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EXECUTIVE SUMMARY 

The Highlands Water Protection and Planning Act (Highlands Act) emphasizes the protection 

of water resources throughout the Highlands Region.  This includes the major reservoir systems 

that provide water to urban and suburban areas of northern and central New Jersey.  Highlands 

reservoirs in total can provide over 500 MGD to public water supply service areas in these 

regions, with individual reservoir system supplies ranging from less than one to roughly 175 

million gallons per day (MGD). 

The reservoirs store water during times when stream flows are higher, and then release water 

from storage both to serve customers and to maintain mandatory “passing flows” to 

downstream areas during dry periods.  The water supply system yields are determined through 

the use of models that consider incoming stream flows, passing flows, reservoir storage and 

other factors.  As such, changes in either incoming stream flows (e.g., from upstream diversions 

of ground or surface waters) or in passing flows can cause significant changes in safe yields.  

Water quality may also affect yields, especially in the case of pumped storage reservoirs (e.g., 

Wanaque Reservoir) where the magnitude and timing of pumping may be constrained by permit 

conditions regarding water quality.  Finally, climate change could potentially increase or decrease 

yields, due to changes in either the quantity or pattern of precipitation or the average, pattern or 

fluctuation of ambient temperatures. 

This technical memorandum provides information on the surface water supplies for potable 

water systems that are either located in or supported by the Highlands Region, including their 

yields and passing flows.  The memo also presents several technical and policy issues regarding 

the impacts of water quality, upstream water uses and climate change on system yields, and 

therefore, surface water availability. 
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INTRODUCTION 

A major purpose for preservation of the Highlands is the Region’s role in providing the vast 

majority of potable surface water supplies used in northern and central New Jersey where the 

majority of the State’s population reside.  These reservoirs rely either directly or indirectly on 

water flowing in Highlands streams.  Most, though not all, were constructed in the 1890s and 

early 1900s, long before the Highlands became a major area for suburban and exurban 

development.  Only the two Raritan River reservoirs (Round Valley and Spruce Run, 

constructed in the 1960s) and the Monksville Reservoir (part of the North Jersey District Water 

Supply Commission, constructed in 1985) are of more recent vintage.  Even these predate most 

of the existing development in their contributing watersheds. 

Surface water availability is determined by several factors, most important of which are storage 

capacity, incoming stream flow, and requirements for reservoir releases to maintain stream flows 

below the reservoirs.  Incoming stream flow, in turn is comprised of runoff during precipitation 

events, and stream baseflow that is derived from ground water moving into the stream.  As such, 

surface water availability is affected by watershed characteristics, including patterns in stream 

flows.  During drought periods, reservoirs will capture nearly all of the upstream runoff that 

enters the reservoir, but often must release even larger flows from the reservoir.  These factors 

are components of the “safe yield” for a surface water supply system, which is explained below. 

LEGAL REQUIREMENT FROM THE HIGHLANDS ACT 

The Highlands Act includes the following provisions: 

    11. a. The regional master plan shall include, but need not necessarily be limited to: 

    (1)  A resource assessment which: 

    (a)  determines the amount and type of human development and activity which the ecosystem of the Highlands 

Region can sustain while still maintaining the overall ecological values thereof, with special reference to surface and 

ground water quality and supply; contiguous forests and woodlands; endangered and threatened animals, plants, 

and biotic communities; ecological factors relating to the protection and enhancement of agricultural or horticultural 

production or activity; air quality; and other appropriate considerations affecting the ecological integrity of the 

Highlands Region; … 
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    (6)  A smart growth component that includes an assessment, based upon the resource assessment prepared 

pursuant to paragraph (1) of subsection a. of this section, of opportunities for appropriate development, 

redevelopment, and economic growth, and a transfer of development rights program which shall include 

consideration of public investment priorities, infrastructure investments, economic development, revitalization, 

housing, transportation, energy resources, waste management, recycling, brownfields, and design such as mixed-use, 

compact design, and transit villages. In preparing this component, the council shall:  … 

    (d)  identify transportation, water, wastewater, and power infrastructure that would support or limit 

development and redevelopment in the planning area. This analysis shall also provide proposed densities for 

development, redevelopment, or voluntary receiving zones for the transfer of development rights; 

The assessment of surface water supply availability is an integral part of the Regional Master 

Plan’s resource assessment, and also provides critical information for the smart growth 

component of the RMP. 

SURFACE WATER SUPPLY SY STEMS 

The largest surface water supply systems of the Highlands provide water to urban and suburban 

parts of northern and central New Jersey.  There are a few surface water supply systems for 

potable water supply that provide water primarily to municipalities of the Highlands Region.   

