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1. Introduction  _sxas

Even though, the most commonly accepted sewer
system has been the conventional gravity system,
there are greater needs to address the wastewater
disposable issues in terms of other technologies.
The islands with limited natural water resources
require alternative methods that use minimum
amount of water in disposing wastewater.

Unlike the conventional gravity system with
multiple pump stations, the vacuum system could
be designed with a centralized vacuum station
which may reduce the operational cost as well. The
vacuum system itself is not a new technology. The
earliest reports of vacuum sewers go back to the
end of the late 18th century. Since the 1960s,
vacuum sewer systems have again gained an
increase in popularity. One of the driving factors for
this is, the comparative cost advantage that
alternative sewer systems such as the vacuum
sewer can have over conventional gravity systems.

Most of the municipal wastewater collection

systems are designed to incorporate the storm
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water, however the vacuum system being a
pressurized system, the component of storm water
cannot be incorporated. Hence, it becomes the
main disadvantage of the system. However, with a
vacuum system, it would reduce the amount of
water discharged through the system, hence
increasing possibility to recharge the groundwater
with an alternative drainage system for storm
water.

A vacuum system is very similar to a water supply
system. Both vacuum and water supply systems are
pressurized systems. The only difference in both
systems is the direction of water flow. In a water
supply system, a positive pressure is used to push
water from the treatment plant to the point of
consumption. The water in the supply network is
constantly pushed using a pressure system.
Similarly, in a vacuum system, it creates a negative
pressure to draw water from the point of

wastewater generation to the treatment plant or

discharge system.
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2. Concept gsf—A~%
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Figure <z, 1:Typical wastewater catchment —z.~2% SAS L

Unlike a conventional gravity system with multiple 5,;_;’ S RSAT 5525 255 58LR0AF Ses
pumping stations, the pressurized vacuum system 35,5 Z.sxg2% :,.?335,« 3,7:,,3 Ziss Zi~
uses differential air pressure which is generated by 253 N a2 wZo :;.?:J S g2 JR
vacuum pumps located in a centralized vacuum erxE 43S5E~ SAvs a3AsE A5 shssl
station to transport the wastewater. Usually, this Fxg~— s~~is > 2432 ;"/‘5;'5“0";
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generation points to the vacuum system. In most of
the cases, the wastewater flow from the point
where wastewater is generated to the vacuum valve
is by gravity flow. Therefore, the vacuum system
would be designed to have small wastewater
catchments in which wastewater would flow under
influence of gravity to the common chamber where

the vacuum valve is located.

2¢c o > < s 7 20 - € Cr s 20 - oc 7 23
PP PAVS VIR Y S D cP9rVIIEI VNS AN ASPS
- z P -

[ - g
PAF SRV
e ”

Sewage at rest

Air Space
/

Figure %7 2: Saw-tooth profile of a vacuum sewer line 5,727 2522 22,225 »2pn 2505

Besides the collection chamber for wastewater, the
valve pits contain the control units and the interface

valves which form the interface between the

negative pressure in the system and the

atmospheric pressure in the valve pit. The valve is
usually closed. When the control unit indicates the
of accumulation in the

predetermined level

catchment, the valve would open to create a
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negative air pressure within the sump which causes  2&2.. 3.5 £727 25.5 Aj2 i 5255 55

water to be sucked into the vacuum main. The parpis Fgrai
wastewater would be then transported to the
collection tank located at the vacuum station, where
it will be later transported to the treatment system

followed by the discharge.

The wastewater collection network associated with 2=+ 22 F<vxes Fypr—gr asazesr savs

X o Zzo - ¢o P o ¢ 4’2’ o o zo0.- 0 > ~ 03
the vacuum system shall be designed to have 7772 57 &7F /=g oSS AF oY

e < o¢cr 00 L (- ¢ o o~ 20¢cc o ¢
depression points in order to give a rest to the /77 7¥<&st ST SAE S2EAS T SATe
5 SPER5 Agpse Aaks S3Em 5585 A2
. . A Pt e

wastewater transportation through the collection TS ST Spse s2ey

Cal RS SAS Sa52 Cosrd 51

. . . el e b
network under friction and weight forces. The %% Ade - -
$AZACE S8 0
wastewater would be transported in frequent -

intervals until it reaches the destined tank at the

vacuum station.
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3.  Description of Work sm= 72 soesia”>

The description of work which may be required
under this specification includes the following:
i. Initial/layout design of a sewerage collection

network, pump stations, wastewater treatment

system, outfall,

administration and laboratory buildings, fencing

and gate works, landscaping works,

lighting, hard standings etc.,

associated works including but not necessarily
limited to soil testing, topographic survey, and

surveying of ground invert levels, high and low

sludge treatment system,

and any other
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construction  management, inclusive
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commissioning of all mechanical, electrical,
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and Maintenance (O&M) and Health and Safety

manuals.
iii. Supply and installation of all mechanical and 55 432~ 35720 253505255 S0 05 55 il
electrical plant, equipment and spare parts in  #a38er>2 S~ S5RLSS A5 Sa5sd
. . - e ¢ z > s 707 220 z
accordance with the approved design and these fw‘ew,m £ ;w«y; Sal ALESEAVIAZ
P . . . . L&l -~ Oor #20¢cec o~ o0 Zzo
specifications including all pipe work, valves, ‘7>~~ o e n2gase AP eSS
. . . cece Z2o0 ¢ o b4 o> 0c¢ ¢ 22, 2 o~ O0X0 7
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furniture and lockers etc., air-blowers, vacuum A z Eini
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operation of the sewerage system and
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wastewater treatment plant. -
iv. Construction of all civil engineering worksand ., _ _ | _. _. .. .. ... <o .
SF BAFSIS AN ASEI SPKEN vASVYAPrasx ]V
associated works in accordance with the o255 2 neos 2 2 e crrrrs
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approved design and these specifications wes> o xo 2 2. 2 . 2
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including but not necessarily limited to site , . cee  creoss o . e
fAr— A S5 <0 Sy r— > SSAAS SN
clearance, trenching, dewatering, grading o. «o>. 25> .o 22% 23332
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and closures, electrification, and access ladders 2525 $232. ,3223.,7 Si.a828°
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and platforms, mobilization, temporary works, 2222 2220555 (2250 L lRRLS55
reinstatement of access, transportation and ,:}; w3522 - 95444 Mz,:;fg;;

. - z o z - Sr 00, -
storage of materials as necessary for the s 2 322255052 50 ACRSLSSS
successful construction and safe and efficient ~2A8 25n25 2224 3050 55 RALZSL

. o0 ¢e ¢
operation of the sewerage system and ARSI
wastewater treatment plant.

.. €22 225272 o - z - > Z e z 2z L o
v. Operator training of local personnel for “2x¥sr— r=gr sasts aa a2&s0 2500 -V

. . . 13 22 - s 072, 2 Oor s Zz o Ed
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operations and maintenance of the sewerage osE FrEanS daed
system.

vi. Operation and maintenance support. 855 55 2385558 24 Wi
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4.  General Design Aaze 545

The projected population shall be estimated for a
30-year period. The population shall be estimated
with reference to the relevant national census data
and the island population data. Transient and
seasonal population will be estimated using the
methodology recommended by the American
Society for Civil Engineers. For the purpose of
estimating Average Dry Weather Flow (ADWF) the

following waste water flow rates shall be used:
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> 2

Table 2751 .Average Dry Weather Flow (ADWF) 57 <55 P PSS

‘ Development
Auditorium/theater
Automobile repair garage
Carwash - garage
Bakery
Cafeteria
Mosque

Community center

Health facility

Hospital

Laboratory

Manufacturing - industry

Office building

Dormitory — college or residential

Residential — boarding house

Residential — 1-bedroom apartment
Residential — 2 -3 bedrooms apartment
Residential — guest house with kitchen
Restaurant — fixed seat

School - day care center

School - kindergarten

School — elementary / junior high

School - high school

Average Daily Flow L/unit

10-15 L/day
300 L/day
1000 L/day
1000 L/day
100 L/day
20 L/day
10-15 L/day

300 L/day
200 L/day
As per assessment
500 L/day
150 L/day
150 L/day

150 L/day
150 L/day
150 L/day
800 L/day
20 L/day
20 L/day
20 L/day
25 L/day

Unit
Seat
Garage
Garage
Bakery
Seat
Person

Person

Bed
Bed

Laboratory

1000 square feet
Student
Bed

Per person

Per person

Per person

1000 square feet
Child

Child

Student

Student

Note: 70 to 80 percent of the water consumption rates mentioned in the above table shall be used

in calculatine the sewaee flows.

For the purpose of laying sewer pipes, the maximum 2.5 25527 525 A&

depth of the trench should not exceed 2.5m and for

¢coc or 0 - 20 -
PYA A,o/"’éfy,/“e

ox o > ¢ >0r -~

Yo
Un
3
N
X
N
%
L]
Y

Guideline for Design and Build of Vacuum Sewer System



the purpose of the construction of any junction, the
depth of excavation should not exceed 3.5m from
the ground level. The design horizon for the
sewerage collection network shall be for a period of
35 years. The design horizon for all associated
hardware including pumps, generators, blowers etc.
shall be for a period of 15 years (pump replacement
may be for a lesser period). The design concept for
the sewage treatment plant shall be based on two

modular configurations to serve up to 35 years.

