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SECTION 1
EXISTING CONDITIONS
WATER MODELING AND HYDRAULIC EVALUATION REPORT
MIDDLEBURY, VERMONT

General System Description

The Middlebury Water Department Water System (WSID 5004) is supplied by three
wells located about 3 miles east of the Town center, off Case Street. Water storage is
provided by Chipman Reservoir, a two-cell 1.5 million gallon (mg) tank on Chipman Hill.
The system operates as a single pressure zone. The location of the water system
components, including the wells, the storage tank and water mains is shown in Figure 1.
A full size scale basemap is included in the Appendices.

The system serves a year-round population of approximately 5,800 with 2,200 service
connections, as reported in the 2017 Sanitary Survey. Water customers are a mixture
of residential, commercial and industrial types. The system’s largest user is Middlebury
College, served through four interconnection points.

Based on a review of the 2018 metered water usage to date (January 1, 2018 through
mid-October 2018) the water supplied to the college represents 18% of the total
metered flows for this time period. The college buildings and facilities are individually
metered with a total of 156 accounts. The college owns and maintains the distribution
system on campus but is not a separate water system.

The water system was originally constructed in 1891 with 7.5 miles of distribution mains,
according to the Manual of American Water-Works Volume 4 published in 1897. Since
the original construction, the major system modifications that are currently in service
include construction of the Chipman Reservoir in 1978 and construction of the three
wells (Wells 2, 3, 4) at individual times.

The water system includes approximately 54 miles of water mains. The characteristics
of the water mains are shown in Tables 1, 2, and 3, which summarize installation date,
material, and diameter by total length.

The Chipman Reservoir is a cast-in-place concrete structure with two 78’-3" x 77°-8”
cells that have a depth of 17.25’ to the overflow, which is at elevation 666.84’. The tank
does not have an altitude valve.

Well 2 at Palmer Springs, developed in 1978, is the primary source of supply with an
original design pumping rate of 1,500 gpm and an authorized rate of 1,550 gpm. The
well is controlled to turn on when the Chipman Reservoir level drops to 14 ft and turn off
at a level of 16 ft. At the 16 ft level, either Well 3 or Well 4 (the Johnson Wells) will turn
on and run until additional supply from Well 2 is required to refill the Chipman Reservoir
to above the 14 ft level.
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Table 1 Table 2 Table 3
Main Installation Date Water Main Material Water Main Diameter
Installation Length Material Length Diameter | Length
Date (miles) (miles) (miles)
1890-1899 0.72 PVC 1.69 2-inch 0.48
1900-1909 4.18 Cast Iron 19.48 3-inch 0.13
1930-1939 3.80 Asbestos Cement 0.85 4-inch 1.37
1950-1959 2.08 HDPE 0.60 6-inch 13.62
1960-1969 1.70 Ductile Iron 31.39 8-inch 19.74
1970-1979 3.00 10-inch 9.17
1980-1989 3.48 12-inch 9.21
1990-1999 5.29 24-inch 0.30
2000-2009 5.11
2010-2018 5.52
undetermined 19.13

Wells 3 and 4 are operated on an alternating basis. Well 3, developed in 1985, supplies
about 400 gpm. Well 4, developed in 1997, supplies 450 gpm. The capacity of Well 4
is substantially less than the 800 gpm safe yield for this source. This well has issues
with introducing sand to the water system and reported pump cavitation at high flows.

A new Permit to Operate was issued on April 17, 2013, with no expiration date, as is the
policy of the Drinking Water and Groundwater Protection Division. The most recent
Sanitary Survey was conducted by the Vermont Drinking Water and Groundwater
Protection Division staff on September 29, 2017. The survey identified the
requirements to continuously monitor disinfectant residual, repair or replace the
Chipman Reservoir roof and install security measures for the tank. The Town has
addressed these three items.

The Sanitary Survey also identified that Chipman Reservoir provides inadequate
storage volume. This water modeling report addresses the requirement, outlined by the
Drinking Water and Groundwater Protection Division, to evaluate and plan for providing
additional storage capacity, as well as discuss fire flow capabilities and future average
day demands.

System Demands

Total water supplied to the Middlebury Water System is measured by flow meters at the
three well houses and monitored by the SCADA system. Water Department staff read
and manually record the master meters’ values daily. If there is any variation in the time
of day the meter reading is recorded, the daily values are not representative of supply
over a 24-hour period. The source supplies water to meet system demands and
maintain storage volume in the Chipman Reservoir.

Water consumption varies from hour to hour and from day to day throughout the year.
Average daily demand is the average of the total amount of water used each day during
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a one-year period. The maximum day demand is defined as the highest total amount of
water used during any twenty-four hour period. Typically, the previous three years of
data is reviewed to identify the maximum day demand value.

The water supply data for 2007 to 2017 was reviewed to determine water system
demands. This data is plotted in Figure 2. The increase in demand in 2015 and
subsequent reduction in 2016 is attributed to a significant leak, estimated at 50 gpm,
that began in early 2015 and was repaired in November 2016. Table 4 summarizes the
Middlebury Water System average and maximum day demands for 2015-2017.

TABLE 4
AVERAGE DAILY DEMAND
Year Average Day Maximum Day
Demand Demand
2015 1.32 mgd 2.02 mgd
2016 1.26 mgd 1.88 mgd
2017 1.24 mgd 2.00 mgd
Average 1.27 mgd

Notes:

1. The average day demand is estimated based on water supplied,
measured by the master water meters at the well houses and
totalized. Water supplied includes consumption and water loss.

2. The MDD dates are 9/1/15, 11/29/16 and 11/2/17.

Average Day (ADD), Maximum Day (MDD) and Peak Hour Demands (PHD) are listed in
Table 5. The peaking factors reported in Table 2 are the ratios of the maximum day and
peak hour demands to the average day demand. These values commonly range from
1.5-3 for the MDD/ADD ratio and from 2.5-5 for the PHD/ADD ratio, according to the
Handbook of Public Water Systems. The values for Middlebury are at the low end of
the range, which indicates that leakage may be significant, as leakage tends to dampen
the peaking factors.

TABLE 5
CURRENT SYSTEM DEMANDS
Period Demand Peaking Factor to
Average Day
Average Day 1.24 mgd
Maximum Day 2.02 mgd 1.69
Peak Hour 2,000 gpm 2.3

Notes:

1. Master meter records for 2015-2017 were reviewed to determine the
maximum day demand (MDD), which is reported as the highest MDD value
during the three year period.

