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1.0 Introduction

The Borough of Madison owns and operates a water utility that provides potable water supply for
domestic and fire fighting purposes to a population of approximately 17,000 persons. The Borough is
charged with the mission of providing a reliable supply of water of high quality to its customers. This

study was requested by the Borough to provide a comprehensive evaluation of the water supply system
to determine the system’s ability to maintain service with “critical”

components out-of-service,
primarily well supplies and tank storage.

This study utilizes a computer hydraulic model of the system to analyze several “what-
associated with the loss of

if” scenarios
critical components of the water system; to determine any potential

weaknesses in the system. An evaluation of emergency interconnection capacity to maintain service is
also included.

Based upon the study findings, recommendations are provided for water system improvements to

reduce the consequences of losing the operation of one or more critical assets. This also includes

recommendations related to operational policies to improve water system functionality.
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2.0 General Description of Water System

The Borough of Madison supplies an average of approximately 2.1 million gallons per day (MGD) and a peak of

approximately 4.3 MGD to its customer base. Water is supplied from five wells with the following approximate

capacities:
¢ Well A 900 gpm (gallons per minute)
¢« WellB 1,160 gpm
¢+ WellC 1,206 gpm
* WellD 1,200 gpm {currently not-in-service)
*+ WellE 1.100 gpm
Total 5,566 gpm (7.92MGD)

The Borough has an NJDEP Water allocation permit allows the Borough to divert a maximum of 108.5 million

gallons per month (3.56MGD), and at 2 maximum pumping rate of 4.150GPM (5.98MGD).

Wells A and B are provided freatment to remove volatile organic chemicals (VOCs) at a central treatment facility

located adjacent to Well A on John Avenue. Refer fo Plate 2.1 for an averall map of the water system.
Water is stored In two elevated tanks: Midwood Tank (750,000 gatlons); and Madison Tank (500,000 gallons).

The Borough has emergency interconnections with: (3) New Jersey-American Water Ceompany; (1) Southeast

Morris County Municipal Utilities Authority; and the (3) Borough of Florham Park.

The Well A&B VOC treatment facility, Well C, Well D, and Well E all are outfitted with standby power that can

maintain well supply and pumping operations in the event of power failure. The following table describes the
standby power availability.

Location Standby Power Size Fuel Storage '
(volume/run hours)

Well A From WTP generator

Well B Diesel Generator 30 KW 10 gals/2 hours

Well C Diesel Rt Angle Drive 60 gals/4 hours

Weil D Diesel Generator 30KW 10 gals/1 hour

Well E Gas Rt Angle Drive 10 gals/t hour

Well  A&B | Diesel Generator 560 KW 800 gals./24 hours

WTP

2.1
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Although standby power exists at all well facilities, only Weli A, Well B, and the associated treatment plant have

any significant fuel storage. It is recommended that additional storage (at least 12 hours) be provided at all well
sources.

2.2
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3.0 Critical Component Analysis

In order to maintain a reliable water supply to the Borough’s residents and customers, the system must be capable
of providing satisfactory supply and pressure under a variety of demand conditions. In addition, water tanks

within the system must maintain a sufficient water reserve for fire protection, equalization of supply during peak
demands, and emergency reserve.

In addition, the water system must be able to provide supply, pressure, and storage in the event that one or more
components of the system are not in service. The NJDEP requires that water systems have “firm capacity”,
measured as supply capacity with the largest supply component out of service, at least equal to the maximum day
demands in the system. The NJDEP also requires tank storage as a function of average day demand,

inferconnection capacity with outside purveyors, and availability of standby power at supply sources.

A computer hydraulic model can be used to evaluate pressure and supply capacity, and fank storage with critical
facilities out of service. Hatch Mott MacDonald recently developed a computer model and report for the Borough

(Hydraulic Model of Water System, February, 2003) and performed calibration satisfactory for this study.

31 Development of Diurnal Curve

To determine the criticality of facilities in the system, modeling was performed using Extended Period
Simulations (EPS). An EPS is 2 modeling technique that allows the system to be modeled over the course of

many hours or days to determine parameters, such as, pressures and tank filling patterns. In order to perform an
EPS,

a diurnal curve is developed that simulates the percent of water usage on an hourly basis over the course of a
day.

