
































































 

 

 

DRAFT MEMORANDUM 
 

DATE: April 19, 2010 

 

TO: Mr. Kevin Fitta, P.E. – College Engineer 

 

CC: George G. Palmisciano, P.E. (PARE) 

 Timothy P. Thies, P.E. (PARE) 

 

FROM:  Brendan Ennis, P.E. 

 

RE:  Draft Utility Conditions Evaluation and Improvements Plan 

 Rhode Island College Water Distribution System 

 Providence, RI 
 PARE Project No: 09127.00 

 

The purpose of this memorandum is to provide draft results of Pare Corporation’s (PARE) recent 
evaluation of the water distribution system at Rhode Island College (RIC) in Providence, RI.  The 
evaluation was done in accordance with the Proposal and Agreement for professional services between 
PARE and RIC dated January 10, 2010.  Subsequent sections of this memorandum include background 
information on the distribution system, PARE’s development of a computerized hydraulic model, the 
results of our evaluation, and our recommendations for future system improvements. 

 

Please note that this memorandum is a draft version of the Utility Conditions Evaluation described in 
section 4.0 of our June 2, 2009 proposal.  At the request of RIC, the evaluation of the RIC water 
distribution system has been completed with preliminary mapping information, but will be updated 
once the campus survey, which is part of the overall project scope, is completed.  Subsequent sections 
of this memorandum will be updated once the survey is complete and will be included in the final Utility 
Conditions Evaluation.  Portions of the memorandum address recommendations for future system 
improvements, which is part of our scope for the Campus-wide Utility Improvements Plan.  This 
memorandum is being provided in advance of our Campus-wide Utility Improvements Plan to provide 



RIC personnel with information they need to complete several design projects that are ongoing as of the 
date of this memorandum. 

 

1.0 WATER SYSTEM BACKGROUND 

 

The RIC water distribution system is comprised of approximately 13,000 feet of pipe, 23 fire hydrants, 
and 21 valves.  Pipe sizes range from 6-inches to 12-inches in diameter and pipe material consists of 
ductile iron (DI), cast iron (CI), asbestos cement (AC), and polyvinyl chloride (PVC).  The RIC system has 
no storage tanks, no control valves, and no centralized booster pump stations. 

 

The RIC system is supplied through three direct connections to the Providence Water Supply Board’s 
(PWSB) Longview Reservoir service area – one connection on Mt. Pleasant Avenue in Providence, one 
connection on Oakton Street in North Providence, and one connection on Cole Road in North 
Providence.  The Mt. Pleasant Avenue connection has an 8-inch Neptune Protectus III meter and 10-inch 
Watts model 909 backflow preventer in an aboveground enclosure (i.e., Hot Box) near the campus’s 
main entrance.  The Cole Road connection has a 6-inch Neptune Protectus III meter in an underground 
vault and no backflow preventer.  The Oakton Street connection is a cross-county connection, which 
runs beneath the campus ball fields, and has a 6-inch Neptune Protectus III meter and 10-inch Watts 
model 909 backflow preventer in a Hot Box. 

 

In general, all three connections to the PWSB system provide similar pressure to the campus.  All three 
connections are supplied by the Longview Reservoir on Mineral Spring Avenue in North Providence, 
which maintains a system hydraulic grade line (HGL) of 305 feet MSL.  While the three connections 
provide similar pressure, the RIC system is operated as two separate zones.  The Mt. Pleasant Avenue 
and the Oakton Street connections serve the majority of the campus, and the Cole Road connection 
serves a small area around the existing Recreation Center.  The Cole Road service area is separated from 
the rest of the system through a closed valve, primarily due to aesthetic water quality issues reported in 
the Cole Road service area (i.e., discolored water).  RIC staff isolated the Cole Road service area to 
reduce water quality complaints in the rest of the system. 

 

The RIC water system serves approximately 9,000 students, 1,500 of which live on-campus.  There are 
approximately 48 buildings connected to the RIC water system, which include residence halls, academic 
buildings, administration buildings, and facility maintenance buildings, as well as several connections for 
campus irrigation.  A number of buildings have booster pumps to boost domestic pressure, particularly 
some of the taller residence halls.  The new residence hall, the Henry Barnard School, Building No. 7, and 



the Adams Library have fire pumps to assist with fire protection, the largest of which is located in the 
new residence hall and is rated for 1,000 gpm. 

 

2.0 HYDRAULIC MODEL DEVELOPMENT 

 

To assist with the evaluation of the water distribution system, PARE developed a computerized hydraulic 
model using the latest version of Bentely’s WaterGEMS hydraulic modeling software.  The model was 
developed in general accordance with American Water Works Association’s (AWWA) Document M32 – 
Distribution Network Analysis for Water Utilities. 

 

There are two primary components to a hydraulic model – a demand database and an infrastructure 
database, the development of each is described below. 

