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Introduction 

Energy Systems Group (ESG) was selected by City of Cleveland Heights in September, 2014 to perform 
a detailed engineering evaluation of the water utility. The intent of this evaluation is to reduce non-
revenue water loss and develop a program that allows the utility to be financially sustainable. Areas of 
the evaluation focus in three areas: 

1. Metering 
2. Billing anomalies 
3. Real losses, or leaks in underground pipes 

 

The financial goal of the project is for the energy and operational savings, avoided future costs and 
increased revenues identified to produce a positive annual cash flow greater than $250,000 against the 
costs associated with the design, installation, commissioning, measurement and verification and 
financing of the scope described below and including all other annual operating costs incurred and 
paid for within the water utility fund.   

The project ESG has developed will exceed the requirements outlined in the Project Development 
Agreement.  It is anticipated that this project will be implemented under a guaranteed savings contract. 

Summary of Existing Conditions 

Project Area - The project area, predominately the City of Cleveland Heights, was reported to contain 
170 miles of water distribution piping. There is no geographic information system (GIS), hydraulic model 
or detailed analysis of pipeline lengths available so this amount may vary upon final engineered 
analysis. There are an estimated 15,900 accounts within the city’s service area.    

Water Resources - All water is supplied by the City of Cleveland’s Water Department. There are 
reportedly 21 operational import meters at various locations around the City of Cleveland Heights. 

Transmission and Distribution System- There is no transmission piping known within the City’s 
system other than those owned and operated by the Cleveland Water Department (CWD) to provide 
water to the City and to those communities around the City. 

Most of the large distribution pipe is reported to be 6 or 8-inches whereas the service pipe is 1- to 4-
inches in diameter. The distribution system is reported to be totally open (no boundary valves) except 
on the edges of the City’s system with the surrounding communities.  
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There are no elevated or ground storage tanks within the City.  All the water is fed directly from the 
pressure supplied by CWD.  There is no SCADA control system for the water utility. 

Current Water Supply Situation --- Import and Export (Credit) Meters.  The current import meters were 
tested in June and July 2014 by CWD at high flows.  The data reported suggested that all import meters 
were reading accurately at high flow.  However, the meters were not tested at low flows, so the overall 
average accuracy is unknown.  All the export meters were tested at the same time.  However, these were 
not tested at low flows either and since these are generally within low flow areas of the system, the 
accuracy of these meters is an area for improvement. 

Retail Meters and Meter Reading Information- Currently the average bills for the residential 
customers are reportedly approximately 6 hundred cubic feet (CCF) usage per month.  All the meters 
are currently on an AMR system (Badger meters with either the ‘‘Trace’’ or ‘‘Orion’’ reading systems). The 
City did not conduct meter testing prior to the initial evaluation by ESG. Almost all the meters were 
reportedly installed in 1993 and 1994 (both large and small).   

GIS -There are no levels of electronic mapping currently available from the City. Printed map books 
are utilized. The accuracy of these maps is not well understood. 

Pressure Zones - The system is currently completely open within the City’s area. The boundaries to 
the system are reportedly closed. 

Metering 

The City of Cleveland Heights has water meters manufactured by Badger Water Meter Company.  The 
water meters were installed in 1994 resulting in an average age of 20 years.  These devices are positive 
displace measurement using a nutating disk.  This is an appropriate type of the meter for this 
application.  All of the meters have radio transmitters on them and are read using a drive by system. 
Approximately thirty percent are Orion transmitters and the rest are an older vintage Trace system. The 
existing meter reading system is adequate and there were no reported transmitters there unable to be 
read. Badger meters is a quality product and there is no compelling reason to switch to another brand. 

ESG sampled water meters for accuracy. 57 5/8’’ residential water meters were removed and sent to ME 
Simpson testing lab in Valparaiso, Indiana. Each meter was put on a calibrated test bench and a volume 
of water was sent through each unit at different rates to establish the accuracy a low, medium and high 
flows.  The results of the meter test are in Section 7.  All residential meters tested within American Water 
Works Association (AWWA) recommendations; greater than 98.5% accuracy. 
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The chart below is a breakdown of the meter sizes and billed consumption. 

Meter 
Replacement 

Number of Water 
Meters Affected 

Total Annual Gallons 
(Baseline period) 

12-1-13 to 11-30-14 

5/8-inch 14425 763,788,784 

3/4-inch 99 7,479,252 

1-inch 925 95,651,248 

1.5-inch 188 66,180,048 

2-inch 238 132,081,840 

3-inch 20 9,893,048 

4-inch 12 29,347,780 

6-inch 8 16,225,616 

8-inch 10 5,422,252 

Total  1,126,069,868 

The average age of the commercial meters are at least 20 years and many are older. Exact dates of 
installation are unknown. Thirty commercial meters were tested in-situ using a calibrated meter to 
compare volume of water passed through the device. The meters were selected based on being the 
largest volume consumers in the City.  In general the meters were found to be in poor condition and 
not accurate.  Most importantly all of the meters in the City are turbine meters and do not have good 
accuracy at low flow rate.  The expected technology for this application is a compound meter.  The 
benefit of the compound meter set is that two flow meters housed in one body allow for very accurate 
measurement at low and high flows.  It is unusual for there to be no compound meters.  Table below 
illustrated the difference. 

Meter 
Size 

Low Flow 
Turbine (gpm) 

Low Flow 
Compound (gpm) 

Current Weighted 
Average Accuracy 

2’’ 2.5 0.5 98.5% 

3’’ 4 0.5 38.6% 

4’’ 6 0.75 71.9% 

6’’ 12 0.75 78.5% 

Gpm --- gallons per minute 
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Because of the inaccuracy and meter type there is a significant volume of water that is not being read 
by the meter.   

Considering all of the water 
metered and sold and comparing 
to national average we conclude 
that Cleveland Heights is not far 
off from expected values as shown 
in the figure right.  

Current sold water is less than 
expected because not all of the 
water consumed is being metered 
and billed.  After replacing the 
commercial meters and lowering 
other apparent water losses these 
values will be very close to equal. 

