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. PURPOSE OF REPORT

The purpose of thig report is to present the results
of an engineering study of'the water system cof the Town of
Southborough, Massachusetts as regards its capability of
meeting the needs of the Town thrdﬁgh the year 2000. This
report is to be used as a guide for improving existing
facilities, adding to pumping and storage capacity and
for expanding the distribution system to include all sections
of the Town. The population of the Town has risen steadily
over the past thirty vears and, with the communities closer fo
the core cities, such as Boston and Worcester, filling in,
Southborough will continue to grow, probably more rapidly in
the future than in the past. The Town therefore should have
a completely planned water system capable of meeting the needs

of the Town as this growth occurs.



SCOPE OF REPORT

This report includes the following information:

1. An analysis of past records enabling us to priect
the population and probable water needs of the Town through
the year 2000.

2.. The results of fire flow tests conducted throughout
the Town for the purpose of determining the exist}ng water
system's capabilities.

3. Preliminary design of additions to the water system
to include distribution mains,vstorage facilities and pumping
station. The distribution system has been expanded to cover
all parts of the Town.

4. Plans showing the existing water distribution system,
storage facilities and pumping station together with proposed
improvements and additions.

5. Estimates of construction costs for proposed work

together with recommendations for phasing this work.



POPULATION

As previously discussed in our April, 1959 report
entitled "Report on Improvements to the Water System of
the Town of Southﬁorough; Mass.", the Town can expect a
mafked increase in population over the next thirty years.
Southborough is ideally located with respect to both Boston
and Worcester and has easy access to the Massachusetts
Turnpike and Route 495, and still has much residential and
industrial land yet toc be developed;

A population projection curve, Appendix A, has been
prepared based on population records from 1940 through 1970,
and the April, 1968 repoxrt of the Metropblitan Area Planning
Council entitled "The Population of Cities and Towns in
Metropolitan Boston Projected to 1990". Southborough is
considered part of Metropolitan Boston, for planning purposes,
by the Massachusetts Department of Commerce and Development.
The population of Southborough projécted to the year 2000
is 16,000 people.

It shoﬁld be noted that the above population projéction
has been based on current trends in zoning, land availability
and economic activity. Any changes in these variables could
cause the population projections to differ either slightly
or substantially from those indicated on the graph. As
long as the Town continues to grow, as it has during the past
several years, and large industrial developments to help
broaden the tax base locate in Southborough, the projected

population can be expected to be reached well within the time



indicated or even sooner. The design of a water system to
cover the whole Town is basgd more on what is to be expected
rather than the precise year the growth is recorded.

The responsible Town officials have wisely allowed the
development of industrial complexes which have and will
help to broaden the tax base. For a Town to be able to
finance the necessary expansion of its utilities such as
water and sewers it is mandatory to'provide areas for in-
dustrial development and to promote dévelopments that will
fit in with existing land use. This is being done along
Route 9 which obviously is not conducive to reéidential de-

velopment.



REQUIRED QUANTITY OF WATER

The regquired quantity of water needed by the Town over
the next thirty years has been based on the projected popu-
lation for the year 2000 and the average of the maximum
day water demahds actually experienced to date. It is
necessarf to use maximum day water demands because the pumping
stations can only furnish water at a certain fixed rate
regardless of the demand on the system.

The average of the maximum day water demands is 200
gallons per capita pér day and with a projected population
of 16,000 people, the quantity of water needed for the maximum
day in the year 2000, therefore, is 3,200,000 gallons. This
represents the required quantity of water on which the design

of water system improvements and additions has been based.



WATER SUPPLY SOURCE

The Town presently obtains its water from the
Metropolitan District Commission’s grade line pressure
aqueduct off Warleoad in the northwesterly section of
Town. The pumping station at this site has the maximum
capability of supplying water at the rate of 1000 gallons
per minute.

The above pumping station is presently the only source
of good quality water available to the Town. This pumping
station alone would not be capable of furnishing a sufficient
guantity of water to meet the needs of the Town over the
next thirty years without extensive alterations to pumping
equipment and piping. This would not be advisable since it
would be analogous to putting all of ones eggs in one basket.
Any serious problem with this station because of mechanical
failure or natural disaster could méan that the Town would
be without a source of water. It is therefore recommended
that a new pumping station be constructed with armaximum
capacity of’lOOO gallons per munite. This new station-along
with the present one would then be capable of meeting the
water supply needs of the Town over the next thirty years.

It is propésed to locate this new pumping station at
Shaft No. 3 of the Metropolitan District Commission's Huliman
Pressure Aqueduct as shown oﬁ the attached plans. When the
Metropolitan District Commission originally constructed Shaft
No. 3, a 20 inch connection was left for the future use of the

Town of Southborough.



Since it was suggested that the new pumping station
be located at MDC Shaft No. 4, the MDC was consulted re-
garding this possibility. It was learned that there are no
existing provisions at Shaft No. 4 for a pumping station.

It would be necessary to tap the aqueduct in a similar manner
to fhat used at your existiné éumping station. It would cost
an estimated $20,000 more to construct the new pumping station
at Shaft No. 4 than at Shaft No. 3. The MDC indicated that
they would definitely consider allowing Southborough to make

a connection to Shaft No. 4 if an application was presented.
The M.D.C. is aware that their holdings in Southborough are
large and that they have an obligation to co-operate with the
Town in any way they can.

The prime reason for recommending the use of Shaft No. 3
as the site for the new pumping station is its location relative
to the distribution system, expecially the standpipes, as the
pumping station will be deéigned to £ill all the standpipes

on the system.



WATER DISTRIBUTION SYSTEM

A fieldkinvestigation as to the present condition of
the Town's water distribution system was made during March
and April, 1971. Flow tests were conducted throughout the
Town as indicated on the attached plans. The results of
these tests are included in the Appendix and show that many
sections of the Town do not meet the minimum standards set
by the New England Fire Rating Association.

Along with the above flow tests, a plpe coeff1c1ent
test was conducted for the 10 inch pipe in Oak Hill Road. The
Hazen~Williams "C" value (constant accounting for the surface
roughness of pipe) was computed to be about 52 for the stretch
of pipe between the Oak Hill Tank and Route 9, This low "C"
value (C=about 130 for new pipe) indicates that there is a
large head loss in this pipe for a given flow compared to a
new pipe of the same size and given flow. Records indicate
that other pipes in this general area (Fayville secticn of Town)
may be in the same condition as the pipe tested. This indicates
an inefficieht distribution system for this area. It would'
therefore be advisable to either replace these pipés or have
thém'cleaned and lined. We recommend that replacement with
new pipe would be the best move.

The design of improvements to the water system.were'
based on correcting the above mentioned inadegquacies as well
as extending an adequate distribution system to all sections

of Town. A preliminary design and distribution system lay out,



including added storage, was made to accomplish the afore-
mentioned goal. This proposed system was then analyzed
by a computer to check the adequaéy of design. The design
was found to be quite adequate for meeting the Town's needs
through the year 2000. A copy of the computer findings is
included in the Appendix. The proposed system need not be
constructed immediately, but should be accomplished in accord-
ance.with our phasing recommendations and the Town's financial
capability.

The sizes of pipe shown for the proposed improvements
and extensions to the water distribution system are those
required to provide a minimum fire flow of 4000 gallons per
minute throughout all sections of the Town except the north-
-east section where the pipe is sized to provide a minimum-
_ fire flow of 2000 gallons per minute. These fire flows are
guite adeguate in meeting the minimﬁm requirements of the
New England Fire Rating Association. In all cases, allowances
have been made for maintaining the domestic flow with at
least 20 pouﬁds per square inch in the mains in the vicinity
of the hydrants meeting the required-fire flow.,

The proposed water mains vary in size as shown on the
plans so as to give the above recommended flow and are
to be laid in trenches with four and"one half feet of cover
over the pipe. The design calls for using 150 pound class
water pipe together with all necessary fittings. The work
proposed herein provides for installing about 35 miles of

water mains.



