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DISCLAIMERS

Airvac is not an engineering firm, and cannot and does not provide
engineering services. Airvac reviews the design, plans, and specifications
for a project only for their compatibility with Airvac's vacuum products, and
accepts no responsibility for the overall project design. Any information
provided to project engineers is provided solely to assist the engineer in
designing and engineering and maintaining an overall system that can
utilize Airvac vacuum products.

Airvac is not an approval agency and never “approves” a product.
However, as the industry leader in vacuum sewer technology, Airvac
understands that our clients and their engineer look to us for guidance.
Toward this end, Airvac uses a progressive comfort level system to provide
our clients with guidance on the use of a particular product in their system.
Generally speaking this means factory testing followed by field testing
followed by limited use in an actual system and eventually widespread use.
It isn’t until a product has been successfully used for a significant amount of
time in a significant number of projects that AIRVAC will rate a product as
acceptable for use in a vacuum system.
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CHAPTER 1
INTRODUCTION

The design guidelines contained in this manual are intended for buried vacuum sewer
systems serving municipalities or land developments that utilize Airvac’s 3-in. vacuum
valve. For indoor vacuum piping systems and applications that utilize vacuum valves
smaller than 3-in. and/or vacuum toilets, contact Airvac’s Engineering Department for
application-specific design guidelines.

A. HISTORY OF VACUUM COLLECTION SYSTEMS

Vacuum sewers were first used in Europe in 1882. However, it has been only
in the last 50 years or so that vacuum transport has been utilized in the United
States. During this time, the use and acceptance of vacuum sewers have
expanded greatly. Entering 2018, 340 Airvac vacuum systems were in
operation in 30 U.S. states. Worldwide, Airvac has more than 1000 installations
in 36 countries.

This technology is also recognized in two industry publications: The United
States Environmental Protection Agency (EPA), publication number EPA/625/1-
91/024, the Manual For Alternative Wastewater Collection Systems and the
Water Environment Federation (WEF) Alternative Sewer Systems, 2 ed.;
Manual of Practice No. FD-12. The design criteria presented in both manuals
are based on Airvac.

B. GENERAL DESCRIPTION

Vacuum sewers are a mechanized system of wastewater transport. Unlike
gravity flow, vacuum sewers use differential air pressure to move the sewage.
A central source of power to operate vacuum pumps is required to maintain
vacuum on the collection system (See Figure 1-1).

The vacuum sewer system requires a normally closed vacuum/gravity interface
valve at each entry point to seal the lines so that vacuum is maintained. The
interface valves; located in a valve pit, open when a predetermined amount of
sewage accumulates in the collecting sump. The resulting differential pressure
between atmosphere and vacuum becomes the driving force that propels the
sewage towards the vacuum station.

Vacuum sewer lines are designed to maintain a generally downward slope
toward the vacuum station so essentially, they are a vacuum assisted, gravity
flow piping network.
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FIGURE 1-1: TYPICAL LAYOUT

C. VACUUM TRANSPORT PROCESS

When a sufficient volume of sewage accumulates in the valve pit sump, the
vacuum valve will open. Differential pressure forces the sump liquid content
and atmospheric air into the vacuum main at high velocities. The liquid
continues downstream until friction and gravity eventually bring it to a rest at a
low spot (bottom of a lift) in the piping network. Another valve cycle, at any
location upstream of the low spot, will cause the liquid to continue its movement
toward the vacuum station.

Sawtooth profile

The sawtooth profile ensures that an open passage of air between the vacuum
station and the interface valves is maintained throughout the piping network.
This provides the maximum differential pressure at the interface valves to
insure self-cleansing of the valves as well as maximum energy input to the
vacuum mains.
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When the liquid comes to rest at the base of various lifts, it does not come in
contact with the crown of the pipe and therefore does not seal the pipe (Figure
1-2). Should the lift be sealed for any reason, liquid would become suspended
within the lift and an associated vacuum loss incurred.

The Airvac design philosophy includes an accounting of all lifts for all flow paths
within a system and the associated potential vacuum loss incurred. The static
loss limit assures that sufficient vacuum will be available for valve operation in
the event of an air to liquid imbalance.

OPEN PASSAGE

SEWAGE AT REST-

FIGURE 1-2: SAWTOOTH PROFILE

Air to Liquid ratio (A/L ratio)

Vacuum systems are designed to operate on two-phase (air/liquid) flows with
the air being admitted for a time period twice that of the liquid. Open time of the
Airvac valve is adjustable; hence, various air to liquid (A/L) ratios are attainable.
Initial velocities of 15 to 18 ft/sec are attained in the vacuum main which
provides scouring.

