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1 INTRODUCTION

Venice is perhaps one of the most progperous and unique cities built in the history of
the world. The city began, as alagoon inhabited by people escaping from Barbarian
invasons. Origindly the lands were wet marshland, an unsuitable foundation for buildings
and gtructures. In order to overcome this obstacle, the Venetians drove large wooden
pillarsinto the ground to creste a pseudo-foundation. Upon the stakes were then piled a
layer of bricks and concrete. The ocean and buildings were so intertwined that between the
buildings were waterways, which were used as streets. The Venetians used candsto
transport themsalves as well asto dispose of their sawage. For many centuries the tides
flushed away sewage from the city, making it the cleanest and mogt efficient system at the
time.

However, since the 1960’ s the city of Venice has neglected cand maintenance and
excavation. the cands. Lack of canad dredging has dlowed for sedimentetion levelsto
increase over the years. The build-up of sediment has created both structural and ecological
damages. Sewage outlets have been clogged, causing interna ruptures of the piping.
Increased sediment levels have also raised both odor and water pollution levels.

With the aid of sponsor, Mr. Alan Hassett of the Oak Hill Company Ltd. and head
of the Department of Public Works, Ivanno Turlon, this project will examine the feasbility of
ingdling a vacuum sawer system into the margina and historical areas of Venice. The
purpose of this study is to propose a sewerage system to prevent futher and future damage
to the cands, the buildings, and the ecologica environment of Venice. In addition, the
inddlation of the vacuum sewer system will provide alow maintenance dterndive to the

city, as opposed to their current “emergency repairs’ method.



The Executive Summary(chapter 2) provides a complete overview of this study.

The Background (chapter 3) discusses the history and information pertinent to
understand the contents of the study. This section focuses on the fundamentals of avacuum
sewer system, as well asthe history behind the sewage problems of Venice. Additiondly, dl
aress of sudy are discussed within the section.

The Literature Review (chapter 4) contains alisting of al materias pertinent to this
gudy. Along with thislisting, isasummarization of each resource focusing on the key points
which aded to the study.

The Methodology (chapter 5) discusses the gods of this study, specifying a step by
step gpproach. Also discussed, are the socid impacts of the study, data collection methods,
quantification, and methods of analyss.

The Socia Aspects (chapter 6) deals with the importance of change in the lives of
the Venetians after ingaling a vacuum sewer system. There are many factors that will be
incorporated into thisingdlation, affecting both tourism and dally life for the Venetians.

The complete results and analyss of the study are discussed in Results and Andysis
(chapter 7). All of raw data pertaining to the two studies of Santa Martaand SantaMaria
Formosa as well asthe upscale are provided here. The data contained consists of cost
esimates, implimenation locations, as well as al maps for al possble options of
implementation. Maps are a0 presented to propose pumping networking throughout
Venice dong with sewage treatment trangport to the mainland. Cogts are analyzed within
comparison charts. All data are scrutinized, exposing al means of error. Also the vdidity of
implementation is challenged.

Conclusions (chapter 8) possessthe final explains dl the data drawn from the



andyss of the datain with the underlying god of answering the question of feagblity for
implementation. It discusses dl points of the vacuum sewerage system and its overal impact
on Venice. All options are compared on different levels of impact. Both adavantages and
disadvantages are discussed based on set criteriaratings. The best ways to dedl with the
anaysis of the results are aso discussed.

Recommendations (chapter 9) contain the recommendations of the project team on
ways to carry out of vacuum sawerage implementation within Venice. Recommendations
are addressed to the city for a plan to initate vacuum sewerage adaptation. Also contained
are suggestions for future studies within areas where more research and development need
to be carried ouit.

The Appendies chapter contains al sample calculations for al data both
extrgpolated and manipulated by equations. Datafor each idand are organized within Excel
goreadsheets. Thisisto aid the reader in understanding the heart of the study.

It isthe project teams hope that adl schematics and cost estimates will be useful for
the city of Venice. The data contained in this report provides knowledge of the current
gravity piping within Venice, and vacuum sewerage systems, particularly the HIFLO™. [t
aso shows the cogt benefits for the city of Venice in implementing aHIFLO™ vacuum

sewer system.






2 EXECUTIVE SUMMARY

This project examines the feasbility of implementing the HIFLO™ vacuum sewerage
syseminto Venicein terms of gpplicability, cost and socid impact. .

In order to determine feashility, a solid background was established for both the current
and the proposed HIFLO™ vacuum sawerage System.

The current sewerage system within Venice is a ungiue gravity system cdled the
fognature. The system is comprised of three mgjor parts, the sbocchi, the colletore, and
the sedimentation tanks. Soocchi are sawage outlets located dong the cana walls from
which al sawage entersthe cands. Collettori are troughs located underneath the streets
which carry sewage from the houses located within the interior of the idands to the sbocchi.
Sedimentation tanks are large brick tanks located within the house foundetions. The
sedimentation tanks are randomly placed and used to separate the heavier sewerage from
the lighter sewage so that the sawage enters the cands at alower density. When the
sawage enters the candlss, the tidal flux carries the matter out to sea. This system has
recently begun to fal the city of Venice dueto lack of maintance. Pollution levelsarerisng,
building foundations and cand walls are weakening, and certain cands are becoming
impassable to boats. The HIFLO™ vacuum sewerage system is proposed as an dternative
to these problems.

A vacuum sewerage system contains three main parts, the collection station, sewage
vaves and the vacuum piping. This system works by creating a pressure differentid at the
collection station, which makes the pressure at the collection station lower than the pressure
at the valve, which islocated by the houses. The pressure differentid is created by sucking

the air out of the collection tank, located at the collection station, using pumps. The sewage



from aresdence, which is a atmospheric pressure, enters the vacuum vaves and is driven
to the low pressure at the collection gtation, wereit fills the collection tank until the pressure
isnot low enough to suck any more sewage. Air is an important component in driving the
sewage to the collection station. It is needed to lower the density of the sewage in order to
trangport it to its destination. In this system both air and sewage enter through the vacuum
vave, diminishing the amount of sewage that can enter through the vacuum vaves, making
this sysem unlikely for gpplication in high density resdentid aress.

The HIFLO™ vacuum sewerage system, whose patent is held by Mr. Allan Hastt, is
likelier choice for gpplication in high dendity resdentia areas due to the division of vaves
for sawage and air. This system functionsin the same manner as the conventiona system
with the exeption that the vacuum valve, which interphazes the gravity piping from
residences to the vacuum piping, only alows sewage to enter. A separate valve, called the
ar inlet valve, dlowsair to enter the system. Air inlet valves can be placed dong the
vacuum piping, where desired, to lower the dengity of the sewage and speed up the system.
The separation of vaves dlows amuch greater amount of sewage to flow through the
system.

Due to the sengtivity of Venetian cand wals and building foundations, aswdl asthe
high resdential density, the HIFLO™ vacuum sewerage system was proposed as an
adaptation to the current sewerage system. Within this study, three different options of
implementation were chosen. Option 1 proposed ingdling vacuum piping within the cands
only. Inthisoption, vacuum vaves would be placed at the shocchi. Option 2 proposed
vacuum piping within the cands, as wel as vacuum piping running dongside the collettore.

In this option the sewage valves would be placed in smal manholesin the dreets, &t the



point where the colletore meets with the laterals leading up to the houses. Option 3
proposed vacuum piping to be implemented aong the entire sawage path between the house
and the cand, including the cand. In this option the sewage valves would be placed at the
point were the sedimentation tank is located. These three options of implementation were
analyzed for two test idands, Santa Maria Formosa and Santa Marta.

Santa Maria Formosa was chosen on the basis that it proved as an excellent modd for
the historical areas of Venice. It wasthe desired by the city that the project group
performed an andys's of Santa Marta because of its unique piping design and periphera
location on the outskirts of Venice. Current renovation plans pose the possiblity of Santa
Marta being a prime canidate for test implementation.

To ad the team in this sudy, downscae schematics of the two test idands were
designed showing the piping design, sewage vaves, and collection sation locations.
Schematics for each test idand of the current sewerage system aswell asthe HIFLO™
vacuum sewerage system were designed using a geographica information system caled
Maplnfo. Relationswithin the schematics were derived and later amplified to map out the
entire city of Venice.

For complete vacuum implementation it was necessary to not only design a means
of piping adapation but also a collection station network system to collect the sawage. This
network was designed by applying a series of equations from the AIRVAC Corporation.
Water consumption data, provided by past sudies, was the foundation of dl caculations
because it was assumed to be equal to the sewage flow. From a series of extrapolations the
network, containing al collection stations and locations, and piping criteria was designed for

al of Venice



After desgning the collection gation network, a piping rlay system that transports
the sewage from each collection station to the Ferrovia/Sazione Marittima area was
designed. Thisrelay system was designed as aworst case scenario, taking into account the
maximum amount of piping and collection stations that could ever be needed. From the
Ferrovia area two plans to take the sewage to the mainland were examined briefly. The first
plan trangports sewage to the mainland under vacuum below the Mestre bridge. The
second plan transports the sawage to the mainland through two idands within the lagoon.

The upscae modd for the margina and historical areas of Venice was designed
using the in-depth study of Santa Maria Formosa. It was fdt that Santa Maria Formosa
was the best modd for an upscae of Venice, primarily because it was a good comparative
representation of other idands.

A mgor portion of thisfeashility sudy wasto examine the cost of implementing the
HIFLO™ vacuum sewerage system. A full cost andysis was performed obtaining figures
from the sponsor of the project as well asthe Comune di Venezia. A cost analysis was
performed for each test idand. Thetotal cogsfor the margind and historica areasincluding
collection gtations, were determined for each option. Codts for the piping rday system to
the Ferrovial Stazione Marittima area were designed taking the worst case scenario in mind.
A rough cogt of the plans to transport sewage mainland were aso extrapolated to give the
city abdl park figure to work with.

The socid impacts of implementing a vacuum sewerage sysem in Venice were
examined by administering a survey to the resdents. The survey addressed current
problems with the city’ s sewerage system as well asfinancid and environmenta implications

of indaling a new sewerage collection sysem. An analysis of the feedback received was



performed using Microsoft Excel., reveding that 48 percent of the survey supported a new
sewer systemn despite the difficulties with noise and traffic interference, but that an
overwheming majority opposed any tax increase to fund such a new system.

After an in-depth analyss of each option of implementation was performed, the raw
results of the study were collected. Schematic maps of dl levels of implementation used in
andyzing and sudying the data, concerning the feasibility of vacuum sewerage
implementation, were displayed using a geographical information syslem. All cost estimates,
with an itemized breakdown, from this study were presented. An upscale proposa of
vacuum sewerage implementation with al required components and cost figureswas aso
included. Thetota amount of piping and vaves necessary for each idand aswell asthe
upscale mode were aso calculated.

After the cost breakdown, each option was andyzed to determine the advantages
and disadvantages. To decide which option was optima for the cities needs, a comparative
decision matrix was made.

It was determined that option one was optmal for implementation within the
higoricd areas, while option two was optimad for implementation in the margind aress.
Option one was chosen for the historical areas due to the city’ s reluctance to perform
congtruction on alarge scale within these areas. This rductance is due to gtrict building
codes set forth by the city. Option two was chosen for the margind areas because of the
accessability of the sawage valves and the reduced congtruction below the building
foundations.

Once the options of implementation on the historicad and margind areas were

decided upon, a complete cost of implementation was presented. This cost includes dl



piping throughout Venice, the trangport to the Ferrovia/Sazione Marittima area, and the
trangport to the mainland. An aggregate cost was added to the total cost to account for
unexpected costs.

Thisstudy is presented as a preliminary feasibility study, of which other sudies will
follow. Further studies are suggested for other forms to trangport the sewage from the
callection idands to the Ferrovia/Stazione Marittima area. Two other suggestions are
made for this trangport system involving both a computer controlled vacuum system and a
conventiona gravity system. Further in-depth studies should aso be done for a system to
transport the sawage from the FerrovialStazione Marittima to the mainland.

It isthe project team’s hope that the study presented will be vauable for the city of
Venice and itsresdents. Additiondly, that the data collected will be useful to present anew

sewerage collection system that can help Venice preserve its buildings and canas.