In order to secure the maximum benefit for individual
insurance rates, it is necessary that the insured building be
within 500 feet of a hydrané, We therefore recommend that
fire hydrants be installed on all water main extensions in
such a manner as to give as many property owners as possible
the full advantage of this reduction. We therefore have
based our cost estimates on providing the proper number of
hydrants. We have also provided for the installation of a
sufficient number of gate valves in order that various sections
of the water system, including all hydrant branches, may be
shut off without interferring with the remainder of the
system. It is also proposed, on all waterkmain extersions
and improvements, to install the usual house services of
copper pipe together with a corporation cock where the
service enters the water main, a curb cock at the back of
the sidewalk or close to the property line, and a shut off
valve and meter in the baseﬁent or other appropriate location
of the water taker's building. The cost estimates do not
include the cost of the service pipe in private property or
the cosf of the shut-off valve in the basement of the buildings
as it is usual for the owner to péy for these. Where existing
house services are found during system improvement or replace-
ment work, a new copper house service from the main in the

street to'the curb cock will be installed.
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WATER STORAGE

Water storage for the fown is now provided by two stand-
pipes, one reservoir, and one elevated tank. The standpipes
are on Oak Hill, with a capacity of 275,000 gallons, and on
Clear Hill, with a capécity of 460,000 gallons; the reservoir
is on Tara Rbad and has a capacity of 1,300,000 gallons. The
elevated tank, with a capacity of 150,000 gallons, is located
on Atwood Street. The design for the proposed expansion
‘of the water system for the Town was based on the elevated
ténk on Atwood Street being abandoned when the_gigggigg_geser—

e ——

voir on Fairview Hill is constructed and the reinforcement of the
hg;;Z;I;;ZZ;;W;;;;em to the portion of the Town that lies south
of the Massachusetts Turﬁpike has been completed. The capacity of
the Atwood Street elevated tank is not sufficient enough to
warrant keeping it in the system. The available fire flows in
" this area with this elevated tank on line are very misleading
as there is not enough water in the tank to figh£ a fire of
several hours duration.

The total capacity of existing storage facilities is
2,185,000 gallons of which about 54 per cent is considered to
be available for fire protection. Fifty»four;pércent of 2,185,000
galloﬁs is 1,180,000, The maximum fire demand today is 3000
gallons per minute. To determine stbrage regquirements it is neceg-"
sary to supply the above fire demand of 3000 gallons per minute
for a period of ten boufs plus the domestic demand during the
same period. The fire demand for 10 hours would be 1,800,000
gallons and the domestic demand for the same period would be
500,000 gallons for a total demand of 2,300,000 gallons. It

has already been determined that 1,180,000 gallens are available
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in storage and the pumping station during the same period can
deliver 600,000 gallons for a total of 1,780,000 gallons. This
total is 520,000 galions less than the reguired amount, there-
fore it is not enoﬁgh to meet present day needs. For the
period covered by this study, that is to the year 2000, addi-
tional storage will be required to meet the needs of the Town
as it grows. We have used a fire demand of 4000 gallons per
minute to determine future storage reguirements. A fire demand
of 4000 gallions per minute for 10 hours is egual to 2,400,000
gallons and the projected population during the same 10 hours
will consume 1,333,000 gallons of water for a total reguire-
~ment of 3,733,000 gallons in the year 2000. Discounting the
elevated tank on Atwood Street, the existing storage facilities
plus the proposed 2,000,000 million gallon reservoir on Fairview
. Hill and the proposed 1,000,000 gallon standpipe on Pine Hill,
will have a combined capacity of 5,635,000 gallons., Of this, 54
percent (2,700,000 gallons} will be éssumed to be available.
With the construction of the second pumping station proposed
herein there will be available for a 10 hour period l,Zb0,000
gallons, thus storage and pumping will be able to provide
3,900_,000 gallons against a design requirement of 3,733,000
gallons. A | o

It is recommended that the Towﬁ‘construct, in the near

future, a 2,000,000 gallon reservoir on Failrview Hill south

12



of Route 9 and wesﬁ of Parkerville Road. It is further
recommended to construct a 1,000,000 gallon standpipe on
Pine Hill, west of Pine Hiil Road, as this area develops.
The construction of these storage facilities will not
only take care of the fire demand but will also provide
storage for peak periods of demand when the consumption is

greater than the capacity of the pumping stations.
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HYDRAULIC GRADIENT

The overflow elevations of the water storage tanks,
except for the reservéir on Tarz Road, are about 493 feet
above mean sea level. The Tara Rcad tank overfloﬁ is at an
elevation of 515 feet above mean sea level.

In our report dated April 1959 it was proposed to

build the Tara Road tank with a higher overflow elevation than

ﬁhe other tanks so that the higher ground around Tara Road could

be adequately served as that area developed. Water would be
boosted into the tank thus forming a high service area.

We have recommended this plan in the course of this
current study with an eye  to poésibly raising the hydraulic
gradient throughout the Town. The static pressures at the
various test points for flow tests, as tabulated in column
one on the fire flow tests in the appendix, indicate satis-
factory static pressures throughout most of the Town. There
are some high points that could benefit by putting the whole
town on a higher hydraulic gradient-but in our opinion there
not enocugh of a problem to warrant a change.

We realize it is difficult to discourage development
on these high elevations but an attempt should be made to
limit such development.

It is our opinion, that except for‘the area to be
covered-by the Tara Road tank, the present hydraulic

gradient should be maintained.

14
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_RECOMMENDATIONS AND CONSTRUCTION COST ESTIMATES

The following construction cost estimates are based on
constructing water supply, storage and -distribution facilities
within the designéted study area for this report. These
estimates are further based on doing the work by usual contract
methods after receiving competitive bids. Costs for land,
rights~of~way and possible legal fees are not included.

- The cost estimates included herein reflect current prices
and should be reviewed and brought up~to-date, if necessary,
prior to starting any phase of construction. This price ad-
justment may be readily made by use of the "Engineering News
Record Construction Cost Index Curve” which provides a factor
by which construction cost estimates may be updated.

A. Water Supply Facility

It is proposed to construct a pumping station with a
capacity of 10600 gallons per minute{at Shaft No. 3 along the
M.D.C. Hultman Pressure Adeguate. The cost estimate for this
pumping station is.......$125,000.

B. Water Storage Facilities

Two water storage facilities are proposed one with a
capacity of 1,000,000 gallons to ke located on Pine Hill in
the northeast section of Town, the othef, with a capacity of
2,000,000 gallons to be located on Fairview Hill which is

south of Route 9 and west of Parkerville Road.
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The cost estimate for the Pine Hill tank is 8 185,000
The cost estimate for the Fairview Hill tank is § 275,000

These construction cost estimates include the painting

of the tanks.

C‘ e

Water Distribution Facilities

' The following improvements to the water distribution

system are recommended. All of the water main locations are

designated either by street names or point numbers and are

shown on the plans accompanying this report.

lﬂ

Chestnut Hill Road -

ot ©
560° of 12" pipe from the pumping station
to Fisher Road : $ 10,200
4400% of 8" pipe from Fisher Road to PPNt
Main Street o

$ 65,200

Northbord Road -

3120 of 8" pipe from Chestnut Hill Road ~&%
to Main Street ‘ $ 46,200

Figher Road -

9920° of 12" pipe from Chestnut Hill Road _ &
to the Southborough-Mariborouch line, ve
then parallel with the Town Line to ~_ ¢
Sears Road ' o $1732,500

Sears Road -

@

S
6560' of 12" pipe from Main Street to Pt.23 7 $113,800

1360' of 8" pipe from Pt.23 to Marlboro Roa%ﬁg§ 20,600
T T

Marlboro Road -~ ' Oy
g
6000' of 12" pipe from Main Street to ?%ﬁﬂﬁ
Framingham Rocad ‘ $104,400
1760' of 8" pipe from Acre Bridge Dﬁﬁ
Road north $ 26,300

16



10.

1l.

12,

13.