If in case, onsite data is unavailable, a typical raw

sewage quality shall be taken from the Table 2.
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Table »>.2: Typical Raw Sewage qualltye/u S /(-"
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250-350 mg/!|

BOD5 200C

coD
SS (suspended solids)

Fecal Coliforms

200-400 mg/!
250-300 mg/!
105-107/100m!|

Note: for details on the sewage quality parameters (influent/effluent), refer to General

Guidelines for Domestic waste water Disposal by MWSA
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5. Control Cabinet(s) and Panels aes5; agrev

Typically, control panels shall be provided with 3-

phase power supply to adequately operate pumps,

pump controls, and other equipment

instrumentation. A fuse, switch, distribution board

for 3-phase, 3 poles, switched socket outlets, and an

appropriate pump protection system shall

provided. The cable to these outlets, wiring and all
the electrical components shall be installed in

accordance with the regulations and standards

enforced by Maldives Energy Authority (MEA).

The cabinets shall be freestanding cubicle pattern
type - Himel cabinets or equivalent complying with
standard industry practice for the Maldives sited
adjacent to the source chamber. The cabinets will
house all push buttons, indicator lights, switches,
timers, and controllers. A switched water proof
connection plug for receiving power from a stand-
by generator in case of mains power failure shall be
provided and a protected warning (alarm) light and
an exterior alarm horn shall be mounted on top of

the cabinet. They shall stand alone on a concrete
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plinth so that the indicators and buttons are
between 1 and 1.5m above the ground. The cabinets
shall be adequately ventilated and shall be provided
with weatherproof closures and lockable handles.
Doors should be removable to allow easy access for
servicing.

All instruments shall be capable of carrying their full
load current without undue heating. They shall not
be damaged by the passage of faulty current within
the rating of the associated MCB or through the
primaries of their corresponding instrument
transformers and shall be provided with protection
against power supply transients, disturbances,
lightning surges and radio frequency interferences.
All instruments shall be back connected and the
metallic cases shall be earthed. A means shall be
provided for zero adjustment, span or range and
configuring of instruments without dismantling.
Moving parts and contacts shall be adequately
protected from the ingress of dust, and all
instruments shall be protected by moisture and
dustproof cases including those mounted in panels.

All equipment shall be suitable for its environment.
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Panel mounted receiving instruments shall be of the 2252222, ,Z2,—-
4 cz 7

electrically operated miniature flush mountingtype. 2.2 35 zi352820, 2255 237 52 ~545
- - £ z
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Instrument protection should comply with MEA
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standards.
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6. Velocity ;:—’,5),3

Where the effluent is transported with gravity flow, Sipr algi FalS esks 338~ 3525
design shall ensure to maintain a self-cleansing 2272 72,3? 3455 35 :,;:L// 2222
velocity between 0.6 to 0.9m/s. In the case of =
vacuum flow, a velocity of 4.5 to 6m/s shall be 34vs -Sossi%2 <350 Aa5%5 345;—7;»
maintained. In the case of not being able to maintain  S5gr—55 335 222 6 aZez 45 2a222 43257
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7.

Cap

- o

Inspection Pipe

B

Vacuum Main

Inspection pipes /lﬁ)

Figure /,«;: 3: Inspection pipes at the end of the vacuum main
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In order to detect leakage during construction and

operational phase, inspection pipes shall

installed at the vacuum main.

enable the insertion of inflatable test balls for

be

Inspection pipes

precise leak detection. The vertical inspection pipes

shall be sealed by a special PVC or equivalent cap

and must be protected by a cast iron or concrete

cover.

Technical specifications for Inspection pipes

. The diameter of inspection pipes shall

vary between 90 to 160mm

4

\, Cap

Inspection Pipe

Vacuum Main

Figure ~3 7 4: Inspection pipes at the vacuum main 5.7+

x o~ occo o 0> oz ¢ co <
S S LEI—A S AS P K] S0
- - - - -

(23 or > IR LR Z rec e €22 25 z G
_xar,s _@.7_,:./ EE .y Pl A/’ S <50 :.?/VJ-AJ F Pl alad

o2 > o-r¢ccoo or >, ¢ c > Zzo0 2
AL S @ g»—fg ;vg/_;/vn HFOLSINS VS o
z
o - oc¢co o s © 2 o3 ¢cecrr0cCc ctc 4 s -
SIEL W f N S O S,V I,V AA 9 SN
rd s e
77 C e d s 07 or - z2o0.- 0 > o 2
PIFA PO P f AL FOVA SO AR5
z 2 Z z -
” 0 C < < - c cr < > 20 -~ s 7 - o >, 0c¢
H 22, SSS PBA PAFIAY Sr@ Arpe> rvsSaa
z e g g P
>0 -~ Z - 20, 0>

Sre sa ,\42 /"V;./ufe; S5 a/_r/s At

cer ¢
CBAFIFYV

rd

o e co o o¢c ¢ x o~- o0co o
SR Y e FUINP 5SS SR v g
el P z P

20~ 0> Ed oc¢co o
90 /"2./"./"./"/ fe’;.«u. .:J-/ /"’—' v v [
rd

) Inspection pipes shall be placed at the $55355 Zpors 160 wipsss
end of every line
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Inspection pipes have to be placed at
least every 100m

On branch lines shorter than 100m, an
inspection pipe has to be placed on the
branch line close to the main line

The inspection pipe shall be hosted
inside a manhole

There should be a 15cm clearance
between the inspection cap and street

cover
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8.  Division valves (Gate valves) 25 &5 254 25 Aiesps

Division valves
(Gate valves)

A

Vacuum main

occ -2 o~

Figure 7 5: Division valve or a Gate valve 55 &5 <2~ =5

The vacuum main shall be divided into separate > .3 25.5 Ligl3iic
divisions for militancy purposes. A vacuum tight 22Zz- 450 325 555222
z
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division valve shall be installed every 450m at 200 -so~sixi<> 35 g5
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or -~ 20~ 0 >
I"'-A" Pef Lalalatd

¢ >0, ~
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operate the valve and the design engineer may
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9.  Valve pits or collection chambers A&’225 <54 es >

Vent above ".'
flood level 47l

- - "".
Sewer from
households
(gravity flow)

Suction line

-—
Valve Pit

To Vacuum Main

- Clean Outlet
Sensor pipe

Zec o>

Figure /_«/ 6: Schematics of a collection pit with vacuum valve »—a/g;w—~ gy e ;,,V,‘

Valve pit or collection chamber is located in the
immediate vicinity of the building(s). The total
holding capacity of the chamber shall not be less
than 25% of the average daily flow. Collection
chambers can be made out of a variety of materials,
most commonly, concrete, PE, fiberglass, or even
stainless steel. The collection chamber shall be
designed with two separate compartments of which
the bottom compartment shall hold the sump that

receives the sewage from relevant households. The
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vacuum valve and its control shall be housed in the

top chamber (refer Figure ";/f 6Error! Reference

source not found.).

If the valve pit is to serve a single building, the valve
could be located in the premises of the building,
provided that the owner of the premises allows it to
be located inside the premises and the access to
maintain as if required. If the valve pit serves a
collection of several buildings, then it shall be
located in the roadside where it has minimum
distance from each house.

The maximum depth of the valve pit depends on the
deepest gravity line which it serves. However, the
system shall be designed in a way that the maximum
depth of excavation does not exceed 2.5m from the
ground level in a given location.

The collection chamber or valve pit shall be
designed in a way that it should not contain any
electrical equipment or wiring. The emptying
mechanism of the pit shall be triggered

pneumatically. However, if there is a need, the pit
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Unless a building being isolated, the collection JSiz 22z 2.57 252 ,,gj/y shh sa5ss
chamber or valve pit shall be designed to cater 2522 -
multiple dwellings in its catchment. All the lateral a5
connections from the buildings to the collection
chamber shall be gravity flow. No catch pit shall be

installed prior to the collection chamber.

Technical specifications for Valve pits or

collection chambers 0 0c cor 200 o5 o e
SR SRS oo B g S

. Not more than 10 households shall be e Lot
connected to a single collection . _ .. ... .
A alpi 55 s sras 10 ®

chamber or valve pit. In the case of
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oo, ex 22 v e
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inhabitants discharge into the same 27z.222 232 2, 2% 55 272 .5
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The house connection should be made

of Polyvinyl Chloride (PVC) or
Polyethylene (PE)

Pit evacuation usually shall trigger when
35-60L of wastewater has been
accumulated

Noise reduction can be achieved by
external aeration installations for the
vacuum valve and by sound insulation
attached to the cover/lid of the pit
When the connection of multiple
houses to a single vacuum pit is desired,
the service lines should be introduced
to the pit at an angle of 90°

The installation of a monitoring system
is advisable in order to report clogging,
valve defect (remains open or closed) or
water in the pit of the operator

Storm water must not enter the
collection pit; lids or similar measures
need to be provided

Upwelling needs to be prevented after

heavy rainfalls
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The collection pit needs to be made of
corrosion proof  material (e.g.
polyethylene)

The inner surface of the chamber
should be smooth to allow for a self-
cleaning discharge

Flap valves need to be installed to
prevent backlogging

Valve pits in areas that are subject to
flooding must be equipped with
measures that allow aeration even

when the valve pit is submerged.
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10. Interface Valve Unit g~ 25 Z5<g n

The valve unit is known as interface valve function,
on the pressure difference between atmospheric
pressure and the negative pressure enforced by the
vacuum pumps. This is the component responsible
to determine the removal of wastewater
accumulated in the collection chamber from lateral
connections. During the normal operation, this
valve would be closed. When the collected water
level reaches to a certain level, air gets trapped in
the sensor pipe and the pressure increases. Then
the water level sensor in conjunction with the
control unit signal the valve to open and vacuum the
wastewater to the vacuum main where it would be
transported under negative pressure to the
collection tank situated at the pumping station.
When the collection chamber is emptied, the air
pressure in the sensor pipe decreases and the

interface valve turns back to the closed position.
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In the case of the floating sensor, the floating sensor
rises with the wastewater level to a certain point to
open the valve mechanically. When the chamber is
emptied, the sensor returns to its original position,
hence closing the interface valve.

