir system
might be enhanced by optimized operations and/or connecting pipelines to transfer water
between reservoirs. However, stage/storage information on these reservoirs was not received,
and so this information is needed to conduct any analyses to optimize this reservoir system.
7.2

Demand Transfer between Sources

Optimization of source water selection during normal conditions can be a drought
prevention measure, conserving water during times of excess for use in times of shortage. Water
systems with multiple sources, surface water and groundwater, may have the opportunity to
transfer demand from one source to another in order to optimize the individual sources. For
example, a purveyor might opt to withdraw more from a surface water when a reservoir is
spilling or a river source is running high, meanwhile reducing their groundwater withdraw. This
practice would reserve the groundwater source for later use when the surface water is less
abundant. The reverse scenario may also be considered, that a purveyor increase groundwater
withdrawal when the groundwater levels are high and surface water quantity is below normal.
In order to evaluate the potential for demand transfer between surface and ground sources
in New Jersey, all water systems included in the scope of this study were evaluated to identify
systems which have both surface and groundwater sources and which have the potential for
significant demand reduction through optimization. For the purpose of this analysis, "having
significant opportunity for demand reduction" was defined as having a secondary source of
supply that accounts for at least 20% of the total supply capacity. Of all of the systems included
in this study, the 10 systems listed in Table 7-1 below were identified as having both surface and
groundwater supplies. Of these 10 systems, 5 systems were removed from consideration for
further evaluation because their secondary source contribution is too low. For example,
NJAWC-Elizabethtown is not a candidate for demand transfer between sources because their
groundwater capacity is less than 10% of their total capacity. The 5 remaining systems are
considered to have demand transfer opportunities. These systems, which are in italics in Table
7-1, include: Atlantic City MUA, Middlesex Water, NJAWC-Short Hills, NJAWC-Western, and
Sayreville. For each of these systems, the secondary supply source (either surface or
groundwater) is at least 20% of their total supply capacity.
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Table 7-1: Water Systems with both Surface and Groundwater Sources
PWSID

System Name

Groundwater
Source
K-C, 800-ft Sand
PRM, K-C
Brunswick, Sand &
Gravel
PRM

GW Cap.
(mgd)*
19 (22.1)
2.5
25.1

Surface Water
Source
Absecon Watershed
Metedeconk River
D&R Canal

SW Cap.
(mgd)
9.3
16
60

0102001
1506001
1225001

Atlantic City MUA
Brick Twp MUA
Middlesex Water
Company
NJAWC –
Monmouth

15.4

77

PRM, Brunswick &
Stockton
Brunswick

11 (23.5)

0712001

NJAWCElizabethtown
NJAWC – Short Hills

0327001

NJAWC – Western

PRM, Englishtown &
Mount Laurel

47.9

Swimming River,
Glendola &
Manasquan Res
Rariton & Millstone
Rivers, D&N Canal
Passaic R. & Canoe
Br Res
Delaware River

1219001
1424001

Sayerville
Southeast Morris
County MUA
United Water New
Jersey

1345001

2004002

0238001

Brunswick and
Buried Valley
Brunswick

20 (17.0)

11
13.4
2

Duhernal System
Passic River BasinClyde Potts Res.
Hackensack River
System

239
20
40
7
1.8
203

Note: Italicized systems are being considered for demand transfer.
*The numbers in table are based on information obtained during the study and are the numbers used in the model. The numbers
in parenthesis represent data since provided by NJDEP or systems. Discrepancies between the two need to be resolved.

These five systems with sufficient capacity from both sources were further investigated to
evaluate the potential benefits that might be gained through demand transfer. A few general
observations are worth noting.
•

•

•

Most of these systems have river sources, and none are directly fed by the
reservoirs modeled and analyzed in Section 7.1 above. This is significant because
the tools developed to evaluate and optimize the reservoirs are not applicable to
optimization of river sources. If this evaluation finds that there is a significant
opportunity for demand transfer for a particular system, it is recommended that a
detailed hydraulic analysis of the source water be conducted as part of a demand
transfer optimization.
One of the systems (NJAWC-Western) is located in a Critical Water Supply Area.
This is significant as it limits the potential for transfer of demand to groundwater,
and it is likely that NJAWC is already optimizing its surface water use. For
example, NJAWC-Western built the Tri-County Water Treatment Plant to reduce
groundwater dependence in Camden County and the surrounding area.
Finally, under normal conditions, water system operating scenarios are
determined based on several factors, including source water quality, quantity, and
cost. Understanding all of these is critical in optimizing a water system's source
ratio. Therefore, if this evaluation finds that there is a significant opportunity for
demand transfer for a particular system, it is recommended that a detailed analysis
of that system's operating conditions be included as part of a demand transfer
optimization.
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Taking these observations into consideration, demand transfer opportunities are discussed
for each of the 5 systems individually.
ACMUA has some opportunity for demand transfer between their groundwater allocation
of 19 mgd and surface water allocation of 9.3 mgd from the Absecon Creek. The firm capacity
of the plant will be 25 mgd once planned upgrades are completed. Maximizing use of the
surface water source is recommended when the ponds are full and flow in the creek is high.
Additionally, ACMUA is in the permitting phase for an Aquifer Storage Recovery well (ASR).
If their piloting is successful, this technology will provide additional opportunity for demand
transfer, storing treated water during wet periods to supplement supplies during peak or dry
periods. Dependent upon completion of full scale ASR operations at this site, ACMUA is
planning for the installation of additional ASR wells with the goal of achieving 4 – 5 mgd of
storage. ACMUA intends to use ASR to manage their water supply and meet future demands
without requiring new allocations. ACMUA is already working to optimize their water supply;
therefore, no major changes are recommended.
Middlesex Water Company has opportunity for demand transfer given a contract with
NJSWA allowing them to withdraw 60 mgd from the D&R Canal and a groundwater allocation
of 25.1 mgd, mostly from the Brunswick formation. Middlesex Water has already taken
measures to reduce groundwater withdrawals in neighboring Critical Water Supply Area 1
through construction of a transmission main to serve communities south of the Raritan River.
Middlesex Water has limited use of their Tingley Lane well field as a result of poor water quality
(very high hardness). As a result, Middlesex tends to rely on their Park Lane wells and D&R
Canal supply to meet their demands with a general strategy being to maintain fairly consistent
withdraw from both sources. It is recommended that Middlesex Water make efforts to maximize
their use of their surface water supply from the D&R Canal during high flow periods, reserving
their groundwater supplies. It is also recommended that Middlesex Water evaluate the costs
associated with treatment of their Tingley Lane wells for removal of hardness. Having those
sources available for more frequent use would provide additional flexibility particularly during
times of low surface water availability.
NJAWC-Short Hills has multiple opportunities for demand transfer. They can transfer
internally between their groundwater source, which includes 20 mgd from the Brunswick
aquifer, and their surface water supply, which includes 20 mgd from Canoe Brook reservoirs.
The Short Hills system can also be fed from the NJAWC-Elizabethtown system via
2 interconnections.
This provides additional opportunity for demand transfer.
The
NJAWC-Elizabethtown system is primarily surface water, so increased transfer to Short Hills
could result in a transfer from groundwater to surface water or a transfer between multiple
HUC11 watersheds. It is recommended that the Short Hills system maximize their use of the
connection to Elizabethtown when the flow in the Raritan Basin is high. Consideration also
might be given to supplying all of the Canoe Brook service area with water from the
NJAWC-Elizabethtown system. If this were done, groundwater and the connection to
Elizabethtown would be used to meet the demand, Canoe Brook allocation might be available for
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transfer to another system within the Passaic Basin. It is recommended that a feasibility study be
conducted to evaluate the effects of increased demand on the Elizabethtown systems and the
potential benefits of making the Canoe Brook allocation available to another purveyor within the
region.
NJAWC-Western has opportunities for demand transfer between their groundwater
source which includes an allocation of 48 mgd from various aquifers and 40 mgd from the
Delaware River. As mentioned above, NJAWC-Western is located in Critical Water Supply
Area 2, and the Tri-County Plant was constructed to reduce groundwater demand in the region.
NJAWC-Western is currently expanding the plant to further utilize their surface water allocation.
NJAWC-Western should maximize use of their surface water supply when the Delaware River is
at or above normal flows in order to reduce groundwater withdrawals. Additionally,
NJAWC-Western might consider conducting an ASR feasibility study to assess the benefits of
using ASR as a demand management and demand transfer technique. NJAWC-Western's wells
are located within aquifers that have been shown by other utilities to be conducive to ASR. The
addition of ASR to this system would provide additional ability to take advantage of the surface
water or groundwater supplies when levels are high and provide storage of that water within the
system for use during dry periods.
Sayreville is a relatively small system that has both ground and surface water sources.
There is potential for demand transfer under normal conditions when the demand is relatively
low; however, given the system's size, the benefits of demand transfer may be minimal. It is
recommended that Sayreville investigate opportunities for source optimization and demand
transfer within their system. This investigation should include a cost/benefit analysis to
determine cost effectiveness of the demand transfer.
As discussed above, there are some opportunities for transfer of demand from
groundwater to surface water, and vice versa, in a few of the systems throughout the state.
However, taking into account the groundwater restrictions that have been in place during the past
1 to 2 decades, along with individual systems' efforts to comply, and the understanding that
multiple factors come into play in determining optimized source ratios, it is believed that most
systems are already optimizing their supplies. The greatest opportunity for demand transfer
probably lies in the NJAWC-Short Hills system and the continuous delivery of
NJAWC-Elizabethtown water to meet the Canoe Brook service area demands. Therefore,
additional studies are recommended to evaluate the feasibility, cost, and regional implications of
this opportunity. Additional studies are recommended to evaluate the feasibility, costs, and
benefits of source optimization and demand transfer within the Middlesex Water,
NJAWC-Western, and Sayreville systems.
7.3

Interbasin Transfer Changes

Optimization of diversions for systems with sources supplied from more than one
watershed (at HUC 11 scale) could serve as an alternative means of transferring demand from
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one watershed to another to better equalize supplies during normal demand conditions. An
examination of the opportunities for transfers within systems revealed opportunities that were
previously discussed in Section 7.2, Demand Transfer between Sources. During development of
the WSMDST, several other opportunities were identified between drought regions, which
generally correspond to river basins that could provide opportunities for routine transfers in
normal conditions that would help minimize the occurrence of water shortage or drought
conditions.
7.3.1

Central and Northeast Regions

Opportunities to strengthen connections between the Northeast and Central regions can
occur through two major system connections.
•

•

•

NJAWC-Elizabethtown – NJAWC-Short Hills: The distribution networks of the
NJAWC's Elizabethtown and Short Hills systems currently are interconnected,
and part of the Short Hills system demand is met with water from the
Elizabethtown system. Modeling shows benefits of strengthening the connections
between these 2 regions. The Short Hills system has an average demand of just
under 40 mgd, about 30 of which is met with supplies in the Northeast Region. If
this demand could be met with supplies from the Central Region, about 30 mgd of
supply might be made available to meet demands in the Northeast Region on a
regular basis. More detailed investigations are needed to determine the economic
and political feasibility of this option.
NJAWC-Elizabethtown – Newark-NJDWSC: These 3 systems are interconnected
through the [
REDACTED
]
. The operation of the [REDACTED]
could be modified to allow transfer of supply from the
Elizabethtown system to the Newark and NJDWSC systems to maintain reservoir
levels under normal conditions.
NJDWSC has conducted preliminary
investigations of an operational procedure change to provide a continuous supply
of 10 mgd from the Elizabethtown system to the NJDWSC system via the
[
REDACTED
]. Their investigations indicate that if this had
been in place between 1990 and 2003, the number of days the Wanaque Reservoir
was below the drought warning curve would have been reduced from 221 days to
only 29 days. To assure the operation of the [
REDACTED
] for
this purpose, transmission improvements would be needed in the Elizabethtown
and Newark systems, and a new pumping station would be needed at the
Belleville Reservoir site. This option merits further investigation to verify its
feasibility and to determine whether alternate operations may have provided a
similar benefit.
Jersey City – United Water NJ: These systems currently are interconnected, and
Jersey City currently supplies water to United Water on a regular basis. It may be
feasible to increase the normal flow from Jersey City to United Water to provide a
better balance of water in the Northeast Region.
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7.3.2

Central and Coastal North Regions

Middlesex Water Company currently supplies water from its CJO Plant to communities
south of the Raritan River in Monmouth County. The transmission mains that convey this water
extend through Old Bridge to Marlboro and the Gordon's Corner Water Company. The
extension of existing piping bringing water from Middlesex Water Company through the
Marlboro system to the NJAWC's Monmouth System could provide a transfer of supply into the
Coastal North.
7.3.3

Central and Southwest Regions

Opportunities to strengthen connections between the Central and Southwest regions can
occur through two major system connections.
•

•

7.4

Trenton – NJAWC-Elizabethtown: The Trenton and Elizabethtown systems
currently are interconnected, and plans are underway to strengthen the
interconnection between these two systems. This will allow transfer of water
between the Central Region and the northern portion of the Southwest Region.
NJAWC-Elizabethtown - NJAWC Western Division: Transmission/distribution
piping in each of these systems currently ends about 5 miles from each other.
Connecting these two systems would permit the transfer of water between the
Central Region and lower portion of the Southwest Region.

Evaluation of Non-Potable Uses

Water reuse or reclamation is a water supply management tool that has seen widespread
use in the southwestern states, which have long recognized and struggled with limited water
resources. It has not yet been fully accepted or widely implemented in areas of the country that
historically have had seemingly abundant water supplies, including the mid-Atlantic and
northeast. But in recent years, increases in population and development, along with several
extreme drought periods have stressed water supplies in these once "water-rich" areas of the
country. As a result, water purveyors, states, and other stakeholders are reevaluating their water
supply management plans and seeking new tools to conserve and protect their precious water
supplies. Water reuse is one such tool. Through water reuse, wastewater, which is a renewable
resource, is highly treated and used to meet non-potable water demands such as irrigation,
industrial applications, and public works activities, thus reducing and stabilizing potable water
demands. Typical sources and users of non-potable supply are listed in Table 7-2.
The NJDEP has been actively developing and promoting water reuse for the past decade.
A severe drought in New Jersey in 1999 stressed the state's water supply, heightened awareness
of this limited resource, and highlighted the need for water supply management and contingency
planning. In response, the NJDEP expanded its Reclaimed Wastewater for Beneficial Reuse
(RWBR) program, establishing a regulatory framework and releasing a guidance manual for
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facilities interested in pursuing reuse. The Department became an advocate of RWBR,
promoting it as a drought mitigation strategy and a long term water supply management tool. At
the time, RWBR was practiced by only a few facilities in New Jersey. A record breaking
drought in 2002 again brought attention to water supply issues in New Jersey. During the
drought, NJDEP continued to promote reuse as a demand reduction strategy, approving over
70 temporary reuse authorizations under a drought emergency administrative order. This
allowed utilities and municipalities to reuse water for activities such as street sweeping, sanitary
sewer jetting, and roadside watering. Additionally, the Department released an updated
"Technical Manual for Reclaimed Water for Beneficial Reuse" in January 2003. This document
has since been updated and was re-released in January 2005.
Table 7-2: Typical Sources and Users of Non-potable Supplies
Sources
Users/uses
• Domestic wastewater plants
• Industries – cooling water, landscape irrigation,
cleaning of paved surfaces
• Industrial waste treatment plants
• Municipal governments – street cleaning, sewer
jetting, landscape irrigation (parks, schools,
playing fields)
•
• Golf Courses - irrigation
•
• Agriculture – irrigation of non-edible crops,
wash-down
•
• Business centers, Universities, Schools –
landscape irrigation
•
• Residential developments – landscape irrigation.
•
• Ski resorts – snow making

7.4.1

Example State Programs

NJDEP continues to promote RWBR, looking to existing programs in Florida, California,
Arizona, and elsewhere for guidance. These states use a combination of regulations and
financial incentives to promote RWBR. The states of Florida and California both have formal
reuse strategies, recommendations, and long-term goals for expansion of their reuse programs.
In 2005 there were 438 reuse systems in Florida with a total capacity of 1,325 mgd and average
production of 660 mgd (FLDEP, 2005). Florida's goal for 2020 envisions that all domestic
wastewater treatment plants greater than 0.1 mgd will be practicing reuse with a statewide total
of about 65% of all effluent being reclaimed and reused. California's long-term goal is to expand
their existing reuse program from approximately 500,000 acre-feet per year (448 mgd) to
1.5 million acre-feet per year (1339 mgd) by the year 2030 (CA Task Force, 2003). These goals
address both reduction in discharge necessary to protect receiving waters and the quantity of
reuse needed to relieve potable water demands and help meet future demand.
Florida DEP helps to fund domestic wastewater projects, including reuse projects,
through the State Revolving Loan Fund, the State Financially Disadvantaged Small Community
Grant, and the State Bond Loan programs. Additionally, the combined regional water
management districts offer cost-share funds matching state funds for up to 20% of the
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construction costs for reuse projects, more for other alternative supply projects. California
provides ongoing grant funding, up to $75,000, for reuse feasibility studies, as well as grant and
low interest loan opportunities for construction.
From a regulatory perspective, Florida has adopted a mandatory reuse policy which
requires the development of reuse programs within water resource caution areas, unless reuse is
proven to be economically, environmentally, or technically unfeasible. Water resource caution
areas are areas that have current or anticipated critical water supply problems. Florida also has
an Anti-degradation Policy which discourages new or expanded surface water discharges from
domestic wastewater treatment plants and encourages development of reclamation and reuse
capabilities.
7.4.2

Water Reuse in New Jersey

New Jersey continues to refine their regulatory framework and promote RWBR. In April
2006, NJDEP issued a General Permit for RWBR for restricted access. This permit will simplify
the authorization process for restricted access reuse projects and will automatically grant
re-authorization for facilities who had previously received temporary drought authorization. The
NJDEP has proposed to require reuse feasibility studies associated with Water Quality
Management Plans, and will propose to require reuse feasibility studies to satisfy NJPDES rules.
NJDEP also instituted several financial programs in the past four years. In addition to
making low interest loans available for RWBR projects through the Environmental Infrastructure
Financing Program, New Jersey adopted rules to allow tax credit or refunds for "treatment and
conveyance equipment purchased exclusively for the purpose of reusing effluent from industrial
processes." In 2004, NJDEP initiated a contract program to fund RWBR demonstration projects,
requesting proposals from over 450 water suppliers, wastewater dischargers, and agricultural
users and receiving 52 proposals. NJDEP selected 23 of the projects to receive a total of
$35 million from the 1981 Water Supply Bond Fund. The projects will preserve more than
6 mgd of potable water. Of the 23 projects funded, 11 involve RWBR for irrigation, cooling
operations, and other industrial applications. These demonstration projects are shown
graphically in Figure 7-1 and are listed in Table 7-3.
Additionally, the Division of Water Supply is now incorporating RWBR into allocation
decisions for highly consumptive, nonpotable uses. Similarly, consideration of RWBR is being
required by NJDEP through permit violation negotiations and settlements. In one such case, the
delinquent permittee will pay a reduced fine and develop a reuse system for golf course irrigation
in retribution for 4 years of exceeding its allocation permit. This type of settlement is a win-win
situation, meeting the state's requirements while allowing the county to put fine monies toward a
project that will insure long term a supply of irrigation water, eliminate future violations, and
conserve valuable potable water supply. Simplifying the regulatory process and providing
financial incentives will make RWBR an attractive management tool for wastewater utilities and
water users alike.
7-10

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

Figure 7-1: Reuse Demonstration Projects
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Project

Table 7-3: Reuse Demonstration Projects
Type

ACUA (Marina Thermal)

Non-contact cooling water

Bayway Refinery

Non-contact cooling water

Whitlock Packaging Corporation

Pilot anaerobic/aerobic system

Homestead at Mansfield

Irrigation (residential)

ACUA (K. Hovnanian Four Seasons)

Irrigation (residential)

Maple Shade Township

Irrigation (recreational)

Shark River Golf Course

Irrigation (golf course)

Pennsauken Country Club

Irrigation (golf course)

Deerwood Country Club

Irrigation (golf course)

Rowan University/Pitman GC

Irrigation (athletic fields & golf course)

Logan Township MUA

RWBR and ASR

Cape May County MUA Zoo

Irrigation, wash down water & toilets

NJDEP's efforts to promote RWBR activities have been successful. The first public
access RWBR application in the state was implemented in the spring of 2002 when Evesham
Township began using reclaimed water for golf course irrigation. The project was an immediate
success, effectively maintaining the course through the record drought that summer. In 2005
there were 34 facilities with RWBR authorization in their NJPDES permits as listed in Table 7-4.
Of these, 10 facilities had operational RWBR activities utilizing a total of approximately
1.75 billion gallons of reclaimed water in 2005. Approved RWBR projects include both
restricted and public access applications, ranging from spray irrigation and landscaping to street
and sewer cleaning to industrial applications. In August of 2006, the first residential application
of RWBR in the state was implemented at an active adult community. Reclaimed water from the
on-site treatment plant is being used to maintain the extensive grounds of the community.
The success and experience of these initial RWBR projects and the demonstration
projects that will likely come on-line in the next few years will provide reassurance and incentive
for more widespread implementation. One of the greatest obstacles to RWBR is perception
within the industry, and especially in the public eye. Public outreach and demonstration of
successful endeavors will help to change this perception, creating more opportunities for reuse
and making future implementation easier.
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Table 7-4: New Jersey 2005 RWBR Summary*
Facility
Atlantic County Utilities Authority

NJPDES #
24473

Total 2005 Reuse (gal)
1,202,139,900

Bergen County Utilities Authority
Bernardsville Borough
Beta Realty
Bristol -Myers Squibb
Clinton MUA
CMCMUA/Lower Regional

20028
26387
141801
795
20389
23809

CMCMUA Wildwood/Lower
Cumberland County U.A.
Evesham Twp MUA - Elmwood
Exxon-Mobil
Hammonton, Town of
Harrison Township-Mullica Hill

53007
24651
24031
35084
104990
20532

13,692,240
1,603,100

Hawke Point
Hightstown Advanced WTP
Homestead at Mansfield
Joint Meeting of Essex & Union Co.