14,

Cross Street -

480* of 8" pipe from Marlboro Road to w0

Newton Street i S 7,800

Scheel Street -

1840' of 8" pipe south from Marlboro Road *-

Bagley Road -
6007 of B¢ plpe between Route 9 and ”*;y;“
Boston Road $ 54,700

Cordaville Road =-

6320' of 8" pipe between Mt. Vickery Road °

and Main Street $ 93,900

Route 9 -

2960° of 8" pipe between Middle Road and

Bagley Road 48 $ 44,000

13,5207 of 12" pipe between the

Westborough and Famingham lines ope T $235,500

Middle Road -~

.
-

8560' of 8" pipe between Mt. Vickery Road@§§

and Main Street $127,800

Parkerville Road -

4640' of 8" pipe from Knox Street to

Main Street S 69,700

3840" of 12" pipe from Southville Road = 3

" to Gilmore Road 8 67,000

Clifford Stree£ -

2720 of 8" pipe from Deerfoot Road to

Parkerville Road $ 40,500

.Deerfoot Road -

2160' of 8" pipe from Route 9 to Clifford

Street $ 32,300

17
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15. Woodland Road -

4600° of 8" pipe between Richards Reoad
and Cordaville Road and between Pt.6l
and Route 9 g 89,200

16. Breakneck Road -

4000' of 8" pipe from Woodland Road to
Mt . Vickery Road $ 52,200

17. Mt. Vickery Road -

2560' of 8" pipe from Middle Road to
Cordaville Road $ 39,200

18. East Main Street -

2240 of 12" pipe from Newton Street
to Framingham Road $ 398,300

19. Framingham Road -

1760' of 12" pipe north from
Boston Road : $ 30,900

20. Boston Road -

11,120 of 12" pipe from Bagley Road A
to Pt., 97 - $194,900

21. Southville Road -

8400' of 12" pipe from Parkerville Road
to the Ashland line $145,500

22. Bdgewood Road -

5200' of 12" pipe from Oregon Road to
Southville Road $ 906,500

23. Walnut Drive and Orecon Road -

6100' of 12" pipe from Oak Hill Drive
to Woodland Road $105,800

24, 01d Mill Road, Route 9 and Willow Street -

4200' of 12" pipe from the Cak Hill
tank to Boston Road ~$ 75,000

18



25.

26.

27.

28.

25.

30.

31.

32.

33.
34.

35.

Gilmore Road -

4960° of 12°%
to Pt. 5

Faiyrview Drive =

pipe from Parkerville Road

pipe between Pt.4 and

pipe from Boston Road

to new pumping station at MDC Shaft #3

3040' of 8" pipe from Pt. 6 to Pt. 61
560! of 12" pipe from Walnut Drive

2320° of 12%
Pt. 5
Pt. 5 to Pt. 6 -
3520' of 12" pipe
Pt. 78 to Pt. 79 -
2480"' of 12%
0ld Mill Road Extenéion -
to Cak Hill Drive
Pt. 97 to Pt. 98 -
1440°' of 8" pipe
Pt. 97 to Pt. 104 -
4800° of 12" pipe
Pt. 98 to Pt. 939 -
17607 of 8" pipe
Pt. 98 to Pt. 100 -
2880' of 8" pipe
Pt. 100 to Pt. 102 -
2960' of 12" pipe
Pt. lOO_to Pt. 106 -

8080"' of 8" pipe

19

$ 86,300

§ 40,700

$ 61,300

$ 43,300

$ 45,200

s 10,200

$ 21,700

S 84,500

$ 26,400

$ 42,500

$ 52,200

$119,200



36. Pt. 104 to Pt. 105 =-

28007 of 8" pipe $ 42,700

37. Pt. 104 to Pt. 106 ~

3760' of 8" pipe $ 55,800

38. Pt. 1065 to Pt. 106 -

2880 of 8" pipe $ 42,700

39. Pipe for Proposed Tank on Pine Hill -

1360" of 12" pipe from Pt. 101
to Pt. 103 $ 24,000

40. Pipe for Proposed Tank on Fairview Hill -

1200° of 12" pipe from Pt. 1 to Pt. 2 $ 21,200
1200"' of 12" pipe from Pt. 1 to Pt. 7 S 21,200

If all of the above cited work were to be undertaken at
one time, the total construction cost estimate would amount
to about $§ 3,658,000. It is recommended, hoﬁever, that this
work be performed in phases, starting with that portion of
the work most beneficial to the Town as a whole. Recommended
phasing of the work to be done is the subject of the next

section of this report.
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RECOMMENDED CONSTRUCTION PHASING

. The work outlined in the previcus section of this report
is required to adeguately supply and canvey watexr through-
out the Town. This work_should pe accomplished in phases
beginning with that work providing immediate and noticeable
benefilts to the water system and the Town as a whole. TwoO
construction phases accomplishing this purpose are outlined
beléw-ané it is recommended that therTown proceed immediately
to accomplish the work outlined.

PHASE I WORK

1. Acquire the land and rights-of-way necessary for the
construction of the two water storage facilities proposed
in this report. We recommend that a sum éf $ 25,000 he appro-
priated for real estate plan preparation and land acquisition.

2. Install the sleeves across Route 2 necessary for future
water main crossings. This should beAdone prior to the re-
surfacing of Route 9 by the Commonwealth of Massachusetts.

A sum of $40,000 is recommended to be appropriated for .this
WOork.

3. Certain water mains, as listed below, should be in-—
stalled for the purpose of eliminating'some of the dead-ends,
which will eliminate some bad water problems and substantially
increase the volume of water available, especially with relation
to fire pfotectioh, with a minimum of cost. A buddget amount
should be used for appropriation purposes and should include

at least the following:

21



a. A lZ—inch water main in Marliboro Road from
+he end of the existing 6-inch to the existing
12-inch at Cross Street.

L. An 8-inch watér main +to connect the existing
8-inch water main in overlook Road to the Clear
Hill tank.

c. A 12-inch water main in Framingham Road from
Boston Road to the existing 10-inch in Framingham

Road. Also a 1l2-inch water main in East Main
Street from Framingham Road to the existing 8-inch.

d. An 8-inch water main in Bagley Road from Route
9 to Partridge Hill and alsoc an g~inch water main
from Latisguama Road to the existing 6-inch on
Bagley Road.

e. A l2-inch water main on Weodland Road from
Cordaville Road to Richards Rocad.

£. A 12-inch water main from the Oak Hill tank to

the intersection of Valley Road and Boston Road
 to be located in 01d Mill Road, Route 9 and
Willow Street.

g. A 1l2-inch water main from the new pumping station
site to Boston Road and then a 12-inch water main
in Boston Road from Central Street to Framingham
Road. '

_Phe construction cost of this work is estimated to be
about $§ 265,000.
4., Construct the new pumping station along with pumping

equipment, at MDC shaft No. 3. We estimate the construction

cost of this new pumping station to be about $ 125,000.

22



PHASE II WORK

Water mains should be installed at the following locations:

1. A 1l2-inch water main in Boston Road from "A" St.
to Willow Street. :

2. An 8~inch water main in Parkexville Road from Main
Street to Knox Street.

3. A 12-inch water main to be installed along the
north side of Route 9 from Parkerville Road to connect to
the existing 12-inch main.

4, Replace the existing 6-inch water main on Bagley
Road from Boston Road to the railroad tracks with an 8-inch
water main.

5. A lZ-inqh water main on 0ld Mill Road Extension,
Walnut Drive and ‘Oregon Road to be installed from Pt. 70
at Oak Hill Drive to Pt. 59 at Edgewood Road.

€. An 8-inch water main on Middle Road from Route 9
south to the existing 8-inch main on Middle Road.

7. A 12-inch water main on Marlboro Read from Main
Street to the existing 6~inch main at School Street. Also
an S8—-inch main on School Street from Marlboro Reoad to the
existing 8-inch main on School Street.

8., An 8-inch water main on Woodland Road from Route 9
south to the existing 8-inch water main near Old Mill Road
Extension. .

9. An 8-inch water main on Deerfoot Road from Route 9
north to Clifford Street. '

- The construction cost of this Phase II Work is estimated
to be about § 512,000,

The total construction cost for Phase I Work is about
$ 455,000. This amount, borrowed for a period of ten years
at 6 percent interest, would result in equal yearly payments
for principal and interest of about § 62,000 which would amount

+0 about a $1.50 increase in the tax rate.
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The total construction coest for both Phase I Work and
Phase II Work is about $ 967,000. If this amount were
borrowed for ten years at 6 percent intérest, egqual yearly
payments of principal and interest would amount to about
$ 131,500 which would increase the tax rate by about § 3.25.

An outline of the construction phasing for the remaining
work to be done should be established after Phase IT Work
has begun. This to enable us to better assess which of
the remaining work to carry out first. When and if water
mains are required to be installed prior to normal construction
scheduling due to housing developments, new industry, etc.,
water mains of the sizes shown on the attached plans and
indicated within this report should be installed.

in conclusion, it is suggested that this report be used
as a master plan for the future development of the water
system in the interest of maintainiﬁg an efficient and reliable

water system for the Town of Southborough.