 

 

Billing and Accounting Procedures 

The billing software system is a customer built IBM array based platform over 20-years old.  While it is 
functional there are extra steps required to produce bills and because of the difficulty in accessing the 
data it is nearly impossible to cross check against other data bases.  The benefit of cross checking is to 
verify integrity of the billing data base against other known and trusted sources. 

In the near future ESG recommends replacing the existing billing software with a modern system.  There 
will be many benefits and cost efficiencies that will be realized with this upgrade.  ESG evaluated five (5) 
software vendors: Cognera, Advanced Utility Systems, Tyler Munis, New World, and BS&A. The table 
provides a summary of each supplier’s capabilities. 

Recommendation: Replace all water meters 1” and larger. 
Replace all transmitters with fixed mast system to provide 
daily  read  capability  and  full  Automated  Metering 
Infrastructure (AMI). 
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Comparison of Functionality In Vendor Solution 

 
                      
 Cognera 

Advanced 
Utility Systems 

Tyler Munis New World BS&A 

Billing A A A A A 

Bill Presentment A A A ‡ A 

Service Order B A A A A 

Work Order B A ± ± ± 

Field Tablet B A A A ± 

GIS B A ± ± A 

Web Presence A A A A A 

Pay Processing A A A ‡ A 
Interval Data 
Storage 

A A F/U B B 

Workflow & 
Escalation B A A B A 

IVR B A A ± ± 

OB Call B A ‡ ± B 
Analytics & 
Reporting 

A A A A A 

Meter Inventory B A A A A 

Correspondence A A ‡ A A 

                      
 A Indicates functionality exists in core solution or in additional 

module Included in vendor quote 
 B Indicates functionality does not exist in core solution nor in any 

additional module available from vendor 
 ± Indicates functionality exists in additional module from vendor that 

was not included in quote 
 ‡ Indicates base functionality exists in core solution but enhanced 

functionality is available in additional module not included in quote 
 F/U Items marked for follow-up from vendor.  Vendor needed to 

investigate further after initial conversation 
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The schematic below is an overview of how Cleveland Heights currently manages the billing for water. 

 

 

ESG believes this could be simplified with a new software system and reduce the number of steps to 
produce and mail monthly water bills. 

Recommendation:  Due  to  cost  constraint  and  lengthy 
payback  this  option  is  not  included  in  the  recommended 
program but it is identified as a high priority item and should 
be addressed in the near future. 
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During the evaluation several errors in master meter reads were discovered. Error are in three 
categories: 

 
1. Dropped zero --- some of the meter were incorrectly setup when the encoders were replaced in 

2008 and therefore the transmitter was sending a value that was off from the actual reading. 
 
2. Several of the meters are dual meters in the same vault. One meter is an import meter and one 

is an export. In two cases theses were reversed and incorrect values applied to the bills. 
 
3. Several of the export, or credit, meters have never been applied to the wholesale water bill. 

 

The data for these errors goes back to 2008 and revised values have been provided by CWD to reconcile 
the accounts. ESG has evaluated the CWD information and while the accounting is essentially correct 
with respect to the recorded data we believe there are questions remaining on the validity of the 
recorded data and under recording of volumes on the export meters that could further reduce the total 
value owed to CWD. 

The table below illustrates the changes. 

Meter 
Ending Name Change in Condition 

Multiplier 
Error Notes 

780 Noble export n/a Never shown on CWD bill 

764 Carlton import n/a 
Changed from export to 

import meter 

783 Qulliams import X10 
Changed from export to 

import meter 
727 Northvale export n/a Never shown on CWD bill 

787 
Murray 

hill/cedar 
n/a X10 Dropped zero 

760 Carlton export n/a Changed from import to 
export 

721 
Quarry and 
Bluestone 

n/a X100 Dropped two zeros 

762 
Renfield & 
Bluestone n/a X100 Dropped two zeros 

774 Lancashire n/a X10 Dropped zero 

782 Qulliams export n/a Changed from import to 
export 
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The magnitude of the errors vary with annual flows through each meter. ESG projected for 2014 what 
the annual consumption and costs for water would have been using the corrected values from above. 
This analysis is shown in the following page. The net effect of all of these changes is an estimate 
increased in water consumption of 32,975 mcf (thousand cubic feet) and a corresponding annual cost 
increase of $1,150,081. This equal to an 8.5% increase in wholesale water purchases. 

The average rate charged by CWD for wholesale water was 31.5 $/Mcf in 2013 and 32.5 $/Mcg in 2014. 
The value is expected to increase annually.  
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Another source of error that has not 
been fully accounted for is the 
export meters. Similar to the 
commercial meter issue these 
export meters should be compound 
meters as well. ESG believes that the 
export meters are under reporting 
flow and therefore Cleveland 
Heights is missing revenue they 
should be receiving.  

One data point to consider it’s the 
Owls Nest meter. The City was able 
to obtain sub-metered billing data for the nine water meters downstream of the export meter. Over the 
last seven years the export meter has under reported over 18 million gallons representing $76,974 in 
lost revenue. This revenue is reported as deduct or credit on the CWD monthly bill. If the 6 $/Mcf 
wheeling fee is added that CWD pays the city of Cleveland Water for all exported water then this value 
is $91,819. The graph to the right shows the differences in metered water. 

ESG recommends that all of the export meters that are owned by Cleveland Heights be replaced with 
compound meters as soon as possible. 

ESG believes that there is further apparent water losses in the billing system. There are currently over 
1,100 zero read accounts within the billing system. While a number of these are certainly vacant or 
abandoned building further investigation is justified to verify each one has zero consumption.  

Other potential sources of apparent water losses that require further investigation are systematic data 
handling errors which are defined as accounting omission, errant computer programming, gaps in 
policy, procedure, and new account activation; and any data lapse that results in under-stated customer 
water consumption in billing reports. Based upon the AWWA audit, review of current produces and 
policies and comparison to other utilities of similar sized, ESG estimated that there are 215 million 
gallons per year in total losses associated with this category of loss. Apparent losses are valued at 9.38 
dollars per thousand gallons of water which is twice the wholesale rate for real losses making this 
category the most valuable.  