136336
29475
98663
24741

0
1,100
0
0

Landis Sewerage Authority

25364

0

Linden-Roselle SA
Logan Township
Lower Township MUA
Maple Shade
Medford Township MUA
Mt Laurel Twp MUA - Hartford

24953
27545
23809
69167
26832
25178

17,293,327
0
0
0
960,000

OCUA-Southern
Palmyra Boro STP
Princeton Meadows
Riverside STP
Route 12 Business Park
Secaucus MUA - Koelle Blvd

26018
24449
21401
22519
145891
25038

0

Stony Brook-Pennington
Stony Brook-Hopewell
Western Monmouth MUA
Woodbine Airport

35319
35301
23728
142026

Total flow from 34 projects:
* Table courtesy of NJDEP

511,034,000
0
2,139,688
5,700

0

0
65,263
0
0
0

1,748,934,318
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7.4.3

Recommended Action Items

RWBR is a viable water supply management tool for New Jersey. It will not create new
potable supply, but will conserve the existing potable supply and stabilize potable demand.
Conserving potable supply today is critical for maintaining a sustainable water supply to meet
residential and industrial demands now and in the future. Stabilization of demand will make
forecasting easier and can be particularly valuable in drought mitigation.
As NJDEP continues to develop and promote its RWBR program, they should develop a
strategic plan and long-term goals for the program. This plan should identify goal volumes of
reuse to be achieved in the state as a whole and in various areas of the state. These goals should
take into consideration RWBR as a supplement to potable water supplies and as a means to
reduce pollutant loads to streams, as well as limitations on RWBR in areas where discharge is
critical to maintaining in-stream flows. Similar quantifiable goals to those previously described
for Florida and California, for New Jersey, would provide a benchmark for measuring the
success of the program and a context within which to promote the program's activities. The plan
might also identify specific sectors in which to pursue reuse including: agriculture (irrigation
(crops, nurseries, etc..) wash down), recreation (irrigation of golf courses, parks, public, and
private fields), education (irrigation of public and private campuses), industry (landscape
irrigation ). To better position themselves to meet their long term goals, it is recommended that
NJDEP aggressively implement ongoing mechanisms to provide incentives and/or require reuse,
particularly in sensitive Critical Water Supply Areas. The previously referenced permit violation
negotiation is an example of one such requirement, as is the Hamilton Township MUA allocation
permit, which prohibits the utility from servicing users who have more than 50% consumptive
use.
New Jersey might consider establishing a program similar to those previously described
for California and Florida to provide financial incentives for agencies to evaluate the benefits and
possibilities of reuse. More specifically, it is recommended that additional funding should be
provided to targeted municipalities or regional water purveyors in critical areas or areas with
high reuse opportunities to develop Water Reuse Master Plans. These plans take a holistic
approach to water supply and reuse within a defined region, identifying all of the sources and
users of non-potable water, considering various strategies for meeting non-potable demands,
developing cost estimates for implementation considering treatment and distribution costs, and
making recommendations for implementation. Several cities in North Carolina have recently
completed this type of plan. Perhaps legislative action is required to provide such a funding
source.
Finally, NJDEP should work collaboratively with other state agencies to promote reuse.
Collaboration with the Department of Agriculture may help New Jersey to expand reuse in the
agricultural community for crop irrigation and other uses. Agricultural irrigation represents the
greatest area of reuse in California, and there has been significant collaboration between the
respective state agencies. New Jersey also has significant opportunity for reuse in the
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agricultural industry. While New Jersey regulations for water usage certification require the use
of reclaimed water for non-edible crops where feasible (NJAC 7:20A), collaboration between the
two departments in areas such as identifying funding sources, identifying potential regions or
users and suppliers of reclaimed water, and negotiating contracts might increase reuse feasibility
and opportunities. Droughts often occur during periods of high agricultural irrigation demand
and lead to increased irrigation demand, thus irrigation can exasperate a drought situation.
Providing an alternative source of water for agricultural irrigation will greatly reduce the potable
demand during drought situations and will potentially provide a more reliable source, reducing
the need for restrictions on irrigation and ultimately increasing agricultural productivity.
Collaboration with the Board of Public Utilities would allow for the development of rate
structures that allow utilities to recover their investment in reuse. In Florida, the DEP has
worked with their Public Service Commission to develop statutes that require 100% of
reclamation plant costs be recovered. The statutes also provide for reuse costs to be recovered
from a utility's potable water, wastewater, or reclaimed water customers. Sharing reuse costs
between the potable water, wastewater, and reclaimed water customers is justified on the basis
that all customers, including potable water customers, benefit from the preservation of the water
supply. This type of intra-agency collaboration will demonstrate acceptance of RWBR
throughout the state agencies, and enhance utility and public acceptance of RWBR.
7.5

Aquifer Storage and Recovery (ASR) as a Water Supply Management Tool for New
Jersey

ASR is the practice of utilizing a suitable aquifer for temporary storage of water. The
water to be stored, which can be treated drinking water, reclaimed water, or untreated or partially
treated surface or groundwater, is injected into the aquifer via an injection well. The stored
water is later withdrawn or recovered via the same well. The aquifer can be freshwater, saltwater
or brackish, confined or unconfined. ASR is a fairly new water supply management practice that
is becoming more popular as the demand for already limited potable water sources increases.
ASR does not provide a new water source; rather it provides storage and allows utilities to better
manage their existing sources. An ASR well is typically used for storage of water when the
demand is low relative to the supply and recovery when demands are high. ASR provides the
benefit of storage without the capital investment or the technical, political, and environmental
challenges that are often associated with conventional above or below ground storage tanks.
ASR also has the potential to retard or reverse salt water intrusion into potable water supplies, as
the stored water acts as a barrier to the brackish or salt water.
7.5.1

Background of ASR Technology

The practice of storing water in an aquifer was first documented in the United States in
Wildwood, NJ in 1968 (Lacombe, 1996). Being a resort town, Wildwood experienced a major
increase in demand during the summer months, with a comparatively low demand throughout the
rest of the year. Conventional wells on the barrier island communities, which had experienced
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salt water intrusion, were converted to ASR wells and used to store water withdrawn from inland
wells during the off-peak season. The water was then recovered during the peak summer
months. This practice reduced demand from the inland wells during the peak season and
lessened stress on the transmission line from the inland well fields to the barrier islands. The
first two wells drilled were successful but ultimately taken out of operation as a result of
operational problems. Four additional wells are still in use. The Wildwood Public Utility has
used ASR to manage seasonal variation in demand for nearly 40 years.
More widespread use of ASR for water supply management did not begin until the 1980s,
with the number of ASR systems increasing from 3 to 69 between 1983 and 2004, with many
more systems under development (ASR Systems, 2006). Florida, New Jersey, California, Texas,
Oregon, and Washington states all have multiple ASR systems in operation and more under
development. In general, these systems store fully treated drinking water for the purposes of
meeting seasonal or emergency demands, or providing longer term storage. The Comprehensive
Everglade Restoration Program currently being implemented in Florida includes over 330 ASR
wells, which would make it the largest ASR program in the world (SJWMD, 2004).
The increase in the number of ASR systems over the past two decades is likely related to
increasing demands for high quality, cost efficient water supplies, coupled with increasing
operational experience and technical expertise. Challenges that have been encountered at
various ASR systems include insuring adequate recovery efficiencies and addressing water
quality concerns in the recovered water and the native groundwater.
For ASR to be an effective water supply management tool, it is imperative that the utility
be able to recover most, if not all, of the stored water. The recovery efficiency is a measure of
the volume of water recovered, as compared to the volume stored. Typically, recovery volumes
are low during the initial operating cycles of an ASR well; however, as the storage zone becomes
established, the recovery efficiency increases and eventually stabilizes (Pyne, 1996). The
ultimate recovery efficiency will vary depending upon operational protocols and the
hydrogeology of the well. Efficiencies can be limited by clogging of the well and by excessive
mixing of the stored and native waters, both of which can be reduced through proper operation of
the well. Clogging can be controlled through periodic back-flushing of the pump during
recharge, and if necessary, chemical treatment of the recharge water to prevent precipitation.
Mixing of the injected and native waters can be controlled through optimization of the injection
rate, which can be accomplished through modeling efforts and piloting. ASR wells that have
been in operation for over 5 years in Florida have been reported to have 100% recovery
efficiency (SJRWMD, 2004); however, this is not always the case. Acceptable recovery
efficiencies will vary from region to region depending on economic, political, and public
perception factors.
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7.5.2

Water Quality Issues

From a water quality perspective, there are concerns as to how the recharge water will
affect the quality of the native environment, as well as how interactions with the groundwater
environment will affect the stored water. Specific issues include introduction of Disinfection
By-products (DBPs), pathogenic micro-organisms, and other contaminants into the native
groundwater, and the dissolution of otherwise sequestered trace metals (including arsenic) into
the stored water. Much research has been and continues to be conducted to investigate these
concerns. It has been shown that DBPs attenuate as the result of mixing, dilution, and natural
microbial activity. Microbial degradation of DBPs occurs under both aerobic and anaerobic
conditions. Haloacetic Acids (HAAs) are degraded first, under aerobic conditions, while
Trihalomethane (THM) degradation occurs once anaerobic conditions are established (Dillion
and Toze, 2005). In addition to allowing for the reduction of DBPs, the studies also showed the
reduction in DBP formation potential resulting from the degradation of precursor materials
during ASR. The microbial degradation of DBPs and DBP precursor material is a function of
oxidation state and storage time, thus rates of attenuation will vary from individual ASR
applications. This natural attenuation usually improves the quality of the stored water, while at
the same time insuring that DBPs do not contaminate the aquifer.
The introduction of pathogenic microorganisms into the aquifer is not such a concern
when treated drinking water is being stored given the disinfection process; however, it can be of
concern when untreated or minimally treated water is being stored. Studies in Australia and
Florida have shown that natural aquifer conditions, including the presence of natural biota and
aquifer temperature and salinity, create an unfavorable environment resulting in the attenuation
of introduced microorganisms (SJRWMD, 2004, Dillion and Toze, 2005). This natural
attenuation is so effective that it is used as a means of disinfection in some European countries
where chemical disinfection is not practiced. It is also noted, that when brackish aquifers are
used for ASR, microbial contamination of the groundwater supply is not a concern.
Arsenic and other metals can be released into the water column as a result of the
oxidization of pyrite and other iron oxides naturally occurring in the aquifer. This oxidization
occurs when the pyrite is exposed to dissolved oxygen present in the stored water. The
discovery of arsenic in recovered waters in Florida in the late 1990s led to renewed concern
about the viability of ASR as a water supply management tool. Advocates of ASR initiated
extensive research efforts to better understand the interactions promoting the dissolution of
arsenic. Initial studies showed that the oxidation and release of arsenic typically occurs only
during the initial cycles of ASR when the storage zone is being established and the storage
environment is coming to a new equilibrium. Once that equilibrium is reached, the dissolution
of arsenic decreases, as do measured levels of arsenic in the recovered water (SJRWMD, 2004);
however, this is not always the case. In some cases, the arsenic continues to be present in the
recovered water cycle after cycle, necessitating pre or post-treatment of the injected water.
There is also concern that the dissolved arsenic will persist in the aquifer as the stored water
mixes with the native groundwater. Research in Florida and the Netherlands has shown that this
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is not the case; rather, any dissolved arsenic that mixes with the native water will re-precipitate
as a result of changing oxidation conditions within the aquifer. The oxidation potential of the
recharge water is one of the main factors affecting arsenic dissolution, thus pretreatment of the
recharge water is an option if arsenic in the recovered water exceeds regulatory levels.
Additionally, ASR facilities storing groundwater, which has a low dissolved oxygen
concentration, are less likely to have arsenic issues than those using surface water (SJRWMD,
2004). Dissolution of other metals, mostly iron and manganese, can also present water quality
challenges. These metals are naturally occurring in many mineral formations and may be
released into the stored water as a result of oxidation reactions. If iron and manganese are
present, the recharge water can be treated to prevent dissolution, usually by increasing the pH, or
the recovered water can be treated to remove the metals.
7.5.3

ASR in New Jersey

ASR is already used as a water supply management tool in southern New Jersey. This
technology is practical for southern New Jersey, as the hydrogeologic characteristics appear to be
favorable for ASR, and ASR addresses some of the water supply concerns facing New Jersey
utilities in that part of the state. ASR can act as a barrier against salt water intrusion and utilize
abandoned brackish wells. It allows for withdrawal and storage of water during wet periods and
recovery during dry periods, thus providing a drought management alternative, and it offers an
economical solution to meeting the varied seasonal demands that are particularly dramatic in the
state's resort towns.
ASR does have some limitations, both from an operational and a water quality
perspective. Operationally, maintaining sufficient recovery efficiency is of greatest importance.
Recovery efficiency will be affected by the mode of operation of the well and the inherent
characteristics of the aquifer. As previously mentioned, water quality concerns include both
contamination of the aquifer and degradation of the stored water. Both of these concerns are
related to the interaction between the injection water and the aquifer environment and can be
limited by controlling the quality of the injected water. Additionally, degradation of the stored
water can be resolved through treatment of the recovered water prior to distribution. Specific
water quality concerns in New Jersey include leeching of metals, Fe, Mn, and As, from the
aquifer environment, elevated chloride concentrations, and high turbidities. Understanding the
water quality characteristics of the stored and native waters, as well as the geology of the aquifer,
can help predict potential water quality problems. Geochemical modeling, which simulates the
mixing and resulting chemical reactions between the stored and native waters, is another tool for
predicting potential water quality problems. Piloting and monitoring of a test well is the final
step to insure that interactions within the well do not result in degradation of the stored and
native waters.
Most of the ASR wells in NJ are located in the southern half of the state, in the Coastal
Plain geologic province. This area, which is characterized by highly permeable, unconsolidated
beds of sand, gravel, silt, and clay, and the formation of aquifers that are segregated vertically by
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silt and clay confining beds, is more conducive to ASR than the northern half of the state, where
most of the aquifers are formed in bedrock. The major aquifers in the southern half of the state
are the Kirkwood-Cohansey system, the Atlantic City 800-foot sand, the Wenonah-Mount Laurel
aquifer, the Englishtown aquifer, and the Potomac-Raritan-Magothy (PRM) system, all of which
are confined aquifers, except the Kirkwood-Cohansey system. The majority of the existing ASR
wells are located in the PRM and store treated surface or groundwater.
There is one area in the northern part of the state where the geology suggests that there
may be opportunities for ASR. The buried valley region, which is located in the northeastern
part of the state, has a rather unique geology characterized by a series of historic river valleys
that were filled with sediment during the last glacial retreat. These valleys now provide some of
the most productive aquifers in the region, particularly those that are filled with well sorted sands
and gravels. There is speculation that these highly productive aquifers may be suitable for ASR;
however, there have not been any detailed feasibility studies to evaluate this potential. To date,
it seems the cost of pursuing ASR has outweighed the benefits; however, as water supplies
continue to become more stressed, the balance may become more favorable toward ASR. This
area may be an untapped resource for ASR in the northeast region, or it may not. The
transmissivity of the aquifers and the extensive pumping already occurring on a daily basis may
promote mixing and transport of injected water, thus reducing the ability to recover an adequate
percent of the stored volume. A detailed study of the aquifer's hydrogeology and geochemistry
is needed to evaluate these and other potential derailers.
Currently, there are 14 utilities in southern NJ using ASR as a water supply management
tool. These utilities are shown geographically on Figure 7-2 and listed in Table 7-5. Most of the
utilities use ASR to effectively manage seasonal variation in demand. Some of the utilities
reported using ASR to address temporally variable source water quality, storing when the source
water quality is high and recovering when it is poor, or storing groundwater to be used when
surface water quality is poor. Finally, some utilities use ASR as a cost management tool. They
purchase and store water when the cost is low, then use the stored water to reduce their demand
when the cost of their primary supply is high.
One utility is currently piloting ASR for multi-year storage or "water banking." Under
this permit the utility is able to store water for up to 3 years before recovery, but the permit can
be revoked if more water is recovered over the 3-year period than was injected. All other
permits require recovery within a year of storage. The longer-term storage option provides
additional flexibility that could be used for drought preparedness and mitigation. Excess water
could be stored during particularly wet years and recovered during dry years.
In addition to the ASR applications listed in Table 7-5, the NJDEP has provided partial
funding for three more ASR projects as part of their alternative water supply demonstration
projects. These projects are located in the Boroughs of Clayton and Glassboro and in Logan
Township. Clayton evaluated feasibility of ASR, but found conditions unfavorable. Glassboro
is planning to use ASR to enhance water quality, reducing sodium though dilution with system
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water when chloride levels are high. Logan Township is evaluating the use of ASR for storage
of highly treated reclaimed water. The township proposes to upgrade their existing treatment
facilities to meet underground injection and reclaimed water for beneficial reuse standard, and
use an ASR well for storage of the reclaimed water prior to non-potable reuse. The project is
still in the planning phases. The treatment processes have been identified and piloted, but the
ASR portion of the project has not yet been fully developed or tested. In addition to
hydrogeologic, engineering, and permitting challenges, Logan Township must also deal with the
issues of public perception and acceptance of RWBR. If this project is successful, it would be
the first application of ASR for storage of reclaimed water in New Jersey, and would potentially
open many opportunities for both ASR and RWBR.
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Figure 7-2: ASR Systems in New Jersey
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Table 7-5: ASR Wells in New Jersey
Utility

# of ASR
Wells

Aquifer Used

Mount Laurel Township MUA

1

Monroe TWP MUA

2

Wildwood Water Dept.
Merchantville-Pennsauken Water
Commission

4

Lower PRM
Farrington &
Old Bridge
Kirkwood
Cohansey
800-foot Sand

1

Lower PRM

Monroe Gloucester TWP MUA

2

Upper PRM

Washington TWP MUA

1

Upper PRM

New Jersey-American

2

PRM

United Water Tom's River

2

Middle PRM

Lakewood TWP MUA
United Water Matachaponix
Evesham Township MUA

1
2
1

Englishtown
Middle PRM
PRM

Brick Township MUA

1

Middle PRM

Gordons Corner

1

PRM

Atlantic City MUA*

1

800-foot Sand

Type of Water Stored
Treated
groundwater
Treated surface &
groundwater

Treated groundwater
Treated groundwater
Treated
Cohansey
Treated
groundwater
Treated surface &
groundwater
Treated
groundwater
Treated
Cohansey
Treated surface water
Treated Mount Laurel
Treated surface &
groundwater
Treated
groundwater
Treated surface &
groundwater

*Note: ACMUA is still in testing and application phase, and is not fully permitted.
Discussions with representatives of the utilities that employ ASR revealed that ASR has
generally met their operational objectives and that it is a valuable part of their water supply
management scheme. Some did report water quality struggles, both during testing or start-up,
and long-term. Even those who encountered ongoing water quality problems found that
pre-injection or post-recovery treatment was successful and worth the added costs. Water quality
challenges encountered include elevated iron, high turbidity, and musty odor in the recovered
water, all of which were successfully addressed through treatment or operational adjustments.
The general consensus of those contacted was that ASR is a reliable tool, worth the operational
and water quality challenges it presents; however, it was mentioned that the permitting
requirements have become so extensive as to be prohibitive. One utility representative even
mentioned that they would like to convert more conventional wells to ASR but are reluctant to
do so primarily because of the monitoring and permitting requirements and costs.
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7.5.4