 

2.1 Demand Database Development 

 

The demand database is a compilation of campus-wide water use organized by location and divided 
into three distinct demand scenarios – average day demand, maximum day demand, and peak hour 
demand. 

 

2.1.1 Average Day Demand 

 

Average daily demand (ADD) was estimated by reviewing meter records, provided by RIC 
personnel, from the PWSB connections.  Meter records for a four-year period (2005 through 
2009) were reviewed.  The average campus-wide water use for that four-year period was 
approximately 105,000 gallons per day (gpd), or 73 gallons per minute (gpm).  A breakdown of 
water supplied per PWSB connection is provided below. 

 



 

 

TABLE 1 - Metered Water Use Summary 

  2005/2006 2006/2007 2007/2008 2008/2009 Average 

Cole Road 4,605 2,851 3,064 614 2,783 

Oakton Street 18,748 21,732 25,473 25,473 22,856 

Mt. Pleasant Avenue 77,591 81,493 86,729 72,232 79,511 

Total 100,944  106,075  115,266  98,319  105,151 

 

 

RIC personnel provided an estimated breakdown of water use per building, which is attached. 

 

2.1.2 Maximum Day Demand 

 

The maximum day demand (MDD) is typically the highest water use day during the study period, 
in this case 2005 – 2009.  Daily metered water use was not available for the campus, so the 
MDD was estimated based on a breakdown of monthly water use provided by RIC personnel.  A 
breakdown of monthly estimated water use is provided on the next page. 



 

 

 

 

TABLE 2 - Monthly Water Use Breakdown in GPD 

  Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Average 
Annual 

Cooling Tower Make-Up Water 0 0 0 0 21,650 29,000 29,000 29,000 21,650 0 0 0 10,858 

Central Boiler Plant Make-Up Water 9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000 

Athletic Field Irrigation 0 0 0 0 12,000 12,000 15,000 15,000 12,000 12,000 0 0 6,500 

General Irrigation 0 0 0 0 0 0 15,000 15,000 15,000 0 0 0 3,750 

Athletic Facilities                           

                  Recreation Center 2,150 2,150 2,150 2,150 2,150 2,150 2,150 2,150 2,150 2,150 2,150 2,150 2,150 

                  Murray Center 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Donovan Dining 15,000 15,000 15,000 15,000 15,000 5,000 5,000 5,000 15,000 15,000 15,000 15,000 12,500 

Residence Halls 45,518 45,518 45,518 45,518 22,759 0 0 0 45,518 45,518 45,518 45,518 32,242 

Classrooms & Offices 32,000 32,000 32,000 32,000 32,000 12,600 12,600 12,600 32,000 32,000 32,000 32,000 27,150 

Total 104,668 104,668 104,668 104,668 115,559 70,750 88,750 88,750 153,318 116,668 104,668 104,668 105,150 



 

It is estimated that the highest average monthly water use occurs in September, which 
corresponds to the first full month in which students have returned to campus after summer 
break and the last full month that campus irrigation systems are in use.  The monthly water use 
for September is estimated to be approximately 153,000 gpd, or 106 gpm.  This represents a 
multiplier of approximately 1.5 over ADD.  The MDD is usually higher than maximum monthly 
demand, and typically, but not exclusively, occurs during the highest water use month of the 
year.  Because daily meter records were not available for the study period, PARE estimated that 
the MDD multiplier for the system is probably in the range of 1.0 to 2.0 higher than the 
maximum monthly multiplier.  Therefore, PARE added 1.5 to the maximum monthly multiplier 
to establish a MDD multiplier of 3.0.  As such, the estimated MDD is approximately 315,000 gpd, 
or 219 gpm. 

 

2.1.3 Peak Hour Demand 

 

To establish the peak hour demand (PHD), PARE referred to TR-161

 

, which provides typical 
peaking factors for different size systems.  TR-16 was specifically developed for wastewater 
flows, but given that irrigation use is estimated to be a very small portion of the overall campus-
wide water use, there is likely a strong correlation between wastewater generation and water 
use.  Therefore, the peaking factors provided by TR-16 are likely to be a reasonable estimate of 
the peaking factors for water use at RIC.  TR-16 indicates that the peaking factor for a system of 
this size (i.e., a system with an average daily water use of 105,000 gpd) is approximately 5.6.  
Therefore, the estimated PHD for the RIC campus is approximately 588,000 gpd, or 408 gpm. 

A breakdown of system demand is provided below. 

 

                                                      
1 New England Interstate Water Pollution Control Commission, Guidance for the Design of Wastewater Treatment 
Works, 1998. 