2. The average day demand is the value for calendar year 2017.

3. The maximum day demands were 2.02, 1.88, 2.00 mgd during 2015, 2016
and 2017 respectively.

4. The peak hour flow was estimated by a review of well production and tank
level fluctuations during a maximum day. For the day analyzed, well
production was 1,700 gpm average.

1-4



FIGURE 2
WATER SYSTEM HISTORICAL DEMAND
MIDDLEBURY, VERMONT

1.4

0.93% Annual Increase

o o =
o fed o

WATER SUPPLIED (MGD)

o
~

0.2
—@— Historical Demand m
--------- Linear Projection

DUFRESNE GROUP
CONSULTING ENGINEERS

0.0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

YEAR



An analysis of large water users was conducted during the preparation of a computer
model for the Middlebury Water System. The ten accounts with the highest historical
consumption were identified and the average day demand for the computer model
nodes at the account locations was assigned from metered usage provided by the
Town. These ten highest use accounts have a total average daily consumption of
314,000 gpd or about 25% of the system metered demand.

System Pressures and Surges

Water pressure for the distribution system is set by the Chipman Reservoir. The lowest
elevation areas in the center of town have static pressure of about 135 psi. Many
customers have individual pressure reducing valves.

The Town Water Department and the Middlebury College Facilities Services staff report
that there is a water hammer issue in the system. Pressure gauges interior to some
college buildings have measured pressures of 180-260 psi as documented by
photographs taken by College Facilities Services staff on January 10, 2018. Normal
static levels in this area are 100-110 psi.

Fire Flow Requirements

The most recent Insurance Services Office (ISO) testing was performed September 25,
2013. As shown in the tabulated results contained in Table 6, the majority of

the ISO Needed Fire Flows (NFF) are satisfied. At two locations, the Available Fire
Flow (AFF) was less than the NFF. These locations are Foote Street/Dorey Lane and
Route 116 at Specialty Filaments, shown in Figure 3.
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INSURANCE SERVICES OFFICE, INC.

HYDRANT FLOW DATA SUMMARY

Table 6

City Middiebury
VERMONT . .
County Vermont(Addison), State (44) Witnessed by- dnsumncs SewvicesiOffice Date: Sep 25, 2013
FLOW - GPM PRESSURE FLOW -AT 20 PSI
Q=(29.83(C(d*)p")) PSI
TEST | TYPE TEST LOCATION SERVICE INDIVIDUAL TOTAL | STATIC | RESID. |NEEDED| AVAIL. REMARKS*** MODEL TYPE
NO. DIST.* HYDRANTS *x
Middlebury Water
1 Rte 7 and Schoolhouse Rd Departmoent 15590 0 0 1590 110 105 2000 7600 (B)-(1534 zpm)
Middlebury Water
i0 Soutn St. Last Hydrant Department 1270 0 0 1270 120 75 500 2000
Middlebury Water
11 Main St and S. Main St Department 2850 0 0 2850 128 125 2000 | 19700 (B)-(1534 ¢pm)
Middlebury Water
12 Elm Si and N. Pleasant St Department 2850 0 0 2850 120 55 3500 3600 (C)-(1534 apm)
Middlebury Water
13 Washington St and High St Department 2850 0 0 2850 110 85 2500 STO0 | (aszases gyt ©-1534 gpin)
Middiebury Water
i4 Seminary and Foote St Department 1300 0 0 1300 90 70 500 2600
Middlebury Water
15 Foote St and Dowling Lane Department 1190 0 0 1190 105 70 3500 1900 (C)-(1534 zpm)
Middiebury Water
Department, East
16 Main St and Lower Plains St Middlesbury 0 0 0 0 50 20 2500 700 (B)-(1841 gpm)
Middlebury Water
Department, East
17 Piper Rd near School House Hill Middlesbury 0 0 0 0 60 12 100C 550
Middlebury Water
Department, East
18 Main St and Rte 116 Middlesbury 0 0 0 0 80 20 2500 650 (B)-(1841 gpm)
Middlebury Water
Department, East
18A Main St and Rte 116 Middlesbury 0 0 0 0 80 20 1000 650
Middlebury Water
- T Department; East— T ~
19 Rte 125 Near Livestock Sales Middlesbury 670 0 0 670 85 15 3000 650 (C)-(1323 gpm)
Middlebury Water
2 Rte 7 S. Of Cady R4 Department 1010 0 0 1010 120 100 1750 2400 (B)-(1534 gpm)
Middlebury Water
3 Rte 116 (@ Specialty Filaments | _ Department ... 1300 .. 0 0 ..--1300 -120 75 --}--3500 2000 (©)-(1534-gpm)
Middlebury Water
4 Painter and Painter Hills Department 580 0 0 580 115 34 500 650
Middlebury Water
5 Exhange St at End Department 1400 0 0 1400 120 100 2250 3300 (B)-(1534 gpm)

THE ABOVE LISTED NEEDED FIRE FLOWS ARE FOR PROPERTY INSURANCE PREMIUM CALCULATIONS ONLY AND ARE NO.

CONDITION.

THE AVAILABLE FLOWS ONLY INDICATE THE CONDITIONS THAT EXISTED AT THE TIME AND AT THE LOCATION WHERE TESTS WERE WITNESSED.
*Comm = Commercial; Res = Residential.

“Needed is the rate of flow for a specific duration for a full credit condition. Needed Fire Flows

Suppression Rating Schedule.
" {A)-Limited by available hydrants to gpm shown. Available facilities limit flow to gpm shown plus consumption for the needed duration of (B)-2 hours, (C}-3 hours or {D)-4 hours.

7 INTENDED TO PREDICT THE MAXIMUM AMOUNT OF WATER REQUIRED FOR A LARGE SCALE FIRE

greater than 3,500 gpm are not considered in determining the classification of the city when using the Fire
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Table 6

INSURANCE SERVICES OFFICE, INC.

