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EXECUTIVE SUMMARY

A. Background

The City of Baltimore Project No. 658, the Comprehensive Plan for Water
Facilities, was conducted to evaluate the City's entire water system and develop a
comprehensive strategy to guide future operations and facility improvements. The
overall scope of this project was to conduct a detailed study of all City owned or
operated water facilities from source to tap. The investigation was completed with the
objective of maximizing water quality throughout the system and maintaining compliance

with requirements of the Safe Drinking Water Act.

The City's Comprehensive Plan was completed in two phases. The focus of
Phase | was to evaluate each system component and identify both short-term and long-
term improvement recommendations that will ensure safe and reliable water supplies
through the planning year of 2025. The goal of Phase Il of the Comprehensive Plan was
the development of a master plan for the entire Baltimore water system, referred to as

the Central System.

The major component of the Phase Il study was the development of the Central
System Report and hydraulic model to identify the capital and operational improvements
necessary to meet future demand conditions through the planning year 2025. This
section provides a summary of those recommendations useful in the development of
future Capital Improvement Programs (CIP), as well as system-wide recommendations

which will enhance the City’s distribution system.

The largest and probably most influential project needed in the Central System is
the Fullerton Treatment Plant. It is imperative that the City begin the preparatory stages
of developing this project as the plant needs to be in service no later than the year 2015.
In addition, there are many pending regulations. One example is the Long Term 2
Enhanced Surface Water Treatment Rule (LT2ESWTR) which could have the largest
financial impact on the City. The City should be evaluating covering or replacing the
open finished water reservoirs because the LT2ZESWTR could require the City to either

cover or provide treatment for their open reservoirs if water quality standards cannot be
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met. Recent current events will also have their fair share of impact on the City.
Emergency planning, drought mitigation, raw water management strategy and security
are all a top priority considering recent events such as September 11" and the 2002
drought. Lastly, additional basic modifications to the system could have immense
benefits and will allow the City to use the existing system more efficiently. Those
modifications include: revising operational procedures such as pump controls,
rehabilitation projects such as lining old transmission mains and increasing reliability of

pumping stations such as providing redundant power sources.
B. Long Range Recommendations by Year

A summary list of the current CIP and other recommended projects discussed in
the Central System Report is presented in Table 1. The total estimated construction
cost for these 38 improvement projects is over $300 million, of which approximately
$160 million is not currently included in the City's CIP. This project list does not include
many of the short-term and system-wide improvement projects recommended in the
Central System Report. Those recommendations are presented in Section C and should
also be incorporated in the City's CIP. Costs for these projects will depend on when

they are implemented and which options are chosen.

The projects listed in Table 1 are listed by zone. The descriptions below present

the proposed improvement projects by year.
1. Year 2005

Two thirds of the recommended and previously proposed projects listed in Table
1 should be completed by the year 2005. Several projects are already under
construction and they include the Owings Mills Reservoir in the Pikesville Fourth Zone
and the Hillen/Ashburton By-Pass Main located in the Second Zone. The Owings Mills

Reservoir should be in service by June 2003,
There are also many projects currently under design which should be completed

by 2005. The Montebello Filtration Plant Improvements and Fullerton Reservoir designs

are currently almost complete. It is important to note that the Montebello Filtration Plants
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project is needed to meet growing demands. Until this project is constructed, the City
may need to implement higher filtration rates to meet future maximum day demands.
The design for the Belair Road Main from Whitemarsh to Joppa is also well underway.
In addition, two Catonsville Transmission Mains are under design and two Rolling Road
Transmission Mains are also under design. Baltimore County is designing a fourth
pump at the Catonsville Pumping Station in-house and a third pump is under design at

the Falls Fifth Pumping Station.

In addition, there are several projects currently on the CIP list that have not
begun construction, but are planned to be in service by 2005. They include: the Leakin
Park Pumping Station upgrades for which design will begin soon, the Putty Hill Main to
Towson Reservoir, the Chapel Hill Tank, the Bond Avenue Tank, and upgrades to the
Deer Creek Pumping Station which will also be under design soon. Several other
projects have been proposed but are not in the CIP list yet and should be added. They
include: the Honeygo Boulevard Main Extension, the Perry Hall Road Main, and the
Belair Road Main. As a result of the hydraulic analysis performed during this project,
additional mains are being recommended in the Pot Springs Fifth Zone in Hartfell and
Killoran Road. Aithough those mains are not required for hydraulic capacity or fire flows,

they should still be added to the City's future CIP as a lower priority project.

2. Year 2010

Only one project is recommended to be completed between 2005 and 2010.

That project is a proposed transmission main in Pulaski highway in the First Zone.

3. Year 2015

Several major improvement projects are recommended for the time period
between 2010 and 2015. The biggest project will be the proposed Fullerton Treatment
Plant in the First Zone which is recommended to be in service by 2015, Funding for this
project needs to be in place now for the design of the treatment plant. The initial
capacity of this plant should be 120 mgd, with expansion capabilities built in for the

future. In addition, upgrades to the Deer Creek raw water pumping station, which are
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scheduled for 2005, must be completed before the Fullerton Treatment Plant is

operational.

The Reisterstown Fifth Zone will also require substantial improvements by 2015,
including the Pleasant Hill Pumping Stations which should be upgraded, along with
improvements to the associated piping. A new discharge main will be needed to supply

ample flows to this zone.
4. Year 2020

Only one project, a transmission main in Marriottsville Road, is recommended for
the time period between 2015 and 2020. This project is a result of the hydraulic analysis
performed during this project for the Pikesville Fourth Zone. This main is needed to
improve flow distribution between the existing Deer Creek Tank and the future Owings

Mills Reservoir.
5. Year 2025

There is only one project proposed for 2025. This project is another transmission

main located in the Second Zone in Perry Hall and Philadelphia Roads.

C. System-Wide and Short-Term Recommendations

Several system-wide recommendations proposed in the Central System Report
relate to the overall operation of the Central System or relate to large areas of the
system and not a specific zone. For most of these recommendations, no time
requirement is associated with them; however they are items that should be completed
in the near future. A few of the recommendations presented below are considered

critical and should be completed in the short-term future.
1. Rehabilitate Older Transmission Mains

For zones with high head losses and/or low fire flow avallability, immediate action

should be taken to improve the system. Water mains can be rehabilitated by lining or
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other means. Lining water mains will decrease head losses and improve the fire flow
availability. The City and Baltimore County have already taken an active role to
rehabilitate water mains in the Central System, but more rehabilitation still needs to be
done. Recommended locations for rehabilitation are presented in both Section IV and

Section X of the Central System Report.

2. Construct Additional Transmission/Discharge Mains

Additional water mains should be constructed for those areas where lining will
not result in significant improvement, especially in fire flow availability, or mains have
already been lined. The following table presents the zones and locations where
additional transmission capacity is required to improve fire flows immediately. These

mains are also included in Table 1.

Table 2, Transmission Mains Required for Fire Flow Improvements

Second Yale Avenue 16" 1,000 LF
Second Elm Tree Street 12" 1,000 LF
Colgate 2™ 47" Street 12" | 1,400 LF
Western 3 Old Pimlico Road 16" | 4,000 LF
Western 3™ Liberty Road 12" | 2,000 LF
Catonsville 4" Clays Road 12" | 1,600 LF

Towson 4t Near May§ C_hapel Reservoir 12 100 LF

36" Discharge
Towson 4" Timonium Road 12" 900 LF

The City should also evaluate constructing dual discharge mains at several
pumping stations to increase the reliability of the system in the event of an emergency.

Several major pumping stations, including Leakin Park and Catonsville Pumping

Central System Report 6 Rummel, Klepper and Kahl, LLP




Stations, do not have dual discharge mains. In addition, all five fifth zones are supplied
solely by pumping stations with solitary discharge mains. Constructing a second
discharge main would reduce the risks associated with emergency situations if a

discharge main were to break.
3. Modify Pump Controls

Several zones, especially the upper zones, would benefit from pump control
modifications. They include the Second Zone, Falls Fifth Zone, Sherwood Fifth Zone
and Sparks Fifth Zone. The existing and recommended pump controls for those zones
requiring improvements are illustrated in Table 3 below. Although the City currently
operates the Fullerton Pumping Station in a manual mode, it is recommended that this
station be switched to an automatic mode to improve the system in the eastern portion of

the zone.
4. Storage Recommendations

The distribution system storage evaluation resulted in several recommendations
to improve the existing storage and supply capacity in the Central System. Some of
these recommendations are included in Table 1 and the City’s current CIP. However,
several recommendations, such as covering reservoirs and increasing reliability of
pumping stations, are not included in the table above. Therefore, they are presented in

Table 4 below, along with the other storage recommendations presented previously.

Possibly the most important storage recommendation involves the open finished
water reservoirs. With the proposed LT2ESWTR legislation, the City may be forced to
cover these reservoirs if not in compliance with water quality standards, which could be
costly. The City should begin to implement a program to evaluate whether replacing or
covering the remaining uncovered reservoirs will be required and the cost benefit of the
alternatives. This could be performed either through one joint project or as separate
projects for each reservoir. Certain reservoirs may need elaborate investigations
performed, such as Guilford Reservoir due to possible elevation adjustments, therefore,
separate projects may be more beneficial. The design to replace the uncovered

Pikesville Reservoir is already underway.
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Table 3, Pump Control Modifications

P

i
Fullerton Second A Controlled Manually
B Controlled Manually
C Controlled Manually
D Standby — typically off
Falls Fifth A Falls 745 ft 748 ft
B Falls 743 ft 746 ft
C (future) Falls Standby — typically off
Sherwood Fifth A Sherwood 695 ft 698 ft
B Sherwood 692 ft 695 ft
Sparks Fifth A Sparks 641 ft 645 ft
B Sparks 638 ft 643 ft
C Sparks Standby - typically off
Fullerton Second A Perry Hall 340 346
B Perry Hall 342 348
C Perry Hall Standby - typically off
D Perry Hall 338 344
Falls Fifth A Falls 740 ft 748 ft
B Falls 738 ft 746 ft
C (future) Falls Standby — typically off
Sherwood Fifth A Sherwood 694 ft 700 ft
B Sherwood 692 ft 698 ft
Sparks Fifth A Sparks 643 ft 647 ft
B Sparks 645 ft 649 ft
C Sparks Standby - typically off

Central System Report
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Table 4, Storage Recommendations

Cover or replace Druid Lake

First
Cover or replace Montebello Plant 2 Reservoir
Cover or replace Lake Ashburton
S d Cover or replace Guilford Reservoir and raise walls to increase
econ overflow elevation to match other facilities in zone and modify
present operating control valve to operate in a throttle mode rather
than open/closed
Construct additional 170,000 gallons of elevated storage
OR
Colgate . , - .
Second Expand Colgate Pumping Station and related piping and increase

reliability of station by providing on-site standby generators or
redundant power feeders (emergency generator connections being
added)

Eastern Third

Cover or replace Towson Reservoir

Western Third

Cover or replace Pikesville Reservoir (currently under design)

Construct additional 600,000 gallons of storage
OR

Increase reliability of both pumping station by providing on-site
standby generators or redundant power feeders

Increase reliability of Catonsville Pumping Station by providing

Catonsville
Fourth permanent on-site standby generators or redundant power feeders
(mobile generator currently on site)
Pikesville Increase reliability of Pikesville Pumping Station 1 and 2 by
Fourth providing on-site standby generators or redundant power feeders

Towson Fourth

None at this time

By 2015, construct additional 150,000 gallons of storage
OR

Falls Fifth
Increase reliability of station by providing on-site standby
generators (currently under design)
Pot Springs o
Fifth None at this time

Reisterstown
Fifth

By 2005, construct proposed Bond Avenue Tank with 2.0 million
gallons of storage

Sherwood Fifth

Increase reliability of Sherwood Pumping Station by providing on-
site standby generators or redundant power feeders (emergency
generator connections available)

Sparks Fifth

None at this time

Central System Report
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5. Operational Efficiency Improvements

The operation of the Central System should be modified to improve the efficiency
and increase the energy cost savings. Several operational recommendations in the
Central System Report include maximizing gravity flow versus pumped flow in the
Second Zone, utilizing newer stations over older less-efficient stations, investigating if
alternate energy consumption reduction programs through BGE would be beneficial to

the City and modifying existing pump controls as described previously.
6. Establish System Service Boundary

The current system boundary is often in question. Currently, Baltimore County is
using the Urban-Rural Demarcation Line (URDL) as the ultimate boundary of the Central
System. The City should support and enforce this decision. This boundary has been

violated in several areas in the past due to special circumstances.
7. Raw Water Management Strategy

The proper operating schedule for the Deer Creek Pumping Station is important
when it comes to drought management. Two operating schedules are presented in this
report which address projected future average monthly water demands during drought

conditions before and after the construction of the proposed Fullerton Treatment Plant.

In non-drought conditions for the pre-Fullerton scenario, the operating schedule
maximizes water storage at the Liberty, Prettyboy and Loch Raven Reservoirs so that
raw water supplies are maintained during drought conditions. Pumping at Deer Creek
Pumping Station should be initiated early before the reservoirs begin to drop
significantly. The Susquehanna River should be utilized as much as possible as long as

trigger restrictions are not in effect.
For the second scenario, operating schedules were developed to maximize

efficiency of the raw water supply system once the Fullerton Treatment Plant begins

operation. At least one pump at the Deer Creek Pumping Station will be running at all
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times. As found in the other scenario, the Susquehanna River should be utilized as

much as possible.

8. Revise Water Quality Sampling Locations

Water quality sampling for chlorine residual is currently performed at 120 sites on
a weekly basis. However, with the proposed Stage 2 DBP Rule, the existing sampling
locations will probably need to be revised. These new sampling locations should be in
compliance with the proposed legislation. In addition, two zones, Falls Fifth and Sparks
Fifth Zones, presently have no sampling sites and at least one site should be established

in each zone.

The model results shows that areas around several of the storage facilities have
high residence times and could have a low chlorine residual. Most of these facilities do
not currently have rechlorination stations; therefore the following facilities should be

investigated to determine if there is a need for a rechlorination station:

e Curtis Bay Tank (First Zone) e Perry Hall Tank (Second Zone)
¢ Melvin Tank (Western Third) ¢ Deer Park Tank (Pikesville Fourth)
e Cub Hill Tank (Towson Fourth) ¢ Chartley Tank (Reisterstown Fifth)

¢ Reisterstown Tank (Reisterstown 5th)
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Table 1, Recommended Central System Improvement Projects

Zone Project Description I?:E:y NeY::;d CaS;;:(:;Iity Approx. Length (LF) Esg‘:::ed Status (if applicable) General Notes
1T  {Montebello WTP Yes 2005 318 MGD $88,000,000 |currently under design (RK&K)
1 |Fullerton Reservoir Yes 2005 40 MG nla $18,600,000 |currently under design (Gannett Fleming)
1 |Fullerton WTP 2015 120 MGD n/a $130,000,000 WAO recommendation, 2010 by WAO
1 |Pulaski Highway Main 2010 16"/20"/24"/36" 4,000/2,500/3,800/6,200 $3,600,000 WAO recommendation
1 |Ebenezer Road 2025 12" 8,500 $1,500,000 WAO recommendation
2 |Chapel Hill Tank Yes 2005 2.0 MG n/a $1,800,000 |currently under design (WRA)
2  |Hillen/Ashburton By-Pass Main Yes 2005 64" 3,400 $5,500,000 |design almost complete (WRA)
2 |Honeygo Boulevard Main Extension 2005 16"/20" 3,300/4,600 $820,000 |20 inch main has been installed Chapel Hill Tank area, WAO recommendation
2 |Gerst Main (north of Chapel Hill Tank) 2005 12" 3,400 $300,000 WAO recommendation
2  |Perry Hall & Philadelphia Road Main 2025 24"/30" 15,600/9,000 $9,000,000 WAO recommendation
2 |Yale Avenue Main 2005 16" 1,000 $200,000 improves fire flows
2 |Elmtree Street Main 2005 12" 1,000 $100,000 improves fire flows
2C |47th Street Main 2005 12" 1,400 $140,000 improves fire flows
3W |Leakin Park Pumping Station 2005 80 MGD n/a $3,750,000 |currently under negotiations (RK&K) adding 2 pumps (20 MGD each), WAO recomm.
3W |Catonsville Main (LP PS to Rt. 40) Yes 2005 48" 8,300 $5,000,000 |currently under design (PHRA)
3W |Catonsville Main (parallel to Rt. 40) Yes 2005 42" 10,200 $4,900,000 |currently under design (WRA)
3W |Rolling Road Transmission Yes 2005 16" 11,000 $1,180,000 |currently under design (Wallace Montg.)
3W |Liberty Road Main 2005 12" 2,000 $200,000 improves fire flows
3W |Old Pimlico Road Main 2005 16" 4,000 $530,000 improves fire flows
3E |Belair Road Main (W.Marsh to Joppa) Yes 2005 24" 8,800 $3,000,000 |currently under design (RK&K)
3E |Putty Hill Main (to Towson Reservoir) Yes 2005 24" 8,400 $1,700,000 |currently under design (in-house)
3E |Perry Hall Road Main to Belair Road 2005 42" 17,150 $6,500,000 WAQO recommendation
3E |Belair Road Main (to Northern Parkway) Yes 2005 24" 5,150 $1,100,000 |currently under negotiations (WRA)
4AC |Catonsville Pumping Station Yes 2005 20 MGD n/a $500,000 |design almost complete (in-house) adding 4th pump (11 MGD)
4C |Catonsville Reservoir n/a n/a n/a - not required before 2025, WAO recommendation
4C |Rolling Road Tank Transmission Yes 2005 24" 7,800 $1,450,000 |currently under design (PHRA)
4C |Lord Baltimore Extension Main 2025 12" 5,600 $1,000,000 WAO recommendation, not req'd but helps system
4C |Clays Road Main 2005 12" 1,600 $160,000 improves fire flows and pressures
4P |Owings Mills Reservoir Yes 2005 5.6 MG n/a $3,000,000 {under constr.(Chicago Bridge and Iron)
4P  |Marriottsville Road Main 2020 24" 3,500 $900,000 Lyons Mill Rd and Liberty Rd
4T |New Connection at Rutledge Road 2005 12" 100 $10,000 with Mays Chapel Discharge, improves fire flows
4T |Timonium Road Main 2005 12" 900 $90,000 improves fire flows
5F |Falls Pumping Station Yes 2005 5.3 MGD n/a $615,000 |currently under design (RK&K) adding 3rd pump (2.7 MGD)
5P |Hartfell and Killoran Road Parallel Mains 2005 16" 3,300 $400,000 not required, reduces high headloss near PS
5R |Bond Avenue Tank 2005 2 MG n/a $1,800,000 WAO recommendation
5R |Pleasant Hill Pumping Station 1 2015 13 MGD n/a $1,000,000 replacing 2 pumps (4.3 MGD each)+assoc. piping
5R |Reisterstown and Pleasant Hill Rd. Main 2015 16" 4,300 $600,000 addt'l transmission main required w/PS upgrade
RAW |Deer Creek Pumping Station Yes 2015 200 MGD n/a $4,000,000 |currently under negotiations (PHRA) renovate intake, add two pumps (50 MGD each)

NOTE: General Notes column lists reason for project, all projects recommended by RK&K, 'WAO recommendation' means project previously recommended by the Water Analyzer Office (WAO) but has not been included in CIP vet; costs include escalation 3.2% per year
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. INTRODUCTION

A. Project Background

The City of Baltimore Project No. 658, the Comprehensive Plan for Water Facilities, was
conducted to evaluate the City's entire water system and develop a comprehensive strategy to guide
future operations and facility improvements. The overall scope of this project was to conduct a
detailed study of all City owned or operated water facilities from source to tap. The investigation
was completed with the objective of maximizing water quality throughout the system and maintaining

compliance with requirements of the Safe Drinking Water Act.

The City's Comprehensive Plan was completed in two phases. The focus of Phase | was to
evaluate each system component and identify both short-term and long-term improvement
recommendations that will ensure safe and reliable water supplies through the planning year of
2025. The findings and recommendations developed in Phase | of the Comprehensive Plan for

Water Facilities can be found in the following reports:

Volume 1 — Modernization Report

Volume 2 - Regulatory Compliance Report

Volume 3 — Water Treatment Facilities Baseline Evaluation Report
Volume 4 — Computerization Report

Volume 5 — Water Treatment Facilities Operations Assessment Report
Volume 6 — Plant-Scale Testing Report

Volume 7 — Pilot Testing Report

Volume 8 — Watershed and Raw Water Reservoir Assessment Report

Volume 9 - Finished Water Facilities Assessment Report

This report presents the findings of Phase Il of the Comprehensive Plan. The goals of
Phase Il of the Comprehensive Plan was the development of a master plan for the entire Baltimore

water system, referred to as the Central System.
The major component of the Phase Il study was the development of a Baltimore Central

System Report to identify the capital and operational improvements necessary to meet future

demand conditions through the planning year 2025. To assist in this effort, a computer hydraulic
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model was developed to simulate operation of the entire water system so that hydraulic and water
quality deficiencies under anticipated future conditions could be identified and possible

improvements to remedy those deficiencies could be determined.

The hydraulic modeling software WaterCAD, by Haestad Methods, was used to develop the
water distribution system model and perform the system evaluations. The following tasks were

performed:

* Projected population and demands

* Researched jurisdictional agreements

» Evaluated the system'’s existing storage capacity
» Developed storage requirements

= Studied raw water operations

* Established model performance criteria

= Examined water quality parameters

* Evaluated operational efficiency

As a result, future trends and system modifications necessary to meet evolving conditions were

predicted and identified.
B. Description of Central System

The Baltimore Water System, also known as the Central System, consists of 4,100 miles of
distribution pipe that spans over 291 square miles and serves approximately 1,800,000 people. In
the year 2000, the system supplied an average of 241 million gallons per day (mgd) of safe drinking
water to four political jurisdictions. The jurisdictions include Baltimore City, Baltimore County, Anne
Arundel County and Howard County. Baitimore City also supplies raw water to Harford County and
Carroll County. The Central System is divided into 13 pressure zones and is currently supplied by 3
treatment plants, 3 raw water reservoirs, 28 storage facilities and 23 finished water pumping

stations. Current zonal boundaries are illustrated in Figure I-1.
Under normal conditions, two rivers supply the three raw water reservoirs. The Prettyboy

Reservoir and Lock Raven Reservoir receive water from the Gunpowder Falls and provide raw water

for Montebello Filtration Plants 1 and 2 which currently have a combined rated capacity of 240 mgd.
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Baltimore City Water Contract 1111 is currently underway to expand these plants to have a
combined maximum treatment capacity of 318 mgd. The Liberty Reservoir receives water from the
North Branch of the Patapsco River and provides raw water to the Ashburton Filtration Plant which
has a rated maximum capacity of 165 mgd. A third river source, the Susquehanna River, is currently
only used in cases of extreme drought as a supplemental source to the Montebello Plants. In the
future the Susquehanna supply will be the source for the proposed Fullerton Treatment Plant.
Today, the three existing plants have a raw water treatment capacity of 405 mgd of water, which will

be expanded to 483 mgd upon the completion of Project 1111,

The service area of the Central System is generally limited to the boundary set by Baltimore
County called the Urban-Rural Demarcation Line (URDL). Currently the service has extended
beyond the line in a few areas, but within the URDL there is still 11.5 square miles of unserviced
area. For future demands, it is assumed that by 2025 all available land within the URDL will be

serviced.

Ground elevations within the Central System range from sea level in the First Zone to 752
feet in the Reisterstown Fifth Zone. The ranges of ground elevations supplied by the Central
System are shown on Figure I-2. The unique topography allows the First Zone and a major portion
of the Second Zone, or roughly half of the total water supplied, to be supplied by gravity. The upper
zones are all supplied by pumping from a lower zone. Currently, there are a few active pressure
regulating valves (PRVs) in the system. A schematic of the Central System pumping stations and

treatment plants and the zones they supply is shown in Figure |-3.

The year 2000 consumer base of the Central System consists of approximately 11 percent
industrial, 38 percent commercial, public and wholesale and approximately 51 percent residential. A
large majority of the industrial users are located in the First Zone, whereas the upper fifth zones are
mostly residential. The intermediate zones have varying proportions of commercial and residential

users.
C. History of the Baltimore Central System
Records indicate that the first attempt to establish public water supply in Baltimore was made

in 1787 when the Maryland Legislative Assembly authorized the Baltimore Insurance Company to

supply the City with water. This effort, along with subsequent other early efforts failed, however.
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After incorporation in 1797, the City began to erect and maintain pumps in designated public
thoroughfares. In the early eighteen hundreds, a stock company known as the Baltimore Water
Company was formed, land and water privileges were acquired and a reservoir was constructed to
receive water from the Jones Fails. After much study and debate, improvements were made to the
Jones Falls supply in 1862 including the construction of Lake Roland Dam and Reservoir and the
Jones Falls conduit. Druid Hill Reservoir was constructed in 1873 to provide high service water
supplies. As demand increased coupled with recurring droughts, additional water supplies were
sought by the City. Construction of a permanent supply from the Gunpowder Falls was completed in
1881. Completed works consisted of the construction of a dam across Gunpowder Falls, formation
of Loch Raven Reservoir, construction of a tunnel connecting the reservoir with Lake Montebello,
and construction of a conduit connecting Lake Montebello to Lake Clifton. Due to public health
concerns, chlorination of the water supply was instituted in 1910 followed by construction of a water

filtration plant at the Montebello site.

Montebello Filtration Plant 1, situated on the east side of Hillen Road, was placed into
operation in 1915 after a two-year construction period. Construction of Loch Raven Dam was also
completed in 1915 with the spillway crest extended to its present elevation in 1923. Annexation of
additional land by the City in 1918 spurred the construction of Montebello Filtration Plant 2 which
was placed into operation in 1928, Other major construction projects occurring the first half of this
century included construction of the Montebello-Druid Lake conduit and Prettyboy Dam in 1932,
construction of the Gunpowder-Montebello Tunnel in 1941 and construction of the Patapsco-

Montebello tunnel in 1950. In 1956 Liberty Dam was constructed.

The Ashburton Filtration Plant is located on Druid Park Drive near Druid Hill Park in
Baitimore City. This facility along with Liberty Dam and Reservoir was completed in 1956. Since
that time, there have been no new major modifications in the basic unit processes at this facility.
Modifications were made to the filter underdrains, fluoride and chlorination system and additional
media was added in 1970. However, the facility is presently being upgraded to improve the

sedimentation basins and filters.

Additional major projects completed in the last half of this century include several upgrades
to the Montebello Plants and construction of the Deer Creek Pumping Station in 1966. Construction
of this pumping station allowed the City to withdrawal raw water from the Susquehanna River. Since

1970, the Montebello Filtration Plants have undergone extensive improvements and repairs (Phases
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I-V). Phase | consisted of improvements to the chemical, filter and washwater buildings at Plant 1
along with the construction of a lime tower and a grounds maintenance facility. Phase | work
included improvements to the Plant 2 chemical building in addition to extensive sitework. Phase |l|
work involved both Plants 1 and 2 and included rehabilitation of the 20.9 and 16 million gailon
finished water reservoirs, improvements to the flocculators, sand filters, heating and ventilation
systems, and replacement of roofs and windows. Phase |V work involved the replacement of the
existing sedimentation basins at Plant 2 along with the construction of new fluoride storage facilities,
new chemical feed systems, and a new raw water venturi meter. Recently completed, Phase V work
included the construction of four new flocculators and sedimentation basins at Plant 1, replacement
of grounds maintenance buildings, replacement of washwater pumps, relocation of a 13.8 KV
conduit, and improvements to the telephone and telemetering conduit system as well as extensive
site improvements. Other work performed at the Montebello Plants includes the installation of new
fluoride and chemical feed systems. Also, as mentioned previously, design of improvements to the
filters and chemical feed systems is currently underway. In addition, improvements to the low lift

pumping stations are currently under design.

