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July 11, 2003

Mr. Joseph Becker

Network Engineering

Sewerage & Water Board of New Orleans

8800 South Claiborne Avenue CCN: 30214
New Orleans, Louisiana 70148 _ File No.: 14.2.100

Re:  Water Distribution System Assessment
Capital Improvement Plan — Draft Report

Dear Mr. Becker:

MWH is pleased to submit the Draft Capital Improvement Plan (CIP) for the Water
Distribution System Assessment. This report is submitted in fulfillment of all tasks
identified in the scope of work for MWH Amendment No. 8.

The CIP provides an overview of the East and West Bank water distribution systems, the
various components of the systemwide GIS, and hydraulic models. The report describes
in detail the tasks performed during the model build and calibration processes, system
analysis, and results of the evaluation. Recommendations based on the hydraulic and
structural evaluation are made for system improvements over 20-year and 40-year
periods.

The successful completion of this task has been greatly enhanced by the active
participation of the Board staff. We sincerely appreciate their assistance and
professionalism.

Sincerely,
f
anseuir

Sal Mansour
Project Manager

Distribution:
Marcia St. Martin Rudy St. Germain Bob Moeinian
G. Joseph Sullivan Jack Huerkamp Ron Spooner
Charles McKinney Eric Kelly Document Control
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July 2, 2003

Mr. Joseph Becker

Network Engineering

Sewerage & Water Board of New Orleans
8800 South Claiborne Avenue

New Orleans, Louisiana 70148

CCN: 30214
File No.: 14.2.100

Re:  Water Distribution System Assessment
Capital Improvement Plan — Draft Report

Dear Mr. Becker:

MWH is pleased to submit the Draft Capital Improvement Plan (CIP) for the Water
Distribution System Assessment. This report is submitted in fulfillment of all tasks
identified in the scope of work for MWH Amendment No. 8.

The CIP provides an overview of the East and West Bank water distribution systems, the
various components of the systemwide GIS, and hydraulic models. The report describes
in detail the tasks performed during the model build and calibration processes, system
analysis, and results of the evaluation. Recommendations based on the hydraulic and
structural evaluation are made for system improvements over 20-year and 40-year
periods.

The successful completion of this task has been greatly enhanced by the active
participation of the Board staff. We sincerely appreciate their assistance and

professionalism.

Sincerely,

Sal Mansour
Project Manager

Distribution:
Bob Moeinian

Marcia St. Martin Rudy St. Germain

G. Joseph Sullivan Jack Huerkamp Ron Spooner
Charles McKinney Eric Kelly Document Control
1340 Paydras Street Tel: 504 581 6395 Delivering Innovative Projects and Soiutiens

Fax: 504 581 8909
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Section 3 — System Characterization

Figure 3-19
Schematic of Pumping Stations
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Figure 3-20 shows the three discharge lines at the Algiers Plant. The discharge lines
range 1n size from 20 to 36 inches. The New High Lift Station discharges directly to two
lines at 30 inches and 36 inches in diameter; Pump Station C discharges directly to one
20-inch line. Both stations are capable of pumping to all three discharge lines for
redundancy. Pump Station C has six pumps, one with a capacity of 4 MGD and five
pumps with a capacity of 6 MGD. The New High Lift Station has four pumps, each with
a capacity of 7 MGD.
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Section 4 - Water Production and Demand

These diurnal curves were used in the hydraulic model to represent a consumption pattern
for the majority of the metered water consumers during the hydraulic performance
analysis. Large industrial water consumers, as discussed below, were assigned diurnal
patterns specific to the industry’s daily operations. Figure 4-7 shows that the demand
factor for the three East Bank calibration days ranges from 0.7 to 1.3 of average daily
demand. The demand factor for the East Bank maximum demand day ranges from 1.2 to

1.8 of average day demand.

Figure 4-7
Consumption Diurnal Pattern
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As shown in Figure 4-8, the demand factor for the two West Bank calibration days
ranges from 0.6 to 1.5 of average daily demand. The demand factor for the West Bank
maximum demand day ranges from 1.2 to 2.6 of average day demand.
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Section 5 — Model Development and Calibration

Table 5-1
Modeling Software Comparison

Category and Weighting | WaterCAD | EPANET H20 Map H2O Net
Model Setup (25%) 78 41 100 97
Model Simulation (20%) 100 83 &3 100
Model Output (25%) 82 40 100 100
Model Information (20%) 81 58 100 96
Advanced Features (10%) 73 55 100 100

Overall Score 83 53 97 98

The results of the scoring indicate that both H20O Net and H20 Map are top choices for creating a
model of the S&WB’s water distribution system. H20 Map has the advantage of a wide range of
features and a relatively low cost for the software and support. H20 Map also has a particular
advantage in its ability to directly interface with GIS as a stand-alone application, which works
especially well in light of the S&WB’s existing GIS system, both from the standpoint of familiarity
with GIS as well as the associated cost savings by not requiring the purchase of additional software
for graphic interface (i.e., AutoCAD). H,O Map version 3.0 was recommended and selected as
the model software for this project.

5.2 MODEL COMPONENTS

A spatial data management system was used to efficiently analyze and model the water
distribution systems. The hydraulic model components consist of ArcView GIS files,
customized GIS tools, and H,O Map modeling software. Figure 5-1 shows a schematic data
flow diagram of the model components and data management system implemented for this
project. This system allows easy access to data and also provides the flexibility of being able to
quickly move data between GIS and H,O Map for model simulations and viewing of results
graphically through GIS. The data management system also preserves the integrity of system
data through numerous model simulations.

5.2.1 ArcView GIS

The water hydraulic model implemented a GIS/Data Management System based upon the ESRI
ArcView 3.x software platform for all data management activities. The purpose of the GIS files
is to include all facilities within a spatial database. Locating all facilities within one database
allows for improved management of data and an easily accessible data source.

5.2.2 Customized GIS Tools

Model build activities were carried out through the use of an ArcView Model Extension
customized by MWH. Similar extension tools were developed by MWH for the SSERP
hydraulic model of the wastewater collection system. The tools were developed in ArcView
programming language, Avenue, to help assure quality and prevent errors in the model build
process. The tools typically automate a manual process that may have associated user errors. A
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Section 5 — Model Development and Calibration

5.2.3 H,0 Map

H,O Map version 3.0 was used as the primary hydraulic analysis simulation platform.
Additional software modules purchased by the S&WB include the following:

. H,O Map Skeletonizer: Simplifies and reduces large GIS models to a manageable size
ready for hydraulic analysis. Automatically reduces excessive pipe segmentation (caused
by valves, fire hydrants, and data capture process) by dissolving interior nodes based on
any specified combinations of physical characteristics (e.g., series pipes of similar
diameter, material or age), removes pipes less than a specified diameter, and trims short
pipe segments including dead ends and hydrant leads.

) H;O Map Allocator: Geocodes meter billing data to determine the demand at each
junction node by identifying and summing all the customers/meters in its associated
demand area polygon. Calculates demands based on a direct spatial intersection between
demand categorization polygons (e.g., land use polygons, population polygons, pressure
zone polygons, and others) and demand area coverage polygons. Calculates demand
nodes by summing individually assigned consumption category polygons. Locates the
junction closest to the billing meter by using advanced search algorithms and then
allocates nodal demands. Locates the closest pipe to each meter, then assigns demands to
the nearest junction node on either side of the pipe or divided based on a distance-
weighted approach.

° H,O Map Calibrator: Uses Genetic Algorithms and Global Search control strategies to
optimally adjust pipe roughness coefficient, link status, and demand distribution to
provide a calibrated model and best reflect what is actually occurring in the system. The
program minimizes the difference between observed field data and model predictions
considering all test data simultaneously to provide the best calibration possible. Ability
to disaggregate the network model into separate logical calibration groups based on the
known physical characteristics of the associated pipes (e.g., material, age, diameter,
location) and evaluate their fitness under various demand loading and operating
conditions and to maximize efficiency.

5.3 MODEL DEVELOPMENT METHODOLOGY

The modeling methodology follows a logical progression of events including data acquisition,
model construction, and assumptions made for the model build process.

5.3.1 Data Acquisition

In order to develop a hydraulic model and evaluate the distribution systems, it was necessary to
gather available data for the distribution systems and the Water Purification Plants. The majority
of the data was obtained from the Sewer and Water Maps, which are maintained by the S&WB.
Other sources of information for the water system facilities were collected and used to help
verify asset information.
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Section 5 — Model Development and Calibration

The principal sources of data include the following:

New Orleans City Planning Commission Land Use Reports - In conjunction with the SSERP,
MWH obtained information on a population study and the future land use and growth for the
City of New Orleans through the year 2020. Land Use Reports compiled by New Orleans
City Planning Commission were made available to MWH. These reports and maps identify
potential areas of growth or re-development in the city. Additional information was received
from the Planning Commission in 2002 to update the areas in the city identified for
re-development.

S&WB Comprehensive Annual Financial Reports - MWH reviewed the S&WB
Comprehensive Annual Financial Reports from 1996 to 2001. The annual reports provide
information for both the East Bank and West Bank water distribution systems including
quantity of water treated, quantity of water consumed, quantity of free water (water provided
for public use), power usage, and revenue from water charges.

Water Billing Data - The S&WB Computer Center provided monthly water consumption
data for the East and West Bank. This information included the quantity of metered water
and water use category (i.e., residential, commercial, and industrial). The S&WB Computer
Center also provided information on free water annually contributed to the public, including
the quantity of water consumed, and estimated cost to the S&WB to provide water and sewer
services.

Leak Detection Reports - Leak detection reports for the distribution systems are completed
weekly and submitted to the S&WB by Earth Tech. These reports were available to use to
identify the areas of the distribution systems where leaks have been detected.

S&WB Maps - MWH received maps and plans of the water systems (including mains and
pump stations) which are maintained by the S&WB. Sewer and Water Location Maps,
drawn to scales of 17=60" and 17=100", detail the sewer collection and water distribution
systems and include pipe location, pipe size, general valve and hydrant location and
reference numbers. Valve and Hydrant Maps (not drawn to scale) contain information
related to the water systems and provide information on the location, pipe size, general valve
and hydrant location and reference numbers.

S&WB Construction Field Books - Handwritten construction field books prepared by S& WB
inspectors are frequently referenced on the Sewer and Water Location Maps. The field
books include information such as location, record or “as-built” dimensions and notes, dates
of installation, location of house connections, and names of contractors performing the work.
These field books are stored at the S&WB and were available to MWH.

Pitometer Engineering Associates Drawings - Drawings completed by Pitometer Engineering
Associates (1988) were obtained from the S&WB. These drawings include the location,
flow, pressure, and size of the major water transmission and distribution mains (12 inches
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Section 5 — Model Development and Calibration

and larger). Additional “as-built drawings” of the water purification plants, pump stations,
and storage tanks were also made available to MWH.

Additional sources of information include complaint data and asset inventory from CassWorks,
U.S. Census data, zoning maps, digital 2-lined street maps, digital contour mapping, digital aerial
ortho-photographs, future consumption estimates from the sewer model, and daily logsheets
from the Water Purification Plants. All references and sources of data for the Water Master Plan
are listed in Appendix A.

5.3.2 Conversion of Water Maps to GIS Format

All of the system Sewer and Water Maps were originally digitized in 1997 during the sewer
model build process for the SSERP. The sewer and water systems were digitized on separate
layers. The location and attributes of the nodes and pipes of the water distribution systems were
shown on 616 Sewer and Water Maps. The maps were not based on any regular grid and were at
varying orientations. In order to convert this data to electronic format, the locations of the water
nodes and pipes were digitized. This was accomplished by scanning each map to create an
electronic image and then downloading the scanned image into AutoCAD software.

Once aligned, the outline of the map was traced onto one layer of an AutoCAD drawing, the
pipes were traced onto a second layer, the nodes were transferred to a third layer, and any written
notes or other annotations were added to a fourth layer. Nodes are defined as valves, hydrants,
corporation cocks, junctions (caps, crosses, or tees), and reducers. The AutoCAD drawings were
then transferred into a GIS system. One GIS file was constructed for both the East Bank and
West Bank systems.

When noted on the maps, reference data was entered for pipes including material, diameter, and
the upstream and downstream nodes. The majority of pipes had no diameter or material
indicated. As each node was digitized, a full reference was attributed to it. The node naming
convention followed the same general naming convention as on the Sewer and Water Maps.
Each node was identified with a letter for the node type followed by a “-*, the map number
followed by a “-“, and a three digit sequential number. For example, the node ID for the first fire

hydrant, node type F, on map number 253 is indicated as F-253-001.
5.3.3 Network Editing in GIS

Once the GIS files were retrieved, the East and West Bank systems were separated into two files.
As the two water distribution systems operate separately, one model was constructed for each
system. Separating the two systems in GIS also allowed more than one person to edit the
networks at the same time. Creating, editing, and managing of the water links and nodes in the
GIS files was conducted using the customized model build application developed by MWH,
WDTTE Water.

When the Sewer and Water Maps were digitized in GIS, “ghost” nodes were created to hold a
curve in a line, which is typically accomplished by vertices in a pipe segment. The “ghost™
nodes created an extensive network with many small pipe segments that actually represented
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Section 5 — Model Development and Calibration

fewer pipe segments according to similar pipe characteristics. H;O Map Skeletonizer was used
to simplify out the “ghost™ nodes and create vertices in the network systems. The skeletonized
networks more accurately represent the actual distribution systems.

Network editing in GIS included checking and editing the water facilities in the GIS files in
comparison to the available data sources before importing the model structure into H;O Map.
The GIS files for the water nodes and links were checked against the Sewer and Water Location
Maps for accuracy and made consistent with the maps. The Valve and Hydrant Maps were used
to verify network information not available on the Sewer and Water Location Maps. The
following is an overview of the procedures taken to check and edit the GIS files for the water
nodes and links.

Database characteristics for pipelines include ‘From’ and ‘To’ nodes, length, diameter,
roughness, date of construction, and data sources for each characteristic. Database characteristics
for nodes include identification (ID), node type, x and y coordinates, elevation, demand node for
model purposes, and data sources for each characteristic. Numerous checks were conducted on
the pipeline and node information, including the following:

e All pipe segments and nodes were verified to show location; some pipes and facilities were
redrawn to more accurately show their locations.

o Connectivity was checked for each pipeline for the correct ‘From’ and ‘To’ nodes.
All pipe segments were also verified for diameter, material, and age of construction.
Nodes were checked to verify node types and location.

Assumptions made for purposes of network editing in GIS included the following:

e A separate pipeline is defined wherever two or more pipes intersect and wherever a pipeline
changes size.

e Pipe length was calculated in ArcView.

e When pipe material or diameter was not available from the maps, the CassWorks inventory
database was utilized. CassWorks was the main source of age information. Some pipe
segments did not have material, diameter, or facility age information on the maps or
CassWorks. In these cases assumptions were made, as discussed in the following subsection.

¢ Node types include valves, fire hydrants, corporation cocks, and junctions.

Junction node types were defined as a dead-end (cap), the intersections of two or more
pipelines (cross or tee), or at the location where any pipeline changes size (reducer) or
material.

Scripts available in ArcView were also used to perform quality assurance checks for the manual
network editing in GIS. The function of the scripts is similar to the customized GIS tools created
by MWH. The scripts automate a manual process that may have associated user errors. The
following scripts were used in ArcView during the GIS cleanup process:

e Get Covered Lines: checks for polylines (as drawn in ArcView) completely covered and
hidden by other polylines
e Getdupes: identifies duplicate values for pipe and node IDs
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Section 5 — Model Development and Calibration

e Frenchman’s Connectivity: checks the connectivity of the ‘From’ and ‘To’ nodes for each
line segment based on proximity

The final GIS files include all pipelines two inches in diameter and larger, other than private
pipelines not maintained by the S&WB.

5.3.3.1  Assumptions for Network Editing

Following are the general assumptions made when information for the water facilities was not
available. All data sources were listed in the GIS files for documentation and future reference.
Information entered into the hydraulic model based on assumptions is identified as such. If the
assumptions were later verified, the data source was modified accordingly.

Missing pipe diameters were derived from known pipe sizes upstream and downstream of the
pipe segment in question. If there was no change in known pipe diameter values, then all pipes
between the known values were assumed to be that size. For pipe segments that did not have
diameters identified upstream or downstream, the diameter was assumed by matching the
diameter of pipes within the same general location. For example, if the majority of pipes within
a neighborhood were six inches in diameter, that pipe segment was also assigned a diameter of
six inches.

Unless otherwise noted on maps or CassWorks, the material of the pipe was assumed based on
the date of construction. As defined by the S&WB, the date of construction and associated pipe
material are as described in Table 5-2.

Table 5-2
Pipe Material According to
Date of Construction

Date Constructed Pipe Material

1900 to 1950 Cast Iron
1950 to 1970 Asbestos Cement
1970 to Present Polyvinyl Chloride

If the date of construction was not available, the pipe material was estimated by matching the
material of pipe within the same general location. For example, if the majority of pipes within a
neighborhood were constructed of cast iron and one pipe segment did not have a designated
material, that pipe segment was also assigned cast iron for material.

The CassWorks database provided 64 percent, by length, of the installation years of water mains.
To determine the remaining ages, the Sewer and Water Location Maps provided some pipe age
information. The Sewer and Water Location Maps also reference construction field books,
which contain actual field recorded construction information and the time period during
construction. When field books were referenced on the maps, the installation year of the water
main was determined based on the time period the field books were in use. Using this method,
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Section 5 — Model Development and Calibration

13 percent, by length, of the water main installation dates were determined. The remaining water
main installation dates were assumed based on all available data of surrounding pipes.

As a node was named, renamed, or a new node was added, the format for the ID was created as
“Map number”- “Next largest number”. For example, if a new node was added to map number
327, and the largest node ID currently on that map was 327-299, then the new node ID was
created as 327-300. All subsequent nodes that were named, renamed or added were given the
next largest number.

5.3.4 Network Simplification

The GIS networks contain large data sets with very detailed information of the distribution
systems. The detailed GIS data was processed to exclude excess information not required for the
hydraulic model. A skeletonized, or simplified, version of the GIS files was used in H,O Map
for the purpose of running a model with a manageable sized network. The customized GIS tool,
Simplify, was used to simplify the GIS networks. All junctions, check valves, and select
hydrants used for field testing were kept in the simplified networks. All other valves and
hydrants were skeletonized out of the networks for the purpose of a simplified hydraulic model.
If the pipe criteria for diameter, material, and installation date did not vary on the connecting
pipes, they were merged together as a single pipe. Table 5-3 provides a summary of the system
components in GIS and in the simplified network used for H,O Map. The module H,O Map
Skeletonizer was not be used for this step since all nodes are deleted permanently from the
networks utilizing this module.

Table 5-3
GIS and H,O0 Map
Network Components

GIS Network H,0 Map Network
Network (Simplified)
Component East West East West

Bank Bank Bank Bank
Pipe Segments 44 600 6,200 18,200 2,600

Nodes 40,100 5,700 13,800 2,100

Note:
1 — Data from GIS and H,0 Map and rounded to the nearest hundred

5.4 MODELING SYSTEM ASSETS

Modeling water assets involves the input of relevant data into the model to describe the specific
characteristics of the water assets. This includes assigning elevations, allocating water demand,
and assigning operating controls.

The location of water assets including pipes, nodes, pump stations, and storage tanks were
modeled based on Sewer and Water Maps to include pipe layout and connectivity. Model inputs
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Section 5 — Model Development and Calibration

After reviewing the metered consumption files for completeness and uniformity, the following
assumptions were made:

e Negative consumption values indicated that the previous reading exceeded actual
consumption (overbilling).

e ‘Zero’ address numbers and ‘zero’ zip codes represent water consumption location at
fountains, commercial wharves, or construction sites.

Two tables were generated from the metered consumption data in a Microsoft Access database:
an address table and a consumption table. The address table consisted of address data for the
spatial allocation task, while the consumption table consisted of monthly volume data for the
consumption analysis task.

5.4.2.1  Spatial Allocation

Spatial allocation is the process where a spatial graphic is created based on address data in
tabular form and a spatial reference theme. The spatial allocation task consisted of geocoding
the address information for the water consumption data set. The address data table was used to
geocode the unique consumer accounts to a location relative to New Orleans street coverage.
User accounts that could not be accurately geocoded by street address were allocated with the
5-digit zip code area associated with the address.

The ArcView geocoding engine was implemented for the geocoding procedure. Geocoding
accuracy is a function of the completeness and accuracy of the tabular address data and spatial
reference theme. The City Planning Commission provided street centerline data set for a local
spatial reference. After review of the street centerline data theme, it was identified that effective
geocoding results could be produced by geocoding all user accounts to the corresponding city
block versus the exact address. This spatial accuracy is acceptable taking into account both the
desired detail level of the model and the level of detail held within the distribution system
network data.

A second spatial reference theme, 2000 Census Topographically Integrated Geographic
Encoding and Referencing (TIGER) files, was used for geocoding user accounts that could not
be accurately geocoded to the City Planning Commission street centerline data set. The U.S.
Census Bureau created TIGER lines, a set of digital maps containing most streets in the United
States. These files were obtained for the city of New Orleans with street data consisting of name
and address information. Street centerline attributes of interest included street name, high/low
address range, and zip code.

Each unique meter account was geocoded as a point relative to the street GIS shape files with
one of four procedures: (1) Centerlines or TIGER lines with street and zip code, (2) Centerlines
or TIGER lines with streets only, (3) zip code only, or (4) individually geocoded.

The geocoding methods (1) through (3) were utilized based on available data for the location of
the water consumers. The first procedure represents a higher level of accuracy in comparison to
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Section 5 — Model Development and Calibration

the third procedure. If a water consumer record did not have the required criteria for the first
geocoding procedure, the second or third procedure was followed.

The geocoding method (4) was utilized for large water consumption user accounts. This method
is the most accurate by assigning the users to their actual spatial location based on the exact
street address. Users with an assigned average monthly water consumption value greater than
one (1) liter per second (approximately 23,000 gpd) (MWH Model Standard) were identified as
large users.

The geocoding effort produced graphics with a database link containing a record for each user
account and associated data fields including address information, geocoding match status and
confidence scoring factor. A sensitivity analysis was conducted on the matched accounts
addressing the correct spatial allocation relative to the confidence-scoring factor. After review, a
baseline level match score was set for acceptance where all accounts scoring less than were
considered spatially unmatched.

Unmatched user accounts records were scored low for geocoding confidence typically due to
slight differences in address spelling or other discrepancies between the address data sets.
Common examples included alternative street name or spelling conventions, address with two
street directions, numerical street name, house numbers spelled out, and ambiguous addresses.
Many of these were verified and adjusted as matched records.