Recommendation: Further billing anomaly analysis to 
reduce apparent losses in revenue. Replace all export / 
credit meters with new compound water meters. 
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Real Losses 

Based on the AWWA water audit tool approximately 61% of the water Cleveland Heights purchases is 
never billed. The largest contributor is real losses in the system. Real losses comprise loss of water from 
transmission mains, storage facilities, distribution mains or service connections. ESG believe this value 
to be approximately 1.6 billion gallons per year.  

There are two contributing factors in this situation. First, the distribution piping is uncontrolled and 
receives whatever pressure is sent from CWD. Due to topography of the City the western half is at a 
lower elevation than the eastern half and water pressure rises as you approach the boundary. A pressure 
map is shown in Section 5. Readings were taken at two months apart and did not vary appreciably. The 
eastern boundary average pressure is 75 psig (pounds per square inch) and on the western boundary 
the pressure was as found as high as 140 psig. Normal service water requirements is 60 to 70 psig for 
most customers. 

The consequences to high pressure is increased losses from leaks. The volume of water loss is directly 
proportional to the pressure therefore areas of 140 psig have twice the leakage rates of an area with 70 
psig. ESG recommends installing pressure reducing valves in key areas to reduce average water 
pressure. The exact determination of locations will require further engineering and analysis of 
hydraulics within the distribution system. 

The second contributing factor is age of the system. Most of the piping is over 40 years old. There is no 
existing condition assessment or prioritized capital improvement program to replace water mains or 
ascertain where the high problem area are. Cleveland Heights has performed acoustic leak detection in 
2014 and performed repairs on those leaks that were found. In their September 2014 report Consulting 
Engineering, Inc. documented 18 main leaks and 15 service leaks. 

Comparing all of the water purchased 
wholesale and comparing to national 
average for water consumption 
provides a view of how much water is 
being lost in the distribution system. 

The value of real losses are 4.35 dollar 
per thousand gallons. Overall this is 
seven million dollars of opportunity 
costs if these losses can be reduced. 
While there is a minimum loss that is 
economic to reach Cleveland Heights is 
many times above this value. 
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Recommendation:  ESG recommend an aggressive leak detection program be started 
for the City of Cleveland Heights. This will consist of three areas: 
 

1. Outsourced surveys – supplement in‐house work with vendors to focus on  
     critical areas that are found to produce larger than average losses 
2.  Self‐performing services – ESG will supply acoustic listening tools for Cleveland  
      Heights staff to conduct acoustic listening surveys. 
3. Training and engineering support – ESG will provide one week of training on  
      techniques for conducting leak audits, listening surveys and prioritization of  
      activities.  
 

This work will be supplemented by monthly one‐on‐one coaching session conducted on 
site with a leak detection expert to further refine skills. Other work will include 
developing management reports and quantifying savings from leaks. 
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Scope of Work 

Contractor will be responsible for providing all management, installation labor, materials, coordination, 
customer scheduling, warehousing, tools, gps with sub-meter accuracy, digital camera and equipment 
necessary for the implementation and installation of a turn-key fully operable water meter system to 
complete the work per the project schedule and as detailed below. 

Contractor will: 

Provide on-site project management to coordinate all installation activities with the customer and be 
the main point of contact during deployment.   

Store at its sole expense in a safe, secure and insured facility, in accordance with all manufacturer 
specifications, meters (defined as meter, ami equipment and associated appurtenances) and other 
equipment and materials in agreed-upon quantities so as to have such meters and related equipment 
available for installation on a timely basis.  Meters will be purchased in several separate batch purchases 
and meters will be installed in a ‘‘first in first out’’ method of installation. All meters shall remain in 
contractor’s care,  custody, and control until  installation  and  be  delivered  to  the  installation  sites  in  
new  condition  in  the manufacturer’s   original,   labeled  containers  until  the   approximate  time  for   
their installation.  Any meters, equipment or materials that become damaged or deteriorated from any 
cause while at the warehouse shall be replaced by new and satisfactory items at contractor’s expense. 

Verify meter operation and interface with the Owner’s utility billing system. 

Schedule and perform meter installation in commercial, industrial and residential customer’s meter 
boxes per American Water Works Association (AWWA) guidelines.  Some commercial and industrial 
installations will performed during non-working hours. The timing for these installations shall be agreed 
upon by the property Owner and contractor. 

Record each meter installation with before and after (to include meter set) photographs, account 
number and GPS coordinate readings, and provide such meter installation records to the Owner daily 
in approved electronic format reflecting installations made the previous day.  A photograph shall also 
be taken to show the reference of the meter to  the  building  and  shall  also  include  the  account   
number   in  the  photograph. Photographs must be able to be seen clearly. If for any reason the register 
is clouded or otherwise cannot be cleaned to be able to see, register glass will be broken to take clear 
picture of current register reading.   Glass will be disposed of properly. 

Contractor shall be responsible for entering data into the utility billing database within 1-business day 
of meter installation; and revisit any installed meters or transmitters which do not register on the 
reading system within this time to verify proper installation and setup. Contractor will be responsible 
for transmitting accurate data to the utility billing software. If inaccurate data is submitted to the Owner, 
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Contractor shall provide support in correcting these issues in the utility billing system. Contractor shall 
provide technical support to resolve all issues resulting from the installation process and transmission 
of inaccurate installation data.  Contractor shall provide a route saturation report on a daily basis, which 
shall include, at minimum, aggregate values of the following data fields: 

 Cycle/route 

 Retrofits installed 

 Date route entered 

 Total complete 

 Meters scoped 

 Meters/retrofits remaining 

 Meters installed 

Field validate each installed meter to assure that each is capable of transmitting via radio signal to a 
regional collector. 

Enter Owner facilities and customer properties only for the purpose of executing the work and  only  
during  regular  working  hours  as  provided  herein,  unless   otherwise authorized.  After hours work 
will be done in coordination with the Owner. 

Reasonably repair and restore any property damaged as a result of any act or omission or neglect. 