HYDRANT FLOW DATA SUMMARY

City MIDDLEBURY, VT. State_ IL__ Zip 5753  Witnessed by Insurance Services Office. Inc. Date  4/25 AND 4/26/2000
PRESSURE FLOW
FLOW - GPM PSI AT 20 PSI
TEST | TYPE TEST LOCATION SERVICE INDIVIDUAL TOTAL | STATIC | RESID. | NEEDED | AVAIL. REMARKS
NO. | DIST.* HYDRANTS ik
1 Comm |RTE 7 AND SCHOOLHOQUSE RD Main 1590 1590 110 105 2000 7600
2 Comm |RTE 7 S. OF CADY RD " 1010 1010 120 100 1750 2400
3 Comm |RTE 116 @ SPECIALTY FILAMENTS " 1300 1300 120 75 3000 2000
4 Comm [PAINTER AND PAINTER HILLS " 580 580 115 34 500 650
5 Comm |[EXCHANGE ST AT END ! 1400 1400 120 100 2250 3300
6 Comm [EXCHANGE ST (@ V.F.W. " 1640 1640 135 125 2250 6100
7 Comm |WEYBRIDGE AND GORHAM ST " 1210 1210 130 105 750 2700
8 Comm |[COURT ST AND CHARLES ST " 1430 1430 130 45 3500 1600
9 Comm |MERCHANTS ROW " 2850 2850 125 120 3500 14800
10 Comm |[SOUTH ST LAST HYDRANT " 1270 1270 120 75 750 2000
11 Comm [MAIN ST AND S. MAIN ST " 2850 2850 128 125 2000 19700
12 Comm |ELM ST AND N. PLEASANT ST " 2;350 2850 120 55 3500 3600
13 | Comm |WASHINGTON ST AND HIGH ST " 2850 2850 110 85 2500 5700
14 | Comm [SEMINARY AND FOOTE ST " 1300 1300 90 70 500 2600
15 Comm |FOOTE ST AND DOWLI’NG LANE ! 1190 1190 105 70 3500, 1900
1 Comm |MAIN ST AND LOWER PLAINS ST " 690 690 50 20 2500 700

THE ABOVE LISTED NEEDED FIRE FLOWS ARE FOR PROPERTY INSURANCE PREMIUM CALCULATIONS ONLY AND ARE NOT INTENDED TO PREDICT THE MAXIMUM AMOUNT OF WATER
REQUIRED FOR A LARGE SCALE FIRE CONDITION. THE AVAILABLE FLOWS ONLY INDICATE THE CONDITIONS THAT EXISTED AT THE TIME AND AT THE LOCATION WHERE TESTS WERE
WITNESSED.

*Comm = Commercial; Res = Residential.
**Needed is the rate of flow for a specific duration for a full credit condition. Needed Fire Flows greater than 3,500 gpm are not considered in determining the classification of the city when using
the Fire Suppression Rating Schedule.
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SECTION 2
EVALUATION
WATER MODELING AND HYDRAULIC EVALUATION REPORT
MIDDLEBURY, VERMONT

Demand Projections

Based on a 20-year planning period, future average day demand is estimated for the
year 2038 by linearly projecting the current average day demand using an annual
increase of 0.93%. This growth rate is equal to the historical system demand rate of
increase over the 2007-2017 period. Based on this projection, the future average day
demand in 2038 is estimated at 1.54 mgd.

The projected future demands are shown in Table 7. The future maximum day demand
of 2.60 mgd is estimated by applying a peaking factor of 1.69 to the future average day
demand. Peak hour demand is estimated using a peaking factor of 2.3 for the peak
hour to average day ratio.

TABLE 7
FUTURE WATER SYSTEM DEMANDS
Period Future (2038)
Average Day 1.53 mgd
Maximum Day 2.60 mgd
Peak Hour 2,460 gpm

Notes:

1. The average day demand was 1.27 mgd for the period 2015-2017
based on total water production records.

2. Future average demands are calculated using an annual growth
rate of 0.93%, equal to the historical demand increase trend over
2007-2017.

3. Maximum day demand is calculated using a peaking factor of 1.69
for average day to maximum day. Peak hour demand is calculated
using a peaking factor of 2.3.

Water System Service Area

A water system service area represents the land that can be serviced at acceptable
pressure without boosted pressure zones. Delineation of the practical upper limits of
the service area for the Town of Middlebury was determined by an evaluation of the
topography of the region and the following minimum pressure criteria in accordance with
the Vermont Water Supply Rule (WSR):

e 20 psi minimum pressure at ground level throughout the distribution system at
all flow conditions.
e 35 psi minimum normal working pressure.
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The upper limit of the service area is usually defined as the maximum elevation where

the minimum working pressure (35 psi) is maintained. The static pressure is usually set

by adjacent distribution storage tanks and depends on storage tank levels. Typically, a

low tank level is assumed for calculating the elevation corresponding to 35 psi
(approximately 80 feet) below the lowest working level to allow for “active”

storage tank level. Development above the elevation that corresponds to the defined service
area limit is usually prohibited to ensure that users receive water at adequate pressures.

The overflow elevation of the existing 1.5 mg Chipman Reservoir storage tank sets the
hydraulic gradeline for all customers served by gravity flow from this tank and defines
the topographic limits that can be served by the proposed water system without
pumping. The limit of the areas that can be served by gravity, based on the tank low
level criteria, is elevation 580 ft. The service area limit calculation is presented in Table
8 and shown in Figure 4.

Connection of future customers in the water system should be restricted to the 580 ft
service area elevation. Customers above this elevation should not be serviced by the
water system without use of municipal style water booster stations. As shown in Figure
4, there is one user on Springside Road that is just above the service area limit at
elevation 595 ft. The normal static pressure at this location is 30 psi.

TABLE 8
MAXIMUM GRAVITY
SERVICE AREA LIMITS

ltem Value
Maximum Hydraulic Gradeline 666.8 ft
Tank Low Level Alarm from Overflow -4 ft
Minimum Working Pressure (35 psi) -80.9 ft
Service Area Maximum Limit 580 ft
(approximately)
Notes:

1. The maximum hydraulic gradeline is set by the overflow elevation
of the existing Chipman Reservoir storage tank.

2. Tank level fluctuation is based on a level of 13.25 ft in the storage
tank, 0.75’ below the normal Well 2 control “On” setting of 14 ft.

3. Minimum working pressure is defined by the Vermont Water
Supply Rule.

Storage Volume Requirements

The Vermont Water Supply Rule provides criteria for sizing finished water storage facilities
for systems providing fire protection as the volume necessary to meet the following:

e Fire flow demands of a minimum of 500 gpm for two hours with consideration for fire

flows established by the Insurance Services Office (ISO) or the local fire department.
e Average daily domestic demands.
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The criteria does not include a requirement for peak flow equalization volume. In
addition, this criteria does not address or consider that a portion of the tank may be
unusable or require “dead storage” to maintain minimum system pressure for protection
of high elevation customers.