24
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POPULATION PROJECTION CURVE
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APPENDIX B

HYDRAULIC SURVEY



HYDRAULIC SURVEY

An extensive hydraulic survey was conducted as a part of
the study being reported herein. |

Flow tests were made in twenty-two locations. The results
of these tests are contained herein and shown on the accompanying
map of the eXisting water system. Under that portiecn of this
report entitled "Water Storage"” the future.abandoning of the
Atwqod Street clevated tank was discussed. A review of tests
6 and 6-A; 20 and 20-A; 21 and 21-A and 22 and 22-~A indicate
the wide difference in available water with the Atwood Street
tank on or off. With the tank on line the results were
very high, but with only 150,000 gallons available, the tank
would quickly empty in the event of a prolénged fire.

In addition to the flow test results the fdllowing is
also included in conjunction with this hydraulic survey:

1. System operation data during tests and reproductions
of recording charts during the period of the tests.

2. Water levels at each storage facility and estimated
hydraulic grade lines ecatablished for each flow test
location.

3, Fire flow computations and analysis of 1871 test
results and Whitman & Howard 1969 test results.

4. Coefficient test results for Oak Hill Road.

5. Statistical data for distribﬁtion storage facilities.

The overall results of the ﬁests confirm the necessity of
reinforcing the Southborough water system not only for future

growth but to meet current needs.
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SURJECT: System Qrerations Durinz Flow Tests

Test No, Date Tims Pump Capacity Storara Water Level
L 379771 10:30 4. . LT el emo Lo
14 —1:,/22!?1 218 P. 0.75 mgd 69t m
1B L/22/ T h:30 P, 0.75 mgd €9t u
2 - L/23/7L 10:20 A,

3 3/9/71 1%:10 A, 075 mgd | 631 i
L 3/9/11 11:35 A, 0.75 mgad 670
5 | 3}’9/71 11:55 A 0.75 mg,d" Y
6 3/9/1L 2:45 P. 0.75 mgd 6ot v
A -3/ 3:h0 P, 0.75 mgd 70! "
7 3/10/ 7L 11:35 A. 0.75 mgd ?O‘ "
8 C320/70 11155 A. 0.75 mzd 700 v
9 W/22/71 10:50 4. ' 7L "
10 3/10/ 12 2:40 P, 0.75 mgd 70t @
1L W/22/71  10:20 A. o ar o
114 L/22/71.  10:10 &, : 7Lt
12 - 3/10/71 3:30 P. 0.85 mzd 707 i
13 3/10/7L 355 P 0.85 med 70t
1k 3/10/71 4:15 P, 0.85 mgd 70t ¢
15 3/10/7% h:30 P, 0.80 mgd 700 o
16 L/22/70  11:10 A, 701w
17 W/22/71 11:35 A 0.75 mazd 70¢ "
18 L/22/71 2:25 P. 0.75 mzd | 6t n
19 o W/ze/l 2:45 P, 0.75 mgd bghs
20 CL/22/7L 3:00 P. C.75 mgd 691 "
204 L/22/71 3:45 P 0.75 mgd 69! i
2L L/22/71  3:15 P, 0.7% mgd 69t 1
21 L/22/71 3:30 P, 0,75 med 69+ 1
22 L/23/7. 12:50 P, ' '
224 W/23/7. 3:15 P



gy
P,

LR

N e oy,

i
,
i
i
o]
;
;
|
3

e — ir. —— ’ - o
mlane 3 .w\v o .




e
oy ma
fr:rrrfnh..
[Tree e
" | o

.mun

i

\!

g et /




[ O

SRS

o

(]



Ll 1)

fos
14

St

[
a
-
AR
wv ]
o
E
¢ :
PR
] o
o i
h
;
]
N
=



SUBJECT: Gradicnts Obrnerved Durdns Flow Testo

NOTE: Elevations Obtained from U.S. CGeolopical Tepographic Maps ~ Datum U903

Test Ho, Hlevation Statie - ft, % Gradient - USGS
i1 260 , 233 193
14 260 233 | 493
1R 260 233 493
2 310 180 k30
3 305 o0 185
Iy 265 22l L8g
5 320 6L , L8k
6 . 250 235 L85
64 250 235 ‘ L85
7 315 169 L8k
' 265 ' 220 1485
5 335 | 157 o 192
10 ' 290 197 L87
11 : - 270 22 Lol
114 270 202 Lol
12 325 16k : ' 1:89
13 290 205 196
1l | 325 166 L9
15 265 ' 222 La7
16 | 320 162 | L82
o " 310 179 | 189
18 290 . 20 Lok
19 260 226 ' . L86
20 , 276 215 , ho1
204 276 | 215 ' Lon.
21 301 192 ' 492
214 30 192 hgz
22 27, 215 ' 1,86
224 27, 215 1,85
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Storage Facilities:
I iﬁ No, = 2 5.P., 1 Res., 1 elev, tank {to be abandoned }.
Oak HilY Standpipe;
25t dia. X 750 hit. cap. = .275 mg @ elev. 492,731 4 USGCS
Clear Hill Standpire:
L0t diz. x L2.5% ht. cap. = 160 my @ elev. 193,32 USGS
Tara Road Resarveir:
67% dia. x UB' hit. cap. = 1,3 mz @ elev, 515¢ % USGS
Qak Hill 5.F. is lead tank eguipped with telemeter to pump station. Other
storage facilities are not equipped with water level control devices.
Telemster controls auto. pump operations:

Pump #1 starts 2 69! stops @ 7LV « T27) . .
Pump #2 starts @ 65! stops @ 71V - 72t) high water le?el
Determining Water Levels in Storage:

On. 3/10/71 telemstér recorder indicated Csk Eill S.P. water level was 691,

Ozk Hill S.P. .
Gauge © 5.F. base read 29.75§ = 697, Telemeter checked. 11:15 £.3. 3/10771.

Clear Hill S.P.
Gauge 6f below base rezd 18# = L1.57 - 67 = 35.5% of water 11:05 A.M. 3/10/71.

Tara Road Res. '
Gauge 15! * below base read 1L.75# = 34! - 157 = 197 of water 10:20 LM, 3/10/75.,
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APPENDIX C

WATER SYSTEM ANALYSIS USING CCMPUTER TECHNIQUES
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WATER SYSTEM AWALYSIS USING COMPUTER TECHNIQUES

General

In order to fully evaluate the proposed water system
improvements, a digital computer was used to simulate flow in
the pipes and from the pumps. The computer uses the Hardy-
cross method for flow analysis in a pipe network, This method

hag been in use for many years, and although accurate, the tech-=

"nique consists of a trial and error procedure which ig lengthy

and time consuming. The digital computer provides an excellent
tool in evaluating a network using this procedure,

~ Before the computer could be used on the network, a number
of factors had to be defined; among these being the pipe locatﬂons
and diameters; the coefficient of roughness of the pipe, i.ess
hpw well the pipe transmits water, the demands at different points
in the system, and the sources of supply along with the characteristics
of the pumps.
‘ First the proposed distribution system was skeletionized to
include only those pipes that transmitted significant quantltxes
of water to the consumers, Once the system had been skeletionized,
the next gtep wWas to determine the coefficient of fricticn of the
pipes in the system. This wag done by assigning a coefficient to
each pipe by noting the type of pipe and its age, This was based
on our experience resulting from actual cocefficient tests on
similar pipes of equal age and transporting water having the same
or nearly the same quality as that used in Southborough, The next
gstep was to determine the guantity of water consumption, Once the

water consumpiion had been determined, it was applied to the net-

C-2
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wérk at re?resentative locations. In the final analysis the
system that was used on the computer simulated the actual system
that is proposed to be in service in the Town of Southborough by
the year 2000.

System Denmands

The determination of the maximum day water demand for
the Town of Southborouqh for the year 2000 has been described
in a separdte section.

A schematic diagram of the proposed water distribution
system is included in the attached plans. The circles repre-
sent nodes. A node is located on the plan at a significant
point of watexr consumption or where the pipe changes in
diameter or C-value. Once a maximum day water derand had
been determined, a portion of that demand was assigned to each
node based on the population density in the areas of the node.

Maximum Day System Analysis

The computer balanced flows in the proposed distribution
system using the maximum day water demands for the year 2000.

The results can be seen in the following tables. The pressures,

flows and velocities throughout the proposed pipe network

are guite adequate, providing all sections of the Town with
an ample supply of water at reasonable pressures.