Hold weekly progress meetings at a location and time selected by the Owner and provide all reports to 
the Owner.  Meeting notes and decisions made during meeting will be documented and distributed as 
required by the Owner.  The typical agenda will include:   review and  approve notes of previous 
meeting, review progress of work since last meeting, review proposed 30-day installation  schedule;  
field  observations,  issues  and  conflicts;  issues  that  impede progress;  corrective  measures  and  
procedures;  submittal  status;  pending  changes; maintenance of quality and standards; status of  
community  relations and complaint resolution and the like. 

Schedule and facilitate multiple training classes for all subcontracted employees prior to installing the 
first meter.  Training will include, but not be limited to, safety, trimble nomad handheld devices (or 
approved equivalent), communications plan, hazard communications, confined space entry, 
lockout/tagout, etc. 

Conduct and carry out all work in a manner designed to avoid all but short-term disruption of services 
and to prevent damage to Owner and customer’s property, including other utilities. 
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Notify the Owner immediately (within one hour) by telephone, of any emergency or other situation 
compromising the safety of persons or property, and follow up such report in writing. 

Comply with all applicable laws and regulations (as such term is defined herein) including those 
regarding employment. 

Be solely and completely responsible for conditions for which it has responsibility under this agreement 
or are within its control of each installation site in connection with the work, including safety of all 
persons and property.    This requirement shall apply continuously and not be limited to regular working 
hours.  

Keep all premises and job installation sites and the surrounding area free from accumulation of waste 
materials or rubbish caused by the work or on- site crew and, upon completion of each meter or other 
infrastructure installation, will remove and properly dispose of all waste materials, rubbish, tools, 
installation equipment, machinery, and surplus materials, including all debris found in meter boxes and 
dispose of it in a manner approved by the Owner.  Replaced meters will be returned to the Owner.  
Additionally, every reasonable attempt will be made to keep and return rights of way and  end  user’s  
property  appearance  as  it  was  before  they  arrived.  This includes landscaping on excavated areas. 
Landscaping shall include replacement with sod, shrubs, plantings and structures (i.e. Mailboxes, fences, 
etc.) To match existing conditions within seven (7) calendar days following the work at any site.  Any 
new meter boxes will be equal to an Owner standard box and lid. Contractor may use salvageable meter 
box parts to repair existing meter boxes. Some areas of concrete and other hard surfaces may need to 
be broken-up to gain access to meters. In those instances, the area affected will be restored to, at 
minimum, the condition of the area prior to excavation/demolition. Contractor will be accountable for 
any work in repairing areas affected, including, but not limited to: masonry/brick, carpentry, asphalt, 
concrete, etc.  Contractor is not responsible for currently broken meter boxes, sidewalks, driveways and 
roadways 

At all times observe and comply with, and cause all of  its agents, employees and subcontractors to 
comply with, all federal, state, and local laws, statutes, ordinances, and codes, including all applicable 
laws regarding  employment, hazardous substances and the environment and all lawful orders, rules,  
regulations, standards  and  lawful  orders  of  public  authorities (‘laws and regulations’).  

All work shall be performed between the hours of 7 a.m. And 6 p.m. (EST) Monday through Friday and 
between the hours of 9 a.m. And 6 p.m. On Saturdays and holidays, provided all activity ends before 
dusk (‘regular work hours’). In the event of an emergency, work may be performed outside of these 
hours with the prior approval of the Owner, consistent with laws and regulations. Exceptions to these 
times for work must be approved by the Owner and the parties understand it may be required for 
commercial and industrial areas that are not reasonably accessible during normal business hours. 
Access to residential areas outside of regular work hours may be required based on the needs of an 
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individual end user and will be approved at the sole discretion of the Owner. All work shall be conducted 
in accordance with all applicable local, state and federal rules and regulations. 

All work will be undertaken in accordance with the project schedule. Contractor shall be responsible for 
notifying end users of the dates work will be performed in their meter boxes in accordance with the 
timing notification, and private property access procedure.    In the case of large commercial and 
industrial customers such as schools, hospitals, nursing homes, any other large commercial or industrial 
manufacturing customers, special efforts will be made to ensure minimum disruption to their utility 
needs and with a minimum 24 hour notice. The Owner will also work with Contractor to coordinate such 
efforts with large customers to provide meter access and schedule service disruption. To prevent any 
damage from running flush valves or any other plumbing fixtures that are sensitive to water shutoff’s, 
Contractor shall schedule the replacements with these large commercial and industrial customers and 
will notify the maintenance personnel when turning the water back on to the customer’s facilities. 
Ultimately the responsibility of operating fixtures inside the buildings is the responsibility of the 
customer. In addition to any other reporting obligations set forth in agreement, Contractor shall 
promptly, during the same business day, unless otherwise provided, report to the Owner any of the 
following: 

Immediately  

media contacts immediately by telephone 
 

Daily 

any apparent leaks located on either side of the meter; 
any Owner facilities or property, and any private facilities or property, damaged by 
subcontractor; 
any errors discovered in the Owner’s database, such as meters not in Owner’s database or 
meters that are different in size from that recorded in the database; 
any meter bypasses that are found in open position, in which instance subcontractor shall also 
immediately take corrective action; 
customer concerns and damage claims and actions subcontractor has taken or will take in 
response to such concerns; 
unusual conditions (leaks, corrosion, theft, etc.) 
 

Weekly 

provide installation schedule updates 
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Contractor will respond to one hundred percent (100%) of general citizen project inquiries and 
customer concerns received by Contractor, or the Owner.  Inquiries and concerns will be forwarded to 
the subcontractor, within one day, 24 hours a day, 7 days a week. Contractor through their 
subcontractor is to keep a daily log of calls. Contractor is requiring all subcontractors to maintain a local 
telephone number (or 800 number) to field these calls.  

Contractor will respond to one hundred percent (100%) of customer service issues involving leaks or 
water availability within three (3) hours of the time the initial call is received from a customer, 
Contractor, or the Owner. The Owner will make dispatch decision identical to existing service levels. 
Contractor will respond to one hundred percent (100%) of customer concerns or service issues involving 
property restoration and the like within one (1) business day of receipt of call from a customer or the 
city. Contractor will keep a daily log of service issue calls.  