The interface valve, control unit and sensor pipe are
designed in a way that the valve is open for the
duration of the removal of one batch volume of
wastewater. This includes sufficient time to
simultaneously or successively draw in wastewater
and air in order to achieve an adequate air/liquid
ratio. The air/liquid ratio is a very important
parameter heavily affecting the efficiency and

profitability of the system.
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Technical specifications of Interface Valve Unit

Valve size is usually around 2.5 to 3
inches (~¥6.5to 7.6 cm)

Floating sensors must be designed in a
way that pollution from the contact
with wastewater does not affect the
functionality of the sensor

Air/liquid ratio varies between 3:1 to
15:1; the ratio is higher for valves
located further away from the vacuum
station

All components that can come into
contact with wastewater, such as the
water level gauge (sensor pipe), or even
the valve itself, must be resistant
against wastewater

The opening mechanism should be
enabled if local pressure is below minus
0.15 bar; if the sump is more than 1m

below the valve the threshold should be

set to minus 0.35 bar
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. If flow-rate exceeds 8.2m3/h (30 GPM),
buffer tanks or multiple valves should

be considered

11.

Vacuum main is the longest pipe with the largest
diameter which carries the wastewater to the
centralized collection tank(s) situated in the vacuum
station. The diameter of the pipe is governed by its
position within the network and the expected flow

2,2 3

are givenin Table 552

2, Z

Vacuum mains and pipe network
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Pipe Diameter Maximum Flow (L/s)

90 3.50
150 9.62
200 19.25
250 34.38

The vacuum sewer line shall be designed with saw- 2,737 <2-%

tooth profile (see Figure ~>7 2). with small

Maximum number of house connection
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maintained and when the main becomes too deep,
so called ‘lifts’ are incorporated to raise the main to
an acceptable depth. Multiple small lifts are
recommended over few large ones. Lifts are realized
by using two 45° fittings joined by a piece of pipe.
Lifts cause static losses and thus should be as small
as possible. The total loss made up by friction and
static loss govern the maximum length of the

vacuum main.

Technical specifications vacuum line network

. A minimum slope of 0.2% should be
maintained
. The minimum distance between two

lifts should be 6m

o Maximum lift should not exceed 0.9m

. The lifts for saw-tooth profiles are
normally 0.2 - 0.45 m high

o Operating pressure is usually between -
0.5 and - 0.6 bar. This results in 5.5m
available head

o Approximately 1.5m is required to open

the interface valves
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4m head remain for lifts during sewage

transportation

Remaining head must also account for

losses due to friction (can be neglected

if slope is > 2%)

Vacuum level is a function of the pipe

diameter, line length, number of

connections and the number of lifts in
the system

Wastewater is transported at 4 — 6 m/s

allowing for self-cleaning of the pipes

Vacuum mains should be:

o Resistant to chemical and
biochemical influences that leads to
corrosion

o Resistant to mechanical wear

o Functional at temperatures up to
35°C and certified to operate under
negative pressure conditions

o Made from PVC thermoplastic
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o Connected with O-ring rubber
gaskets for improved PVC pipe
durability (should be selected over
solvent welding)

When PE pipes are selected,
electronic welding is recommended

for installing the fittings

The angle at which the collection
chamber outlet joins the service line
should be 55° to the direction of flow
and at around 60° to the vertical axis of

the main to prevent backflow (Figure

/;/j 8)

The service line should join the vacuum
main at 45° to the direction of flow

A minimum distance of 2m should be
kept between the point of diversion or
joining of pipes and a lift

Division valves should be placed in
intervals of maximum 450m along the
vacuum main and for the separation of

lateral lines which are longer than 200m

s s 220 3¢

(- o
ARSI, F PSRV IS@
r

¢0-> 2 s 0> ¢
45 SIS S ASS A2 PAvye
z g

- -

L4 o b
S o
rd rd




o~r 0c¢ oce 77 07 2 o~r o0

Division valves should be corrosion- 3275 3% 22233 3433 ,,/g;f«;

proof and suitable for use under L;,%222 JS2.2 Aa 2720, <35
rd rd rd rd
vacuum conditions, as well as a negative 555557554

pressure difference of 0.8 bar
Gauge taps (inspection pipes) needs to «3:”;5 o

. . . 3 o > o o
be provided for the insertion of BArSIIIC S &

manometers and plugs

Gauge taps are placed every 100m and
before as well as behind division valves

The location of both, division valves and

© ¢ ¢ ce < s - or 072,

gauge taps must be indicated by signsin

order to be located by operational and

construction personnel
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12. Vacuum station A-g:>= 355.5

The vacuum station is the most important part of
the vacuum sewer network. Usually, it is the only
part of the network where electrical components
are installed. Since it is where all the vacuum pumps
and discharge pumps are located, and also where
raw sewage is being collected throughout the
operations, the noise and odor emissions from the
station may have a negative impact on the
establishments in the vicinity of the station.
Therefore, in choosing the location, this fact needs

to be considered.

12.1. Selecting the location

The location of the station needs to be selected
after careful consultancy with the locals and
relevant authorities. Long term documents such as
land use plan shall be carefully considered when
finalizing the location. An appropriate buffer zone
must be established between the vacuum station
facility and the neighboring establishments. A
minimum of 35 years’ expansion needs to be

considered on proposing the size of land to be
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allocated for the facility. Provision must be given for
an appropriate wastewater and sewerage
treatment facility, even if the facility is not included
in the scope of the proposed current project.

In order to reduce impact of beach erosion, an
appropriate green belt needs to be left between the
beach and the boundary of the facility. If in case, due
to the scarcity of land, appropriate measures need
to be taken to address social and environmental

impacts that may arise due to the facility.

12.2. Components of the Vacuum station
There are mainly three components in a vacuum
station and they are; the collection tank, the
vacuum pumps and the sewage pumps.

The vacuum pumps and the vacuum mains are
connected to the top part of the collection tank. This
part of the tank is kept open so that the 16 - 20 in.
mercury vacuum that is created by the vacuum
pumps can be transferred to the vacuum mains and
ultimately to the valve pits.

The vacuum pumps do not run continually, but
rather in cycles. They run for a short period, usually

3 to 5 minutes, in order to establish the high level of
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20 in. of mercury vacuum and switch off when this
level is achieved. As valves throughout the system
open and admit atmospheric air, vacuum levels
gradually drop. When the vacuum level reaches 16
in. of mercury vacuum, the vacuum pumps switch
on again and run to re-establish the 20 in. of
mercury vacuum. Sewage from the vacuum mains
enters the collection tank and accumulates in the
bottom part of the tank. When enough sewage is
accumulated, the sewage pumps come on and
pump the sewage out of the collection tank through

a force main to the ultimate point of disposal.
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13. Wastewater Treatment Plant 32~ 2275 272 pi 1 2o

The centralized Wastewater Treatment Plant
(WWTP) will comprise full pre-treatment and
secondary treatment utilizing a diffuse air aerobic
process. The treatment process shall consist of inlet
structure/primary sedimentation, contact aeration,
secondary sedimentation and an outfall pump
station. The effluent from the treatment works shall
be discharged to sea via a marine outfall. The design
shall include adequate provision for odor control for

the emissions from the WWTP.

Each WWTP mechanical component and module
shall be designed for the estimated Average Wet
Weather Flow (AWWF) over its 15-year design
horizon and civil structures shall be designed for 30

years.

The treatment process shall not rely on overly
sophisticated treatment techniques and controls
that require very specialist operation and

maintenance.
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The treatment process shall treat sewage to the
standard as given in the table pertaining to disposal

of treated sewage into deep sea.

>z 2552

Table 22 4 . Treatment standard of sewage s~7%> 2727~

z - s 07 2 2 2¢C or o - ¢ o~ 0337

PASAL AVRrIAVA® S5 =SS PAFIVFr—
s o - g -

o - o >z 252 o - or » o0 ¢ 2,2

g S ES KV Fr S SRS 9AS P90
z - z - -

cco - zZ -
Pl by adig ~od
= =

BODS5 200C 20mg/|

Suspended Solids 30mg/I

The point of compliance shall be at the inflow to the
outfall pump station. Under normal operating
conditions compliance shall be taken as a 90th
percentile (9 in every 10 samples) calculated on a
rolling average.