A fourth proposed treatment plant, the Fullerton Plant, is planned to be constructed in the
next couple decades. This plant will treat raw water from the Susquehanna River on a full time
basis. Currently, the design has begun for the proposed Fullerton Reservoir on the future Fullerton

site.
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. WATER DEMANDS

A. Service Area

The present service area comprising the Central System is divided into thirteen pressure
zones and encompasses all of the jurisdictional area of Baltimore City and a major portion of
Baltimore County. The political jurisdictions of Anne Arundel County and Howard County are also
supplied drinking water, in part, by the Central System on a wholesale account basis. In addition, the
City supplies raw water to Harford County and Carroll County. For the purposes of this report, the
definition of the land area served by the Central System is limited to only that area within the political

Jurisdictions of the City and Baltimore County.

The boundary of the areas presently served by the Central System is shown on Figure II-1.
Also shown are the areas within Howard County and Anne Arundel County that are serviced by the
Central System. As illustrated in Figure II-1, the Central System encompasses an extensive area in
the central portion of the State of Maryland. Predicting future service area expansions is an

important planning step in determining future water system requirements.

First and foremost, the ultimate boundary of the area to be provided water service needs to
be established. Previous studies and water agreements have established several boundaries to
define the ultimate limits of the area to be served. These boundaries are shown on Figurell-1. Ina
report dated December 15, 1953 by the Board of Advisory Engineers (Report on Future Sources of
Water Supply and Appurtenant Problems), an ultimate service boundary was established that
encompassed an area of 709 square miles. By comparison, the area that is presently served by the
Central System today is 499.5 square miles, which includes 96.0 square miles and 112.4 square

miles for the service areas of Anne Arundel County and Howard County, respectively.

The City is required by statute to furnish water to the Baltimore County Metropolitan District
(BCMD) under a 1923 Legislative Act by the Maryland General Assembly. The boundary line used
to define the limits of the BCMD extends, in certain portions, well beyond another boundary
Baltimore County established two decades ago as a "line in the sand” against development called
the Urban-Rural Demarcation Line (URDL). Present Baltimore County zoning limits proposed water
service to only that area contained within the URDL. Despite a few areas where water service has
already extended beyond the URDL, Baltimore County, for the most part, has been successful in

limiting water service to within the intended growth boundary (URDL). Today there remains only
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about 11.5 square miles of unserviced area that lies inside the URDL. In the determination of future
demands, it was assumed that by the year 2025, all available land within the URDL would be
serviced and that water service outside the URDL would not extend beyond what is already being
supplied. Figure II-2 shows those areas that remain to be provided public water service in the future

as well as those areas presently serviced but outside the URDL.

The incongruity between the BCMD line and the URDL has existed for a long time and
represents a significant issue in establishing future service population and ultimate system
demands. The Baltimore County Water Analyzers Office has indicated that there are no plans,
current or future, to extend water service beyond the URDL. The development of future projected
demands, therefore, reflects only that area within the URDL plus any areas where water service has
already been provided outside the URDL. Future projected demands and the timing of additional
capital facilities and capacity development is dependant on Baltimore County's ability to control

growth beyond present URDL limits.

Presented in Table II-1 are the existing and ultimate areas of service by jurisdiction for each
of the thirteen pressure zones. The area within the City's border is presently fully serviced and no
further expansion of the water system is possible. All service area growth that is expected will occur
in the outlying regions in Baltimore County. The region of greatest expected growth is the Sherwood
Fifth Zone, which will nearly double in size, followed by the Sparks Fifth and Falls Fifth Zones.
Overall though, the service area of the Central System is only expected to grow 4.0 percent until it
reaches the limits of the defined service boundary (URDL). However, it should be noted that other

variables will affect the demand projections in the larger zones more than the service area will.

The expanding service areas in the surrounding counties were not evaluated in this report.
Projecting those demands was performed solely using the jurisdictional agreements discussed in

the next section.

B. Supply Agreements with Surrounding Jurisdictions

The City presently supplies raw or treated water on a wholesale basis to the four surrounding
counties of Anne Arundel, Howard, Carroll and Harford. The areas supplied by the Central System

are shown in Figure 1I-3. The allowable withdrawals by these surrounding jurisdictions have a

significant impact when estimating the future projected demands of the Central
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Table lI-1, Existing and Ultimate Service Areas by Pressure Zone

Baltimore City

Baltimore County

First
Second
Colgate Second
Eastern Third
Western Third

Towson Fourth

First
Second
Colgate Second
Eastern Third
Western Third
Catonsville Fourth
Pikesville Fourth
Towson Fourth
Falls Fifth
Pot Springs Fifth
Reisterstown Fifth

Sherwood Fifth

Sparks Fifth

27.23
21.25
0.02
14.34
18.33
0.33

55.26
29.74
0.86
21.34
17.23
15.26
26.29
28.20
1.39
3.09
9.70
0.29
0.97

27.23
21.25
0.02
14.34
18.33
0.33

58.03
29.82
0.86
22.68
18.56
15.37
28.01
30.09
1.86
3.09
11.02
0.54
1.30

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

5.0%
0.3%
0.0%
6.3%
7.7%
0.7%
6.5%
6.7%
33.6%
0.0%
13.6%
82.4%
33.7%
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System. Accordingly, RK&K performed a search to locate all known water agreements between the
City and the surrounding counties and reviewed each to determine the City's obligatory
requirements for supplying water to these jurisdictions. Presented in Table |I-2 are a listing of all the
water agreements that RK&K was able to locate and includes the signatory parties to each

agreement and an abbreviated summary of the issues set forth in those documents.

Anne Arundel County is supplied treated water from the First and Second Zones through a
total of six metered locations, some of which contain multiple meters. Water that is supplied to
northern Anne Arundel County is blended with other supply sources owned and operated by Anne
Arundel County. Howard County is supplied treated water from the Second and Western Third
Zones through a total of four metered connections. Howard County also has interconnections with
the WSSC system which supplies water to the north Laurel area, east of Interstate 95 and south of
the Patuxent River. For the most part though, the entire Howard County service area shown in

Figure 1I-3 is supplied by the Central System.

In regards to the sale of treated water to Anne Arundel County and Howard County, none of
the agreements reviewed were explicit in identifying the specific quantities of water that the City is
currently obligated to provide. Rather, each of the agreements relate more to the sharing of costs
for the design and construction of jointly used facilities based on assumed usages. The City is not
legally bound to furnish any given quantity and the Counties are not bound to use any. Only the
1957 Agreement is explicit in limiting demands to Howard County to a maximum daily rate of 8.5
mgd. The 1957 Agreement was superceded in 1986 however, by a new agreement allowing
Howard County to exceed 8.5 mgd by an unspecified amount "only if unused capacity is available in
the Western Third Zone". The ambiguities that exist in the agreements with Anne Arundel County
were previously recognized and summarized in an October 26, 1979 inter-office correspondence

from the Anne Arundel County Office of Law.

The City also has existing agreements to supply raw water to Carroll County and Harford
County. The water agreements for the sale of raw water to Carroll County and Harford County are
more clear in terms of spelling-out the maximum and average withdrawals allowed. According to the
July 3, 1968 Agreement, Carroll County is entitled to withdrawal raw water from Liberty Reservoir at
an average rate of 2.4 mgd and shall not exceed a maximum rate of 90 million gallons over a 30 day
period. RK&K understands that Carroll County has made several previous attempts to increase

their allowable average day withdrawals to 4.1 mgd, but the City has not approved nor denied such
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Table II-2,

Legislative Acts and Water Agreements Between Baltimore City and Surrounding Jurisdictions

Chapter 539 f he Acts of 1923 of the aryland General Assembly requires the City
Act of 1923 ) . ) o o
to furnish water to the Baltimore County Metropolitan District.
June 18, 1929 (4 v - - - Relates to supply of Brooklyn Heights, Hilicrest and vicinity.
August 14, 1934 v 4 Agreement to furnish water to the 1% election district in Howard County
Chapter 203 of the Acts of 1955 of the Maryland General Assembly authorizing City to
Act of 1955 4 (4 take water from the Susquahanna River and mandating that the City must make water,
available at least 10 mgd to Harford County
September 2, 1964 v 4 - - - Relates to cost sharing of improvements to western Second Zone
July 3, 1968 4 v 2.4 3 (raw)  |Withdrawal from Liberty Reservoir
October 22,1969 v v v v 18.8 3 Second Relates to cost sharing of Southwest Transmission Main - Proportions 10.0 mgd to
Anne Arunel Co. and 8.8 mgd to Howard Co.
November 17,1971 4 4 - 68 First |Relates to cost sharing of Under-the-Harbor Main
September 20,1972 v 4 - - - Identifies method for cost sharing of capital facilities
January 30,1980 4 (4 4 (4 - - - Relates to cost sharing of final sections of Southwest T.M.
. Relates to cost sharing of certain Western Third improvements. Allows previous
July 9,1985 v v v a8 W. Third withdrawal limits to be exceeded based on availability.
February 3, 1993 (4 4 - 20 (raw)  |Agreement includes option to purchase additional 10 mgd.
November 17,1999 v v 8.6 15 Second Identlflgs deménds used in Tables 1,3 & 5 of 1989 Central System Report for cost
allocation of Hillen P.S.
8.8 13.2 Second |ldentifies demands used in Tables 1,3 & 5 of 1989 Central System Report for cost|
November 24,1999 v v 29.7 50.5 | W. Third |allocation of Hillen P.S.
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action.

The City's February 3, 1993 Agreement with Harford County entitles them to withdrawal a
maximum of 20 mgd of raw water from the Susquehanna Transmission Main at Abingdon, Maryland.
There is also an option that allows Harford County to increase its withdrawals to 30 mgd upon City
approval. Currently, Harford County is supplied water from Loch Raven Reservoir that flows
backwards through the Susquehanna pipeline from Montebello Water Treatment Plant towards

Abingdon, although this is not the original intended design.

RK&K's estimation of the future water needs of the Central System, as presented in this
report, incorporate all known water agreements between the City and the surrounding Counties.
However, the quantities of water that the City is obligated to provide Anne Arundel County and
Howard County is not specifically identified in any existing water agreement, and the development of
individual projections for each of these jurisdictions is beyond the scope of this project. Therefore, it
is recommended that the City draft new water agreements with each jurisdiction explicitly describing
the amounts of water the City is obligated to provide. The values developed and used in this report

should be used to create the new agreements.

Table lI-3, Allowable Withdrawals from the Central System (mgd)

Zone ;
County Raw Water First ~ Second Western Third |
Avg | Max Avg Max Avg Max Avg Max
Anne Arundel - - 10.0 17.5 7.1 12.2 - -
Howard - - - - 8.8 13.2 29.7 50.5
Carroll 2.4 3.0' - - - - - -
Harford N/S 20 - - - - - -

N/S - not specific

1. Based on a maximum of 90 million gallons over 30-day period

As such, for this project the estimated future withdrawals on the Central System by Anne
Arundel County and Howard County are based on and reflect the same demand values presented in
Table 1 of the 7989 Central System Report. This is the same source for demand projections used in

the development of cost allocation percentages in the 1999 Hillen Pumping Station Agreement, and
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it appears to be the most recent estimate agreed to by all parties. Presented in Table I1-3 is a listing

of allowable withdrawal quantities based on current agreements or previous historical precedence.

C. Future Population to be Served

The Baltimore Metropolitan Council's (BMC), Cooperative Forecasting Group, supplied the
population projection data that was used in the report to derive future system demands. The
Cooperative Forecasting Group is a technical committee serving the Metropolitan Planning
Organization (MPO) whose task is to produce long-range small-area socioeconomic forecasts which
serve as inputs primarily to the transportation demand modeling process of the MPO. This
committee consists of Baltimore Metropolitan Council staff members, state and local planning staff
including members from Baltimore City and Baltimore County, and others who have specific
responsibility for generating forecasts of population and other variables of growth. The source
document from which future population estimates were derived was the October 1997 Final Report,
Forecasts of Population, Households, Labor Force and F mployment, 1995-2020. Presented below

are the participating members that were involved in the development of the forecast data:

Cooperative Forecasting Group

Alexander D. Speer, Anne Arundel County

Jeff Mahew, Baltimore County

Daniel E. Rooney, Harford County

Gloria Griffin, Baltimore City

Jeanne Joiner, Carroll County

Roselle George, Howard County

Mark Goldstein, Maryland Office of Planning

Dunbar Brooks, Project Coordinator

Jane Ndunda, Contributing Staff

Josef Nathanson, Director, Economic Research and Information Systems

Population forecast data provided by the BMC was detailed in five-year increments through
the year 2020 and broken down by Regional Planning District. The 1990 Census data was available
by census tract which was used to break down the Regional Planning Districts further. The areas of
individual planning districts and census tracts were correlated to the areas of individual pressure
zones to determine population within each zone. Year 2025 population estimates were derived by

linear extrapolation of the previous five data points per census tract.

It should be noted that the overall population projections for the City are based on the
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assumption that the City will succeed in stabilizing and revitalizing neighborhoods that have
experienced high levels of vacancies and abandonment. To the extent that these goals are not

realized, there is a risk that the population projections presented here are overestimated.

However, as already seen by the recently available 2000 Census data, the original
population projections submitted in the October 18, 2000 Interim Report on Future Demands of the
Baltimore Water System were already underestimated. Both the City and Baltimore County 2000
Census data was approximately three percent higher than the overall estimated population based on
the BMC projections. With the new 2000 Census information, the population projections were

modified and subsequently, the demand forecast presented in the October report was revised.

The projected population growth by pressure zone is summarized in Table 1I-4. The year
2000 population census is based on the present service area of 291 square miles whereas the year
2025 population estimate assumes an area of 303 square miles representing full expansion within
the defined service area boundary. As indicated in Table -4, the population within the City=s
Jurisdictional boundary is expected to decline by an estimated 20,000 persons, or 3.05 percent, over
the next 25 years. Of the six pressure zones that serve the City, four show a decline in population.
The service population within Baltimore County, on the other hand, is expected to increase by an
estimated 62,000 persons, or 9.47 percent, by the year 2025. Except for the First Zone, Colgate
Second Zone and Pot Springs Fifth Zone which show slight declines, all Baltimore County zones
show an increase in population. The greatest population increases are expected in the Eastern
Third and Pikesville Fourth Zones. The largest percent increases are expected in the Pikesville
Fourth Zone and Reisterstown Fifth Zone, which increased by more than 25% of their population in

the year 2000.

D. Methodology for Developing Future Demands

This report identifies projected water demands respective to each pressure zone and political
Jurisdiction in five-year increments through the year 2025. In all, a total of 23 separate sets of
projections were developed for the 13 pressure zones and four political jurisdictions comprising the
Central System. In addition to five-year projections through year 2025, anticipated demands under
ultimate or saturated development conditions were also developed. Saturated conditions represent
the maximum demands ever to be expected and should never be exceeded. The demand

projection results, compiled by zone, are presented in Appendix A. Howard County and Anne
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Arundel County demands are included in the projections based on the agreements previously

discussed; however, they are not included in the land area served or per capita figures.

Table II-4, Existing and Projected Future Population by Pressure Zone

B.City 1st 174,251 171,501 170,198 172,757 174,257
2nd 229,068 226,940 222,983 221,191 219,493 217,812
C2nd 491 480 471 484 491 498
E3rd 116,045 113,615 111,807 111,158 110,585 110,018
W3rd 137,536 134,777 132,696 133,099 133,249 133,469
T4th 1,472 1,452 1,439 1,438 1,435 1,432
B.County st 147,486 145,585 145,127 145,201 145,109 145,036
East 2nd-E 50,123 53,010 56,177 59,224 62,383 65,808
C2nd 7,849 7,662 7,599 7,557 7,495 7,433
E3rd 85,730 88,113 91,475 94,670 97,880 101,360,
T4th 87,458 87,010 87,127 87,334 87,167 87,019
F5th 4,821 4,936 5,102 5,282 5,454 5,638
PS5th 10,778 10,687 10,687 10,643 10,554 10,466
SH5th 419 428 441 428 462 472
SP5th 2,303 2,498 2,592 2,498 2,680 2,743
BC East Total 396,965 399,929 406,328 412,837 419,184 425,975
B.County 2nd - W 34,859 34,166 33,968 33,869 33,572 33,277
West W3rd 69,156 69,416 69,951 70,646 71,238 71,848
C4th 44,766 44,497 44,553 44,641 44,698 44,758
P4th 75,452 79,487 83,547 87,898 92,107 96,616
R5th 30,176 32,013 33,785 35,484 37,268 39,139
BC West Total 254,409 259,578 265,804 272,538 278,882 285,637

Demands for the Central System were developed based on the population projections, as
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discussed in the previous section, and trends derived from muitiple forms of historical data. Average
day, maximum day, peak hour and saturated demands were all calculated. The various parameters
used to develop these demands are discussed in the sections below. In each zone, population
projections for both the City and Baltimore County were multiplied by per capita demands to
calculate average day demands. The maximum day demands were calculated from those average
day demands by applying a maximum to average day demand ratio. Peaking factors, derived from
diurnal patterns developed for each zone, were used to determine peak hour demands. Instead of
projecting demands beyond the year 2025, saturated demands were developed based on current
land zoning and record peak demands. And lastly, the projected demand estimated and discussed
thus far reflects the total water consumed, not supplied. Unaccounted for water estimates were also

developed and added to the consumed demand numbers to calculate supplied demands.
1. Per Capita Demands

Average day demand projections were calculated by multiplying population by a
corresponding per capita, or per person demand. Per capita demands represent the amount of
water being used per person and is typically expressed in gallons per person per day (or GPCD).
Traditionally, the per capita demands for the Central System have been held constant when
projecting; however, historical data shows that the per capita demands do fluctuate. For those
zones deemed appropriate, the per capita demands were trended. An increase in GPCD could be
possible due to changes in water usage or consumer base distribution over time. Per capita
demands were evaluated based on total demand and also on a residential demand basis for each

zone individually.

The total per capita unit demands for the City and Baltimore County were computed for each
pressure zone for the years 1990 through 2000. The known total average annual demands for
those years were divided by the population to determine the total per capita demand for each zone.
The zones were evaluated individually to identify the ongoing trends in per capita demand growth or
decline. Per capita demands were then extrapolated for future years based on the previous ten
years of data using statistical regression methods, as shown in Figure II-4. For a few zones, the
trend was declining and considered unrealistic. Instead of projecting the per capita demands for
those zones, an average value for the ten years of data was used and held constant through the

year 2025. Results of the computation are presented in Appendix A.
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The residential per capita demand was calculated in a slightly different way and was used to
determine the consumer base percentages shown on the tables in Appendix A. Demands for the
years 1980 to 1999 were provided in reports from the Water Analyzer Office, known as WB050
reports, on a consumer type basis: residential, commercial or industrial. From these reports, a per
capita demand based solely on residential demands was computed. The known average annual
residential demands for those years were divided by the population to determine a residential per
capita demand for each zone. An average of the 20 years of data was used and held constant over
the next 25 years. The residential per capita demands were held constant as a conservative
measure. It is expected that residential demands may actually decrease in the future due to more
efficient devices, such as dishwashers and showerheads, and an increased conservation

participation and awareness.
2. Maximum to Average Day Ratios

The maximum day demand to average day demand ratio (max/avg ratio) was derived from
historical data provided for the Central System. Data from 1980-1999 was obtained from the Water
Analyzer Office. Annual maximum day demands were divided by the average day demands to
develop a max/avg ratio for each of the thirteen zones. This data was plotted and projected through
the year 2025 and the results are presented in Appendix A. For example, the historical data for the
First Zone and the trend line developed to determine the max/avg ratio for future years is illustrated
in Figure 11-5. This trend was used to calculate the maximum day demands for each zone in the
Central System by multiplying the max/avg ratio for a given year by the average demands for that

year.
3. Diurnal Patterns and Peaking Factors

Diurnal curves are patterns reflecting changes in demands over the course of the day, which
relate to times when people are using more or less water than the average demand. The patterns
are based on a multiplication factor versus time relationship where a factor of unity (1.0) represents
the base or average demand value. The largest factor over unity represents the maximum water
usage hour of the day and is used as the peaking factor to calculate the projected peak hour

demands.

Peaking factors vary from zone to zone because the diurnal demand patterns are created

from the type of development and water usage within that zone. High fluctuations in demand
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Figure II-5, Maximum to Average Day Demand Ratio
Example: First Zone
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throughout the day are normally associated with residential development. Whereas, more constant
demands are associated with commercial/ industrial development. Diurnal demands also vary from

day to day depending on weather conditions as well as many other factors.

RK&K developed composite average and maximum day diurnal demand patterns for each of
the Central System's 13 pressure zones based on hourly telemetry data developed by the City's
Telemetry Control Center (TCC). Except for when there are technical problems, the City's TCC
produces an Hourly Report at the end of each day that summarizes the average hourly demand for
each zone as well as the operating status of all the facilities in the system over that day. This data
was used to develop hourly demand factors for each zone by dividing the average hourly demand by
the average demand for that particular day. Composite average and maximum day diurnal patterns
were then developed, as shown in Figure II-6, by averaging the demand factors using data from
several representative days. The average days used were chosen based on available TCC data for
the month of October. Historically, average demands typically occur during the month of October.
The maximum days used were chosen based on input from the Water Analyzer Office as to when
maximum day demands occurred. The following days had acceptable data available and were

chosen to represent average and maximum day demand conditions:

Average Day Maximum Day
10/31/98 7/19/97
10/20/97 7117197
10/10/97 7/14/97

7/6/88
8/16/97
8/1/97

No data beyond October 1998 was used because the hourly reports have not been generated by the
TCC since the IBM Series | computer crashed several years ago. Since no diurnal water demand
data was evaluated for the wholesale users, i.e. Howard and Anne Arundel County, the same

diurnal pattern as the rest of the zone

The diurnal patterns computed for each zone, as based on the Hourly Reports for the above
listed days, are presented in Table II-5. The shaded numbers shown are the peaking factors used
for each zone to determine the projected peak hour demand. This factor was held constant through
the year 2025 and also used for the saturated demands. It is noted that some of the data were

adjusted somewhat to account for suspected metering errors and to produce a smoother curve. The
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Figure II-6, Maximum Day Diurnal Pattern
Example: Second Zone

—8/16/97
8/1/97
— 7/19/97
—7/17/97
. —7/14/97
m / — 7/6/88
06 \)Q / _AVg
0.4
0.2
0.0 I | | | I | 1 I I I I I I 1 T
0 4 8 12 16 20 24

Hour

Central System Report Rummel, Kiepper and Kahl, LLP



Table II-5, Zonal Diurnal Demand Patterns

Central System Report

Patterns based on City Telemetry Control Center (TCC)

Second zone includes Perryhall Second Zone

Sherwood 5th Zone not shown due to insufficient data. Falls 5th zone used to represent Sherwood 5th zone.

hourly report data. Some hourly data adjusted to account for suspected metering errors.
ge day telemetry data. Average day pattern for Sparks 5th zone used instead.

Time Zone
g:;z First Second Coigate 2nd Eastern 3rd Western 3rd Catonsville 4th Pikesville 4th Towson 4th Falls 5th Pot Springs 5th | Reisterstown 5th Sparks §th
(Hrs) Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg, Max,
Midnight [ 0.759 0.857 0.892 0.801 0.786 0.733 0.523 0.762 1.020 0.926 0.607 0.725 0.889 0.756 0.856 0.818 0.798 0.633 0.798 0.705 0.854 0.684 0.798 0.835
1:00 0.675 0.728 0.861 0.656 0.606 0.548 0.433 0.693 0.805 0.796 0.589 0.517 0.760 0.540 0.751 0.647 0.772 0.402 0.772 0.532 0.662 0.406 0.772 0.764
2:00 0.562 0.661 0.821 0.660 0.531 0.535 0.307 0.614 0.546 0.606 0.583 0.442 0.663 0.526 0.764 0.523 0.702 0.368 0.702 0.463 0.442 0.344 0.702 0.672
3:00 0.478 0.641 0.712 0.602 0.504 0.402 0.376 0.537 0.486 0.543 0.544 0.428 0.489 0.555 0.694 0.531 0.642 0.304 0.642 0.408 0.363 0.349 0.642 0.593
4:00 0.505 0.591 0.717 0.600 0.429 0.465 0.535 0.594 0.552 0.522 0.514 0.401 0.546 0.489 0.602 0.489 0.579 0.364 0.579 0.469 0.369 0.222 0.579 0.763
5:00 0.511 0.557 0.752 0.584 0.542 0.555 0.584 0.694 0.719 0.573 0.612 0.422 0.577 0.537 0.548 0.477 0.385 0.391 0.385 0.653 0.434 0.345 0.385 0.893
6:00 0.659 0.613 0.884 0.618 0.821 0.588 0.931 0.816 0.822 0.656 0.739 0.521 0.746 0.560 0.658 0.645 0.622 0.418 0.622 0.757 0.703 0.452 0.622 0.948
7:00 1.052 0.793 1.187 0.773 1.062 0.803 1.002 0.927 0.952 0.895 1.142 0.790 1.118 0.873 0.965 0.864 1.027 0.702 1.027 0.952 1.127 0.802 1.027 1.029
8:00 1.214 0.910 1.254 0.881 1.150 1.029 1.179 1.197 1.056 1.130 1.236 1.001 1.316 1.064 1.234 1.069 1.243 b i By 7 1.243 1.128 1.368 1.055 1.243 1.126
9:00 1.383 1.048 1.267 1.015 1.285 1.167 1.258 1.223 1.219 1.156 1277 1.203 1.176 1.178 1.342 1.213 1.424 1.239 1.424 1.205 1.466 1.127 1.424 1.190
10:00 1.421 1.224 1.279 171 1.262 1.213 1.305 1.324 1.216 1.190 1.219 1.213 1.155 1.221 1.294 1.198 1.501 1.250 1.501 1.281 1.472 1.320 1.501 1.244
11:00 1.372 1.268 1.063 1.138 1.278 1.280 1.412 1.220 1.164 1.142 1.163 1.256 1.348 1.262 1.209 1.124 1.337 1.507 1.337 1.238 1.207 1.189 1.337 1.175
Noon 1.272 1.213 1.031 1.200 1.202 1.245 1.623 1.158 1.170 1.167 1.134 1.218 1.234 1.227 1.168 1.168 1.184 1.355 1.184 1.211 1.254 1.153 1.184 1.122
13:00 1.258 1.206 1.022 1.154 1.298 1.146 1.536 1111 1.162 1.120 1.178 1.200 1177 175 1.265 1433 1.167 1.341 1.167 1.173 1.168 1.162 1.167 1.027
14:00 1.215 1.184 1.065 1.255 1.225 1.110 1.534 1.098 1111 1.084 1.208 1.185 1.152 1.138 1.303 1.168 1.143 1.172 1.143 1.135 1.170 1.072 1.143 1.040
15:00 1.140 1.160 1.068 1.249 1.178 1.091 1.241 1.072 1.083 1.090 1.130 1.178 1.130 1.121 1.218 1.183 1.150 1.172 1.150 1.102 1.002 1.055 1.150 1.027
16:00 1.078 1.175 1.139 1.186 1.100 1.099 1.248 1.092 1.129 1.071 1.205 1.157 1.020 1.095 1.227 1.102 1.144 1.105 1.144 1.076 1.217 1.069 1.144 1.051
17:00 1.148 1.175 1.195 1.309 1.224 1.170 1.148 1.160 1.157 1.099 1.180 1.231 1.095 1.099 1.122 1.236 1.109 1.157 1.109 1.099 1.080 1.240 1.109 1.095
18:00 1.136 1.198 1.115 1.291 1.207 1.271 1.137 1.207 1.137 1.178 1.248 1.311 1.130 1.238 0.937 1.309 1.180 1.324 1.180 1.234 0.958 1.450 1.180 1.241
19:00 1.140 1.216 1.093 1.319 1.169 1.441 1.312 1.331 1.074 1.225 1.229 1.454 1.109 1.366 1.051 1.302 1.097 1.439 1.097 1.374 1.172 1.604 1.097 1.170
20:00 1.055 1.248 0.946 1.280 1.123 1.587 1.005 1.210 1.197 1.331 1.192 1.528 1.102 1.444 0.843 1.385 1.086 1.647 1.086 1.460 1.157 1.825 1.086 1.132
21:00 1.090 1.242 0.927 1.235 1.025 1.478 0.855 1.105 1.140 1.289 1.066 1.486 1.033 1.420 0.927 1.285 0.963 1.501 0.963 1.414 1.206 1.746 0.963 1.039
22:00 1.034 1.105 0.885 1.079 1.028 1.127 0.780 0.976 1.077 1.154 1.170 1.202 1.020 1.146 0.920 1.145 0.912 1.165 0.912 1.104 1.103 1.366 0.912 0.971
23:00 0.844 0.987 0.824 0.945 0.965 0.917 0.737 0.881 1.005 1.056 0.937 0.933 1.017 0.972 0.960 0.989 0.833 0.864 0.833 0.829 1.046 0.962 0.833 0.854
Total 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24
NOTES: . Denotes peak hour - max day
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patterns indicated in Table II-5 also reflect a composite of residential, commercial and industrial
demands within each zone. Actual demands in localized areas may differ from the patterns

indicated depending on the type of development in those areas.