 

TABLE 3 - RIC SYSTEM DEMAND 

  
Total Volume 

(MGD) 
Demand 

(gpm) 

Average Day Demand 0.105 MGD 73 gpm 

Maximum Day Demand 0.315 MGD 219 gpm 

Peak Hour Demand 0.588 MGD 408 gpm 

 

 

2.2 Infrastructure Database Development 

 

The infrastructure database is a compilation of all of the physical components that make up a water 
system, such as pipes, hydrants, valves, meters, etc.  The infrastructure database is similar to a 
traditional database in that each component of the system is cataloged and entered into the 
database individually.  With each entry is included all the known characteristics of a specific 
component.  For example, each pipe section has an entry in the database, which includes the pipe’s 
diameter, length, age (if known), C-value, etc.  The infrastructure database is organized by location 
and accessed through an interactive system map.  Provided below is a description of the 
infrastructure database developed for this project and each component-type included in the 
database. 

 

2.2.1 Pipes 

 

The RIC system is comprised of approximately 13,000 feet of water mains, ranging in size from 6 
to 12 inches.  RIC personnel provided PARE with a preliminary system map that shows the 
alignment, size, and material of the system water mains.  PARE utilized this system map as a 
basis for the development of the hydraulic model pipe network.  Using the RIC system map as a 
reference, PARE manually entered each pipe and the pertinent information into the 
infrastructure database. 



 

2.2.2 Nodes 

 

As part of the hydraulic model development, PARE constructed a node network.  The node is the 
most basic element in the hydraulic model and is used to represent system users, system 
elevations, hydrants, junctions in water mains, etc.  PARE developed the node network using 
information available for topography, water main layout, and system demand. 

 

Each system node is assigned three primary attributes; elevation, demand, and demand pattern.  
Elevation information was estimated based on available system mapping provided by RIC.  Each 
building was assigned a node that corresponded to their domestic service and a node that 
corresponded to their fire service, if present.  Demand information was assigned to each 
domestic service node based on the breakdown of water use per building provided by RIC 
personnel. 

 

2.2.3 Supply Sources 

 

The system has three connections to one main source of supply, the PWSB.  To establish the 
boundary conditions for the supply side of the system, PARE installed pressure recorders at each 
PWSB connection and recorded supply side pressure for a period of 8 days.  Pressure was 
measured from February 26, 2010 to March 5, 2010.  A graph of the pressure recorded at each 
connection is provided below. 
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At each location, PARE converted the recorded pressure to feet and added the ground surface 
elevation to establish the system hydraulic grade line (HGL) on the supply side of the system.  
The elevation information was estimated based on available mapping data and is accurate 
within ±5 feet.  This information will be updated once preliminary mapping information is 
available.  As a result, the HGLs observed at each location were close, but not the same.  Given 
that each location is served through the same supply (i.e., the PWSB Longview Reservoir) it 
would be expected that the observed HGL at each connection would be relatively similar.  PARE 
made minor adjustments to the HGL to make them consistent with each other.  After the site 
survey is complete, PARE will re-evaluate the HGL data and adjust the model accordingly. 

 

In the model, the PWSB system is represented as three separate reservoirs with relatively 
similar HGLs, although, as is apparent from the data collected, the HGL at all three locations 
varies slightly over the course of the day.  A graph of the adjusted system HGL, as measured at 
each location, is provided below. 
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During a steady state analysis, which represents a “snap shot” of the system, the supply side 
HGL is set to the lowest normal HGL observed during the monitoring period. 

 

2.3 Model Calibration 

 

Model calibration is performed in order to evaluate the model’s ability to predict system performance.  
AWWA recommends that a hydraulic model be calibrated to within 5 to 10 percent of field-observed 
data.  The model was calibrated by collecting flow and pressure information in the field, comparing 
that information to the model results, and then making minor adjustments to certain model 
parameters to achieve the desired model accuracy. 

 

PARE’s primary source of information for the calibration was obtained through a series of hydrant 
flow tests performed in December 2009.  PARE personnel, with assistance from RIC staff, conducted 
6 C-value tests at various locations within the system.  A C-value test consists of opening a fire 
hydrant and measuring the flow discharging from that hydrant while also measuring the residual 
pressure at two upstream hydrants.  Each C-value test provides three static pressure data points 
(one data point for each hydrant) and two residual pressure data points (one data point at each of 
the upstream hydrants) to which the model results can be compared. 

 

The data obtained from a C-value test can be used to estimate the C-value of the pipe between the 
two residual hydrants.  The location of each C-value test was selected to provide a range of pipe 
material, sizes and age.  Of the 6 tests completed, 2 were considered unreliable due to questionable 
results (e.g., pressure increased over the duration of the test).  Therefore, PARE utilized 4 of the 6 
hydrant tests to calibrate the hydraulic model. 

 

Based on the field data obtained, PARE made minor adjustments to the model and globally edited 
pipes with similar size, material, and age.  The adjustments PARE made include modifying pipe 
roughness coefficients (i.e., C – values) and adjusting the elevation of the hydrant nodes.  After 
adjusting the model input parameters, PARE was able to attain model results within 3 percent of 
field observed conditions.   