The following table summarizes the results and confidence level from the geocoding process. In
Table 5-4 the overall system (East Bank and West Bank) results are shown. Of the 150,541
meter locations, approximately 99 percent (149,498 accounts) were geocoded with confidence to
an accurate street block location. These accounts represent 69.4 MGD, 99.3 percent, of water
consumption.
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Section 5 — Model Development and Calibration

Table 5-4

Summary of Metered Water Consumption

East and West Bank (1997 to 2001)

5-Year -

Geocoding 1998 2000 2001 Avg Final
Process Accounts Demand Demand Demand Demand Demand
(MGD) (MGD) | (MGD) (MGD) (MGD)
New Orleans | 137,314 60.04 59.00 58.01 59.30 58.12
Centerlines
(street/zip)
U.S. Census 10,971 5.92 5.85 5.56 5.76 5.70
TIGER lines
(street/zip)
New Orleans 119 0.03 0.01 0.05 0.03 0.03
Centerlines
(street only)
TIGER lines 482 0.22 0.36 0.33 0.33 0.39
(street only)
Individually 612 5.03 5.58 5.29 5.31 5.12
Geocoded
Subtotal, 149,498 71.22 70.80 | 69.24 70.72 69.36
Verified
Subtotal| 1,043 0.87 0.83 0.84 0.84 0.86
Unverified
Total 150,541 72.09 71.63 70.08 | 71.56 70.22
Verified (%) 99.3% 98.8% 98.8% | 98.8% 98.8% 98.8%
Unverified 0.7% 1.2% 1.2% 1.2% 1.2% 1.2%
(%)

The 1,043 metered accounts for which locations were not verified and thus, allocated separately
represent approximately one percent (approximately 0.86 MGD) of the total water consumption.
This water consumption data was geocoded by zip code and is shown in Table 5-5.
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Section 5 — Model Development and Calibration

Table 5-5

Metered Water Consumption Geocoded by Zip Code
East and West Bank (1997 to 2001)

Zip 1997 | 1998 | 1999 | 2000 | 2001 sg:gr Final
Code Accounts | Demand | Demand | Demand | Demand | Demand Demand Demand
(MGD) | (MGD) | (MGD) | (MGD) | (MGD) (MGD) (MGD)
70112 3 0.003 0.002 0.000 0.000 0.000 0.003 0.000
70113 13 0.028 0.026 0.026 0.028 0.024 0.027 0.027
70114 9 0.001 0.001 0.002 0.001 0.002 0.002 0.002
70115 9 0.006 0.014 0.016 0.013 0.007 0.012 0.012
70116 5 0.005 0.004 0.005 0.004 0.004 0.005 0.004
70117 14 0.016 0.004 0.003 0.003 0.006 0.021 0.007
70118 37 0.042 0.033 0.029 0.027 0.030 0.032 0.030
70119 14 0.000 0.001 0.000 0.000 0.001 0.002 0.001
70122 15 0.008 0.015 0.009 0.005 0.008 0.012 0.009
70124 116 0.027 0.025 0.028 0.029 0.026 0.028 0.027
70125 24 0.015 0.018 0.011 0.010 0.012 0.016 0.012
70126 90 0.078 0.100 0.158 0.146 0.158 0.139 0.132
70127 177 0.223 0.242 0.233 0.207 0.221 0.231 0.219
70128 64 0.061 0.072 0.058 0.060 0.060 0.079 0.070
70129 77 0.073 0.103 0.074 0.066 0.088 0.103 0.092
70130 27 0.034 0.036 0.029 0.029 0.023 0.035 0.034
70131 349 0.178 0.171 0.174 0.206 0.177 0.191 0.186
Total 1,043 0.798 0.867 0.855 0.834 0.847 0.938 0.863
54.2.2  Demand Analysis

As a part of the consumption analysis task, statistical averages were estimated of all recorded
consumption volumes for each user account from 1997 through 2001. Each user account
contained 24 fields grouped in 12 field pairs (monthly readings) of recorded water meter
consumption and meter reading date. The data set contained some records that did not include
meter readings for each month. In order to assign an average monthly consumption per account,
the following assumptions were made:

e The average monthly consumption was calculated by taking the total volume divided by the
total number of meter readings.

e Meter readings equal to zero were not included in the average calculation.

* Meter readings shown as negative volumes were included in the average calculation in order
to account for overbilling cycles.

¢ Demand allocated to nodes on pipes less than or equal to 20 inches in diameter.

MWH PAGE 5- 24



Section 5 — Model Development and Calibration

The results of the consumption analysis included total water consumed and total number of meter
readings for each customer account per year. This allows for monthly and yearly comparison
and quality assurance checks. Each user account record was assigned a total consumption
volume, total number of readings per year, an average daily consumption based on monthly
readings, an average daily demand for each year, and a five-year average demand. Some
accounts had unusually high, low, or even negative consumption values for certain years,
resulting in an inaccurate demand average. The data was analyzed to remove outliers, such that a
more accurate average demand could be calculated based only on the “reliable” readings, called
Final Demand. The results of the consumption analysis are shown in Table 5-4.

After water consumption accounts were geocoded and represented spatially, the associated
consumption could be allocated as demand to the system based on their location relative to the
network components of interest (pipes vs. junctions). While several procedures can be used to
allocate demand, two methods were performed and compared for the verified water consumption
accounts: Thiessen Polygon process and H,O Map Allocator. The unverified water consumption
accounts were allocated by zip code. The Thiessen Polygon process utilizes the closest junction
allocation method, where geocoded demand was assigned to the junction (demand node) that was
closest to the consumer location. The H,O Map Allocator module allocates demand to the
closest pipe then splits the demand to the upstream and down stream junctions of that pipe
segment.

In comparison, the closest pipe concept assigned demand to a more accurate location of water
consumers. The H;O Map Allocator module was therefore used for the final demand analysis.
Both methods are described below.

Thiessen Polygon Process

Metered consumption values were allocated to model junctions specified as demand. There were
a total of 6,356 designated demand nodes, 5,679 out of 13,045 junctions on the East Bank and
669 out of 1,774 junctions on the West Bank. Allocating both verified and unverified accounts
required the creation of Thiessen polygons around demand nodes.

Thiessen Polygons were created for each demand node to define the demand coverage area.
Thiessen Polygons are unique shapes that create boundaries around all points within an area
closest to the demand node without overlapping with other polygon boundaries. Each Thiessen
Polygon represents the coverage area of water consumers for each demand node.

An ArcView script, Calculate Demographics, was used to allocate the unverified consumption
accounts. The script allocates demand to the nodes based on the percent of the zip code
polygon’s area contained within the Theissen Polygon. For example, if a Thiessen Polygon
contained 10 percent of the area of a zip code polygon, then the demand node would be assigned
10 percent of the consumption associated with that zip code.

Demand from major consumers was allocated separately. Major consumers were previously
determined to be those records with consumption for the year 2001 greater than 1 liter per second
(approximately 23,000 gallons per day). For these 326 major consumer accounts, the associated
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consumption value was allocated to the nearest junction using an ArcView script, Nearest
Feature. Those nearest junctions were then assigned the consumption value for the particular
major user.

Each demand node contained within the Thiessen Polygons represents the sum of demands
allocated by street geocoding, allocated by zip code, and those large users individually geocoded.

H>0 Map Allocator Module

The H,O Map Allocator module assigns geocoded water consumption points to the closest pipe
by geographic proximity. The demand assigned to a pipe segment is then evenly divided and
allocated to the upstream and downstream junctions. In final comparison, this method provided
a more accurate allocation of demand based on proximity and was used for the final system
analysis.

To allocate demand for large water consumers, the nearest demand node was assigned all of the
demand instead dividing this value to the upstream and downstream junctions of the pipe. The 17
major user accounts on the East Bank accounts for approximately 7 percent (4.3 MGD) of flow,
while the seven major user accounts on the West Bank accounts for approximately 15 percent
(1.02 MGD) of flow. Because these few accounts make up a large percent of flow, these major
accounts were specifically checked for accuracy in geocoding and moved when necessary.
Therefore, the demand was allocated more accurately to a single, closest junction on the closest

pipe.

The H,O Map Allocator module was not used to allocate the unverified water consumption. The
unverified water consumption was allocated by zip code to pipes less than or equal to 20 inches
in diameter. Each pipe within a zip code was allocated a percentage of that consumption based
on pipe length, then evenly divided to the upstream and down stream nodes. The consumption
allocated by zip code was designated as a separate demand within H,O Map. The Allocator
module directly assigns demand to the hydraulic model, which can store up to 10 demand values
and patterns. The following demand fields were designated for specific demand types and
diurnal pattern (discussed further below):

Demand] = General consumption for East Bank and West Bank
Demand?2 = Large consumer demand

Demand3 = Unverified demand allocated by zip code

Demand4 = UFW loss

Demand5 = Calibration day hydrant flow

Demand6 = Future demand

Each demand node identified in the hydraulic model therefore had up to six demands and diurnal
patterns assigned. The total demand allocated to one node is calculated by summing the values
in all six demand fields.

Unaccounted-for Water
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Upon comparison of the total water production with the metered water consumption data, a
significant daily flow for UFW was identified, as discussed in Section 4. The UFW was
assumed to represent non-metered water demand and leakage throughout the distribution system.
In order to accurately predict system hydraulics for the model calibration and analysis, all water
demand, including UFW, must be accounted for and allocated within the model. Without
knowledge of the exact location of UFW, assumptions were made to represent the water usage
on a system-wide basis. Several methods were utilized to allocate UFW, as discussed below.

The first method utilized to allocate UFW was to apply a single system-wide demand factor to
each pipe segment. The demand factor represented the percentage of UFW according to the
water audit conducted for the distribution systems. This demand factor did not take into account
the potential for some pipe segments to be distributing UFW at a different flow rate based on
pipe capacity or potential for pipe failure. Upon further investigation, it was determined that
pipe characteristics should be used as criteria to more accurately estimate UFW.

The UFW water was allocated throughout the distribution system based on physical pipe
characteristics. General assumptions were made to prioritize pipe characteristics by material,
date of installation (age), and length. Based upon engineering experience and history, certain
known pipe deterioration assumptions were chosen as factors for allocation of UFW. Table 5-6
shows the pipe material and pipe age factors used to allocate UFW.

Table 5-6
Unaccounted-for Water Allocation Factors
Criteria Factor

Material
Cast Iron 0.20
Copper 0.10
Asbestos Cement L 0.25
PVC/Plastic I 0.05
Steel 0.10
Prestressed Concrete 0.10
Ductile Iron 0.15
Concrete 0.25

Age (Years) ,,

| 0 1.0
25 1.2
50 1.4
75 1.8
100 2.0

Each pipe segment was assigned an allocation factor based upon length, material, and date of
installation. The allocation factor was calculated as a combination of the pipe material and age
factors with heavier weighting placed upon the pipe material. More weighting was applied to the
pipe material. Once the pipe allocation factor was calculated, each pipe was allocated flow as a
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percentage of total system UFW flow based upon pipe length. Using this method, twice as much
flow is allocated to a pipe segment 100 feet in length versus a pipe of 50 feet in length, assuming
all other pipe characteristics are identical.

Each of the factor based weighting schemes applied the assigned factor to the pipe segment
length as a percentage of the total system pipe length. The allocation of UFW to each pipe
segment in the distribution system was calculated with the following derived equations.

Water Main Length
Y (Length)

o Length Based Flow = UFW x

Water Main Length x Material Factor
Y. (Length x Material Factor)

e Material Based Flow = UFW x

Water Main Length x Age Factor
> (Length x Age Factor)

o Age Based Flow = UFW x

Water Main Length x
(Weighted Material Flow + Weighted Age Flow)
> (Length x
(Weighted Material Flow + Weighted Age Flow))

o Weighted Flow = UFW x

The weighted flow was used as the UFW value allocated to each pipe. Table 5-7 shows an
example calculation of UFW allocated to a 6-inch pipe. The weighted flow was assigned to the
upstream and downstream junctions of each pipe segment for modeling purposes. Figure 5-7
shows the allocation of UFW for the East and West Bank systems, respectively, based on a
percentage of demand in each pipe segment.

Table 5-7
Unaccounted-for Water Allocation Example
Pine Characteristic UFW Allocation Based on .
P Pipe Characteristic (gpm) W;llghted
—— ow
Diameter | Length . Date of . (gpm)
 (inches) | (feet) Material Installation Length |Material; Age
6 100 AC 1972 0.39 0.47 1.42 0.81

5.4.3 Diurnal Pattern

The existing system model was created as a 24-hour extended period simulation (EPS) model. A
24-hour EPS model is one which simulates various demands during different hours of the day,
with greater demands during peak hours. Hourly flow summaries are determined for the
contributions to the distribution system from pump stations and storage tanks. The production
diumnal curve was created, as discussed in Section 3, based on data gathered from the water
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purification plants and metered demand for 2001 through 2002. The estimated hourly production
was adjusted with the metered demand to account for water losses. Using this data, a
consumption diurnal curve was created with factors for each hour representing the demand for
that hour compared to the average for the entire day. Diurnal patterns were also developed
specifically for the days during which field testing was conducted in order to compare the field
testing data to the model results.

The demand curves assigned to the East and West Bank systems are discussed in Section 3 and
shown in Figures 3-7 and 3-8. The specific diurnal curves assigned to the four large industrial
users on the East Bank are shown in Appendix B. The UFW loss was assigned a constant
demand over a 24-hour period. Demand curves assigned to the hydrants used for field testing
represent constant demand over a 15-minute period to model the flows run for static and residual
pressures, as described below in model calibration field testing.

5.5 MODEL CALIBRATION

Model calibration is a process that is implemented to verify that the computer representation of
the distribution system responds to hydraulic parameters in the same manner as the existing
physical system. The general purpose of model calibration is to determine the actual operating
conditions that occur in the water distribution system in comparison with the computer model
predictions. The comparison serves as a check for the model results so that the model reflects
the response of the physical system to various conditions.

5.5.1 Field Testing

The objective of the field testing is to obtain instantaneous flow and pressure data at various
locations throughout the distribution system. Outlined below is the testing protocol and specific
locations where testing was performed. Twenty sites were tested to obtain sufficient data for
calibration. Generally, each test provides the following information at the time that the test was
performed:

¢ All inflows into the system - including flow from pumps and tanks
e All outflows from the system - including water use from customers and test hydrant flows
e Pressure at various points throughout the system

The calibration tests should “stress” the distribution system so that the data will reflect the
system’s reactions to a range of operating conditions. To accomplish this, water is released
during each test from one or more hydrants until a minimum pressure drop of 5 psi is
experienced at the test location. The pressure drop provides a range in operating conditions to
simulate “stress” on the system.

Several activities were accomplished prior to conducting the field tests. Each hydrant that was
opened during testing was inspected to see that they were operational without significant
leakage. All test equipment including pressure gauges, flow meters, pitometers, etc. were
checked for operation, accuracy and differences in readings were recorded for reference.
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The following equipment was used for the hydrant testing:

¢ Radios for each of the testing personnel
Two pressure gauges (0-100 psi range) for use on 2%:-inch hydrant nozzles. Pressure gauges
were provided by the S&WB and MWH. The two gauges were calibrated against each other
and the difference in readings was recorded as shown below.

e Two hydrant flow meters (pitot tube diffusers) for use on 2%-inch hydrant nozzles. Flow
meters were provided by the S&WB and MWH. The two flow meters were calibrated against
pressure gauge #2 and the difference in readings was recorded as shown below.

e Four hydrant wrenches
Pressure loggers (three were available and utilized on the West Bank and six were available
and utilized on the East Bank)

Following is the calibration data for the pressure gauges and pitot diffusers used for data
collection. Pressure gauge #2 was used to record all pressure readings at the residual test
hydrants. For the purpose of comparing the pressure data collected, pressure gauge #2 is
considered the standard pressure against which all other gauges are calibrated. The variances in
pressure readings for each pressure gauge and pitot diffuser are listed below in Table 5-8.

Table 5-8
Variance in Pressure Readings
for Field Equipment

Variance from
Pressure Gauge/ Pressure
Test . . Pressure Gauge #2

Diffuser (psi) .

(psi)

1 #2 62 N/A
1 #5 60 -2

2 #2 15 N/A
2 Red diffuser (MWH) 12 -3

3 #2 20 N/A
3 Grey diffuser (S&WB) 17 -3

Notes:

1 - N/A = Not Applicable

At least three MWH staff were present in the field to conduct the hydrant tests. One person
monitored the pressure and flow from the test hydrant and coordinated readings from the flow
hydrants and pump stations. One person monitored the flow and pressure at each of the flow
hydrants (up to two hydrants were used to provide a pressure drop at the test hydrant). One
person was present at each of the East Bank pump stations that were in operation (Station A&B
and Claiborne Station) to record operating data. The S&WB staff at the West Bank pump station
provided assistance to record operating data during the hydrant tests.

Available pump curves were obtained from the S&WB for all of the distribution pumps at both
the Claiborne and Algiers Purification Plants (except Algiers Pump 3). During the field
collection on the East Bank, Claiborne Pumps 1, 2, and 3 as well as Pump B were in operation.
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The S&WB staff indicated that the pump stations at the Claiborne Plant currently have no type of
meter to accurately record flow data (the existing venturi meters are not accurately functioning).

Following is a summary of the procedure followed while conducting the field tests. The testing
was conducted from September 11 through September 20, 2002. Each test followed the step-by-
step instructions listed below. All data and comments were recorded on data collection forms
provided by MWH.

Step 1 — watches were synchronized.

Step 2 - flow monitors were installed on distribution pumps and pitot diffusers on flow
hydrants (remove cap from 2%-inch nozzle and open hydrant valve to flush barrel before
attaching pitot diffusers).

e Step 3 — pressure gage was installed at the residual hydrant test site (remove cap from
2 Y4-inch nozzle and open hydrant valve to flush barrel before attaching pressure gauge).

e Step 4 - static pressure and time of test were recorded at test site hydrant.

Step 5 - by radio, the test coordinator instructed both people stationed at the flow hydrants to
begin the test flow until a minimum of 5 psi pressure drop was observed at the test site
hydrant. If sufficient pressure drop was not obtained, the test was relocated to a new site.

e Step 6 - when pressure at the test site and flow from the hydrants stabilized (usually three to
five minutes), the coordinator called for and recorded the flows from each hydrant and
recorded the pressure at the test site hydrant. The coordinator also instructed the remaining
personnel to take pressure flow and/or level readings at the pump stations. Readings at the
pump stations were recorded on separate field forms for documentation. The location of
each hydrant was recorded as well as its flow rate.

e Step 7 - the coordinator instructed the flow hydrants to be closed. All field personnel
understood the importance to close the hydrants very slowly (over about a one minute period)
to prevent the rupture of pipes caused by water hammer.

e Step 8 - the coordinator again read and recorded the static (rebound) pressure at the test
location.

e Step 9 - test was concluded (equipment removed and hydrant caps replaced). Field personnel
moved to the next site.

Sixteen (16) hydrant tests were performed on the East Bank and four hydrant tests were
performed on the West Bank for a total of 20 field tests conducted throughout the City of New
Orleans. Initial readings from the pump stations and the residual hydrant were recorded after the
residual hydrant was opened for each test. Once the flow hydrants were open and a pressure
drop of at least 5 psi was detected at the residual hydrant, a residual reading was recorded at the
pump stations, residual hydrant, and flow hydrants. A total of two readings were recorded for the
flow hydrants and the pump stations during each test. A rebound pressure was recorded at the
residual hydrant once the flow hydrants were closed and pressure stabilized (approximately five
minutes). A total of three readings were recorded for each of the residual hydrants.

Data collected during the hydrant tests is summarized in Appendix D.
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The following information was recorded for the pump stations:

Time of the reading

Discharge totalizer volume (gallons)

Flow rate (gpm) and velocity (fps)

Pressure (psi)

Wet well water level (ft) for Pump Station A&B only

Pump speed (rpm) for Claiborne Pump Station, Pump 1 only

® o @ o o o

Portable, ultrasonic flow meters were installed on three of the four pumps in operation at the
Carrollton Purification Plant. Due to the configuration of the discharge piping and valves, there
is a very limited amount of space available to install the flow monitors. The sensors for the flow
monitors were attached to the discharge pipes, downstream of the valves, which were exposed
below ground-level in the valve pits. Following in Table 5-9 is a summary of the pumps that
were in operation during the tests and the location of the flow meters.

Table 5-9
Pump Station Operating Data
East Bank
Pump Station | Pump | Operating Flow Meter

1 Yes Yes
. 2 Yes No
Claiborne 3 Yes Yes
4 No No
A No No
A&B B Yes Yes
Panola ! No No
2 No No

At A&B Pump Station a portable, ultrasonic flow meter was attached to the 36-inch discharge
line from Pump B. The discharge flow and velocity were recorded with this meter. Pressure was
read from a permanent pressure gauge installed on the pump discharge. The wet well water level
was read from a gauge in the pump station.

At the Claiborne Pump Station two portable, ultrasonic flow meters were attached to Pumps 1
and 3. The discharge volume, flow, and velocity were recorded for each pump with the flow
meters. Pressure was read from a permanent pressure gauge installed on the discharge for each
pump. The speed of Pump 1 was read from a gauge in the pump station and Pumps 2 and 3 are
constant speed pumps. Pumps 2 and 3 are similar pumps; therefore, one flow meter was installed
on the discharge of Pump 3. The discharge flow from Pump 2 will be estimated in comparison
with the data collected for Pump 3. The ground-level storage tanks were maintained at a
constant water level during testing. All bypasses were closed during the testing.
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5.5.1.2 West Bank Distribution System

At the time the West Bank hydrant tests were conducted, only three pressure loggers were
available from the S&WB to obtain residual pressure readings. The pressure loggers were
installed during two of the four tests performed on the West Bank. Two of the sites were re-
tested due to no drop in pressure during the first test. The pressure loggers were not used when
the sites were re-tested. The pressure logger data is summarized in Appendix E. Three pressure
loggers recorded hydrant pressure at the following locations (as shown in Figure 5-8).

1. Diana & Pacific - # 02200297
2. Blair & Patterson - # 02172283
3. Mercedes & Copernicus - # 02172289

Flow meters were not required for the West Bank distribution pumps at the Algiers Water
Purification Plant. The facility has accurate flow meters that provide instantaneous readings for
all distribution pumps. Table 5-10, on the following page, is a summary of the pumps that were
in operation during the tests. Two pumps were in operation for all tests performed on the West
Bank.

Table 5-10
Pump Station Operating Data
West Bank
Pump Station Pump Operating

1 Yes

2 No

. 3 No

Station C 4 No

5 No

6 No

7 Yes

. . 8 No

New High Lift 9 No

10 No

Twenty (20) hydraulic tests were conducted. All tests followed the procedure outlined above.
Figure 5-9 shows the general location of each of the tests. A map of each test site is shown in
Appendix D. The location maps are included for each test site to indicate which hydrants were
residual (pressure reading only) and flow hydrants (pressure and flow). Following are the
specific location of the test sites:

Napoleon Ave. at Annunciation St.
Short St. at St. Charles Avenue

S. Rocheblave St. at Milan St.

S. Tonti at Canal St.

W

MWH PAGE 5- 34






Section 5 — Model Development and Calibration

5.5.2 Model Calibration Runs

Calibration of a water distribution model is performed at the end of an extensive data collection
and model build process in order to validate the model’s depiction of the existing distribution
system. As part of the hydraulic model build effort, this task includes an element of subjectivity
that must be weighed against the purpose and the function of such a tool. Typically, model
calibration can be simply described as comparing data collected from the existing physical
system and comparing it with model results based on a set of similar conditions in both the field
and model simulations.

The model calibration data collection effort for the Water Master Plan focused on obtaining
instantaneous flow and pressure data at various locations throughout the distribution system.
The purpose of calibration field testing was to determine the actual operating conditions that
occurred in the water distribution system for comparison with the computer model predictions.
The comparison of field data served as a check for the model results.

For the purpose of calibrating the hydraulic model, all pump curves were used to verify the field
data. Field data collected for the pumps with the portable flow meters did not correlate with the
operating data provided by the pump curves. The pump curves were, therefore, used to calibrate
the model. The flow monitoring data collected was utilized with appropriate technical
discretion, realizing that the configuration of the discharge piping on the pumps did not provide
an ideal situation for application of the flow monitors. The data collection effort was completed
to obtain the best possible estimate for operating information.

The comparison of the pressure tests conducted in the field and the pressure loggers from the
field and the model runs is provided in Appendix E. Additional pressure data in the distribution
systems was provided by the S&WB from tests conducted in 1997 by the Property Insurance
Association of Louisiana which conducted over 50 hydrant pressure tests throughout the East
and West Bank system. This data was used to further evaluate the hydraulic model results.

During the hydraulic model build task, a number of washout or “dump-off’ valves were
identified in the distribution system. The washout valves are used to discharge water from
isolated water mains during maintenance and repairs. The majority of the 108 washout valves
are located on water mains larger than or equal to six inches in diameter and discharge to
underground drainage canals. Upon investigation of a washout valve immediately downstream
of the Carrollton Plant, it was discovered that this valve was fully open and discharging
approximately 2 MGD to the drainage system. Based on this information, the washout valves
may be a significant source of UFW.

