


















































































































































































































Section 8 – Technical Support Appendices 

Appendix 8.N  Summary of Public Hearings and Process 

Meeting minutes from City of Loveland Utilities Commission meeting in 
which the Utility Plan was reviewed. 
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Call to Order: 
Chairman Gary Hausman called the meeting to order at 4:00 p.m. 
 
Present:   
 
Commission members: Darell Zimbelman, David Schneider, Dan Herlihey, CJ McKinney, Gary 
Hausman, Gene Packer, John Rust Jr., John Matis, & Randy Williams. 
 
Council Liaison: Cathleen McEwen   
 

  City Staff members: Ralph Mullinix, Steve Adams, Bob Miller, Greg Dewey, Sarah Smith, Glenna 
Depperschmidt, Tracey Hewson, Sharon Citino, Jim Lees, Gretchen Stanford, Richard Martinez, Lindsey 
Bashline, Darcy Hodge, Michael McCrary, Tom Greene, Chris Matkins, Brian Burson, & Mike Scholl.  

 
Guests:  Adam Perry & Paul Davis with Platte River Power, & Bill McCreary (Citizen) 
  
Approval of Minutes:  Gary Hausman asked for a motion to approve the minutes of the March 17, 2010 
meeting.  

• MOTION: John Rust Jr. made the motion to approve the minutes of the March 17, 2010 
meeting as written. 

• SECOND: Dan Herlihey seconded the motion.  The minutes were approved 
unanimously. 

 
Citizens Report:  

•  None 
 
Commission Reports: 
 
Gary Hausman:  
 
Dan Herlihey: Attended Spring Waters users meeting on April 7

th it
 was interesting and enlightening as 

usual.  Would like to wish Eric Wilkinson from NCWCD a full recovery. 
 
John Matis:  None 
 
John Rust Jr:  I move that the board send a get well card to Eric Wilkinson. I also attended the Spring 
Waters users meeting.  A lot of regulations seem to be going into effect with not much input.    
  
Dave Schneider: None 
    
Darell Zimbelman: Dale Mitchell of Northern Water has passed away, and I move to send the family 
thanks for all he has done.  John Rust Jr. has seconded.  The staff will draft a letter and proclamation.   
   
CJ McKinney: None 
 
Gene Packer:  None 
  
Randy Williams: None 
 
Council Report: Cathleen McEwen   

• There were no Water and Power items on the City Council Agenda for March 23
rd

,
 
April 6

th
 or 

April 20
th
. 

 
Director’s Reports: Steve Adams 

• Passed around card for Eric Wilkinson to have Commissioners to sign. 

• Organic Contract & Power Supply Agreement was sent back to Fort Collins Board. 

• April 12
th
, meeting outcome was to continue negotiating the language.  

• May 11, 2010 Study Session in Fort Collins. 

• Tri-City Event is all setup for May 20, 2010 (697 Denver Ave.).   

• 3 LUC terms are up in June 2010.  Each member was given applications to reapply. 

• Smart Grid has been postponed for a few years due to cost escalations seen by other cities.   

• Still working with Johnstown on the Water trade. 

• Chris Matkins has been offered and accepted the Senior Civil Engineer position. 

• Handout of email that was forwarded to Ralph from Darin Atteberry regarding Loveland Town Hall 
Meeting on March 31, 2010. 

• Handout of article regarding L.A. Spars over Green Energy. 

• Handout for the 35
th
 Annual Colorado Water Workshop.   

• Loveland Utilities Commission Comp Plan – 2010. 
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REGULAR AGENDA: 
 

ITEM 1:  Residential Survey Results White Paper and Recommendations on Residential Programs 
 
Loveland Water and Power (LW&P) surveyed 3,000 residential customers on energy efficiency. 
On January 20, 2010, W& P staff shared the survey results with the Loveland Utilities Commission and 
recommended that the results be used to guide us in future program development. During the next few 
months, staff has been evaluating the costs and benefits of the various residential energy efficiency 
programs and made a recommendation to LUC as to which programs could be implemented. 
 
Rich Martinez, Lindsey Bashline and Gretchen Stanford presented (8) residential programs to implement 
in the City of Loveland.   
Rich, Lindsey and Gretchen are looking for feedback on the programs that were presented as well as any 
recommendations on other programs to research and bring back to you in May.  
 

• MOTION: Dave Schneider made a motion to move forward and discuss a rate increase for the 
programs.  After Commission discussion Dave Schneider withdrew the motion. 

• SECOND: Darell Zimbelman seconded the motion.   
 

• MOTION: Dave Schneider made a motion to have materials discussed given to Commissioners 
to study and bring back questions and concerns to the May 19, 2010 meeting. 

• SECOND: Darell Zimbelman seconded the motion.  The motion was approved unanimously. 
 
ITEM 2:  Approval of Engineering Contract for WWTP WAS Thickening Project – Tom Greene 

 
The City of Loveland’s Wastewater utility budgeted $560,000 in 2010 for the design of a Waste 
Activated Sludge (WAS) thickening facilities and associated scum and solids handling 
improvements to be constructed at the Wastewater Treatment Plant (WWTP). The purpose of this 
facility is to improve and expand the solids processing capabilities. The WAS facility will be 
replacing the dissolved air flotation thickener (DAFT) which has reached it useful life. 
The WAS thickening building will be designed to facilitate two (2) Rotation Drum Thickener’s (RDT), 
polymer system, thickened sludge hopper and pumps. Odor control will use carbon absorption 
system. The facility will be designed to accommodate an adjacent future build containing centrifuge 
dewatering units. The electrical systems (motor control centers, MCC) and laboratory analysis area 
will be designed to serve the proposed WAS facility and future centrifuge building.   
The Water and Power department has negotiated a professional services contract with CH2M Hill 
(Consultant) to perform the engineering design and bidding services in the amount of $539,538.00. 
 
Staff recommended that the Loveland Utilities Commission adopt a motion awarding the engineering 
contract for the Wastewater Treatment Plant WAS Thickening project to CH2M HILL in the amount of 
$539,538.00 and authorize the City Manager to sign the contract on behalf of the City.  
   

• MOTION:  Darell Zimbelman made the motion to award the engineering contract for the 
Wastewater Treatment Plant WAS Thickening project to CH2M HILL in the amount of 
$539,538.00 and authorize the City Manager to sign the contract on behalf of the City.  