ASR Recommendations

ASR appears to have great potential as a water supply management tool in New Jersey.
It is recommended that NJDEP continue to promote ASR through programs that encourage
utilities to investigate and demonstrate the feasibility of the technology. The existing permitting
requirements are extensive, difficult to navigate, and can take years to complete. Multiple
utilities reported that the permitting process took 3 or more years for final approval. Under the
current regulatory program, a utility is required to get permits from three NJDEP Bureaus
(Non-point Pollution Prevention, Water Systems, and Well Permitting and Water Allocation). In
addition, the well is treated as an underground injection facility, even if treated drinking water is
being injected. NJDEP personnel have worked closely with utilities interested in pursuing ASR,
but still the process is intimidating and daunting. Beyond the permitting process, monitoring
requirements for active ASR wells are extensive and costly, another potential barrier for a utility
considering ASR. It is recommended that NJDEP streamline these processes as much as
possible. Perhaps a single person could be assigned to assist utilities to meet permitting
requirements for all three Bureaus. This person would have a full understanding of the
requirements of each Bureau and could act as a caseworker of sorts for utilities pursuing ASR.
Most of the ASR applications in New Jersey are operated on a seasonal storage and
recovery basis. It is recommended that NJDEP continue to investigate the use of ASR for
multi-year banking, using the current and future banking pilot studies to evaluate the benefits, as
well as any potentially negative effects of multi-year water storage. It is noted that using ASR
for longer-term storage will provide more opportunity for migration of the injected water within
the aquifer. This would need to be thoroughly investigated, and would require more extensive
modeling and testing to ensure the aquifer is not compromised. Allowing and encouraging
banking would expand the use of ASR from a seasonal or emergency storage strategy to a
drought preparation and mitigation strategy. Under annual withdrawal schedule, a utility may
only withdraw an amount equal to what it stored in any given year. Under a banking scenario,
the utility would store as much water as possible during a wet year, and have the ability to
recover the water that same year or during future dry years as needed. Operating in this mode,
ASR can be used as a demand transfer strategy during drought conditions, transferring demand
from a stressed surface or groundwater supply to the stored water. Multi-year banking can be
particularly useful if paired with a program to allow or even promote the capture of access water
during wet periods. In this scenario, a utility could capture access water during periods of high
flow and store that water for use during future dry years. It may even be possible to capture
access flow in regions not conducive to ASR and transport that water via raw water pipelines or
interconnections to a region with more favorable conditions. This type of strategy would require
significant investment in infrastructure and may not be cost effective. But, as water resources in
New Jersey become more and more scarce, NJDEP might consider conducting a detailed
analysis to evaluate the feasibility of such transfers.
For ASR to truly realize its potential as a supply management tool in New Jersey, it may
be necessary for NJDEP to reconsider how they allocate water. Monthly allocation permits limit
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the amount of water that utilities can withdraw regardless of conditions (wet versus dry) or if the
water is used or stored for later use. Perhaps it would make sense to revaluate these permits
considering available supply at the time of withdrawal and the intended use. Is it possible to
increase allocations when rivers are running high and reservoirs are overflowing, so that this
water may be captured and stored in ASR wells for later use? Whether it is a change in the
permit amount during typical "wet" months, a relaxing of the permit limits when average flow
exceeds some minimum value, or a change in how water withdrawn for ASR is accounted for,
having the ability to withdraw more during times of excess would make ASR an even more
effective water supply management tool, allowing for more demand transfer during peak or dry
periods. This would be particularly applicable for utilities that are the last users of surface water
and have existing ASR wells, such as ACMUA, Brick Township MUA, and United Water
Matachaponix. This would also make ASR more attractive to other utilities that have surface
water sources and recognize a need for supplies and storage opportunities.
Finally, the Logan Township RWBR and ASR project is a truly innovative project that
could potentially expand the application of both ASR and RWBR. Coupling ASR storage with
RWBR will allow for storage of the reclaimed water during low use periods and recovery during
higher demand periods. This would be particularly effective in managing seasonal irrigation
demands for RWBR for recreational, landscape, or agricultural applications.
7.6

Unaccounted-for-Water (Non-revenue Water)

Unaccounted-for Water (UFW) is a term that has been widely used by utilities and
regulatory agencies to loosely describe non-revenue water, water loss, or water that is not billed.
Reduction of water losses or "UFW" is a supply side conservation measure, as well as a water
accounting exercise. Within the scope of this study, conserving water through evaluation and
minimization of water losses will reduce system demands during normal conditions and drought
emergencies, thus reducing overall stress on water supplies.
Water loss occurs in two ways:
1.
2.

Actual water lost from the distribution system through leaks, tank overflows,
flushing of water lines, and fire suppression. These are called real losses.
Water that reaches a customer that is not properly measured or tabulated. These
are referred to as apparent losses.

Real losses require water suppliers to supply, treat, and transport greater volumes of
water than their customer demand requires. Leakage is the most common form of real losses for
water suppliers. Apparent losses do not result in the physical losses as that of real losses, but
exert a significant financial effect on water supplies. These losses represent service rendered
without payment. Apparent loses of water occur as errors in water flow measurement, errors in
water accounting, and/or unauthorized usage.
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7.6.1

Reducing Water Losses

Addressing water losses within a system is a multi-step process. The first step involves
quantifying losses by conducting a system audit. This will provide an understanding of the
extent of the problem, a characterization of the types of losses occurring (real or apparent), and a
baseline for goal setting and benchmarking. Once the audit is complete the utility should
develop a water loss control plan to identify reduction goals and measures that can be taken to
achieve those goals. These measures should address both real and apparent losses.
In the past, the American Water Works Association (AWWA) had broadly recommended
a goal of 10% for UFW (AWWA, 1996). As a result, many utilities and regulatory agencies
established similar goals. A national survey of state and regional regulatory agencies found that
most have loosely defined UFW goals of 10% – 20% (Beecher, 2002). However, quantifying
water losses as a ratio of UFW to total input volume is no longer considered a reasonable
approach for reporting water losses, and AWWA is now recommending against that method for
several reasons. First of all, expressing losses as a percentage of total input volume may be quite
misleading, as water systems with lower demands will never be able to compete with those with
larger demands. Additionally, no standardized definition for UFW currently exists. Some
utilities consider UFW as all water that is not metered and sold while others may consider it as
only that water which is lost through leaks (AWWA, 2003). Measuring water loss as a
percentage of total input volume also does not take into account system specific parameters such
as number of service connections, length of mains, operating pressure, etc. For these reasons,
UFW is no longer considered as a reliable means of evaluating water loss.
In 1997 the International Water Association (IWA) Task Force on Water Losses, a
committee made up of members from five countries with nominated representation from
AWWA, began a study to develop a standardized method for conducting water audits. The
resulting IWA/AWWA Water Audit Method is now being recommended by the AWWA as the
best practice method and will be incorporated into the next version of the AWWA M36
publication, Water Audits and Leak Detection, which is expected to be released in late 2007/early
2008.
The IWA/AWWA Water Audit Method is a detailed, system-specific approach to
determine water loss. It assumes that all water entering the distribution system can be accounted
for, via metering or estimation, as either a use or a loss (AWWA, 2003). Therefore, the term
"Unaccounted for Water" has been dropped and replaced with a more definitive term, "nonrevenue water." The water balance used for this method is shown in Figure 7-3.
As shown in Figure 7-3, non-revenue water consists of all water that is not billed. All
non-revenue water, however, is not considered water loss. Water loss is only that water which is
not billed and not authorized by the water utility. Again, water losses are broken into two
categories, apparent losses and real losses. The IWA/AWWA recommends quantifying water
losses in terms of gallons/service connection/day for larger pressurized systems and in
7-25

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

gallons/mile of mains/day for smaller pressurized systems. These normalized values provide
system specific references for water loss reporting.

Billed Authorized
Consumption
Authorized
Consumption

Revenue Water

Billed Unmetered Consumption
Unbilled
Authorized
Consumption

System Input
Volume
(corrected for
known
errors)

Billed Metered Consumption
(including water exported)

Unbilled Metered Consumption
Unbilled Unmetered Consumption
Unauthorized Consumption

Apparent Losses

Customer Metering Inaccuracies
Data Handling Errors

Non-Revenue
Water (NRW)

Leakage on Transmission and
Distribution Mains

Water Losses
Real Losses

Leakage and Overflows at Utility's
Storage Tanks
Leakage on Service Connections up
to point of Customer metering

Note: All data in volume for the period of reference, typically one year.
Figure taken from AWWA’s website, Water Wiser: Water Loss Control
http://www.awwa.org/waterwiser/waterloss/, last accessed 02/07/07.
Figure 7-3: IWA/AWWA Water Balance

The IWA/AWWA water audit method recognizes several types of performance indicators
for water loss comparisons as shown in Table 7-6. The indicators for real losses are of particular
interest. The Unavoidable Annual Real Losses (UARL) is a theoretical reference value which
represents the lowest practical value for leakage for a specific system, under which it would be
uneconomical to detect and repair. The UARL is a function of an individual system's size
(length of mains and number of connections) and operating pressure.
The Infrastructure Leakage Index (ILI) is a ratio of the normalized real losses for a given
year to the URAL. The Economic Level of Leakage (ELL) is defined as the appropriate level of
leakage for a utility to target. The ELL is utility specific and represents the level a leakage
below which the cost of leakage reduction measures would exceed the cost of water losses.
According to the AWWA Water Loss Control Committee Report, Applying Worldwide BMPs in
Water Loss Control, while an ILI of 1.0 would be ideal, systems with ILI values between 2.0 and
8.0 represent reasonable control over their system leakage (AWWA, 2003).
The target ILI for an individual utility will vary depending upon several factors, including
availability and cost of the water supply and the cost of treatment. Systems with highly limited
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supplies or supplies requiring extensive treatment would likely have a lower ILI goal
approaching 1, while those with sufficient high quality water supplies to meet current and future
demands may have a higher ILI goal.
Table 7-6: Performance Indicators for Non-revenue Water and Water Losses
Performance Indicator
Function
Comments
Volume of Non-revenue water as Financial - Non-revenue water by Can be calculated from a simple
a percentage of system input
volume
water balance; good only as a
volume
general financial indicator
Volume of Non-revenue water as Financial - Non-revenue water by Allows different unit costs for
a percentage of the annual cost of cost
Non-revenue water components
running the water system
Volume of Apparent Losses per
Operational - Apparent Losses
Basic but meaningful indicator
service connection per day
once the volume of apparent
losses has been calculated or
estimated
Real Losses as a percentage of
Inefficiency of use of water
Unsuitable for assessing
system input volume
resources
efficiency of management of
distribution systems
Normalized Real Losses Operational: Real Losses
Good operational performance
Gallons/service connection/day
indicator for target-setting for real
when the system is pressurized
loss reduction
A theoretical reference value
Unavoidable Annual Real Losses
UARL (gallons/day) = (5.41Lm +
representing the technical low
(UARL)
0.15Nc + 7.5Lp) x P
limit of leakage that could be
achieved if all of today's best
Where:
technology could be successfully
Lm = length of water mains,
applied. A key variable in the
miles
calculation of the Infrastructure
Leakage Index (ILI)
Nc = number of service
connections
It is not necessary that systems
Lp = total length of private pipe,
set this level as a target unless
miles = Nc x average distance
water is unusually expensive,
from curbstop to customer meter
scarce or both
P = average pressure in the
system, psi
Infrastructure Leakage Index
(ILI)

Operational: Real Losses

Ratio of Current Annual Real
Losses (CARL) to Unavoidable
Annual Real Losses (UARL);
good for operational
benchmarking for real loss
control.
Note: Table taken from AWWA’s website, Water Wiser: Water Loss Control
http://www.awwa.org/waterwiser/waterloss/. Last accessed 02/07/07.
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7.6.2

Leakage Control Plan

Using the information gained through the audit, the utility can develop or refine their
leakage control plan. Leaks can be broadly categorized into large highly visible main breaks,
which tend to draw almost immediate utility response, and small hidden leaks which often go
undetected. Although the large leaks appear to result in high losses, it is the smaller leaks that go
undetected for long periods of time that contribute the greatest water loss (AWWA, 2003).
Therefore, key components to a leakage control plan include prevention, detection, and response.
Most utilities have effective response plans for large and small leaks once they are detected. It is
prevention and detection of smaller leaks that can often be improved. Recent advances in
metering, monitoring equipment, and modeling has made prevention and detection of small
hidden leaks easier. Monitoring flow in the distribution system at regular intervals to establish a
baseline of water use is one method of identifying potential leaks. This can be accomplished by
defining small zones within the distribution system, known as District Metered Areas (DMAs),
and tracking water use in those zones. Sudden or sometimes subtle changes in water use patterns
might be indicative of a leak and warrant further investigation. Other methods for identifying
leaks include night-flow monitoring, metering of pressure zones, regular inspection of water
main fittings and joints, and use of leak detecting instruments. Leak detection instruments can
be sounding devices that attach to valve boxes or pipes and use noise measurement to detect
leaks or automatic readers that detect steady flows and relay an alarm. Leak prevention can be
accomplished through frequent assessment of the distribution infrastructure, proactive main
replacement programs, and management of system pressure. Utilities operate to maintain
adequate pressure throughout the system. Careful monitoring of system pressure and
maintenance of different pressure zones might allow utilities to operate just above their
minimum standard of service. Reducing pressure in the system will help to reduce both the
number of breaks and the volume lost through existing breaks. Finally, utilities must have in
place a protocol to allow for rapid response to detected leaks.
7.6.3

Recommendations for Controlling Water Losses

Utilities and regulatory agencies in the US are becoming more proactive in controlling
their water losses. The Texas Water Development Board requires that utilities conduct water
audits annually and aids utilities by providing a manual and offering on-site training and 4-hour
training sessions on the IWA/AWWA Audit method. Major cities in the southwest are using
leak detection devices throughout their distribution systems to aid in identifying small leaks.
The Texas Water Development Board loans leak detection devices to utilities free of charge.
NJDEP is interested in establishing standard recommendations, even regulations for
evaluating water losses and in determining the demand reduction that could be realized if
systems are optimized. However, without having a common basis for determining and reporting
water losses, it is not possible to effectively implement either of these. Therefore, it is
recommended that NJDEP require all utilities to conduct annual water audits using the
IWA/AWWA Water Audit Method and to implement leakage control plans. Using this method,
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water utilities could evaluate the effectiveness of their current leakage control based on
system-specific parameters and then target future leak control efforts toward specific areas in
need of improvement. If NJDEP does adopt such a requirement, it is recommended that they
offer training and support on the IWA/AWWA method and the development and implementation
of leakage control plans.
NJDEP might also consider establishing a goal or standard ILI, above which utilities
would have to demonstrate that they are actively working to improve their leakage control. The
goal ILI would be above the acceptable range of 2 – 8, perhaps 15 or 20. It is important to
remember that the target ILI may differ among utilities, depending on individual system
characteristics. As such, NJDEP should be sure not to establish a goal ILI that is too restrictive
and should focus on progress made toward achieving the goal. NJDEP could require that all
utilities exceeding the goal ILI submit their leakage control plan and document their progress as
part of their annual compliance reports. Utilities that do not show progress could then be fined
or otherwise penalized.
The ILI is not the only suitable indicator; NJDEP could opt to define statewide goals
based on other indicators. The key is to identify an indicator or set of indicators that accurately
reflect system variables. For instance, some utilities believe that losses expressed as
gal/connection/day is a good operational and financial indicator. Whatever indicator NJDEP
opts for, it is imperative that it is clearly defined so that all utilities are accurately reporting and
evaluating their system losses using a consistent method.
Once a uniform system for auditing and reporting water losses is implemented statewide,
it is recommended that NJDEP commission a detailed study and cost benefit analysis. This study
would evaluate the potential for demand reduction that could be realized through enhanced water
loss control and determine if the benefits of the reductions balance the cost of implementing
control programs. The NJDEP could also use the results of this study to establish or modify their
goal ILI based on achieving some desired level of demand reduction.
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8.0

EVALUATION OF RECOMMENDATIONS

A number of evaluations were completed in the preceding chapters. Many of these
analyses resulted in recommendations. In this Chapter the recommendations that are considered
most important are identified, summarized, and compared. At the end of the Chapter the
recommendations will be prioritized.
8.1

Recommendations of Other Chapters

8.1.1. Chapter 4 – Task 4 Catastrophic Infrastructure Failure
Under the loss of primary source evaluation, 58.9% of the systems were determined to be
self-sufficient. This includes 74 systems serving populations of fewer than 50,000 people, and 9
systems serving more than 50,000 people. Sixteen systems or 11.3 percent of the systems were
found to be Class A. The Class B systems totaled 25, with 18 serving populations less than
50,000. Seventeen systems were determined to be vulnerable, or unable to provide at least 50%
of their average daily demand under emergency conditions. This includes 13 systems serving a
population of less than 50,000 people, and four systems serving a population larger than 50,000.
The full results are displayed in Table 4-4.
Table 8-1
Summary
Catastrophic Infrastructure Failure Analysis
Scenario
Primary Loss
Regional Loss

Self-Sufficient
58.9%
61.0%

Class A
11.3%
5.67%

Class B
17.7%
16.31%

Vulnerable
12.1%
17.02%

It should be noted that the results of the analysis are subject to the constraints of the
study. Only pipes of 12 inches diameter and larger were included in the study. A system may
have been classified as vulnerable because of the appearance of no emergency interconnections.
If the system has multiple 8-inch interconnections, the system may have very adequate
emergency supplies. The results are also subject to the availability of information. If
descriptions of multiple interconnections were unavailable, the system was assumed to have only
one point of interconnection with a particular system.
Several systems were categorized as Class B due to the appearance of only 1 back-up
supply source. In accordance with the definition of a Class A system "no individual
interconnection shall provide more than 50% of the total interconnection supply." This implies
that a system which can produce enough flow to meet its average daily demand, but lacks
capacity under emergency conditions (its catastrophic supply) and maintains only one
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interconnection with an adjacent system for emergencies, would be a Class B system. Regardless
of the amount of flow provided by the interconnection, the fact of having only outside supply
source qualifies it as a Class B system.
The results of the regional source disruption analysis show that an increased number of
systems become vulnerable when a regional supply is disrupted for a prolonged period. This is
because they may have multiple interconnection points with the regional supplier. For the
primary source evaluation, the one or two primary interconnections were removed and the
secondary connections were evaluated. For the regional analysis, all connections with the
regional supplier were considered inoperable. Keep in mind that the results of the regional
analysis are only meaningful for systems which purchase most of their water.
Infrastructure Needs
All water systems serving at least 50,000 people were expected to be classified as Self
Sufficient or Class A. Water systems serving between 10,000 and 50,000 people must be
classified as Class B or higher. For systems that did not meet these two requirements based on
the results of the evaluation described above, infrastructure needs were identified to mitigate the
effects of a particular what-if scenario. As shown below, most of the systems met this
requirement and further infrastructure improvements may not be necessary.
Table 8-2
Results of Loss of Primary Supply for a Prolonged Period

< 50,000
population
> 50,000
population

SelfSufficient
74
9

Class A

Class B

Vulnerable

10

18

13

6

7

4

Table 8-3
Results of Loss of Regional Supply for a Prolonged Period

< 50,000
population
> 50,000
population

SelfSufficient
72
14

Class A

Class B

Vulnerable

6

17

20

2

6

4
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Large Vulnerable Systems
[SECTION REDACTED]
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[SECTION REDACTED]

8.1.2

Chapter 6 – Task 3 Optimize Existing Water Diversions during Drought Conditions

Using Advisory Curve and WSMDST
In developing Chapter 6 it became clear from past droughts that by the time a drought
watch or warning condition is identified, it may take very extreme measures or may be
impossible to avert a drought emergency. In recent history (since the 1960s), seven drought
warnings have resulted in five drought emergencies with an additional drought emergency in
1985 not preceded by any drought warning. There was a consistently short period of time
between drought watch and emergency. Preliminary evaluations were completed to determine
the volume of water that would be transferred to respond and maintain reduce drought
emergencies. The required transfers were on the order of 100 MGD. It was estimated the
infrastructure necessary to occasionally deliver this water for very short periods of time would
cost in excess of $40 million.
Because of the consistently short time between drought watch and emergency, and
substantial infrastructure requirement a new standard for initiating closer monitoring of reservoir
levels has been identified — the advisory level. This proposed rule curve simply splits the
difference between the already established "observe" curve and the average reservoir level.
When compared to historical scenarios this level strikes a reasonable balance between early
identification of eminent drought and minimization of false alarms. It is recommended that
NJDEP use this curve as an internal trigger. If storage in any single reservoir system falls below
the advisory curve, the WSMDST should be employed as frequently as once per week to forecast
possible drought conditions. This approach allows NJDEP and purveyors an opportunity to
make the minimum water transfers necessary to prepare for short or longer-term drought.
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The WSMDST was used in Chapter 6 to simulate historic drought conditions with today's
demands. The historic droughts were 1960s, 1981-2, 1995, 1998, 1999, 2002, and 2005. The
results of the simulations are tabulated in Table 6-7. Five of these seven droughts resulted in
drought emergencies.
Applying this approach to the historic droughts had the following outcomes:
1.

2.
3.

The 1960s and 2002 Droughts were severe and cannot be corrected using these
strategies. As expected in severe droughts, demand management will have to be
utilized.
The management strategies did limit one of the drought emergencies to watch and
two emergencies to warning or better.
The one drought watch and one drought warning were able to be limited to
advisory.

