MEETING DATE: 11/29/18
ITEM: 8
__________________________________________________________________

AGENDA ITEM SUMMARY
Subject: Review proposals for engineering services of water
distribution system modeling
__________________________________________________________________
Background Summary:
We currently do not have a model of the City’s water distribution system.
Due to height differences between the City’s two elevated storage tanks,
we operate the distribution system using two pressure zones. An
accurate model of our water system will help to establish optimum
operating efficiencies for the two pressure zones, evaluate system
improvements, determine needs, and assist in how future changes may
impact the system.
We contacted Shive Hattery, HR Green, SEH, and Fehr-Graham and
requested fee proposals for services to develop a model of the water
system using information from our GIS mapping, calibrate the model
using actual flow data from hydrants, and provide model output for a
number of scenarios. The requested scenarios included adding a third
tower, adding additional ground storage capacity, one elevated storage
out of service, age of water in the system due to closed valves, and bypassing the treatment plant distributing water from the wellhead.
The model will be the property of the City but we are recommending the
consultant retain the computer model for future maintenance. We can
then contract with the selected consultant on an hourly basis as needed
to operate the software and provide an analysis for evaluations of
potential changes or specific scenarios.
All four consultants responded with a proposal and statement of
qualifications per our request.
Although all four companies are
technically capable of performing the work, SEH provided the proposal
itemizing the scope of services at the most cost effective fee. SEH
submitted a not-to-exceed fee of $22,000. The other consultants
submitted fees as follows: Fehr-Graham $27,100, HR Green $39,990,
and Shive Hattery $72,000.
We will review the project and proposal with the Council at the planning
session and will request approval of the engineering services agreement
at the December 3rd City Council meeting.
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Project Understanding and Approach
PROJECT UNDERSTANDING
SEH will work side-by-side with City staff in developing
a well calibrated water distribution model to analyze
and evaluate the City’s existing two pressure zone water
system. The model will be utilized as a tool to evaluate
deficiencies in the existing water system and evaluate
improvement alternatives related to pumping and storage,
system pressures and pressure zone boundaries, flow and
transmission capacities, water age factors and system
reliability and resiliency. The findings from the initial
evaluation will be provided in a concise and reader friendly
report. Additionally the new model will be made available for
future evaluations as needs arise. Shapefiles developed for
modeling scenarios will be provided for incorporation into
the City’s GIS platform.

PROJECT APPROACH
THE ADVANCEMENT OF GIS MAPPING
AVAILABILITY NOW PROVIDES FOR AN
EFFICIENT MEANS TO CONSTRUCT AND UTILIZE
WATER SYSTEM MODELING TECHNOLOGY.
THE ADVANCEMENT OF GIS MAPPING
MODEL DEVELOPMENT
DATA COLLECTION AND
MODEL CONSTRUCTION
CALIBRATION
WATER SYSTEM
MODEL ANALYSIS

CITY ASSISTANCE
FUTURE WATER MODEL OPERATION

Seamless data import and export allow for a computer
model to be easily constructed with available GIS data and
then calibrated to industry standards. Once constructed
and calibrated, the water system model becomes a valuable
tool for developing an understanding of existing water
system operations, evaluation of deficiencies and analysis of
potential improvements.

A summary of the tasks needed to complete the proposed
model are listed below:

Model Development

A new computer model of the water distribution system
will be developed using Bentley WaterGEMS (WaterCAD
v8i.) SEH maintains software licensing for all industry
leading water system modeling software (InfoWater,
WaterCAD, WaterGEMS) and we are able to transition
between software platforms if needed. For this project we
propose using the WaterGEMS software due to the power
processing capabilities in developing system analysis with
multiple pressure zones and complex pipe configurations.
SEH will work with existing city GIS data to import water
infrastructure information into the proposed water
system model. The model will be constructed on the same
coordinate system as existing GIS data allowing for seamless
export of model result data in GIS format as needed. This
will also allow for simple updates in the future as system
components are added or replaced.

Data Collection and Model Construction
A computer model of the water distribution system will be
developed using WaterGEMS modeling software. The current
water distribution piping, elevated storage tanks, well pump
curves and operational data will be incorporated into the
model.
Historical usage data (from billing records) will be analyzed.
This information can be extracted from monthly water
billing summaries and assigned by address in the model.
Furthermore, existing pumping records will be analyzed
to develop an understanding of usage trends including
average day and max day use. Additional water distribution
system data (such as details related to facility operations)
and mapping information will need to be collected and
incorporated in the computer model as well. Elevations will
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be assigned to the model using contour and other available
data. Also, additional well, tower, pipe age, and pipe material
information will be collected and reviewed for use in the
model. Upon completion of this task, the complete water
system will be constructed within the modeling software and
ready to be modified and calibrated with field data.
Additional data incorporated into the model will include
the current system operational data (controls), and other
system facility parameters necessary to provide for the
construction of an accurate hydraulic model. Model
demands will be assigned based on water pumping or billing
records, as available, with peak demand factors being based
on historical water use statistics for the City.

Calibration
Calibration testing will be conducted by SEH utilizing both
micro (hydrant flow testing) and macro (extended period
simulation) procedures. Both methods are essential for the
development of a reliable water model that can produce
meaningful results related to pressure, flow, system
operations and water age.
Micro calibration will begin with assistance from City staff
through multiple hydrant flow tests. Potential flow testing
locations will be reviewed with City staff to ensure feasibility
of the testing plan. City staff will operate all hydrant valves.
SEH will provide testing equipment and collect pressure
and flow data during hydrant operation. It is expected that
this task will take approximately 1-2 days. Additional, high
service pumps will be monitored (pressure and flow) at
various operational points to develop custom pump curves
that can be incorporated into the model. This exercise will
help to assure that the model is accurately representing the
operation of system pumps.
Macro calibration (extended period simulation) will be
completed by first monitoring system pressures, tank levels,
pumping and demand for a minimum of two weeks. The
collection of this data will aid in developing system diurnal
demand curves which are helpful for water age and extended
period simulation modeling. To aid in collection of this data,
we recommend the deployment of up to four pressure
collecting data loggers (provided by SEH). These will
continually collect pressure data in the water system, which
can then be compared with system operational data (tank
levels, pump operation) over the same period of time.
Calibration data will be utilized in a genetic algorithm
calibration module to optimize model parameters for
accuracy. The model will be calibrated to provide accuracy
within 5% of field testing results, meeting industry standards
for water distribution system computer models.