• SECOND: John Rust Jr. seconded the motion.  The motion was approved unanimously. 
 
ITEM 3:  Review of Wastewater Utility Plan –Chris Matkins 
  
The City of Loveland wastewater utility is located in Larimer County and is part of the North Front Range 
Water Quality Planning Association.  Section 208 of the Clean Water Act requires local planning entities 
to identify treatment works necessary to meet anticipated regional municipal and industrial 
waste treatment needs.  In 2007, Loveland’s regional planning entity (the North Front Range Water 
Quality Planning Association or NFRWQPA) updated the overall regional planning document to meet 
these requirements.  In addition, NFRWQPA has required all public wastewater treatment agencies within 
the regional planning area to submit a Utility Plan to the association for review and acceptance prior to 
any new significant system improvements.  Utility Plans are specific to each wastewater provider and 
include descriptions of treatment facility locations, capacities, technologies, and timing of anticipated 
expansions.  In addition, each plan must also describe populations, service areas, partnerships, and 
regional water quality policies. 
 
The Executive Summary of the City of Loveland’s recently-completed Wastewater Utility Plan was 
provided for the Commission’s review.  

• MOTION:  Randy Williams made the motion to submit the final Wastewater Utility Plan to City 
Council for review and approval, and then to NFRWQPA for review and approval. 

• SECOND: John Rust Jr. seconded the motion.  The motion was approved unanimously. 



LOVELAND UTILITIES COMMISSION 

April 21, 2010 Minutes 

  3

 
ITEM 4:  2010 Quarterly Goals & Milestones Report 
The purpose of this item is to provide a status update on the 2010 LUC goals.  Attached separately 
is a listing of the goals as adopted by the LUC.  Below each goal is a brief update based on the first 
quarter events of 2010. 
 
STAFF REPORTS: 
 
ITEM 5:  Small Wind-Energy System Proposal - Brain Burson, Current Planning 
 
The Current Planning office in collaboration with the City’s Title 18 Committee has developed 
proposed amendments to the zoning code (Title 18 of the Municipal Code) that would allow for 
small wind-energy systems (wind turbines) to be located on residentially-zoned property.   
Brian presented materials addressing the proposed code amendment regarding wind turbines that 
will be provided to the City Council for review at the April 27

th
 study session.  Current Planning 

staff would like to obtain feedback from the LUC on this proposal and provided feedback will be 
conveyed to the City Council. 
 
ITEM 6:  City Comprehensive Plan Update Presentation - Mike Scholl 
The Comprehensive Plan, which was adopted in 2005, requires an updated every five years.  The 
Implementation Plan identifies which City boards and commissions are responsible for taking the 
lead in achieving the objectives listed under each Goal.  Goals fall under Guiding Principle, which in 
turn fall under five Vision Statements. 
The Strategic Planning Division has provided each department a list of the objectives for the boards 
or commissions for which the department provides a staff liaison.  The Water and Power 
Department was provided the objectives assigned to the Loveland Utilities Commission. 
The first phase of the update project is to determine the status of each objective as far as actions 
taken or program initiated to achieve the objective.  This first phase will be strictly a status.  The 
second phase will involve a more in depth assessment of the objectives to determine if any are no 
longer relevant and if any need to be revised to reflect changes in related factors.  It’s possible that 
new objectives will be added. 
This update is important because the objectives in the Comprehensive Plan should be incorporated 
into future work plans for departments and boards and commissions.  Each board or commission 
will be asked to recommend approval of the revised objectives that will part of the five year update. 
 
ITEM 7:  Downtown Project Update – Mike Scholl 
 
Mike Scholl presented several items he has been working on in regards to downtown efforts.   
1. Rialto Bridge project 
2. Façade Grant program 
3. Downtown Development consultant 
 
ITEM 8: March Financial Report Highlights – Jim Lees 
 

 The March 2010 financial reports were discussed for Commission review at the meeting. 

INFORMATION ITEMS 
ITEM 9a: Electric Legislative Update – Gretchen Stanford 
Explanations of various State and Federal Legislation bills were provided for Commissioners. 
 
ITEM 9b: Water Legislative Update – Greg Dewey 
Explanations of various water-related bills were provided for Commissioners. 

ITEM 10:  Water Supply Update – Sarah Smith 
ADJOURN 
The meeting was adjourned at 7:36 p.m.  The next LUC Meeting will be May 19, 2010. 
 
Respectfully submitted, 
Glenna Depperschmidt 
Recording Secretary 
Loveland Utilities Commission 



Section 8 – Technical Support Appendices 

Appendix 8.O  Infiltration and Inflow Study 

The 2008 Collection System Report for the City’s ongoing Infiltration and 
Inflow Study is enclosed. 
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MEMORANDUM 

 

To: Chris Matkins, City of Loveland Water / Wastewater Division  

From: Chris Pletcher and Sam Lowe 

Date: May 15, 2009 

Re: 2008 Wastewater Modeling 

 

Executive Summary 
 
In June 2007, the City of Loveland commissioned Ayres Associates to conduct a wastewater 
flow monitoring program, and based on that flow monitoring data to construct a hydraulic model 
of the City's wastewater collection system.  This memorandum summarizes the first two phases 
of the data collection conducted between June 2007 and November 2008.  Three geographic 
basins were studied during the initial phase, based on the City's priority for development review 
analysis or scheduled capital improvement projects.  In the second phase, conducted in the fall 
of 2008, flow monitors were deployed in the vicinity of Fairgrounds Park and in each of the six 
interceptors conveying flow to the Wastewater Treatment Plant (WWTP).  The collection system 
lines for each modeled basin are shown in red in Figure 1. 
 

1) East Side Lift Station Basin 
2) Madison Basin 
3) Carlisle Basin 
4) Fairgrounds Park 
5) WWTP Trunks 

 

 

Figure 1.  Site Map. 
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The first basin, the East Side Lift Station (ESLS) Basin, included the area tributary to the East 
Side Lift Station, generally from the east side of Boyd Lake to the Promenade Shops at 
Centerra east of Interstate-25.  This basin was analyzed to determine capacity for additional 
development.  The second basin, the Madison Basin, included the area from the southeast side 
of Silver Lake down Madison Avenue to the Great Western Railway tracks between 8th and 9th 
Streets.  This basin was analyzed due to a history of sewer backup, including a basement 
flooding incident at the intersection of Madison and Nickel.  The third basin, the Carlisle Basin, 
included the far southwest corner of the City, from the west side of Boedecker Reservoir to the 
10" Carlisle sewer at South Railroad Avenue, generally bounded on the north by Eagle Drive 
and on the south by the wastewater service area boundary.  This basin was analyzed to confirm 
the available capacity of the aging 10" Carlisle line and to identify the cause of apparent 
surcharges in the reach that runs through the low lying agricultural fields between Taft and 
Railroad Avenues. 
 