The project will require work in customers’ meter boxes which are generally in the public rights of way 
adjacent to private property, and work may require entry onto customer’s property. Contractor shall 
insure that all on-site crews display the highest level of professionalism, courtesy, and respect toward 
the Owner’s customers, staff and citizens and respect the property of others. On-site crew members 
shall always carry photo identification (supplied by Contractor), the Contractor superintendent’s 
business card and other credentials linking them to the project. Contractor will provide on-site crews 
with copies of a Owner approved ‘fact sheet’ to hand out to inquiring citizens. On-site crews shall at all 
times they are engaged in the work wear uniforms identifying them as part of the work force which shall 
consist of, at a minimum, hats, shirts, and badges. On-site crews shall properly dispose of all trash and 
other debris before leaving any property or job site and shall properly dispose of all such trash and 
debris found in meter boxes. On-site crews shall observe all applicable local, state and federal rules and 
regulations and keep noise levels as low as reasonably possible and shall refrain from using lewd, 
improper or otherwise disruptive language at all times. On-site crew shall observe designated smoking 
areas and always extinguish and dispose of smoking materials properly. Concerns received from the 
public, customer, or Owner about on-site crews or crew members will not be tolerated. Upon receiving 
call(s) about crews or crew members, Contractor shall investigate and shall remove on-site crew 
members who are incompetent, disorderly or otherwise unsatisfactory. Contractor has the authority to 
remove any on-site crew members who are unsatisfactory to the project. Contractor shall be responsible 
for replacing crew members who do not maintain an acceptable level of professionalism, courtesy and 
respect in a timely manner as to not interrupt project progress.  Contractor shall ensure that all work 
areas are clearly marked and shall provide protection to pedestrian and vehicular traffic at all times. 

All vehicles used in the work must meet minimum standards of quality and the Owner will maintain the 
right to object to vehicles that do not appear to meet minimum standards of quality and appearance. 
All vehicles shall be operated in accordance with all rules of the road. Vehicles must be labeled with the 
Owner’s designed magnetic signs, provided by contractor, identifying the vehicle and crew as working 
under a contract with contractor and the Owner. Signs shall be removed if vehicle is to be used for 
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transportation outside of the project scope. Vehicles shall not enter a job site in or near a residential 
neighborhood before 7am unless otherwise specified in writing by the Owner. Vehicles shall not double 
park and must turn off engines as soon as possible when stopped or parked. Crew vehicles shall not 
violate parking laws and shall be in compliance with all applicable local, state and federal rules and 
regulations at all times. Crew vehicles shall never be parked on private residential lots or block driveways 
unless they have been given direct, written or verbal permission from the property Owner. 

Meter Access Program 

For meters located inside residences, customer support will be required during implementation of this 
Improvement Measure to obtain access to meters and to coordinate utility interruptions.  ESG personnel 
will be responsible for adequate notification and coordination with appropriate Customer personnel 
and end users to facilitate access and minimal disruption.  

ESG shall follow the following Access Program: 

Written attempt one.  ESG will proceed with meter replacement per a scheduled implementation plan.  
If the installer cannot gain access to the meter (inaccessible), door hanger with the Installer phone 
number to make an arrangement for access, will be left on front door. 

Note: If a work order cannot be completed due to an unsafe condition such as a damaged or 
deteriorated meter service, or any other special or unsafe working conditions (to be mutually identified 
and documented) the work order will be returned to the Customer for follow-up.  The work order will 
be closed and the account removed from the population targeted for ESG completion. 

Written attempt two.  On a second occasion, ESG will attempt to reschedule and access the meter in an 
attempt to complete the work.  If ESG still cannot gain access to the meter another door hanger will be 
left. 

If access cannot be obtained by ESG representative knocking on doors to contract home Owner, ESG 
will attempt to contact the customer via telephone to gain access to the meter. A valid telephone 
attempt is, a) when the customer can be reached, or, b) when a message is left on an answering machine 
or voice mail.  ESG will make a minimum of three telephone attempts utilizing the telephone number 
supplied by the Customer via the work order data and any other reasonable means available to ESG.  A 
minimum of one telephone call must be attempted on Saturday or on a weekday after 5:00pm. 

Written attempt three.  On a third occasion, ESG will call for an appointment, and then visit the premise 
in an attempt to complete the work.  If ESG still cannot gain access to the meter another door hanger 
will be left. 
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If 10 business days after ESG delivers the third written attempt, the work order has not been completed 
and an appointment has not been established, the work order will be returned to Customer as a ‘‘Can’t 
Complete’’ order.  For project tracking purposes, such orders will be considered complete.  

ESG will collect all existing meters and return to the Owner in a dumpster supplied by the Owner at the 
meter shop, or other assigned location. 

Contractor will install the following list of materials: 

Item    Quantity 
 
5/8" water meter 577 
1" water meter 925 
1-1/2" water meter 188 
Encoders (residential) 15635 
CDMA transmitters (residential) 15635 
2" water meter 238 
3" water meter 20 
4" water meter 12 
6" water meter 8 
8" water meter 10 
CDMA transmitters (commercial) 338 
 

All equipment is manufactured by Badger Meter.  