The pressure results for the East Bank system ranges from 23 to 90 percent difference (between
field readings and model results) for static pressures. The pressure results for the West Bank
system are closer than the results of the East Bank, ranging from 2 to 5 percent difference for
static pressures.
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Numerous factors affect the results derived from a computerized model. For this effort, the
following factors, each which can effect the model results independently, have been identified as
possible causes for the discrepancies between the model and field data:

e Temporal variance in demand between various days. The diurnal curve created for
calibration day was used to determine demand over a 24-hour period based on hourly
production data from the purification plants. However, demands change from day to day.

e Spatial variance in demand between various days. The demand allocation spatially
distributed the demand using monthly average billing data. All demand nodes, except for
large users were assigned the same diurnal curve. Yet, demand varies spatially from day to
day.

e Ultrasonic flow meters work best when located on a “straight run” {free from bends) of pipe,
the distance of which is recommended by the flow meter manufacturer. Because of the
limited amount exposed discharge pipe (at the East Bank pump stations) on which to locate
the flow meters, the amount of “straight run” of pipe was less than that recommended by the
manufacturer, which may have resulted in inaccuracies in flow estimations. Therefore, the
flow in these cases was therefore assumed based on available pump curves.

e Pressure meters and flow meters used for the field testing have some level of inaccuracy,
both in measuring and in reading such meters.

e It was determined that a significant number of valves located throughout the system may be
closed or inoperable. These valves could not be identified and included in the model.
Identifying closed valves, specifically on large transmission lines would change the hydraulic
performance within the model.

e A significant percentage of water production is considered to be UFW. In order to account
for the UFW in the distribution system, this demand was allocated based on assumptions
made for pipe characteristics. The system-wide allocation could not represent point sources
of water consumption, which would significantly change the hydraulic performance within
the model.

e  Washout valves that discharge to the drainage system may be a significant source of UFW.
If open, these valves would be considered a large point source of water consumption. Which
could change the hydraulic performance within the model.

Understanding these discrepancies, the hydraulic models of the East and West Bank water
distribution systems sufficiently serve as tools in the analysis and evaluation required.

5.6 RECOMMENDATIONS

The following recommendations are based on a better understanding of the distribution systems
as well as lessons learned during model build process:

e It is recommended that the GIS networks be continuously updated with future improvements
and rehabilitation of the distribution systems. Future updates to the GIS files may then be
readily linked to H,O Map for model results.

e As a part of the S&WB’s valve exercising and maintenance program, closed valves
(including washout valves) will be identified throughout the system and valves will be
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opened and/or repaired. All valve improvements and status updates should be included in the
hydraulic model.

e With the implementation of the recommended Leakage Management Plan discussed in
Section 8, an understanding of UFW will further refine and define water consumption point
sources previously considered as UFW. The model should be updated to represent these
point sources of water consumption to reduce the amount of UFW allocated on a system-
wide basis.

Install flow meters at discharge of Carroliton Plant pump stations.
Implement a meter testing and replacement program for flow meters within the water
purification plants as well as the water customer meters.

e Streamline and develop a data collection system for the water purification plants and
distribution systems including installation of SCADA.

e Continue and expand metering public water consumption and identification of UFW.
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Section 6 — Plannina and Evaluation Criteria

C, = C4 + 0.000006x" - 0.0012x° + 0.0846x> - 3.0176x

Where:

Cs = C factor adjusted for diameter
C, = C factor adjusted for age

X = Pipe age in years

The rate of decline represented in this relationship was taken from trends developed
during previous C factor studies performed for the New Orleans system, as reported in
the American Water Works Association manual. A graphic of the relationship is
presented in Figure 6-1.

Figure 6-1
C Factor Trend Curve for New Orleans
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Section 9 — Capital Improvement Plan

This section discusses the criteria and assumptions employed in the development of the
Capital Improvement Plan (CIP). Three (3) project groups recommended to address the
deficiencies identified in the water distribution systems are also presented in this section.
Details of the specific projects in each group are discussed, including the 20-year
implementation schedule and planning level capital cost estimates. Finally, presented in
this section is an alternate CIP, utilizing a 40-year implementation plan in comparison to
the 20-year implementation plan for the structural rehabilitation program.

9.1 CRITERIA AND ASSUMPTIONS

The criteria utilized for the development of the CIP include hydraulic and structural
conditions for the distribution systems, as discussed in Section 6, as well as
improvements for the operation of the systems.

Structural rehabilitation projects were scheduled for a 20-year implementation period
starting in 2005. Recommended projects that do not involve construction activities were
scheduled to start as soon as possible to positively improve the operations of the
distribution systems.

9.2 RECOMMENDED CAPITAL IMPROVEMENT PLAN

This section outlines the recommended improvement projects that were identified as a
result of the system evaluation. The improvement projects are grouped into one of the
following:

I. Leakage Management
II. Structural Rehabilitation
III. System Improvements

It is recommended that leakage management and structural rehabilitation be addressed as
priorities. Hydraulic criterta and capacity system improvements should be re-evaluated
once structural rehabilitation projects are implemented and leakage levels are reduced.

1. Leakage Management Projects

Four (4) leakage management projects are recommended as a result of the water leakage
analysis to identify and reduce leakage levels within the distribution systems. These
projects are scheduled for immediate implementation since they should provide
significant improvements to the water systems as well as better accountability of the
water produced. The duration for these projects ranges from one (1) to three (3) years.
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Project No. 1. Washout Valve Inspection

As a potential source of UFW, the washout valves used to drain water mains during
maintenance should be inspected and repaired, if necessary. Site visits are recommended
to physically inspect the condition of the valves to determine if they are functioning
properly. Repairs should be conducted on the valves as necessary. Location maps for the
washout valves identified are located in Appendix H. The inspection of the washout
valves should be conducted within the first six (6) months of the CIP. After all valves
have been inspected it is recommended that a procedure be developed for routine
inspection and maintenance. The estimated cost for this project includes the staff
required for inspection and the replacement of approximately ten (10) percent of the
valves.

Project No. 2. Valve and Fire Hydrant Inspection and Maintenance Program

The water distribution valve and fire hydrant maintenance programs currently underway
should be continued to identify valves and hydrants requiring maintenance and repair.
The inspection of the valves and hydrants should continue and be completed within a
three (3) year period.

The cost for the valve and hydrant inspection and maintenance program is based on the
replacement of approximately ten (10) percent of the existing valves. The S&WB has
inspected the majority of the hydrants and approximately ten (10) percent of the hydrants
were found to require replacement. All defective hydrants identified by the SW&B have
been replaced thus the cost for replacement of hydrants is not included in this program
cost.

Project No. 3. Pilot District Metering Areas (DMAs) Implementation

It is recommended that four (4) DMAs be implemented for a pilot study, as described in
Section 8. This will allow key design and operation criteria as well as standards and
staffing requirements to be established prior to permanent installation of district metering
on a systemwide scale.  The pilot DMAs are recommended for immediate
implementation over a two (2) year period. The cost breakdown for the pilot study is
included in Appendix H.

Project No. 4. Leakage Management Program

The recommendations from the leakage management analysis include the implementation
of Active Leakage Control (ALC) utilizing DMAs and leak detection and sounding. The
implementation of district metering requires the installation of metering stations,
selection of boundary valves, hydraulic analysis, plus monitoring of large water
consumers, flow within a district, and night flow. The installation of systemwide DMAs
is recommended once the pilot DMAs have begun. Details of the leakage management
program are discussed in Section 8. Supporting information and details for the DMAs is
included in Appendix H. The cost for the leakage management program includes the
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cost of 39 DMAs (excluding the four (4) pilot DMAs) as well as the leak detection and
sounding program.

L. Structural Rehabilitation Projects

Projects included in the structural rehabilitation group were identified as a result of the
structural analysis of the distribution systems with the KANEW model and the
replacement prioritization process. Twenty-one (21) project areas were identified and
scheduled based on the priority replacement of water mains within the project area. Each
structural rehabilitation project area is scheduled for a duration of five (5) years including
design, bid and award, and construction phases, with all of the projects distributed over a
20-year period. The cost estimate of the structural rehabilitation projects includes the
cost for design, bid and award, and construction phases.

Unit costs were estimated for the replacement of water mains including the cost to install
new hydrants and valves. Although the S&WB has an existing hydrant and valve
maintenance program, it is anticipated that new hydrants and valves will be installed as a
part of the structural rehabilitation program. Inclusion of new hydrant and valve
installation yields a more conservative cost estimate for the CIP.

In developing the construction cost estimates, assumptions were made for the spacing of
fire hydrants and valves. The number of fire hydrants estimated for the structural
rehabilitation is similar to the number of existing hydrants. Fire hydrant spacing is
assumed at approximately one per 500 linear feet on water mains less than or equal to 12-
inches in diameter, one per 1,000 linear feet on water mains from 16 to 20-inches in
diameter, and one per 2,000 linear feet on water mains greater than 20-inches in diameter.
In comparison, the system reliability criterion for hydrant spacing is a maximum of 350
linear feet.

Valve spacing is assumed at approximately one per 200 linear feet on water mains less
than or equal to 20-inches in diameter, one per 500 linear feet on water mains 24-inches
in diameter, and one per 1,000 linear feet on water mains greater than 24-inches in
diameter. In comparison, the system reliability criterion for valve spacing is a maximum
of 1,000 linear feet along water mains.

A detailed cost breakdown for the water main rehabilitation is included in this section.
Details of the structural rehabilitation project areas are provided in Appendix H
including location maps, project schedules and planning level capital cost. Following is a
listing of the structural rehabilitation area projects.

Project No. 5. Rehabilitation in Project Area A
Project No. 6. Rehabilitation in Project Areas B1 and B2
Project No. 7. Rehabilitation in Project Areas C1 and C2
Project No. 8. Rehabilitation in Project Area D
Project No. 9. Rehabilitation in Project Area E
Project No. 10.  Rehabilitation in Project Areas F1 and F2
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Project No. 11.  Rehabilitation in Project Area G

Project No. 12.  Rehabilitation in Project Area H

Project No. 13.  Rehabilitation in Project Areas 11, 12, and I3
Project No. 14.  Rehabilitation in Project Area J

Project No. 15.  Rehabilitation in Project Areas K1, K2, and K3
Project No. 16.  Rehabilitation in Project Areas L1 and L2
Project No. 17.  Rehabilitation in Project Areas M1 and M2
Project No. 18.  Rehabilitation in Project Areas N1 and N2
Project No. 19.  Rehabilitation in Project Area O

Project No. 20.  Rehabilitation in Project Area P

Project No. 21.  Rehabilitation in Project Area Q

Project No. 22.  Rehabilitation in Project Area R

Project No. 23.  Rehabilitation in Project Area S

Project No. 24.  Rehabilitation in Project Area T

Project No. 25.  Rehabilitation in Project Area U

Il System Improvements Projects

Five (5) projects were identified for system improvements as a result of the overall
system analysis. These projects include improved data retrieval and management.
System improvement projects, excluding installation of SCADA and purification plant
flow meters, do not require time for design, bid, and construction and are therefore
recommended for early implementation. The duration for the system improvements
projects ranges from one (1) to 20 years.

Project No. 26.  Customer Meter Inspection and Maintenance Program

It is recommended to continue and expand the existing meter inspection and maintenance
program for the customer billing meters. As meters age, they tend to move out of
calibration and will either over or under represent actual flow data. Currently, the S&WB
routinely tests and maintains residential meters. Commercial meters are currently tested
and repaired on an as needed basis only. Since many commercial users are larger water
users in comparison to residential users, it is important that commercial meters are
accurately accounting for consumed water. In this project it is assumed that commercial
meters are routinely inspected and maintained once every ten (10) years at a minimum.
The cost for the meter inspection and replacement program is based on the replacement
of all customer meters at an average replacement cost for rebuilt meters, provided by the
S&WB.

Project No. 27.  GIS Data Management Implementation and Update

With the existing GIS developed in conjunction with the hydraulic model, all
construction, improvements, repairs, and maintenance to the distribution systems can be
tracked in one central location available for access by multiple users. Area maps can be
generated from the GIS to represent any portion of the system. The GIS is structured so
that it may be linked to CassWorks for information and updates on repairs and
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maintenance. The customized GIS tool, WDTTE Water, also allows for direct updates
within ArcView with the capability to track all changes in the database structure.

Subsequent to the construction of the GIS, improvements were made within the
distribution systems and tracked on the Sewer and Water Maps by the S&WB. The
existing GIS files were constructed based on the distribution system inventory available
at the time. The GIS should continue to be updated with the most recent system
inventory and should be conducted over the duration of the CIP. Al future
improvements to the distribution systems should be tracked in GIS. The hydraulic model
should also be updated as information is added and refined. The cost estimate includes
the engineering fee required to implement this project.

Project No. 28.  System Optimization and Analysis

System optimization is recommended utilizing the hydraulic model updated with
information from ongoing system improvements. As the hydraulic model is updated,
additional system analyses should be conducted to develop sufficient hydraulic
parameters and to evaluate future capacity requirements.

The system optimization and analysis should be conducted as structural improvement
projects are performed (starting in 2005), over a five (5) year period to optimize future
construction projects. The hydraulic model should be updated with information from
ongoing construction projects in order to continue the refinement of the hydraulic
performance of the system. The hydraulic performance should be evaluated to
understand the effect of subsequent construction projects. The cost estimate includes the
engineering fee required to implement this project.

Project No. 29.  Water Purification Plants Audit

Based on the difficulty experienced in acquiring flow data from the purification plants
during this study, a Water Audit is recommended to better establish the capacity and
UFW at both the Carroliton and Algiers Plants. The audit should include an analysis of
the data collection methods, water entering the plants, treated water at unit processes, and
water distributed to determine the leakage and UFW within the plants. A detailed
assessment of the capacity of all distribution pumps, storage facilities, future storage
requirements, and existing power sources should be conducted as well.

The Audit should take into consideration the existing configuration of the West Bank
distribution system is such that water can be supplied to the City of Gretna and the
Industrial Park area in Plaquemines Parish. The audit is recommended for immediate
implementation and the project duration is estimated over a one (1) year period. The cost
estimate includes the engineering fee required to conduct the audit.
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Project No. 30. SCADA Installation and Data Automation

Recommendations are made for installation of a Supervisory Control and Data
Acquisition (SCADA) system for use at the purification plants and the distribution
systems. Collection and recording of operational data is most efficiently provided by a
fully implemented SCADA system. A SCADA interface within the hydraulic model also
allows real-time modeling data to be downloaded directly from the SCADA system.

The system will consist of process control instruments installed in the field, control
panels and cabinets, control and power wiring, telemetry equipment, and a distribution of
Programmable Logic Controllers (PLC) and operator workstations, or Man Machine
Interface (MMI).

SCADA is also recommended within the Carrollton Plant, at the East Bank raw water
intake, and the recommended East and West Bank DMAs. The Algiers Plant has an
existing data collection system that is currently being refurbished. The cost breakdown
for SCADA installation is included in Appendix H. SCADA installation will require
design, bid, and construction phases, which is estimated over a three (3) year pertod. The
cost estimate includes the design, installation and equipment cost.

Project No. 31.  Purification Plant Flow Meters Installation

The existing venturi meters and manometers for the water purification plants should be
evaluated for operability and accuracy. Reliable flow meters at the purification plants are
essential in order to understand the hourly production and distribution of water. Upon
evaluation of the existing plant meters, a recommendation will be made for repairs or
replacement as necessary. A procedure for regular calibration and maintenance of the
new and existing flow meters is also recommended. The instaliation of flow meters will
require design, bid, and construction phases, which is also estimated over a three (3) year
period. The cost estimate includes the installation and equipment cost of flow meters.

9.3 CIP SCHEDULE

Capital improvement projects are sequenced according to system needs. Projects
addressing exiting system deficiencies are scheduled over the next 20 years, with projects
having the greatest impact listed first.

A schedule for each project, including start date, duration, and end date was developed
using Primavera’s SureTrak scheduling software. An overall 20-year master schedule for
the CIP was also developed. Some projects require work to be performed immediately
(to conduct initial inspections) while others are on a continuous basis (for annual
maintenance programs). FEach construction project schedule is comprised of the
following major activities:

MWH PAGE9 -6



Section 9 — Capital Improvement Plan

Design — includes pre-design, preliminary design, and final design phases. Pre-
design and preliminary design consist of developing a detailed design scope of work,
contract negotiation, establishing the basis of design, surveying, water main route
selection, value engineering and permits identification. Final design includes
generation of construction documents (specifications and plans) including traffic
maintenance plans after specific field conditions are assessed and incorporated.

Bid and Award — includes responding to inquiries from prospective bidders, pre-bid
meetings, bid openings, developing required addenda, bid evaluation, and contract
document execution.

Construction — includes the physical implementation of all tasks associated with the
project from mobilization to project close-out including engineering services during
construction (ESDC) and construction management (CM).

The duration of each activity was assigned based on experience from similar projects,
including projects performed by the S&WB. Table 9-1 shows the durations assumed for

the

major project activities.

Table 9-1
Duration of Project Area Construction Activities

Activity Duration’
Design Phase 12 months
Bid and Award 6 months
Construction 40 months
Note:
1 — Duration of each activity is for an entire project

area.

Within each project, relationships were established between tasks to ensure optimal

proj

ect flow. A typical project schedule is shown in Figure 9-1.
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9.4.2 Cost Structure

Several steps were performed in order to develop the capital cost for all proposed capital
improvements. First, a capital cost structure was developed which outlines and provides
a standard process for developing cost estimates. Second, construction unit costs were
established for water main repair using cost data from similar S&WB projects as well as
other similar projects in the region. Finally, total cost estimates were generated for each
water main by size.

The process for estimating the capital cost for structural improvement projects is outlined
in the following steps and summarized in Table 9-3:

1. Estimate the Raw Construction Cost — The quantity of materials (or units) needed
for upgrading an existing water facility multiplied by the unit cost of each item.

2. Apply a Construction Allowance and Contingency — A 30 percent construction
allowance and contingency were applied to reflect the planning level of the identified
improvements and to add a provision for additions or changes that may occur as the
project proceeds through design. Some of the costs covered under allowances may
include the tasks of temporary restoration, chlorination and testing, temporary
services, traffic management, bypass pumping, conflict resolution, and damage
claims.

3. Estimate Engineering Related Services — The cost of preliminary design, final
design, bid and award and engineering services during construction. These services
are estimated as ten (10) percent of the raw construction cost (step 1 above).

4. Estimate Construction Inspection and Management Services — Activities include
submittal review, shop drawing approval, response to requests for information and
project start-up, contract administration, progress payments, and inspection. These
services are estimated as ten (10) percent of the raw construction cost (step 1 above).

S. Estimate Legal and Administration Costs — Costs associated with the bid and
award phase, project closeout, public meetings associated with the project, etc. These
services are estimated as one (1) percent of the raw construction cost (step 1 above).

6. Estimate S&WB Support — Costs associated with the support from the S&WB for
system operations in relation to project activities. These services are estimated as one
(1) percent of the raw construction cost (step 1 above).

7. Calculate the Capital Cost Subtotal — The capital cost subtotal is determined by
summing the cost from Steps 1 through 6.
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8. Determine the Inflation — Future cost estimated using three (3) percent annual
increase to account for inflation. Inflation was calculated based on the subtotal of all
leakage management projects, structural rehabilitation projects, and system
improvement projects and projected to the mid-point duration for each project group.

9. Calculate the Total Capital Cost — The total capital cost is determined by summing
the costs from Steps 7 and 8.

Table 9-3
Water Main Replacement Capital Cost Structure
Step Cost Item Description Cost Item Calculation
1. | Raw Construction Cost (Quantity) x (Unit Cost)
2. | Construction Allowances and Contingency | 30% of Step 1
3. | Design and Engineering 10% of Step 1
4. | Construction Management 10% of Step 1
5. | Legal / Administration 1% of Step 1
6. | Support from S&WB 1% of Step 1
7. Capital Cost Subtotal SUM of Steps 3,4,5, &6
8. | Inflation 3%_0f Step 7 to mid-point of
project duration
9. | Total Capital Cost SUM of Steps 7 & 8

9.4.3 Project Capital Cost

Based on the cost structure and unit costs outlined above, a capital cost estimate was
derived for each of the proposed capital improvement projects. A summary of the capital
cost estimate for the entire CIP is shown in Table 9-4. Appendix H includes detailed
project descriptions with a capital cost breakdown for each of the 21 structural
improvement projects.
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Table 9-4
Estimated Cost for CIP Projects

Project Group Project Description Ca(glltj\(}lﬂg)o st
Washout Valve Inspection $ 150
I Leakage Valve and Hydrant Inspection and Maintenance' $ 5,720
: Pilot DMA (four areas) Implementation $ 1,440

Management

Projects Leakage Management Prograr.n $ 5950
Inflation 5 990
Subtotal $ 14,250
Rehabilitation in Project Area A $ 181,000
Rehabilitation in Project Areas B1,B2 $ 158,000
Rehabilitation in Project Areas C1,C2 $ 142,000
Rehabilitation in Project Area D $ 127,000
Rehabilitation in Project Area E $ 110,000
Rehabilitation in Project Areas F1,F2 $ 92,000
Rehabilitation in Project Area G $ 131,000
Rehabilitation in Project Area H $ 108,000
Rehabilitation in Project Areas I1,12,13 $ 83,000
Rehabilitation in Project Area J $ 74,000
IL Structural Rehabﬂ?tat?on fn Pro_?ect Areas K1,K2 K3 $ 34,000
Re.habili tation Rehabilitation in Project Areas L1,1.2 $ 93,000
Rehabilitation in Project Areas M1,M2 $ 71,000
Rehabilitation in Project Areas N1,N2 $ 71,000
Rehabilitation in Project Area O $§ 78,000
Rehabilitation in Project Area P $§ 78,000
Rehabilitation in Project Area Q $ 54,000

Rehabilitation in Project Area R $ 61,000
Rehabilitation in Project Area S $ 66,000
Rehabilitation in Project Area T $ 57,000

Rehabilitation in Project Area U $ 55,000
Inflation § 836,940

Subtotal $2,760,940

Customer Meter Inspection and Maintenance Program’ $ 16,000

GIS Data Management Implementation and Update $ 3,000

System Optimization and Analysis $ 1,000

111111;;3\{:::2:1 ¢ Water Puriﬁcatio_n Plants Audit . $ 150
Projects SCADA Installation and Data Automatl.on § 3,750
Purification Plant Flow Meters Installation $ 1,000

Inflation § 8220

Subtotal $ 33,120

Total Capital Cost $2,808,310

Notes:

1 - Cost based on the replacement of ten (10) percent of the existing valves, at an average replacement cost
of $4,000 per valve. The cost for replacement of hydrants is not included.
2 — Cost based on the replacement of all meters at an average replacement cost of $100 per meter.
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subtotal for structural rehabilitation projects increases from $2.8 billion in the 20-year
implementation to $3.4 billion for the alternative implementation plan. This increase is
due to the cost of inflation estimated over the additional 20 years.

Table 9-5
Estimated Cost for Alternative CIP Projects
Project Group Cz(lgl]t?(:{]((:};)“

I. Leakage Management Projects

Subtotal with Inflation | $ 14250
I1. Structural Rehabilitation
Subtotal $ 1,924,000
Inflation $ 1,414,140

Subtotal with Inflation $ 3,338,140
II1. System Improvement Projects

Subtotal with Inflation $ 33110

Total Capital Cost $ 3,385,500

The master schedule summary for the CIP alternative is shown in Figure 9-4.
Implementation of the CIP is scheduled from 2005 through 2045, with one project area
initiated every other year. The duration for implementation of each project area remains
at five (5) years, including design, bid and award, and construction phases. The
alternative schedule shows that all activities associated with the capital improvement
projects will be completed by 2050. The projected capital improvement cash flow for the
alternative CIP is shown in Figure 9-5. Similar to the 20-year CIP, the projected cash
flow for the alternative CIP peaks in the year 2009, but at a lower estimate of
$133 million.
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EXECUTIVE SUMMARY

INTRODUCTION AND OBJECTIVES

Due to the aging of the water distribution systems and the lack of timely maintenance on the
part of most water utilities, there is an urgent need for the development of a predictive distribution
system condition assessment model. This model should consider factors such as age, material,
joints, and environmental conditions in identifying and estimating rehabilitation and replacement
needs of a water distribution system. The American Water Works Association Research Foundation
(AWWAREF) contracted Roy F. Weston, Inc., (WESTON) to provide North American water

utilities with such a model. The specific objectives of this study were the following:

¢ Develop a user friendly software suitable for use by North American water utilities to
forecast water main rehabilitation and replacement needs, and develop long-term cost-
effective strategies for water main rehabilitation and replacement.

e Demonstrate the effectiveness and applicability of this software by testing it at four
North American and one British water utility.