For the Borough of Madison, chart recorder information from the Water Department, which indicated well
supply, and tank levels over the course of a day was reviewed. From this information the diurnal curve shown on
Figure 3.1 that shows water usage for July 6, 1999, which was a day of historical maximum demand was

developed. The chart indicates low water usage in the middle of the night, and higher water usage during the

morning and evening hours. The evening water usage likely corresponds to lawn water sprinkling.

3.1
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32 Water Demands

In order to develop an accurate model, actual water demands need to be input into the model. In order to assess

future conditions, planned future development needs to also be included. The Borough provided information on
several developments outlined in the following table, that represent planned increase in w

ater demands over the
next five years:

Deseription Location Type |Square Feet.! Wa‘i;eg;%s #ge
Sunrise Development B 201 L1 [Residential 41,000
Reckson Partnership at Giralda Farms B 3202 L1 Commerciall 436,000 54,500
Drew Academic Arts Center in Madison Ave B 30601 L1 Commerciall 57,000 7,125
| Total 102,625

Commercial water usage based upon 0.125 gpd/sf per NJAC 7:10-12.6b Table 1

A summary of existing and future (5 year planning horizon) water demands within the water system is as follows:

Scenario | Existing Demand (MGD) SF ;;‘;:_EP?:EE;‘; gggzl
Average Day | 2.1 MGD 22MGD
Maximum Day 4.2 MGD 4.4 MGD
Peak Hour 5.4 MGD 5.7 MGD

33 Hydraulic Modeling Scenarios

The hydraulic analysis needs to consider the likely scenarios where facilities may be out of service, and when
operations of facilities can significantly change system hydraulics. Based upon conversations with Borough
personnel, the normal operation of the system includes Wells A, C, and E in operation, with supplemental supply

provided from Well B if required. As noted previously, Well D is currently not in operation.

The approach to the analysis was to establish a baseline of normal operation of the water system during maximum

day demand conditions over a 72-hour (three day) period, and then remove facilities from service and/or modify

3.2
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pumping operations to find potential hydraulic weaknesses in the system, The following scenarios were modeled
under maximum day demand conditions:

Scenario 1)  Baseline analysis with Wells A, C, and E in operation (normal operation)

Scenario T with Well C out-of-service and Well B in-service

Scenario 3)  Scenario 1 with Madison Tank out-of-service

Scenario 2)

Scenario 4)  Scenario 1 with Midwood Tank out-of-service
Scenario 3)  Scenario | with 2 hour, 2,000 gpm fire flow on Main Street

Scenario 6)  Scenario 2 with 2 hour, 2,000 gpm fire flow on Main Street

1t is noted, that no scenario was performed with the Well A&B Treatment Plant out-of-service during maximum

day demand conditions, because without this facility the system would not be able to provide enough supply to
meet customer demands {without the use of an interconnection).

An additional scenario was performed considering bath a tank and well out of service. This is considered a low

probability event (two major facilities) cut-of-service, and was evaluated under average day demand conditions:

Scenario 7)  Madison Tank out-of-service with Well C out-of-service

Table 3.1 provides hydraulic model output data for the above modeling scenarios for twelve selected locations
within the system. These locations inciude tanks, wells, and high ground elevations (low-pressure areas) within
the system. The output includes minimum and maximum values for pressure, flow, and calculated hydraulic

gradeline (HGL) at these locations during the 72-hour modeling runs. A review of the modeling output provides
the following relevant information:

Without Well D, the system is susceptible to storage loss under Scenarios 2 and 6. The storage loss
at the tanks for Scenarios 2 and 6 are indicated on Figure 3-2, Wells A, B and E combined cannot
adequately supply the system under maximum day demand conditions without contribution from
either Well C or Well D. In general, any three wells combined do not have adequaie capacity to
supply water under maximum day demands, and a fourth well is needed. The analyses indicate the
criticality of Well D to provide system redundancy. It is noted that emergency interconnection

capacity from New Jersey-American Water Company was not analyzed under these scenarios, and is
discussed in a subsequent section of this report.