4. Saturated Demands

Saturated demand conditions were developed to represent the ultimate buildout water
requirements for each zone. Separate approaches were taken when developing the ultimate
demands for the City and Baltimore County. In the case of Baltimore County, saturated buildout is
defined as the complete development of all lands within the service boundary in accordance with
current zoning ordinances. For the City, the current zoning was not used because it does not

accurately reflect the existing conditions and it is unlikely that it will reflect future conditions either.

Baltimore County buildout demand conditions were derived by multiplying water duties for
each land use category, established on a per acre basis, by the total land area for that category of
zoning. The individual demands for all the land zoning classifications were then added to derive the
total demand for the zone. Water duties of 2,040 and 2,270 gallons per acre (GPD/AC) were
applied to commercial/public and industrial/manufacturing land zoning respectively.1 For residential
land, the maximum allowable tract density in houses per acre was multiplied by an assumed 2.29
persons per household? to get a total population, which was then multiplied by the residential per
capita demand respective to that zone. Variations in the saturated consumer base percentage and
existing demand, or 2025 demands, can be attributed to differences in zoning classification and
water billing classification. For example, schools are considered to be commercial or public
demands, but can be located in areas zoned residential because they are an exception to typical

zoning regulations.

For the City, defining the buildout demand of its service area requires a different approach.
For the last half of the century, the population and economic structure of the City has undergone
drastic changes resulting from continued decompression and suburbanization common to most
industrial cities in the eastern United States. The City's population, as counted by the U.S. Bureau
of the Census, peaked in 1950 at 949,708. Since 1960, the City=s population has continued to
decrease to 743,629 in 1990, and 658,863 in 2000. There are presently no signs that

decompression of the City has stopped or is approaching the stopping point.

1. Handbook of Water Distribution Systems, Larry May, McGraw Hill, 1999
2, Maryland Office of Planning
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Probably the most influential factor in causing the changes to the City's demographic structure over the
last fifty years is the advent of modern transportation systems that make low density development
possible. The consensus among all planning estimates is that the City will most likely never return to the
same level of intense development of the 1950's and 1960's. Therefore, basing an ultimate buildout
demand for the City on outdated zoning would be overly conservative and unrealistic because those
development densities will most likely never again be achieved. Rather, the long term water needs of the
City should be based on likely development scenarios with an added measure of safety to account for any
unforeseen future events that may one day cause growth to shift back to a more densely populated urban

environment.

Based on the records available, filtered water delivered to the City (including unaccounted for
water) peaked in 1951 at 194.21 mgd. In 1980, filtered water delivered was 149.67 mgd, and by
2000 was 115 mgd. From 1953 through 1979, no water consumption data is available but it is

assumed that City demands continued to decline steadily over that period.

For the City, where demands have been continually decreasing for the past four decades, it
is assumed that demand growth in the City will eventually return but that ultimate demands will never
again exceed those that occurred in 1980. The City saturated demand, therefore, has been
assumed to be the same as 1980 demand conditions. Census data for year 1990 has been used to
represent population saturation based on the assumption that future City development will be less

densely populated.

Using 1980 demand and 1990 Population data to represent saturated development
conditions for the City is a very reasonable assumption. As with all assumptions however, there
remains the possibility that future development could one day exceed the saturated estimates
presented here. On the other hand, there is also the possibility that saturated demands may never
be reached. The ultimate consequences that saturated demand conditions for the City are over- or
under-estimated are not totally clear. To the extent that saturated demands are overstated, the City
may be overly conservative in reserving future system capacity for demands that will never
materialize. If the saturated demands are understated, the City may be restricting future growth.
The approach presented herein, presents the most reasonable approach to an otherwise uncertain

future.

Central System Report 1H-21 Rummel, Klepper and Kahl, LLP



The saturated demands developed for this project are presented in Table |I-6. These are

consumed demands and include Howard County and Anne Arundel County. More detailed results

can be found in Appendix A.

Table II-6, Saturated Demands

First
Second 71.32 122.56
Colgate Second 0.69 0.98
Eastern Third 24.73 45.01
Western Third 58.08 90.80
Catonsville Fourth 11.26 18.01
Pikesville Fourth 20.51 38.14
Towson Fourth 21.30 36.00
Falis Fifth 0.74 1.92
Pot Springs Fifth 1.61 3.25
Reisterstown Fifth 6.04 12.15
Sherwood Fifth 0.1 0.21
Sparks Fifth 1.15 3.46
Total 338 599

Lost and Unaccounted for Water

The total water delivered includes any unaccounted for water, which is water that is lost to

unmetered uses such as fire fighting, leaks, main breaks, main flushing, and meter inaccuracies.
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The demands developed thus far represent water consumed and does not take into account lost
water. Lost and unaccounted water usage is estimated by comparing the average annual water
supplied to each zone with the average annual metered consumption. The difference between the

two values is lost and unaccounted for water.

Presented in Table II-7 are five years of unaccounted water data for each pressure zone. As
ilustrated in Table II-7, year-to-year lost water can range anywhere from minus 6 percent to over 44
percent. Typical values for a system the size and age of Baltimore's are expected between 15%
and 20% with a maximum loss of 25%. These values are not acceptable and the City should make
the effort to reduce them. Some of the wide variations shown in Table 1-7 are probably the result of
metering errors and most likely do not represent actual conditions. The Falls Fifth Zone appears to
have the highest lost water averaging over 31%. This is surprising considering the Falls Fifth Zone
is relatively new in comparison to the rest of the system. More than likely, the high lost water
percentages of the Falls Fifth Zone are due to pumping and telemetry inaccuracies or unmetered
water supplied to the chlorinator station ejectors. The Pikesville Fourth Zone has the lowest
average lost water of the last five years at 8.3%. This value appears unreasonably low and againis

probably affected by metering and telemetry errors.

The unaccounted water percentages used for the zonal water supplied demand projections
are shown at the bottom of Table [I-7. These values assume that true lost water ranges between
15% and 25%. When calculating the supplied water demand, the unaccounted water percentages
were not applied to Anne Arundel County and Howard County. Demands for these counties are
wholesale quantities and already take into account any lost water in those systems after it leaves the

City and Baltimore County.

Valve checking programs, improved data collection and storage, better system controls,
enforcement of applicable local statutes (example: illegal opening of fire hydrants) and scheduled
meter maintenance can all help reduce lost and unaccounted for water. The City is currently
conducting a water audit, Project No. 869. The City should make Anne Arundel and Howard
Counties financially responsible for their shares of unaccounted water on the supply side of their
meters as an incentive to decrease unaccounted for water. By partaking in these efforts, the City

will reduce the amount of excess water produced on a daily basis and the associated cost incurred.
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Table II-7, Historic Unaccounted Water as Percent of Total Supplied to Zone

1994 10.2 29.5 -1.1 24.6 19.7 22.3 7.6 17.1 36.5 18.7 23.0 N/A 14.7 18.3
1995 13 21.4 12.4 14.7 21.1 13.9 16.4 14.2 36.0 15.9 16.3 N/A 13.4 14.6
1996 11.3 24.8 20.8 14.6 18.8 14.6 0.6 19.5 30.1 12.7 16.4 N/A 9.1 16.1
1997 16.4 23.3 20.6 11.5 18.1 20.9 6.6 279 31.8 20.6 15.4 N/A 14.6 18.3
1998 24.1 23.6 11.4 17.4 23.7 19.4 4.2 17.4 26.0 9.7 9.9 N/A 13.2 21.9
1999 20.0 32.9 7.8 10.8 31.8 18.0 23.8 16.7 30.4 11.6 171 N/A 16.0 24.2
2000 -2.0 43.7 -6.2 23.4 17.4 19.9 1.3 14.7 26.1 15.0 16.3 88.2 16.9 18.0
HIGH 241 43.7 20.8 24.6 31.8 22.3 23.8 27.9 36.5 20.6 23.0 N/A 16.9 24.2
LOwW -2.0 21.4 -6.2 10.8 17.4 13.9 -1.3 14.2 26.0 9.7 9.9 N/A 9.1 14.6

AVERAGE 125 28.5 9.4 16.7 21.5 18.4 8.3 18.2 31.0 14.9 16.3 N/A 14.0 18.8

USET TR Rk S e e As% 200 TSR e P

Note: The Sherwood Fifth Zone was created from a portion of the Pot Springs Fifth Zone in 1999,
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E. Projected Water Demands of the Baltimore System

Projected average and maximum day demands for each of the Central Systemss 13 pressure
zones are summarized in Table |I-8. The demands shown reflect both water consumed and water
supplied, based on assumed lost water percentages discussed in the previous section, as well as
water sold to Anne Arundel County and Howard County. A detailed breakdown of the individual
projections in Table II-8 are presented in Appendix A. Projected average day and saturated
demands for each zone have also been shown graphically in Appendix A in order to compare the
projections against actual record demands. The demands presented on the individual zone sheets

in Appendix A all reflect water consumed.

Over the next 25 years, the average day demands of the entire Central System are expected
toincrease by 19.3 percent. Maximum day demands are expected to increase by 31.5 percent. The
larger increase in maximum day demands is associated with anticipated future declines in industrial
demand which tends to dampen the seasonal highs and lows of residential consumers. The
maximum day demand of the entire system presented in Table |I-8 assumes that maximum day
events from the individual zones all occur on the same day. Typically, this is not the case for the
Central System. As such, the total system maximum day demand shown herein may be

conservative.

Based on current growth trends none of the zones is expected to reach saturated
development before 2025. Assuming these trends continue, the Falls Fifth, Reisterstown Fifth, Pot
Springs Fifth and Western Third Zones will reach saturated development by the year 2050, while the
demands for all the other zones will still be below saturation at that time. Listed in Table 11-9 is the

anticipated year when saturated demands are expected to be achieved.

The demands presented in Table |I-8 were compared against previous demand projections,
developed for the City, to identify significant changes or discrepancies. Prior to the implementation
of Project 658, the most reliable source of projected demand data was considered to be the 7989
Central System Report prepared by the staff of the Water Analyzer Office. Comparisons between
the data developed in the 7989 Central System Report and the data developed for this report are
shown on Tables [I-10 and II-11. Comparisons are illustrated for average and maximum day

demands (Table 1I-10) and population projections (Table [I-11).
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Table II-9, Timeframe for Expected Saturated Development to Occur

Zone Year When Ultimate
Demands Are Expected

Total System > 2050
First > 2050
Second > 2050
Colgate Second > 2050
Eastern Third > 2050
Western Third 2040
Catonsville Fourth > 2050
Pikesville Fourth > 2050
Towson Fourth > 2050
Falls Fifth 2030
Pot Springs Fifth 2050
Reisterstown Fifth 2040
Sherwood Fifth > 2050
Sparks Fifth > 2050

Table 1I-10, Comparison of Projected Demands Against Previous Estimates

WATER SUPPLIED - TOTAL SYSTEM (mgd)

1989 Central P erp %
System Report ) Difference
Year Avg. 314.7 241.1 -23.4%
2000 Max. 455.5 385.1 -15.5%
Year Avg. 359.6 283.7 -21.1%
2025 Max. 531.3 500.3 -5.8%

Note: All demands shown include unaccounted for water
Project 658 year 2000 information is from actual Census data
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Table lI-11, Comparison of Projected Population Against Previous Estimates

POPULATION
1989 Central : %
System Report Solett oot Difference
Year City 757,400 658,863 -13.0%
2000 County 723,940 651,373 -10.0%
Year City 738,100 639,218 -13.4%
2025 County 847,210 711,611 -16.0%
Note: Project 658 year 2000 information is from actual Census data

F. Raw Water Demands

Raw water demand is the amount of water required by the treatment plants to sufficiently
serve the Central System. The supplied demands described up to now included unaccounted for
water, but do not take into account water losses at the treatment plants. A percentage of the
treatment plant flows are lost during the physical processes of water treatment, mainly filter
backwashing, flow to drain filter operations and sedimentation basin underflows. lllustrated in Table
II-12 is the total raw water demand for the Central System based on the supplied demand
projections previously discussed. |t was assumed that approximately seven percent of the flows are

lost during the water treatment process.

lllustrated in Figure II-7 are the Central System’s historical and projected demands overlaid
on top of the available treatment capacity versus time. The total available raw water treatment
capacity of the three existing treatment plants is currently 483 mgd. This presumes the capacity of
Ashburton Filtration Plant is 165 mgd and the Baltimore City Water Contract 1111, now under
design, will increase the Montebello Filtration Plant capacity to 318 mgd in the near future. Based
on this capacity, the maximum day raw water demands are not expected to exceed the current

available treatment capacity until the year 2015. At that time, the proposed 120 mgd Fullerton
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Figure II-7, Future Raw Water Demands and Available Treatment Capacity
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Treatment Plant should be on-line and the demand would be satisfied through 2025.

Table 1I-12, Projected Raw Water Demands

2000 2411 258.0 385.1 4121
2005 256.9 2749 418.2 447.5
2010 264.0 282.5 439.1 469.8
2015 272.9 292.0 461.8 4941
2020 279.3 298.9 480.8 514.5
2025 283.7 303.6 500.0 535.0
Saturation 418.2 447.5 739.5 791.3

1. Demands from Table II-8, Section E

2. Assumes WTP production efficiencies of 93% (7% lost due to backwashing, etc)

3. Demands include Anne Arundel County and Howard County

4. Demands exclude the raw water supply to Carroll County and Harford County

5. Supplied water includes unaccounted water

The average day raw water demands shown in Table [I-12 reflect the annual average
demands. Raw water demands fluctuate from month to month. Historically, the time of year peak
raw water demands occur is during the summer months of June, July or August as shown in Figure
[1-8. However, maximum demands can occur anytime of the year due to the unpredictable nature of

weather patterns and emergency scenarios.

G. Summary of Projected Demands

The demand projections for the Central System are ex pected to increase gradually over the
next 25 years. Only a few zones are anticipated to reach their saturation limit during the planning
period. Most zones will not reach saturation until well after 2050, if they continue to follow current
trends. Currently, the Central System serves over 1.8 million people and supplies an average day
demand of 247 mgd in Howard County, Anne Arundel County, Baltimore County and the City. The

population in the City and Baltimore County is 1.3 million people and has an average day demand of
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178 mgd. By zone, the population in the City and Baltimore County is ex pected to increase over 3%
and 6%, respectively. Total demands for the Central System are expected to increase by 20% or 40
mgd with approximately half that growth expected in Howard County and almost one fourth in Anne
Arundel County. If the complete saturation of the Central System is ever fully attained, the largest

projected raw water demands expected on a maximum day would be approximately 791 mgd.

A summary of the projected water supply demands is shown in Table 11-13. Demands are
broken down by the thirteen service zones and four political jurisdictions: Baltimore City, Baltimore
County, Anne Arundel County and Howard County. The year 2000, year 2015 and year 2025
demands are presented, along with land area served, population and per capita consumption
information. A more detailed summary of the projected demands broken down by zone is provided

in Appendix A.

The process of projecting demands is not an exact science. There are many factors that can
and often do affect demand projections. Several of those keys factors which affect the outcome of

demand projections are listed below:

land zoning - affects saturation numbers

population and per capita — directly affect demands

zone boundaries - if expanded will increase area and population served
economic factors — affect water usage rates

political pressures — affect growth patterns and area served

Demand projections wili always be subject to continual revision. The demands presented in this

report reflect the best estimate based on the available resources available at the time of analysis.
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Figure II-8, Average Monthly Raw Water Demands
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Table I1-13, Filtered Water Supplied by Zone

CALL e = — i Ea S : S oaE e | CATONSVILLE | PIKESVILLE TOWSON - -

ZONES  FIRSTZONE SECOND ZONE COLGATE 2ND ZONE | EASTERN THIRD ZONE | WESTERN THIRD ZONE FOURTH ZONE | FOURTH ZONE FOURTHZONE | F

Year Total BALTO. BALTO. AA | TOTAL [BALTO.|BALTO.| AA. | HOW. | TOTAL CITY |BALTO.| TOTAL| CITY |BALTO.| TOTAL| CITY |BALTO.{ HOW. | TOTAL | BALTO.| TOTAL | BALTO.| TOTAL| CITY |BALTO.{ TOTAL | BAL

2 CITY:} ECO. |- CO. ' CITY CO. CO. CO. : ECO. E CO. ' W CO. | CO. o W CO. : W CO. E Co. - EC

= 2000 291.14 2723 | 55.26 8249 | 2125 | 2974 50.99 0.02 086 0.88 1434 | 2134 | 3568 | 1833 | 17.23 3557 | 1526 | 1526 | 2629 | 2629 0.33 2820 | 2853 1.

LAND AREA SERVED ( sq. mi. ) 2015 298.29 2723 | 56.92 84.16 | 2125 | 2979 £1.04 0.02 0.86 0.88 1434 | 2215 | 3649 | 1833 | 18.03 3636 | 1533 | 1533 | 2732 | 2732 033 2934 | 2966 i

: 2025 302.74 2723 | 5803 8526 | 2125 | 2982 51.08 0.02 0.86 0.88 1434 | 2268 | 3703 | 1833 | 1856 3690 | 1537 | 1537 | 2801 | 28.01 0.33 3009 | 3042 1
fanaiih o 2000 "] 1,310,236 | 174,251 | 147,486 321,737 | 229,068 | 84,983 314,051 | 491 7,849 | 8340 | 116,045 | 85730 | 201,774 | 137,536 | 69,156 206,692 | 44,766 | 44,766 | 75452 | 75452 | 1,472 | 87,458 | 88,930 | 48

~ POPULATION . 2015 | 1325502 | 172,757 | 145,201 317958 | 221,191 | 93,093 314,284 | 484 7557 | 8041 | 111,158 | 94,670 | 205,828 | 133,099 | 70,646 203745 44,641 | 44641 | 87,898 | 87,898 | 1438 | 87,334 | 88,772 | 5,2

e 2025 | 1350829 | 175,989 | 145,036 321,025 | 217,812 | 99,085 316,897 | 498 7433 | 7931 | 110,018 | 101,360 | 211377 | 133,469 | 71,848 205317 | 44,756 | 44,756 | 96616 | 96616 | 1432 | 87,019 | 83,451 | 56

o .= 1-2000 69 70 76 73 69 74 70 66 63 64 54 78 64 57 72 62 98 98 80 80 30 87 87 6

_ PER ,RESSDENTIAL 122015 69 70 76 73 69 74 70 66 63 64 54 78 65 57 72 62 98 98 80 80 80 87 87 6
e CAPITA ~ - 2025 69 70 76 73 69 74 71 66 63 64 54 78 65 57 72 62 98 98 80 80 80 87 87 6
VVC'O"NSVUMPTION S s el 2000 153 273 162 222 74 105 83 69 89 69 91 98 94 103 107 104 142 142 124 124 141 141 141 9
: _’(GVPCVD') e "'TO'T'AL’,' "'2015' 172 278 175 231 110 108 110 74 74 74 96 102 98 105 111 107 149 149 128 128 147 147 147 1C
B e = - o - 2025 175 279 175 232 109 108 109 75 75 75 96 105 100 104 111 106 154 154 128 128 147 147 147 1€
Assuncf:_rgﬁﬁsgsgggf)n EOR 7 ' 20 15 15 25 25 15 15 20 20 20 20 20 15 20 20 2

G - | 2000 241.10 5467 | 27.42 5.10 8720 | 30.00 | 10.80 3.79 3.69 48.28 0.04 0.62 0.66 12.70 | 1005 | 22.75 | 17.01 8.84 16.83 | 42.68 7.64 7.64 1073 | 10.73 0.25 14.80 | 15.05 0.

e ,'A\'/ERAGE'DA'Y 2015 | 27284 5533 | 2924 9.18 93.75 | 3050 | 12.62 5.81 8.80 £7.73 0.04 0.64 0.68 12.75 | 1156 | 2431 16.69 9.39 26.01 | 52.09 7.99 7.99 1292 | 1292 0.25 15.45 | 15.70 0.]
WATER Sebe o 20,25 283.54 56.45 | 29.21 10.00 | 9566 | 29.75 | 1343 7.12 8.80 59.10 0.04 0.64 0.68 1262 | 1278 | 2540 | 1664 9.55 29.70 | 55.89 8.30 8.30 1420 | 1420 0.25 1539 | 1564 0.
.,'";; s'rurp'pj_iED?tf sy e 2000 385.12 8474 | 4250 7.91 13515 | 4919 | 17.72 6.21 6.06 79.18 0.06 0.89 0.95 2083 | 1648 | 3731 | 2330 | 1241 | 2980 | 6521 1223 | 1223 | 1845 | 18.46 0.42 2472 | 25.14 1.
L : r(m'gqr)‘rf"rr-, ‘f;l\';lvAXIMUrM'DAY— 'if2015_ 461.85 9737 | 5147 | 16.16 | 16500 { 52.16 | 2157 9.93 1320 | <6.86 0.06 0.92 0.98 2219 | 2041 | 4230 | 2337 | 1314 | 4222 | 7873 | 1279 | 1279 | 2326 | 2326 0.43 2595 | 2638 14
e ,2025'? 500.02 106.69 | 5520 | 1750 | 17939 | 5207 | 2350 | 1246 | 1320 | 10123 | 006 0.91 0.97 2297 | 2325 | 4623 | 2363 | 1356 | 5050 | 8769 | 1328 | 1328 | 2641 | 2641 0.43 2601 | 2644 K
- 2000 § 51311 10746 | 53.89 | 10.03 | 171.38 | 64.89 | 2337 8.20 799 | 104.44 | 0.09 1.42 1.51 2772 | 2194 | 4966 | 3102 | 1642 | 3966 | 8680 | 1868 | 1868 | 2666 | 2666 | 058 3424 | 3481 2.0

PEAK HOQR 12015 615.42 12347 | 6526 | 2050 | 20922 | 6880 | 2846 | 13.10 | 17.41 | 127.76 | 0.09 1.46 1.55 2954 | 2677 | 5631 | 31.11 17.49 | 5619 | 10479 | 1954 | 1954 | 3358 | 3358 0.59 3594 | 3653 2

e 2025 666.91 13528 | 7000 | 2219 | 22747 | 6868 | 31.00 | 1644 | 1741 | 13352 | 0.10 1.45 1.55 3058 | 3095 | 6153 | 3145 | 1804 | 6722 | 11671 | 2028 | 2028 | 3814 | 3814 0.59 36.03 | 3662 3.

1. Data based on Year 2000 Census results

2. Water supplied includes unaccounted and lost water, unaccounted water rate not applied to Anne Arundel County and Howard County demands because these demands already include unaccounted water

AA. CO. - ANNE ARUNDEL COUNTY
HOW. CO. - HOWARD COUNTY
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Ill. DISTRIBUTION STORAGE

A. Description of Existing Storage

The Baltimore Central System currently contains 28 storage facilities. At the time of this
report, two additional facilities are under design, Fullerton Reservoir and Owings Mills
Reservoir, and three more are already proposed for the future, Chapel Hill Tank, Catonsville
Reservoir 2 and Bond Avenue Tank. Of the existing 28 storage facilities, 14 are considered
ground level storage and six of those 14 are currently open finished water reservoirs. Plans to
replace and cover the Pikesville Reservoir are underway. Combined, these storage facilities
provide over 420 million gallons of storage to the Central System. Information regarding all the

storage facilities is presented in Table Ill-1 and their locations are depicted on Figure Ill-1.
B. Recommended Storage Criteria

Storage in water distribution systems is generally divided into three components for
analysis purposes. The three components are equalization, fire and emergency storage. Each
component serves a distinct purpose. Accordingly, each component is determined
independently for each zone of the Central System based upon a combination of engineering

standards and local conditions.

The methodology followed for establishing the recommended total storage volumes for
each pressure zone is based on the sum of equalization storage and the larger of either fire or
emergency storage. The reasoning for including the larger of fire or emergency storage rather
than both together is because the probability of a fire and major system emergency occurring on
the same day is remote. A discussion of equalization, fire and emergency storage and the

criteria used to determine each of these components for the Central System is provided below.
1. Equalization Storage
Equalization storage is the volume of water necessary to meet demands in excess of the
zonal supply capacity. Water usage rates and consumption patterns in a distribution system

vary continuously throughout the day. Supply output from pumping stations and treatment

plants, however, are generally limited to a more constant rate due to mechanical and
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Table llI-1, Storage Facility Summary

Facility Zone Type Stol;"as;:l(; 9 |
Curtis Bay Tank First Ground Level 3.70
Fullerton Reservoir (future) First Ground Level 32.0
Montebello Plant Reservoir 1 First Ground Level 4.55
Montebello Plant Reservoir 2 First Open Reservoir 10.9
Druid Lake First Open Reservoir 218.5
Chapel Hill Tank (proposed) Second Elevated -
Perry Hall Tank Second Elevated 1.00
Lake Ashburton Second Open Reservoir 70.4
Guilford Reservoir Second Open Reservoir 6.5
Colgate Tank Colgate Second Elevated 0.30
Towson Reservoir Eastern Third Open Reservoir 9.0
Catonsville Reservoir 1 Western Third Ground Level 17.9
Catonsville Reservoir 2 (proposed) Western Third Ground Level -
Melvin Avenue Tank Western Third Ground Level 2.10
Pikesville Reservoir Western Third Open Reservoir 17.4
Dorchester Avenue Tank Catonsville Fourth Elevated 1.00
Rolling Road Tank Catonsville Fourth Elevated 1.50
Deer Park Tank Pikesville Fourth Elevated 1.00
Owings Mills Reservoir (future) Pikesville Fourth Ground Level* 2.80
Pleasant Hill Tank 1 Pikesville Fourth Elevated 0.30
Pleasant Hill Tank 2 Pikesville Fourth Elevated 1.00
Randallstown Tank Pikesville Fourth Elevated 0.30
Cub Hill Tank Towson Fourth Elevated 1.00
Mays Chapel Reservoir Towson Fourth Covered Resevoir 11.0
Stratford Tank Towson Fourth Elevated 1.00
Falls Tank Falls Fifth Elevated 0.50
Springdale Tank Pot Springs Fifth Elevated 1.00
Spring Lake Tank Pot Springs Fifth Elevated 0.40
Bond Avenue Tank (proposed) Reisterstown Fifth Elevated -
Chartley Tank Reisterstown Fifth Elevated 1.00
Reisterstown Tank Reisterstown Fifth Elevated 0.30
Sherwood Tank Sherwood Fifth Elevated 0.25
Sparks Tank Sparks Fifth Elevated 1.00

* Not considered ground storage when evaluating emergency storage

Central System Report
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operational considerations. Equalization storage, in other words, "shaves" the peaks and “fills"
the valley of the daily diurnal demand patterns thereby allowing a relatively constant supply of
water from the pumping stations and treatment plants. The total storage available in a specific
pressure zone should be at least be equal to the volume necessary to equalize variations in

normal consumer demand.