The construction of the WWTP shall be carefully
coordinated with the construction of the sewerage
system and the marine outfall to confirm interfaces
and for the timely completion, commissioning and
testing of these elements.

The treatment plant must always operate in a
failsafe mode. Overflows or spillages to the site

surface and subsequently to the groundwater must

cecrzo0r o ¢c> ~o0 Zzo0.- 0>
90 P B ASLPAIr— YA 90 E R Tt ot N el Lol alatd
- i 4 z

F 4 2, or 20 2 < < ¢c¢c 0o coxz
ABSES SF SOOI DEI P AN SISV
- - z

o\
t
A

or 20 ¢ Zco0c¢c ¢eceo s z o . 3 s 2¢C 3¢
AL PRI S OIA s ESSs AA SIS DV AsvaAra
- - - -

cCrro0r ¢

pAVvRroSs

2o~ 0 0 ¢, rr 272 z 252 o c¢co - z -

SIS PSP DEN KV FI— SFrS AL S
z - - z s 7

(4 - [ o - o < 2 s cer 2P oc o <

SOP S S rESS SFO® SPAr— cPANS D Fr—SAF
. - z - - -

cece 2> o ¢ o3 >, -~ ¢ > - o0 ¢

LB AI I Pt latd S —A Ss8 AT FF

Guideline for Design and Build of Vacuum Sewer System Susfss 53250 3.7 4322045. 35~ 35250 5505



not occur. Process units shall be provided with
bypasses and in emergency situations, a bypass shall
be made available to pump directly to the ocean
outfall.

The WWTP will be designed and sized to the design
parameters and all components divided into two
equally sized compartments which are hydraulically
isolated from one another for the provision of
maintenance.

The WWTP shall consist of the following functional

components:

Inlet Structure/Preliminary Treatment

The cumulative influent sewage shall enter the
WWTP by means of interlinked pumping mains to
the Primary Headworks of the WWTP. The inlet
structure should be located on top of the Aeration
Tank and provide a flow dividing chamber,
preliminary screening of floating material, grit,
grease and oil and mass solids from the wastewater
stream. There shall be a channel with an emergency
manually raked screen, walk way, railings and a tap

for wash water to clean the screen and the channel.
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There shall be a mechanism for dewatering of the
screenings and an arrangement by which the
screenings can be removed after dewatering and
deposited in a receptacle for disposal elsewhere.
Suitable oil and grease separator to be considered in
primary treatment plant unit if oil and grease is
identified as a major input source to the wastewater
stream which may adversely impact on the
operation of the plant over its design life. All the
preliminary/inlet structures shall be designed as per
international design practices. Equal quantities of
flow from the primary treatment works shall be

distributed into the two compartments of the

aeration tank.

Diffused Aeration Tank

The wastewater from the primary treatment works
is pumped to the diffused aeration tank. Typically,
the aeration tank should be designed to provide
approximately 18 to 20 hours of retention time at
Average Wet Weather Flow (AWWF). The Aeration
should be

Tank designed as two equal
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compartments. The Aeration Tank shall be provided .25...,.., Soxes A @2 AT e
with High Surface Area Fill Media. (EPDM)
. Material of Construction: EPDM ieags C5 e
ool o> ¢ @ oc
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The Diffused Aeration System shall comprise of re—

100cm long, non-clog, and fine bubble membrane
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The Secondary Sedimentation Tank should typically
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allow for 4-hour retention of Average Wet Weather

Flow (AWWF). The Secondary Sedimentation Tank
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should be designed consisting of two equal
compartments similar to the configuration as the ,, . . e o0c ococ
il 4 i (AWWF) ;; AP PL pFrLA

Aeration Tank. The design of each vessel must allow

for the accumulation of sludge to concentrate at a Loxz>. oo
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Sludge drying beds
The sludge generated from the waste water

treatment process will be transferred to the sludge
drying beds which shall consist of a coarse sand bed,
supported on coarse gravel/crushed stone
aggregate, underlain with perforated collection
pipes. Open jointed PVC pipes shall be used. The
pipes should be covered with fine nylon net to
prevent access of fine sand and other filter media
into the effluent. The liquid element of the sludge
will percolate through the coarse sand substrate
and be collected in the perforated pipes for
distribution back into the liquid waste water stream
through the plant inlet. The sludge shall be air dried
to a minimum of 30 % dry solids. The base of the
beds shall be covered with a water proof membrane
to prevent leakage to the groundwater, and a thin
wire mesh will cover the entire facility to prevent
access from birds, vermin etc. The beds shall be
covered by a sloping roof in order to protect the
beds from rain. The sludge cakes should be removed
and stored in a covered hard standing area at a

vacant, easily accessible place within the WWTP
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compound before being removed for disposal or .357,5252 2,350 3. ~FARAZ pari 43
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14. General Requirements -:J:EJ“J//’-AV.:‘ ey
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execution, or remedy of such works.
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14.1. Administration Building

An administration building will be located at the site
of the WWTP. An office space and laboratory will be
included for operators and WWTP administration.
The administration building will also serve as a
storage facility with a sufficient covered vehicle
parking space for a standby generator set and
service vehicle. In addition, sufficient space will be
available for the purpose of maintenance of
electrical equipment  and pumps/blowers
associated with the sewerage collection network
and WWTP. Where appropriate, lifting devices
should be provided to enable lifting for overhaul and
maintenance activities of pump/heavy plant and
equipment. Adequate toilets and a wash facility
shall be provided to cater for both administration
staff and plant operators.

14.2. Fencing and landscaping

The administration building shall be fenced inside a
lockable compound. The fencing shall be plastic
coated wire mesh and adequate provision shall be
made for landscaping, and where possible

vegetative buffering.
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14.3. Roads and hardstand

Roads and hardstand shall be designed for a
minimum twenty (20) tons loading.

14.4.  Materials not otherwise specified
Unless otherwise specified, all materials and plant
incorporated in the permanent work shall be new.
Materials not otherwise designated by detailed
specifications shall be of the best commercial
quality and suitable for the purpose intended.
14.5.  Substitutions

Substitution of materials other than those specified
will only be approved if the material proposed for
substitution is equal or superior to the material
specified; or that the material specified cannot be
delivered to the work site in time to complete the
work. To receive consideration, request for
substitution shall be accompanied by documentary
proof of quality in the form of certified quotations
and guaranteed date of delivery from suppliers of
both the specified and the proposed substituted

materials.

14.6. Standard Specifications
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Except as otherwise indicated in these technical

specifications, the all works undertaken shall
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comply with the latest adopted edition of the

standard specifications used by the Ministry of
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14.8. Water and Power Supply

Water required for general use may be drawn from
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discharged to the sea unless if disposed into the
groundwater table, its salinity would be detrimental
to that groundwater. Where pumped or drained
groundwater is suspected of being saline, its
electrical conductivity should be tested before
determining the manner and location of disposal.
Arrangements may be made with the island office
for the supply of temporary electricity services
during construction. Where connection from local
mains is not possible, allowance shall be made for a
suitable generating plant.

14.9. Public Utilities and Other Services

All utility and service providers (i.e. electricity,
telephones, cable TV, etc.) shall be consulted, have
utility lines located and marked in the field, and
have all rights-of-way cleared through the island
office prior to commencing any excavations.
Arrangements for diversion or removal of services
may be required because of the proposed method
of working.

14.10. Pre-commencement photographs
Color photographs at the locations of the works

should be taken prior to commencement of works
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to demonstrate the conditions of the site before

work commences, progresses, during the
construction period and after completion of the
works.

14.11. Vegetation management

All works should avoid un-necessary disturbance or
removal of garden plants and trees. Only the
removal of plants and trees totally necessary for the
construction of the works shall be permitted. Only
the approved working area required for laying of
pipelines and construction of pumping stations and
be cleared of shrubs,

treatment facilities shall

plants, bushes, large roots, rubbish and other
surface materials. All such materials required to be
removed shall be disposed of in an approved
manner. All trees and shrubbery that are to remain
shall be adequately protected and preserved in an
approved manner. Approval may be required from
the island office for the rights of way, for which a

provisional sum may be allocated for replacement

or compensation.
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14.12. Setting out of Works

Working or construction lines and grades shall be
established as required. Stakes and other such
materials shall be provided and maintained. All
points, stakes, grade marks and bench marks made
or established on the work, shall be safeguarded
and any work done beyond the lines, levels and

limits shown on the drawings shall be rectified.

14.13. Cooperation at Site

All work shall be carried out in such a way as to allow
access and afford all reasonable facilities to persons
including others who may be employed in the
execution and/or operation at or near the site of any

work in connection or otherwise.

14.14. Protection of Work and Public

Precautions shall at all times be exercised for the
protection of labors employed and public life and
property at and around the sites of work. The safety
provisions of applicable laws, building and
construction codes shall be observed. Machinery,

equipment and all hazards shall be guarded against
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or eliminated. During the execution of the work, and .S S 72522222 §i9444 A a2 AT
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14.16. Final Clearance of Site

[3 oxz

On completion of work, all construction plants,
surplus materials, rubbish, scaffoldings and

temporary works of every kind shall be cleared away
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and removed from the site leaving whole of the site
and works in a clean condition.