33
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Scenario 2 indicates that when pumping Well A and B together {via the VOC Treatment Plant), there
is approximately a 10 psi increase in pressure near the freatment plant (from 120 psi to 130 psi).
Water department personnel have indicated that this increase in pressure i8 a likely reason for recent

main breaks on the 10-inch diameter main in the vicinity of Bruns Street. This main was installed in

the late 1940s with “leadite” joints that have failed under increased pressure. Leadite, a plasticized

sulfur cement, was a wartime lead substitute. Leadite also expands at a different rate than iron due to

temperature changes, resulting in longitudinal splits in the pipe bell.

Fire protection during maximum day demands can impact storage in the short-term. The tanks will

recover as long as all currently operating wells (Wells A B, Cand E) are in service. Once again, the

value of Well D as a redundant source is dernonstrated.
34 Evaluation of Water Storage Capacity
The Borough of Madison has two tanks described as follows:

¢ Madison Tank — a 500,000 gallon elevated tank located near the intersection of Madison Avenue

and Danforth Road. The tank is 55 feet in diameter with an overflow elevation of 474 feet above sea

level, The tank stores approximately 16,600 gallons per foot over a range of 30 feet. Figure 3.3
provides the tank capacity at different levels of depth.

Midwood Tank — a 750,000 galion elevated tank located near the intersection of Midwood Terrace
and Prospect Street. The tank is 60 feet in diameter with an overflow elevation of 474 feet above sea

level The tank stores approximately 17,500 gallons per foot over a range of 43 feet, Figure 3.4

provides the tank capacity at different levels of depth.

Tanks are sized to provide three components of storage:

Equalization — during daily peak demands outfiow from tanks provide supply to maintain pressure in
the system. For example, although the maximum day demand is 4.5 MGD, the peak rate of supply
needed during the peak hour(s) of the day is estimated at approximately 7 MGD. This is based upon
multiplying the diurnal curve factor of 1.56 (between 7 pm and 9 pm) by 4.5 MGD. During these
two hours the supply info the system from Wells A, C, and E is approximately 4.7 MGD but the

3.4
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usage rate is 7 MGD. Hence in two hours approximately 1,600 gpm for two hours (or 192,000
gallons) is required from storage.

Kire Protection — a typical tank design includes additional storage for fire protection.

Emergency Reserve - many tanks are designed to include an emergency reserve in the event of a
major disruption of service from supply sources in the system. The Borough has emergency

interconnections with three purveyors that can provide supply in the case of an emergency, reducing

the potential emergency reserve the Borough requires.

The following table provides the equalization, fire protection, and emergency reserve volumes for the Madison
tanks:

Storage Volume Madison Tank Midwood Tank Totals
Equalization 100,000 gallons 110,000 gallons 210,000 gallons
Fire Protection 193,000 gallons 255,000 gallons : 448,000 gallons
Emergency Reserve 207,000 gallons 385,000 galtons 592,000 gallons
Totals 300,000 gallons 750,000 gallons 1,250,000 gallons

From an operations standpoint, the tanks normally operate in the equalization range, thereby providing adequate
storage remaining in the event of a fire.

Discussions with Water Department personnel indicate that additional storage in the system would improve

operations of the system, and decrease annual pumping costs through the use of “off-peak” pumping. From an
operations standpoint additional storage has several benefits:

¢ Non-reliance on emergency interconnections — although NJAWC can supply a substantial amount
of water (explained in detail in following section of report), the supply is primarily a surface water
supply from both the Passaic River and the Wanaque Reservoir. The surface water supply has very
different water chemistry than the Borough’s well water. Introduction of this water into the system
can result in taste and odor complaints, and also in “red-water” problems. The “red-water” problems

can be attributed both to changes in flow direction and higher than normal velocities in pipes near the
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interconnections, and also on a molecular level where the surface water agpressiveness can dissolve

built-up corrosion products on the interior of unlined cast-iron pipe.