Surprisingly almost all of the manageable droughts can be addressed using existing
interconnections. There is one exception. In recreating the 1999 drought, the interconnection
between Jersey City and United Water was identified as a limiting interconnection.
United Water
In looking at the 7-drought analysis completed in Chapter 6, United Water is identified as
a purveyor in deficit six times. In addition, United Water's interconnection with Jersey City and
NJDWSC were identified as the limiting connections in the 1981 and 1999 Droughts. It appears
United Water should consider additional water supplies to limit the number of times it finds itself
in deficit.
Conservation
It is recommended that NJDEP update their statewide Drought Management Plan to
redefine roles of various state and local agencies during a drought emergency, to establish
minimum requirements of local plans, and to provide guidance to local agencies for drought
response. An updated statewide drought management plan will insure that agencies throughout
the state implement consistent responses to the Drought Indicator System, thus encouraging an
equitable distribution of hardship during drought emergencies. This plan should include, among
other things, statewide conservation goals and minimum water use restrictions for each sector
during each drought stage.
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8.1.3

Chapter 7 – Task 5 Optimize Existing Water Diversions during Normal Conditions

Interbasin Demand Transfers
Central and Northeast Regions
The greatest opportunity for demand transfer involves the NJAWC-Elizabethtown –
Newark-NJDWSC: These 3 systems are interconnected through the Virginia Street Pumping
Station. The operation of the Virginia Street Pumping Station could be modified to allow
transfer of supply from the Elizabethtown system to the Newark and NJDWSC systems to
maintain reservoir levels under normal conditions. NJDWSC has conducted preliminary
investigations of an operational procedure change to provide a continuous supply of 10 mgd
from the Elizabethtown system to the NJDWSC system via the Virginia Street Pumping Station.
Their investigations indicate that if this had been in place between 1990 and 2003, the number of
days the Wanaque Reservoir was below the drought warning curve would have been reduced
from 221 days to only 29 days. To assure the operation of the Virginia Street Pumping Station
for this purpose, transmission improvements would be needed in the Elizabethtown and Newark
systems, and a new pumping station would be needed at the Belleville Reservoir site. This
option merits support by the NJDEP.
NJAWC-Elizabethtown – NJAWC-Short Hills: The distribution networks of the
NJAWC's Elizabethtown and Short Hills systems currently are interconnected, and part of the
Short Hills system demand is met with water from the Elizabethtown system. Modeling shows
benefits of strengthening the connections between these 2 regions. The Short Hills system has an
average demand of just under 40 mgd, about 30 of which is met with supplies in the Northeast
Region. If this demand could be met with supplies from the Central Region, about 30 mgd of
supply might be made available to meet demands in the Northeast Region on a regular basis.
More detailed investigations are needed to determine the economic and political feasibility of
this option.
Jersey City – United Water NJ: These systems currently are interconnected, and Jersey
City currently supplies water to United Water on a regular basis. It may be feasible to increase
the normal flow from Jersey City to United Water to provide a better balance of water in the
Northeast Region.
Central and Coastal North Regions
Middlesex Water Company currently supplies water from its CJO Plant to communities
south of the Raritan River in Monmouth County. The transmission mains that convey this water
extend through Old Bridge to Marlboro and the Gordon's Corner Water Company. The
extension of existing piping bringing water from Middlesex Water Company through the
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Marlboro system to the NJAWC's Monmouth System could provide a transfer of supply into the
Coastal North.
Central and Southwest Regions
Trenton – NJAWC-Elizabethtown: The Trenton and Elizabethtown systems currently are
interconnected, and plans are underway to strengthen the interconnection between these two
systems. This will allow transfer of water between the Central Region and the northern portion
of the Southwest Region.
NJAWC-Elizabethtown - NJAWC Western Division: Transmission/distribution piping in
each of these systems currently ends about 5 miles from each other. Connecting these two
systems would permit the transfer of water between the Central Region and lower portion of the
Southwest Region.

Aquifer Storage & Recharge
ASR appears to have great potential as a water supply management tool in New Jersey.
It is recommended that NJDEP continue to promote ASR through programs that encourage
utilities to incorporate ASR into their water supply planning. The current permitting process and
monitoring requirements are extensive, intimidating and can take years to navigate, the discharge
permit being the most difficult hurdle. Therefore, it is recommended that NJDEP review the
process and consider streamlining these processes as much as possible, and assist in coordinating
permitting activities among the various DEP Bureaus. It is further recommended that NJDEP
encourage more utilities to pilot and hopefully adopt ASR for multi-year water storage or
"banking". This technology provides drought management through the transfer of demand from
year to year, storing during wet years and recovering during dry years.
Unaccounted-for Water
NJDEP is interested in establishing standard recommendations, even regulations for
evaluating water losses and in determining the demand reduction that could be realized if
systems are optimized. To this end, it is recommended that NJDEP require all utilities to
conduct annual water audits using the IWA/AWWA Water Audit Method and to implement a
leakage control plans. Once a uniform system for auditing and reporting water losses is
implemented statewide, it is recommended that NJDEP commission a detailed study and cost
benefit analysis. This study would evaluate the potential for demand reduction that could be
realized through enhanced water loss control and determine if the benefits of the reductions
balance the cost of implementing control programs. The NJDEP could then use the results of
this study to establish or modify their goal ILI based on achieving some desired level of demand
reduction.
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Water Reuse
RWBR is a proven water supply management tool that has been used extensively in other
areas of the country and shows great potential as a water supply management tool for New
Jersey. As NJDEP continues to develop and promote its RWBR program, they should develop a
strategic plan and long-term goals for the program. This plan should identify goal volumes of
reuse to be achieved in the state as a whole and in individual regions, according to regional water
needs. To better position themselves to meet their long term goals, New Jersey might consider
establishing a program to provide financial incentives for agencies to evaluate the benefits and
possibilities of reuse. More specifically, it is recommended that NJDEP provide funding to
targeted municipalities or regional water purveyors to develop water reuse master plans. Finally,
NJDEP should work collaboratively with other state agencies, including the Department of
Agriculture and the Board of Public Utilities to promote reuse. It is our understanding that the
Water Quality Management Plans (WQMP) now require reuse feasibility studies, NJDEP has
proposed the NJPDES rules also include reuse feasibility studies and the NJDEP Division of
Water is requiring reuse feasibility studies in the allocation process.
8.2

Assessment Components

When this study was initiated, it was anticipated that numerous capital projects were
going to be required to facilitate moving water between regions and the equitable hydrologic
drawdown of New Jersey's water resources. As we describe in Chapter 6, many of the goals of
this study can be satisfied by earlier involvement by the NJDEP, greater coordination between
the water systems, and the implementation of some statewide initiatives.
These
recommendations do not have the environmental impacts, capital costs, and viability concerns
that multiple capital projects would require to be compared.
8.3

Prioritization & Recommendations

New Jersey, because of its relatively small size and extended potable water systems, has a
unique opportunity to integrate most of their major water sources throughout the state. NJDEP's
support for interconnections between regions will allow the potable water systems to have
multiple redundancies at their disposal to address all types of catastrophes.
The recommendations of this report are as follows:
1.

It is recommended that the NJDEP institute the Advisory Curve and WSMDST as
described in Chapter 6. This will require the Drought Management Rules be
amended to give the NJDEP powers under a Drought Advisory similar to the
powers under a Drought Warning (Water Supply Allocation Rules 7:19-11.6)
which include, among other parameters, the ability for the NJDEP to mandate
water transfers. These rules and the potential pricing arrangements are discussed
in Chapter 9.
8-10

2007 NJDEP Interconnection Study
Mitigation of Water Supply Emergencies

2.

The greatest opportunity for demand transfer involves the New Jersey American
Water (NJAW) -Elizabethtown – Newark and North Jersey District Water Supply
Commission (NJDWSC): These 3 systems are interconnected through the
Virginia Street Pumping Station.
NJDWSC has conducted preliminary
investigations of an operational procedure change to provide a continuous supply
of 10 mgd from the Elizabethtown system to the NJDWSC system via the
Virginia Street Pumping Station. Their investigations indicate that if this had
been in place between 1990 and 2003, the number of days the Wanaque Reservoir
was below the drought warning curve would have been reduced from 221 days to
only 29 days. This study identifies this interconnection as a critical reducing the
length of droughts in the Northeast Region. This option merits support by the
NJDEP.

3.

It is recommended the NJDEP and United Water begin discussions to evaluate the
potential for additional water supply. Based on the analysis in this study United
Water was identified as a purveyor in deficit in six of the seven drought
simulations. In addition, the United Water interconnection with Jersey City and
NJDWSC were identified as the limiting interconnections during non-simulated
drought emergencies.

4.

It is recommended that Atlantic City MUA and Brick Township MUA evaluate
options that would allow them to be rated higher than vulnerable in the
catastrophic infrastructure analysis. Both systems are classified as large systems
serving more than 50,000 people, are somewhat isolated and have limited existing
options. There are some nearby options that could assist that should be
investigated.

5.

It is recommended that NJDEP update their statewide Drought Management Plan
to redefine roles of various state and local agencies during a drought emergency,
to establish minimum requirements of local plans, and to provide guidance to
local agencies for drought response. An updated statewide drought management
plan will insure that agencies throughout the state implement consistent responses
to the Drought Indicator System, thus encouraging an equitable distribution of
hardship during drought emergencies. This plan should include, among other
things, statewide conservation goals and minimum water use restrictions for each
sector during each drought stage.

6.

Reclaimed Water for Beneficial Reuse (RWBR) is a proven water supply
management tool that has been used extensively in other areas of the country and
shows great potential as a water supply management tool for New Jersey. As
NJDEP continues to develop and promote its RWBR program, they should
develop a strategic plan and long-term goals for the program. This plan should
identify goal volumes of reuse to be achieved in the state as a whole and in
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individual regions, according to regional water needs. To better position
themselves to meet their long term goals, New Jersey might consider establishing
a program to provide financial incentives for agencies to evaluate the benefits and
possibilities of reuse. It is our understanding that the Water Quality Management
Plans (WQMP) now require reuse feasibility studies, NJDEP has proposed the
NJPDES rules also include reuse feasibility studies and the NJDEP Division of
Water is requiring reuse feasibility studies in the allocation process. These are
positive initial steps in expanding RWBR in the State.
7.

The distribution networks of the NJAW's Elizabethtown and Short Hills systems
currently are interconnected, and part of the Short Hills system demand is met
with water from the Elizabethtown system. Modeling shows benefits of
strengthening the connections between these 2 regions. The Short Hills system
has an average demand of just under 40 mgd, about 30 of which is met with
supplies in the Northeast Region. If this demand could be met with supplies from
the Central Region, about 30 mgd of supply might be made available to meet
demands in the Northeast Region on a regular basis. More detailed investigations
are needed to determine the economic and political feasibility of this option.

8.

Additional studies are also recommended to evaluate the feasibility, costs, and
benefits of source optimization and demand transfer between surface water and
groundwater within the Middlesex Water, NJAW-Coastal and Sayreville systems.

9.

Aquifer Storage and Recovery appears to have great potential as a water supply
management tool in New Jersey. It is recommended that NJDEP continue to
promote ASR through programs that encourage utilities to incorporate ASR into
their water supply planning. The current permitting process and monitoring
requirements are extensive, intimidating and can take years to navigate, the
discharge permit being the most difficult hurdle. Therefore, it is recommended
that NJDEP review the process and consider streamlining these processes as much
as possible, and assist in coordinating permitting activities among the various
DEP Bureaus. It is further recommended that NJDEP encourage more utilities to
pilot and hopefully adopt ASR for multi-year water storage or "banking",
contingent on geology of the area allowing the stored water to remain for multiyears. This technology provides drought management through the transfer of
demand from year to year, storing during wet years and recovering during dry
years.

10.

NJDEP is interested in establishing standard recommendations even regulations
for evaluating water losses and in determining the demand reduction that could be
realized if systems are optimized. To this end, it is recommended that NJDEP
require all utilities to conduct annual water audits using the IWA/AWWA Water
Audit Method and to implement a leakage control plans. Once a uniform system
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for auditing and reporting water losses water is implemented statewide, it is
recommended that NJDEP commission a detailed study and cost benefit analysis.
This study would evaluate the potential for demand reduction that could be
realized through enhanced water loss control and determine if the benefits of the
reductions balance the cost of implementing control programs. The NJDEP could
then use the results of this study to establish or modify their goal ILI based on
achieving some desired level of demand reduction.
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9.0

TASK 6: FINANCIAL INFRASTRUCTURE

9.1

Introduction

The purpose of Task 6 of the Interconnection Study is to analyze and propose changes, if
determined necessary, to the existing financial infrastructure such that alterations to the supply,
conservation measures, transmission and the construction and maintenance of Water Supply
Emergency Infrastructure do not cause disproportionate financial hardship, or profits, to the
parties involved.
As Tasks 1 through 5 do not recommend new regional/statewide capital additions to the
water supply infrastructure, this section of the report will not address funding for that type of
capital improvements. However, the recommendations do include numerous individual system
improvements and the implementation of a Drought Caution Curve in order to preempt a region
from falling into a drought warning situation. We have incorporated the effect of a Drought
Caution in our analysis.
Our process of discovery included gathering cost and rate information from the largest
water systems in the State of New Jersey. We met with certain representatives of the critical
systems, representatives of NJ DEP and representatives of the Board of Public Utilities in order
to discover their concerns related to the pricing of water transfers recommended in the Tasks 1
through 5 of the Report.
Included in this section is a summary of current regulations for rate determination for
drought emergencies and warnings, a discussion of the rate and financial barriers that currently
exist, potential rate solutions, and recommendations and guidelines. Current issues with rate
design and financial barriers exist with implementing the recommendations of Task 1 through 5
of this report. Our recommendations address water transfer rates in various drought situations,
either voluntary or imposed.
9.2

Current Regulations Related to Drought Avoidance Rate Design and Financing of
Infrastructure

NJ DEP Water Supply Allocation Rules enacted in 1982
Interconnections – "In order to assure the availability of water during times of emergency,
including drought, the Department may require interconnections….to the extent practicable and
economically feasible." The regulations further stipulate that costs of creating interconnections
to avert water shortages will be shared by benefited Water Purveyors in proportion to those
benefits, as approved by the NJDEP.
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Water Surcharge Schedule – The regulations state that in the case of a water emergency and at
the initiation of Phase II (indoor water reductions), the Drought Coordinator (as defined in the
regulations) can implement the water surcharge schedule as follows:
Residential – allowance of 50 gallon per capital daily and any usage above the allowance
incurs the normal water rate plus $5 surcharge for every additional 100 CF. Surcharge
can be raised to up to $10.
Non-Residential – charged normal water rate plus a surcharge of 33% of the normal rate.
This surcharge can be raised to a maximum of 50%.
Anecdotally, implementing this surcharge schedule was not popular within the State
when it was implemented and eventually the monies were rebated to the Water Users.
Emergency Water Transfer Pricing – “In the event an emergency transfer of water is ordered by
the Commissioner, the price charged to the receiving system should be based upon fair
compensation, reasonable rate relief and just and equitable terms as to not create a situation
wherein the customers or owners of the supplying systems are subsidizing the transfer.”
Criteria include:
a)
If an emergency transfer is ordered, and it requires a reduction in the
amount of water used by existing customers of the supplying system, the
supplying system should recover its costs. This could be interpreted to be
the General Metered Service (GMS) rate.
b)
If an emergency transfer is ordered, and it requires no reduction in the
amount of water used by existing customers of the supplying system,
normal bulk rates should apply
c)
If no bulk rate is established, the supplier may recover the costs of O&M,
depreciation, taxes, and return or debt service related to the facilities
utilized.
These prices, per the regulations, must be in place at all times for those water purveyors
which have interconnections to other water systems. However, when water purveyors were
asked to produce their Emergency Water Transfer Pricing Rates, none were able to comply.
Drought Warning Requirements – NJDEP may require the following during a drought warning:
1)

Develop an alternative water supply if possible.

2)

Rehab and activate interconnections between water systems.

3)

Complete interconnection flow tests
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9.3

4)

Transfer water from other water systems

5)

Other measures to insure adequate water supply.

Example Water Transfer Agreement between Large Water Purveyors, Expired
2006

We examined an agreement between water purveyors for the transfer of water during
various drought and non-drought situations. The agreement allowed water to be transferred from
one water purveyor to another water purveyor using several pricing parameters. These included:
a)

If the transfer was not mandated by the State, the supplier of water would charge
its sales to other systems rate or bulk rate.

b)

If the transfer was mandated and the supplier’s customers were not under
restrictions, the supplier would charge $680 per MG. This rate was determined
by adding the price of purchased water, water treatment costs, pumpage costs,
gross receipts and franchise taxes and operation and maintenance costs.

c)

If the transfer was mandated and the supplier’s customers were under restrictions,
the GMS rate would be used.

The term of the agreement was 5 years with an option to extend for up to 10 years.
9.4

Rate and Financial Barriers

In the State of New Jersey, rate and financial barriers exist to adequately, efficiently and
equitably transfer water where needed in a drought watch, warning and drought emergency
situations. These include the following:
1.

Certain water purveyors caution that the rate structure for the transfer of water in
a non-emergency situation should not subsidize water purveyors who have not
planned to avoid shortages. This would penalize not only the water systems who
did plan ahead but also the rate payers of that water system. A system must be in
place which encourages long term contracts between interconnecting water
systems so that during a drought situation, water could be transferred at a price
that is equitable for both parties.

2.

Water purveyors may lose their GMS rate revenue to bulk rate if forced to transfer
water during an emergency drought situation assuming that their customers are
under water use restrictions.
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9.5

3.

Some purveyors have entered into long term contracts to reserve a water
allocation which is expensed whether the water is used or not. The economic
motivation for these water purveyors is to use this allocated water first then look
to other sources for water. However, this may not be the most efficient use of
water resources for the entire region.

4.

Water may pass through another system on its way to supply other water users
with water. Though the system that is transferring the water is not the supplying
water system, this “pass through” system should be compensated for pumping and
transmission costs, etc. for this transfer. There is no mention of “wheeling fees”
in the State’s Emergency Water Transfer Pricing regulations.

5.

Due to the wide variety of water purveyors in the State of New Jersey, certain
purveyors could pay more for purchased water than it costs them to produce in a
drought situation.

6.

Most water purveyors do not have an Emergency Water Transfer Pricing schedule
as required by the Water Supply Allocation Rules.

Potential Rate Solutions
There are various rate designs that address the rate problems and financial barriers listed

above.
9.5.1

Standby Fees

This rate structure could be used by water purveyors which are habitually in need of
water during minor drought situations. The water purveyor could pay a standby fee to the
supplying purveyor in order to receive water when needed at a guaranteed rate. This standby fee
would be set to compensate the rate payers of the supplying water system for their investment
(fixed O&M, depreciation and return) in the water system which ensures an adequate supply.
The consumption charge when actual usage occurs would be the unit cost of production, paying
for the incremental cost of supplying the water.
The added benefit of standby fees is that purchasing systems can include the standby fees
in their operating budget and recover such fees from their customers in the rate structure.
9.5.2

Wheeling Fees

The cost of transferring water from one system, through an intermediary system, to the
water system in need should be recognized. This fee for the intermediary should be calculated
based on the allocated costs of pumping and transmission for the facilities used for wheeling the
water through the system.
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9.5.3

Water Trading

Water trading is effective when each system has a similar cost structure and the water
needs are complementary. This water “banking” has proved to be effective for certain water
purveyors and should continue.
9.5.4

Sale of Reserved Capacity

A water purveyor who has a reserved capacity allocation which is expensed whether the
water is used or not, must be allowed to be reimbursed for this allocation in order to promote the
efficient use of water in a region.

9.6

Recommendations and Guidelines
The Task 6 recommendations and guidelines are as follows:

In our initial discussions with the NJ DEP regarding Task 6, it was considered that water
transfers during a drought situation should be priced at the bulk purchase rate (bulk rate) in
existing contracts or below so that supplying water systems would not profit from the drought
situation. However, an alternative view was expressed during discussions with water purveyors.
The consensus was that if the transfer of water during a drought was priced at bulk rate or below,
there would be no incentive for water systems that habitually fall into a drought situation earlier
than others due to inadequate water supply to set up long term contracts with the neighboring
suppliers or to invest in alternative sources of water. It was a concern that these systems would
always get “bailed out” at the expense of the supplying systems and their customers that funded
the infrastructure in order to have an adequate water supply. On the other hand, if the supplying
water systems are guaranteed a high rate for their water in a drought situation, these supplying
systems may not have motivation to sign a long-term contract at a lower rate than their General
Metered Service (GMS) rate. The following recommendations address these issues.

1.

In preparation for emergencies, we recommend that the NJDEP, during the
permitting process, enforce the requirement that water purveyors with physical
interconnections with other water purveyors have an Emergency Water Transfer
Pricing Schedule in place at all times, including a bulk rate for those systems that
expect diversions over .1 MGD. These prices can be in accordance with the
criteria outlined in the Water Supply Allocation Rules and would be used in case
of a water transfer to a water system not currently engaged in a long term contract
with the supplying water system.