The ability of the vacuum main to quickly recover to the same level of vacuum
that existed prior to the cycle, is commonly referred to as “vacuum response”,
and is very important in vacuum sewer design. Vacuum response is a function
of line length, pipe diameter, number of connections, and the amount of lift in
the system.

Back-surge
Sewage admitted to a vacuum main through an Airvac valve initially moves in

two directions. Approximately 80% flows toward the vacuum station and 20%
flows in the opposite direction. When the back-surge slows, all the flow moves
toward the vacuum station (see Figure 1-3). The vacuum transport process is
clearly demonstrated at the Airvac Demonstration Rig at Airvac’s factory.
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The back-surge would become 50% if a tee fitting were used instead of a wye
fitting which would result in a less efficient system. For this reason, a tee is
never used in a vacuum system.

At the time this manual was published, Airvac’s R&D Department was working
on a special check valve for vacuum mains that would prevent back-surge
resulting in more efficient liquid transport.

VQ/
INITIAL FLOW (80%) ”’/ INITIAL BACK-SURGE (20%)

—

FINAL FLOW (100%)

FIGURE 1-3: TYPICAL BACKSURGE

D. MAJOR SYSTEM COMPONENTS

There are three (3) major system components: the valve pit, the vacuum main
piping, and the vacuum station. These are described on the following pages.

Valve Pit Package Vacuum Main Vacuum Station

FIGURE 1-4: MAJOR SYSTEM COMPONENTS
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Valve Pit

The valve pit houses the vacuum valve and provides the interface between the
vacuum system and the house. The sump portion of the valve pit is used to
accept the wastes from the house.

Airvac has four styles of valve pits; a 1-piece molded PE pit, a 2-piece molded
PE pit, a 2-piece cold weather molded PE pit and a 2-piece PE/fiberglass pit. In
all styles, there are two (2) separate internal chambers; an upper chamber that
houses the vacuum valve and a bottom chamber that is the sump into which the
building sewer is connected. These two chambers are sealed from each other.
All Airvac valve pits are capable of withstanding H20 traffic loads.

The vacuum valve operates without the use of electricity. The Airvac 3-in.
vacuum valves are manufactured of materials suitable for handling sewage.
The valve is entirely pneumatic by design, and has a full 3-inch opening size.
Some states have made this a minimum size requirement, as this is slightly
larger than the throat diameter of the standard toilet.

The vacuum valve provides the interface between the vacuum in the collection
piping and the atmospheric air in the building sewer. System vacuum in the
collection piping is maintained when the valve is closed. With the valve
opened, system vacuum evacuates the contents of the sump.

Once the contents of the holding sump have been evacuated, atmospheric air is
admitted through the vacuum valve to provide propulsion to the liquid. The
source of atmospheric air is either a 6-in. air-terminal that is connected directly
to each valve pit (recommended) or a 4-in. air-intake that is placed on each
house gravity line (optional).

In the recommended method, the 6-in. air-terminal is located a short distance
from the valve pit and is connected to the pit via 6-in. piping to one of the four
(4) openings in the sump. Airvac prefers that no sewage be permitted to enter
this air-only line.

With the optional method, the 4-in. air-intake is installed downstream of all the
house traps. This will circumvent the potential problem of inadequate house
venting which results in trap evacuation. Local codes may dictate exact
locations. In cold climates, Airvac recommends placing the air-intake on each
gravity line connected to the sump at least 20 feet from the vacuum valve.

If local codes allow, a backwater valve on the homeowner’s building sewer may
be used. With most backwater valves, positioning is critical to ensure proper
operation of the Airvac valve (see Chapter 6); however, by using a normally
opened type backwater valve, this concern can be alleviated.  Airvac should
be consulted before such a device is installed.
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Vacuum Piping
The following terms are used throughout this manual:

* Vacuum main: any single vacuum sewer line originating from the
vacuum station and extending to the far reaches of the collection system

* Branch line: any vacuum sewer line that connects to a vacuum main

» Vacuum service lateral: the 3-in. piping from the valve pit to a vacuum
main or branch line. This consists of 2 parts: the 3-in. Airvac flexible
connector and the 3-in. rigid PVC vacuum lateral.

Installation of vacuum sewer piping is depicted in numerous details shown
within this manual; additional construction details are available upon request.