Provide additional equalization storage — during summer months, the water department must
continually cycle pumps on and off to maintain equalization storage. During summer periods of peak

demand, water department personnel have indicated that unless they operate all wells simultaneously,

tank levels will drop below the equalization range.  Additional storage would increase the

equalization volume, and improve overall system operations.

Reduce stress on piping systems — as mentioned previously, the 10-inch diameter transmission
mains installed near the Well A&B Treatment Plant with leadite joints have reportedly failed from

the pressure increases associated with pumping all wells in the area at one time. Additional storage

would reduce the need to pump these well supplies simultaneously.

Safety factor during unforeseen events — Water Department personnel have indicated that in the
past when telemetry was lost from the tanks, the tanks basically emptied since the wells did not come
on based upon low tank level. In one case, Drew University called and indicated that their taps were
dry at the higher building stories. Additional storage would not resolve this problem, but would

result in pressures dropping very slowly instead of abruptly.

Many utilities practice off-peak pumping in order to reduce annual electrical costs. In general, electric utilities

have different electric costs based upon the time of day pumping occurs. The Borough of Madison purchases
electricity from Allegheny Power under the foliowing rate structure;

Time of Dav Summer Non-Summer

¥ (Cost per KW-hour) (Cost per KW-hour)
7:00 am to 11:00 pm (on peak) $0.0858 $0.0421
11:00 pm to 7:00 am (off peak) $0.0329 $0.0327

Summer Rates: June, July, August, September

Electric utilities also include a kilowatt demand charge to facilities, based typically upon the maximum kilowatt
demand during on-peak demands during a given month. Madison’s current contract with Allegheny Power

includes a flat rate charge for kilowatt demand, and therefore, does not impact this off-peak pumping analysis.

3.6
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The following table compares the approximate costs of pumping 1 million gallons {MG) of water from th

wells during peak and off-peak times for both summer and non-summer rates:

e various

Electrical Pumping Cost Summary

Summer Non-Summer
Location Cost to pump Cost to pump Cost to pump Cost to pump
1 MG (on peak) | 1 MG (off peak) 1 MG (on peak) | 1 MG (off peak)
Well A §1353 $52 Fo8 $51
Well B $140 $54 r $70 $52
Weil C $120 $46 $59 $45
Well D $115 $44 857 344
Well E $120 %46 $359 545

Note: treatment plant pumping included in above table, Pumping efficiency estimated at 80%.

The ability to perform pumping during only the off-peak period is dependent upon having adequate storage, and

under the conditions where water demands don’t draw the tanks down too quickly. It is difficult to estimate

exactly what operating conditions will support off-peak pumping, but a roug

h calculation was performed under
the following criteria:

During non-summer months (as defined by the electric utility), pumping could occur only during off-
peak hours 80 percent of the time;

During summer months, pumping could occur only during off-peak hours 40 percent of the time;

# A [5-foot drop in tank storage (from elevation 473 to 460 feet) could be tolerated on a daily basis;

and

Assuming that currently, pumping occurs evenly between off-peak and on-peak hours.

Figure 3-3 indicates the storage pattern for off-peak pumping during average day demand conditions, and

indicates approximately 15 feet drop in storage over the course of the day before the tanks begia to recover.

Using the above criteria, it is estimated that the current utility electrical costs of $70,000/year could be reduced to

approximately $50,000/year, for a savings of $20,000/year (30 percent savings). This can be compared to the

3.7
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estimated construction cost of $3 million, for a new 2 MG elevated tank. Assuming a 5% rate cost and a 20-year

period, the annual cost to provide additional storage would be approximately $240,000/year.

3.8
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4.0 Emergency interconnection Capacity Analysis

The Borough of Madison maintains emergency interconnections with three outside purveyors as described in the

following table:

Estimated Capacities of Emergency Interconnections

Location Purveyor g;;r;eyor Diameter Est. Capacity

Loantaka Way and . 6-inch .
Shunpike Road NIAWC 617 1,000 gpm (to Madison)
Candlewood Drive , . .

and Shunpike Road NIAWC 617 6-inch 1,300 gpm (to Madison)
Noe Avenue and s . .
Shunpike Road NJAWC - 617 &-inch 1,100 gpm (to Madison)
Brooklake Road Florham Park 376 4-inch 200 gpm (to Florham Park)
Ridgedale and Central Florham Park 376 4-inch 200 gpm (to Florham Park)
Avenue

Greenwood Avenue | Florham Park 376° 4-inch 200 gpm (to Florham Park)
Madison Avenue near \ . .