3 BACKGROUND
1.8 INTRODUCTION

Veniceisadcity built on svamplands as an escape from Barbarian invasonsin the
Middle Ages. The city was built around the ninth century at sealeve in alagoon off the
north coast of Itay, near the Adriatic Sea. The inhabitants turned to the seato help them
survive in as many ways possible. They depended on the seafor food, travel, and trade.
Veniceinitidly was comprised of naturdly occurring wet and grassy idands or barene;
these idands were not structuraly sound building sites due to the nature of swamplands. In
order to improve the land qudity, Venetians drove large wooden pillars into the ground as a

pseudo-solid foundation. Above these pillars rest bricks protected from the sea by athick



coat of mortar. To connect these idands, the Venetians created a maze of cands. A great
uniqueness to the workings of the canasis the way that they are used not only for
trangportation, but also for sewage disposal. This method of sewage treatment has served
the city efficiently for centuries as it has been in existence since the Republic; but over the
past thirty years the system has become less effective due to lack of maintenance. The
failures have caused ecological, structural, and sociologica damage to the cands and the
city of Venice. The city isin the process of executing a 23-year long renovation plant of the
sewerage system, or fognatur e, budgeting approximeately 818 billion lire to repair the
damages created over the past few decades. This study proposes to install a vacuum
sewerage system as away to avoid future problems. Before considering implementation of a
new system, an understanding of the current system workings, why it isfailing, and how a
new system would correct the current failluresis essentid.
3.2 TWENTY THREE YEAR PLAN

The Comune di Venezia hasimplemented an 818 hillion lire renovation plan on the
entire sawerage system of Venice, taking an gpproximate 23 years. The renovations consst
of total repair of the sewerage system and outlets, up to 3 metersin from the cand wall.
The degree of repair depends upon the location of the area. Within this plan the city has

broken the idands in two groups, margina and historica areas, shown in Figure 1 below.
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Figure 1: Historical and marginal breakdown of each island within Venice.

The green represents historical aress, red haf-margind and haf-historica aress, and
blue represents the margind areas’.

Two years ago, the city of Venice made a decison to leave the existing sawer system
asisinthe centra sections of Venice, because of the delicate nature of the buildings and
heavy tourism. The outside areas of Venice were labeled as margind, leaving them open to
the possibility of anew sysem. Theintentions of this plan are to conserve Venice as much
as possible while dill trying to avoid the damage and destruction that has dready occurred.
3.3 CURRENT SEWERAGE SYSTEM

The city of Venice does not possess complete blueprints of the current plumbing for
each idand. They have extensve knowledge of plumbing for some idands, while the
plumbing of other idandsisamystery. The entire Venetian sewerage system can be broken

down into three mgjor parts: the sbocchi, collettori and fosse settica. The fognature were

2Comune di Venezia, Accordo di Programma. 1994



built during the Republic, adhering to dtrict regulations. The sewage and run-off water from
each house flushes into the cands out of sbocchi. Each outlet had to be aminimum of three
Venetian feet or 120 centimeters below the Sdewalk level.® These outlets dump the

wastewater into the canas dlowing thetida flux to carry the matter out to sea.

3.3.1 COLLETTORI AND SBOCCHI

There are two different pathways the sawage may trave in order to reach the
canas. The fognature work by a house s relaion to the cand wall. When ahouseis
located dong the cand wall, the sawage will deposit directly from the house to the cand out
a sboccho. There are two main types of sbocchi, circular and square. Circular outlets tend
to serve smdler amounts of waste disposd, not alowing for much sedimentation, and
resulting in most of the sediment traveling directly into the cands. Square outlets tend to
serve larger quantities of waste disposal. These outlets dso dlow for sedimentation,
therefore less sawage entersinto the canal.  Circular outlets do not provide sedimentation.

For houses located within the interior of idand, sawage travelsto the cands by
means of acollettore. Collettori run down the middle of the streets of an idand and collect
the sewage from each building. The buildings deposit sawage into the collettore from a
laterd and then the sawage is transported down the collettore, findly being depogted into
the canals out of asboccho. About seventy percent of the sewageis currently handled by
collettori. There aretwo typesof collettori, an old verson and anew verson. The older
verson conssts of either a square congtructed brick trough, or afilled in cand. Thetrough
is approximately one meter in height and .8 metersin width, while thefilled in cand, an

unused cand that has been covered over, variesin dimenson. The newer verson condsts
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of around pipe, forty to fifty centimetersin diameter, composed of a cement fitting within

the older collettore. Thisnewer verson is currently being ingtaled during renovations.

3.3.2 FOSSA SETTICA

Within the house, there is an adapted gravity sewerage sysem. The piping runs
throughout the house and deposits the wastes into a fossa settica, which is alarge decanter
located at the bottom of the foundationsin the houses. The decanters work as Smple septic
tanks. The heavy raw sewage sttles to the bottom of the hole, forming sediment, while the
lighter wastes remains at the top of the decanter, exiting into the canal. These decanters are
not found in al foundations and their locations are sometimes randomly placed. The
decanters periodically require cleanang depending on the rate of sedimentation build-up.

Another type of septic tank utilized has three subdivisons. Thistype of tank isa
result of arecent Venetian Law, stating that by 1996, fourteen hundred restaurants and
hotels must ingtall these tanks, while private resdences mugt ingal these tanks by the end of
the twenty-three year plan. Asof July 1997, only eight hundred establishments and ten
percent of the private homes have adhered to the mandate’.: The tank has three separate
compartments, each compartment acting as a sttling tank. The heavy sewage settlesto the
bottom of the tank and the lighter sewage travels over to the next tank. This process occurs
within each tank. By the time the sewage exits the third tank, only 5 percent of the origind
entering sawage is deposited into the canas. The amount of liquid wastes is not caculated
within this process.

34 SEDIMENT

4 Comune di Venezia



One of the most Sgnificant consequences of the current sewerage system isthe
formation of sediment onto the cand floors. Sediment is a grayish black matter composed
of sdlt, silt, mud and sewage. These deposits build-up at arate of 2 cm per year. The
sediment forms athick layer on the bottom of the canals when there is no proper
maintenance. Over the past thirty years, canal maintenance has been neglected.
Maintenance conssts of draining and dredging cand sections. Thirty years prior to 1960,
813,050 cubic meters of dudge was dredged, while approximately 105,000 cubic meters
have been dredged since.® Sediment build up lowers the depth of the cands, which permits
less water to flow, decreasing the rate of sewage extraction because the canals do not
sugtain a great enough flux of water to dir it up. Asaresult of the sediment build up, the
naturd flow of matter out to seais prevented from occurring. Another problem of sediment
build-up isthe formation of thick layers, which increases the level of water, potentialy
causng certain cana ways, with low bridge clearance, to become impassable. The build up
of sediment indirectly damages the structure of the city and increases the pollution levels.
3.5 STRUCTURAL DAMAGE

The sediment build-up causes structural damage to the outlets as well as the cand
walls and buildings. At various pointsin time, resdud levels became too high, blocking the
sewage holes. This blockage eventually creates a great pressure build-up, which leadsto an
eruption of the pipes housed within the cand wals. The pipes burst and sawage can no
longer exit properly into the cands, ingtead, it is rerouted within the bricklayers of the
foundation. This explosve action dso forms large holesin the wals, which eventudly get

filled with mud and sediment, corroding the bricks of the foundation. The handling of these

5SUNESCO



problems were addressed by ingdling new internd piping paths dong with new sbocchi.
The new parts of the fognature were rerouted above the old system. The outlets were
raised, most above the leve of the low tide waterline. The internd piping was not redirected
properly; so many of the previous sewage paths are il followed. Instead of exiting out of
the new outlets, the sawage rerouted itself through the brick foundation, before seeping out
through the cand wadlls.
3.6 CANAL WALLS

The cand walls are comprised of brick and istrian stone. The brick begins at the
ddewak, meeting a the waterline with the nonporous istrian stone. The risng water leve
has moved the waterline more towards the brick layer foundation. The condition of the
cana walls can be used as atool to assess the integrity of the internal plumbing. An instance
of the cand dameage is that there may be only afew missng bricksvisble, but internaly
there may be large cavities threatening the structurd integrity of the building.
3.7 POLLUTION

The sediment pollutes Venice visualy and physicaly, producing odors and

contaminated water. Raw sewageisvishble a low tides and is an eyesore in an area heavily
based on tourism. The raw sewage in the sediment aso contains dangerous bacteria. Itisa
potentia health hazard if a person comesin contact with these bacteria. Also afoul odor
emanates from the canals when gas pockets within the sediments are popped.
3.8 TEST ISLANDS

The two test idands are Santa Marta, located in the margind area, and Santa Maria

Formosa, located in the historical area. Santa Martais alargeidand, 265,300 n?, of which



only hdf isresdentid.® 1nthel960's, Santa Martawas used as atest idand for sewage
piping to atrestment facility. The idand was congtructed with no decanters for
sedimentation.  Ingteed dl new piping was ingaled within the pre-exigting piping aong with
one large main pipe that would pump al the sawage to atrestment plant. The pilot plansto
pump al the sawage to atreatment plant failed. Since there are no existing decanters, there
is no sedimentation; therefore al the sewage is pumped out the main pipe about 150 meters
into thelagoon.” The city will be Sarting renovations on Santa Marta within the next few
months.

Santa Maria Formosaisasmall idand located within the interior of Venice and
goparently hastypica plumbing design with decanters, laterals, and main pipelines. The
areais completely resdentia with one hotdl, afew restaurants, and some shops along the
main calle.

3.9 VACUUM SEWER TECHNOLOGY

Vacuum sewers should be taken into consideration in any case where a conventiona
sewer system may be costly to ingal or operate. Vacuum sewerage systems are often
ingaled under any of the following conditions: low housing density, flat terrain, ungtable
ground, high groundwater table, water protection area, and low or widely varying flow

rates. Vacuum sewers, in al of these cases, can offer great advantages.

3.9.1 SYSTEM COMPONENTS

In order to understand what a vacuum sewer system is, one must be familiar with

the basic dements of the system: the vacuum collection tank, the vacuum vaves, the sawage

6 Comune di Venezia
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pump and the vacuum piping. The collection tank is housed within a vacuum collection
gtation, which aso houses a backup generator, a control panel, and a vacuum pump.

The collection tank is a very important feature of a vacuum sewer system. Thistank
may be congtructed out of sted or fiberglass. The collection tank is sSzed according to flow
rate with typical Szesranging from 4 to 12 cubic meters® Vacuum valves are used to
creste a pressure differentid at the end of the piping, away from the collection gation. Ther
main function is to alow sewage to enter the pipes when the pressure differentia is formed
S0 the sewage can be “sucked” dl the way to the collection station. The vacuum piping
system connects the houses to the collection station. It is usudly congtructed of 4-6 inch
diameter PVC piping. At the station, an eectrical pump is used to create the vacuum in the
tank. A stand-by generator keeps the vacuum sewer system in operation during extended
power outages. A control panel reads the pressure and oil gauges concerning the
effectiveness of the system. When problems arise, an automatic telephone dider dertsthe

operator to darm conditions.

3.9.2 VACUUM SYSTEM FUNCTIONS

Vacuum sewers have been dtered drasticaly since their patent earlier in the 20"
Century. They have been used, modified and developed over the last 30 years. The
objective of the sawer system isto transport sewage from a certain point to a collection
gation by using avacuum produced in the collection tank. In most systems, the collection
tank is set below ground in order to minimize gtatic lift in the piping system, but in many
systems, the collection tank can be located a the ground surface. Although these different

aspects of the system have been congtantly modified, the basic requirements of control,

8 Hassett, Alan. Vacuum Sewers-Ready for the 21st Century. 1996



logic, and functioning of the vacuum valve have not changed.

The way that avacuum sewer system operatesis, first air is evacuated from the
collection tank, to create a vacuum within it. This action crestes a pressure differentia,
making the station end of the vacuum piping a alower absolute pressure than the
amospheric pressure existing a each vacuum valve connection. This pressure differentia
crestes a hydraulic gradient of energy from the valves toward the collection tank. When a
vacuum vave is opened, the pressure differential forces liquids and atmospheric air through
the vacuum valve, carrying them to the collection tank at the collection station.

