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New Jersey Water Needs througR040:
Evaluation of Population and Water Usd&kate Scenarios

%BAAOOEOA 30i1 AOU

The New Jersey Department of Environmental Protection (NJDEP) contracted withTRetgers

State University of New Jersey (Rutgers) to estimate water demands for each Public Community
Water Supply (PCWS) system in New Jersey to the year 2040. Thesuitgestlrsupport future

water supply planning by NJDEP, including the Statewide Water Supply Plan. This project made
several important advances regarding our understanding of water supply demands and demand
forecasting.This reporprovidesadetailedechnicatliscussion of the methodology, data collection,
data analyses, model development and assumptions, and results for the project. It is not written or
intended for general public use.

Residential Demand Data

Multi-year residential water demand dadre collected and analyzed represenéngO percent

of the stateds p o poithoaasensedby2OWS sysidrata were provigledr ¢ e n t
by Mount Laurel MUA, Newark Water & Sewer, New Jersey America(28\&tstiems)Passaic

Valley Water Commission (PVWC), Ridgewood Water Department, Roxbury Townshiand/ater
SuezNew JersefHackensack and Franklin Lakes systems). Thepssttisa detailed view of

per capita demands and how they vary by housing density and geograptiie atateof

Additional factors were assessed, including housing age, average slope and precipitation intensity,
but the available data did not support differentiation of residential demands by thesEhactors.
weighted average valtmsall systemareas shown imable ES-1, which clearly shows that rates

differ dramatically between |ldensityand high density housing.

Table ES1. Residential Per Capita Demands by Housing Densityl&5eason

Residential Housing Weighted
DemandsMetric Density | Average (gallons)
Average Annual Per high 49.89
Capita Per Day medium 60.79
low 87.10
Total Summer Use | high 52.96
Per Capita Per Day medium 78.23
low 128.51
Average Nohn high 46.23
summer Use Per o ium 52.09
Capita Per Day
low 62.93
Ratio of Summer Usg¢ high 1.15
to Non-Summer Use :
(Per Capita Per Day medium 1.50
low 2.04

In addition to per capita demands, the residential data provide an understanding of how residential
demands differ between the summer anesnommer periods, and perhaps more importantly, how
the ratio of summer to nesummer demands diffeeggionallyandbetween different housing
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densities. In general, hidgnsity residential development shows minimal differences between the
seasons, while ledensity residential development shows great differences, and especially in the
coastal zondés can be seenthe table aboyéor all system#$Jon-Summer demands for low

density development are roughly 36 percent greater than high density development, while Summer
demands differ by over 140%. For high density development, Summer demands are little higher
than Nan-Summer, while for low density development, Summer demands areodavdeage

PCWS SystenfPopulation Estimates

These analyses required a detailed understanding of populations within PCWS sg@aece areas
Figure ES-1). Following an approach used by the Highlands Water Protection and Planning
Council, a technique called dasymetric analysis was employed using Geographic Information System
(GIS) software. This approgmovidedestimatsof population associated witlglni medium and

low density residential development for €aetsus block group, the smallest Census area available.
Using this techniquend NJDERdraftmapping of PCWS service areas (see map on nexthgage)

total population served by PCWS systersghly 90 percent of the total populateptofal of

7,884,569, compared to the 2010 Census of 8,79C@&¥4barison of the computed populations

with actual 2010 populations, for PCWS systems serving entire municipalities where comparisons
are easiestdicatsthat the dasymetric analysis provides a good estimate at that scale. The use of
this technique for very small PCWS systems is less robust.

Population projections from the three Metropolitan Planning Organigsti@s)d North Jersey
Transportabn Planning Authority (NJTPA), the Delaware Valley Regional Planning Commission
(DVRPC), and the South Jersey Transportation Planning Organization §Sudie@jped as the

only source of municipal population projections. In aggreggtadieet an & percent increase in
population from 201 2040 to roughly 10.4 million. This value exceedstaapolation of the

2030 statewide projections from the NJ Department of Labor and Workforce Development
(NJDOL), which would result in a statewide popualatf 10.1 to 10.2 millionThe differences can

be ascribed to the different methods used by the MPOs and NJB&WUPO municipal

population projections for 2040 were distributed to the PCWS service areas in the same manner as
for the 2010 populations.

The project team evaluated how population projections may vary if rates of fertility, mortality and
net migration change from assumed leVéls.population profile of New Jersey is significantly
different from the natial profileas are the fertility, mortality and migration rates. The sensitivity
of statewidg@opulation projections to changes in these (teggy national rates or other recent
historical trendsihdicates that mortality rates are less likely to cause astghfference in 2040
population(+0.54% to-1.09%Yhan fertility rates (+3.36% 40.22%). Net migration (i.e., influx

from other states and other nations minus outflux to other states and nations) is most subject to
major changes, from year to yedrarer time.Net migration is calculated in various ways by
various entities, and is not easy to confirm. However, based on available infowenb300s t

were a period of relatively high net immigration, with the period from the yelrd2@#82014

beinga period of either significant net outmigration or a rough equilil&aihas been reported,
New Jersey0s recent population increases are
a net gain despite net outmigratigariations in net migration within recent averages yield the
greatest potential variation in 2040 population (+5.2730%6). Similar analyses were

performed for the county populations, showing that counties areamabée based @manges in

these thre rates, as would be expedididorojections are subject to error, as economic shifts and
regulatory changes (such as to national immigration policies) cannot be predictedatteat could
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trends. Two maj or exampl eaduasrnte yAt laamndt iCa mdietny
redevelopment efforts.

Figure ES-1. Public Community Water Supply System Service Areas, 2017
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Water Demand Model for 2010

Residential water demand estimates for 2010 were developed base@0popdpailation

estimates, for the caadyPCWS systems (using supplied datahanébr all other PCWS

systems (using the critical factors of housing density and ld€&dmstal Plain; Piedmont;

Highlands and Ridge & Valley). In addition, syst#ingxtensive service area along the Atlantic

Coast were evaluated to determine the extent to which summer demands were affected by seasonal
populations, beyond the increases expected due to nhormal summer demarasibg year

residents. In these casesymmer demand estimate was added.

Commercial and industrial demands were more problematic. Based on the limited available
information regarding demands, a rough correlation was developed between demands and the
percent commercial and industrial laed anthin PCWS service area. The assumptions used for
estimation of these demand components were necessary due to a lack of data, but they are a concern
as they introduce significant potential for error.

Water loss rates were available from NJDEP ordlaavBre River Basin Commission &t

the 584 PCWS systems, providing a robust view of the very wide range of losses, from below 5
percent to over 50 percent for major systems. However, some large and medium and many small
systemsacked reportedate losesand so the available information was used to develop assumed
water loss rates based on system size and service area location, either Coastal Plain or Bedrock
gedogy, as the median and mean water losses differed significantly based on thésmniactor

median (excluding outliers) of 22.3 percent for small bedrock systems to roughly 10 to 11 percent

for coastal systemsaif sizesThere is no way to ascertain whether the assumed rates are

appropriate for each system, introduaingtential ér error. The use of percentage losses is

appropriate for this purpose, as the focus is on total demands, not whether the losses are acceptable.

The total modeled water demands incorporate Residential, Industrial and Commercial (RIC)
demands plus watesi®s. These totals were compared to two measures of recent delivered water
(i.e., the water released into the distribution system): the peak annual demand in the last five years
(NJDEP Water Supply Deficit/Surplus analyarg) the average annual denieng0082015 NJ

Water Tracking database, NJWaTr), whaticlestheyeardor available data fromost ofthe

case study PCWS systeReak years can differ among the systems, occurring any time from 2012
through 2016, and as of the close of 2017 tne@&2 peaks will drop from the analysis and 2017

will be added\Neither of these measures was developed for the specific, furposee useful for
comparison

A modeled resultithin roughly 20 percent of either of the two meagioemsidered usg, given

the assumptions made within the modeling systérine nature of the comparison measures

While the results for many PCWS systems were nearly identical to one or both of these measures,
and many more were within 20 percent, there were maeythehdifferences were larggvecific

causesould not be determined without detailed syspeuific informatianHowever, the

assumptions regarding Commercial and Industrial demands, the use of average residential per capita
demand rates, and theigament of water loss rates are potential causes. For the smallest systems,
the uncertainty regarding service area populations is a major issue, though these systems provide a
very small fraction (roughly 2 percent) of the total state demand.

Water Demand Models for 2040

Water demandrpjections scenarios were developed to estimate 2040 demands as paired sets.
Within each set, one scenario assumes that watatlossatch the current median levels, while
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another scenario assumes that all syatgvieve water losses equivalent to the current' 25
percentile levean aggressive assumption for conservation

Two sets are based on the sdameandnodel as for the 2010 demamdt) one seassurimg that
Residential per capaad Commercialenand rates do not declifido Conservation scenariahd

the otherset assumgthatResidentiaiates do decline wherever they are above specific values
based on o(Eamsetvatignsematidihe @nservation scenario is not highly
aggressivéut rather asswen continuedyradual decline in per capita demahdboth cases,
Commercial demands are assumed to vary in pa&eswitential demands, and Industrial

demands remain at the 2010 le@&len the consistent assumptions within threxiels, they

provide a good assessment of the direction and magnitude of change, but accuracy is an issue.

The othersetstake a completely different approach. They use the percent change from 2010 to

2040 demands from the No Conservation and Conserseioariosf the first set of modets

an indication of theagnitudef anticipated change, but then apply those percentages to the peak
annual and average annual demands discussed above. In this approach, known demands are the
foundation for the progtion, but the modeling process provides a way to differentiate among

systems, to avoid applying a standard rate of change to all systems regardless of location, service are
type, etc. These approaches are considered the most robust method for pégjeéatergands

based on the currently available information and the modeling approaches uses.

Table ES 2 provides the results of the recommended set of scenarios for the 37 PCWS systems that
provided 80 percent of total PCWS demé&ods the NJWaTr database

1 Current Demands For the 37 largesystems, the total of all peak demands from the
Water Supply Deficit/Surplus analysis is 919.229 MGD, of a total for all systems of
1238.906 MGD. For the 37 largest systems, the total of &02G0&8verage demands was
702.879 MGD, of a total for alfstems of 983.892 MGD. The average demaritis for
systems are 79.4 percent of the peak demands for all systmtiscases, these demands
are considered the starting point for projections.

1 No Conservation ScenariasFor the 37 largest systerhg, total 2040 demanitistheNo
Conservatioscenariavith Nominal Water Lossese726.174 MGD. The No
Conservation scenario but with Optimum Water Losseks in demands ©84.463
MGD, a reduction of 5.75 percent from Mamninal Water Loss approaemd a reduction
of 2.62 percent from tiéJWaTr20082015 average.

1 Conservation ScenariasFinally, the Conservation scenarios with Nominal and Optimum
Water Losses result in demands for the 37 largest syss@ms4MGD and 641.464
MGD, respectigly. The Conservation scenarios results in a drop of 6.28 percent from each
of the No Conservation scenarid$e difference between the No Conservation/Nominal
Water Loss and Conservation/Optimum Water Loss scendrio87gpercentBased on
these projections, modeled customer conservation and water loss reductionghtave
equakffects on water demands.

The conclusions from this study are several. FirspgkRdence froiterature and New Jersey is

that indoor water desnds are decliningsecond, population trends in New Jersey are highly
dependent on net migration more than fertility and mortality, and all three factors vary considerably
from county to county and municipaldymunicipality. Third, water losséll play a major role in

future water delivery requiremeatsaggressive program to minimize water losses can offset a large
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population increase. Fourth, more aggressive efforts to reduce per capita demands can achieve 2040
demands even below what is ptegthrough this report.

There are a variety of future improvements that can be made to the evaluations and modeling
approaches in this report. Over decades of effort, each water supply planning effort in New Jersey
has used a more detailed and defermgplteach than the prior effort. The priorities from this

project will be usgthe results ithe bestnanner possible, and impraythe technique so that

this approach is supersededbétyerresults.
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Table ES2. 2040 Water Demand Projections from 20@815 Average Demands fahe Largest 3PCWS SystemBased on NJWaTr 2008
2015 Average Demands

PCWS System Listing from NJDERNater Supply Deficit/Surplus Spreadsheet NJWaTr 2040 No Conservation 2040 Conservation
Scenario Scenario
PWSID | County Name D/S Peak | 20082015| Nominal Optimal Nominal Optimal
# Annual Average | Water Loss | Water Loss| Water Loss Water
Demand | Demand Scenario Scenario Scenario Loss
(MGD) (MGD) (MGD) (MGD) (MGD) Scenario
(MGD)
0238001] Bergen (S;@ZS'I\';‘S’ZJZ%?%“E‘W"““ & Franklin Lakes 119.315 112557  124.097  116.797  107.219  100.912
2004002 Union New Jersey American Wat&aritan System 137.913 97.057 103.994 97.876 101.713 95.730
0714001| Essex Newark Water Department 84.753 55.247 49.742 46.816 45.585 42.903
1605002 Passaic Passaic Valley Water Commission 101.915 51.051 44.491 41.873 42.387 39.894
1345001 Monmouth | New Jersey American Wat@oastal North 47.568 37.114 39.483 37.405 36.365 34.451
0712001 Essex New Jersey American Wat®assaic Basin 41.736 36.508 36.909 34.738 35.490 33.403
0906001 Hudson Jersey City MUA 47.419 31.100 37.473 35.269 34.518 32.487
0327001| Burlington | New Jersey American WatBrelaware Division 30.872 28.847 31.300 29.653 30.308 28.713
1225001 Middlesex | Middlesex Water Company 52.145 24.977 24.346 22.914 23.295 21.925
1111001 Mercer Trenton Water Works 26.773 23.930 26.121 24.584 24.832 23.371
2004001} Union Liberty Water Company 13.360 13.229 15.671 14.749 14.466 13.615
1507005 Ocean Suez Toms River 12.204 12.778 15.272 14.469 14.527 13.763
0119002| Atlantic New Jersey American Watétlantic 12.635 12.007 16.402 15.538 15.965 15.125
0102001 Atlantic Atlantic City MUA 11.571 11.004 7.799 7.389 7.550 7.153
1214001 Middlesex | New Brunswick Water Department 16.612 10.864 7.947 7.479 7.464 7.025
0408001| Camden Camden City Water Department 11.006 10.435 5.616 5.320 5.499 5.209
0901001| Hudson Bayonne City Water Department 8.932 8.759 10.452 9.838 9.823 9.245
1424001 Morris Southeast Morris County MUA 9.555 8.374 7.811 7.352 7.536 7.093
0614003| Cumberland Vineland City Water and Sewer Utility 8.368 8.072 9.833 9.316 9.467 8.969
0705001| Essex East Orange Water Commission 7.367 7.876 6.242 5.875 5.634 5.303
0251001| Bergen Ridgewood Water Department 8.146 7.818 6.082 5.725 5.967 5.616
0702001| Essex Bloomfield Water Department 7.431 7.630 5.552 5.225 5.188 4.883
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PCWS System Listing from NJDERNater Supply Deficit/Surplus Spreadsheet NJWaTr 2040 No Conservation 2040 Conservation
Scenario Scenario
PWSID | County Name D/S Peak | 20082015| Nominal Optimal Nominal Optimal
# Annual Average | Water Loss | Water Loss| Water Loss Water
Demand | Demand Scenario Scenario Scenario Loss
(MGD) (MGD) (MGD) (MGD) (MGD) Scenario
(MGD)
1614001| Passaic Wayne Township Division of Water 7.797 7.459 8.641 8.133 8.431 7.935
1204001 Middlesex | East Brunswick Water Utility 7.231 7.013 7.336 6.950 7.084 6.711
1429001 Morris Parsippany Troy Hills 6.535 6.292 6.205 5.840 5.983 5.631
1209002 Middlesex | Old Bridge Township MUA 9.096 6.058 6.881 6.519 6.577 6.231
0424001] Camden Merchantville Pennsauken Water Commissia 5.962 6.040 6.006 5.690 5.843 5.535
1808001 Somerset | Franklin Township Department Public Works 6.628 6.015 7.082 6.665 6.720 6.324
1205001 Middlesex | New Jersey American Water Compdtgison 5.887 6.004 6.589 6.201 6.401 6.024
0907001| Hudson Kearny Town Water Department 10.310 5.470 5.917 5.569 5591 5.262
1221004 Middlesex | South Brunswick Township Sewer & Water [ 6.052 5.309 7.965 7.496 7.635 7.186
2013001 Union Suez Rahway 5.315 5.247 4.421 4.161 4.229 3.980
1215001 Middlesex | North Brunswick Water Department 5.421 5.185 5.311 4.999 5.057 4.759
1506001 Ocean Brick Township MUA 9.752 5.118 6.015 5.699 5.793 5.488
1216001 Middlesex | Perth Amboy Department of Municipal Udkt 5.994 5.079 5.124 4.823 5.026 4.730
1326001 Monmouth | Gordons Corner Water Company 5.096 4.760 5.029 4.765 4.777 4.526
0324001| Burlington | Mount Laurel Township 4.557 4.596 5.017 4.753 4.596 4.354
TOTALS (Largest 37 PCWS Systems, representing
80 percent of total 2018atewide demands) 919.229 702.879 726.174 684.463 680.541 641.464
TOTALS (All PCWS Systems) NB: Many very small systems lack | 1550 474 994896 1045664 985.4604  986.391]  929.615
available information on currentand therefore projected demands
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The New Jersey Department of Environmental Protection (NJDEP) contracted withTRetgers

State University of New Jersey (Rutgers) to estimate water demands for each Public Community
Water Supply (PCWS) system in New Jersey to the year 2040. Thesuitgestlrsupport future

water supply planning by NJDEP, including the Statewide Water Supply Plan.

How wi || New Jer seyds waéexalecaddsdlondeimitive predtionu s e ¢ h
is possible, but reasonable scenarios can be developed that will aid in planning. Understanding
viable scenarios is vital tmefulwater supply planning, especially for the indhareathat

dominate the total demands for potable water in Bimey] Thaortheastern and centragions

of New Jersey are mostilypplied by reservobst with important supplies from aquiféehe lower
Delawaré/alley areeelies on a combination of aquifers and Delaware River sapplisgich of

the Jerseyh®re uses aquiferEach of these water resources has limitations that must be addressed
for the benefit of the state, now and into the future.

Water demand projections for urbanized areas are highly sernsitijeetions antbrecastsof
populationjndustrial uses and per capital residential and commercial/business demands.

The first issue is with populatifmmecasts Theseare highly dependent on pagpulationtrends
(including both natural growth and migration) and economic taddsspdations as to how

these trends will continue or change overitimesponse to a wide range of impacts including

public policy. Bth population and economic trerade subject to significant variation over time.
Trendsinvolving larger popationstendto be more stabknd predictablian projections

involving individual municipalities or other small areas. ‘@fithlleareagspeciallyshort and
longtermpopulation trendwill be affected bgvailable land, the economics of redevelopment to
highe (or lower) densities, a shift from residential teresidential land uses or vice versa, changes
in household size due to demographic shifts (such as changes in ethnic makeup or the proportion of
new immigrantsand changes in lifestyle preferenceb @s the apparaeiceninterest in urban

areas with high cultural ameniti@&gvelopmentrends have shifted in the past (from urban

growth to suburban and exurban growth) and are apparently shifting again toward urban growth;
however, there is no guarantee that this shift will continue over the nexbtityyears.New

Jersey has ronely experienced net migration to other statesyenthighemmigration from

other countries. Changes in national immigration policies could determine whether New Jersey
grows at all, or grows fast@hanges in the desirability of New Jersey riencuesidents could

alter net domestic migrationhe only certainty in population forecasts is that they will be incorrect
in detail, though they may be correct in general trend and scale.

Water use trends also change. Areas with large existinggnspedatsee significant changes in
total water demand based on relatively small changes in per capita Watked desenand per
capita has beg¢rendng downwardsince 199@ccording to data compiled by the NJDEP. This
change could ke result of ew or updated building codes as applied oveirnicneasedater
coss (rates)changing houseldosize personal preferences for waiging or watesaving devices,

1 According to the U.S. Bureau of the Censymjlationprojectionsa r estimates of the population for future dates.

They illustrate plausible courses of future population change based on assumptions about future births, deaths, net
international migration, and net domestic migration. Projected numbgoiealhg based on an estimated population

consistent with the most recent decennial census as enumerated, projected forward using a variant of the cohort
component method. Forecasts include consider atimpacts,lanfl ot her f a
availability, etc., tov@uag various possible assumptions @etérmire themost probable They explicitly include the

potential that trends may be changed through public policy.
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lawn irrigation practicestc. However, a review of the 1982 New Jersey Water Slggidy Plan
(Task 2Needs Assessment) indicates that residential per capita dbasauen information
provided by 98 water purveyors in response to a survey of 500 systems (3e&f plzaferdport),
were not significantly different from the findinfjthis report, and in some cases were less. The
results are shown Trable 1-1.

Table1-1. Residential Water UsRates in 1975 (gpcd).
(New Jersey Water Supply Master. Pesk 2Needs Assessmept 18)

County Residential | County Residential
Demand Demand

Atlantic 66.70 Middlesex 62.12
Bergen 74.23 Monmouth 56.71
Burlington 54.59 Morris 59.67
Camden 59.59 Ocean 53.91
Cape May 68.74 Passaic 73.98
Cumberlanc 50.49 Salem 50.19
Essex 74.73 Somerset 56.37
Gloucester 52.74 Sussex 50.45
Hudson 74.73 Union 74.73
Hunterdon 45.1 Warren 50.55
Mercer 61.12

Commercial/office water use trends may likewise be affected by changes in building codes, but also
by technologimprovementsor lavatories and HVAC unitsreducevater supply and sewer

charges. Industrial uses are far harderg¢oastdepending abey do on the presence/absence of

specific industridcilities major process changes, technology upgraddadettries tend to be
concentrated in urban areas, while most of Ne
such as the Interstga?87 corridor.

For all these reasons, simple applicatiom ajgregateer capita RIC (residential, industrial,
commerciavater demanchte to a given population projection is not highly dependabtated

above, the 1982 NJ Water Supply Mastergathered information on per capita residential

demands in an effort to assess how demands would differ around the state. The 1996 Statewide
Water Supply Plan developed estimates of 1990 water demamagp&thRIC demands

These issues apply at tteesvide scale, but even more so RGWSsystem level. Water supply

utilities generally do not traokdetaithe total number of residents sensdl even less 8@

total employment associated with retail commercial, institutional and offares|ddaeir focus is

on the number of customers and service connections, and on water sales. Estimating per person
residential demands, per employee demands or even demands per unit area of commercial space is
not an easy calculation, unless a utititgd@n entire municipality so that the local population is

equal to the service population. Even then, demands will differ depending on the nature and density
of development, so analyses are needed to iderdifgmubations that will have different deh

patterns.

In sum, demand projections are inherently uncertain. They also are necessary and useful, if
sufficient caution is used in their application to water supply planning.

Rutgers develepa detailed evaluation of the variables involvedétogeng more solidly
grounded scenarios for future water use. tWhipartstudy address
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w Anticipated population growsitatewide aneCWS servicreas, with sensitivity analysis
based omeasonable scenarios statewide and courgvel populatin change using
reasonably viable assumptions. What are the anticipated or most likely demographic shifts?

w Anticipated water use rates and total water use thélsarvice areas of PCWS syst&gas
with a set of scenarios based on reasonably viable assurAfgmpsak demand is a key
component of water availability analysis and an important factor is sizing water system capacities
and infrastructure so detailed information is critical[@ER water supply planning, safe
drinking water permitting, and asset manageifieateforealong with annual demands,
trends in seasonal water use will be impoftashistrial uséorecastsverenot attempted due
to the uncertainties involved.

The stuly estimatesvater demand forecasts &ir584PCWS system$he results of this study
provide a set of input projections for use in water supply planning, which will occur through other
projects.
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The methodologlgasthreemajor components-irst, available regional and statewide population
projections were evaluated to determine relative levels of uncertainty based on the assumptions used
in key variables such as fertility, mortality and net immigratiorbextesd, asting water

demands and demand rates were determined through the evaluation of metered water delivery and
water loss rates for specific types of development within case study areasdrapthlated to

allother PCWSystemsThird, water demands regorojected for 204§y PCWS systeusing
multiplemethods.Each of these methods has advantages and disadvantages, which are discussed
later in this report.

This section provides a general overview of the methgditiagyfrom the final Methodology
Report submitted to and approved by NJ&ERAppendix E). More detailed information is
provided inChapters 3 through 5

Population Projections /Forecasts Analysis Method

StepP-1: Existing Projections: Popuation projections/forecastis 2040 were assembfezm

the three Metropolitan Planning Organizations (North Jersey Transportation Planning Authority
Delaware Valley Regional Planning CommissidrtheSouth Jersey Transportation Planning
Organization) angopulation projections to 2Dand 203#vere used frorthe NJ Department of
Labor and Workforce DevelopmeNtIDOL). The MPO projections are to the municipal level,
while the NJDOL projections aretetgide and county only. The MPO projections in total were
found to besomewhahigher than the NJDOL projectioasing itfEconomieDemographic

Mode| whichis designated "preferrdaly NJDOL, but the MPO projections were used for this
project as the onbvailable source of municipal projections, which are critical to the project.

StepP-2: Critical Variables: Rutgers ampare the various projections and forecasts, evédluate

the assumptions, asselbe reasons for differences among the existingtpogg@nd assess

alternative assumptions (including but not limited to shifts in the proportion of residential

devel opment that occurs through r &arieblegdf o pment
interest include the base population, fewrititymortality rates, and net migration.

StepP-3: Historic Trends: Rutgersealuatd the ranges and trends for the key variables to
provide a basis for scenario development and

StepP-4: Sensitivity Analyses: Using the available population projection modatgers assessed

the sensitity of 2040 populatiostatewide and courpyojections to modifications in the primary
variables, within the historic range of each variable and with attesitisatitmsvhere the

simultaneous modifications of multiple variables may result in invalid evaluations (e.g., historic high
migration rates into New Jersey are unlikely to occur at the saaseatinmestoric low employment
growth rate).

StepP-5: Selection of Senarios and Projections:The next step of the project is atsommend

one projection, a combination of selgion projection®r a subset of the evaluated projections

that would be best utilized for Sthtewid&Vater Supply Plan nee@stical uncertatiesare

discussetb demonstrate the potential impacts of such uncertainties on water demand forecasting.
Howevergiven the need fonunicipal population projections, the MPO projections were the only
relevant 2040 projections available and so arm wsesdproject. Planners should be aware of the
sensitivity analyses when evaluating PCWS systems with demands that are close to their system
limits, as shifts in population trends could create a deficit situation.
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StepP-6: Build-out Analyses: It is recognized that limitations on available land may redirect
growth locally but not greatly alter regionatatewidéorecastsThe MPO projections appear to
implicitly or explicitly incorporate limitations imposed by the Pinelands Comprehensive
ManagemerPlan and thelighlands Regiah Master PlanAnalyses of land limitations on
development, developed for the Council on Affordable Housing (COAH) pwvavaitable for
this project. PCWS systems should be aware of theddplotential of their saoe areas and the
extent to which it is constrained by state laws or local conditions.

Current Water Demand Rates Method
StepD-1 Statewide Data Acquisition Dataused on this project included

2012Land Usé.and Cover (LULCPata in GISNJDEP)

Listing of Public Community Water Supply (PCWS) SyNdDEP)(as ofMay 2017)
PCWS service areas in @ISDEP, work in progress as of June 2017

PCWS Safe Drinking Water Program data on current and compeattdemands,
contracted water suppliesyficapacity, etgNJDEP, current to May 2017)

NJ Water Tracking (NJWaTr) database on water demands per y2at39BI0ODEP)
Water loss data (NJDEPeRwardRiver BasinCommissiop(compiled as of June 2017
from multiple data sourges

)l
il
T
1

= =

StepD-2: Evaluation of PCWS Service Areas and PopulatianRutgersstimatedhe

population served for each PCW$&edasymetrianalysis idenigsspatial clusters of populations
that can be used to estimate PGysEndemand. It also identiésthe populations associated
with water demands from each residential area witltiastneexnple PCWS systems, for the
estimation of per capita demands in various development categories. iEunsdly td help assign
future esidential demands forRCWS in a later step.

StepD-3: Identification of Case Example PCWSystems Rutgersdentifeda stratified sample

of 1015 PCWS systems, based on annual average daily demands (over 560K8GDP2G19

MGD and 25 MGD), that collect and compile demands from residential, industrial and commercial
(RIC) water uses based on individual meteFimg selectionserebased on systems of varying
capacity, geographic location, demographic makeup, and built environmesristicact

Table2-1. Variables Use to Identify Case Example PCWS Systems (St8p D

Variables Unit of Measure Source

Housing Density| Residential Units per acre (units/acre) | 2010 U.S. Census

Precipitation Annual / Monthly Precipitation Office of the New Jersey Ste
(inches/ year or inches/month) Climatologist

Housng unitage | Housing unibge(years) Most recent American

Community Survey
Household Size | Average number of people per househq 2010 U.S. Census
(persons/unit)
Land use Concentrations of different Land Use ty| 2012LU/LC data
patterns
Topography Topographic Variability (e.g., percent of USGS léneter

service area greater than 10% slope) | Digital Elevation Module
Region Metropolitan Planning Organization MPO Counties; State
regions, Physiographic Provinces Geophysical Province Map
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StepD-4: Data Collection from Case Example PCWSystems Utilities were solicited for
monthlywater demands by user by municipality to the extent fedd#itdiee gailableinformation
on watedemandrends and water loss rates and trends by PCWSwgsteatso collected

StepD-5: Data Evaluation from Case Example PCWS SystemRutgers dvelogda database
and analytical approachassesaverage water demand rates for various categories of land
development, for peak and low annual and seasonal periods over the period of record.

StepD-6: Land Use Categorizationfor All PCWS SystemsRugers used the 20MIDEP

LU/LC data(regarding the amount and relative percentages of residential development of various
densities, and of commercial and industrial lands) and American Community Survey data on housing
age.Censu®$lock groupata (as ietpreted through dasymetric analysis), LULC data and PCWS
system service ar@aye usetb evaluate relative population, land use and housing age distributions
within each PCWS system service area

StepD-7: Current Water Demands for All PCWS SystemsJsing information from the prior
steps, Rutgers estimated cumresitiential, commercial and industrial water demandnatester
lossedy PCWSystem

StepD-8: Peak Season Water Uder All PCWS SystemsRutgers alsovaluatd seasonal
aggregatger capitavater use patterns (summersus nosummer ge) forall PCWSsystemsand
drewconclusions where possitdgardingrends in seasonal water use patterns for,@tdaurban
and Atlantic Coastater systems.

Future Water Demand Method

StepD-9: Water Demand Trend Analysis:Rutgers dvelogdwateruse efficiency and
conservation scenarios for application to future demands in all PCWS$ aystssiag:
comparison rates available throughtenaliterature search; New Jersey-rewenue water and
water lossesdustrial uses; seasonal peaking factors; and conservation and efficiency trends

StepD-10: Water Demand TrendProjections: Based on the current demand estimates and the
water demandédnd scenarios, Rutgers foresager demand rates for residential and
office/commercial uses, using generalized rates that are applicable to groups of PCWS systems,
municipalities or bothvith clearly identified assumptions and conditiBos.each sceamio, the
population trend scenarios from StepviRereapplied.

Table2-2. Population Trend Scenarios (Step-I0)

Scenarios Demand Scenario Water Losses

Scenario 1 ConstanPer Capita Current State Median

Scenario 2 ConstanPer Capita Current 25 Percentile

Scenario 3 Decreas®er Capita Current State Median

Scenario 4 Decrease Per Capita Current 25 Percentile

Scenario 5 Current Peak Demands X Current State Median
Percent Change from Scen&rio

Scenario 6 Current Peak Demands X Current 28 Percentile
PercentChange from Scenario 4

Scenario 7 Current Average Demands X Current State Median
Percent Change from Scenario |

Scenario 8 Current Average Demands X Current 25 Percentile
Percent Change from Scenario |
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StepD-11: Water Demand Projectiondor All PCWS SystemsFinally, Rutgersegtelogdwater
demand projections for all PCWS in New Jersey for each sedttagn uncertainty analysisd

provided ecommendtions regardilg o0 most probabl ed scenari o and
PCWS system.
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Projections of water demands are necessarily dependent on projections or forecasts of population

through the planning period. The actiorseind analysis of available projections provided a
foundation for further modeling work.

Statewide and Regional Population Projections

New Jersey has two major sources of population projections, but they are not directly comparable.
One is statewideith disaggregation to the county level, and the other set is regional with
disaggregation to the municipal level. While the best resource for this modeling work would be a
statewide population projection that is disaggregated to the municipal lgusljesticims do not

exist and the statewide projections cannot be used in concert with the regional projections for this
purpose.

NJ Department of Labor & Workforce Development

The NJDOL periodically provides projections of statewide population and esnplasing

several different modelS.J DOL s t dahe Enomibantographic Model is designated
@referre@due to its greater scope of input information and its consistency with the year 2024
employment projections prepared by the New Jersey Department of Labor. Other models are
indudedmainly for illustrative purpode. T h eRutgefs asettite NJDCO. Economic

Demographic Models the point of comparistmthe regional models discussed. n@stshown

in Table 3-1, the projections currently go only to 2034, not @i is the target year of this

project. The 2034 projected population is 9,733,400 statewide. However, the NJDOL projections
for this year are not disaggregated by county.

Table3-1. Projections of TotaPopulation by Projection Model
New Jersey: 2014 to 2034 (NJDOL)

Projection Model Census | Estimates Projections to July 1,

4/1/2010| 7/1/2014 2019 2024 2029 2034
Economic- 8,791,894 8,938,20( 9,132,70( 9,338,00( 9,531,20( 9,733,40(
Demographic
Zero Migration 8,791,894 8,938,20( 9,128,20( 9,258,00( 9,326,00( 9,342,50(
Historical Migration 8,791,894 8,938,20( 9,109,80( 9,263,10( 9,402,60( 9,522,20(
Linear Regression 8,791,894 8,938,20( 9,438,90( 9,750,90( 10,062,80( 10,374,70(

A prior NJDOL projection to 2032 was disaggregated by county, as shigue 1. The
results clearly show an expectation that major growth will happen esdbahtre already heavily
developed, such as Bergen, Middlesex, Essex, Hudson, Monmouth, Ocean and Union Counties.
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Figure 3-1. NJDOL Population Projections by Countyp012to 2032

However, NJDOL doesot provide disaggregated population projections to the municipal scale.
That task is addressed by the Metropolitan Planning Organizations (MPOs) designated by the U.S.
Department of Transportation to handle regional transportation planning, esgecidilhgre

projects to be funded in part or in whole by the federal government.

Metropolitan Planning Organizations

TheNorth Jersey Transportation Planning Auth@dgf PA)is responsible for transportation

planning in the 13 northern counties of New yetbe Counties of Bergen, Essex, Hudson,
Hunterdon, Middlesex, Morris, Monmouth, Ocean, Passaic, Susseantdiarren. The

Delaware Valley Regional Planning Commif@3MRPC)is a bistateplanningagency responsible

for transportation and othergpining in the New Jersey Counties of Burlington, Camden,

Gloucester and Mercer. Finally,3oeth Jersey Transportation Planning Organiz&tioirO)

addresses transportation planning in the southern Counties of Atlantic, Cape May, Cumberland and
Salem.These agencies have all developed county and municipal population projections to the year
2040, and in various ways have attempted to address constraints and uncertainties within the
projection modelsOne of the most notabfmints fromTable 3-2 is that the NJTPA has by far the
most popul ated region, comprising 76% of the
the largest populations that areexgtyy PCWS systems.