Prior to defining the storage components, the following functions of storage facilities
should be considered:

1. Storage tanks cannot compensate for inadequate source capacity. The only
water available from a tank during the day is the quantity that can be replenished
at night. If daily demands exceed the source capacity for an extended period,
the storage tanks will eventually be empty regardless of the tank size.

2. Water storage tanks provide water to meet system demand during emergency
periods when sources of supply are not available.

3. Peak hourly and fire flow demand usually exceeds total source capacity and is
generally provided from water storage, which is replenished during low demand
periods.

4. Storage facilities stabilize the system’s hydraulic gradeline providing steady
pressures to areas adjacent to the tanks during variable demand conditions.

5. Water storage tanks should be located at an elevation at least 80 feet above the
highest customer to provide a minimum pressure of 35 psi to the highest user at
the tank low operating level.

6. Storage tank sizing should consider the effect of oversized tanks on increased
detention times and potential water quality issues.

In considering the functions listed above, the storage volume for a single tank generally
consists of the following components:

Peak Flow Equalization:

Water storage facilities should be designed to provide equalization between average
day and peak hourly demands, with water withdrawn from storage during peak demand
hours and replenished during nighttime, low demand periods. If there is not adequate
storage to provide peak hour demands, source facilities must meet the peak flow
requirements.

The amount of water produced that should be stored for equalization depends on the
individual system and typical operations. For example, in a system where pumps are
operated continually to meet the average demand for the day, many references refer to
a general rule of providing 10-25% of maximum day demand exclusively for the peak
flow equalization volume component.

Emergency Storage:

Emergency storage is provided in order to maintain continuous water service during
short periods without source availability due to equipment maintenance or transmission
main disruption and repair. Typically, this volume is equal to one day of average day
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system demand, but it is usually greater for systems with a vulnerable water supply.
The volume of emergency storage is larger for systems with few sources and no
auxiliary power supply, compared to systems with multiple sources and backup power.

Fire Flow Protection:

The rates of flow to be available for fire suppression concurrently with normal system
usage are typically far in excess of source and/or treatment capacity. Generally, it is
much less expensive to construct water storage facilities to provide fire flows than to
construct high capacity source facilities, which would otherwise be required.

In accordance with the Water Supply Rule, the amount of fire flow storage for individual
systems should consider ISO criteria. However, this requirement does not provide for a
guantified design criterion. Historically, ISO has developed fire flow rates for selected
individual buildings but does not set fire flow durations. However, the National Fire
Protection Association does provide fire flow durations, which can be used to estimate
fire flow volumes in conjunction with the ISO fire flows. Interpretation by the local fire
chief is usually required to quantify a required volume and to confirm the required fire
flow for the community.

The Town of Middlebury Fire Chief has established the local fire flow requirement is the
ISO fire flows, which include Needed Fire Flows (NFF) of 3,500 gpm.

Dead Storage:

Dead storage volume is the water that must remain in a tank to ensure customer
pressures are at least 35 psi during normal conditions or at least 20 psi under all flow
conditions including a fire situation. This volume is variable for each tank depending on
the highest customer in the tank service area, the tank elevation and the tank
configuration. Typically, this volume is most significant in tall standpipe tanks.

There is one user above the maximum service area set by the 35 psi minimum pressure
criteria at elevation 580 feet. Even with a full tank, this user has just 31 psi water
pressure. Therefore, there is no benefit to maintaining a partially full tank just to keep
high elevation users above 35 psi.

Table 9 presents an analysis of required storage tank volume based on current
demands. However, it would not be cost efficient to build a water storage tank to meet
existing conditions only. Storage tanks can last for decades and in most cases, it
makes economic sense to build larger tanks to meet future conditions. Therefore, the
analysis also presents the future scenario based on future demands.

The analysis shows that 2.78 mg of storage is required for the system to provide the
storage volume components of equalization, emergency and fire flow protection based
on a 3,500 gpm fire flow and future demand projections. In comparison to the required
2.78 mgq, the storage provided by the existing 1.5 mg tank is deficient, with a difference
of 1.28 mg between available and required storage volume.
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TABLE 9
STORAGE TANK VOLUME ANALYSIS

Current Scenario Future Scenario
Component Volume (mg) Volume (mg)
Existing Tank Storage 1.50 1.50
Dead Storage -0.00 -0.00
Available Storage 1.50 1.50
Peak Flow Equalization +0.52 +0.62
Emergency Storage +1.24 +1.53
Fire Flow Protection +0.63 +0.63
Total Storage Recommended 2.39 2.78
Storage Surplus (+) or Deficit (-) 0.89 1.28

Notes:
1. Peak flow equalization = 25% of Maximum Day Demand.
2. Emergency storage = 100% of ADD.
3. Fire flow protection = 3,500 gpm for 3 hours.
4. Dead storage is zero since existing users have insufficient pressure even with a full tank and providing
a dead storage volume has no benefit.

In addition to the individual volume components discussed above, there are other
considerations in selecting the storage volume for this project. In some systems with
disinfection byproduct (DBP) issues, there is concern of providing too much storage due
to water age and the related disinfection byproduct formation potential. In those
situations, mixing and other techniques are used to reduce DBP formation. Although
Middlebury has not experienced DPB issues, incorporating mixing techniques should be
considered for the tank design. This may be as simple as a separate inlet, elevated
above the outlet at the tank floor, or installing a mechanical mixer such as the GridBee
system.

Distribution System Hydraulic Evaluation

A model of the water system was developed using Bentley Haestad Methods
WaterGEMS® computer software. GIS files for the system water pipes provided by the
Town were used to create the water model. The pipes included attribute data for pipe
diameter, material and age. Additional information was added to the pipe data to define
roughness coefficients. Other model input included system demands, pump
characteristics curves, tank geometry and elevations.

The model was calibrated to actual field testing by Dufresne Group in July 2018. A
calibration report, which documents the model development and calibration procedures
is included in the Appendices.