Fire Flow Analysis

For a distribution system to be considered completely
adequate, it must carry not only average and maximum flows, but
fire flows as well. The proposed system was ﬁherefore subijected
to fire demands at selected locations throughout the entire
Town. The results of these fire flow analyses are also included

in the following tables.



ek le b

A fire demand of 4000 gallons per minute was superimposed
on domestic demands at selected nodes in all sections of the
Town except the northéast section where a 2000 gallon per minute
fire demand was superimposed. The results from the balanced
distribution system in all cases show that'both domestic and fire
demands can be easily handled simultaneously by the proposed
system with the pressure in the mains in the vicinity of the fire
rémaining at or above 20 psi, and the pressure in other sections
of Town remaining guite reascnable.

Water Supply Source and Storage Analysis

The results of the computer analyses in all cases indicate
that the two M.D.C. water supplies of 1000 gallons per minute
each will be quite adequate to furnish the Town with water through
the year 2000. .The results also indicate that the proposed
storage facilities provide adeguate fire protection for the Town
and maintain a gradient throughout the Town that should be guite

acceptable°



JOB iD= SQUTHDR -~=~- PIPES={82,L00PS= 665 INDEX= 451,N0ODES=121
T'NS= A40sDELTA= 1.0:BASE NODE I AT EL  462.0 W/ 53.0 FT HEAD

ENTER DATA TYPR FOR PRINTOUT, (OR *NONE® )=NODES

NODE DATA FOR JOR SOUTHR
ID ELEV'N DRAYOFF GRAD'T  PST

ID=ALL )
bl 462.0 ~1161.4 515.0 22.9
2 325.0 190 513.2 £1.5
3 325.0 19.0 508.2 793
4 H25.0 190 50&.2 36.0
5 350.0 190 509.0 689
6 355.0 i9.0 513.8 6808
-7 86340 . 19.0 Bi4.3 655
8 295.0 160 504.4 002
.9 345.0 16:0 513.9 731
10 295.0 16,0 513.9 9h.4
11 305.0 1640 514.0 905
12 320.0 16:0 514.1 841
i3 346.0 160 514.6 T30
14 . 335.0 160 515.4 T8l
1S 337-0 16:0 515.1 771
16 4680 =~229%9.3 515,.0 204
17 283.0 160 5167 101e2
18 275.0 160 517.8 105e1
19 272.0 16e0 5189 10640
20 270.0 16:0 5071 102.7
21 295.0 160 516.5 95 .9
22 £75.0 160 5167 1046
23 2950 160 S04 .4 G077
24 277.0 160 504.3 984
25 2700 160 514.0 1056
26 312.0 160 514.0 875
27 2660 160 504.0 1030
28 2B5.0 160 504.0 94 .8
290 285.0 16.0 504.1 9469
30 290.0 160 5%03.8 9246
31 266.0 160 504.0 1031
32 2620 19.0 50401 1048
33 3060 19:0 504.1 8568
34 324.0 19.0 505.4 T8e6
35 305.0 190 50441 86.2
36 £295.0 15.0 502.9 90.0
37 264.0 150 501.0 102.6
38 300.0 150 498.7 860
39 380.0 5750 493.0 489
40 370.0 150 498.8 557
41 36%.0 150 499.3 5668
4D 3'{%000 15.0 FiReTs RN 69}
43 310.0 150 499.5 821
44 28760 150 497.2 910
45 30040 150 -499.6 86+ 4
46 3150 15.0 499.5 719:9



SOUTHR-OROUGH. YATE

N

R SYSTEM

'WODE DATA FOR JOB SOUTHB -

ID ELEVEN

a7
48
49
50
51
52
53
54
55
56
57
58
5¢
60
61
62
63
64
65
66
&7
68
69
70
T1
T
73
T
75
76
TT
18
79
#0
gt
g2
g3
g4
£5
G
&7
88
ga
S0
91
92
93
a4
a5
26
a7
o8
99
100

3180
2710
2620
255.0
255.0
255.0
26ER L0
265 «
2570
285 .0
3050
32040
34590
415.0
3400
32C.0
2760
259.0
2930
2620
2700
2770
310.0
4100
4100
2950
280 .0
250.0
285.0
2985 .0
2250
2600
260 .0
2700
2820
2650
3100
3000
330.0
3250
3250
2870
4430
3300
2850
2750
295.0

335.0

306.0
31040
2450
2670
2570
259.0

DRAWOFF G

150
15.0
150

1500

150
i5.0
iH.0
150
1.0
150
15.0
150
15:0
19.0
1.0
190
190
190
190
190
i19.0
19.0

19.0

100
214.3
19.0
19.0
160
19.0
18.0
19.0
19.0
~1000-0
“~1000.0
35.0
35:0
35.0
3520
3540
350
35.0
35.0
990.1
35.0
35.0
35.0
35.0
350
35.0
35.0
20.0
20-0
200
200

RADTT
4986 6
A8T7 « 6
49706
500.1
5001
5002
5001
500.1
500-3
A48T e 6
49T 6
Q4 a2
A6 2
494.2
4950
4G4 .9
500.8
500.2
501.3
5013
498.0
L9980
HTH O
4942
493530
AORe }
4981
500.2
5000
990
B06.4
50545
5130
5198
5008
4993
49940
A49Be 5
4986
4B 6
HOB.6
490 . 4
4930
495.2

4088

499, 1
{199, 1
499.2
500.9
5017
511.0
511-6
5117
2130

PSI
T86
9 i

10200
1061

i0G.1

i06.2

1005

iDieR

iOSoQ(
2.1
B34

- T5e4
46
343 -
671
TS 7
973

1045
S50.2

1035
987
95 .7
gle4
365
35.9
7.9
s ¥4 i}

10/8.3
Q3.1
285

1218

1063

1095

108«2‘
947

1014
Bl.8
8650
T30
Y52
F5.8
Q2.0
217
715
97 =1
Bl
Fils1
Bialdt
g3.0

115.2

1059

1103

1i0.0

C-6
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51
T9a3
9T &t
27«7

102.9
T00
899
36.5
54.0
928
T5.2
836
G877

10061

104.0

1000

104.8
S0 o4
766
956
TTs5

1186

o]

1200
120.0
1000
iG0.0
1200
100.0
120.0
1200
120.0
1200
12040
120.0
1200
120.0
10G-0
100.0
1200
120.0
100.0
1200
1000
1000
12G.0
100.0
1000
1200
1200

SOUTHB-0ROUGH  WATER YS5TEM
NODE DATA FOR JOB SQUTHR
ID ELEVTN DPAYOFF GRAD'T P
i0: 330.0 200 513.2
102 283.0 200 512.6
103 4510 =627.7 51i5.0
104 2750 200 5i12:5
105 331.0 200 512:6
106 305.0 200 512.6
107 4100 190 494.2
108 3700 150 4D 6
109 290.0 160 504.3
110 325.0 350 4£98.7
i1l 305.0 190 498.0
iz 270.0 19.0 4981
i13 R270.0 190 501.2
ii4 £60-0 1I5.0 500.2
115 270.0 i5.0 501.0
116 262.0 160 504.13
117 296.0 8.0 504.7.
118 338.0 i6-0 514.8
119 2950 16:0 Bi3.90
120 320.0 35«0 499.0
121 220.0 150 493.9
ENTER DATA TYPE FOR PRINTOUT. (OR
FIPE DATA FOR JOB SOUTHB
ID FRO# TO D L P
L I Jd CIND (FTy (#)
ID=ALL
i 1 2 12.000 1100 0O
e i 7 12:000 1100 DO
3 2 3 E.000 1550 O
4 2 117 E.000 1500 0O
5 3 4 10000 1760 O
6 3 34 EB.000 650 0O
7 4 5 12.000 2250 o
g 5 6 12.000 4400 0
9 5 35 12.000 4960  Q
10 6 .16 12.000 3200 0O
11 6 9 12:.000 4400 0
12 6 7 12.000 4800 0©
i3 T 117 12.000 1350 O
14 g8 g 12.000 1300 O
i5 & 117 E.000 o0 ©
16 8 109 g.000 200 0
17 g 116 8.000 1300 @
g 9 10 -8.000 2080 0O
19 10 11 8.000 1120 O
20 10 109 8.000 2800 0O
21 11 ig2 8.000 650 0
22 11 26 H.000 1120 0O
23 12 26 E#.000 2080 O©
24 12 13 8.000 1200 0O
23 13 14 8000 1360 ©
26 14 15 &H.000 360 0O
27 14 17 12.000 3600 0
28 15 16 12.000 2400 0