Water System Model Analysis
Upon calibration of the water model, an analysis will be
performed to determine if there are any deficiencies in the
existing system with respect to pressure and/or available
fire flow. Average day demand, maximum day demand,
peak hour demand, and extended period simulation (EPS)
scenarios will be run for the existing distribution system.
A summary of the standard initial system analysis will be
provided in memo form. Additionally, the model will be used
as a tool to evaluate specific water system questions as
desired by the City. Below is a brief summary of the essential
elements noted in the RFP and the modeling approach we
intend to utilize to help develop practical solutions:
•

Recommend possible upgrade or changes to existing
high service pumps based upon energy efficiency and
firm capacity considerations.
–– Existing pump curves and operational data will be
examined to determine if more efficient pumps or
system operational procedures can be utilized

•

Evaluate the ability to provide peak day pumping if
one of two redundant feeds is out of service.
–– A seven-day EPS will be completed with the calibrated
model to determine if supply to the system can be
sustained with one of the redundant feeds taken
offline.

•

Identify system pressures that could be problematic.
–– Average day, maximum day, peak hour and max
seven day (EPS) scenarios will be operated to analyze
resulting water system pressures in relation to desired
system pressures identified by the City.

•

Evaluate the current transmission main network for
efficacy.
–– The max seven day (EPS) simulation and peak hour
(steady state) simulations will help to reveal high
headloss and high velocity mains which may restrict
system efficacy.

•

Analyze the boundary between the two pressure
zones; identify the impacts, advantages, and
disadvantages of the two pressure zones; and
recommend changes in order to operate the two
pressure zones jointly and effortlessly without
negatively affecting the operating levels of the two
elevated storage tanks
–– A combination of static pressure map (GIS) and
calibrated water model analysis will be completed to
determine what pressures exist near system pressure
zones to determine of the zone boundaries should be
moved to optimize system pressures on both sides
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of the pressure zone boundaries. Special attention
related to zone boundary components (PRVs etc.)
will be examined and incorporated in the model for
accurate representation and operational simulations.
Provide water model output for the following scenarios:
•

•

All available GIS water system data.

Adding a third tower to the system

•

–– EPS and fire flow simulations will test the operation of
the system with a third tank and will be compared to
the existing system operation.

Other Available GIS data as available (parcel mapping,
contour maps, street mapping, land use maps)

•

Historical pumping data (last 5 years)

•

Previous year water billing data including customer
name, total usage, and service address in electronic
format.

–– EPS will be completed to the effect on water age in
the system with the addition of ground storage at
the water treatment plant as well as the influence on
water turn-over in the existing elevated storage tanks.

•

Facility records including water tower drawings and pump
curves.

•

List and location of closed water system valves

Elevated storage out of service

•

Historical SCADA data as available

–– Fire flow analysis and extended period simulations will
be completed to analyze the effect of the removal of
an elevated storage tank from the system.

Also, it will be requested that City staff assist will the field
testing portion of the calibration process. This may require
1-2 days in which staff will assist in operating fire hydrants
while SEH staff monitors system pressures and flows and
collects additional data.

Age of water in the system due to closed valves
creating “dead end” mains

•

–– EPS water age modeling will be completed to compare
water age in the system with the mentioned valves
both closed and then open.
Temporary use of the system by-passing the water
treatment plant distributing unsoftened water from
the wellheads into the system,

•

It will be requested that City personnel provide assistance
in supplying data that will be used to construct the water
system model. This data may include:
•

Adding additional ground storage capacity at the
water treatment plant

•

City Assistance

–– Water source trace analysis (EPS simulation) will be
completed in the model to determine how fast the
un-softened water would travel through the system
in the event of treatment plant bypass. Time and
duration parameters will be coordinated with the City.

Future Water Model Operation
The model can also be used to address future concerns and
system needs as they arise. The model is a very valuable
tool for examining the effects of system expansion. SEH
maintains up to date licenses and software to operate
and update the model as needed. Any updates or model
examination can be completed on a project-by-project basis.
SEH will also make current modeling files available to the
City as requested. We will also deliver copies of the model
files to the City upon completion of the model.

Other scenarios discovered during modeling effort
that may be beneficial to the City’s system

•
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This map is neither a legally recorded map nor a survey map and is not intended to be used as one. This map is a compilation of records, information, and data gathered from various sources listed on this map and is to be used for reference purposes only. SEH does not warrant that the Geographic Information System (GIS) Data used to prepare this map are error free, and SEH does not represent that the GIS Data can be used for navigational, tracking, or any other purpose requiring exacting measurement of distance or direction or precision in the depiction of geographic features. The user of this map acknowledges that SEH shall not be liable for
any damages which arise out of the user's access or use of data provided.
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Proposed Project Fee
Based on the scope of work requested and the information provided in our project approach, we have developed the following
proposed costs:

Task

Total

Data Collection and Project Development

$6,500

Water Distribution Model Construction and Calibration

$7,500

Water System Analysis (scenario option)

$3,500

Report

$4,500

TOTAL PROJECT FEE

$22,000

The above cost proposal is based on an hourly rate not to exceed basis and includes anticipated equipment and mileage
expenses. On the following page you will find our hourly billing rates sheet.

SHORT ELLIOTT HENDRICKSON INC. 14

Proposal for
Water System Modeling and Evaluation

October 8, 2018

128 South Vine Street
West Union, Iowa 52175

Prepared for:
City of Charles City
105 Milwaukee Mall
Charles City, Iowa 50616

fehr-graham.com
Insight. Experience. Results.