2.

In addition, the Emergency Water Transfer Pricing rules could be amended to
include the stipulation that if a water purveyor is in a drought situation and is
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buying from a supplier who is not under water use restrictions, that the purchasing
water supplier pay its own GMS rate and the difference between the bulk rate
charged by the supplying system and its own GMS rate would then be used as a
funding source for the State to supplement the 1981 bond fund and used for State
sponsored projects. This structure could potentially create a funding source for
needed projects but must be carefully considered as to not create a hardship
situation for the purchasing water purveyor. However creative solutions between
water purveyors should be encouraged, such as the use of standby fees and/or
long-term contracts that would supersede the Emergency Water Transfer Pricing
rules.
3.

It is proposed that the water systems with interconnections develop a standby
agreement which pays the supplying water purveyor a fee to have an assured
source of water at a bulk rate price in an emergency (including drought) rather
than being subject to the Emergency Transfer Pricing rules. This fee should be
priced to compensate the rate payers of the supplying system for the investment in
infrastructure. The consumption charge for the actual use could then be set to the
incremental cost of supplying the water or a bulk rate since the fixed costs have
already been paid through the standby fee. Potentially, these standby fees could
evolve to a steady purchase of water by the water systems in need, which could
help mitigate water shortages under drought conditions.

4.

If a water purveyor does not develop a contract as recommended above for an
emergency, it is recommended that NJDEP should impose an alternative based on
the Emergency Water Transfer Price criteria. In this case, the water purveyor in
need of water during a period of water restriction and without long term contracts
with water suppliers would risk the price of water equal to the supplying water
purveyors’ GMS rate or its own GMS rate depending on the regulations. This
risk may encourage the development of an alternative pricing strategy, the
development of an alternate water source, or even prevent the water purveyor in
need from buying the water, choosing instead to impose further restrictions on
water use for its customers. In the long run, this approach may force an open
dialogue with the rate payers. The water purveyor could describe the options and
costs related to a long term contract, development of a new water supply and
expanded water restrictions. In some cases the rate payers will accept rate
increases to reduce the need for restrictions. In others the rate payers will prefer
the restrictions to higher rates.
This strategy could also create the impetus for the supplying water purveyor to be
open to negotiation of terms. If the supplying water purveyor is aware that the
water system in need is going through an evaluation of the alternatives they may
be more inclined to consider negotiation in the terms when confronted with the
risk of losing the opportunity altogether.
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9.7

5.

In addition, the Drought Management Rules should be amended to compensate
intermediary water systems that “wheel” the water from one system to another.
As stated earlier in this report, the fee should be based upon the allocated cost of
pumping and transmission for the wheeling water system. However, absent a
long term contract, the NJDEP should recommend a wheeling fee that equals the
difference between the wheeling system’s GMS rate and its Sales for Resale rate.
In some instances the New Jersey Board of Public Utilities will have to be
included in these discussions.

6.

Most importantly, we recommend that the Drought Management Rules be
amended to give the NJDEP powers under a Drought Advisory similar to the
powers under a Drought Warning (Water Supply Allocation Rules 7:19-11.6)
which include, among other parameters, the ability for the NJ DEP to mandate
water transfers. The pricing mechanism is not discussed in the Water Allocation
Rules for a Drought Warning, however we recommend using the Emergency
Water Transfer Pricing rules and criteria if another contract is not in place. In
addition, the Drought Management Rules should be amended to stipulate that if
an agreement is not already in place the water purveyor in need of the water
transfer (as indicated by the model referenced in this report) should pay any costs
related to the rehabilitation and activation of interconnections between water
systems and completion of the interconnection flow tests.

7.

Finally, it is also recommended that the NJDEP work with the water suppliers,
public and private, who have take or pay contracts with other water purveyors to
add flexibility to the use of the water supply. The purchasing water purveyor
should be reimbursed for some or all of its contractual allocation of water if it is
used by another water purveyor whose source of water is more limited. This
reimbursement must be at least equal to the price paid for water via an alternate
source used. This would allow for a more efficient distribution of water in a
potential drought situation. NJDWSC is one of the largest water suppliers in the
State and maintains take or pay contracts with various water purveyors. The
Commission has indicated that the water purveyors on its system, through a series
of contracts, have a mechanism to be reimbursed for their water allocation if it is
used by another water purveyor in times of water shortages.

Summary

In summary, in order for the Interconnection Study to be effective, a fair and equitable
rate design must be encouraged by the NJDEP in order to ensure compliance by the various
water systems. The Water Allocation Rules should be amended so that the NJDEP can mandate
certain water transfers in times of Drought Caution but responsibility ultimately lies with the
individual water systems and their management to create an equitable pricing mechanism for
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these transfers or absent such pricing mechanism, risk that they would be subject to pricing
mandated by the NJDEP rules.
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Glossary

Average-day demand:

a water system’s average daily use based on total annual water production
divided by 365.

Average-year demand:

water demand under average daily use based on total annual water production
divided by 365.

Average-year water supply:

the average amount of water available annually through a water
system.

Avoided cost:

the savings achieved by undertaking a given activity such as implementing
a water-efficiency measure; can be used to establish the least-cost means
of achieving a specified goal.

Beneficial use:

the use of water resources to benefit people or nature; irrigation water that
satisfies some or all of the following needs or conditions-evapotranspiration,
leaching, water stored in the soil for use by crops, or special cultural practices;
usually expressed as a depth of water in inches or feet.

Benefit-cost ratio:

benefits and costs measured in terms of money are expressed as a ratio, with
benefits divided by costs.

Best management practice (BMP): a conservation measure or system of business procedures
that is beneficial, empirically proven, cost-effective, and widely accepted
in the professional community; also an urban water conservation measure
that member agencies of the California Urban Water Conservation
Council agree to implement under the Memorandum of Understanding
Regarding Urban Water Conservation in California.
Conservation:

(1) the act of conserving; preservation from loss, inquiry, decay, or waste.
(2) the protection of rivers, forests, and other natural resources. See also
water conservation.

Conservation pricing:

water rate structures that encourage consumers to reduce water use.

Customer class:

a group of customers (e.g., residential, commercial, industrial,
institutional, wholesale) defined by similar water-use patterns and costs of
services.

Declining (or decreasing) block rate: a pricing structure in which the amount charged per unit
of water (i.e., dollars per 1,000 gallons) decreases as customer water
consumption increase.
Demand forecast:

Glossary

a projection of systemwide future water demand or of future demand by a
specific customer class.
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Demand management:

water-efficiency measures, practices, or incentives implemented by
water utilities to reduce or change the pattern of customer water demand.

Demographic:

having to do with human population or socioeconomic conditions.

Domestic water use:

in this report, water used by sanitary plumbing fixtures (toilets, urinals,
faucets, and showerheads) and appliances (cloths washers and dishwashers) in
nonresidential settings such as industrial, commercial, and institutional
properties; in other contexts, sometimes synonymous with residential water use,
or water used for household purposes, such as drinking, food preparation,
bathing, washing cloths and dishes, flushing toilets, and watering lawns and
gardens.

Drought:

a period of unusual or persistent dry weather (compared to a long term average)
of a duration and degree that results in a shortage of water and adverse affects.
There are different types of drought, as determined by resultant conditions
and/or the impact on users, including the environment. A precipitation drought
occurs when recorded rainfall is significantly below normal for a sufficiently
long period of time. An agricultural drought occurs when the soil-moisture
deficit hinders crop growth. An environmental drought occurs when an
ecological community is affected by a lack of water (for example, low stream
flows stressing fish). This Plan concentrates on water-supply droughts. A watersupply drought occurs when water demands exceed available water supplies.
This definition combines: (1) amount of water in storage, (2) anticipated water
demands, (3) the severity of the precipitation deficit, and (4) specific water
sources available to the affected area.

gpcd

gallons per capita per day.

gpd

gallons per day

gphd

gallons per household per day

gpm

gallons per minute

Groundwater:

water beneath the earth’s surface; specifically, that portion of subsurface
water in the saturated zone, where all pore spaces in the alluvium, soil, or
rock are filled with water.

Groundwater recharge:

replenishment of a groundwater supply through natural conditions
(e.g., percolation) or artificial means (e.g., injection).

Inclining block (or increasing block) rate: a pricing structure in which the amount charged per unit of water (i.e.,
dollars per 1,000 gallons) increases as customer water consumption increase.
Leak detection:

Glossary

methods for identifying water leakage from pipes, plumbing fixtures, and
fittings.
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Low-volume faucet:

a faucet that uses no more than 2.5 gallons per minute at 80 pounds of pressure
per square inch; also referred to as low-flow faucet.

Low-volume showerhead:

a showerhead that uses no more than 2.5 gallons per minute at 80 pounds of
pressure per square inch; also referred to as low-flow showerhead.

Low-volume toilets (water closet): a toilet that uses no more than 1.6 gallons per flush; also referred to as low-flow
toilet.
Low-volume urinal:

a urinal that uses no more than 1.0 gallons per flush; also referred to as lo-flow
urinal.

MGD:

million gallons per day.

Nonresidential water use:

water use by industrial, commercial, institutional, public, and agricultural users.

Peak demand (water):

the highest total water use experienced by a waters supply system, measured on
an hourly, daily, monthly, or annual basis.

Per capita residential use:

residential water use divided by the total population served.

Per capita use:

the amount of water used by one person during a standard period of time; in
relation to water use, expressed in gallons per capita per day.

Reclaimed water (or reclaimed wastewater): treated, recycled wastewater of a quality suitable for nonpotable
applications, such as landscape irrigation, decorative water features, and
nonfood crops; also described as treated sewage effluent.
Residential water use:

water use in homes (e.g., for drinking, food preparation, bathing, washing
clothes and dishes, flushing toilets, and water lawns and gardens).

Retrofit:

to change, alter, or adjust plumbing fixtures or other equipment or appliances to
save water or make them operate more efficiently.

Reuse:

(1) the additional use of previously used water; see also recycled water. (2) the
beneficial use of treated wastewater; see also reclaimed water.

Seasonal rate:

a pricing structure in which the amount charged per unit of water varies by
season; higher rates are usually charged during the peak-demand season (usually
the summer months).

Surcharge:

a special charge included on a water bill to recover costs associated with a
particular activity or use or to convey a message about water prices to
customers.

Unaccounted-for water:

water that does not go through meters (e.g., water lost from leaks or theft) and
thus cannot be accounted for by the utility.

Unmetered water:

water delivered but not measured for accounting and billing purposes.

Glossary
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Water audit:

an on-site survey and assessment of water-using hardware, fixtures, equipment,
landscaping, irrigation systems, and management practices to determine the
efficiency of water use and to develop recommendations for improving indoor
and outdoor water-use efficiency. Also referred to as a water-use survey.

Water conservation:

(1) any beneficial reduction in water loss, waste, or use. (2) reduction in water
use accomplished by implementation of water conservation or water-efficiency
measures. (3) improved water management practices that reduce or enhance the
beneficial use of water.

Water conservation incentive:

a policy or regulation, rate strategy, or public education campaign designed to
promote customer awareness about the value of reducing water use and to
motivate consumers to adopt specific water conservation measures.

Water conservation measure:

an action, behavioral change, device, technology, or improved design or process
implemented to reduce water loss, waste, or use.

Water reclamation:

the treatment of wastewater to make it reusable, usually for nonpotable
purposes; includes water recycling.

Water recycling:

the treatment of urban wastewater to a level rendering it suitable for a specific,
direct, beneficial use.

Glossary
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Interconnection Study Draft Report Comments - Passaic Valley Water
Commission
ID

Section

Page(s)

Commenter

Purveyor

Comment

1

2.5.1

14
2nd ¶

PVWC

PVWC

Residential demands are declining in New Jersey
at rates of approximately 0.5 to 1.0% per year as
a result of the implementation of the 1992 Energy
Policy Act. This is partially offsetting growth in
some systems while in others it is driving an
overall decline in use/production.

2

2.5.2

14
4th ¶

PVWC

PVWC

Too much is being made of the impact of industrial
and manufacturing uses within public water supply
systems. This is generally a small category of use
in relation to residential use and in many of the
older cities, industrial/manufacturing uses are all
but gone.

3

2.5.2

15
First
bullet

PVWC

PVWC

A further explanation of the reason these plants
were considered to have zero drought capacity is
needed. Although a conservative approach is
desirable, this does not adequately explain why
these plants were singled out.

4

2.5.3

16
3rd ¶

PVWC

PVWC

To the extent that DEP approved contracts exist
between a bulk supplier and a bulk purchaser,
these contracts should have been considered as
firm capacity. In its review, DEP encumbers the
allocation and production capacity of the contract
supplier. The stated approach is likely to inflate
the need to make transfers by underestimating the
available supply for some systems.

5

Table
2-6

Page
2 of 2

PVWC

PVWC

This calculation suggests PVWC is in deficit
because the analysis does not reflect the firm
capacity available to PVWC by virtue of the
Wanaque North contract with NJDWSC.
Elsewhere in this report, PVWC is shown to have
substantial surplus capacity as is truly the case.
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6

Table
5-3

35

PVWC

PVWC

With respect to the systems supplied by
NJDWSC, a distinction should be drawn between
Wanaque North and Wanaque South customers
as per the contracts. These groups utilize and
pay for different classes of assets. The ability of
any one user and any one class of customer to
use "unused capacity" of another user has
financial implications. The table should also note
that the Newark contract capacity includes water
used by Bloomfield. The Glen Ridge (0.7 MGD)
and Nutley (3.0 MGD) systems are absent from
this list of NJDWSC supply users. Finally, this list
includes only finished water users and it does not
show the raw water contract to United Water New
Jersey (39.5 MGD).

7

Table
5-4

36

PVWC

PVWC

Bloomingdale, Cedar Grove, Fairfield, Fairlawn,
Haledon, Hawthorne, Lincoln Park, West Caldwell,
North Caldwell, Ringwood, Totowa, Verona,
Wallington, West Paterson and Riverdale are also
contract customers of PVWC but these are not
included in the table.

8

5.3.2

38 First
full ¶

PVWC

PVWC

In general terms, this is not consistent with typical
operational practice. Systems with both surface
and ground water sources tend to base load
surface supplies because these are more efficient
to operate at consistent rates. In addition, wide
variations in flow are less desirable for a host of
operational reasons. Ground water sources are
generally used to supplement the surface water
flow and meet peak demands. Furthermore,
contract purchases are often used first of all
because these typically are take-or-pay
arrangements that require the buyer to pay for the
water even if it is not used.

9

5.4.1

41
Table 55

PVWC

PVWC

Why isn't Greenwood Lake included in the
RMBM?

10

5.5.3

51

PVWC

PVWC

This characterizes 2005 as "normal" but it should
be noted that very dry conditions existed between
the start of June and the start of October. Had a
6-inch rainfall event not occurred at the beginning
of October, DEP was prepared to hold Drought
Hearings and at least declare a Warning. Had this
singular rainfall event not happened, and had the
dry conditions persisted through the end of
October, a condition worse than the 2001/2002
drought would have been recorded.
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11

6.0 &
6.1

53 - 96

PVWC

PVWC

This section attempts to simulate the impact of
transfer strategies with the goal of mitigating the
severity of demand-management drought
restrictions. It is important to note that the
"deficits" described herein do not equate to a
deficit in safe yield as defined by current DEP
regulation. The point of this exercise is to mitigate
the level of drought restriction imposed, it is not to
identify safe yield deficits or the means to satisfy
such deficits. It is important to note, for example
that the analysis in Section 6.1.7 is NOT
suggesting that NJDWSC has a deficit in safe
yield of 97 MGD under such conditions.

12

6.1.2

61

PVWC

PVWC

PVWC has the ability to transfer 12 MGD to
United and has done so under contract in the past
and on an emergent basis in recent droughts.
This could be done by suspending regular bulk
sales to other contract purchasers who have
alternate, out-of-basin supplies, so long as UWNJ
compensates those other purchasers for their
incremental increases in the cost of procuring
replacement water. If UWNJ has such a shortfall
(24 MGD), it seems obvious that they may have
failed to make appropriate investments in source
capacity, or alternatively to contract to purchase
adequate supplies under contract, to keep pace
with growing customer demands.

13

6.1.3

61

PVWC

PVWC

Published reservoir level data are available for this
period from USGS. The published data would
provide the actual starting reservoir levels for this
analysis.

14

6.1.4

70
1st ¶

PVWC

PVWC

At 5 MGD, this would not be necessary. PVWC
could supply the 5 MGD directly to UWNJ from its
surplus or by diverting wholesale water normally
sent to other contract customers with alternate,
out-of-basin supplies in an equal amount. The
cost to UWNJ should be the PVWC retail rate,
paid to PVWC and the incremental increased cost
of production incurred by other contract customers
adversely effected by the suspension of PVWC
supplies. For example, as in past drought
conditions, such diversions were made by PVWC
with respect to sales to NJAW. In these cases,
NJAW purchased additional raw water from the
NJ Water Supply Authority for treatment at its own
production facilities. In the future, if such an
arrangement were to cause NJAW to maintain
plant capacity for UWNJ's benefit, some standby
fee should be paid to NJAW by UWNJ to maintain
this capacity.
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15

6.1.5

76
1st ¶

PVWC

PVWC

Making such a reduction represents an
unmitigated cost to Newark. The monies due to
NJDWSC are on a take-or-pay basis by contract.
If Newark is not allowed to take the water and
must produce water from its own sources or buy
replacement water from other supplies, their costs
are increased to provide a benefit to some other
entity. In this simulation, the question becomes
this: Who benefited from this shifting if NJDWSC's
safe yield was adequate to produce the 173 MGD
they are contractually obligated to provide? This
would artificially support reservoir levels within the
wholesale water supply while the focus should be
on the adequacy of retail level suppliers to meet
customer demands in dry periods.

16

6.1.7
Table
6-5

91

PVWC

PVWC

NJDWSC is a wholesale supply. Shouldn't we be
more concerned with the ultimate retail suppliers
of water? In other words, if we concern ourselves
with the ability of the NJDWSC wholesale
customers to meet the respective demands of
their customers from both NJDWSC and other
sources, we could rely more comfortably on the
designed operating range of the
Wanaque/Monksville system in the simulations.
Each retail level supplier should have adequate
safe yield to meet the normal demands of its
customers and this safe yield should include the
contract commitment made by NJDWSC plus safe
yield available from other sources. This would
allow us to focus on transfers needed to assure a
reliable supply at the retail level and avoid
consideration of the need to make a 97 MGD
transfer to NJDWSC to artificially support reservoir
levels.

17

7.4.1

125

PVWC

PVWC

A table showing the purveyors who have gone into
deficit in the simulations from Chapter 6 and their
current Non-Revenue Water percentages, as per
current DEP rules, should illuminate an additional
drought mitigation strategy.

18

9.6 (6)

142

PVWC

PVWC

Standby fees are only needed when the water is
not likely to be used routinely. This would protect
the supplying system's customers from
inadvertently subsidizing the cost of capital related
facilities in the receiving system.

Big 25/WSAC Comments to Draft Report
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19

9.6 (2)

141

PVWC

PVWC

Big 25/WSAC Comments to Draft Report

This recommendation seems to confer some
special status on NJDWSC. NDJWSC is simply a
wholesale supplier of treated and untreated water.
The NJDWSC implements projects on behalf of
municipal entities and water utilities who request
that the NJDWSC develop and operate needed
supplies. Many of the water systems that use
water supplies developed by NJDWSC also have
access to other supplies of their own or supplies
that have been acquired under contract. DEP
should focus its attention on these ultimate
suppliers of water to be sure that each has
adequate supplies to meet the normal demands
customers impose on each system. It should also
be noted that the various contracts governing the
provision of water to the Wanaque North and
South customers already address the issue of
reimbursement for purveyors who allow their
unused Wanaque North or South capacity to be
sold to other entities that need more than their
contracted allotment. Care should be taken by
DEP to avoid contravening these contractual
relationships, especially since these provisions
have been honed by litigation over many years.
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Interconnection Study Draft Report Comments - United Water
ID

Section

Page(s)

Commenter

Purveyor

Comment

1

In
general

all

C. Beckers,
Consultant

UWNJ

2

In
general

all

C. Beckers,
Consultant

UWNJ

An unstated limitation of this document, implicit
throughout, appears to be that it focuses solely
on Finished Water. Opportunities to transfer raw
water in support of systems experiencing deficits,
such as the raw water interconnection between
Wanaque Reservoir and Oradell Reservoir, are
not addressed. There are some places where
this limitation does not appear to prevail (e.g.,
Table 2-2). There is no explanation anywhere in
the report as to how the distinction between raw
and finished water was made and applied. This
limitation should be explicitly stated, so that the
reader is aware of the focus.
The study is unclear whether the goal is to
prevent water supply system failure (meaning
one or more reservoirs dry out) or to minimize the
occurrence of situations in which water supplies
fall below various trigger levels. While falling
below a trigger level may require the public to
begin to take action to conserve water and be
politically unpopular, it does not constitute a
public emergency in the same sense as a dry
reservoir does. The report needs to justify the
importance of preventing water supplies from
falling below various trigger levels, if that is the
approach NJDEP is intent on. Is it appropriate to
spend $$ for transfers that are only intended to
prevent the crossing of an artificial line that, in
itself, is intended to have the same effect as the
transfers?