Airvac sewers are laid in a saw tooth profile. When Airvac sewers are installed
at 0.2% fall in flat land, the trench depth increases 1 foot every 500 feet. Profile
changes, also called lifts, may be used to bring the sewer invert back to the
commencing level, keeping the trench depth to a minimum. Where the natural
ground profile has a fall greater than 0.2% in the flow direction, the vacuum
sewer profiles follow those of the ground with no profile changes.

SDR 21 PVC is the most commonly used pipe, although PE pipe has also been
used. Schedule 40 is acceptable, but with the advent of the Rieber style
gasket, this is rarely used. Typical sizes are 3-in., 4-in., 6-in., 8-in., and 10-in.
In unusually large systems the use of 12-in. pipe may be required; however,
several modifications to the normal vacuum station components are required.
Consult Airvac for guidance.

Schedule 40 PVC pressure-rated fittings are used. Fittings include wyes
(connecting service laterals to branches or connecting branches to mains),
bends/ells (changes in direction and lifts), and concentric reducers (changes in
main size). Tee fittings are not used for vacuum sewers.

Pipe and fitting joints are either solvent welded or rubber ring type joints. Not
all rubber ring pipe joints are suitable for vacuum service and engineers
should require a guarantee and test certification from the manufacturer.

Division valves are installed in branch and main lines to allow portions of the
piping system to be isolated for troubleshooting and maintenance. These
valves are typically resilient-wedge gate valves using mechanical joint
connections with transition gaskets to PVC pipe that are suitable for
underground vacuum service.
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Vacuum Station

The vacuum station is the heart of the vacuum collection system. The
equipment installed is similar to that of a conventional sewage pumping station
or lift station, except vacuum is applied to a sealed wet well (collection tank).
Major components include the tank, sewage pumps, vacuum pumps, and a
control panel.

Most modern vacuum systems utilize factory pre-fabricated station equipment
mounted on skids for ease of installation. Skids are typically housed in a two-
story structure with the vacuum pumps and control panel located on the top
floor and the collection tank and sewage pumps on the lower floor.

Collection tanks are normally fiberglass, 316 stainless steel or carbon steel with
protective coatings. The vacuum sewers terminate at this tank where vacuum is
maintained automatically and transferred to the sewer system.

Duplicate sewage discharge pumps are used, with each pump capable of
pumping design peak flow. Horizontal non-clog or self-priming centrifugal or dry
pit submersible pumps can be used.

Two or more rotary claw type vacuum pumps, each capable of an ultimate
vacuum range near 24-in. Hg, are used. Horsepower of the rotary claw vacuum
pumps range from 7 %2 to 15 hp. Rotary vane type pumps, capable of a higher
ultimate vacuum near 29-in. Hg. may also be used but are no longer the Airvac
standard. Horsepower for rotary vane pumps range from 7 %2 to 40 hp.

Check valves for discharge pumps feature soft seats with outside weights and
levers; vacuum pump inlet check valves are also fitted with soft seats.

Typical electrical controls include:

* 4-20ma pressure transmitters

» Capacitance, conductance or radar type liquid level controls

« PLC or relay logic

e |EC or NEMA Motor starters

» Automatic alternators for pump cycling

e Hour run meters

» Touchscreen Operator Interface

* Remote access and troubleshooting module

» SCADA alarm system or solid-state telephone alarm system

* A seven (7) day programmable circular vacuum chart recorder with
digital totalizers or a graphical data logger

Many systems utilize existing portable generators for emergency power while
others have permanently installed back up generators.
See Chapter 4 for design parameters and details of vacuum stations.
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E. APPLICATIONS

The consulting engineer usually drives the community’s choice of collection
system type during the planning stages. This choice is normally based on the
results of a cost-effectiveness analysis.

Where used
Below are the general conditions that are conducive to the selection of vacuum
sewers.

» Unstable soil

» Flat terrain

* Rolling hills with small elevation changes
» High water table

» Restricted construction conditions

* Rock

* Urban development in rural area

» Sensitive eco-system

Advantages-Construction

The advantages of vacuum collections systems may include substantial
reductions in water use, material costs, excavation costs and treatment
expenses. In short, there is a potential for overall cost-effectiveness.
Specifically, the following advantages are evident:

» Small PVC pipe sizes (3-in., 4-in., 6-in., 8-in., and 10-in.) are usually
used.

» No manholes are necessary.

* Field changes can easily be made as unforeseen underground
obstacles can be avoided by going over, under or around them.

» Installation of smaller diameter pipes at shallow depths eliminates the
need for wide, deep trenches reducing excavation costs and the
duration and severity of community/environmental impacts.