The computer model was used to identify existing areas of inadequate pressure based
on the Water Supply Rule criteria that a minimum pressure of 20 psi shall be maintained
at all points under all conditions of flow and a minimum pressure of 35 psi under normal
conditions.
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The calibrated computer model of the water system was also used to simulate existing
conditions during average day demand (normal conditions) and the system design flow.
The design flow represents the limiting condition, which is the greater of peak hour
demand or a fire flow during maximum day demand. For the Town of Middlebury, the
limiting condition is system maximum day demand in conjunction with fire flow demand.
Fire flow demands were based on the Insurance Services Office (ISO) fire flows.

During present and future average day and maximum day demand conditions, without a
fire flow, there are no pressure problems. During simulations of a 500 gpm minimum
required fire flow during present system maximum day demand, there are only a few
locations where a 500 gpm fire flow cannot be satisfied. These locations, shown in
Figure 5, are:

e The end of the 4-inch diameter main west of South Main Street.
e Painter Hills Road and Happy Valley Road region.
e Munger Street.

The water model was used to simulate the 2013 Needed Fire Flows. During simulations
of the fire flows during future maximum day demand, there are two locations where the
flow cannot be achieved while maintaining a minimum of 20 psi at all locations in the
distribution system that are normally above 35 psi.

These locations are on Case Street and Foote Street. The Foote Street fire flow does not
adversely affect areas in the distribution by causing pressures to drop below 20 psi. The
needed fire flows at Painter Road/Painter Hills Road and Case Street are the only ISO
locations that have NFFs which cause pressures below 20 psi. Figure 6 depicts the water
model node locations that fall below 20 psi during the simulated Needed Fire Flows.

Potential for Microelectric Generation

There is no excess available head within the hydraulic gradeline from the sources to
distribution system to allow for hydroelectric generation from the existing system. If
there were pressure reducing valves (PRVs) that reduced the gradeline from one
pressure zone to a second zone, that situation would provide the opportunity to use the
wasted head from pressure reduction for hydroelectric generation. However, there are
no PRVs in the Middlebury system.

Surge

Pressure recording data shows that two significant pressure fluctuations occurred
during five weeks of monitoring in June and July 2018, with drops of about 50 psi.
These two events were on June 13, 2018 at 10 a.m. and June 14, 2018 at 8 a.m. A
copy of the chart is included in the Appendices.

The pressure recordings do not show high pressure swings that would occur in the
event of a water hammer. The well operation data for these two days was reviewed to
assess if well pump on/off operation coincided with the pressure fluctuation. The data
shows the on/off times do not correspond to the time of the pressure drops.
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On-line meter records were reviewed for customers with large diameter meters
including the college and Vermont Apple Cider. The records show no major changes at
the time of the pressure drop when compared to values throughout the June 13-14 time
period.

As described previously, pressure spikes to 260 psi have been documented on the
college campus. This is a significant issue to be resolved. Continued pressure
monitoring should occur in an effort to identify the time of day of the surges and
potential causes. Since there were no surges in the June-July monitoring period, it
appears the water hammer events occur when college is in session. Dufresne Group
can provide a pressure chart recorder for further investigations of pressure fluctuations.

Summary of Deficiencies

The water system modeling results, analysis of water storage and review of existing
system characteristics identified the following deficiencies:

1. One water customer at 19 Springside Road is above the existing service area
and has normal working pressure below the required 35 psi minimum.

2. The required minimum 500 gpm fire flow is not achieved at the following
locations:
a. The end of the 4-inch diameter main west of South Main Street.
b. Painter Hills Road and Happy Valley Road region.
c. Munger Street.

3. During ISO fire flow conditions, 20 psi minimum pressure is not maintained at the
following locations:
a. Case Street (during 3,500 gpm NFF at 3406 Case St)
b. Painter Hills Road, Happy Valley Road and Munger Street (during 500
gpm NFF at Painter Rd. and Painter Hills Rd.)
4. The Needed Fire Flows at Case Street and Foote Street are not available.

5. The storage tank volume is inadequate to provide current or future average day
demand plus fire flow volume. The deficit is 1.3 mg for the future demand condition.

6. Water hammer is causing high pressure surges in excess of 250 psi.

Assessment of Improvements

Middlebury Water Department staff have developed a list of priority water main
replacement projects. The projects are identified as high priority to address areas of
known leakage, undersized pipes and aged infrastructure. Table 10 presents the 13
projects identified by the Town. These projects are shown in Figure 7.
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TABLE 10
TOWN PRIORITY PROJECTS

Town Proposed

Priority Diameter | Length

Rank Location (in) (ft)
1 Route 7/Cady Road/Court St. 12 6,750
2 Court Square, Court St. and Washington Street 12 5,325
3 Exchange Street, Mainelli Road, Pond Lane 12 7,100
4 South Street 12 2,150
5 Gorham and South Gorham Lane 8 5,200
6 Foote Street 12 2,600
7 Woodland Park, Meadow Way, Swanage Court 8 2,700
8 Seminary Street Ext. and cross country 12 18,600
9 Charles Avenue 8 450
10 Sheep Farm Rd and Weybridge Street 8 5,200
11 Colonial Drive 8 300
12 Washington St Ext 8 4,375
13 Happy Valley Road 8 3,450

The water main replacement projects were simulated in the water model to evaluate the
effect of the improvements on existing system deficiencies. Since there are few
pressure deficiencies, the effect of the improvements to resolve the problem areas is
limited. The effects are summarized as follows:

1. Priority projects 1 and 6 (Route 7/Court Street and Foote Street): increases the
available fire flow and resolves the deficient fire flow condition at Foote Street.

2. Priority project 12 (replace the 6-inch main cross country off Washington Street
extension with 8-inch diameter pipe): increases the available fire flows in the
Painter Hills Road region and the 500 gpm minimum fire flows are achieved.

3. Priority project 13 (Happy Valley Road loop): increases the available fire flows in
the Painter Hills Road region and the 500 gpm minimum fire flows are achieved.

The modeled AFFs with all improvements are shown in Figure 8.