 

3.0 SYSTEM EVALUATION 

 

Provided herein are the results of PARE’s evaluation of the existing system and our evaluation of certain 
system improvements, as requested by RIC personnel. 

 

3.1 Existing Conditions Evaluation 

 

When evaluating the adequacy of the existing system, PARE reviewed five important performance 
standards – system pressure, available fire flow, pipe velocity, pipe head loss, and system 
redundancy.  PARE reviewed each of these criteria for the ADD, MDD, and PHD scenarios. 

 

3.1.1. System Pressure 

 

The model predicts that system pressure ranges from 31 to 56 during ADD, MDD, and PHD 
scenarios.  The highest system pressures are in the area of the new residence hall and Sweet 
Hall and the lowest system pressures are in the center of campus around Roberts Hall and the 
Arts Center.  AWWA suggests that system pressure should be in the range of 30 to 90 psi, and 
never below 20 psi.  Ten States Standards2

                                                      
2 A Report of the Water Supply Committee of the Great Lakes – Upper Mississippi River Board of State and 
Provincial Public Health and Environmental Managers, Recommended Standards for Water Works, 2007 Edition. 

, which is a common reference for public water 
system performance, suggests that system pressure should be in the range of 35 to 90 psi.  
While pressure on campus exceeds the minimum pressure suggested by AWWA and mostly 
exceeds the minimum pressure recommended by Ten States Standards, pressure is generally 
low.  It has been reported that pressure in some buildings is too low to install adequate and 
necessary backflow prevention and has in the past caused problems with campus heating 
equipment.  Therefore, it may be prudent to evaluate the feasibility of increasing system 
pressure campus-wide. 



 

3.1.2 Available Fire Flow 

 

AWWA states that the available fire flow in the system is the rate of flow available at a system 
hydrant while maintaining a minimum residual pressure within the system of 20 psi.  PARE 
evaluated the available fire flow at each system hydrant and at each building fire service, for 
those buildings that have fire services.  The available fire flow system-wide is approximately 300 
gpm to 1,700 gpm.  In the Cole Road service area, the available fire flow is approximately 300 
gpm to 400 gpm, and in the remainder of the system available fire flow is approximately 1,200 
gpm to 1,700 gpm. 

 

The available fire service in the Cole Road area is severely limited by the small diameter (6-inch) 
cast iron main that serves that area.  In addition, based on PARE’s field investigation, the C-value 
for the water main is very low, in the range of 30 to 40.  During a fire event, this water main is 
causing a significant amount of head loss in the system, which is limiting the available fire flow. 

 

In the remainder of the campus, fire flow appears to be generally adequate; however, the 
individual fire flow requirements of each building were not evaluated as part of this project. 

 

3.1.3 Pipe Velocities and Head Loss 

 

It is important to keep pipe velocities relatively low in a water system to reduce the occurrence 
of scour in the pipes and to keep friction loss to a minimum.  AWWA suggests that pipe 
segments may be deficient if they exceed any of the following criteria: 

 

• Velocities greater than 5 ft/sec; 

• Head losses greater than 10 ft/1,000 ft; or 

• Head losses greater than 3 ft/1,000 ft for pipe diameters of 16 inches or greater. 

 

AWWA goes on to say that pipe velocities up to 10 ft/sec are acceptable, but velocities above 
that will cause an exponential increase in head loss, which could be problematic in the system. 



 

The maximum velocities experienced in the system will occur during a fire event when system 
demand is at its highest.  However, given the infrequency of a significant fire event and the 
abnormally high flow that would occur through the system pipes, it would be inappropriate to 
evaluate system velocities and head loss during a fire flow scenario.  Therefore, PARE utilized a 
PHD scenario to evaluate the adequacy of the system piping. 

 

During a PHD, the highest reported pipe velocity is approximately 1.46 ft/sec, which occurs in 
only one pipe section near the Oakton Street meter.  The pipe velocities in the remaining system 
pipes are all well below 1.0 ft/sec, with the highest around 0.76 ft/sec.  The highest reported 
head loss in the system is approximately 1 ft/1,000 ft, which occurs in the same pipe segment 
outside the Oakton Street meter that has velocities around 1.46 ft/sec. 

 

It appears as though the existing piping system is not substantially limiting flow or pressure 
during normal domestic demand scenarios.  However, based on PARE’s fire flow evaluation, the 
6-inch main in the Cole Road service area is severely limiting fire flow in that area. 

 

3.1.4 System Redundancy 

 

The existing water system has several redundant features – including three connections to 
PWSB and substantial piping redundancy in the north half of the campus.  Where the system is 
lacking redundancy is in the southern half of the campus and the area around Salisbury Drive.  
The water main on College Road between 6th Avenue and the Art Center has no redundancy and 
supplies water to numerous buildings.  In addition, the cross-country connection between the 
Nazarian Center and Cole Road is the sole source of supply to Salisbury Drive.  The Cole Road 
service area is served through one single connection to PWSB.  A break along any of these three 
water mains could be severely disruptive to the system. 