3

In
general

all

C. Beckers,
Consultant

UWNJ

Big 25/WSAC Comments to Draft Report

The study does not appear to address the
potential for having to transfer water back to a
system or region that previously supplied water to
other systems or regions, as a drought
progresses and different regions are affected
differently.
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4

In
general

all

C. Beckers,
Consultant

UWNJ

5

In
general

all

C. Beckers,
Consultant

UWNJ

6

In
general

all

C. Beckers,
Consultant

UWNJ

7

In
general

all

C. Beckers,
Consultant

UWNJ

Before it becomes a public document, the report
needs a thorough review by a professional
technical editor. For example, on page 56, does
"re-occur" mean the same as "recur"?

8

In
general

all

C. Beckers,
Consultant

UWNJ

9

In
general

all

C. Beckers,
Consultant

UWNJ

Throughout the analyses presented, the study
appears to assume more water is available from
PVWC than is currently allocated. If this is
intentional, the production capacity assigned to
PVWC should be stated explicitly and thoroughly
justified, especially with regard to what can be
expected to be available at its intakes during
drought conditions. The relationship between the
current allocation and what is assumed in the
report should also be discussed.
Why is there no discussion of groundwater and
southern NJ droughts?

Big 25/WSAC Comments to Draft Report

The report does not contain any results or
information that would allow the reader to form an
opinion about the reliability of the models that
form the entire basis for the conclusions
presented in the report. Provide results for each
model that could be described as "calibration",
"verification" or "validation" results. The few
comparisons made in Chapter 6 are inadequate
to this purpose, because the conditions modeled
are not clearly described. Claims that data are
not available for the purpose are inaccurate.
The report presents what could be broadly
described as a systems analysis. The first step
in developing any systems analysis is to carefully
and completely define the system being
analyzed, with particular care regarding what
things are within the system and what things are
external to the system. The report does not
present an explicit definition of which raw and
finished water elements are included within the
"system".
The analysis appears to view groundwater as an
infinite resource. Why is there no model
component in the WSMDST for groundwater
similar to the RMBM? This is a separate
question from the issue of surface-groundwater
interaction commented on in Section 5.4.1 (pg.
40).
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10

1.2.1

4

C. Beckers,
Consultant

UWNJ

This section cannot be reviewed until the missing
text under the title "United Water Transmission
Main" is provided. What pipe is the intended
topic?

11

2.2

9

C. Beckers,
Consultant

UWNJ

The draft report cannot be fully reviewed until the
contents of this section are provided. Provide
contents of the section for review.

12

2.3

9

C. Beckers,
Consultant

UWNJ

13

2.3

9

C. Beckers,
Consultant

UWNJ

If only the "available data" were reviewed, how
do you know that "all primary water transmission
and interconnection infrastructure" was
identified? Can you provide an estimate of what
percentage the 225 identified items are of the
total such interconnections? Do you think you
got most or 50% or just 20%? How certain are
you that all UWNJ interconnections are included
in the model? Provide sufficient information so
that UWNJ can verify that all its interconnections
are included correctly.
Of the 20 systems identified for inclusion, which
16 are the ones that are part of the "Big 25"?
Why weren't all of the Big 25 included in the
model? Does everyone know what the Big 25
systems are? Who was left out and why?
Provide a list of the Big 25 and explain why only
16 were included in the model. Suggest
expanding Table 2-1 to cover this information.

14

2.3

10

C. Beckers,
Consultant

UWNJ

How were the inaccuracies corrected? What
types of inaccuracies were there and where did
you get the information to make the corrections?
Were any of these inaccuracies related to a
United Water system? If so, what were they and
how were they rectified?

15

2.4

11

C. Beckers,
Consultant

UWNJ

Provide United Water portions of GIS so that
information contained in GIS and hydraulic model
related to UW systems can be verified as
accurate and complete.

Big 25/WSAC Comments to Draft Report
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16

2.5.2

15

C. Beckers,
Consultant

UWNJ

It is possible for the water supply limit to be
smaller than the safe yield. It is also possible for
the water supply limit to be greater than the safe
yield. Why was safe yield chosen as one of the
constraints for drought conditions? Also, how
were surface water systems without reservoirs,
like the Passaic Valley system evaluated during
drought conditions?

17

3

21-23

C. Beckers,
Consultant

UWNJ

In general, the section provides insufficient
information to make a judgment regarding the
accuracy or the adequacy of the hydraulic
modeling.

18

3.2

21

C. Beckers,
Consultant

UWNJ

19

3.3

22

C. Beckers,
Consultant

UWNJ

UWNJ did not provide a calibrated WaterGEMS
model; UWNJ provided only a shape file
including principal finished water system
components, with minimal property information.
How was the UWNJ part of the hydraulic model
calibrated? Provide results demonstrating that
the hydraulic model accurately represents the
UWNJ part of the system.
Provide an evaluation of the importance of
omitting about 33% (151 included out of 225) of
the identified interconnections from the hydraulic
model. How good are the model results without
these omitted interconnections?

20

3.4

22

C. Beckers,
Consultant

UWNJ

Big 25/WSAC Comments to Draft Report

Specifically what data necessary for "a working
model" were missing and what assumptions were
made for each missing value? The reader does
not have the "Model User Guide" and there is no
other reference to it in the draft report.
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21

3.4

23

C. Beckers,
Consultant

UWNJ

Specifically, which interconnections presented
problems in the joining process and how was
each problem resolved?

22

3.4

23

C. Beckers,
Consultant

UWNJ

The meaning of the following phrase is not clear:
"Additional future year ADD according to the
demand projections identified in Table 2-4."?

23

5

in
general

C. Beckers,
Consultant

UWNJ

Section 5 of the report does not provide sufficient
factual information to permit the reader to form a
conclusion regarding the validity, usefulness, or,
most importantly, safety of the model.

24

5.2.1

31

C. Beckers,
Consultant

UWNJ

25

5.2.1

32

C. Beckers,
Consultant

UWNJ

While the rule curves shown in Figure 0-2 may be
those in use by the NJ Water Supply Drought
Indicator System, they are *not* the operating
rule curves developed under the current WAP
5111 and approved by NJDEP for the UWNJ 4reservoir system. Expand the caption to clarify
the example or choose another example.
The example cited for the Jersey City extreme
curve does not appear to be correct. Provide the
storages used to compute the 25% value.

26

5.3.1

34

C. Beckers,
Consultant

UWNJ

27

5.3.1

34

C. Beckers,
Consultant

UWNJ

28

5.3.1

35

C. Beckers,
Consultant

UWNJ

In Table 5-3, verify that Mahwah is the only buyer
of bulk finished water from UWNJ. Also verify
quantity.

29

5.3.1

36

C. Beckers,
Consultant

UWNJ

The seasonal demand pattern cited in Table 5-4
for UWNJ does not appear consistent with the
available information from UWNJ. Provide
details of what period(s) of time the data used to
calculate the profile represented and the source.

30

5.3.1

37

UWNJ

31

5.3.2

37

C. Beckers,
Consultant
C. Beckers,
Consultant

Provide or point to a list of the 55 purveyors
included in the IMBM.
The review of the draft report cannot be
completed until the appendix identified as
"Appendix X" is provided for review.

UWNJ

Big 25/WSAC Comments to Draft Report

In Table 5-1, provide the detail that went into the
calculation of the 2 mgd groundwater production
assigned to UWNJ. The value is inconsistent
with existing WAPs.
In Table 5-2, the "source of supply" for UWNJ
should read "Hackensack River System,
Wanaque Reservoir, Saddle River Diversion,
Hershfield and Sparkill Creek Diversions and
Raw water Wells

Appendix 3
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32

5.3.2

37

C. Beckers,
Consultant

UWNJ

The study adopts the goal of equalizing the risk
of going dry. This is a significant decision that
requires greater emphasis. Is this the best goal?
Does this goal provide for a soft failure of the
water supply system, or is it an "all or nothing"
approach? Wouldn't it be better to have some
reservoirs fail before others, to distribute the
problem over a longer period of time? With this
approach, if we experience a new drought of
record, the entire State of New Jersey (or at least
an entire drought region) goes dry at the same
time. This appears to be a very dangerous
optimization goal, from a public policy
perspective.

33

5.3.2

38

C. Beckers,
Consultant

UWNJ

Justify the use of groundwater before surface
water. What analyses were performed to
determine that this is the best approach? Studies
in at least one other state have demonstrated
that it is best to use surface water before
groundwater and desalination. State why New
Jersey is different in this regard.

34

5.3.2

39

C. Beckers,
Consultant

UWNJ

There is no discussion of what happens when
groundwater tables begin to fall below well
screen elevations and wells begin to fail during a
drought. Provide an evaluation or explanation for
why this is not considered.

35

5.4.1

41

C. Beckers,
Consultant

UWNJ

Table 5-5 lists Lake DeForest, which is wholly in
New York, as one of the reservoirs incorporated
into the RMBM. Under the rules governing
operation of Lake DeForest, only a portion of the
water stored in that reservoir is available to
UWNJ at any point in time, and the rate at which
that water can be transferred to New Jersey is
strictly regulated. Unlike New Jersey reservoirs,
NJDEP cannot use a drought emergency to
mandate changes in Lake DeForest operations.
Provide a detailed explanation of how Lake
DeForest is represented in the RMBM.

Big 25/WSAC Comments to Draft Report
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36

5.4.1

42

C. Beckers,
Consultant

UWNJ

37

5.4.1

42

C. Beckers,
Consultant

UWNJ

38

5.4.1

42

C. Beckers,
Consultant

UWNJ

How does the RMBM incorporate evaporation?
What rates were used? Does it also incorporate
direct precipitation to the surface of the reservoir?
If not, why not? If so, how was the calculation
done and what rates were used?

39

5.4.1

42

UWNJ

40

5.4.1

42

C. Beckers,
Consultant
C. Beckers,
Consultant

41

5.4.1

42

C. Beckers,
Consultant

UWNJ

42

5.4.1

43

C. Beckers,
Consultant

UWNJ

43

5.4.1

43

C. Beckers,
Consultant

UWNJ

44

5.4.1

45

C. Beckers,
Consultant

UWNJ

Clarify the last sentence immediately above
Figure 5-5.
For multiple-reservoir systems, how was the
fundamental hydrology handled? For example,
what does RMBM do when an upstream reservoir
fills to capacity? Or does it assume that all
reservoirs fill simultaneously?
For multiple-reservoir systems, how were
operating rules incorporated into the model?
What rules were incorporated for the UWNJ
system?
It is not immediately apparent why a percentbased system would produce the results
described in the first paragraph on page 43.
Expand the statement.
The second paragraph on page 43 and Figure 56 are unclear. Provide a key for the graphs in
Figure 5-6 and expand the paragraph so that it
relates to the figures in a way that makes the
concept clear.
Explain how one determines an "appropriate
adjustment factor" to make the average
precipitation curve represent "wet and dry years".

UWNJ

Big 25/WSAC Comments to Draft Report

Point View Reservoir does not release its water
"directly to [its] respective treatment [plant]." It
was designed for the release to return the water
to the Pompton River. More recently, it can now
pipe its water indirectly to the PVWC plant via the
Wanaque South Aqueduct, but that can only be
done when the aqueduct is not being used to
send water from the Wanaque South Pump
Station to the Wanaque Reservoir. During a
drought, the Wanaque South Pump Station can
be expected to be in nearly continuous use.
Provide a detailed explanation of how Point View
Reservoir was represented in the RMBM.
Provide a detailed justification for the conclusion
that use of Point View Reservoir "to regularly
mitigate water shortages is not considered
viable." A study for UWNJ and NJDWSC
demonstrates that coordinated use of Point View
Reservoir with Wanaque Reservoir and Oradell
Reservoir can increase the safe yield of that
system by about 6 mgd during the drought of
record.
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45

5.4.2

46

C. Beckers,
Consultant

UWNJ

46

5.5

47-48

C. Beckers,
Consultant

UWNJ

47

5.5

47-48

C. Beckers,
Consultant

UWNJ

48

5.5.1

48

C. Beckers,
Consultant

UWNJ

49

5.5.1

48

C. Beckers,
Consultant

UWNJ

50

5.5.1

49-50

C. Beckers,
Consultant

UWNJ

51

6.1

53

C. Beckers,
Consultant

UWNJ

52

6.1.1

54

C. Beckers,
Consultant

UWNJ

Big 25/WSAC Comments to Draft Report

The order of calculation is unclear. Once the
RMBM determines how much water each plant
can produce while drawing down the reservoirs
proportionally, is that water immediately taken
from the reservoirs? What if the infrastructure
does not allow the system to take full advantage
of the available water? Is the unused water put
back into the reservoirs (or never taken out)?
Add actual storage curves to Figures 5-10 and 511, so the reader can understand how these
idealized curves compare with reality. Explain
any differences.
Provide a description of the scenario conditions
used for the idealized runs. It is not clear what
they represent.
If this is for a specific reservoir, say which
reservoir. If for a generic reservoir, say so,
explain how similar it is to the actual reservoirs in
the model, and explain how the simulation was
created.
The text says "…would have [emphasis
provided] experienced Drought Emergency
levels…." Explain the conditions under which this
"would have" occurred. Explain how those
conditions differ from what actually occurred
during the Drought of Record.
Are Figure 5-12 through 5-15 for a specific
reservoir, all the reservoirs modeled, or a generic
reservoir? If for a specific reservoir or for all
modeled reservoirs, add the actual performance
during the period to each graph, so the reader
can understand how well the simulation
represents what actually occurred. This will
develop a level of confidence in the model that is
not created by the figures as presented.
Provide a technical reference for the broad
statement "One will never, in the foreseeable
future, be able to predict the weather…" or
reword the sentence to reflect the actual status of
weather forecasting today and relate what is said
to the needs of drought management.
Explain what you mean by "an acceptable risk of
10%." Does it mean the probability of some
event occurring? If so, what event? If it means
10% likelihood of running out of water in a given
drought management region, that seems
extraordinarily high. Cite the specific "prior
analyses".
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53

6.1.1

55

C. Beckers,
Consultant

UWNJ

54

6.1.2

56

C. Beckers,
Consultant

UWNJ

55

6.1.2

56

C. Beckers,
Consultant

UWNJ

56

6.1.2

56

C. Beckers,
Consultant

UWNJ

57

6.1.2

56

C. Beckers,
Consultant

UWNJ

In modeling the Hackensack system during the
60's drought, what assumptions were made
regarding transfer of raw water from Wanaque
Reservoir to Oradell Reservoir?

58

6.1.2

56

C. Beckers,
Consultant

UWNJ

59

6.1.2

56-60

C. Beckers,
Consultant

UWNJ

60

6.1.2

56

C. Beckers,
Consultant

UWNJ

In modeling the Wanaque system during the 60's
drought, what assumptions were made regarding
transfer of raw water from Wanaque Reservoir to
Oradell Reservoir and regarding use of the
Wanaque South and Ramapo pump stations?
The legends on Figures 6-1 through 6-5 do not
correspond to the curves shown on the graphs.
Correct or provide an explanation of the meaning
of each curve. (It is understood that the "blue"
line is intentionally missing. This comment refers
to the other 4 lines not listed in each legend.)
The statement that no actual reservoir
observations are available for the 60's drought
period is inaccurate. The report would benefit
from the inclusion of those data here.

Big 25/WSAC Comments to Draft Report

Why does the recommended procedure start with
the 10th percentile situation? Why not provide a
procedure that compares recent data with
historical data to decide what kind of drought
situation you are in? What if it is only a 20%
situation? You would be overreacting, if you
based your decisions on 10th percentile
statistics. On the other hand, what happens if it
is really a 5 percentile situation? You can easily
end up "behind the power curve", as pilots say.
The report says it is an attempt to balance risk
and cost, but how was that judgment made?
Justify the selection of 10th percentile with more
than the assertion of judgment.
Why wasn't the analysis started at a condition
representative of what actually occurred at the
beginning of the 60's drought? That would be
more representative of what a user would "see" if
the 60's drought were to recur.
Compare the model results that show UWNJ
falling below the advisory curve about 8/1/64 with
what actually happened.
In modeling the 60's drought, what assumptions
were made regarding Lake DeForest and the
United Water NEW YORK diversion from Lake
DeForest? Also, what assumptions were made
regarding the Nyack (NY) diversion from the
Hackensack River?
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61

6.1.2

60

C. Beckers,
Consultant

UWNJ

62

6.1.2

60-61

C. Beckers,
Consultant

UWNJ

63

6.1.2

60-61

C. Beckers,
Consultant

UWNJ

Present figures similar to Figures 6-1 through 6-5
to illustrate the "what would have happened if"
case being discussed.

64

6.1.3

61

C. Beckers,
Consultant

UWNJ

65

6.1.3

61-65

C. Beckers,
Consultant

UWNJ

The statement that no actual reservoir
observations are available for the 80's drought
period is inaccurate. The report would benefit
from the inclusion of those data here.
The legends on Figures 6-6 through 6-9 do not
correspond to the curves shown on the graphs.
Correct or provide an explanation of the meaning
of each curve. (It is understood that the "blue"
line is intentionally missing. This comment refers
to the other 3 lines not listed in each legend.)

66

6.1.3

65

C. Beckers,
Consultant

UWNJ

67

6.1.3

65

C. Beckers,
Consultant

UWNJ

Big 25/WSAC Comments to Draft Report

"Conservation is the only strategy that can
alleviate this condition in the long term." The
safe yields for all the reservoir systems shown
are based on a repetition of the 60's drought. If
the water allocations are, in turn, based on the
safe yields, then there is no condition to alleviate.
Each reservoir will survive with about the same
reserve storage as was incorporated into the
corresponding safe yield analysis. The concern
is for occurrence of a multi-year drought that
turns out to be a new Drought of Record. Such a
drought can only be managed by reduction of
demand, by definition of Drought of Record.
The choice of verb tenses should clearly indicate
that the results being presented are conditional
and based on the modeling assumptions, not a
reporting of what actually occurred.

None of the figures shows any of the reservoirs
coming close to drying out. Provide an
explanation of why the water purveyors should
incur the expense of water transfers when every
one of them is shown to have more than enough
water to get through the 80's drought. Reservoirs
are designed to come close to drying out during
dry periods; it is exactly what they are intended to
do, even though the lay public may get worried
about seeing bare bottom. Transfer of water
should be better justified than just alleviating
worries over bare bottom.
Are we trying to avert falling below a drought
condition curve, or are we trying to avert failure of
the water supply system due to drought (meaning
one or more reservoirs dries out)?
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68

6.1.3

66

C. Beckers,
Consultant

UWNJ

Table 6-1: (1) Why is NJDWSC plant production
so much below capacity? (2) Why does PVWC
production exceed the maximum daily allocation
of 75 mgd?

69

6.1.3

66

C. Beckers,
Consultant

UWNJ

Table 6-2: Explain what the phrase "Mass
Balance Satisfied for Receiver" means and what
the significance is.

70

6.1.4

69

C. Beckers,
Consultant

UWNJ

The statement that reservoir data for the Newark
reservoirs is not available for 1995 is inaccurate.

71

6.1.4

71

C. Beckers,
Consultant

UWNJ

72

6.1.4 6.1.8

various

C. Beckers,
Consultant

UWNJ

Figure 6-14 leaves this reader wondering which
had the better effect, allowing the drought
emergency to trigger conservation or using the
proposed procedures to extend the pre-trigger
period at the expense of water transfer. The
report should discuss this and justify the
approach taken.
Comments on these sections are mostly repeats
of prior comments on Chapter 6, so are not listed
here, with the exception of the following.

73

6.1.6

82

C. Beckers,
Consultant

UWNJ

In Table 6-3, why is PVWC production shown in
excess of maximum daily allocation?

74

6.1.7

87

C. Beckers,
Consultant

UWNJ

Where, geographically, is the "representative
point" shown in Figures 6-29 and 6-30?

75

6.1.7

91

UWNJ

76

6.1.8?

95

C. Beckers,
Consultant
C. Beckers,
Consultant

77

6.3

101

UWNJ

78

7.2

113

C. Beckers,
Consultant
C. Beckers,
Consultant

In Table 6-5, what was the assumed production
for PVWC?
Table 0-6 (?) cannot be reviewed until the
questions and comments related to Section 6 are
resolved.
Water reuse in Florida is second only to that in
California.
How can optimization of source water selection
prevent a drought? Droughts are natural
processes not subject to intervention by mankind.
Optimization can mitigate the effects of drought,
but not prevent one.