The collection station is the center of the vacuum sewerage system. It houses two
vacuum pumps that creste vacuum in the sewer lines, an enclosed collection tank, and two
duplicated sewage pumps that discharge the sawage from the collection tank when full. The
incoming vacuum lines connect individudly to the collection tank, effectively dividing the
gysem into zones. As sawage enters the collection tank, driven by air, the vacuum in the
system will dowly decrease from 20 inches to 16 inches Hg.° The vacuum pumps are sized
to increase the system vacuum back, from 16 inches to 20 inches Hg, and usudly takes less
than three minutes. Each vacuum pump tends to run only two to three hours per day. The 2
non-clogged sewage pumps are each sized for the hourly maximum flow rate.

A smplified view of the collection process shows sewage flowing by gravity from
houses into a collection sump. When the amount of approximately 40-60 liters accumulates
in the sump, the vacuum interface valve automaticaly opens and differentid air pressure
propels the sawage through the vave and into the vacuum main. The sewage then flows

through the vacuum lines and into the collection tank at the vacuum gtation. The sawage
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pumps trandfer the sawage from the collection tank to the wastewater treatment facility. A
great advantage of this system is that there are no eectrical connections required & the
home, and power is necessary only at the vacuum collection station.°

The vacuum valves are incorporated into the Vave Pit Package, which connects the
gravity piping from the homes to the vacuum sewer system. In the upper part of the sump,
which collects the raw sewage, a vacuum interface vave isingdled. It is pneumatically
controlled and operated. The vacuum from the sewer line opens the vave when the
pressure differentid is big enough. Sewage level sensng works because as the sewage level
rises ar trapped in the empty sensor pipe pushes on adigphragm in the vave' s
contraller/sensor unit, which sgnasthe valve to open. The vaveis designed to handle

nomind 75mm solids.

3.9.3 ADVANTAGES OF VACUUM SEWERAGE SYSTEM

The vacuum sewer system provides many advantages. For example, the
piping in avacuum sawer system is smdler in diameter than in a conventiona sewer system.
Thisuse of small diameter plagtic pipes reduces cost per unit length. Also, dueto the
narrow and shalow trenches, congtruction costs are decreased. Due to their built-in lifting
cagpability, vacuum sewerage systems make intermediate pumping unnecessary. Vacuum
sewers can aso pass over or under obstacles like streams, ditches and other service lines.
Unlike gravity systems, vacuum systems do not need ingpection chambers or manholes,
because the vacuum lines are “maintenance-freg’. Vacuum systems are dso tightness

tested, meaning that lesks can be easily detected and localized. Thistesting process
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diminates infiltration, which resultsin less sewage and smdler treetment fecilities Thereis
aso no threet of exfiltration, due to the fact that if thereis abresk in the pipe thereisno
leakage due to the vacuum, which makes the vacuum sewer system idedl for water
protection areas. Another important advantage is that Since the sawage in the system is
highly aerated during transportation, it isless toxic, less corrosve and less odorous. Finaly
there is no need to enter manholes where maintenance crews could be exposed to
hazardous atmosphere. Due to high flow ve ocities vacuum pipelines are maintenance free,
3.10 HIFLO™ VACUUM SEWERAGE SYSTEM

The HIFLO™ is basicly an upgrade of the conventiona vacuum sawerage system.
The difference between conventiond sewerage systems and HIFLO™ is found within the
design of the vacuum vave. Unlike the conventiona vacuum sewer system, the HIFLO™
separates air and sewage inlets into separate valves. This feature allows more sewage to
enter through the valve because the wastewater is no longer mixed with theair. The
HIFLO™ has many unique features that puts it above the conventiona vacuum sewer
system in terms of technology. It has high-lift capabilities, high capacity inlet capabilities,
and uses off-the-shelf hardware.

The separation of vavesin the HIFLO™ increases the flow alowed through a
vacuum sewer system significantly making dense residentia applications possible.
Conventional vacuum sewer valves are manufactured to handle atypical pesk flow of 1
liter/sec.t* Mogt households fal within .2-.33 liters/minute range permitting a conventiond

vacuum sewer system vave to serve only two houses*? For the Amitrak ingtdlation of

1 AIRVAC Design Manual
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HIFLO™, design dlowed flows of up to 10 liter/sec a each inlet interface’® Thisisa
tenfold increase in the standard capacity of vacuum sewer inlets. As stated before this high-
capacity capability was accomplished by separating the liquid and air input locations. The
sewage-only valves are able to operate in excess of 10 I/sec.** The ar-only input valves are
located on the vacuum main and alow air to enter the pipes a a frequency and duration
required to maintain the designated air to liquid ratio for the piping system.

In order to understand well how the HIFLO™ system works one must first
understand how the separation of valves functions. The sawage-only valve can be explained
by the “ball and basket” modd. Bascdly, the sawage-only vaveis composed of abal and
a basket-like container in which the ball floats on. Because the “basket” is under vacuum,
the bdl is held down until the upward force of bouyancy overcomes the downward force
created by the pressure differentia between atmospheric and vacuum, times the cross-
sectiona area of the outlet opening.*> Sewage flows through the vave until the leve of
wadtewater goes down. Thevave isblocked off when the bal floats to the point where its
circumference equas the circumference of the “basket”. This action doesn't dlow air to
enter the pipes. When more wastewater enters the basket, the ball foats once again allowing
sawage to enter the piping system. However if the sewage-only vave wasthe only vavein
the system, the wastewater could not be carried back to the collection station due to its high
density. In order to decrease the densty of the wastewater, air inlet valves are placed dong
the piping at the points where the dengity of the wastewater is too high. One can aso place

extraar-inlet valves in order to speed up the sewage transport process by decreasing the
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dengty of wastewater.

Overdl the HIFLO™ s dud vaveis an excellent festure because it dlows for dl
four of the HIFLO™’ s previoudy mentioned cagpabilities, high flow capacity, high reigblity,
low-tech, and inexpendve vaves and inlet devices.

3.11 ALTERNATIVE SYSTEMS

Although the project team focuses cand repair on vacuum sewage indtillation, an
assessment must find a system best suited for Venice, by studying al the options available in
the market currently. The sewerage systems currently available that were studied in order to
determine if the vacuum system is the best option are the conventiona gravity system, which
is currently the most popular system, and the low pressure system.

In a conventiond gravity sewer system, wastewater from each house flows directly
into the publicly owned sawer without any mechanicd interface. In order to provide a
service to dl residences, conventiona gravity sewer must be laid deep enough at its most
upstream point to pick up the lowest plumbing fixtures in the building with an alowance for
the drop in elevation dong the service laterd. 1t must then maintain a downward grade
adong its entire length in the downstream flow direction. When the depth of the sewer
becomes impractica or uneconomical, due to excessve codts for excavation, dewatering
and surface retoration, a conventiond pump gation lifts the wastewater to a higher
elevation where gravity flow in downward doping pipes resumes.

In alow-pressure sewer system, asmall storage tank and a grinder pump serve asthe
interface between the homeowner’ s conventiona gravity service latera and the publicly
owned pressure sewer. Due to positive pressure driving the flow in pressure sewers, they

can belad at ashdlow depth initidly and ther profile can follow the existing ground



contours, with subgtantia savings in excavation and restoration costs. These pressure
sewers eventudly discharge to a conventiona pump station, which takes the wastewater to
the existing sewerage system. In contrast to the gravity sawerage system, the existence of
eectricaly powered grinder pumps introduces additional potential for failures or mechanica
malfunction, making the availability of trained personnd for quick repairsimperative. These
requirements can be coped with (for alimited amount of time) by the maintenance of an
ancillary individua septic system for temporary use during down periods.
3.12 SITESOF HIFLO™ SEWER SYSTEM IMPLEMENTATION

Patents for wastewater collection by barometrical depression date back to 1888.
The Liljendahl Corp. of Sweden did the firgt practica gpplication of vacuum sewage
callection in 1959. Since then vacuum sewerage systems have been implemented al over
the world. In North America severd vacuum sewerage systems can be found from coast to
coast. Along the East Coadt, there are systems serving residentia subdivisons a Matthews
Courthouse, Va,, the Lake of the Woods development near Fredericksburg, Va., and
severd resortsin South Carolina In Indiang, there are sysems in Martinsville, North
Vernon, Rome City, and Plainville. Industrid applications were implemented in Alabama,
Indiana, and Louisana. In the West Coast vacuum systems can be found in Vancouver,
British Columbia, Can., and Bear Lake, Cdif. The project looks at two sights,
Cavdier/North Linkhorn Park in the city of Virginia Beach, Virginia, and Queen Anne's
County, Maryland, in order to further contrast the advantages and disadvantages of
V S2001 vacuum sawer system with the other two sewer systems (gravity and low-

pressure).®
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The Cavalier/North Linkhorn Park areaiis close to the sea bounded on most Sides
by bodies of water. It has ralling terrain with many rises and fdls. Mogt of the areais low-
densty residentid with avery limited portion set aside for offices, businesses and
gpartments. Mogt of the neighborhoods have been devel oped with on Site septic tanks, but
soil conditions of the genera areaare usudly poorly drained and present avery poor
potentia for repair when the drainage fields eventudly fail. Failure of the septic tanks may
result in sgnificant health endangerment due to potentia contamination for the public weter
supply distribution system and nearby natural water bodies.

The two types of sewer systems evauated for the Cavdier/North Linkhorn Park
areawere gravity and vacuum. Due to therolling terrain encountered in Virginia Beach,
excessve depths are encountered often and alarge number of intermediate collection station
would be required in order to implement a gravity system. In the 895 miles of gravity
sawersin the city 260 pumping and lift stations are needed to make the system work. For
these cogt reasons the gravity system is undesirable. Vacuum and low-pressure systems are
usudly implemented when the terrain makes the capita costs of producing a gravity system
excessve. A disadvantage of the low-pressure system is that since each house has an
holding tank with agrinder pump, if there is a power outage the system does not work and
backs up until power returns. Vacuum pump stations don’t share this problem since they
have their own power source. Construction predictions showed that:

Gravity sewers would dope a 0.004 ft/ft and wouldn’'t go lower than 16 feet in
depth.
Low-pressure sewers would be placed at a constant depth of 3 feet.

Vacuum sewers would dope at 0.0025ft/ft and wouldn’t go lower that 12 feet in-depth.



Two other posshilities were studied, one a combination of shalower Gravity system
with Grinder pumps and the other a combination of Vacuum and shalower Gravity with
Grinder pumps. The second combination involves building avacuum sysem in the
northwestern haf of the project and a shalow gravity system (with grinder pump
connections where needed) in the southeastern portion. The belief behind this combo is that
vacuum systems exhibit somewhat greater cost advantages in areas where buildingsto be

served are more closely spaced. The estimated construction costs for each dternative are

asfollows
a Conventiond Gravity System $6.1 million
b. Low-Pressure System $5.7 million
c. Vacuum System $3.9
million
d. Shdlower Gravity System with Grinder Pumps $6.8 million

e. Combination of Vacuum & Shalower Gravity
with Grinder Pumps $5.3 million

The annua Operation and Maintenance cost estimates for the first three aternatives are:

a Conventiond Gravity System $43,900
b. Low-Pressure System $36,900
c. Vacuum System $39,000

Asit can be seen from the price estimates stated above, the vacuum system isthe
best choice economicdly speaking. In practicd termsit is elther as good or better than the
other choices. And findly both Low-Pressure and Vacuum systems have less odor

potentia, and disruption during construction than a Gravity systlem. Also the long-term



aesthetics of vacuum and pressure systems are preferable than that of gravity systems.?’
After reviewing their options the City of Virginia Beach chose the vacuum sewer option for
the reasons stated above.