Assuming constant supply, required equalization storage generally ranges from
approximately 10 to 25 percent of the maximum daily demand and can account for up to one-
half of the total storage required. In several cases, such as the Pot Springs and Reisterstown
Fifth Zones, equalization storage exceeds half the total storage required. Heavy industrial areas
require less equalization storage while residential areas require more. Quantities of lost water
due to leakage will also effect equalization requirements. As such, each community has a

unique diurnal pattern that must be determined based on a review of record flow data.

Each of the Central System’s 13-pressure zones was analyzed separately to determine
the equalization storage volumes necessary within each zone assuming constant supply to the
zones. It is noted that more or less equalization storage may be necessary if alternative supply
strategies are employed such as pumping only during off-peak hours or varying pumping rates
to match hourly demands. From a capital cost perspective, constant pumping is generally the

most economical approach.

Equalization volumes for each zone are based on the computed maximum day diurnal
patterns described in Section Il D.3. Diurnal Patterns and Peaking Factors. By integrating the
area between the diurnal demand curve and the average demand line (unity demand factor),
equalization volume expressed as a percentage of total maximum day demand is determined.
This point is best illustrated in Figure 1I-2, which shows the maximum day diurnal pattern for the

Reisterstown Fifth Zone and the area representing necessary equalization storage.

Presented in Table -2 below are the computed equalization percentages as well as the
recommended percentages used in calculating recommended equalization storage for each of
the 13 pressure zones. Overall, the computed equalization storage percentages for each of the
zones are very low in comparison to expected range of 10 to 25 percent. In each case, the

computed equalization percentage was rounded upward by typically a small amount to arrive at
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a recommended equalization criterion that accounted for discrepancies in the source data and
possible future variations in demand patterns. As discussed below, recommended criteria for
certain zones however, were increased rather significantly due to suspected inconsistencies in

the computed results and existing zonal development.

Table lll-2, Equalization Storage

Required Equalization Storage
(Expressed as % of Maximum Day
Demand)

Zone Computed Recommended
First 11.1 12.5
Second 12.0 15.0
Colgate Second 14.4 20.0
Eastern Third 10.4 15.0
Western Third 10.3 15.0
Catonsville Fourth 15.9 20.0
Pikesville Fourth 13.3 20.0
Towson Fourth 12.6 15.0
Falls Fifth 19.0 20.0
Pot Springs Fifth 13.5 20.0
Reisterstown Fifth 18.5 20.0
Sherwood Fifth 135 20.0
Sparks Fifth 7.1 20.0

As mentioned previously, zones with higher levels of industrial development are
expected to have less equalization storage requirements than zones with mostly commercial
and residential development. Despite a few exceptions, the computed equalization percentages
for most of the zones seem to be consistent with the types of development in each. Surprisingly
though, the Sparks Fifth Zone had by far the lowest computed equalization requirement of all
the zones. Although the Sparks Fifth Zone is characterized by a relatively high level of industrial
development, a computed equalization requirement of 7.1 percent is extremely low by any
standard. Zonal leakage does not appear to be a factor because the average unaccounted-for-

water of the Sparks Fifth Zone is measured to be approximately 15 percent, which is relatively
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low compared to the other Central System zones. Most likely, the unusual equalization
percentage is due to poor accuracy of the telemetry data. As such, it was decided with input
from the City that a recommended equalization criteria of 20 percent of maximum day demands
for the Sparks Fifth Zone would be more reasonable. A similar explanation is also applied for
the Colgate Second, Pikesville Fourth, Sherwood Fifth and Pot Springs Fifth Zones to justify

their large discrepancies between computed and recommended equalization percentages.

Another method for determining the equalization storage, which yields similar results to
those in Table Ill-2, is presented below. This methodology was developed by the Water

Analyzer Office.

Supply Zones w/Multiple Treatment Plants 12.5% of Maximum Day
Remaining Zones with Ground Storage 15% of Maximum Day
All Other Zones 20% of Maximum Day

2 Fire Storage

Fire reserve storage is provided to enable the system to supply adequate fire flows in
addition to normal system demands. The fire reserve storage is typically utilized infrequently
but is critical to public safety and the operation of the system. It serves as a constantly available
source of water to meet the high localized demand, short duration characteristics of fire flows,
while allowing the supply facilities to operate at relatively constant rates. It is important that fire
reserve storage be distributed among the storage tanks in the zone in relation to each tank's

zone of influence.

In lieu of providing fire reserve, larger transmission mains and greater zonal supply
capacity can be provided instead, as is the case with the larger Central System zones where the
rate of fire flow needed is only a tiny fraction of the maximum daily demands of the zone. This
same approach can also be applied to the smaller zones but the relative cost of providing

greater supply and transmission capacity is generally much more significant.

The recommended method for establishing fire storage volumes is based on a fixed set

of fire flow rates and durations for each zone. The fire flow rates and durations used in the
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analyses closely resemble those previously established under the 1956 Geyer Wolff Report but
were revised somewhat to reflect the guidelines of the American Water Works Association
(AWWA) Manual M31, Distribution System Requirements for Fire Protection and to address the
various concerns expressed by the Analyzers Office. Listed in Table Ill-3 above is the

recommended fire storage criterion for each zone.

Table lll-3, Recommended Fire Reserve Storage

Needed ; Recommended
Torie Fire Flow ?ﬂ:::::;‘ Fire Storage
(gpm) (MG)
First 12000 10 12
Second 12000 10 1.2
Colgate Second 2500 2 0.3
Eastern Third 9000 9 4.9
Western Third 9000 9 4.9
Catonsville Fourth 5000 b 1.5
Pikesville Fourth 6000 6 2.2
Towson Fourth 6000 6 2.2
Falls Fifth 2500 2 0.3
Pot Springs Fifth 2500 2 0.3
Reisterstown Fifth 4000 4 1.0
Sherwood Fifth 2500 2 0.3
Sparks Fifth 2500 2 0.3

Another method for determining the fire storage, which yields similar results, is
presented below. The Water Analyzer Office also developed this methodology. It allows for fire
storage to be adjusted based on future variations in zonal demand. Fire storage is based on the

following criteria, where demand does not include Howard or Anne Arundel County demands:

Zonal Demand > 30 mgd 25% of Average Day
30 mgd Zonal Demand >/= 15 mgd 20% of Average Day
Demand < 15 mgd 15% of Average Day
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The value calculated above is then rounded up to the nearest volume value in Table I/1-4
and this volume is used for the recommended storage. Flow rate and duration are included for

information purposes only.

Table llI-4, Water Analyzer Office Fire Storage

VOLUME FIRE FLOW RATE DURATION
(mg) (gpm) (mgd) (hrs)
0.3 2500 3.60 2
0.5 3000 4.32 3
1.0 4000 5.76 4
1.5 5000 7.20 5
2.2 6000 8.64 6
2.9 7000 10.08 7
3.8 8000 11.52 8
4.9 9000 12.96 9
6.0 10000 14.40 10
7.2 12000 17.28 10
3. Emergency Storage

Emergency storage is the portion of the total storage that is held in reserve to supply the
system during emergencies other than fire. Emergency storage can be considered as a factor
of safety against system disruptions such as main failures, power outages and short-term loss
of supply. More storage is not always better, however, because of competing demands with
water quality. Greater amounts of storage increase overall detention times in the system
thereby increasing the opportunity for bacterial regrowth, inadequate mixing and disinfection by-
product formation. A balance between water quality and system reliability should be maintained

when establishing recommended emergency storage criteria.
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Recommended emergency storage criteria for the various zones of the Central System
were developed following extensive discussions with the Water Analyzers Office. The
emergency storage criteria are based on maintaining a desired minimum level of service or
system performance during certain possible emergency scenarios. A listing of the emergency

scenarios and the desired level of service to be maintained are provided below in Table IlI-5.

Table llI-5, Emergency Scenarios

Emergency Scenario Desired Level of Service
Complete loss of supply from either the Provide reserve storage to meet average
Montebello, Ashburton or proposed demands of the First Zone and Second
Fullerton WTP. Zone for minimum of 24 hours. Scenario

assumes that upper dependent zones will
rely on their own emergency storage or be
supplied in whole or in part from other

operating WTP.
Complete loss of supply to zone caused by | For zones having ground storage: provide
failure or shutdown of one or more reserve storage to meet average demands
pumping stations. for minimum of 12 hours.

For zones with no ground storage: provide
reserve storage to meet average demands
for a minimum of 6 hours.

Scenario assumes that upper dependent
zone(s) will rely on their own emergency
storage for supply.

Major main break equivalent to spillage of | For zones having ground storage: provide
30,000 gpm for two-hour period. (36" pipe | minimum reserve storage equivalent to 3.6
free flowing at 10 fps) MG to maintain supply during major main
break.

The most likely eémergency scenarios are failure at a pumping station or failure at the
treatment plant. Of these two types of events, generally, loss of supply from a treatment plant is
far more devastating. Pumping station failures, though more common, generally can be

repaired or overcome relatively quickly - usually in a few hours or so.
On the other hand, a catastrophic failure at one of the City's WTP's could have far-

reaching and much more devastating consequences. Based on the 2000 census data, 48.6

percent of the Central System population is located in the First and Second Zones, Fortunately,
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emergencies requiring partial or total disruption of supply from a treatment plant are extremely
rare and there is no record of past unplanned occurrences when the City has had to completely
halt operations at either Ashburton or Montebello Filtration Plants, Regardless, one possible
scenario would be the collapse or failure of the raw water tunnel supplying the Montebello
Plants. It is reasonable and prudent to desire the highest degree of reliability in the zones from

which all others are supplied, i.e. the raw water supply zones.

In response to achieving the desired performance standards under the above listed
emergency scenarios, the following recommended criteria for establishing emergency storage

volumes are provided:

Zones
Supply Zones w/ Treatment Plants 100 % of Average Day 1,2
Remaining Zones w/ ex. Ground Storage 50 % of Average Day 3E, 3W, 4T
All Other Zones 25 % of Average Day 2C, 4C, 4P
5F, 5P, 5R
5W, 5S

4. Summary of Total Storage Recommended for Each Zone

Presented on the next page in Table IlI-6 and Ill-7 is a summary of the total storage

recommended for each zone under year 2000 and 2025 demand conditions respectively.

First Zone

The First Zone currently has over 237 mg of storage capacity located in four storage
facilities, with a 32-mg storage facility at the Fullerton site presently under design. Based on
the data in Tables Ill-6 and Ill-7, the First Zone appears to have a very significant surplus in
necessary storage. This is due to the extreme size of Druid Lake, which has a usable capacity
of 218.5 mg between elevations 215 — 200 and an additional 150 mg of dead storage below
elevation 200. The useable capacity of Druid Lake is typically less depending on the hydraulic
gradient of the Montebello Filtration Plant which affects the level in the lake. An elevation of 210
feet in the Lake results in approximately 75 mg less storage capacity. It is noted that Druid Lake
was constructed in the 1880s for the purpose of retaining raw water storage from the Jones
Falls so that the intake at Lake Roland could be turned-off during periods of high stream
turbidities. Druid Lake was converted to a finished water reservoir around 1915 after the

completion of the Montebello Filtration Plant.

Central System Report 1-11 Rummel, Klepper and Kahl, LLP



Table lll-6, Storage Requirements, Year 2000

3 Max Day Avg Enualt Eire' | Eniora: Required Cgrrent Balance
one (mgd) Day () = () Storage | Storage Surpltfs (+)
(mgd) (mg) (mg) | Deficit ()
1 118.56 | 76.49 | 14.82 7.2 | 76.49* | 91.31 237.7 146.39
2 65.80 40.12 9.87 T2 40.12* 49.99 71.4 21.41
2C 0.82 0.58 0.16 0.3* 0.2 0.46 0.30 -0.16
3E 31.1 18.96 4.67 4.9 9.48* 14.15 9.0 -5.15
3w 59.31 38.37 8.90 4.9 19.19* 28.09 37.4 9.31
4C 10.19 6.37 2.04 1D 1.59* 3.63 2.51 -1.12
4T 20.95 12.54 3.14 2.2 6.27* 9.41 13.0 3.59
4P 16.05 9.33 3.21 2.2 2.33* 5.54 5.4 -0.14
5F 1.00 0.48 0.20 0.3* 0.12 0.50 0.50 0.00
5P 2.38 1.19 0.48 0.3 0.30* 0.78 1.40 0.62
5R 5.40 3.10 1.08 1.0* 0.78 2.08 1.31 -0.77
5W 0.09 0.05 0.02 0.3* 0.013 0.32 0.25 -0.07
58 0.80 0.31 0.16 0.3* 0.078 0.46 1.00 0.54
Total 207.89 206.72
Table lll-7, Storage Requirements, Year 2025
Zons (MexDeyl puy | Equnl | Fie | Emers, | RaRiiet | Comant | Batance
(mgd) . Yo [ BT ) (mg) | Deficit (-
1 158.28 | 84.49 | 19.79 7.2 | 84.49* | 104.28 269.7 165.42
2 86.14 50.48 12.92 7.2 50.48* 63.40 71.4 8.00
2C 0.85 0.59 0.17 0.3* 0.2 0.47 0.30 -0.17
3E 38.52 21.17 5.78 4.9 10.59* 16.37 9.0 -1.37
3W 81.50 51.53 12.23 4.9 25.77* 38.0 37.4 -0.60
4C 11.06 6.91 2.21 1.5 1.73* 3.94 2.51 -1.43
4T 22.06 13.05 3.31 2.2 6.53* 9.84 13.0 3.16
4P 22.97 12.35 4.59 2.2 3.09* 7.68 54 -2.28
5F 1.59 0.61 0.32 0.3* 0.15 0.62 0.50 -0.12
5P 2.81 1.39 0.56 0.3 0.35* 0.91 1.40 0.49
5R 9.60 4.78 1.92 1.0 1.20* 3.12 1.31 -1.81
5W 0.13 0.06 0.03 0.3* 0.015 0.33 0.25 -0.08
5% 1.28 0.43 0.26 0.37 0.11 0.56 1.00 0.44
Total 247.97 249.52

* Denotes larger component of fire and emergency storage used in total
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Including the proposed Fullerton Reservoir, 81 percent of the total storage in the First
Zone is currently located in Druid Lake. The primary problem with having such a significant
amount of storage situated at one location is that water quality problems can arise due to long
turnover times. Plug flow detention times in the reservoir range from three to almost ten days
depending on water level and pumpage at Vernon Pumping Station. Loss of chlorine residual
and algal growth is a common occurrence during the summer months. More importantly, the
large storage volumes in Druid Lake only provide limited benefit because its location is
hydraulically too remote from the eastern and southern portions of the First Zone to equalize
demands or to provide supply to the rest of the zone during emergencies. Despite the
significant storage at Druid Lake, this facility is not capable of maintaining service to the zone in
the event of total loss of supply at Montebello Filtration Plant. Under this emergency scenario,

portions of the First Zone would lose water pressure after only a few hours.

Another major problem with storage in the First Zone is that both Druid Lake and the
Montebello Plant Reservoir 2 are uncovered facilities. There is pending federal legislation that
will likely require that these facilities be covered, replaced or additional treatment provided.

Greater discussion on this topic is provided in later sections of this report.

In light of the current operational problems and limitations associated with Druid Lake,
and the pending federal legislation that will likely require open finished water reservoirs to be
covered, the City should initiate a study to investigate alternative possibilities for replacing the
storage at Druid Lake. Based on year 2025 storage requirements, approximately 53 mg of
additional storage would be needed if Druid Lake were eliminated from the system. The City

should also consider a capital project to cover the Montebello Plant Reservoir 2.

Second Zone

The Second Zone currently has three storage facilities. Both Lake Ashburton and
Guilford Reservoir are considered ground storage facilities. The Perry Hall Tank and Lake
Ashburton have a combined usable storage capacity of 71.4 mg. Guilford Reservoir is not

included in the Second Zone storage capacity due to the present overflow elevation.

A review of the storage data for the Second Zone indicates that this zone also has a

surplus in available storage capacity, and like the First Zone, a large percentage of the available
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storage is located in a single open finished water reservoir. Excluding Guilford Reservoir,
approximately 98 percent of the current available storage in the Second Zone is located in
Ashburton Reservoir. Though not as severe, Ashburton Reservoir also faces many of the same
water quality issues as Druid Lake including long detention times, loss of disinfectant residual
and algal growth. The Second Zone service area is also long and narrow, which makes it
difficult for Ashburton Reservoir to have any meaningful hydraulic benefit to distant portions of
the zone east of Hillen Road. Ashburton Reservoir, similar to Druid Lake, would be difficult to
cover because of its large size, shape and aesthetic value to the surrounding community. The
City should include Ashburton Reservoir, along with Druid Lake, in a study to investigate

possible solutions to either covering or replacing these facilities.

Guilford Reservoir provides no equalization storage for the Second Zone because its
present overflow of 341.4 is approximately 12 feet below the normal hydraulic grade of the
zone. The normal operating mode of Guilford Reservoir consists of an inlet control valve that
continually opens and closes to maintain water levels between approximately 338 and 341 feet.
Because Guilford Pumping Station constantly draws suction from the reservoir, water levels are
continually rising and falling throughout the day with the opening and closing of the inlet control
valve. The result is drastic shifts occurring in the flow patterns of the transmission mains that
supply the eastern half of the zone. Another disadvantage is that filling and emptying Guilford
Reservoir to supply the Guilford Pumping Station wastes almost $35,000 per year in energy
costs. This cost was developed assuming that water is dropped into Guilford Reservoir and
then pumped up ten feet to the normal hydraulic grade of the zone. This calculation is based
on an average flow of 25 mgd through Guilford Pumping Station, with energy costs of $0.08 per

kilowatt-hour and a wire-to-water efficiency of 70 percent.

In the short term, the City should modify the present control of the inlet valve to operate
in a throttling mode rather than open/closed to maintain water levels in the reservoir. This will
help to soften the sudden shifts in demand on the Second Zone. Long term, the City should
develop a strategy to ultimately cover Guilford Reservoir and to possibly raise its present
overflow to be consistent with the rest of the Second Zone. This would require raising the
overflow more than ten feet, which would help equalize demands east of Hillen Road and

reduce energy costs at Guilford Pumping Station by almost $35,000 per year.
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Colgate Second Zone

The Colgate Second Zone currently has one storage tank with a capacity of 0.30 mg.
The current recommended storage requirement for this zone is 0.46 mg, which is more than the
capacity.  Therefore, levels of elevated storage are projected to be adequate to meet
equalization and emergency storage needs through the year 2025. However, in order to
maintain the specified level of fire protection during maximum day demand conditions, an
additional 170,000 gallons of storage appears to be needed. Rather than constructing an
additional elevated tank, the more economical solution would be to utilize the surplus capacity in
the First Zone and expand the capacity of the Colgate Pumping Station to supply projected
maximum day demands plus that portion of fire flow not available in elevated storage. The City
should improve the reliability of the Colgate Pumping Station by installing on-site standby power
generators or redundant power feeders to the station from separate Baltimore Gas and Electric
(BGE) grids to minimize supply disruption due to power failure. The design for an improvement
project is currently underway at the Colgate Pumping Station which will provide connections for

an emergency generator.

Eastern Third Zone

The Eastern Third Zone currently has one ground storage facility, Towson Reservoir,
with a capacity of 9 mg, but the current recommended storage requirement for this zone is
14.15 mg. Therefore, the present level of storage is adequate to meet equalization plus fire
demands but appears to be severely deficient in meeting the desired level of emergency
service. The construction of additional storage in the zone is not recommended however,
because a significant surplus in supply capacity presently exists that can be utilized to meet
expected demands during emergencies. The Eastern Third Zone is presently supplied from the
Guilford, Fullerton Third and Cromwell Pumping Stations. These facilities comprise a total
supply capacity of approximately 122 mgd, which exceeds the year 2025 maximum day
demands of the Eastern Third Zone and dependent zones by approximately 61 mgd. The loss
of any one of the three pumping stations could be compensated by additional output from the
remaining other two stations. This scenario presumes that adequate transmission capacity for
the Fullerton Third Pumping Station discharge will be constructed and that the required storage

would be available from the First and Second Zones to feed the pumping stations in the Eastern
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Third Zone. It is also recommended that Towson Reservoir be covered. This topic is discussed

in greater detail in a later section of this report.

Western Third Zone

The Western Third Zone currently has 37.4 mg of storage capacity located in three
storage facilities and the current recommended storage requirement for this zone is 28.09 mg.
Based on the information in Table IlI-6, this zone presently has adequate storage. To meet
future growth, an additional 600,000 gallons of storage is necessary to meet year 2025
demands. The present supply capacity of the Ashburton Pumping Station and Leakin Park
Pumping Station is only 124 mgd, but with the addition of two more pumps at Leakin Park
Pumping Station that capacity will increase to 164 mgd. This future supply capacity exceeds
the projected year 2025 maximum day demands of the Western Third Zone and dependant
upper zones. In lieu of constructing the proposed Catonsville Reservoir 2, the City may wish to
take advantage of this surplus supply capacity. However, the City should improve the reliability
of both pumping stations in this zone by installing on-site standby generators or redundant
power feeders from separate BGE grids to minimize supply disruption due to power failure. This

scenario presumes that the required storage would be available from the Second Zone.

Catonsville Fourth Zone

The Catonsville Fourth Zone currently has 2.57 mg of storage capacity located in two
storage tanks. The current recommended storage requirement for this zone is 3.63 mg, which
exceeds the current capacity of the zone. Therefore, this zone presently has adequate storage
within the zone to equalize system demands. Additional storage is necessary however, to meet
the specified emergency storage criteria or fire demand. Because the capacity of the
Catonsville Pumping Station currently exceeds projected year 2025 maximum day demands by
approximately 9 mgd, it is recommended that the surplus supply capacity be utilized to satisfy
emergency demand conditions. To ensure the reliability of Catonsville Pumping Station, the
City should provide permanent on-site standby power generation or redundant power feeds to
the station from separate BGE grids to minimize supply disruption due to power failure. There is
currently a mobile generator on the grounds of the Catonsville Pumping Station, but this should
be made permanent. This scenario presumes that required storage would be available from the

Catonsville Reservoir in the Western Third Zone.
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Pikesville Fourth Zone

The Pikesville Fourth Zone currently has 5.4 mg of storage capacity located in four
storage tanks. A fifth storage facility, Owings Mill Reservoir, is under construction and will have
a capacity of 2.80 mg. The current recommended storage requirement for this zone is 5.54 mg,
which is more than the capacity of the zone. A storage deficiency of 0.1 mg exists and is
expected to increase to over 2.0 mg by the year 2025. Additional storage is necessary to meet
emergency demand conditions due to a main break or pump station failure. The present supply
capacity of the Pikesville Pumping Stations 1 and 2 is approximately 58.7 mgd, which exceeds
the projected maximum day demands of the Pikesville and dependent Reisterstown Fifth Zone
by approximately 26 mgd. In lieu of constructing additional storage, the City may wish to take
advantage of the surplus supply capacity by improving the reliability of the Pikesville pumping
stations including the installation of on-site standby power generators or redundant power
feeders from separate BGE grids to minimize supply disruption due to power failure. This
scenario presumes that required storage would be available from the Pikeville Reservoir in the

Western Third Zone.

Towson Fourth Zone

The Towson Fourth Zone currently has 13.0 mg of storage capacity located in three
storage facilities, which is adequate to meet system demands beyond the year 2025. No

additional storage is necessary through 2025.

Falls Fifth Zone

The Falls Fifth Zone currently has 0.50 mg of storage capacity located in the Falls Fifth
Tank which equals the current recommended storage requirement. Therefore, storage levels
are presently adequate. To meet future growth, an additional 120,000 gallons of elevated
storage is necessary to meet year 2025 demands. Preferably, it is recommended that an
additional 150,000 gallons of elevated storage be provided by the year 2015. In lieu of
constructing additional elevated storage, the City may wish to utilize the surplus storage
capacity in the Towson Fourth Zone and the excess pumping capacity of the Falls Fifth
Pumping Station. This can be accomplished by improving the reliability of the Falls Fifth

Pumping Station by installing on-site standby generation which is currently under design. This
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scenario presumes that adequate storage would be available from Mays Chapel Reservoir in

the Towson Fourth Zone.

Pot Springs Fifth Zone

The Pot Springs Fifth Zone has 1.40 mg of storage capacity located in two storage
tanks. The current recommended storage requirement for this zone is 0.78 mg as shown in
Table IlI-6. This zone has adequate elevated storage to meet zonal needs through at least the

year 2025. No additional storage improvements are recommended.

Reisterstown Fifth Zone

The Reisterstown Fifth Zone currently has 1.31 mg of storage capacity located in two
storage tanks. A third tank, Bond Avenue, is proposed for the near future. The current level of
elevated storage in this zone is adequate for equalization purposes, but significantly deficient in
meeting necessary fire or emergency demands. It is recommended that the City expand the
planned Bond Avenue Tank to be a 2.0 mg facility which should be completed by the year
2005.

Sherwood Fifth Zone

The Sherwood Fifth Zone currently has 0.25 mg of storage capacity located in the
Sherwood Tank. The current recommended storage requirement for this zone as shown in
Table Ill-6 is 0.32 mg, which is more than the capacity of the zone. Therefore, the present level
of elevated storage is slightly deficient to meet equalization plus fire flow requirements.
However, the present capacity of the Sherwood Pumping Station is approximately 1.4 mgd,
which exceeds projected year 2025 maximum day demands by almost 1.0 mgd. Rather than
construct additional storage, the zone should take advantage of the available surplus supply
capacity to meet maximum day demands plus fire demand conditions. If additional storage is
not constructed for the Sherwood Fifth Zone, steps should be taken to reinforce the reliability of
the pumping station by providing on-site power generation or redundant feeders from separate
BGE grid to minimize disruption. Emergency generator connections were installed when the
station was built. This scenario presumes that required storage would be available from the

Towson Fourth Zone.
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Sparks Fifth Zone

The Sparks Fifth Zone currently has 1.0 mg of storage capacity located in the Sparks
Tank. This capacity is adequate to meet projected demands to beyond the year 2025. No

further improvements are recommended.

C. Uncovered Finished Water Reservoirs

The Central System presently has a total of six uncovered finished water reservoirs,
although design is underway to replace the Pikesville Reservoir with two covered reservoirs.
These reservoirs comprise a total combined surface area of almost 100 acres and 332.7 million
gallons of usable storage. Information for each of the uncovered reservoirs is presented in

Table IlI-8.