¢ Develop a user manual for the easy use of the software.

e Identify and define the characteristics of the North American water distribution systems

in terms of rehabilitation and replacement needs.

BACKGROUND AND SCOPE

To date, few if any, standardized techniques are available for North American water utilities
to evaluate distribution systems and to develop proactive procedures. Water utility operators, in
general, manage and operate distribution systems in a reactive mode by responding to emergency
breaks and water main [eaks. In Europe, however, Raimund K. Herz, a faculty member at Dresden
University of Technology, and formerly at Karlsruhe University, Germany, developed the Karlsruhe
model (KAMODEL) and appilied it successfully at more than ten European utilities (Herz 1996).
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WESTON teamed with Raimund K. Herz to develop a user friendly software (KANEW) for North
American utilities and to enhance KAMODEL's capabilities.

As detailed input from water utilities was crucial to the development of KANEW,
WESTON also teamed with the Philadelphia Water Department (PWD), and worked with Boston
Water and Sewer Commission (BWSC), Los Angeles Department of Water and Power (LADWF),
Fort Worth Water Department (FWWD), and Severn Trent Water, Ltd., (STW) United Kingdom,
(UK to test the software. Additiona! utilities participated by responding to a survey.

CHARACTERIZATION OF NORTH AMERICAN WATER DISTRIBUTION SYSTEMS

In order to provide a frame of reference for water utilities using the model, a study of
available distribution system data was conducted to characterize North American water
distribution systems. The goal was to determine “typical” distribution system characteristics for
systems of various sizes and in different geographic regions. Three primary data sources were °

utilized for this purpose:

e American Water Works Association (AWWA) Water Industry Database (WIDB)
* Questionnaire developed for this project

¢  Previous AWWAREF projects

In examining the data, North America was divided into seven geographic regions, six for
the U.S,, and one for Canada. It was found thai in both countries, the use of both types of cast
iron pipe, lined and unlined, is similar - in the range of 43% o 48%. However, in the U.S_, the
percentage of lined and unlined cast iron pipe are almost equal, in the range of 22% to 26%. In
contrast, Canadian systems have substantially more unlined cast iron pipe than lined cast iron
- pipe' (35% unlined versus 9% lined). Regional differences showed that the generally older
sections of the country represented by the Northeast and Midwest have the highest percentages of
cast iron pipe at 62% and 57%, respectively. The Northwest and West both have significant
quantities of steel pipe (10% and 14%, respectively) compared to the rest of the country. The

West region also has a substantial percentage (45%) of asbestos cement (AC) pipe, which is
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much higher than any other region of the country. Also the average percentage of the distribution
system pipe that is replaced annually in the U.S. and Canada is 0.5% and 0.6%, respectively.
Within the U.S. the annual replacement rates vary from 0.4% in the Midwest region to 0.7% in
the Southeast region. Utilities are expanding their distribution systems at annual rates of 1.5%
and 0.9% in the U.S. and Canada, respectively. Expansion rates vary from 1.0% in the South

Central and Northwest regions to 2.3% in the Southeast region.
MODEL DESCRIPTION

The primary objective of KANEW is to provide water utilities with a tool to develop their
long range pipe rehabilitation and replacement strategies. Based on the historical inventory of
water main and the estimated life-span data, KANEW predicts the length of different categories
of pipe to be rehabilitated or replaced on an annual basis. KANEW is a macro model and does not
provide location specific rehabilitation and replacement information. .

The process involves importing data on the water distribution network to the model,
differentiated according to year of installation or rehabilitation and pipe categories which are
defined with respect of aging behavior and data availability. Most important criteria for the
definition of types of water mains are age, material, diameter and bedding quality.

For each type of water main survival functions must be determined. Survival functions are
mathematical expressions of the life expectancies of each water main category, and are defined
based on three ages, “low”, “medium” and “high”. These functions are estimated on the basis of
failure, rehabilitation and replacement rates in the past and, particularly for modem pipe materials,
through expert estimates of the useful life-span of the different water main categories. These
estimates are used by the software to determine the parameters of the survival function for each
pipe category. The model then simulates the aging process. The survival functions are applied to the
current inventory of water mains year by year, and calculations are made to determine the lengths of
water mains which reach the end of their useful lives and must therefore be rehabilitated or
replaced.

There is considerable uncertainty in estimating future events, so, for each pipe category

pessimistic and optimistic estimates of the useful life-spans are made. This results in a pessimistic
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survival function based on short life expectancies and an optimistic survival function based on long
life expectancies of each pipe category.

The KANEW model developed in this study is user friendly and capable of providing 13
different sets of graphical and tabular outputs primarily showing percent or length of water mains of

each category to be rehabilitated or replaced each year during a specified planning period.

CASE STUDIES

KANEW was applied to four U.S. and one UK water utility. The project team worked
with each utility to select water main categories for modeling and to estimate life expectancies
for each category. In some cases, the project team also worked closely with the utility to collect
the data necessary to complete the water main inventory for modeling.

Each water utility was unique in terms of data availability. Some had detailed
computerized databases with which the water main inventory couid be readily generated. Others
had more limited data available and relied on known information about the distribution system
and assumptions by personne! familiar with the system. In one case, the utility had enough
historic data available to calculate aging functions for several of its water main categories.
Regardless of the level of detail available, the model was shown to provide valuable guidance for
utilities in planning long-term rehabilitation and replacement programs. The results of the case
studies and the characterization of North American water utilities indicate that due to lack of
availability of a detailed inventory of pipes for water utilities, inventory of each separate group of
pipes cannoi be developed. Rather, several groups of pipes can be consolidated to compromise
with the lack of data. Additionally, it was found that the unlined cast iron water mains were the
predominant type of mains in North American water utilities. and required most of the

replacement or rehabilitation. For the test case utilities the following observations were made:

I. Under optimistic assumptions for PWD, the rebabilitation and replacement rate is
fairly constant at approximately 0.6% to 0.8% of water mains per year. Under
pessimistic assumptions, about |.2% rehabilitation and replacement is required at the

beginning of the planning period with this rate dropping during the latter part of the
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planning period. Small diameter cast iron mains are the predominant pipes for
rehabilitation and replacement.

2. Under optimistic assumptions LADWP would require rehabilitation and replacement
rates of approximately 2.3% of its water main annually, gradually declining to 1.1%
by year 2015. Under pessimistic assumptions, the predicted rehabilitation and
replacement rates start at the rate of 4.4% annually and then decline to 1.1% by year
2015. LADWP’s actual rehabilitation and replacement rate of 2.7% for fiscal year
1995 fell between the optimistic and pessimistic assumptions. Again, most of the
water mains that are rehabilitated or replaced are cast iron mains.

3. BWSC water systems require about 2% per yéar (optimistic assumptions) to about
6.5% per year'(pessimistic assumptions) at the beginning of the planning period. Most
of these candidates mains are 8 inch to 12 inch unlined cast iron mains. In recent
years the actual replacement and rehabilitation rates at BWSC have been very close to
the optimistic estimation.

4. Due to its relatively young age, FWWD’s rehabilitation and replacement needs
increased with time as the average age of the system increased coming closer to the
life-span estimates.

5. Under optimistic assumptions the water main replacement and rehabilitation rate for
Nottinghamshire Water System of STW is 1.5% per year. Under pessimistic
assumptions, the rate of rehabilitation and replacement starts initially at 3.3%
annually and then reduces to about 1.5% by year 2015. Most of the candidate water

mains for replacement and rehabilitation are cast iron and gray iron pipes.
RECOMMENDATIONS

To develop good estimates of water main replacement and rehabilitation needs the

following recommendations are made for North American water utilities:

1. KANEW should be used by other water utilities for assessing and developing water

main replacement and rehabilitation programs.
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2. Water utilities should develop better database management systems for their existing
distribution system inventories and for capturing historical water main replacement
.and rehabilitation data.

3. Water utilities should develop geographic information systems (GIS) which would
also assist utilities in the use of the model.

4. A workshop should be conducted to discuss and develop consensus on estimation of

survival functions for various categories of water mains.

FUTURE WORK

The following are recommended for future work:

1. The present model should be enhanced by incorporating
e main break functions to predict water main break frequency changes as a
result of the implementation of different rehabilitation and replacement
strategies
e the impact of future rehabilitation and replacement work in the
development of rehabilitation and replacement strategies
e the impact of the frequency and cost of failures on rehabilitation and
replacement strategies
2. A companion model should be developed. This model would derive survival
functions for various water main categories from historical data on main failures,
and replacement and rehabilitation data.
3. Additional investigations should be conducted on the prioritization of rehabilitation
and replacement work using results from KANEW and other information found in

engineering literature.
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1.0

PIPE CONDITION SURVEY
CITY OF NEW ORLEANS
WATER DEPARTMENT

INTRODUCTION

Corrpro Companies, Inc. was retained by Earth Tech, Inc. of Stevens Point,
Wisconsin to perform a pipe condition survey of existing buried cast iron and
ductile iron pipe at eight locations for the City of New Orleans Water Department,
New Orleans, Louisiana.

The purpose of the study is to determine and evaluate the condition of the buried
pipe, diameter and depth of the buried pipe, the soil conditions, the amount and
type of corrosion activity on each pipe coupon, the pipe-to-soil potentials and
possible DC earth current activity. The evaluation is part of a program for
determining the overall system needs assessment for the City of New Orleans.

Eight out of a possible ten locations were selected for excavation and inspection
as follows:

I- France at Hayne — 12” — Cast Iron — Installed 1954

2- Omitted

3- Omitted

4- Pleasure at London ~ 12” - Cast Iron — Installed 1950

5- Galvez at Delery — 12” — Cast Iron — Installed (unknown)

6- Bienville at Clay — 8” - Cast Iron — Installed 1909

7- Nuns at Peters — 8” — Cast Iron — Installed 1924

8- Pelican at Bounty — 10” — Cast Iron — Installed 1908

9- Saint Nick at General Meyer — 12” Cast Iron — Installed 1963
10- Bristol at Hershel— 12” — Cast Iron — Installed - 1956

The survey scope-of-work was to include but not be limited to the following:

I- Locate and excavate the candidate pipe at each of eight pre-selected
locations.

2- Expose completely and clean the selected pipe section.

3- Determine the depth of cover, pipe material, approximate age and
diameter of pipe.

4- Inspect for evidence of any dielectric coating, evidence of corrosion
and measure the depth of any significant corrosion pits and document
their location on the excavated pipe section.

5- Obtain a sample of the soil next to the pipe and a second sample from
unexcavated soil for chemical analysis.

6- Obtain water samples of any water found next to the excavated pipe.

7- Measure and record the in-situ soil resistivity of the soil next to the
pipe and unexcavated soil.
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cast iron pipe in a corrosive environment. There was no indication of
cathodic protection on this pipe section. Pipe-to-soil potentials were not
measured at the remaining sites.

Corrosion Coating and Corrosion Pits

There was no evidence of a dielectric coating on any of the excavated pipe
sections. There were no corrosion pits on the 8” cast iron pipe at site
No.7. Corrosion pits were not indicated and/or measured on the remaining
seven pipe excavations.

3.0 RESULTS AND ANALYSIS

3.1

Field and Laboratory Testing

Field and laboratory testing were performed to collect chemical and
electrical data pertaining to the corrosivity of the soil of at each of the
eight excavation sites with respect to cast iron water pipelines. The test
procedures employed are described in Appendix “A”.

In-situ soil resistivity measurements were recorded at Site No 7. Specific
soil resistivities were determined from the soil samples obtained at each of
the eight site excavations. All resistivity data is tabulated in Appendix
tSB’3'

Pipe-to soil potential measurements were made on the 8-inch cast iron
pipe section at site No. 7. Potentials were not obtained on the remaining
seven sites. These potentials are tabulated in Appendix “B”.

Soil samples collected at pipe depth at each of the eight site excavations
were tested in the laboratory for pH, chloride ion concentration, sulfide
ion concentration, conductivity, and resistivity. This data is tabulated in
Appendix “B”.

Considering each of the chemical and electrical soil properties that are
tested in the field and the laboratory, general guidelines for interpreting
the results are as follows:

e Soil Moisture - The higher the soil moisture content, the greater the
anticipated rate of corrosion. Moisture contents can range from 1%
(very dry sands) to 40% (clays holding a great deal of moisture).
Typical values are 10 to 15% with over 20% moisture considered high.

o pH - Acid soils and groundwater are more conducive to galvanic
corrosion of ferrous materials than alkaline soils.
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Chloride ion concentrations from 6.0 to 540 ppm.

Sulfide ion concentration of 5-ppm was found in the sample from site
No. 7.

Conductivities ranged from 499 to 2,340 micromhos.

Metallographic Analysis of Pipe Core Samples

At least one core sample was retrieved from each excavated pipe section
and sent to Metallurgical Consultants, Inc. for analysis. The results of the
analysis are contained in Appendix “B” and are summarized as follows:

The sample from Site No. 8 showed graphitic corrosion 0.035-inch
deep on the outside surface.

The sample from Site No. 7 showed graphitic corrosion on the outside
surface extending a maximum of 0.025-inch across the pipe wall
thickness.

No evidence of graphitic corrosion was observed on the remaining
pipe specimens.

The metallographic analysis of the core samples from all eight pipe
sections were typical of gray cast iron.

Photographs

Photographs were taken at each pipe excavation site providing a visunal
record of the excavation, soil conditions and apparent pipe condition. All
photographs are contained in Appendix “C”







TEST PROCEDURES
PIPE CONDITION SURVEY

WATER PIPING

The collection of accurate corrosion data requires attention to test procedures and
equipment to ensure the recording of reproducible data. Test methods incorporated
during this pipe condition survey for the underground water piping include the
following:

Soil Resistivity

Pipe-to-Soil Potential

Stray Current

pH

Chloride Ion

Sulfide Ton

Moisture Content

Conductivity

Pit Depth Measurements

Metallographic examination of pipe core samples.

Soil resistivity, structure-to-soil potential and stray current data are collected in
situ in the field. Soil samples are collected and tested in the laboratory for the other
parameters listed. Any corrosion pits were cleaned and the depth of significant pits
measured. A core sample of each pipe section was removed and metallographically
examined for evidence of significant corrosion.

SOIL RESISTIVITY

Resistivity is a common parameter for evaluating the corrosivity of soil.
Resistivity is the inverse of conductivity and is measured in the units of ohm-
centimeters. Corrosivity is often an inverse function of resistivity with low
resistivity soils usually more corrosive than high resistivity soils. Serious
corrosion can also be associated with high resistivity soils, particularly where the
soil composition is not uniform. Variations in resistivity indicate variations in
composition which are conducive to galvanic corrosion.

Resistivity measurements were conducted using the Collins Single Probe
instrument. This instrument measures the resistivity of the soil at the tip of the
probe in ohm-cm.
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solids. The supernatant liquid is then tested with a glass-calomel pH electrode in
conjunction with an Orion Research Model 601 A meter.

CHLORIDE ION

Chloride ions are depolarizing agents and cause corrosion pitting of many
common materials of construction. ASTM Standard Test Method D5 12-81 is
used to measure the chloride ion concentration with an accuracy of +0.5 ppm.
This method utilizes an ion selective electrode and an Orion Digital Ionalyzer.
The chloride ion concentration for soil samples is measured from the supernatant
fluid prepared for the pH testing.

SULFIDE ION

Sulfide ions present in the soil are indicative of anaerobic conditions. Under these
conditions, sulfate-reducing bacteria can greatly accelerate the rate of corrosion of
ferrous materials. The bacteria reduce sulfates to sulfides and in the process
oxidize iron. Scil samples are tested for the presence of sulfide ions to an
accuracy of plus or minus 1 ppb. The solution extracted from the soil sample is
tested through the use of a specific ion probe (silver/sulfide electrode) in
conjunction with an Orion Research Digital Ionalyzer. The test procedure meets
or exceeds the requirements of EPA Standard Test Method 376.1.

MOISTURE CONTENT

When soil samples are collected, they are immediately sealed to prevent
evaporation and/or contamination. Moisture content of the samples is determined
using ASTM Standard Test Method D22 16-80. A part of the soil sample is
weighed, dried for 24 hours in an oven at 110°C, then weighed again. The
moisture content is calculated from the weight loss to an accuracy of plus or
minus 0.1%.

The moisture content is a significant parameter in defining the corrosivity of a soil
environment. For underground pipeline evaluations, test borings allow for a
determination of the moisture content at the depth of burial.

CONDUCTIVITY

For a given corrosion cell with a fixed potential difference between the anode and
cathode, the higher the conductivity, the greater corrosion current flow and the
corresponding metal loss.

The conductivity of the soil samples are measured in the laboratory on a precise
water extract using a YSI Model 32 conductance meter and a platinized platinum-
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Mr. Ken Evans -2- Ref: 0650-02-14636

The outside and inside surfaces of each specimen showed superficial corrosion except
for the outside surface of the specimen from Site 7, which showed irregular patches
of corrosion attack. Islands of cementite or steadite and graphite flakes were visible
within the corrosion product. Figure 1 is a representative view of the attack, which
was characteristic of graphitic corrosion.

L L *

Please call if you have questions about this information or if we may serve you
further. Samples will be held for 30 days from the issuance of this report, after which
they will be discarded unless we are informed otherwise.

Sincerely,

W. M. Buehler

WMB:ec
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METALLURGICAL CONSULTANTS, INC.

October 18, 2002

Ref:  0705-02-14636
Sub: Examination of Trepanned
Coupons from Sites 3, 8, 9 and 10

Mr. Ken Evans (3)
Corrpro Companies
7000 Hollister, S-8
Houston, Texas 77040

Dear Mr. Evans:

As you requested, we have metallographically examined four additional samples
reportedly trepanned from municipal cast iron pipes in New Orleans. The results of
a previous examination of four other samples by Metallurgical Consultants, Inc. were
submitted to you in our report, Ref.: 0650-02-14636, issued October 1, 2002.

The four samples were removed from locations identified as Site 3, Site 8, Site 9 and
Site 10. All coupons were 2-7/8-inch O. D. x l-inch L. D. The purpose of the
examination was to determine if the samples showed significant corrosion,
specifically graphitic corrosion.

SUMMARY

One of the four samples, from Site 8, showed graphitic corrosion 0.035-inch deep on
the outside surface. No evidence of graphitic corrosion was observed on the other
samples.

LABORATORY EXAMINATION

Each of the four samples was saw cut circumferentially for preparation of a
metallographic specimen. The four specimens were polished, then etched with a
weak solution of nitric acid in ethanol.

7701 PARNELL  P.0. BOX 88048 « HOUSTON, TEXAS 77288-0048 « PHONE: (713) 528-8351 » FAX: (713) 528-2884

Visit us on the World Wide Web: www.metallurgical.com






Data Type:

City, State:

Pipe Type:

Pipe Size:

Date Installed:

Pipe Age:

Date Inspected:
Type of encasement:

Soil Samples:

PIPE INVESTIGATION DATA FORM

Dig Up

Nuns & Peters, New Orleans, LA. Inspection Site Neo. 7

Cast Iron

8”

Reported to be 1924
78-yrs.

September 9, 2002
None

No. 1 ~ Next to 8” pipe
No. 2 — Undisturbed soil

Pipe-to-soil potentials: Fixed Cell - 8” pipe -0.555 volts

Type of joints:

Soil resistivity:

8” pipe south side ~0.555 volts
spool north side —0.555 volts

Bolted flanges

At surface — 1,500 ohm-¢m
At pipe depth — 2,000 ohm-cm

Length of test pipe section: 32”

Depth of cover:

7-3”

Pit depths: No pits found on the inspected pipe section

Core sample:
Comments:

1

1. The contractor had a difficult time excavating the pipe at this location
due to the location, depth of pipe and continuous intrusion of ground

water.
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Appendix B — Diurnal Curves
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APPENDIX B

West Bank Wat :atment Plant Production - Venturi
(2001 & 2002 All Days)
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Large Users
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Tables

Watdatsrc.dbf data sources look-up table
Watlkfields.dbf link field definitions table
Watlkmats.dbf link materials look-up table
Watlktypes.dbf link types look-up table
Watndfields.dbf node field definitions table
Watndtypes.dbf node types look-up table
Watrecnos.dbf stores last unique record number used

Executables Files
WDTTEWaterForms.EXE  contains the data entry forms
Jpgv.EXE the photo viewer executable

Each user will also require the nodes and links water data GIS shapefiles. No location is
specified for these files. Add the nodes and links shapefiles to a view in ArcView in the
usual manner. It is important to note that several of the cleanup tools act on both the
nodes and the links themes. If there are several water links themes attached to a view,
make sure the one to be edited is the first such link theme from the top of the open
window when modifying a node. Likewise, if several water node themes are attached,
make sure the correct one is at the top when adding or modifying a link.

Activate the WDTTE Water extension to a project by selecting it from the list of
available extension under File/Extensions from the main menu of ArcView GIS.

USAGE

Eleven new buttons are available when the WDTTE Water extension is activated. The
buttons are numbered 1 through 11, as shown in Figure 2, and are described below.

WDTTE Water Users Guide Page 3 of 5






10.

11.

Add Node - Select the node theme, make it editable, and use this tool to place a new
node. Be sure that the link theme is the first water link theme from the top, or the
system won’t modify the correct links theme. Links can be split if a node is added on
the links and “Yes” is answered to the prompt. A node can also be placed on a free
link endpoint.

Move Node - Select the node theme, make it editable, and use this tool to drag a node
to a new spot. Again, be sure the first link theme is the first water link theme from
the top, or the connected pipes will not be modified.

Add Pipe - Select the pipe theme, make it editable, and use this tool to lay a new pipe
from one node to another. Click on the “from™ node and drag to the “to” node with
the right mouse button down. Let the mouse button up on the “t0” node.

Modify Pipe - Select the pipe theme, make it editable, and use this tool to grab a pipe
and connect it to another node. First click on the pipe once to select it, then drag one
end to the desired node.

View Pictures - Provides access to overlay aerial photography for the network
system. Use this tool button to hot-link to JPEG picture files. Click on an element
with this tool and the JPEG viewer will launch with the files indicated by the
element’s PHOTOPATH and PHOTONAME. Note: the viewer tags on a “*.JPG” to
the photo name to assist in having multiple photos for an element (e.g., the
PHOTONAME = “PS121” would bring up all of the photos whose names start with
“PS1217).