 

3.2 Proposed Improvements Evaluation 

 

PARE evaluated several proposed improvements to the campus water distribution system.  These 
improvements specifically targeted the two primary deficiencies in the system – low pressure 
system-wide and low fire flow in the Cole Road service area.  In addition, PARE evaluated if the 



system would benefit from new system looping or a new service connection to Fruit Hill Avenue.  
Specific improvements that PARE evaluated are: 

 

• A new 8-inch water main on Cole Road (with a new backflow preventer in the Cole Road 
meter vault); 

• A new system loop between Cole Road and Salisbury Drive; 

• A new system loop parallel to 6th Avenue; 

• A new booster pump station at the Mt. Pleasant Avenue meter connection; 

• A new booster pump station at the Oakton Street meter connection; 

• Two booster pump stations working in conjunction with each other, one at Mt. Pleasant and 
one at Oakton Street; and 

• A new connection to Fruit Hill Avenue. 

 

3.2.1 New 8-inch Water Main on Cole Road 

 

Due to the aesthetic water quality concerns on Cole Road, as well as the low available fire flow 
at the proposed Recreation Center, RIC is interested in upgrading the existing 6-inch cast iron 
main on Cole Road with a new 8-inch pipe.  If the existing pipe is upgraded, the isolation valve at 
the end of Cole Road could be opened, which would allow RIC to operate the system as one 
single pressure zone.  However, to operate the system as one zone, a new backflow preventer 
would need to be installed at the Cole Road meter vault.  More than likely, the meter vault 
would need to be upgraded to an aboveground Hot Box style enclosure. 

 

With an upgraded water main on Cole Road, system pressure ranges from 31 to 56 psi during 
typical domestic demand scenarios (i.e., ADD, MDD, PHD).  This range in pressure is substantially 
the same as is experienced currently. 

 

With the upgraded water main on Cole Road, the available fire flow in the system would range 
from 1,200 to 2,600 gpm, a significant increase over existing conditions.  Of particular concern is 
the available fire flow at the proposed Recreation Center.  With the upgraded water main on 
Cole Road, the available fire flow would be approximately 2,400 gpm at 20 psi.  The mechanical 
engineer for the proposed Recreation Center has indicated that to eliminate the need for a fire 



pump, the system would need to be able to supply 500 gpm at 70 psi at the finished floor 
elevation of the proposed Recreation Center.  With the upgraded water main on Cole Road, the 
residual pressure at the proposed Recreation Center during a 500 gpm fire event would be 
approximately 36 psi.  Therefore, while the upgraded water main on Cole Road would 
significantly increase the available fire flow system-wide, it would not, by itself, eliminate the 
need for a fire pump at the proposed Recreation Center. 

 

It is noted that system improvements described in subsequent sections of this report reflect the 
upgraded water main on Cole Road.  It is our understanding that the water main on Cole Road 
will most likely be upgraded as part of the Recreation Center project and will therefore most 
likely be in place if/when other upgrades to the system are completed. 

 

3.2.2 New System Loop between Cole Road and Salisbury Drive 

 

Under this scenario, PARE assumed the new system loop between Cole Road and Salisbury Drive 
would be approximately 700 feet of new 8-inch ductile iron water main.  The model results 
indicate that a loop in this location will not significantly change system pressure during normal 
domestic demand scenarios (i.e., ADD, MDD, and PHD).  During normal conditions, the flow 
through this pipe ranges from 9 to 43 gpm.  During a fire flow scenario, this system loop has a 
relatively small impact on available fire flow.  Available fire flow in the system ranges from 
approximately 1,200 to 2,500 gpm, which is the same range of fire flow without the system 
loop, but with the upgrades to the water main on Cole Road.  The average increase in fire flow 
at system hydrants is approximately 60 gpm.  However, along Cole Road and Salisbury Drive, the 
available fire flow increases by an average rate of 400 gpm. 

 

While a new system loop between Cole Road and Salisbury Drive does not appear to provide a 
substantial hydraulic benefit to the entire system, it does appear to increase available fire flow 
in the area.  In addition, this new loop would provide significant redundancy in this area of the 
system. 

 

3.2.3 New System Loop parallel to 6th Avenue 

 

For this scenario, PARE assumed the new system loop between Library Road and College Road.  
This improvement could follow one of two alignments.  A new 10-inch ductile iron water main 



could be installed along 6th Avenue, which would likely require the replacement of 
approximately 240 feet of 6-inch pipe on College Road that serves a single fire hydrant.  The 
total length of new pipe would be approximately 1,700 feet.  The second option would be to 
install a new 10-inch water main parallel to 6th Avenue on the east side of the Murray Center.  
This new pipe would be installed beneath parking lots, walkways, and grassy areas, but would 
be considerably shorter in length, approximately 1,000 feet in total length. 