Project Understanding and Scope of Services
After a thorough review of the Request for Proposal and a follow-up conversation with
Water Superintendent Cory Spieker, we understand the following items need to be
included in the project and addressed in the final report to the City. Item numbers 1
through 8 apply directly to the system modeling, while 9 through 11 are related to an
engineering evaluation of available water system information. The software package we
will use to perform the requested computer analysis of the water distribution system will
be WaterCAD Connect from Bentley Systems.
1. A water distribution system model will be created using infrastructure shapefiles
from the City and any additional other information available regarding water main
diameter, material, and installation date.
2. The model will be skeletonized to eliminate water main segments deemed
redundant and not of prime importance to evaluating fire flow capabilities within
the community. For example, a relatively short section of 4-inch water main
between two 8-inch water mains close to one another would likely be eliminated
from the model. Fehr Graham will confirm the extent of skeletonizing with the
City.
3. The model will be calibrated using data from hydrant testing completed by the
City and as requested by Fehr Graham. The extent of hydrant testing required will
be reviewed after the model has been developed. While residual pressure
measurements at nearby hydrants also should be taken to comply with
recommended practice for hydrant testing, residual pressure measurement will
occur at the flowing hydrant to enhance the confidence of model calibration.
4. The City shall provide enough background information for all pumps (well, booster,
etc.) that are capable of supplying flow/pressure directly to the distribution
system and desired to be included in the model for assessing fire flow. The system
curve for each associated pump will be reviewed.
5. In addition to evaluating fire flow conditions for the system, including taking each
tower out of service individually, we will model various improvement scenarios
such as construction of additional elevated storage, installation of additional
booster pumping capacity (and finished storage) at the water plant, and
redefinition of the boundary between the pressure zones based on acceptable
static/residual pressures (if appropriate).
6. Evaluate water age in the transmission main to the ethanol plant as related to
potential residential connections in the area.
7. Provide a summary of fire flow deficiencies for existing and proposed conditions by
using color-coded exhibits and pressure junction tables.
8. Provide a summary of recommendations to correct any significant deficiencies
noted while conducting the various modeling of the water system.
9. Evaluate recommended firm booster pumping capacity/efficiency and available
effective storage.
10. Evaluate the impact of water main isolation on water quality at “dead ends” along
the pressure zone boundary.
11. Evaluate the potential of temporary delivery of unsoftened water into the
distribution system.
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To evaluate the recommended degree of effective (finished) storage and firm booster
pumping capability, water usage data will be provided by the City. While the referenced
Scope of Services includes an evaluation of effective storage and booster pumping
capabilities, there are other water system elements that would need to be addressed in a
full “preliminary engineering report” of the Charles City water system to satisfy Iowa
Department of Natural Resources funding requirements. Examples would include an
evaluation of water treatment plant capabilities and associated source (well pump)
capacities. A detailed evaluation of the water treatment plant and well capacities has not
been included in this proposal but can be provided as an additional service, if desired.
Four hard copies and a PDF of the final report (including appendices) will be provided to
the City. For the modeling scenarios previously outlined, exported data will be made
available to the City as requested for inclusion as a layer in the web-based Geographic
Information System platform used by the City. If additional scenarios require modeling,
Fehr Graham can be contracted on an hourly or lump-sum basis, as the City desires.
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Project Approach and Schedule
Our water system modeling and evaluation will follow the tasks outlined below. A proposed
schedule for completion is listed with each task. Communication and coordination with the
City of Charles City will occur with each task.
Task No. 1 – GIS Data Incorporation and Model Creation
» Import infrastructure Geographic Information System (GIS) shapefiles from City into
WaterCAD.
» Incorrporate LiDAR elevation data into model for pressure evaluation
» Establish model connectivity and review water main diameter/material attributes.
» Skeletonize model where possible and optimize pressure junction location and
density.
» Task No. 1 items are anticipated to be completed within 30 days of a signed
agreement and receipt of data from the City.
Task No. 2 – Review Water Usage, Booster Pump Capacity, and Effective Storage
» Review water usage data for each pressure zone.
» Review booster pump documentation and determine recommended firm capacity
while considering availability of standby power.
» Review effective storage documentation and determine recommended volume for
current and proposed conditions.
» Task No. 2 items are anticipated to be completed within 60 days of signed
agreement and receipt of data from the City.
Task No. 3 – Preliminary Scenario Analysis with Uncalibrated Model
» Create model scenarios within WaterCAD for existing and proposed conditions.
» Confirm scenario acceptability with City.
» Run model scenarios in uncalibrated model to determine potentially problematic
locations for specific scenarios.
» Task No. 3 items are anticipated to be completed within 90 days of signed
agreement and receipt of data from the City.
Task No. 4 – Hydrant Testing, Data Review, and Calibrate Model
» City to perform hydrant testing at locations requested by Fehr Graham.
» Fehr Graham to review data and calibrate model through adjustment of roughness
coefficients for water mains.
» Task No. 4 items will be dependent on City staff availability and presence of
freezing conditions for hydrant testing. It may be best to wait until spring (perhaps
April).
Task No. 5 – Final Scenario Analysis with Calibrated Model
» Run scenarios with calibrated model for existing and proposed conditions.
» Prepare exhibits/tables to document fire flow deficiencies.
» Prepare body of final report discussing the analysis, procedures, results,
conclusions, and recommendations.
» Deliver hard copies and PDF of final report (and appendices) to the City.
» Task No. 5 items are anticipated to be completed within 30 days of receipt of
hydrant test data from the City.
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Compensation
Fehr Graham will provide the engineering services listed in the previous Scope of Services
for a lump-sum fee of $27,100.
Additional services can be provided on an hourly or lump-sum basis as desired by the City.

00
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PROFESSIONAL ENGINEERING SERVICES FOR
WATER DISTRIBUTION SYSTEM EVALUATION & MODEL
City of Charles City

ANDREW MARSH, PE
8710 Earhart Lane SW
Cedar Rapids, IA 52404
Direct 319.841.4393 + Cell 319.573.4818
amarsh@hrgreen.com