* Only one source of power, at the vacuum station, is required. No on-
lot power demands exist at the valve pit locations.

» One vacuum station can replace up to 6 or 7 gravity lift stations while
keeping trench depths to a minimum.
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FIGURE 1-5: MULTIPLE LIFT STATIONS - GRAVITY

MANHOLE (TYP)

AN e
P

*[rvP) AN

E—

e NN
TIPS NP

GRAVITY SEWERS

B AN oot TSt N\ N SR TN S AN .
TS N T I AN AN AN N A eI o e et
S N T s i A N E s =5 N =R P iR =

7 (TYP) 5 (TYP)
N\ [ A ¥

4 rd
VACUUM SEWERS

FIGURE 1-6: VACUUM AND GRAVITY PROFILES

Introduction
1-9




Advantages-Operation (general)
There are several operating advantages to using vacuum sewers as described
below:

» High scouring velocities are attained, reducing the risk of blockages
and keeping wastewater aerated and mixed.

» Elimination of the exposure of maintenance personnel to the risk of
H2S gas hazards.

* The system will not allow major leaks to go unnoticed, resulting in
reduced environmental damage from exfiltration of wastewater.

» The elimination of infiltration permits a reduction of size and cost of
the treatment plant.

» The air/sewage mixture enters sewers at high velocity, and the air
provides some pretreatment to the sewage inside the vacuum
sewers.

Advantages-Operation (in hurricane prone areas)

There are several advantages to using vacuum sewers for hurricane prone
areas. System operators of actual systems that have experienced hurricanes
report the following advantages:

» Because they are sealed, vacuum systems eliminate the threat of
massive &l and sewage spills. In coastal areas where 1 vacuum
station typically replaces 7 or 8 lift stations, this means less hurricane
preparation is required. This also means that the treatment plant will
not be overwhelmed.

* All vacuum stations have either a fixed or portable generator, which
ensures uninterrupted service to the customer.

» The maintenance staff is not exposed to the severe weather as the
generators automatically start during a power outage.

» If water level rises to the point where the air-intakes are in danger of
flooding, sections of the system or the entire system can be turned
off, thus preventing damage to system components.
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CHAPTER 2
DESIGN FLOWS

A. BASIS OF DESIGN

Many of the major vacuum system components are sized according to peak
flow, expressed in gallons per minute (gpm). Peak flow rates are calculated by
applying a peaking factor to an average daily flow rate and then converting to

agpm.

B. AVERAGE DAILY FLOW

Average daily flow rates are based on one of the following methods:

1. Documented average daily flow for the area being served (preferred
method). Water use records are typically used for this purpose.

2. 100 gallons/person/day x population (Ten States Standards). Most
approval agencies will accept published U.S. Census Bureau data.

3. 75 gallons/person/day x 3.5 per/house x # of houses (EPA & Airvac
standard)

C. PEAKING FACTOR

The peaking factor suggested by the design firm will be used, with one
exception: the minimum peaking factor should never be less than 2.50. If none
is suggested, the Airvac standard peak factor of 3.50 will be used.

As a guide to establishing a peak factor, the following Ten States Standards
formula can be used:

18 + ~ POPULATION /1000

4 ++/ POPULATION /1000

Design Flows
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For example, if the service area has a population of 1,200, the peaking factor
would be:

18+4/1.2
4+4/1.2

= 3.75

Table 2-1 shows peak factors for various populations. Please note that these
are not the exact figures that would be returned by the formula but rather are
rounded figures for presentation purposes only.

Table 2-1
Peak Factors
Based on Ten State Standards formula
Population Peak factor
100 4.25
500 4.00
1,200 3.75
2,500 3.50
5,000 3.25
9,000 3.00

D. PEAK FLOW

Applying the peak factor to the average daily flow rate and converting to gpm
will yield the peak flow to be used as the basis of design.

Qa /1440 min/day x PF = Qmax

where:  Qa = Ave daily flow (gpd)
PF = Peak factor
Qmax = Peak Flow (gpm)

Design Flows
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Example: Using documented flows & peak factor supplied by design firm

Qa (Average daily flow): 100,000 gpd

Peak factor: 3.25
Qmax = 100,000 gpd/1440 min/day x 3.25
Qmax = 225 gpm

Example: Using Ten State Standards flow rates & peak factor

Average daily flow rate: 100 gpcd

Population: 1,200 persons

Peak factor 3.75

Qa = 100 gpcd x 1,200 persons = 120,000 gpd

Qmax = 120,000 gpd/1440 min/day x 3.75
Qmax = 313 gpm

Example: Using Airvac standards

Average daily flow rate: 75 gpcd

Persons/house 3.5

# houses: 400

Peak factor: 3.50

Qa = 75 gpcd x (3.5 per/hse x 400 hse) = 105,000 gpd
Qmax = 105,000 gpd/1440 min/day x 3.50

Qmax = 255 gpm

Design Flows
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E. INFILTRATION

The vacuum system is a sealed system that eliminates ground water infiltration
from the piping network and the interface valve pits. However, ground water
can enter the system from leaking house plumbing or as a result of building roof
drains being connected to the plumbing system. It is therefore important for
designers to consider methods of eliminating ground water from the
house plumbing system during the design phase of a project.