120.0

fNONE®)=PIPES

FLOW
(GPM}

T31.1}
4303
301.6
41045
"6608
3494
"85@8
~583.6
478+ 8
~3313
442
“17001
2412

54.9
~263e4
1l11.4

8lel

~5.:4
=44 e3
22.9
~53e4
“5.9
3i-2
=100.7
=116.7
I91.0
~3836
1020

C—-7

v
(FPS5S)

2«07
1.22
1.92
2e061
“Ge 27
2.22
024
~1e65

135

=004
=013
-0-48
0268
016
~1:68
O«71
052
=003
0«28
0.15
=034
“Qe0)4
020
=064
=(QeTd
182
~0.92

0.29

~PAGE

L.0SS HD-L0OS5S DH/DRC

/100¢

D:16
0.06
Q.32
057
=G0
0{42

-0.00

~0a=11
008
~0e04
~000
~0-01%
0-02
000
=027
005
D02
=000
=001
000
~0.01
=000
000
004
~0-006
010

~0a04

000

C(ETY

181
Q.66
5.02
8:53
~0=07
276
=06
“é576
372
“1022
~0:06
“0@53
0-28
Ge04
=027
0-10
029
=000
-0s12
007
~0.08
=000
007
“0.51
=076
030
~1.31
0-.10

(FTAGFM)

0=40E-02
0.29E-02

2

O0«3IE~C1

0-.38E-01
0=22E~02
05153-01
0e14E~02
0. 15E-01
0 14E~01
D«68E-02
0+ 20L-02
0-583"08
0-.22E-02
0.10E-02
0.18E-02
O 17£~-02
0.63E~-02
Oe11E~02
0 406E~02
0e49E-02
029E-082
0.12E-02
0.43E~02
0-93E-02
0. 12K-01
0-29E-082
Q.7T5K~-02
Oelam-082



S50UTHB-0OROUGH  YATER

o

-PIPE DATA FOR JOB SGUTHB

ID FROM
¢#y 1
29 15
30 17,
31 17
32 I8
33 19
34 i9
35 20
36 20
3F 20
38 21
39 21
40 23
41 23
A2 BaA
A3 84
44 25
45 25
46 27
47 27
48 28
49 28
50 g9
51 29
52 30
53 30
54 31
55 32
56 32
57 32
- 58 32
.59 33
60 33
61 34
62 35
63 36
G4 36
65 37
66 37
67 38
68 38
69 38
70 39
71 40
72  AD
T3 40
T4 41
75 41
76 42
7 42
78 43
T 44
g0 44
81 45
82 45

TG
J
118
ig
22
io
£0
22
&80
21
23
22
1io
24
o2
119
25
26
27
96
28
29
30
109

31
31

o6
iis
1ie

33
117

66

34

65

35

36
115

47
115
114
115
108

54
108
10

41

477

40

46

43

45

A4

48

45

a6

47

O
CING
£.000

12000
12000
i2.000
12.000
Z.000
B« 000
8000
12.000
12.000
i2.000
12:000
Z.000
10000
10000
8000
1C-000
10000
&.000
000
8000
8000
8000
000
8000
8000
8000
8.000
12,000
8000
B.000
B+000
8-.0C0
12.000
£2.000
8000
12000
12000
8000
000
£.000
800@0
60000
8000
6000
8000
B. 0200
E.000
2000
Ee0Q00
000
B«000
8+000
8000

L
{(FTH
1200
1820

2200.

1680
800

- 3200

550
4320
10000
750
2000
G400
4000
850
ESO
2080
400
2400
4400
500
1450
450
1400
400
4800
400
100
2960
1200
1350
1440
2580

1520 -

1050
2600
1680
100
3100
2000
1120
1300
150
400
300

1oco

300
1000
360
950
B50
1000
300
300
200

laa)

e
-

OQC)OOOOOOCDCD‘DDOOOQOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOODOO

SYSTEM

c

1000
12G.0
1200
120-.0
1200
i20-0
1200
120+0

I20.0 7

1200
1200
1200
120.0
1000
1000
1000
100.0
1000
12060
120.0
120-0
1200
1200
1200
iz0e0
120.0
1200
1200
120.0

1200

120.0
1200
100.0
1200
1200
i20.0
120.0
120.0
1000
1000
100-0
10C-0
100-0
1000
1660
100-0
100.0

"100-0

1600
1060
120.0
1000
1000
100.0

FLOW

CGPM)
73@0
~418e4
T8:8
=A434.4
“60709
157.5
~392:1
99.2
2768
~220.3
30365
379
222.9
“28?05
3094
~8edl
301.8
296.7
-i¥.Q
=702
433
~118.3
38«1
“10761
1344
=210

25.9

390
“36993
2855
~182.3
20223
1451
6079
3116
2813
~-123.9
108.9
'1729?
32466
—1566.9
“375 0
2654
~214.2
-66 .1

~1317

=97.5
7122
=Theb
=BT 8
~1044s1
1.9
=&7e6
’200&2

C-8

v
(FPS)
Qe 46
=118
022
=123

~1-72

100
=2+50
063
078
=062
086
011
1.42
=117
le26
=005
1.23
121
-G 07
~Cedh
0.28
~0e75
0-20
~0=68
086
-0:58
016
025

~1.04

182
=116
129
0«94
1.72
0.88
1.7¢
~0+35
0.31
=110
2:07
=1.06
=366
300
~1.36
~0e75H
- e {44
=062
=046
= e 47
056
=060
0.01
-0 306
~1e27

LOSS5 HD-LOSS

7100E
002
~0:06
0-00
~0:006
=012
Q07
=037
0«03
803
-0.02
003
0-00
Q=13

~0e.10.

0«11
=000
O.11
010
=00
~C.02
000
=004
G-00

_0904,

005
=003
0 00
0G0
005
021
-0.09
0-i1
009
012
0.03
020
-0-00
000
=011
037
-(Jell
~1-00
1.04
=017
-0.08
=307

=003

~0.02
=002
~0:03
~0e04

000
~003
=014

CFTD
029
=].12
006
-1:05
=0.93
2:26
~2:05
125
271
~0e13
Q64
005
523
-0 84
096
=000
0«42
249
“0=03
~(-08
010
=019
0.07
015
S5
=0ell
000
015
~0+56
280
=130
2. 80
133
1.22
088
342
=0-00
e 15

~2.£9

412
~1a40
=180

4615
=051
=081
0«21
~0.28
-0 07
“0e15
~0. 28
~0s3

000
~0.08
=042

=PAGE

DR/7DO
(FT/CGEFMD
072502
0.50E~-02
OWIAE"OQ
Qe 45500
0« 28E~-02
e 20E-01
097502
0.232-01
0. 18E-01
O.11E-02
0. 30E~082
0. 22E-02
0. 435-01
0-54E~-02
Q.58E-02
0. 13E-02
02602
0.16E~01
0. 458-00
Qe 21E~0C
O-411~08
0.29E-=02
0«33E-02
Q24702
Ge35E=-01
0e21E-02
D« 15E~-03
Qe T3E-02
0-28E~082
G- 18E~-01
OQISE“OI
05263-01
90163'01
G37E~02
OOSQE”OE
0-22E~01
J.92E-04
0« 26E-02
Qe 25E~01
0e24E~01
0 16E~-01
GGSIE“OQ
0.29E-01
Oets-02
Oe28E~0}]
Qe 20E~02
Ce04E~02
Je.18E~02
O 47E-002
0.58E-02
0:60E-02
0«30E-03
0:10%X-0p
0-40E-02

3



'SOUTHB-OROUGH WATER SYSTEM ‘ ~PAGBE 4

: PIFE DATA FOR JOB SOUTHER
- ID FROM TO D L

P c FLOW v LOSS HD-LOSS DH/DO

(#Fy I J CIND (FTY (#) (GPM> (FPS) /100° (FTY (FT/7GPM)

83 48 49 8.000 1400 O 100.0 154 0.10 0.00 0:02 0.22E-02

84 28 65 B.000 4240 O 100:0 ~148e4 ~0e04 =009 ~3e68 046E~01

85 4B 57 B.000 1300 O 100.0 13:9 0.09 000 001 G.19E-02

1 86 49 50 8.000 800 0O 100.0 25.4 Q.16 0.00 003 0.19E~D2
] 87T 49 56 8.000 1250 O 120.0 =25:0 =00l6 =000 =004 0.24E-02
N 88 S0 51 8.000 250 0 100.0 448 003 =0-00 =000 0.2iE~03
: 89 50 53 8000 550 0 1200 56 004 0.00 000 0.31IE-03