PROJECT UNDERSTANDING & SCOPE OF SERVICES
PROJECT UNDERSTANDING
HR Green has reviewed the City’s Request for Proposal,
participated in discussions with City staff to review the
project scope, and toured the City’s water system facilities to
better understand the specific project goals and challenges.
Based on these efforts, we understand the following project
background information and operational considerations
identified below.
The total demand on the City’s system varies from
approximately 2-2.5 million gallons per day (mgd) on average
to a peak day usage of approximately 3.1 mgd. These
demands include a typical demand of approximately 1.5-1.6
mgd to serve the Valero ethanol plant. The City has been
approached recently from prospective industries that would
contribute to additional demand and revenue to the City’s
water system and overall growth in the community.
The City has three Devonian wells that provide raw water
to the treatment facilities. Only two of the three wells (Well
Nos. 7 and 8) are typically operated. Well No. 5 has not been
used due to hydraulic surging issues when cycling on and off.
The City completed a significant improvement project in 2010
to increase the total capacity of its water treatment system to
6 mgd at a treatment rate of 4,200 gallons per minute (gpm).
Due to the lower current system demands, City staff operate
the plant intermittently at a production rate of approximately
3,000 gpm (4.3 mgd). RESULT: This treatment rate
corresponds to the minimum turndown capabilities of the lime
slakers to successfully operate.
The Water Treatment Plant has one below-grade clearwell
with a storage capacity of 500,000 gallons. Parallel banks of
high service pumps draw water from the clearwell to supply
both the City’s system and provide direct service to the Valero
ethanol plant through a dedicated main. The relatively high
treatment and pumping rates coupled with a minimal amount
of ground storage at the plant site result in frequent on/off
cycling operation of the plant about every 2 hours. RESULT:
This limited runtime on the plant results in operational issues
with the softening basins in terms of plugging, operating with
an underdeveloped sludge blanket, and a reduced operating
pH of approximately 9.5 in the softening basins.
The Valero high service pumps and 18-inch transmission
main operate primarily based on level setpoint from Valero’s
ground storage tank. The on/off operation of Valero’s
dedicated high service pumps does not continually maintain
pressure in the transmission main. The City is currently
making payments to Valero to own the dedicated high service
pumps and 18-inch transmission main pipeline that provide
service to Valero. These payments are anticipated to be

completed within the next couple years. Once the City owns
these facilities there is an opportunity to expand its customer
base by providing water service to residences along the
transmission main route which currently own and operate
their own wells.
The distribution system includes two elevated storage tanks
(ESTs) that provide direct pressure service to two separate
pressure zones. The Charles St. EST provides service to the
main pressure zone and the Corporate Drive EST provides
service to the high pressure zone. The difference in height
between the two ESTs is approximately 75 feet. Both ESTs
have a storage capacity of 1,000,000 gallons.
A single inline booster station located near South Main Street
and 11th Street supplies flow to the Corporate Drive EST and
the high pressure zone. RESULT: Operational data from the
City’s SCADA system shows unbalanced operation of the two
ESTs with more frequent cycling on the Charles Street EST. All
high service and booster pumping facilities in the City’s system
are equipped with variable frequency drives (VFDs) for speed
control. Pump speeds are typically manually set with on/off
control of the pumps through SCADA based on tank levels.
The pressure zone boundary consists of closed isolation valves
and generally follows the Charley Western Trail. Low pressures
in the range of 40-45 psi are observed in residential areas
adjacent to the Charles Street EST, generally between 8th and
10th Streets. The current pressure zone boundary results in
several sections of dead-end mains with no means of turnover.
The most significantly dead-end main includes approximately
4,000 feet of 16-inch main along the eastern edge of the
distribution system between 13th Ave and 5th Ave. RESULT:
This 16-inch main is one of the largest and highest-capacity
mains in the City’s system and due to the closed isolation
valves it is limited in terms of its hydraulic benefit to the overall
system’s hydraulic capacity and connectivity. Dead-end mains
can result in operational issues due to longer residence times
which can result in loss of chlorine residual or the formation of
disinfection by-products.
A map of the overall system with key considerations is shown
on the following page.
Z Inefficiencies in your system can result in extra

costs and unexpected repairs. By taking a proactive
approach in assessing your system, you are taking the
time to protect your investment and your community.
HR GREEN CAN HELP.
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KEY CONSIDERATIONS

2
3

1

Frequent Cycling of the Water
Treatment Plant and Clearwell due to
high minimum operational treatment
rate and high service pumping rates.

2

Minimum 20 psi is not maintained in
18-inch transmission main to serve
Valero ethanol plant when dedicated
high service pumps cycle off.

3

Approximate area for potential
expanded service by using the Valero
ethanol plant transmission main.

4

Single pump station/source of
supply to the high pressure zone.

5

Unbalanced operation of the
elevated storage tanks.

6

Area of low pressures less than
50 psi.

7

Single river crossing on high pressure
zone to backfeed service area from
Corporate Drive water tower.

8

Pressure zone boundary at 16-inch
main results in 4,000 feet of deadend main.

9

Closed isolation valve on 16-inch
main reduces the effectiveness of
this transmission main.

1

8

9

6
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PROJECT GOALS

Based on the understanding of the project we believe the following goals will address the current
deficiencies in the system and be achieved through a complete and reliable water model:

Cost-effective
solutions that provide
operational reliability
and efficiency.

Provide fullyintegrated GIS
capabilities with the
hydraulic model.

Optimize the
distribution system
to reduce operational
issues at the WTP.

PROJECT APPROACH AND STRATEGY
City staff have operational challenges with its treatment
system, storage tanks, and pumping systems as identified
above. We believe that this project provides a significant
opportunity for the City to have an independent evaluation of
its water system. HR Green’s vast experience with hydraulic
modeling and distribution system evaluations will provide value
to the City in the following ways:
1. We approach projects with a view towards cost-effective
solutions that provide operational reliability and efficiency.
We understand the balance between capital costs
compared to ongoing operational and maintenance costs.
2. HR Green’s proposed team includes engineers that
specialize in potable water systems and have an extensive
background in the modeling and evaluation of distribution
systems.
3. HR Green has dedicated GIS staff that can provide a data
validation of the City’s GIS database and deliver fullyintegrated ArcGIS capabilities coupled with the hydraulic
modeling.
4. The City has invested in its treatment facilities and is
now looking to optimize operation of the distribution
system. We can work with City staff to optimize the
distribution system and maximize performance in terms
of pressure, effective utilization of storage, and balancing
production and pumping to reduce operational issues at
the treatment plant.
5. HR Green’s proposed team includes engineers with
extensive experience with potable water treatment
systems, including lime softening treatment facilities.
Although treatment is not the focus of this study, our
team’s lime softening treatment experience will be
valuable in understanding and providing solutions that
effectively integrate operation of the treatment facility with
the distribution system facilities.