The second Ste chosen as a suitable modd for the implementation of vacuum
sawerage systemsis Queen, Anne's County, Maryland. The service areais composed of a
series of peninsulas created by numeroustida creeks and bays. The overal topography of
the areais broad, level plain with eevations ranging from sealeve to goproximately 9 m (29
ft) dbove sealevel. Mogt of theterrain isbasicdly flat. The service area covers about 766
ha (1,892 acres). The length of the service areaiis about 13 km (8 miles) and the width
varies from about 1 km (0.6 miles) to about 5 km (3 miles).:®

Wastewater disposd in the area was accomplished mainly by the use of on-site
disposa systems. An abandoned grave pit received most of the sewage generated within
the area. Numerous bus nesses were dependent on holding tanks, which had replaced
mafunctioning septic sysems.*®

Once again, the Gravity, Low-pressure, and vacuum systems were studied to
determine which system was the most suitable one. For any of the collection system
designs, 12 gtations (each serving a separate collection area) would be connected to a
transmission system of two collection stations and force mains leading to the wastewater
treatment plant adjacent to Chesapeake Bay. The Gravity dternative included 12 pump
gations, 51 lift stations, and approximately 56,000 m (184,000 ft) of 200-mm (8-in.)

diameter pipeingaled a depths varying from 1.5 to 3.6 m (5-12 ft). The Low-Pressure

17O’ Brien & Gere, Cavalier/ North Linkhorn Park Sewer Improvements, 1984.
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aternative included 12 pump stations, 1,000 grinder pumps, and about 49, 000 m (161,000
ft) of 100- and 150-mm (4- & 6-in.) diameter pipe ingtaled at a depth of 0.9 m (3 ft)
bellow the ground. The vacuum dternative included 12 vacuum collection stations, 1000
vacuum valves, and approximately 61,000 m (199,000 ft) of 80-, 100-, 150-, and 200-mm
(3-, 4-, 6-, and 8-in) diameter pipeinsalled at depths varying from 0.9 to 1.5 m (3-5 ft).2°
Topography, soil conditions, and groundwater table were dl extremely unfavorable
for deep pipelinesin the proposed service area. Vacuum and Low-Pressure pipelines can
avoid these problems by conforming to the ground surface profile. The extremely flat terrain
necesstates ardatively high ratio of intermediate lift sations to the length of the gravity
sewer. The high groundwater table and poor soil conditions caused the dewatering and
restoration costs to increase exponentialy as the depth increased. All of these problems
make the Gravity sewerage system an unlikely choice for thisarea. The expense involved
providing ectrica service to over 1,000 grinder pump ingtalations was a factor detrimenta
to the Low-pressure system.  The vacuum system was found to be more rdigble than the
L ow-pressure because the 12 vacuum stations had standby power incorporated in them,
meanwhile it was economicdly infeasible to incorporate sandby power in dl of the grinder

pump gations. The estimated congtruction cost for the aternatives was as follows:

a. Conventiona Gravity System $15.5
million

b. Low-Pressure System $10.4
million

c. Vacuum System $3.1 million

20 Hassett, Alan F. & Starnes, John C., Journal of Water Pollution Control Feder ation, 1981



The annuad Operation and Maintenance codts for the dternatives were:

a. Conventiona Gravity System $330,000
b. Low-Pressure System $173,000
¢. Vacuum System $158,000

Because of the economic and functiond advantages that the vacuum sawer system

offered over its adversaries it was chosen for congtruction in Queen Anne's County. 2*

4 LITERATURE REVIEW

Anayss of Structura Damage to the Cand Walls of the Sestiere Castello di Venezia

ThisIQPisastudy of the cands separating the Sestiere of Castello on the east Sde
of Venice from the San Marco Sestiere in the central part. The cands evaluated in this sudy
arethe Rio del Fontego del Tedeschi, Rio delaFava, Rio de S. Zulian, and Rio de Padazzo
Canonica. This document was very useful in actudly seeing the damage of the cand walls
from the current sewerage system. It contains a mapping section of where the sawage
outlets are located aong the cands, and the percentage of outlets that are damaged. This
knowledge of the outlet locations will help in the routing of the proposed piping system. This
QP presents alisting of gatistics about the extent and type of damage to the cand walls.
The damage is categorized into four degrees. Appendix D contains vauable insght of the

actua structure and location of the fognature, or sawage holes, along the canals.

21 Hassett, Alan F. & Starnes, John C., Journal of Water Pollution Control Federation, 1981



A Study of Water Qudity in the Santa Maria Formosa Insula

This 1QP tabulates the water quality within the canas. It measures depth and flow
rates of each candl. Thisis useful in determining how much sediment is actudly built up. In
Appendix E adatabase was compiled of the average output of sewage in each cand. This
was done by taking the average consumption of water per year and relating it to the number
of outlets dong the cand. This data can be used to estimate the amount of flow into the new

piping, and facilitate a prediction of the operation cost of the proposed pumps.

Cavdier/North Linkhorn Park Sewage |mprovements, Department of Public Utilities, City

of Virginia, Virginia. April 1984.

This document is the recommendation for the implementation of a vacuum sawer
system in the Cavaier/North Linkhorn Park area. It was produced by O’ Brien and Gere
Engineers, Inc. Within this document, an implementation of a gravity, low pressure, and
vacuum sewer system is studied for implementation within the spoken area. This document
presents agood mode for the implementation of avacuum sewer system. Descriptions of

low pressure and gravity sewerage systems were derived from this document.

Vacuum wastewater collection: the alter native selected in Queen Anne' s County,

Maryland Journal, Water Pollution Control Federation. January 1981.

Thisjourna describes how the implementation of vacuum sewers was chosen over

other sawer systems in Queen Ann€e's County, Maryland. It represents a good mode of the



advantages that vacuum sewers hold over gravity and low-pressure systems. Theterrain of

Queen Anne s County is sSimilar topographicaly to that of Venice.

Calle, Campidlli E Canali

This book gave detailed maps for al of Venice. Each map contained dl of the
buildings for each Idand within the 6 Sestieri of Venice. This provided the list of address
ranges necessary for making detailed schematics for each of the project’ stest idands as well
asthe upscale modd for Venice. It dso helped in providing building locations for the

laterds, vaves, and collection sations of the vacuum sewer system.

Coses QP

This QP provided the water consumption data necessary for our study from 1996.

This data was used to determine the size and location of the pump stations.

Piano Programmadegli Interventi Integrati per il Risanamento |gienico ed Edilizio ddla Citta

di Venezia

This book was provided by the city of Venice. It provides useful information related
to the fognature system of Venice. It identified the divison of the margind versus higtorica
gtesfor our study. It aso provided water consumption data from 1991 for al six Sestieri.
This book outlines the 23-year renovation plan for the complete renovation of the sewer
system of Venice. This plan is extendve and gave us information about costs of dredging,

excavation, efc.



AIRVAC Desgn Manud

The AIRVAC Corporation provides this manud. It is an in-depth engineering andysis
of the vacuum sewer system provided by the company. It was used in this study to
determine the different options of implementation for the vacuum sawer sysem. Most
importantly, it was used to determine the collection station design and location for the
implementation of this sysem
5 METHODOLOGY
5.1 INTRODUCTION
The present system in Veniceisfailing in many ways. It is causng structural damage to the
building foundations and cand walls. Severd previous project teams have dedt with these
problems. In this study, the current project team evauated the feasibility of ingtdling a
vacuum sawerage systemn on two different levels within the city of Venice. The
implementation of a vacuum sewerage system into margina areas of Venice, aswell asthe
historica areas was examined as ways to eiminate the direct dumping of wasteweter into
the cands, while reducing the amount of damage to the cand walls. In order to achieve this
god, it was necessary to study the current sewerage system and itsflaws. From this study a
means of inddlation of HIFLO™ was determined, and a cost analysis for congtruction and
implementation was also performed. This study was then proposed to the City of Venice as

asolution to the prevailing sewage problem.

5.2 OBJECTIVES

Inspect how the current sewer system operatesin order to provide an estimation of how



complex the current systemiis.

Analyze Santa Maria Formosa and Santa Marta to smulate prototype implementation
of the hi-flow vacuum sewerage system, HIFLO™

Design comparative schemeatics of the current sewerage system and the HIFLO™, for
both test idands, and then the entire city of Venice.

Make a cost estimate of the implementation of the HIFLO™ system.

Compare the HIFLO™ with the current sewerage system of Venice on levels of cogt,

socid aspects, and applicability.

5.3 ANALYSISOF TARGET SITES

Since eva uaing the implementation of the vacuum sewerage system (HIFLO™) for the
entire city of Venice would be impractica and could not fit the time congraint of two
months, the project team chose to andyze vacuum sewage technology for two test idands.
The two test idands chosen were Santa Marta and Santa Maria Formosa. These test
idands were chosen for scaled-down prototypes. The team reviewed these selections with
Venice' s Department of Public Works, who approved the choices.

Theidand of SantaMarta, located in the margina area, was sdected for anin-
depth andlysis of vacuum sewer implementation at the specid request of the city. This
request was made due to current renovations planned to take place in the near future, as
well as severe sawage collection problems within thisidand. Due to its uniqueness in piping,
Santa Marta was not considered a good representative of other idands and was not chosen
to form the upscale model.

Due to the fact that Santa Maria Formosa was considered to be typica idand of



Venice in geographica and structural terms, it was chosen to form an upscae modd for the
entire city. For both of these idands, schematics were made adong with the interna and
externd system configurations. Information was aso obtained concerning the average

diameters, lengths, and routing of the city mains.

54 GENERAL METHOD OF APPROACH

The project group’s main task in Venice was to design a schematic for the
implementation of aHIFLO™ vacuum sewerage system to serve the city. The project team
accomplished this task by using a geographicd information system, Maplnfo, and previous
data regarding the schematics of the piping from the city of Venice to determine the
approximate pipe lengths for the mains and lateras. Extrapolation of pipe lengths occurred
when there was alack of information for a certain area. Maplnfo was used asatool to
estimate the points a which the laterals join the mains. Another use for Maplnfo was to
determine possible locations of the air valves and sawage vaves specific to the hi-flow
HIFLO™ system. The project team completed these schematics in Maplnfo for Santa
Maria Formosaand Santa Marta. Using the data obtained from the schematics of Santa
Maria Formosa, extrapolations were made to form an upscae mode of the entire city of

Venice.

55 EVALUATION OF THE CURRENT SEWERAGE SY STEM
In order to get agood idea concerning how the current sewerage system functions,
the project team met with city officiasto obtain al possible knowledge of the current

piping system and the practicdity of future piping systemsto be implemented in Venice.



Daafor Santa Marta was obtained directly from the city’ s current sewage plans and the
proposed renovation plans of theidand. Dueto alack of knowledge available on an
in-depth level for the current plumbing intricacies of Santa Maria Formaosa, only rough
edimates using Maplnfo were made to imagine what current and future piping systems
should look like. Databases and maps were created to record the generd routing of the
plumbing, the discharge points of the sewer pipes, the discharge rate of wastewater, and
the locations and sizes of building laterals and collection tanks, as well as vacuum valves.
5.6 GENERAL PLUMBING DESIGN
To assess the generd routing of the plumbing, city schematics were obtained that
describe this subject. 1t was essentia to study how the plumbing is routed at severd
different locations throughout the city, in order to form a pattern for the plumbing. City
engineers lvanno Turlon and Rinddo Fidati were interviewed due to their excdlent

understanding of plumbing routes throughout the city.

5.6.1 SIZE OF LATERALS

Another concern was that not al of the buildings are adjacent to the candls, s0
“laterds’ serve as ameans of extension to the cands for sewage disposa. 1n order to make
agenera guess concerning how many of these laterals are present in a specific areg, an
assumption was made that for each door, belonging to a given building, there exists one
laterd. Since collettori generaly run down Streets, an assumption was made that each street
is served by a collettore, which carries the sewage from the street’ s laterd s to the candls.
5.7 IMPLEMENTATION OF VACUUM SEWER TECHNOLOGY

The main objective of thiswas to obtain the most practical form of



implementation of the vacuum sewerage system. The project team proposed different
combinations of the extent of implementation. The biggest obstacle at hand was how to
connect the internal system to the externd piping due to the ddicacy of the buildings. In
order to create an overdl proposd for the City of Venice, downscae schematics of Santa
Maria Formosa were created using Maplnfo, a geographica information sysem. The

proposed implementation was carried out at three different levels
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Figure2: Option one proposal of vacuum sewerage implementation.

OPTION ONE: Option one involved vacuum piping within the cands. The piping was
indaled below the dredge leve or on top of fiberglass support posts, which are designed to
anchor the pipes below the water line at dl times. The vacuum piping interfaced with the
gravity piping fromthe idand at the shoccho, the point where the collettore decants into the

cand, and a sawage only vave isindaled. Air inletisare indaled every 50 meters dong the

cand piping.
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Figure 3: Option two proposal of vacuum sewerage implementation.
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OPTION TWO: Option two is an expanson of option one. Along with the piping design
within the cands, vacuum piping was carried dong side the collettore to the point where it
meets with the decanter. The laterd interfaced with the vacuum piping at the collettore.
The sewage only vaves were placed at the interceptor pointsin the form of asmal manhole.
“Normd” laterds, within 5 meters of one another, on the same side of the Street, were
joined in order to reduce the number of valves needed. Once again, air inlet valves were

ingtdled at 50-meter intervals.
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Figure4: Option three proposal of vacuum sewer age impel mentation.