14.17. Excavation

All excavation of whatever substance encountered
shall be performed to the depths and widths
indicated or as otherwise specified. During
excavation, material suitable for backfilling shall be
stockpiled in an orderly manner at a sufficient
distance from the banks of the excavation to avoid
overloading and to prevent sides from caving in.
Topsoil shall be stockpiled separately for
subsequent reuse as necessary. All excavated
material unsuitable or not required for backfilling
shall be removed to an approved location.
Excavation in the streets shall be carried in such a
manner that street passage is not blocked by
excavated material. Grading shall be done as may be
necessary to prevent surface water from flowing

into trenches or other excavations. Adequate

precautions must be in place to prevent ‘boiling’ of
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any excavation shall be removed and disposed of
and the resulting void shall be filled with a suitable
material or concrete.

The term "earth" shall include all materials which
does not require blasting, barring or wedging for
removal from its original bed. Material that requires
blasting, barring or wedging for removal from its
original bed will be classed as “rock”.

14.18. Excavation of Trenches for Pipes
Unless otherwise approved, not more than 30
meters of any trench in advance of the end of the
pipeline already laid shall be opened at any time.
The width and depth of pipeline trenches will be as
indicated in the drawings. Depressions for joints
shall be dug after the trench bottom has been
graded. The pipe, except for joints shall rest on the
prepared bottom for its full length. Large stones
shall be removed to avoid point bearing. Whenever
wet or otherwise unsuitable material that is
incapable of properly supporting the pipe as
determined by the engineer is encountered in the
bottom of the trench, such material shall be

removed to the depth required and the trench
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backfilled to the proper grade with coarse sand, or £22 2552255 527 of5 R2iE352 22,54

other suitable approved granular material. 53855552 ZSAZL s3A A4 ;/’ w3335
. }-A?J“J“ /./uvgfv/t S50 4845 ;;r.xe.; P ;;;v.;{
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14.20. Shoring of Buildings
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14.21. Shoring of Excavations

If ordinary open cut excavation is not possible or
advisable, sheeting and bracing shall be furnished
and installed in excavations to prevent damage and 055> @

delay to the work and to provide working conditions
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filled with selected material and compacted. oo ceezoroe

14.22. Maintenance of Excavations

All excavations shall be properly maintained, while

they are open and exposed, both during day and

night. Sufficient suitable barricades, warning lights, 0>0cce

signs, and similar items shall be provided.
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As part of the work under the excavation, drains and

ditching, pumping, bailing and other necessary
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works shall be carried out to keep the excavation
clear of sewage and extraneous water during the
progress of the work and until the finished work is
safe. Necessary precautions against flooding and
floatation of structures, such as septic tanks and
sewage pumping stations shall be taken. Care shall
be taken to avoid excessive de-watering that would
cause damage or draw down of the fresh
groundwater used for household use.

14.24. Shoring and Sheeting Left in Place
Shoring and sheet piling may be left in place for
purpose of preventing injury to the structures, other
properties or persons, whether such sheeting was
shown on drawings or placed at direction, or
otherwise. If left in place, such sheeting shall be cut
off at approved elevation. The sheeting remaining in

place shall be driven in tight.

14.25. Protection of Existing Services

Special care shall be taken with existing subsurface
services likely to be encountered during the
execution of work which require special precaution

for their protection, such as sewers, drain pipes,
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water mains, electric cables, telephone cables and

the foundations of adjacent structures.

14.26. Backfilling of Material

Backfill material for structures and trenches shall
consist of excavated soil which is free from stones
and clay lumps larger than 75mm in any dimension
and also free from timber, rubbish and other debris.
It shall exclude clay of liquid limit greater than 80
and/or plastic limit greater than 55 or materials of
excessively high moisture content. Backfill material
shall have enough moisture for proper compaction,

and shall be compacted in an approved manner.

14.27. Backfilling for Trenches

Trenches for sewers, drain pipes, water lines, etc.,
shall be backfilled to the ground surface with
selected excavated material or other material that is
suitable for proper compaction. Trenches
improperly backfilled shall be reopened to the
depth required for proper compaction, then refilled

and compacted to the specified density. Normal
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backfilling operations in trenches shall be carried
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Required compaction for normal trench backfilling, 2,775 2:AF ZAAS,225 2l dsi
as specified above, shall be 85 per cent of maximum 232
density. After the completion of the backfilling and 5555

satisfactory compaction, finished grading of the site ﬂﬁ;g;—v«z‘ Fajsaimi  AlisiSe
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be spread to the required final grade.
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14.30. Earth Borrow (brought from
outside)

Where satisfactory materials for trench backfill and
filling of depressions to the required level are not
available in sufficient quantities from the on-site

excavations, satisfactory materials shall be obtained

from other approved sources.

14.31. Trench Bedding and Pipe Protection
The applicable bedding material as per schedule
given on the drawings should be placed as soon as

the trench conditions allow. Three types of bedding

may be used:
1. Granular Bedding Class A
2. Concrete Haunching  Class B

3. Concrete Encasement Class C

Granular Bedding: This is designated as Class A
bedding. It shall be composed of clean fine/coarse
sand free of stone. If any trench bottom is excavated
below the grade shown on the drawings, it shall be

refilled to the required level with bedding material

and thoroughly compacted into place.
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Concrete Haunching: This is designated as Class B
bedding. The trench shall be filled and compacted
up to half of the pipe’s diameter with granular
material as specified for Class A bedding and the
upper part will be encased in concrete. Concrete
shall be un-reinforced of the class shown on the

drawings.

Concrete Encasement: This is designated as Class C
bedding. The concrete shall be of the Class shown
on the drawings. Each pipe to be encased shall be
supported on at least two points with pre-cast
concrete wedge blocks. The wedge blocks should be
located at a distance L/4 from the joint. To avoid
movement of the pipe during concreting, the
concrete shall be carefully placed and tamped
beneath the pipe, followed by pouring of concrete

on both side of the pipe

14.32. Pipe Jointing

All pipe joints shall be made strictly in accordance

with the manufacturer's recommendations. Joint

rings and gaskets shall be stored until needed in a
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cool place free from direct sunlight. Before making
any joint, the interior of each pipe or fitting shall be
cleaned. Special care shall be taken to see that the
axis of the pipe to be laid forms one straight line
with the axis of the previously laid pipe. Spigot and
socket ends shall be central with regard to each

other.

14.33. Connecting of Existing pipes

Where a connection of any kind is to be made into
an existing pipe, such as connecting to household
wastewater pipes, the connection shall be inspected
and verified at the start of the work.

The period of interruptions of the existing service
pipeline shall be kept to the minimum and in
coordination with the island office and property

occupier/owner.

14.34. Cleaning Pipelines

During installation the interior of pipes must be kept
clean and free from water, dirt, stones, rubbish and
other foreign matter. Upon completion of laying and
jointing the interior of the pipes shall be thoroughly
flushed to remove remaining traces of foreign

matter and thereafter maintained in such condition.
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15. Quality Assurance ~c~sn

15.1. Materials standard

Except where otherwise specified, all materials

shall comply with the standards of the
International Organization for Standardization
(ISO). Materials may be supplied to a different
international code or specification only if it can be
shown that the product offered is of equal
standard. The supplier may be requested to
present copies of standards together with their
English translations for use during inspection and
testing.

15.2. Test Certificates

Certificates in triplicate shall be provided by the

supplier for each diameter of pipe and fittings

supplied giving the process of manufacture and
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the results of the specified tests. Similar 2522327 33575 f;:,fg; ZLAAS 233555
certificates in triplicate shall be provided by the :5 s /;;J«;f«; SANE ,_,,_,,;.; ;;;,5 25
supplier in respect of materials to be used in the 2225 22 Rl
manufacture of the pipes and fittings giving the Ss38 80— fori2 S220xg50 2ors 3202

s r 2 O0r3X G C D P - P or o0 ¢~

process of manufacture, chemical analysis (where s-7 »~es sxv 52 /‘/'/'-v /“—va S A

relevant) and the results of specified tests. The paso
materials shall be suitably marked to enable them

to be identified from references on the

certificates.