79

More comments on tables 2.3, 2.4, 2.5, 2.6 and 2.7 will follow by May
27, 07

UWNJ

UWNJ

Big 25/WSAC Comments to Draft Report
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UWJC's Comments by John Hroncich
ID

Section

1

Commenter

Purveyor

Comment

Table 22

John
Hroncich

UWJC

Lyndhurst Water Department is served by United
Water Jersey City not United Water New Jersey.
The percentage of water supply is 100%.

2

Table 22

John
Hroncich

UWJC

United Water Jersey City supplies only a small
portion of the demand for Montville not the 100%
suggested. The average demand for Montville is
0.30 MGD from UWJC.

3

Table 22

John
Hroncich

UWJC

United Water Jersey City supplies a small portion
of the total water for Parsippany which is not
included in the table. The average demand for
Parsippany is 0.30 MGD from UWJC.

4

Table 23
Table 25

4 of 7

John
Hroncich
John
Hroncich

UWJC

United Water Jersey City serves 100% of the
population of Jersey City not 92% as indicated.
West Caldwell average daily demand (ADD) is
about 1.2 MGD from UWJC. Table 2-5 indicates
0.

6

Table 27

2 of 6

John
Hroncich

UWJC

7

Table 28

2 of 6

John
Hroncich

UWJC

5

Page(s)

1 of 3

UWJC

Big 25/WSAC Comments to Draft Report

Lyndhurst Water Department has only 2
interconnections noted when they actually have
4.
The North Bergen interconnection between
UWNJ and UWJC is not listed on the table.
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Interconnection Study Draft Report Comments - NJDWSC
ID

Section

Page(s)

1

1.1.1

2

Commenter

Purveyor

Comment

1

NJDWSC

how did poor distribution system conditions
increase drought impacts?

1.1.1

1,2

NJDWSC

in discussion of historical droughts why is there
no mention of the 3 most recent drought
emergencies, occurring in the past 12 years?

3

1.1.3

3

NJDWSC

how can 95% of the population be served by
190 systems; when the DEP estimated in 1992
that 12% of the population was served by
private wells?

4

1.2

3

NJDWSC

Why is there no discussion of the water supply
emergencies caused by regional power outage
such as the incident which occurred on August
14, 2003?

5

1.2.1

4

NJDWSC

capacity of Raritan-Millstone plant is stated as
210 MGD here but 155 MGD in other sections
of the report

6

1.2.1

4

NJDWSC

there is no text under heading of United Water
Transmission Main

7

1.2.1

5

NJDWSC

there is no text under heading of Trenton 2006

8

1.3.1

5

NJDWSC

wasn't a major goal of the study to identify
interconnection deficiencies and to recommend
infrastructure improvements?

9

2.3

9,10

NJDWSC

several large and/or potentially significant
systems are omitted from the model - East
Orange; Perth Amboy; Franklin Twp/Somerset;
New Brunswick; United Water Toms River;
Liberty Water Co.; Mt. Holly Water Co.
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10

2

NJDWSC

were any field inspections or testing of critical
interconnections performed? If yes, what were
the findings? If not, why not?

11

2

NJDWSC

why is there no discussion of any specific major
existing interconnection?

12

2

NJDWSC

13

2

NJDWSC

14

2

NJDWSC

where are the recommendations for correction
of interconnection deficiencies? (scope Task
1C)
where are the recommendations for returning
non-operational interconnections to service?
(scope Task 1C)
where is the evaluation and recommendation for
implementing new interconnections for systems
serving over 10,000 people with no primary
interconnections? (Scope Task 1C)

15

2.5.1

13

NJDWSC

why would availability of system demand data
be so limited, when every PWS in the State is
required to file diversion reports, treatment
reports, water accountability reports, etc. with
the State?

16

2.5.1

13

NJDWSC

17

2.5.1

14

NJDWSC

a blanket assumption of a max day to avg day
ratio of 2.0 is not appropriate for many systems;
some may be much higher and others could be
lower
why use 40 year old data (1963-67) when the
State has had 3 drought emergencies in the
past 12 years? Can't any analysis of demands
during these recent droughts be performed?
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18

2.5.1

14

NJDWSC

what system in NJ directly serves a population
of over 1 million people? Is this intended to
include wholesale customers?

19

2.5.1

14

NJDWSC

The population of the largest systems in NJ is
not entirely urban and in several cases is
predominantly suburban not urban

20

2.5.2

15

NJDWSC

what efforts were made to verify status and
capacity of plants listed as zero before
assuming zero is correct?

21

2.5.2

15

NJDWSC

22

2.6

19,20

NJDWSC

23

2.6

20

NJDWSC

24

table 2.2

NJDWSC

how can the water supply limit for the NJWSA
not be known? It is a State agency- did
anybody ask them? Doesn't NJDEP have this
data?
there are 2 references to recommendations
made in chapter 8 regarding correction of
deficiencies; chapter 8 does not contain any
such recommendations
there is a statement that an assessment made
of systems with no primary interconnections, but
there is no discussion of such assessment and
no recommendations
Table states that Elizabethtown Water gets 6%
of its water from Newark, which would be at
least 7 MGD; Elizabethtown actually buys an
essentially negligible amount from Newark

25

table 2.2

NJDWSC

Big 25/WSAC Comments to Draft Report

Middlesex Water does not get water from the
NJWSA Manasquan system
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26

table 2.2

NJDWSC

Newark gets water from both Wanaque North
and Wanaque South

27

table 2.2

NJDWSC

New Brunswick does not get water from the
NJWSA Manasquan system

28

table 2.2

NJDWSC

29

table 2.2

NJDWSC

New Brunswick does not get water from the
NJWSA Manasquan system
New Brunswick normally obtains less than 50%
of its supply from its own source and over 50%
from NJWSA Raritan System

30

table 2.2

NJDWSC

Pequannock Twp gets far less than 50% of its
supply from Newark

31

table 2.2

NJDWSC

why are there no sources listed for UWNJ other
than Wanaque?

Big 25/WSAC Comments to Draft Report
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32

table 2.2

NJDWSC

UWNJ gets supply from Wanaque South not
Wanaque North

33

table 2.2

NJDWSC

UWNJ gets substantial supply from Jersey City why is this not indicated?

34

table 2.2

NJDWSC

why is NJ American Monmouth system not
listed as receiving water from NJWSA
Manasquan system?

35

table 2.2

NJDWSC

Wayne Twp gets water from Wanaque South
not Wanaque North

36

table 2.2

NJDWSC

Nutley gets water from Wanaque South not
Wanaque North; Nutley also buys water from
Newark
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37

table 2.2

NJDWSC

Bayonne gets water from Wanaque South not
Wanaque North

38

table 2.2

NJDWSC

Bloomfield gets water from both Wanaque North
and Wanaque South

39

table 2.2

NJDWSC

Cedar Grove gets water from Wanaque South
not Wanaque North

40

table 2.2

NJDWSC

Kearny gets water from both Wanaque North
and Wanaque South

41

table 2.2

NJDWSC

some wholesale customers of PVWC are not
listed- Fairfield; Totowa, West Paterson,
Ringwood, Riverdale, Bloomingdale
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42

table 2.2

NJDWSC

NJ American Western has numerous wholesale
customers that are not listed

43

table 2.2

NJDWSC

Lawrenceville Water Co. is not listed as a
wholesale customer of Elizabethtown

44

table 2.2

NJDWSC

NJ American Monmouth has several wholesale
customers that are not listed

45

table 2.3

NJDWSC

not reviewed

46

table 2.4

NJDWSC

not reviewed

47

table 2.5

NJDWSC

not reviewed in detail; why is there no safe yield
data for any system?

48

table 2.7

NJDWSC

not reviewed in detail; Lyndhurst is not
connected to Newark at Chittenden Road
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49

table 2.8

NJDWSC

not reviewed

50

table 2.9

NJDWSC

Lyndhurst is not connected to Newark at
Chittenden Rd

51

table 2.9

NJDWSC

Newark can supply PVWC at more than two
locations

52

table 2.9

NJDWSC

Newark's 60-inch main cannot supply
NJDWSC's 74-inch main by gravity at Belleville
reservoir
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53

table 2.9

NJDWSC

The Wayne Pump Station interconnections
pumps from NJDWSC to Newark, not visa versa

54

table 2.9

NJDWSC

why aren't Jersey City and PVWC listed as
receiving systems from Newark at the
Chittenden Rd interconnection?

55

table 2.9

NJDWSC

the interconnection from UW Jersey City to
West Caldwell is pumped not gravity

56

table 2.9

NJDWSC

why isn't Newark listed as a receiver from UW
Jersey City at Chittenden Rd?

Big 25/WSAC Comments to Draft Report

Appendix 3
Page 26

57

table 2.9

NJDWSC

New Brunswick cannot supply East Brunswick
by gravity

58

table 2.9

NJDWSC

New Brunswick cannot supply Franklin by
gravity

59

table 2.9

NJDWSC

NJ American Lakewood system is not
interconnected with Freehold Twp

60

table 2.9

NJDWSC

NJAW Little Falls system is not interconnected
with North Arlington
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61

table 2.9

NJDWSC

There are 11 interconnections listed showing
gravity supply from PVWC to Newark; this
cannot be correct; Newark's gradient is higher
than PVWC in most locations

62

table 2.9

NJDWSC

there are inconsistencies in indicating which
interconnections are pumped versus gravity in
cases where the pump station is remote from
the actual point of interconnection; for example
the PVWC to NJAW Short Hills
interconnections; both have pump stations but
one is indicated as gravity

63

table 2.9

NJDWSC

there are 2 separate interconnections from
NJDWSC to Newark at Belleville Reservoir

64

table 2.9

NJDWSC

Why is the most prominent interconnection in
the State, commonly known as "Virginia Street,"
named "Pennsylvania Railroad" in this table?

65

table 2.9

NJDWSC

Existing maximum daily transfer capacity of the
E'town-Newark interconnection was determined
during the 2002 drought to be approximately 30
MGD. This was well documented in a report
completed in response to an NJDEP
Administrative Order. The 30 MGD rate was
based on field testing; actual operations over an
extended period, and detailed hydraulic
analysis of the sending and receiving systems.
Please explain why an estimated transfer
capacity of 40 MGD is now being reported.
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66

table 2.9

NJDWSC

the interconnection from NJDWSC to PVWC at
Little Falls appears to be missing. This is a 50+
MGD interconnection

67

table 2.9

NJDWSC

Newark cannot receive water from Lyndhurst at
Chittenden Road

68

NJDWSC

not reviewed

NJDWSC

not reviewed

70

table
2.10
table
2.11
3

21

NJDWSC

not enough information presented to make any
comments; the text in section 3 is little more
than discussion of the scope of the task.

71

3

21,23

NJDWSC

does the model include major interconnection
pump stations and pump curves, i.e. Virginia
Street PS; Chittenden Rd PS?

72

4

24

NJDWSC

no discussion of evaluation of specific systems
is provided.

73

4.3

27

NJDWSC

there is indication that recommendations for
improvements are made but there is no
discussion or identification of any such
improvements

74

tables
5.1 and
5.2

34

NJDWSC

what is the definition of "production capacity" as
used in these tables? There are some
inconsistencies in how plant capacities are
reported; i.e. for some plants the reported
capacity appears to be the firm capacity and for
others it appears to be the peak capacity

75

table 5.2

NJDWSC

capacity of Elizabethtown Canal Rd plant is
more than 40 MGD

69

Big 25/WSAC Comments to Draft Report
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76

table 5.3

77

35

NJDWSC

where is the NJWSA contract for sale of
Manasquan water to NJ American Monmouth?

table 5.3

NJDWSC

why are no contracts list for supply from NJWSA
Raritan system?

78

table 5.3

NJDWSC

where is the contract from NJAW Elizabethtown
to Franklin?

79

table 5.3

NJDWSC

numerous contracts for customers of NJAW
Western are not listed

80

table 5.3

NJDWSC

numerous contracts for customers of PVWC are
not listed
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81

table 5.3

NJDWSC

contracts from Essex Fells to Caldwell and
Roseland are not listed

82

table 5.3

NJDWSC

only one of the several contracts for sale of
water from Morris County MUA is listed

83

table 5.3

NJDWSC

several contracts for customers of Newark are
not listed

84

table 5.3

NJDWSC

NJDWSC contracts as listed in this table are
incomplete

85

table 5.4

NJDWSC

NJDWSC has wholesale demand only - what is
the significance of the 5.6 MGD demand?

36
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86

5.4.1

40

NJDWSC

87

table 5.5

41

NJDWSC

88

5.4.1

41

NJDWSC

89

6.1

53

NJDWSC

90

6.1.2
Figure 63

58

NJDWSC

91

6.1.4

69

NJDWSC

92

table 0-6

NJDWSC

A surplus capacity of 117 MGD is indicated for
Elizabethtown. Table 2.7 states the surplus as
90 MGD; which is correct?

93

table 0.6

NJDWSC

A surplus capacity of 56 MGD is indicated for
PVWC; Table 2.7 states that PVWC has a
deficit of 5.7 MGD; which is correct?
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does the model properly account for the
pumped intakes that supplement certain onstream reservoirs; i.e. the Wanaque South and
Ramapo pump stations for the Wanaque
Reservoir? Wanaque South to Oradell
reservoir?
this table appears to be specific to on-stream
reservoirs; however, the Round Valley,
Glendola, and Manasquan reservoirs are all offstream, getting nearly all of their water from
pumped intakes
It is correct to state that the use of Point View
Reservoir by PVWC to regularly mitigate water
shortages is "not viable" based on its historical
use, an independent study, however, by
HDR/LMS concluded that if the Point View
Reservoir is operated jointly with the Wanaque
Water System, with no capital investment
required, at least 6 MGD of net increase in
water supply of the combined systems during
the 1964-65 drought-of-record can be obtained.
historic drought analyses: it would be very
helpful to clarify the analysis by explaining more
specifically which interconnections were used in
the simulated transfers.
It has been verified by using two simulation
models (one was developed in-house and
another was developed by consulting
engineers) that the lowest Wanaque Reservoir
level will be at 10.4 BG when a critical dry
period such as the 1964-65 drought-of-record is
repeated and the water demand is at 173 MGD.
Under the same drought-of-record scenario, if
the demand is increased to 208 MGD, the
lowest storage level will be at 4.1 BG. Why the
predicted drawdown of the Wanaque Water
System, as shown in Fig.6-3, indicated that
reservoir would be run dry?
how could Newark reservoir level data for 1995
not be available? What efforts were made to
obtain the data?
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94

Table 65 and
Table 06

95

table 0-6

NJDWSC

96

table 0-6

NJDWSC

interconnection capacity from E'town to
Northeast reservoirs is less than the stated 41
MGD

97

6

NJDWSC

98

6

NJDWSC

this entire section is limited to mitigation of
drought conditions in the Northeast region.
Where is the analysis and recommendations to
mitigate drought impacts in other parts of the
State? Is the implication that no other region
suffers from droughts? What about Coastal
North and Coastal South- these regions are fast
growing and have had significant problems in
recent years? What consideration was given
towards mitigation of a drought declaration by
the DRBC, which would restrict NJ's supply
from the Delaware River?
where is the discussion of the hydraulic model
analyses of the transfers between systems?
Are the contemplated transfers feasible while
the sending systems are experiencing peak
demands, or is it assumed that demand
reductions would be necessary?

99

6

NJDWSC

The analysis of optimizing diversions appears to
consider only 5 water systems in the NE
Region, and addresses only surface water
diversions. Doesn't the scope require
addressing at least every system with Primary
Interconnections or Primary Transmission
Mains? Doesn't the scope also require analysis
of optimizing groundwater diversions?

100

7.1

NJDWSC

this analysis was limited to 3 systems. Are
there no other systems in the State with multiple
reservoirs in the same watershed? For example,
Newark.

96
and
91

111

NJDWSC

Big 25/WSAC Comments to Draft Report

These tables indicated that a surplus of 56 MGD
for PVWC and 97 MGD is required for
NJDWSC. It is inconsistent with the fact that
PVWC obtained 35.5 MG supply from NJDWSC
on a constant daily basis.
this table is stated to include recommended
infrastructure improvements, but does not
include any such recommendations
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101

7.1

NJDWSC

102

7.1

NJDWSC

103

7.2

104

7.2

105

7.2

106

7.2

107

8.1.3

113

115

134

NJDWSC

The conclusions for the United Water reservoirs
seem to be nothing more than opinions based
on vaguely referenced "past studies" and
assumptions without any real technical analyses
or cost/benefit analyses.
The review of the Jersey City reservoirs
concludes that "a more detailed analysis is
necessary;" why wasn't a more detailed analysis
performed? The Scope of Services for this
Task required evaluation of environmental
impacts.
Elizabethtown derives about 10% of its annual
supply from wells; the report erroneously states
that this amount is less than 5% and therefore
did not evaluate demand transfer between
sources for Elizabethtown. It is also known that
Elizabethtown has a number of wells that are
out of service for various reasons but which are
still permitted sources

NJDWSC

why doesn't the report address the numerous
systems that have their own groundwater
sources plus purchased surface water supplies?

NJDWSC

There is a statement that the NJAW Short Hills
system was recently connected to the NJAW
Elizabethtown system via a new pipeline.
These systems have actually been connected at
multiple interconnections for decades.

NJDWSC

The conclusion of this section is that "additional
studies" are required. Why weren't these
studies performed? The scope for this task
required identification of infrastructure required
to implement demand transfers as well as
evaluation of environmental impacts of
operational changes.

NJDWSC

The report states that there is a potential to
transfer 20 MGD of surface water from the NJ
American Water Canoe Brook reservoirs to
another purveyor. The safe yield of the Canoe
Brook reservoirs is not 20 MGD.
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108

8.2

134

109

8.2

NJDWSC

110

8.2

NJDWSC

111

8.2

136

NJDWSC

NJDWSC

Big 25/WSAC Comments to Draft Report

The report appears to conclude that there are
no capital improvements required to any primary
interconnections in New Jersey; nor any need
for new interconnections. This conclusion
appears to be contrary to the NJDEP-supported,
ongoing initiatives to upgrade the
Elizabethtown/Newark/NJDWSC
interconnection. The report also makes no
mention of the ongoing project to construct new
interconnections between Trenton and
Elizabethtown - which represents the largest
new emergency interconnection project in NJ in
at least 20 years.
The report indicates that drought mitigation
transfers can, for the most part, be achieved
through existing interconnections. However, the
current operational condition of such
interconnections does not seem to be
addressed. For example, was any
consideration given towards the current
condition of the Chittenden Road Pump Station,
which would be a key element of the proposed
transfers?
The report concludes that interconnection
capacity between Jersey City and United Water
is deficient, but the report does not make any
specific recommendation for improving this
interconnection capacity.
Item # 5, does "Passaic Valley" means "Passaic
River basin"?
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Interconnection Study Draft Report Comments - NJAW
ID

Section

Page(s)

1

2

2

Commenter

Purveyor

Comment

Table 22, Page
1

NJAW

Elizabethtown Water Co: Assumed Percentage
of Normal Yearly Supply should read 100%
Elizabethtown Water Co.

2

Table 24, Page
1

NJAW

3

2

NJAW

4

2

Table 24, Page
2
Table 25, Page
1

5

2

Table 25, Page
1

NJAW

6

2

Table 25, Page
1

NJAW

7

2

Table 25, Page
1

NJAW

8

2

Table 25, Page
3

NJAW

MDDs in Table 2-4 are monthly peaks. 2020
MDD of 78.60 mgd for NJAW Western Div is
NJAW's 95% CI peak day projection. NJAW's
projected 50% CI 2020 "monthly peak" MDD is
54.516 mgd.
Little Falls: Table 2-4 shows estimated existing
MDD of 3.80 mgd. Average MDD for 2002
through 2006 was approximately 2.2 mgd.
NJAW Atlantic County System: 1) Table shows
19.990 mgd Water Supply Limit. Per definition
on page 15, Water Supply Limit should read
23.344 mgd. Total Treated Water Supply
Capacity should be adjusted accordingly. 2)
Table states 4.098 mgd Contract Bulk
Purchase. Per definition on page 15, Contract
Bulk Purchase should read 3.049 mgd.
Mt. Holly System: 1) Table shows 12.670 mgd
Total Treatment Plant(s) Capacity. Total
treatment Plant(s) Capacity is approximately
10.50 mgd. 2) Table shows 1.148 mgd Contract
Bulk Purchase. Per definition on page 15,
Contract Bulk Purchase should read 1.525 mgd.
NJAW Western Div: Table shows 114.710 mgd
Total Treatment Plant(s) Capacity. Total
treatment Plant(s) Capacity should read 87.6
mgd. Total Treated Water Supply Capacity
should be adjusted accordingly.
Table 2-5 Supply Capacity Summary, Ocean
City System: Table states 8.980 mgd Total
Treatment Plant(s) Capacity. Total treatment
Plant(s) Capacity is approximately 11.376 mgd.
Total Treated Water Supply Capacity should be
adjusted accordingly.
Elizabethtown System: 1) Table shows 232.548
mgd Water Supply Limit. Per definition on page
15, Water Supply Limit should read 221.689
mgd. 2) Table shows 244.080 mgd Total
Treatment Plant(s) Capacity. Per Elizabethtown
Master Permit, Total treatment Plant(s) Capacity
is 250.52 mgd. Total Treated Water Supply
Capacity should be adjusted accordingly.