OPTION THREE: Option three is a continuation of options one and two, except laterd
rerouting within this option is not necessary. VVacuum piping in this option goes al the way
up the laterds. Within this option, the gravity piping interfaced with the vacuum piping &t the
bottom of the house where the sedimentation tank is located. At this point a sawage only
vavewasinddled. Airinlet vaves were dso placed & 50 metersintervals.

Both options two and three were designed for both test idands, taking into
condderation the differences between building regulations of historical and margina aress.
The upscalefor dl the piping of both the margind and historical idands was based on the
data collected for Santa Maria Formosa, given that no such data could be collected for
Santa Marta because of its unique piping.

It should also be noted that no trestment was applied for outlets that serve only

canaside buildings. Candside building adaptation was not included in this study for two



reasons. Thefirst reason was the project group predicted only 10 percent of the total
sewage entering the canas resullts from canalside homes. The second reason was thet in
order to serve dl candsde homes with vacuum sewerage, the plumbing design must either
be rerouted to enter a collettore or valves would need to be placed at every sboccho.
Cand dde adaption requiresits own detailed and could not be taken to the needed leve
within the dlotted time for this feasibility study.

The vacuum collection gpplications within this study were designed to collect
sewage that was previoudy collected by the collettori. Other sawage will not be collected
by this system. Also, option one was designed for the building sensitivities of the historica
idands, given that no congtruction would be performed within or around the buildings in this
option. Theleves of implementation were decided based on cost and practicdity. These
investigations were dl concluded with the assumption that the city goes through with the
cand dredging, sewage outlet and collettore renovations, al contained within the 23-year

renovation plan.

5.7.1 CITYWIDE IMPLEMENTATION

Once the preparation of each option for vacuum adaptation had been completed on
the downscae level, an upscale plan for the city of Venice was crested accordingly. The
upscae was broken down into two categories, higorical and margind, and the totd piping,
sewage vave, and ar inlet vave relations were developed for each option using the
downscale models for Santa Maria Formosa. It should be noted that al pipes were
designed with the intentions to not cross or run aong the Grand Cand.  Included within

citywide implementation were two schematics demondtrating a suggested collection station



networking system to transport al sawage to a section of the city where it can be collected

and trangported to the mainland.

5.7.1.1 PIPING DESIGN

Indl the options, the piping for both the margina and historical areas was based on
the data collected from Santa Maria Formosa. Santa Marta was not modeled because of
the uniqueness of its piping. The cand piping, which isthe tota piping for this option,
included the total measured piping for the idand (usng Maplnfo), the amount of piping
down into the cand's and a piping grade factor. The down piping, which is the amount of
piping that went into the candl, was set a 2 meters per collettore outlet to account for the
vacuum piping going below the water leve to the bottom of the cand. The piping grade
was a standard degree a which the piping dopes and then climbs back up. The piping
drops 30.48 centimetersin 152.4 meters and is then raised vertically 30.48 centimeters
(See Appendix C). Thetotd length of cana piping for Venice was determined by the

following equetions

S'A'S.M.F. (mz)
5 CP.. . (M ?V.P.F..(m) (D
SA (m?)

Equation 1 divided Santa Maria Formosa s surface area, SAs ¢, by the totd amount of
piping, C.P.g\ .. Theresulting vacuum piping factor, V.P.F.,, of option 1, was applied

within equetion 2 to cdculate the cand piping length for each idand, C.P., ,in Venice,

For option two, the total amount of piping was cdculated by adding together dl the



piping obtained in Maplnfo, being the down piping, the piping grade and normd lateras
(See Appendix C). In order to cdculate the amount of land piping, the cand piping in
option 1 was subtracted from the tota amount of piping in option 2. Land piping for dl the

idands was then cdculated by the following equations:

Ay e (MF)
5P ? LP.F.,(m) €)

Lmz)’? |_|Z>I (m)

LPF.,(m) @)

Equation 3 divided SA,  , the surface area of Santa Maria Formosa, by the total land

piping, LPsy .. Within equation 4, the same extrapol ation between the piping factors, as

within option one, was corrdlated, yielding LP, , the land piping for each idand. Normal

laterals within a certain distance from one another were joined to decrease the number of
vaves. Thefollowing formula caculated the amount of piping that was rerouted.

BV.,? SV.,?5(m) ? La.P.(m) (5)
Equation 5 is the difference between the tota number of sewage vaves for option 3, SV .,

and the tota number of sewage valves for option 2, SV.,. When thisvaueisthen
multiplied by 5, the totdl laterd piping, La.P.(m) , iscaculaed. To then cdculate the
amount of normd latera piping on the city leve, equations 3 and 4 are used once again with
La.P.(m) used asthe dividend of surface area.

In option three, the same procedure was applied as in option two but with

placement of the laterds under the vacuum piping. The amount of vacuum laterds within this

option was smply caculated by subtracting the total land piping in option two from the totd



land piping in option three. The calculations of land piping were Smilar to equations 3 and
4. For each option and area type, each amounts of cand, land, and latera piping lengths
were summed using Excel spreadshests, to caculate the tota of each piping type for al of

Venice.

5.7.1.2 VALVE ESTIMATIONS LOCATIONS

Two valve types were caculated for vacuum design, sewage and air. Sewage
vaves were cdculated first on adownscde level, a each interface between gravity and
vacuum. These valves were placed at the shocchi in option one, in smal manholes on the
dreet in option two, and in the sedimentation tanks in option three. The air valves were
amply placed a 50-meter intervals dong the vacuum piping. The rdationsfor vave
caculaions were derived in the same fashion asin equations 3 and 4, with the number of

vaves asthe dividend. The only differences resde in the vaue of the factors.

5.7.2 COLLECTION STATION NETWORK

In order to collect and treat al sewage within the vacuum sewerage system, a
network of collection stations was created.  The network works under vacuum, not only
collecting dl sewage but dso trangporting it out of the city. All cdculaions took into
consderation the equipment for the collection stations and the necessary land. Collection
gtation networking was devised for margina and hitorical areas done, aswell asdl of
Venice.

5.7.2.1 VOLUME OF COLLECTION TANK AND COLLECTION STATION
LOCATION

In order to determine the location and size of collection tanks for Venice, the



individua tank sze for each idand was cdculated based on the average sewage flow (liters
per minute) with a pesking factor. To cdculate the average sewage flow, the water
consumption was used as arough estimate of sewage flow. An in-depth caculation was
executed for the four sestieri, while arough estimation was done for the two remaining
sestieri.

Water consumption, in cubic meters per year, for each idand within the four sestieri
of San Polo, Cannaregio, Castello and San Croce, was attained from past QP data of
1994. For the sestieri of San Marco and Dorsoduro, the total water consumption was
attained from city records, dated for 1991. Knowing that over the past years, the
population of Venice has steadily decreased, it was concluded that water consumption also
has decreased. In order to maintain data consistency between 1991 and 1994, water
consumption between 1991 and 1994, of the known sestieri were compared. An average
decreasing factor was taken. Thisfraction, .83, was taken and applied to Dorsoduro.
Because San Marco was assumed to decrease because of the high area of tourism, alarger
fraction, .90 was therefore applied. These fractions were extrapolated from city provided
figures, for 1991 total water consumption, for the four sestieri (an explanation of .9 and .83
derivations can be viewed in Appendix A).

The sze of the collection tanks needed in each idand within the four sestieri were

caculated by using the following series of equations, given by the AIRVAC Corporation:

Qu ?4*Q, (6)
V, 21.64*Q, @)
VC.T. 7 3* VO (8)

Qa isthe average flow (liters per minute); Qu isthe maximum flow (liters per minute). Vo is



the volume of operation and V., isthe Sze of the collection tank, both dso in liters. 1.64
and 3 are andard conversion factors, while 4 isthe peaking factor. From the collection
tank sizes of each idand, the main collection station Szes were extrapolated. The collection
dations were designed by adhering to three guidelines. Thefirst guideline was to connect
idands to a collection station with the minimal possible piping. The next guiddine wasto
maintain avariety of tank szes ranging from 13 to 20 cubic meters. Thefind guiddine was
to create an equal balance of sawage influx to the collection tank. The fina decison
concerning collection station locations and collection tank sizes depended on each idand's
orientation to one another, availability of building spaces and how they adhered to the st
design godls.

Coallection tank sizes and collection station locations for the two sestieri, lacking
individua water consumption data, were extrapolated from the calculations of the four other
sestieri. A totd volume of the collection tank sizes for each sestiere was found by dividing
the water consumption (cubic meters per year) by 26.7. The 26.7 relation was extrapolated
from the collection tank szesfor the four sestieri. Taking the total water consumption for
each of the four sestieri, and then dividing it by the tota volume of each collection tank
made arelaionship. The resulting factor was consstently 26.7. The average number of
idands for each collection station for the four sestieri was used as a basis to caculate the
total number of collection stations. The number of idands and the total collection tank
volumes was & so taken into consderation. Locations were based on collection station Szes
and educated guesses of resdentid, tourism and business behavior of each idand.

Building size of the gations were dso cdculated. The collection tank sizes werefirgt

converted into cubic meters. The building Szes were caculated as Smply twice the Sze of



the collection tank to account for the collection tank and all piping equipment, control

panels, eectrical, orage and persona. The optima dimensions were determined by
keeping the height of the sheds 2 meters or less. The tank can be buried up to certain-depth
below sealeve but thiswas not usad to calculate building Size in cases where the building

was below sealevd.

5.7.3 WASTEWATER TREATMENT
5.7.3.1 TRANSPORTATION WITHIN VENICE

After determining amethod for implementation of the HIFLO™ sewerage system
for al of Venice, it was necessary to determine a method to transport the sewage. In order
to pump the sewage to a certain section of Venice, a piping scheme was desgned. The
generd idea behind the scheme was to run routes around the sestieri on either Sde of the
Grand Cand. Two different piping plans were designed; one on the top of the Grand
Cand, and the other on the bottom. A subordinate objective was to avoid crossing the
Grand Canal due to excessive codts of traversa congtruction. The destination points for
these two piping plans were Ferrovia for the top and Stazione Marittima for the bottom.
Using the piping scheme, the maximum distance from each pumping station to the respective
destination was gpproximated. Each value that was obtained was set to be a separate pipe
in order to give each collection ation its own piping to the area. For each set of pipesthe
approximate number of collection stations and air inlet valves were placed in the gppropriate
areasto carry the sewage to its respective station. Additiondly, the totdl cost was

determined for this pumping relay system.



5.7.3.2 TRANSPORTATION OFF OF VENICE

It was necessary to investigate a Site where the wastewater will exit the sewerage
system, where it will be transported to the lagoon or to atreatment plant. The investigation
was a general means of gpproach for transportation. The andysis was not asin-depth as it
was for the piping schematics. Below three plans of sawage disposal that were devised:
PLAN A: Pump the sewage to treatment facilities on the mainland undernesth the Mestre
Bridge, placing extra collection stations throughout Venice and two large centrd collection
gtations located on ether side of the bridge.

PLAN B: Pump the sawage to trestment facilities on the mainland through the lagoon.
Extra collection stations were placed on the deserted idands.

For Flans A and B, piping routes were devised to transport sewage for dl of Venice to a
trestment plant on the mainland. Extra collection gtations were placed at intervas of 1,400
to 1,500 meter intervals to maintain the force needed for proper sewage flow. Plans A and

B aso adhered to strict environmenta |aws enacted to protect life in the lagoon.

5.8 COST ANALYSIS

An important aspect of the feasibility of implementing the VS2001 system into
Veniceisthe cost. In order to prepare a comparative budget for implementation, the team
used two test idands. On these idands, it was determined exactly how much materid would
be used; specificdly, amount of piping, and the number of valves and pumps. In addition,
the team accounted for an gpproximeate figure for a network to transport the sewageto a

trestment facility.