The following systems are located in the Highlands Region (see the figure entitled “Reservoir 

Watersheds”): 

- Town of Boonton – The Town of Boonton owns the Taylortown Reservoir, which 

is located on a tributary to the Rockaway River on the border of Montville and 

Kinnelon Townships.  It is a small reservoir for municipal supply.  The reservoir 

relies entirely on natural stream flow (i.e., they have no facilities for pumped storage). 

- Town of Butler – The Town of Butler owns the Kakeout Reservoir, which is located 

on a tributary to the Pequannock River in neighboring Kinnelon Township.  It is a 

small reservoir for municipal supply.  The reservoir relies entirely on natural stream 

flow. 

- Hackettstown Municipal Utilities Authority – The MUA owns two small reservoirs 

on tributaries to the Musconetcong River, called Lower Mine Hill & Burd 
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Reservoirs.  These are small reservoirs for local supply.  The reservoirs rely entirely 

on natural stream flow. 

- City of Jersey City – Jersey City owns two reservoirs, Boonton and Splitrock.  

Boonton Reservoir is on the border between Parsippany-Troy Hills Township, 

Mountain Lakes Borough and the Town of Boonton, and impounds the Rockaway 

River.  Splitrock Reservoir is located in Rockaway Township, on a tributary to the 

Rockaway River.  Jersey City draws water from the lower Boonton Reservoir for 

treatment and delivery to Jersey City, Hoboken, and neighboring areas.  Splitrock 

Reservoir stores water that can be released to the Boonton Reservoir.  The reservoirs 

rely entirely on natural stream flow. 

- City of Newark – Newark owns the Pequannock Reservoir System, five reservoirs 

located in the Pequannock River Watershed of Passaic and Morris Counties.  They 

are (from upstream to downstream) the Canistear, Oak Ridge, Clinton, Echo Lake, 

and Charlottesburg.  Newark draws water from the Charlottesburg Reservoir for 

treatment and delivery to the city.  The other four reservoirs store water than can be 

released to the Charlottesburg Reservoir.  The reservoirs rely entirely on natural 

stream flow. 

- Town of Newton – Newton owns Lake Morris, a small reservoir in Sparta Township 

that is located on a tributary to the Wallkill River, downstream of Lake Mohawk.  

The reservoir relies entirely on natural stream flow. 

- New Jersey Water Supply Authority – The Authority owns two reservoirs, Round 

Valley and Spruce Run, which are both located at the southern end of the Highlands 

Region, in the South Branch Raritan River watershed.  Spruce Run Reservoir is fed 

by natural stream flow, while Round Valley Reservoir is almost entirely reliant on 

water pumped from the South Branch Raritan River.  Neither is used directly for 

water supply; they are used to augment stream flow to the Raritan River for 

subsequent withdrawal by downstream customers. 

- North Jersey District Water Supply Commission – The Commission owns two 

reservoirs, Monksville and Wanaque, both within the Wanaque River watershed.  

Monksville Reservoir relies entirely on natural stream flow, and is used to store water 

that can be released to the Wanaque Reservoir, which is immediately downstream. 

The Wanaque Reservoir, however, is fed both by stream flow and by pumping from 
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two sources – the Ramapo Pump Station on the Ramapo River, and the Wanaque 

South Project (co-owned by United Water-NJ) along the lower Pompton River.  The 

Commission withdraws water from the Wanaque Reservoir for treatment and 

delivery to a wide variety of customers.  Some of those customers, in turn, have their 

own separate reservoir systems (e.g., Newark). 

- Southeast Morris County Municipal Utilities Authority – The Authority owns Clyde 

Potts Reservoir, which is located on a tributary of the Whippany River in Mendham 

Township.  This is a small reservoir used as part of a conjunctive use system (ground 

and surface water) for local supply. 

- United Water-NJ – This investor-owned company owns the Hackensack Reservoir 

System, which is located in the Hackensack River watershed, not within the New 

Jersey Highlands.  However, United Water-NJ is also a part owner of the Wanaque 

South Project (with the North Jersey District Water Supply Commission, discussed 

above) and derives part of its system safe yield from water derived from the 

Pompton River, within the Highlands. 

SAFE YIELDS OF HIGHLANDS SUPPLIES 

The term “safe yield” is generally applied to surface water supply systems to describe the amount 

of water than can be supplied through a repeat of the “drought of record,” which for the 

Highlands Region is the drought of 1964 through 1966.   

Because stream flows during drought periods will fall below the minimum levels necessary to 

support public water supplies, safe yields are based on the ability of reservoirs to store water 

during periods of higher flow and then release it both to the public water supply system (the safe 

yield) and to downstream water uses (the passing flow, which is described below).  Therefore, 

safe yields of surface water supply systems depend upon the existence of reservoirs.  