The scope of work includes: 

1. Setup of the Beacon database and   formatting of data into form agreed to by Owner 

2. Three (3) attempts to arrange appointment for entry into home 

3. GIS data point and exterior location photo for every point of installation 

4. Meters in pits will have a hole burned into the lid and a traffic rated cover plate installed for 
transmitter antennae 

5. Allowance for 800 points to have transmitter moved to exterior in the event of basement 
mounted meters with inability to be read by cellular network 

6. Five consecutive days of training from Badger on new software 
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Customer Responsibilities 

In order for ESG to perform its obligations under this Agreement with respect to the Work, the 
Performance Guarantee, and the M&V Services, Customer shall be responsible for: 

 Providing ESG, its subcontractors, and its agents, reasonable and safe access to all facilities and 
properties that are subject to the Work and/or M&V Services; 

 Providing for shut down and scheduling of affected locations during installation as needed to 
accomplish the Work and/or M&V Services; 

 Providing timely reviews and approvals of design submissions, proposed change orders, and 
other project documents; 

 Providing the following information with respect to the project and project site as soon as 
practicable following ESG’s request: 

- Copy of billing database with phone numbers, account numbers, meter and 
transmitter numbers 

- Meter reading routes 

- Maps for water distribution system 

- Any available surveys describing the property, boundaries, topography and reference 
points for use during construction, including existing service and utility lines; 

- geotechnical studies describing subsurface conditions, and other surveys describing 
other latent or concealed physical conditions at the project site; 

- temporary and permanent easements, zoning and other requirements and 
encumbrances affecting land use, or necessary to permit the proper design and 
construction of the project and enable ESG to perform the Work; 

- a legal description of the project site; 

- as-built and record drawings of any existing structures at the project site; and 

 Environmental studies, reports and impact statement describing the environmental conditions, 
including hazardous conditions or materials, in existence at the project site. 

 Securing and executing all necessary agreements with adjacent land or property Owners that 
are necessary to enable ESG to perform the Work; 

 Providing assistance to ESG in obtaining any permits, approvals, and licenses that are ESG’s 
responsibility to obtain as set forth in Exhibit A; 

 Obtaining any permits, approvals, and licenses that are necessary for the performance of the 
Work and are not ESG’s responsibility to obtain as set forth in Exhibit A; 

 Properly maintaining, and performing appropriate preventative maintenance on, all equipment 
and building systems affecting the Performance Guarantee in accordance with manufacturers’ 
standards and specifications; 



 

 

Energy Systems Group 
Proprietary & Confidential | www.energysystemsgroup.com 

| Page 24 
May 2015 ©2015 Energy Systems Group, LLC  

City of Cleveland Heights 
Detailed Engineering Evaluation 

Water Utility Optimization 

 Providing the utility bills, reports, and similar information reasonably necessary for 
administering ESG’s obligations under the Performance Guarantee within five (5) days of 
Customer receipt and/or generation or ESG’s request thereof; 

 Providing all records relating to energy and/or water usage and related maintenance of the 
premises and relevant equipment requested by ESG; 

 Promptly notifying ESG of any change in use or condition described in Exhibit C or any other 
matter that may impact the Performance Guarantee; 

 Taking all actions reasonably necessary to achieve the Agreed upon Project Benefits; 

 In addition to the foregoing, the Customer is responsible for the items set forth below in 
connection with utility meter projects: 

 Isolating the utility system to allow for meter/valve change out, including identification of all 
shut-off valves; 

 Scheduling shutdowns, downtimes, and relocation of new commercial vaults; 

 Ongoing care and maintenance of the utility system, including all meters, AMR equipment and 
systems, meter boxes, and meter vaults at or above manufacturers’ specifications and 
recommendations beginning at route acceptance; 

 Provide routine maintenance of all Owner systems and equipment affected by this agreement. 

 Maintain installed equipment using the same manufacturer and specifications that were 
installed or equivalent as approved by contractor. 

 All Energy Conservation Measures (ECMs) will be maintained, and kept in operation with equal 
or better replacement components. 

 At a minimum, the Owner shall be responsible for maintaining the existing water and sewer rate 
schedules. Any reduction in monthly base charges, monthly allowable minimum base 
consumption, or monthly volume charges may reduce the anticipated project benefits to be 
recovered from improving meter accuracy. 

 The Owner acknowledges that the implementation of any water rationing programs will serve 
to decrease consumption and therefore decrease water and sewer revenue and will be 
addressed in Exhibit C as a baseline adjustment. 

 The Owner acknowledges that the projected benefits to be received through improved meter 
accuracy are based upon the existing water and sewer rate schedule. Should the Owner choose 
to forgive or reduce water bills as a service to its citizens, the Owner accepts responsibility for 
the decreased water and sewer revenue. Any credits to water and sewer bills are the full 
responsibility of the Owner during installation of project. Contractor will not be responsible for 
any type of monetary payment to the Owner. 

 The Owner is responsible for the continued maintenance of the water system including all water 
meters, meter boxes, and large water meter vaults. 
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 The Owner is responsible for providing access to designated ESG employees for the purpose of 
verifying, adjusting and/or maintaining the facility improvement measures employed at the 
various facilities. 

 The Owner assumes responsibility for any damage to the water meters by foreign objects as 
well as any intentional damage to the water meters by others than ESG personnel or their 
subcontractors. 

 The Owner assumes responsibility for authorizing any non-metered water usage. 

 The Owner assumes responsibility for maintaining water quality. Any water quality issues that 
affect the water meter manufacturers’ warranty are the responsibility of the Owner. 

 The Owner assumes responsibility for maintaining the average system pressure that was 
present during the baseline consumption period. A decrease in system pressure may cause 
subsequent decreases in both billed consumption and water and sewer revenue. 

 The Owner acknowledges that weather may effect water consumption. Changes in the number 
of degree-days and/or annual rainfall amounts may serve to either increase or decrease billed 
consumption and its associated water and sewer revenue. 

 The Owner acknowledges that demographic shifts (population growth or shrinkage) and 
changes in commercial business, industrial business and wholesale accounts may affect water 
consumption and its associated water and sewer revenue. 

 The Owner assumes responsibility for any damage resulting from acts of war and terrorism. 

 The Owner is responsible for maintaining current meter reading practice until one month after 
route acceptance. 

 Owner is responsible for water line repairs further than 24’’ away from the meter.  ESG is not 
liable for damages outside of this 24’’ zone, either on the water distribution side or on the 
customer side, incurred from the meter replacement process (i.e., shutoff, temporary outage, 
and restart of water service). 