5.8.1 COST ESTIMATES

Costs were broken down into two sections, margina and historica. These etimates
were further separated into the three options of implementation. All figuresfor
implementation were atained from the Comune di Venezia whiledl HIFLO™ components

were obtained from Alan Hastt.

5.8.1.1 IMPLEMENTATION

After incorporating al of the factors stated in the previous section, a cost
breskdown was derived as aredigtic estimation for the cost of implementing the HIFLO™
on both test idands. Later, this function was expanded and amplified to serve the entire city
of Venice. Cost estimates of labor and parts were aso obtained from city officias. All

figures were broken down for each option within an itemized chart shown below in Table 1.



5.9 OPTION

1

5.10 OPTION 2

5.11 OPTION 3

Total land piping (m)

Implimentation of land piping (£)

Total canal piping (m)

Implimentation of canal piping (£)

Sewage valves

Cost of valves (£)

Cost of valveswith manholes (£)

Total air inlet valves

Cost of air inlets (£)

Normal laterals (m)

Vacuum later als(m)

Implimentation of laterals (£)

Total cost of collection station
networking (£)

Total cost (£)

Total cost (U.S. $)

Table1: Sample chart of cost breakdown for Vacuum Sewage installation.

Implementation of land piping included ingalation of parts with Iabor, Ste

excavation and covering, and the ninety-degree turns of land piping. The cand piping

estimate included ingtdlation with parts and labor, price to keep the cana dry, fiberglass

supports for the piping, and aso for ninety-degree turns within the canals. Cand piping

estimates were based on assumption that the cand at the time of pipe ingtdlation was

dready dry-dredged due to city restoration plans. Also, it is assumed that there be no

piping ingtaled within the Grand Candl. Cogt for sewage valves with manholes included the

price for sawage vaves and manholes with lids, excavation and restoretion. Cost of

collection stations were afixed price for each option. The price included dl station

components, construction and land.




For the implementation for the city as awhole, the surface area of the Santa Maria
Formosaaswell as dl facets of installation were taken into account to calculate the cost for
al of Venice. Using Excel, a spreadsheet was created to calculate each component of
implementation for each idand within Venice. Each idand’s component was totaed and
respectively entered into Table 1. All price estimates were then multiplied by these figures
to give an overal cost for each part of vacuum ingalation. Each part was then totaled for
options 1, 2, and 3. Additionally to each option was added each respective price for the
collection station networking system aswell as aflat price for wastewater . Implementation
for the entire city the cost was separated into three phases of implementation historica
adone, margind doneor dl of Venice. With each price came the standard of piping costs
but different figures were used for the pumping station networking. A Venetian standard of
15 percent inflation was caculated into the finalized costs to account for unforeseen

expenditures.

5.11.1 COST COMPARISON

After cdculating the cogt of implementing the HIFLO™, the project team compared
the costs of implementation and maintenance for each option. Also population density was
measured to compare the average price per hectare for HIFLO™ to the price of other
systems.

5.12 SOCIAL IMPACTS

To determine the overal impact of this renovation, many aspects that may affect the

Venetians were taken into account. The new system may tie up traffic for some time while

ingtdlation commences, and may be unsightly at firs. Aswith most changes, the people



would have to adapt, and eventualy the new piping would disappear. Operation noise of
the sysem may be a downfdl for the vacuum sewer system, and thus may play arolein the
socia impacts of the implementation. Surveys were administered to the local population to
find out their opinions, and informed them of the project’ s objectives. These surveys
reveded to the project team more about the people of Venice, and shed some light on how
to go about changing their sewerage system. The survey, in both Itdian and English, can be
found in Appendix B.
5.13 CONCLUSION

Following these procedures, the project team was able to determine a method for
the optima implementation of the HIFLO™ by a comparison chart. The comparisons were
categorized on the following levels applicability, aesthetic impact, initid cost, maintenance,
efficiency and environmental effects. The project team hopes that this proposa incorporates
al factors leading to a system that will be beneficid to the citizens of Venice, aswdl asthe

gructurd integrity of Venice s building.

6 RESULTSAND ANALYSS
6.1 INTRODUCTION

This chapter contains the raw results of study. It contains the schematic maps of dl
levels of implementation used in andyzing and studying the data, concerning the feesibility of
vacuum sewerage implementation. All cost estimates, with an itemized breakdown, from
this study are presented here, as well as a presentation of the raw data, and the building
blocks of datafor the areas of sudy. An upscale proposa of vacuum sewerage

implementation with al required components and cost figures is aso included.



6.2 COVERAGE OF STUDY AREAS

This section contains information of the current sawerage system and the proposed
vacuum sewerage system for both test idands. These results are presented in map form and
detailed charts. Upscae implementation was broken down into cogts for hitorical and
margina aress, based on the data provided by the city for Santa Marta and logically based

assumptions for Santa Maria Formosa, the two prototype areas of this project.

6.2.1 MAPS

Maps were created for the in-depth studies both of Santa Maria Formosa and
SantaMarta. Thefirst series of maps are schematics of the current sewerage system.
Assumptions were made for the idand of Santa Maria Formosa that for each dley lined with
doorsthere exigsalatera. Thisassumption has been illustrated in Map 1, as the door
locations are fairly consstent down many of the alleys. Thislatera placement relaion was
ussful in determining where to connect a main line traveling around the entireidand. The
lateral locations for Santa Marta, displayed in Map 2 were given to the project team from
the Comune di Veneza.

The second series of maps are of the proposed vacuum sewerage implementation.
Series A isfor Santa Maria Formosa and series B isfor Santa Marta.

Map 3: Proposed vacuum piping of option one in Santa Maria Formosa. Vacuum piping is

implemented in the cands only, with sawage valves located at the collettori and air valves at
50-meter intervals.

Map 4: Proposed vacuum piping of option two in Santa Maria Formosa. Vacuum piping is

run aong the path of the collettore until the laterd interface. Laterals were combined to



decrease the number of sawage valves. Sewage vaves were placed a the interface dong
with small access manholes directly above. Air vaves are aso at 50-meter intervals.

Map 5: Proposed vacuum of option two in Santa Marta. Vacuum piping implementation is

identical to that of Magp 4 but without the cana piping.

Map 6: Proposed vacuum piping of option three in Santa Maria Formosa. Vacuum piping

is run within the cands, dong the path of the collettore, and dso dong sde the path of the
laterals. Sawage valves are located at the interface between the laterals and gravity. Air

valves are located every 50-meters.

Map 7: Proposed vacuum of option threein Santa Marta. VVacuum piping implementation is
identica to that of Map 6 but without the cand piping.

All maps were created using Maplnfo, logical assumptions and collected data
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Map 1: Location of active doors for Santa Maria Formosa.
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Map 2: Current piping schematic of Santa Marta.
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Map 6: Proposed vacuum piping for option three for Santa Maria Formosa
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6.2.2 CHARTS

Charts were created for both Santa Maria Formosa and Santa Marta prototypes, to

organize the different facetsfor dl levels of implementation aong with itemized cost of

implementation. Table 2 contains dl datafor higtorical implementation, while Table 3

contains al data for margina implementation. All levels of implementation required both

sewage and arr inlet valves. The dendty of piping became greater going from option 1 to

option 3.
OPTION 1 OPTION 2 OPTION 3
Total land piping (m) 0 1,239 2,167
Codt of land piping (E) | = cccoomemee- 80,101,350 140,096,550
Total canal piping (m) 682 682 682
Cost of canal piping (£) 318,835,000 318,835,000 318,835,000
Sewage valves 14 142 243
Cost of valves (£) 44,800,000 | - 777,600,000
Cost of valveswith manholes(E) |  —ccceeeeeee 569,931,200 | = ---m-m-mme-
Total air inlet valves 18 49 72
Cost of air inlets (£) 8,640,000 23,520,000 34,560,000
Normal laterals (m) 0 505 0
Vacuum lateral(m) 0 0 926
Cost of lateral routing (£) | —ccecmeeeee 68,175,000 137,048,000
Total cost (£) 372,275,000 1,060,562,550 1,408,139,550
Total cost (U.S. $) 232,672 662,852 880,087

Table 2: Cost comparison for all three options of implementation for Santa Maria Formosa.




OPTION 2 OPTION 3
Total land piping (m) 766 1,693
Cost of land piping (£) 33,014,600 72,968,300
Total canal piping (m) [0 P ——
Cost of canal piping (E) |  commmmmmmeee | e
Total sewage valves 60 109
Cost of valves(f) | oo 348,800,000
Cost of valveswith manholes (£) 224544000 | = -
Total air inlet valves 20 43
Cost of air inlets (£) 9,600,000 20,640,000
Normal lateral (m) 245 0
Vacuum laterals(m) | oo 026
Cost of lateral routing (£) 22,050,000 91,674,000
Total cost (£) 289,208,600 534,082,300
Total cost (U.S. $) 180,755 333,801

Table 3: Cost comparison for options two and three of implementation for Santa Marta

All caculations of data contained within Tables 2 and 3 are can be found in Appendix
C. For SantaMarta, only options two and three were andyzed for possible ingtallation
because there was no need for cand piping. Due to the unique, one main inner pipe running
throughout theidand. All costs were calculated on the basis of 1600 lireto one U.S.
dollar.
6.3 IMPLEMENTATION ON THE CITYWIDE LEVEL

Upscale models for each option were produced for all of Venice, based on

data acquired by the project team, schematics from Maplnfo, and extrapolation from Santa
Maria Formosa. |mplementation was expanded from the test idand to not only contain the
proposed vacuum sewerage piping System, but also a collection station networking system.
Also included were three different plans of sewage disposd. 1dands categorized as haf-

margind and haf-higtorical were assumed to be historical.



6.3.1 COLLECTION STATION NETWORKING

6.3.1.1 SEWAGE FLOW

A very important agpect in determining if the HIFLO™ system was afeasible
gpplication in Venice was the amount of sawage discharge for each idand. This data served
asthe basis of the collection station network. The daily flow was calculated from yearly
water consumption and then inputted into a Maplnfo browser (See Appendix D). For the
areas lacking water consumption data, extrapolations were caculated (See Appendix A).
All sawage flow was based on 1994 water consumption data. It is permissible but perhaps
invalid to conclude that these figures have decreased over the past three years since there
was an average decrease of 17% from 1991 to 1994. Thiserror resultsonly in an

overestimation of collection tank volume and number of collection stations.

6.3.1.2 COLLECTION STATIONS

The gzes of collection tanks for each individud idand isfound in Appendix E, dong
with the tank size for each collection station. All collection tanks were Sized for the worst
case scenerio using a pesking factor of 4. The station locations and idands that are served
by that collection station are seen on Maps 6- 8.

Map 6: Collection ation network for al of Venice. Thisisathematic map that contains al

collection gations. Each color denotes dl idands that are served by a particular collection
dation.

Map 7: Collection station network for only margind areas within Venice. Thisisathematic

map that contains dl collection sations. Each denotes dl idandsthat are served by a

collection gation for margina areas only.



Map 8: Collection sation network for only historical areas within Venice. Thisis athematic

map that contains dl collection stations. Each color denotes al idandsthat are served by a

collection getion for historica areas only.
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Map 8:Collection station network for all of Venice.




Map 9: Collection station network within marginal area only.
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Map 10: Collection station network within historical area only.

It was determined that 24 collection stations were needed to maintain a vacuum
sewerage system for Venice, where the average tank size was 17,300 liters. The collection
tanks for each collection station ranged from 13,000 — 20,000 liters. Tank sizeswere
caculated to be as large as possible to optimize space and minimize cost. For collection
gations within margina areas only, therewere 5 gations, ranging from 11,000-20,000
liters, and 20 Stationsfor historical areas, ranging from 13,000-20,000 liters.

The size and cost of the collection station’s buildings were calculated seperately in
Appendix F. Red estate was estimated to be £3,000,000 per linear meter while each
collection station costs an estimated £380,000,000. The costs for the entire networking of

Veniceis gpproximately £10,392,000,000. The cost for margina networking only is



goproximately £2,149,000,000, while the cost for historical networking only is

£8,659,000,000. Thisfigureincluded the building space, collection tanks, sewage pumps,

vacuum pumps, controls, generators, and electrica requirements necessary. The extra

piping needed to connect idands to collection station servers was not included do to the fact

that the exact location of collection gtations can not be determined within thisstudy. The

Szes of the collection stations were cal culated based on twice the tank size and that tanks

were not buried. This assumption can be changed in turn, greetly atering the price of

collection gations.