In summary, the following conclusions were made to the specific issues identified for each 
basin.  For the East Side Lift Station Basin, no short-term hydraulic capacity limitations were 
identified.  Significant additional flow may be added to the existing pipe network without causing 
hydraulic capacity issues (Future flow monitoring in these locations is recommended to track 
increases in flow due to growth).  However, due to the oversized pipe and flatter pipe slopes, 
upper pipe reaches are experiencing septicity problems and deposition of solids.  These 
environments were typically found to be quite corrosive to metal equipment, but most of the 
manholes are fairly new and in good condition.  Flows from the Promenade Shops at Centerra 
were found to peak at 175 gpm on October 27, 2007 compared to a design capacity at 75% full 
of 852 gpm.  At this peak flow, the 24" pipe under Interstate-25 was 16% full based on depth. 
 
For the Madison Avenue Basin, while the pipe diameters are small compared to the tributary 
area, pipe capacity was not identified as an issue that would lead to the history of backups.  
However, significant grease accumulation was identified in this area that requires regular (i.e., 
monthly) jetting to keep the lines clear.  This basin is nearly built-out; therefore additional 
customer flow is not anticipated.  We do recommend, however, that the industrial pretreatment 
program be extended to existing commercial establishments as well as to redevelopment or 
new development.  Without the grease interceptors required by the pretreatment program, 
existing restaurants will continue to dispose of fats, oils and greases (FOG) into the wastewater 
collection system, causing additional maintenance burden and risk of backup to the City and 
other residents. 
 
For the Carlisle Basin, the City has scheduled a capital improvement project to construct a 
parallel sewer along the 10" Carlisle line from Taft Avenue to Railroad Avenue.  This project was 
based on an assumed capacity bottleneck that has led to apparent surcharges in the manholes.  
The flow monitoring conducted in this critical line from 10/4/07 to 1/8/08 and 3/28/08 to 7/1/08 
captured a peak discharge of 615 gpm, which represents approximately 72% full in the pipe 
monitored based on depth.  This was a single event.  The next highest flows recorded were two 
events at approximately 550 gpm, then 4 events at 530 gpm.  When we use the flows captured 
by the flow monitors and apply those flows to the entire tributary area, we have determined that 
a stretch of pipe in between our two flow monitor locations is susceptible to full-flow conditions 
under dry weather load conditions.  This reach of pipe is approximately 1873 feet long, and runs 
from the bottom of the hill at Split Rock Drive / Carlisle at Taft Avenue to about mid-way to 
Railroad Avenue.  Based on these flows, we agree that it is time to begin planning a parallel 
pipe replacement for the existing 10" line, along with regular inspections of the line for debris or 
potential backups.  Portions of this 10" pipe do not have adequate margin for handling debris or 
grease plugging.  However, at the present time this pipe appears to be staying clear and not 
experiencing flow spikes that are significantly beyond the pipe capacity.  Therefore, we 
recommend that the 10" Carlisle pipe from Taft Avenue to Railroad Avenue remain listed on the 
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5-Year Capital Improvement Plan, and be designed and built as soon as practical.  Postponing 
the construction of this capacity improvement until additional growth occurs in the Carlisle Basin 
will increase the City's risk of a large scale backup and potential sewer overflow into the 
agricultural area and Ryans Gulch drainage. 
 
The sewer network in the vicinity of the Fairgrounds Park was studied to gain an understanding 
of the complex network of pipes and diversions in the area.  Fairgrounds Park sits on the 
location of the City’s original WWTP location.  As a result much of the City’s sewer network 
flows to this point.  Five lines of 15" diameter or greater flow to this point and two lines are used 
to actively convey this flow to the current WWTP.  A third line can be used to convey flow to the 
WWTP via the Southside Lift Station however a diversion gate keeps all but the highest flows 
out of this line.  This third line is not normally used due to deteriorated reinforced concrete pipe 
material. 
 
The trunk lines conveying flow to the WWTP were monitored in the fall of 2008 to aid in an 
organic sampling effort to identify sources of high concentration BOD in the collection system.  
The flow monitoring that occurred in these trunk lines captured the City’s entire sewer flow.  In 
regards to the WWTP’s daily volume, we were able to determine the percentage of flow from 
each of the lines.  The data collected at these trunks will also serve as a starting point as we 
continue monitoring flow in each interceptor, starting from the Plant and working upstream. 
 
With regard to the overall collection system studied during this phase, we have observed minor 
amounts of infiltration due to either prevailing groundwater levels or the influence of a nearby 
ditch.  However we have not identified any locations where the infiltration is significant enough 
to warrant repair for hydraulic reasons. (Evaluation of structural condition is completed by the 
City through their pipe camera inspection work.)  Furthermore, during the limited wet weather 
events, we have seen only limited or rainfall-derived infiltration response in a few areas.  This 
indicates that under the relatively dry ground conditions and lower precipitation patterns during 
the flow monitoring effort, the collection system studied is not significantly impacted by wet 
weather flows.  Extended duration storms, higher levels of antecedent soil moisture conditions 
and more intense rainfall may reveal greater susceptibility to inflow and infiltration, but we have 
not observed these conditions to a significant extent during our effort. 
 
Additional details on the data collection effort and construction of the hydraulic model are 
provided below.  Manhole sketches and condition assessments are provided in Appendix B, 
along with graphs showing the flow data collected at each of the locations. 
 