South Oak Circle SMCMUA 523 4-inch 200 gpm (to Madison)

The three (3) New Jersey-American Water Company (NJAWC) emergency interconnections are all located along

Shunpike Road on the Border of Chatham Township and the Borough of Madison, and are connected to

NJAWC’s Baltusrol Gradient System (617 Gradient). NJAWC owns and operates the Chatham Pump Station

located near the intersection of Shunpike Road and Loantaka Way, that is operated almost continuously and

pumps into a 36-inch diameter transmission main, that in turn feeds a 12-inch main on Shunpike Road.

The hydraulic gradeline of NJAWC’s system is in excess of 600 feet, and therefore provides significant head to
transfer water into the Borough’s system, which has a gradeline of approximately 470 feet. It is noted that the use
of these interconnections requires the operation and throttling of manual valves to decrease pressure and control
flow into the Borough’s system. Refer to Appendix A for schematics and location diagrams of all the
interconnections. !t is recommended that the Borough install pressure reducing valves in these chambers as a

safeguard of over pressurizing the Borough’s system when used during emergencies,
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Hydraulic modeling was performed to determine the capacity of the NJAWC interconnections, and inclided a

pressure-reducing valve to maintain no greater than a gradeline of 480 to 490 feet to the Borou gh. Under EPS for

average day demands, the interconnections each operated between 200 ta 700 gpm to supply the Borough with all
Borough wells out-of-service. The analysis performed for average day demand conditions indicates the ability to

maintain adequate storage in the Borough’s tanks, and adequate pressure in the system.

However, under maximum day demand conditions, the EPS indicated a gradual decline in tank storage over a
three-day period, as the system balanced itself with the NJAWC supply. Reviewing the water main infrastructure,
it is noted that the existing 4-inch diameter mains along Garfield Avenue, Green Village Road, and Green Avenue

restrict flow from NJAWC into the Borough, and produce high main velocities within the Bovough’

5 system
{which can lead to water quality complaints).

Under the maximum day demand conditions, the NJAWC
interconnections each delivered in excess of 1,000 gpm as indicated in the above table.

It is recommended that the 4-inch mains in these roads be replaced with 8-inch mains in the future. This will both

increase emergency interconnection capacity during maximum day demand conditions, and alse generally
improve pressure, and fire protection capacity. In addition, it will allow the gradeline set from NJAWC to be

slightly reduced, which will maintain pressures near the interconnections near normal during emergency transfers.

Figure 4-1 compares the tank levels during an emergency transfer from NJAWC under maximum day demand
conditions, with and without the 4-inch main replacement described above. The figure indicates that, for the same

hydraulic gradeline from NJAWC of approximately 480 feet, the new mains improve hydraulics and maintain

storage in the system over the course of several days of high demands, whereas there is a loss of storage with the
4-inch mains not replaced.

The interconnection with Southeast Morris County Municipal Utilities Authority is a small 4-inch diameter
valved interconnection of limited capacity. The interconnections with Florham Park are one

-way interconaections
to supply Florham Park with no capacity to the Borough,
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5.0 Review of System Transmission

The Borough’s water system is comprised of a network of 10-inch and 12

-inch diameter transmission mains
between sources of supply (wells) and the two storage tanks.

A review of the network indicates substantial

redundancy, and a main break on any given transmission main will not result in an mterruption of the supply of
water.

As discussed in the previous section, there are some existing four-inch diameter mains in the vicinity of the
NJAWC interconnections that should be replaced. In general, 4-inch diameter mains are substandard for today’s

water systems, and utilities have included their replacemnent in their ongoing capital improvements program based
upon available funding,

There is also a 4-inch diameter main on Division Road between Woodland Road and Main Street, that if replaced,

would slightly improve hydraulics and redundancy of transmission associated with pumping from Wells A, B, and
E.