Table3-2. MPO Population Projections
Approach NJTPA DVRPC SJTPO TOTAL
MPO 2040 7,910,400 1,789,881 710,254 10,410,535
Share of Total 76.0% 17.2% 6.8% 100%

Comparison of Available Projections

The NJDOL and MPO results do not entirely agéaile no detailed inquiry was performed,
apparently each MPO contracts for their own modeling process, which will reflect the techniques
and available information of each region. Rutgerstagdd@O results for 2040, which totaled

over 10.4 million. The NJDOL results for 2030 totaled over 9.6 million. Extrapolations of the
NJDOL 2030 value to 2040 used the average per year growth of both the NJDOL (for 2010 to

Page| 10



Water Needs through 2040 for New Jersey Public Community Water Supply Systems

2030) of 0.47% and the MPOg @010 to 2040) of 0.56%. In each case the extrapolated NJDOL
results for 2040 were lower than the MPO aggregate results, by roughly 100,000 to 200,000, as
shown inTable 3-3. The MPO aggregate population represents an 18% increase over 2010 Census
results, while the extrapolation of the NJDOL 2030 projections yielded growth of 15% or 16%. The
U.S. Census population estimate for 2016, is 8,944,469, an increase of 1.720&0m the

population 08,791,894 six years (or only 0.28% per year) of the80period to 2040Q:hough

it is important to keep the different results from these models in mind, the MPO projections were
used in this report as the only source of munieigl population projections.

Table 3-3. Comparison of NJDOL and MPO Population Projections

Population Projection Source Total Increase
from 2010
MPO 2040 Aggregate Population 10,410,535 18%
NJDOL 2030(Economic/Demographic Model) 9,648,100 10%
2040 Extrapolation of NJDOL 2030 at 0.47% per year (NJDOL average) 10,106,982 15%
2040 Extrapolation of NJDOL 2030 at 0.56% per year (MPO average) 10,207,170 16%

Evaluation of Sensitivity to Variations in Critical Variables

Using the Ag€ohort population projection models and available data, we determined the
sensitivity of 2040 population projections to modifications in the primary variables, such as fertility
rate and mortality rate, within the histraigye of each variable and with attention to situations

where the simultaneous modifications of multiple variables may result in invalid evaluations (e.g.,
where historic high migration rates into New Jersey are unlikely to occur at the same time as an
higoric low employment growth rate). The base population model uses the 2012 statewide fertility
rate by the National Vital Statistics Report, the 2011 statewide mortality rate by New Jersey
Department of Health, and the average migration rate duringioldeop@000 to 2010 in New

Jersey. The following analysis recognizes the potential for regions to have different results based on
local circumstances, such as the evolution of the casino industry in Atlantic City. However, these
are inherently unprediclalzircumstances that will be affected by indstgific economic issues,

as well as changing laws in New Jersey and elsewhere. As such, these issues must be addressed
through uncertainty factors that overlay the population projections.

Approach

The bae population, fertility rate, mortality rate, and employment rate are all the independent
variables, available from various agencies. The historical net migration is dependent on the base
population, births, and deaths, as migration is not directlyeddadinather is inferred from the

values of the independent variables. The National Center for Health Statistics (NCHS) also provides
an upper and a lower limit (95% confidence interval) for each fertility and mortality rate, which

could be used to conduhe sensitivity test. Througlkontrol variable method, we assess how

changes to the fertility rate and mortality rate may affect the final population pr{jeiciscs:g).

Table 3-4. StatePopulation Variability Scenarios

Fertility Rate Mortality Rate Migration Rate
Sensitivity Test 1| Constant Upper/Lower Limit| Constant
Sensitivity Test 2| Upper/Lower Limit| Constant Constant
Sensitivity Test 3| Upper/Lower Limit| Upper/Lower Limit] Constant
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Figure 3-2. U.S. and NJ Population Pyramids (Coholty Percent)
(derived from 2010 U.S. Census)

Sensitivity Test 1. Mortality Rates
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In this part othe sensitivity test, we investigate how changes to the mortality rate affett the fina
population projections in New Jersey. We used the upper and lower limit (95% confidence interval)
of the 2011 statewide mortality rate, the 2013 United States mortality rate and a mortality rate that is

2% lower than 2011 data in the-egfeort model tgroject alternative statewide populations

through 2040.

95% Upper and lower limit of the 2011 NJ mortality rate

The upper and lower bounds of a 95% confidence interval are the 95% confidence limits, which
give an estimated range of most probable 20 Mid&teortality rate. The lower the mortality rate,
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the higher the survival rate. Therefore, the upper limit of the 2011 New Jersey mortality rate could
be used to estimate a lower boundary of the population projection and vice versa.

2013 US mortality rate

New Jersey has a lower mortality rate per 100,000 population than United States (802.3 vs. 821.5 in
2013), which means about 19 fewer people per 100,000 population die in New Jersey per year. The
mortality rate for almost all age groups in United Stdtigher than in New Jersey, an important
consideration given the New Jerseyds popul ati
Therefore, 2013 US mortality rate could be used to estimate the lower boundary of the population
projection in Newlersey.

2% lower than 2011 NJ mortality rate

From 2009 to 2013, the mortality rate in New Jersey decreased 2%. In this test, we assume the
ongoing mortality rate is 2% lower than the 2011 statewide mortality rate.

Analytical Results

Figure 3-3 andTable 3-5 below show the results for sensitivity tests when only the mortality rate
changes itheagecohort model.The upper limit of statewide population projection appears when

using the lower limit 2011 NJ mortality rate, and the lower limit appears when using the 2013 United
States mortality rate. The range for the modified $tedgaopulation in 2040 is from 9,646,755 to
9,805,543 (1.09% lower and 0.54% higher than the baseline projection, respectively). Thus, the most
likely range of mortality rates will not affect the population projection significantly.

# Base ProjectionA LL 95% (2011) A CL 95% (2011)
X US 2013 ® 2% Lower (2011)

9,900,000

9,800,000 . ‘
9,700,000

9,600,000 ¢ X
9,500,000

9,400,000

9,300,000

9,200,000

9,100,000

9,000,000 4

8,900,000
2010 2015 2020 2025 2030 2035 2040 2045

xXr

X®

Figure 3-3. Sensitivity Test IMortality Rate) from 2010 Census Population
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Table 3-5. Results for Sensitivity Testftom 2010 Census Population

2015 2020 2025 2030 2035 2040
Population | 9,022,091 9,248,032 | 9,464,999 | 9,645,556 | 9,760,872 | 9,805,543
LL 95% (2011 N|Difference 10,330 19,878 28,865 37,439 45,376 52,325
% 0.11% 0.22% 0.31% 0.39% 0.47% 0.54%
Population | 9,001,462 9,208,396 | 9,407,510 9,571,064 | 9,670,667 9,701,612
CL 95% (2011 NDifference -10,299 | -19,758 | -28,624 | -37,053 | -44,828 | -51,607
% -0.11% -0.21% -0.30% -0.39% -0.46% -0.53%
Population | 8,990,654 9,186,263 | 9,374,509 | 9,528,624 | 9,620,901 | 9,646,755
US 2013 Difference -21,107 | -41,892 | -61,624 | -79,493 | -94,595 | -106,464
% -0.23% -0.45% -0.65% -0.83% -0.97% -1.09%
Population | 9,017,150 9,238,029 | 9,449,836 | 9,625,325] 9,735,981 | 9,776,605
2% lower Difference 5,389 9,875 13,703 17,208 20,486 23,386
% 0.06% 0.11% 0.15% 0.19% 0.23% 0.26%

Sensitivity Test 2: Fertility Rates

In this part of sensitivity test, we investigate how changes to the fertility rate could affect the final
population projections in New Jersey. The statewide average fertility r2@1@2)92012 United

States fertility rate, the lavlienit (95% confidence interval, shown as 95% LL) of the 2012

statewide fertility rate, the 2015 estimated fertility rate using linear regression model, and the 2015
estimated fertility rate using exponential regression model are used-cothatagehod (with

no modification of other variables) to forecast statewide population through 2040. The relationship
between these variables is shovrigure 3-4.

95% LL

=@-—NJ Average ==@=US 2012 2015 Linear =—=@=2015 Exp

140
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40

20

15-19 20-24 25-29 30-34 35-39 40-44

Figure 3-4. Fertility Rate by Mother's Agdor Sensitivity Test 2
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NJ average fertility rate (1992012)

The NJ average fertility rate is the average number of fertility rate for each ferhaarinbiabe
groupduring the period of 1990 to 2012.

2012 United States fertility rate

New Jersey has a lower general fertility rate (measured as the average annual births per 1,000 female
population aged ) than United States (60.4 vs. 63.0 in 2012), which means about 2.7 fewer
children would be born to each 1,000 female populatiotsdgger year in New Jersey than in

United Stategigure 3-5 shows the relationship of the fertility rate for each female age group

between New Jersey and UnitedeSt Females in New Jersey tend to later childbearing, so the peak
cohort for the United States, atZ% differs from the New Jersey peak in ti43dye group.

NJ 199C NJ 1995 NJ 2000=@=NJ 2005=0==NJ 2010
US 199€ US 1995 US 200G=e==US 200=e==US 2010

140

120

100
80
60 7
40

20

15-19 20-24 25-29 30-34 25-39 40-44
Figure 3-5. Fertility Rate by Mother'sAge (NJ vs. U.S.)

95% lower limit of 2012 NJ fertility rate

The lower bounds of a 95% confidence interval are the 95% confidence limits, which give an
estimated lower limit of 2012 statewide fertility rate and lower boundary of the population
projection.

2015 estimated fertility rate (linear regression)

A linear regression model is used to estimate the 2015 statewide fertility rate based on the historical
statewide data.
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2015 estimated fertility rate (exponential regression)

An exponential regression madelsed to estimate the 2015 statewide fertility rate based on the
historical statewide data. The result is an extrapolated change that is faster than that suggested by the
linear regression model.

Analytical Results

Figure 3-6 andTable 3-6 below show the results for sensitivity tests when only the fertility rate
changes in agm®hort model. It is clear that the upper limit of statewide population projection
appears when usinget2015 exponential rate; the lower limit appears when using the 95% lower
limit rate. The range for the forecasted population in 2040 is from 9,732,096 to 10,081,240 (0.22%
lower and 3.36% higher than the baseline projection, respectively). Thus]ikedymasge of

fertility rates will not affect the population projection significantly. (The differences appear larger in
the figure due to the truncated axis for population.)

—@— Base Projection Fertility NJ Average-@— US 2012—-@—95% L|—@— 2015 Linear 2015 Exp

10,200,000

10,000,000 °
9,800,000
9,600,000 ¢
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9,000,000

8,800,000
2010 2015 2020 2025 2030 2035 2040 2045

Figure 3-6. Sensitivity Tet 2(Fertility Rate) from 2010 Census Population
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Table 3-6. Results for Sensitivity Testffom 2010 Census Population

2015 2020 2025 2030 2035 2040
Population 9,041,855 9,288,055 9,522,434 9,716,086 9,844,102 9,907,862
NJ Average Difference 30,094 59,900 86,301 107,969 128,606 154,643
% 0.33% 0.65% 0.91% 1.12% 1.32% 1.59%
Population 9,017,540 9,237,619 9,443,357 9,607,667 9,704,990 9,733,922
UsS 2012 Difference 5,778 9,464 7,224 -450 -10,506 -19,296
% 0.06% 0.10% 0.08% 0.00% -0.11% -0.20%
Population 9,008,447 9,221,459 9,425,975 9,594,480 9,698,312 9,732,096
95% LL Differencg  -3,314 -6,696 -10,158 -13,637 -17,183 -21,122
% -0.04% -0.07% -0.11% -0.14% -0.18% -0.22%
Population 9,050,522 9,307,722 9,558,529 9,774,153 9,925,496 10,012,061
2015 Linear Differencg 38,761 79,568 122,396 166,036 210,000 258,842
% 0.43% 0.86% 1.30% 1.73% 2.16% 2.65%
Population 9,061,239 9,328,973 9,590,799 9,817,731 9,981,051 10,081,240
2015 Exp Differencel 49,478 100,819 154,666 209,614 265,556 328,021
% 0.55% 1.09% 1.64% 2.18% 2.73% 3.36%

Sensitivity Test 3: Mortality and Fertility Rates

Given the two tests discussdbve, the next question is how population projections would change

if both mortality and fertility rates were varied within the ranges discussed. Historically, mortality
ratesfigure3-7) i n both the United States and New Jer
rate falling faster despite its more rapidly aging population. Fertiligigates-8) have a more

volatile pattern, both falling (the 1990s and during the Great Recession) and rising (during the
financial boom period just prior to that recession). The differencesrb#éte national and state

rates also are more variable foa mortality, with the mid990s showing little difference and

other periods showing larger differences. However, New Jersey fertility rates are always significantly
lower.

600
R F o e A © 9 & &> & x K & o 2 & s 9o
& s s o ¢ g ¢ $ § $ & 3 g & & & §F & &

20,

Figure 3-7. Age-adjusted Death Ratby Year, NJ and U.S. (1992010)
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Figure 3-8. Total Fertility Rate per 1,000, NJ and U.S. (1992012)

In this part of the sensitivity test, weestigate how population projections would change if both
mortality and fertility rates were varied within the ranges discussed above. Given the historic data
and trends, it is highly likely that both rates will remain lower for New Jersey thanatesioihait
mortality rates will be stable or decline for each cohort, and that fertility rates will not increase to
historic highs. Two extreme cases are used to explore how both variables would affect the final
population projections in New Jersey. @ses the 95% lower limit of the 2012 statewide fertility

rate combined with the 2013 United States mortality rate, and the second uses the 2015 estimated
fertility rate (exponential regression) with the 95% lower limit of the 2011 NJ mortality rate.

Analytical Results

Figure 3-9 andTable 3-7 show the results of sensitivity tests when both the mortality rate and

fertility rates change in agghort model. These results are also compared to the extreme cases
when only one varialitbanged. The range for the modified forecasted population in 2040 has
increased, from 9,625,680 to 10,134,109 (1.31% lower and 3.91% higher than the baseline
projection, respectively). This change is somewhat larger than when only one variable is changed.
However, the differences from the baseline population projections are still relatively small even
using extreme scenarios. It is likely that actual conditions will not approach the extremes for either
variable, and it is even more likely that the trables will not both approach the extremes and in
ways that result in the highest or lowest population projections.
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Figure 3-9. Sensitivity Test 3rom 2010 Census Population

Table3-7. Results for Sensitivity Testf8om 2010 Census Population

2015 2020 2025 2030 2035 2040
Population|8,987,340|9,179,573|9,364,363|9,515,007| 9,603, 751| 9,625,680
F: 95%LL M: 2013U{Difference| -24,421 | -48,582 | -71,770 | -93,110 | -111,744| -127,539
% -0.27% | -0.53% | -0.76% | -0.97% | -1.15% | -1.31%
Population| 9,071,569 9,348,901 9,619,791 9,855,40110,026,79810,134,10
F: 2015 Exp M: 95%l|Difference| 59,807 | 120,746 | 183,658 | 247,285| 311,297 | 380,891
% 0.66% 1.31% 1.95% 2.57% 3.20% 3.91%

Sensitivity Test 4: Net Migration
The 2014 population of New Jersey was estimated at 8.94Fyllrer8-10 shows the annual
population growth rate between 1981 and 2014. The population growth rate was 0.53% per year in
2010, down from 0.85% in 2000. This slowdown in population growth is taiigelgdcato net
domestic oummigration from New Jersey to other states. Rates of immigration from other countries
also can vary widely. Therefore, the net migration component represents a large portion of the
uncertainty in population projection.
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Figure 3-10. New Jersey Population Annual Growth Rate (192014)

As noted in the introduction to this section, migration rates are not directly measured. Rather, they
are calculated by comparing the chang¢ainpopulation to the rate of natural increase or decrease
(births minus deaths), with the migration rate being that portion of population change not explained
by the natural increase or decrease. In thcohge population projection model, the awerag

migration rate during the period of 2000 to 2010 in New Jersey Fgused:11 provides the

calculated net migration rate for New Jersey from 1990 tel28@il§,showing significant volatility

within that average.

There are some other sources of net migration
domestic migration estimates, New Jersey has experienced net domegtationtsince at least

191 (se&igure 3-12). This has closely paralleled the overall migration trends in the northeastern
United States. High cost of living and housing might be the mamfac t hat | eads t o t
domestic oummigration. However, New Jersey has also received a large net inflow of international
immigrants, which sometimes more than compensates for the domestic outflow.
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Figure 3-11. Calculated Net Migration, New Jersey (192D11)
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Figure 3-12. Net Domestic Out-Migration per 100drom New Jersey and the Northeast, 192D07
(U.S. Bureau of the Census)

The Statistics of Income Division (SOI) of the Internal Revenue Service (IRS) also provides the
areato-area migration data in the United States, using records of all individual income tax forms

filed in each year. For each State, there are inflow dod sptieadsheets, which show the

number of returns (used to estimate households) from a U.S. address and a foreigjakdeuntry.
3-8 below shows the SOI Tax Statsshtigration Data in New Jersey from 2004 to 2011, providing
a general idea of the relationships between inflow, outflow, domestic, and international migration
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rates. However, the source and design of this dataset present some limitations in thatsle number
this table cannot match the values in previous table and figure. People who are not required to file
United States federal income tax returns are not included in this file, and so the data will under
represent the poor and the elderly who have lioritea taxable income. As can be seen in the

table, the net domestic migration values are negative for all years shown, net foreign migration
values are very modestly positive or negative for all years, and net total migration is negative for all
years.

Table3-8. SOI Tax Statistics, Migration Data, New Jersey (IRS)
uUs Foreign |Total
Inflow 79,062 5,840| 84,902
2004-2005 Outflow [(104,014) (3,015)(107,029
Total (24,952 2,825| (22,127
Inflow 80,561| 4,635| 85,196
2005-2006 Outflow |(109,461) (2,872)(112,333
Total (28,9001 1,763| (27,137
Inflow 76,751 4,638| 81,389
2006-2007 Outflow |(102,940) (2,828)(105,768
Total (26,189 1,810| (24,379
Inflow 79,519 5,041| 84,560
2007-2008 Outflow [(101,091) (2,754)(103,845
Total (21,572) 2,287| (19,285
Inflow 77,106 4,751| 81,857
2008-2009 Outflow | (92,412 (3,064) (95,476
Total (15,306) 1,687]| (13,619
Inflow 73,241 1,837 75,078
2009-2010 Outflow | (87,630] (3,016) (90,646
Total (14,389) (1,179) (15,568
Inflow 74,343 2,195| 76,538
2010-2011 Outflow | (93,872] (3,026) (96,398
Total (19,529]  (831) (20,360

Using net migration rates from the various sources provide significantly different population

estimates. In this part of sensitivity tesinwestigate how changes in net migration rates (domestic

and foreign combined) could affect population projections in New Jersey through 2040. The average
net migration rates during 2005 to 2010 and during 2010 to 2014 are used to replace the average rate
during 2000 to 2010 (which was the basis for the current 2040 projections).

Average net migration rate during 2010 to 2014

The U.S. Census Bureau, Population Division provides the estimates of the components of resident
population change in New Jersey from 2010 to 20Ialde8-9). Thenumber of total net

migration varies significantly, freld,355 to 1,338. The averagé,838, which represents a net of

nearly 5,000 people moving from New Jersey to other locations every year during 2010 to 2014.
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Table 3-9. Estimates of the Components of Resident Population Change
(U.S. Census Bureau)

Total Natural Vital Events Net Migration
Year Population | : : :
Change ncrease | Births | Deaths | Total | International | Domestic
20162011| 21,562 35,971 104,343 68,372 | -14,355| 30,889 -45,244
20112012| 29,817 32,693 102,379 69,686 | -2,691 | 46,609 -49,300
20122013| 31,590 34,017 104,769 70,752 | 1,338 | 46,373 -45,035
20132014| 26,673 31,741 103,440 71,699 | -3,843 | 51,626 -55,469

Analytical Results

Table 3-10 andFigure 3-13 (following pageghow the results of sensitivity tests when the net

migration rate ishanged in the agehort model. The range for the modified forecasted population

in 2040 has increased, from 9,372,695 to 10,267,065 (3.90% lower and 5.27% higher than the
baseline projection, respectively). This change is much more significantrtbeanatties, which
indicates net migration rate plays the most important role in population projection model. However,
due the lack of accurate and complete data on the net migration rate by sex and age group, this
variable is still the most uncertain withe population projection model. As a result, water

demand projections will need to address this uncertainty in a useful and useable manner.

Table 3-10. Results for Sensitivity Test#fom 2010 Census Population

2015 2020 2025 2030 2035 2040
Population | 8,955,323 | 9,102,565 | 9,232,968 | 9,333,557 | 9,383,631 | 9,372,695
2005t0 2010  |Difference -56,439 -125,590 -203,165 -274,560 -331,865 -380,523
% -0.63% -1.36% -2.15% -2.86% -3.42% -3.90%
Population | 9,021,490 | 9,303,748 | 9,614,885 | 9,898,652 | 10,115,104 | 10,267,065
2010to 2014  |Difference 9,729 75,593 178,752 290,535 399,609 513,846
% 0.11% 0.82% 1.89% 3.02% 4.11% 5.27%

County Level Sensitivity Analyses

The state level sensitivity analyses discussed above indicate that modifications of fertility and
mortality, individually and combined, do not show a major shift in projected populatgin thro

2040. Net migration has a somewhat larger potential effect and is much more volatile than fertility
and mortality. Further, net migration may affect fertility and mortality rates, depending on the age,
gender and (for females) fertility rates ofetd® move into and out of New Jersey.

Water demand projections for this project are focused on individual water supply systems, and
therefore statewide sensitivity to variables is only part of the question. We therefore assessed the
potential for sigficant changes in county population projections.
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Figure 3-13. Sensitivity Test 4 for Net Migration Ratieom 2010 Census Population

The county level sensitivity analyses also use tGoAge populatiomodel to determine the
sensitivity of 2040 population projections in each county by modifications in the primary variables,
such as fertility rate and mortality rate. The base population model estimates us20the 2001
county level fertility rates andntadity rates from New Jersey State Health Assessment Data, and
the average New Jersey migration rate during the period of 2000 to 2010. The four county level
sensitivity tests are designed based on the results of statewide sensitivity tests.afeégyaa¢ion r

even less well known at the county level, and therefor are not modified in these tests.

Table3-11. County Population Variability Scenarios

Fertility Rate | Mortality Rate | Migration Rate
Sensitivity Test C1| 2012 US Constant Constant
Sensitivity Test C2| 2012 NJ Constant Constant
Sensitivity Test C3| Constant 2013 US Constant
Sensitivity Test C4| Constant 2011 NJ Constant

Sensitivity Tests C1 and C2: Fertility Rates

In county sensitivity test 1 and 2 (C1 and C2), we investigate how changes to the fertility rates affect
the final population projections in each county. The 2012 United States and New Jersey fertility rates
are used in testgure 3-14 shows the fertility rates in each female age group in the United States

and New Jersey. It is clear that their trends are similar, but the peak in New Jersey (a@d)group: 30
lags kehind the nation as a whole (age group9p5rhe influence of fertility rate depends on the
demographic structure of each county.
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Figure 3-14. 2012 Fertility Rates in United States and New Jersey (p@d0 women)

Analytical Results

Table 3-12 below shows the results for sensitivity test C1 and C2. The range for the percentage
difference is from 0.05% to 10.49%. @uynberland and Ocean County show a sensitivity
percentage difference larger than 5%, which indicates the fertility rate has a great impact on
population in these two counties and also suggests the 2040 estimated population based on Age
Cohort population wdel in these two counties is not accurate. For other counties, the most likely
range of mortality rates will not affect the population projection significantly.

Other than Cumberland County and Ocean County, the four fastest growth counties in New Jersey
using the baseline projection are Gloucester County, Middlesex County, Somerset County, and
Atlantic County where the population growth is faster than New Jersey as a whole. The four slowest
growth counties are Cape May County, Sussex County, Monmoutyh &@wbGamden County

where the population growth lags behind the state as a whole and some even experience population
decline.

Table3-12 Sensitivity Tests C1 and C2, Modifying Fertility Rates

County Year | Base Growth Rate | F: 2012 NJ| Change from| F: 2012 US Change from
20162040 Baseline (%) Baseline (%)
Atlantic 2010| 274,549 . oo, 274,549 274,549
2040 320,189 313,165 | -2.19% 314,545 | -1.76%
Bergen 2010/ 905,116 ¢ ; g0, 905,116 905,116
2040 952,117 984,796 | 3.43% 985,301 | 3.49%
Burlington | 2010 | 448,734 10.64% 448,734 448,734
2040 | 496,457 500,115 | 0.74% 501,266 | 0.97%
Camden 2010 513,657 ; caor 513,657 513,657
2040 | 505,037 499,316 | -1.13% 500,508 | -0.90%
Cape May | 2010| 97,265 20.46% 97,265 97,265
2040/ 77,366 76,271 -1.42% 76,643 -0.93%
Cumberlang 2010/ 156,898 90.14% 156,898 156,898
2040| 188,498 175,038 | -7.14% 175,808 | -6.73%
Essex 2010] 783,969 5,0, 783,969 783,969
2040 | 848,224 843,491 | -0.56% 843,773 | -0.52%
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County Year | Base Growth Rate | F: 2012 NJ| Change from | F: 2012 US Change from
20162040 Baseline (%) Baseline (%)

Gloucester | 2010/ 288,288 30.26% 288,288 288,288

2040 375,520 381,698 1.65% 383,771 2.20%
Hudson 2010 | 634,266 15 63% 634,266 634,266

2040| 733,421 742,619 1.25% 736,589 0.43%
Hunterdon | 2010| 128,349 2 02% 128,349 128,349

2040/ 130,941 134,903 | 3.03% 135,270 3.31%
Mercer 2010/ 366,513 11.88% 366,513 366,513

2040/ 410,047 415,387 1.30% 418,394 2.04%
Middlesex | 2010 809,858 20.13% 809,858 809,858

2040| 972,861 988,633 1.62% 991,640 1.93%
Monmouth | 2010| 630,380 -0.57% 630,380 630,380

2040/ 626,767 630,823 | 0.65% 632,948 0.99%
Morris 2010 492,276 5.24% 492,276 492,276

2040/ 518,080 524,861 1.31% 523,574 1.06%
Ocean 2010| 576,567 39.51% 576,567 576,567

2040 804,342 720,006 | -10.49% 722,808 -10.14%
Passaic 2010 501,226 5.63% 501,226 501,226

2040 529,423 506,534 | -4.32% 508,810 -3.89%
Salem 2010 66,083 3.34% 66,083 66,083

2040/ 68,293 67,174 -1.64% 67,534 -1.11%
Somerset | 2010| 323,444 16.05% 323,444 323,444

2040 375,350 376,415 | 0.28% 375,535 0.05%
Sussex 2010 149,265 -3.95% 149,265 149,265

2040 143,367 145,531 1.51% 145,957 1.81%
Union 2010/ 536,499 6.91% 536,499 536,499

2040| 573,552 562,307 | -1.96% 562,666 -1.90%
Warren 2010/ 108,692 6.54% 108,692 108,692

2040 115,803 119,353 | 3.07% 119,739 3.40%

Sensitivity Tests C3 and C4: Mortality Rates

In sensitivity test C3 and C4, we investigate how changes to the mortality rates would affect the final
population projections in each county. The 2013 United States and 2011 New Jersey mortality rates
are applied to these tedtigure 3-15is the survival rates in each male and female age group in

United States and New Jersey. The trends of them are same, but New Jersey has a slightly higher
survival rate than timation. Moreover, when people are older than the age of 40, females have a
much higher survival rate than males.
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Figure 3-15. 2013 US & 2011 NJ Survival Rate

Analytical Results

Table 3-13 shows the results for sensitivity test 3 and 4. The range for the percentage difference is
from 0.05% to 4.24%. All counties in New Jersey have sensitivity percentagedifferamihan

5%. Thus, in conclusion, the most likely range of mortality rates will not affect the population
projection significantly.

Table 3-13. Sensitivity Tests 3 and 4, Modifying Mortality Rates

County Year | Base Growth Rate | M: 2013 US| Change from | M: 2011 NJ| Change from
20162040 Baseline (%) Baseline (%)

Atlantic 2010| 274,549 ;. o0, 274,549 274,549

2040 320,189 324,484 1.34% 328,035 | 2.45%
Bergen 2010/ 905,116 ¢ g0, 905,116 905,116

2040 952,117 917,233 -3.66% 927,834 | -2.55%
Burlington | 2010 448,734 10.64% 448,734 448,734

2040 | 496,457 491,924 -0.91% 497,546 | 0.22%
Camden | 2010| 513,657 1.68% 513,657 513,657

2040 | 505,037 510,592 1.10% 516,478 | 2.27%
Cape May | 2010 97,265 | ,, 4o0, 97,265 97,265

2040/ 77,366 78,564 1.55% 79,725 3.05%
Cumberland 2010/ 156,898 20.14% 156,898 156,898

2040 188,498 191,934 1.82% 193,898 | 2.86%
Essex 2010] 783,969 4 500, 783,969 783,969

2040 | 848,224 854,213 0.71% 863,709 1.83%
Gloucester | 2010 | 288,288 30.26% 288,288 288,288

2040| 375,520 376,883 0.36% 380,765 1.40%
Hudson 2010 634,266 | . o0, 634,266 634,266

2040| 733,421 726,523 -0.94% 733,754 | 0.05%
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County Year | Base Growth Rate | M: 2013 US| Change from | M: 2011 NJ| Change from
20162040 Baseline (%) Baseline (%)

Hunterdon | 2010 128,349 2 02% 128,349 128,349

2040 | 130,941 125,388 -4.24% 127,058 | -2.97%
Mercer 2010/ 366,513 |, oo, 366,513 366,513

2040 | 410,047 407,102 -0.72% 411,416 | 0.33%
Middlesex | 2010/ 809,858 20.13% 809,858 809,858

2040/ 972,861 954,599 -1.88% 964,334 | -0.88%
Monmouth | 2010 630,380 0.57% 630,380 630,380

2040 | 626,767 617,940 -1.41% 625,652 | -0.18%
Morris 2010] 492,276 ¢ , 0, 492,276 492,276

2040 | 518,080 501,409 -3.22% 507,315 | -2.08%
Ocean 2010| 576,567| 54 10, 576,567 576,567

2040 | 804,342 803,765 -0.07% 811,511 | 0.89%
Passaic 2010] 501,226 ¢ .0, 501,226 501,226

2040 | 529,423 524,498 -0.93% 530,080 | 0.12%
Salem 2010/ 66,083 | , 5,0, 66,083 66,083

2040 68,293 70,148 2.72% 70,972 3.92%
Somerset | 2010| 323,444 16.05% 323,444 323,444

2040 | 375,350 363,185 -3.24% 367,309 | -2.14%
Sussex 2010/ 149,265 , oco. 149,265 149,265

2040 | 143,367 142,630 -0.51% 144,530 | 0.81%
Union 2010] 536,499 ¢ o10, 536,499 536,499

2040 | 573,552 564,715 -1.54% 570,958 | -0.45%
Warren 2010/ 108,692 0, 108,692 108,692

2040| 115,803 114,217 -1.37% 115,604 | -0.17%

Conclusions

The population sensitive tests indicate that statewide populations are not likely to be much affected
by changeism mortality or fertility rates, but do show the potential for greater differences based on
net migration rates. These patterns are amplified at the county level, and logically at the municipal
level, as some parts of the state will be more prone wat-n@goation while others are more prone

to in-migration. Unfortunately, it is not possible to predict the potential for significant changes in
domestic or foreign migration patterns and levels, as shown by the high variability in net migration
rates sine 1980. Therefore, the municipal population estimates from the Metropolitan Planning
Organizations are used in the remainder of this report, recognizing that there is inherent uncertainty

in this projections that will warrant periodic reevaluation wftiee demand projections.
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4. %0A1 OA@®IOIOAT &8 7AOAO $AI AT AO

Most of thepublic community water supply (PC\8&8}endata available through the NJDEP

address total withdrawals from water supply sources (i.e., as reported in water allocation permit
report3 and total water delivered into the water supply system (i.e., as reported for the Water Supply
Deficit/Surplus analysis). Utilities provide information on the relative demands for residential,
industrial and commercial uses (and unaccefantedter) laen needed to justify water allocation
permits generally when they propose an increased alloatwater allocation permits have-a 10

year lifespan and in many cases utditeesot requesting increases or needing to justify existing
allocationghis information isparseS o me P CWS s y s wateralcatoio perdnits ath a v e
all, as thegre too small (i.eapable of pumpirlgss than 100,000 gallons per dayoeiveheir

water from other utilitigbat have their own water allocation permits, making it difficult to know

how much water is used by the originating utility for its own purposes and how much is provided to
bulk contract customer$herefore, assumptions must be made based on avaitabiation.

Given the major differences in PCWS systems, from rural, residential service areas to highly
urbanized and industrialized areas, no single method for apportioning and estimating demands for
residential, industrial and commercial (RIC) densafedsibleThis chapter addresses the

method and results for assesding nature o€urrent water demanfts the 58 PCWS systems
currentlytracked by NJDEPApproximately 80 percent of all delivered public water in New Jersey

is provided by jusl7 systems, based on NJBE® NJ Wat er (NJWalp informaions y st e |
regarding average annual delivered.water

PCWS Service Areas, Populationsind Land Use

The first step in assessing current demands was to acquire available informaltidrfar® 6 s
WaterSupplyDeficit/Surplus Analysis data base, which provides available capasitysetf
andbulk purchases undesntractfrom other sourcesninus bulk water delivered to other PCWS
systems under contract) and the highest demarsdridkieprevioudive calendayears. The

result indicates whether a utility has surplus capacity or atdiecihonthly or annual level
NJDEP provideduccessivweersions ofhe WaterSupplyDeficit/Sumplus Analysis in spreadsheet
form for use in tis projecttheMay 207 versiors used in this project with some corrections that
were agreed to by NJDEPhis spreadsheets the most complete listing of PCWS systems
availablé¢o this projectt the time For the purposes of this project, the annual values weesused
one point oicomparison to thmodeleddemands, or as a basis from which demands were
calculated, depending on #@wailability of information regarding the PCWS systgaestion.

N J D E RIWater Tracking system (NJWaTr) is the other basis for calculating demands.

Next,the population ofach PCWS system service areastiasated This estimate differs from
the totalaccountserved, as each residential account often involves moreghpeison, and nen
residential accounts serve individuals only as customers, clients andiwerkalswingdata
wereused

1 2010 Census ddig Census Block Group

1 Land Use Data in GIS (NJDEP 2012 LULC datasehe closest data to the 2010 Census
1 Listing of Public Community Water Supply (PCWS) SYyNEBDEP, current to May 2017

1 RevisedPCWS service areas in @ISDEPwork in progres2015 andune 2017

Using the 2012 LULC dataset and 2010 Census datehas&dfasymetric analysientified the
residential land uses within each Censusdrtmagand therrelatedhe population from the
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Census blocroupto the residential areas using a proportionality meflasymetric mapping is

a method of using an ancillary data sourgeat@by distribute data that are initially organized by

large or arbitrary boundarigsachieve greater spatial accuracy. Dasymetric mapping is employed in
this study to more accurately distribute population whthiand area of thdock groups, the

smallest available cartographic units with associated U.S. Bureau of Census Decennial population

dataT hi s

techni

GIS analysis is #ppendix A

The 2012 Land Use/Land Cover (LULC) datasstsed to spatially distribute Census population
data within block groups. @R012 version was used rather than the 2007 logc&yse it was

closatin timeto the 2010 Census and because thaldeaiater demand datam PCWS case
systemsverlapped that date, usufithyn 2008 to 2014ut up to 2016 Given the effects of the
economiaecession on land development in New Jersey from 2008 on, the expectation is that little
change in land usescarred in the initial years following the 2012 LULC.

que

preserves

e a dHhe campletecrethagl ofo u p 6 s

The LULC dataséncludesa comprehensive statewide layer of land use palggumthe

Anderson coding systeRor the purposes of this study, only the residential land use polygons are
usedResidential LULC polygons are categorized into four residential density categories: High
(1110) Medium(1120) Low(1130) and Rural Densif§140) The last two were grouped fbis
analysis, as there is very little Rural Density development witl8rsB@ite aread/ithin each

block group, the residential LULC polygons are grouped by these density categories.