Introduction 
 
This technical memorandum summarizes the work performed by Ayres Associates from June 
2007 to November 2008.  This represents the first two phases of an ongoing effort to construct a 
real-world hydraulic model of the City's wastewater collection system using in-pipe wastewater 
flow monitoring to calibrate the hydraulic model to represent actual conditions.  Historically, 
sewer hydraulic models were based on textbook assumptions for flows and pipe roughness, 
with peaking factors applied to the flows to account for uncertainties in the daily pattern of flows 
and different use patterns for different customers.  Due to calculation limitations, pipe networks 
were simplified to just the main trunk lines, with no analysis completed for smaller pipes.  In 
recent years, desktop computing power has increased dramatically, and hydraulic modeling 
software has advanced to take advantage of the increased computing power.  In combination 
with the data available in the City's GIS system, it has now become practical to construct a 
model of the entire City's wastewater collection system using real flow and pattern data to 
represent actual hydraulic conditions.  This results in a significantly more useful and accurate 
model of the entire City’s wastewater collection system. 
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In order to gather sufficiently detailed flow data, the City was broken up into large sewer basins 
that are tributary to a significant design point – either a single interceptor pipe or a lift station.  
Within each large basin smaller sub-basins were identified, corresponding to the City-generated 
sewer jetting basins.  Ayres Associates then compiled a plan to collect flow monitoring data over 
the entire City through the course of four to five years.  While the order and priority of the plan 
remains flexible, it achieves the goal of breaking the entire collection system down into 
manageable pieces for both flow data collection and construction of the model.  The first three 
focus areas were identified as the East Side Lift Station Basin, the Madison Avenue Basin, and 
the Carlisle 10" pipe Basin.  These basins were selected based on the City's priority for 
development review analysis or scheduled capital improvement projects.  The first basin 
included the area tributary to the East Side Lift Station, generally from the east side of Boyd 
Lake to the Promenade Shops at Centerra east of Interstate-25.  This basin was analyzed to 
determine capacity for additional development.  The second basin included the area from the 
southeast side of Silver Lake down Madison Avenue to the Great Western Railway tracks 
between 8th and 9th Streets.  This basin was analyzed due to a history of sewer backup, 
including a basement flooding incident at the intersection of Madison and Nickel.  The third 
basin included the far southwest corner of the City, from the west side of Boedecker Reservoir 
to the 10" Carlisle sewer at South Railroad Avenue, generally bounded on the north by Eagle 
Drive and on the south by the wastewater service area boundary.  This basin was analyzed to 
confirm the available capacity of the aging 10" Carlisle line and to identify the cause of apparent 
surcharges in the reach that runs through the low lying agricultural fields between Taft and 
Railroad Avenues. 
 
A breakdown of the pipe sizes and pipe materials per basin, based on data imported from the 
City GIS, is provided in the Appendix B. 
 
The 2008 model includes 1,467 of the City's 8,616 manholes (17%) and 1,466 of the City's 
8,686 pipes (17%). 
 

City Demographics 
 
The data collection effort completed in 2007 and 2008 represents a City population of 
approximately 62,910, however the City limits and wastewater service area do not follow the 
same boundaries.  City growth patterns at this time represent a slowing period of new 
construction with residential projects effectively stopped and commercial projects moving slowly.  
Overall flow patterns at the City of Loveland Wastewater Treatment Plant show stable peak 
month flows since 2003 at just less than 7 MGD, while BOD values show a significant 
increasing trend over the same time period, from approximately 13,000 pounds per day of BOD 
to approximately 18,000 pounds per day.  These trends are generally thought to reflect the 
continued installation of low flow water fixtures in new construction and renovation work, which 
offsets an increase in flow due to new growth.  Demographics for the individual basins studied in 
this effort were not available at the time of this report. 
 

Project Process 
 
In order to complete the data collection, analysis and model construction required for this 
project, the following tasks were undertaken: flow monitor purchase, data collection effort, data 
analysis, construction of the sewer model and compilation of the observations and 
recommendations.  The entire scope of work is included in Appendix A for reference.  Each 
phase is described in more detail below. 
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Flow Monitor Purchase 
 
Following Notice to Proceed on the project in June 2007, Ayres began to investigate wastewater 
flow metering equipment suitable for the job to develop a competitive purchase process.  The 
City of Loveland was looking for equipment that could measure the flow rate in the City's sewer 
system, suitable for wet and at times submerged service, extended battery life and adequate 
data storage capacity.  There are various ways for sensors to measure the flow rate in a sewer, 
but most vendors use a submerged sensor which sends out ultrasonic sound waves to 
determine the velocity (similar to a Doppler radar gun) and a pressure transducer to measure 
the depth of the flow.  An ultrasonic sensor can also be mounted above the flow and be used to 
measure the depth of flow; however, a second, submerged, sensor is still typically needed to 
measure the velocity.  The ultrasonic depth sensors are ideal in low-flow locations since they 
can accurately read shallow depths from above.  Pressure transducers are placed in the flow 
and therefore do not read shallow flow as accurately due to the flow disturbance caused by the 
sensor housing.  Ayres recommended a minimum 3-month battery life and data storage 
capability, along with sealed units capable of withstanding complete submergence in a 
surcharged manhole.  In addition, we recommended that data download be accessible through 
a laptop computer.  A copy of the bid specifications is included in Appendix A.  A total of 16 
standard area-velocity sensors and 2 supplemental ultrasonic depth sensors were solicited, 
along with related pipe installation hardware and connection cables. 
 
It was determined that multiple vendors could provide the equipment necessary to provide the 
flow information the City was looking for.  Therefore, the City opened up a competitive bid 
selection process.  The City of Loveland received 7 bids from 4 different companies.  The bid 
results can be seen in the appendix.  The purchase was awarded to Teledyne Isco due to it 
being the only conforming bid.  Their bid was also the lowest bid which was providing new 
equipment and the second lowest bid overall. 
 
The City ultimately purchased 14 flow monitors, 2 ultrasonic depth sensors and 4 rain gauges.  
One of the ultrasonic depth sensors was exchanged for 2 additional flow monitors after the first 
flow monitoring cycle. 
 
Data Collection Effort 
 
Fourteen flow monitors and four rain gauges were installed in early October 2007 to collect flow 
data in the East Side Lift Station and Madison Basins, and obtain a preview of two critical 
manholes in the Carlisle basin.  The remainder of the Carlisle basin was monitored during 
spring 2008.  Ayres Associates staff conducted a manhole reconnaissance to locate and identify 
suitable manholes for flow monitoring.  At each manhole, sketches were made of the manhole 
configuration and the structural condition was assessed.  These rating sheets are provided in 
Appendix B.  During later phases of the project, photos were also taken of the manhole invert.  
The installation of the flow monitor equipment consists of two tasks; physically placing the 
Area/Velocity (AV) sensor in a pipe at the bottom of a manhole as well as configuring the 2150 
module (data collector) that the sensor is connected to.   
 