Safe yield is determined through the use of hydrologic models that assess the water budget of 

the reservoir or reservoir system over time.  These models may be developed in advance of 

reservoir construction, after the reservoir has been in operation for some time, or both.  Very 

small reservoirs may lack formal safe yield models, but all of the larger reservoirs and reservoir 

systems have them.  While some of the latter models are in the public domain, others are not.   
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In addition, many tributary watersheds to Highlands reservoirs are in the Preservation Area, 

where NJDEP must ensure “maintenance of stream base flows”.  This provision complements 

and strengthens the constraints resulting from existing safe yields.   There is one possible 

exception to the restrictions on new, upstream diversions.  Some reservoirs may have safe yields 

that do not require maintenance of the full, existing or natural stream flow regime (e.g., where 

stream flows have been artificially increased in the years since the safe yield model was 

developed).  In these cases, and especially where the diversions are within the Planning Area, 

additional diversions may be viable.  However, a number of the safe yield models are either 

dated and lack documentation on flow assumptions, or have been prepared very recently and are 

not in the public domain.  The result is no detailed analysis exists that identifies which surface 

water supply systems do or do not require the full historic flow from upstream areas to maintain 

their safe yields.  Given this, the assumption must be that all safe yields are based on and require 

maintenance of the historic stream flows.  This assumption is conservative and appropriate for 

the RMP, with the understanding that specific water supply watersheds can be evaluated in more 

detail at a later date as needed. 

WATER QUALITY AND SAFE YIELDS 

The 1996 New Jersey Statewide Water Supply Plan emphasizes the need to protect ambient 

water quality so that water supplies are not degraded or lost to use.  Can water quality 

degradation reduce safe yields?  If so, where and how would this occur?   

In general, surface water supply treatment systems have become more sophisticated over time.  

Water purveyors have adopted techniques such as ozonation (a water treatment process that 

destroys bacteria and other microorganisms through an infusion of ozone), ultraviolet radiation 

(also for treating pathogens), and activated carbon filtration (for chemical contaminants) to 

purify water supplies.  However, ambient water quality degradation can significantly impact the 

provision of potable water, including an increase in the costs of running such systems, and 

resulting in the need to upgrade treatment further to protect public health.   

Water purveyors have adopted what is referred to as a “multi-barrier approach” to water supply, 

involving source water protection to limit contamination of raw water coming to the treatment 

plant, in concert with treatment to achieve safe drinking water standards (or better), and post-
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treatment chlorination to ensure that bacteria do not contaminate the potable water in the 

distribution system.   

As noted earlier, the Highlands Act recognizes the importance of protecting the quality and 

quantity of the resource, in order to, among other things, preserve water supplies.  This 

protection is embodied in the Act as a major purpose for improved planning and more stringent 

regulation. 

Source water protection is a relatively new term, included in the federal Safe Drinking Water Act 

Amendments (SDWAA) of 1996.  The 1996 federal legislation required all states to develop 

source water assessments that informed water supply purveyors (public community and public 

non-community) and their customers about potential risks to source water quality.  The NJDEP 

was New Jersey’s lead for this process, described at 

www.state.nj.us/dep/watersupply/swap.htm.  Each water supply system now has a source water 

assessment report on the Web that inventories potential risks and establishes vulnerability levels 

for their source waters.  The risks and vulnerability levels are combined to assess the 

susceptibility of water supplies to classes of contaminants.  NJDEP has identified potential 

pollutant sources within source water areas for Highlands Region reservoir systems and surface 

water supplies.   

All surface water supplies are considered to have a high susceptibility to pathogens (disease-

causing viruses and bacteria) and to the creation of disinfection by-products, which may be toxic 

or carcinogenic.  In both cases, natural contaminants are a significant issue, but land uses and 

human activity can increase the risk to water supply systems.  Susceptibility to contamination by 

nutrients, pesticides, and inorganic chemicals is heavily dependent on the nature of the source 

water area, including land use and other human activity.  Susceptibility to radon and radionuclide 

contamination is considered low for all surface water supplies, based on water quality monitoring 

results. 

The 1996 SDWAA do not require specific actions for source water protection and NJDEP does 

not require water purveyors to conduct source water protection activities for existing water 

supply sources.  There are only limited requirements for new potable sources.   The lack of 

requirements reflects the fact that the water supply watersheds are not owned in full by the water 

purveyor, among other things.  Water purveyors also have no regulatory authority to impose 

http://www.state.nj.us/dep/watersupply/swap.htm
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requirements on other landowners.  New Jersey relies on its many pollution control programs 

(e.g., control of point source discharges; stormwater from construction sites, municipal systems 

and industries; septic systems; underground storage tanks; waste management facilities) and its 

remedial programs for hazardous waste sites to protect water supplies.  Water supply treatment 

requirements are in place to address any remaining contamination that may occur.   