Using this approach, the Anderson LULC classifia#tibthil OQ(high-density development,Gat
dwelling units (DU)/acre or more) would recenaportionally more population thah20

(moderate density developmeng, &t 5 DU/acre), which likewise would receive proporljonal
more tharl130/114Qlow and rural density developmen® BtU/acre or less). Population

density ratios were developadthis purposéTable 4-1), using groups of counties that have similar
development patterns, to recognize that developypesin the most urbamedcountieqeg.,

Hudson Countynayhave significantly different population densities tharsame classifications

in other counties (e.g., Warren Counfiye four groups of counties are as follows:

91 Dense Urban CoreCounties Hudson

1 Major Urban Counties Essex, Union, Bergen, Passaic, Middlesex, Camden, Mercer
1 Suburban Counties Monmouth, Somerset, Morris, Ocean, Gloucester, Burlington,

Atlantic

1 Exurban/Rural Counties: Cape May, Cumberland, Warren, Hunterdon, Sussex, Salem

Table4-1. New Jersey Population Density Ratios

Land Use Density Category
County Group High Medium Low/Rural
Dense Urban Core 0.79 0.17 0.04
Major Urban 0.75 0.20 0.05
Suburban 0.55 0.36 0.09
Exurban/Rural 0.70 0.25 0.05

Using this information and the PCWS service areas from NJDEP, the existing residential land use
areaghigh, medium and low/rural densaydrelatedoopulation served for each PC8yStem

were estimatedue to project timinghe 2015 version of the YA service areas was used for

this analysis, except where the June 2017 version provided major updates or entirely new service
area delineation3he 2017 version for the complete analysis became available at the very end of
the project; using this versifor all analyses would have required a complete reconstruction of the
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population estimates and all subsequent steps for the project, which was not feasible given the
remaining time and funds in the project. The modifications addressed the foll@misg syst

NJ1208001INJ American Jamesburg (reafvice arg¢a

NJ1426004United Water Arlington Hills (new service area)

NJ1439001Wharton Water Department (new service area)

NJ1509001Harvey Cedars Borough Water Department (new service area)

NJ143600Roxbury Water Company, NJ1436003 Roxbury Twp StiDre Hills,

NJ1436004 Roxbury Twp Wiskyview, and NJ1436éxbury Twp WDB Evergreen

(new service area replacing fRioxburyWater Company delineation and providing

Roxbury Township argas

1 NJM17001Haddonfield Water Departmenb(service argaappedbutthissystem is now
part of theNJ AmericarDelaware systerilJ03270Q1he entirdownshipwas added to
that system

1 NJO708001Glen Ridge Water Defrhodified service area)

1 NJ131600Freehold Tyw Water Departmerfinodified service area)

One result of having population estimates from two different versions of the service area mapping is
that the estimates in some cases are slightly different between two tables used in the report. One
table provids the populations associated with High, Medium and Low Density residential
development, while the other provides the populations associated with these development densities
but further subdivided by geophysical province, slope, housing age and pnesipigr Capita
Residential Water Demands by Housing Cajegory

= =4 -8 -4 9

TheGIS analysialsoallows fordentiication ofnon-developed landsgithin and outside of PCWS
service aredisat are not constrained by major environmental features such as preserved lands,
wetlands and flood plains. The latter informai@mhelp assess the potential constraints on
increasing population within the PCWS service areas. Howeveiuat lewddation is beyond the
scope of the study.

Service Area Population Results

Based on this analys@yghly 90 percent of all New Jersey residents receive their water from PCWS
systems, a total 3f884,56%compared to the 2010 Censu8,391,894 Thethirteenlargest
systemserveslightly more thaB0 percentof all New Jersey residents witP@\WSservice areas,

as shown imable 4-2. As mentioned at the beginning of this section, the 18rge§iws systems
account for 80 percent of all PCWS demands in New Jersey, digystéi@s in the NJDEP

dataset.

Table4-2. New Jersey Water Sysh Population by Residential Development Density (Top 50%)

1 0,
PWID System Dglr?sr;ty NllDOednesri?;e Dlég\gty Pogﬁltgtlion é)o%fullaacti\(/)\:]s
NJ023800] Suez Hackensack System 448,835 | 286,380 | 39,932 | 775,148 9.83%
NJ200400Z NJ American Raritan 263,497 | 294,324 | 148,708| 706,529 8.96%
NJ1345001 NJ American Coastal North 103,861 | 191,690 | 71,594 | 367,145 4.66%

NJ0327001 NJ American Delaware Basin 257,948 | 37,473 979 296,400 3.76%
NJ1605007 Passaic Valley Water Commisg 82,799 189,811 | 18,424 | 291,034 3.69%
NJO071200] NJ American Passaic 257,094 1,654 - 258,749 3.28%
NJO071400] Newark Water & Sewer Dept. 104,820 | 108,349 | 41,754 254,923 3.23%
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i )
PWID System DHeIr?sr;ty NllDOednesri?)t/e Dtg\gty Po-pl)—gltgtlion é)ocguigi\é\as
NJ0906001 Jersey City MUA 238,444 - - 238,444 3.02%
NJ122500] Middlesex Water Company 113,203 | 70,866 | 12,429 196,498 2.49%
NJ111100] Trenton City Water Dept. 101,201 82,855 8,375 192,431 2.44%
NJ200400] NJ American Liberty 116,348 5,473 1 121,822 1.55%
NJ011900Z NJ American Atlantic 21,665 73,312 | 19,359 114,336 1.45%
NJ150700% Suez Toms RiveSystem 32,661 66,153 | 12,142 | 110,955 1.41%

The dasymetric mapping technique provides a more estimadtiorof population distribution and

densitieshan is otherwise possibldie refined population distribution is advantageous for accurately

assigning water use data to populations. Another benefit of the dasymetric mapping technique is that it allows
for a more detailed comparison for water use across residential dessity type

Sources of Population Uncertainty

Thedasymetrianalysigncorporates inherent uncertainties, which propagate through the study.
Somaeuncertainties arise from the land use analysis and the dasymetric evaluation. The 2012 Land
Use/Land Cover mapping released by the New Jersey Department of Environmental Protection was
used as the best available source of information on residentis¢tanHowever, these land uses

and their categorizatianebased on aerial photograph interpretation.

Somehousing units atecatedwithin dominanttcommercial land uses and therefore coded as
commercial, not residential. Detailed analysis of water customer locations in urban areas identified a
number of these circumstances, which represented a small percentage of total customer records but
still indcated that some residences are not captured in this project. In addition, mixed use
developments may Helineateas sucltin theLULC mapping but the residential density is

impossibléo ascertainAlso, the residential densities are provided as yangeherefore some

residential areas may tend toward the high or low side of the range and yet be categorized as the
same density clemsd receive equal distributions of populatioreach case, uncertainties exist as

to the actual location and deiesibf residential unasid thus populations

The dasymetric evaluation process is valuable inragggtpopulationto the residential portions

of census tractproportional to development densiather than assumitiftat population is evenly
spread across the census tract. However, the nature of census information is that the dasymetric
evaluation cannot determine actual population by household. Rathenpldiveragefor the

census areas are used. dsssmptiomncorporatesincertaintie based on the nature of the census
information.

All these uncertainties are more consequential as water supply service area decreases in size or the
residential development increases in diversity. For this reason, the population estimates for the
smalletssize water systems have the greatest potential for error. Very large systems are more likely
to havenaccuraciebatcancel each othat the system levelll systemwith estimated

populations 02,500 people or great@pproximately 230 systemeje compared to census

information regarding their service areas, and in each case the two values compared well. However,
it was nofeasibléo examine the population estimates folBdlsgstems. Therefore, the

population estimates for the snsigstems should be used vgtkaicare and revaluated where

issues are raised regarding water supply adequacy. On the other hand, nearly all the small systems
were built to serve specific developments or facilities, and therefore the populatiores (and wat
demands) are highly unlikely to change a great deal into theTtuyralso represent a very small
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demand per system and even in aggregate, and therefore are likely to have a very limited impact on
net water demand or availability for a watersheglider.

Another source of uncertainty relates to the PCWS servicd\Ndi2B®. has developed a detailed
mapping of water supply service areas but this product iaalieetd and publas of this

analysis; NJDEP providedrsions o& confidential quy of the GIS files for this projewaiith the

most recent date of June 2GW] intends to release a public version subseqaemfriiication
process. For this reason, certain water systen{(aksed iother NJDEP permit and data
systems but were nogetmapped.Population estimates could not be developed for roughly 144
PCWS systems, nearly all of which are very small systems.

Some systems have or may have been absorbed into other sytbienier mapping purposes or

as formal cosolidations As one example, the service areddddonfield Water Department
(NJO41700lwas na delineateth the GIS files providedrhis systemecently became part of the

NJ AmericaiWaterDelaware system, kihis change was not yet incorporatéaiNJDEP
mappingresulting in a gap in the mapping, and therefore in the original population projections for
this project.Rutgers assumed that the servicebawgadaries foHaddonfieldare essentially

contiguous with the township boundaries (givarthirsgeneraarea is very developed and
Haddonfieldshows as a hole between all the surrounding water servjce/drekesivd the
populationestimatefor the former Haddonfield system based on the township population, and
adcedthe results to NJ AenicanWaterDelaware.

As mentioned in the prior sectisomeof the analyses were based on the 2015 version of the
service area mappinghe 2017 versiomasused to add newly delineated service andas

correct the analysis for systems where tihgag=d populations were very different from the actual
municipal populations due to the 2015 version not including the complete service area. The
differences are likely to be small, but still will have some effect on calculated water demands.

Per Capita Residential Water Demands by Housing Category

The modeling method assumes that households will have varying demand rates depending on
several characteristics. To test this assuntpdo)lowingavailable dataere acquired

1 NJ Parcel Boundary Data@¢J Office of Information Technology)

1 Residential customeater demand dafiem selected PCWS systems

1 PCWS Safe Drinking Water Program data on current and committed demands, contracted
water supplies, firm capacity, etc. (NJDERerSupplyDeficit/Surplus Analysis data base,
May 201y

In consultation with NJDEP and the Water Supply Advisory Caumigérsdentifeda stratified

sample of PCWS systems, based on amraerabe daily demands (over 50 MGBO2UGD, 5

19 MGD, 25 MGD), from which watedemandiatawere soughftom residentiatustomerd®ased

on individual meteringMonthly demand data were preferred, but in some cases only quarterly data
were available within a specific land use type. The target systems were identified to provide the
maximum geographical and land development diversity, based on theinaralddss.
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Table4-3. Geographic Variables of Water Demand

Variables Unit of Measure Levels
Housing Residential Units per acre (units/acre)| High =>5 units per acre
Density (Anderson classes) Medium>2<5 units per acre
Low/Rural <=2 units per acre
Housing age | Mean Housing age (years) Old (Mean <=1990New (Mean >1990)
Topography | Mean Topographic Variability Flat (Mean <10%pteep (Mean >=10%)
Region Physiographic Provinces Highlands/Valley & Ridge, Piedmont, Coastal Plai
Precipitation | Annual Precipitation (inches/year) High (within highest!squintile) Low (other)

The five variables resulted in 96 unique land area categories. Tlesepaesd to all PCWS

systems with significant service arsiag) the 2015 GIS mapping of service areas from NJDEP

Roughly 50 of the 96 categories were represented in at least one PCWS service area of any
significant size. The largest PCWS serviceasahen identified for each of these classifications,

along with other PCWS systems that might serve as backups should the required data not be
available from the first choice. Based on this analysis, 20 PCWS systems were identified as priorities,
and ofthose a total of eleven addressed the largest land area categories. Another 16 systems were
identified as potential backups.

Data Acquisition and Analysis

Some othe priority PCWS systems were willing to provide data, but some collected only quarterly
data and athose only a few collected the quarterly data in a pattern that allowed for effective
geographic analysis (i.e., collecting data the same monthdrdgimeanunicipality within a larger
service area, rather than in mmabinth staging within each municipality). Other potential candidate
systems declined or did not respond to the request for data. The following water utilities provided
data usable ié projectwith the understanding that Rutgers would not provideithealdata to

other users without tiverittenpermission of the data provider, and that personal identifications of
customers would not be usedorovided to any other entitiowe\er, interpreted information,

such as the analyses used in this project, are in the public domain. Nearly all ih@atlbties
provided data for the peri@@08 through 2014; this period represents both wet and moderately dry
years, but includes no drought periods that required declaration of a drought erergernidijy
provided information for a later period, 280%6, because they had recently ctidagedifferent
metering schedule and accounting system, and so earlier data were not comparable.

Table4-4. Water Utilities Providing Residential Water Demand Data

Water Utility Service Area Demand | Service Area
Period Population
Mount Laurel MUA Township Monthly 40,272
Newark Water & Sewer City Monthly 272,919
NewJerseyAmerican Water 28 separate systems Monthly 2,077,14§
Passaic Valley Water Commissi| Regional (direct service to Pater&difton, Quarterly 345,502
(PVWC) Passaic, Prospect Park, Lodi, North Arlingt
and a section of Woodland Park)
Ridgewood Water Department | Regional (Glen Rock, Midland Park, Quarterly 60,113
Ridgewood, Wyckoff)
Roxbury Township Water Portion of municipality Quarterly 10,773
SuezNew Jersey Hackensack System Monthly 781,624
Total Service Area Population 3,588,351
Percentage of State Population 201 4081%
Percentage of 2010 Population Served by PCWS Syst¢ 4551%
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Of these systems, Newark, PV\W@rtions of the NJ American system (Raritan, Coastal North,
Delaware Basin, Harris@oucester County, Washingiarren Countygnd Roxbury Township
wereoriginalhigh priorities for data acquisition, as they represent many of the largest land area
classifications in New Jers8yezNJ (Hackensack) providedeayvaluableddition to the

available data, covering many older suburbs of northern New Jersey.aiMelist & prototypical
suburban municipality in southern New Jersey, providing valuable monthly data for that land use
type. Ridgewood Water providgdarterlydata but there were complexities involved in the

analytical process that did not allow far thelusion irthe analysis of per capita residential
demands for thigeport though the data were used as a bas®I6restimated Ridgewood

Water demandsThe result is that data were available fnostof the targetethnd area
classificationshoseclassificationsepresemdalmost 88% of all PCWS service areas in New Jersey.
While additional data sets would have further benefitted this work, the available data provide a solid
foundation for analysis of per capita residential demands.

In eat case, the first step was associating the water demand data to parcelgussamyehe

addresses amtl Parcel Boundary datg setsome cases GIS dataself customer locations was

provided by the utility. Using the dasymetric analysis predististged, the demand data were

then associated with the appropriate residential development density and the associated populations.
The result was a per capita residential demand for each unique combination of Census block group
and residential developnt density.

This step required additional analysis, as in mar
cases the relevant parcel included more than or
LULC coding, and the geocoded customer locat
was in a portion of the parcel mapped as non
residentiaLULC data are created at such a fine
scale that gngiven parcel could contain multiple
land use classifications. Simply overlaying the w|
use data points on top of the LULC polygons
results in points being assigned to unrealistic an
incorrect land use classifications such as forest
wetlandFigure 4-1 is an example from®rvice
area that illustrates a common situation where tt
data points are clearly supposed to be associate
with the houses within the palrdout the data
points are located outside of the medium densit
residential LULC classificatioho remedy the
discrepancy between the LULC data and the pa] © wateruse data poits Deciduous Wooded Wetlads
data, a series of processing steps are complete(] [ Perces MR
assign each parcel a land use clagsifitadt is
most appropriate for this study. Land use
classifications that are not associated with resid
water use are ignored and overridden. In this example, the deciduous wooded wetlands land use
classifications are ignored and each of the threglis given a land use classification of Medium
Density Residential only.

Figure 4-1. Example Relationship of Water
Use Data Points and Land Use/Land Cover

The results are developed for annual, summer arsdimoner demands for each year in the period
of record, and the same for the entire period of reGanthmer months are defd aslune
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throughSeptembeio correspond with the major growing seaaod NorRSummer actober
throughMay.

Il n areas that have | arge seasonal popul ati on
user so6 -ramun d yresae r evdluatioroof low $easanality affects per capita demands.

By definition, use of Census population data in this analysis means that it is not possible to
determine the summer population. However, the water demand data do provide a good estimate of
the totd number of housing units with seasonal demands.

The results also are associated through GIS with the land area classifications previously described
(i.e., housing age, topography, residential density, geography andinainifaihanner, per capita
demands can be described for each Censugogkesidential density combination, each

Census blocgroupfor all residential areas, each residential development density within a total
service area, all residential areas within a service aread @aeh tdassification at any geographic
scaleand each municipality or other geographic area. It is this broad range of aggregation
opportunities that allow the following steps.

Characterization of Case Example Water Systems

The service areas for thgerPCWS Systems that provided water data are describiele #i5
andTable 4-6, below, which shows the breakdown of the service area according to the variables
described abovéJ American Water also provided information on numerous smaller systems,
which are not showin this table Within the analyses performed, low and resalentiallensity
service areas were combined, but they are shown separately below.
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Table4-5. Relationship of PCWS System Service Areas to Project Land Classificafidigh/Medium Residential Densities)

= | Total oE | mS |05 | m5|m5 'Tlg 'Tlg S 'mg S |"S
PWID System Name < 7 T I O~ [l 3 I @) I O~ ro
4 B | Acres | =0 [[FoO |IC vo [ £0 Izlo ~lo ,'Ulz o I'Ulo z'o
—I | I .y (i — — —I T —I (i
0324001 MountLaurel MUA | G 4,406 746 2,161
0714001 Newark Water& | 1 570! 4570
Sewer Dept
2004002 gJ American | | 82,356 12,011 26,924
aritan
NJ American
1345001 Coastal North I 44,912 5,476 20,195
327001| NJ American || 28,992 3,490 21,799
Delaware Basin
NJ American 279
808001 Harrison I 2,427
2121001 \J American 1| 1,924 106 770
Washington '
Passaic Valley Wate
1605002 Commission G 7,843 5,561 2,282
251001 Ridgewood Water | G| 7,561 4,757
1436003 Roxbury Watebept | G 3,902 95 1,954
0238001 SuezZNJHackensack| | 45,284 10,265 24,690

| = Investorowned G = Governmental entity (municipal, municipal utility authoegignal agency)

The columns use a fivariable conventiohtousing Density-Housing Age-Topography-Region-Precipitation with the following
abbreviations:

Variables Unit of Measure Levels
Housing Residential Units per acre | High (HD ), Medium(MD), Low(LD) (Anderson classes)
Density (units/acre)

Housing age | Mean Housing age (years) | Old (O) (Mean <=199QNew (N) (Mean >1990)

Topography Mean Topographic Variabilil Flat(F) (Mean <10%)SteeS) (Mean >=10%)

Region Physiographic Provinces Highlands/Valley & RidggiL ), Piedmon{PM), Coastal PlaCP)
Precipitation | Annual Precipitation High (H) (within highest'Squintile) Low (L) (other)
(incheslyear)
Grid cells shown in blue with bold text are PCWS system service areas wilttheskangithin the indicated land classification
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Table4-6. Relationship of PCWS System Service Areas to Project Land Classificafioms and Rural Residential Densities)

I — | — I — — — T Pl | pu) | pu) | pu) pu)
PWID System Name < | Total 2'0 T—I—"U :‘—r'c I%'U I%'U IO|U E'U £ EIU l%IU
§ | Acres | =0 [ 1L Q | 1_© =, °O | = =0 IO I_O/[,°0O
' n| T T T | ~ln R
0324001 Mount Laurel MUA | G 4,406 1.058 441
0714001 Newark Water& | o/ 4 5
Sewer Dept
2004002 gJ American | | 82,356 20,760 22,661
aritan
NJ American
1345001 Coastal North I 44,912 10,873 8,368
327001| NJ American || 28,092 2321 1,381
Delaware Basin
NJ American
808001 Harrison I 2,427 648 1,500
NJ American
2121001 Washington | 1,924 523 525
Passaic Valley Wate
1605002 Commission G 7,843
251001| Ridgewood Water | G| 7,561| 2,804
1436003 Roxbury Watebept | | 3,902 1,375 478
0238001 SuezNJ Hackensack 6,885 3,444

| = Investorowned G = Governmental entiymunicipal, municipal utility authority, regional agency)

The columns use a fivariable conventiohtousing Density-Housing Age-Topography-Region-Precipitation with the following
abbreviations:

Variables Unit of Measure Levels

Housing Residential Units per acre High (HD ), Medium(MD), Low (LD ) (Anderson classes)
Density (units/acre)

Housing age | Mean Housing age (years) Old (O) (Mean <=199QNew (N) (Mean >1990)

Topography | Mean Topographic Variability | Flat(F) (Mean <10%)SteefS) (Mean >=10%)

Region Physiographic Provinces Highlands/Valley & RidggiL ), Piedmon{PM), Coastal PlaCP)
Precipitation | Annual Precipitation (inches/yeg High (H) (within highest"quintile) Low (L) (other)

Grid cells shown in blue with baékt are PCWS system service areas with the largest area within the indicated land .classification
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Residential Annual Average, Non-growing
Season and Growing SeasonDemands

The results froran examplservice arda Table 4-7 belowshowarelationship of increasipgr

capitawater use with decreasing residential dembigh is expectetiigh density residential

development has the lowashuapercapita water use. Per capita water use for medium density
residential development is slightly greater than high density residential development water use. Low
density residential development hasiehgreater per capita water use than medium and high

dersity residential developmemiughlydouble the per capita water use of medium density

residential development.

The other major point in this table is the significant variation from year to year in summer per capita
demands for the medium dod densiy residential development, as compared to high density
development, and from that, a large variation in the summerdomoner ratioThese variations

raisea problem regarding selectiomof 6 begi nni ng pointdé for the mora
bemade for using the most recent years (to capturesieecent effects ahy ongoing trends),

an average of all the years (capturing both wetter and drier yearggaby#ae (focusing on

stressed conditions). For the purposes of this modelultigear averagg all annual resulis

used to reflect dominant conditions. During a severe drought, demands will be artificially

suppressed through state mandates, and so using a peak year is less appropriate for water supply
planning thanitisfarnf r astruct ure capaciWaterSappl ysi s (a f
Deficit/SurplusCapacity analysis).

Table4-7. Example Per Capita Residential Demands and Summer to{Sommer Demand Ratios

Metric Density | 01/08 10/08 10/09- 10/106 | 10/1% | 10/12 | 10/13 | 10/14 | Average
09/08 09/09 09/10 09/11 | 09/12 | 09/13 | 09/14 | 09/15

Average Annual high 68.37 64.99 65.25 65.37| 64.00 61.53| 58.68| 59.38 63.45

Per Capita Per | medium 80.16 66.47 74.59 72.29| 68.19| 58.89| 58.74| 63.37 67.84

Day low 100.29 77.40 91.21 89.12| 84.31| 69.02| 74.11| 81.84 83.41

Average high 73.60| 67.07| 74.00( 73.99| 70.51| 65.55| 62.47| 65.12| 69.04

Summer Use Per| medium| 112.87 80.95| 116.65| 107.20| 102.24| 76.47| 79.23| 92.23 95.98
Capita Per Day low 153.72| 100.42| 157.00] 138.66| 136.80| 92.63| 107.09| 128.69| 126.88

AverageNon- high 64.15| 63.94| 60.85| 61.04| 60.73| 59.52| 56.77| 56.50| 60.44
Summer Use Per| medium| 53.74| 59.20| 53.48| 54.77| 51.10| 50.06| 48.46| 48.88| 52.46
Capita Per Day low 57.13| 65.85| 58.18| 64.25| 57.95| 57.17| 57.56| 58.32 59.55
Ratio of high 1.15 1.05 1.22 121 1.16| 1.10| 1.10| 1.15 1.14
gﬂmmgtggﬁg} medium| 210| 1.37| 218 1.96| 200 1.53| 1.63| 1.89 1.83
Capital Per Day low 2.69 1.53 2.70 216| 2.36| 1.62| 1.86| 221 2.14

The monthly nature of the water use data allows for an analysis of seasonal differences in water use.
For this analysis the months of XBummer du(iy. e.A,
growing season) months and Nom& nmmemai miomg hmsao n tW
use per capita per day duringSim@mer is greater than water use per capita per day during the
Non-Summer across every residential density category. Haweshenwn ithe example ofable

4-8 below theratio of Summer toNon-Summerdemandss markedlydifferentfor each residential

density category. For high density residential develapriesexamplehe median increase in

water use per capita per day fromsummer to summer is approximat@® 4For medium

density residential development, the mediagaseis approximateBa. For low density

residential development, the median increase is approximatelpit20eémt systems have
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different seasonal relationships. In highly urbanized areas such as Newark, high density residential

development show®gligible differences betw&mmer andNon-Summer demands,

approximately 5%.

Table4-8. Example Residential Water Demand Per Capita Per Day (gpcd) for a PCWS Service Area

Residential Residential 6-Year
Demand Metric Density Average
Average Annual Per h'g.h o

Capita Per Day REHIN 2

low 138

Average Summer Useg h'g.h 68
Per Capita Per Day medium 87

low 217

Average NonSummer h'g.h g
Use Per Capita Per Day medibn 49
low 99

Ratio of Summer to high 147

Non-Summer Use medium 176
Per Capital Per Day low 2.20

The spatial patterns of seasonal water use are also of interest for tRigustudizbelowis

drawn from an analysis of data from the NJ American-@stal North Division, arsthows the

ratio ofSummeto Non-Summemwater use per capita per day. A larger ratio reprelseges a

percent increase in water use in the

summer months. Although rare,
some ratios are less than one whi
means those areas experienced ¢
decrease in water use per capita |
day in the summer. While not
explored in this analysis, causes (
this anoraly could be residential
schools (i.e. colleges) or residenc
that are vacated during the summ
The map shows that much of the
coast, including virtuatyl the
barrier islands in the south,
experienced a large increase in w
use during the summmaonths.
Appendix D includes figures
showing the pattesrof per capita
demands and seasonal ratios for:
major case PCWS systems.

Of interest irthis study is the effec
that seasonal populations can hay
on localized water demands. This
factoris particularly relevant to
coastal and vacation communities
that experience a large influx of

NJ American - Coastal North (PWID: NJ1345001)

9
Miles

Legend
[:] Water System

Summer/NonSummer
Quantile Classification
HD

<=100%

100% - 105%

105% - 120%
B 120% - 140%
I >140%
MD

<=120%

120% - 145%
B 145% - 160%
Bl 160% - 185%
I >185%

LD
<=125%
125% - 165%
165% - 200%
I 200% - 250%
B >250%

population duringhe tourism seaspNcapita Per Daywater Use

such as the coastal communities
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shown inFigure 4-2 above To understand the effect of this seasonal population, a classification of
0 y a aru n d wascseated dothe water use data points. The criterion for agead user is

any customer that has fewer than three months with zero water use. Any customer with three or
more months of zero water use is assumed to be a seasonagrasideation property orental
propertythat is often vacaduring the offseason

Comparing the water use of yeamd residents with the water use of all users provides
approximation of the effect that seasonal populations have on water use, astshewanple of
Table 4-9. These results were developed for the PCWS systems for which customer data were
provided.Non-Summer uses are not materially different, which is expethedsaasonal increase
in users does not afft offseason uses. Howevemner uses are significantly different, with
higher per capita uses &ummeto Non-Summeratios across all residential densilibss effect
reflects how the seasonal potpahe increase water demands within the block group, but the
underlying Census population of the block groups is unchanged. The significant shifts shown in this
table forSummer uses emphasize the importance of addressing seasonal demands within the
projection of water demands to 2040. As coastal residential properties either shiftund/ear
residents or to rental of previously yeand properties, the ratios®dimmer to NorSummer
demands will likewise change. There is no certain mechanisjedtingrthese shifts, which will

be driven by economics, demographic change and possibijest@gesThe method of analysis
for other PCWS systems is discussed Rdbelential Demandsction undeExtrapolation to

Other PCWS Systems

Table4-9. Example Per Capita Residential Demands, Y<€awund versus All Users

All Users "Year Round" Users

Analysis Density | 6-Yr Avg Analysis Density | 6-Yr Avg
Average Summer Use | high 68 Average Summer Use | high 53
Per Capita Per Day medium g7 Per Capita Per Day medium 77

low 217 low 196
Average NonSummer | high 46 Average NonSummer | high 44
Use Per Capita Per Day medium 49 Use PerCapita Per Day medium 48

low 99 low 99
Ratio of Summer to high 147 Ratio of Summer to high 121
Non-summer Use ; Non-summer Use ;

. medium 176 . medium 159

Per Capital Per Day Per Capital Per Day

low 220 low 198

The residential water demand data from the case study PCWS systems resulted in a range of per
capital water demands for the various land classification cat@gblees10 provides a summary

of the median and weighted average water demands (and the percent difference between these
values) for high, medium and low density residential development for the Sulhyeagnd
Non-Summerand the ratiof Summer to NortBummedemands. The weighted averages are

higher in all circumstances, especially for low density develompdieatinghat the larger systems
showed higher demands on average. Summdper&immer demands differ little for high

density developmenthile for low density development differences are very large (especially on a
weighted average basiB)ese values were derived after excluding outliers based on an analysis of
all valuegesults below 15 and above 250 gpcd (gallons per capitadayaimverage demands
areconsidered not representativéegitimatevater demandsut rather reflecting a difficulty in the
dasymetric analysis addition, results for areas with very low populations were excluded.
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Table4-10. Median and Weighted Average Residential Water Demands, C£3¢/SSystems

Metric Density Median Weighted Percent
Average Difference
Average Annual Per high 41.67 49.89 19.7%
Capita Per Day medium 53.51 60.79 13.6%
low 75.31 87.10 15.7%
Total Summer Use Per | high 45.32 52.96 16.9%
Capita Per Day medium 67.26 78.23 16.3%
low 88.14 128.51 45.8%
Average NonSummer high 39.10 46.23 18.2%
Use Per Capita Per Day | medium 49.62 52.09 5.0%
low 58.42 62.93 7.7%
Ratio of Summer Use to | high 1.10 1.15 4.1%
Non-Summer Use (Per | medium 1.31 1.50 14.5%
Capita Per Day) low 1.32 2.04 54.4%

The results were evaluated to determine whether sufficient results were available for each land
classification category to suppautaust evaluation of per capita demands. Categories with less
than roughly 0.percenbf the total assessed populatibh 440 08,588,351were combined with
othercomparableategoriesNo categories with N (New HousingH (High Precipitatioret

this thresholdhe only areas with High Precipitation are in the Highlands Regmeeategory

(High DensityHighlandsFlat Slopejvas tocsmallto include buthere waso otherappropriate

High DensityHighlands categpfor mergng, and sddigh DensityPiedmonlat Slopevas used.
Themergedtategories aesin Table 4-11.

Table4-11. Merged Land Classification Categories due to Low Associated Populations

Original Category Paraprr;;'hel;}/iv(l)tﬁ Il?r:assuufrtlglem Population %P%fpﬁlsastei}c?ﬁed New Category
HD_N_F CP_L Housing Age 2,713 0.08% HD_O_F CP_L
HD_N_F HL H HousingAge, Precipitation 292 0.01% HD_O F HL_L
HD_ O F HL L High Density with Flat Slope 4,350 0.12% HD_O_F _PM_L
HD O F PM_H Precipitation 5,905 0.17% HD O F PM L
LD N F CP L Housing Age 1,655 0.05% LD O F CP_L
LD O F HL H Precipitation 360 0.01% LD O F HL L
LD_O_F PM_H Precipitation 177 0.00% LD_O F PM_L
LD_ O S _PM_L Steep Slope 127 0.004% LD O F PM_L
MD_N_F_CP_L Housing Age 3,038 0.09% MD_O_F CP_L
MD_O F HL H Precipitation 605 0.02% MD_O F HL L
MD_ O F PM_H Precipitation 7,071 0.20% MD_O F PM L

Where multiple resultgre available for a single land classificeditagorytheresultsvere

evaluate for diversity in per capita rates within the individual PCWS system and among multiple
systems (where applicafls)ng a comparison of the system results to the weighted average of
results across all systeM#here variability among the larger systems was relatively small (generally
less than 20% plus or minus), the weighted average was used. Results fostthpssemadi@re
assumed to have the largedential foranalyticagrror,becauséhe dasymetric analysis of

population becomes less robust with small populations; the denominator for per capital demands
(the associated population) can have a largeoeftbet results. In some cases, the results showed

a wide variety among the systems. In this cassjtative evaluatiovas usetb identify an
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appropriate value to use in the water demand arizdgsid on information regarding the nature of
the sevice areas

In one instance, High Density in the Highlands, no information was afraialshesterswith

monthly dataand thereforgalues from a nearby area with similar characteristics (e.g., bedrock
geology and valk&yl aquifers) was selectadthis case the High DensRiedmont results from

the NJ American Wat®assaic Systeat 42.04 gpcd/aluedrom Roxbury Water Department
wereconsidered as a basis for compaiissing quarterly data rather than montag/jhis system

is fully wihin the Highlandhowever, Roxbury haknost no high density residential population

and the High Density results are anomalous, being much higher than for medium and low density
residential demandBor this reason, the High Dendfigdmont results weealso used in Roxbury

to substitute.

This evaluation was performed for annual demands. Demands for the growingyemaimgn
seasons were then seleasdgthe samapproach Based on this approattie per capita

residential demanasTable 4-12 wereselectedor use The selecteper capital demands are used
as the basis for estimating residential demands in all other PCWS systems, asttiscissed b
Extrapolation to Other PCWS Systems

Table4-12. Selected Per Capita Residential Dema

dallons per day)

Residential Density/Region Coastal Piedmont | Highlands and Ridge
Plain (CP) (PM) & Valley (HL)
High Density (HD ) Annual 47.92 58.46 42.04
Medium Density (MD) Annual 59.04 61.D 53.52
Low Density (LD) Annual 93.27 73.95 61.09
High Density (HD) Summer 53.49 62.61 42.47
Medium Density (MD) Summer 75.88 76.62 59.42
Low Density (LD) Summer 141.05 108.92 81.75
High Density (HD) Non -Summer 45.13 56.27 41.82
Medium Density (MD) Non -Summer 50.59 53.17 50.62
Low Density (LD) Non -Summer 69.36 56.61 50.84

Results for the larger PCWS case systems are shaiila 4A13.