 

Hydraulically, both alignments provide similar results.  During normal conditions, the flow 
through this new loop ranges from 12 to 67 gpm.  During a fire flow scenario, this system loop 
has a relatively small impact on available fire flow.  Available fire flow in the system ranges from 
approximately 1,200 to 2,500 gpm, which is the same range of fire flow without the system 
loop, but with the upgrades to the water main on Cole Road.  The average increase in available 
fire flow is approximately 50 gpm, depending on the hydrant.  However, there appears to be a 
relatively substantial increase in available fire flow in the vicinity of the new Residential Hall, 
where available fire flow increased by an average rate of approximately 300 gpm. 

 

While a new system loop on this side of campus does not appear to provide a substantial benefit 
hydraulically, it would improve system redundancy along College Road.  Currently, there is a 
long length of pipe along College Road between the Art Center and the new residential hall that 
has no system redundancy.  A break in this main could cause significant disruption to the 
system.  In addition, it is our understanding that the Campus Master Plan has preliminarily 
identified areas along the western edge of the campus as having build-out potential.  A new 
water main between College Road and Library Road could potentially serve any new buildings 
proposed in this area. 

 

3.2.4 Pump Station at Mt. Pleasant Avenue 

 

Under this scenario, there would be a new booster pump at or near the Mt. Pleasant Avenue 
meter.  The Mt. Pleasant Avenue connection is a practical location for a new pump station as it 
is the largest connection to PWSB in terms of diameter (12 inches).  The size of the pump(s) in 
the pump station is unknown at this time, but the station would need to achieve three design 
conditions; 



 

1. Increase system pressure campus-wide by 25 psi; 

2. Provide adequate fire flow to the new residential hall, which has the largest fire pump 
on campus; and 

3. Provide adequate fire flow to the proposed Recreation Center to eliminate the need for 
a new fire pump at that location. 

 

Increasing system pressure by 25 psi appears to be feasible without over-pressurizing the 
system.  With an additional 25 psi, system pressure would range from approximately 56 to 81 
psi.  Providing adequate fire flow to the proposed Recreation Center and new Residential Hall 
will be more difficult and will likely dictate the size of the proposed pump station.  Fire flow 
demand at the new residential hall is 1,000 gpm at a minimum residual suction pressure of 
approximately 35 psi.  The fire flow demand at the proposed Recreation Center is 500 gpm at a 
minimum residual pressure of 70 psi.  In addition to the sprinkler systems at both locations, 
PARE assumed that the Fire Department would utilize two outside hydrants at an average fire 
flow delivery rate of 500 gpm, although this would need to be verified with the local Fire 
Department before the design or installation of any new pump station. 

 

To evaluate the size of the proposed pump station at Mt. Pleasant Avenue, PARE input a 
theoretical pump at the Mt. Pleasant Avenue meter connection with a hypothetical design 
point.  PARE then ran the model for two scenarios, one with a 500 gpm fire flow demand at the 
new Recreation Center and a 500 gpm demand at the two nearest hydrants.  The second 
scenario included a 1,000 gpm fire flow demand at the new Residential Hall and a 500 gpm 
demand at the two nearest hydrants.  The objective of the evaluation was to identify a 
theoretical pump that could achieve both design conditions. 

 

Based on the model results, a theoretical pump sized for 1,500 gpm at 100 feet of total dynamic 
head (TDH) with a run-out point of 2,500 gpm and a shut-off head of 150 feet appears to 
provide adequate fire service to both buildings.  If the station were solely a fire booster pump 
station, this would correspond to roughly a 75 horse power (HP) fire pump, assuming a wire-to-
water efficiency of 50 percent.  However, given that this station would be sized to accommodate 
a range of domestic demand as well as fire flow, it is likely that an array of pumps would be 
utilized to meet system demands.  For the purpose of this evaluation and for comparison 
purposes, we assumed a 75 HP pump would be needed for a theoretical pump station at the Mt. 
Pleasant Avenue connection. 

 



During a 1,000 gpm fire flow event at the new Residential Hall, system pressure would range 
from 36 to 74 psi.  Most of the system is in the range of 36 to 58 psi, which is similar to the 
range of system pressure experienced currently.  During a 500 gpm fire flow event at the 
proposed Recreation Center, system pressure ranges from 67 to 91 psi.  This range of pressure is 
significantly higher than what is experienced currently, but is similar to the proposed system 
pressure after campus-wide pressure is increased by 25 psi.  It is noted that 90 psi is considered 
by AWWA to be the upper range of normal system pressure, so typically 91 psi would not be 
considered problematic in a water distribution system.  However, RIC personnel should be 
aware that increasing system pressure to 91 psi may adversely impact some of the older piping 
in the system, particularly the older asbestos cement pipe. 