6.4 OPTIONS OF IMPLEMENTATION

Implementation was extrapolated for both historical and marginad areas. All

upscal e relations were based around the surface area, 24,000 n?, of Santa Maria Formosa

Cdculations of vacuum technology for each option are contained within Excel preadsheets

in Appendix G. Table 4, shown below, contains the total components and compares the

codsfor each leve of implementation for higtorical Venice. Table 5, contains vaues for

margind Venice.

OPTION 1 OPTION 2 OPTION 3
Total land piping (m) 0 230,498 342,002
Cogt of land piping (£) |  comomemmmeee 14,901,695,700 22,110,429,300
Total canal piping (m) 81,876 81,876 81,876
Cost of canal piping (£) 38,277,030,000 38,277,030,000 38,277,030,000
Total sewage valves 1,681 17,049 29,173
Cost of valves (F) 5,379,200,000 |  --m-mememme- 93,353,600,000
Codt of valveswith manholes(E) | = ceccmeeeeeeo 68,427,866,400 | = ----m-—--m--
Total air inlet valves 2,111 5,853 8,54
Cost of air inlets (£) 1,013,280,000 2,809,440,000 4,105,920,000
Total normal laterals (m) 0 60,632 0
Total vacuum laterals (m) 0 0 29,627
Cost of lateral routing () | ccemmmemmeeee 8,185,320,000 4,399,609,500




Cost of collection stations(£) 8,659,000,000 8,659,000,000 8,659,000,000
Total cost (£) 53,328,510,000 | 141,260,352,100 | 170,905,588,800
Total cost (U.S. §) 33,330,319 88,287,720 106,815,993

Table4: Cost comparison of all three options of implementation within Historical Venice

OPTION 1 OPTION 2 OPTION 3
Total land piping (m) 0 117,985 273,818
Cogt of land piping (£) |  cccomemeee 5,085,153,500 11,801,555,800
Total canal piping (m) 64,999 64,999 64,999
Cost of canal piping (£) 30,387,032,500 | 30,387,032,500 30,387,032,500
Total sewage valves 1346 13,534 23,358
Codt of valves (£) 4,307,200,000 | = ----- 74,745,600,000
Cost of valveswith manholes (E) | = —ccccmeeeeee 50,649,641,600 | = ----m-m--m--
Total air inlet valves 1,686 4,646 6,848
Cost of air inlets (£) 809,280,000 2,230,080,000 3,287,040,000
Total normal routing (m) 0 48,133 0
Total vacuum laterals (m) 0 0 90,834
Cost of laterals(£) | coomemeeo 6,497,955,000 8,992,566,000
Cost of collection stations(£) 2,149,000,000 2,149,000,000 2,149,000,000
Total cost (£) 37,652,512,500 | 96,998,862,600 | 131,362,794,300
Total cost (U.S. $) 23,532,820 60,624,289 82,101,746

Table5: Cost comparison of all three options of i mplementation within Marginal Venice

Cost breakdowns are the same as those in Appendix C.

6.5 COST COMPARISIONS

6.5.1 COST OF IMPLEMENTATION ON ALL LEVELS

LEVEL OF OPTION ONE(®) OPTION TWO(E) OPTION THREE(®)
IMPLEMENTATION
37,652,512,500 | 96,998,862,600 131,362,794,300
MARGINAL
53,328,510,000 | 141,260,352,100 | 170,905,588,800
HISTORICAL
90,565,022,500 | 237,543,214,700 | 301,852,383,100

ALL OF VENICE

Table6: Comparison of implementation cost for all three optionsin both marginal and historical

areas aswell asall of Venice.




6.6 OPTIONS OF WASTEWATER TREATMENT

6.6.1 WASTEWATER PUMPING SYSTEM WITHIN VENICE

The wasterwater relay systems designed were based on the sewage travel needed
for collection stations beyond a 1500 meter radius of the final destinations of either Stazione
Marittma or Ferrovia. Relay system one was the only system that was indepthly analyzed
with schematics and cost figures. All systems were designed with the intention that al of
Venice would be under vacuum and. further collection stations would be built to carry the

sewage to the mainland.

6.6.1.1 RELAY SYSTEM ONE

A schematic of the extracand piping is seenin Map 11. The different colors represent the

differenct collection areas serving Venice.

_epend

e Yoo pidin

Map 11: Map of relay system one throughout Venice.



CITYWIDE
Total piping (M) 72,590
Total cost for piping (£) 33,935,825,000
Total air inlet valves 1815
Total cost for air inlet valves (£) 871,200,000
Total pumping stations 59
Total cost for pumping stations 22,030,000,000
(£)
Total cost (£) 56,837,025,000
Total cost (USD) 35,523,141

Table7: Cost of relay pumping system within Venice for the transportation of sewage.

For relay system one to function properly, 59 additional collection stations were
placed throughout the city dong with 72,590 extra meters of cand piping, 1,815 air valves.
The totd cost relay system for the entire city of Venice is an gpproixmate £56,837,025,000.

All vaues were cdculated with within Appendix H.

6.6.1.2 RELAY SYSTEM TWO

The second realy system would involve the conventiona gpproach used in most
sewage collection studies. In this gpproach, the sewage collected at the vacuum collection
gtations throughout Venice would be transported using two force mains, one to the north of
the Grand Cana and one to the south. In order to produce the pressure required to run the
force mains, one conventional collection station would be built for each force main around

the Ferrovia-Tronchetto-Sazione Marittima area.

6.6.1.3 RELAY SYSTEM THREE

Thethird relay sysem would involve a controlled vacuum collection station



network. In this setup, one or two main vacuum lines would be placed on the northern and
southern sides of the Grand Canad. One vacuum collection station would be placed in each
st of pipes every 1,500 meters. A computer system would determine the sewage level of
collection tanks on the idands and sdlectively empty them into the main piping scheme. All
tanks that were not full a this time would be temporarily shut off from the main piping
scheme. This sdection would be accomplished by putting eectric controlsin the valves
exiting from the collection tanksin theidands. This setup would involve designing a new

sewage valve and a speciaized computer system to control the valves.



6.6.2 TRANSPORTATION OF WASTERWATER OFF VENICE

Transport under vacuum from the Ferrovia areato the mainland was andyzed
roughly for two different routing plans. In plan A the vacuum piping is run below or
aongside the Medtre bridge to the mainland. This distance was mesured to be 3,600
meters. In plan B, the vacuum piping was run through two different idands within the
lagoon, until the piping reached the mainland. The distance to run piping through the lagoon
was measured to be 6,900 meters. To measure for aworst case scenario, it was found that
the tota number of pipesin Venice (24 different sets) and the total number of collection
dation systems (24) should be used. This does not mean that 24 pumping station systems
should be placed in the Ferrovia areaas well as a each station on the way to the mainland.
It only meansthat the project is caculating the cost for the 24 stations in every pumping
point in order to prevent an underestimation of costs and sewerage flow rates. Table 7
compares the cost breskdowns for plan A and plan B. The methods of caculation for the
piping are the same as those within Appendix C. Also, the sample cadculations of pumping

gation are the same as those within Appendix F.

PLAN A PLAN B
Total piping (m) 86,572 165,930
Total cost for piping (£) 40,472,410,000 77,572,275,000
Total air inlet valves 2,164 4,148
Total cost for air inlet valves (£) 1,038,720,000 1,991,040,000
Total pumping stations 72 120
Pumping station cost (£) 31,177,800,000 51,963,000,000
Total cost (£) 72,688,930,000 131,526,315,000
Total cost (USD) 45,430,581 82,203,947

Table8: Cost comparison of Plan A and Plan B.

6.7 COST OF IMPLEMENTATION PER PERSON

The calculated population density was figured to be 189 persons per




hectare(Appendix 1). Figure 7 is a comparative graph showing a generd per capita
congtruction cost based on population density. From andysis of thisthe graph, cost of
implementation per person cdculates to be approximately $210 U.S. dollars or 336,000
lire. Thisfigure displays only the cost benefits of usng HIFLO™ to other sewerage systems.
This vaue cannot be interpreted as a means for ingtalation cost because of the uniqueness

of the current Venetian sewerage system. It is vauable only on acomparative scale.
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Figure5: Per Capita Construction Cost at Various Population Densities.



6.8 MEANS OF ERROR

The feasbility of vacuum sewer technology was determined by the adaption of the
current sawerage system to the proposed system. Due to the fact that this study was only a
preliminary study, many ca culations were based on rough estimates and logica
assumptions. The use of the test idand, Santa Maria Formosa, served as a sufficient basis
to model an upscae verson of avacuum sewerage system for thisstudy. The reationship
of surface areato al areas of the system provided only a generd idea of cost and piping
intricacies. Error can be found in dmogt dl areas of cdculations. All figures were rounded
off to whole numbers. No figures were left in decima values. The areas of cdculaions are
asfollows

Sewage Flow

Collection Tank dze
Collection gation 5ze

Fiping Lengths
Cogt Estimates

Sewage flow cdculations were based on an assumption that is equivaent to the
water consumption for each area. Also the water consumption of 1994 for Dorsoduro and
San Marco was not available, therefore logica extrapolations were made. The error for
caculation could easily vary between arange of plus or minus 40 percent.

Cdculations of collection tank szes were dependent on the sewage flow per minute.
A pesking factor of four was accounted for in order to caculate the total possible flow.
This peaking factor could be less, but four was used to account for the worst case scenario.
Tank sizes, theoreticdly, could be smdler.

The sze of collection ations were cdculated by doubling the collection tank Sze to



take into account the room necessary for the dectrica equipment. The tanks could be
buried, but thisal depends on the building' s rdaionsto sealeve. The Size of the building
could possibly house atank being higher than two meters but this can not be determined
until the exact location is assessed.

All piping lengths for the upscale were related only to the surface area. Thisreation
proves valid and trustworthy for the project group’s study, but al figures were rounded to
the whole number. Additiondly, down piping and norma and vacuum lateras were
caculated on sheer logic and assumptions. The down piping would need to be calculated
by cdculating the number of active outlets that serve acollettore. The normd and vacuum
piping would be caculated by measuring the true piping lengths.

Cogt estimates were taken from the Comune di Venezia. Thesefigureswere
proposed to be valid, but it should be noted that a system of this sort has never been
indaled in Venice
7 SOCIAL IMPACTS

The implementation of a vacuum sawerage system, like any mgor renovation
project, requires many changes that will affect the people. An important factor to consider
when implementing a new sewerage system isthe impact it will have on the residents of the
area.

7.1 CONTENT OF SURVEY

In order to assess the views of the resdents, a survey was developed. This survey
congsted of nine questions that were broken down into four categories, evauation of the
current sewerage system, factor of pollution, financia concerns, and possible side effects of

the vacuum sewerage system. Residents were asked to either agree or disagree with a



particular gatement on a 1 through 5 scae; 1 being strongly disagree, and 5 being strongly
agree with aneutrd factor a 3. Initidly the survey was andlyzed at face value. To fastilitate
the analysis of the thoughts of the Venetians, the scale was broken down into three divisons;
agree, neutral, and disagree.

Thefirgt questions (1 & 2) dedlt with the current sewerage system in Venice. These
are important questions because they give feedback asto the ignorance leve of the
surveyed Venetians on this subject.

A large problem with the current sewerage system is the amount of pollution thet is
being fed into the cands. Questions 3 & 6 were asked to seeif the Venetians cared about
this pollution, and if they would be willing to change the current system to fix this problem.

Quedtions 4 & 5 were asked to seeif the Venetians would be willing to have adight
increase in thelr taxes to help fund this project. The city would be funding this
recondruction, and may want community input to help it dong.

The last three questions (7, 8, and 9) dl dedlt with some possible effects that this
new system may bring forth. These were asked to seeif the people minded having a change
from the current system as far as noise and construction are concerned.

The survey was made taking into consderation al of these factors. A biasin any of
the questions was avoided to the highest extent. The survey was taken only by residents of
Venice. All results of the survey are broken down into pie graphsthat are located in
Appendix J.