Table4-13. Comparison of Per Capita Residential Demands for Largest Case BGistems

Group NJ0119002 NJ0238001 NJ0327001 NJO71200]1 NJO714001 NJ1345001 NJ2004002
NJAW Suez NJAW- NJAW Newark NJAW- NJAW-
Atlantic Haworth Delaware Passaic Coastal Raritan
North
Population
HD O F CP_L 14211 61,723 84257 9,373
HD O F PM L 409407 182129 224518 434714
LD O F CP L 7,770 5509 44824 40255
LD O F HL L 16729 2944
LD O F PM L 25987 60409 213521
MD O F CP_L 80960 189134 201660 7,556
MD O F HL L 8,333 728
MD O F PM L 281938 208707 1,275 562122
Grand Total 102941 717332 256366 476307 225793 33Q742 1271213
Population by PWSID as % of Group
HD O F CP L 7% 29% 40% 4%
HD O F PM L 32% 14% 18% 34%
LD O F CP L 7% 5% 40% 36%
LD O F HL L 76% 13%
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Group NJ0119002 NJ0238001 NJ0327001 NJ071200] NJO71400]1 NJ134500] NJ2004002
NJAW Suez NJAW NJAW Newark NJAW- NJAW
Atlantic Haworth | Delaware| Passaic Coastal Raritan
North
LD O F PM L 8% 20% 69%
MD O F CP L 15% 34% 36% 1%
MD O F HL L 37% 3%
MD O F PM L 26% 19% 52%
Total Demand Unweighted Average
HD O F CP L 48.10 38.88 48.97 54.18
HD O F PM L 69.70 42.04 66.02 51.22
LD O FCP L 73.81 109.73 128.00 65.91
LD O F HL L 62.05 51.97
LD O F PM L 103.49 73.95 50.14
MD O F CP_L 60.86 62.89 57.48 63.43
MD_O F HL_L 79.86 55.75
MD_O F PM_L 72.53 64.34 47.49 54.75
Total Demand as Portion of Weighted Average
HD O F CP_L 3.25 11.41 19.62 2.42
HD O F PM_L 22.65 6.08 11.76 17.67
LD O FCP L 5.06 5.33 50.62 23.41
LD O F HL L 47.30 6.97
LD_ O F PM_L 8.72 14.48 34.71
MD_O F CP_L 8.83 21.32 20.78 0.86
MD_O F HL_L 29.72 181
MD_O F PM_L 19.02 12.49 0.06 28.62
Difference between System andiotal Weighted Awerage Demand Difference (as %
HD O F CP_L 0% -19% 2% 13%
HD O F PM_L 19% -28% 13% -12%
LD O FCP L -21% 18% 37% -29%
LD O F HL L 2% -15%
LD O F PM_L 71% 22% -17%
MD_O F CP_L 3% 7% -3% 7%
MD_O F HL_L 49% 4%
MD_O F PM_L 19% 5% -22% -11%

Commercial and Industrial Demands

Commercial demands include those related to all classes of retail and wholesale businesses, and to
office buildings that are not associated with manufactionthis analysis, demands from public
facilities such as municipal, educational and recakdmlities were also included in the category

of Commercial.

Industrial demands are associated with manufacturing and all ancillary demands;sgiech as on
office spaceWat er

analysis.

del |

ver ed
of total demandfr those case PCWS systems providingatatdherefore is not included in this

under

t he

cat egwl%

In both cases, only demands that are supplied by the PCWS system are addiagspliedSelf
demands are tracked separately by NJDEP tukgr@volve either a water allocation permit or a
noncommunity water supply, such as asitenwelland are not addressed in this project

Page| 44

OFi

r e



Water Needs through 2040 for New Jersey Public Community Water Supply Systems

Most of the case PCWS systems also provide data on the relative demand of Residential (all
categories), Commercial (usually with private and public customers separately) and Industrial
customers. The results are showrabte 4-14. Residential demands are lowest in Newark and
highest in the Ridgewood system. Commercial demands are commonly around 30%, with the
highest values in the NJ American WR&ssaic Systeand Mount Laurel MUA, but Ridgewood is
far lower at 13.1%, reflecting its very high Residential components. Only Newark has a high
(20.3%) Industrial demand, with the NJ American \Ratégan System a very distant second at
6.9%. In each case, the petages were used directly to drive model demands for these systems.

Table4-14. Residential, Commercial and Industrial Demands by Case PCWS System

PCWS System PWSID Residential | Commercial | Industrial
Demand Demand Demand
Mount Laurel MUA (2015) NJ0323001 67.3% 32.7% ~0%
Newark Water & Sewer Dept (2014) | NJ0714001 57.4% 22.3% 20.3%
NJ American (2012016 average)
{1 Atlantic System NJ0119002 70.8% 29.2% ~0%
1 Coastal North System NJ1345001 73.3% 26.6% 0.1%
1 Delaware River System NJ0327001 65.3% 34.0% 0.7%
1 Mount Holly System NJ0323001 72.9% 26.6% 0.5%
1 Passaic System NJ0712001 61.4% 36.6% 2.0%
f Raritan System NJ2004002 63.2% 30.0% 6.9%
Ridgewood Water Dept (2014) NJ0257001 86.9% 13.1% ~0%
Suez Newersey Haworth (2016) NJ0239001 72.8% 24% 3.3%
Average 69.1% 27.5% 5.6%
Median 69.1% 27.9% 2.7%

For each case PCWS system, the ratio of commercial land use to residential land use was compared
to utility-reported commercial demands, to determimathetthis ratio could serve as a proxy for
commercial demands in systems where a resioehisttialcommercial breakdown was not

available.

In general, Industrial demands were higher where industrial land area is higtiee, Mdcep
AmericaAMount Holly System that had low industrial demands despite one of the higher
concentrations of industrial land area. The Mount iddlgtriabrea may be warehouses or

similar lomdemand but highrea facilitie®r there could be a land use coding dsccgpBy

comparison, the NJ AmerieRaritan System has the same industrial land aress\Vdioent

Holly (4%) but a much higher Industrial demand (6.9%, compared to 0.5% for Mount Holly), which
may reflect a much more active manufacturing base imitae Rgstem (e.g., pharmaceuticals).

Three ratios are provided to help evaluate the relationsRipsiadéntial and Commercial demands.
The results are shownTiable 4-15.

1 Ratio of Residential Demand (as %) to Residential Area (as %})his ratio provides a
sense of residential demand intensity, similar to population density but reflecting the fact
that percapita demands decline as population density increases. Newark has the highest
ratio at 2.61, which is reasonable given that nearly its entire residential area is high density.
The lowest ratios are in Ridgewood and the NJ American Delaware Rivesaand Pas
systems, at less than 1.2. The other systems are in a fairly narrow band (1.37 to 1.65) except
for Mount Laurel at 1.87.

1 Ratio of Commercial Demand (as %) to Commercial Area (as %Jhe ratio of
Commercial demand relative to Commercial land area is generally much higher than for
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Residentialith a median of 3.5The lowest values are in Ridgewood and Newark; the
latter may reflect large commercial areas that have little water @smauld also be true
for warehouse development in many suburbs), despite the existence of many office
buildings. The highest ratios are in three NJ American systgéamdic, Passaic and
Raritan with ratios ranging from more than 4 to move than 5

1 Ratio of Residential Demand (as %) to Commercial Demand (as %J:he values here
are quite different among the systems, which Ridgewood being an extreme outlier at 6.63,
indicating that theommercial demand supported by its population must be locaidd outs
its service area. The other systems have a range of 1.68 (NJ-Ramsaeanto 3.03
(Suez). The low value for NJ AmerRassaic reflects its high Commercial demand at
36.6%, which was the highest of any system. Of considerable intereskjsvMieveaa
combination of low per capita Residential demands (and perhaps lower household income
levels) and a low Commercial demand percentage result in a ratio that is close to that of
other systems with far different development patterns (e.g., Ndafsvierint Holly and
Coastal North systems).

Newarlkd mtio of residential demand to residential land area is higflezting its much higher

proportion of high density residential developmdmt.we ver , Newar kds rati o o
demand to Commeatiland area is much lower than all other systems except for Ridgewood.
Ridgewood has the highest proportion of residential land area, reflecting its primarily suburban

nature with no industrial land uses and roughly average commercial land area.

Interestingly, the amount of commercial land in the service areas ranged only from 7% to 12% while
the range for Commercial demand was 13.1% to 36.6%, indicating that the relative intensity of
Commercial demand is not related closely to the percentage ofissswicthin that land use.
Commercial land area in these systems is generally in the 7% to 10% range, with Newark high at
12%. Industrial land area is even lower, at 1% to 5%, again with Newark higl®ael0%.

conclusion is that Newark is fundamenthfferent in composition from the other systems, all of

which are either suburban or mixed urban/suburban. Therefore, the results from Newark should
only be applied to similar urban core areas.

The ratio of Residential and Commercial demands is imdisdyrange of 2:1 to 2.75:1, with a

median and average in that range as well. Ridgewood is unusual again, in having a very high ratio of
6.63:1, indicatirglack otommercial land uses supporting that population. The NJ American
WaterPassaic Systasnunusually low, reflecting its high Commercial demand as a percentage of

total demand.
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Table4-15. Comparison ofResidential,Commercial andndustrial Land Usesand
DemandComparisors by Case PCWS System

PCWS System %5 %Q ég gg gg ?ﬂ@ &?gg
58 |53 | 95|35 |35 |95 | 3@
02 (03 | S| 32|50|Qa| 393
>2 | >3 | am|2ao |23 2=
) S| |8 |82 |=F 5
5 — Sl » [»Z|=3 =
5 S S|le |o 2
Mount Laurel MUA 36% 9% 2% 1.87 | 3.63 | 2.06 | Suburban
Newark Water &ewer Dept 22% 12% | 10% | 2.61 | 1.86 | 2.57 | Urban
NJ American Water
1 Atlantic System 43% 7% 2% 1.65 | 4.17 | 2.42 | Suburban
f Coastal North System 48% 7% 1% 153 | 3.80 | 2.76 | Suburban
f Delaware River System 56% 10% | 2% 1.17 | 3.40 | 1.92 | Suburban
1 Mount Holly System 44% 8% 4% 1.66 | 3.33 | 2.74 | Suburban
1 Passaic System 53% 7% 1% 1.16 | 5.23 | 1.68 | Suburban
! Raritan System 44% 7% 4% 144 | 429 | 2.11 | Mixed
Ridgewood Water Dept 76% 8% 1% 1.14 | 1.64 | 6.63 | Suburban
SuezNJ d Haworth System 53% 10% | 5% 1.37 | 2.40 | 3.03 | Mixed
Average | 47.5% | 85% | 3.2% | 1.6 34 |28
Median | 46.0% | 8.0% | 2.0% | 1.5 35 [ 25

Case StudyWater Losses and Total Water Demands

In some cases, the case PCWS systems provided water loss information, and in other cases the
estimates were provided by NJD#fid theDelaware River Basin Commission (DRBC) from

submittals received in response to regulatory requirefitea¢ection below oNon-Revenue

Water and Water Losg#evides more detailed information on this topic from a statewide
perspectiveTable 4-16 provides the water loss results for the case PCWS systems along with the
edimates of residential, industrial and commercial demands based on the analysis described above.

Table4-16. Annual AverageResidential, Industrialand CommercialDemands.and Most Recent
Water LossEstimateshy Case PCWS System

PCWS System Water Loss | Residential | Commercial Industrial Total
(MGD) (MGD) (MGD) (MGD) (MGD)
Mount Laurel MUA 0.305 2.770 1.390 0.000 4.465
Newark Water & Sewer Dept, 27.884 16.525 12.682 17.205 74.295
NJ American Water
1 Atlantic System 0.754 7.005 3.469 0.000 11.229
9 Coastal North System 6.607 23.160 10.896 0.048 40.711
1 Delaware River System 1.667 16.769 9.930 0.216 28.581
1 Mount Holly System 0.450 1.801 0.965 0.020 3.237
1 Passaic System 10.388 14.351 11.473 0.835 37.047
1 Raritan System 28.686 36.332 32.768 9.516 107.302
SuezNJ 6 Haworth System 23.672 54.233 22954 3.937 104.797

A critical point here is that the water losses are based on the most recent reported values of non
revenue water or unaccountedwater, while the demands are based onysattiaverages.

Water losses (both rates and totals) change from year taseshgrbchanges in demands and

alterations to the systems (in both positive and negative directions). A more appropriate analysis
would use annual water loss rates with annual demands and determine an average for both; however,
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annual water loss rate msties were not available. Therefore, the water loss estimates should be
seen as general estimates, and incorporate some uncertainty.

Extrapolation to Other PCWSSystems

Extrapolation to other PCWS systems requires several steps. First is the estivastiothal is

treated and placed into distribution but is not shown as metered demands. Subtracting this amount
from the total system delivered water yields an estimate of water that reaches a customer meter.
Next, residential demands are estimated udormation from the dasymetric analysis and the case
studies. Commercehd industrialemand areébased oinformation from the PCWS system,

where available, and otherwisa éormula related to residential demands and comraercial
industrialandarearespectivelyyithin the PCWS service area, using information from the case
studies. The totals are then compared tm#gx@num annualystem water demands provided by
NJDEP in theater Supply Deficit/Surpldshalysisand the NJWaTr databdsedentify systems
wherethose demandse significantly different from modeled res@itairces of uncertainty are
discussed in the final port of this chapter.

Non-Revenue Water and Water Losses

Non-revenue water is the difference between the waterdeatesednto thePCWSsystenand

what isneasuredt the customer metef.hi s di f f er ence -fiogy daltleed ®UnN
UAW, and is the method required by the NJDEP. A more detailed method is the Water Loss
Accounting Manual (M36) and associated spreadsheet program from the American Water Works
Association, which calatés NorRevenue Water (NRW) and breaks NRWhn into categories of

or ewmterbosses (e.g., |l eakage, firefighting, wat
metering inaccuraaynmeteredlemands)infrastructure Leakage Index, or ILI, is tierof real

losses to the Unavoidable Annual Real Losses (UARL). As ILI approachethersy¢igm

approaches zero real water loss that can be addoestséfdctivelythroudh maintenance and

replacement. No system can achieve zero regl dsdsbe coskffective rate of real losses will

vary by systemhile national practice is moving away from uniform percent loss thresholds for
regulatory purposes (i.e., to define what level of losses is acceptable or unacceptable), the use of
reported angrojected losses is appropriate for water supply planning purposes.

As infrastructure ages, A@venue water loss is expected to increlessthie infrastructure is

replaced or repaire&cenarios for water loss rdtgghis project werdeveloped &ised on

benchmarking for most systems, as insufficient data are available to assess water losses in many
utilities outside of the Delaware River Basin. Insufficient information is available to assess water
loss trends, though this will become possibletloe@ext decade in the Delaware River Basin if the
Delaware River Basin CommisgIORBC) continues with its water loss audit requirenoerits

NJDEP includes water loss audits in new regulations implementing the Water Quality
Accountability Acof 20717.

Detailed information on system water logsex 2014 was/ailablérom theDRBC for the New

Jersey PCWS systems under their jurisdiction (DRBC,\201l6)2012 and 2014 reports are
available hie most receratvailablgeawasused, with the assption that the provided
informationhasbecome more accurate as PGyEmgain experience with the reporting
requirements and IWA/AWWA Manual M36 proc@s$ge recent report on the 2014 submittals
(DRBC, 2016) includes the results of 276 water mttigsfour states of the Basai which 20

systems accounted for roughly 70% of the total volume of water production (with the largest by far
being Philadelphia), and only 11 systems exceeding 10 MGD.
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The report notes that NRW exceeded 15% of total pratuced for 150f the 276 audits, but
indicates that using this percentge threshold not modern practice because it will understate
NRW problems in utilities that have inefficient water customers (i.e., higher total volume) but
otherwise equivait NRW volumesFigure 4-3 shows the results.

The DRBC 2014 audit results indicate thdi@ent losses ftine 20 largest systemnstheir region

(including the other statg@nerallyange fron8 to 8 gallons peservice connection per day

(median of roughly 7), a normalized metric that allows comparisons among systems. Real losses for
same systemgeremuch higher, at roughly 40 to over 100 gallons per service connection per day,

with a median of approximatély. In other words, for these systems, real lossasostoé total

water lossesin average of 82%hesamdarger utilities in the DRBC region reported a median ILI

of roughly 3, with most result ranging from 2.5 to ovEig@re 4-4 shows the regional result for

all utilities that filed their water audits.

BO%
15% has historically been used
0% asa metric that may trigger
regulatory action or additonal
irvestigaton,
B60%
50%
40%
30%
151 systems »= 15%
20% /
‘ ““”l (T -
” H\ s
50 100 150 200 250
System (n = 264)

Figure 4-3. Non-Revenue Water as a Percent by Volume/géter Supplied for 276 Systems Reporting
Water Audit Results to the Delaware River Basin Commission (DRBC, 2016)
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Billed authorized: All consumption that is billed to customers of the utility; this includes metered and unmetered
connections.
Unbilled Authorized: All consumption that isunbilled but is still authorized by the utility. This islikely to indude water used
in activities such as firefighting, flushing of mains and sewers, street cleaning and fire flow tests. It may also include water
consumed by theutility itself in treatment or distribution operations, or metered water providedto civic or institutions free
of charge.

Figure 4-4. Aggregate Summary Graphic for 276 Systems Reporting Water Audit Results to the
Delaware River Basin Commission (DRBC, 2016)

Information on water losses was also received from NJ&4ed on reporting in response to the
recent drought warningNJDEP requires use of the UAW method at a minimunspbug utilities
did provide informadin using the AWWA method'he combined information from DRBC and
NJDEP result imearly all the reporting utilittegvingresultfrom within the last five yearsost

of the smaller and some of the larger utiide@s no reported information on waddsises In all,
228New Jersegystems are represented.

The New Jersey results for Uand NRWareshown inthe ollowing figuresAs can be seén

the scattergramBigure 4-5), the values range widely and differ significantly between bedrock
geology (figures on the left) and coastal geology (figures on hd highdrgest systems in
bedrock geology all havAW/NRW of at least 10%, with one outlier of more than 50%.
Conversely, many large systems in coastal geology have UAW/NRW below 10%, though the
systems reporting zero or nearo losses ageiestionableAgain, there atgperoutliers among

the large @astal systems, but in tbéseanything about 25%héghlyunusual.

Medium and small systems in the two geology types have similar patdesn®beiscattered.

Again, the neatero values ampiestionableand the one medium coastal system regarti

negative loss (i.e., a gain) indicates a calculation error. Upper outliers for both bedrock and coastal
geology exceed 50% for medium and small systems, with two small coastal systems reporting a
startling 90% and 100%hese extreme outliers mapakpresent incorrect use of the methods.

Page| 50



Water Needs through 2040 for New Jersey Public Community Water Supply Systems

UAW/NRW for Large Systems
(>300 MGM) in Bedrock Geology

Total Capacity (MGM)

UAW/NRW for Medium Systems
(>30 MGM<+300 MGM) in Bedrock Geology

Total Capacity (MGM)

UAW/NRW for Small Systems
(<=30 MGM) in Bedrock Geology

20.00%

10.00%

0 5 10

Total Capacity (MGM)

0005

UAW/NRW for Large Systems
(>300 MGM) in Coastal Geology

1000 1500 2000 2500 3000

Total Capacity (MGM)

UAW/NRW for Medium Systems
(>30MGM<=300 MGM) in Coastal Geology

Total Capacity (MGM)

UAW/NRW for Small Systems
(<=30 MGM) in Coastal Geology

LR

Figure 4-5. Water Losses for PCWS Systems (Scattergram)

The results are shown in a different manriggime 4-6,
for the PCWS systems by size and whether they are in bedrock or coastal plain geology. The boxes
show the range of results from 25th til pgrcenti, with the whiskers indicating the range of all
but the outlier results, which are shown as points above and below the whiskers.

Given their outsized impacts, it is worth noting that the largest PCWS systems comprising 80% of

which provides

0box

the total firm capacity fdinis group of utilities had a similar range of UAW, from 3% to 52% with a
median of 13%. For the larger systems, many of the lowest values are in Coastal Plain systems,
which supports anecdotal information from water utility managers that wateillagtasbe
lower in welimaintained systems that have limited topographic relief, allowing for lower pressure
zones. Many of the highest results, not surprisingly, are in older urban and inner suburban areas
and in systems with significant topogragiefithat requires higher water pressure to provide

service to higher elevation areas
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Bedrock PCWS Water Losses Coastal Plain PCWS Water Losses
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Figure 4-6. Water Losses for PCWS Systems (Box and Whisker Plots)

Table 4-17 provides three simple statistics for each grouping of systems: the mean (average), the
median(50" percentile)and the median excluding outliers. The results across all system sizes
indicate a very clear distinction between utilities in coastal geology and bedrock geology, with the
median (without outliers) UAW/NRW being at least 9% lower for all three $ieesforEthe
modelassigaUAW levels to systems for which UAW/NRW are not available basedhwdibe

(no outliers) column, as shown in the final column.

Very small systems (generally-ssglplied facilities) are initially assigned 10%,mdghbiée home

parks and similar small development (e.g., very small municipal ordmawresisystems) are

initially assigned®% in bedrock areas ant?d in the coastal plain. No data are available to know
whether these assigned water losses are logh but by comparing demands based on per capita
times population, some assessment is possible as to whether the actual demands indicate higher or
lower water losses. However, on a statewide, county and often municipal or watershed level, the
total demads from such facilities are almost uniformly a very small component of total demands.

Table4-17. Water Loss Statistics by System Size and Geology

Category Mean Median Median Nominal 2010 UAW
(no outliers) (PCWS Systems Lacking
UAW/NRW Estimates)
Large SysterBedrock Geology 23.27% | 20.80% 20.40% 20%
Large SysternGoastal Geology 11.60% 9.99% 9.99% 10%
Medium SysterBBedrock Geology | 19.46% | 17.00% 16.65% 17%
Medium SysterfSoastal Geology 13.27% 9.81% 9.97% 10%
Small SysterBedrock Geology 22.19% | 21.45% 22.30% 22%
Small SysterGoastal Geology 18.28% | 11.00% 11.00% 11%
Very Small Systems 10%

The water demand model uses the values in the last column where no other recent information is
available.
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Residential Demands

Based on the analyskscussed iRer Capita Residential Water Demands by HousewpGa
residential per capita rates were estimated for all PCWS systems. The following steps were used:

1. For each case study PCWS system, using the results from that specific system, multiply the
residential per capita rate for each land classifizatitepopulation associated with that
area, as estimated through the dasymetric analysis.

2. Forall othelPCWS systesnmultiply the relevaderivedresidential per capita rate for each
land classificatidi€oastal Plain, Piedmont, Highlands/Ridge & Valtelyhousing density
(High, Medium and Low) by the population associated with that area, as estimated through
the dasymetric analysis.

3. Compileallresulting residential demands for the PCWS service area.

4. Add seasonal demand increases related to toursysteans with a high proportion of
beach communities.

Seasonal Demand Increases Due to Tourism

Seasonal shifts in demand have two components. Firstupebnsergenerallyncrease their
demands during the summer months for outdoor water uses.ciidased summer demand by
regular customers is incorporated into the residentdptr demand calculations for all system

Second, coastal communities, and especially those with large areas (relative to total municipal land
area) on thatlantic Ocean or badiays, often experience major increases in demand due to

tourism, including both day users and those who rent houses, apartments and hotel/motel rooms
for multrday vacationsSeasonalisitors may greatly outhnumber yreand residets. Commercial

water demands will also increase for all businesses that catetsto touris

The demand model addresses this complication in two ways. First, for systems that provided
residential water demand data, the demands-obyedrusers were cpared to the demands of

all users, providing a measure of how much of the demand is attributable to seastmal users.
general, little difference was detecB=tond, where water allocation permit reports are available
for specific systems (i.e., whibeePCWS systemaly entirely otheir own supplies), the model
includes a comparison of the ratio of summer tesnommer total water withdrawals to the same
ratio based omodeleddemands for yeaound residents. The difference is attributed to s¢ason
users. This ratio is then used as a multipliexddeled annudemands to account for seasonal
demands related to tourism.

All PCWS systems that have major coastal residential areas and their own water supply sources (as
identified through the WatAllocation Permit database) were identified. Monthly system water
demands for the years 2015 and 2016 were compiled to determine the ratio between total system
demands in the tourism season (May through September, with May being added due to the
Memoral Day weekend and clear distinctions between April and May in the system data) and the
norttourism season. These ratios were compared to the ratio of SummeStoridwer demands

for yearround residents. Where first ratio isclearly greater tharetbecongthat increased

demand was added to the model for those system3 alily4-18 shows the results for the PCWS
systems with available water allocationipesults.
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Table4-18. Seasonal Demand Analysis for Coastal PCWS Systems

PWSID | WA County PCWS System Name | Primary | Pop. | Water | Model | Increased
# Pl # Beach | per Alloca | Ratio | Annual
System | mi2 -tion (Year | Demand
Report | round | Due to
Ratio | users) | Seasonal
Users (%)
119002 | 5206X| Atlantic New Jersey American N 2,123| 144.4%| 156.8% -12.4%
Water- Atlantic
505002 | 5240 | Cape May | Lower Township MUA N 824 | 158.8%| 150.3% 8.5%
516001 | 5124 | Cape May | Woodbine MUA N 308 | 152.3%| 161.6% -9.3%
1507005 5000X| Ocean Suez Toms River N 2,253| 135.0%| 149.7% -14.7%
1516001 5037 | Ocean Little Egg Harbor N 424 | 149.1%| 142.5% 6.6%
1518005 5043 | Ocean Manchester Township N 528 | 187.9%| 138.9% 49.0%
102001 | 5306 | Atlantic Atlantic CityMUA Y 3,681| 130.9%| 118.6% 12.3%
103001 | 5322 | Atlantic Brigantine Water Dept Y 1,479| 229.2%| 126.4% 102.8%
116001 | 5108 | Atlantic Margate City Water Dep Y 4,490| 270.7%| 120.6% 150.1%
122001 | 5118 | Atlantic Ventnor City Water & Y 5,457| 153.6%| 118.5% 35.1%
Sewer Dept
502001 | 5210 | Cape May | Cape May Water and Y 1,501| 226.4%| 127.5% 99.0%
Sewer
508001 | 5324X| Cape May | New Jersey American Y 1,848| 333.1%| 126.4% 206.7%
Water- Ocean City
509001 | 5133 | Cape May | Sea Isle City Water Dep Y 974| 342.3%| 118.8% 223.5%
510001 | 5182 | Cape May | Stone Harbor Water Dey Y 620| 452.8%| 119.5% 333.3%
514001 | 5057 | Cape May | Wildwood City Water Y 4,082| 225.8%| 124.7% 101.1%
Dept
1327001 5162 | Monmouth| Manasquan Borough Y 4,263| 168.9%| 144.9% 24.0%
Water Dept
1348001 5089 | Monmouth| Spring Lake Borough Y 2,251| 460.8%| 151.4% 309.4%
1501001 5205 | Ocean Barnegat Light Water Y 785| 319.8%| 150.0% 169.8%
Department
1503001 5174 | Ocean Beach Haven Water Y 1,196| 270.9%| 130.0% 140.9%
Department
1505003 5288 | Ocean Shore Water Company Y 515| 215.6%| 118.5% 97.1%
1515001 5136 | Ocean Lavallette Water Dept Y 2,319| 222.9%| 125.3% 97.6%
1517002 5112 | Ocean Long Beach Township Y 561 | 317.1%| 128.4% 188.6%
1520001 5259 | Ocean Ocean Township MUA Y 1,902| 193.1%| 157.2% 35.9%
Pebble Beach
1525001 5150 | Ocean Point Pleasant Beach Y 3,270| 196.4%| 146.6% 49.8%
Borough
1527001 5120 | Ocean Seaside Park Borough Y 2,429| 135.3%| 118.5% 16.7%
1528001 5163 | Ocean Ship Bottom Water Y 1,621| 224.3%| 137.2% 87.2%
Department
1531001 5164 | Ocean Surf City Water Dept Y 1,617| 301.3%| 150.0% 151.3%

The results angottedin Figure 4-7, to indicate the relationship between population density and the

increased demands due to tourigvihile not uniformly true, systems with the higresstound

populationdensities showed more limited effects of tourism demands, and coastal systems with
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limited beachfront showed lower effects than systems with a relatively large proportion of
beachfrat area.

Ratio of Summer to Non-Summer Demands for
Coastal and Near-Coastal PCWS Systems

6,000 400.0%

5,000
300.0%

2,000
200.0%
3,000

100.0%

2,000
1
0.0%
1,000 | | |
, II 1 I I 11 .

NNNNNNYYYYYYYYYYYYYYYYYYYYY

Population per Square Mile
Increased Demand for Seasonal Uses

Y = Beach Towns; N = Coastal Systems with Limited Beach Areas
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Figure 4-7. Water Demands Effects of Tourism for Coastal and N&2wastal PCWS Systems

Eight coastal PCWS systems of significant size were identified where a seasonal factor could not be
developed. Cape May Point Borolighke Como Water, attte Ortley Beach and Pelican Island
systems of New Jersey American Vdataot have their own watellocation permit. Avon by the
Sea and Belmar do have water allocation permitsetheir wells only during the summer season
as a supplement to an external solMesv Jersey American Wal€Coastal Nortluses a

combination of internal and extargearound sources. In several cases, the lack of service area
delineationalsoprevented calculation of demands using the pspaelifically for Seaside Heights
Table 4-19 lists these systems and the basis for not including them in the analysis. Inteach case,
seasonal demaimntreaséor the system was based on the results for syst€ahdein-18 above,

with the exception of New Jersey American \WWa&eastal North, which has a very large non

beach community service area in addition to the beach communities it serves, andgherefor wa
considered more like the New Jersey American tantic system, which did not show a

pattern of greatly increased seasonal demands.

Table4-19. Shore Systems Lacking Seasonal Demand Factors

PWSID | WA County PCWS System Name Primary | Analytical Problem/
# Pl # Shore | Alternative Used
System?
115001 | NA Atlantic Longport Water Dept Y No Water Allocation Permit

Margate used
501001 | NA Cape May | Avalon Water and Sewera Y No Water Allocation Permit

Utilities Sea Isle City used

503001 | NA Cape May | Cape May Point Borough Y No Water Allocation Permit
Water Department Manasquan used

511001 | NA Cape May | New Jersey American Wati Y No Water Allocation Permit
- Strathmere Ocean City used

1305001| 5132 | Monmouth | Avonby the Sea Water Y No winter withdrawals
Department Spring Lake Borough used

1306001] 5138 | Monmouth | Belmar Borough Y No winter withdrawals

Spring Lake Borough used
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PWSID | WA County PCWS System Name Primary | Analytical Problem/
# Pl # Shore Alternative Used
System?
1344001 NA Monmouth | Sea Girt Water Dept Y No winter withdrawals
Spring Lake Borough used

1345001 5062X | Monmouth | New Jersey American Wati N Mixed yearound water sources
- Coastal North No seasonal factor required

1347001 NA Monmouth | Lake Como Water Y No winter withdrawals
Department Spring Lake Borough used

1507007| NA Ocean New Jersepmerican Water Y No Water Allocation Permit
- Ortley Beach System Lavallette used

1507008 N/A Ocean New Jersey American Wat Y No Water Allocation Permit
- Pelican Island Lavallette used

1526001 5093 | Ocean Seaside Heights Borough Y No model demangrojection
Seaside Park used

Commercial and Industrial Demands

A model to estimate 2040 water demands requires a method for estimating how Commercial
demands will increase or decrease based on population dnaogagal demands are assumed to
remainstable.For both categoriesystenspecific information on the relative Residential,

Industrial and Commercial demands is not routinely collected by any agency or entity. Assumptions
are therefore required for the model.

Thefirst general assumptiortigt population is linked to Commercial demands in at least two
ways Commercial development in the form of offices andnuustrial production provides jobs
that support populations, and increased populations stgipbrtommercial employment.

Manyfactors complicate the analysis.

1 First, a close correlation betw&esidential and Commercial demands is more likely in
larger water supply service areas, where there is a reduced potential for Commercial
development outside the service area to beatsmthrce of jobs and provider of services to
residents within the service area. However, in areas where there are many contiguous
mediumsized systems, it is reasonable to expect that the externalities will work in both
directionsreducingbut not avoidingrror.

Commercial Lands as % of PCWS System Service Area
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Figure 4-8. Percentage of PCWS Service Area in Commercial Land Uses
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1 Second, many water supply service areas have no or very little Commerciaivdind area
156 systems having noria Figure 4-8, abovenearly200PCWS systems have less than 2
percenbf their service areaégommercial landandroughly440(75% of all systemisave
lesshan 1(percent. Where Commercial lands are minimal, PCWS system population
changeavouldaffectCommercial demand outside the service area. The model cannot
capture this effect. However, most PCWS systems with minimal or no Commercial land
area are snand will experience minimal populatbange Therefore, this factor is
unlikely to cause major concerns regarding Commercial deByaodsiparison, 539 of
the 585 PCWS systems have less than 10% Industrial area, and over 300 have none.

1 Third, somer@as are regional centers of government, jobs, retail commeusiy;etc.
These areas can have much larger Comnaeitimdustrialvater demands relative to
residential demand. The question is whether relative demands differ significamtly betwee
urban core areas, typical suburban areas, and PCWS systems that serve a mix of the two. Of
the systems that provided detailed customer data, Newark is a good example of an urban
core configuration (with the high€stmmercial andhtustrial demand antket lowest
residential demands of the group), Mount Laurel and Ridgewood are good examples of
suburban areas (with negligiblgustrial demand and relatively litle Commercial land, and
very low Commercial demand in Ridgewood), aneHamexrth (aka the Haensack
System) and NJ AmerieRaritan System as good examples>ad areas (with significant
Industriabnd Commerciglemands but much less than Newark).

1 Fourth, the current location of jobs by municipality and census tract is not clear. Rutgers did
not have the opportunity in this project to evaluate whether it would be feasible to estimate
job locations (and therefore water demand) by geographic area, for example using the tax
assessor data (e.g., building floor area) and commercial developrasimighype NJDEP
Land Use/Land Cover dat&ihe water intensity of commercial, institutional and public
facility development can vary wida$/can industryThe model cannot account for these
differences.

1 Fifth, water purveyors may not all classifgiveaistomers in the same manner. Rutgers did
not evaluate whether the purveyor classification of commercial and industrial customers
matched the NJDEP Land Use/Land Cover for those uses. We did identify situations
wherea relatively small percentageesifdential customers were locatesteasnapped as
commercial and industrial within the LULC mapping.

1 Sixth, the nature, jahtensity and trends for commercial development into the future all
appear to be changing, making employment forecastsficry slidtewide, much less on a
PCWS basis. Warehoisa s ed oorder ful fill mentod center
of jobs, while 0br i ck sorvacamn namy placasr By 2840,0r e s
robotics, such as autonomic delivery aflpases to homes, is expected to make major
incursions into the job marketplace, further affeetiqoyment and job locations
(Economist, 2017)For this reason, any estimates of commercial demands over decades of
time is essentially a gudssiustrialactivity in New Jersey has long been toward a loss of
waterintensive and jelmtensive industry; what the future will bring is highly uncertain.