To install or remove a sensor it is necessary for a person to enter the sanitary sewer manhole.  
Since a manhole is a confined space all the necessary precautions were taken to comply with 
the City of Loveland's confined spaced program.  For each entry, confined space permits were 
filled out by the City, a tripod, man-winch and harness were used to provide for a non-entry 
rescue, an air monitor was continuously measuring the atmosphere and personal protective 
equipment (hard hat, harness, boots and gloves) was worn by the entrant.  Hazardous 
atmospheres were encountered at some manholes, and were mitigated with active ventilation.  
All staff on the entry team was trained on first aid and confined space safety.   
 
The equipment to be installed includes an area-velocity (AV) sensor attached to a metal ring 
that is secured inside the upstream pipe.  The AV sensor is attached to a stainless steel ring – 
either a one piece "spring ring" for pipes up to 15" diameter, or a modular large diameter ring for 
pipes 16" and larger.  The "spring ring" remains in place by friction against the pipe wall, while 
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the larger modular ring uses a scissor jack to secure the ring inside the pipe.  Once in the pipe, 
the ring expands and compresses against the inside of the pipe and holds the sensor in place.  
The ring itself does not impact the flow, but the sensor body can impact the flow at depths less 
than an inch and a half. 
 
After physically installing an AV sensor, the data collection module is connected and configured 
for a particular site.  Configuring a module consists of giving it a name, providing the pipe or 
channel geometry (shape and size), setting the frequency of data collection and calibrating the 
depth sensor.  At each site flow depth, flow velocity, flow rate, along with flow temperature were 
collected at 15 minute intervals.  Logic was written into the module to take the above readings at 
5 minute increments if a pipe was ever greater than 3/4 full.  In addition, battery voltage and 
total flow were recorded on a daily basis. 
 
Approximately a week after the equipment was installed, each site was revisited and the data 
collectors were downloaded.  This initial visit provided an opportunity to see if the sensor was 
causing any negative affects to the collection system and to verify that useful data was being 
collected.  If an AV sensor wasn't providing good data, the senor could either be adjusted or 
moved to a better location.  After the initial data download, the flow modules were inspected and 
downloaded once a month.  These downloads were important, allowing monthly inspection of 
the manholes and equipment as well as checking to make sure the data being collected was 
good and the batteries were still providing sufficient power. 
 
Most sites were collecting good data but some locations were not.  Of the two measured 
parameters, depth and velocity, velocity is more prone to poor readings.  If toilet paper or rags 
catch on a sensor the ultrasonic Doppler signal is unable to accurately read velocity.  Other 
causes of poor velocity readings we’ve encountered include a sensor covered by silt, pebbles in 
front of sensor and a large object (such as a piece of asphalt) sitting directly in front of the 
sensor.  When obstructed, the velocity readings jump to values that are clearly wrong (+/- 10 to 
15 ft/sec).  When the velocity data is graphed it is easy to spot when the sensor becomes 
obstructed because a relatively smooth pattern suddenly jumps to a clearly incorrect reading.  
Even while the velocity sensor is obstructed or covered in silt, the pressure transducer 
continues to collect accurate level data.  As long as there is accurate level data the flow rate can 
be recreated for intermediate intervals without the velocity data.  Either the incorrect velocity 
data can be edited to match a typical pattern seen at similar times within the collected data, or 
the Manning equation can be used.  The Manning equation only needs the level from the data 
collector, and measured values for pipe diameter, surveyed slope and an assumed roughness 
coefficient.  To use the Manning equation to fill in the areas of bad velocity data, the Manning n-
value can be adjusted for the entire period of record until the Manning’s flow rate matches the 
accurate AV flow rates measured by the sensor.  Once the Manning n-value has been 
determined it can safely be used to fill in the gaps in the remainder of the flow rate data. 
 
Data Analysis 
 
After the 3-month flow monitor deployment is over, the data is downloaded for the last time and 
the sensor is removed from the manhole.  The data is now ready to be analyzed to determine 
the following flow components: customer flow, infiltration, and inflow (Figure 2). 
 
Base infiltration is the first component we extract from the flow data.  This is done by looking at 
the minimum flow values for each day.  Minimum flows tend to occur during the middle of the 
night when the majority of the population is sleeping.  However, a small, unknown portion of 
these minimum flows are due to customer flow (toilets, sinks, showers, dishwashers).  Because 
of this small but consistent night-time customer contribution we took the minimum flow value 
recorded over the entire period of record as the base infiltration.  This method takes the night 
where the least amount of customer flow was observed and considers that flow the base 
infiltration. 
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Figure 2.  Wastewater flow components. 

 
Infiltration occurs when groundwater enters the sanitary sewer pipe.  The benefit of looking at a 
three-month period, specifically one that spans two seasons, is that we can look to see if there 
is a seasonal change in the infiltration.  In the middle of winter the ditches are not running and 
precipitation is not recharging the groundwater due to the frozen ground.  The infiltration seen at 
this point is considered the "base" infiltration since it occurs year round.  When the irrigation 
ditches are actively carrying flow, typically between April and October, the adjacent groundwater 
tends to rise.  During this time precipitation has the potential to recharge the groundwater as 
well.  The increase in infiltration during this season can be attributed to "irrigation" infiltration or 
"rainfall-derived" infiltration, depending on the weather patterns indicated by the rain gauges. 
 
Inflow is another flow component than can be identified from the flow monitor data.  Inflow 
differs from infiltration in that the increase in flow occurs immediately after a rain storm and 
tends to be short and intense.  Inflow occurs where surface water flows directly into the sewer 
system.  This can occur at manhole lids, sump pumps or roof drains illegally connected to the 
sewer system. 
 
Once the infiltration and any inflow are subtracted out of the total flow all that is left is 
"customer" flow.  Customer flow can be defined as wastewater resulting from the normal indoor 
use of water that is plumbed directly into the sewer system.  The customer flow from each flow 
monitor site was analyzed and reduced down to flow for a typical day.  The typical day flows 
were then divided by the average flow to get a typical, daily pattern for each site.  The patterns 
were input into the hydraulic model to represent the usage patterns for various types of 
customers.  Figure 3 shows patterns that were used in the 2007 model.  As additional unique 
customer types are identified, new patterns will be added to the model. 
 