Fetch Basemap - This is a drop-down tool button with three choices: Street
centerline maps (S), low-resolution aerial photography (L), or high-resolution aerial
photography (H). Select the tool and then draw a box on the view (click and drag
with the left mouse button down) indicating the extent of background mapping
desired to be brought in. A prompt will indicate which files will be added.
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APPENDIX D

Fire Hydrant Field Testing

Flow & Pressure Reading
Site Enitial Residual Rebound
4 Location Street Date Time | Test Test Hydrant 1 (F1) Hydrant 2 (F2) Test Site Comments
Site Site Flow | Pressure | Flow { Pressure (psi)
(psi) | (psi} |(gpm)| (psi) | (gpm}i (psi)
i - 12117 | 48
I |EastBank| NePolanAve@ | oo .0 Mg 2 | 785 225 530 10 F1 & F2 open
Aunnunciation St.
12:28 47
- 1137 | 55
2 | Bast Bank | SPOT 5t @ St g2 [T 19 | 700 20 670 16 F1 & F2 openl
Charles Ave.
11:47 55
_ ) 14:59 | 54
3 | East Bank | 5 Rochedlave St @ o000 505 2| 1010 36 725 21 F1 & F2 open
Milan St.
15:10 54
- 1538 | 52
4 | East Bank S.Tonti @ 09/17/02 | 15:44 22 | 6% 17 820 275 F1 only
Canal St.
1552 52
. ) 16:50 | 43
5 {EastBank | RePWOHCSL@ o000 st 30 | 680 18 500 9 F1 & F2 apen
Rocheblave St.
17.03 4
, . 1137 | 42
6 | EastBank| CileeSt@ | o000 a 24 | 640 17 890 28 F1 & F2 open
Milan St.
11:50 42
1030 | S
Robert E. )
7 | East Bank |ROPM E-Lee BV @) 00 000 M09 36 | 820 48 905 29 F1 & F2 open|
Bluebird St.
10:45 52
. n 9:15 37
8 | East Bank | 0Pt E- Lee BIW-@1 01600 [0 0 | 900 32 555 1 F1 & F2 open
St. Anthony St.
9:26 38
, 15:00 | 51
Alvar St. @
9 | East Bank var St @ 09/18/02 | 15:05 43 | 905 29 970 37 F1 & F2 open
Benefit St.
15:10 5]
. v 1532 | 45
N. DerbiginySt. @
10 | East Bank erbiginySt @ | 00/1802 (1530 39 | 965 33 875 27 F1 & F2 open
Louisa St.
15:45 45
. 1621 | 5l
N. Galvez St. @
11 | East Bank alvez SL@ | oou800 [ 1626 45| 1050 39 850 29 F1 & F2 open
Tupelo St.
16:30 5]
Alabama St. between 14:03 52
12 | EastBank { Curran Blvd.and | 09/18/02 | 14:08 45| 900 35 950 32 F1 & F2 open
Morrison Rd. 14:16 ' 53
1133 | 51
Tara St. @
13 | East Bank ara St. @ 09/18:02 | 11-38 29 | 775 24 790 22 F1 only
Wendy Ln.
11:45 50
A 10:45 | 50
C Rd. @
14 | East Bank urran Rd. @ 09/18/02 | 1055 45 | 995 35 1050 43 Fl only
Windward Ct.
11:00 50
951 | s0
L @
15 | East Bank emans St @ | o800 [Tous6 33 | 840 28 860 26 F1 & F2 open
Cannes St.
10:05 49
. ) 9:10 50
16 | EastBank | EORA@ o000 [Tore 12| s00 10 580 12 FI & F2 open
Alba Rd.
9:25 52
_ ] 1719 ] 65
v @
17 | West Bank| ~coPesian Bd-@ | oo 000 720 60 | 1170 55 NA | NA Fi only
Elizardi Blvd.
17:32 56
Lenox St. @ 10:10 1 64
i W - . 5
§ | West Bank | et Dy | 0972002 [ 1017 32 | 785 25 820 24 FL & F2 open
1021 64
Pelican St. bet 1z11 1 60
19 | West Bank N oL DEWEEn | sonoi2 [ 1219 20 | 410 6 N/A N/A F1 only
Seguin and Bouny
1222 60
Oliver St. @ 15:16 | 59
20 | West Bank | Woodland Highway | 09/12/02 [ 1522 52 | 1040 12 NIA N/A Fl only
(406) 15:31 59
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Appendix E — Results of Model
Calibration
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APPENDIX E

East Bank
Pressure Comparison for Property Insurance Association Hydrant Testing
Main Static Field | Residual | Avg. Model | Pressure Percent
Location Size Hydrant {D| Pressure Pressure Pressure | Difference | Difference
(psi) (psi) (psi) (psi) (%)
RAYNES & CHARTER 6 F-440-006 42 14 54 12 22%
DOUGLAS & LAMANCHE 6 F-447-004 44 32 55 11 20%
FRENCHMAN & AGRICULTURE 6 F-329-007 47 31 57 10 18%
PRESS & URQUHART 6 F-383-033 47 35 56 9 16%
N. RAMPART & KENTUCKY 6 F-414-002 46 24 55 9 16%
N.GALVEZ & POLAND 12 F-417-003 48 30 57 9 16%
S. PETERS & CALLIOPE 16 F-158-018 46 26 55 9 16%
N. ROMAN & ST. MAURICE 6 F-455-039 48 30 57 9 16%
SENATE & PAUGER 6 F-332-003 48 10 56 8 14%
S. PETERS & MARKET 12 F-146-005 46 23 54 8 15%
BENEFIT & REPUBLIC 12 F-313-021 48 21 56 8 14%
TCHOUPITOULAS & JEFFERSON 6 F-078-007 47 24 54 7 13%
TCHOUPITOULAS & EUTERPE 6 F-151-009 48 21 55 7 13%
ST. CHARLES & GRAVIER 12 F-178-008 51 42 58 7 12%
TULANE & LASALLE 6 F-198-031 51 41 58 7 12%
POYDRAS & S. ROBERTSON 6 F-180-016 52 50 59 7 12%
ST. CHARLES & GIROD 12 F-172-016 50 38 57 7 12%
S. PETERS & GIROD 8 F-171-029 48 42 55 7 13%
ST. ANTHONY & PRENTISS 12 F-322-007 52 28 59 7 12%
DRYADES & FELICITY 6 F-155-030 52 40 59 7 12%
EASTOVER COUNTRY CLUB 12 F-519-016 52 31 59 7 12%
ALMONASTER & ELAINE 12 F-495-001 50 17 56 6 11%
HAYNES & BREVARD 8 F-478-052 50 36 56 6 11%
LEON C. SIMON & FRANKLIN 12 F-375A-002 50 36 56 6 1%
ACADIA & LOTUS 6 F-368-015 51 34 57 6 1%
WASHINGTON & S. WHITE 6 F-133-030 58 38 64 6 9%
DANTE & WILLOW 6 F-032-022 58 42 64 6 9%
TCHOUPITOULAS & HENRY CLAY 6 F-066-006 48 20 54 6 11%
PRYTANIA & ANTONINE 6 F-113-027 52 44 58 6 10%
TCHOUPITOULAS & LOUISIANA 12 F-117-029 49 14 55 6 11%
COLISEUM & ST. MARY 6 F-139-006 52 30 58 6 10%
CANAL & CONVENTION CENTER 16 F-177-025 48 40 54 6 11%
GENTILLY & POUCHE COURT W. 12 F-504-001 50 30 56 6 11%
DECATAUR & TOULOUSE 8 F-266-010 50 45 55 5 9%
ELYSIAN FIELDS & N. MIRO 6 F-346-029 53 26 58 5 9%
CHEF MENTEUR & MICHOUD 12 F-484-018 51 46 56 5 9%
LAKE FOREST & READ 12 F-513-017 54 34 59 5 8%
RESTGATE & PLAINFIELD 8 F-491-004 54 44 59 5 8%
TOWNSEND & HARBOR CIRCLE 12 F-423-019 53 18 58 5 5%
GRAVIER & S. BROAD 6 F-184-011 57 52 62 5 8%
S. BROAD & THALIA 6 F-133-005 58 15 63 5 8%
TCHOUPITOULAS & NAPOLEON 12 F-101-011 50 15 55 5 9%
TCHOUPITOULAS & AUSTERLITZ 12 F-101-012 50 28 55 5 9%
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Appendix E

EAST BANK
PRESSURE COMPARISON FOR PROPERTY INSURANCE ASSOCIATION HYDRANT TESTING (CONT’ D)
i | tdrnt | Fild | B | oda | fromee | T
Size ID Press.ure (psi) PreSS}lre e (psi) (%)
(psi) (psi)
ELYSIAN FIELDS & N. MIRO 6 F-346-029 53 26 58 5 9%
CHEF MENTEUR & MICHOUD 12 F-484-018 51 46 56 5 9%
LAKE FOREST & READ 12 F-513-017 54 34 59 5 8%
RESTGATE & PLAINFIELD 8 F-491-004 54 44 59 5 8%
TOWNSEND & HARBOR CIRCLE 12 F-423-019 53 18 58 5 9%
GRAVIER & S. BROAD 6 F-184-011 57 52 62 5 8%
S. BROAD & THALIA 6 F-133-005 58 15 63 5 8%
TCHOUPITOULAS & NAPOLEON 12 F-101-011 50 15 55 5 9%
TCHOUPITOULAS &

AUSTERLITZ 12 F-101-012 50 28 55 5 9%
FOURTH & CLAIBORNE 6 F-131-036 58 45 63 5 8%
IBERVILLE & BOURBON 12 F-196-019 54 48 58 4 %
BIENVILLE & N. BROAD 6 F-201-015 57 38 61 4 %

WEST END & ROBERT E. LEE 6 F-214-023 56 21 60 4 7%
MORRISON & MARTIN 16 F-460-047 55 40 59 4 7%
GENTILLY & DALE 12 F-479-009 52 38 56 4 %
SPANISH FORT & CENTRAL
PARK 12 F-237-043 52 24 56 7%
BIENVILLE & N. RAMPART 8 F-197-005 55 35 58 3 5%
MIRABEAU & FELICIANA 6 F-248-015 55 16 58 3 5%
BELLAIRE & ETHEL 6 F-007-006 56 10 59 3 5%
GRAVIER & S. CORTEZ 6 F-187-002 60 36 63 3 5%
CHEF MENTEUR & POLAND 8 F-480-014 51 36 54 3 6%
N. CLAIBORNE & ST. LOUIS 6 F-265-033 56 28 59 3 5%
CORTEZ & TOULOUSE 6 F-216-020 64 36 62 2 3%
HARRISON & LOUISVILLE 12 F-222-018 60 50 62 2 3%
WILLOW & McALISTER 12 F-055-005 62 33 64 2 3%
ST. CLAUDE & SPAIN 12 F-344-004 54 48 56 2 4%
GENTILLY & FORTIN 12 F-307-012 58 47 59 1 2%
WEIBLEN & GENERAL DIAZ 6 F-219-013 61 22 60 1 2%
S. CARROLLTON & TULANE 6 F-193-005 64 6l 63 ] 2%
AUDOBON & EDINBURGH 6 F-048-009 63 52 63 0 0%
S. CARROLLTON & PALM 12 F-037-037 63 54 63 0 0%
MWH PAGEE - 3




Pressure Comparison for Property Insurance Association Hydrant Testing

APPENDIX E

West Bank

i

Main Static Field | Residual | Avg. Medel| Pressure Percent
Location . Hydrant ID| Pressure Pressure Pressure | Difference | Difference
Stze . . . .
(psi) (psi) (psi) (psi) (%)
DELARONDE & SEGUIN 6 F-A1-017 68 34 63 5 7%
ATLANTIC & SLIDELL F-A3-037 68 57 65 3 4%
FLANDERS & GENERAL MEYER F-A13-021 68 32 65 3 4%
VESPASIAN & WEST BEND 12 F-A14-031 68 45 67 1 1%
GARDEN OAKS & MEMORIAL PARK 8 F-A15-004 70 38 68 2 3%
GENERAL DEGAULLE & HOLIDAY i2 F-A19-059 70 36 68 2 3%
GENERAL DEGAULLE & WOODLAND i2 F-A36-033 64 13 66 2 3%
ENGLISH TURN & GRAND CYPRESS 8 F-A49-004 68 5 65 3 4%
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APPENDIX E

East Bank
Pressure Comparison for Fire Hydrant Field Testing

Model Data Pressure
Flow (gpm) Field Data Pressure (psi) si) Percent

Site Difference
No. | F1 F2 | Initial [ Residual | Rebound | Inmitial | Residual (%)

1 785 530 48 42 47 63.08 60.3 31%

2 700 | 670 55 49 55 714 66.33 30%

3 1010 | 725 54 42 54 75.57 72.19 40%

4 690 | 820 52 42 52 69.97 68.23 35%

5 680 | 500 43 30 43 69.1 67.19 61%

6 640 | 890 42 24 42 68.1 62.06 62%

7 820 | 905 51 36 52 68.63 64.86 35%

8 900 | 555 37 30 38 70.15 67.11 90%
9 905 970 51 43 51 67.82 63.87 33%

10 | 965 875 45 39 45 67.49 64.42 50%

11 | 1050 | 850 51 45 51 69.3 66.29 36%

12 | 900 | 950 52 45 53 69.46 64.25 34%

13 775 790 51 29 50 71.49 68.04 40%

14 | 995 | 1050 50 45 50 69.67 65.96 39%

15 840 | 860 50 33 49 67.95 63.19 36%

16 | 500 | 580 50 12 52 61.46 8.03 23%

MWH



APPENDIX E

West Bank
Pressure Comparison for Fire Hydrant Field Testing

Meodel Data Pressure
Flow m Field Data Pressure (psi si

Site (gpm) ! 2 > (psi) (psi) Percent
No. F1 F2 Initial | Residual | Rebound | Initial Residual | Difference (%)
17 1170 | N/A 65 60 66 68.05 62.13 5%

i8 785 820 64 32 64 67.1 60.74 5%

19 410 N/A 60 20 60 62.88 60.06 5%

20 1040 | N/A 59 52 59 60.23 51.66 2%
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APPENDIX E
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APPENDIX E

09/18/02 Pressure Logger F-026-026
EastBank
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7
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09/12/02 Pressure Logger F-A4-056
WestBank
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Appendix F — Results of Hydraulic
Model Analysis
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APPENDIX F

Pipe Capacity - Diameter
Minimum Diameter = 6 inches

Pipe West Bank East Bank
Diameter (LI;E Percent of (LLei';it;: Percent of
(Inches) Mile) Total (%) Milec) Total (%)
1 0.11 0.0 0.07 0.0
2 1.46 0.0 4.87 0.0
3 - - 0.06 0.0
4 6.98 0.0 201.48 0.0
6 91.37 0.0 643.35 0.0
8 43.81 0.0 135.56 0.0
10 1.33 0.0 3.21 0.0
12 27.68 0.0 214.43 0.0
14 0.37 0.0 0.01 0.0
15 - - 0.06 0.0
16 9.11 0.0 26.68 0.0
18 - - 0.20 0.0
20 4.16 0.0 24.77 0.0
21 - - 0.06 0.0
24 0.01 0.0 6.66 0.0
29 - - 0.02 0.0
30 5.92 0.0 27.57 0.0
36 2.77 0.0 8.52 0.0
41 - - 0.69 0.0
42 - - 2.37 0.0
43 - - 2.53 0.0
48 - - 11.94 0.0
50 - - 17.42 0.0
54 - - 1.44 0.0
Total 195 0.0 1,334 0.0
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APPENDIX F

Pressure Criteria

East Bank West Bank
Pressure | Count |Percent % Pressure Count | Percent %

* 40 psi 86 0.7% * 40 psi 0 0.0%

> 65 psi 264 2.1% > 65 psi 2118 100.0%

Total Nodes 350 2.7% Total Nodes 2118 100.0%

Minimum Maximum Minimum at Maximum
at 11pm Count | Pressure | Count 12pm Count | Pressure | Count
34 3 46 1 48 2 70 2
35 5 47 4 51 I 72 1
36 22 48 15 52 28 73 3
37 13 49 42 53 35 74 17
38 1 50 57 54 31 75 46
39 20 51 70 55 45 76 70
40 22 52 166 56 101 77 152
41 64 53 443 57 223 78 288
42 187 54 868 58 284 79 472
43 384 55 1528 59 316 80 354
44 617 56 1670 60 442 81 437
45 974 57 2275 61 335 82 264
46 1541 58 1806 62 216 83 11
47 1797 59 764 63 57 85 1
48 1900 60 722 64 1 Total 2118
49 1604 61 487 65 1
50 655 62 581 Total 2118
51 578 63 530
52 493 64 343
53 409 65 222
54 510 66 157
55 377 67 57
56 188 68 33
57 170 69 6
58 123 70 11
59 116 Total 12858
60 31
61 32
62 9
63 9
64 4
Total 12858
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL
Single-Family Residential (355 hydrants)
Criteria: 1,000 gpm @ 20 psi
2 hr flow
Statistics: Flow (gpm) , # Hydrants
750-1000 151
500-750 156
250-500 42
0-250 6
Total (< 1,000) 355
FF HydrantID | " (Ig)sz;‘“d Available Flow to Hydrant @ 20 psi (gpm)
F-471-028 1,000 998.98
F-351-013 1,000 996.57
F-471-021 1,000 995.33
F-132-024 1,000 996.36
F-367-008 1,000 990.93
F-368-003 1,000 1001.08
F-077-022 1,000 991.36
F-059-013 1,000 991.08
F-368-002 1,000 986.98
F-276-013 1,000 986.05
F-088-010 1,000 985.54
F-059-014 1,000 984.44
F-047-013 1,000 984.68 .
F-471-014 1,000 973.68
F-037-032 1,000 982.38
F-471-016 1,000 973.27
F-230-043 1,000 973.32
F-219-025 1,000 975.77
. F-471-029 1,000 968.56
F-471-015 1,000 963.12
F-047-011 1,000 971.96
F-471-032 1,000 959.79
F-471-042 1,000 961.12
F-230-009 1,000 969.99
F-168-022 1,000 972.10
F-144-031 1,000 971.37
F-168-015 1,000 970.10
F-317-021 1,000 964.77
F-471-031 1,000 952.57
F-288-018 1,000 959.11
F-471-030 1,000 953.04
F-369-020 1,000 961
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MWH

APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)

FF Hydrant ID Fi‘;;‘:;;‘“d Available Flow to Hydrant @ 20 psi (gpm)
F-559-017 1,000 823.81
F-369-021 1,000 865.22
F-075-021 1,000 882.11
F-292-004 1,000 866.73
F-559-008 1,000 818.61
F-293-009 1,000 857.86
F-559-007 1,000 815.29
F-230-005 1,000 867.82
F-560-028 1,000 813.97
F-007-005 1,000 860.57
F-560-020 1,000 809.17
F-559-001 1,000 807.74
F-367-003 1,000 858.93
F-560-019 1,000 806.24
F-006-011 1,000 850.66
F-560-033 1,000 805.76
F-560-011 1,000 806.92
F-027-014 1,000 869.74
F-559-009 1,000 803.36
F-288-017 1,000 851.28
F-560-016 1,000 790.92
F-559-002 1,000 791.41
F-036-009 1,000 850.33
F-047-021 1,000 849.58
F-560-017 1,000 781.85
F-471-054 1,000 800.94
F-560-024 1,000 779.63 -
F-559-010 1,000 785.29
F-331-016 1,000 826.08
F-560-022 1,000 786.81
F-133-028 1,000 848.35
F-323-003 1,000 837.99
F-321-029 1,000 835.41
F-323-005 1,000 835.3
F-559-016 1,000 779.39
F-560-023 1,000 772.15
F-006-018 1,000 828.66
F-350-001 1,000 821.48
F-323-006 1,000 831.9
F-560-021 1,000 769.92
F-560-015 1,000 772.56
F-367-006 1,000 826.33
F-007-006 1,000 822.45
F-007-007 1,000 819.02
F-369-022 1,000 811.33
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MWH

APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)

FF Hydrant ID F¥ De::;md Available Flow to Hydrant @ 20 psi (gpm)
F-560-012 1,000 669.55
F-288-020 1,000 747.45
F-471-052 1,000 707.56
F-230-012 1,000 746.34
F-211-027 1,000 750.07
F-431-026 1,000 653.73
F-350-023 1,000 726.69
F-431-069 1,000 663.61
F-077-013 1,000 757.33
F-560-030 1,000 666
F-431-036 1,000 659.35
F-471-049 1,000 703.05
F-235-025 1,000 747.58
F-431-080 1,000 642.52
F-431-047 1,000 642.15
F-331-018 1,000 713.58
F-471-051 1,000 695.81
F-431-027 1,600 645.2
F-431-039 1,000 652.39
F-431-035 1,000 650.92
F-240-019 1,000 730.19
F-471-050 1,000 694.96
F-431-070 1,000 652.8
F-431-067 1,000 647.79
F-431-060 1,000 647.62
F-431-062 1,000 639.05
F-560-032 1,000 666.17 -
F-431-052 1,000 63295
F-560-031 1,000 651.9
F-431-079 1,000 637.2
F-431-046 1,000 635.64
F-391-021 1,000 718.72
F-431-054 1,000 633.53
F-431-053 1,000 630.81
F-368-033 1,000 715.82
F-431-034 1,000 639.1
F-431-028 1,000 633.23
F-431-040 1,000 639.6
F-431-063 1,000 633.88
F-431-071 1,000 642.36
F-431-055 1,000 630.12
F-560-007 1,000 638.56
F-431-078 1,000 632.39
F-431-066 1,000 637.24
F-431-045 1,000 631.01
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)

FF HydrantID | 0 ;;:;‘“d Available Flow to Hydrant @ 20 psi (gpm)
F-276-018 1,000 659.88
F-560-038 1,000 5828
F-230-014 1,000 673.48
F-350-024 1,000 649.53
F-144-021 1,000 684.81
F-083-012 1,000 676.97
F-029-006 1,000 691.09
F-075-017 1,000 680.24
F-560-004 1,000 571.88
F-560-008 1,000 569.65
F-560-027 1,000 576.14
F-560-009 1,000 557.8
F-003-006 1,000 669.65
F-068-018 1,000 621.15
F-431-024 1,000 533.64
F-230-048 1,000 628.43
F-292-021 1,000 609.24
F-560-037 1,000 558.76
F-331-019 1,000 599.64
F-560-003 1,000 547.43
F-368-038 1,000 608.98
F-231-028 1,000 619.19
F-536-001 1,000 604.05
F-560-005 1,000 526.76
F-350-020 1,000 594.67
F-368-034 1,000 598.86
F-219-027 1,000 600.86
F-560-010 1,000 517.05
F-134-031 1,000 619.99
F-240-010 1,000 593.6
F-536-003 1,000 579.02
F-368-031 1,000 575.61
F-560-006 1,000 513.75
F-240-020 1,000 564.53
F-100-015 1,000 588.02
F-560-034 1,000 484.12
F-369-031 1,000 550.31
F-331-020 1,000 530.96
F-002-009 1,000 585.44
F-231-025 1,000 550.73
F-230-015 1,000 552.74
F-029-007 1,000 570.91
F-027-030 1,000 569.10
F-332-027 1,000 512.89
F-029-011 1,000 554.80
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)

FF Hydrant ID FF (l;:;md Available Flow to Hydrant @ 20 psi (gpm)
F-351-014 1,000 258.58
F-110-002 1,000 246.43
F-144-026 1,000 204.95
F-110-003 1,000 208.13
F-506-033 1,000 158.84
F-388-036 1,000 158.72
F-559-015 1,000 137.13

Multi-Family Residential (165 Hydrants)
Criteria: 2,500 gpm @ 20 psi
2 hr flow
Statistics: Flow (gpm) # Hydrants
2000-2500 22
1500-2000 54
1500-1000 44
750-1000 7
500-750 35
250-500 3
Total (< 2,500) 165
FF HydrantID | T ;;;‘"d Available Flow to Hydrant @ 20 psi (gpm)
F-116-015 2,500 2,498.10
F-425-045 2,500 2483.28
F-269-032 2,500 2,34343
F-145-010 2,500 2,354.40
F-294-010 2,500 2,307.73
F-122-025 2,500 2,314.71
F-145-009 2,500 2,317.06
F-145-016 2,500 2,248.40
F-332-002 2,500 2,180.70
F-270-017 2,500 2,211.02
F-158-017 2,500 2,166.79
F-425-043 2,500 2148.52
F-348-016 2,500 2,150.97
F-269-019 2,500 2,144.14
F-295-008 2,500 2,110.62
F-137-005 2,500 2,029.61
F-145-019 2,500 2,087.76
F-198-001 2,500 2,038.16
F-270-016 2,500 2,061.05
F-295-010 2,500 1,996.65
F-122-004 2,500 2,070.21
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MWH

APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)