In addition to an assessment of improved fire flows, the proposed project to loop Happy
Valley Road to Exchange Street and the proposed project to improvement North and
South Pleasant Street mains with abandonment of the Merchants Row main were
evaluated to assess effects on reliability of service. The results are summarized below:
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Evaluation of connecting Happy Valley Road to Exchange Street:

e The connecting 8-inch diameter loop provides a hydraulic benefit by improving
fire flows, including resolving deficiencies in the Painter Hills area and northeast
region

e The loop increases reliability; however, depending on the location of repair work
with a water main shutdown, the loop may not assure continued service. The
water main project on and north of Exchange Street will be valuable to replace
the deficient piping.

e The connection allows continued service to Mainelli Road in the event that the
12-inch diameter Exchange Street main is closed south of Mainelli Road.
Avalilable fire flow in this situation is 460 gpm at the intersection of Exchange
Street and Happy Valley Road. Under normal demand conditions with the 12”
main closed and the loop in place, the pressure reduces from 120 psi to 113 psi
at the intersection of Exchange Street and Happy Valley Road.

Evaluation of eliminating Merchants Street main and South Pleasant Street water main
replacement (as shown in Figure 9):

e Water mains and other deficient utilities should be replaced prior to, or in
conjunction with, planned roadway improvements projects. Replacing the 6-inch
and 8-inch mains on S. Pleasant St. improves the Available Fire Flow by 2,000
gpm. The abandonment of the Merchants St. main has no adverse effects due to
the existing looped water mains.

With all of the proposed improvements on the Town’s list incorporated into the water
system, the following distribution system hydraulic deficiencies remain:

e A 3,500 gpm fire flow at 3406 Case Street causes pressures to fall below 20 psi
north of the fire flow location.
e A minimum fire flow of 500 gpm cannot be achieved at Munger Street.

System hydraulics may be improved with the construction of a second water storage
tank, which has been identified as a needed improvement. There are two general
locations in Middlebury that have adequate elevation to site a ground level storage tank.
The first location is Chipman Hill and the second is east of Case Street. Additional
storage on Chipman Hill would address the storage deficit but not resolve the fire flow
issue on Case Street.

The Town has previously identified the parcel owned by A. Johnson Co., LLC off School
House Hill Road, east of Case Street, as a potential water storage tank site. The
Johnson site is shown in Figure 10. The suitable elevation of a tank on the east side of
the water system, near the well sources of supply, is dependent on the characteristics of
the well pumps and the transmission mains. The tank must be low enough to be filled
by the well pumps and high enough to maintain adequate gradeline for the system when
the wells are off.
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The 580 ft service area limit defined by the Chipman Reservoir bisects this parcel from
north to south. But, this limit is set by the Chipman Reservoir remotely located from the
potential new tank site. Due to the distance of the potential new site from the
distribution system and the resulting headloss in the transmission main, the tank must
be located above elevation 580 ft.

A proposed tank on the Johnson parcel was simulated to assess the effect on system
pressures during fire flow conditions in the north Case Street area. Based on preliminary
modeling using Extended Period Simulation techniques, the proposed tank was simulated
with a floor elevation of 680 ft and an overflow elevation of 700 ft. The tank improved the
available fire flow at 3046 Case Street to 3,020 gpm but did not resolve the pressure
deficiencies during the fire flow condition. Resolution of the Case Street pressure issues
would be resolved with construction of a tank closer to the fire flow location to reduce the
pressure drop during a 3,500 gpm fire flow. A review of topographic mapping shows
there are no locations with elevation around 700 ft that provide a substantial wide, level
area for a potential tank site as is available on the Johnson parcel. There is a sizeable
pond adjacent to the fire flow location that has the potential for use as a source during a
fire event.

The existing water system provides an AFF of 2,000 gpm according to ISO testing.
Although this is less than the NFF, this is not considered a system deficiency
considering AWWA guidance for water systems providing fire protection, as well the
specifics of fire protection facilities at the Earth Waste System/former Specialty
Filaments property.

The facility has a booster fire pump system and is sprinklered but the current abilities of
the system are unknown. Although it is not clear if the facility can obtain sufficient fire
flow from the pond, the existence of a fire pump indicates that historically the property
has assumed responsibility for their individual fire protection.

AWWA Manual 31 provides guidance for water systems providing fire protection as
follows:

e Itis very unusual for an existing water distribution system to be capable of
providing every NFF within its service area.

e Inability of the system to fully deliver NFF should not be considered a failure of
the system.

Although a tank at the Johnson site improves the fire flow at the Earth Waste property,
its benefits to improving fire flows in the central portion of the water system are minimal.
Figure 8, presented previously, includes the results of AFFs with the Johnson tank
online. A tank at the Johnson site also provides improved water storage reliability but,
due to the remote location, source control improvements may be needed to ensure the
tank has active exchange.

The alternative location for a new tank on the Chipman Hill parcel is shown in Figure 11.

The Chipman Hill site reduces the length of needed access road and water transmission
main and the total project cost, for a new water storage tank.
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Regarding the remaining distribution system deficiencies, the computer modeling was
used to develop the following findings:

1. The Munger Street pressure deficiencies are resolved by replacing all the 6-inch
diameter pipe on Washington Street and the cross country route with 8-inch
diameter main, a total length of about 15,000 ft.

2. Replacement of the section of 4-inch main west of South Main Street increases
the available fire flow to a minimum of 500 gpm.

Considerations for Project Planning and Cost Estimates

The Town'’s list of planned water main replacement projects was developed to address
known leakage, undersized pipes, deficient materials and aged infrastructure. The
Town Water Department routinely repairs more than 20 pipe breaks each year,
therefore replacement of the pipes prone to leaks is high priority.

Pipe condition has been a major factor in assigning priority to the replacement projects. Since
fire flow availability is generally good, replacement to address hydraulic issues has been a
lesser factor in recent project planning. One of the objectives of the system modeling is to
identify hydraulic issues that may revise the original priority for water main projects.

Another factor that was considered in the distribution system evaluation is the ability of
the system to provide for projected growth. As described by Town representatives and
also discussed in the Town Plan, the primary area for potential growth is the industrial
area off Exchange Street. The priority 3 project provides a strong water main
connection to this area, with all 12-inch diameter water main except for one segment of
10-inch diameter piping on Route 7.

Based on the results of the distribution hydraulic evaluation, there are no recommendations
for revising the priority ranking for water main replacement projects. The improvements
described above to improve hydraulics for the Munger Street area during the fire flow
conditions are not included as recommended capital improvements, primarily because the
expense does not appear justified compared to the relatively minor benefit. Replacement
of the 4-inch main is also not a priority project since there are hydrants in the vicinity that
may serve the area with adequate flow. However, a new water storage tank and
transmission main is added to the list of planned capital improvements. The priority of this
project will be reviewed by Town staff, but the priority is considered high and in the top
three projects.