In 2008, flow monitors were placed in each of the six "trunk" lines that convey flow to the plant.  
Data from each line was analyzed and the following patterns were obtained (Figure 4).  These 
patterns will be used to check the model’s accuracy at the downstream end of each of the six 
major basins. 
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Figure 3.  Loveland Customer Patterns. 
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Figure 4. Trunk Line Patterns. 

 
Another aspect of the data analysis was to calculate the operational Manning n-value of each 
line that was monitored.  Since the pipe geometry (diameter and slope) was known and a 
velocity was recorded every 15 minutes, the Manning equation was rearranged to solve for the 
roughness (n-value) at each time step.  The Manning n-values were then plotted over the whole 
time frame.  A quick glance at the plotted Manning n-values show the typical n-value for that site 
over the entire period of data collection.  The visual inspection is a good way to eliminate 
extreme values from consideration (i.e., taking a visual average).  Review of the data for the 
East Side Lift Station basin shows that under lower flow conditions, the Manning n-values are 
typically overestimated.  More typical values for Manning n are found in pipes running half to 
three-quarters full.  Operational roughness values were also identified much lower than textbook 
values in some locations, which is typical for pipes without grease issues, installed steeper than 
minimum slope, and experiencing regular flows above half full.  Calculated roughness values 
are presented in the Table 1. 
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Table 1.  Calculated Roughness Values. 

 
Site # 

 
Name 

 
Basin 

Pipe 
Diam. 

(in) 

 
Pipe    
Type 

 
Slope 
(%) 

 
Manning 

n 

MH 3958 WilsonJct-8" Carlisle  8 PVC 0.51 0.015 

MH 3930 Boedecker Field Carlisle  8 PVC 0.53 0.004 

MH 4008 Elbert Carlisle  8 PVC 1.40 0.012 

MH 4007 Elbert & 10th Carlisle  8 PVC 1.57 0.008 

MH 4597 RV Park ESLS 10 PVC 0.39 0.011 

MH 6795 Piney River ESLS 10 PVC 0.60 0.011 

MH 3654 D/S Manhole Madison  12 PVC 0.42 0.008 

MH 3958 WilsonJct-12" Carlisle  12 PVC 3.19 0.014 

MH 4866 Walt. Clark 15" Carlisle  15 PVC 0.15 0.015 

MH 4587 Carinos ESLS 15 PVC 0.22 0.025 

MH 8074 Promenade ESLS 24 PVC 0.01 0.006 

MH 6768 Hahns Peak ESLS 24 PVC 0.03 0.010 

MH 7114 N Corvus ESLS 30 PVC 0.21 0.007 

MH 6786 McWhinney ESLS 36 PVC 1.64 0.040 

MH 5904 New Boyd WWTP 29 PVC 0.06 0.01 

MH 5911 ESLS D/S WWTP 24 PVC 0.05 0.004 

MH 3601 Boise WWTP 18 PVC 1.06 0.03 

MH 1922 Dog Park Fairgrounds 21 RCP 0.35 0.017 

MH 1917 Namaqua 21" Fairgrounds 21 RCP 0.30 0.019 

MH 1998 Daniel Lee North Fairgrounds 30 RCP 0.06 0.015 

MH 2109 Walt. Clark 8" Carlisle  8 VCP 0.29 0.012 

MH 3575 W Nickel Madison  8 VCP 0.48 - 

MH 2277 Tyler Carlisle  8 VCP 0.68 0.006 

MH 3574 Madison Madison  8 VCP 0.68 - 

MH 2715 Paloverde Madison  8 VCP 0.81 0.018 

MH 2271 8" at VanBuren Carlisle  8 VCP 2.72 0.015 

MH 1854 Split Rock Carlisle  10 VCP 4.52 0.010 

MH 1868 HP Farm Carlisle  10 VCP 0.62 0.020 

MH 1982 Barnes Park Fairgrounds 15 VCP 0.58 0.019 

MH 1866 RR South Fairgrounds 15 VCP 0.30 0.010 

MH 1920 Horse Pasture Fairgrounds 15 VCP 0.63 0.037 

MH 1930 Taft Interceptor Fairgrounds 15 VCP 0.41 0.013 

MH 2001 Daniel Lee South Fairgrounds 24 VCP 0.16 0.019 

MH 3587 Namaqua WWTP 24 VCP 0.10 0.03 

MH 3588 S.E. 8th WWTP 32 CIPP 0.01 0.025 

MH 3609 Old Boyd WWTP 32 CIPP 0.07 0.007 
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When graphed in the histogram formats (see Appendix B), the statistical distribution of n-values 
can be seen more clearly.  While we are currently working with a small number of sample 
points, we have data from four different types of sewer pipe; PVC, VCP, Cured-in-Place Pipe 
(CIPP) and RCP.  The PVC pipe n-values are distributed around the typical textbook value of 
0.013, with a few higher n-values that appear to be outliers.  High roughness values can be 
caused by low flow conditions in larger pipes, or flatter pipe slopes that allow solids to 
accumulate in the pipe.  We encountered both of these situations in the East Side Lift Station 
basin.  Based on the data available, we used a value of 0.013 for PVC pipes in the model.   
 
The VCP pipe roughness calculations are reasonably distributed around the textbook value of 
0.015.  Therefore, we modeled the VCP pipes with an n-value of 0.015.  During the 2008 phase 
of the study flow monitors were placed in two CIPP lines and three RCP lines.  Both pipe types 
were assigned an n-value of 0.013.  
 
These assigned roughness values will be used until additional flow monitoring data can confirm 
the actual operating n-value.  We recommend that this analysis be done with all the data after 
each project phase to increase the statistical sample size of each data set. 
 
The Boyd Lake lift station forcemain was modeled with a Hazen-Williams C-value of 100, 
reflecting an older cast iron pipe in a wastewater application with tuberculation occurring inside 
the pipe.  The Boedecker lift station forcemain is modeled with a C-value of 130 reflecting a 
PVC pipe that is inert to corrosion.   
 
Summary graphs for each flow monitor site are provided in Appendix C, and show the flow rate 
for the entire record, unit day average, minimum and maximum, daily pattern of peaking factors, 
and Manning n-values for the entire record.  It is our observation that when the Manning n-
values fall within close proximity to textbook values, the flow measurement data is generally 
more accurate.  The further from text book values, the less reliable the data appears to be.  In 
this way, by combining both direct flow measurements and geometric data, the Manning n-value 
can act as an index of data quality.  Table 2 summarizes the data collected at each flow monitor 
location. 
 