For these reasons, the best assumption for planning purposes is a continuation of existing
relationships, wti should be periodically tested over time to determine how they may have

changed. The question, then, is how to extrapolate from the systems with available data to those for
which data are not available.
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Approach for Commercial Demands

1. For PCWS systemasth minimal or no commercial land areas, the Commercial water
demand will be assumed as zero.

2. For systems with significant commercial land areas, the relationship of Commercial water
demands to other factors is less clear than even for Industrial d@vosadhat for each
evaluation below, Ridgewood is a clear outlier.) As can beFigpen #9(a) showing
Commercial demands relative to Commercial land arggstdmas tend to be bunched
rather than showing any linear relationship, indicating that area alone is not determinative.
Likewise, irFigure 4-9(b) the relationshipetween Residential and Commercial demands is
also bunched, but in this case there is a clear tradeoff between the two that makes sense
given that most systems have little industrial demand and therefore an increase in one
percentage causes a decredbe wther. As discussed on the first page, nearly 200 PCWS
systems have less than 2 percent commercial lands (considered as minimal or no Commercial
demand in the model). Finally, as showigine 4-9(c), Commercial demangsrhaps
have a relationship with the percentage of residential land (indicated-dsaavhasrdnge
line), though mosesultsare clustered and there are three outliers to the upper right (NJ
AmericarDelaware and Passaic Systems) and lower area (Newark).
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Residential Land as % of
Total PCWS Service Area
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Figure 4-9. Generalized Relationship of Commercial Demands (@) Commercial Land Area, (b)
Residential Demands, (&esidential Land

Based on the available informationntibeelingapproach to Commercial demands is to apportion
system water demand between Residential and Commercial demands at a ratio of 2.5:1 (the median
for the case study systems), in systems wharaeCaal land area is more than 6 percent of the

service area, and a ratio of 5:1 for less than 6 percent. This ratio would apply to the portion of water
demand not assigned to Industrial demands and water losses.

Approach for Industrial Demands
1. Most PCWSystems have very little or no industrial land areas, and for those systems the

% Industrial Land in PCWS Service Area

industrial demand will be assumed as zero.

Thecase PCWS§ystems with more than negligible Industrial water demands have a
relationship with industrial land area as shofigure 4-10. While there are few points for

a statistical analysis, a correlation analysis generates a value of 0.907. A general relationship
is hanedrawn to suggearoughrelationship between demands and land area as a
percentage for the PCWS systems, from 1% d
20% demand in 10% land area, indicating a 2.375% increase in industrial demand for every
1% increase in industriand area, as shown in the following table. This relationship is use

in the mode&s an approximation for systems that lack Industrial demand data and yet have
greater than 2% Industrial land aasashown imable 4-20.

Industrial Demands v Industrial Land Area
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Figure 4-10. Generalized Relationship of Industrial Demands and Land Area
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Table4-20. ModelAssumptions for Industrial Water Demands

Industrial Demand Extrapolations
Demand Land Demand | Land

Area Area
1.0% 2.0% 12.9% 7.0%
3.4% 3.0% 15.3% 8.0%
5.8% 4.0% 17.6% 9.0%
8.1% 5.0% 20.0% 10.0%
10.5% 6.0%

Comparison of Model Estimates to Reported System Demands

The totalof water losses, residential demands, commercial demands and industrial demands for
each PCWS systame then compared to the actual system water demands provided by NJDEP in
theWater Supply Deficit/Surpldsalysis This compason allows foidentiication ofsystems

where local conditions are significantly different from modeled rBsidience®f roughly +/-

20 percenare to be expectgiven the assumptions and the use of datasets that were not developed
for this purpse. Howevein some cas#ise differenceare quite largelable 4-21 provides a

review of the resulting demands and differences for the systems comprising 80 percent of total
PCWS system demandsnounts highlighted in the last column indicate a large difference.

Table4-21. Comparison of Model and Reported PCWS System Demands (Largest Systems)

Baseline | Baseline | Baseline
Model D/S D/S
PWSID Demand | Demand | Demand
# | County Name (MGD) (MGD) (%)

102001 | Atlantic Atlantic City MUA 4.379 -7.193 -62.2%
119002 | Atlantic New Jersepmerican Atlantic 11.229 -1.407 -11.1%
217001 | Bergen Fair Lawn Water Department 3.504 -0.282 -7.4%
238001 | Bergen (S‘;VE\’/ZS'I\'S‘(’)VZ‘]Z%SSV*E‘W"”“ &FranklinLakes | 405 756 12550 -10.5%
251001 | Bergen Ridgewood Water Department 9.151 1.005 12.3%
313001 | Burlington | Evesham Township 3.835 -0.212 -5.2%
323001 | Burlington | New Jersey Americaiviount Holly 3.237 -0.842 -20.6%
324001 | Burlington | Mount Laurel Township 4.465 -0.092 -2.0%
327001 | Burlington | New Jersey AmericalVestern Division 28.581 -2.290 -7.4%
408001 | Camden Camden City Water Department 10.033 -0.973 -8.8%
415002 | Camden Aqua New JerseBlackwood System 4.145 0.036 0.9%
424001 | Camden Merchantville Pennsauken Water Commissi 5.248 -0.714 -12.0%
514001 | Cape May | WildwoodCity Water Department 2.300 -2.017 -46.7%
614003 | Cumberlang Vineland City Water and Sewer Utility 5.713 -2.655 -31.7%
701001 | Essex Belleville Township Water Department 3.546 -0.259 -6.8%
702001 | Essex Bloomfield Water Department 8.353 0.921 12.4%
705001 | Essex East Orange Water Commission 9.442 2.075 28.2%
706001 | Essex Essex Fells Borough 0.308 -3.736 -92.4%
710001 | Essex Livingston Township Water Division 3.459 -0.604 -14.9%
712001 | Essex New Jersey AmericaRassaic Basin 37.047 -4.689 -11.2%
713001 | Essex Montclair Water Department 4.003 -1.510 -27.4%
714001 | Essex Newark Water Department 74.295 -10.458 -12.3%
818004 | Gloucester | Washington Township 4.334 -0.362 -7.7%
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Baseline | Baseline | Baseline
Model D/S D/S
PWSID Demand | Demand | Demand
# | County Name (MGD) (MGD) (%)

901001 | Hudson Bayonne City Water Department 11.568 2.637 29.5%
905001 | Hudson Hoboken Water Services 4.905 0.249 5.4%
906001 | Hudson Jersey City MUA 38.668 -8.751 -18.5%
907001 | Hudson Kearny Town Water Department 7.109 -3.201 -31.1%
1103001 Mercer Aqua New JerseyHamilton Square 3.037 -1.001 -24.8%
1111001 Mercer Trenton WateWorks 20.795 -5.978 -22.3%
1204001 Middlesex | East Brunswick Water Utility 4.994 -2.236 -30.9%
1205001 Middlesex | New Jersey Americaidison 8.476 2.590 44.0%
1209002 Middlesex | Old Bridge Township MUA 4.755 -4.341 -47.7%
1213002 Middlesex | MonroeTownship Utility Department 3.131 -1.746 -35.8%
1214001 Middlesex | New Brunswick Water Department 15.930 -0.682 -4.1%
1215001 Middlesex | North Brunswick Water Department 6.504 1.083 20.0%
1216001 Middlesex | Perth Amboy Department of Municipal Utiliti 8.541 2.546 42.5%
1219001 Middlesex | Sayreville Borough Water Department 3.658 -2.715 -42.6%
1221004 Middlesex | South Brunswick Township Water Company 4.501 -1.550 -25.6%
1225001 Middlesex | Middlesex Water Company 28.191 -23.954 -45.9%
1316001f Monmouth | Freehold Township Water Department 1.680 -2.559 -60.4%
1326001 Monmouth | Gordons Corner Water Company 4.198 -0.898 -17.6%
1328002 Monmouth | Marlboro Township MUA 2.958 -2.119 -41.7%
1339001 Monmouth | Shorelands Water Company 3.397 -1.683 -33.1%
1345001 Monmouth | New Jersey Americaoastal North 40.711 -6.858 -14.4%
1424001 Morris Southeast Morris County MUA 7.359 -2.196 -23.0%
1429001 Morris Parsippany Troy Hills 5.935 -0.600 -9.2%
1506001 Ocean Brick Township MUA 7.259 -2.493 -25.6%
1507005 Ocean Suez Toms River 10.681 -1.523 -12.5%
1514002 Ocean Lakewood Township MUA 2.936 -0.980 -25.0%
1605002 Passaic Passaic Valley Water Commission 53.749 -48.166 -47.3%
1614001 Passaic Wayne Township Division of Water 6.133 -1.664 -21.3%
1808001 Somerset | Franklin Township Department Public Work: 5.617 -1.011 -15.3%
2004001} Union Liberty Water Company 16.212 2.852 21.3%
2004002 Union New Jersey AmericaRaritan System 107.302 -30.612 -22.2%
2013001} Union Suez Rahway 5.374 0.059 1.1%

Possible issues farffew ofthe systems with larger differences are suggesteGéeeec

uncertainties associated with the model are addressed in the following section.

1 10200RAtlantic City MUA: The Commercial demands are estimated based on other
sysems, but Atlantic City is unique in the high demands associated with lcasinos.
addition, the 2016 Annual Report from ACMUA indicates that NJ AmericarAWaie

System had beemalk purchaseustomenf at least 1.5MGD through November 16, 2016

ACMUA reports 10.843 MGD averageernaldemand in 2016, of which 8.8486D is
billable, or 81.16%

1 70600Essex Fells Borough The NJDEP Depletive/Surplus Capacity analysis for this
system notes a lack of sufficient informatiomageessment of tieapacity, which makes it

difficult to compare modeled results to actual demands.
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1 90100Bayonne City Water DepartmentThe modeled results here are unusual in that
they overestimate demands, which may be associated with the very large estimated Industrial
demand (4.694 MGD of a total demand of 11.568 MGD).

f 1111001 Trenton Water Work3¥he water loss rate for Trenton is from 2008, among the
oldest used in the analysis. However, even a doubling of the 14% water loss would be
insufficient to match the D/@emands from NJDEP. An underestimation of Commercial
and Industrial uses is possible, as Trenton Water Works serves both the city and surrounding
municipalities.

1 2004002 New Jersey AmericarRaritan System NJDEP lists the highest annual
demand as 1313 MGD, but New Jersey American indicates that this system has roughly
102 MGDin metered sales and a@venue watewith the remainder to Passaic system,
bulk sales The model resultdosely matcthe 102 MGD value

Sources of Uncertainty for Baseline Water Demand

As discussed in the prior sections, there are many sources of uncertainty in the identification of
appropriate values for application to systems for which data are not available. These uncertainties
are summarized here by demandjoate

1 Residential Demands Residential demands are based on population as derived through
the dasymetric analysis, padcapita demand information derived from the case PCWS
systems. As discusse®aurces dPopulation Uncertaintshe dasymetric analysis relies
heavily on the NJDEP 2012 Land Use Land Cover dataset, which characterizes residential
development in broad classes with ranges of housing densities. The dasymetric analysis
therefore has inherent @ntainties, and these uncertainties are transmitted through to the
per capita residential demaredpecially for the smaller systems, because population is the
denominator in calculating per capita demanisseer capitalemandraluesare then
used asurrogate demand estimates for PCWS systems that were not case studies,
introducing another uncertainty in that the target systems inevitably will be different from
the case study systertrsaddition, per capita demand values could not be developed for
some categories of development, and so values from other categories were used in their
place. Despite these limitatidhsresults aréar more appropriatend relevarthan using
a single, statewide per capita value for residential dethestdgvig information on the
differences between high, medium and low density residential per capita uses, and between
summer and nesummer uses, is a valuable step forward.

1 Commercial andindustrial Demands As discusseid Commercial and Industrial
Demandsthere are many inherent uncertainties regarding commercial and industrial
demands. In total, these uncertainties are likely to be a major factor in discrepancies
between modand actual demandsxcept where demands were provided by case PCWS
systems, the commercial and industrial demands were based on the proportion of these land
uses within a service area, but the water intensity afub&seersan vary widely. This
vaiiation is perhaps most significant for industrial demands, as some industries are very
water intensive while others are not. HoweaerPCWS systems have significant
concentrations of industrial landsantinercial demands can vary widely also, such as
between a onstory retail store and a higge office building. Both may have the same
land area but the demands will differatly Unfortunately, there seems to be no pattern in
the difference between modeled and actual (per the NYBteP Suppl eficit/Surplus
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% Commercial Land

in PCWS Service Area

Capacity Analysis) water demands, on one hand, and the percent commercial land area, on
the other.Figure 4-11 is a simple scattergram showimgjreldonship. The model

overestimates and underestimates demands roughly equally across all ranges of commercial
land density, with perhaps more of a tendency to underestimate. However, this pattern does
not provide the basis for a modified equation thatveaurect for the differences.

Commercial Land % v Water Demand Difference
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Figure 4-11. Comparison of Demand Differences to Commercial Land Areas

1 Water Losses Water loss information was available f8io2the 58 PCWS systems

(39%), many of whidre large or medium systems. However, water loss information is
missing fomostsystems including several major and many minor systems, and the estimates
provided are from two different protocols. For thpétenbf systems without water loss
estimateggegionamedian results from the available information were used. There is no way
to know the extent to which these applied values are appropriate for each system, and
therefore water losses can be a major souece®oin the modelln addition, water loss

rates change from year to year, depending on the improvement or decline of delivery
infrastructure and the level and pattern of demands. The model uses a single water loss rate
for each system, which introduadditional uncertainty into the water loss estimates.

Comparison to Reported Current DemandsAnother source of uncertainty in the model

i's the current syst e nSughbDefaiiSlrplussAeatysisdataNJ DE P 6
base provides the highest annual, monthly and daily demands for each PCWS system in the
previous five calendar years. This report uses the annual demands as an appropriate
comparison to annual demands calculated in the. nhtml@ever, peak years can have a

variety of causes, from a major but temporary water loss problem to a dry year without
drought restrictions, and may or may not represent the most appropriate base year for
demand evaluations. Other options include &yealt average suchtas NJ Water

Tracking database, which was also as#tk highest nedrought year. However, various
systems have different attributes, and so the selection of a reasonable base year may be
different for each system. The W&igply Deficit/Surplus Analysis results were selected
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for simplicity of analysesd completeness of the database, with the NJWaTr database as an
auxiliary point of comparison

Uncertainties of this type can be overcome by more complete informationebungpitis

completeness has a significant expense. As for all modeling, some level of uncertainty is accepted as
a necessary aspect of the process. For water resources planning, the water demand projections serve
as a means of identifying potential corsceegarding whether future demands can be met by

existing or anticipated supplies without unacceptable environmental, social and economic risks.
Where concerns are raised, more detailed information can be developed to address the specific issue.
This goproach is far more cestfective than trying to achieve a high degree of accuracy in the

statewide model.
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This chapter provides the methodology and results regarding water demand projections to the year
2040. Uncertainty is imkat in projections, especially over extended periods as for this project.
Therefore, scenarios are used for water demand trends, and are linked with the population trend
scenarios discussed previouslis recognized that each utility service arklaawvé unique issues,

some of which can be assessed within a study of this sormieaf which cannot, either because

the issues are not yet manifest or because insufficient information is available to determine the net
effects of these issues. Thellte®f this study are useful for ldegm planning purposes but

should not be used as the sole basis foitéomgcapital projects to supply additional water, where

such needs are indicated. Rather, any cagjtatbrojects shoulde based oa moredetailed

analysis to amplify on the results of this sfuliierature survey was developed in support of this
project to indicate demand trends (past and projected) and demand projection methods and models.

Water Demand Trends

According to NJ®&/S studied\ e w J dotalsaenyadiverageotablewvater demands have stayed
essentially flat since 1990 while the population has increased by 15 percent. However, consumptive
water uses per capita appear to have increased(thighgl apparently not stronghyough to be
statistically significanipdicating a shift in relative demand from indoor to outdoor uses. The

guestion is how to plan for future residential water demands. The target year o¥@@20 is

years from now, which is approximad@kyhuman generation and multiple generations regarding

some types of plumbing fixtures amastappliances.

During this period, many homes and commercial buildings will be extensively modified, and
industrial water demands may go through fundamental chAfat¢gsdemand rates are expected

to shift significantly. Modeling approaches for future water demgnagiety, ranging from

singleutility models for relatively short timeframes (e.g., 5 to 10 years)-$ystasttimodels for

longrange planning. Some rely on very simple equations while others use more complex techniques
such as artificial neural netlwanalysis or multiple regression. This project recognizes that all long
range models have considerable uncertainty and therefore thad@enarith approach to

planning provides more useful information, as suggested by Dziegielewski and Che¥&)hury (2

The implementation of water conservation and efficiency measuresaonsidagech this study.

In general, conservation is a result of user behaviors, while efficiency is a result of new technology.
Nationaland internationatends and examplies water demands are useful in helping to examine
recent New Jersey trends and possible scenaftomation is provided below regarding the

|l iterature survey, New Jerseyds current water
trendsandissues regarding watessesThe following section then provides the scenarios used for
demand trends in this studihe final section provides results for the largest 37 systems which

meet 80 percent of all PCWS customer demands.

Literature Survey for Residential Demands

The literature is replete with examples of water utilities that have experienced declining per capita
demands. Some utilities have achieved a reduction in total demands despite major population
increasefGoodyear, 2014; Johnson Foundation at Wingspread, 2012), and nationally the per capita
use declined roughly 20% from 1980 to 2000 (Gleick, 2003; Hughes et aDt2éd djilities

with a more stable or even declining customer base are seeingtiwig@duemand8lack &

Veatch, 208 CDM, 2010; Coomes, et al., 2009)
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Discussion in the literature for this country suggests a minimum water demand rate of roughly 35
gpcd for indoor uses, reflecting the full use of currenteftéent technologand water

conservation behaviorghe British Code for new homes targets 33 gpcd (125 liters per capita per
day) with even | ess for various types of Osus
(UKDCLG, 2009). Vickers et al . ( &allaBdwaterugge s
efficiency benchmark for many given current plumbing, appliance, and landscape water conservation
standards and practices. 0 -effitiencyescenanaathatincldess v al
outdoor water demandsyt justindoor cemands. They further suggest that most conservation will

be possible in households with the highest per capita demands, which makes implicit sense.

Outdoor water uses for low and medium density development may increase as summer average and
peak tempetares increase through global warming (Arbues et al 2002; Corbella and Pujol 2009), to
address increased soil moisture deficits caused by the rising temperatures (Dawadi and Ahmad 2013;
Dziegielewski and Chowdhury 2012). These increased needs may petaobaié@nprovements

in lawnirrigation practices. Therefore, where the current r&immoher toNon-Summer use is

lower than thetatewidenedian for low and medium density developrBeminer usenay

increase toward the median ralibe projecte@ummer usgfor high density developmere less

likely to change frocurrent levels, as they have limited outdoor uses (Rockaway et al. 2011) and
minimal differences betwe®ammerandNon-Summerdemands.

Increased water use efficiencyrantinewate conservation behavior for both indoor and outdoor
demandss likely that is, reductions in demand through improved plumbing fixtures, appliances and
lawn irrigation systems along with-tdagay water conservation behavior that limit wasteful water
use.Drought conservation behaviors moeincluded in the assumptiond/e carassume an

ongoing replacement of old plumbing fixtures, appliances and irrigation systems with new units that
meet or improve upon current federal and state requirements, W8atarfeleEnergy Star

standards, etc. These trends are ongoing, as noted for Rockland County (Black & Veatch 2016),
where demands have declined from 70 gpcd in 2000 to roughly 57 gpcd in 2014; market penetration
of efficient plumbing fixtures and applian@eged considerably, from roughly 75 percehbvier

flow faucets to roughly 25 percent for kedficiency clothes washers.

Recent trends will drive the most probable scenario toward the conservation scenario. Water rates
(and sewer rates) have beereasing faster than the Consumer Price Index for many years

(Beecher and Chestnutt 2012). Demands are relatively inelastic relative to price, but there still is
some elasticity (Alliance for Water Efficiency 2014; Arbues et al 2002). Water ptjce elastici

suggests a lostgrm impact of roughh.4 (i.e., a 4 percent reduction in response to a 10 percent

price increase), though lower elasticities exist famndome households, as they already tend to

have low water demands (and will be concentratgghidensity portions of water service areas),

and very high incomes may show little or no response because water costs are such a small part of
their household budget (Corbella and Pujol 2009; Dawadi and Ahmad 2013; Grafton et al. 2011;
Polebitski and Rakr, 2010; Seattle Public Utilities 2013; Whitcomb 2005). Since the Great
Recession, new housing in alreBeloped areas has significantly exceeded development in
suburban and exurban o0green fieldd least®®mti ons.
percent buitbut accounted for a full twthirds of statewide population growth (66.4 percent) from
2008 to 2015, after having accounted for only
Water use technology has been and is liketytimue improving, though perhaps not at the same

rate of improvement as in the past decades (Rockaway et al. 2011). Finally, existing housing is aging
and so retrofit projects will continue to result in the use of new technology.
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New Jersey Water Conservation Requirements
New Jersey implements the federal Energy Policy Act requirements for indoor water fixtures:

1 Toilets: 1.6 gallons per flush (gpf)

9 Urinals: 1.0 gpf

1 Showerheads: 2.5 gallons per minute (gpmpatB@s per square inch of water
pressug psi; 2.2 gpm at 60 psi

1 Faucets: 2.5 gpm at 80 psi; 2.2 gpm at 60 psi

In addition, New Jersey latN.J.S.A.52:27D123.13equirs thatnewautomatidawnsprinkler
systemsshall be equipped with an automatic rain sensor device or switchdkeatndé the
irrigation cycle of the automatic lawn sprinkler system when adequate rainfall has éccurred

The Water Supply Allocation RuleN.dtA.C7:196.4includes ¢hresholdbo f 15% oOunaccour
f or VURAWRVhich is defined simply as waket is withdrawn from a water supply source

and not measured as being delivered to a customer. This definition lacks the precision of real and
apparent water losses as discussed MothRevenue Water and Wdtesses sectiaof this

report. Under this rule, those purveyors serving a population of more than 500 persons that have
the highest | evels of UAW are considered opro
to eliminate leaks and other UAVithvan annual reviewlhis approach may be changed in

response to the Water Quality Accountability Act of 2017.

The Water Supply Allocation RuleN.dtA.C.7:196.5require thaall PCWS systems subanit

Water Conservation and Drought Managementntaeach water allocation permit renewal or
major modificationmostly aimed at water conservation during dry and drought periods, but also
including leak reduction programs and water rate structures that provide incentives for water
conservationThereare no specific standards against which these plans are n&asuréduat

permit renewals are now every 10 yeard/dter Conservation and Drought Managemend Plan
can easily be outdated by the time of renewal, if no major modification is soegieinnth

New Jersey Water Demand Trends
AccordingtoNJ®&S st udi es, New Jersey0s average water
1990(seerigure 5-1) while the population has increased by 15 percent. However, consumptive
water uses haapparentlyncrease(seeFigure 5-2), indicating @ossibleshift in relativelemand
from indoor to outdoor uses.
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Figure 5-1. New Jersey Water Demandsy Use Sector1990 to 2@, Excluding Power Generation
(from New Jersey Water Supply Plan 202022, Figure 2.3)
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Figure 5-2. New Jersey Consumptive Watieossesl 990 to 201Dy Use Sector, 1990 to 2015,
Excluding Power Generation
(from New Jersey Water Supply Plan 202022, Figure 2.6)

The question is how to plan for future residential water demands. The target yearaMe2020 is
years from now, which is an entire human generation, less than a generation regarding housing
stock, but multiple generations regarding some types bfrguitures and all appliances.
Therefore, water demand rates are expected to shift significantly.

Another factor is the rate of water losses. As se@uia 5-3, bel ow, New Jerseyao:
grew most quickly during the periods from:

1 189019300 a time of mostly urban and inmigrg suburban growth when cast iron pipes
were commonly used for water supply mains; and
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1 195019700 a time when nearly the urtaeas that grew extensively in prior periods lost
roughly 700,000 residents to the outer suburbar(seegdgure 5-4 for an example of
Newark) for a total suburban and exurban growth of roughly 3 million.

New Jersey Population 1790 to 2010
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Figure 5-3. New Jersey Population and Major GrowtPeriods
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Figure 5-4. Newark Population and Major Growth and Loss Periods
(orange for prewar growth and red for postvar decline)

These population surges mark times when significant new water infrastructure was created. The
water mains from both the early 1900s era of urban growth and tharmgiurbanization period

are at or beyond their anticipated average lifespan, basthate®from the American Water

Works Association (AWWA 2012), as shoviigure 5-5. Figure 5-6 provides an indication of

housing unit age, where all areas in red (69% of all New Jersey housing, according to the American
Community Surveyave an average house construction daefaé 1990.
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Table 5-1 provide the median restuiibs residentialemand#n the case stydPCWS systerghich
haveconsiderable variation around the medi@he.section oResidential Annual Average, Non
growing Season and Growing Se&smandgrovides detailed resultSiven the large

differences between utility service area sizes, use of the weighted average demands is more
appropriate for use in modeling work

Table5-1. Residential Water Demands for Case PCWS Systems

Metric Density Median Weighted
(gpcd) Average
(gpcd)
Average Annual Per Capit{ high 41.67 49.89
Per Day medium 53.51 60.79
low 75.31 87.10
Total Summer Use Per high 45.32 52.96
Capita Per Day medium 67.26 78.23
low 88.14 128.51
Average NorSummer Use | high 39.10 46.23
Per Capita Per Day medium 49.62 52.09
low 58.42 62.93
Ratio of Summer Use to | high 1.10 1.15
Non-Summer Use (Per medium 1.31 1.50
Capita Per Day) low 1.32 2.04

Water Demand Trend Scenarios

Water demands will be affected by trends in several components of demand and delivered water.
Residential demands are likely to change, and will change in different ways depending on current
demands, housing type, landscaping trends, location wittétethansl so on. Commercial

demands shifted greatly over the last few decadesfistttomplex development ghd growth

of bigbox stores, and now will be changing againredédvelopment of office campuses and a shift

to online retail sales. Inthied demands have also changed with a reduction in manufacturing sites
and a reduction in watettensive industries. Finally, water losses are an increasing focus of
regulation and practice, and will be affected by the 2017 passage of the WakarcQuiatpility

Act that requires asset management programs for water purveyors. This section addresses the
demand scenarios for these components.

Residential Demand Scenarios

Thisreport uses ®vo-scenario approach. The first scenario involves no change inpaurrent
capitaannualSummerandNon-Summerdemands. Where population increases, water demands

would be projected to increase proportionally, and vice versa. Therefore, the seevatgo use
demand rates appropriate to each areads devel
topography and precipitation quintile.

Thesecondcenario assumes increased water use efficienoytaesdvater conservation behavior

for both indoorand outdoor demands; that is, reductions in demand through improved plumbing
fixtures, appliances and lawn irrigation systems along wiakddgywater conservation behavior

that limits wasteful water use. Drought conservation behavioosiacudel in the assumptions.

This scenario will assume an ongoing replacement of old plumbing fixtures, appliances and irrigation
systems with new units that meet or improve upon current federal and state requirements,
WaterSense and Energy Star standards, etc.
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This scenario assumes that indoor per capita demands will trend towargdbeloeB35 gpcd.
The more that current demand rates exceed 50 gpcd, the more demands will be assumed to decline

by 2040. Areasith existing rates near the minimum rateb&ibssumed to decline minimally. No

change will be projected where existing rates are already below the 35 gpsdmatery, the

two scenarios are as follows:

1. StaticPer Capit®emands

Annual, Summer and Nd@ummeper capita demandseassumed to not change.
Baseline demand rates are as calculated (for systems that provided data for the case studies)
or extrapolated (for all other systems). Multiply population change (positive and negative)

by baseline demand rates and add or sulptnacexisting demands.

2. Conservation Scenario

Assume that 2040 per capita indoad outdooresidential water demands reflect

reductions in demands due to waftéciency technology and standard water conservation
behaviors Annual, Summer and N&Gumner demandall willbe calculated as declining to

the weighted average§able 5-2, where current levels are higher.

Table5-2. Weighted Average Residential Demands and Seasonal Ratios

Metric Residential Weighted Metric Residential Weighted
Density | Average {pcd) Density | Average {pcd)
Average Annual P¢g high 49.89 Average NorBummer high 46.23
Capita Per Day medium 60.79 Use Per Capita Perl  medium 52.09
low 87.10 Day low 62.93
Total Summer Use| high 52.96 Ratio of Summer Us; high 1.15
Per Capita Per Day medium 78.23 to Non-Summer Use| medium 1.50
low 128.51 (Per Capita Per Day™ " |ow 2.04

Where curremdemandsre lower than the current weighted averageyithbg reducety

5 percenbver the projection peripdut nd below35 gpcd, while per capita demands at or

below 35 gpcd will be assumed to remain stablegalliesisedn this £enaricare key
C numbero
certainty the technology of water use efficiency or its penetration into the market, especially

assumptions

gi ven

t he

of home appliances.
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These rules will be applied directly to the calculated residential demands for the case PCWS systems.
For all other systems, tesults for théwo scenarios are providedrible 5-3.

Table5-3. 2040 Residential Demand Scenarios

2010 and 2040 Static

20400 Conservation

Residential Density CP PM HL CP PM HL

High Density (HD) Annual 4792 | 58.46 | 42.04| 45.52| 49.89 | 39.94
Medium Density (MD) Annual 59.04 | 61.2 | 53.52| 56.09 | 60.79 | 50.84
Low Density (LD) Annual 93.27 | 73.95| 61.09| 87.10| 70.25| 58.04
High Density (HD) Summer 53.49 | 62.61 | 42.47| 52.96 | 52.96 | 40.35
MediumDensity (MD) Summer 75.88 | 76.62 | 59.42| 72.09 | 72.79 | 56.45

Low Density (LD) Summer

141.05| 108.92

81.75| 128.51| 103.47| 77.66

High Density (HD) NorSummer

45.13

56.27

41.82| 42.87 | 46.23 | 39.73

Medium Density (MD) Nosummer| 50.59

53.17

50.62| 48.06 | 52.09 | 48.09

Low Density (LD) NofSummer

69.36

56.61

50.84| 62.93 | 53.78 | 48.30

* CP=Coastal Plain; PM=Piedmont; Hiighlands/Ridge & Valley
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Commercial and Industrial Demands

As with Residential demands, two scenarios are used in the model for 2040 Commercial demands.
Commercial demands are assumed to track residential demands over time, as business development
is dependent upon a population base that provides both workers and cofiherefse, the

2040 No Conservation scenarios will ch@oganercial demands fratreir 2010 estimates in

proportion with populationhangeseither higher or lower. However, conservation measures will

also affect commercial demands. The 2040 Conservation scenarios will assume a ten percent
reduction irCommerciatlemands due to comgation.

Industrial demands are assumed to be flat through the entire period. It is more likely that industrial
demands will decrease over time due to continued water conservation, process changes and the loss
of manufacturing capacity in the state. Meweéhere is no method available to project such

demand changes either statewide or by PCWS syktefllowing 2PCWS systems haweer

640 acres (one square milehdbistrialand usd€Table 5-4), where significant demand changes

would likely have a much larger impact on total dem#nele are 60 systems with over 200 acres

of industrial land.

Table5-4: PCWS Systems with Major Industrial Land Uses

PWSID Industrial Percent
# County PCWS SystenName Land (ac) Industrial
2004002| Union New Jersey American Water Compd®gritan System 7325.4 3.8%
238001 | Bergen Suez New Jerseldaworth & Franklin Lakes (PWSID 02200  4033.7 4.4%
1302001 Monmouth | Allentown Water Department 3674.1 10.2%
714001 | Essex Newark Water Department 2061.8 10.0%
327001 | Burlington | New Jersey American Water CompddglawareDivision 1749.7 3.2%
1221004| Middlesex | South Brunswick Township Water Company 1668.0 6.6%
1605002 | Passaic Passaic Valley Water Commission 1565.1 10.3%
820001 | Gloucester | West Deptford Township Water Department 1133.1 9.8%
1111001| Mercer Trenton Water Works 1132.3 3.3%
1345001| Monmouth | New Jersey American Water Comp&wyastal North 999.5 1.1%
424001 | Camden Merchantville Pennsauken Water Commission 961.1 9.7%
1205001| Middlesex | New Jersey American Water Compdtgison 957.0 24.2%
906001 | Hudson Jersey City MUA 947.5 9.7%
614003 | Cumberlang Vineland City Water and Sewer Utility 914.5 4.1%
901001 | Hudson Bayonne City Water Department 881.5 23.7%
1808001| Somerset | Franklin Township Department Public Works 743.7 2.5%
1216001| Middlesex | Perth Amboy Department of Municipal Ugkt 729.5 23.9%
809002 | Gloucester | New Jersey American Water Compamgan System 689.1 18.6%
707001 | Essex Fairfield Township Water Department 683.7 16.9%
2004001| Union Liberty Water Company 668.9 12.8%
907001 | Hudson Kearny Town Water Department 653.1 13.3%

Water Loss Projections

Too many variables existathoritativelyroject water loss rates decades into the future. Instead,
the 2040 demands model will use two scenarios. One is that all systems achievintieeian

values shown iRigure 5-7, as listed iffable 5-5 below The other is that systems achieve water

loss rates roughly equivalent to the better systems, based on recent reporting. The two box and
whisker plot sets reflect the current waterates for all reporting systems, as previously shown in
the sectiomn Non-Revenue Water and Water Losses
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Bedrock PCWS Water Losses Coastal Plain PCWS Water Losses
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Figure 5-7. Water Losses for PCWS Systems (Box and Whisker Plots)

The bedrock systems (Piedmont, Highlands, Valleyg&)Rtabw far more variability than the

coastal plain systems. While tHep@Bcentile values vary somewhat within each group, they are
stillgenerallat 1215 percent for bedrock systems afigo€rcent for coastal plain. Based on these
results, the second scenario wil!/ use an 00Opt
systems and 5 percent for coastal plain systemitscal point here is that the water losses are

based on the mosteent reported values of A@venue water or unaccountedwater, while the

demands are based on nydtar averages. As pointed out in prior sections, in actual practice water
loss rates change from year to year, but the pattern cannot be knosvfuforghin so many

systems. Therefore, the model uses a single value, and therefore water loss estimates should be
consideredeneral estimates, incorporasinigstantiaincertainty.

Table5-5. Water LossScenarios for 2040 Demands

Category Nominal 2040 [0 Opt i mum
Water Losses | 2040 Water Losses
Large SystenrBedrock Geology 20% 15%
Large Systent3oastal Geology 10% 5%
Medium SysterrBedrock Geology, 20% 15%
Medium SysterfSoastal Geology 10% 5%
Small SystenrBedrock Geology 22% 15%
Small Systen@oastal Geology 13% 5%

Application of 2040 Population Forecasts to PCWS Service Areas
PCWSsystems often do not serve all of one municipality, or just one municipality. Therefore,
municipabopulationprojections are not synonymous with PCWS service area population
projections. The creation of a model for projections PCWS water demands to 20i8aeepaire
steps:

1. Determine the portion of each municipality and Census block that is not currelohedenr
environmentally constrained (e.g., preserved lands, wetlands, flood plains). For entirely
developed municipalities, it is assumed that all population growth will be through increased
density of existing residential areas and through redevelopatear developed areas.
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. Using the dasymetric analysis and PCWS service areas, determine the portion of each
mu n i c i 201®dopulatiprdtisat is associated with each PCWS system serving that
municipality, and also the portion of the municipal popubkhiat is not associated with a
PCWS system.

. Ascribe municipal population changes through 2040 to each PCWS system serving the
municipalityusing population proportions from the 2010 evaluatidtigh and Medium

density residential developmexid new population was assigned to Low density development
unless the service area was essentially all in that classification. The assumption is that new
development will occur in somewhat to much denser, foased on the increasingly limited

land area in Ne Jersey for low density development, the increase in development within
developed areas, the need for density regarding affordable housing requirements, and general
needs for density to meet development profitability objectives

. Aggregate the populatiomanges for each PCWS systbtultiple scenarios will be used, based

on different assumptionsgarding population trends.