F. FLOW ENTERING VIA PUMPS

For purposes of vacuum design, any flow that enters the vacuum system via a
pump should be expressed in terms of the actual discharge pump rate rather
than the standard peak flow rate from the house.

G. FUTURE GROWTH

While vacuum systems have some inherent reserve capacity, it is
recommended that design engineers consider future growth when sizing the
vacuum system components. Growth anticipated over a 20 or 30-year period is
typical; however, the design engineer should follow regulatory and funding
agency guidelines.

Design Flows
Page 2 - 4



CHAPTER 3
VACUUM STATION — PRELIMINARY SELECTION

A. VACUUM STATION DESCRIPTION-GENERAL

Vacuum sewer systems require a central vacuum station which functions like a
gravity lift station. Major components include:

» Collection tank

* Vacuum pumps (2 or more)
« Sewage pumps (2)

» Control panel.

H'l}'ll'li_i_j...

Vacuum Station ——

Figure 3-1: General depiction of a 2 story over/under Vacuum Station

There are several ways that the equipment can be configured depending on the
final design. In some case it may be possible to have all equipment located on a
single level and housed in a structure on grade, partially buried or with a
basement. In other cases, a 2 story, over/under configuration as depicted above
is required.

Preliminary Vacuum Station Selection
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B. VACUUM STATION MAJOR COMPONENTS

Collection Tank — Either a fiberglass, 316SS or carbon steel tank, internally and
externally epoxy coated is used. Tanks are designed with a working pressure of
20-in. Hg and tested to 26-in. Hg for 5 minutes and 24-in. Hg for 4 hours. For
direct-bury applications, fiberglass tanks with the same pressure rating are used.

Sewage Pumps - Duplicate horizontal, non-clog or duplicate self-priming
centrifugal or dry pit submersible pumps are used.

Vacuum Pumps — Two or more rotary claw type vacuum pumps capable of an
ultimate vacuum range of 24-in. Hg are used. See Chapter 4 for a discussion on
the Busch vacuum pumps used by Airvac.

Control Panel - Typical electrical controls include PLCs or relay logic, 4-20ma
vacuum transmitter, liquid level controls, IEC or NEMA motor starters, automatic
alternators for pump cycling, hour run meters, operator interface touch screen,
SCADA integration or a solid-state telephone alarm system, remote access and
troubleshooting module, a solid-state telephone alarm system, and a 7-seven day
circular vacuum chart recorder with digital totalizers or a graphical data logger.

C. PRELIMINARY VACUUM STATION SELECTION

Airvac offers several different types of vacuum stations. The type of vacuum
station used is a function of the project size in terms of connections and peak flow.

Table 3-1
Vacuum Station Selection
CONNECTIONS PEAK FLOW STATION TYPE

Range Max Range Max
25-100 100 15 - 65 gpm 65 gpm Containerized Ver 1
100 - 300 300 65 - 200 gpm 200 gpm Containerized Ver 2
120 - 235 235 75 - 150 gpm 150 gpm PacVac - Ver 1 or Ver 2
235 - 550 550 150 - 350 gpm 350 gpm PacVac - Ver 3 or

Engineered Custom
> 550 ~1600 > 350 gpm ~1000 gpm Engineered Custom

Preliminary Vacuum Station Selection
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D. CONTAINERIZED - all equipment housed in a shipping container

For customers who need an inexpensive, small vacuum station for an initial phase
of a larger system, Airvac offers a small vacuum station housed in a 30-foot
shipping container that has been modified for this use.

Figure 3-2: Containerized Vacuum Station

This includes an at-grade or partially buried shipping container that houses all the
mechanical equipment on 1 level. All the mechanical equipment is assembled on
1 skid and mounted inside an insulated, air-conditioned shipping container and the
complete unit is supplied by Airvac. The container is delivered directly to the site
where it is placed on a slab on-grade, or is partially buried. The contractor
connects the incoming vacuum main(s) & outgoing force main as well as brings
electrical power to the building. Odor control, a valve vault and a standby
generator completes the installation.