Construction of the Sewer Model 
 
Ayres is using a GIS-based computer program called "H2O Map Sewer" to model the City's 
sewer system.  The model structure of pipes and manholes was initially loaded by importing the 
City's GIS data of the sewer network into H2O Map.  This provided the skeleton of the model 
which included pipe sizes, pipe lengths, manhole locations and some pipe inverts and rim 
elevations.  However, the model cannot run unless each pipe in the simulation has been 
assigned both upstream and downstream inverts.  Ayres therefore had to determine the 
elevations of the missing inverts.  There were many tools used to determine the unknown invert 
data.  Most often the data could be found in the City's record drawings.  On occasion survey 
data was either available or obtained to fill in gaps of data.  Once these two methods had been 
exhausted invert data was either interpolated between known points, or extrapolated past the 
last known invert, usually assuming a minimum slope (i.e., a slope of 0.4% for 8" pipe, 0.28% for 
10" pipe, etc.).  Ayres noted the source of all invert and rim elevation data in the model.  The 
source fields were filled in with one of the following descriptions:  the record drawing file name, 
"surveyed," "interpolated," or "extrapolated." 
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Table 2.  Data Collected at Flow Monitor Location. 

FLOW MONITOR SITE INFO Flow I/I 

Site # Name Basin 
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MH 7144 N Corvus ESLS 498 2353 4.7 421 77*    20 

MH 4597 RV Park ESLS 16 166 10.4 16 0     

MH 4587 Carinos ESLS 44 124 2.8 35 9 10 45  

MH 6795 Piney River ESLS 28 89 3.2 26 2   40  

MH 6786 McWhinney ESLS 180 400 2.2 164 16     

MH 6768 Hahns Peak ESLS 77 275 3.6 75 2     

MH 8074 Promenade ESLS 40 179 4.5 36 4     

MH 3654 D/S Manhole Madison  79 240 3.0 58 21*     

MH 2715 Paloverde Madison  11 54 4.9 11 0     

MH 1867 HP Farm Carlisle  254 615 2.4 180 74* 75  40 

MH 2277 Tyler Carlisle  62 209 3.4 53 9     

MH 2271 8" at VanBuren Carlisle  55 160 2.9 47 8     

MH 4866 Walt. Clark 15" Carlisle  95 220 2.3 53 42     

MH 2109 Walt. Clark 8" Carlisle  12 59 4.9 12 0     

MH 3958 WilsonJct-12" Carlisle  49 380 7.8 49 0     

MH 3958 WilsonJct-8" Carlisle  36 172 4.8 28 8     

MH 3930 Boedecker Field Carlisle  45 180 4.0 35 10     

MH 4007 Elbert & 10th Carlisle  16 181 11.3 11 5     

MH 4008 Elbert Carlisle  21 87 4.1 16 5 5   

MH 5904 New Boyd WWTP 1068 1627 1.5 902 452 139 No Data 

MH 3609 Old Boyd WWTP 630 1454 2.3 525 105 141 No Data 

MH 3601 Boise WWTP 641 1390 2.2 468 173 232 No Data 

MH 3587 Namaqua WWTP 662 956 1.4 383 279 140 No Data 

MH 3588 S.E. 8th WWTP 768 1634 2.1 605 163  No Data 

MH 3578 South Side WWTP 73 149 2.0 66 7  No Data 

MH 5911 ESLS D/S WWTP 255 422 1.7 234 21  No Data 

MH 1998 Daniel Lee N. Fairgrounds Park 1112 2339 2.1 708 404 208 136 

MH 2001 Daniel Lee S. Fairgrounds Park 537 1010 1.9 371 166 77 253 

MH 1982 Barnes Park Fairgrounds Park 511 850 1.7 324 187 98 158 

MH 1866 RR South Fairgrounds Park 378 816 2.2 248 130   

MH 1922 Dog Park Fairgrounds Park 1184 2009 1.7 621 563 182  

MH 1920 Horse Pasture Fairgrounds Park 679 1200 1.8 414 265 133 125 

MH 1917 Namaqua Int. Fairgrounds Park 496 1090 2.2 343 153 90 177 

MH 1930 Taft Int. Fairgrounds Park 137 310 2.3 108 29  110 

*Infiltration value used for Base Infiltration distributed by Pipe Diameter-Length over upstream basin 
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The model was loaded using water meter data from the City.  Consistent with the City's water 
distribution model, we used the metered water data to establish the average flow for each 
customer, and applied the flow to the nearest sewer manhole to the water meter address.  
However, the water meter data was available only in total gallons measured per month, to the 
nearest 1000 gallons.  As part of the water meter data import, the monthly water use was 
converted to an average flow in gallons per minute.  The usage pattern for each customer was 
determined based on typical customer type for various geographic areas corresponding to the 
flow monitor locations.  For example, commercial areas were assigned a flow pattern 
corresponding to the nearest similar commercial area flow monitor location so that the resulting 
diurnal pattern in the model matched the measured flow pattern in the field.  Additional loads for 
infiltration were added based on the extent to which those loads were observed in the flow 
monitors.   
 
Future Conditions Model 
 
Future loads were added to the existing model to produce a Future Conditions model.  The 
future loads were determined by looking at the planned zoning of the major undeveloped areas 
within the City’s wastewater service area boundary.  Then the area of each potential 
development was measured and a dwelling unit density was applied to each area based on the 
City’s description of each land use consistent with the zoning planned for each area.  A density 
of 2.5 people per dwelling unit was used based on current statistics within the City.  Finally, a 
water usage rate of 100 gallons per day was applied to each future person to generate an 
average daily load to the sewer.  These loads were added to the model at logical points and the 
future model was run.  Appendix D contains documentation and the calculations that were used 
to determine the future loads.  Hahn’s Peak Drive may ultimately require a 30-inch pipe, but 
may not be needed at all if the entire area does not develop to the currently planned density. 
 
The East Side Lift Station has many areas of potential development including along Highway 
34, north of the Medical Center of the Rockies and east of Interstate 25.  When the future loads 
are applied to the model two major trunk lines flow full; the 24-inch line in Hahn’s Peak Drive 
and many of the 30-inch pipes heading toward the East Side Lift Station.  A map of the full pipes 
is provided in Appendix D. 
 