The City currently has a total of 2.0 million gallons (MG) of
elevated storage in the distribution system. Current design
standards require sufficient effective storage to meet average
day usage, which corresponds to approximately 2.0-2.5 mgd
based on preliminary estimates. Additional storage may be
required and can consist of either additional ground storage at
the plant site or an additional tower in the distribution system.
BENEFIT: Additional ground storage at the plant site provides
a benefit to the operation of the treatment facilities by reducing
the on/off cycling issues that the City is currently experiencing.
Longer run times for the treatment plant are anticipated to result
in increased performance of the softening basins. Storage at
the plant site also minimizes impacts to the distribution system
in terms of water age due to more effective turnover. Additional
elevated storage provides redundancy for maintaining storage
and pressure service while allowing an existing tower to be
taken offline for repainting. The storage evaluation will consider
preliminary siting of the proposed storage tank(s), including any
additional piping improvements in order to hydraulically connect
the new storage to the existing network.
The treatment facility is located near the north edge of the
distribution system and all elevated storage is located on
the south/southwest side of the system. A total of four river
crossings hydraulically connect the treatment plant to all
current elevated storage on the system. Crossings include
the following: two 12-inch mains on the Central Pressure
Zone, one 8-inch main on the Central Pressure Zone, and
one 16-inch main on the High Pressure Zone. The areas on
the southeast side of the distribution system served by the
High Pressure Zone are supplied by the single 16-inch main
river crossing. BENEFIT: Consideration should be given to
operating pressures in this area if transitioned to the Central
Pressure Zone either permanently or temporarily in the event
that the single 16-inch river crossing is taken offline for
maintenance or repair. The pressure zone boundary will be
evaluated to determine if this 16-inch main can be better
utilized for capacity and as a river crossing to better connect
the distribution system across the Cedar River.
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A single 18-inch transmission main between the water
treatment plant and the Valero ethanol plant is dedicated to
Valero and does not float off either pressure zone. This results
in low and variable pressures in the transmission main while
not allowing it to provide hydraulic benefits to the rest of the
distribution system. Alternatives for changing this 18-inch
main from a dedicated transmission main to a system wide
distribution main will be evaluated. BENEFIT: Benefits could
include additional service areas for the City, increased hydraulic
connectivity of the distribution system, and more efficient use
of storage while improving treatment plant operations.
HR Green proposes to use Bentley’s WaterGEMS CONNECT
Edition, which is an industry-standard hydraulic modeling
software.

SCOPE OF SERVICES
HR Green takes no exceptions to the essential elements to
include in the final report as identified in the City’s RFP. A
detailed proposed scope of services is provided below which
provides the basis for the engineering fee.
1. Attend kickoff meeting with City staff to review the scope
of the project, obtain operational and historical data, and
tour facilities.
2. Collect data from City staff for evaluation of finished water
demands, including Monthly Operating Reports, monthly
customer billing information, and any master service
agreements (e.g., Valero).
3. Gather data from U.S. Census or other local planning
groups for use in developing future population forecasts
for the future design period. In accordance with Iowa DNR
requirements, a 20-year design planning period is required
for capital improvement projects associated with a public
water system.
4. Process aerial LIDAR (Light Detection and Ranging)
ground elevation data for Floyd County to use for assigning
elevation data to the hydraulic model network.
5. Build the distribution system hydraulic model for current
and 20-year future demand conditions.
6. Attend a Preliminary Data Review Meeting with City staff
to discuss preliminary modeling results and discuss initial
evaluation and findings.
7.

Develop and provide a fire hydrant testing protocol for
obtaining field data to be used for model calibration.

8. Utilize field data for calibration of the hydraulic model
under steady-state conditions.

9. The calibrated model will be used to identify and evaluate
the following:
a. Operational setpoints for speed control of the current
City and Valero high service pumps using flow-pressure
system curves for the distribution system under both
average and maximum day demand conditions.
b. Improvements to incorporate the existing Valero high
service pumps and 18-inch transmission main into the
City’s system.
c. Hydraulic bottlenecks and/or capacity deficiencies in
the clearwell, high service pumping, transmission and
distribution main network, and elevated storage tanks
under current and future forecasted demands. City
staff have identified a potential storage deficiency with
the clearwell at the water plant site, this will specifically
be evaluated for impacts to the treatment and pumping
conditions.
d. River crossings for capacity and system reliability/
redundancy.
e. Service pressures in the current high pressure zone,
including determining resulting service pressure in the
areas east of the Cedar River under central pressure
zone conditions.
f. Pressure zone boundary, including recommendations
for shifting the boundary and provisions to minimize
stagnant water at any dead-ends.
g. System performance with the existing towers out of
service (evaluate each tower out of service separately).
h. Additional ground storage at the water treatment plant.
i. Additional elevated storage in the distribution system
with a third tower in the system. A third tower is
anticipated to correspond to two towers in the central
pressure zone.
10. The model will be used to simulate an extended period
simulation (EPS) of the distribution system under current
conditions and with the conditions/improvements identified
above. An EPS is used to simulate the changes in
water storage tank levels, movement of water through
the distribution network, diurnal demand patterns, and
simulate hour-by-hour changes in conditions. An EPS
simulation is required in order to provide information
related to the water age in the system. The EPS will be
used to model pressures, available fire flow, and water
age. Modeling data and results will be incorporated into
GIS shapefiles for preparation of the following 10 maps:
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PROJECT FEES
Please find below a summary of the proposed engineering service fees for
the project. Also included is our standard hourly rate sheet.

1%

Data Acquisition............................................................................ $2,960

HR GREEN’S

AVERAGE

CHANGE ORDER

INDUSTRY

PERCENTAGE

PERCENTAGE

Build Water Distribution System Model............................................ $8,050
Modeling Scenarios and Draft Report.............................................$24,760
Final Report and Presentation......................................................... $4,220

Total........................................................................$39,990

vs.

5-7%

HR Green has a history of accurately
estimating engineering fees and
project construction costs to help reduce
“surprise” change orders for our clients.
This experience helps you to plan for project
costs without getting stuck with change
orders during project construction.
In fact, our change order history, less
than 1%, is well below the industry average,
5 to 7%. This means saving our clients
money during construction.

Hourly Rate Sheet

HR GREEN, INC.

Billing Rate Schedule
Effective January 1, 2018
Professional Services

Principal

Billing Rate Range

$195 - $280

Senior Professional

$170 - $250

Professional

$110 - $195

Junior Professional

$85 - $140

Senior Technician

$115 - $140

Technician

$80 - $125

Senior Field Personnel

$100 - $170

Field Personnel

$90 - $165

Junior Field Personnel

$50 - $95

Administrative Coordinator

$65 -$105

Administrative

$60 - $110

Corporate Admin

$80 - $140

Operators/Interns

$50 - $100

Reimbursable Expenses

1. All materials and supplies used in the performance of work on this project will be billed at cost
plus 10%.
2. Auto mileage will be charged per the standard mileage reimbursement rate established by
the Internal Revenue Service. Survey and construction vehicle mileage will be charged on
the basis of $0.85 per mile or $65.00 per day.
3. Charges for sub-consultants will be billed at their invoice cost plus 15%.