FF Hydrant ID Fil;;:;md Available Flow to Hydrant @ 20 psi (gpm)
F-144-006 2,500 1,612.40
F-269-028 2,500 1,572.74
F-268-038 2,500 1,555.32
F-144-005 2,500 1,596.10
F-129-017 2,500 1,584.56
F-138-004 2,500 1,510.68
F-293-004 2,500 1,487.54
F-037-033 2,500 1,603.76
F-138-003 2,500 1,483.79
F-147-014 2,500 1,476.02
F-129-001 2,500 1,543.24
F-405-004 2,500 1489.61
F-349-019 2,500 1,482.37
F-270-006 2,500 1,525.41
F-295-011 2,500 1,443.11
F-145-014 2,500 1,537.63
F-270-011 2,500 1,497.82
F-137-007 2,500 1,392.25
F-314-021 2,500 1,399.85
F-130-010 2,500 1,493.30
F-275-007 2,500 1,424.57
F-271-003 2,500 1,441.22
F-137-009 2,500 1,375.47
F-405-009 2,500 1385.95
F-271-007 2,500 1,430.77
F-137-003 2,500 1,360.65
F-137-010 2,500 1,355.24 -
F-198-011 2,500 1,399.50
F-197-021 2,500 1,384.82
F-405-005 2,500 1354.48
F-197-026 2,500 1,358.47
F-197-061 2,500 1.361.78
F-198-010 2,500 1,365.88
F-147-013 2,500 1,300.43
F-206-015 2,500 1,298.44
F-137-008 2,500 1,255.54
F-015-016 2,500 1,249.92
F-268-039 2,500 1,272.47
F-349-016 2,500 1,247.99
F-314-020 2,500 1,210.44
F-197-027 2,500 1,241.49
F-406-001 2,500 1222.02
F-116-036 2,500 1,236.32
F-333-027 2,500 1,191.78
F-295-012 2,500 1,182.22
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)
FF Hydrant ID F¥ (]g);::;md Available Flow to Hydrant @ 20 psi (gpm)
F-165-018 2,500 669.79
"F-166-010 2,500 599.47
F-166-014 2,500 591.22
F-166-006 2,500 576.49
F-166-016 2,500 565.09
F-331-002 2,500 500.59
F-050-005 2,500 47747
F-050-003 2,500 459.54
E-297-015 2,500 347.66
Wetland (0 hydrants)
Recreation (43 hydrants)
Criteria: 1,000 gpm @ 20 psi
2 hr flow
Statistics: Flow (gpm) # Hydrants
750-1000 30
500-750 8
0-500 5
Total (< 1,000) 43
FF Hydrant ID FE ;; 2;! nd Available Flow to Hydrant @ 20 psi (gpm)
F-028-025 1,000 995.82
F-061-001 1,000 088.83
F-037-021 1,000 987.65
F-387-013 1,000 983.15
F-223-011 1,000 982.81
F-195-003 1,000 977.72
F-223-009 1,000 976.45
F-240-005 1,000 974.35
F-216-023 1,000 972.23
F-332B-004 1,000 970.07
F-375G-003 1,000 958.9
F-223-010 1,000 955.92
F-331-017 1,000 942.75
F-007-003 1,000 934.60
F-440-013 1,000 896.96
F-426-023 1,000 871.61
F-375D-001 1,000 886.99
F-211-009 1,000 897.1
F-006-007 1,000 875.37
F-411-001 1,000 875.44
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)
FF Hydrant ID FF (lg);:)md Available Flow to Hydrant @ 20 psi (gpm)
F-300-002 1,000 238.19
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)

FF Hydrant ID FF (];;:1 ;l nd Available Flow to Hydrant @ 20 psi (gpm)
F-206-013 3,000 2851.18
F-113-030 3,000 2824.77
F-222-003 3,000 2841.89
F-207-010 3,000 2832.78
F-443-024 3,000 2800.81
F-268-006 3,000 2797.51
F-426-081 3,000 2780.01
F-426-084 3,000 2774.87
F-248-040 3,000 2776.57
F-426-083 3,000 2774.88
F-443-023 3,000 2777.37
F-051-015 3,000 2,761.95
F-352-018 3,000 2760.09
F-356-004 3,000 277432
F-106-020 3,000 2780.85
F-493-025 3,000 2766.48
F-113-027 3,000 2752.98
F-426-058 3,000 2756.22
F-233-013 3,000 2764.56
F-233-021 3,000 2754.77
F-356-003 3,000 2745.52
F-466-015 3,000 2742.59
F-286-030 3,000 2736.16
F-201-015 3,000 27403
F-510-003 3,000 2723.42
F-266-009 3,000 2701.46
F-288-013 3,000 272347
F-355-042 3,000 2714 .45
F-233-020 3,000 2722.87
F-478-093 3,000 2696.26
F-233-018 3,000 271031
F-200-013 3,000 2704.61
F-200-007 3,000 2705.67
F-199-007 3,000 2692.65
F-426-065 3,000 2674.9
F-443-030 3,000 2669.55
F-364-001 3,000 2674.52
F-325-022 3,000 2669.38
F-206-022 3,000 2687.74
F-482-031 3,000 2648.99
F-051-009 3,000 2,646.51
F-199-003 3,000 2660.31
F-201-010 3,000 2663.44
F-199-013 3,000 2644.39
F-204-016 3,000 2654.29
F-173-010 3,000 26304
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)
FF Demand N N
FF Hydrant ID Available Flow to Hydrant @ 20 psi (gpm)
_(gpm)
F-030-010 3,000 2,456.83
F-466-016 3,000 2443.09
F-420-026 3,000 2388.04
F-187-005 3,000 2471.93
F-198-036 3,000 2438.57
F-135-008 3,000 2471.8
F-200-019 3,000 243931
F-406-006 3,000 2420.09
F-198-018 3,000 2414.23
F-182-007 3,000 2429.52
F-478-096 3,000 2398.03
F-015-014 3,000 2,329.69
F-199-016 3,000 2402.42
F-361-024 3,000 2395.5
F-198-007 3,000 2385.18
F-183-003 3,000 2403.13
F-169-020 3,000 2409.94
F-363A-004 3,000 2345.62
F-460-013 3,000 2363.27
F-048-007 3,000 2,405.34
F-200-030 3,000 2381.67
F-303-012 3,000 2354.19
F-510-002 3,000 2360.16
F-247-028 3,000 2363.66
F-158-020 3,000 2317.85
F-332-005 3,000 2299.34
F-335-005 3,000 234423
F-201-024 3,000 2382.88
F-201-004 3,000 2367.45
F-199-022 3,000 2360.13
F-197-059 3,000 2318.73
F-129-023 3,000 2341.96
F-197-028 3,000 2295.19
F-291-009 3,000 2323.6
F-247-001 3,000 2315.12
F-491-052 3,000 2304.5
F-199-010 3,000 232544
F-352-027 3,000 2251.42
F-202-004 3,000 234432
F-168-019 3,000 2341.65
F-187-001 3,000 2349.78
F-016-001 3,000 2,199.52
F-203-011 3,000 2338.63
F-334-004 3,000 228545
F-268-015 3,000 2278.87
F-455-014 3,000 2266.74
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)

FF Hydrant ID FF De$;1 nd Available Flow to Hydrant @ 20 psi (gpm)
F-038-014 3,000 2,204.44
F-198-012 3,000 2181.05
F-192-019 3,000 2208.72
F-090-014 3,000 2,190.64
F-420-028 3,000 2091.95
F-138-008 3,000 2126.65
F-426-078 3,000 2136.16
F-510-001 3,000 2148.83
F-332-011 3,000 2081.91
F-032-029 3,000 2,188.90
F-181-028 3,000 2159.14
F-163-004 3,000 2119.79
F-022-001 3,000 2,172.87
F-342-008 3,000 2085.92
F-133-021 3,000 21724
F-216-006 3,000 2176.88
F-075-029 3,000 2,181.25
F-343-009 3,000 2091.32
F-455-032 3,000 2093.71
F-016-004 3,000 2,026.48
F-198-005 3,000 21255
F-288-010 3,000 2111.27
F-288-031 3,000 2106.17
F-092-022 3,000 2,056.58
F-168-020 3,000 2147.49
F-454-034 3,000 2049.92
F-241-023 3,000 2114.55
F-181-024 3,000 2103.23
F-288-029 3,000 2102.91
F-138-007 3,000 2052.56
F-326-009 3,000 2064.69
F-363-012 3,000 2058.33
F-201-014 3,000 2108.24
F-344-001 3,000 2036.81
F-191-008 3,000 2123.18
F-426-026 3,000 1959.19
F-207-007 3,000 2086.75
F-288-009 3,000 2053.94
F-285-004 3,000 2047.54
F-500-017 3,000 2027.82
F-201-009 3,000 2076.48
F-092-020 3,000 2,006.19
F-479-005 3,000 2016.66
F-143-015 3,000 2099.51
F-106-019 3,000 2086.99
F-270-018 3,000 2054.65
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)
FF Hydrant ID FF Demand Available Flow to Hydrant @ 20 psi (gpm)
(epm)
F-272-016 3,000 1974.69
F-193-011 3,000 2011.3
F-285-025 3,000 1938.62
F-269-021 3,000 1947.24
F-205-001 3,000 2004.14
F-288-023 3,000 1965.76
F-406-010 3,000 1943.56
F-032-014 3,000 1,985.70
F-308-001 3,000 1933.53
F-326-027 3,000 1930.26
F-135-002 3,600 1985.61
F-203-004 3,000 1984.56
F-464-042 3,000 1768.84
F-031-031 3,000 1,959.87
F-193-010 3,000 1991.31
F-154-001 3,000 1908.12
F-197-022 3,000 1918.23
F-134-042 3,000 1980.7
F-426-063 3,000 1907.83
F-134-012 3,000 1951.38
F-043-013 3,000 1,926.00
F-188-012 3,000 1922.35
F-154-005 3,000 1872.46
F-201-008 3,000 1925.43
F-173-017 3,000 1905.81
F-026-006 3,000 1,986.58
F-198-045 3,000 1914.82
F-426-086 3,000 1840.04
F-454-020 3,000 1856.91
F-190-010 3,000 1957.02
F-308-010 3,000 1846.25
F-140-009 3,000 1869.12
F-200-001 3,000 1907.76
F-186-001 3,000 1940.46
F-096-012 3,000 1,916.41
F-363A-006 3,000 1856.67
F-191-005 3,000 1940.11
F-092-028 3,000 1,836.78
F-127-023 3,000 1866.15
F-326-011 3,000 1863.44
F-356-013 3,000 1887.82
F-118-019 3,000 1840.76
F-190-011 3,000 1936.03
F-288-033 3,000 1886.14
F-169-007 3,000 1924.29
F-188-014 3,000 1896.47
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)
FF Hydrant ID FF Demand Available Flow to Hydrant @ 20 psi (gpm)
(epm)

F-325-003 3,000 1760.43
F-177-054 3,000 1750.24
F-193-012 3,000 1843.89
F-309-004 3,000 1759.97
F-118-016 3,000 1753.2
F-324-003 3,000 1750.3

F-118-015 3,000 1751.94
F-312-021 3,000 1722.95
F-285-024 3,000 1771.5
F-291-005 3,000 1774.44
F-415-015 3,000 1701.13
F-134-025 3,000 1823.44
F-198-038 3,000 1769.94
F-480-006 3,000 1698.56
F-285-023 3,000 1745.55
F-286-001 3,000 1754.29
F-382-003 3,000 1705.68
F-496-003 3,000 1688.06
F-442-029 3,000 1702.36
F-182-001 3,000 1785.31
F-345-005 3,000 1729.32
F-140-014 3,000 1730.81
F-272-019 3,000 1770.63
F-189-007 3,000 1785.95
F-325-005 3,000 1717.41
F-198-043 3,000 1752.02
F-272-017 3,000 1763.96
F-180-021 3,000 1754.43
F-288-032 3,000 1738.17
F-402-034 3,000 1690.82
F-112-031 3,000 1696.95
F-181-011 3,000 1741.11
F-200-021 3,000 1746.32
F-154-006 3,000 1695.98
F-332-006 3,000 1649.55
F-201-011 3,000 1759.66
F-200-017 3,000 1742.69
F-304-002 3,000 1712.6

F-199-005 3,000 1732.87
F-141-003 3,000 1715.03
F-269-015 3,000 1720.62
F-102-022 3,000 1,675.71
F-360-013 3,000 1719.31
F-311-031 3,000 1682.39
F-405-023 3,000 1701.5

F-051-012 3,000 1,671.20
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)

FF Hydrant ID Filg);z:;md Available Flow to Hydrant @ 20 psi (gpm)
F-426-022 3,000 1420.53
F-337-003 3,000 1618.54
F-326-026 3,000 1591.86
F-067-021 3,000 1,562.41
F-352-021 3,000 1554.85
F-032-017 3,000 1,660.87
F-204-015 3,000 1676.45
F-192-004 3,000 1649.19
F-140-010 3,000 1579.62
F-187-007 3,000 1647.95

F-363A-008 3,000 1570.1
F-140-002 3,000 1576.79
F-167-014 3,000 1642.93
F-190-006 3,000 1648.86
F-311-019 3,000 1589.91
F-202-002 3,000 1628.09
F-351-022 3,000 1524.06
F-134-013 3,000 1620.71
F-297-023 3,000 1547.24
F-032-024 3,000 1,638.80
F-454-001 3,000 1536.07
F-190-007 3,000 1637.81
F-248-042 3,000 15294
F-200-014 3,000 1600.32
F-032-025 3,000 1,629.89
F-312-001 3,000 151045
F-133-017 3,000 16149
F-102-023 3,000 1,535.37
F-188-011 3,000 1600.75
F-312-006 3,000 1506.53
F-155-004 3,000 1566.07
F-204-013 3,000 1627.87
F-196-035 3,000 1560.9
F-352-026 3,000 1490.95
F-085-002 3,000 1,468.37
F-086-022 3,000 1,517.54
F-333-013 3,000 1502.47
F-085-003 3,000 1,465.85
F-189-003 3,000 1580.28
F-325-034 3,000 1539.65
F-155-005 3,000 1554.15
F-199-002 3,000 1566.22
F-189-005 3,000 1583.39
F-199-008 3,000 1564
F-031-030 3,000 1,579.12
F-160-010 3,000 1536.32
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)

FF Hydrant ID FF (lg);::‘;l nd Available Flow to Hydrant @ 20 psi (gpm)
F-327-006 3,000 1471.66
F-191-013 3,000 1544.5
F-352-025 3,000 14283
F-138-005 3,000 1449.29
F-198-009 3,000 1490.66
F-191-015 3,000 1536.7
F-132-019 3,000 1527.7
F-191-010 3,000 1539.52
F-441-004 3,000 1435.23
F-030-009 3,000 1,474.65
F-154-012 3,000 1451.39
F-453-024 3,000 1415.74
F-143-021 3,000 1500.79
F-138-022 3,000 1435.29
F-148-012 3,000 1438.2
F-096-013 3,000 1,490.90
F-190-014 3,000 1515.6
F-332-014 3,000 1391.77
F-127-024 3,000 1440.79
F-286-004 3,000 1445.06
F-188-010 3,000 1476.1
F-282-020 3,000 1377.58
F-127-015 3,000 1429.67
F-479-021 3,000 1388.86
F-189-001 3,000 1475.68
F-454-012 3,000 1401.87
F-286-011 3,000 1431.61 .
F-285-042 3,000 1432.87
F-495-009 3,000 1373.53
F-079-008 3,000 1,380.77
F-169-023 3,000 1473.98
F-067-022 3,000 1,379.34
F-290-003 3,000 1411.09
F-154-026 3,000 1404.22
F-304-005 3,000 1400.25
F-154-025 3,000 1398.76
F-140-001 3,000 1383.04
F-395-011 3,000 1372.98
F-016-013 3,000 1,299.25
F-270-007 3,000 1414.19
F-038-031 3,000 1,466.56
F-495-008 3,000 1348.43
F-154-002 3,000 1372.23
F-442-011 3,000 1338.01
F-112-027 3,000 1348.83
F-125-024 3,000 1357.6
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)
FF Hydrant [D | 7 Demand | o ilable Flow to Hydrant @ 20 psi (gpm)
__{(gpm)

F-284-007 3,000 1286.97
F-125-022 3,000 1271.93
F-454-027 3,000 1257
F-408-005 3,000 1273.86
F-324-002 3,000 1254.61
F-189-015 3,000 1334.09
F-471-056 3,000 1062.44
F-333-021 3,000 1224.16
F-332-007 3,000 1214.35
F-408-004 3,000 1255.09
F-140-007 3,000 1250.95
F-016-023 3,000 1,203.81
F-125-023 3,000 1232.06
F-501-004 3,000 1220.9
F-154-017 3,000 1238.31
F-471-011 3,000 1044.28
F-199-024 3,000 1271.09
F-198-027 3,000 1253.16
F-155-015 3,000 1236.58
F-108-001 3,000 1297.9
F-038-026 3,000 1,283.97
F-479-020 3,000 1191.29
F-351-021 3,000 1170.92
F-329-033 3,000 1192.13
F-471-033 3,000 997.47
F-087-020 3,000 1,189.56
F-385-025 3,000 1196.3
F-471-034 3,000 989.61
F-269-005 3,000 1211.18
F-198-003 3,000 1192.12
F-454-011 3,000 1154.59
F-035-008 3,000 1,265.27
F-471-012 3,000 999.34
F-471-055 3,000 967.43
F-312-018 3,000 1117.1
F-184-008 3,000 1197.77
F-034-037 3,000 1,237.82
F-155-016 3,000 1158.46
F-135-001 3,000 1195.35
F-216-011 3,000 1186.43
F-308-002 3,000 1149.33
F-032-010 3,000 1,205.35
F-155-029 3,000 1149.3
F-032-009 3,000 1,199.45
F-026-012 3,000 1,231.35
F-120-010 3,000 1126.96
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)
FF Hydrant ID FF Demand Available Flow to Hydrant @ 20 psi (gpm)
_(gpm)

F-026-011 3,000 1,032.53
F-181-021 3,000 945.17
F-332-020 3,000 868.4
F-155-008 3,000 900.39
F-292-003 3,000 880.25
F-207-005 3,000 860.83
F-496-006 3,000 847.8
F-031-022 3,000 909.82
F-495-010 3,000 838.15
F-180-018 3,000 698.33

F-363A-002 3,000 841.22
F-189-006 3,000 890.84
F-228-009 3,000 863.32
F-031-026 3,000 873.41
F-207-001 3,000 810.14
F-030-021 3,000 861.50
F-276-020 3,000 815.18
F-291-001 3,000 815.58
F-496-007 3,000 764.75
F-495-011 3,000 762.33
F-036-004 3,000 840.90
F-201-020 3,000 800.85
F-496-008 3,600 733.41
F-495-012 3,000 734
F-182-015 3,000 771.48
F-181-022 3,000 774.73
F-078-008 3,000 681.24
F-139-001 3,000 721.18
F-344-030 3,000 703.13
F-364-013 3,000 706.16
F-189-002 3,000 729.86
F-324-004 3,000 668.64
F-344-003 3,000 645.05
F-079-012 3,000 630.23
F-182-016 3,000 669.47
F-192-017 3,000 691.14
F-309-025 3,000 647.69
F-144-022 3,000 669.51
F-036-012 3,000 639.38
F-175-011 3,000 627.08
F-216-010 3,000 629.57
F-405-026 3,000 594.6
F-131-020 3,000 606.97
F-173-022 3,000 562.42
F-036-011 3,000 574.27
F-364-005 3,000 537.85
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
COMMERCIAL (CONT'D)
FF Demand . .
FF Hydrant ID (gpm) Available Flow to Hydrant @ 20 psi (gpm)
F-552-011 3,000 959.29
F-552-010 3,000 951.26
F-552-009 3,000 942.45
F-552-008 3,000 935.01
F-552-007 3,000 927.46
F-552-006 3,000 920.20
F-552-005 3,000 912.76
F-552-004 3,000 905.28
F-552-003 3,000 897.14
F-552-002 3,000 889.27
F-552-001 3,000 881.45
F-559-024 3,000 874.02
F-559-023 3,000 866.47
F-559-022 3,000 859.03
F-559-021 3,000 851.74
F-559-020 3,000 844.76
F-559-019 3,000 837.45
F-559-018 3,009 830.80
F-561-001 3,000 616.23
F-561-002 3,000 595.28
F-561-003 3,000 569.91
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
INDUSTRIAL (CONT'D)

FF Hydrant ID FF (l;;$; nd Available Flow to Hydrant @ 20 psi (gpm)
F-147-001 4,000 3421.89
F-480-015 4,000 3424.61
F-123-003 4,000 3366.08
F-217-019 4,000 3497.7
F-502-010 4,000 3389.37
F-502-004 4,000 3342.62
F-437-014 4,000 3373.35
F-187-002 4,000 3448.22

F-525A-013 4,000 324149
F-185-012 4,000 3433.24
F-389-003 4,000 3363.27
F-381-010 4,000 3284.19
F-187-004 4,000 3374.98
F-495-004 4,000 324291

F-525A-014 4,000 31384
F-342-013 4,000 3251.18
F-146-011 4,000 3226.6
F-137-021 4.000 3167.76

F-525A-012 4,000 3059.84
F-158-004 4,000 3176.44
F-366-019 4,000 322171
F-167-005 4,000 3238.96
F-147-011 4,000 3092.7
F-183-004 4,000 3190.64
F-158-008 4,000 3110.03
F-272-020 4,000 3186.45
F-416-002 4,000 3116.74 -
F-417-019 4,000 31236
F-525A-011 4,000 2886.06
F-117-003 4,000 2,961.14
F-169-015 4,000 3118.59
F-117-034 4,000 2868.46
F-383-005 4,000 2936.11
F-421-020 4,000 28323
F-186-011 4,000 3021.95
F-325A-010 4,000 2713.09
F-382-026 4,000 2887.58
F-342-016 4,000 2814.34
F-497-006 4,000 2852.49
F-165-009 4,000 2899.76
F-525A-009 4 000 2598.81
F-272-032 4,000 2890.04
F-480-016 4,000 2717.24
F-186-008 4,000 2893.8
F-526-005 4,000 2769.08
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
INDUSTRIAL (CONT'D)

FF Hydrant ID FF (lg);:;l nd Available Flow to Hydrant @ 20 psi (gpm)
F-159-016 4,000 2359.7
F-049-028 4,000 2,460.76
F-383-019 4,000 2319.29
F-418-003 4,000 2360.43
F-419-006 4,000 2406.14
F-185-011 4,000 2459.62

F-525A-003 4,000 2076.82
F-048-031 4,000 2,459.74
F-437-006 4,000 2349.42
F-167-015 4,000 2448.18
F-036-028 4,000 2,483.52
F-530-003 4,000 2302.91
F-329-005 4000 2316.54
F-420-022 4,000 2306.31
F-144-002 4,000 2388.62
F-164-009 4,000 2370.47

F-525A-002 4,000 2016.43
F-420-014 4,000 2278.35
F-418-005 4,000 2236.69
F-186-003 4,000 2371.64
F-194-014 4,000 2354.08
F-329-004 4,600 2242.34
F-393-005 4,000 2251.98
F-527-007 4,000 2203
F-048-033 4,000 2,337.73

F-525A-001 4,000 1945.78
F-503-004 4,000 2143.45-
F-171-033 4,000 2201.05
F-151-017 4,000 2167
F-528-001 4,000 2175.06
F-383-025 4,000 2171.23
F-217-027 4,000 2307.17
F-159-015 4,000 2191.02
F-526-001 4,000 2188.85
F-550-021 4,000 1893.08
F-171-035 4,000 2152.46
F-527-006 4,000 2141.52
F-383-006 4,000 2147.96
F-528-002 4,000 2136.01
F-049-002 4,000 2,273.79
F-367-020 4,000 2202.35
F-495-003 4,000 2103.57
F-347-016 4,000 2207.7
F-151-001 4,000 2127.76
F-274-014 4,000 223293
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
INDUSTRIAL (CONT'D)

FF Hydrant ID F¥ (l;;z:;md Available Flow to Hydrant @ 20 psi (gpm)
F-418-002 4,000 1949.24
F-183-005 4,000 2010.69
F-147-003 4,000 1890.87
F-550-014 4,000 1624.29
F-550-016 4,000 1634.3
F-436-020 4,000 1918.37
F-185-010 4,000 2026
F-159-031 4,000 1903.37
F-166-002 4,000 1963.04
F-418-007 4,600 1848.42
F-168-004 4,000 2004 .85
F-550-013 4,000 1588.4
F-152-007 4,000 1859.4
F-168-002 4,000 1987.46
F-168-005 4,000 1988.13
F-157-015 4,000 1818.1
F-151-010 4,000 1833.29
E-273-007 4,000 1927.35
F-550-012 4,000 1556.3
F-416-004 4,000 1862.9
F-208-003 4,000 1916.82
F-217-011 4,000 1942.36
F-134-007 4,000 1950.46
F-048-032 4,000 1,956.37
F-159-022 4,000 1829.67
F-146-013 4,000 1788.63
F-183-006 4,000 1906.95
F-194-006 4,000 1950.6
F-217-022 4,000 1928.39
F-550-011 4,000 1524 32
F-532-001 4,000 1820.16
F-175-009 4,000 1884.39
F-527-009 4,000 1782.38
F-150-001 4,000 1743.15
F-550-010 4,000 1498.25
F-367-013 4,000 1826.46
F-168-006 4,000 1884.22
F-383-011 4,000 1761.96
F-329-014 4,000 1756.58
F-194-013 4,000 1891.93
F-550-009 4,000 1473.08
F-183-009 4,000 1820.66
F-169-001 4,000 1856.2
F-217-023 4.000 1861.06
F-175-010 4,000 1824.38
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
INDUSTRIAL {(CONT'D)