 Adequate personnel to assist in the shutting off of any meters where isolation valves are not 
functioning properly 

 Locking meter box covers have not been included in this project.  Any requirements for locking 
lids will be the responsibility of the Owner 

 Owner shall provide a list of inactive accounts at the time of construction 

 Reasonable assistance in locating meters as required 

 Provide guidance and support in either the repair or replacement of sidewalks, curb stops, and 
roadways damaged by ESG during this project 

 Assurance that water fixtures are running properly after the replacement of corresponding 
water meter will be the coordinated responsibility of ESG, Owner and said End User 
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Notes: 

The quantities of existing water meters with ‘‘Active’’ accounts are based upon data provided to ESG by 
the Owner.  Any additional existing meters that are found during installation will not be replaced as part 
of this Contract.  Any excess materials will be left with the Owner to be used as bench stock.  If ESG is 
requested to install additional quantities of water meters to complete this project, the total installed 
unit price per meter will be negotiated at that time. 

ESG cannot guarantee the performance of radio reads on meters that are under water.  If ESG is 
requested to install additional transmitter equipment for meters in flooded pits, the total installed price 
per meter will be negotiated at that time. 

All water meters will be installed at the depth dictated by current water service line depth.  Any change 
in water service line depth is the responsibility of the Owner. 

Infrastructure Repairs 

The contract included a contractor controlled allowance of $9,400,000 for repairs to the water 
distribution infrastructure. Such repairs include water main replacement, repairs and modifications such 
that losses associated with leaks and other non-revenue water losses are reduced. All repairs will comply 
with engineering and construction standards of the Owner. A report shall be generated at the 
conclusion of the project which states what work was completed, costs and includes drawings, notes 
and details such that good engineering documentation is provided. 

Leak Detection 

The following equipment manufactured by Fluid Conservation Services will be provided to the Owner: 
one Xmic System ground listening microphone (w/filters), two Lmic Ground Microphone Systems, and 
one TriCorr Touch Correlator. 

Training will be provided for five consecutive days by ESG subcontractor experienced in acoustic leak 
detection for Owner staff. Any staff selected by Owner shall have hearing test prior to training.  

Monthly training will be provided for two days on-site in the field with ESG representative for twelve 
consecutive months for further refinement of skills in leak detection. The scheduling of these training 
periods will be completed four weeks prior to each event. If Owner fails to provide staff time during 
these agreed upon days then they shall be considered lost and shall not be rescheduled. Contractor will 
coordinate with Owner on documenting repairs, analyzing real loss savings, and make 
recommendations for best management practices to further reduce real losses within water distribution 
system. 
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The Owner is responsible for repairing all leaks in a reasonable time frame. Failure to repair leaks after 
ninety days shall be considered a baseline adjustment under terms of Exhibit C. 

Contractor shall perform two complete acoustic surveys of hydrants and water distribution system with 
the intent of locating water distribution leaks. At the discretion of contractor some service areas may be 
omitted to focus on high priority areas with large potential losses. 

Pressured Reducing Vaults 

ESG will install ten new underground vaults to house pressure reducing valves in the water distribution 
system. The intent of these new valves is to reduce average system pressure in order to reduce leaks.  
The location and size of these valves will be determined after completion of further investigation and 
engineering. All of the valves will be manually set at high enough pressure to provide adequate water 
distribution and fire protection services. Some service interruption may be required to accomplish this 
scope and will be coordinated in advance with Owner and any affected parties to minimize 
inconvenience. 

The scope of work for each PRV vault includes the following: 

 Flagging and traffic control 

 OSHA approved barricades and nighttime flashers 

 Pavement Saw Cutting as needed  

 Site Excavation 

 Temporary Isolation of Water Line 

 Cut out required section of water line 

 Install all required Ductile Iron Piping and valves along with pre-assembled valve vault 

 One new Cla-Val model E-90-01 pressure reducing valve or equal 

 Isolation gate valves 

 Performance of chlorination procedure/ disinfection as agreed upon prior between Contractor 
and Owner 

 Test for leaks and re-energize line 

 Backfill with Premium Fill 

 Replace/repair Pavement 

 Record  drawings 

 O&M Manuals 

 One day training in operation and maintenance for Owner’s staff 
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Engineering Services 

A Graphical Information System (GIS) will be developed for Owner in ESRI ArcGIS software. Contractor 
will perform physical survey to establish GPS coordinates of water distribution system. Data points to 
be included are: 

 Main line valves 

 Hydrants 

 Import & export points 

 PRV vaults 

All the GIS information available (for the service centers and distribution system) will be analyzed and, 
where necessary, field verified by Contractor staff up to 10 man-days of field verification time. This data 
will be referenced and validated against any existing hard copy maps of the service centers or 
distribution system. Any areas either without GIS data, or with incorrect data will be corrected and/or 
added to. 

A hydraulic model will be generated using the GIS data in InfoWater software modeling package. 
Construction of the model will take into account the pressure dependent demands within the system. 
The compatibility of ground level data obtained from field analysis will be checked against pressure 
data collected under this task, or previous analyses conducted by Owner staff. Customer demands and 
demand profiles used in the model will take into account the different configurations of usage.   

The model will be calibrated to field data using the InfoWater auto calibration tools. Once all the models 
have been calibrated, and merged into a single system model, it will be used to support the 
requirements of the project. 

Identify Distribution System Problems - When the model shows significant calibration issues, this data 
will be analyzed to determine if it is a model problem, or a distribution system issue or anomaly. If it is a 
distribution system issue or anomaly, then this will be discussed with The Owner staff and plans put in 
place to rectify it.  

10 Year Plan for Demand and Supply - Supply levels and anticipated demands will be calculated during 
the project. The current supply situation will be discussed and any discrepancies in data analyzed. New 
water sources will not be examined in this project. 

Identify Most Equitable Distribution Plan for Import Structure - Assuming that there is the possibility to 
reduce the number of import (and/or export locations) locations, an analysis of the possibilities for re-
configuration of the network will be developed. Consideration of new pressure districts will be 
evaluated. 
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The AWWA/IWA water balance is a method which has been used across the world for over ten years. 
Contractor will use the AWWA Water Audit Software version 5.0 to analyze and detail the major water 
loss characteristics and target resources. 

An updated report on the water balances and the resulting performance indicators for each area (if 
applicable) and the overall project area will be submitted within 120 days of completion of the GIS and 
any boundary changes to the system. 