Table llI-8, Uncovered Finished Water Reservoirs

Reservoir Zone Qrea Lsablo
(sf) Storage (mg)

1 Druid Lake First 2,221,560 218.5
2 | Montebello Plant 2 Reservoir First 238,905 10.9
3 Lake Ashburton Second 1,132,560 70.4
4 Guilford Reservoir Second 313,632 6.5

5 Towson Reservoir Eastern Third 131,500 9.0

6 Pikesville Reservoir Western Third 217,500 17.4

There is presently an ongoing initiative by the Environmental Protection Agency (EPA) to
eliminate the perceived threat to public health caused by microbial contamination to open
finished water reservoirs. Current federal regulations no longer allow the construction of
uncovered reservoirs and in May 2002, the EPA published for public comment a proposed rule
that requires all existing uncovered reservoirs to be evaluated. The Long Term 2 Enhanced

Surface Water Treatment Rule (LT2ESWTR) will likely require systems containing uncovered
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finished water reservoirs to either cover them, eliminate them, or get a waiver from the primacy
state by demonstrating that the reservoirs do not pose a threat to public health. This legislation
has the potential of significantly impacting the Central System'’s ability to maintain compliance
with federal drinking water regulations. The City would have less than three years to meet

these new requirements once the rule is promulgated.

Although a waiver from the Maryland Department of the Environment (MDE) is a
possibility, the additional monitoring and operational hurdles required for compliance will likely
be extreme, and compliance is still not guaranteed. Rather, the more prudent approach would
be to initiate a program to rehabilitate those reservoirs that are conducive to being covered, and
to investigate the possibility of modifying, eliminating, or replacing those reservoirs where
covering is less feasible. Of the five (excluding Pikesville Reservoir) open finished water
reservoirs in the system, Druid Lake and Lake Ashburton probably pose the greatest challenge
to being covered because of their size, shape and aesthetic significance to the community. The
remaining three reservoirs however, are much smaller and only Guilford Reservoir would

require significant community involvement.

In addition, recent terrorist activities support the need to eliminate open finished water
reservoirs. The cost of compliance with these regulations is expected to be significant. With the
LT2ESWTR looming, the City should begin immediately to implement a program to cover or
eliminate the open finished water reservoirs in the system. Due to the special difficulties
anticipated with covering Druid Lake and Lake Ashburton, the City may wish to implement a
Separate engineering study to investigate the alternative possibilities available for addressing
these facilities, including elimination and replacement of the open finished water reservoirs with
more traditional storage facilities. Therefore, a plan will be in place and the City will have the

opportunity to begin allocating the funds necessary.

D. Possible Storage Facility Locations

An investigation of the Central System was performed to locate possible storage facility
sites in each zone, except the First and Second Zones. These two zones were not included
because additional storage is not required through the year 2025. However, both of these
zones have open finished water reservoirs which will need to be addressed. Possible

replacement sites were not investigated because these facilities may be not be removed
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Table lll-9, Proposed Storage Facility Locations

ADC OWNER &
ZONE SITE LOCATION MAP/ PARCEL COMMENTS
GRID NUMBER
Baltimore :
COLGATE End Of 36 Gty Open Space Available
Colgate Tank Simmons To Add Another
SECOND A E-13 Map 96, Tank On This Site
venue P.454. 494 a n Thi
Towson Hillen Road & 27 BCIittiymOf Open Space Available
EASTERN THIRD . Stevenson atimore To Add An Elevated Tank
Reservoir E-7 Map 70, .
Lane On This Site
P.989
S. Rolling Baltimore Area Bounded By
Catonsville Road & 41 County Bloomsbury Avenue, Lurman
WESTERN THIRD High School Bloomsbury E-5 Map 101, Woodland Theater And
Avenue P.515 Maintenance Building
Baltimore
Wellwood Smith Avenue :
WESTERN THIRD | Elementary | & Lisburne | .22 ol Sother Fak OF Site Ts
K-11 Map 78, Undeveloped
School Road
P.153
WESTERN THIRD Woodlawn L St Ié‘UIE(eS . 33 Baltimore Good Site, Highest Elevation
Middle School aneRoadsse D-5 County Unoccupied By Buildings
Rolling Road Baltimore
CATONSVILLE Catonsville At Oid 41 County Southwestern Corner Is The
FOURTH Park Frederick B-2 Map 100, Best Location, High Elevation
Road P.127
. Frederick Baltimore
CATONSVILLE Hillcrest Road 41 County Northeastern Corrler
Elementary : Is The Best Location,
FOURTH School Opposite S. C-4 Map 100, Hiah Elevation
Rolling Road P.213 9
Open Space Available
TOWSON : End Of Oid 28 State Of
FOURTH G Hill Tank Harford Road F-3 Maryland T Aidd Angthgr Tank
On This Site
Baltimore
Old Harford
TOWSON Krause Park Road At 28 Gounly Wooded Park Land
FOURTH Maiton Court E-5 Map 71,
P.829, 400
Baltimore
Open Space Available
TOWSON Westdale 19 County
FOURTH Stratford Tank Court A-10 Map 51, To Agd ?l;ptr'nse{ Tank
P.33, 34 none e
Out Of Zone; But Probably
Future Mays Baltimore Thie Best Gption Unless
Chapel Padonia Road 18 Count Another Tank Can Be Built
FALLS FIFTH P Near Jenifer y On The Site Of Existing Falls
Elementary D-9 Map 51, th s
; Road 5" Tank, This Site Is
School Site P.609

Presently Undeveloped But
Heavily Wooded
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Table IlI-9, Proposed Storage Facility Locations, continued

ADC OWNER &
ZONE SITE LOCATION MAP/ PARCEL COMMENTS
GRID NUMBER
Baltimore
Old Bosley & County Best Site In This Zone, Rear
POTF?EF}LNGS S I?;Iasng);rk Pot Spring D197 Map 52, Of Site Is High And
pring Roads P.136, 138, Undeveloped
141 And 71
Baltimore
Warren Bosley Road County
POTFSIFPﬁ_IiNGS Elementary & Lakespring (;96 Map 52, OpeEndSZaoczgS i?tstern
School Way P.108 And g perty
120
Baltimore Northeastern End Of Site
POT SPRINGS Dulaney High Padbiiia Road 19 Ca: m?r Could Work If Conflicts With
FIFTH School adonia froa B-9 ounty Athletic Fields Can Be
Map 52, P.62 Avoi
voided
Bond Avenue Consider Providing Space
REISTERSTOWN © v 16 Baltimore For A Future Second Tank
Tank Bond Avenue . -
FIFTH (Proposed) F-7 County During Design Of Current
pos Proposed Tank
Owings Baltimore
REISTERSTOWN Chartley Tank Aan 9 16 County Another Tank Could Be Built
FIFTH artiey tan enue, A-9 Map 48, In Front Of The Existing Tank
Reisterstown
P.603
Baltimore Consider Replacing Existing
REISTERSTOWN Reisterstown 1° Avenue, 16 County Tank With A Larger One
FIFTH Tank Reisterstown A-6 Map 48, P. Because Minimal Room For
471 A Second Tank
Between MBa:”riecye_L. These Parcels Are The Only
SHERWOOD North Side Powers 18 Various Areas In The Zo‘ne With High
Of Sherwood Enough Elevations (Parcel
FIFTH Avenue & K-4 Parcels
Road 320, Lot 1 Has The Property
Hollow Road Map 42, P.1, Owner's Residence)
104 & 105 wners ke
Loveton Merritt LVI
SPARKS FIFTH Business YorkRoad | ' | LLC Map 34, " aligel derass York Rogg
Center-Lot 1 P.47, Lot 1 om =p
12 Bglct)ll::]ct)re Open Space Available
SPARKS FIFTH Sparks Tank York Road Y To Add Another Tank
H-10 Map 34, i
On This Site
P.313
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pending additional studies. Three other zones, Towson Fourth, Pot Springs Fifth and Sparks
Fifth, do not require additional storage before 2025 either, but they were investigated anyway

because they are much smaller zones and could possibly need additional storage eventually.

Several assumptions were made when investigating the storage locations. It was
assumed that any new storage facilities would be elevated storage tanks. The additional
storage requirements for most zones do not exceed 1T mg; therefore, the proposed sites can be

small plots. The criteria used to investigate possible locations is listed below:

e Publicly owned land - no land acquisition required
® Open land - not much clearing required
* Adequate space — enough room for at least a 1.0 mg elevated tank

* High ground elevation — similar to other elevated storage tanks in the same zone

A summary of the Proposed storage tank locations is provided in Table M-9. It was
discovered that many of the zones do not have any room available for additional storage. For
Most zones investigated, the only location available is to build additional storage on the site of
an existing storage facility. For aesthetic reasons, consideration should be given to replacing an
older tank with a new larger capacity tank on the same site, instead of building a second tank,

as long as there is available space on the site.

E. Recommendations

The distribution Storage evaluation resulted in several recommendations to improve the
existing storage and supply capacity in the Central System. The previous section presents the
current and future storage problems by zone and the recommendations to resolve those

problems. A summary of the recommendations is provided in Table I11-10.

In addition, the City should implement a program to evaluate replacing or covering the
five remaining uncovered finished water reservoirs in the system to ensure future compliance
with the LT2ESWTR and minimize the threat from biological or chemical contaminants. This
could be performed either through one joint project or as separate projects for each reservoir.
Certain reservoirs may need elaborate investigations performed, such as Guilford Reservoir;

therefore, separate projects may be more beneficial.
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Table llI-10, Storage Recommendations

Zone Recommendation
- e Cover or replace Druid Lake
e Cover or replace Montebello Plant 2 Reservoir
e Cover or replace Lake Ashburton
- o— e Cover or replace Guilford Reservoir and raise walls to increase overflow

elevation to match other facilities in zone and modify present operating
control valve to operate in a throttle mode rather than open/closed

Colgate Second

Construct additional 170,000 gallons of elevated storage

OR
Expand Colgate Pumping Station and related piping and increase
reliability of station by providing on-site standby generators or redundant
power feeders (emergency generator connections being added)

Eastern Third

Cover or replace Towson Reservoir

Western Third

Cover or replace Pikesville Reservoir (currently under design)
Construct additional 600,000 gallons of storage

OR
Increase reliability of both pumping station by providing on-site standby
generators or redundant power feeders

Catonsville Fourth

Increase reliability of Catonsville Pumping Station by providing
permanent on-site standby generators or redundant power feeders
(mobile generator currently on-site)

Pikesville Fourth

Increase reliability of Pikesville Pumping Station 1 and 2 by providing
on-site standby generators or redundant power feeders

Towson Fourth

None at this time

Falls Fifth

By 2015, construct additional 150,000 gallons of storage

OR
Increase reliability of station by providing on-site standby generators
(currently under design)

Pot Springs Fifth

None at this time

Reisterstown Fifth

By 2005, construct proposed Bond Avenue Tank with 2.0 million gallons

of storage

Sherwood Fifth

Increase reliability of Sherwood Pumping Station by providing on-site
standby generators or redundant power feeders (emergency generator
connections available)

Sparks Fifth

None at this time
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IV. HYDRAULIC ANALYSIS

A. Model Description

The hydraulic evaluations of the Central System were performed using the water
distribution system modeling software WaterCAD by Haestad Methods. A new updated model
for the Central System was created using the City's GIS database and from digitizing Baltimore
County’'s plat maps. The updated model replaces the current KYRUN model, which is a
modified version of the KYPIPE program originally developed by Dr. Wood at the University of
Kentucky. The development of an updated hydraulic model allows the City to capitalize on

many of the powerful features available with today’'s modeling software.

The updated model will provide the City with a powerful tool to analyze the Central
System and proposed future improvement projects. All water mains eight inches and larger are
included in the updated model, as well as four treatment plants, 21 pumping stations (two
temporary pumping stations are not modeled) and 32 storage facilities. With the aid of GIS
software, demands based on water meter locations and billing addresses were distributed to all
the model nodes. The current and future zone boundaries were also updated. Calibration of
the model was performed against pressure monitoring data obtained during testing performed

for this project, and recent fire flow data provided by the Water Analyzer Office.

For the purpose of this project and the model analysis performed, a more detailed
description of the model, model development and model calibration is presented in Volume I/

Model Development.

B. Performance Criteria

The development of alternatives to improve the hydraulics of the Central System are
predicated on maintaining an established set of minimum system performance criteria. The
criteria are only intended to be guidelines and are not necessarily absolute values. The criteria
also are a benchmark used to identify system inadequacies against which the model results can
be compared. Criteria for pressures, head loss gradients and fire flow residual pressures were
established. In addition, tank levels and fluctuations and the net positive suction head at

pumping stations were also used as a sign of system problems or deficiencies.
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The established range of pressures used to evaluate the maximum day demand model
scenarios are illustrated in Table IV-1. For this analysis, maximum day and peak hour demands
were used because that is when the system is the most stressed and deficiencies would be
apparent. In a typical system, pressures should range between 40 psi and 80 psi. The Uniform
Plumbing Code requires that pressure reducing devices be provided if water pressures exceed
80 psi at the service connections. Therefore, system pressures exceeding 80 psi are not
desired; however, up to 120 psi is acceptable because many locations throughout the system
already experience pressures that high and they have been functioning adequately. High
pressures may result in wasted water through system leaks, cause additional main breaks and
waste energy. High pressures also cause customer faucets to leak and valve seats to wear out
quicker. On the other hand, low pressure can cause problems as well with low water availability

when muitiple water devices are being used.

Table IV-1, Established Hydraulic Performance Criteria

Maximum Day Demand Conditions ;
Average Hour Peak Hour Fire Flow @ 1,500 gpm
Minimum . . i
Pressures 40 psi 30 psi 20 psi
Maximum . .
Piass res 120 psi 120 psi N/a

The head loss gradient in pipes is also an indication of a deficient system. The head
loss gradient, or friction factor, of a pipe is measured in feet of head loss per 1,000 feet of pipe
length. Head loss in a pipe is caused by dissipation of energy due to the resistance of the pipe
wall against the flow. Head losses will affect the flow efficiency and capacity of a pipe. Older
pipes have lower efficiencies because their condition decreases over time (due to sediment
deposits, encrustation, tuberculation) thus increasing the head loss. The criteria used to
evaluate the head loss gradient is as follows: for pipes larger than 18 inches, the head loss
gradient should be less than two feet per 1,000 feet of pipe and for pipes 18 inches and smaller,
the head loss gradient should be less than four feet per 1,000 feet of pipe. This criteria will

ensure that ample water can be supplied at a reasonable flow rate.,
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Not only does the system need to provide sufficient water on a maximum day, but also
during emergencies such as fires. A fire flow analysis was performed and evaluated based on
the criteria shown in Table IV-1. A standard residential fire flow of 1,500 gpm was used as the
minimum required fire flow, along with a minimum residual pressure of 20 psi. The minimum
pressure should be greater than 20 psi to prevent untreated water from entering the water
distribution system by seepage or pipe failure. In addition, fire flow tests were evaluated to see
if the recommended fire reserve storage, discussed in Section Ill.B.2. Fire Storage, could be

provided.

Tank level fluctuation is also a good indication of how well the system is operating. The
water levels in all elevated tanks and ground water reservoirs should fluctuate throughout the
day according to variations in demand, so that the stored supply does not become stagnant and
high water quality is maintained. Storage facilities were evaluated to see how much storage
was utilized during a 24-hour period, using 20% of the volume as the acceptable guideline. In
addition, all storage facilities should return to full, or their equivalent starting elevation, at the
end of the day under maximum day demand conditions. This ensures that ample storage will be

available during emergencies.

The net positive suction head (NPSH) for each pumping station was also evaluated to
check system operation. If the pressure on the suction side of a pump is too low, cavitation may
occur and cause pump deficiencies and impeller damage. Cavitation can also reduce the
efficiency of the pump. Although the NPSH varies from pump to pump, generally pressures

were checked to verify they were larger than 10 psi so there should be no threat of cavitation.

C. Zonal Analysis

Each zone in the Central System was evaluated in the hydraulic model on an individual
basis. All 13 zones are illustrated on Figure IV-1, along with major roads and highways. The
results of the model analysis are described in the sections below and also represented
graphically in Appendix B. The recommendations for hydraulic improvements are discussed

under each zone and summarized at the end of this section.
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T First Zone

First Zone Description

The First Zone system serves over 82 square miles in the tidal areas of Baltimore City
and Baltimore County. The boundaries of this zone are illustrated in Figure IV-1. Two-thirds of
the zone lies in Baltimore County, which is only projected to grow three additional square miles
by 2025. The City portion of this zone is fully developed. The extent of the First Zone reaches
the Patapsco River to the southwest, the harbor to the south and southeast, and beyond Middle
River to the east. To the north and northeast, this zone is bordered by the Second Zone. The
elevations in this area range from a minimum of sea level up to a maximum of 150 feet above

mean sea level.

The present First Zone population is approximately 322,000 people. More than half of
the people live in the City portion of the zone, which is projected to fluctuate over the next 25
years. The remaining population live in Baltimore County, which is projected to decrease
slightly in the coming years and then level off. Both of these projections create a total
population that waivers between 315,000 and 322,000 people over the next 25 years. The
average day demand for the year 2000 was recorded at approximately 76 mgd and is projected
to increase 12% to over 84 mgd by 2025. The maximum day demand is currently over 118 mgd
and should exceed 158 mgd by 2025. These increases are a result of the maximum to average
day ratio trend, the per capita trend for Baltimore County and also an increase in Anne Arundel

County demands.

The distribution of water users is currently as follows: 33% residential, 42% commercial
and 25% industrial. With industry slowly continuing to leave the City and surrounding areas, this
percentage is estimated to drop over the next 25 years. Principal industrial areas in the City
portion of the First Zone are located in the Locust Point, Camden, Brooklyn and Canton areas.
In Baltimore County, major areas are located in the Sparrows Point and Dundalk areas. This
zone also provides wholesale water to portions of northern Anne Arundel County.
Approximately 7% of the total flow in the First Zone goes to Anne Arundel County.

Unaccounted for water is 15% of the total flow supplied to this zone.
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Until the Susquehanna River is used on a full time basis for water supply after the
proposed Fullerton Treatment Plant is constructed, the First Zone will be supplied primarily by
gravity flow from the Montebello Filtration Plants 1 and 2 located on Hillen Road in Baltimore
City. The current raw water treatment capacity of the Montebello Plants is 240 mgd, but that will
increase to 318 mgd with the completion of the current project to design a new filter building,

Baltimore City Contract 1111.

Treated water leaving the treatment plants is stored in the Montebello Finished Water
Reservoirs 1 and 2. Water then leaves these finished water reservoirs and is transported
through three main conduits: Druid Conduit (84"), Herring Run Conduit (84") and Clifton
Conduit (72"). A fourth conduit also leaves the treatment plants heading north, the old Loch
Raven tunnel (120"), which provides flow to the Cromwell Pumping Station in the Eastern Third
Zone. The Hillen Pumping Station also draws suction from this tunnel but closer to the
treatment plants. The Clifton Conduit was originally a 108-inch main that was slip lined with a
72-inch main. This conduit flows directly south of the treatment plants and supplies the central
portion of the First Zone. The Druid Conduit transports water to Druid Lake, which feeds the
southwest portion of the system and provides suction for the Vernon Pumping Station in the
Second Zone. The Herring Run Conduit transports water to Baltimore County and the eastern
portion of the zone. It connects into the Fullerton Transmission Main, an 84- and 96-inch main,
which feeds the Fullerton Second and Third Pumping Stations located on the proposed

Fullerton Treatment Plant site.

The First Zone also supplies water to Anne Arundel County through four meters located
near the City line. Two meters, 16-inch and 12-inch, are located in Fort Smallwood Road just
south of the Baltimore beltway (Interstate 695). A 10-inch meter is located in Quarantine Road,
north of the beltway. The fourth meter is a 10-inch meter located in East Ordnance Road inside

the beltway near Pennington Avenue.

The First Zone presently has four storage facilities, including the two finished water
reservoirs at the Montebello Filtration Plants. The four facilities provide a total of over 238 mg of
usable storage to this zone. Montebello Reservoir 1, which is a covered reservoir, has a usable
capacity of 4.55 mg, based on operating elevations of 210 to 215 feet. Montebello Reservoir 2
is almost three times the size of the Reservoir 1, with a usable capacity of 10.9 mg, based on

the same operating range. This reservoir is an open reservoir. Both reservoirs are located on
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Hillen Road near the Montebello Filtration Plants and have a maximum operating level of 215
feet, though they typically operate a few feet lower. Druid Lake by far is the largest storage
facility in the entire Central System. With a usable capacity of 218.5 mg, Druid Lake contains
over half the system’s storage and 91% of the First Zone storage. Druid Lake has an overflow
elevation of 215 feet, although this reservoir typically operates several feet lower. Druid Lake
provides storage for the western portion of the zone. The fourth storage facility is the Curtis Bay
Tank, one of the oldest tanks in the system. This tank has a usable capacity of 3.7 mg and an
overflow elevation of almost 209 feet. Curtis Bay Tank balances storage in the area south of

the inner harbor known as Curtis Bay.

A proposed fifth storage facility is currently under design at the proposed Fullerton
Treatment Plant site and construction should be completed by 2004. This facility, which will be
known as the Fullerton Reservoir, will have 32 mg of usable storage. Currently, the proposed
overflow elevation is 225 feet; however, this reservoir will not be able to operate at that elevation
until the proposed Fullerton Treatment Plant is in service. This reservoir, along with the
proposed treatment plant will help balance diurnal flows in Baltimore County and the eastern

portion of this zone.

Two additional transmission mains are proposed in the eastern portion of the zone to
improve flows but are not currently on the Capital Improvement Projects (CIP) list. Both mains,
the Pulaski Highway main (ranging from 16- to 36-inch) and the Ebenezer Road main (12-inch),

are included in the hydraulic model.

First Zone Previous Reports

With respect to the First Zone, there were several areas of concern raised in the 1955
Central System Report by Geyer and Wolff. Three main high growth areas were identified as
having supply problems: Curtis Bay, Dundalk and Locust Point. All three areas at that time had
high potential for increased industrial activity. In 1955, the entire Dundalk area was only
supplied by two 36-inch mains and two 16-inch mains. The Locust Point area was supplied by
only two 20-inch mains. There were also limitations in the mains supplying the Curtis Bay area.
Today, all three areas have improved transmission capabilities and supply is no longer a

problem.
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Additional improvements and major changes have been made to the First Zone since
the 1955 report. In that report, the Clifton conduit was identified as having high head losses.
Since then, this transmission main has been slip lined with a 72-inch pipe. At that time there
was also concern that the Anne Arundel County demands would increase and cause supply
problems in this zone. Instead, Anne Arundel County demands are lower than were projected
because the County now provides a large percentage of their own supply from groundwater
sources. Several new large mains have also been constructed to help supply a growing service
area and population base, for example, the under-the-harbor main and the Fullerton

Transmission main.

First Zone Model Analysis

A comprehensive evaluation of the First Zone hydraulic model was conducted to identify
hydraulic deficiencies and improvement projects. The model results were compared against the
performance criteria discussed above in Section B. Performance Criteria to determine the
hydraulic condition of the zone. The analysis found pressures and head losses are not a
significant problem. Treatment and storage capacity are not a problem either at the present
time; however, additional treatment capacity will be required in the future. Fire flows are
adequate throughout more than two-thirds of the zone, but severe problems exist on the eastern
side of the zone. Mapping illustrating the hydraulic modeling results can be found in Appendix

B.

The pressure range in this zone is satisfactory based on the established criteria. The
pressures in this zone range from around 0 psi near the Montebello Filtration Plants and Druid
Lake, up to 88 psi in the lower elevations near the water. High pressures are not a problem in
this zone. Low pressures exist near the treatment plants in the northern end of the zone where
there are minimal service connections. Only a few nodes, with low pressures, have possible
service connections. Minimum pressures at those nodes is only 25 psi. By 2025, however,
pressures drop in Cherry Hill and Brooklyn Park (Curtis Bay) areas to less than 30 psi. These

areas should be rehabilitated to improve pressures.

Head loss gradients in this zone are not excessive. There are very few large pipes,

greater than 18 inches, with significant head loss gradients. There are scattered smaller pipes,
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less than 18 inches, that have head loss gradients greater than the established minimum.
There are three potential problem areas where high head loss gradients are concentrated in a
small area. These areas, listed below, should be rehabilitated via lining to lower the head

losses and are shown on Figure IV-2.

e Essex area, south of Stemmers Run Rd., near the intersection with Eastern Ave.
e West of Dundalk Avenue, south of Holabird Avenue

e |ocust Point Area

The usable storage Capacity is not a problem in this zone; however, the location of
storage facilities and water quality are a concern. The majority of the storage capacity is in one
location in this zone, Druid Lake. This does not help during times of emergency when 81% of
the storage is in the western portion of the zone and hydraulically cannot be transported to the
east side. Also, Druid Lake is so large that turn over rates are estimated at 7 or 8 days, which
leads to possible water quality concerns. Due to pending regulations that will likely require all
open finished water reservoirs to be covered in the near future, this storage facility may need to
be covered or eliminated and replaced with new storage facilities. This issue is discussed

further in Section Ill.C. Uncovered Finished Water Reservoirs.

The treatment capacity will be a future problem in this zone. By 2015, the projected
demands will exceed the available treatment capacity as discussed in Section Il and the
proposed Fullerton Treatment Plant will be needed. This plant will improve the hydraulics and
supply capabilities in the eastern half of the zone, primarily in the Baltimore County portion of
the zone. The proposed Fullerton Treatment Plant will also provide redundancy if the
Montebello Filtration Plants, or even the Ashburton Filtration Plant in the Second Zone, are out
of service for repairs and construction or emergencies. The capacity and other issues regarding

the proposed Fullerton Treatment Plant are discussed in further detail in Section V.

The fire flow analysis of the First Zone found large portions of the zone to be deficient.
Only approximately 70% of the model nodes could supply the minimum residential fire flow of
1,500 gpm. Approximately 17% of the model nodes could meet 12,000 gpm and many of these
nodes are located in the industrial areas of the City where higher flow might be required during
afire. The available fire flow for each model node, up to 12,000 gpm, is illustrated on Figure V-

3, including locations for the improvement projects recommended herein.
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The eastern portion of this zone, primarily in Baltimore County, has severe fire flow
deficiencies. With the construction of the Fullerton Reservoir, these problems should be
alleviated some, but model results indicate that improvements are still needed. Several areas
will require rehabilitation to increase fire flow availability. Two other low fire flow areas are
located in the City. They are located in the Cherry Hill area, south of Waterview Avenue and the
Brooklyn area, near the Anne Arundel County border. The mains in these small neighborhoods
should be rehabilitated to increase fire flow availability and pressures as stated earlier. In
Baltimore County, five areas require rehabilitation to increase fire flow availability to acceptable

levels and they are:

* The Edgemere area, west of North Point State Park

* Area surrounding Dundalk Community College

e The Essex area and south of Deep Creek

* Area east of Martin State Airport, around Seneca Creek

¢ Area surrounding Middle River Middle School

First Zone Recommendations

e Construct the proposed Fullerton Treatment Plant by 2015 (this recommendation is

discussed in more detail in Section V. Fullerton Plant and Drought Conditions)

e Rehabilitate three areas in this zone which have mains smaller than 18 inches in the Essex
area south of Stemmers Run Road near the intersection with Eastern Avenue, in the area

west of Dundalk Avenue and south of Holabird Avenue and in the Locust Point area

e Rehabilitate seven areas requiring improved fire flows
- The Cherry Hill and Brooklyn areas in the City
- The Edgemere area, west of North Point State Park
- Area surrounding Dundalk Community College
- The Essex area and south of Deep Creek
- Area east of Martin State Airport, around Seneca Creek

- Area surrounding Middle River Middle School

Central System Report 1IV-12 Rummel, Kiepper and Kahl, LLP



2. Second Zone

Second Zone Description

The Second Zone presently serves an area of approximately 51 square miles. This
zone lies in both the City and Baltimore County, as shown in Figure IV-1. Approximately 42% of
the zone is in the City, which will not increase in size. The remaining 58% is in Baltimore
County, which still has a small amount of room for expansion inside the Urban Rural
Demarcation Line (URDL). The projected growth within the County portion of the zone is only
one tenth of a square mile by 2025. This zone is bordered by the First Zone to the south and
the Third Zone to the north. It stretches from the Patapsco River (Baltimore County and Howard
County line) in the west to the Little Gunpowder River in the east. Ground surface elevations in
this zone range from a minimum of 18 feet near the Patapsco River in the southwest and a

maximum of 285 feet near Druid Hill Park in central Baltimore City.