Things to consider prior to selecting the Containerized vacuum station: 100
yr flood level, static lift limits & station site conditions that may preclude the
use of above ground piping.

By Airvac
All mechanical & electrical equipment including vacuum pumps, sewage pumps,

collection tank, and control panel on a single skid housed in a shipping container.
Optional: Standby generator.

By contractor
Install slab or partial buried vault, install container, site work, and furnish & install
standby generator and odor control.

Preliminary Vacuum Station Selection
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E. PACVAC- VER 1 - all equipment on 1 level; prefabricated building

Airvac offers several versions of a “packaged vacuum station” that includes not
only the vacuum station equipment but also a prefabricated building to house it.
Version 1 is ideally suited for small to medium-sized projects serving less than 235
connections and/or peak flows less than 150 gpm.

Figure 3-3: PacVac Ver 1 (Station on-grade shown)

Version 1 includes a 1-story, at-grade or partially buried prefabricated building that
houses all the mechanical equipment on 1 level. All the mechanical equipment is
assembled on 1 skid and is supplied by Airvac. The prefabricated building is
supplied by Airvac. Things to consider prior to selecting Ver 1: 100 yr flood
level & static lift limits.

The complete unit is delivered directly to the site where the building is placed on a
slab on-grade or partially buried. The contractor connects the incoming vacuum
main(s) & outgoing force main as well as brings electrical power to the building.
Odor control and a standby generator completes the installation.

By Airvac
All mechanical & electrical equipment including vacuum pumps, sewage pumps,

collection tank, and control panel on a single skid. Prefabricated building to house
the equipment skid. Optional: Standby generator.

By contractor
Install slab/basement, install the building, site work, and furnish & install standby
generator and odor control. Optional: structure to house the equipment if not
provided by Airvac.

Preliminary Vacuum Station Selection
3-4



F. PACVAC VER 2 - over/under configuration w/prefabricated building

Version 2 of PacVac contains the same equipment as Version 1 but rather than
everything on 1 level, the equipment is arranged in an over/under configuration in
a two-story structure with the top a prefabricated building.

Figure 3-4: PacVac Ver 2 (Over/Under configuration)

The vacuum pumps and control panel are located on the top floor and are housed
in a prefabricated building which is supplied by Airvac. The lower level basement
houses the collection tank and sewage pumps. All equipment and the
prefabricated building is delivered directly to the site where it is installed by the
contractor after the basement has been completed. Odor control and a standby
generator completes the installation.

By Airvac
All mechanical & electrical equipment including vacuum pumps, sewage pumps,

collection tank, and control panel on two skids. Prefabricated building to house the
equipment skid. Optional: Standby generator.

By contractor
Install slab/basement, install the building, site work, furnish & install standby
generator and odor control. Optional: structure to house the equipment if not
provided by Airvac.

Preliminary Vacuum Station Selection
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G. PACVAC VER 3 - direct bury tank and prefabricated building

At the time this manual was published, Airvac was working on a concept for 3™
version of PacVac that would serve mid-sized projects with peak flows ranging
from 150 gpm to 350 gpm. The goal is to offer a standardized vacuum station that
is less expensive than those currently being built and where the contractor’s
installation effort is simplified and significantly reduced. The main features are:

* A 1 single story, on-grade prefabricated building complete with vacuum
pumps and a control panel. Because of the higher peak flow capability,
larger vacuum pumps than those in Version 1 & 2 are used.

* A direct bury fiberglass collection tank, available in 1500, 2000, 2500 &
3000-gallon sizes.

* Dry-pit submersible pumps housed in either an inexpensive, operator
friendly vault or possibly housed in a fiberglass structure that is part of the
collection tank itself. In the latter case, the collection tank portion will be
under negative pressure and the pump vault portion will be at atmosphere.
This was under investigation at the time this manual was published.

Shown below is the concept with the combination tank/pump vault.

i

Figure 3-5: PacVac Ver 3 concept

Note that, in the absence of Version 3, either Version 1 or Version 2 could be
modified to handle the higher peak flow by utilizing a larger tank and larger
vacuum pumps. Or an engineered, custom vacuum station can be used as well.

Preliminary Vacuum Station Selection
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H. ENGINEERED CUSTOM VACUUM STATION

Prior to the advent of the PacVac stations, vacuum stations were custom-designed
with the internal equipment prefabricated and supplied by Airvac and housed in a
building custom designed by an engineering firm. This concept will continue to be
used for projects that are not candidates for the PacVac stations.