FF Hydrant ID F¥ (]g):)ﬁ; nd Available Flow to Hydrant @ 20 psi (gpm)
F-146-015 4,000 1547.37
F-482-035 4,000 1585.97
F-550-001 4,000 1304.79
F-147-006 4,000 1552.34
F-150-005 4,000 1542.3
F-146-009 4,000 1540.77
F-183-022 4,000 1643.48
F-218-016 4,000 1643.4
F-151-012 4,000 1547.77
F-551-022 4,000 1290.52
F-383-018 4,000 1556.88
F-175-007 4,000 1623.12
F-216-020 4,000 1647.35
F-169-024 4,000 1654.13
F-437-005 4,000 1573.28
F-551-021 4,000 1273.61
F-183-010 4,000 1582.94
F-169-004 4,000 1631.18
F-036-016 4000 1,650.31
F-438-003 4,000 1549.39
F-551-020 4,000 1255.53
F-208-013 4,000 1605.77
F-175-006 4,000 1574.83
F-169-005 4,000 1618.5
F-527-011 4,000 1488.5
F-551-019 4,000 1238.16
F-208-002 4,000 1561.65 -
F-151-011 4,000 1472.92
F-151-018 4,000 1457.88
F-551-018 4,000 1223.74
F-208-017 4,000 15494
F-085-001 4,000 1,421.18
F-049-005 4,000 1,597.56
F-217-020 4,000 1585.55
F-216-018 4,000 1581.08
F-551-017 4,000 1207.88
F-367-011 4,000 14945
F-159-026 4,000 1468.57
F-147-012 4,000 1431.59
F-037-038 4,000 1,560.28
F-551-014 4,000 1189.84
F-165-004 4,000 1507.37
F-85A-001 4,000 1396.5
F-551-013 4,000 1196.42
F-437-009 4,000 1466.36
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
INDUSTRIAL (CONT'D)

FF Hydrant ID FE (];;:)and Available Flow to Hydrant @ 20 psi (gpm)
F-439-004 4,000 1266.03
F-026-005 4,000 1,400.53
F-164-012 4,000 1312.3
F-182-017 4,000 1313.97
F-414-024 4,000 1252.25
F-164-013 4,000 1315.54
F-187-008 4,000 1345.68
F-396-006 4,000 1270.3
F-048-026 4,000 1,326.82
F-091-004 4,000 1,172.84
F-184-004 4,000 1312.44
F-85A-002 4,000 1187.42
F-417-021 4,000 1243.21
F-381-004 4,000 1184.12
F-169-018 4,000 1303.77
F-532-002 4,000 1215.28
F-182-009 4,000 1254.76
F-394-016 4,000 1168.21
F-137-002 4,000 1138.09
F-078-004 4,000 1,103.66
F-381-006 4,000 1114.98
F-381-005 4,000 1112.07
F-447-003 4,000 1090.18
F-452-019 4,000 1056.34
F-046-008 4,000 1,209.39
F-501-003 4,000 1108.04
F-439-008 4,000 1093.99
F-396-007 4,000 1107.44
F-186-010 4,000 1140.44
F-447-002 4,000 1002.25
F-447-001 4,000 970.31
F-133-005 4,000 1108.05
F-164-005 4,000 1082.61
F-091-005 4,000 981.90
F-438-011 4,000 1048.22
F-438-009 4,000 103343
F-164-001 4,000 1057.22
F-439-006 4,000 1029.08
F-149-005 4,000 954.22
F-185-003 4,000 9933
F-416-028 4,000 989.75
F-182-019 4,000 1030.26
F-452-006 4,000 933.87
F-186-009 4,000 1042.33
F-439-005 4,000 966.6
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
INDUSTRIAL (CONT'D)
¥F Hydrant ID F¥ (Ig);z;‘ nd Available Flow to Hydrant @ 20 psi (gpm)
F-422-011 4,000 565.98
F-183-017 4,000 545.28
F-163-010 4,000 555.19
F-184-023 4,000 512.57
F-440-001 4,000 465.2
F-163-011 4,000 482.35
F-101-001 4,000 447.07
F-440-014 4,000 409.64
F-310-004 4,000 388.8
F-078-006 4,000 32395
F-216-014 4,000 226.06
F-385-017 4,000 215.78
F-216-017 4,000 213.72
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EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND - INSTITUTIONAL
{CONT'D)
FF Demand Available Flow to | Upstream Pipes Failing to Supply AVG
FF Hydrant ID (gpm) Hydrant @ 20 psi MDD +FF Demand
(gpm) Pipe Recno Pipe Diameter (in)

F-028-004 5,000 4,584.09 125968 6
F-064-004 5,000 4,524 .87 131136 6
F-064-001 5,000 4,504.84 131151 6
F-356-021 5,000 4506.3 145085 6
F-170-010 5,000 4419.17 164341 12
F-529-003 5,000 4401.68 116729 12
F-275-005 5,000 4426.12 152980 12
F-170-009 5,000 4332.18 164341 12
F-250-042 5,000 4386.39 200647 6
F-299-022 5,000 4321.78 150773 8
F-296-005 5,000 4294.7 151237 6
F-121-013 5,000 4357.08 113803 6
F-113-018 5,000 4313.18 114672 6
F-197-046 5,000 4326.25 161162 6
F-225-021 5,000 4301.42 158609 6
F-036-036 5,000 4,269.68 124903 6
F-243-007 5,000 4179.34 155677 6
F-459-049 5,000 4151.19 135673 6
F-299-615 5,000 4117.84 150776 6
F-182-002 5,000 4197.01 162852 6
F-276-012 5,000 4066.24 152950 6
F-296-007 5,000 3998.66 151224 6
F-106-001 5,000 4121.15 115326 6
F-473-001 5,000 4074.26 132953 8
F-296-003 5,000 399551 151247 6
F-504-008 5,000 4014.28 116520 12
F-286-036 5,000 4065.82 152239 6
F-295-014 5,000 3955.79 151318 8
F-127-003 5,000 4023.76 113211 6
F-473-003 5,000 3998 132953 8
F-489-043 5,000 3951.82 201463 8
F-298-012 5,000 3925.37 150909 6
F-197-045 5,000 3966.18 161146 6
F-073-004 5,000 4043.02 130489 6
F-441-015 5.000 3840.4 137844 6
F-170-008 5,000 3812.19 164341 12
F-457-012 5,000 3882.14 136048 0
F-161-008 5,000 3881.25 109706 6
F-086-014 5,000 3811.96 200600 6
F-181-016 5,000 394145 162956 6
F-037-006 5,000 397469 124802 6
F-070-019 5,000 3885.37 130713 ]
F-181-018 5,000 3918.66 162873 [
F-198-029 5,000 3873.67 161109 6
F-473-029 5,000 3831.98 132907 [
F-473-002 5,000 3847.25 132953 8
F-048-024 5,060 3,919.22 123681 6
F-267-010 5,000 3783.88 154048 6
F-149-002 5,000 36912 110960 8
F-181-008 5,000 3820.56 162936 6
F-184-011 5.000 3825.42 162583 6
F-370-030 5,000 3690.3 143680 6
F-036-003 5,000 3,848.56 124953 6
F-535-002 5,000 3687.46 116532 12
F-243-005 5,000 3726.92 155696 6
F-047-017 5,000 3,802.39 123831 6
F-356-011 5,000 3730.14 145122 6
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EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND - INSTITUTIONAL
(CONT'D)
FF Demand Available Flow to | Upstream Pipes Failing to Supply AVG
FF Hydrant ED (epm) Hydrant @ 20 psi MDD +IF Demand
(gpm) Pipe Recno Pipe Diameter (in)
F-457-010 5,000 3081.99 136033 6
F-193-006 5,000 32355 201975 6
F-144-010 5,000 3156.64 111456 6
F-245-003 5,000 3108.43 155421 6
F-198-031 5,000 2970.2 160918 6
F-476-020 5,000 3064.04 132327 6
F-195-004 5,600 3170.75 160137 6
F-366-016 5,000 3070.84 144127 6
F-295-016 5,000 2922.37 151341 8
F-097-001 5,000 3137.52 128176 6
F-097-009 5,000 3148.31 128158 6
F-066-001 5,000 2,840.48 131064 12
F-489-046 5,000 2933.31 201463 8
F-441-016 5,000 2868.54 137838 6
F-370-027 5,000 2900.26 143690 6
F-186-006 5,000 3041.62 162401 6
F-182-004 5,000 2993.28 162836 6
F-054-001 5,000 2,998.39 123250 6
F-247-013 5,000 2967.68 155351 6
F-242-001 5,000 2884.61 151018 6
£-207-009 5,000 3010.82 160066 6
F-081-030 5,000 2861.93 129614 6
F-457-011 5,000 2850.95 136035 6
F-476-019 5,000 2853.93 132327 6
F-248-037 5,000 2847.09 155273 6
F-096-010 5,000 2900.21 128229 6
F-182-012 5,000 2879.27 162822 6
F-333-030 5,000 2758.58 147176 6
F-206-010 5,000 2938.04 159310 6
F-360-008 5,000 2849 144729 6
F-243-019 5,000 2816.12 155669 6
F-093-027 5,000 2773.86 128573 6
F-295-017 5,000 2672.98 151342 g
F-181-019 5,000 2837.49 162874 6
F-149-001 5,000 2595.31 110210 8
F-245-001 5,000 2795.71 155421 [
F-198-032 3,000 2676.12 160916 6
F-216-004 5,000 2858.14 159620 6
F-066-011 5,000 2575.38 131080 12
F-298-011 5,000 2699.54 150909 6
F-070-012 5,000 2760.28 130718 6
F-297-025 5,600 2662.76 151150 6
F-233-007 5,000 2798.66 157468 6
F-133-015 5,000 2791.64 112511 6
F-179-029 5,000 2742.03 201797 6
F-267-016 5,000 2652.65 154031 6
F-298-010 5,060 2665.02 150909 6
F-304-011 5,000 2693.33 150037 6
F-248-027 5,000 2702.22 155260 6
F-318A-606 5,000 2661.04 148796 6
F-233-025 5,000 2759.93 157436 6
F-458-002 5,000 2687.61 135951 6
F-333-017 5,000 2597.73 147126 6
F-111-001 5,000 2556.58 114221 12
F-489-044 5,000 2614.17 201462 6
F-036-001 5,000 2,728.79 124961 6
F-053-005 5,000 2,651.26 123292 6
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND - INSTITUTIONAL
(CONT'D)
FF Demand Available Flow to | Upstream Pipes Failing to Supply AVG
FF Hydrant ID (&pm) Hydrant @ 20 psi MDD +FF Demand
‘(Qm) Pipe Recno Pipe Diameter (in)
F-207-014 5,600 2312.57 160138 6
F-197-047 5,000 2212.59 161134 6
F-180-015 5,000 2219.53 163033 6
F-103-013 5,000 213006 115579 6
F-181-007 5,000 2218.86 162936 6
F-049-017 5,000 2,241.13 123560 6
F-018-004 5,000 2,226.29 126910 6
F-350-034 5,000 2112.88 143851 6
F-054-009 5,000 2,229.09 123224 6
F-248-033 5,000 2169.65 155297 6
F-248-029 5,000 2169.59 200623 6
F-049-018 5,000 2,224.74 123559 8
F-286-033 5,080 2155.46 152248 6
F-083-015 5,000 2215.61 200588 6
F-217-026 5,000 2234.58 159488 6
F-038-015 5,000 2,217.31 123559 8
F-122-026 5,000 2200.48 113672 6
F-181-004 5,000 213524 162259 6
F-304-003 5,000 2110.01 150065 6
F-246-013 5,000 2129.62 155483 3
F-118-010 5,000 2043 114077 6
F-457-015 5,000 2096.63 135951 6
F-181-006 5,000 2140.55 162936 6
F-180-009 5,000 2113.21 163043 6
F-188-017 5,000 2070 162259 6
F-225-023 5,000 2126.44 158609 6
F-004-009 5,000 2,201.32 124462 6
F-248-032 5,000 2073.07 155299 6
F-180-008 5,000 2065.59 163043 6
F-434-003 5,000 1970.52 137857 6
F-070-021 5,060 2061.29 130698 6
F-180-007 5,000 2037.53 163039 6
F-049-012 5,000 2,104.69 123577 0
F-049-015 5,000 2,095.35 123561 6
F-184-010 5,600 2064.5 162207 6
F-319-030 5,000 1960.44 148701 6
F-352-D19 5,000 1950.32 145529 6
F-181-002 5,000 2060.53 162251 6
F-248-031 5,000 2001.97 155301 6
F-454-015 5,000 1951.08 136535 6
F-312-004 5,000 1918.68 149293 6
F-454-032 5,000 1929.96 136459 6
F-404-013 5,000 1965.5 141124 6
F-130-017 5,000 2071.03 112919 6
F-375E-001 5,000 1880.35 200988 6
F-375G-00t1 5,000 1894.02 143111 0
F-067-015 5,000 1846.95 130968 6
F-248-073 5,000 1940.54 155276 6
F-208-004 5,000 1982.69 160073 [
F-184-012 5,000 1973.57 162583 6
F-059-021 5,000 2,038.40 131229 6
F-002-008 5,000 2,108.02 126854 4
F-285-001 5,000 19358 148136 6
F-113-017 5,000 1892.83 114672 6
F-114-011 5,000 1896.2 114583 4
F-248-030 5,000 1929.7 200622 [
F-329-029 5,000 1923.68 147709 6
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND - INSTITUTIONAL
(CONT'D)
FF Demand Available Flow to | Upstream Pipes Failing to Supply AVG
FF Hydrant ID (epm) Hydrant @ 20 psi MDD +FF Demand
gg_[erl) Pipe Recno Pipe Diameter (in)
F-184-013 5,000 1664.24 162579 6
F-068-006 5,000 1645.19 130893 6
F-071-005 5,000 1718.22 130628 6
F-079-007 5,000 1597.02 129831 6
F-167-013 5,000 1756 109145 6
F-114-004 5,000 1651.27 114534 6
F-248-065 5,000 1668.01 155249 6
F-097-007 5,000 1783.78 128154 6
F-073-007 5,000 1789.54 130468 6
F-296-011 5,000 1614.98 151199 6
F-047-018 5,000 1,722.8% 123888 6
F-016-014 5,000 1,532.54 164406 8
F-333-019 5,000 1581.06 147122 6
F-129-009 5,000 1698.16 108824 6
F-080-004 5,000 1618.32 129040 6
F-038-036 5,000 1,769.45 124533 6
F-088-022 5,000 1616.49 128907 4
F-286-022 5,000 1658.79 152231 6
F-028-016 5,000 1,756.97 125823 6
F-052-018 5,000 1,611.23 123366 4
F-182-005 5,000 1672.81 162836 6
F-065-003 5,000 1,673.10 131120 6
F-035-006 5,000 1,722.44 124953 6
F-028-006 5,000 1,744.73 124533 6
F-151-015 5,000 1351.53 110814 6
F-206-011 5,000 1700.04 159310 6
F-305-008 5,000 1619.18 149965 6
F-345-008 5,000 1598.9 146301 6
F-089-003 5,000 1644.4 128806 4
F-071-007 5,000 1634.68 130622 6
F-142-005 5,000 1628.55 111629 6
F-142-008 5,000 1632.09 111626 6
F-095-010 5,000 1612.39 128318 6
F-094-004 5,000 15849 128358 4
F-142-004 5,000 1620.01 111631 0
F-161-019 5,000 1597 .41 202017 6
F-134-014 5,000 1665.74 112385 6
F-088-013 5,600 1563.61 128929 o
F-067-017 5,000 1524.22 130958 6
F-066-004 5,000 1,490.32 131065 6
F-248-066 5,000 1567.92 155249 6
F-055-007 5,000 1,580.74 123146 6
F-435-010 5,000 1538.89 138317 6
F-288-011 5,000 1574.33 151955 6
F-184-017 5,000 1494.7] 162546 6
F-269-030 5,000 1581.48 153552 6
F-305-018 5,000 1570.03 150019 6
F-152-004 5,000 1542.99 110699 4
F-312-002 5,000 1500.24 149284 6
F-153-018 5,000 1541.72 110699 4
F-130-007 5,000 1634.8 112930 6
F-366-007 5,000 1535.49 144113 6
F-071-017 5,000 1572.33 130672 6
F-045-001 5,000 1,633.15 124071 6
F-066-005 5,000 1,429.14 131069 6
F-464-035 5,000 1352.88 134354 6
F-132-020 5,000 [589.07 112645 &
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APPENDIX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND - INSTITUTIONAL
(CONT'D)
FF Demand Available Flow to | Upstream Pipes Failing to Supply AVG
FF Hydrant ID (g Hydrant @ 20 psi MDD +FF Demand
(gpm) Pipe Recno Pipe Diameter (in)

F-417-010 5,000 1379.62 140036 6
F-310-018 5,000 1400.04 147834 6
F-016A-003 5,000 1,282.97 164406 8
F-126-019 5,000 1375.57 113319 6
F-220-013 5,000 1412.31 159161 6
F-188-019 5,000 1424.56 160846 6
F-245-014 5,000 1390.41 155559 6
F-182-023 5,000 1396.83 162836 6
F-198-015 5,600 1377.68 153552 6
F-064-006 5,000 1,380.72 131111 6
F-248-038 5,000 134527 155276 6
F-403-005 5,000 1347.91 141202 6
F-319-026 5,000 131035 147352 6
F-276-007 5,000 1292.92 152936 6
F-065-007 5,000 1,364.26 131111 6
F-084-021 5,000 1414.96 200595 6
F-448A-002 5,000 1291.94 136620 6
F-295-002 5,000 1285.51 151329 6
F-037-039 5,000 1,393.07 124797 6
F-248-070 5,000 1299.97 200628 6
F-016A-004 5,000 1,213.45 164413 8
F-089-012 5,000 1330.21 128376 6
F-065-012 5,000 1,362.48 131101 6
F-006-012 5,000 1,222.17 123015 6
F-332B-003 5,000 1244.07 147353 6
F-246-030 5,000 1282.61 150593 6
F-139-013 5,000 1288.33 111853 6
F-065-008 5,000 1,318.70 131111 6
F-435-011 5.000 1273.95 138317 6
F-065-009 5,000 1,309.82 131111 6
F-089-011 5,000 1290.53 128376 6
F-139-012 5,000 1256.99 111813 6
F-139-016 5,000 1257.8 111864 6
F-182-013 5,000 1301.09 162822 6
F-070-011 5.000 1286.54 130699 6
F-149-004 5,000 1160.25 200866 4
F-036-002 5,000 1,317.46 124961 [
F-016A-005 5,000 1,153.74 164406 8
F-055-001 5,000 1,315.40 [31101 6
F-181-020 5,000 1277.08 162874 0
F-245-015 5,000 1267.19 155559 1]
F-017-006 5,000 1,302.01 126968 4
F-406-013 5,000 122598 140858 6
F-088-014 5,000 1215.56 128930 4
F-088-004 5,000 1219.38 128418 6
F-404-004 5,000 1217.12 141202 6
F-366-024 5,000 1191.32 144171 6
F-366-025 5,000 1187.13 144016 6
F-402-040 5,060 1174.56 141290 4
F-098-002 5,000 1278.58 128042 4
F-184-016 5,000 1068.35 162546 6
F-293-017 5,000 1140.83 200669 6
F-033-009 5,000 1,263.26 124029 4
F-193-007 5,000 1259.81 161772 4
F-221-009 5,000 12053 159007 6
F-016A-006 5,000 1,670.87 164406 8
F-068-007 5,000 1139.2 130919 6
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APPENDX F

EAST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND - INSTITUTIONAL
{(CONT'D)
FF Demand Available Flow to | Upstream Pipes Failing to Supply AVG
FF Hydrant ID @pm) Hydrant @ 20 psi MDD +FF Demand
_(g‘pm) Pipe Recno Pipe Diameter (in)
F-207-002 5,000 779.37 160130 6
F-294-002 5,000 793.64 151360 6
F-294-005 5,000 793.65 151358 6
F-049-014 5,000 853.16 123568 6
F-023-024 5,000 870.16 126691 6
F-082-005 5,000 809.39 129471 6
F-241-010 5,000 817.46 155923 6
F-066-010 5,000 748.56 131075 6
F-088-020 5,000 768.07 128907 4
F-316-018 5,000 708.67 148934 4
F-433-001 5,000 654.86 138456 6
F-246-004 5,000 681.43 150593 6
F-294-001 5,000 652.38 151357 6
F-208-009 5,000 566.09 160059 4
F-023-020 5,000 567.55 126671 6
F-331-001 5,000 502.66 147320 4
F-182-022 5,000 446.82 162835 6
F-070-010 5,000 436.22 130694 4
F-071-016 5,000 432.83 130598 4
F-071-018 5,000 430.36 130592 4
F-208-010 5,000 403.49 201281 4
F-054-008 5,000 408.53 123229 4
F-435-007 5,000 296.68 138314 6
F-207-012 5,000 190.65 160142 4
F-029-010 5,000 172.40 125777 4
F-017-007 5,000 155.94 125777 4

PAGE F-62






MWH

APPENDIX E

EAST BANK
PIPES FAILING TO SUPPLY REQUIRED PEAK HOURLY DEMAND
Upstream Pipe
Node ID Pipe Recno Pipe Diameter (in)
431-031 138600 6
431-033 138619 4
431-036 138623 6
431-037 138625 6
431-039 138633 6
431-054 138629 6
300A-011 150721 6
227-001 158256 6
375B-003 143208 12
078-003 129931 8
078-002 129933 6
078-001 129934 6
452-014 136713 6
413-200 140562 12
400-205 141746 12
400-201 141741 12
400-207 141687 12
400-209 141729 12
400-211 141723 12
400-213 141723 12
400-215 141722 12
400-217 141713 12
400-219 141713 12
381-216 108731 4
381-219 108731 4
282-022 201422 12
176-204 163700 12
176-208 163720 8
123-007 113567 8
117-029 200689 6
117-028 200691 6
117-008 200691 6
123-008 113567 8
X-320-001 150579 12
X-317-001 148920 12
X-320-002 202266 12
X-435-002 138385 20
X-313-001 149187 12
X-331-001 202272 12
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APPENDIX F

WEST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)

FF Hydrant ID FF (lgjsz)and Available Flow to Hydrant @ 20 psi (gpm)
F-A7-037 1,000 862.11
F-A7-039 1,000 861.82
F-A7-038 1,000 844.36
F-A4-032 1,000 810.89

F-A10-017 1,000 800.14
F-A7-052 1,000 631.55
F-A7-026 1,000 621.39

F-A10-010 1,000 593.43

F-A10-016 1,000 597.56
F-A5-033 1,000 571.77
F-A9-001 1,000 544.18
F-A7-053 1,000 533.17
F-A7-054 1,000 487.24
F-A7-055 1,000 437.79
F-A7-056 1,000 391.37
F-A7-057 1,000 364.26
F-A8-034 1,000 343.14

F-A47-010 1,000 306.90

F-A56-001 1,000 462.53

Multi-Family Residential (70 hydrants)
Criteria: 2,500 gpm @ 20 psi
2 hr flow
Statistics: Flow (gpm) # Hydrants
2000-2500 31
1500-2000 16
1500-1000 14
750-1000 9
Total (< 2,500) 70

FF Hydrant ID FE (Ig);z;md Available Flow to Hydrant @ 20 psi (gpm)
F-A36-023 2,500 2,490.65
F-A39-004 2,500 2,487.66
F-A37-060 2,500 2,480.76
F-A39-007 2,500 2,445.00
F-A39-005 2,500 2,444.60
F-A37-045 2,500 2,440.45
F-A37-048 2,500 2,438.49
F-A14-092 2,500 2,438.76
F-A37-056 2,500 243247
F-A37-041 2,500 2,429.72
F-A37-051 2,500 2,418.03
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APPENDIX F