4. A rate of $6.00 will be charged per HR Green labor hour for a technology and
communication fee.
5. All other direct expenses will be invoiced at cost plus 10%.
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Project UNDERSTANDING/APPROACH
The City of Charles City has issued a request for proposals (RFP) to evaluate
the City’s distribution system, including two pressure zones, existing clearwell
capacity, high service pumping, finished water feed redundancy, and
distribution pressures and conveyance capacity.
Within the RFP, the City highlighted specific elements of the report that will
summarize the study and present the findings and conclusions. The items are
paraphrased below for brevity followed by Shive-Hattery’s proposed approach.
The scope of work, schedule, and fee for the proposed approach are presented
as an appendix to our RFP response.
BASELINE DEVELOPMENT
Although not specially mentioned in the RFP, Shive-Hattery proposes this step to develop a baseline understanding of the system, your
goals, and overall water system operation that will be used to further evaluate the distribution system as the study progresses.
Key tasks of baseline development include:
Service Area
As it relates to the project, use readily available data to describe the water system customers, including area, population, major industrial
user(s), water rates, revenue, number of billing meters, and median income.
This information can be used to help make decisions with capital expenditures, project phasing, and potential funding sources. Further,
it is beneficial to document the information, in case the study will be submitted to Iowa Department of Natural Resources (IDNR) as a
Preliminary Engineering Report. Such a submittal is typically required for construction permitting by the IDNR for improvements.
As discussed later in this response, billing data is important beyond the baseline development:
•

As compared to water production, can be used as an initial check on non-revenue water.

•

Meter location and water use can be used to geocode water demands across the system in the model.

Historic Water Demand
Use available information, such as the historic data already provided by the City, to determine average day demand and maximum day
demands. From the information provided, it appears Charles City has an average demand of approximately 2.3 million gallons a day (MGD).
The data included monthly totals of water produced; as such, maximum day demands were not evident within the data set. However,
the RFP states the maximum day demand of record was set in 2010 and was approximately 3.1 MGD. Monthly Operating Reports for the
last five years will be used to further evaluated historic demands and trends.
From the 2010 census population, Charles City has a population of 7,652. Considering the population, per capita demand is as follows,
and the maximum day factor is 1.35:

The relatively high per capita demand is indicative of the large industrial user (Valero Renewable Fuels) served by the City.
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Future Demands
The above are historic demands, but the City may want to consider future scenarios. We will assist the City in making future demand
projections based on historic water use, recent trends, and the City’s anticipated growth and development
Non-Revenue Water
It is typical for water production to exceed the amount of water billed, or in other words to have non-revenue water associated with the
distribution system. Several types of non-revenue water exists in the system:
1.

Unbilled Authorized Consumption: Water for flushing, hydrant testing, treatment plant use, firefighting, etc.

2.

Apparent Losses: Meter inaccuracies, unauthorized consumption, data errors.

3.

Real Losses: System leaks, water main breaks, etc.

Water loss, apparent and real, is important as it impacts revenue and in the case of real loss, can be an indicator of needed distribution repairs.
Clearwell Capacity
Currently, the City’s water treatment plant has a 500,000 gallon clearwell the serves the high service pumps as well as the industrial users
pumps. Clearwell capacity is multi-fold:
•

Water treatment: The plant uses finished water for successful treatment, including chemical feed, filter backwash, wash downs, and
staff use/consumption.

•

Finished Water Storage: As mentioned above, the clearwell provides volume for the high service pumps and the industrial user pumps
and is a buffer between water produced and that is needed for peak pumping.

•

Disinfection: The City raw water source is ground water. The Safe Drinking Water Act (SDWA) Groundwater Rule has certain provisions,
one of which is if there is a positive bacteria test in the distribution system, the wells must be tested to confirm the groundwater has not
been compromised. However, if 4-log virus disinfection is provided prior to the first customer, this testing can be waived. As such, it is
not uncommon for well water systems to target 4-log virus disinfection, which the clearwell can provide the necessary contact time.

Disinfection may be worth consideration for Charles City. The City utilizes chloramines for secondary disinfection, which is a combined
form of chlorine and ammonia. Based on information provided by the City, the well water has a natural background of ammonia, in the
0.4 mg/L to 0.5 mg/L range, and chlorine is dosed at a ratio of around 5.5 pounds of chlorine to ammonia.
Chloramines are effective, but are a relatively weak disinfectant, as least compared to free chlorine. For 4-log virus disinfection, the SDWA
stipulates a contact time of 1,292 minute -mg/L for 4-log virus inactivation with chloramines at a temperature of 12 degrees Celsius. From
Charles City historic data, the plant typically produces water with a 1.9 mg/L chloramine residual. This considered, a clearwell volume in
the following range would be needed:
The above clearwell size is for the rated capacity of the
plant; and considering the size of the tank, it may be
prudent to take a phased approach, if disinfection is
targeted. For example, the clearwell could be sized for
current maximum day (3.1 MGD) flow rate in lieu of the
rated capacity of the plant (5 MGD) as the initial phase.
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In any event, disinfection is just for the City’s consideration and can be evaluated as part of the study, if the City chooses. As long as well
head protection is in place, and the groundwater source is not contaminated, disinfection is not necessarily a requirement.
Existing Water Storage
In addition to the clearwell, the City has two elevated tanks, each with a capacity of 1 million gallons. If the existing clearwell’s full volume
is considered finished water storage (which might not be the case), the distribution system has 2.5 million gallons of storage.
Water Storage Requirements
There are various standards and recommendations published for finished water storage. For Charles City, the following standards are the
most applicable:
•

Recommended Standards for Water Works (10-States Standards and IDNR): Indicates that for systems not providing fire protection,
the minimum storage capacity should be equal to the average daily consumption. For systems providing fire protection, minimum
storage is in accordance with ISO. The standard’s wording is a little ambiguous, as providing storage equal to the average water
demand can also provide some level of fire flow and these are not necessarily different, or opposing targets. On the other hand,
meeting minimum ISO targets can short change system operational needs. It is generally accepted the intent is the larger volume
of the two criteria is targeted.