§ 90 51 53 £.000 400 1000 38:9 0:25 0.00 0«01 0.89E~03
S 21 51 52 £.000 250 100.0 “49e] =031 =002 ~0.04 0123502
92 52 55 12.000 1600 1200 =122:6 =035 =000 =010 0-14%-02

93 52 114 12.000 400 1200 585 0¢17 000 000 0«19E-03

94 53 54 E.000 300 100.0 29:5 019 000 001 0.32E-03

95 54 114  #.000 150 1200 ~15203 ~0.97 =008 =0.12 0.133~02

3 <26 55 56 8.000 2400 120.0 =384 -0.24 0.00 0«00 Qe4S5E-Ga

i 97 55 121 12.000 3280 12060 =992 ~0:28 «0.00 =013 Q.25E~02
98 56 57 8.000 750 1200 =78e4 ~0e50 ~0:00 =-0.04 Os19E-02

o 99 57 58 €.000 2100 120.0 =79e¢4 ~0:51 =000 =0612 054E-02
L 100 58 59 12.000 950 1200 735 021 0.00 001 QelZE~03
= 101 58 62 E.000 350 10Ga0 =167:9 =107 =009 =0:31 038E-02
102 59 60 12.000 5280 1200 =557 «0:16 =000 =~0:07 0.245-08

103 59 121 12.000 5200 120.0 11442 032 0.00 D687 QeiL4E~02

104 60 61 &.000 3120 1200 =T0e7 =0ed5 ~0e02 =076 0+ 16E~01

105 60 70 12.000 600 120.0 =40 ~0e01 «000 =000 0.278-04

i 106 61 62 8000 1360 100.0 452 029 000  0.05 Ce345-02

1200 =184:9 «0:88 =005 =2:16 0.30E=01
1200 =14106 =0+90 =006 =2.71 0G«355~01
1000 *89e¢0 =057 -0:04 =026 (0.49E-02
1000 “T1e€ =046 =002 =054 0.14E-D1
12060 =158¢6 =101 =0:07 =108 0.i35-01
10000 11206 0672 0005 1679 O28E-0G1

107 61 67 8-.000 4160
108 62 63 §.000 4800
109 63 64 8.000 50
110 63 65 8.000 2400
111 64 66 g.000 1550
112 64 67 8.000 3450

L 113 64 82 8.000 2160 1200 =62¢0 =039 =0:01 =«0.27 0.205-02
L 114 65 113 8.000 850 1000 =368 =023 ~0.00 =0.06 D«285-02
115 66 113 8.000 10560 1200 55.8 0+35 001 0.11 0.365-02

116 66 95 8.000 5200 120.0 581 033 000 046 0.16E-01

117 67 68 &.000 250 600 =414 ~0e26 =002 =0e05 0.23E-02

118 68 75 6.000 1200 6040  =59.3 ~0.67 =016 =1:95 Q.61E~01

- 119 68 69 &.000 650 6040 =1el ~0.00 ~0.00 =0+00 G.2BE-03
C L 120 69 76 £.000 850 1000 =~219¢6 =140 ~0+18 ~1.53 Qol3E-01
L 121 69 72 6.000 550 6040 ~5¢0 ~0:06 ~0+00 ~0.01 0«40E~02
. 122 69 111 12.000 275 120e0 =519 -0e¢15 ~0.00 =0+00 O¢12E~03

% 123 69 107 10.000 1850 60+0  256e4 1.04 D021  3.81 0.282-0]
124 70 107 10.000 200 600  ~£3+0 “0+09 =~0+00 =0.00 0+38E~03

125 71 107 10000 800 600 ~214+3 -0e87 =015 =1.23 0.10E~01

126 72 76 6.000 1280 60+0  =52.0 ~0:59 =012 ~1:52 0.575-01

127 72 73 6.000 1300 600 ~3¢5 =0s04 =000 =0e03 0.92E5-02

128 72 112 12.000 650 1200  =39¢4 =0.11 =~0.00 -0.00 C-258-03

. 129 72 111 12.000 275 120.0 709 0020 0-:00 0+00 0+165-03
L 130 73 74 6.000 800 6000  =80e9 ~0e92 =0+20 -~2633 Q54501
7131 .73 112 12.000 650 120.0 58:4 0417 000 0.00 031E-03
132 74 75 10.000 2560 120.0 903 Qe37 000 0e283 0<455-02

600 «190e2 «2:15 =1442 =712 DG9E~D1
1000 ~278¢6 =177 =027 =6e31 0.40E=01
100.0 2906 185 "030 045 QDeRGE=02
120-0 2385 0.07 .02 G892 D-.605-08

C-9

133 74 77 6000 500
134 75 78 8.000 2320
135 75 76 8000 150
136 77 78 12.000 4320

OOODOODODOOOCDOOOOOCJOOC)DOOOOODOOOOOODOOOOOOOODOD



SOUTHB-O0ROUGH WATER SYSTEM ’ =PAGE 5

RR o o we wm

PIPE DATA FOR JOB SOUTHB ‘
ID FROM TO D L P c FLOW Y LOSS HED-LO0SS DH/DO
ey 1 J CIND CFTY (&) (GPMX (FPS)Y /100" (FT) (FT/GDM)
137 77 97 12.000 5280 0 120:0 =44727 =127 =0.07 =346 0.l14E-01
138 78 79 12.000 2560 0 120+0 =1000:0 -2.83 =029 <749 0.00

139 78 81 12.000 1800 O i20.0 G410 2.66 026 a7l 0«93E-02
140 81 828 8.000 2800 0 120.0 138:4 (088 0.05% 1.53 0.208-01
141 81 88 12.000 1200 Q 1200 6039 171 0.12 1238 0.42K-02
142 81 110 B<000 2000 0O 100.0 1636 104 0ell 212 0-24E~-01
143 82 83 8000 3520 0 1000 414 0«26 000 029 0-:13E~01
144 83 84 10.000 600 0 100.0 255¢2 104 0.08 046 0«34E-082
145 83 95 10.000 1050 0 10C.0 22871 =093 =006 =0:68 Q.55E-02
146 83 120 10.000 2080 0 100.0 =217 =009 =000 =002 Qejdr-02
7 84 90 10.000 2880 0 1000 3180 130 Q.12 Be36 020E-01
148 84 86 12.000 800 0 120.0 “8e¢7 ~0:02 -0:00 ~0.00 0.70E-04
149 84 110 8.000 450 0 100.0 =89l -0-57 =003 =015 0.38E~02
150 85 110 6.000 450 0 100.0 =3%e5 =0:45 =0+03 =-0:15 Q0.66E~02
151 85 86 6.000 300 0 100-0 4.5 G-05 0.00 000 0-.89E-03
152 85 87 12.000 550 0 120.0 =392 ~011 =000 ~0:.00 0.18E-03
153 87 €8 12.000 800 O 1200 =568:9 -1.61 =0.10 -0:83 0.27TE~QZ
154 87 89 10.000 2880 0 1200 4948 2.02 0.19 5:58 0«21iE-01
155 #9 90 10.000 800 0 100:0 ~-495¢4 =2.02 ~0:27 =R.17 D:81E~-0R2
I56 90 91 8.000 2160 0 1000 “212¢3 =135 =0e17 =3.61 0. 32E~01
I57 91 92 8000 1120 0 100.0 “86e8 =055 ~0:03 =0:36 0TH6E~02
IS8 91 93 &.000 450 0 1200 =160+6 =102 =0.07 . ~0.31 0375~02
i59 92 93 12.000 200 0 120.0 1012 (.29 000 G=03 0.61E~03
160 93 94 12.000 1550 O 1200 =94 el =027 000 =006 0e11E~0Q2
161 94 65 12.000 3680 0O 1200 =186+0 =0+53 =001 =047 QeLTE~QD
162 94 120 8000 1700 0 1200 567 036 0.00 0«17 O«56E-02
163 95 96 10.000 450 0 1000 -396e1 ~1.61 =018 ~Gogi 0+« 38E~02
164 S7 98  8.000 15820 0 1200 ~120¢4 ~0:77 ~0:04 =0o64 C-98E~02
165 97 99 12.000 1600 0 120.0 “347e3 ~0:98 ~0:04 ~0:65 0.35E~02
166 98 99 Z.000 1760 -0 1200 =152 ~0:10 ~0+00 - =0-02 D.20E-02
167 98 100 8.000 2960 0 120.0 ~125:3 =080 ~0.04 =133 Q.20E~01
168 99 102 12.000 2000 0 120.0 =382:5 =1.08 =005 =099 Q.48E~02
169 100 101 12.000 2080 0O 120.0 “179e8 =051 ~0:01 =0:25 0.26E~02
170 100 106 8.000 81580 O 120.0 342 022 000 0-.33 0.18E~01
171 101 102 12.000 960 O 120.0 4283 121 0.06 059 0.25E-02
172 101 103 12.000 1440 0O 120.0 62877 =178 -0e12 -177 0+52E-02
173 102 104 12.000 1200 0 120.0 258 0.07 000 000 0:.29E-03
174 104 105 R.000 2720 0 120.0 9.6 006 0.00 0«01 C.20E~-Q2
175 104 106 §.000 3840 © 120.0 =3e¢8 =002 -0.00 =000 0s1i38~08
176 105 106 &.000 2900 0 120.0 =104 =007 =000 =0:G1 0.23E-02
177 & 118 6-.000 1600 O 100.0 =570 =Cef4 =006 =1.01 0«328E-C1
178 i 16 0000 o 0 0.0 0«0 000 0.00 0.0C 000