WEST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND -
RESIDENTIAL (CONT'D)

FF Hydrant ID FF (l;;n;nd Available Flow to Hydrant @ 20 psi (gpm)
F-A5-014 2,500 1,197.47
F-A5-016 2,560 1,163.43
F-A5-001 2,500 1,191.52
F-A5-020 2,500 1,211.34
F-A5-004 2,500 1,086.33
F-A5-010 2,500 990.10
F-A5-013 2,500 996.31
F-A5-009 2,500 986.86
F-AS5-005 2,500 953.30
F-AS-011 2,500 937.18
F-A5-012 2,500 932.02
F-A5-008 2,500 922.18
F-A5-006 2,500 907.23
F-AS5-007 2,500 895.57

Wetland (0 hydrants)
Recreation (5 hydrants)
Criteria: 1,000 gpm @ 20 psi
2 hr flow
Statistics: Flow (gpm} # Hydrants
750-1000 4
500-750 1
Total (< 1,000) 5

FF HydrantID | '© (2;2;'“" Available Flow to Hydrant @ 20 psi (gpm)
F-A8-022 1,000 941.77
F-A48-012 1,000 834.48
F-A8-021 1,000 829.23
F-A10-053 1,000 800.85
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APPENDIX F

WEST BANK

COMMERCIAL

HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND

Commercial (54 hydrants)

Criteria: 3,000gpm @ 20 psi
3 hr flow
Statistics: Flow (gpm) # Hydrants

2500-3000 13

2000-2500 17

1500-2000 12

1500-1000 11

500-1000 1
Total (< 3,000) 54
FF Hydrant ID FF Demand Available Flow to Hydrant @ 20 psi
{gpm) (gpm)

F-A23-051 3,000 2,984.18
F-A36-012 3,000 2,931.81
F-A13-067 3,000 2921.83
F-A36-011 3,000 2,880.66
F-A4-023 3,000 2,824.95
F-A4-045 3,000 2,775.15
F-A21-048 3,000 2,692.30
F-A23-036 3,000 2,687.10
F-A11-065 3,000 2,651.98
F-A23-035 3,000 2,623.63
F-A13-055 3,000 2,573.93
F-A15-025 3,000 2,577.63
F-A10-012 3,000 2,514.95
F-A13-051 3,000 2,487.52
F-A19-051 3,000 2,498.04
F-A12A-032 3,000 2,490.49
F-A7-030 3,000 2,448.13
F-A22-032 3,000 2,387.77
F-A1-046 3,000 2,366.17
F-A21-053 3,000 2,372.34
F-AT1-001 3,000 2,317.87
F-A36-049 3,000 2,259.86
F-A19-049 3,000 2.264.13
F-A8-026 3,000 2,250.19
F-A15-024 3,600 2,255.70
F-A19-050 3,000 2,210.63
F-A15-038 3.000 2,131.20
F-A18-048 3,000 2,082.01
F-A21-054 3,000 2,026.17
F-A15-033 3,000 2,034.22
F-A10-013 3,000 1,969.78
F-A8-017 3,000 1,958.53
F-A1-006 3.000 1,918.21
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APPENDIX F

WEST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND
COMMERCIAL (CONT'D)
FF Hydrant ID FF Demand Available Flow to Hydrant @ 20 psi

{gpm) {gpm)
F-A2-025 3,000 2,395.29
F-A3-052 3,000 2,274.23
F-A2-026 3,000 2,308.46
F-A1-036 3,000 2,229.92
F-A1-045 3,000 2,237.11
F-A3-053 3,000 2,180.14
F-A2-054 3,000 2,193.13
F-A2-027 3,000 2,202.68
F-A1-080 3,000 2,087.08
F-A1-059 3,000 2,051.57
F-A4-068 3,000 2,013.05
F-A1-003 3,000 1,988.07
F-A4-075 3,000 2,002.21
F-A4-037 3,000 2,001.46
F-A1-040 3,000 1,951.43
F-A1-022 3,000 1,892.34
F-A4-066 3,000 1,953.92
F-A2-019 3,000 1,932.34
F-A3-037 3,000 1,891.39
F-A2-031 3,000 1,895.38
F-A3-051 3,000 1,829.92
F-A2-016 3,000 1,825.57
F-A1-037 3,000 1,794.79
F-Al1-043 3,000 1,789.31
F-A1-039 3,000 1,731.46
F-A2-032 3,000 1,766.92
F-A1-055 3,000 1,723.00
F-A1-038 3,000 1,693.86
F-A1-023 3,000 1,641.28
F-A3-058 3,000 1,620.02
F-A1-061 3,000 1,607.03
F-A1-084 3,000 1,598.21
F-A1-062 3,000 1,576.79
F-A4-058 3,000 1,596.98
F-A1-082 3,000 1,540.25
F-A1-056 3,000 1,558.93
F-A3-046 3,000 1,573.90
F-A1-020 3,000 1,457.64
F-A2-001 3,000 1,504.89
F-A1-005 3,000 1,453.00
F-A4-067 3,000 1,460.70
F-A2-049 3,000 1,448.35
F-A3-072 3,000 1,298.37
F-A1-004 3,000 1,158.35
F-A1-017 3,000 1,133.02
F-A2-048 3,001 1,161.78
F-A1-083 3,000 1,055.85
F-A4-038 3,000 1,072.99
F-A3-087 3,000 1,039.24
F-A3-073 3,000 83843
F-A2-029 3,000 827.49
F-A4-053 3,000 854.93
F-A4-039 3,000 760.91
F-A3-074 3,060 655.61
F-A1-044 3,000 567.50
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WEST BANK

HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND - INDUSTRIAL

(CONT'D)

FF Demand Available Flow to | Upstream Pipes Failing to Supply AVG
FF Hydrant ID (gpm) Hydrant @ 20 psi MDD +FF Demand

(g_pm) Pipe Recno Pipe Diameter (in)
F-A9-003 4,000 900.99 100003 6
F-A2-017 4,000 890.38 200133 6
F-A2-034 4,000 849.97 105885 6
F-A2-007 4,000 836.27 200137 6
F-A2-024 4,000 816.87 200134 6
F-A3-039 4,000 754.65 103707 6
F-A9-002 4,000 703.01 100013 4
F-A2-030 4,000 586.88 105712 6
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APPENDIX F

WEST BANK
HYDRANTS FAILING TO SUPPLY REQUIRED FIRE-FLOW DEMAND - INSTITUTIONAL
(CONT'D)
FF Demand Available Flow to | Upstream Pipes Failing to Supply AVG
FF Hydrant ID (epm) Hydrant @ 20 psi MDD +FF Demand
{(gpm) Pipe Recno Pipe Diameter (in)
F-A34-003 5,000 3,142.84 102913 8
F-A7-013 5,000 3,027.52 100601 6
F-A4-048 5,000 3,036.98 101714 6
F-A1-052 5,000 2,954.80 108266 6
F-A33-017 5,000 3,020.05 102973 8
F-A17-002 5,000 2,936.88 106753 8
F-A34-002 5,000 2,965.85 102914 8
F-A30-027 5,000 2,892.91 200066 6
F-A33-018 5,000 2,899.02 102976 8
F-A7-012 5,000 2,848.91 100692 6
F-A34-001 5,000 2,.875.71 102946 8
F-A33-021 5,000 2.858.90 102947 8
F-A33-019 5,000 2,830.50 102953 8
F-A4-070 5,000 2,828.25 101681 6
F-A33-020 5,000 2,821.38 102949 8
F-A1-085 5,000 2,746.50 108469 6
F-A13-001 5,000 2,695.02 107477 6
F-A30-011 5,000 2,645.81 103448 6
F-A17-027 5,000 2,649.49 106695 6
F-A34-012 5.000 2,706.43 102901 8
F-A17-029 5,000 2,572.01 106700 6
F-A10-044 5,000 2,636.90 108156 6
F-A2-021 5,000 2,628.99 105862 6
F-A33-022 5,000 2,537.90 102962 2
F-A17-003 5,000 2,477.09 200035 8
F-A24-033 5,000 2,473.57 105007 6
F-A17-028 5,000 2,421.14 106699 6
F-A7-014 5,000 2,261.65 100660 6
F-A34-013 5,000 2,316.52 102900 8
F-A4-078 5,000 1,981.90 101987 12
F-A33-023 5,000 2,250.30 102962 2
F-A6-014 5,000 2,067.35 100678 8
F-A7-011 5,000 2,090.09 100465 ]
F-A5-028 5,000 1,821.27 100867 6
FR-A33-024 5,000 2,039.45 102962 2
F-A7-015 5,000 1.960.83 100449 6
F-A34-014 5,000 2,045.40 102898 8
F-A14-077 5,000 2,027.79 106930 6
F-A5-031 5,000 1,677.85 102044 6
F-A4-004 5,000 1,658.90 101998 6
F-A34-015 5,000 1,843.04 102898 8
F-A18-051 5,000 1,826.50 106397 6
F-A18-050 5,000 1,821.74 106396 6
F-A5-029 5,000 1,614.58 100873 6
F-A1-058 5,000 1,694.81 108415 6
F-A4-006 5,000 1,537.35 101982 6
F-A34-016 5,000 1,724.55 200073 8
F-A1-057 5,000 1,604.76 108277 6
F-A30-029 5,000 1,591.15 103441 6
F-Al1-042 5,000 1,484.93 108269 6
F-A9-009 5,000 1.441.06 100016 6
F-A6-015 5,000 1,383.16 100678 8
F-A5-030 5,000 1,315.90 102043 6
F-A4-001 5,000 1,290.02 102009 6
F-A19-054 5,000 1,353.44 105685 2
F-A2-033 5,000 1,258.09 105883 6

PAGE F-76









APPENDIX F

Velocity Criteria

East Bank West Bank
Velocity Count | Percent % Velocity Count | Percent %
<2.5 fps 17124 99.0% <2.5 fps 2624 99.9%
> 5 fps 33 0.2% > 5 fps 3 0.1%
Total| 17303 99.2% Total 2627 100.0%
Minimum Maximum Minimum Maximum
Velocity Count Velocity Count Velocity Count Velocity Count
0-2 16990 0 10895 0.0 862 0.0 537
2.1 31 1 5361 0.1 615 0.1 440
2.2 36 2 703 0.2 369 0.2 309
2.3 26 3 228 0.3 254 0.3 319
2.4 25 4 68 0.4 151 0.4 192
2.5 16 5 15 0.5 122 0.5 173
2.6 24 6 14 0.6 67 0.6 103
2.7 22 7 2 0.7 40 0.7 108
2.8 17 8 5 0.8 49 0.8 89
2.9 4 9 4 0.9 34 0.9 58
3.0 12 10 2 1.0 12 1.0 54
3.1 11 11 2 1.1 13 1.1 35
3.2 7 12 1 1.2 8 1.2 30
33 13 13 2 1.3 4 1.3 33
34 15 17 1 1.4 10 1.4 29
36 7 Total 17303 1.5 4 1.5 13
3.8 2 1.6 2 1.6 27
3.9 2 1.8 2 1.7 15
4.0 3 2.0 2 1.8 12
4.1 1 2.1 2 1.9 10
4.2 1 2.3 2 2.0 7
4.3 4 3.8 1 2.1 2
45 1 4.5 1 2.2 3
4.8 1 6.1 1 23 2
49 1 Total 2627 2.4 3
5.1 11 2.5 3
5.4 2 2.6 i
5.5 | 2.7 1
6.1 1 2.8 6
6.6 3 2.9 1
7.0 1 3.0 2
7.1 2 32 |
7.2 1 3.5 2
7.8 1 4.1 2
8.4 i 4.2 2
9.0 1 5.8 1
9.1 1 7.5 1
9.4 1 7.6 1
10.7 1 Total 2627
11.2 i
11.5 1
15.3 1
Total 17303
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APPENDIX F

Headloss Criteria

East Bank West Bank
Head Loss Head Loss
Diameter <16"! Count | Percent % Diameter <16" | Count | Percent %
<10 ft/1000 ft 15666 99.4% <10 ft/1000 ft 2366 99.7%
> 10 f1/1000 ft 97 0.6% > 10 fi/1000 ft 8 0.3%
Total| 15763 100.0% Total| 2374 100.0%
Diameter =>16" Diameter =16"
<3 f1/1000 ft 1494 97.0% <3 f1/1000 ft 252 99.6%
>3 ft/1000 ft 46 3.0% >3 f1/1000 ft 1 0.4%
Total 1540 100.0% Total 253 100.0%
Total Pipes| 17303 Total Pipes| 2627
Diameter < 16" Diameter =>16" Diameter < 16" Diameter =>16"
Maximum Maximum Maximum Maximum
Headloss Count | Headloss | Count Headloss Count | Headloss | Count
0-10 15666 0 948 0 2022 0 215
11 13 1 386 1 251 1 27
12 6 2 137 2 56 2 10
13 6 3 23 3 11 28 1
14 8 4 21 4 7 Total 253
15 7 5 10 5 10
16 5 7 3 6 5
17 2 9 2 7 1
18 2 13 1 9 1
20 1 14 1 10 2
21 4 15 1 11 2
22 2 1 2 12 2
23 6 18 1 18 1
24 3 23 1 21 1
25 4 33 1 37 1
28 1 40 1 49 1
29 1 52 I Total 2374
30 1 Total 1540
31 2
33 1
34 3
36 2
37 2
41 1
46 1
48 1
53 1
PAGE F-79
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APPENDIX F

Headloss Criteria

East Bank West Bank
Diameter < 16" Diameter =>16" Diameter < 16" Diameter =>16"
Maximum Maximum Maximum Maximum
Headloss Count | Headloss { Count Headloss Count | Headloss | Count
56 2
57 1
58 1
59 2
69 1
73 1
222 1
412 1
592 1
Total 15763
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APPENDIX F

Hydrant Spacing
Maximum Spacing Criteria = 350 feet

East Bank West Bank
I;;:cr;]ngt Number of | Percent of ffs g;;::?lti }Slg:::;: Number of | Percent of (];lfs ;;?;::iz
0 0,
() Hydrants | Total (%) Required (6) Hydrants | Total (%) Required
<350 16,408 60% 8,524 <350 2,522 62% 1,346
<500 13,819 51% 1,351 <500 2,056 51% 334
<700 5,960 22% 375 <700 892 22% 107
Total 27,331 100% - Total 4,049 100% -
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APPENDIX F

Valve Spacing
Maximum Spacing Critiera = 1,000 feet
East Bank West Bank
Valve Spacing (ft) g‘;‘::’:; Valve Spacing (ft) Nl;;::?:s of
0-1000 34,809 0 - 1000 3,685
1001 - 2000 9,345 1001 - 2000 1,146
2001 - 3000 1,099 2001 - 3000 213
3001 - 4000 225 3001 - 4000 40
4001 - 5000 77 4001 - 5000 23
5001 - 6000 60 5001 - 6000 8
6001 - 7000 30 6001 - 7000 4
7001 - 8000 21 7001 - 8000 1
8001 - 9000 28 Total 5,120
9001 - 10000 27 Valves Exceeding Criteria 1,435
10001 - 11000 9 % Exceeding Critieria 28%
11001 - 12000 43 Estimated # of Valves Required 1,855
12001 - 13000 55
13001 - 14000 77
14001 - 15000 22
15001 - 16000 -
16001 - 17000 5
17001 - 18000 1
18001 - 19000 8
23001 - 24000 2
24001 - 25000 4
Total 45,947
Valves Exceeding Criteria 11,138
% Exceeding Critieria 24%
Estimated # of Valves Required 16,535
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Appendix G — Results of KANEW
Analysis

MWH PAGEG -1



4

uogiejjesuj jo ajeq

0661 0861 0461 0961

0s61

ov6l 0e6l 0ce6l oL6tL

0061

J)e(] uonR[[BISU] Aq WISAS UORNLISI(] JO ATeUIUING

9 XION3ddV

%0

%C

%¥

%9

%8

%01

%l

%V

%91

%81

%0¢

wasAg jo
abrjuaslag












ENDIX G
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Appendix H — Capital Improvement
Projects
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APPENDIX H

Pilot DM As Cost Estimate Breakdown

Location Equipment and Materials Unit Cost | Quantity| Total Cost
Insertion Meter with portable data logger $4,000 3 $12,000
Pilot DMA {Precast Concrete Manhole - 30" Diameter Pipe $10,000 3 $30,000
1: East |2-Inch Hot Tap - 30" Diameter Pipe $1,500 3 $5,000
Bank Site Preparation and Restoration $5,000 3 $15,000
District 16 |Boundary Valve Replacement/Repair’ $10,000 28 $280,000
Subtotal $342,000
Insertion Meter with portable data logger $4,000 5 $20,000
Precast Concrete Manhole - 30" Diameter Pipe $10,000 3 $30,000
Pilot DMA |Precast Concrete Manhole - 20" or less Diameter Pipe $8,000 2 $16,000
2: East |2-Inch Hot Tap - 30" Diameter Pipe $1,500 3 $5,000
Bank 2-Inch Hot Tap - 20" Diameter Pipe $1,000 2 $2,000
District 18 |Site Preparation and Restoration $5,000 5 $25,000
Boundary Valve Replacement/Repair’ $10,000 34 $340,000
Subtotal $438,000
Pilot DMA Insertion Meter with portable data .logger . $4,000 1 $4,000
3: Bast Precast Concrete Manhole - 30" Plameter Pipe $10,000 1 $10,000
Bank 2-.Inch Hot T-ap - 30" Diametc?r Pipe 31,500 1 $2,000
District 32 Site Preparation and Restoration $5,000 1 $5,000
Subtotal $21,000
Insertion Meter with portable data logger 34,000 6 $24,000
Precast Concrete Manhole - 30" Diameter Pipe $10,000 1 $10,000
Pilot DMA Precast Concrete Manhc'>le - 20" c.>r less Diameter Pipe $8,000 5 $40,000
4: West 2-Inch Hot Tap - 30" Diameter P?pe $1,500 1 $2,000
Bank 2-Inch Hot Tap - 20" Diameter Pipe $1,000 1 $1,000
District 4 2-Inch Hot Tap - 12" Diameter Pipe $600 4 $3,000
Site Preparation and Restoration $5,000 6 $30,000
Boundary Valve Replacement/Repair’ $10,000 3 $30,000
Subtotal $140,000
Construction Cost for Four Pilot DMAs $941,000
Construction Contingency (30%) $285,000
Four Pilot Design & Engineering Services During Construction (10%) $95,000
DMAs Construction Management (10%) $95,000
Legal and Administrative (1%) $10,000
Support from S&WB for Operation of System (1%) $10,000
Total $1.440,000

Note:

1 - Assumes 50% of valves will need to be replaced or repaired to stop leakage.
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APPENDIX H

Washout Valve Locations East Bank

Count Valve ID Street Name Pipe Diameter (inches)
1 V-506-014 |VINCENT 2
2 V-479-016 |REYNES 4
3 V-331-037 |FLORIDA 4
4 V-331-036 |TREASURE 4
5 V-015-022 |PONTCHARTRAIN 4
6 V-083-014 |ROBERTSON 4
7 V-445-016 |LAW 4
8 V-436-021 (JOURDAN 4
9 V-217-019 |ALEXANDER 4
10 V-144-031 |PRIEUR 4
11 V-143-020 |CLAIBORNE 4
12 V-460-036 |[MARTIN 6
13 V-460-042 |MORRISON 6
14 V-459-067 |HAYNE 6
15 V-431-026 |RANSOM 6
16 V-359-013 JUNKNOWN 6
17 V-298-001 |[UNKNOWN 6
18 V-227-017 |CANAL 6
19 V-211-016 |CANAL 6

20 V-211-029 |FLORIDA 6
21 V-082-029 |NASHVILLE 6
22 V-080-022 |COLISEUM 6
23 V-076-003 |MC KENNA 6
24 V-076-011 |MC KENNA 6
25 V-074-015 |[JOHNSON 6
26 V-073-012 |NASHVILLE 6
27 V-046-009 |LOWERLINE 6
28 V-456-023 |PRIEUR 6
29 V-045-004 |[LOWERLINE 6
30 V-443-040 |ANDRY 6
31 V-439-010 |FLORIDA 6
32 V-419-023 |ALVAR 6
33 V-363-018 |FRANKLIN 6
34 V-311-023 |HAVANA 6
35 V-303-002 |CLAIBORNE 6
36 V-003-012 |OLEANDER 6
37 V-288-010 [ESPLANADE 6
38 V-285-007 |ESPLANADE 6
39 V-023-007 |LEONIDAS 6
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APPENDIX H

Washout Valve Locations East Bank

Count Valve ID Street Name Pipe Diameter (inches)
40 V-217-010 JORLEANS 6
41 V-205-008 |CARROLLTON 6
42 V-197-025 |BASIN 6
43 V-183-007 |[UNKNOWN 6
44 V-183-028 [UNKNOWN 6
45 V-181-011 [POYDRAS 6
46 V-181-001 |[I- 10 6
47 V-180-020 |[MAGNOLIA 6
48 V-180-017 [ROBERTSON 6
49 V-179-038 |POYDRAS 6
50 V-179-007 |LOYOLA 6
51 V-175-010 [UNKNOWN 6
52 V-173-016 |JULIA 6
53 V-171-036 |MAGAZINE 6
54 V-154-019 |MELPOMENE 6
55 V-135-005 [JEFFERSON DAVIS 6
56 V-120-006 [ST CHARLES 6
57 V-001-009 [MONTICELLO 6
58 V-446-013 |FLORIDA 6
59 V-284-013 |ESPLANADE 6
60 V-184-007 |GRAVIER 6
61 V-182-021 |UNKNOWN 6
62 V-182-014 |BERTRAND 6
63 V-543-019 |MICHOUD 8
64 V-511-015 |UNKNOWN 8
65 V-510-003 |BULLARD 8
66 V-510-017 |BULLARD 8
67 V-510-016 [UNKNOWN 8
68 V-510-015 |UNKNOWN 8
69 V-505-039 |UNKNOWN 8
70 V-486-007 |UNKNOWN 8
71 V-485-002 |DWYER 8
72 V-485-003 |UNKNOWN 8
73 V-470-025 |UNKNOWN 8
74 V-144-035 |MARTIN LUTHER KING J 8
75 V-542-004 [UNKNOWN 12
76 V-519-012 [EASTOVER 12
77 V-512-002 {DWYER 12
78 V-511-014 |BULLARD 12
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APPENDIX H

Washout Valve Locations East Bank

Count | ValvelID Street Name Pipe Diameter (inches)
79 V-507-039 |MORRISON 12
80 V-501-005 |POCHE 12
81 V-490-067 |GANNON 12
82 V-463-059 |IDWYER 12
83 V-459-072 |MORRISON 12
84 V-388-034 |ALMONASTER 12
85 V-372-032 |PEOPLES 12
86 V-218-009 |ORLEANS 12
87 V-097-012 |WILLOW 12
88 V-082-019 |[LOYOLA 12
89 V-073-020 |[CLAIBORNE 12
90 V-073-011 |NASHVILLE 12
91 V-043-017 |LOWERLINE 12
92 V-034-012 |[CLAIBORNE 12
93 V-269-032 |CLAIBORNE 12
94 V-024-026 |LEONIDAS 12
95 V-134-015 |DUPRE 12
96 V-107-017 |CLAIBORNE 12
97 V-508-062 [MORRISON 12
98 V-052-012 |PRYTANIA 16
99 V-273-026 |GAYOSO 20
100 V-273-011 |[ST LOUIS 20
101 V-173-017 |JULIA 20
102 V-517-001 |DWYER 30
103 V-025-018 |LEONIDAS 43

Washout Valve Locations West Bank
Count Valve ID Street Name Pipe Diameter (inches)
1 V-A8-023 Victory Park 12
2 V-A39-001 HWY 406 6
3 V-A18-029 MACARTHUR 6
4 V-A18-043 MACARTHUR 6
5 V-A14-058 RICHLAND 6
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APPENDIX H

SCADA Cost Estimate Breakdown

Facility Revised cost
Carrollton Plant $1,000,000
Carrollton Pump Stations $900,000
Elevated Storage Tanks $150,000
Algiers Pump Stations $600,000
District Metering Sites $600,000
Telemetry $500,000

Total $3,750,000
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