Historically, surface water supplies have been subject to potential contamination, which has been 

addressed in part by the imposition of wastewater treatment requirements.  No surface water 

supplies have been abandoned as a result of contamination of the water resource in recent 

decades, due to improvements in water supply treatment technology and the lack of feasible 

alternatives to existing supplies.  Therefore, while it is clear that source water protection is a 

critical component in protecting water supplies, and surface water supply contamination can 

result in major increases in treatment costs, it is unlikely to result in loss of a major supply as 

long as surface water quality standards are met for the source waters. 

There are three potential situations where surface water safe yields can be impaired due to the 

degradation of ambient water quality:   

- There are some small reservoirs that provide very limited safe yields.  As operation 

and treatment costs increase, source water quality degradation could compromise the 

economic viability of continued facility operation and result in the abandonment of 

the facility.   

- Pumped storage to reservoirs can result in water quality impacts that foster “taste 

and odor” complaints and elevated treatment by-products due to algal growths in the 

reservoir, resulting in decisions to pump from these reservoirs more selectively or 

less often.   

- Safe yields may need to be limited so that ecological impacts in the watershed are 

minimized.   

One example of this limitation exists where thresholds for dissolved oxygen and temperature in 

the source river restrict pumping to a reservoir.  As noted above, the Wanaque South Pumping 

Station may only pump to the Wanaque Reservoir from September through June, and when 

dissolved oxygen levels exceed 5.0 mg/L.  In this case, the restrictions are in place to protect the 

river from the effects of pumping, rather than to protect the reservoir from contaminants in the 



 
 
 

 14

river.  Water quality improvements in the Pompton River have lessened the impact of the 

dissolved oxygen requirement, but degradation could raise concerns in the future. 

POTENTIAL IMPACTS OF CLIMATE CHANGE 

Surface water supply issues may be complicated by future changes in climate, such as those 

predicted from global warming models.  Most models address climate change over large areas 

and do not directly address the question of surface water safe yields.  However, a USGS report 

(Ayers 1994) studied potential impacts on Delaware River basin water supplies.  The report 

found that:  

“Daily simulations of basin streamflow indicate that climate has the strongest effect on 

maximum daily flow, mean daily flow, evapotranspiration, and 7-day low flow. These results 

indicate that the differences in most of the hydrologic characteristics for small basins in the 

Delaware River basin are due to differences in climate from one part of the basin to another.”  

“Simulations of daily and monthly streamflow indicate that a transient warming trend would 

increase the proportion of winter precipitation that falls as rain, increase winter runoff, reduce 

snow accumulation, and reduce spring runoff in the northern part of the basin. A warming of 

4°C could increase basinwide evapotranspiration and reduce annual basin runoff by as much as 

25 percent if current precipitation patterns continue. An increase in precipitation of about 3 

percent would be needed to counteract decreases in streamflow that would result from each 1°C 

of warming.”  (Ayers 1994) 

However, the report also noted: “Distinguishing carbon dioxide-induced changes in climate 

from natural variability and measurement error is difficult.” (Ayers 1994)  While climate change 

research over the last ten years has improved estimates of climate change predictions for this 

region, the natural variability in stream flows and precipitation still will pose problems for 

analysis.  However, the Ayers report provides a starting point for considering such impacts, 

where precipitation changes would have a greater influence on watershed flows than 

temperature changes.   

USEPA’s 1997 publication “Climate Change and New Jersey” notes that: 
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“Over the next century, New Jersey’s climate may change even more.  Based on projections 

given by the Intergovernmental Panel on Climate Change and results from the United Kingdom 

Hadley Centre’s climate model (HadCM2), a model that accounts for both greenhouse gases and 

aerosols, by 2100 temperatures in New Jersey could increase about 4°F (with a range of 2-8°F) 

in winter and spring, and slightly more in summer and fall, if greenhouse gas emissions are not 

controlled.  Precipitation is projected to increase by 10-20% (with a range of 0-40%), with 

slightly less change in spring and slightly more in winter.  The amount of precipitation on 

extreme wet (or snowy) days most likely would increase, but changes in the lengths of wet or dry 

spells are not clear.  The frequency of extreme hot days in summer is expected to increase along 

with the general warming trend.  It is not clear how severe storms such as hurricanes would 

change.” 

The impact of more rainfall in more intense storms, with drier periods between due to higher 

temperatures, cannot easily be estimated.  The increase in rainfall could help storage, but having 

more precipitation runoff rather than recharge could harm storage.  Additional analysis of 

scenarios using safe yield models would be necessary to determine the sensitivity of safe yields to 

changing runoff conditions. 
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