As a check on the results of this analysis, the 2010 and projected 2040 municipal populations were
compared to all PCWS systems 20th0 populations of 2,000 or more, where the PCWS system
provided service to all or most of one municipality or a defined set of municipalities, making the
population comparisons feasible. In all cases, the populations matched well in both years. As

diswssed in the section BEWS Service Areas, Populations and Landhisparticularly

Sources of Population Uncertajmgeater discrepancies between actual and dagyopetiations

are likely as service area sized diminish.

2040 Water Demands by PCWS
This report usesultiplescenarisin sets of two

Table5-6. 2040 Water Demand Scenarios

Demand Scenario \ Water Losses
Direct Extrapolation ScenariogSet 1)
Scenario 1 Population Percent Chang&Vater Supply Deficit/Surpldsalysis
(Current Peak Demandsgith nochange tmther factors
Scenario 2 Population Percent Chang&JWaTr database
(Current Average Demands)h nochange tother factors
No Conservation ScenariogSet 2)
Scenario 3 Modeled Demand witGonstanPer Capita Current State Median
Scenario 4 Modeled Demand witBonstanPer Capita | Current 28 Percentile
Conservation ScenariogSet 3)
Scenario 5 Modeled Demand witbecreas®er Capita Current State Median
Scenario 6 Modeled Demand withecrease Per Capit{ Current 28 Percentile
No ConservationExtrapolation ScenariogSet 4)
Scenario 7 Current Peak Demands X Current State Median
Percent Chand20102040)from Scenario 3
Scenario 8 Current Peak Demands X Current 258 Percentile
Percent Chand201062040)rom Scenario 4
Scenario 9 Current Average Demands X Current State Median
Percent Change from Scem&
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Scenario 10 Current Average Demands X Current 28 Percentile
Percent Change from Scenario 4
ConservationExtrapolation ScenariogSet 5)

Scenario 11 Current Peak Demands X CurrentState Median
Percent Chand20102040)from Scenario 5

Scenario 12 Current Peak Demands X Current 25 Percentile
Percent Chand20102040)from Scenario 6

Scenario 13 Current Average Demands X Current State Median
Percent Chand201062040)rom Scenario 5

Scenario 14 Current Average Demands X Current 28 Percentile
Percent Chand20102040)rom Scenario 6

Setl (scenarisl and 2assumes that annual demawitichange in direct proportion to

population changes, i.e., that a 5 percent increase in populadidrevalb percent increase in total
demands. This is the most simplistic approach and unlikely to be accuratepusya@0

period. The scenariestrapolate from theurrentpeak annual system demands (from the NJDEP
Water Supply Deficit/Surpldsalysis) and average annual system demands (from the NJDEP NJ
Water Tracking, or NJWaTr, data set).

Set2 (Renario8 and 4)called the No Conservation Scenaagslies the water demand model

described in the secti@mtrapolation to Other PCWS Systeriie model assumptions regarding

per capita residential demand rates (gpeflpm Table 5-3 as applied to the 2010 and 2040

population to generate residential demands, thus assurpierciy@taates do not changé&he
scenarisu s e water demand rates appr o(pligh, Mediem,t o e ac |
Low) andyeographic locatiq€oastal Plain, Piedmont, Highlands/Valley & Ridge). Three other
factorsd housing age, topography and precipitation quiniégge not used, as insufficient demand

data were available to assess their effectsidential demandSommercial demands are assumed

to vary with residential demands (and, therefore, population), while industrial demands are assumed
to remain stable. However, 2040 water losses are assumed to be either the current median water
loss(Nominal RateScenario)3r a more aggressive Optimum Ratenario 4pr the relevant

purveyor group size (Large, Medium, Small) and service area geology (Bedrock, Coastal Plain).

Set3 (Senario$ and 6)called the 2040 Conservation Scenavisispilar to the second, but

assumes that hightanweighteehverage residential rates will decline over time, as discussed in the
sectioron Residential Demand ScenariG®@mmercial and industrial densaadd water losses are
treated in a manner $oenarioS and 4

Set4 (enariod through 10lisesthe percentage (not absolute) changes in demands from 2010 to
2040 fromScenarios 3 andMo Conservatiortp extrapolate from the known peak annualmmyste
demands (from the NJDBRater Supply Deficit/SurplésialysisScenarios 7 anylahd average

annual system demands (from the NJDEP NJ Water Tracking, or NJWaTr, Sieeaseds 9 and

10. This approach is different from the first set of scenatiogtithe percent changes are in

modeled demands, not population, and therefore reflect more realistic expectations regarding water
conservation and efficienci&ach pair of scenarios tests the effects of the two water loss options.

Set5 (fenarios 1through 14pagainuses percentage changes in demands from 2010 tab2040
this time from the Conservation Scendriasd 6in thesame manner as the fourth set.

As notedSet1is simplistic and unlikely to be realistic. It can be used as a maigbefo
demands than are likely to occsets2 and have more realistic expectations for changes in
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residential and commercial demands, and for improvements in water losses, but are constrained by
assumptions made regarding residential, commerdradwasidal demands. In many cases, these
assumptions have resulted in estimated 2010 demands that match neither peak nor average total
system demand3herefore, the model demands are more valuable as indicators for the direction
and magnitude of waemand changes than of the actual demands themselves.

Set4 combinsthe strength of a known starting point (either peak or average total system.demands)
St4, however, assumes no change in per capita residential demands, an assumption worth testing
butat odds with national experience, ongoing improvements in household appliances and water
fixtures, applicable water conservation laws, and energpetdstsovidesa more nuanced

evaluation of changing residential and commercial demand ratepaishtia¢ for savings from

water lossesAs such, the Set 5 scenariosarerecommended for planning usewith the second

and third sets being useful to understand the basis for changing system demands from 2010 to 2040.
While the absolute values in theoed and third sets may not be correct, the pattern of changes is
generally defensible.

The scenarios do not incorporate possible shifts in population progsiiisissed in the section
Evaluation of Sersiity to Variations in Critical Variablbst rather use the Metropolitan Planning
Organization projections as discussé&datewide and Regional Population ProjectAdtesations

in population trends (i.éertility, mortality, migration) may affect water demands in specific PCWS
systems, but there is no mechanism available for this project suabpegsilation changes at

the PCWS service area level. Further, the uncertainties regarding poputatmsiacases likely

to be less than the uncertainties regarding water demands, especially regarding water loss rates.
Therefore, individual PCWS systems and those managing water supplies on a regional or statewide
basis should be aware of the implinatfor population trends, and periodically track them.

Recommended Projections from Current Demands

Table 5-7 on provides the results of t8&t 5 scenarios for the 37 PCWS systems that provided 80

percent of totaveragP CWS demandblJWaTr databaskiring the period 20a815. The

results for 4584 systems is provided on aseparate M8 el spreadsheet, ONJDE
Model 2012.0xIs» This set of scenarios is recommended for use in further planning work within

the NJ Statewide Water Supply Plan.

For the 37 largest systems, the tdtall ;ecentpeak demands from thiéater Supply
Deficit/Surplusanalysis is 919.229 MGD, of a total for all systems of 1238.906 MGD. Itis
important to recognize that the peak years can differ among the systems, occurring any time from
2012 through 201énd as of the close of 2017 the year 2012 peaks will drop from the analysis and
2017 will be added.

For the 37 largest systems, the total of all2WBaverage demands was 702.879 MGD, of a total
for all systems of 983.892 MGDhe average demandsdtirsystems are 79.4 percent of the peak
demands for all systems.

For the 37 largest systems, the total 2040 demands arthhigieeent average demafalsthe
first scenario, that of No Conservation and Nominal Water Los&8,13WMGD. The No
Conservation scenario but with Optimum Water Los884.463GD, a reduction of 5.75
percent from the first, and a reduction of 2.62 percent from the @IBD&verage.

Finally, the Conservation scenarios with Nominal and Optimum Water Losses result in demands for
the 37 largest system$80.54MGD and 641.464 MGD, respectively. The Conservation
scenarios results in a drop of 6.28 percent from each of the No ComssceatriosThe
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difference between the No Conservation/Nominal Water Loss and Conservation/Optimum Water
Loss scenarios is 11.67 percent. Based on these projections, modeled customer conservation and
water loss reductions haweghly equaffects orreducingvater demandsihese overall results

mask significant variability, however, as se€abtes-7. Of the 37 systems, 26 systshow flat

or declining denmals ¢71.9 MGD in total), while eleven show increasing demands (10.5 MGD in
total). Of the systems with increasing demands, several are within regions with highly
interconnected water supply infrastructure (e.g., Jersey Citydlsieiityg Elizabethitg,

Bayonne, Franklin TownsHgmmerset, and South Brunswick), while others do not have the same
level of interconnectedness.
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Table5-7. 2040 Water Demand Projections from 202815 Average Demands for Major PCWS Systems

PCWS System Listing from NJDERNater Supply Deficit/SurplusSpreadsheet NJWaTr 2040 No Conservation 2040 Conservation
Scenario Scenario
PWSID | County Name D/S Peak | 20082015| Nominal Optimal Nominal Optimal
# Annual Average | Water Loss | Water Loss| Water Loss| Water Loss
Demand | Demand Scenario Scenario Scenario Scenario
(MGD) (MGD) (MGD) (MGD) (MGD) (MGD)
0238001/ Bergen f’g‘\fvzs'l\'[;a‘(’)"z‘]z%rosle)y'aworth & Franklin Lakes 119.315 112557  124.097 116797  107.219  100.912
2004002 Union New Jersey American Wat&aritan System 137.913 97.057 103.994 97.876 101.713 95.730
0714001| Essex Newark Water Department 84.753 55.247 49.742 46.816 45.585 42.903
1605002 Passaic Passaic Valley Water Commission 101.915 51.051 44.491 41.873 42.387 39.894
1345001 Monmouth | New Jersey American Wat€oastal North 47.568 37.114 39.483 37.405 36.365 34.451
0712001] Essex New Jersey American Watassaic Basin 41.736 36.508 36.909 34.738 35.490 33.403
0906001 Hudson Jersey City MUA 47.419 31.100 37.473 35.269 34.518 32.487
0327001 Burlington | New Jersey American WatBrelaware Division 30.872 28.847 31.300 29.653 30.308 28.713
1225001 Middlesex | Middlesex Water Company 52.145 24.977 24.346 22.914 23.295 21.925
1111001 Mercer Trenton Water Works 26.773 23.930 26.121 24.584 24.832 23.371
2004001 Union Liberty Water Company 13.360 13.229 15.671 14.749 14.466 13.615
1507005 Ocean Suez Toms River 12.204 12.778 15.272 14.469 14.527 13.763
0119002| Atlantic New Jersey American Watétlantic 12.635 12.007 16.402 15.538 15.965 15.125
0102001| Atlantic Atlantic City MUA 11.571 11.004 7.799 7.389 7.550 7.153
1214001 Middlesex | New Brunswick Water Department 16.612 10.864 7.947 7.479 7.464 7.025
0408001| Camden Camden City Water Department 11.006 10.435 5.616 5.320 5.499 5.209
0901001| Hudson Bayonne City Water Department 8.932 8.759 10.452 9.838 9.823 9.245
1424001 Morris Southeast Morris County MUA 9.555 8.374 7.811 7.352 7.536 7.093
0614003| Cumberland Vineland City Water and Sewer Utility 8.368 8.072 9.833 9.316 9.467 8.969
0705001 Essex East Orange Water Commission 7.367 7.876 6.242 5.875 5.634 5.303
0251001 Bergen Ridgewood Water Department 8.146 7.818 6.082 5.725 5.967 5.616
0702001| Essex Bloomfield Water Department 7.431 7.630 5.552 5.225 5.188 4.883
1614001 Passaic Wayne Township Division of Water 7.797 7.459 8.641 8.133 8.431 7.935
1204001 Middlesex | East Brunswick Water Utility 7.231 7.013 7.336 6.950 7.084 6.711
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PCWS System Listing from NJDERNater Supply Deficit/SurplusSpreadsheet NJWaTr 2040 No Conservation 2040 Conservation
Scenario Scenario
PWSID | County Name D/S Peak | 20082015| Nominal Optimal Nominal Optimal
# Annual Average | Water Loss | Water Loss| Water Loss| Water Loss
Demand | Demand Scenario Scenario Scenario Scenario
(MGD) (MGD) (MGD) (MGD) (MGD) (MGD)
1429001 Morris Parsippany Troy Hills 6.535 6.292 6.205 5.840 5.983 5.631
1209002 Middlesex | Old Bridge Township MUA 9.096 6.058 6.881 6.519 6.577 6.231
0424001] Camden Merchantville Pennsauken Water Commissiq 5.962 6.040 6.006 5.690 5.843 5.535
1808001 Somerset | Franklin Township Department Public Works 6.628 6.015 7.082 6.665 6.720 6.324
1205001 Middlesex | New Jersey American Water Compdtgison 5.887 6.004 6.589 6.201 6.401 6.024
0907001 Hudson Kearny Town Water Department 10.310 5.470 5.917 5.569 5.591 5.262
1221004 Middlesex | South Brunswick Township Sewer & Water [ 6.052 5.309 7.965 7.496 7.635 7.186
2013001 Union Suez Rahway 5.315 5.247 4.421 4.161 4.229 3.980
1215001 Middlesex | North Brunswick Water Department 5.421 5.185 5.311 4.999 5.057 4,759
1506001 Ocean Brick Township MUA 9.752 5.118 6.015 5.699 5.793 5.488
1216001 Middlesex | Perth Amboy Department of Municipal Ukt 5.994 5.079 5.124 4.823 5.026 4.730
1326001 Monmouth | Gordons Corner Water Company 5.096 4.760 5.029 4.765 4777 4,526
0324001| Burlington | Mount Laurel Township 4.557 4.596 5.017 4.753 4.596 4.354
TOTALS (Largest 37 PCWS Systems, representing
80 percent of total 2010 statewide demands) 919.229 702.879 726.174 684.463 680.541 641.464
TOTALS (All PCWS Systems) NB: Many very small systems lack
available information on current and therefore projected demands 1250.478 994.896 1045.664 985.4604 986.391 929.619
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6.2AAT I 1T ATAAOET T O A O &000EAO %OAI1 O

Through this project, New Jersey now has a great deal of new information regarding residential
water demands and how they vary based on housing density and geographic location. A new
approach to projecting water demands is possible with this information, but the results still have
significant uncertainties for the reasons discussed in the report.

To improve demand projections, the following gtpactionsare recommended

1. Reconcilghe various NJDEP data sets on water demands for use-iarigagvater supply
planning. Th&ater Supply Deficit/Surpldshalysis was not created for statewide planning
purposes, and the NJWaTr data set is not fully compatible with the D/S anlalyesgseit
to PCWS systems and completeness of the data. While both were very useful for the
project, improvements to the projections are possible if the data sets are fully compatible.

2. Improve the coverage and quality of water loss estimates from aB\REWS, or at least
all systems that serve a significant population. Informatiprowiaed byNJDEP and
DRBC, and the NJDEP information includes results using two different néetheds
regulatory Unaccountéar Water method and the AWWA M36 methBthnning can be
improvedby requiringhe AWWA methodniformlyandachievingnore complete
coverage. While annual loss estimates may not be strictly necessary, they are valuable for all
medium and large systems to ensure that the PCWS systems beasantwith the
AWWA method, to integrate the use of water loss estimates with asset management
requirements of the Water Quality Accountability Act, and to help the public understand
system success at reducing water losses.

3. Periodic collection of PCWS&tienates for the proportion of system water that is Residential,
Industrial, Commercial/Institutional, and Water Logsahaps every three to five years
The lack of information on Industrial and Commercial/Institutional demands was especially
problemat for this project.

4. Continued improvement of the PCWS Service Area mappiagth®\life of thiproject,
the mapping improved considerably, but a variety of small systems are still missing from the
map, and some areas appear toihavasistencidsetveen customer locations provided by
the case PCWS systems and the NJDEP mapping of the service areas, with customer data
clearly located outside of the NJDEP service area bounBadaswples of this can be seen
in the maps ofAppendix D

5. Refinement of the dasymetric analysis method for small PCWS systems, to achieve better
population estimates for these systems than was possible using the current method.
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Appendix A. Methodology for 2010 and 2040 PCWS Population Estimates
and Per Capita Water Demand Calculations

As discussed PRCWS Service Areas, Populations and Lan@Qi€epopulations were estimated

for each PCWS system, by residential development density (High, Medium, Low) for each Census
block group. These estimates were genestgdauGeographic Information System (GIS)

approach known as dasymetric analysis. The following methodology was used to generate the
population estimates for 2010.

The estimates for 2048quired disaggregation of municipal population projectionsdo moee

PCWS service areas and anyseovice areas in the municipality, based on the relative population
distribution in 201 lieuof adetailed buildut analyses. The analysisadsamed that

population increases would be in High and Mediuntydezsdential areas)dnotin Low density

unless the entire service areaallas mostly allow density. This approach was selected because
population increases are generally driven by either or both of increased household size (which would
increas internal demands but not external) or increased housing units (which in most areas will be

in more dense developments due to the profit profiles of new development). In both cases, per
capita demands for the increases will trend to more efficient rates.

For the few areas with projected population decrmsses were distributed evenly across existing
High, Medium and LoWensity areas within the PCWS service area, as such losses will often be
related to decreasing average household size.

Methodology

Note: Many of the steps in this methodology require carrying out the same processing steps on
multiple layers. The Model Builder tool found in ArcMap can be used to automate the duplication of
these steps and save time.
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Part 1 -Data download & Acquisition
The following data must be acquired for this methodology. All of the data is publicly accessible with the

exception of the Water Use Poi mattydeghguethis. GI S
methodology.
Name Type Source Description
iBl ock Gr o(Polygon | New Jersey U.S. Census Block Group delineation
Shapefile | Geographic from the year 2010.
Information Network
(NJGIN)
ACount i es | Polygon | New Jersey U.S. Census Countelineations from
Shapefile | Geographic the year 2010.
Information Network
(NJGIN)
nCensus Po| Excel U.S Census Bureau | A table with population values for
Table American Fact Finder | block groups from the U.S. Census
Bureausdéd 2010 dec
AnLULC_201]1]Polygon | New Jersey A comprehensive polygon layer of lan
Shapefile | Departmenof use types in the state of New Jersey.
Environmental The layers are organized by Shasins
Protection (NJDEP) | (HU8) and must be individually
downloaded and combined.
ANJ Par cel Polygon | New Jersey Delineations of parcels in New Jersey|
Shapefile | Gegyraphic The layers are organized by County a
Information Network | must be individually downloaded and
(NJGIN) combined.
Water Use Point Point Water Companies Data from different water companies
Layers Shapefiles vary in organization and level of detai
The data used in this study are
organized into individual annual layers
Some data used in the study has
monthly water use and some has
quarterly water use.

Part 2 z Dasymetri ¢ Population Distribution

Dasymetric mapping is a method of using an ancillary data source to spatially distribute data that are

| ay e

initially organized by large or arbitrary boundaries, so as to achieve a greater degree of spatial accuracy.

Dasymetric mappigis employed in this study to more accurately distribute population within block
groups, the smallest available cartographic units with associated U.S. Bureau of Census Decennial

population data.

2.1- Adjusting the Original LULC dataset

The following st@s will adjust the original LULC dataset to fit the needs of this dasymetric analysis. The
original dataset has 5 categories of residential land use:

1 1110 (High Density or Multiple dwelling)
9 1120 (Single Unit, Medium Density)

1 1130 (Single Unit, Low Dentj)
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1 1140 (Rural Density)
1 1150 (Mixed Residential)

For the purposed of this study, the rural density category is collapsed into the low density category due to
the similarity of water uses associated with these two categories. The mixed use category does not have
an inherent density associated with it.tharmore, it is a rarely used category relative to the other
residential types; there are only 54 mixed use polygons in the entire statewide layer. For these reasons,
mixed use polygons are manually reassigned to an appropriate residential category.

1. Uset he 0Select by Attributed function to select
a ALU120 field value of 1140

a Use the OField Calculatordé tool to change t
1130 for all of the selected records.

2. Clearalls el ecti ons. Use the 0Select by Attributebd
ALULC_201206 | ayer that have a ALU1206 field val

a. Use the OAdd Datad tab to add a base map

b. Use the O6Field Calculatoré toomllb0do change t
either 1110 (high density), 1120 (medium density), or 1130 (density) based on the base
map and surrounding residential land use.

Note: This step uses the judgement of the individual carrying out this analysis. In this
study, the vast majorityfanixed use residential polygons were reassigned to the medium
density category.

c. Export the resulting layer as a new layerand nameitUL C_ 2012 Adj ust ed. 0O

3. Use the O6Select by Attri butfeLdU LfQu n2cOtli 20 lasedt j ou ssteel dec
using the following expression:
LU12 =1110 OR LU12 =1120 OR LU12 =1130

a. Export the selected polygons as a new polygon layer and name it
ALULC 2012 Residential Adjusted. 0

4, Use the O6Di ssol viAeloU Lt @ 02 0 1t 20 laxedi Usesshdbbodang fieldseas
dissolve fields:
1 LU12
1 LABEL12

Name the relslWd@ ikKnegy d ayer i

5. Add a new field (Type: Double) totieL UL C_Kayer and name the field
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a Populate the fAKeyo field based on the LABEL
LABEL12 Key

RESIDENTIAL, HIGH DENSITY OR MULTIPLE DWELLING 100

RESIDENTIAL, SINGLE UNIT, MEDIUM DENSITY 100

RESIDENTIAL, SINGLE UNIT, LOW DENSITY 100

RESIDENTIAL, RURAL, SINGLE UNIT 100

MIXED RESIDENTIAL 100

COMMERCIAL/SERVICES

MILITARY INSTALLATIONS

INDUSTRIAL

AIRPORT FACILITIES

INDUSTRIAL AND COMMERCIAL COMPLEXES

MIXED URBAN OR BUILT-UP LAND

OTHER URBAN OR BUILT-UP LAND

ATHLETIC FIELDS (SCHOOLS)

STADIUM, THEATERS, CULTURAL CENTERS AND ZOOS

CROPLAND AND PASTURELAND

AGRICULTURAL WETLANDS (MODIFIED)

ORCHARDS/VINEYARDS/NURSERIES/HORTICULTURAL AREAS

CONFINED FEEDING OPERATIONS

OTHER AGRICULTURE

PLANTATION

EXTRACTIVE MINING

* AL Ot her ALABEL1206 Values *

= N e N S I N R e R R R

2.2- Separating the State into Tiers

A 6Hi ghR®sndentyi ald LULC polygon in an extremely ¢
to be significantly different from a O6High Densit)
such as the New Jersey Highlands. In recognition of this discrgpdaw Jersey was broken out into
four tiers for the purposes of this study. Individual dasymetric analyses are carried out for each of the four
tiers. The four tiers were developed using 2010 Census population density values for New Jersey counties
and bbck groups. The four tiers as designated as follows:

9 Tier 1: Hudson County

1 Tier 2: Essex, Union, Bergen, Passaic, Middlesex, Camden, Mercer Counties

1 Tier 3: Monmouth, Somerset, Morris, Ocean, Gloucester, Burlington, and Atlantic Counties

9 Tier 4: Cape May, Cumberland, Warren, Hunterdon, Sussex, Salem

6. Jointhen Cens us P tablet@thei®looc k Gr obpgel0D1U0se the AGEOI D

the join field.
a Add a new field (Type: Double) and name it A
b. Use the O6Field Calculatoré to popul ate the
population values from the fAiCensusPop_ 20100

c. Remove the join.

7. Add a new field (Type: double) to tfieB | o ¢ k Gr o layers Nath@®the(dield
ABGArea_ Acreso
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a For ttGlhe efaB Acreso field use the 6Cal cul ate (
area in US acres.

8. Use the O0Select by Attri bfu@enttiodayer sitgthse® |l ect p
following expression:
COUNTYFP10 = 60176

a. With the selection still dive. Clipthen LUL C_ 2012 Res i dayenbyithal Adj u
ACount i dagyer.20100

9. Use the Ol nter seiicBklbéo ctko®rl o layersandAie l@gecsreated in theh e
previousstep I n t he o6l ntersectd di adaedintleprebiausstep make s
isabovethét Bl ock Grolayes 20100

100Add a new field (Type: Text) to the |l ayer <crea

a Use the OField Calculatordé to popul ate the
equation:
[GEOI D10] &0 _0&[ LU12]

b. Use the 6Dissolved tool. Use the following
1 GEOID10
T LU12
1 BG_LULC
1 BGArea Acres
9 BGCensusPop

Name the resulting |l ayer ATierl Polys. 0
11.Cl ear all Selections. Use the 0Select by Attri
iCount i dager usdifgthe following expression:
COUNTYFP10 = 600306 OR COUNTYFP10 = 002106 OF
COUNTYFP10 = 600706 OR COUNTYPIPOL 0= =0 003093061 60 RO R

COUNTYFP1O0 602350

a. With the selection still active. Cliptie L UL C_ 2012 Res i dayenbyithe!l Adj u
ACount i dayer.2 0100

122Use the 61l nter sefcBlbo ctko@rl o laymsandang efecsreated in theh e
previousstep I n the o6l ntersectd dialogue box, make s
isabovethét Bl ock Grolayes 20100

13.Add a new field (Type: Text) to the |l ayer <crea

a Use the OFi epap CladtcaultaheorB& oLULCO field us
equation:
[ GEOI D10] &0 _0&[ LU12]
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b. Use the 6Dissolved tool. Use the foll owing
1 GEQOID10
T LU12
1 BG_LULC
9 BGArea_Acres
9 BGCensusPop

Name the resulting |layer ATier2 Polys. 0
14. Clear all Sele¢t o n s . Use the 6Select by Attributed tool
A Count i dager usingithe following expression:
COUNTYFP10 = 60016 OR COUNTYFP10 = 0601506 OF
COUNTYFP10 = 60056 OR COUNTYFP10 = 0602706 OF
COUNTYFP10 = 602950

a. With the selection still active. CliptieL UL C_ 2012 Res i dayenbbyitha!l Adj u
ACount i dager,. 20100

15Use the 6l nt er sefcBlb6o cko@rl o laysrsandAng mgecsreated in theh e
previous step. In the o6l ntersectd dialogue box
isabovethél Bl ock Gr olayes _ 20100

16, Add a new field (Type: Text) to the | ayer crea

a. Use the OField Calculatordé to populate the
eguation:

[ GEOI D10] &0 _0&[ LU12]

b. Use the O6Dissol ved tasdidsolvefitkle t he f ol l owing
1 GEOID10

ffLU12
1BG_LULC

1 BGArea Acres
91 BGCensusPop

Name the resulting | ayer ATier3_ _Polys. 0
17.Cl ear all Sel ections. Use the O6Select by Attri
iCount i dager udifglthe following expression:
COUNTYRFP10 = 604106 OR COUNTYFP10 = 0600336 OR C
COUNTYFP10 = 600906 OR COUNTYFP10 = 00196 OF

a. With the selection still active. CliptiieL UL C_ 2012 Res i dayenbbyithal Adj u
ACount i dager,. 20100
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18Use the &6l nter seficBIb6o cko@rl o laysrsandAng leyecsreated in theh e
previous step. In the o6l ntersectdé dialogue box
isabovethét Bl ock Grolayes 20100

19.Addanewfield(ype: Text) to the | ayer created in the

a. Use the OField Calculatordé to populate the
equation:
[ GEOI D10] &0 _0&[ LU12]

b. Use the 6Dissolved tool. Us.e the foll owing
1 GEQOID10
T LU12
1BG_LULC
1 BGArea Acres
91 BGCensusPop

Name the resulting |l ayer fATierd4d Polys. 0

2.3- Density Sampling Ratio

The following steps are carried out individually for each of the four tier layers created in the previous

section 2.2. Whenoneoftees t i er | ayers are used in this sectior

as a substitute for ATierl_ Polys,o0o Tier2_ Polys, o
20. Add a new field (Type: Double) tothieTi er X | Ryleys o Name the field AL

a. For the ALU12Area_Acreso field use the 06Cal
area in US acres.

b. Add a new field (Type: Double) and name it

c. Use the OField Calculatoré functiong to calc
the following equation:

([LU12Area_Acres]/[BGArea_Acres])*100

21.Use the O6Select by Attri bufi®Bibef X laigedusigmgathe t o s el e
following equation:

PercentOfBlockGroup >= 95
a. Export the selected records as a new layer.

222Use the ODissolved tool to dissolve the | ayer
the dissolve field. Add the following statistics fields
1 LU12Area_Acres (Statistic Type: SUM)
1 CensusPop (Statistic Type: SUM)
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Name the resulting layér Sa mp | i ng_ Rat i o0

23. Add the following fieldstothé Sa mp | i nlayerRat i o0

T ADensitydo (Type: Doubl e)
Density_ Sumo (Type: Doubl e)
Sampling_ Ratioo (Type: Doubl e)

=

i
n

=

a Use the O6Field Calculatoré function to calc
equdion:
[SUM_CensusPop] / [SUM_LU12Area_Acres]

val ue

i el d
Sumo with

b. Calculate the sum the
function to popul ate th

>

sityo

De f
e Density

ot

c. Use the O6Field Calculator 6 tfiuonoc tfiioen dt ou scianlgc
following equation:

[Density] / [Density_Sum]
24. Add a new field (Type: Double) tothieTi er X | Ryleys o Name it #ASampling

25.Jointhen Sa mp | | nlayeRniththeo i er X | Ryleyso Use ALUL120 field
field.

a. Use the OField Calculatoro6 tofigopulXatte |l tykse
|l ayer with the ASampli ngaRpti olayerRael doval ue

b. Remove the join.

2.4 - Area Ratio

The following steps are carried out individually fockaf the four tier layers created in the previous
section 2.2. When one of these tier |l ayers are us:
as a substitute for fATierl Polys,o0 Tier2 Polys, o |

olfA Ttioe rdX Isoléywsed Uhe t he AGEOI D100

26Use thel 4BPDsto
field. Add the ALUl2Area_ Acreso as a

di ssol ve

Name the resulting layér L U1 2 Ar ea _ SUMO

27. Add a new field (Type: Double) to thie T i e r X {ajfen. Name the new field
ABGResidential Areao

a. Jointhen Bl o ¢ k Gr oolager withlthe® L U 1 2 Ar e tayelS Usklthe
AGEOI D106 field as the join field.

Page| 96



Water Needs through 2040 for New Jersey Public Community Water Supply Systems

b. Use the O6Field Calculatord to populate the
TierXlRyleysawi th the ASUM_LUl12Area_Acreso f
ALUL2Ar e tayeSUMO

=i

c. Remove the join
28. Add a new field (Type: Double)tothieTi er X | Ryleys o Name the new fi el
a. Use the OField Calcul ator 6 fiéldwsigthe on t o cal c

following equation:
[LU12Area_Acres] / [BGResidentialArea]

2.5- Final Ratio
The following steps are carried out individually for each of the four tier layers created in the previous
section 2.2. When one of these tier layersareusechin s secti on, it owi || be ref

as a substitute for ATierl_ Polys, o0 Tier2_ Polys, o
29. Add a new field (Type: Double) totieTi er X | Ryleys o Name the field AS

a. Use the OFbefdn€Calionl abocal cul ate the #fASamp
following equation:
[Sampling_Ratio] * [Area_Ratio]

30LUse the ODi ssol vieToi eroollRgleoy sdoi s | tvlee t TW@EOI D100
di ssolve field. Add tsh«atidiicS field statistic typexSUM)r Named f i e |
the resulting layen Sa mp| i ngAr eaDi ssol veo

31. Add a new field (Type: Double) tothieT i e r X lajen. Name the field
ABGSUM_Sampling_x_Areao

a. Jointhei Sampl i ngArlayagtoth&gig o lev &® Ploayywse t he AGEOI D
field as the join field

b. Use the O6Field Calculatoré function to popu
then Ti er X1 Ryleysai th the ASUM_Sampling_x_ Area
ASampl i ngArlaga.Di ssol veo

c. Remove the join

32. Add a new field (Type: Double) tothieTi er X | Ryleys o Name the field AF

a Use the O6Field Calculatoroé function to calc
following equation:

[Sampling_x_Area] / [BGSUM_Sampling_x_Area]

33. Add a new feld (Type: Double)tothg Ti e r X lajeo. Name the field
AAssignedPopul ationbo
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a Use the O6Field Calculatord function to calc
following equation:

[BGCensus_Pop]*[Final_Fraction]

34. Add a new field (Type: Doub) to thei T i e r X laffeo. Name the field
fAssignedDensity Acreso

a Use the O6Field Calculatoré function to calc
the following equation:

[AssignedPopulation] / [LU12Area_Acres]

2.6- Final Dasymetric Layer

35.Use the OMerged tool to merge the following | a
T ATierl_Polyso
T ATier2_Polyso
T ATi er3 _Polyso
T ATi er4d Pol yso

Name the resultinglayérDa sy met ri cPol yso
36. Create a duplicate of tieD a s y me t layeraRdadngmeii Dasy met ri cPol ysExpl
a. Select allof the recordsinthe Dasy met r i c Plajery sExpl odedo

b. I n the 6Advanced Editingd tool bar, use t he
thehn Dasymetri cPlajerysExpl odedo

Part 3 Assigning Residential Density to Water Use Data Points

The followingsteps will assign a residential density of High, Medium, or Low to water use data points.
This will allow the water use data points to be joined with corresponding population values that are also
organized by the same residential categories. Overlayitey wae data points with the residential

polygons from the 2012 Land Use Land Cover (LULC) dataset results in an unacceptable amount of data
loss. To remedy this spatial discrepancy between the data points and the LULC dataset, land uses within
parcels argeneralized to create a more accurate representation of the predominant land use in each
parcel.

3.1- Preprocessing Steps

The following steps will create the necessary layers to begin generalizing land uses within parcels. The
method stars with isolating points that are not overlapped by a residential land use and working off of
those points.
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1. Use t he 6 Mer gleodthetwater use point layezsringoene dayer. The result is a
comprehensive layer containing all of the geographic locations of the data points.