•

ISO: Is not a regulatory agency, it is an insurance risk assessment organization. They publish methods for determining the needed
fire flow for different buildings depending on the type of construction, occupancy, exposure and communication. ISO also rates
communities on a risk based scale according to the ability to handle fire for the buildings served. Needed fire flow for buildings can
range from 500 gpm to 12,000 gpm; however, buildings requiring more than 3,500 gpm of fire flow are generally graded by site specific
fire protection beyond the community’s water distribution system.

For residential areas, which ISO considers one- and two-family dwellings not exceeding two stories, ISO publishes the following needed
fire flow values.
ISO also includes the following duration for satisfying the
needed fire flow. Noteworthy, AWWA manual M31 – Distribution
System Requirements for Fire Protection includes similar
recommendations.
•

For needed fire flows of 2,500 gpm or less:
2 hours

•

For needed fire flows of 3,000 gpm to 3,500 gpm:
3 hours

With the above references,
finished water storage
requirements for Charles
City is in the following range
(indicated on the right).
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With 2 million gallons available in elevated storage, the City appears to satisfy the ISO recommendations, as long as the distribution system
can convey the fire flows from the tanks across the system. With regard to 10-State Standard recommendation of providing storage
equal to average day demand, an important component is the clearwell volume that is dedicated to finished water and available for
emergencies. In the City’s case, the relatively large industrial user can cause wide fluctuations in the clearwell levels. And as previously
discussed, disinfection should at least be considered, but matched with the City’s overall goals for operation.
With the above, an important consideration is where demand is in the system, as compared to storage, and the capacity of the distribution
system to convey water from the tanks to point of demand. Modeling allows several scenarios to be evaluated to help identify the most
cost effective approach to satisfying water demands, conveyance (pipe lines), storage (tank volume), and pumping (high service pump
capacity).
Major Users
The City serves an industrial customer with a relatively large water demand. The user supply pumps are located at the City’s WTP cleawell.
Pump operation and demand can be a challenge for the WTP operation and maintaining clearwell levels. This challenge should be
considered in the study.
Pumping
Treated water is distributed to the customers via the high service pumps. Pump performance curves, piping, and layout should be
considered as part of the study.
Also, well pump curves will be used to evaluate a scenario of bypassing the WTP and distributing unsoftened water.
WATER DISTRIBUTION MODEL
As proposed, we will develop a model of the City’s distribution system utilizing WATERCAD® software. WATERCAD® is offered in two
configurations: Standalone or CAD integration, both offering graphical interfaces, steady-state and extended period simulation, water
age/quality simulation, and other features. The model continues to be developed and is supported by Bentley, a major name in computer
design software. Licensing is based on the model size (number of pipes), number of concurrent users, and other factors such as support,
bundles with Bentley software, etc. As a company, we maintain two licenses (functional as standalone or CAD compatible) of the software
as normal business and to serve existing and new clients.
As envisioned for the base model development of Charles City’s system, we will perform the following tasks:
•

Utilize the City’s GIS data base to develop of the pipe network within the model. The software can import GIS data, which is a benefit,
but connectivity of piping and some “skeletonization” of the network will be appropriate for an efficient model representation of the
system and producing more meaningful model results.

•

LiDAR data with 2-foot contours will be referenced to assign or verify topographic features of the City to the model.

•

As available, record drawings of elevated tanks will be used to assign minimum water surface elevations, operating levels, and overflow
elevations.

•

Clearwell tank will be modeled based on record drawings.

•

As available, pump performance curves of the high service pumps will be used within the model. Piping (or other model features)
will be included to represent the pump station configuration (suction piping, check valves, and manifolds).

•

Most recent one year of billing records showing address and water use will be used to assign water demands across the system. If
available in GIS, this step can be relatively straightforward using functions within the model software. If not, records can still be used
to geocode demands representing the actual system, but a few more steps are needed.
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STEADY-STATE CALIBRATION
An important step in modeling is calibration to closely predict actual system operation. A host of factors can come into play, such as
developing a model representing the actual physical system (discussed above), as well as demand allocation to the right location (also
discussed above), and defining factors the describes the distribution network condition.
Distribution condition includes assigning closed valve, tank level limits, and other control features within the model as well as friction factors
to calculate head loss that is close to actual pressure drop experienced in the system. For this effort, the following data will be needed:
•

Tank levels and pump operation (which pumps are ON, and header pressure).

•

Known closed valve or other control limits of the tanks, pumps, etc.

•

Hydrant flow data similar to fire hydrant flow testing, including location, static pressure, flow rate, and residual pressure. We are
anticipating the model will have around 1,000 pipes and junctions to describe the actual system and 50 hydrants tests (5% of the
model junctions) across the City will be needed for an initial calibration step.