15.3. Independent and Local Tests s fse Alis ;M"fz 153
Independent or local tests of the pipes and fittings B saL ALEACRE

may be undertaken. Any pipes and fittings which =542 eog 20ois 3555 fom Avsiliie xai

. . 4 ¢ > 2 < [ z P 2
are shown by such independent tests notto be in =544 -sarissr emg siigs ah sZ il
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accordance with the specifications shall be -2¥s<s~ ”“""’}"‘/"‘ - -”“E’f o ””*’
z P4
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o -4
certificates, which may have been provided. IT ISEL RS AAGs A praZre svEviEer

15.4. Quality Assurance Certificates

Quality  Assurance Certificate  established
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pipes and fittings. If the suppliers are not the .J:22253 .5 257 22.2 555 Z2hes 452
manufacturer, the suppliers will provide the 2575 3AZA 4330 225 2555 vais 220 4555
7 Or 20,2 OC oc¢ o o0~ -2 [3 x ¢ o2z,

Quality Assurance Certificates of the original 5~ et e 1 e L TR

manufacturer. SRRIEZ; 22

15.5. Pipe and Manufacturers Markings

Each pipe, fitting and special appurtenance shall

0r 22 ¢ 27, Z2o0r 2 e -4
APV SPXF SAFA SA S 15-5
I rd
be marked with permanent identification which _ __ . .. ..., _ .... oe x comx
AL ISV A KIS S ek A.ﬂ:}‘e} bANSr OIvv
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e e

1. Serial number ccew 0 coum>.
}/’J“/’J“.?-/ —poL2 N>
2. Class of pipe, pressure rating in 2525 Saer 1
e

compliance with referenced standards eixos :,j SLIRES B 2iik 228 _::;‘ 2

3. Nominal diameter 2208 Lo ke

4. Name or trade mark of manufacturer ;5’,’,”; ;;“f; 3
(1S0) (ISO) £3i%8 234 Ax 5455 555 4

5. Date of manufacture /‘.’;,f PRSI

6. Type of service £3% 54350 -6

7. Full details on fittings such as angles of s3222 3

2225, ~o-

change and reduction. pIra> 7/.»‘_)'

15.6. Product Delivery, Storage and

Handling
5 ARCAGS xzri eriss 156
Transportation of any material shall be by suitable z 2572 € A
o 220 ¢
S SIVS

vehicles which when loaded does not cause

spillage and all loads shall be suitably secured. All
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vehicles must comply with this requirement or any
local traffic regulations and laws.

All materials and equipment when delivered shall
be stacked and stored in a manner suitable to
protect them against slippage, damage, breakage,
pilferage etc.

The following must be observed:

Delivery of Materials: Piping materials shall be

delivered in original, unbroken packages,
containers, or bundles bearing the name of the

manufacturer.

Storage: Piping materials shall be carefully stored
in @ manner that will prevent damage and in an
area that is protected from sunlight and other

harmful elements.
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16. Concrete Works

16.1. Certificates

A minimum of 2weeks prior to starting concrete
work, material test data and certification shall be
provided by a qualified independent inspection
and testing laboratory to certify that mix
proportions selected will produce concrete of
quality, yield and strength and will comply with
BSEN 206-1 or equivalent for:

1. Portland cement, sulphate resistant

cement

2. Supplementary cementing materials.

3. Admixtures.

4, Aggregates.

5. Water.

16.2.

Unless otherwise approved cement shall be:

Type of Cement

o Ordinary Portland cement complying
with BS 12 or equivalent;
o Sulfate resisting cement complying

with BS 4027 or equivalent.
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The cement shall either be delivered in sealed
bags marked with the manufacturer's name or in
bulk consignments in an approved manner. High
not be used

alumina cement shall in any

circumstance.

16.3. Tests of Cement

Test certificates relating to each consignment of
cement shall be provided. Each certificate shall
show that a sample of the consignment has been
tested by the manufacture or by an approved
laboratory and that it complies in all respects to
the relevant standard. Samples of cement may be
taken on delivery to site, during storage or on the
site for testing at a nominated laboratory. No
cement from any consignment shall be used
without the approval, and a record of the locations
of the concrete made from each consignment shall
be maintained. If cement has been stored on the
site for more than 40 days, new tests may be
required to check whether the cement is still

conforming to the requirements.

16.4. Delivery and Storage of Cement
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All cement shall be delivered to the site in properly
and permanently marked, sound and sealed paper
bags or other approved containers. Cement from
abroad shall be packed in sealed plastic bags and
placed inside paper bags. Cement shall be
delivered in quantities sufficient to ensure the
proper progress of the works.

Cement when being conveyed to the island on a
landing craft or a ship, and to the worksite in
shall be adequately

lorries or other vehicles,

protected from the weather and from

contamination by dust, sand or any organic
materials. Any cement which is proved to have
been exposed to damage by water will be rejected
upon delivery. All cement shall be stored in a
weatherproof, waterproof and reasonably airtight
condition provided solely for that purpose. The
base of cement storage facility shall be raised at

least 300mm above the ground level to prevent

the absorption of moisture.

16.5. Rejection of Cement

Notwithstanding the receipt of a test certificate,

cement may be rejected as a result of further
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tests. Cement which has deteriorated owing to
inadequate protection or other causes may be
rejected. Rejected cement shall be removed from

the site without delay.

16.6.

Proportion of normal density concrete shall be in

Mixes

accordance with BSEN 206-1 or equivalent,

Alternative 1, to give the following properties for

all concrete:
1. Portland Cement, sulphate resistant
2. Minimum compressive strength at 28

days for concrete structures not in

contact with water: 25MPa, unless
indicated otherwise

3. Minimum compressive strength at 28

concrete structures in

days for

contact with water unless indicated

otherwise

4, Minimum compressive strength at 28
days for lean concrete unless
indicated otherwise

5. Class of exposure: severe salt water
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6. Nominal size of coarse aggregate:
20mm

7. Slump at point of discharge: 80mm
+30mm

8. Chemical admixtures: in accordance

with ASTM C494 or equivalent

17,

17.1. General
Where the dry density of the natural ground
within 500mm depth of the formation level is
below 95% of the maximum dry density as
in accordance with BS 1377

determined or

equivalent, the subgrade material shall be
reworked and compacted. During wet weather
conditions, particular attention shall be paid to the
requirement that fill shall be compacted with a
slight outward slope to ensure good run-off of
surface water. Material excavated out of the road

bed which is suitable for use in fill, shall be used

for filling as far as this is practicable.

17.2. Filling of Excavations beneath Site

Roads

Earthworks for Roads 2=S<55.5
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Excavations for pipelines laid under site roads shall
be back filled with sand to BS 882: Grade C sand or
equivalent.

Filling shall be built up evenly over the full width
and compacted in layers not exceeding 300mm in
depth at the optimum moisture content. The
moisture content of the sand may require
adjustments to attain maximum density. Sand
which contains insufficient moisture to obtain the
desired compaction will require the incorporation
of additional water by the use of approved
sprinklers and mixing.

Layers more than 300mm below road formation
shall be compacted to 90% of the maximum dry
density determined according to BS 1377 Test 12
or 14 or equivalent. Layers less than 300mm below
road formation level shall be compacted to 95% of

the maximum dry density determined according
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shall be used. In other cases, compaction shall be
carried out by vibrating compactors, smooth
wheel or pneumatic tyre rollers of types approved

by the engineer.

17.3. Finish and Protection of Subgrade

When the sub-grade has been compacted to the

required degree, the surface shall have a
formation parallel to the finished surface of the
carriageway and to the correct levels and cross-
section. The finished surface of the sub-grade shall
be approved before any sub-base material is
placed. The sub-grade, once it has been finally
compacted, shaped and approved, shall be
protected and kept well drained. Plant and
materials shall not be stored or stockpiled on the
formation. Traffic shall not be permitted to pass

over the completed sub-grade unless otherwise

approved.

17.4. Material and Construction of Sub-
Grade

All material shall be placed, spread evenly and

compacted, spreading shall be undertaken

concurrently with placing. The material shall be

spread in one or more layers so that after
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compaction, the total thickness is as required.
Compaction of the sub-base shall be to 98% of the
maximum dry density as determined in
accordance with BS 1377 or equivalent and shall
be completed as soon as possible after material
has been spread. Where compacting plant is of
insufficient capacity, the sub-base shall be laid in
two or more layers. During the construction
period the sub-base shall be maintained in such a
condition that it will be drained at all times. The
outflow shall be diverted away from the
construction at all times in order to prevent
erosion.

17.5. Requirements for Compaction
Vibratory compacting plant may be used. The
number of passes to be made will be determined
having regard to the characteristics of the plant to
be employed and the material to be used. If
necessary, test specimens shall be taken to
determine the optimum method of compaction.
The surface of any layer of material shall, on

completion of compaction, be well closed, free
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from compaction planes. All loose, segregated or
otherwise defective areas shall be made good to

the full thickness of the layer and re-compacted.

17.6. Drainage

Surface water drainage to site roads, hard-
standings and access roads consists of a cross-fall
on the surface of the roads or paved areas draining
to the adjoining ground. Where surface water
drainage is provided for roads it shall consist of
piped drainage. Where practicable drainage work
shall be completed before road works are

commenced.

Trenches for piped drainage shall be excavated to
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be disposed from the Site. Pipes shall be laid to the
required lines and levels.
Pipes shall be haunched or surrounded with

concrete as necessary. Porous pipes shall be laid
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bitumen, 100 seconds grade sprayed at the rate of
1.4 liters/m2 and shall be covered by a surfacing
of 6mm nominal size medium textured wearing
course macadam not less than 25mm thick made
and laid in accordance with BS 4987. Where
concrete flags are specified as the final surface,
they shall be bedded on a layer of sand
approximately 50mm thick, laid on to the base
course. Joints shall be made 3:1 sand-cement
mortar. Paths surfaced with concrete flags will not

normally have pre-cast concrete edgings.

18. Steel Protective Coating
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Steelwork associated with this specification will be
exposed to an atmosphere that can be corrosive
as a result of Hydrogen Sulphide generation and
release of other compounds from the tank
effluent.

Generally, all materials used shall be resistant to

corrosion or they shall be protected from being
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exposed to such corrosion. This applies to
materials used in electrical equipment and cabling
as well as for other purposes.