A validation of parcel data (developed through the GIS) and customer information will be conducted in 
random areas to determine locations without service or incorrectly billed as appropriate. Further 
investigation will focus on billing anomalies in order to reduce systematic data handling errors. 

On completion of the above tasks, Contactor will submit a Final Diagnosis of the System report which 
collects all the findings of the various activities in the above tasks of this component and recommends 
future work to sustain the revenue gains. 

Media Relations 

Contactor will provide comprehensive public relations program which will include the following: 

 Website hosted by ESG describing project, benefits to city residents, contact information 
implementation schedule 

 Press kit with one page description of project and benefits 

 Newspaper advertisement notifying residents of projects 

 Coordination with Owner on notification program for meter replacement program 

Exclusions include: 

1. Replacement of any 5/8’’ and/or ¾’’ water meters 

2. Replacement of any galvanized pipe or other piping material not meeting Owner local 
requirements 

3. Unless otherwise specified, this project assumes exchange of like for like size and type meters, 
at same depth, within same meter setting.  Installation of new boxes/services, isolation valves, 
test valves, bypasses or piping modifications are not included 

4. Additional meter inventory is not included in the project 

5. Meters beyond the mutually agreed upon meter data (number, type and size ) as shown in the 
scope of work of this contract are not included 
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6. Monthly fees for cellular data meter reading is the sole responsibility of Owner. 

7. Asbestos survey and remediation, hazardous remediation of contaminated soil or groundwater 

8. Ohio state sales tax 

9. Cost of electricity consumed by contractors 

10. Landscape plantings 

11. Buy-American requirements 

12. Operation of any supplied equipment or services after substantial completion unless specifically 
included in scope 

13. Costs associated with any work associated with unexpected subsurface conditions including 
but not limited to stabilizing soils which are unable to support design bearing pressure or 
removal of rock discovered during excavations  
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2 - Financial Approach 

ESG used a baseline period of December 1, 2013 to November 30, 2014 to establish costs. Changes in 
revenue or costs were applied to this baseline to arrive at the proposed water utility budget. The intent 
of this project is to move the utility from a revenue shortfall each year to a cash flow positive enterprise 
that funds itself and allows for reinvestment in infrastructure. 

ESG used the findings in this evaluation to design a program that would allow for this transformation. 
Based upon the scope of work outlines in Section 1 the costs to implement this program are shown in 
the table below. 

Table 2.1: Project Financial Summary 

ID Project 
Total 

Installed 
Cost 

Water 
 (New 

Revenue) 

Annual 
Operational 

Savings 

Total 
Guaranteed 

Annual 
Savings 

Recommended 
Future Annual 
Fees/Services 

*Local 
Sewer 

Annual 
Benefit 

1 
Export/Import Meter 

Adjustment 
$56,220 ($1,150,081) $0 ($1,150,081) $0 0 

2 
Replace 600 residential 

meters + 14,500 
encoders & transmitters 

$5,182,599 $0 $458,002 $458,002 ($171,126) $0 

3 
Replace 14,500 5/8" 
residential meters $0 $0 $0 $0 $0 $0 

4 
Replace  commercial 
meters 1" and larger 

(1400) 
$1,101,563 $687,298 $0 $687,298 $0 $108,675 

5 (10) PRV Vaults / Active 
Pressure Management $1,957,507 $1,008,512 $0 $1,008512 $0 $0 

6 Leak Detection and 
Training $320,144 $754,923 $48,000 $802,923 $0 $0 

7 Infrastructure 
Improvements (leaks) $9,400,000 $2,000,000 $0 $2,000,000 ($40,000) $0 

8 
Billing System 
Replacement $0 $0 $0 $0 $0 $0 

9 Development Costs $120,000 0 0 $0 $0 $0 

10 

Engineering, GIS, 
Hydraulic Model, Project 

Management, SOP's, 
Commissioning, M&V 

$1,842,634 $239,786 $0 $239,786 $0 $3,950 

 Total $19,980,667 $3,540,438 $506,002 $4,046,440 ($211,126) $112,625 

 

*Additional new annual revenue for Cleveland Heights not included in the economic summaries 
or analysis. 
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Total Installed Cost --- All costs for labor, material, engineering and project management to deliver the scope of 
work. 

New Revenue --- Increase in water sold from reducing apparent losses due to meter accuracies or billing errors, 
and decreases in wholesale water purchases form reductions in real losses. 

Operational Savings --- decreases in costs from redeployment of staff, vehicles, and material purchases 

Total Savings - new revenue + operational savings 

Recommended Services --- Costs for new services recommended by ESG 

Local Sewer benefit --- New revenue based on the increase in water sold from the 11.05 $.Mcf 2014 water rates  

Financing Plan 

On the City’s behalf, ESG requested preliminary financing proposals from six financial institutions.  Four 
responded with proposals or expressions of interest.  The one that appears most consistent with the 
City’s requirements is a proposal for a 20-year limited tax general obligation financing from Capital One 
at a rate of 4.15%.  This is a type of financing that calls for a ‘‘full faith and credit’’ repayment promise 
from the City, as opposed to an appropriation-based financing or some type of a revenue-pledge 
financing.  Since the Capital One rate is subject to fluctuation, we have assumed a rate of 4.25% in our 
cash flow model.  We anticipate that the financing will call for an ‘‘interest only’’ payment one year after 
funding, with repayment of principal starting two years after funding; exact terms of the financing will 
be determined through discussion between the City and the lender. 

ESG is not a financial advisor or a ‘‘municipal advisor’’ in the context of the Dodd-Frank Wall Street 
Reform and Consumer Protection Act.  In the course of its business, ESG sometimes assists customers 
by introducing project lenders or requesting financing proposals for customers.  ESG expresses no 
opinion and makes no recommendation with respect to financing projects. 

The other spreadsheets enclosed include: 

 Operational savings analysis for automated metering infrastructure project 

 Estimated construction savings as the project is implemented 

 Annual revenue and costs for the water utility for future years 

 Project cash flow with zero escalation 

 Baseline water utility budget 
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