179 i 39 0.000 0O 0 0.0 0«0 000 0«00 22:00 0.00

180 I 71 0.000 o 0 0.0 0.0 000 0.00 22.00 0.00

181 1 89. 0-000 g O 0-0 0-0 000 0.00 22.00 0.00

182 i 0 0 0.0 0«0 0+00 ©.00 000 0.00

103 0000

ENTER DATA TYPE FOR PRINTOUT, (OR *NONE® )=NONE
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Page 6

Southborough Watexr System

Fire Demand at Node &

ID Elev'in brawof{ Grad't PST
6 355.0 4019.0 493.2 59,8
16 o 468.0 ~1986.9 515,0 20.4
118 338.0 16.0 ' 509.5 74.3
9 345.0 16.0 502.0 68.0
7 363.0 19.0 507.0 62.4
5 ~350.0 19.0 495,73 62.9 -
1 462.0 ~2660.1 5150 22.9
39 380.0 221.0 1930 48.9
71 410.0 38.4 . 493.0 35,9
89 443.0 . 806. 4 . 493.0 21,7

103 451.0 - 657.9 | 515.0 27.7

Fire Demand at Node 11

'
|

[ S

cad

ID

11
12
26
10

1
16
39

Elev'n

305.0
320.0
312.0
295.0
462.0
468.0

380.0

Drawoff

4016.0
16.0
16.0
16.0

~2462.2

~2043.8

314.2°

Grad't

370.9
402.5
404.1
459.6
515.0
515.0

493.0

PST

28.5
35.7
39.9
71.3
22.9
20.4

48.9



Southborough Water System

Fire

Demand at Node

11 {continued}

ID

7L
89

103

Fire

Elev'n

410.0
443.0

451.0

Demand at Node

18

D

18
17
i9
1
16
39
71
8o

103

Elevin

275.0
283,0'
272.0
462.0
468.0
380.0
410.0
443.0

451.,0

‘Fire Demand at Node 37

_ID

L 37
- 115
38

Flevin

264.0
270.0

300.0

Drawoff

263.7
356.,7
- 667.6

Drawoff

4016.0
16.0
16.0

~2127.4
~2304,7
333.0
298.4
292.2
- 730.6

Drawoif

4015.¢
15.0
15.0

Grad®t

- 493.0
'493.0

515.0

Grad't

436.4

459.2
452.3

515.0

515.0

493.0

- 493,06

493.0

515.0

Grad't

443.,1

444 .7

466.0

Page 7

PSI

35.8
21.7

27.7

_PST_
69.9
76.3
78.1
22.9
20.4
48.9
35.8
21,7

27.7

PST

77.6
75.6
71.9



RS e mnsipuidt
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Page 8

Southbordugh Water System

Fire Demand at Node 37 {continued)

ID Elevin Drawoff Grad't PST

36 295,0 15.0 471.4 76. 4
114 260.0 15.0 - 463 .7 88.2
54 265.0 15,0 464 .4 86.3
1 162.0 ~1801.5 515.0  22.9
16 468.0 . - 585,5 '515.0 20. 4
39 380.0 ~1222.3 493,0 18.9
71 410.0 - 515.2 493.0 35.9
89 443,0 609.3 493.0 21.7
103 451.0 - 723.7 515,00 27.7

Fire Demand at Node 65

ID Elev'n Drawoff -Gtadft, PST

65 ©293.0 4019.0 430.2 50,7
113 . 270.0 | 19.0 ~ 442.5 747
63 - 276.0 19.0 A 473.1 85.3
48 271.0  15.0 483.4 92.0
33 306.0 | 15.0 | 478.3 74.6
1 462.0 ~1921.5 515.0 22,9
16 . 468.0 - 645,4 | 515,0 20.4
39 380.0 - 279.9 493.0 48.9
1 410.0 - 571.8 4930 350
89 : 443,60 - 36.0 493.0 21.7

C-13




[N,

Southborough Water System

Fire Demand at Node 65 {(continued)

ip Elev‘h Drawoff
103 451.0 - 784.4

Pire Demand at Node 69

iD Elev'n Drawoff
69 310.0 4019.0
68 277.0 19.0
76 295.0 19,0
72 295.0 19.0
111 - 305.0 19.0
107 410.0 19.0
1 462.0 . -1453.9
6 468.0 ~ 354.4
39 380.0 - 133.6
71 410.0 -1091.0
89 443.0 © - 211.4
103 451.0 - 994.8

Fire Demand at Neode 84

84 - 300.0 4035.0
90 : 330.0 35.0
C-14

ID Elev'n _Drawoff

Page 9

Grad't

- 515.0

Grad't

38L.0
426.2

411.9

381,5
381.3
468,9
515.0
515.0
493.0
493.0
493.0

515.0

Grad't

469.3

486.6

PS5I

27.7

PSY

30.8
64.6

50,6

37.4 .

33.0
25.5
22.9
20.4
48,9
35,9
21.7

27.7

PSI

73.3

67.8



[PIV—

Southborough Water System

Fire Demand at Node 84 {continued)

ID

83
110
8¢
-y
i6
39
71
89

103

Blevin

310.0

325.0

325.0

462.0
468.0
380.0
410,0
443,0°
451.0

Fire Demand at Node 105

ID
105
106

104

16
3%
71
89
103

Elev'n

351.0
305.0
275.0
462.0
468.0
380.0
410.,0
443.0

451.0

35.0
35.0
35.0
-1425.5
- 451.1
483.1

- 261.8
~1716.2

~ 867.5

2020.0

Drawoff

Drawoff

20.0

20;0
~1256.2
- 297.0

553.9

33.2

697.9

~1970.8

15

Page 10

Gradtt

478.8
472.8
474.3
515.0

515.0

493.,0 -

493,0
493.0
515.0

Grad't

414.7

464.2
486.4
515.0
515.0
493.0
493.0
493.0

515,0

PSI

73.1

64.0

64.7

22.9
20.4
48.9
35.9
21.7

27.7

" BPST

27.6

€8.9

91.5
22.9
20. 4
48.9
35.9
21.7

27.7



Southborough Water System

Fire Demand at Node 121

ID Elev®n
121 220.0
55 257.0
59 345.0
-1 462.0
16 468.0
39 380.0
71 410.0
89 443,0
103 451, 0
| Fire Demand at Node 92
ip Elev'n
92 275.0
23 295.0
93 - 285.0
%21 285.0
i 452,10
i6 468.0
39 380.0
71 -41090
89 4430
163 451.0

" Drawoff

4015.0
15.0
15.0

~1428.6

217.7

3

976.0

1

864 .4
45.0

797.3 -

Drawoff

4035.0
16.0
35.0
35,0

~1529.3

- 794,7

487.6

- 222.1

~1458.0

~ 722.4

C-16

page 11

398.9

453.2

450.4
515.90
515.0
493.0
493.0
493.0

515.0

‘Grad't

414.4
480.6
427.5

428.4

515.0

515.0
493.0

493,0 -

493.0

515.0

P57

77.5
84.9
45,6
22.9
20.4
48.9
35.9
21.7

27,7

PST

60.3
80.4
57.4
62.1
22.9
20.4
48.9
35.9
21.7

27.7
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