Tl

Figure 3-6: Engineered Custom station

In the engineered custom skid arrangement, the Airvac skid is typically housed in
a two-story structure with the vacuum pumps and control panel located on the top
floor and the collection tank and sewage pumps on the lower floor.

By Airvac
All mechanical equipment including vacuum pumps, sewage pumps and collection

tank as well as electrical equipment for all pumps and the control panel.

By contractor
Site work, construct the vacuum station building, install the Airvac skid, incidental
electrical and plumbing, and furnish & install standby generator and odor control.

Preliminary Vacuum Station Selection
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L VACUUM STATION MODEL NOMENCLATURE

Containerized stations

Vi- 165
vacuum pump capacity (cfm)
Container type (Ver 1 or Ver 2)
PacVac stations
2- 170 M

vacuum pump type (M=Mink pump; R=R5 pump)

vacuum pump capacity (cfm)

# of vacuum pumps

Engineered Custom stations

3- DR 45

\— Collection tank size (gal/100)

vacuum pump capacity (cfm) & type (R or M) —
see table

# of vacuum pumps

Mink pumps R5 Pumps
AM 103 cfm AR 117 cfm

BM 165 cfm BR 170 cfm
CM 277 cfm CR 305 cfm
DM 353 cfm DR 455 cfm

n/a ER 670 cfm

Preliminary Vacuum Station Selection
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BASE MODELS AVAILABLE FROM AIRVAC

CONTAINERIZED VERSION 1 & VERSION 2- BASE MODELS
Uses either a 1000 gal or 1500 gal collection tank

Version 1 Version 2
using Mink vacuum pumps using Mink vacuum pumps
Vacuum Pumps Tank size Vacuum Pumps Tank Size
2-103M 1000 gal 2-165M 1500 gal
2-165M 1000 gal 2-277M 1500 gal

Sewage pumps vary per specific application

PACVAC VERSION 1 & VERSION 2 - BASE MODELS
Uses a 1300 gal collection tank

MODEL M MODEL R
using Mink vacuum pumps using R5 vacuum pumps
2 Vacuum Pumps 3 Vacuum Pumps 2 Vacuum Pumps 3 Vacuum Pumps
2-103M 3-103M 2-117R 3-117R
2-165M 3-165M 2-170R 3-170R

Each of these 8 base models are available with either 7.5 hp or 20 hp sewage pumps

PACVAC VERSION 3 - BASE MODELS
Collection tank available in 1500, 2000, 2500 or 3000 gal sizes

MODEL M

using Mink vacuum pumps

using R

MODELR
5 vacuum pumps

2 Vacuum Pumps

3 Vacuum Pumps

2 Vacuum Pumps

3 Vacuum Pumps

2-165M
2-277M

2-353M

3-165M
3-277M

3-353M

2-170R
2-305R

2-455R

3-170R
3-305R

3-455R

Each of these 12 base models are available with either 10 or 20 hp sewage pumps.
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PRELIMINARY SELECTION - when Mink vacuum pumps are used

TANK SIZING STATION MODEL
By Formula Actual
Pk Q # Vo Vct Vct (based on
(gpm) Conn * (gal) (gal) (gal) Pk Q & A/L = 8)
25 39 46 500 1000 Containerized Ver 1
50 78 90 700 1000 2-103M
65 100 130 800 1000 2-165M
75 118 137 800 1500
100 157 186 1000 1500 Containerized Ver 2
125 196 233 1100 1500 2-165M
150 235 276 1200 1500 2-277M
175 274 323 1400 1500
200 313 367 1500 1500
75 118 137 800 1300 PacVac Ver 1 or Ver 2
100 157 186 1000 1300 2-103M  3-103M
125 196 233 1100 1300 2-165M  3-165M
150 235 276 1200 1300
175 274 323 1400 1500 PacVac Ver 3
200 313 367 1500 1500
225 353 413 1600 2000 2-165M 3-165M
250 392 457 1800 2000 2-277M  3-277M
275 431 509 1900 2000 2-353M 3-353M
300 470 553 2100 2500
325 509 599 2200 2500 Airvac Custom skids
350 549 643 2200 2500 also available
400 627 733 2600 3000 Airvac Custom skid
450 705 829 2900 3000 2DM-30 or 3CM-30
500 784 919 3200 4500
550 862 1009 3400 4500
600 940 1100 3700 4500 Airvac Custom skid
650 1019 1195 4000 4500 3DM-45
700 1097 1286 4300 4500
750 1176 1376 4500 4500
800 1254 1472 4800 6000
850 1332 1562 5100 6000
900 1411 1652 5400 6000 Airvac Custom skid
950 1489 1743 5600 6000 4DM-60
1000 1567 1838 5900 6000