All necessary precautions shall be taken to prevent

electrolytic corrosion, particularly with stainless

steel and aluminum.

Ferrous Steel Work

All steelwork including bolts, pipes, supports and
fittings shall be hot dip galvanized, and the
electrical control cabinet shall be subsequently
painted with an approved protective coating
system as specified below. Details of the specific
protective coating system to be used together
with details of how structural steelwork that
cannot be galvanized is to be protected shall be
provided at the time of tender. No paint shall be
applied until the system and topcoat colors have
been approved.

Surface Preparation

All ferrous steel surfaces shall be grounded to
remove all weld dags and splatters; all sheared
and other excessively sharp edges shall be slightly

rounded by grinding. All ferrous steelwork shall be
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pickled in accordance with CP3012: 1972, Code of
Practice for Cleaning and Preparation of Metal
Surfaces. After cleaning, the surface shall be kept
free of oil, grease, dirt and moisture.
Galvanizing

All ferrous steelwork shall be galvanized in
accordance with BS 729, Specification for Hot
Dipped Galvanized Coatings on iron and steel
articles.

Painting

An approved three coat painting system(s) shall be

applied to the electrical control cabinet.

Application shall be in strict accordance with the
manufacturer’s instructions, as they may pertain

to the site environment.
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19. Testing before commencing ~%2

Leakage testing is carried out to identify
installation faults and sources of infiltration and
exfiltration in pipelines which are required to be
It

water tight such as sewerage systems. is

advisable to begin testing early in the pipeline
installation to confirm adequacy of laying
procedures and, where appropriate, to increase
the length tested progressively as experience is
be done

gained. The following test shall

accordance to AS/NZS 2566.2 standard

19.1.

Introduce air slowly by suitable means until

Air Test

pressure of 25kPa is obtained. Maintain for a
period of at least 3 minutes. If no leaks are
observed after 3 minutes, shut off the air supply.
If the pressure of air contained in the pipes under
test does not fall below 18kPa within the time

period specified in the Table below, the pipeline

shall be considered satisfactory.
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19.2. Vacuum Test for sewer mains

Plug all sewer inlets and outlets and cap and seal
all MS/MC/IS or 10 risers in the test length of
sewer. Apply an initial test vacuum pressure
(negative pressure) of approximately 28kPa. Close
the valve on the vacuum line and shut off the
vacuum pump. Allow the air pressure to stabilize
for at least 3 minutes to identify any initial
leakage. When the pressure has stabilized and is
at or above the starting test vacuum of 28 kPa,
commence the test by initiating time recording.

Record the drop-in vacuum over the test period

specified in Table 259 5.

Accept the length of sewer under test if the test
vacuum loss is <7kPa (rubber ring jointed pipes) or
<2kPa (solvent cement jointed PVC or fusion
jointed PE) over the test period. If the sewer fails
the test, re-apply the vacuum to identify any leaks.
Rectify all defects prior to conducting any further
testing. Rectify any visible or audible faults even if

the vacuum testing is satisfactory. Retest each
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repaired section in accordance with this
specification.

Table 254 5. Minimum Time Intervals for 7kPa Pressure Change in Air and Vacuum Test %2 7 »58:28 550s o5 45

oro0- - o - ¢ 2o~ -

/’—f"/«"e’/z:’ -7:’8; zV’ .;/5/’ }/;:w /»L/:r’ ;‘/:;»:;,
DN Test Length Test Length Test Length Test Length Test Length

(m) -50  (m) -100  (m) -150  (m) -200  (m) -250

Minimum Minimum Minimum Minimum Minimum
Test Test Test Test Test
Duration Duration Duration Duration Duration
(min) (min) (min) (min) (min)
700 2 2 2 3 3
7150 & 3 G & 6
225 4 5 & 70 73
300 6 9 74 I3 23
375 7 74 22 29 36
450 70 27 37 47 52
525 74 28 42 56 70
600 &8 37 55 73 92
750 29 57 86 7715 743
900 41 83 124 765 207
19.3. Vacuum testing of complete sewer or—p ;"J;; ffij:o :o;’ .19.3

system

This test method may be used for pipelines 232 600 ..2.5.

AT
N

<DN600 to test the complete sewer system, 22> 25, 300 #22205:> 12 xponi ~52545
z sz e - - P4
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including MHs, for lengths of pipeline <300 lineal
meters. Plug all sewer inlets and outlets and cap
and seal all MS/MC/IS or IO risers in the test length
of the sewer system. Apply an initial test vacuum
pressure (negative pressure) of approximately
35kPa. Close the valve on the vacuum line and
shut off the vacuum pump. Allow the air pressure
to stabilize for at least 3 minutes to identify any
initial leakage. When the pressure has stabilized
and is at or above the starting test vacuum of
28kPa, commence the test by allowing the gauge
pressure to drop to 28kPa, at which point initiate
time recording. Record the drop-in vacuum over
the test period. Accept the length of sewer under
test if the test vacuum loss is <5kPa (rubber ring
jointed pipes) or <2kPa (solvent cement jointed

PVC or fusion jointed PE) for the relevant time

interval specified in Table 25%¢ 6 . If the length

of sewer system fails the test, retest separately all

sewers within the original combined test length.
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7100

7150 200 250

Minimum test duration (minutes)

7100 3 3 3 3 3 3
150 3 3 3 5 6 6
225 4 5 3 70 3 5
300 6 9 74 8 23 29
375 7 4 22 29 36 43
450 70 27 37 47 52 66
525 4 28 42 56 70 &6
600 8 37 55 73 92 106

Timing of the test duration
shall commence after the 3
minutes initial
pressurization and only
after pressure has
stabilized.

2. Test duration times for
other combinations of pipe
size and test length shall be

interpolated.
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Where there is a free-standing water table at a
height of at least 1.5m above the test section, an
infiltration test can be carried out. Observe the
pipe for 24 hours. Where infiltration is detected,
the leak should be identified and repaired.

For non-pressure pipelines the total infiltration
shall not exceed 6 liters per day per millimeter of
nominal bore per kilometer of pipeline and no
pipe or joint shall show visible infiltration flow
during an internal inspection. The infiltration shall
be measured after backfilling has been completed
and the ground water has returned to its pre-
construction level (a minimum of 7 days shall be
left after back filling) and after all pressure testing

has been completed.
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20.

Contractor shall prepare reports daily and
monthly and submit to the Project Manager. The
daily reports are to be submitted within 1st
working hour of the next day. The monthly reports
shall be submitted on the first day of the next
month and within first two working hours.

The reports shall generally contain information as
enclosed formats along with brief write-up on
specific matters needing attention of concerned
agencies. Overall reporting formats will be
approved by Project Manager and may have to be
modified from time to time as required and
approved by Project Manager. Contractor may
have to prepare and submit additional reports on

particular matter and incidents as and when

required by the Project Manager.
20.1. Detail Design

The proponent of the project shall submit three
hard copies and a soft copy of the detail design

report, including the necessary drawings,
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calculations, specifications and certificates of
materials and work methodology as a form of a
report, including all the required permits that
need to be obtained from the relevant authorities.
The detail design needs to be approved before
commencing the work.

All the necessary drawings must be scaled and
readable. The soft copies of all the drawings must
be in DWG format. Any deviation from this
specification must be included with proper
justifications in terms of calculations or site-
specific data.

During the implementation of the project, if the
need arises to deviate from the pre-approved
detail design, the proponent shall proceed with
the deviation provided that the alteration being
approved by the agency prior to the commence of
the work. Any alteration(s) shall be submitted to

the agency, with justification as an annex to the

original report.

20.2. Testreports

The contractor shall submit all the test reports to

the agency as short reports including the methods
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of conducting the tests, test data and results. The
contractor shall include the necessary steps taken
to address any problems that arise during the

tests.

20.3. As-build Report

The Contractor shall submit to the Project
Manager within one month of actual completion,
“Completion” Drawings as specials below. These
Drawings shall be accurate and correct in all
aspects and shall be shown to and approved by the
Project Manager. Completion drawings as below
on two prints and one polyester film shall be
supplied by the contractor, along with a soft copy
in CD. These drawings shall be developed with the
latest version of Auto CAD.

After the completion of the work, the proponent
shall submit as-build report, single hard copy and
a soft copy, which includes all the changes made
in the specifications and working drawings during
the construction process, and it shall show the
exact dimensions, geometry, and location of all

elements of the work completed under the

contract. The report shall include;
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e All the permits accompanied by permit 2325 S50 L4525552 5 L2:2552 Z<2 o
documentation for the project, S
e Adaily log of construction, FF SRT AEAL SLASS 345255 AV .
. [ ¢ o ¢ 2, 0, 0r - s s °
e Protocols of completion and acceptance of =~ sra A Cpmv A 2e5las
o 222 > € 22 222, Z 20 0~ 0 0r -
partial and final works and, ARPIT S2HNPES AZISL Ansyar—2
o SRS a5 SASAAE ASSAT .
e Where necessary, the descriptions and JIsrs e
winl  ZAAE  RISAE L4lgl3lie
drawings necessary for the implementation of 27~ z ovE z
or 2 2, 2 2¢ >
. . AL FIIT FO AV IS XYV
the project being completed, e
PRl s iE al3Ss 5322 JLA5s .
. . Pl
e Allthe applied changes that were made during - -
5 AlARAAs Sil wilinise
. .z S
the course of the work along with geodesic ~ - - N -
wlils Erils EEeb Fa5eilf8%
documentation and recorded as-built geodetic - -7 g -7
sagt
measurements and data,
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e Dimensions, geometry, and location of all
elements.