2. Use the 06Select By Locationé function to isola
thatdd NOT intersect with the ALULC_ 2012 Resident
points as a new point layer

3. Use the 06Select By Locationé function to isola
intersect with the point layer created in the previous step. Export the selected polygons as a new
polygon layer. Name the layérl nt er secti ngParcel s. 0

a. Add two newfields to the polygon layer and populate them in the following manner:

Field Name Type Calculation Method
ParcelArea_Acreg Double Calculate geometrgy US Acres
Parcel_ID Double Field Calculato®y, [ObjectID]
b. Use the 6l ntersectdé Tool to intersect the p
|l ayer . I n the 6l ntersectd dialogue box, the
ALULC 2012 Adjustedodo | ayer

4, Use the O6Dissolved Tool diothapresicusstep.énthehe pol ygo
6Di ssolved dialogue box, sel ect ALU120, oParcel
This groups all of the density types by parcel while preserving the total parcel area value. Name
the resulting layeit P a r ¢ elLl UsL (Bdy

a. Add three new fields to the polygon layer and populate them in the following manner:

Field Name Type Calculation Method

Area_Acres Double Calculate geometrngy US Acres

Percent of Parcel | Double Field Calculato” ([Area_Acres]/
[ParcelArea_Acres])*100

Dissolve_Key Double Leave empty, populated in the next step

b. Jointhen LULC_Kayeéer with the polygon | ayer creat
the join field for both the table and the polygon layer. While the table is joiatdlate
the ADi ssolve_Keyo field to be equal to the
the polygons in the following manner:
i. All residential categories = 100
ii. Nonresidential categories associated with water use = 1
iii. All other categories =0

5, Ue the 6Dissolveb Tool to dissolve the polygon
(Parcels By LULC) I n the 6éDissolved dialogue box, sele
Sel ect the ADiIissolve Keyodo fiel doSiUsl. Namegheat i sti ¢
resulting |l ayer AParcels_Codedo
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a The resulting | ayer will contain a field na
values may occur in this field:
SUM_Dissolve_Key Interpretation
Value
0 No land uses associated with water.
1-99 One or more nomesidential land uses associated
with water use.
100 or 200 or 300 One or more types of residential use.
101-199 or 201299 or One or more types of residential use and one or n
301-399 nonresidential land uses associated with waser. u
3.2- Situational Rules
The following steps will generalize the land uses within parcels using the following situational rules:
Situation SUM_Dissolve_Key Rule
Value
One residential land 100 Assign the residential land use to the
use entire parcel
Two or more types | 200 or 300 Identify which type residential land
of residential land use covers thgreatespercentage of
use the parcel and assign that residential
land use to thentireparcel.
One or more types | 101-199 or 203299 or For parcels where a residential land
of residential use | 301-399 use covers at least 50% of the parce
and one or more assign that residential land use to the
nonresidential land entire parcel.
uses associated wit
water use.
6. Create arelate betweenthe® ar ¢ d b dageCandthéi Par c e | s _|&yer. UsetheC 0
ifiParcel | Do field as the common field to relat
a. Use the 06Select by Attri butfePba rfcuenl céayefoond etdod s
t hat hlaMW eDias sficSl ve _Keyo field value of 100.
b. With the selection still active, open the attributes table &fa r c e | sOpehthed e d . ©

O0Rel ated Tablesd dropdown menu and select n
should now changetotliePar cel|l s IByer. LUL C0O
c. Export the selected polygons and name thelayern e Resi dent i al Use. 0

7. Create arelate betweentheOn e Re s i dlayertanddhéil sné ;e r s e clayernUsé? ar c | e s 0
the AParcel |1 D0 field as the common field to r
ARel atel. 0
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a Use the 06Select by Attributebd function to s
AOneResi demati ahdveoa ADI ss o DeleethEselpadedf i el d v
records.

b. Select all of the remaining records fromthé n e Re s i d layertandapel/thee 0
attributes table. Open the ORel ated Tabl esd
displayed attributes table should now change tdithet e r sect layeg Par cel s o

c. Export the selected records fromfiné nt er seotl agBarasl a new | ay
newlayei Fi nal OneResidential Use. 0

8. Add a new field (Type: nbouobhl ePneRaeyatdBhtULlabUste

a. Openthe atthutes tableofthe Fi nal On e Rdayer.donthei al Us e 0
AOneResi dleayeénrml Wsiewg the AParcel _I1 Do field

b. With the join still active, use the OField
fromthei Fi nal OmnmeaRdsgdeantwi th the ALUL20 field
fiOneRe s i dlayert Remdvelilsegoin.

9. Cl ear all selections. Use the O6Select by Attri
AfiParcels Codedo | ayer that have a ASUM_Dissol v

a. With the selection still active, open the attributes table &fa r ¢ e | sOpeéhthd e d . 0
O0Rel ated Tablesd dropdown menu and select i
should now changetotliePar cel s IByger. LUL CO

b. Export the selected recordsasew layer and namefitMu | t i pl eResi dent al Us

100Use the 6Select by Attributed function to sele
AMul ti pl eRetshatetnhavésaeswDi ssol ve Keyodo field val
records.

R

a. Use the O0ODissolved GeopMactces Ieﬁaelﬁyerdlentalws
In the O6Dissolved dialogue box, sel ect APar
fiPercent Of Parcel 06 field as a statlstlcs fie
resulting layefi Mu |l t i pl eResi dent al Uses Dissol ve. 0

11. Add anewfield (TypeDou bl e) named AR&MucenpCedReldyetde ntt meé Us

a. Open the attributes table of theMu | t i p | e RelayerdJeimthea| Us e s 0

AMul ti pl eResi delnayweérlJsesi mg stsloe vieParcel _I|I DO
b. With the join still actv e , use the O6Field Calculatoro fun
APercent Codeo field using the following equ

[PercentOfParcel] / [MAX_PercentOfParcel]
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c. Remove the joinCreate a relate betweentiieViu | t i p | e Re fayedaadthei al Us e s ¢
Alntersecltaygrrardse stohe AParcel _I Do field a
two | ayer s. Use the default name of ARel ate

d Use the 06Select by Attributed function to s
AMul ti pl eRetshaltenhavaelsaesmPerftlent Codeo field

e. With the selection still active, open the attribute tablédfiu | t | pl e Relayerdent al U
Under the O6Table Optionsd tab, choose Oswit

f. Select all of the remaining records fromthé/iu | t i p | e R élayerdnd ogemtheU s e s
attributes table. Open the ORel ated Tabl esd
displayed attributes table should now change tgithen t er s eclayerngPar cel s o

g. Export the selected polygons fromtiid nt e r s e clayerasa few layere Name
thenewlayen Fi nal Mul ti pl eResidential Use. 0

122Add a new field (Type: fibbohl eMuhamptltagecReBL86é6nt D

a. Open the attributes table of theF i nal _Mul t i p llageRdomithe ent i al Use o
AMul t i pl eRelsayleerntu sail idgs etohe AParcel _1 Do fi el

b. With the join still active, use the OField
fromthen Fi nal _Mul t i plweRdsithentiiLUILI2®Ded i el d valu
A Mulptl e Re s i dagen Remave the jeirn

13.Cl ear all selections. Use the 06Se
AParcels_ _Codedo | ayer using the f
(SUM_Dissolve_Key >100 AND SUM_Dissolve_Key <200) OR
(SUM_Dissolve_Key>200 AND SUM_Dissolve_Key <300) OR
(SUM_Dissolve_Key >300 AND SUM_Dissolve_Key < 400)

a With the selection active, open the attribu
Tabl esd dropdown menu and sel ecghoudRosvl at el. O
changetoth@ Par cel s _layer. LULCO

b. Export the selected polygons fromihe® a r ¢ e | s _ |Byer ad athewdayer. Name
thenewlayen Mul t i pl el Uses. 0

14. Create a relate betweentheMu | t | pldyerandthé& bnt er s e clayernUsdghar ce |l s 0O
ifiParcel | Do field as the common field to relat

a Use the 06Select by Attributed ffMulcttiipolne Usoe ss
layer using the following expression:
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Dissolve_Key =100 AI® PercentOfParcel >=50

b. With the selection still active, open the attribute table ofithdu | t i pldyer.Wnders 0
the 6Table Optionsé tab, choose 6switch sel

c. Select all of the remaining records in fheviu | t | player ahd epenithe attributes
table. Open the ORelated Tablesé dropdown n
attributes table should now change toiihe nt er seclayerngPar cel s o

d. Export the selected polygons from tiid nt e r s e tlaygragamhew layer. Name
thenewlayen Fi nal _Mul ti pl eUses. 0O

15Add a new field (Type: nboobl eMuhlhypemptedEBHERO t O

a. Open the attributes table of theF i nal _ Mu layei. oihthéd e ki pl eUs es 0
|l ayer using the AParcel I D0 field as the jo

b. With the join stildl active, use the O6Field
fromthen Fi nal Mul ayeprews eéeshothe ALUL20 field va
AMul t i pldyer.lRengogedheajn.

3.3- Creating the Final Generalized layer

The following steps will use the generalized parcel layers created using the situational rules and combine
them with residential LULC polygons to create a final layer for assigning residential densityafteven

this process, there may still be data points that are not overlapped by the final layer and therefore not
assigned a residential density.

16.

17.

18.

19.

Clear all selections. Ulsien @ |h e O o eMie & tlgyermbtheTtoiod | W oe
AFi nal _ Muilde mptllageRleUs e 0

Use the OEr as i ULcCo |12 Otlo2 _eRreass edayentir@m ¢he polygdy ust ed o
layer created in the previous step.

Use the OMerged LTl 210d 2mékreg é thgemand thellayea d j ust ed o
created in the préous step. Name the resultinglayef-i nal _Assi gni ngDensi ty. «

Use the 6Spatial JfoHinmalt ofd s islgyeitoalipddtHewatgrtoyian t h e
use point | ayers | ocated. In the O6Spatial Join
Feda uresd option so only dfaRian alo i Astsss ilgenst n gall een soiv
included in the outputs. The resulting data point layers now contain residential density values in

the 6LUL126 field.
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Part 4 Assigning Population to All Water

The following steps will combine water use data points and population values to create water use per
capita values. All of the steps in this part (stejpsl#) are carried out for each available year of data.

4.1- Water Use Per Capita br All Users

Use Data Points

The following steps will combine population and water use values and create a polygon layer with water
use per capita values for all users.

1. Us e

t he

6Spatial Joindé toohBtockO&r nlayertoghe i GEOI D
wateruse point layers with density values that were created in the final step of Part 3.

2. Add a new field (Type:Text) to the new point layer created in the previous step. Name the field
AiBG_LULC. o

a.

3. Use

Us e
followin

the OField
g expression:

[GEOID10]&"_"& [LU12]

Use the O6Dissolved Tool . I n the 6Dissolvebd
featuresé option is checked and select the
i. LU12

i. GEOID10

ii. BG_LULC

Add the following statistic fields:

iv.
V.
Vi.
Vii.
viii.
iX.
X.
Xi.
Xii.
Xiii.
Xiv.
XV.
XVi.

Oct (statistic type: SUM)
Nov (statistic type: SUM)
Dec (statistic type: SUM)
Jan (statistic type: SUM)
Feb (statistic type: SUM)
Mar (statistic type: SUM)
Apr (statistic type: SUM)
May (statistic type: SUM)
Jun (statisticype: SUM)

Jul (statistic type: SUM)

Aug (statistic type: SUM)
Sep (statistic type: SUM)

Cal cul at or 0 fidldwsingthé on t o cal ¢

Premis_ID (statistics type:COUNT)

Name theresultinglayéerBG L UL C_Poi nt s o

t he

6Sel ect By

Locati amasVoelk rt cPaywelye&EXxpp o

that intersect withthé B G_ L UL C _l&yer.i Expos the selected polygons as a new polygon

layer.
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4, Use the O6Dissolved Tool to dissolve the |l ayer
box, make sure the O&tomiechacked amlsklect the folowingffiedda asur e s 6
dissolve fields:

1 LU12

1 GEOID10

1 BG_LULC

1 AssignedDensity Acres

5. Jointhefi BG _ L UL C _l&yer tohe polygon layer created in the previous step.
a. While the join is still active, export the polygon layer as a new layer.

6. Add the following fields to the polygon layer created in the previous step. Calculate each of the
fields using the following methods:

Field Name Field | Calculation Method
Type
Area_Acres Double|6 Cal cul ate Geometrybéo

Assigned_Population_Adjusted Double | [Area_Acres]*[AssignedDensity Acres]

AnnualTotal Double | [SUM_Oct] + [SUM_Nov] + [SUM_Dec] +
[SUM_Jan] + [SUM_Feb] + [SUM_Mar] +
[SUM_Apr] + [SUM_May] + [SUM_Jun] +
[SUM_Jul]+ [SUM_Aug] + [SUM_Sep]

AnnualPerCapita Double | [AnnualTotal] / [Assigned_Population_Adjustec

AnnualPerCaptiaPerDay Double | [AnnualPerCapita]/365

SummerTotal Double | [SUM_Jun] + [SUM_Jul] + [SUM_Aug] +
[SUM_Sep]

SummerPerCapita Double | [SummerlTotal] /
[Assigned_Population_Adjusted]

SummerPerCapitaPerDay Double | [SummerlPerCapita] /122

NonSummerTotal Double | [SUM_Oct] + [SUM_Nov] + [SUM_Dec] +

[SUM_Jan] + [SUM_Feb] + [SUM_Mar] +
[SUM_Apr] + [SUM_May]
NonSummerPerCapita Double | [NonSummerlTotal] /
[Assigred_Population_Adjusted]

NonSummerPerCapitaPerDay | Double | [NonSummerPerCapita] /243

AnnualPerPremisiD Double | [AnnualTotal] / [COUNT_Premise_ID]
AnnualPerPremisiDPerDay Double | [AnnualPerPremisiD] /365
SummerPerPremisID Double | [Summer|Total] [COUNT_Premise_ID]

SummerPerPremisiDPerDay | Double | [SummerlPerPremisiD] /122
NonSummerPerPremisiD Double | [NonSummeriTotal] / [COUNT_Premise_ID]

NonSummerPerPremisIDPerDi Double | [NonSummerPerPremisiD] /243

P age| 105



Water Needs through 2040 for New Jersey Public Community Water Supply Systems

a. After all of the fields have been added angpol at ed use the ODi ssol ve
ALU120 Field as the dissolve field. Choose
the statistic type to SUM.

i. AnnualTotal
ii. PopTotal
iii. PremisiDTotal
iv. SummerTotal
v. NonSummerTotal

b. Use the ATable To Excel o6 tool to export | ay
fields using the following methods:
Field Name Field | Calculation Method
Type
AnnualPerCapita Double | AnnualTotal/PopTotal
AnnualPerCapitaPerDay Double | AnnualTotal/PopTotal/365
SummerPerCapita Double | SummerTotal/ PopTotal
SummerPerCapitaPerDay Double | SummerTotal/ PopTotal/122
NonSummerPerCapita Double | NonSummerTotal/ PopTotal

NonSummerPerCapitaPerDay | Double | NonSummerTotal/ PopTotal/243

AnnualPerPremisID Double | AnnualTotal/PremisiDTotal

AnnualPerPremisIDPerDay Double | AnnualTotal/PremisiDTotal/365

SummerPerPremisID Double | SummerTotal/PremisiDTotal

SummerPerPremisiDPerDay | Double| SummerTotal/PremisiDTotal/122

NonSummerPerPremisiD Double | NonSummerTotal/PremisIDTotal

NonSummerPerPremisIiDPerD{ Double | NonSummerTotal/PremisiDTotal/122

42-Wat er Use Per Capita for o6Year Longo

The following steps will combine population and water use values and create a polygon layer with water
use per capita values for 6year | ongd users. This
more than three months of zero water use. Negj@alues are not considered a water use of zero because

they represent a billing adjustment carried out by the water company.

7. Use the O6Spatial Joind toohBtockGri nlayerbo@ghe da GEOI D
water use point layers withedsity values that were created in the final step of Part 3.

8. Add the following fields (Type Double) to the point layer created in the previous step:
Nov_1
Dec 1
Jan_1
Feb 1
Mar_1
Apr_1

=A =4 =4 -8 -4 -9
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May 1
Jun_1
July_1
Aug_ 1
Sep 1

= =4 4 -8 4

These fields will be coded with the values 1 or 0, depending on value in the field of the
corresponding month. A value of 0 is given if the corresponding month also has a value
of 0. A value of 1 is given if the corresponding month has a value that iSONEAr

example, if a record has an Oct field value of 20, then the Oct_1 field for that record is
given a value of 1. However, If a record has an Oct field of 0, then the Oct_1 field is
given a value of 0.

The fields can be calculated using python gciipe script shown below is used to
calcul ate the fi0Oct 10 field. To calcul ate t
name of the other months wherever it appears in the script.

Show Codeblodk
Pre-Logic Script Code:

def CODE (Oct):
if (Oct ==0):
return 0
else:
return 1

Y Oct =
CODE (10ct!)

9. After the fields have been coded, add a new field (Type: Dpubland name it fAYear L

a. Use the OField Calculatoré function to calc
following expression:
[Oct_1] +[Nov_1] + [Dec_1] + [Jan_1] + [Feb_1] + [Mar_1] + [Apr_1] + [May_1] +
[Jun_1] + [Jul_1] + [Aug_1] + [Sep_1]

b. Use the 6Select By Attributed Function to s
field value greater than 8.

c. Export the selected records as a new point layer.

10. Add a new field (Type:Text) to the new point layer created in the previous step. Nafeddthe
ABG_LULC. 0o

a Use the O6Field Calculatoré function to calc

following expression:
[GEOID10]&"_"& [LU12]
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11

12.

13.

14.

b. Use the 6éDissolved Tool. I n the O6Dissolveb
feat ur es 6 kedmndisateat thé fellowin felds as dissolve fields:
i. LU12
i. GEOID10
ii. BG_LU12

Add the following statistic fields:
iv. Oct (statistic type: SUM)
v. Nov (statistic type: SUM)
vi. Dec (statistic type: SUM)

vii. Jan (statistic type: SUM)
viii. Feb (statistic type: SUM)
ix. Mar (statisic type: SUM)
X. Apr (statistic type: SUM)
xi. May (statistic type: SUM)
Xii. Jun (statistic type: SUM)
xiii. Jul (statistic type: SUM)
Xiv. Aug (statistic type: SUM)
Xv. Sep (statistic type: SUM)
xvi. Premis_ID (statistics type: COUNT)

Name the resultinglayér Ye ar Long BG_LULC_ Point so

.Use the 6Select By Locati am@sVoel rt cPeayelye&x pp o

that intersect with the use point layers fromfth€ e ar Lon g B G _ layet Expdethei nt s 0
selected polygons as a new polygon layer.

Use the O6Di gvoldiesGolTovee the | ayer from the prev
box, make sure the 6Create multipart featuresbd
dissolve fields:

1 LUu12

1 GEOID10

1 BG_LULC

1 AssignedDensity_Acres
Jointhel Ye ar L® nlgU ILBC _ Payer to the golygon layer created in the previous step.

a. While the join is still active, export the polygon layer as a new layer.

Add the following fields to the polygon layer created in the previous step. Calculate each of the
fields usng the following methods:
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Field Name Field | Calculation Method
Type
Area_Acres Doublel6 Cal cul ate Geometrybo

Assigned_Population_Adjusted Double| [Area_Acres]*[AssignedDensity Acres]

AnnualTotal Double| [SUM_Oct] + [SUM_Nov] + [SUM_Dec] +
[SUM_Jan] + [SUM_Feb] + [SUM_Mar] +
[SUM_Apr] + [SUM_May] + [SUM_Jun] +
[SUM_Jul] + [SUM_Aug] + [SUM_Sep]

AnnualPerCapita Double | [AnnualTotal] / [Assigned_Population_Adjustec

AnnualPerCaptiaPerDay Double | [AnnualPerCapita]/365

SummerTotal Double | [SUM_Jwn] + [SUM_Jul] + [SUM_Aug] +
[SUM_Sep]

SummerPerCapita Double | [SummerlTotal] /
[Assigned_Population_Adjusted]

SummerPerCapitaPerDay Double | [SummerlPerCapita] /122

NonSummerTotal Double | [SUM_Oct] + [SUM_Nov] + [SUM_Dec] +

[SUM_Jan] + [SUM_Feb] 4SUM_Mar] +
[SUM_Apr] + [SUM_May]
NonSummerPerCapita Double | [NonSummerlTotal] /
[Assigned_Population_Adjusted]

NonSummerPerCapitaPerDay | Double | [NonSummerPerCapita] /243

AnnualPerPremisID Double | [AnnualTotal] / [COUNT_Premise_ID]
AnnualPerPremisIDPerDay Double | [AnnualPerPremisiD] /365
SummerPerPremisID Double | [SummerlTotal] / [COUNT_Premise_ID]

SummerPerPremisiIDPerDay | Double| [SummerlPerPremisiD] /122
NonSummerPerPremisiD Double | [NonSummeriTotal] / [COUNT_Premise_ID]

NonSummerPerPremisIDPerDi Double | [NonSummerPerPremisiD] /243

have been added and

a. After al | of t he S
ssolve field. Choose

fi

ALU120 Field as the
the statistic type to SUM.

i. AnnualTotal

ii. PopTotal

iii. PremisiDTotal

iv. SummerTotal

v. NonSummerTotal

el d
i

I
d

b. Use the ATable To Excel 6 tool to export | ay
fields using the following methods:
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Field Name Field | Calculation Method

Type
AnnualPerCapita Double | AnnualTotal/PopTotal
AnnualPerCapitaPerDay Double | AnnualTotal/PopTotal/365
SummerPerCapita Double | SummerTotal/ PopTotal
SummerPerCapitaPerDay Double | SummerTotal/ PopTotal/122
NonSummerPerCapita Double | NonSummerTotal/ PopTotal
NonSummerPerCapitaPerDay | Double | NonSummerTotal/ PopTotal/243
AnnualPerPremisiD Double | AnnualTotal/PremisIDTotal
AnnualPerPremisIDPerDay Double | AnnualTotal/PremisIDTotal/365
SummerPerPremisID Double | SummerTotal/PremisIDTotal
SummerPerPremisiDPerDay | Double| SummerTotal/PremisiDTotal/122
NonSummerPerPremisIiD Double | NonSummerTotal/PremisIDTotal
NonSummerPerPremisIDPerDi{ Double | NonSummerTotal/PremisiDTotal/122
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Appendix B. Residential Demands Model Construction

Thespreadsheet model for 2010 and 2040 residential démMadelsRER010_2040 Demands
2017.08.0%lIsx includes over 20 individual worksheets, which are described below. For each
worksheet, the individual columns are described with the information source and equations as
appropriate.The worksheets are grouped as:

1 PCWS Bpulation
Annual Demands for 2010 and 2040, No Conservation and Conservation Scenarios

Summer Demands for 2010 and 2040, No Conservation Scenario

1
1
1 Non-Summer Demands for 2010 and 2040, No Conservation Scenario
1 Lookup Tables

1

Per Capita Calculations for CAEAVS Systems

Caveats #1

As mentioned in the Caveats workshleetpbpulations associated with each type of area are based

on the dasymetric analysis and PCWS service areas using a June 2017 version of the NJDEP PCWS
Service Area GIS mapping, whichoispublic and may have inaccuradieswyever, the June 2017

service area coverage was not used in its entirety, as that would have required a complete reanalysis
of the entire project, including the dasymetric analysis and all subsequEné ptepect schedule

and budget did not allow for a complete reanalysis of this type. However, the population estimates
for each PCWS service area are consistent through the model and report.

PCWS Population 201Pivot Table - #2

PCWS Pop 2010-or each PCW§ystem, provides2@810population estimate for ea@nhoup

Code, theombination of residential density, housing age, topographic slope, geophysical area and
precipitation density, as discussétkeinCapita Ret@ntial Water Demantg Housing Categary

These population estimates are fronGtsbased dasymetric evaluatescribed idppendix A

PCWS Population 204@ivot Table - #3

PCWS Pop 2040For each PCWS syst@mgvides a 2040 population estimate for each Group
Code. These population estimatesderaved adescribed idppendix A

PCWS Population by Residential Development Density#4

PCWS Pop HDMDLD For each PCWS system, provides a@9d@04@opulation estimate for
each combination of residential density.

Annual Demands Table- #5

Annual For each PCWS system, provides 288040 estimatef demand for each relevant

Group Code.Percapitdle mands f or each Group Code are draw
Lookupo6 for the 2010 and the 204thewdrishedetonser v a
#210240 Lookupo for t he 2 PopuatioGsoare siranwn ramtworksheets ¢ e n a f
#20PCWS Pop 20106 and #3 OPCWS Pop 20406 respe
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Annual Demands 2010 Pivot Table#6

Ann2010 Pivot table drawndéofwiomhwdOk@haenbhu#hb odm
relevant Group Code and the complete PCWS

Annual Demands 2040 NdConservation Scenario Pivot Table#7

Ann2040 NCPivot table drawnfromo r k s heet #5 @& aAwmualdenandsderwi t h 20
the No Conservation scendio each relevant Group Code and the complete PCWS.

Annual Demands 2040 Conservation Scenario Pivicable - #8

Ann2040Con®®i vot tabl e drawn from worksheet #5 0AN
the Conservation scenario for each relevant Group Code and the complete PCWS.

SummerDemands Table- #9

Summer The information here is developed mths a me manner as wor ksheet
Summer demands.

SummerDemands 2010 Pivot Table#10

S2010The information here is developed in the s
Summer demands.

SummerDemands 2040 No Conservation ScenarPivot Table- #11

S2040NCThe information here is developed in the
NC6é6 but for Summer demands.

SummerDemands 2040 Conservation Scenario Pivot Tablgl12

S 2040 CarThe information here is developed inthe sasmemer as wor ksheet #8
Consdé but for Summer demands.

Non-SummerDemands Table- #13

Non-Summer The information here is developed in
but for NonSummer demands.

Non-SummerDemands 2010 Pivot Table#14

N-S2010The i nformation here is developed in the
for Non-Summer demands.

Non-SummerDemands 2040 No Conservation Scenario Pivot Tablé&l15

N-S 2040 NCThe information here is developed in the same mannerrakve heet #7 O0AnNN
NCO b dNdn-Sdinoner demands.

Non-SummerDemands 2040 Conservation Scenario Pivot Tablg16

N-S2040ConsThe i nformation here is developed in tfF
Cons 6 Noo-$Sumimer demands.

2010 Demand Summary Table #17

2010 SummaryFor each PCWS system, provides the sum of demands for Annual, Summer and
Non-Summer from worksheets #6 0AnRDADO®, #10 0S
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2040 Demands No Conservation Scenario Summary Tablgl8

2040 NC Sumary. For each PCWS system, provides the sum of demands for Annual, Summer
and NorSummer from worksheet3 & A n AONG6 , 163 40NCO a n5a N 210
NC. 6

2040 Demands Conservation Scenario Summary Tabkl9

2040 Cons Summarlyor each PCW§ystem, provides the sum of demands for Annual, Summer
and NonSummer from worksheet88 An n 2 n$HQ 2&3 2 nH0 a@6a N¥F2D40
Cons 0

2010 Lookup Table for Per Capita Residential Demand Rate20

2010 Lookup Provides the applicable pgritzarates by relevant Group Code for use in both the
2010 and 2040 No Conservation scenafios.rates are derived from the results from the case
PCWS systems, using the median values for each Group Code (excluding outlier values). Where
results for &roup Code were unavailable or too sparse for an appropriate median, the results for
another relevant Group Code were used. As shown in the worksheet, the result is that per capita
demands could not be differentiated based on housing age, slope tatiprecipnly geophysical
province and residential density were found to provide useable results.

2040 Lookup Table for Per Capita Residential Demand RategSonservation Scenarie #21

2040 Lookup Provides the applicable per capita rates by relewamq Gode for use in tf2940

Conservation scenaridhe scenario is discusse&eésidential Demand Scenariblse rates are

derived from the results from the 2010 Lookup Table. These rates were nsoutifiee

Conservation scenario where rates were assumed to trend lower unless they were already at or below
35 gpcd, at which point they remained stable.

Per Capita Demand Estimates for Case PCWS Systen#22

gpcd for Case PCWS his table summarizeg t010 per capital residential demands by
development density for each PCWS system that provided residential demand data, for Annual,
Summer and NeBummer periods. These values are pasted from separate spreadsheets for each
system, and those spreadsheets derived from GIS analyses of the raw data using the
methodology discussedHar Capital Residential Water Demands by Housing Category

The table alsprovides 2040 values for the Conservation scemararé used in direct calculation

of these demands for these systems only. The values are based on the methodology described in
Residential Demand Scenainakhie same manner as ddner PCWS systemst nging the actual

values for each case PCWS system rather than the nominal values used for the other systems.
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Appendix C. PCWS System Demands Model Construction

The NJDEP 2040 Demands Modpteadsheet is multiple models within a Spgdadsheet. The
models are:

1 Case PCWS Systems Medé&eveloped only for systems for which useable data were
provided, as discussedEwraluation of Current Water Deman8esults are calculated for
2010 2040(No Conservation) and 2040 (Conservation) scenarios

1. 2010 The residential demands are based on the calculated per capita rates using
systerrspecificdata. The commercial and industrial demands are based on either
available data or estimates usingueleommercial and industrial land us¢éater
losses are based on available data or the application of values based on other systems
for which water loss rates were available.

2. 2040 The residential demaradsfor the 2010 demands, but using population
changes for 2040 (No Conservation Scenario). For the Conservation Scenario, the
model applies modified per capita raseg) the same assumptions on per capita
rates as f or ot he2040LgnsetvationsScenaaiccCaldulatedt u s s e
Modeb bae | o

1 2010 Baseline Mod®Calculated for all systems, including the case PCWS systems, using
the 2010 Residential demands as discussed in Appendix B, and estonatesrofal and
industrial demands based on either available data or estimates w&rgpnehaércial and
industrial land use$Vater losses are based on available data or the application of values
based on other systems for which water loss rates were available.

1 2040 No Conservation Scenario Calculated Matulated for all systenmsluding the
case PCWS systems, using theé R@sidential demands as discussed in Appendix B
Commerciatlemands for 2010 were assumed to change proportional to changes in
residential demands)d industrial demanadgre assumed to remain stable froh@®20
Water losses are basedwa scenarios (Nominal and Optimal), using the current median
and 2% percentile results, respectively, fsgstems for which water loss rates were
available.

1 2040 No Conservation Scenario Extrapolation Médeil® sets othreescenarios are
used hereThe first set uses the peak demands froM/#ter Supply Deficit/Surplus
calculations of NJDEP for each system as the starting point (i.e., initial demands), while the
second set uses as its starting point the averagelsléon2008 to 2015 from the NJ
Water Tracking model (NJWaTr) as provided by NJDEP in AugusB&ghlise the first
set uses a peak year as its initial demand, it is likely to overestimate future average demands.
The second set, being based on avdesgends, is likely to underestimate peak stresses in
the future. Each has its value but also its limitatifamrseach set of models, there are three
scenarios.

1. Assumes thanmitial demandwill increase or decrease proportionally to population
changavith no alteration of water losses

2. Appliesthe Nominalvater lossalles along with the effects of population change
3. Applies the Optimum water loss values along with the effects of population change.
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1 2040 Conservation Scenario Calculated Md&kdtulated in the same manner as for the
2040 No Conservation Scenario Calculated Mrdabpt thathe model applies modified
per capita rates usiagsumptions as discussedesidential Demand Scenarios

1 2040 Conservation Scenario Extrapolation Méddisse estimates are developed in the
same manner as for @40 No Conservation Scenario Extrapolation Modelsever,
for each set of models, therearkytwo scenarios.

1. Applies the Nominal water loss values along with the effects of population change
2. Applies the Optimum water loss values along with the effects of population change.

Worksheet Explanations
Comparisonsof All Model Results

Model ComparisonsThis worksket includes available information on PCWS system capacity and
recent demands, and incorporates the results of all the modeling scenarios discussed above. By
worksheet Column, the provided information is as follows:

PCWS System Listing from NYHEET Siply Deficit/Surp&sreadsheet
A. PWSID #. The PWSID associated with the PCWS system
B. County. The primary county for the PCWS system as listed by NJDEP
C. Name. The PCWS system name as listed by NJDEP (with limited modifications to
D

update names, such as fidnited Water to Suez)
. PWCSDatad Y6 indicates that the PCWS syster
used in the analysis.
Top 80% Cumulative Demand 0Y6 indicates that the |
largest systems in terms of total demand, notdipauwcity. All of the indicated
systems add to 80% of total supplied demand in Column G.

F. Firm Capacity (MGD). As provided by NJDEPNot all systems have available
values.

G. Peak Annual D/S Demand (MGD). The highest annual demand in the last five
completedyears for which data were compiled by NJDEP. Most recent spreadsheet
provided in May 201'Not all systems have available values.

2010 Baseline Model Demands

H. Baseline Model Demand (WL on D/S) (MGD). From worksheéBaseline
Model'ColumnT.

I. Baseline Mocel Demand (WL on NJWaTr) (MGD). From worksheet 'Baseline
Model' Columru.

2040 No Change Scenarios

J. Total Demand (Nominal WL) (MGD) . From worksheet '‘Baseline Model' Column
AE.

K. Total Demand (Optimum WL) (MGD) . From worksheet 'Baseline Model'
ColumnAG.

2040Conservation Scenarios

L. Total Demand (Nominal WL) (MGD). From worksheeConservation Model’
ColumnM.

M. Total Demand (Optimum WL) (MGD) . From worksheet 'Conservation Model'
ColumnO.

m
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2040 NC Scenario Extrapolations from D/S Demands
N. Pop Change % X D/S AnnualMGD). From worksheet 'Baseline Model' Column
AN.
0. 2040 NC Change % (Nominal WL) X D/S Annual (MGD) From worksheet
'‘Baseline ModeColumn AO.
P. 2040 NC Change % (Optimal WL) X D/S Annual (MGD) From worksheet
'‘Baseline ModeColumn AP.
2040 NC Scenariatfapolations from NJWaTr Demands
Q. Pop Change % X NJWaTr Avg (MGD)From worksheéBaseline Model'
Column AQ.
R. 2040 NC Change % (Nominal WL) X NJWaTr Avg (MGD)From worksheet
'‘Baseline ModeColumn AR.
S. 2040 NC Change % (Optimal WL) X NJWaTr Avg (MGD)Fromworksheet
'‘Baseline ModeColumn AS.
2040 Cons Extrapolations from D/S Demands
T. Model Change % (Nominal WL) X D/S Annual (MGD). From worksheet
‘Conservation Model' Coluriivi
U. Model Change % (Optimal WL) X D/S Annual (MGD). From worksheet
‘Conservation Modl€Column X.
2040 Cortsxtrapolations from NJWaTr Demands
V. Model Change % (Nominal WL) X NJWaTr (MGD). From worksheet
‘Conservation ModeTolumn Y.
W. Model Change % (Optimal WL) X NJWaTr (MGD) From worksheet
‘Conservation ModeTolumn Z.