Depending on the City’s goals, the calibration and validation step can be more or less extensive than the initial step discussed above. For
the response to the RFP, we have assumed the initial step, but plan to discuss with you the goals and impacts to the study during baseline
development. Further, we have assumed City staff will perform the hydrant flow testing and data collection. We have two hydrant flow
meters available that we will loan to the City for an agreed upon time at no cost to facilitate testing. Alternatively, we can provide Shivehattery staff to help perform the hydrant testing and data collection, if beneficial and requested by the City, within an agreed upon fee.
We have assumed a steady-state model, as requested in the RFP. However, with known control features, we can assign pump and tank
operating parameters within the model. Further, if data is available, we can estimate the diurnal water usage or at least a typical usage,
over a course of a day or days. These parameters can be used in an extended period simulation to enhance model predications and
evaluation. However, such will likely require further calibration and validation. Depending on the City goals for this study, such an effort
can be phased into model development, so the study can focus on answering today’s questions with an acceptable budget and time frame.
Last note on calibration and the City’s goals. Our understanding is the City’s main questions for the study is conveyance capacity. As
such, GIS data would be used to develop the network, but calibration for this study could focus on the larger diameter pipes, say 12-inch
and larger (plus smaller piping as needed for connectivity), for evaluation. Model results would be beneficial in evaluating conveyance,
storage volumes, and high service pump operation. This could be considered a first step in model development.
Future step(s) in model development would be to provide additional calibration and validation for the smaller diameters piping (8-inch
and smaller). This would be beneficial to evaluate fire flow capacity or water quality issues in specific areas of the City.
As previously mentioned, the City’s goals will be reviewed and scope of work refined so the study and model are developed to evaluate
the immediate or planned improvements within an acceptable budget and schedule.
SYSTEM CURVE
The model will be used to develop a system curve or range of curves, including different tank levels, to help evaluate the high service pumps.
HIGH SERVICE PUMPING CAPACITY
Model results will be used to evaluate pump operating conditions, typical operating ranges, and firm capacity.
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POTENTIAL UPGRADES TO HIGH SERVICE PUMPS
The above will be combined with evaluation of the high service pump station configuration,
pump electrical drives, and power for potential to optimize or improve performance,
efficiency, and capacity.
REDUNDANT FEEDS
From the City’s GIS data, it appears water is distributed from the WTP through an 18-inch pipe
servicing the industrial user as well as a potential network of 12-inch, 16-inch, and smaller
piping serving the City. The actual arrangement will be confirmed in baseline development
and scenarios will be modeled of different pipes potentially being out of service to estimate
impacts to conveyance and high service pump operation.
SYSTEM PRESSURES
Model results will be used to evaluate areas of pressure issues (low or high) and evaluate
improvements to alleviate the pressure concern.
TRANSMISSION MAIN CAPACITY
As anticipated, the model, along with recommended data collection, will be made with a
focus on major transmission capacity from the plant.
PRESSURE ZONES
The City has two pressure zones, as the two elevated tanks are at different hydraulic
grade lines. The model can be used to evaluate the pressure zone boundary and make
recommendations for potential changes to benefit operations; pressure and capacity; and limit pipeline dead ends. Steady-State analysis
of different boundaries can provide overall view and recommendations. Calibrated extended period simulation is more beneficial in
providing greater resolution and refinement of those recommendations.
MODEL SCENARIOS
The following modeling scenarios will be discussed with the City at the kick-off meeting, along with the City goals for the study:
•

Third elevated tank, based on discussions with the City of likely location of the tank as well as location of demands. It is assumed up
to two alternative locations will be modeled, but additional alternatives can be performed. Further, the hydraulic gradeline of the
proposed tank will be modeled for both pressure zones.

•

Ground storage capacity at the WTP. Modeling additional ground storage at the plant is beneficial, but additional factors will be
included in evaluating ground storage, including disinfection (if the City wants to consider), high service pumping capacity, and
industrial user operation.

•

Impacts to distribution system conveyance capacity with one (each) of the existing elevated tanks out of service.

•

Bypassing the WTP and distributing unsoftended water from the wells. This can be estimated with table top hydraulic calculations,
modeled as an approximate scenario to glean results for further well pump evaluation; or more fully modeled as a distribution system
scenario. Depending on how the City plans to use the results, one approach over the other may be appropriate and the level of effort
can be different between the approaches.
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•

Areas where water age due to known closed valves may be a concern. Models can be used to estimate water age, as well as some
water quality parameters, but an extended period simulation would be needed for model predictions. The model can be developed
for extended period simulation, as discussed previously.

DELIVERABLES
The following deliverables are envisioned for this study:
•

Meeting Minutes: Kick-Off Meeting, and workshop meeting minutes for each draft technical memorandum.

•

Baseline Development Technical Memorandum (draft and final)

•

Model Development and Existing Capacity Technical Memorandum (draft and final)

•

Model Scenarios and Results Technical Memorandum (draft and final).

•

Recommended Improvements Technical Memorandum (draft and final)

•

The above final technical memorandums, along with an executive summary, will be packaged into a final report.

•

Electronic (pdf ) copies of the meeting minutes and technical memorandums will be provided. Four hardcopies and one electronic
(pdf ) copy of the final report will be provided.

•

Model input files and shapefiles (including scenarios as appropriate) will be provided to the City.

ADDITIONAL OR FUTURE MODEL USE
In our response to the RFP, we discussed some potential phasing of model development as well as some assumptions we have made in
developing a scope of work and level of effort. We stand ready to collaborate with Charles City to refine the scope and level effort and
develop a model that meets your needs and goals for this study. Whether during this study, or in the future, we will be available to run
additional scenarios and evaluations; as well as, update the model as the system may change in the future.
Another note on future model use, WATERCAD® can export files to format compatible with EPANET. EPANET offers basic graphics, but
solid computing engine (many existing models are based on this computing engine), steady-state and extended period simulation for
hydraulics and water quality/age simulation. There is some published information and basic instructions for EPANET, but direct support
and further development is limited. The software is public domain offered by the EPA and can be downloaded and used at no cost. We
will provide EPANET compatible input files along with the WATERCAD® input files to the City. And if beneficial and requested, we can also
provide training on the software to City staff as additional services.

“Shive-Hattery does a fantastic job of assessing constructibility, permitting and anticipated construction cost
early in design to help ensure a successful project. During construction, they do an exceptional job of providing
construction administration / observation and communicating with the contractor.
Stephen S. Wesselmann
General Manager, Winterset Municipal Utilities
Winterset, IA
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Project FEE
Based on experience, we have developed a scope and associated level of effort to fulfill the study requirements outlined in the RFP. The
specific scope and fee is provided in an appendix to this response to your RFP, but for reference the fee is estimated to be $72,000, as a
hourly, not to exceed, basis.
As previously mentioned, we have also proposed some phasing of model development as well as alternate approaches to evaluating some
specific items, for your consideration. With this alternative, there is potential to model the level of effort and fee for this project. Our goal
is to meet or exceed your expectations with regard to model development and the water system study, including schedule and fee. As
may be needed, we will collaborate with you to refine the scope, associated fee, and schedule, to meet your goals.

Project SCHEDULE
We have developed a preliminary project schedule, as shown below and further discussed in the appendix. The schedule is based on our
experience, current work load of team members identified to work on your project, and assuming adequate review time of the deliverables
by City staff as well as anticipating the schedule will meet your goals. The schedule can be adjusted, including expediting at least certain
portions of the work and the overall report delivery, if beneficial to the City.

Tasks

Weeks
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Notice-To-Proceed

Kick-Off Meeting

Hydrant Flow Testing

TM #1
Workshop

TM #2
Workshop

TM #3
Workshop

TM #4
Workshop

Draft Report

Final Report
Notes:

1 Kick-Off Workship within 3 weeks of Notice-to-Proceed
2 Window for hydrant flow testing shown, test results needed for model caliberation as part of TM #2
3 Assume review workshops can be scheduled within 2 weeks following draft TM submitalls.