 

3.2.5 Pump Station at Oakton Street 

 

As an alternative to the Mt. Pleasant Avenue meter, the Oakton Street meter connection was 
considered for a new pump station.  As with the proposed pump station at the Mt. Pleasant 
Avenue connection, PARE input a theoretical pump with a hypothetical design point at the 
Oakton Street connection.  The model was run for both design conditions and adjustments were 
made to the design point of the pump. 

 

Based on the model results, a theoretical pump sized for 1,500 gpm at 125 feet of total dynamic 
head (TDH) with a run-out point of 2,500 gpm and a shut-off head of 180 feet appears to 
provide adequate fire service to both buildings.  During a 1,000-gpm fire flow event at the new 
Residential Hall, system pressure would range from 33 to 74 psi.  During a 500-gpm fire flow 
event at the proposed Recreation Center, system pressure ranges from 72 to 96 psi. 

 

The model indicates that the proposed pump(s) in the Oakton Street pump station would need 
to be larger, approximately 100 HP, than at the Mt. Pleasant meter connection to provide 
adequate fire flow to both buildings.  This increase in size is due largely to the increase in head 
loss in the PWSB system up to the Oakton Street meter.  The connection to PWSB at this 
location is relatively small, only 8 inches.  In addition, the Hot Box at this location has a 6-inch 
meter, which is likely contributing to the increase in head loss in the system. 

 

It is also noted that during a fire event at the proposed Recreation Center, system pressure 
would increase to approximately 96 psi, which may be too high for this system, given the age 
and prevalence of asbestos cement pipe. 



 

3.2.6 Dual Pump Stations at Oakton Street and Mt. Pleasant Avenue 

 

For redundancy, PARE evaluated the feasibility of installing dual pump stations, one at Oakton 
Street and one at Mt. Pleasant Avenue.  The benefit of operating two stations over one is that in 
the event of a shut down at one connection, the other station could provide system demand. 

 

PARE evaluated two scenarios with both stations on-line during a fire event – one scenario with 
a fire event at the Recreation Center and one scenario with a fire at the new Residential Hall.  It 
appears as though 40 HP pumps with a design point of 750 gpm at 100 feet of TDH would be 
adequate to provide fire during both scenarios.  This represents a reduction in horse power over 
the Oakton Street scenario (refer to section 3.2.5), and is relatively similar to the horse power 
requirement of the Mt. Pleasant Avenue scenario (refer to section 3.2.4).  However, to achieve 
true redundancy, each station would need to provide adequate fire flow in the event that the 
other station was off-line.  In other words, the Oakton Street pump station would need a 100 HP 
fire pump and the Mt. Pleasant Avenue pump station would need a 75 HP fire pump.  It would 
be imprudent to provide less capacity at each station if the goal is to provide true system 
redundancy. 

 

It is noted that in most public water distribution systems, individual pump stations are designed 
and constructed with redundancy, such as extra pumps, emergency back-up power, etc.  It is not 
typical to provide duplicate pump stations to provide redundancy.  In the case of the RIC 
campus, if only one station were installed, say at the Mt. Pleasant Avenue connection, and it 
were off-line, the campus would still have water available through the Oakton Street and Cole 
Road connections, although at reduced pressure.  Therefore, in lieu of providing two pump 
stations, which would be expensive, it may be more practical to provide one new pump station 
and equip the other two connections with quick-disconnects or adjacent hydrants that could be 
connected to a booster pump during an emergency.  This setup would be similar to a Fire 
Department connection (FDC) outside a building and could be utilized by the Fire Department in 
an emergency. 

 

3.2.7 New Connection to Fruit Hill Avenue 

 

PARE contacted the PWSB regarding the feasibility of installing a new connection to the PWSB 
system on Fruit Hill Avenue.  PWSB indicated that the water main on Fruit Hill Avenue is a 24-



inch main that serves as a transmission main to PWSB’s Fruit Hill tank and service area.  PWSB 
personnel indicated that no new connections were allowed to this main.  As such, PWSB may 
not allow RIC to connect to this water main, which may preclude a new connection to Fruit Hill 
Avenue.  Therefore, PARE did not conduct a hydraulic evaluation of the Fruit Hill Avenue line. 

 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

 

4.1 Results Summary and Conclusions 

 

The model results indicate that system pressure may be too low to adequately serve the existing 
campus needs.  System pressure currently ranges from 31 to 56 psi, which is within the range 
recommended by AWWA (i.e., 30 to 90 psi) but too low for some of the campus buildings. 

 

In general, fire flow appears to be adequate and ranges from approximately 1,200 to 1,700 gpm 
throughout most of the campus.  The only exception is the Cole Road service area, where available 
fire flow is between 300 and 400 gpm. 