The Madison Basin is built out and no future loads were applied to it.  Therefore, no growth 
related needs were identified. 
 
The Carlisle Basin has developable land south of 14th Street SW and west of Taft Avenue.  This 
area will flow by gravity to the 18-inch line that has been stubbed underneath 14th Street west of 
Taft Avenue.  When the future loads are applied, the entire 10-inch line between Taft Ave. and 
Roosevelt Ave flows full.  A 15-inch PVC pipe, at the same grade as the existing line, would be 
able to convey the future flow at ¾ full.  Constructing this pipe in parallel would minimize 
disruption to existing flow and provide a redundant line through the Ryan’s Gulch/HP Farm area. 
 
Conclusions and Recommendations 
 
With regard to the overall collection system studied during this phase, we have observed minor 
amounts of infiltration due to either prevailing groundwater levels or the influence of a nearby 
ditch.  Overall infiltration in the East Side Lift Station basin was calculated to be 488 gallons per 
day per inch-diameter mile of pipe.  The Madison Basin was found to be 823 gallons per day per 
inch-diameter mile.  The Carlisle basin was found to be 477 gallons per day per inch-diameter 
mile.  This data is reasonable for the older Madison and Carlisle Basins compared to a 
benchmark of 200 gpd/in-mile for new and tightly jointed systems.  The ESLS basin is higher 
than expected for a relatively new system, though not unreasonable for collection systems in 
general.  However, we have not identified any locations where the infiltration is significant 
enough to warrant repair for hydraulic reasons. (Evaluation of structural condition is completed 
by the City through their pipe camera inspection work.)   
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Prior to the 2008 flow monitoring effort, we had not seen evidence of direct inflow to the 
wastewater collection system and only very limited rainfall derived infiltration response in a few 
areas.  This indicates that under the relatively dry ground conditions and lower precipitation 
patterns during the flow monitoring effort, the portion of the collection system studied is not 
significantly impacted by wet weather flows.  Extended duration storms, higher levels of 
antecedent soil moisture conditions and more intense rainfall may reveal greater susceptibility to 
inflow and infiltration.  However, on September 11th, 2008 a thunderstorm dropped over an inch 
of rain and significant inflow was seen in the lines coming into Fairgrounds Park.  Graphs 
depicting inflow are provided in Appendix C.   
 
The following conclusions were made to the specific questions identified for each basin.  For the 
East Side Lift Station basin, no short-term hydraulic capacity limitations were identified.  
Significant additional flow may be added to the existing pipe network without causing hydraulic 
capacity issues.  However, due to oversized pipes and flatter pipe slopes, upper pipe reaches 
are experiencing septicity problems and deposition of solids.  These environments were 
typically found to be quite corrosive to equipment, but most of the manholes are fairly new and 
in good condition.  Flows from the Promenade Shops at Centerra were found to peak at 175 
gpm on October 27, 2007 compared to a design capacity at 75% full of 852 gpm.  At this peak 
flow, the 24" pipe under Interstate-25 was 16% full based on depth. 
 
For the Madison Avenue basin, while the pipe diameters are small compared to the tributary 
area, pipe capacity was not identified as an issue that would lead to the history of backups.  In 
fact, existing condition flow loads do not cause pipe full ratios above 0.4 d/D.  However, 
significant grease accumulation was identified in this area that requires regular (i.e., monthly) 
jetting to keep the lines clear.  This basin is nearly built-out, therefore additional customer flow is 
not anticipated.  We do recommend, however, that the industrial pretreatment program be 
extended to existing commercial establishments as well as to redevelopment or new 
development.  Without the grease interceptors required by the pretreatment program, existing 
restaurants will continue to dispose of fats, oils and greases into the wastewater collection 
system, causing additional maintenance burden and risk of backup to the City. 
 
For the Carlisle basin, the City has scheduled a capital improvement project to construct a 
parallel sewer along the 10" Carlisle line from Taft Avenue to Railroad Avenue.  This project was 
based on an assumed capacity bottleneck that has led to apparent surcharges in the manholes.  
The flow monitoring conducted in this critical line from 10/4/07 to 1/8/08 and 3/28/08 to 7/1/08 
captured a peak discharge of 615 gpm and 7.2" of depth which represents approximately 72% 
full in the pipe monitored based on depth.  This was a single event.  The next highest flows 
recorded were two events at approximately 550 gpm, then 4 events at 530 gpm.  When we use 
the flows captured by the flow monitors and apply those flows to the entire tributary area, we 
have determined that a stretch of pipe in between our two flow monitor locations is susceptible 
to full-flow conditions under dry weather load conditions (see Appendix E).  This reach of pipe 
is approximately 1873 feet long, and runs from the bottom of the hill at Split Rock Drive / Carlisle 
at Taft Avenue to about mid-way to Railroad Avenue.  Based on these flows, we agree that it is 
time to begin planning a parallel pipe replacement for the existing 10" line, along with regular 
inspections of the line for debris or potential backups.  Portions of this 10" pipe do not have 
adequate margin for handling debris or grease plugging.  However, at the present time this pipe 
appears to be staying clear and not experiencing flow spikes that are significantly beyond the 
pipe capacity.  Therefore, we recommend that the 10" Carlisle pipe from Taft Avenue to 
Railroad Avenue continued to be listed on the 5-Year Capital Improvement Plan, and be 
designed and built as soon as practical.  Postponing the construction of this capacity 
improvement until additional growth occurs in the Carlisle Basin will increase the City's risk of a 
large scale backup and potential sewer overflow into the agricultural area and Ryans Gulch 
drainage. 
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The data collection for the Fairgrounds Park and WWTP Trunks took place between 8/26/08 
and 2/25/09.   The goal for investigating these two areas was to develop the trunk line portion of 
the model to allow further investigation of any wastewater basin, while at the same time 
supporting the organic sampling effort.  This limited the basin specific conclusions, but provided 
a comprehensive picture of the system wide flows and infiltration components 
 
During the course of our investigation, we have identified a significant number of deteriorated 
manholes in need of structural repair.  We recommend that these manholes be rebuilt promptly 
and restored to adequate structural and leak-free condition.  Specific manholes are listed in 
Appendix B.  In addition, for any future pipe rehabilitation projects, we strongly recommend that 
manhole rehabilitation be included in the work, even if it means a reduced length of pipe 
rehabilitated. 
 
 
 


























































































































































