The following table provides a list of the priority 4-inch diameter water main replacement:
. ELength Main Dia. | Fstimated
Street Location (ft.) (in) Cost
Green Village Rd | 1o™ Shunpike Rd. to 1,600 8 $120,000
Douglas Ave

From Shunpike Rd. to :

Green Avenue Midwood Terrace 2,400 8 $180,000
From Green Village Rd. to

Garfield Avenue Woodland Rd 4,600 8 $300,000

o From Main St. to
Division Road Woodland Road 1,200 8 $90,000
% Totals $690,000

1t is also recommended that the Borough inventory the location of all transmission main in the system that has

leadite joints, and include the replacement of these mains, that are prone to failure, in the annual capital

improvements programs based upon available funding.
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6.0 Review of Water System Operation

Wells are turned on and off based upon tank levels using a basic Supervisory Control and Data Acquisition
(SCADA) system. Welis A, B, and E are controlled by the level in the Midwood Tank, and Wells C and D are

controlled by the level in the Madison Tank. Under normal operating conditions Wells A, C, and E are operated,
and Well B is used for peaking.

The Borough water system utilizes lease line phone communications between the tanks, wells and utili

ty building.
An old, ATCOM programmabl

f start/stop operation based
upon tank level. Tank level and well discharge is recorded on chart recorders at the utility building.

¢ logic controller (PLC) is used to communicate wel

In the event that there is a tank overflow or empty tank, or a general alarm from the Well A and B VOC Removal
Facility, the alarm is communicated to the utility building,

and an auto-dialer calls the local police with a general
alarm.

At Wells C, D, and E, should a well pump maltunction or fail to ocour, there is no alarm to the utility building, If

either Weil A or B fails, it would eventuaily be noticed through a low clearwell level at the VOC Removal

Facility which would result in a general alarm.

Today’s SCADA technologies are relatively inexpensive as compared to even a few years ago, and provide the

ability to collect all needed information from remote facilities (flow, pressure, alarms, equipment runtime, ete.)

that can be viewed in real-time or used to develop an historical database. SCADA systems can also be used to
relay information from security devices (e.g., intrusion detection, motion detection). Using SCADA, the specific
alarm from a facility can be determined remotely (even from home), which improves operation of the system.

It is recommended that the Borough upgrade the existing SCADA system to: 1) record additional information
from facilities, 2) provide specific alarms from equipment and processes, 3) build a historical database or system

operational data, and 4) provide operators with improved decision making tools. Low cost systems are available
using radio system communication that can improve reliability, and eliminate the need for the monthly expense of
leased phone lines,
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7.0 Summary and Recommendations

The Borough'’s water system includes five water supply wells, with one currently out-of-service the Borough is
moving forward with treatment to return Well D to active service. In addition, there are three high capacity
emergency interconnections with NJAWC. There is a total of 1.25 million gallons of water storage in two

elevated storage tanks. In general, there is adequate supply and capacity to meet system demands.

The main result of the analysis of critical system components indicates that Well D is 2 valnable source of
supply that needs to be returned to service. This additional supply will insure adequate supply (solely from

Borough sources) and adequate fire protection for the emergency scenarios studied.

The analyses also yielded additional observations and recommendations summarized as follows:

% Additional fuel storage for standby power facilities, of at least 12 hours of operation, is
recommended for Wells C, D, and E.

4 Existing transmission piping with leadite joints that is prone to failure is recommended for
replacement under the capital improvements program.

4 Priority replacement of 4-inch diameter transmission main is estimated at a construction cost of
$650,000

¢ it is recommended that the Borough install pressure reducing valves in the valve chambers to
prevent potential over pressurization of the Borough’s svstem

% Additional tank storage would improve operations and redundancy, including electrical savings
utilizing off-peak pumping, but must be weighed against the capital cost estimated at $3 million
for 2 MG of storage.

L

It is recommended that the existing SCADA system be upgraded to improve system operation
and reliability.

P:207484\ReportiCritical Compound Analysis Report.doc
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