The current population in the Second Zone is approximately 314,000 based on the 2000
Census. The population is projected to increase by only 3,000 by 2025. Average day demand
is presently just over 40 mgd, while the maximum day demand is almost 66 mgd. This amounts
to 20% of the overall consumption in the Central System. Over the next 25 years, the demand
is projected to increase to over 50 mgd for average day and over 86 mgd for maximum day.
The majority of this increase will occur in Anne Arundel County and Howard County where
demands will double. This zone currently supplies approximately 9% of its flows to Anne
Arundel County and another 9% to Howard County. The distribution of demands in this zone is:
68% residential, 29% commercial and 3% industrial. This zone is primarily residential with
supporting commercial districts. Unaccounted for water in this zone comprises approximately

25% of the total flow supplied, which is very high.

Demands are supplied to this zone by gravity flow from the Ashburton Filtration Plant
located on Druid Park Drive and also by three pumping stations, which are all supplied by the
First Zone. These pumping stations are: Vernon Pumping Station, Hillen Pumping Station and
Fullerton Second Pumping Station. The Ashburton Filtration Plant has a 165 mgd raw water
treatment capacity. Located on Druid Park Drive in western Baltimore City, it feeds the western
portion of the Second Zone and also Lake Ashburton, Ashburton Pumping Station, Guilford

Reservoir and Leakin Park Pumping Station. The Vernon Pumping Station, built in 1932, is one
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of the oldest pumping stations in the Central System and has a nominal capacity of 70 mgd.
This station has three pumps with capacities of 30 mgd, 40 mgd and 50 mgd, respectively.
There is also one empty slot for a future pump, if required. This station is located on Wyman
Park Drive in the City and primarily feeds the central portion of this zone. The Hillen Pumping
Station is located near the Montebello Filtration Plants on Hillen Road in the City. Recently
completed in 2000, this station has five pumps, two 20-mgd pumps and three 30-mgd pumps
resulting in a nominal capacity of 100 mgd. One 30-mgd pump is a standby pump. This station
primarily supplements the Ashburton Filtration Plant, by transporting water from the Montebello
Filtration Plants in the First Zone to the western portion of the Second Zone. The Fullerton
Second Pumping Station is also a relatively recent station, only being completed in 1998. This
station has four pumps, two 5.6 mgd and two 12 mgd (nominal capacity of 23 mgd). One 12-
mgd pump functions as a standby pump. This station is located on Perry Hall Boulevard in
Baltimore County and feeds the eastern portion of this zone, replacing the temporary Perry Hall
and Rossville Pumping Stations. Neither of those two pumping stations were included in the
hydraulic model because they are no longer needed. A fourth station, which was included in the
hydraulic model but assumed to be inoperative during the modeling analysis, is the Washington
Boulevard Pumping Station located on Washington Boulevard. This station has three pumps
with a nominal capacity of 2.3 mgd. One is a standby pump and another pump is not

operational.

Water in this zone is currently stored in three storage facilities: Lake Ashburton, Guilford
Reservoir and Perry Hall Tank. Lake Ashburton, located on Powhatan Avenue, has a 70 mg
usable storage capacity and an overflow elevation at 353 feet. This storage facility supplies the
western portion of the zone, as well as the Ashburton and Leakin Park Pumping Stations, which
pump water to the Western Third Zone. Guilford Reservoir has 6.5 mg of usable storage and an
overflow of 341.4 feet. This reservoir, located at the intersection of Millbrook Road and Old
Coldspring Lane, operates between the elevations of 338.4 and 341.4 feet and serves as a
suction well for the Guilford Pumping Station, which lifts water to the Eastern Third Zone.
Located on Ebenezer Road, the Perry Hall Tank has 1.0 mgd of usable storage and an overflow
of 353 feet. This tank used to supply an isolated section of the Second Zone, known as the
Eastern Second Zone. This area was fed by a pressure reducing valve (PRV) from the Eastern
Third Zone. With the Fullerton Second Pumping Station now in service, this portion of the zone
is connected with the rest of the Second Zone again. A future fourth tank, the Chapel Hill Tank,

is to be located off New Gerst Road in Baltimore County in the eastern portion of the Second
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Zone. When completed in 2005, this tank will have a capacity of 2.0 mgd and will have the

same overflow elevations as the Perry Hall Tank (353 feet).

In addition to the Chapel Hill Tank, a new main is proposed in Gerst Road north of the
tank. Two other transmission mains, the Honeygo Boulevard extension and Perry Hall and
Philadelphia Road main, are also proposed but are not on the CIP list yet. A portion of the

Honeygo Boulevard main extension has already been installed.

Second Zone Previous Reports

Historically, there have been few distribution problems in the Second Zone. The 7955
Central System Report by Geyer and Wolff attributed this to the lack of heavy industry in this
zone, the slow extension of the zone eastward, and the delayed development of the area in the
City east of Herring Run and south of Belair Road. In that report, it was recommended that the
Second Zone be supplied on the eastern side by a pumping station and a reservoir near the
proposed Fullerton site. One project, the Fullerton Second Pumping Station, is already in

service and the other project, the proposed Fullerton Reservoir, is currently under design.

Second Zone Model Analysis

A comprehensive evaluation of the Second Zone resulted in minimal problems based on
the established criteria discussed in Section B. Performance Criteria. The system pressures
and head loss gradients are not excessive in most areas. Storage and pumping capacity are
adequate. Several areas require minor fire flow improvements. Model results can be found on

the mapping located in Appendix B.

On a maximum day, there are a few areas with pressures outside the acceptable range
and only minimal mains with head loss gradients that are slightly excessive. The pressures
exceed the recommended maximum pressure of 120 psi in the southwest corner of the zone,
along the Patapsco River, where the ground elevation is much lower than the rest of the zone.
There are a few other scattered solitary model nodes showing high pressures, but all are barely
over 120 psi. The model shows low pressures near Guilford Reservoir and Lake Ashburton, but
there should be no service connections affected. One low pressure area is south of Frederick

Road, along Yale Avenue and requires improvements because pressures are as low as 17 psi
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on a maximum day. The model analysis also revealed that this area also exhibits low fire flows.
Recommended improvements are discussed later in this section., Mains in this area also have
very high head loss gradients. High head loss gradients are not a problem in rest of this zone.
There are very few pipes with head loss gradients exceeding the recommended performance
criteria. Almost no mains greater than 18 inches have excessive head loss gradients. Several
pipes less than 18 inches which have excessive head loss are located between Lake Ashburton
and Guilford Reservoir and scattered throughout the City portion of this zone. No highly

concentrated areas exist currently.

There is currently adequate pumping and storage capacity in this zone. The Perry Hall
Tank drops significantly unless at least one pump is on at the Fullerton Second Pumping
Station. Currently, there are no pump controls at this station and it is recommended that this
station be controlled by the Perry Hall Tank and also the proposed Chapel Hill Tank once
constructed. Pump controls should be established to fluctuate the tank between 342 and 348
feet, allowing almost a 30% turnover in the tank. The NPSH at each pumping station was
evaluated and determined to be adequate. Even at the Fullerton Second Pumping Station,
which is slightly below 10 psi, there should be no threat of cavitation because the hydraulic
grade line is well above the pump centerline. The NPSH results at the peak hour on a

maximum day were as follows:

Hillen Pumping Station: 14 psi
Vernon Pumping Station: 40 psi

Fullerton Second Pumping Station: 7 psi

One issue of great concern is that the Hillen Pumping Station causes reverse flow at the
Ashburton Filtration Plant which in turn disrupts finished water meter readings at the plant (refer
to Figure IV-4). Currently, on a maximum day, the model shows no reverse flow at the
Ashburton Plant from the Hillen Pumping Station when only one pump is running. However, if
flows at Ashburton Plant are reduced by 20 or 30 mgd and more than one pump is running at
Hillen Pumping Station, then reverse flows at the effluent meter could occur. When the 64-inch
Hillen By-Pass is completed in 2005, the possibility of reverse flows at the effluent meter will be
eliminated and Hillen Pumping Station should not affect the Ashburton Plant finished water

meter readings.
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A fire flow analysis of this zone demonstrated that approximately 78% of the model
nodes can provide the minimum residential fire flow of 1,500 gpm, although approximately 17%
of the model nodes can provide a fire flow of 12,000 gpm. The amount of fire flow available at
each model node is depicted on Figure IV-5. Also shown on Figure V-5 are the recommended
fire flow improvement projects listed below. There are six areas that require rehabilitation via

lining to improve fire flow availability. These areas generally are:

e The Brooklyn/Curtis Bay Area

e Asmall area in Arbutus, north of Sulphur Spring Road

¢ Neighborhoods south and west of Frederick Road and Yale Avenue

* The area around Poplar Grove Street, between North Avenue and Gywnns Falls
Parkway

e Television Hill, north of Druid Hill Park

e The neighborhood east of 1-95/I-895 split, north of Philadelphia Road

e The neighborhood near Philadelphia Road, just inside the beltway

One of these areas, near Yale Avenue, requires additional improvements beyond
rehabilitation to provide ample fire flow to that area. This area also has low pressures and is
connected to the rest of the zone by only a 6-inch main. These mains are very old, anywhere
from 70 to over 90 years old and should be replaced. To improve fire flows to this area, a new
16-inch main approximately 1,000 feet long should be constructed, or instead a 12-inch main
could be constructed parallel to the existing 6-inch main. A second area, near Brooklyn Park,
requires approximately 1,000 feet of new 12-inch main to loop the area off Eimtree Street and
raise the fire flow to acceptable levels or the existing 6-inch main in Church Street could be

replaced with a new 16-inch main.

Second Zone Recommendations

e Complete the construction of the 64-inch Hillen By-Pass (CIP) as soon as possible to aid the
western half of this zone and also to eliminate the possibility of reverse flow into Ashburton

Filtration Plant from Hillen Pumping Station

e Establish pump controls for the Fullerton Second Pumping Station based on elevations in

the Perry Hall Tank
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* Rehabilitate seven areas listed below requiring increased fire flows
- The Brooklyn/Curtis Bay Area
- A small area in Arbutus, north of Sulphur Spring Road
- Neighborhoods south and west of Frederick Road and Yale Avenue
- The area around Poplar Grove Street
- Television Hill
- The neighborhood east of -95/]-895 split
- The neighborhood near Philadelphia Road, just inside the beltway

* Replace approximately 1,000 feet of the existing 6-inch main in Yale Avenue with a new 16-

inch main because lining alone is not enough to raise fire flow availability

* Construct approximately 1,000 feet of new 12-inch main to loop the Eimtree Street area to

increase fire flow availability

e Find possible unaccounted for or unauthorized sources of water usage in this zone and

eliminate them because the unaccounted for water percentage is very high
3. Colgate Second Zone

Colgate Zone Description

The Colgate Second Zone presently serves an area of approximately one square mile,
as lillustrated in Figure IV-1. The majority of this zone lies in Baltimore County, with
approximately 2% in the City. The area is not projected to increase in size over the next 25
years because it is completely surrounded by the First Zone and there is no room for expansion.
This zone lies in the area known as Colgate, where North Point Boulevard and Eastern Avenue
intersect (between 1-95 and 1-695). The ground surface elevations in this zone range from a

minimum of 52 feet and a maximum of 160 feet above mean sea level.

The current population in the Colgate Second Zone is over 8,000 people based on the
2000 Census. This zone is projected to decrease slightly by 2025 to less than 8,000, with all
the decline taking place in the Baltimore County portion of the zone. Average day demands are

approximately 0.6 mgd and are projected to stay fairly constant over the next 25 years. The
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current maximum day demands are approximately 0.8 mgd and are only projected to increase
slightly. The current distribution of demands is as follows: residential 92%, commercial 8% and
industrial 0%. These percentages are not projected to change drastically over the next 25
years. The consumer base is primarily residential, as most zones are, with a small amount of
commercial usage. Unaccounted for water makes up 15% of the total flow supplied to this

zone, which is acceptable.

Demands are supplied to this zone by the Colgate Pumping Station which pulls suction
from the First Zone through a 12-inch main. The pumping station is located off of Northpoint
Road in Colgate and has a nominal capacity of 0.7 mgd. There are two pumps at this station,
both with a rated capacity of 0.7 mgd. One pump acts as a standby pump. The pumping
station pumps water to the Colgate Tank located off Simmons Avenue. The usable storage in
the tank is 0.3 mg and the overflow elevation is located at 258 feet. This zone does not supply

any other zones.

Colgate Previous Reports

There are no major problems in the Colgate Second Zone reported in previous studies.

Colgate Model Analysis

A comprehensive evaluation of the Colgate Second Zone hydraulic model found no
major problems in this zone, except limited fire flow availability. Pressures, head losses,
storage capacity and pumping capacity are all sufficient currently and should be in the future.

Hydraulic modeling results are presented graphically in Appendix B.

Pressures and head loss gradients for this zone were evaluated based on the criteria
discussed in Section B. Performance Criteria. Pressures range from 41 psi to 87 psi on an
average day. During peak hour demands on a maximum day, pressures drop to 35 psi, but that
is still above the minimum performance criteria of 30 psi. High pressures are not a problem in
this zone. Some mains in this zone exceed the established performance criteria for the head
loss gradient. Those pipes are all smaller than 18 inches in diameter and most are located near

the tank and pumping station where flows are higher and the friction would be greater.
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The pumping capacity and NPSH in this zone are adequate. The only issue is that the
pumps at the Colgate Pumping Station are inefficient and operate fairly far out on their pump
curves. This is due to the relatively high pressures on the suction side of the pumping station
and the design point of the existing pumps. These pumps could be replaced with higher
efficiency pumps to remedy this situation if a reasonable payback period could be realized. The

NPSH at this pumping station is 50 psi, well above the established minimum.

Storage is not shown to be a problem in this zone either; however, the tank fluctuates
eight feet on an average day. This utilizes almost 50% of the usable storage capacity, but the
tank recovers and returns to the starting elevation at the end of the day. On a maximum day,
the tank fluctuates almost 14 feet, but also returns to full. This large fluctuation is not a problem
and it only limits the amount of available Storage during peak demands. However, large

fluctuation can be good for tank turnover and reduces the age of water in the tank.

A fire flow analysis was performed to see if the minimum residential fire flow of 1,500
gpm could be satisfied in this zone. Approximately one third of the model nodes could not
satisfy this requirement, although almost half the model nodes can supply 2,500 gpm. The
minimum fire flow available in this zone is only 500 gpm. The amount of fire flow available at
each model node up to 2,500 gpm is illustrated on Figure IV-6 along with any recommended fire
flow improvement projects. The City should line the older water mains in this zone to improve
fire flow availability, mainly in the areas near Quinton Street and Pembrooke Boulevard.
However several water mains in this zone have already been rehabilitated and additional
improvements are required. One area which has already been lined, along 47" Street, should

have approximately 1,400 feet of parallel main constructed to improve fire flow availability.

Colgate Recommendations

* Investigate the cost/benefit of replacing pumps at Colgate Pumping Station with more

efficient pumps

* Rehabilitate older water mains, via lining, to improve the amount of fire flow available in the

area near Quinton Street and Pembrooke Boulevard
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e Construct 1,400 feet of 12-inch parallel water main in 47" Street, where the existing mains

have already been lined and there is still low fire flow availability

4, Eastern Third Zone

Eastern Third Zone

The Eastern Third Zone currently serves approximately 36 square miles and is only
expected to grow one additional square mile by the year 2025. This zone lies in both Baltimore
City and Baltimore County, with the City comprising of two-thirds of the population but only one-
third of the area (see Figure IV-1). The boundaries of this U-shaped zone are the Eastern
Second Zone to the south and east, the Gunpowder Falls to the northeast, the Jones Falls
stream valley to the northwest and the Western Third Zone and Falls Road to the west. The
center of the U-shape extends to the City line and the arms include the Ruxton area in the
western arm and the Fullerton area in the eastern arm., The land surface elevation of this area
ranges from 136 feet near the Jones Falls and Herring Run streams to as high as 440 feet near

Roland Park.

The population of the Eastern Third Zone is currently over 202,000 people and is
Projected to increase by 9,000 people over the next 25 years. The average day demand in this
zone is currently 19 mgd and maximum day demand is 31 mgd. By 2025, average day demand
is projected to reach 21 mgd and maximum day demand will reach 39 mgd based on historical
trends. The current distribution of Eastern Third Zone demands is as follows: 68% residential,
29% commercial and 3% industrial. These percentages are projected to remain about the same
over the next 25 years. The consumer base is mostly residential in this zone, with supporting
commercial districts and a small amount of light industry. The unaccounted for water is high

and is estimated to be approximately 20% of the total demand supplied to this zone.

Both the First and Second Zones supply water to the Eastern Third Zone through three
pumping stations: Guilford Pumping Station, Cromwell Pumping Station and the recently
completed Fullerton Third Pumping Station. All three pumping stations supply the Towson
Reservaoir, currently the only storage facility in this zone. The overflow elevation of this reservoir

is 515.5 feet with a usable storage capacity of 9.0 mg. This reservoir is located at the
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intersection of Stevenson Lane and Hillen Road in Baltimore County and supplies the Towson

Pumping Station which feeds the Towson Fourth Zone.

The Guilford Pumping Station, located on Old Coldspring Lane in the City, provides a
nominal pumping capacity of 44 mgd via two 10.8-mgd pumps and two 25-mgd pumps. One
25-mgd pump is a standby pump. This station takes suction from the Guilford Reservoir which
is located in the Second Zone. Discharge from the pumping station is through two 36-inch
diameter mains. The Cromwell and Fullerton Third Pumping Stations are both fed by the First
Zone. Cromwell Pumping Station supplies a nominal capacity of 27 mgd and takes suction from
the old 144-inch unlined Loch Raven-Montebello Tunnel. Filtered water from the Montebello
Treatment Plant flows approximately 4.5 miles through this tunnel to the pumping station.
Cromwell Pumping Station also has four pumps, two 15 mgd and two 6 mgd, and discharges
through two 30-inch mains. One of the 15-mgd pumps is a standby pump. This station is
located on Cromwell Bridge Road in Baltimore County. Also located in Baltimore County on
Perry Hall Boulevard is the Fullerton Third Pumping Station, which takes suction from the 96-
inch Fullerton Transmission Main and has a 90-mgd nominal capacity. This station has four
pumps as well, two 14 mgd and two 22 mgd, and discharges into a 48-inch main. One 22-mgd

pump is a standby pump.

Eastern Third Previous Reports

Historically there have been major pumping capacity problems in the Eastern Third
Zone. In 1955, the Central System Report by Geyer and Wolff found serious water deficiencies
because of inadequate pumping capacity at the Guilford Pumping Station. To improve this
zone, the Cromwell Pumping Station was constructed in 1962. But according to the 7989
Central System Report published by the Analyzer Office, inadequate pumping capacity was
again a problem in this zone due to rising demands in eastern Baltimore County. Based on the
recommendations of this report, the Fullerton Third Pumping Station was constructed and in
service by 1998. The Guilford Pumping Station has also been recently upgraded. However,

both pumping stations still need additional transmission mains to operate at full design capacity.

Eastern Third Model Analysis

The evaluation of the Eastern Third Zone hydraulic model revealed that high pressures

Central System Report |\VV-25 Rummel, Kiepper and Kahl, LLP



were the main issue of concern in this zone. High pressures are located in the areas of lower
elevation along the boundary with the Western Third Zone. Pumping and storage capacity are
adequate in this zone. Fire flow availability is a problem in over 10% of the zone. The hydraulic

model results are presented graphically in Appendix B.

Pressures currently range from 3 psi to 176 psi in the Eastern Third Zone, rising well
above the established maximum pressure of 120 psi in several areas, discussed in Section B.
Performance Criteria. These high pressures occur mostly along Belair Road and along the
Western Third Zone border, which coincides with the Jones Falls stream valley. These areas
could be moved to the Second Zone in the locations where the pressure in the Second Zone
exceeds 50 psi. Field testing performed under this project verified the existence of high
pressures along Belair Road because pressures ranged from 125 to 140 psi near monitoring
site at the intersection of Belair Road and Blakely Road. Service connections in this area
probably already have PRVs. Low pressures do not appear to be a problem; however, there
are a minimal number of scattered model nodes with pressures below the recommended

minimum of 30 psi. None of these nodes should have any service connections,

Most of this zone is well below the acceptable head loss gradient criteria with the
exception of two major problem areas, as illustrated on Figure IV-7. The main area of high head
loss is located on the western side, near Guilford Pumping Station. In this area, a high
concentration of deficient mains are located along the east side of Greenmount Avenue and
west of the Alameda. It is recommended that they be rehabilitated to reduce high head losses.
Another high head loss area is located in the eastern half of the zone, between Belair Road and
Harford Road, south of Joppa Road extending just inside the beltway. Most of these mains are
smaller than 18 inches in diameter. Pressures in this second area are high however, high head

losses are not a significant problem.

This zone has ample pumping and storage capacity. Currently, the Towson Reservoir
operates between 510 and 514 feet, which are acceptable levels. Approximately 20% of the
Storage capacity in this reservoir is being used. The pumping stations actually have excess
capacity in this zone. The NPSH at the peak hour is currently barely sufficient at all three

pumping stations and remains so during the future years analyzed. The NPSH at the Guilford
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Pumping Station ranges between 1.2 psi and 2.2 psi depending on whether the valve is open or
closed. At the Cromwell Pumping Station, the NPSH is over 12 psi, which is above the
recommended minimum to avoid problems. The Fullerton Third Pumping Station has a NPSH
of 7 psi, but there is no threat of cavitation. Due to high head losses near Guilford Pumping
Station and the current hydraulic limitations of the Fullerton Third Pumping Station discharge,
four additional transmission mains have been recommended by the Water Analyzer Office.

These mains should increase the pumping capabilities of the Fullerton Third Pumping Station.

The fire flow analysis proved that this zone can provide sufficient fire flow in the majority
of the zone. Approximately 88% of the model nodes can provide the minimum residential fire
flow of 1,500 gpm and 19% can provide the 9,000 gpm. There are over two dozen nodes with
less than 500 gpm of fire flow available. Four low fire flow availability areas, listed below, are
shown on Figure IV-8 and should be rehabilitated to increase fire flow availability to acceptable
levels. The available fire flow at each model node, up to 9,000 gpm, is also shown on Figure IV-

8.

* Area along Bellona Avenue in Ruxton
e The Glenmont area west of Loch Raven Boulevard
* Area around Putty Hill Road, near the intersection with the Perring Parkway

e The Perry Hall area, north of Joppa Road

Eastern Third Recommendations

e To reduce excessive pressures, conduct an in-depth evaluation to possibly relocate division
valves in the following intersections and incorporate these areas into the Second Zone

- Remove three division valves on Chardel Road at the intersections with Blakely
Avenue, Darleigh Road and Cottington Road; replace them with division valves on

Belair Road at the intersections with Cottington Road, Verdel Road and Blakely Road

- Remove the division valve at the intersection south of Horn Avenue and Haycoke and
replace it with a division valve on the north and east side of the intersection; remove

another division valve at the intersection of Carlisle Avenue and Penn Avenue; install

two division valves on Belair Road at the intersections with Penn Avenue and a

second with Darnall Road
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® Rehabilitate older pipes in this zone which have not yet been lined, especially the area near
Guilford Pumping Station between Greenmount Avenue and the Alameda, and also the area

south of Joppa Road between Belair Road and Harford Road

* Improve low fire flow availability in the four areas listed below by rehabilitating mains
- Area along Bellona Avenue in Ruxton
- The Glenmont area west of Loch Raven Boulevard
- Area around Putty Hill Road, near the intersection with the Perring Parkway

- The Perry Hall area, north of Joppa Road

* Construct four additional recommended transmission mains to improve hydraulics and
pumping capacity at Fullerton Third Pumping Station
- 24-inch main in Putty Hill
- 24-inch parallel main in Belair Road (White Marsh Bivd. to Joppa Road)
- 24-inch parallel main in Belair Road (to Northern Parkway)

- 42-inch main in Perry Hall Boulevard

* Find possible unauthorized sources of water usage in this zone and eliminate them because

the unaccounted for water percentage is too high
5. Western Third Zone

Western Third Zone Description

The Western Third Zone serves both Baltimore City and Baltimore County, as well as
provides wholesale treated water to Howard County. Currently, this zone is approximately 35
square miles, roughly half in the City and half in Baltimore County, and is expected to increase
by two additional square miles. The boundary generally extends to the Patapsco River on the
south side, the Pikesville area to the northwest, the Eastern Third Zone and western Second
Zone to the east and the Catonsville Fourth Zone to the west (See Figure V-1 for zonal
boundaries). The elevation of the land surface in this area ranges from 36 feet above mean

sea level near the river to 492 feet closer to Pikesville.,
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The current population of the Western Third Zone based on the 2000 Census is
207,000. By 2025, this population is projected to decrease by 2,000 people to 205,000.
Approximately two-thirds of the population lives in the City while the remaining one-third resides
in Baltimore County. The population in Baltimore County is actual projected to increase over
the next 25 years; however, the City population is decreasing at a greater rate resulting in an
overall decline in the population for the entire zone. The average day demand was recorded at
approximately 38 mgd and maximum day demand was over 59 mgd. By 2025, average day
demand will approach 52 mgd, while maximum day demand will exceed 81 mgd. This zone
also supplies flow to Howard County, where the primary increase in demands is expected.
Approximately 44% of the total flow in this zone goes to Howard County. Current average
demands in Howard County are almost 17 mgd. By 2025, these demands are projected to
almost double to 30 mgd. The current distribution of demands is as follows: 33% residential,
66% commercial and 1% industrial with the commercial percentage increasing and the
residential percentage decreasing over the next 25 years. The consumer base of the Western
Third Zone is primarily residential, with numerous commercial shopping centers and mercantile
districts and some light industry. Unaccounted for water is approximately 20% of the total flow

supplied to this zone, which is high.

Demands are supplied to the Western Third Zone from the Ashburton and Leakin Park
Pumping Stations, both located in the City. These pumping stations are supplied by the Second
Zone through a 60-inch main to Leakin Park Pumping Station and two 48-inch mains to
Ashburton Pumping Station. Ashburton Pumping Station, located on Liberty Heights Avenue,
has four 28-mgd pumps and a nominal capacity of 84 mgd with one pump serving on standby.
This station primarily feeds the Pikesville Reservoir. The Leakin Park Pumping Station currently
provides 40-mgd nominal capacity to the system and primarily feeds the Catonsville Reservoir
on Powers Lane and the Melvin Avenue Tank on Melvin Avenue, both situated in Baltimore
County. Their useable storage capacities are approximately 18 mg and 2 mg, respectively, and
both of these tanks have an overflow elevation of 567 feet. The Leakin Park Pumping Station,
located on Winterbourne Road, has only three pumps and two remaining empty slots. All three
pumps are approximately 20 mgd pumps and one is a standby pump. The Pikesville Reservoir,
located on Village Road in Baltimore County, has the same overflow elevation as the other
Storage facilities, 567 feet, and has a useable capacity of over 17 mgd. This reservoir is

currently under design to be covered and replaced with two reservoirs. Both pumping stations
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draw suction from Lake Ashburton in the Second Zone. This zone supplies water to the

Catonsville and Pikesville Fourth Zones,

Western Third Previous Reports

The Western Third Zone has been an important zone of concern for many years. The
Central System Report found that in 1955 the Western Third Zone had a severe hydraulic
imbalance between the Pikesville Reservoir and the Melvin Avenue Tank. In addition, the 7989
Central System Report and A Study of the Western Third Zone, August 1984, both found major
deficiencies in this zone relating to the amount of available storage and the existing
transmission capacity or lack thereof. Since those reports, the Catonsville Reservoir has been
constructed and storage capacity is no longer a major concern in this zone, as was illustrated in
Section lll.B.4. Summary of Total Storage Recommended for Each Zone. Also, additional
transmission mains have been designed or are currently being designed to provide increased

transmission to the upper dependant zones and also to Howard County.