Baseline Modelsfor 2010 and 2040 No Conservation Scenarios

Baseline ModeThis worksheet includes available information on PCWS system capacity and recent
demands, anthlculates or providdse results of thease PCWS system and calcutatettling

for 2010 and for 2D No Conservatioscenarios. By worksheet Column, the provided information

is as follows:

PCWS System Listing from NYHEEET Supply Deficit/Sugpusadsheet
A. PWSID #. The PWSID associated with the PCWS system
B. County. The primary county for the PC\WiStem as listed by NJDEP
C. Name. The PCWS system name as listed by NJDEP (with limited modifications to
update names, such as from United Water to Suez)
D. PWCSDatad Y6 indicates that the PCWS syster
used in the analysis.
Top 80% Cumulative Demand 0Y6 indicates that the |
largest systems in terms of total demand, not firm capacity. All of the indicated
systems add to 80% of total supplied demand in Column G.
F. Firm Capacity (MGD). As provided by NJEP. Not all systems have available
values.
G. Peak Annual D/S Demand (MGD). The highest annual demand in the last five
completed years for which data were compiled by NJDEP. Most recent spreadsheet
provided in May 201'Not all systems have available galue

m
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NJWaTr 2008015 Demands and Comparisons
H. NJWaTr 20082015 Average Demand (MGDJrovided by NJDEP August 2017.
Not all systems have available values.
I. Peak D/S - NJWaTr Avg (MGD). Comparison of the demands in Columns G and
H, with a positive indicatinigat the D/S peak annual demand is higher. A negative
indicates that the 20@815 average is higher, which could be explained by high
demands prior to 2012 (the most recent year included in the D/S spreadsheet) or
inconsistencies in the demands includén the two spreadsheets.
J. Peak D/S - NJWaTr Avg (% of Peak D/S) Column | expressed as a percentage
of Column G. As can be seen, some values are highly positive or negative, indicating
that additional analysis of the underlying data may be apgropria
Estimated Water L3k Hemand
K. Estimated Total Water Loss 2015 (MGD) From the workshe®VL Filled,
Column P, based on a percentage of Column G.
L. Estimated Delivered Water 2015 (MGP Column K subtracted from Column G.
Estimated Wate@ssesJWaTr Demand
M. Estimated Total Water Loss 2015 (MGDJ}rom the worksheet 'WL Filled',
ColumnQ, based on a percentage of Colt#imn
N. Estimated Delivered Water 2015 (MGDYXolumnM subtracted from Colunt.
Summary Calculations for Initial Demiansl Scena
O. RES 2010 (MGD)From worksheePCWS 2010 RESblumnAJ.
P. COMM 2010 (MGD) From worksheé2010 COMMColumni
Q. IND 2010 (MGD). Fr om VWNDUETRIAISHe tCod u mn
R. Baseline Model Demand (WL on D/S) (MGD). Sum of Columnik,0,P,Q
S. Baseline Model DemandWL on NJWaTr) (MGD). Sum of Column®,P,0,M
Model v D/S Demand Comparison
T. BaselineD/S Demand (MGD) . ColummR subtracted from Column G
U. BaselineD/S Demand (%). ColumnT as a percentage of Colu@n
Madel v NJWaTr Demand Comparison
V. BaselineNJWaTr Demand (MGD). Column S subtracted from Colukin
W. BaselineNJWaTr Demand (%) Column V as a percentage of Coltinn
X. Change in % Difference from D/S to NJWaTr Column U subtracted from
ColumnW. A negative indicates that the estimates based on NJWaTr are lower than
those based on the D/S Demand as an initial value. See Column J for further notes.
2040 Annualized Water Demand Calculations Summary (No Change in Residential gpcd from Z
Calculations)
Y. RES 2040 (MGD)From worksheePCWS 2040 RES NC Scen&iaumnAJ
Z. COMM 2040 (MGD). From worksheet '2040 COMM' Coluin
AA. 2040 RIC Demand (MGD) Sum of Column¥,Z,Q.
AB. Wat er L o somina?2 Rated (MGDY.Backcalculation of water losses in
MGD by subtracting RIC demand of Column AA from total demand ah@8IG3
AC. 2040 Total Demand (Nominal WL) (MGD) Calculated by dividing ColuA
by the fraction (1 minus the WL percentage from worksheet 'WL Filled' @)lumn
AD. Water Loss 2040 "Optimal System" (MGD)Backcalculation of water losses in
MGD by subtacting RIC demand of Column AA from total demand of CoAEnn
AE. 2040 Total Demand (Optimum WL) (MGD) Calculated by dividing Column
AA by the fraction (1 minus the WL percentage from worksheet "WL Filled' Cplumn S
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Comparisokéater Losses based oD@&v@ands)
AF. Total Demand (Nominal WL) Change 2010 to 2040 (MGDEolumnAC
minus ColumiR. Column R demands incorporate water losses using a percentage of
the D/S Demands, which will be different from water losses based on the same
percentage of NJWaTr demands. Nominal Water Losses are used for this calculation.
AG. Change from 2010 Total&b6) (Nominal WL) (MGD) . ColumnAF divided by
ColumnR as a percentage. High positive and negative percentages indicate greater
change from the 2010 demands.
AH. Total Demand (Optimal WL) Change 2010 to 2040 (MGDEolumn AE
minus ColummR. Column R dmands incorporate water losses using a percentage of
the D/S Demands, which will be different from water losses based on the same
percentage of NJWaTr deman@gtimalWater Losseare used for this calculation,
and so generally the result is slightamreductions in demand.
Al. Change from 2010 Totals (%) (Optimum WL)Column A divided by Column
R as a percentage. High positive and negative percentages indicate greater change from
the 2010 demands.
AJ. Firm Capacity - 2040 Total (Nominal WL) MGD). ColumnF minus Column
AC, provided a measure of remaining Firm Capacity as of 2040 in this scenario.
AK. 2040- D/S Annual (MGD) . ColumnAC minus Columi. Indicates whether
2040 demands in this scenario are higher or lower than the currentRi&nperads.
Extrapolations from D/S Demands
AL. Pop Change % X D/S Annual (MGD) Straight populatichased extrapolation
of the D/S Demand to 2@ ColumnG plus Column G times Column @in
worksheetPCWS Pop 20340.
AM. 2040 NC Change % (NominaWL) X D/S Annual (MGD) . Extrapolation
based on D/S Demands and the calculations of change using Nominal Water Loss rates.
ColumnG plus Column G times Column AG.
AN. 2040 NC Change % (Optimal WL) X D/S Annual (MGD) Extrapolation
based on D/S Demandsdithe calculations of change using Optimum Water Loss
rates. Colum®@ plus Column G times Column All.
Extrapolations from NJWaTr-2008 Average Demands
AO. Pop Change % X NJWaTr Avg (MGD)Straight populatichased extrapolation
of the NJWaTr Demand £2040. Column H plus Column H times Column O from
worksheetPCWS Pop 2034D.
AP. 2040 NC Change % (Nominal WL) X NJWaTr Avg (MGD)Extrapolation
based on NJWaTr Demands and the calculations of change using Nominal Water Loss
rates. Column H plus @ohn H times Column AG.
AQ. 2040 NC Change % (Optimal WL) X NJWaTr Avg (MGD)Extrapolation
based oNJWaTrDemands and the calculations of change using Optimum Water Loss
rates. ColumHAl plus ColumrH times Column All.
2040 Seasonal Water De&padndations Summary (No Change in Residential gpcd from 2010
Calculations)
AR. RES Non-Summer 2040 (MGD)From worksheePCWS 2040 RES NC
ScenaridColumnAK
AS. COMM/IND Non -Summer 2040 (MGD)Sum of Column&+Q
AT. Water Loss Nominal Rates 2040 (MGPBackcalculation of water losses by
subtracting RIC demas@Columrs Q+AR+AS)from total demand of ColuniJ.
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AU. 2040 NonSummer Demand (MGD) Calculated by dividing the sum of
ColumnsAR+AS by the fraction (1 minus the WL percentage from worksheet "WL
Filled' ColumrR). This calculation uses Nominal Water Losses.

AV. Firm Capacity - 2040 NonSummer(MGD) . ColumnF minus ColummuU,
provided a measure of remaining Firm Capacity a4in2ihis scenario.

AW. RES Summer 2040 (MGD)rom worksheeéPCWS 2040 RES NC Scenario’
ColumnAL

AX. COMM/IND Summer 2040 (MGD) . Sum of Columns Z+Q

AY. Water Loss Nominal Rates 2040 (MGDPBackcalculation of water losses by
subtracting RIC demasiColumrs Q+AW+A X) from total demand of ColuniZ.
AZ. 2040 Summer Demand (MGD)Calculated by dividing the sum (of Columns
Q+AW+AX+Column AC of the workshe®CWS 2040 RES NC Scengahyg'the
fraction (1 minus the WL percentage from worksheet '"WL Filled' Gjurmhis
calculation uses Nominal Water Losses. The valu€@lomn AC of the worksheet
'PCWS 2040 RES NC Scenasian estimate of touristniven summer demands.
BA. Firm Capacity- 2040 Summe(MGD) . ColumnF minus Colummi\Z.

2040 Conservation Scenario Modzl

Conservation Moderhis worksheet includes available information on PCWS system capacity and
recent demands, and calculates or provides the results of the case PCWS system and calculated
modeling fothe 2040 Conservation scenario. By worksheet Column, the providedimridsmat

as follows:

PCWS System Listing from NY T Supply Deficit/Suggusadsheet
A. PWSID #. The PWSID associated with the PCWS system
B. County. The primary county for the PCWS system as listed by NJDEP
C. Name. The PCWS system name as listed by NORiEPimited modifications to
D

update names, such as from United Water to Suez)
. PWCSDatad Y6 indicates that the PCWS syster
used in the analysis.
Top 80% Cumulative Demand 0YO6 indicates thada the |
largest systems in terms of total demand, not firm capacity. All of the indicated
systems add to 80% of total supplied demand in Column G.

F. Firm Capacity (MGD). As provided by NJDEP. Not all systems have available
values.

G. Peak Annual D/S Demand (MGD). The highest annual demand in the last five
completed years for which data were compiled by NJDEP. Most recent spreadsheet
provided in May 2017. Not all systems have available values.

H. NJWaTr 20082015 Average Demand (MGDJProvided by NJDEP August 2017.

Not all systems have available values.
2040 Annualized Water Demand Calculations Summary (Residential gpcd Conservation Rates)

I. RES 2040 (MGD)From worksheéPCWS 2040 RES Cons Scen@otimnAJ

J. COMM 2040 (MGD). From worksheet '2040 COMM' Coluin

K. 2040RIC Demand (MGD). Sum ofi+J+Column Q from worksheet '‘Baseline
Model'

L. Water Loss 204@Nominal Ratesd (MGD) . Backcalculation of water losses in
MGD by subtracting RIC demand of Colukhfrom total demand of Colunivi.

m
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M. 2040 Total Demand (Nominal WL) (MGD) Calculated by dividing Colukrby
the fraction (1 minus the WL percentagjagworksheet "WL Filled' Column.R)

N. Water Loss 2040 "Optimal System" (MGD)Backcalculation of water losses in
MGD by subtracting RIC demand of Column K from total demandiom@®.

0. 2040 Total Demand (Optimum WL) (MGD) Calculated by dividing Coluidn
by the fraction (1 minus the WL percentaegworksheet "WL Filled' Colun$h

Comparisons
P. Change from 2010 Totals (Nominal WL) (MGD)Calculated by subtracting the

2010demands (Column Rofn worksheéBaseline Modgfrom Column M.

Q. Change from 2010 Totals (%) (Nominal WL)XolumnP divided by Column R
from worksheeBaseline Model'

R. Change from 2010 Totals (MGD) (Optiral WL). Calculated by subtracting the
2010 demats (Column Rrém worksheéBaseline Modgfrom Column O.

S. Change from 2010 Totals (%{Optimal WL). Column R divided by Column R
from worksheeBaseline Model'

T. 2040 Reductions from No Change to Cons (Optiat WL). Column O from the
worksheetConservigon Model'minus Column AE from the worksheet '‘Baseline
Model'".

U. Firm Capacity - 2040 Cons Total (Nominal WL) (MGD) ColumnF minus
ColumnM.

V. D/S Annual -2040 Cons (MGD)ColumnG minus Columm.

2040 Cons Extrapolations from D/S Demands
W. Model Change %(Nominal WL) X D/S Annual (MGD) . Extrapolation based

on D/S Demands and the calculations of change using Nominal Water Loss rates.
ColumnG plus Column G times Column Q.

X. Model Change % (Optimal WL) X D/S Annual (MGD). Extrapolation based on
D/S Demandsand the calculations of change using Optimum Water Loss rates.
ColumnG plus Column G times Column S.

2040 Cons Extrapolations from NJWaTr Demands
Y. Model Change % (Nominal WL) X NJWaTr (MGD). Extrapolation based on

NJWaTr Demands and the calculatiorchahge using Nominal Water Loss rates.
Column H plus Column H times Column Q.

Z. Model Change % (Optimal WL) X NJWaTr (MGD) Extrapolation based on
NJWaTr Demands and the calculations of change using Optimal Water Loss rates.
Column H plus Column H times ldmn S.

2040 Seasonal Water Demand Calculations Summary (Residential gpcd Conservation Rates)
AA. RES Summer 2040 (MGD)From worksheePCWS 2040 RES Cons Scenario'
ColumnAK
AB. COMM/IND Non -Summer 2040 (MGD)ColumnJplus Column Qrom
worksheeBaseline Model'

AC. Water Loss Nominal Rates 2040 (MGDPBackcalculated aSolumnAD minus

the sum of ColumnsA+AB.

AD. 2040 NonSummer Demand (MGD) Calculated by dividirsgim ofColumrs

AA+AB by the fraction (1 minus the WL percentesyegworksheet "WL Filled'

ColumnR).

AE. Firm Capacity -2040 NonrSummer (MGD). ColumnF minus ColummD.

AF. RES Summer 2040 (MGD)From worksheePCWS 2040 RES Cons Scenario'

ColumnAL.
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AG. COMM/IND Summer 2040 (MGD) . Value from ColumAB.

AH. Water Loss Nominal Rates 2040 (MGD)Backcalculated as Column Al minus
the sum of ColummsF+AG.

Al. 2040 Summer Demand (MGD)Calculated by dividirsgim ofColumrs AF+AG

by the fraction (1 minus the WL percentagyegworksheet "WL Filled" Colunf).

AJ. Firm Capacity- 2040 Summer (MGD)ColumnF minus Columml.

Table of PCWS System Populations for 2010 and 2040

PCWS Pop 2012040 This table provides the results of the dasymetric analysis of populations by
PCWS system and development density. Valugaitaela only for those PCWS systems that

have been mapped by NJDEP as of June Bylworksheet Column, the provided information is

as follows:

PCWS System Listing from NWEET Supply Deficit/Sugpusadsheet
A. PWSID #. The PWSID associated witle PCWS system
B. County. The primary county for the PCWS system as listed by NJDEP
C. Name. The PCWS system name as listed by NJDEP (with limited modifications to
D

update names, such as from United Water to Suez)
. PWCSDatad Y6 i ndi cat es tptoaded résidentialRiE€AR dagay st e r
used in the analysis.
PWID. Where a value is shown, it matches the PWSID in Column A and indicates
that a mapped service area existed and therefore the dasymetric analysis was feasible
for the system. All other PCWS systare blank from Column E through S.
HD Total . High Density Residential population estimate for 2010.
MD Total . Medium Density Residential population estimate for 2010.
LD Total. Low Density Residential population estimate for 2010.
2010 TOTAL Totd population for the PCWS System in 2010.
HD Total . High Density Residential population estimate for 2040.
MD Total . Medium Density Residential population estimate for 2040.
LD Total. Low Density Residential population estimate for 2040.
. 2010 TOTAL Total population for the PCWS System in 2040.
Change Change in total population (2040 minus 2010).
% Change Change based on Column N as a percent of Column 1.
HD Pop Change Change in High Density population (2040 minus 2010).
MD Pop Change Change in Medium Density population (2040 minus 2010).
LD Pop Change Change in Low Density population (2040 minus 2010).
LD %. Low Density population as a percent of total population in 2010. Column H
as a percent of Column 1.

m
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Residential Demands byPCWS System for 20 aseline Model

PCWS 2010 RES his worksheet includes two modeling approaches for 2010 residential demands.
One applies only to the case PCWS systems and uses the per capita residential rates derived from
their residential demand data to calculate demands. The other uses thennffaméte

oModel RES 2010 2040 Demands 2017®8.0dpr eads heet di scussed in .
the PCWS 2010 RES worksheet are used in the Baseline Model wa&kshedsheet Column,

the provided information is as follows:
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PCWS System bhigtirom NJDBRater Supply Deficit/Suggusadsheet

A. PWSID #. The PWSID associated with the PCWS system

B. County. The primary county for the PCWS system as listed by NJDEP

C. Name. The PCWS system name as listed by NJDEP (with limited modifications to
updde names, such as from United Water to Suez)

D. PWSID Check This column is included to ensure that the results of Columns E
through G (from thé& Mo d e | RES 2010_2040 Demands 20
are properly associated with the value in Column A. YWéexés no listing in
Column D, no information was available fronotiido d e | RES 2010 _204C
Demands 2017. 0 &rthe tedsons giscuessed is Appeadix B.

Based on Calculated Residential gpcd Rates from Purveyor Data

HoJ; NOO; ToV. Case EWS Per Capita RatesFor case PCWS only, the values
shown are per capita residential demand rates (gpcd) from the analysis of their
system demand data, for High, Medium and Low density residential, respectively.
Annual, NorRSummer and Summer rates are shown.

KAdM; QdS; WoY. Case PCWS Residential DensiRRelated Demands For case
PCWS only, the values showntlagerelevanper capita residential demand rates
(gpcd) for High, Medium and Low density resi@enespectivelynultiplied by the
relevant 2010 population for the systemAnnual, NoRSummer and Summer
demands

Z 0 AB. Case PCWS Total Demands$-or case PCWS only, the values showsuare
of demandfor High, Medium and Low density residdrasAnnual, NorRSummer
and Summer

AC.Seasonal Component (MGD)PCWS systems with a major component of their
service areas along the Atlantic Ocean coast have distinctive demand patterns driven
by summer tourism, both residential and commerciak fflhre e a (5esaboeat t 0
Coastal Users Demand Fadlorspr ovi des an analysis of t
increased summer demands exceed the ratios normally associated with summer to
nons ummer demands, resulting in a 0Seasol
in this column.

Totals Based on Calculated Demands

AD. Total Annual Demand (MGD). If Column Z=0, then this column is the sum of
ColumnsE+AC (the generic model demand plus the Seasonal Component);
otherwise it is the sum @blumnsZ+AC (the case PCWS demdalus the
Seasonal Component) for Annual Demands.

AE. Total Non-Summer Demand (MGD) Likewise,fiColumnAA=0, then this
columnhas the value &@olumnF (the Seasonal Componenhot relevant to Nen
Summer demangd®therwise it i€olumn AA(the case PCWS demand)Non-
SummebDemands.

AF. Total Summer Demand (MGD) Likewise, if Column AB, then this column is
the sum of Columns#AC (the generic model demand plus the Seasonal
Component); otherwise it is the sunCofumns ABAC (the case PCWS demand
plus the Seasonal Component) for Summer Demands.

Totals Based on D/S Demahdse are PCWS systems where no demands could be
calculated due to the lack of ®k&sed service areas and other key data. In these cases, the
peak anndalemand from the D/S spreadsheet is used as a surrogate demand.
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AG. Total Annual Demand (MGD). If ColumnAD=0, then the value from the
worksheetDeficitSurplus 201ZolumnK is used. Otherwise, the value FALSE is
logged.

AH. Total Non-Summer Demand (M@). If ColumnAE=0, then the value from the
worksheetDeficitSurplus 201TolumnK is used.Otherwise, the value FALSE is
logged.

Al. Total Summer Demand (MGD) If Column AF=0, then the value from the
worksheetDeficitSurplus 201ZolumnK is used.Otherwise, the value FALSE is
logged.

Applicable Totals

AJ.Total Annual Demand (MGD). If Column AD is>0, then the AD value is shown,;
otherwise the ColumkG value is shown.

AK. Total Non-Summer Demand (MGD) If Column AE is>0, then the AE value is
shown; otherwise the ColurH value is shown.

AL. Total Summer Demand (MGD) If Column AF is>0, then the AF value is
shown; otherwise the Coluhvalue is shown.

Residential Demands by PCWS System for 2040 No Conservation Scenario

PCWS 2040 RES N&tenarioThi s spreadsheet is structured tF
2010 RESG, but uses 2040 population esti mates
OPCWS 2010 RESO.

Residential Demands by PCWS System for 2040 Conservation Scenario

PCWS 2040 RES Cons Scenaifihis spreadsheet is structured the saméhas wo rPEWSH eet s ¢
2010 RES a&PRWS 2040 RES NC Scen@bat uses 2040 population estimaites

conservation rates for per capita residential demahdsher factors and eqiaats are the same

asthe prior two worksheets

Land Uses of Water Supply Service Areas

WSSA LU The values in this worksheet were derived in GIS from the PCWS Service Area
information provided to Rutgers by NJDEP, with the latest version being Juriéh2GEfvice
area mapping is not complete and therefore is not a publicly available Byodadtsheet
Column, the provided information is as follows:

C. PWSID #. The PWSID associated with the PCWS system

D. County. The primary county for the PCWS systehsted by NJDEP

E. Name. The PCWS system name as listed by NJDEP (with limited modifications to
update names, such as from United Water to Suez)

F. PWSID Check This column is included to ensure that the results of Colamns
throughX are properly associated with the value in CalinMihere there is no
listing in Columit, no information was availafide land uses in the PCWS service
areafor the reasons discussed in Appendix B.

G. PCWS AcresTotal acres in the PCWS service aredl ftypes of land use and
undeveloped areas.

H. 1110 HDR AcresTotal acres of High Density Residential (Anderson Code 1110)
within the PCWS service area.

. 1110 HDR %Column H as a percentage of Column G.
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J. 1120 MDR AcresTotal acres of Medium DengRgsidential (Anderson Code
1120) within the PCWS service area.
1120 MDR % ColumnJas a percentage of Column G.
1130 LDR AcresTotal acres dfow and RurdDensity Residential (Anderson
Codes 1130 and 114Pwithin the PCWS service area.
. 1130 LDR %Colunn L as a percentage of Column G.
1200 COMM Total acres d@ommercial land uganderson Code 0Q) within the
PCWS service area.
1200 C %ColumnN as a percentage of Column G.
1300 IND. Total acres dhdustrialand use (Anderson Cod#@) within the
PCWS service area.
1300 IND % ColumnP as a percentage of Column G.
Total Acres Total acres in the PCWS service area for developed land uses only,
from Columns H, J, L, N and P.
Total %. Column Ras a percentage of Column G
Comm/Res Ratio. Column Ndivided by the sum of Columns H, J and L.
<=2% Commercial Y or N value regarding whether Column O is equal to or less
than 2%.
<=6% Commercial Y or N value regarding whether Column O is equal to or less
than 6%.
. >6% Commercial Y or N value regardingwther Column O igreatethan 6%.
<=2% Industrial. Y or N value regarding whether Colughis equal to or less
than2%.

Zz< X

fe

Xs < cHo 2O

Commercial Demands 2010

2010 COMM This worksheet calculates estimated Commercial demands based on the relative

PCWS serviceareaw hi n Commer ci al |l and use, as provide
equations used for Commercial demands are discuSsedhnercial and Industrial Demands

under the sectioBxtrapolation to Other PCWS SysteByg worksheet Column, the provided

information is as follows:

A. PWSID #. The PWSID associated with the PCWS system

B. County. The primary county for the PCWS system as listedDidsAN

C. Name. The PCWS system name as listed by NJDEP (with limited modifications to
D

update names, such as from United Water to Suez).

. Purveyor Provided % Some purveyors provided information on the percent of

total demand that is metered to Commercial @esto These values are used here.

COMM Purveyor.Eq u a | to Column D times Col umn I

Model 6, which is the estimated delivere

the PCWS system provided actual Commercial demand, whietl isene without

a corresponding value in Column D.

F. <=2% Commercial If Column U from workshe8SSALUl s o0Yd6é, t hen t
value is zero (0). Ot herwise, the valu
demand if the Commercial land use percentags tkda 2%.

G. <=6% Commercial If Column Vfrom worksheet WSSA LUGSsY 6 t hen t he \
here is the 2010 Residential demand from Column AD of worksEé& 2010
RES'divided by 5. Otherwise, the value is NA.

m
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H. >6% Commercial If ColumnW from worksheet WSS A L U’ i's O0YO6 t he
here is the 2010 Residential demand from Column AD of worksheet 'PCWS 2010
RES' divided b25. Otherwise, the value is NA.

. COMM (MGD) . This column enters either Column E if greater than zero (0) or the
maximum value in Columns F, G andTHiis value also is shown as Column P in
the worksheet 6Baseline Model 0.

Commercial Demands 2040

2040 COMM This worksheet calculates the 2040 Commercial demand estimates as the 2010
demand times the percent change in population, for both the No Conservation and Conservation
scenariosBy worksheet Column, the provided information is as follows:

PWSID #. The RVSID associated with the PCWS system

County. The primary county for the PCWS system as listed by NJDEP

Name. The PCWS system name as listed by NJDEP (with limited modifications to
update names, such as from United Water to Suez).

%Pop Change 20122040 From Column O of worksheet 'PCWS Pop 20106 .

2040 COMM NC Demand(MGD). Calculated as the 2010 Commercial demand
(Column P of workshe@aseline Modgplus that value times Column D. The
assumption is that Commercial demand is linear with changy@slatign.

2040 COMM ConsDemand (MGD). Calculated as Column E times 0.9 to reflect

a 10% reduction in demand due to conservation.

mo Ow»

n

Industrial Demands

INDUSTRIAL. This worksheet calculates estimated Industrial demands based on the relative

PCWS servier ea within I ndustrial |l and use, as pr o\
equations used for Industrial demands are discugdaainercial and Industrial Demandsder

the sectiorkxtrapolation to Other PCWS SysteBg worksheet Column, the provided

information is as follows:

A. PWSID #. The PWSID associated with the PCWS system

B. County. The primary county for the PCWS system as listed by NJDEP

C. Name. The PCWSystem name as listed by NJDEP (with limited modifications to
D

update names, such as from United Water to Suez).
. Purveyor Provided % Some purveyors provided information on the percent of
total demand that is metered to Industrial customers. Theserealisesl dere.
IND 2010 Purveyor. Equal to Column D times Column L of the worksheet
0Baseline Model d, which is the estimate
some cases, the PCWS system providedladusttialdemand, which is noted
here without corresponding value in Column D.

m

F. <=2% Industrial. InsertsColumnX from worksheetVSSALUas 0O0YO or ONO.
G. %IND Land . Inserts ColumiQ from worksheet 'WSSA LU'apercentage
H. Imputed % IND . Calculates an industrial demand factor for any PCWS where
Coutmm F is 0YO. e (G2Aad2)t2876i6s equal to o
[. Imputed IND (MGD) . Column H2 time€olumnGi n t he wor ksheet ¢
Mod.el &
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J. IND Demand (MGD). This column enters either Column E if greater than zero (0)
or Columnl. This value alsoseownas Colum@i n t he wor ksheet OE
Model 6.

Water Losses Values for 2010 and 2040 Models

WLFiled Thi s worksheet is based on the next wor ks
fields. However, this worksheet includes estimated water losses for all systems that lack direct
information. By worksheet Column, the provided information is as $ollow

A. PWSID #. The PWSID associated with the PCWS system

B. County. The primary county for the PCWS system as listed by NJDEP

C. Name. The PCWS system name as listed by NJDEP (with limited modifications to
update names, such as from United Water to Suez).

D. Total Limits (MGM) . From Column | of workshe@&_ S 2017

E. System Size: L (>=300MGM); M (>=30MGM); S (<30MGM)Based on
Column D.

F. Baseline WL (%) ReportedPercentage water losses as reported. No value is
shown for PCWS systems that did not report recent testimaNJDEP or the
Delaware River Basin Commission. Problematic values are highlighted in orange.

G. Year Reported Most recent year for water loss estimate.

H. PWCS Data?0 Y iddicateshat a case PCWS provided demand data. From
Column D of 'Baseline Mdlte

I. UAW or NRW Method. As relevant.

J. PeakAnnual D/S Demand (MGD). From Column G of '‘Baseline Model'.

K. NJWaTr Average Demand From ColumrH of 'Baseline Model'.

L. Topography: CP=Coastal Plain; BR=BedrockBased on predominant location
of the PCWS serviegea.

M. 2010 WL (%) for Model For PCWS systems that reported values to NJDEP or
DRBC, he value in Column F is used except for highlighted values, whefe the 25
percentile value is substitut€ar all other PCWS systems, a value is Assigned
based on able of median water losses, by Topography and System Size.

N. Basis Recent Estimat25" Percentil®r Assigned

O. Total UAW/NRW (D/S Demands). ColumnM times Columd.

P. Total UAW/NRW (NJWaTr Demands). Column M times Colunmk.

Q. 2040 WL Nominal Value (%) uwsB ness as Usual OWgeer cent ¢
Loss Projections

R. 2040 WL "Optimum System"Value (%. O Aggr essi ve Water Lo:

percentage. DiscussedaterLoss Projections

Water Losses Analysis

WL Analysis This worksheet uses available information from NJDEP and the Delaware River

Basin Commission to develop Water Loss percentages to use for systems lacking recent Water Loss
estimates, and as a basigfsumed 2040 water losgdse worksheet includes all PCWS, but only

those with Water Loss information (228 of 584 systems) are &yoworksheet Column, the

provided information is as follows:
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PWSID #. The PWSID associated with the PCWS system

County. The primary county for the PCWS system as listed by NJDEP
Name. The PCWS system name as listed by NJDEP (with limited modifications to
update names, such as from United Water to Suez).

Total Limits (MGM) . From Column | of workshe&_S 2017

SystemSize: L (>=300MGM); M (>=30MGM); S (<30MGM). Based on
Column D.

Baseline WL (%) ReportedPercentage water losses as repémeblematic
values are highlighted in orange.

Year Reported Most recent year for water loss estimate.

UAW or NRW Method. Asrelevant.

Annual Demand Per NJDEP D/S (MGD). From Column G of 'Baseline Model'.
Topography: CP=Coastal Plain; BR=BedrockBased on predominant location
of the PCWS service area.

2010 WL (%) for Model The value in Column F is used except for highlighted
values, where the"2percentile value is substituted.

Basis Recent Estimate or'2Percentile.

. Comments Used to capture ILI values were available.

Total UAW/NRW . Column K times Column 1.
Assumed Real Losses (82%Folumn O times 0.82, based on DRB@ifigs that
oreal 6 | osses are 82% of tot al | osses,

NJDEP May 201 AVater Supply Deficit/Surplus Spreadsheet

D_S 2017 This spreadsheet is a direct copy of the spreadsheet provided by NJDEP. One value
(Column O for Garfield City WatBepartment, PWSID 0221001) was corrected with information
confirmed by the NJDEP Bureau of Water Allocation. Some names were updated, especially from
United Water to Suez New Jersey (Sidgz
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Appendix D. Case PCWS System Per Capita ResidertRates and Seasonal
Ratios

The following pages show paired figures of per capita residential demand rates (gpcd) and
seasonal ratios for thirteen case PCWS systéres.figures are followed by tables of per
household and per capita residential waterateis for all the case study PCWS systems.
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NJ0119002, New Jersey American Water Atlantic System

NJ American - Atlantic (PWID: NJ0119002)

0 1.25 25 5
—— — oS

Legend
|:| Water System

GPCD
Quantile Classification

HD

<=25

25-56
P se-72
B 72- 100
I >100

NJ American - Atlantic (PWID: NJ0119002)

2 5
T — i oS

Legend
:] Water System

Summer/NonSummer
Quantile Classification
HD

<=100%

100% - 105%
[ 105% - 120%
B 120% - 140%
I >140%
MD

<=120%
I 120% - 145%
I 145% - 160%
I 160% - 185%
I >185%

LD
<=125%
125% - 165%
I 165% - 200%
I 200% - 250%
I >250%
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NJ0238001, SuedNew Jerseyi Hackensack and Franklin Lakes (NJ022001)

Suez Water NJ Hackensack (PWID: NJ0238001)

Legend
:I Water System

GPCD
Quantile Classification

HD

<=25

25-56
B ss- 72
B 72- 100
I >100

Suez Water NJ Hackensack (PWID: NJ0238001)

6
e \liles

Legend
D Water System

Summer/NonSummer
Quantile Classification
HD

<=100%

100% - 105%
[ 105% - 120%
B 120% - 140%
B >140%
MD

<=120%
[ 120% - 145%
B 145% - 160%
B 160% - 185%
B > 185%

LD
<=125%
125% - 165%
I 165% - 200%
B 200% - 250%
B >250%
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NJ0323001, New Jersey American WatérMount Holly

NJ American - Mt Holly (PWID: NJ0323001)

N

A

4
e i les

Legend
|:] Water System

GPCD
Quantile Classification
HD

<=18

18- 38
P 38-45
B 45-60
I -s0
MD

<=22
P 22-42
B 4+2-55
B 55 - 68
|

LD
<=25
25-56
B s6- 72
B 72- 100
B >100

NJ American - Mt Holly (PWID: NJ0323001)

4
_— — i es

Legend
:] Water System

Summer/NonSummer
Quantile Classification
HD

<=100%

100% - 105%
[ 105% - 120%
B 120% - 140%
B > 140%
MD

<=120%
I 120% - 145%
B 145% - 160%
I 160% - 185%
B > 185%

LD
<=125%
125% - 165%
I 165% - 200%
B 200% - 250%
I >250%
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NJ0324001, MountLaurel Municipal Utilities Authority

Mount Laurel Twp MUA (PWID: NJ0324001)

N

A

2
— e i les

Legend
:l Water System

GPCD
Quantile Classification

HD

<=25
25-56
B sc-72
B 72- 100
B >100

Mount Laurel Twp MUA (PWID: NJ0324001)

3
Miles

Legend
:] Water System

Summer/NonSummer
Quantile Classification
HD

<=100%

100% - 105%
I 105% - 120%
B 120% - 140%
I >140%
MD

<=120%
P 120% - 145%
B 145% - 160%
I 160% - 185%
I >185%

LD
<=125%
125% - 165%
I 165% - 200%
B 200% - 250%
Bl >250%
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NJ0327001, New Jersey American Watdr Delaware Division (also known as Western Division)

NJ American - Western Division (PWID: NJ0327001)

0 1.25 25 5
——— E—— i les

Legend
:l Water System

GPCD
Quantile Classification

HD

<=25
25-56
P s6-72
I 72- 100
I >100

NJ American - Western Division (PWID: NJ0327001)

Legend
:l Water System

Summer/NonSummer
Quantile Classification
HD

<=100%

100% - 105%
[ 105% - 120%
B 120% - 140%
I >140%
MD

<=120%
I 120% - 145%
B 145% - 160%
B 160% - 185%
I -185%

LD
<=125%
125% - 165%
[ 165% - 200%
B 200% - 250%
I >250%

Page| 134




Water Needs through 2040 for New Jersey Public Community Water Supply Systems

NJ0508001, New Jersey American Watdr Ocean City

NJ American - Ocean City (PWID: NJ0508001) | Legend NJ American - Ocean City (PWID: NJ0508001) | Legend

I:] Water System [:] Water System
5 GPCD N Summer/NonSummer
A Quantile Classification A Quantile Classification

HD

<=100%

100% - 105%
[ 105% - 120%
B 120% - 140%
B >140%
MD

<=120%
I 120% - 145%
B 145% - 160%
I 160% - 185%
I >185%

LD
<=125%
125% - 165%
[ 165% - 200%
I 200% - 250%
B >250%

2 3 - : 3
— — \liles ——— — \iles
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Water Needs through 2040 for New Jersey Public Community Water Supply Systems

NJO0712001, New Jersey American Watdr Passaic

NJ American - Passaic (PWID: NJ0712001)

N

A

1
——— aa— \liles

Legend
:l Water System

GPCD
Quantile Classification
HD

<=18

18-38
B -4
B +5-60
B >s0
MD

<=22
B 22-42
B +2-55
| B
Il -5

LD
<=25
25-56
B ss-72
I 72- 100
I -100

NJ American - Passaic (PWID: NJ0712001)

12
—— E— oS

Legend
:l Water System

Summer/NonSummer
Quantile Classification
HD

<=100%

100% - 105%
[ 105% - 120%
B 120% - 140%
B -140%
MD

<=120%
P 120% - 145%
B 145% - 160%
I 160% - 185%
B >185%

LD
<=125%
125% - 165%
[ 165% - 200%
I 200% - 250%
B >250%

Page| 136




Water Needs through 2040 for New Jersey Public Community Water Supply Systems

NJO714001, Newark Weer & Sewer Department

N

A

Newark WD (PWID: NJ0714001)

0 0.75 1.5 3
——— — i les

Legend
|:_] Water System

GPCD
Quantile Classification

HD

Newark WD (PWID: NJ0714001)

- 3
—— — i les

Legend
|:] Water System

Summer/NonSummer
Quantile Classification
HD

<=100%

100% - 105%
[ 105% - 120%
B 120% - 140%
B >140%
MD

<=120%
[ 120% - 145%
B 145% - 160%
B 160% - 185%
B > 185%

LD
<=125%
125% - 165%
I 165% - 200%
B 200% - 250%
B >250%
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Water Needs through 2040 for New Jersey Public Community Water Supply Systems

NJ0808001 New Jersey American Wateli Harrison

NJ American - Harrison (PWID: NJ0808001) Legend

D Water System
N GPCD
A Quantile Classification

2
— e \iles
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