 

System piping does not appear to be substantially limiting system performance.  Velocities in system 
pipes are generally below 1.0 ft/sec and head losses are generally below 1.0 ft/1,000 ft during 
normal demand scenarios (i.e., ADD, MDD, and PHD).  The only exception is the Cole Road water 
main, which is a 6-inch cast iron pipe with an estimated C-value of 35.  The poor condition of this 
water main appears to be the cause of the poor fire flow in this area of campus.  In addition, it has 
been reported by RIC personnel that this water main causes aesthetic water quality issues when 
connected to the rest of the system, and is therefore isolated from the rest of the system through a 
closed isolation valve. 

 

The existing water system has several redundant features – including three connections to PWSB 
and substantial piping redundancy in the northern half of the campus.  Where the system is lacking 
redundancy is in the southern half of the campus and the area around Salisbury Road.  The water 
main on College Road between 6th Avenue and the Art Center has no redundancy and supplies water 
to numerous buildings.  In addition, the cross-country connection between the Nazarian Center and 
Cole Road is the sole source of supply to Salisbury Road.  The Cole Road service area is served 
through one single connection to PWSB.  A break along any of these three water mains could be 
severely disruptive to the system. 



 

Based on the results of our evaluation, RIC should consider capital improvements that would 
address some of the more significant system deficiencies, such as increasing system pressure, 
improving system redundancy, and replacing the 6-inch water main on Cole Road. 

 

4.2 Recommendations 

 

PARE recommends that RIC consider implementing certain system improvements to address the 
deficiencies identified in previous sections of this report.  A list of specific system improvements that 
PARE recommends is provided below. 

 

1. PARE recommends that RIC upgrade the existing 6-inch cast iron water main on Cole Road 
to 8-inch ductile iron pipe.  This will allow RIC to open the isolation valve at the end of Cole 
Road and operate the system as one single pressure zone.  This will increase available fire 
flow in the Cole Road service area and add much needed system redundancy to this area of 
the system.  It is our understanding that RIC is considering this upgrade as part of the 
proposed Recreation Center. 

 

2. PARE recommends that RIC consider increasing system pressure campus-wide by 
approximately 25 psi.  This will increase system pressure from 31-56 psi to 56-81 psi, and 
will allow RIC to install backflow preventers in buildings where pressure is currently too low 
to support them.  In addition, this may eliminate the need for some, but probably not all, 
domestic booster pumps in campus buildings.  While 25 psi is recommended at this time, 
the exact pressure increase should be evaluated more thoroughly by evaluating the specific 
pressure requirements at each campus building.  Also, please note that while an overall 
increase of 25 psi will keep campus pressure within AWWA’s recommended range of 30 to 
90 psi, it may adversely impact some of the older asbestos cement pipes on campus. 

 

To increase campus pressure, PARE recommends that a single pump station be installed at 
the Mt. Pleasant Avenue meter connection.  This station should be sized to accommodate 
current and future peak flow conditions as well as campus fire protection.  The station 
should be equipped with multiple pumps of varying size to accommodate varying flow 
requirements.  In addition, the station should be equipped with variable frequency drives 
(VFDs) to maintain a relatively consistent level of service over varying demand scenarios.  



The station should be provided with emergency backup power in the event of a power 
outage. 

 

A properly sized pump station at this location could eliminate the need for a new fire pump 
at the proposed Recreation Center.  Prior to the design or construction of a new pump 
station, the actual fire flow requirements would need to be coordinated with the local Fire 
Department.  In addition, PARE would recommend that a hydrant flow test be conducted on 
the PWSB system outside the campus, to gauge the PWSB’s system response to a significant 
fire event on campus. 

 

3. In addition to a pump station at the Mt. Pleasant Avenue meter connection, PARE 
recommends that the Cole Road and Oakton Street meter connections be equipped with 
new aboveground connections, such as quick-disconnects or new fire hydrants, that would 
allow the Fire Department to connect an emergency backup pump to the system in the 
event that the pump station at Mt. Pleasant Avenue is out of service. 

 

4. PARE recommends that RIC consider adding system redundancy between the northern and 
southern half of the campus.  Redundancy could be added by installing a new 10-inch water 
main along 6th Avenue between College Road and Library Road, or by installing a new 10-
inch water main cross-county on the east side of the Murray Building between College Road 
and Library Road.  This new water main will provide much needed system redundancy and 
would facilitate the development of new buildings or facilities in this area of the campus. 

 

5. Finally, while not critical, PARE recommends that RIC consider installing a new 8-inch water 
main between Cole Road and Salisbury Drive.  This new main would add system redundancy 
in this area of the system and improve fire flow along Cole Road and Salisbury Drive. 

 

As mentioned above, this memorandum is a draft version of the Utility Conditions Evaluation that PARE 
is preparing for the campus.  This memorandum will be updated once the campus-wide survey is 
complete.  In addition, sections of this memorandum will be included in the Campus-wide Utility 
Improvements Plan.  In the meantime, if you have any questions or comments, please do not hesitate to 
contact Tim Thies or me at your earliest convenience. 

 

-BFE 
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