Western Third Model Analysis

A comprehensive evaluation of the hydraulic model for the Western Third Zone resulted
in significant problems, including low fire flow availability. The system experiences high
pressures and minimal excessive head loss. Pumping and storage capacity are sufficient, but
are still issues of concern and fire flow availability is a problem in several areas. Graphical

model results are located in Appendix B.

According to the established performance criteria discussed in Section B. Performance
Criteria, there are approximately 5% of the model nodes with pressures above the maximum
120 psi. All of these nodes lie near the boundary with the Second Zone along the southern
side, which has lower elevations, and the boundary with the Eastern Third Zone along the
eastern side (Jones Falls stream valley), which also has lower elevations. These areas could
be moved to the Second Zone in the locations where the pressure in the Second Zone exceeds
50 psi. There are scattered low pressures in this zone, but most of these model nodes have
almost 30 psi of pressure. They all are located near each of the three storage facilities, so there
should not be any service connections in these areas. Pressures in this zone range from

approximately 12 psito 212 psi.
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The head loss gradients in this zone are currently minimal; however, there are several
pipes with excessive head loss according to the performance criteria. There are only a few
mains larger than 18 inches which are deficient. These mains are scattered throughout the
zone. There are also only a few mains less than 18 inches that have high head loss gradients.
They are also scattered throughout the zone. By 2025, the deficient areas increase, but there is

still not a heavily concentrated area which would cause concern.

The pumping and storage capacity in this zone are currently adequate; however,
improvements should be implemented to keep the Catonsville Reservoir operating within
acceptable water levels. The Catonsville Reservoir currently drops significantly and does not
recover to the starting elevation by the end of the day. Meanwhile, the Pikesville Reservoir
stays full most of the day when the Ashburton Pumping Station is operating at a higher level
than the Leakin Park Pumping Station. The Melvin Avenue Tank appears to operate
sufficiently. Therefore, the pumping capacity of the Leakin Park Pumping Station should be
increased to keep Catonsville Reservoir operating at acceptable water levels, while the pumping
at Ashburton Pumping Station should be reduced to keep the Pikesville Reservoir fluctuating
properly. The two proposed additional 20 mgd pumps should be added at the Leakin Park
Pumping Station in the near future. The NPSH is adequate at both pumping stations. The
NPSH at the Ashburton Pumping Station is just above the recommended minimum of 10 psi. At
the Leakin Park Pumping Station, the NPSH is over 40 psi. The additional Catonsville
Transmission Mains currently under design will also help the Catonsville Reservoir water levels.
One main will parallel US Route 40 from Johnny Cake Road to the Catonsville Reservoir and
the other will provide a parallel discharge main from the Leakin Park Pumping Station along

Franklintown Road most of the way, to the intersection of Cooks Lane and Security Boulevard.

A fire flow analysis performed on this zone yielded several deficiencies. Only 78% of the
model nodes can supply the minimum residential fire flow of 1,500 gpm. In addition, 12% of the
model nodes can supply 9,000 gpm. There are several model nodes with less than 500 gpm of
available fire flow. Four areas should be rehabilitated via lining to increase this low fire flow

availability above the minimum 1500 gpm:

e The Millford Mill/Bedford area

e Area north of Sugarcone Road and west of |-83

e Along South Rolling Road west of 1-95/Foxhill Farm
e The Ashburton area, north of Liberty Heights Avenue
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These areas are shown on Figure IV-9, along with the amount of fire flow available at
each model node, up to 9,000 gpm. Two additional areas with more severe fire flow problems
require additional mains or replacement mains to improve the fire flow availability to acceptable
levels. One area which is already lined is located south of Liberty Road just outside the beltway
and requires a 12-inch main to parallel approximately 2,000 feet of existing water main in Liberty
Road. The other area, which has also already been lined, is south of Ruxton Road and east of
Falls Road and requires a parallel 16-inch main along Old Pimlico Road for approximately 4,000
feet. A proposed transmission main in Rolling Road in the southern portion of the zone will also

improve fire flow availability.

Western Third Recommendations

e To reduce excessive pressures, conduct an in depth evaluation to possibly relocate division
valves in the following intersections and incorporate these areas into the Second Zone
- Replace the division valves at intersection of Maiden Choice Lane and Grouse Court
and Wilton Farm Drive near Badger Gate Court with a division valve in Maiden
Choice Lane north of Laurence Brooke Road
. Remove three division valves at the intersections of Rockrose Avenue east of
Parkdale Avenue, Girard Avenue west of Parkdale Avenue and Druid Park at
Parkdale Avenue; install a new division valve on Druid Park Drive approximately 300
feet west of Maiden Avenue
. Remove two division valves at the intersection of South College Road and Beechfield
Avenue and replace them with one division valve 100 feet west of Beechfield Avenue
on South College Road; remove four other division valves at the intersections of
Beechfield Avenue at Airy Hill Avenue, Beechfield Avenue at Yale Avenue, Parkton
Sireet at Eldone Road and Parkton Street approximately 400 feet east of Eldone
Road: install three new division valves on Frederick Avenue at the intersection with

Chapelgate Lane, Long Island Avenue and Beechfield Avenue

e Install the two remaining 20 mgd pumps at the Leakin Park Pumping Station by 2005 to

improve the operation of the Catonsville Reservoir. (This project is currently under design)

e Increase the output of the Leakin Park Pumping Station and decrease the output of the

Ashburton Pumping Station because a larger portion of the demand (including wholesale to
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Howard County) is located in the area the Leakin Park Pumping Station supplies

e Rehabilitate four mains listed below where fire flow availability is low
- The Miliford Mill/Bedford area
- Area north of Sugarcone Road and west of [-83
- Along South Rolling Road west of 1-95/Foxhill Farm

- The Ashburton area, north of Liberty Heights Avenue

e Construct parallel mains in two locations, one 12-inch main along 2,000 feet of Liberty Road

and the other a 16-inch main along 4,000 feet of Old Pimlico Road

e Find possible sources of unaccounted for or unauthorized water usage in this zone and

eliminate them because the unaccounted for water is too high
6. Catonsville Fourth Zone

Catonsville Zone Description

The Catonsville Fourth Zone lies entirely within Baltimore County and currently serves
an area of approximately 15 square miles (See Figure IV-1). By the year 2025, this area is
expected to grow less than a quarter square mile. This zone does not provide any service to
Howard County, even though it borders this zone to the west and south along the Patapsco
River. The Western Third Zone creates the boundary to the east, and the Pikesville Fourth
Zone to the north. The land surface elevation in this zone varies from 124 feet near the river to

534 feet above mean sea level.

The present population of Catonsville Fourth Zone is over 45,000 and is estimated to
remain fairly constant until 2025. Average and maximum day demands are currently over 6
mgd and 10 mgd, respectively. By 2025, those demands are projected to increase to almost 7
mgd for average day and over 11 mgd for maximum day. The current distribution of demands in
the Catonsville Fourth Zone is as follows: 69% residential, 30% commercial and only 1%
industrial with the residential percentage decreasing and the commercial percentage increasing

6% over the next 25 years. The consumer base is largely residential, with supporting
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commercial districts and a small quantity of light industry. An average of 20% of the total flow

supplied to this zone is unaccounted for water, which is a high percentage.

Demand is supplied to the Catonsville Fourth Zone from the Catonsville Pumping
Station, located on Powers Lane, which takes suction from the Catonsville Reservoir in the
Western Third Zone. This pumping station has a nominal capacity of 10 mgd, which will double
to 20 mgd with the addition of a proposed 10 mgd pump in the near future. There are currently
three pumps at this station, two 5-mgd pumps and one 10-mgd pump. The 10-mgd pump is a
standby pump. Water is pumped from the pumping station through a 30-inch discharge main
and fills two elevated tanks which provide equalization storage for this zone. The tanks are: the
Rolling Road Tank and the Dorchester Avenue Tank, both with an overflow elevation of 630
feet. The Rolling Road Tank is located on Rolling Road in Hebbville and has a usable capacity
of 1.5 mgd. The Dorchester Avenue Tank has a usable capacity of 1.0 mgd and is located on
Dorchester Avenue, just south of US Route 40 in Catonsville. This zone does not supply water

to any upper zones.

Catonsville Previous Reports

The 1955 Central System Report by Geyer and Wolff found this zone to have many
problems. There was insufficient pumping capacity and inadequate flows to and from the
Western Third Zone. Since then, the Leakin Park Pumping Station has been built to supply
additional flows to the Western Third Zone. An additional pump has been added to the
Catonsville Pumping Station and a fourth pump is currently under design. Another problem
found was an insufficient piping network which decreases the ability to meet fire flows. As
detailed in the section below, this problem still persists. Finally, the available storage was
considered inadequate, but improvements since 1955 have been made in this zone to correct
the problems identified in the Central System Report. The storage facility on Ingleside Avenue
was replaced with the Dorchester Tank and more recently, the Rolling Road Tank was

constructed in 1985.

Catonsville Model Analysis

A comprehensive evaluation of the Catonsville Fourth Zone hydraulic model revealed

deficiencies in many areas. Compared to the performance criteria discussed in Section B.
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Performance Criteria, some of the pressures and head loss gradients are high. The storage
capacity in this zone is adequate, but improvements are required to keep the Rolling Road Tank
operating within optimum levels. Also, the pumping capacity is sufficient but the results of the
fire flow analysis revealed many areas that did not meet the fire flow requirements established

in Section B. Model results are presented on the mapping in Appendix B.

Pressures in the Catonsville Fourth Zone range from 19 psi to 155 psi on a maximum
day, except in one area discussed below, with the majority of the nodes between the acceptable
30 psi and 120 psi. Approximately 4% of the model nodes yielded pressures above the
maximum pressure criteria of 120 psi. Most of these nodes are located in low lying areas along
the Patapsco River in the southwestern corner of the zone. Some of this area is isolated by two
PRVs which create the Oella (Catonsville reduced) Fourth Zone. Even with the PRVs operating
at 60 psi, the pressures at several nodes in this area remain above 150 psi. Pressure testing
conducted during this project verified pressures over 110 psi along Frederick Avenue near River
Road. There are several nodes with minimal pressures below the recommended 30 psi. Most
of these nodes are located in and around the Catonsville Pumping Station which should not
affect any service connections. A few other model nodes located off Fairbrook Road, near the
Western Area Park, have negative pressures. An 8-inch main off Tudsbury Road, with high
head loss, supplies this small area which has significant demand (greater than 1 mgd).
Improvements should be made by constructing an additional main to loop the system to the
north in Clays Road. The analysis demonstrated that adding approximately 1,600 feet of 12-

inch main in Clays Road raised system pressures to at least 50 psi.

There are many pipes with high head loss gradients in this zone. A large concentration
of those mains are located along Rolling Road between the pumping station and Rolling Road
Tank. With the proposed 24-inch Rolling Road Tank Transmission Main to be located in Johnny
Cake Road and the nearby roads, the head loss gradient decreases in those areas. In addition
to this proposed project, the 16-inch and 20-inch mains in Rolling Road should be rehabilitated
via lining to reduce head losses in this area even further. An additional area located south of
US Route 40 and north of Edmonson Avenue would also benefit from rehabilitation. The head

loss gradients and recommended improvements are shown on Figure 1V-10.

There is currently ample storage and pumping capacity in this zone. With the addition of

the fourth pump at Catonsville Pumping Station, no pumping capacity issues arise. Prior to that
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pump installation; however, this zone may experience inadequate pumping capacity problems.
Even with the fourth pump, the Rolling Road Tank currently drops below 35% full during a
maximum day scenario. This is due to the high head losses and significant demands in the
upper end of the zone, north of Route 40. The Rolling Road tank typically operates several feet
below the Dorchester Tank, but the model shows that the Dorchester Tank recovers to full
capacity while the Rolling Road Tank drops over 15 feet during a 24-hour period. The Rolling
Road Tank does not fully recover, ending approximately six feet below starting elevation.
Assuming that maximum day demands will not occur more than a few days in a row, this tank
would eventually fully recover. Once the proposed 24-inch main in the Johnny Cake Road area
is constructed, tank levels in the Rolling Road Tank will improve. On a maximum day, the tank
recovers to the starting elevation and utilizes approximately 30% capacity of the tank with the
proposed 24-inch main. The Dorchester Tank still does not fluctuate properly during this or any
of the scenarios investigated. The tank achieves full capacity after only a few hours and does
not drop all day. Hydraulically isolating the tank by closing the 24-inch main in Kent Avenue just
north of tank and causing water to travel a greater distance to this tank did not appear to
improve tank operation. Eliminating or relocating this tank should be considered. The
pressures and fire flows in this zone were not adversely affected by eliminating this tank.

Possible relocation sites are discussed in Section lll.D. Possible Storage Facility Locations.

A fire flow analysis of this zone found several areas to have insufficient fire flow
availability. Approximately 13% of the model nodes could not supply the minimum residential
fire flow of 1,500 gpm. However, approximately 12% of the mode nodes could supply 6,000
gpm. Figure IV-11 illustrates the amount of fire flow available at each model node, up to 6,000

gpm. Those areas which could not even supply 1,500 gpm were:

e In the southern tip of the zone, southwest of South Rolling Road
e Along Inwood Avenue, west of Johnnycake Road

e The Catonsville area, north of US Route 40, south of I-70 and east of [-695

Rehabilitating the older mains, with low Hazen-Williams C factors, in these areas would improve
the fire flow availability. An additional area near the Rolling Road Tank has high demands and
is served by a inadequately sized single 8-inch main. This is the same area in Fairbrook Road
that had low pressures discussed previously. The model analysis demonstrated that installing

approximately 1,600 feet of 12-inch main in Clays Road would improve fire flows to almost
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1,500 gpm at the worst model node. These areas requiring improvements are illustrated on the

mapping in Appendix B.

Catonsville Recommendations

Investigate ways to improve hydraulics to Dorchester Tank to insure circulation or possibly

relocate the tank to a better hydraulic location (Possible sites are presented in Table 111-8)

e By 2025, construct a 16-inch main between the Rolling Road Tank and Catonsville Pumping
Station along Lord Baltimore Drive in addition to the proposed 24-inch Rolling Road main

that will be constructed in and around Johnny Cake Road currently under design

e Rehabilitate the older mains along Rolling Road between the Catonsville Pumping Station
and the Rolling Road Tank to reduce head losses, as well as perform rehabilitation in the

area south of Route 40 and north of Edmonson Avenue
e Rehabilitate the areas which have low fire flow availability
- Area in the southern tip of the zone, southwest of South Rolling Road
- Along Inwood Avenue, west of Johnnycake Road

- The Catonsville area, north of US Route 40, south of I-70 and east of [-695

e Construct approximately 1,600 feet of 12-inch main in Clays Road to improve fire flows and

pressures in that area

e Find possible unaccounted for or unauthorized sources of water usage in this zone and

eliminate them because the unaccounted for water percentage is too high

7. Pikesville Fourth Zone

Pikesville Zone Description

The Pikesville Fourth Zone serves an area completely within Baltimore County, which
lies northwest of the City as shown in Figure IV-1. It is currently over 26 square miles and

generally encompasses the Interstate 795 corridor and surrounding residential areas between
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Pikesville and Owings Mills. To the southwest, the zone extends to Liberty Road and to the
southeast and east, to the Western Third Zone. By 2025, this area is expected to grow to
approximately 28 square miles in this zone. Elevations of the land surface range from 392 to

652 feet above mean sea level.

The population of this zone is approximately 75,000 people and is projected to grow by
over 20,000 by 2025, an almost 30% increase. Similarly, demands are expected to increase
30% from over 9 mgd on an average day currently to over 12 mgd by 2025. Maximum day
demands are approximately 16 mgd now and projected by 2025 to be approximately 23 mgd.
The present distribution of demands is as follows: 65% residential, 34% commercial and 1%
industrial. The industrial percentage is projected to increase slightly over the next 25 years.
The consumer base in this zone is mainly residential, with a small area of commercial and light
industrial developments scattered all along the I-795 corridor. Unaccounted for water in this

zone averages 15% of the total flow supplied which is considered acceptable.

The Pikesville Fourth Zone demand is supplied from the Pikesville Pumping Stations 1
and 2, both located in the Pikesville area. Station 1 is located in an alley off the 1700 block of
Reisterstown Road and has a nominal capacity of 17.8 mgd, with one 6.2 mgd standby pump.
This station has four pumps total, two 5.8 mgd and two 6.2 mgd. Station 2 is located on Village
Road just north of Station 1 and has a nominal capacity of 40.9 mgd, with one 17.5 mgd
standby pump. This station also has four pumps total, two 11.8 mgd and two 17.5 mgd, and
one empty slot for a fifth future pump if required. These pumping stations take suction from the
Pikesville Reservoir located in the Western Third Zone. Four discharge mains provide flows to
this zone. Station 1 has 20-inch and 24-inch discharge mains, while Station 2 has 24-inch and

42-inch discharge mains.

The Pikesville Pumping Stations pump water to four elevated storage tanks in this zone
that provide a total usable capacity of 2.6 mg. The four tanks are: the Pleasant Hill Tanks 1 and
2. which have a usable capacity of 0.3 mg and 1.0 mg, respectively, and are located on
Pleasant Hill Road, the Randallstown Tank, which has a usable capacity of 0.3 mg and is
located on Tower Road, and the Deer Park Tank, which has a usable capacity of 1.0 mg and is
located on Liberty Road in Harrisonville. All tanks have an overflow elevation of 740 feet,
except Pleasant Hill Tank 1, which is slightly lower at 739.84 feet. A fifth storage facility, the

Owings Mills Reservoir, is currently under design and is to be located on Tavern Keep Road in
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Owings Mills. The proposed usable capacity of the Owings Mills Reservoir is 2.8 mg with the

same overflow elevation, 740 feet, as the other tanks in this zone.

Pikesville Previous Reports

This zone was predicted to be a high growth area in the 1955 Central System Report by
Geyer and Wolff. In this report, the population and service area were estimated to be 72,000
people and 58 square miles, respectively, by the year 2000. The current population is close,
75,000 people, in a service area half the size that the Geyer-Wolff report predicted. Although
the land area served will probably not expand much more, this zone is expected to continue to
grow in population and therefore, a close eye should be kept on the demand projections

presented herein.

Pikesville Model Description

One modification was made since the initial hydraulic model set up and calibration,
which is discussed in Volume Il Model Development. Due to the close proximity of the two
Pleasant Hill Tanks in the hydraulic model, it was necessary to combine these tanks to simulate
one tank hydraulically. The same elevations were used for the combined tank, but the size was
increased to represent the storage capacity of both tanks. Hydraulically the model cannot
handle two tanks so close together because one tank fills the second tank and when that

storage tank drains, the second tank then drains to fill the first tank.

Pikesville Model Analysis

A comprehensive evaluation of the Pikesville Fourth Zone hydraulic model demonstrated
minimal problems. There is scattered high head loss gradients and high pressure problems in
this zone. There is ample storage and pumping capacity, but hydraulically the system does not
operate well. In addition, significant growth is expected in this zone and the dependant
Reisterstown Fifth Zone which will amplify the current problems. Model results can be found on

the mapping in Appendix B.

Several model nodes in this zone currently exceed the recommended maximum
pressure and head loss gradient criteria discussed previously. Approximately 12% of the model

nodes exceed 120 psi and these are located in the central-eastern side of the zone, which is a
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low-lying area along the Gwynns Falls stream valley. Low pressures are not a problem in this

zone.

The main area exhibiting high head loss gradients occurs near the pumping station as
shown on Figure IV-12. The discharge mains from the pumping stations have high head loss,
but not as severe as some other areas nearby. Several pipes have over ten feet of head loss
through 1,000 feet of pipe. These pipes, along Reisterstown Road, Woodholm Avenue and Old

Court Road, should be lined to decrease the head losses.

This zone has sufficient pumping and storage capacity through the year 2025. There is
currently adequate pumping capacity at the two Pikesville Pumping Stations. However, on an
average day, the tanks cycle several times a day and both the Pleasant Hill Tank and
Randallstown Tank reach their overflow several times. On a maximum day, the same situation
occurs. The Deer Park Tank is the only tank that does not reach its overflow. On a maximum
day, the Deer Park Tank fluctuates almost ten feet and only returns within three feet of the
starting elevation of 735 feet. Over 30% of the storage capacity in this tank is used. The
fluctuation in the Pleasant Hill Tank is also over 10 feet, but only 20% of the storage capacity is
used, leaving at least 10% of additional equalization storage in the tank which could be utilized.
The Randallstown Tank fluctuates only six feet and also uses approximately 20% of the storage
in the tank. The Owings Mills Reservoir, in operation by 2005, is predicted to fluctuate five feet
and return within two feet of its starting elevation. Approximately 10% of the usable capacity in

this tank would be used, which is not acceptable.

In order to better operate the storage facilities in this zone, a 24-inch main is
recommended to link Deer Park Tank with the future Owings Mills Reservoir.  This
recommended main would be 3,500 feet long, located in Marriottsville Road between Lyons Mill
Road and Liberty Road, and would connect a 20-inch and a 16-inch main. The modeling
analysis demonstrated that with the addition of the recommended 24-inch main in Marriottsville
Road, tank level fluctuations improved throughout the zone; however, the hydraulic gradient
dropped in several tanks. This does not adversely affect pressures in this zone because low
pressures are not currently a problem. It does keep certain tanks from going to overflow during

the day, while others were dropping too low.
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The fire flow analysis discovered that approximately 37% of the model nodes can
provide 6,000 gpm of fire flow. Only 6% of the nodes in this zone cannot provide the minimum
residential fire flow of 1,500 gpm. These nodes are shown on Figure [V-13, which indicates the
amount of fire flow available at each model node up to 6,000 gpm. Almost all the areas with low
fire flow availability are older sections of pipe with low Hazen-Williams C factors reflecting the
age of the pipe. These areas, listed below, should be rehabilitated to improve the fire flow

capacity as shown on Figure 1V-13.

* The area surrounding intersection of Mount Wilson Lane and Iron Horse Lane
* The area east of Pikeswood Drive, north of Liberty Road

* The area north of Winands Road near Mary Ridge Drive

Pikesville Recommendations

e Construct a 24-inch main in Marriottsville Road (to finish loop) between Lyons Mill Road and
Liberty Road which will provide a direct connection between the Deer Park Tank and the

Owings Mills Reservoir which is currently under construction

* Rehabilitate older mains near the Pikesville Pumping Station along Reisterstown Road,

Woodholm Avenue and Old Court Road to reduce head loss
* Rehabilitate mains in the areas listed below to increase low fire flow availability
- The area surrounding intersection of Mount Wilson Lane and Iron Horse Lane
- The area east of Pikeswood Drive, north of Liberty Road
- The area north of Winands Road near Mary Ridge Drive

8. Towson Fourth Zone

Towson Zone Description

As shown in Figure IV-1, the Towson Fourth Zone serves a large portion of the Interstate
83 corridor north of Baltimore City. This zone has an area of almost 29 square miles, with 99%
of the zone located in Baltimore County. By 2025, this zone is projected to increase to over 30

square miles, only growing in the County portion of the zone. The Towson Fourth Zone is
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bordered on the eastern side by Loch Raven Reservoir, the northern side by various upper
sones and the rest of the zone is encircled by the Eastern Third Zone. The elevation of the land

surface in this zone ranges from 548 feet down to 250 feet in the areas near Loch Raven

Reservaoir.

The population of the Towson Fourth Zone is currently just over 89,000. This population
is projected to decrease slightly to 88,000 by 2025. The 2000 average day demands were
recorded at 13 mgd and maximum day demands were 21 mgd. Demands in this zone are not
expected to increase significantly, only 1 mgd by 2025, and this is because of the increase in
projected per capita demand. The current distribution of demands is as follows: 61%
residential, 38% commercial and 1% industrial. Those distributions are only projected to
change by 2% over the next 25 years. The distribution shows the zone is predominantly
residential, as are most of the other upper zones. However, there are several industrial plants
in this zone and large commercial areas along 1-83, stretching from the city of Towson north to
the Hunt Valley area. Unaccounted for water is high in this zone averaging 20% of the total

flows supplied.

The Towson Fourth Zone demands are met from water supplied from the Towson
Pumping Stations 2 and 3. Both pumping stations take suction through a 42-inch main from the
Towson Reservoir in the Eastern Third Zone. These pumping stations are both located on
Hillen Road in the Towson area. The total nominal capacity of these stations is 43.0 mgd, with
one standby 17.9 mgd pump at Station 3. Station 2 has two 8.6 mgd pumps with a nominal
capacity of 17.2 mgd. Station 3 has two 12.9-mgd pumps with a nominal capacity of 25.8 mgd.
The Towson Pumping Stations also supply four of the five upper fifth zones: Falls, Pot Springs,

Sherwood and Sparks.

The Towson Pumping Stations pump water to three storage facilities that provide a total
usable storage capacity of 13.0 mg to this zone: Mays Chapel Reservoir and Stratford Tank to
the north and Cub Hill Tank to the east. The Mays Chapel Reservoir is located off Jenifer Road
in Timonium and has recently been covered and expanded to a usable storage capacity of 11.0
mg. The overflow elevation of this reservoir is 601 feet. The Falls Fifth Pumping Station draws
suction from this reservoir to feed the Falls Tank and Falls Fiftn Zone. The Stratford Tank
provides 1.0 mg of usable storage capacity to the zone from its location on Westdale Court in

Timonium. The overflow elevation of this tank is 600 feet. The Stratford Pumping Station in the
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Pot Springs Fifth Zone draws suction from this tank. The Cub Hill Tank is one of the most
recent storage facilities in the Central System, built in 1997. This tank supplies 1.0 mg of usable
storage capacity to the Towson Fourth Zone and has an overflow elevation of 600 feet as well.
It is located off of Old Harford Road. The Ware Avenue Tank has been removed from the

system.

Towson Previous Reports

Previous studies have shown that this zone used to have major deficiencies. The
findings of the 1955 Central System Report by Geyer and Wolff were that the biggest problem at
that time was the underestimation of demands. This zone was growing at a rapid rate and
system improvements were not keeping up with increasing demands which caused supply
problems in the zone. Today, this zone is almost fully developed and little additional demand

increases are anticipated in this zone over the planning period.

Towson Model Analysis

A comprehensive evaluation of the Towson Fourth Zone hydraulic model revealed few
problems. The main issue to be addressed is the availability of fire flows in certain areas within
the zone. There are also high head losses and high pressures, which is a common problem in
the Central System. Pumping and storage capacity in this zone do not appear to be a problem
at this time. Because minimal growth is projected to occur in this zone, future deficiencies are

not anticipated. Model results can be found on the mapping located in Appendix B.