NJAW

Big 25/WSAC Comments to Draft Report
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9

2

Table 27, Page
1

NJAW

10

2

Table 27, Page
1

NJAW

11

2

Table 27, Page
4

NJAW

12

2

Table 27, Page
4

NJAW

13

2

Table 27, Page
6

NJAW

14

2

NJAW

15

2

16

2

Table 28, Page
1
Table 28, Page
1
Table 29, Page
1

17

2

NJAW

18

2

Table 29, Page
5
Table 210, Page
3

19

5

34

NJAW

20

5

34

NJAW

21

5

34

NJAW

NJAW
NJAW

NJAW
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East Hanover not listed as a Receiver under
Short Hills Supplier. East Hanover interconnect
with Short Hills system appears to meets
definition of a Primary interconnect (12-inch
interconnect, 36-inch WaterSource pipeline
transmission main, over 10,000 population)
Short Hills Supplier, Livingston Twp Water
Division Receiver: Livingston listed as receiving
1.2 mgd as normal supply through Watersource
pipeline. Average through Watersource pipeline
is approximately 0.1 mgd.
Morris County MUA Supplier, NJAW Short Hills
Receiver: Short Hills listed as receiving 1.8 mgd
as normal supply. Average is approximately 0.7
mgd.
PVWC Supplier, NJAW Short Hills Receiver:
Short Hills listed as receiving 13.4 mgd as
normal supply. Average is approximately 8
mgd.
Elizabethtown Supplier, NJAW Short Hills
Receiver: Short Hills listed as receiving 7.6 mgd
as normal supply. Average is approximately 13
mgd.
NJAW Short Hills Supplier, Southeast Morris
County Receiver: Contract Capacity should
read 6 mgd.
NJAW Short Hills Supplier, Elizabethtown
Receiver: Contract Capacity should read 0
mgd.
NJAW Western Div Supplier, Camden City
Water Dept Receiver: Hydraulic capacity is
approximately 2 mgd under normal conditions
and 4 mgd under emergency conditions.
Elizabethtown Supplier, Trenton Receiver:
Normal hydraulic capacity is approximately 5
mgd.
NJAW Monmouth System Supplier, Marlboro
Twp MUA Receiver: Hydraulic capacity and
limiting factor should read 0 mgd under normal
and emergency conditions.
Table 5-1 Groundwater Production Capacities,
Monmouth System - Table states 5.59 mgd for
the Monmouth system. Groundwater Firm
Capacity of the Coastal North system (which
includes Monmouth, Lakewood, and Ocean
County systems) is approximately 12.93 mgd.
Table 5-1 Groundwater Production Capacities,
Elizabethtown System - Table states 11.08 mgd.
Per Elizabethtown Master Permit, groundwater
capacity is 23.52 mgd total and 16.5 mgd firm
Table 5-1 Groundwater Production Capacities,
Neptune System (Cape May Court House) Table states 1 mgd. Groundwater capacity is
approximately 2.73 mgd total.
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22

23
24
25
26
27
28
29

30

31

32

5

Table 5-1 Groundwater Production Capacities,
Short Hill System - Table states 9.35 mgd.
Groundwater capacity is approximately 16.11
mgd total and 14.67 mgd firm
5
34
NJAW
Table 5-2 Surface Water Production Capacities,
Swimming River WTP: Total capacity is
approximately 42 mgd.
5
34
NJAW
Table 5-2 Surface Water Production Capacities,
Glen Oak WTP: Total capacity is approximately
7.5 mgd.
5
34
NJAW
Table 5-2 Surface Water Production Capacities,
Rariton Millstone WTP: Total capacity is
approximately 155 mgd.
5
34
NJAW
Table 5-2 Surface Water Production Capacities,
Canal Road WTP: Total capacity is
approximately 72 mgd.
5
35
NJAW
Table 5-3 Contract Interconnects, Elizabethtown
Supplier, Middlesex Water Company Receiver:
Contract Capacity should read 3 mgd.
5
35
NJAW
Table 5-3 Contract Interconnects, Elizabethtown
Supplier, Monroe Twp MUA Receiver: Contract
Capacity should read 0.625 mgd.
5
35
NJAW
Table 5-3 Contract Interconnects, NJAW
Western Division Supplier, Deptford Twp MUA
Receiver: Contract Capacity should read 1.4
mgd.
8 and 9 136 and
NJAW
Section 8.2 Prioritization & Recommendations,
137
recommendation #5 (page 136) discusses the
“opportunity” of decommissioning Canoe Brook
and transferring or selling 20 mgd of surface
water to another purveyor in the Passaic Valley.
Section 9.0 Task 6 – Financial Infrastructure
(page 137) states that the report does not make
recommendations that require new capital
additions to the water supply infrastructure. If
Canoe Brook is decommissioned, NJAW would
need to make extensive capital expenditures to
construct new interconnect(s) between the
Etown system and the Short Hills system to
deliver finished water to the Short Hills system
to make up for the water no longer produced at
Canoe Brook.
The following comments are extracts from NJAW cover letter to their excel file comments. Refer to
the letter for the full text.
ch 6
NJAW Cover
NJAW
Drought Mitigation Strategy
letter to
comments
Ensure water purveyors have adequate
available and committed supply capacity to
meet critical dry period and peak demand
needs.
ch 6

34

NJAW

NJAW Cover
letter to
comments

NJAW

Big 25/WSAC Comments to Draft Report

Drought Mitigation Strategy
Ensure efficient day-to-day use of water
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33

34

35

36

36

ch 6

ch 6

ch 6

ch 6

ch 6

NJAW Cover
letter to
comments

NJAW

Drought Mitigation Strategy

NJAW Cover
letter to
comments

NJAW

Promote the use of the lowest quality water for
its intended use.
Drought Mitigation Strategy

NJAW Cover
letter to
comments

NJAW

Develop and utilize an accurate, comprehensive
and selective Drought/Water Supply Indicator
system
Drought Mitigation Strategy

NJAW Cover
letter to
comments

NJAW

Consistently implement drought related water
use restrictions based upon improved regional
Drought/Water Supply Indicator system.
Drought Mitigation Strategy

NJAW Cover
letter to
comments

Consistently implement drought related water
transfers based upon improved regional
Drought/Water Supply Indicator system.

NJAW

Water transfers can be an appropriate to help
manage droughts, but the power to order
transfers should not come until other long term
and short team measures have been
implemented. While using water transfers may
seem like an equitable way to minimize impacts
to certain customer groups, in the long term, the
water transfers provide a disincentive the
purveyors to solve and to address the root
cause water supply adequacy issues.
Drought Mitigation Strategy
Consistently implement drought related water
transfers based upon improved regional
Drought/Water Supply Indicator system.

37

ch 6

NJAW Cover
letter to
comments

NJAW

Improvements have been made by the Project
Team to the financial proposals to attempt to
provide economic incentives through proper
pricing of short term water to fix the root cause
issues. However, depending upon
circumstances, the economics could still work in
favor of reliance upon high priced relatively
short-term water transfers and water purchases
versus investment in adequate supplies or
commitment to long term water supply
contracts.
Drought Advisory

38

ch 8

NJAW Cover
letter to
comments

NJAW

No projects recommended

Big 25/WSAC Comments to Draft Report
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39

40

7.2

General

NJAW Cover
letter to
comments

NJAW

Canoe Brook Discussions

NJAW Cover
letter to
comments

NJAW

NJAW believes it is premature to discuss the
decommissioning of the NJAW Canoe Brook
water treatment plant in this study. The Canue
Brook WTP treats water from a system of
reservoirs that provide safe yield into the Passic
Basin and the North East drought region. The
Passic Basin is clearly not "supply rich" and the
recommendations to decommission the Canue
Brook WTP should not be made, especially
without firm plans to maintain the safe yield. The
report conclusions discuss the possible sale of
up to "20 mgd of surface water" to another
purveyor. The conclusion is not valid since the
safe yield of the surface water system is only
10.8 mgd and the yield is dependent upon
storage from three reservoirs that are not
mentioned in the report.
Definitions and labels

Big 25/WSAC Comments to Draft Report

The report findings would be clearer if
consistent definitions and consistent naming
convention was used for drought conditions.
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Interconnection Study Draft Report Comments NJWSA
ID

Section

Page(s)

Commenter

Purveyor

Comment

1

1.1

1

NJWSA

NJWSA

2

1.1

2

NJWSA

NJWSA

Spruce Run and Round Valley have never been
below 41.8% combined storage (that was in
February 1981).
Include the drought of 1999-2002. Note the
Governor reduced minimum passing flows.

3

1.3.2

5

NJWSA

NJWSA

The limitation is the exclusion of systems/mains
less than 20 mgd.

4

1.3.2

5,6

NJWSA

NJWSA

2 sections are numbered 1.3.2.

5

1.3.2/Task
1

5,6

NJWSA

NJWSA

6

2.5.1

14

NJWSA

NJWSA

7

2.5.2 - 2nd
bullet

NJWSA

NJWSA

8

2.5.2 - 3rd
bullet

NJWSA

NJWSA

9

Table 2-2

NJWSA

NJWSA

10

Table 2-2

NJWSA

NJWSA

11

Table 2-2

NJWSA

NJWSA

12

5.2.2

32

NJWSA

NJWSA

1st section says transmission mains 16-in or
greater. 2nd under Task 1 says transmission
mains 24-in or greater.
What were actual demand reductions in the
1999-2002 drought? Why not use current NJ
data?
The New Brunswick system purchases raw
water from NJWSA on an augmentation basis.
They have a separate supply also.
NJWSA-Manasquan. Plant capacity is 4.0 mgd.
Other water is bulk wholesaled to other
systems.
NJWSA-Raritan provides raw water to
Middlesex Water Company. There are no
water transfers between Manasquan and
Middlesex Water Co.
NJWSA-Raritan provides raw water to New
Brunswick. The contracted amount is for more
than what is normally used. There are no water
transfers between Manasquan and New
Brunswick.
NJSWA-Raritan provides raw water to North
Brunswick. There are no water transfers
between Manasquan and North Brunswick
What demand was used to develop the
"extreme" curves?

13

5.3.2

37

NJWSA

NJWSA

Big 25/WSAC Comments to Draft Report

Is an equal risk of going dry the most
appropriate goal? The ratepayers are the
ultimate "owner" of the system, not the
purveyors, because the bond is repaid from
users fees over the long term. Should all
ratepayers be subjected to the same risk when
they are not paying the same rate for their
water?
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14
15

5.4.1
5.4.1

40
43

NJWSA
NJWSA

NJWSA
NJWSA

16

48

NJWSA

NJWSA

49-51

NJWSA

NJWSA

18

Figure 511
Figures 512 - 5-16
Figure 6-5

60

NJWSA

NJWSA

19

6.1.7

90

?

20

6.2

97

NJWSA

NJWSA

21

6.2.5

101

NJWSA

NJWSA

22

6.3

101102

NJWSA

NJWSA

23

7.2

115

NJWSA

NJWSA

24

8.1.2

132

NJWSA

NJWSA

25

8.1.3

134

NJWSA

NJWSA

26

8.2 3rd
bullent

135

NJWSA

NJWSA

17

Big 25/WSAC Comments to Draft Report

Purveyors were consulted for data also.
Last paragraph should read "…data in the
Spruce Run Reservoir drainage area…"
What demand was used? SR/RV was not
below 74% of total storage in 2002
Figures do not match historical data. What
demands were used?
SRRV in the figure should be Spruce
Run/Round Valley
How does Etown have a surplus capacity of
117 mgd?
Look at purveyor data from 1998-2006 to
determine the reducible amount of demand via
water conservation in New Jersey by
comparing wet and normal years with dry
years.
Who patrols and enforces water conservation?
What does NJDEP need to do to ensure that
enforcement officials (DEP or others) are ready
and available to do so? How were restrictions
enforced in the past and was enforcement
successful?
Before implementation of RWBR, NJDEP
needs to consider where the water was
previously discharged, impacts to streamflows
and base flows and how safe yields will be
affected.
Middlesex Water has other surface water
allocations? First full paragraph says 60 mgd.
What is the purpose of the advisory level? Will
purveyors be willing to transfer water based on
WSMDST results? Will NJDEP have staff to
run the model?
What is the advantage of decommissioning a
source (Canoe Brook) when the Northeast is
short water? How does the transfer to gw allow
20 mgd surface water to Passaic Valley?
The State's Drought Management Program
should establish enforcement responsibilities
and mechanisms.
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Interconnection Study Draft Report Comments - Marlboro MUA
ID

Section

1

9.1

Page(s)
137

Commenter

Purveyor

Comment

Peter
Wersinger,
Esq. Executive
Counsel

MTMUA

If the Study has found that 21% of the evaluated
water systems did not meet the Water Supply
Management Act requirements and that the
noncompliant systems lacked sufficient
interconnection capacity, had inadequate
standby power sources and did not have
sufficient interconnections with neighboring
systems [Section 1.1.3; Page 3], it is puzzling
why “Tasks 1-5 do not recommend new capital
additions to the water supply infrastructure.” This
circumstance [absence of recommendations to
require infrastructure construction] continues to
enable noncompliant water systems to remain
deficient and, by virtue of the various
Recommendations contained in the Report, the
study seeks to burden other purveyors with the
ills and adverse conditions created by water
purveyors that have not planned to avoid
shortages. In that regard, it is noted in the
Report [Section 9.5.1; Page 140] that certain
water purveyors are “habitually” in need of water
during even “minor drought situations.” These
circumstances beg the broader questions of:
(a) Why should responsible water systems pay
the price for the failure of certain municipalities
to regulate their zoning densities and
development approvals?
(b) Why has NJDEP continued to permit the
extension of water mains and new water service
connections [CP-1 and/or BSDW permits] in
municipalities where water supplies are
insufficient?
(c) Why now should responsible water purveyors
be called upon to bail out deficient and/or
noncompliant systems?

Big 25/WSAC Comments to Draft Report
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2

9.6

141142

Peter
Wersinger,
Esq. Executive
Counsel

MTMUA

Big 25/WSAC Comments to Draft Report

It is hereby suggested that, rather than the
issue of “pricing,” the initial recommendation
should be for NJDEP to enforce and apply the
existing regulations that permit NJDEP to require
interconnections whenever same are deemed to
be practical and economically feasible. It is
further suggested that, given the abiding
concern for water supply emergencies, droughts
and other incidents that affect water supply, the
aforementioned regulations should, perhaps, be
expanded to require interconnections to be
constructed by deficient systems regardless of
current “economic feasibility.”
In that regard, it is respectfully submitted that
NJDEP was not overly concerned with
“economic feasibility” relative to the designation
of Critical Water Supply Area No. 1 or the
imposition of mandates that required water
purveyors within said Critical Area to expend
substantial sums of money in securing noncritical water supplies, while at the same time
continuing to finance and pay for groundwater
systems, which, in certain instances, had been
recently expanded and constructed with the
express approval of NJDEP. From direct
experience, the Authority has, in the past when
seeking relief or other dispensation because of
financial constraints or economic burdens, been
advised by representatives of NJDEP, that
“NJDEP is not concerned with finances” and that
“NJDEP is an environmental protection agency,
not an economic agency.” Accordingly, it is both
ironic and a bit disingenuous for the scope of the
2007 Interconnection Study to include a tasking
for the development of financial
recommendations that extend to ratemaking and
the pricing of water transfers.

Appendix 3
Page 44

3

4

9. 3

139

9.2

137138

Peter
Wersinger,
Esq. Executive
Counsel

MTMUA

Peter
Wersinger,
Esq. Executive
Counsel

MTMUA

Big 25/WSAC Comments to Draft Report

The proffered example of the pricing elements,
and the magnitude thereof, that may be included
in a Water Transfer Agreement are a bit
misleading and misrepresentative of what may
and should be expected under more realistic
circumstances. If the example presented in the
Draft Report is to remain in the final version of
the Study, it would certainly be desirable that
supporting documentation for the stated “charge
of $680.00 per MG” be included. The utilization
of the aforesaid rate gives a false impression
that inter-system transfers of water are, or even
should be, available at bargain prices. Within
central New Jersey there is not a single purveyor
who would charge such a rate and, in fact, the
Authority’s cost of purchased water from
Middlesex Water Company is in excess of
$2,000.00 per MG, which said rate does not take
into account the Authority’s own capital costs, O
& M expenses and other administrative and
related costs. From a practical perspective, intersystem transfers would be priced at a minimum
of $3,000.00 per MG, and probably higher.
Although current regulations may require every
water purveyor to have in place, at all times,
Emergency Water Transfer Pricing Rates, it is
not surprising, as indicated in the Draft Report
that no water purveyors were able to produce a
schedule of such rates. In that regard,
ratemaking is not and should not be a “cookie
cutter” process. There are myriad factors that
must be considered in establishing an
appropriate and reasonable rate for all
categories of customers. Were it otherwise,
regulated water purveyors and the New Jersey
Ratepayer Advocate, as well as authorized
interveners, would not spend months before the
Board of Public Utilities Commission engaged in
adversarial proceedings relative to the
determination of just and equitable rates based
upon cost of service considerations and other
fundamental ratemaking criteria. With respect to
the foregoing, Emergency Water Transfer
Pricing is in the nature of standby rates for
unpredictable and uncertain demands for water
service.
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5

9.5

140141

Peter
Wersinger,
Esq. Executive
Counsel

MTMUA

Big 25/WSAC Comments to Draft Report

To assume that fair and reasonable rates can be
determined in a vacuum without ascertaining the
actual demands that will be placed upon a water
system is utter fantasy. As important, is the
reality that extensive infrastructure will not be
voluntarily constructed and significant capital
expenditures will not be voluntarily incurred for
improvements that will be little used. It is
respectfully submitted that the model of “water
transfers” presented by the Draft Report simply
proceeds from a flawed philosophy. That is to
say, deficient and/or noncompliant water
systems and, in particular, those purveyors who
habitually are in need of water during even minor
drought situations, should not be allowed to
peak off of other systems. A more logical and
long-term, cost-effective approach would require
such water systems to utilize interconnections to
secure consistent base loads of water supplies
to be used conjunctively with other available
supplies of water, while reserving a portion of
their own water supply resources to address
emergent or drought conditions.
NJDEP should tread very carefully in the area of
ratemaking. Moreover, it is respectfully
submitted that the Department should refrain
from entering that arena to a greater extent than
is already authorized. In that regard, the current
regulations, which generally provide that
Emergency Water Transfer Pricing should be
based upon fair compensation and reasonable
rate relief so as not to create a situation wherein
the customers or owners of the supplying
systems are subsidizing a transfer, are already
sufficient. Any effort to develop specific rates to
be imposed upon the owners or customers of a
supplying system must ensure that resultant
pricing is not confiscatory and does not create
an unconstitutional taking or use of property
without just compensation.
The concern regarding “Wheeling Fees” may be
misplaced. In that regard, it is respectfully
submitted that such fees are not precluded by
existing regulations. Simply, if a receiving
system is required to utilize the infrastructure of
another water purveyor, in order to receive a
water transfer, the receiving system would be
required to pay for such use, whether under
emergency pricing, or otherwise. The bottom line
is that two water purveyors that are not directly
interconnected cannot negotiate or implement a
water service transfer without dealing with an
intervening water system.
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6

1.3.2

7

Peter
Wersinger,
Esq. Executive
Counsel

MTMUA

Big 25/WSAC Comments to Draft Report

There is a troubling theme that is woven through
the fabric of the Draft Report that pertains to the
financial impact upon deficient, noncompliant
water purveyors and/or water systems that may
otherwise have a need for water transfers. In
that regard, there is an express agenda to “avoid
disproportionate financial hardship or profits”
[Section 1.3.2; Page 7], as well as a stated
objective of “encouraging an equitable
distribution of
hardship during drought
emergencies” [Section 8.2; Page 135] and a
concern regarding the magnitude of emergency
water transfer pricing. It is respectfully submitted
that no such concerns or objectives were
associated with the establishment and regulation
of Critical Water Supply Area No. 1. [Cont...]
In that regard, there was no statewide sharing
of costs associated with the development and
securing of non-critical water supplies. Water
purveyors within the Critical Area were not
assisted by water systems located outside of the
Critical Area in defraying the costs of significant
interconnections and other infrastructure
improvements, which said facilities are now
being considered for use in transferring water
supplies to water systems that did not contribute
financially to their construction. While the
transfer of water to needy water systems is,
indeed, appropriate, the financial impact upon
the receiving system(s) should not be a
consideration of this Study. Rather, pricing
should be left to evolve in the marketplace and
governed by traditional ratemaking criteria,
including the regulatory oversight of BPU when
investor-owned companies are involved.
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