The construction and capital costs for the water improvements projects are shown in

Tables 11 and 12. Table 12 presents the cost for both tank alternative sites. These
costs are based on current construction prices and must be inflated for future years.
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TABLE 11
PROPOSED WATER MAIN REPLACEMENT PROJECTS ESTIMATED COSTS

Location Existing | Proposed | Length Cost Estimated Total
Pipe Diameter (ft) Per Construction | Project Cost
(inches) Foot Cost

Route 7/Cady Rd./Court St. | 6-10"CI 12 6,750 $250 $1,687,500 | $2,379,000

Court Square and 6-12" Cl 12 5,325 $250 $1,331,250 | $1,877,000

Washington St. and DI

Exchange St, Mainelli Rd, 12" DI 12 7,100 $250 | $1,775,000 | $2,503,000

Pond Lane

South St. 4-6" Cl 12 2,150 $250 $537,500 $758,000

Gorham Lane and 2-6" 8 3,800 $225 $855,000 | $1,206,000

South Gorham Lane Universal

Foote St. 6" ClI 12 2,600 $250 $650,000 $917,000

Woodland Park, Meadow 6" AC 8 2,700 $225 $607,500 $857,000

Way, Swanage Court

Seminary St. Ext. and 10" ClI 12 5,200 $250 | $1,300,000 | $1,833,000

Cross country 10" CI 12 13,400 $200 $2,680,000 | $3,779,000

Charles Avenue 6" Cl 8 450 $225 $101,250 $143,000

Sheep Farm Road and 6" Cl 8 5,200 $225 $1,170,000 | $1,650,000

Weybridge St

Colonial Drive 2" PVC 8 300 $250 $75,000 $106,000

Washington St. Ext. 6" Cl 8 4,375 $225 $984,375 | $1,388,000

Happy Valley Road None 8 3,450 $225 $776,250 | $1,095,000

Notes:

1. Unit prices are based on manufacturers’ quotes, RS Means pricing and bid tabulations for recent projects.
The estimates are made without the benefit of final design and actual costs may vary substantially. The cost
estimates are dated October 2018, ENR = 10,900.

2. The project on Seminary St. and a cross country rate includes 13,400 If of cross country main. This section
has a reduced cost per foot since pavement restoration is not required. The cost assumes pavement
restoration is trench patch, not full width overlay.

3. Costs per foot include complete construction of water main and appurtenances, surface restoration (with
trench patch in paved areas) traffic control and contractor overhead/profit.

4. The total project cost consists of construction cost plus administrative, engineering and contingency costs.
Administrative, engineering and contingency costs are all estimated as a percentage of construction, with
values of 3%, 23% and 15% respectively.
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TABLE 12
PROPOSED WATER TANK ESTIMATED CONSTRUCTION COSTS

Item Quantity |  Units Alt. 1 Alt. 2 Chipman
Johnson Site Hill Site
1.3 mg Tank 1 LS $1,000,000 $1,000,000
Tank Accessories 1 LS $35,000 $35,000
Site Work and Yard Piping 1 LS $150,000 $150,000
Geotechnical Investigation 1 LS $10,000 $10,000
Access Road 1 LS $200,000 $10,000
Transmission Main 1 LS $790,000 $50,000
Miscellaneous Work and Cleanup 1 LS $325,000 $188,000
Total Construction Cost $2,500,000 $1,440,000
Total Project Cost $3,525,000 $2,030,000
Notes:
1. Unit prices are based on bid tabulations for recent projects, cost estimates in RS Means and pricing

from DN Tanks received October 2018 for a 30’ high, 86’ diameter precast-prestressed concrete
tank. The estimates are made without the benefit of final design and actual costs may vary
substantially. The cost estimates are dated October 2018, ENR = 10,900.

The 1.3 mg tank concept is a precast-prestressed tank with an 86 ft diameter and 30 ft water depth.
The cost for tank and accessories is based on an October 2018 quote from DN Tanks. Glass-
fused-to-steel tanks are also feasible, economical and recommended for consideration.

The Johnson site — Alternative 1, includes 2,000 If of access road and 3,500 If of transmission main.
The Chipman Hill Site — Alternative 2, includes 100 If of access road and 225 If of transmission
main.

The total project cost consists of construction cost plus administrative, engineering and contingency
costs. Administrative, engineering and contingency costs are all estimated as a percentage of
construction, with values of 3%, 23% and 15% respectively.
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APPENDICES:

Appendix A Water System Basemap

Appendix B Calibration Report

Appendix C Inventory Photos

Appendix D June 12, 2018 Pressure Recorder Chart
Appendix E 2017 Sanitary Survey

Appendix F Project Scope
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WATER COMPUTER MODEL
CALIBRATION REPORT
MIDDLEBURY, VERMONT
July 6, 2018

General

The Middlebury, VT computerized water system model was developed using
available information for the water system, provided by Middlebury Public Works
officials, and additional field data obtained by Dufresne Group (DG). The
procedures used for model calibration are described herein and a comparison of
actual field conditions compared to calibrated model simulation results has been
prepared.

Preliminary Model Development

The computerized water system model was developed using Bentley®
WaterGEMS® V8i software using the following sources of information:

1. GIS water main data provided by Middlebury officials.
2. General knowledge of the water system from Middlebury officials.
3. Field information obtained by Dufresne Group on July 25, 2018.

The water main GIS ShapeFiles provided by the Middlebury Public Works
Department were used as the basis for the water model. The GIS data included
water main attribute data including installation date, material, and diameter,
which was assigned to the water mains in the water model.

Using topographic 20-foot contour data available through the Vermont Center for
Geographic Information (VCGI), approximate elevations were assigned to all
junctions (or “nodes”) in the water model. A field survey was performed by DG to
obtain elevations for the water storage tank floor and overflow, source building
elevations, and hydrants used during field testing. This detailed elevation data
was incorporated into the model.

Pump curves available from the manufacturer for the well pumps were assigned
to source well pumps in the water model.