This zone experiences high pressures in some model nodes, which are larger than the
maximum recommended allowable service pressure of 120 psi, according to the established
hydraulic performance criteria discussed in Section B. The high pressures are observed in the
northern and eastern portions of the zone due to the low ground elevation near Loch Raven
Reservoir, as illustrated in Figure I-2 located in Section I. These results match the high
pressures found during the field testing performed for this project. There currently appears to
be very few nodes with low pressures with all of these located near the pumping station and
Mays Chapel Reservoir. These areas have high ground elevations and a limited number of
service connections. The lowest pressure at a service connection is approximately 20 psi. The
pressure ranges between 1 and 143 psi during the peak hour and are not expected to increase

or decrease drastically over the next 25 years.
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There are several pipes with excessive head loss gradients in this zone. Most of these
pipes are 16-inch mains that are located in the southern portion of the zone near the pumping
stations and the Towson Town Center. Many pipes in this zone are more than 50 years old and
should be rehabilitated to lower the head losses. Head loss gradients are illustrated on Figure

IV-14, along with the areas which should be rehabilitated.

The hydraulic analysis of the Towson Fourth Zone found sufficient pumping capacity and
storage capacity to meet the system demands on an average or maximum day. Towson
Pumping Station currently only uses three pumps on a maximum day, leaving the remaining two
pumps for future demand increases or emergencies. All three storage facilities fluctuate during
the day and operate adequately. Mays Chapel Reservoir fluctuates almost four feet during
maximum day demands, but returns to within at least 1.5 feet of the starting elevation.
Approximately 20% of the storage capacity is used in this reservoir. Stratford Tank returns to an
average of 1.5 feet from the starting elevation. This tank fluctuates over twelve feet for
maximum day demands and utilizes almost 30% of its storage capacity. The third tank, Cub Hill
Tank, does not quite return to the starting elevation at the end of a maximum day. This tank
drops nine feet and uses approximately 20% of its storage capacity; however, it finishes the day

approximately two feet lower than the initial elevation.

The fire flow analysis discovered that 89% of the zone can supply over 1,500 gpm,
which is the minimum residential fire flow required. Approximately 26% of the model nodes in
this zone can supply 6,000 gpm. Figure IV-15 highlights these problem areas by indicating the
amount of fire flow available at each model node, up to 6,000 gpm. Many of the areas with fire
flow availability problems have low Hazen-Williams C factors reflecting that they are older

mains. Four general areas with low fire flows below 1,000 gpm include:

e Around Satyr Hill Road and Smith Avenue east of Cromwell Bridge Road
e On Bellona Avenue near Essex Park north of Joppa Road
e Area between Charles Street and Bellona Avenue just north of City line

e Area between Cowpens Avenue and beltway near Loch Raven High School
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These areas, shown on Figure IV-15, should be rehabilitated to improve fire flow
availability. One newer area, which is fairly large, has fire flow capacity problems that cannot be
attributed to low C factors. Average fire flow availability in this area is only 800 gpm. This area
is located near Mays Chapel but is hydraulically an average of two miles away from a source
and only has two connections to the rest of the system. Based on the modeling analysis, two
new 12-inch mains, approximately 100 and 900 feet long, should be constructed. One main will
link this area to the 36-inch main leaving Mays Chapel Reservoir just north of this neighborhood
and the other is located in Timonium Road. The average fire flow availability increases to 3,000

gpm as a result of constructing the 12-inch main.

Towson Recommendations

e Rehabilitate the older pipes that have not been rehabilitated, especially in the Towson Town

Center area and also the discharge mains near the Towson Pumping Stations 2 and 3

e Rehabilitate four general areas that have low fire flow availability:
- Around Satyr Hill Road and Smith Avenue
- On Bellona Avenue near Essex Park
- Area between Charles Street and Bellona Avenue

- Area between Cowpens Avenue and beltway
e To improve fire flows, construct two 12-inch mains, approximately 100 and 900 feet long,
with one connecting to the 36-inch main leaving Mays Chapel Reservoir and the other

located in Timonium Road

e Find possible unaccounted for or unauthorized sources of water usage in this zone and

eliminate them because the unaccounted for water percentage is too high
9, Falls Fifth Zone

Falls Fifth Zone Description

The Falls Fifth Zone presently serves an area just under one and a half square miles, as

ilustrated in Figure IV-1. This zone is in the Timonium area, west of York Road, located
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completely in Baltimore County. The zone boundary is created by the Towson Fourth Zone to
the south and east and the URDL on the other two sides. With minimal room for expansion
within the URDL, this zone is projected to reach 1.8 square miles by 2025. Elevations at the

ground surface range from 444 feet to 630 feet above mean sea level in this area.

The 2000 Census recorded the population of the Falls Fifth Zone at approximately 4,800
people. By 2025, the population is expected to increase to over 5,600. On an average day, just
under 0.5 mgd of water is supplied to this zone. Demands are projected to increase 20% to
over 0.6 mgd over the next 25 years. Maximum day demands are currently 1 mgd, twice the
average day demands, and are projected to increase 60% to approximately 1.6 mgd, based on
conservative historical trends. The current distribution of the consumer demands is a 67%/33%
split between residential and commercial, respectively. This area is primarily residential
neighborhoods with their supporting commercial districts. Presently there are minimal industrial
consumers (<1%); however, that is projected to increase over the next few years. The
estimated unaccounted for water in this zone comprises 25% of the total flow supplied to the

zone, which is very high.

Demands to this zone are supplied from the Falls Fifth Pumping Station located inside
the base of the Falls Tank. Located off Jenifer Road in Timonium, the pumping station takes
suction from the adjacent Mays Chapel Reservoir in the Towson Fourth Zone through a 16-inch
main. The pumping station has three 2.7 mgd pumps, including one proposed pump currently
under design, and a nominal capacity of 5.3 mgd. One 2.7 mgd pump acts as a standby pump.
The Falls Tank has a usable storage capacity of 0.5 mg and an overflow elevation of 755 feet.

This zone does not supply any other zones.

Falls Fifth Previous Reports

There are no major problems in the Falls Fiftn Zone reported in previous studies.

Falls Fifth Model Analysis

A comprehensive hydraulic model evaluation found the Falls Fifth Zone to be operating
with minimal deficiencies. Most pressures and head losses are within the established

performance criteria. There is ample storage and pumping capacity as well as plenty of
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available fire flow. However, operational improvements in this zone should be made. Model

results can be found on the mapping in Appendix B.

The pressures in this zone range between 47 psi and 128 psi on an average day. There
are two model nodes with pressures exceeding 120 psi, both by less than 10 psi, on Rutledge
Road and Greenpoint Road. These locations have a much lower ground elevation than the rest
of the zone. Pressures do not change significantly over time and by 2025, they are
approximately the same. Similarly, the head losses in this zone are minimal. There are a few
pipes smaller than 18 inches with excessive head loss gradients, but all of these are located in

and around the pumping station where flows are typically high.

Pumping and storage capacity in this zone are adequate; however, operational changes
could be made to improve the system. The Falls Tank currently operates over seven feet below
the overflow elevation. With the current pump controls, the tank only fluctuates three feet and
cycles over five times during a 24 hour period. This only utilizes approximately 8% of the tank,
which is far less than the recommended turn over volume of 20%. Also, the tank drops below
50% full, which minimizes the available flows during emergencies. Therefore, the pump
controls should be modified to maintain the tank at a higher elevation and a fluctuation range of
eight feet. Not only will this utilize more storage in the tank, but it will minimize the number of

times pumps turn on and off which reduces pump maintenance and electrical costs.

The NPSH at the Falls Fifth Pumping Station drops as low as 5 psi, which is below the
established criteria of 10 psi and below the NPSH requirement for this station which is 7 psi.
Therefore, this low pressure is borderline and the suction pressure at the pumping station

should be closely watched.

All nodes in the model can provide more than the minimum 1,500 gpm residential fire
flow required. Approximately half the nodes can provide at least 6,000 gpm, which was the
highest fire flow availability analyzed. The available fire flow at each model node, up to 6,000

gpm, is illustrated on Figure 1V-16.
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Falls Fifth Recommendations

e Modify existing pump controls to utilize more storage in the tank and operate the pumps less

frequently

e Find possible unaccounted for or unauthorized sources of water usage in this zone and

eliminate them because the unaccounted for water percentage is very high

10. Pot Springs Fifth Zone

Pot Springs Zone Description

The Pot Springs Fifth Zone is located entirely within Baltimore County, to the north of
Baltimore City. The current zone boundary is illustrated in Figure IV-1. It lies in the area
between Timonium Road in Timonium and Warren Road in Cockeysville, on the east side of
Interstate 83. This zone serves an area just over three square miles and the area is not
projected to increase over the next 25 years. This zone is bordered by the Towson Fourth Zone
to the south and southwest, the Sherwood Fifth Zone to the west and Loch Raven Reservoir
and surrounding parklands to the east and northeast. The ground elevation in the zone ranges

from 350 feet to 540 feet above mean sea level.

The current population of the Pot Springs Fifth Zone is over 11,000 people based on the
2000 Census. By the year 2025, the Baltimore Metropolitan Council (BMC) projects the
population to decrease below 10,000. The average annual demand is approximately 1.2 mgd
presently. Even though the population is decreasing, average demands in this zone are
expected to increase 33% over the next 25 years, to approximately 1.6 mgd, based on the
projected per capita water consumption trends. Maximum day demands are expected to
increase from 2.4 mgd presently to 2.8 mgd in 2025. The demand distribution in this zone is as
follows: 70% residential, 29% commercial and 1% industrial. ~This area is predominantly
residential with supporting commercial areas. Due to the decreasing population, the residential
portion of the demand is projected to decrease, while the commercial usage is expected to
increase over the next 25 years. Unaccounted for water is estimated to be approximately 15%

of the water supplied to this zone, which is acceptable.
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Demands are supplied to this zone through a 20-inch discharge main from the Stratford
Pumping Station, which takes suction from the Stratford Tank in the Towson Fourth Zone. The
Stratford Pumping Station has a nominal capacity of 6.4 mgd and is located on Westdale Court
in Baltimore County. This pumping station has two 3.2 mgd primary pumps and one additional
4.8 mgd standby pump. Water is pumped to two elevated tanks in this zone, Springdale Tank
and Spring Lake Tank, which have a combined useable capacity of 1.4 mg. The Springdale
Tank is located off of Old Bosley Road and has a usable storage capacity of 1.0 mg. The
Spring Lake Tank is located off Cardigan Avenue and has a usable storage capacity of 0.4 mg.

The overflow elevation for both tanks is 650 feet. This zone does not supply any other zones.

Pot Springs Previous Reports

There are no major problems in the Pot Springs Fifth Zone reported in previous studies.

Pot Springs Model Analysis

A comprehensive evaluation of the Pot Springs Fifth Zone resulted in minimal problems,
with high head loss being the only issue of concern. The system experienced high head losses
near the pumping station and some of the surrounding pipes. There are a few high pressure
areas in this zone also. Storage and pumping capacity, as well as fire flow availability, are

adequate. Model results can be found in the mapping located in Appendix B.

According to the established hydraulic performance criteria discussed in Section B.
Performance Criteria, there are four nodes with pressures larger than the maximum
recommended service pressure of 120 psi. The high pressures were seen near the intersection
of Bosley Road and Gateridge Road due to the low ground elevations in this area. Pressures in
this zone currently range from 35 psi to 125 psi during peak hour demands. Minimum pressures

are not a problem in this zone.

There are several pipes with excessive head loss gradients in this zone compared to the
established criteria. Most pipes around the pumping station that are larger than 18 inches in
diameter have head loss gradients over the 2 feet per 1000 feet criteria. There are also several
pipes smaller than 18 inches in diameter which have well over a 4 feet per 1000 feet head loss
gradient. Piping between the pumping station and closest storage tank varies between 8 inches

and 20 inches in diameter. New parallel mains in this area would lower head losses through the
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smaller pipes and help maintain levels in the storage tanks, which rehabilitation alone could not

accomplish. Two 16-inch parallel mains should be constructed in Hartfell and Killoran Roads

with an approximate total length of 3,300 feet.

There is adequate pumping capacity in this zone, only the high head losses limit the
water getting out into the system. The NPSH at the pumping station is over 30 psi which is

sufficient.

A fire flow analysis showed that all model nodes could still provide the minimum
residential fire flow of 1,500 gpm, even though there are high head losses in this zone. In
addition, over 30% of the model nodes could supply 6,000 gpm, the maximum amount used for

this evaluation. Figure IV-16 illustrates how much fire flow is available at each model node, up

to 6,000 gpm.

Pot Springs Recommendation

e Although not required to improve fire flows in this zone, the head losses between Stratford
Pumping Station and storage tanks would be decreased if two 16-inch parallel mains were
constructed in Hartfell and Killoran Roads for a total length of approximately 3,300 feet

11. Reisterstown Fifth Zone

Reisterstown Zone Description

The Reisterstown Fifth Zone lies completely within Baltimore County, northwest of
Baltimore City, generally encompassing the town known as Reisterstown. The zone, as
illustrated in Figure IV-1, falls completely on the northeast side of |-795 and currently covers
almost 10 square miles of the area along Reisterstown Road between Pleasant Hill Road and
Butler Road. By the year 2025, this zone is projected to grow to over 11 square miles. The

ground elevations in the zone range between 526 feet and 752 feet above mean sea level.
The Reisterstown Fifth Zone serves a current population of approximately 30,000

people, based on the 2000 Census. The current average and maximum day demands are

approximately 3.0 mgd and 5.4 mgd, respectively. The high maximum day to average day
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peaking factor of 1.8 for this zone is based on historical data which shows that the current ratio
is almost two. Demands in this zone are expected to increase significantly over the next 25
years due to the population and service area increasing. By 2025, population is projected to
increase to approximately 39,000 if the zone follows current trends. Future average day
demands are estimated at 4.8 mgd and maximum day demands at 9.6 mgd. The current
distribution of demands is 68% residential, 29% commercial and 3% industrial. ~ Those
percentages are projected to remain the same over the next 25 years. The consumer base is
predominantly residential, with minimal commercial users mostly along Main Street in downtown
Reisterstown. Unaccounted for water is estimated to be approximately 20% of the water

supplied to this zone, which is too high.

Demands are supplied to the Reisterstown Fifth Zone via the two Pleasant Hill Pumping
Stations, with a combined nominal capacity of 8.6 mgd. The Pleasant Hill Station 1 has two, 2.2
mgd pumps and Station 2 has two, 4.3 mgd pumps. One of the 4.3 mgd pumps is a standby
pump. Water is drawn from the two Pleasant Hill Tanks located in the Pikesville Fourth Zone
and fed through two 24-inch transmission mains to the pumping stations off of Pleasant Hill
Road. The total usable storage capacity in the zone is 1.2 mg and is provided by the
Reisterstown and Chartley elevated tanks. The Reisterstown Tank is located off First Avenue,
south of Butler Road and has a usable storage capacity of 0.3 mg. The Chartley Tank is
located off Owings Avenue and has a usable storage capacity of 0.9 mg. The overflow
elevation for both tanks is 850 feet. A third tank, Bond Avenue Tank, is proposed to be
constructed in the near future. This tank will be located near the intersection of Bond Avenue
and Timber Grove Road. The proposed Bond Avenue Tank will have 1.0 mg useable storage
and the same overflow elevation of 850 feet as the existing tanks. This zone does not supply

any other zones.

Rejsterstown Previous Reports

The Reisterstown Fifth Zone was a small zone in 1955 when the Central System Report
was published, only encompassing two square miles. The main concern for this zone was to
examine the demands periodically to determine when the existing pumping capacity would be
exceeded. As will be proven below, the demands are still increasing in this zone and the

pumping capacity needs to be closely watched.
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Reisterstown Model Analysis

A comprehensive evaluation of the hydraulic model resulted in significant problems in
the Reisterstown Fifth Zone, with inadequate pumping capacity being the main issue. The
system experienced high head losses near the pumping station and in the older pipes along
Reisterstown Road. Storage capacity is a problem in this zone as well. Graphical model results

are located in Appendix B.

According to the established hydraulic performance criteria discussed in Section B
above, there are five nodes with pressures larger than the recommended allowable service
pressure of 120 psi. The high pressures were scattered in the east and southeast sections of
the zone due to low ground elevations. Pressures in this zone typically range from 36 psito 131

psi during peak hour demands.

By the year 2015, projected maximum day demands are expected to exceed the current
nominal capacity of the Pleasant Hill Pumping Stations. Instead of constructing a third pumping
station in this zone, the almost 40 year old pumps at the Pleasant Hill Pumping Station 1 should
be replaced with larger capacity pumps to meet the projected demand. In addition, transmission
improvements will be required in and around the pumping station. These transmission mains
will help reduce high head losses in this zone near the pumping station, including a parallel 16-
inch main along 4,300 feet of Pleasant Hill Road. The NPSH at both pumping stations is over

40 psi which is well above the established minimum.

Storage capacity in this zone also appears to be lacking. The Reisterstown Tank goes
empty during simulations evaluated for future years. Conditions improve with the proposed
Bond Avenue Tank, but the Reisterstown Tank still drops low and does not fully recover on a
maximum day demand. The Bond Avenue Tank should be in service by 2005 to improve the
storage deficit in this zone discussed in Section Ill.B.4. Summary of Total Storage

Recommended for Each Zone.

A fire flow analysis of this zone found several deficiencies. Only four percent of the
model nodes cannot supply the minimum residential fire flow of 1,500 gpm, with the lowest fire
flow availability being just under 1,000 gpm in the southern tip of the zone. However, two thirds

of the model nodes can satisfy a fire flow of 6,000 gpm. The amount of fire flow available at
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each model node, up to 6,000 gpm, is illustrated on Figure IV-16. There are only a few
scattered nodes with low fire flow availability in isolated locations with high elevation; therefore,

there are no improvements recommended.

Reisterstown Recommendations

Construct the proposed Bond Avenue Tank by 2005

e Replace two existing 2.2 mgd pumps at Pleasant Hill Pumping Station 1 with two 4.3 mgd

pumps

e Construct additional transmission capacity in and around pumping station, including a

parallel 16-inch main along 4,300 feet of Pleasant Hill Road

e Find possible unaccounted for or unauthorized sources of water usage in this zone and

eliminate them because the unaccounted for water percentage is too high

12. Sherwood Fifth Zone

Sherwood Zone Description

The Sherwood Fifth Zone is the Central System's newest zone, with the pumping station
and storage tank being completed only three years ago, in 1998. Located in Cockeysville, north
of the Baltimore beltway (Interstate 695), this zone lies completely in Baltimore County. The
zone, as illustrated in Figure IV-1, is bordered on the south and west sides by the Towson
Fourth Zone and to the east by Pot Springs Fifth Zone. Currently, the area served is less than
one third a square mile, but by 2025, this zone is expected to almost double in size and reach
over one half square mile. Land surface elevations in the Sherwood Fifth Zone range from 410

feet to 600 feet above mean sea level.

The present population of the Sherwood Fifth Zone is approximately 400. This
population is expected to increase 25% to a little over 500 by 2025. Similarly, the projected
average demands are expected to increase from 50,000 gal/day to 60,000 gal/day and
maximum demands from 90,000 gal/day to 130,000 gal/day over the next 25 years. The
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distribution of demands is 70% residential and 30% commercial, with no industrial users at the
present time. This area is primarily residential with supporting commercial districts.
Unaccounted for water in this zone is estimated at 15% of the total flow supplied, which is
acceptable. Because this zone has been in service for such a short time, there is limited

historical data. Many of the trends used for this zone are similar to the Pot Springs Fifth Zone.

The Sherwood Fifth Zone demand is supplied by the Sherwood Pumping Station which
pumps water to the Sherwood Tank. Both the tank and pumping station are located on
Sherwood Road, approximately 0.7 miles apart. The Sherwood Pumping Station has a nominal
capacity of 1.4 mgd and three 0.7 mgd pumps. One pump is a standby pump. This station pulls
suction from the Towson Fourth Zone through a 16-inch main. Flow is stored in the 0.25 mg
Sherwood Tank with an overflow elevation of 705 feet. This zone does not supply any other

zones.

Sherwood Previous Reports

The Sherwood Fifth Zone has only been in service since 1998 and there are no previous

studies which discuss possible problems in this zone.

Sherwood Model Analysis

Since this zone is rather new, minimal problems are expected. The hydraulic evaluation
resulted in no major supply problems. Because this zone is so small, any growth is not
expected to drastically affect the system. Both pressures and head losses were close to the
acceptable ranges. The highest head losses occurred near the pumping station, but were
below the established criteria. Pressures range from 41 psi to 124 psi, with only three nodes
above 120 psi located at the pumping station. Storage and pumping capacity do not appear to
be a problem; however, operationally there are a few changes that could be made. Model

results are illustrated on mapping in Appendix B.

The Sherwood Tank currently fluctuates between 695 feet and 698 feet, over seven feet
below the overflow. The pump controls at the Sherwood Pumping Station should be modified to
utilize more storage in the tank. With a three-foot operating range, only 10% of the tank is being
utilized and the pump cycles several times a day. A greater turnover in the tank also means an

increase in water quality issues such as reducing trihalomethane (THM) and halo acetic acid
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(HAA). With a wider pump control range, the tank will operate closer to 20% capacity and
electrical costs will be decreased because the pump is turning off and on less often. In addition,
the pumping capacity of the Sherwood Pumping Station significantly exceeds the projected
2025 maximum day demands. Demands are not expected to increase as much as previously
projected. Therefore, improvements to the pumping station could be made such as trimming
the impellers or installing smaller motors. The NPSH at this pumping station is well over the

established minimum of 10 psi.

The fire flow evaluation showed ample fire flow is available in this zone. All but three
model nodes can supply 2,500 gpm and those nodes are only barely below 2,500 gpm.
Therefore, all model nodes can satisfy the minimum residential fire flow of 1,500 gpm.
Approximately 40% of the model nodes can supply 6,000 gpm, which was the maximum fire
flow analyzed. The amount of fire flow available at each model node, up to 6,000 gpm, can be

found on Figure |V-16.

Sherwood Recommendations

e To utilize the existing pumps at the Sherwood Pumping Station more efficiently, the
impellers could be trimmed or smaller motors installed because the current pumps are
oversized

* Modify existing pump controls to utilize more of the Sherwood Tank

13. Sparks Fifth Zone

Sparks Zone Description

The Sparks Fifth Zone serves an area a little less than one square mile, located
completely in Baltimore County. This zone, as shown on Figure IV-1, envelopes the area
known as Sparks, north of the Hunt Valley area. Not touching any other zones, except a small
piece of the Towson Fourth Zone where the zones are interconnected, this zone is surrounded
mostly by open land and horse farms. Due the URDL and limiting public water to those areas
outside the line, this zone only expected to grow to 1.3 square miles by 2025. Typically, ground

elevations range from 340 feet to 520 feet above mean sea level in this zone.
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The population of the Sparks Fifth Zone is currently 2,300 and is expected to increase by
no more than 500 people over the next 25 years. The average day demands in 2000 were
recorded at 0.3 mgd, and maximum day demands were 0.8 mgd. By 2025, these demands are
projected to be 0.4 mgd and 1.3 mgd, respectively. The demand distribution is currently 52%
residential, 35% commercial and 13% industrial. The industrial usage percentage is expected
to double by 2025, while the commercial and residential percentages should decrease. This
zone is a mix of housing developments and industries, with supporting commercial districts. Of
the total flow supplied to this zone, an average of 15% is unaccounted for water, which is

acceptable,

This zone's demand is supplied by the Sparks Pumping Station which pulls suction from
the north end of the Towson Fourth Zone. The pumping station is located in the 14500 block of
York Road and provides a nominal capacity of 3.5 mgd. There are three pumps, two 1.8 mgd
Pumps and one standby 4.3 mgd pump. Water is discharged through a 16-inch main and
pumped to the Sparks Tank located on York Road in Sparks. The Sparks Tank has an overflow
elevation of 655 feet and provides 1.0 mg of usable storage to this zone. This zone does not

supply any other zones.

Sparks Previous Reports

The Sparks Fifth Zone is a relatively new zone and there are no major problems

reported in previous studies.

Sparks Model Analysis

The evaluation of the Sparks Fifth Zone found this zone to be in excellent shape.
Because the zone is relatively new and small, minimal problems are expected. Pressures, head
losses, storage and pumping capacity and fire flow are all satisfactory. Model results are

presented graphically in Appendix B.
Pressures range from 47 psi to 109 psi in this zone. No pressures rise above or fall

below the established performance criteria during the 25 years evaluated. Head losses are well

below the acceptable head loss gradient criteria in all mains except four mains in and around
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the pumping station, but only in the latter years analyzed. The NPSH is adequate with the

suction pressure being almost 50 psi.

This zone has ample storage and pumping capacity. Currently, the tank operates
between 641 and 645 feet, which is five feet below the altitude valve and the altitude valve is
five feet below the overflow. This operation results in the utilization of 20% of the tank which is
typical; however, the tank drops below 50% full on a maximum day because it is so far below
the overflow elevation to begin with. Although this zone has ample pumping capacity, the
operating procedures could be modified to improve the tank operation. Modifying the pump
controls will also limit the number of pump cycles during a day. During the course of an average
day, the tank cycles two times. Electric costs and maintenance on the pumps will be decreased

if pump controls are modified.

The fire flow analysis proved that this zone can provide sufficient fire flow. All model
nodes had over 2,500 gpm of fire flow availability, well above the minimum residential fire flow
of 1,500 gpm. Approximately half the model nodes can supply 6,000 gpm, which was the
maximum fire flow evaluated for this zone. The available fire flow at each model node is

illustrated on Figure 1V-16.

Sparks Recommendations

e Modify pump controls to utilize higher elevations in the Sparks Tank

D. Emergency Scenarios

Several scenarios were run to simulate emergency conditions in the Central System.
The effects of emergencies on the system, such as loosing a pumping station due to a power
outage or large transmission main due to a break, were evaluated. One of the most significant
emergency situations for a water system is drought. This topic is discussed in Section V.

Fullerton Plant and Drought Conditions.
Table IV-2 below lists the reaction time of the storage facilities in each zone for various

emergency scenarios during average day demands. For example, if the First Zone were to

loose both Montebello Treatment Plants, the storage capacity in that zone would only be able to
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support the system for 55 hours. All scenarios were evaluated for a three-day time period,

presuming most accidents and emergencies could be corrected in that time.

Table IV-2, Emergency Scenarios (Average Day, Year 2000)

Time Until
Zone Scenario Storage General Comments
Depleted
Druid Lake empty (below 200’
z/le(:\r/lit::ello WTE 142 ouof 55 hours | elevation) and Ashburton WTP near
1 maximum capacity
Druid Lake empty (below 200’
SI\'/Ie?\rllitCe:ello WTP 1 only out of * elevation) and Ashburton WTP near
maximum capacity
Two pumps on at both Vernon PS and
. R,
Ashbuiton WTE out of servis N Hillen PS, Ashburton Reservoir 70%
full at end of 72 hours, could turn on
2 more pumps if available from 1* Zone
Vernon PS out of service * Two pumps on at Hillen PS
Perry Hall Tank empty, turning on
Fulle.zrton Secand PS outof 10 hours | additional pumps at Hillen PS does not
service
help
2C | Pumping station out of service 9 hours | Storage tank empty
Three pumps on at Cromwell PS,
Guilford PS out of service * pressure drops below 30 psi in a few
3E areas
LT — % Two pumps on at Guilford PS, Towson
Reservoir drops but recovers
Ashburton PS out of service 40 hours Alltreeistarage fgcmtles SIPL e
pumps on at Leakin Park PS
3w All three storage facilities empty, % of
Leakin Park PS out of service 60 hours | system below 30 psi, system partially
recovers due to Ashburton PS
4C | Pumping station out of service 6 hours Both tanks empty within two hours of
each other
4P Both_ pumping stations out of I —— All four tanks empty within one hour of
service each other
aT Both pumping stations out of 14 hours All three tanks empty within one hour of
service each other
SF | Pumping station out of service | 12 hours Storage tank empty
SP | Pumping station out of service | 17 hours | Both tanks empty within same hour
5R Both_ pumping stations out of 6 hours Both tanks empty within one hour of
service each other
SW | Pumpin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>