* assumes standard Airvac peak flow rate of 0.64 gpm (75 gpcd, 3.5 per/hse, 3.5 peak)
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PRELIMINARY SELECTION - when R5 vacuum pumps are used

TANK SIZING STATION MODEL
By Formula Actual
Pk Q # Vo Vct Vct (based on
(gpm) Conn * (gal) (gal) (gal) Pk Q& A/L=28)
25 39 46 500 800 Containerized Ver 1
50 78 90 700 800 Not available w/R5 pumps
65 100 130 800 800
75 118 137 800 1300
100 157 186 1000 1300 Containerized Ver 2
125 197 233 1100 1300 Not available w/R5 pumps
150 235 276 1200 1300
175 274 323 1400 1500
200 313 367 1500 1500
75 118 137 800 1300 PacVac Ver 1 or Ver 2
100 157 186 1000 1300 2-117R  3-117R
125 197 233 1100 1300 2-170R  3-170R
150 235 276 1200 1300
175 274 323 1400 1500 PacVac Ver 3
200 313 367 1500 1500
225 353 413 1600 2000 2-170R  3-170R
250 392 457 1800 2000 2-305R  3-305R
275 431 509 1900 2000 2-455R  3-455R
300 470 553 2100 2500
325 509 599 2200 2500 Airvac custom skids
350 549 643 2300 2500 Also available
400 627 733 2600 3000 Airvac Custom skid
450 705 829 2900 3000 2DR-30 or 3CR-30
500 784 919 3200 4500
550 862 1009 3400 4500
600 940 1100 3700 4500 Airvac Custom skid
650 1019 1195 4000 4500 3DR-45
700 1097 1286 4300 4500
750 1176 1376 4500 4500
800 1254 1472 4800 6000
850 1332 1562 5100 6000
900 1411 1652 5400 6000 Airvac Custom skid
950 1489 1743 5600 6000 4DR-60
1000 1567 1838 5900 6000

* assumes standard Airvac peak flow rate of 0.64 gpm (75 gpcd, 3.5 per/hse, 3.5 peak)
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ENGINEERED CUSTOM VACUUM STATIONS

(most common skids highlighted in bold)

WITH MINK VACUUM PUMPS

WITH R5 VACUUM PUMPS

Tank size 2 vacuum 3 vacuum 4 vacuum 2 vacuum 3 vacuum 4 vacuum
(gal) pumps pump pumps pumps pumps pumps
1000 2BM-10 2BR-10
1500 2BM-15 3BM-15 2BR-15 3BR-15

2CM-15 2CR-15 3CR-15
3BM-20 2BR-20 3BR-20
2000 2CM-20 2CR-20 3CR-20
2DM-20
3BM-25 2B5-25 3B5-25
2500 3CM-25 2CR-25 3CR-25
2DM-25 2DR-25
3000 3CM-30 2CR-30 3CR-30
2DR-30
3500 3CM-35 2CR-35 3CR-35
4000 2CR-40 3CR-40
3DM-40
4500 3DM-45 2DR-45 3DR-45
5000 4DM-50 2DR-50 3DR-50
5500 4DM-55 2-DR-55 3DR-55
6000 4DM-60 3DR-60 4DR-60
6500 4DM-65 4DR-65
4DR-70
7000

Preliminary Vacuum Station Selection
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K. STANDARD AND OPTIONAL EQUIPMENT

Container & PacVac vacuum stations — prices are fixed by model number

The Container and PacVac stations are supplied as a standard item with no
optional equipment other than what is described below and on the following pages.

Optional equipment can be requested on the Container or PacVac stations;
however optional equipment makes these stations Engineered-custom stations
and results in higher prices associated with the optional equipment

Container V1 & V2: Version 1 uses a 1000-gal. tank and either 103 cfm or 165

PacVac Ver 1 & 2:

PacVac Ver 3:

Minor modifications

cfm vacuum pumps while Version 2 uses a 1500-gal. tank and
either 165 cfm or 277 cfm vacuum pumps.

All models have identical standard features and a 1300-gal.
tank. A limited number of component combinations are
available including the number of vacuum pumps (2 or 3), the
type of vacuum pumps (Mink or R5), the capacity of the
vacuum pumps (cfm) and the sewage pu