Roughness coefficients, or “C-values”, were assigned to water mains based on
age and material as determined from the available water system data and input
from the Water Department staff. The initial C-values were set in the model
based on the pipe characteristics as summarized in Table 1.
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TABLE 1
INITIAL C-VALUE ASSIGNMENT
MIDDLEBURY, VERMONT
September 25, 2018
Pipe Description C-Value
(material, installation date)
Cast Iron, unknown age 60
Cast Iron — Lined, any age 120
Ductile Iron, unknown age 120
Ductile Iron, 1960-1990 120
Ductile Iron, 1990 to present 130
PVC or Plastic, any age 140
Asbestos Cement (AC), any age 140

Water supply records for 2015-2017 were reviewed to create a base model to
simulate an average day demand of 1,275,000 gallons per day (1.275 mgd).
The total demand assigned and distributed equally to the computer junctions.
This method of assigning demands distributes any system leakage or other
unaccounted for water uniformly across the system, a common practice in water
system computer modeling.

Water storage tank characteristics including horizontal dimensions, floor
elevation, and overflow elevation were initially obtained from tank construction
plans and adjusted based on field information as described under the Field Data
Collection section of this report.

Field Data Collection

The following information was obtained during a field survey performed by
Dufresne Group on June 8, 2018 and July 25, 2018, which included the use of
GPS methods:

e Finish floor elevation at Wellhouse 2, 3, and 4.
e Water storage tank floor and overflow elevations.
e Elevation of outlet nozzles at hydrants used during field flow tests.
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Field Testing:

Fire flow testing was conducted with the assistance of the Middlebury Water
Department on July 25, 2018. The data obtained from the fire flow tests are
summarized in Table 6. Fire flow locations are shown in Figure 1 and are as
follows:

Morningside Street
Industrial Avenue
Munger Street
Mead Lane
Meadow Glen Drive
Wilson Road

Golf Course Road
Adirondack View

. Cedar Court
10.Harrow Way
11.Lucius Shaw Way
12.Shannon Street
13. Airport Road

©CoNOORWN =

In addition to providing data for calibrating the computer model, the fire flow
testing is useful to assess the ability of the water system to supply fire flows.

Continuous Pressure Monitoring:

To supplement the flow test data, pressure recorders were used at two locations
in the water system to monitor system pressure under normal conditions and
during field work. The locations of the recorders are shown in Figure 1 and the
data collected at each of the locations is shown in Figures 2 and 3. The locations
are as follows:

e Munger Street
e Grandview Street

The pressure data is reviewed under the calibration section of this report.

Page 3 of 9 Water Computer Model Calibration Report Dufresne Group
Middlebury, Vermont






MWeayhieidgy

\ ,
ESEH T

/ Axinn Airport

LT {
) b d
\ \
I,
\
Al ,
\
\ 5
! 5
H v ;
Al L
R
A ] /Nu.,/
::,ﬁ\ma Y
\ T |
A ; "\ /

[ mﬁm,.

/
|

y ‘ermont Bridgie

7

ldens

)

2N 4

TEST #

12 - 14

& Kl

2\

FIELD RD

111N

2N
RECORDER

)

) NP RO

)

ANDRUS Pirey,

- 5o

TEST #7]]

ol &
; g
§ g w
J
/
/
/
) // I AVE
) \ H.n I
Jf
3
] |
. g
J
b m f il
¢ (-
b
=
=
=1
=1
2
¢
DM ]
)
)
2
o
Yy
__
T MICDLE RO 5 - v
| i )
[ | o

Us_ v

LEGEND

WATER MAIN

DG FIRE FLOW LOCATION

DUFRESNE GROUP
CONSULTING ENGINEERS
Suite 200, 56 Main Street

)

caly RO
Wil |

Springfield, Vermont 05156

Tel: (802) 674-2904 Fax: (802) 674-2913
E-m: info@dufresnegroup.com

Home page: www.dufresnegroup.com

Project # 4180002
._-mm._- % Nv Project Mgr. TPK
Design N/A
Drawn MCB
. £ MUNGER ST Checked by NRJ
\ Date 10/3/2018
\ RECORDER Scale 1"=3000'
,,,. Approved by NRJ
{

THE DRAWINGS FOR THIS PROJECT SHALL NOT BE REUSED
OR ALTERED IN ANY WAY WITHOUT THE WRITTEN
APPROVAL AND AUTHORITY OF DUFRESNE GROUP ANY
REVISIONS SHALL BE MADE BY THE ENGINEER.

DUFRESNE GROUP ©

S MUNGER ST

DG FIRE FLOW TEST LOCATIONS
MIDDLEBURY, VERMONT

15 35V0

-

TEST #13|

iqnn_mccﬂwm_ﬁmnm |
Afrport _

ey TAAM LA

FIG 1

DWG. NO. FIRE FLOW TEST L(C

___ .
0
|

O Prespect Cem

Jo

SHEET 1 OF 1







TABLE 6
DG FIRE FLOW TEST RESULTS
Middlebury, VERMONT
September 25, 2018

Test _ Static Flow Residual
No. Test Location Press_ure (9pm) Press.ure
(psi) (psi)
1 Morningside Street 135 1630 111
2 Industrial Avenue 125 1530 98
3 Munger Street 72 -2 -2
4 Mead Lane 107 1030 58
5 Meadow Glen Drive 122 1330 80
6 Wilson Road 108 1595 98
7 Golf Course Road 87 875 50
8 Adirondack View 104 1410 89
9 Cedar Court 120 1595 113
10 Harrow Way 123 1670 112
11 Lucius Shaw Way 138 1635 124
12 Shannon Street 124 1495 103
13 Airport Road 97 1370 72
Notes:

1. The listed results were recorded during field testing performed on July 25, 2018 by DG with
the assistance of the Middlebury Water Department.

2. Residual pressure during test 3 on Munger Street was observed to be negative and flow at
pitot gauge was too low to register. The test procedure was discontinued and the data from
this field test was not used in calibration of the model.
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FIGURE 2
PRESSURE RECORDER DATA - MUNGER STREET
JULY 25, 2018
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FIGURE 3
PRESSURE RECORDER DATA - GRANDVIEW STREET
JULY 25, 2018

90

80

~
o

i | c”w“ WA “‘ }‘L HU el v ““‘\‘,“ “[\L“,‘
““‘\‘ ““"“ | ‘\“‘ | “‘ LA
il (M

I |

AL il ““‘W Lt (u‘wm‘y»‘«‘\‘! A ‘\\“‘{‘ ‘\\‘r“m M ik T
‘“ ‘ \“H I I | | i I

il | il
i

D
o

Pressure