7.2 ANALYSS
From andysis of the previous mentioned pie graphs overal conclusions of

residents were stipulated. 69% of the surveyed Venetians believed that the current



sawerage system was failing, and 55% have been inconvienienced by emergency cand
repairs and dredging at one time or another. 71% believe that a new sewerage system,
designed to clean up the canas would be agood idea, and 82% would prefer the sewage to
be trangported to a trestment plant. Y et only 48% of the residents would support a new
sewerage system, 77% were againg any raises in taxesfor it. 45% felt uneasy about having
collection stations placed about the city, but 62% would not mind adight increase in noise.
The Venetians interviewed seemed unconcerned about prolonged construction in order to
ingdl this new system.

7.3 CONCLUSION

The results of this survey show that the people of Venice are concerned about the failures of
the current sewerage system and would be willing to fix the problems. They want sewage
treatment, which cannot be made possible with the current system, but is possble with a
vacuum sewerage system. They fed rather uneasy with the idea of collection Sations
scattered around the idands, but they are not knowledgable enough about them at the time.
Asfar asfinancid questions are concerned, the Venetians want a new sewerage system, yet
are opposed to paying for it. Thisisatypica scenario for any new project or undertaking by
acity. Theseresults can someday help in the actud implementation as they reflect the

thoughts of the residents.






8 CONCLUSIONS

Thissudy is aninitid preiminary feashility sudy of vacuum sewerage implementation
within the marginal and historical areas of Venice. Because of the various aspects that
needed to be incorporated for the system design, numerous assumptions and extrapolations
of datawere made leaving alarge margin of error. Additiondly, the data for this sudy were
collected from avariety of resources such as previous Interactive Qualifying Projects, as
well as data and figures from Alan Hassett and the Comune di Venezia. Rdiability and
validity were assumed for al data collected and used.

The three options of implementation within this sudy give the City of Venice awide
spectrum of aternatives for vacuum sewer implementation. It was concluded by the project
team that vacuum sewage implementation be executed at two different levels. A decison
for the level of implementation was made based on the advantages and disadvantages of
each option. The following comparison matrix rated these advantages and disadvantages.

8.1 OPTION COMPARISION MATRIX

CRITERIA OPTION 1 OPTION 2 OPTION 3
Total cost A B B
Difficulty of installation A B C
Odor potential B A A
Aesthetics A B B
Reduction of emergency C B A
repairs

Leakage detection C B A
Durability C B A
Accessibility of sewage A B

only valves



Key to Matrix
A —Preferable

B — Less Preferable
C —Least Preferable

8.1.1 OPTION ONE
8.1.1.1 Advantages

Option one possesses two great advantages, making it the most desirable option on
ashort-term basis. The advantages are the low cogt of ingalation and least amount of
congtruction needed for implementation.

The cost of implementation would be £37,652,512,500 ($23,532,820) for the
margina area, and £53,328,510,000 ($33,330,318) for the historical area. These costs are
presented for both areas with intentions for gradua implementation, first within the margina
and then the higtoricd idands. The cost for a unified implementation in Veniceis
£90,565,022,500 ($56,503,139). The cogts for option one are significantly lower than the
cogis for option two or three. Due to the reduced number of valves and piping. The
second advantage of this option is the minima amount of congtruction during its
implementation. Construction would take place mostly on the cands. There would not be
excavation within the streets or building foundations, an excdlent benefit given the fragile
date of the buildingsin Venice. Also, the lack of congtruction on the streets would not
inconvenience the dally life of the Venetians.

In terms of aesthetics, the only change made to the city’ s sructure would be at the

cand level. There would be visible pipes climbing from the bottom of the cand's, to meet



with the sewage vave a the end of each active sbocchi. Air valveswould be placed
discretely every fifty meters above high tide level. These adaptations would be an eyesore
only a times of low tide. The sewage vaves can be placed with the intentions of remaining

as far benegth the waterline as possible.

8.1.1.2 Disadvantages

Setting aside the short-term advantages of this option, when andyzed on along-
term basis this option isthe least desirable. The mgjor disadvantage of this option is that it
does not solve the problems the current sawerage system is creating within the buildings and
dreets The piping on land would still remain vulnerable to piping ruptures and undetectable
leakage, which consume the foundation of buildings. The amount of emergency repairs on
land would not be reduced. These leskage and ruptures within the gravity piping will ill
add to the deterioration of building structures.

This option would aso be less durable because the gravity piping on land has alife
gpan of only five years as compared to the vacuum PV C piping used on land for options

two and three that have a life span of 20 years.

8.1.2 OPTION TWO

8.1.2.1 Advantages

Option two can be considered the median point between options one and
three. It would be better than option one on a long-term basis since vacuum piping
would collect sewage where the laterals used to meet with the collettore. This
connection would reduce the risk of emergency repairs on land. It would be less

expensive than option three, costing £34,363,931,700 ($21,477,457) less for



implementation in the marginal area, £29,645,236,700 ($18,528,273) less for
implementation in the historical area, and £64,309,168,400($ 40,193,230 ) less for
overall implementation of Venice. Option two would also have |ess construction than
option three. Construction would only take place within the streets, not going below
the building foundations. A third advantage of option two over option threeis
sewage valves are kept out of the private domain. This option also gives the easiest
access to the sewage valves because the valves are placed in manholesin the streets,
allowing public access. Detection of |eakage within the vacuum piping is functional

only until the lateral interfaces.

8.1.2.2 Disadvantages

A large disadvantage of option two is that numerous manholes would have to
be placed on the streets for sewage valves. Also construction on the streets would be
quite extensive, disrupting the daily life of the Venetians for a certain period of time.
A third disadvantage is that since the laterals would still be gravity, undetected
lateral leakage could still degrade the building foundations. Also laterals within this
option, except the PVC rerouted laterals, have a life span of five years increasing the

frequency of repairs of these pipes.

8.1.3 OPTION THREE
8.1.3.1 Advantages

Option three would be the best long-term option due to the fact that all the
current sewage piping within Venice would be under vacuumwith PVC piping. This

would set the life span for all the piping within Venice at 20 years, decreasing the



frequency of repairs the most within the three options. Also any |eakage within the
city can be detected immediately, reducing to a null the degradation of the building
foundations. Also odor potential would be minimal since all of the sewage would be
vacuum. This option would be better than option 2 aesthetically, because the sewage
valves would be hidden within the sedimentation tanks of the buildings, instead of in

manholes in the middl e of the streets.

8.1.3.2 Disadvantages

The two big disadvantages for option three are the cost and the extent of the
construction. It would cost £131,362,794,300 ($82,101,746) for implementation into
the marginal area, £170,905,588,800 ($106,815,993) for implementation in the
historical area and £ 301,852,383,100 ($188,657,740) for combined implementation
in Venice. Construction would have to take place all the way to the bottom of the
houses, possibly disrupting the building foundations, which are already quite fragile.
Thisdisruption would affect the life of the pedestrians and also building tenants
whose sedimentation tanks would have to be replaced with sewage valvesinside.
Another disadvantage is that the sewage only valves are within buildings, under
private domain, making it harder for repair crews to access them.

8.2 CHOICE OF IMPLEMENTATION

After andyzing the advantages and disadvantages of each proposed option, the
project team concluded that a vacuum sewerage system should be implemented on two
different levels throughout Venice; option onein the historical areas and option two in

margina aress.



Option one was found to be optimd for implementation within the historica areas due
to the fragility of the buildings and the city’ s reluctance to perform changesinthearea. This
option would not greetly dter the aesthetics of the historica area. During low tide, the only
visble part of the system would be the pipes connecting to the sbocchi . This option would
not disrupt tourism since amgority of the construction would occur within the cands. No
excavation of the streets and the building foundations would take place, avoiding any
unnecessary disruption of the sengitivity of the building structures. Another advantage of this
option was that it was the most inexpensive of the three proposed options. If the city
decided in the future that a more extensive vacuum piping array should be implemented
throughout the historical idands, option one could easily be upgraded to option three by
bypassing the valves a the cana's once the congtructions required (on land) to implement
option three were concluded. Option two was not considered for this area due to the
extendve number of manholes that would have to be built on the Sreets to implement it. For
the time being though, option one is the most feasible option for implementation in the
historical aress.

Option two was found to be optimal for implementation in the marginal areas because
agreater leve of implementation can take place in these areas due to reduced strictness of
building codes. Option two was chosen over option three in the margind areas for various
reasons. Firdly, the sawerage only valvesin option two, which are placed on manholesin
the streets, are much more accessible than the sewerage only vaves in option three, which
are placed within the sedimentation tanks of buildings. Secondly, dl congtruction in option
two takes place on the cand's and streets, not going below building foundations, which

would have to take place if option three were implemented. Thirdly, the decreased number



of vavesin option two decreases the overdl problems that can take place with the system.
And findly, option two is hot as costly as option three.
8.3 FINAL COST OF IMPLEMENTATION

After determining that option one was best suited for the historica areas and option
two for the margind, the costs of transporting the sewage to wastewater fascilities were
caculated. To determine the overdl codt for the entire implementation of the HIFLO™
vacuum sewerage system, the costs for the margina, historical, and the transportation of
sewage to Ferrovia or Sazione Marittima were summed. Additiondly the cost of
trangporting the sewage from Venice to the mainland via the lagoon or the Mestre bridge

were caculated. The results are shown in Table 9 below.

PLAN A PLAN B

Option 1 (historical) (£) 53,300,000,000 53,300,000,000
Option 2 (marginal) (£) 97,000,000,000 97,000,000,000
Pumping around Venice (£) 56,800,000,000 56,800,000,000
Pumping to the mainland (£) 72,700,000,000 131,500,000,000
Total cost (£) 279,900,000,000 338,700,000,000
Total cost + 15% (£) 321,800,000,000 389,500,000,000

Total cost +15% (USD) 201,100,000 243,400,000

Table9: Finalized cost of complete vacuum sewer age system implementation within Venice.

All findized estimates seen above in table six contains al components for implementation;
piping networking, collection station networking and wastewater treatment. In addition, a
fifteen- percent increase was accounted for the consideration of unforeseen problems. All

vaues were then rounded off to three Sgnificant figures.




84 SYSTEM FAILURES

If ever there should be failure to the system, the proposed implementation is designed so
that the new system can easly convert sawage flow back over to the old system. A smple
vave can be ingalled within the vacuum system to switch the system from vacuum to
gravity. The proposed vacuum piping was caculated to be laid next to the current system,
not within the collettore, to provide afal back system in event of failure and aso decrease

cod of piping indalation. This backup system isfunctiond only for on land vacuum piping.

Another system, which could be used as a back up for both cana and land vacuum
piping, would involve using temporary hoses. If a pipe were to break, the lesk would be
detected by isolating the strip of piping between two adjacent vacuum sewer vavesin which
the pressure is unusua. Once the broken section islocated, it would be isolated by divison
vaves and bypassed by using temporary hoses. This plan is similar to the plan, which
Virginia Beach will employ, if the Sandbridge vacuum mains are damaged by a hurricane or
other problems?2. The actud system design and operating procedures need to be

established ahead of time, but are not established within the scope of this study.

2Hassett, Alan.



9 RECOMMENDATIONS

It is the recommendation of this project team that option one be implemented for
historical areas, with a plan to upgrade in the future to option three. For margind aress,
option two is the favored recommendation of the team. The project team further suggests
that apiping rlay system to the Ferrovia/Stazione Marittima area be implemented. A
fina recommendation is that a vacuum trangportation system to the mainland be

implemented after further in-depth study.

There are many areas that must be taken to a greeter levd of detail. Specificdly,
there needs to be an in-depth design of transporting the sewage, collected within the
collection getions, to a trestment plant on the mainland, due to the fact that the findings
within this gudy for aworking sysem were priminary and inconclusve. Further andyss
of the cand-side buildings needs to take place asto decide if they should be rerouted

through the collettori or if they should be picked up directly by the vacuum piping.

This study serves only as abasis for vacuum sewage technology within the city of
Venice. Itisproposed as an dternative to the current failures of the sewerage system. At
this time the adaption of vacuum sewerage system to the gravity system of Veniceis
feasble, these conclusions may be dtered as further studies are carried out. It isthe hope of
this project team that dl data and conclusions contained withn this report are worthwhile in

ading future sudies to the problems of the current sewerage system