Drawings shall be of standard size for below.
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well as sectional etc. complete with all
dimensions including structural thickness,
concrete grade, reinforcement details,
finishing details, schedules of doors and
windows, details of associated fittings and
features complete.

All piping, plumbing and electrical details with
dimensions, diameters etc. complete and in
specific cases, isometric views of piping may
be necessary.

Dimensioned details of all electrical,
mechanical and instrumentation equipment
including accessories along with arrangement
inside the buildings or enclosures, connected
piping and cabling layout etc. all complete.
Dimensioned details of all control and
measuring devices lined weirs, V-notches,
probes, valves, gates, consoles, panels,
switch boards, cable layouts etc. for the
plant. Fine

complete proposed

diagrams/Circuit diagrams shall be used

wherever applicable.
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VI. L-sections for pipelines laid externally,
showing pipe profile, ground profile, soil
condition, bedding, location of specials,
valves and other accessories complete.

VIl. Dimensioned details of all site development

works such as roads, drainage, cables,

pipelines, landscaping etc. complete with
layout, cross-sections, levels etc. complete.
All drawings shall be prepared in appropriate scale

and with adequate notes, legends, titles etc. for

clarity.

20.4. Operation and Maintenance
Manual

The contractor, before commencement of the
Tests on Completion, shall submit 4 (Four) copies

of the operation and maintenance manual,

English language, containing descriptions,
illustrations, sketches, drawings, sectional
drawings, sectional arrangement view and

manufacturer’s parts numbers to enable the
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plant to be easily followed and for all parts to be
easily identified to facilitate ordering of the
replacement parts. Where appropriate, exploded
views of the items/works shall be used for clarity.
The Contractor shall provide the contact address
and telephone number (hotline) in the manual.
The operation manual shall also include the
following:

e Technical data of each equipment and their
performance.

e Instructions for servicing and overhauling.

e Particulars of lubricating oil and grease to be
used, also alternative indigenous commercial
lubricating oils suitable for use.

e Performance curves for all units regarding
efficiency loading and output.

e Performance curves for the motors.

e List of tools mounted on wall panels.

e List of spares provided in the spare box.

Spare parts list, with manufacturer’s part

numbers.

e Operator’s Log.
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e List of the photographs of the plant and
machinery as fabricated by the manufacturer.

e Safety procedures/guidelines

The maintenance manual shall also include the
following:
e Procedures for maintenance.
e Preventive maintenance procedures for all
the equipment.
e Emergency maintenance management of the

plant and equipment

20.5. Environmental Management Plan

All the Cavil works must be performed according
to an environmental management plan prescribed
by the Environmental

approved Impact

Assessment for the project. The resultant
environmental management plan shall be adhered
to at all times during construction. Following are
the possible impacts that may raise during the
implementation of the project. The appropriate

mitigation measures shall be taken to reduce the

impacts.
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Condition of work site
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Disturbance to garden plots and vegetation
e Disturbance or loss of top soil inside the
household garden plots.
e Damage to island vegetation due to
excavation and construction works.
Accumulation of waste material
e Waste generated during construction

activity stockpiled on site for long periods.

¢ Lack of mechanisms to dispose of wastes on
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Loss of fines in the soil that contribute to
differential settlement of existing structures,

and the effects on the growth of plants.

Impact on Groundwater

Spillage of oil and other construction
chemicals.

Backflow of salt water through pipes at high
tides.

Dewatering impacts on groundwater level

causing saline infiltration.

Impacts on Marine environment

Turbidity during anchoring pipe to reef edge.
Damaging the reef or lagoon environment
during pipe installation.

If a barge or a boat is required during work,
improper waste fuel and garbage disposal.
Anchor damage/collision damage to reef.

Blasting of reef during trenching work.
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21. Training Requirements /7;/,".:‘2;‘ s @

21.1. General

The contractor shall provide comprehensive
training for the different categories of the
employers operation and maintenance staff.
Training shall fall into two main types which are
‘off the job’ and ‘on the job’. Off the job training

shall take place in the class room on the job

training shall be carried out on the running plant.

21.2. Off the Job Training

The contractor shall prepare formal training
documentation for distribution to the trainees.
Visual aids shall be used where possible to
illustrate the points being made and to make the
training program as interesting and enjoyable as
possible for the participants. Off the job training

shall comprise the following:

21.2.1.  Program for all Trainees

Following training shall be provided:
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1. on the simple chemistry and process
principles involved in the operation of the
Works;

2. health and safety;

3. plant safety procedures;

4. onthe use of the local and central MMI’s

21.2.2.  Program for Operators

Following training shall be provided:

1. on the operation of individual items of
plant and sections of the Works including
automatic  operation and manual

operation in the event of an automatic

control failure;

2. onthe day to day operation of the Works
and procedures;

3. on a comprehensive list of ‘what if
scenarios dealing with the actions to be
taken in the event of potential process
problems, alarms, plant  failures

overflows, power failures etc.;

4. onfirst line mechanical maintenance;

5. safe methods of general work;
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6. on safety procedures to be followed in
operating, maintaining and cleaning the

plant;

21.2.3. Program for Electrical
Maintenance Staff

Following training shall be provided:

1. on the configuration, construction and
operation of the electrical plant;

2. onthe electrical maintenance requirements
of the Works;

3. onthe switching and safety procedures to be
followed;

4. safe methods of working;

5. onfault finding and repair procedures;

21.2.4. Program for Control and
Instrumentation Maintenance
Staff

Following training shall be provided:
1. on the configuration, construction and
operation of the plant;

2. on the control and instrumentation
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4. safe methods of working;

21.2.5. Program for Mechanical

Maintenance Staff

Following training shall be provided:
1. on the routine mechanical maintenance

requirements of the Works;
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21.3. Onthe Job Training

The contractor shall utilize the Operations and
Maintenance Manuals as the primary training aid
in carrying out the on the job training. Short

comings, omissions and errors identified in the O

& M Manuals during the training shall be rectified

prior to final acceptance of the O & M Manuals.

21.3.1.

Following training shall be provided:

Program for all Trainees

1. plant familiarization tour;
2. health and safety;
3. identify areas where special safety

preca utions are necessa ry,

21.3.2.

Following training shall be provided:

Program for Operators

1. under operational

operation of individual items of plant and
sections of the Works including automatic

operation and manual operation in the

event of an automatic control failure;

conditions on the
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2. illustrate by example the day to day
operation of the Works and procedures;

3. illustrate by example the actions to be
taken in the event of potential process
problems, alarms, plant failures, overflows,
power failures etc. (as identified in the

‘what if’ scenario in off the job training);

4. illustrate by example the first line
mechanical maintenance;
5. illustrate by example safety procedures to

be followed in operation, maintenance and

cleaning of the Works;

21.3.3. Program for Electrical

Maintenance Staff

Following training shall be provided:
1. carry out a detailed tour of the electrical
plant;
2. illustrate by example the operation of the
electrical plant;
3. illustrate by example the electrical
isolation and maintenance procedures;
illustrate by example fault finding and

repair procedures;
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5. illustrate by example switching and safety
procedures to be followed;

6. illustrate by example safe systems of work;

21.3.4. Program for Control and

Instrumentation Maintenance
Staff

Following training shall be provided:

1. illustrate by example the operation of the
Works;

2. illustrate by example the control and
instrumentation maintenance requirements
of the Works;

3. illustrate by example fault finding and
repair procedures;

4. illustrate by example safe systems of work;

21.3.5. Program for  Mechanical

Maintenance Staff

Following training shall be provided:

1. illustrate by example the routine
mechanical maintenance requirements of
the Works;

2. illustrate by example lubrication

procedures;
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3. illustrate by example fault finding, repair
and overhaul procedures;
illustrate by example safe systems of

work;

21.4. Training Program

Off the job training shall be carried out prior to
Taking Over of the Works or any section of the
Works.

On the job training shall be carried out primarily
after Taking Over of the Works or any section of
the Works. However where it is possible to do so
without reducing the effectiveness of the training
and with the permission of the Engineer and the
Employer on the job training may be carried out
prior to Taking Over. On the job training shall be
completed as a condition for acceptance of the
Works following completion of the Tests after
Completion.

The Contractor shall provide a training plan for
each category of staff. The training plan shall

detail the content and duration of each course.

The training plan shall be submitted for the
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approval of the Engineer at least 60 days prior to

the commencement of the Tests on Completion.

21.5. Training Personnel

The Contractor shall provide suitably qualified
trainers to carry out the off the job and on the job
training.

The trainers are to be experienced in treatment
plant and pumping station management,
operation and maintenance in their relevant
discipline and in the training of skilled and
unskilled staff.

The training expert shall be fluent in English or the
Contractor shall

provide the services of an

interpreter in Dhivehi during the training periods.
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