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PREFACE

PETRONAS Technical Standards (PTS) publications reflect the views, at the time of publication,of
PETRONAS OPUs/Divisions.

They are based on the experience acquired during the involvement with the design, construction,
operation and maintenance of processing units and facilities. Where appropriate they are based on, or
reference is made to, national and international standards and codes of practice.

The objective is to set the recommended standard for good technical practice to be applied by
PETRONAS' OPUs in oil and gas production facilities, refineries, gas processing plants, chemical
plants, marketing facilities or any other such facility, and thereby to achieve maximum technical and
economic benefit from standardisation.

The information set forth in these publications is provided to users for their consideration and decision
to implement. This is of particular importance where PTS may not cover every requirement or diversity
of condition at each locality. The system of PTS is expected to be sufficiently flexible to allow individual
operating units to adapt the information set forth in PTS to their own environment and requirements.

When Contractors or Manufacturers/Suppliers use PTS they shall be solely responsible for the quality
of work and the attainment of the required design and engineering standards. In particular, for those
requirements not specifically covered, it is expected of them to follow those design and engineering
practices which will achieve the same level of integrity as reflected in the PTS. If in doubt, the
Contractor or Manufacturer/Supplier shall, without detracting from his own responsibility, consult the
owner.

The right to use PTS rests with three categories of users:

1) PETRONAS and its affiliates.
2) Other parties who are authorised to use PTS subject to appropriate contractual arrangements.

3) Contractors/subcontractors and Manufacturers/Suppliers under a contract with users referred to
under 1) and 2) which requires that tenders for projects, materials supplied or - generally - work
performed on behalf of the said users comply with the relevant standards.

Subject to any particular terms and conditions as may be set forth in specific agreements with users,
PETRONAS disclaims any liability of whatsoever nature for any damage (including injury or death)
suffered by any company or person whomsoever as a result of or in connection with the use,
application or implementation of any PTS, combination of PTS or any part thereof. The benefit of this
disclaimer shall inure in all respects to PETRONAS and/or any company affiliated to PETRONAS that
may issue PTS or require the use of PTS.

Without prejudice to any specific terms in respect of confidentiality under relevant contractual
arrangements, PTS shall not, without the prior written consent of PETRONAS, be disclosed by users to
any company or person whomsoever and the PTS shall be used exclusively for the purpose they have
been provided to the user. They shall be returned after use, including any copies which shall only be
made by users with the express prior written consent of PETRONAS.The copyright of PTS vests in
PETRONAS. Users shall arrange for PTS to be held in safe custody and PETRONAS may at any time
require information satisfactory to PETRONAS in order to ascertain how users implement this
requirement.
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1. INTRODUCTION

11 SCOPE

This PTS is a revision of and supersedes the document 'Drainage and Primary Treatment
Systems' published under the same PTS number in December 1993. This PTS outlines the
minimum requirements for the design and engineering of drainage networks and primary
treatment facilities.

This PTS is intended to provide the user with a specification which will improve standards for
good design and engineering practice for drainage and primary treatment facilities, whilst
emphasizing the importance of integrating these facilities with water/effluent masterplanning.

Guidelines for operational management (maintenance, housekeeping and inspection) are
included so that the engineer can allow for these aspects during the design stage.

The importance of well designed, constructed and managed drainage and primary treatment
facilities cannot be overstressed, in terms of safety and environmental care. Shortcomings in
drainage and primary treatment systems and management can have significant impact on the
environment (e.g. pollution of soils, ground water, public waters and air) and can result in the
making of significant unnecessary additional expenditure.

Although this PTS is mainly intended for new construction projects, it is equally applicable for
any revamp work and/or upgrading works on existing facilities.

12 DISTRIBUTION, INTENDED USE AND REGULATORY CONSIDERATIONS

Unless otherwise authorised by PETRONAS, the distribution of this PTS is confined to
companies forming part of the PETRONAS or managed by a Group company, and to
Contractors nominated by them.

This PTS is primarily intended for oil refinery, chemical plant and gas plant application.
However, the basic principles are equally applicable to onshore exploration and production
facilities and supply/marketing installations.

If national and/or local regulations exist in which some of the requirements may be more
stringent than in this PTS, the Contractor shall determine by careful scrutiny which of the
requirements are the more stringent and which combination of requirements will be
acceptable as regards safety, environmental, economic and legal aspects. In all cases the
Contractor shall inform the Principal of any deviation from the requirements of this PTS which
is considered to be necessary in order to comply with national and/or local regulations. The
Principal may then negotiate with the Authorities concerned with the object of obtaining
agreement to follow this PTS as closely as possible.

1.3 DEFINITIONS

1.3.1 General definitions

The Contractor is the party which carries out all or part of the design, engineering,
procurement, construction, commissioning or management of a project or operation of a
facility. The Principal may undertake all or part of the duties of the Contractor.

The Manufacturer/Supplier is the party which manufactures or supplies equipment and
services to perform the duties specified by the Contractor.

The Principal is the party which initiates the project and ultimately pays for its design and
construction. The Principal will generally specify the technical requirements. The Principal
may also include an agent or consultant authorised to act for, and on behalf of, the Principal.

The Purchaser is the party which buys materials, equipment and/or services for its own use
or on behalf of the owner.

The word shall indicates a requirement.

The word should indicates a recommendation.
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Primary treatment is water purification based on the difference in density of the polluting
substance and the medium, the former being removed either by rising or settling.

Secondary treatment is water purification based on chemical and/or biological action or
enhanced gravity separation.

The word 'oil" in this PTS is synonymous with the word "hydrocarbon"”.

1.3.3 Abbreviations

AOC : Accidentally Oil Contaminated

CcocC : Continuously Oil Contaminated

API : American Petroleum Institute (separator)
CPI : Corrugated Plate Interceptor

PPI : Parallel Plate Interceptor

LLOD : Last Line of Defence

FFU : Flocculation-Flotation Unit

BOD : Biological Oxygen Demand

Variations to the above are allowed to suit specific instances, e.g. for chemical plants.
ACC : Accidentally Chemical Contaminated
CcCcC : Continuously Chemical Contaminated

14 CROSS-REFERENCES

Where cross-references to other parts of this PTS are made, the referenced section number
is shown in brackets. Other documents referenced by this PTS are listed in (15.).

15 SUMMARY OF CHANGES SINCE PREVIOUS EDITION

The previous edition of this PTS was dated December 1993.

formatting revisions, the following are the main changes to that edition:

Other than editorial and

Old section | New Section Change
- 15 To include summary of change table
8.5 8.5 To add statement on local regulation requirement
14.1 14.1 To add construction requirements for pipe laying
- 14.5 To add requirement for connections with public utilities
and facilities
- 14.6 To add requirements for excavation works

Full document details: PETRONAS 34.14.20.311993
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2. WATER/EFFLUENT MASTERPLANNING

The importance of a proper conservation and protection of the environment has led to an
increased awareness of the possible ecological consequences of industrial activities. In light
of this, the quality of the effluent discharged by the petrochemical industry is expected to be
subject to a continuously increasing pressure for improvement.

In recent years, refinery effluent specifications in many countries have become much more
stringent, with sharpening limitations on oil, suspended solids and BOD, and additional
emphasis on other contaminants, such as ammonia, nitrates and trace elements.

In conformance with Group policy guidelines for the environment and in particular with the
strategy "PETRONAS Companies shall pursue in their operations, progressive reductions of
emissions, effluent and discharges of waste materials that are known to have a negative
impact on the environment, with the ultimate aim of eliminating them", guide
emission/discharge limits are used. These guide values on effluent discharge limits result
from an assessment of the environmental impact of the contaminates, expected legislative
developments, and the status of the best demonstrated available technology. The guide
values have been established to serve as a yardstick against which to measure current
effluent treatment performance and all future investment and/or expansion schemes for water
effluent treatment.

For MF, the guide values focus on today's most critical specifications (Oil, Suspended Solids
and BOD). Guidelines are also laid down for the discharge quantities of ammonia, phenols
and aromatics. Specifications excluded are on fluorides, nitrates and chlorinated
hydrocarbons, although these should be addressed in future designs.

It is stressed that MF guide values on effluent specifications cannot be achieved with primary
treatment facilities only, thus where these specifications are mandatory secondary and
tertiary treatment facilities will be required.

In many instances it may not be necessary to replace the standard effluent treatment facilities
in order to achieve guide discharge values. Upgrading and extending existing networks with
new techniques may turn out to be the most economical and appropriate route.

The proper phasing of upgrading proposals and extensions to existing facilities with correctly
planned investments will ultimately enable guide values to be achieved at the required time.

Water effluent masterplanning aims for a cost effective investment in effluent collection
networks and effluent treatment facilities, an essential element of this being the integration of
surface water drainage and other refinery effluents. Masterplanning takes into account all
water/effluent streams, resulting in a coherent plan that can be implemented in phases and
enabling priority setting of individual effluent/water projects. It also provides the means for
anticipating future environmental legislation on the discharge of effluents in an
environmentally acceptable manner.

A water effluent masterplan integrates the following main topics:

1) Surface drainage and primary treatment facilities;
2) Process water integration;

3) Secondary treatment facilities;

4) Sludge handling and disposal.

This PTS deals only with the surface drainage networks and primary treatment facilities and
their relation with the other treatment facilities as an integral part of the water effluent
masterplan.

A typical integrated flow scheme for a masterplan is shown in Figure 1.
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3. EFFLUENTS

Dependent upon source, type and level of contamination, effluents shall be classified into
various categories. Each category shall be used to define the required drainage network and
treatment facility.

The segregation of all effluent streams shall start at the source.

3.1 EFFLUENT SOURCES

The following sources of effluents shall be considered:

- rainwater

- fire fighting water

- wash/flush water

- cooling water blowdown / filter backwash
- tank bottom drains

- equipment drains

- sampling points

- desalter drains

- accidental process spillages

- maintenance operations (e.g. exchanger bundle pulling)
- domestic sewers

- ships' ballast water

3.2 EFFLUENT CLASSIFICATION

Effluents shall be classified as belonging to one of the following categories:

- Entirely oil-free water

- Accidentally Oil Contaminated (AOC)

- Continuously Oil Contaminated (COC) with high oil contamination and low BOD
- Continuously Oil Contaminated (COC) with high oil contamination and high BOD
- Cooling water return/blowdown

- Domestic sewage

- Oil drip/drain 'non-hazardous' service (atmospheric)

- Oil drip/drain 'hazardous' service, as specified by the Principal.

- Process water effluents

3.3 EFFLUENT ROUTING

Effluents shall be routed by means of drainage networks to selected treatment facilities and/or
discharge points.

The selection of the routing of drainage networks shall be determined in conjunction with the
plant layout requirements. Typical destinations for effluents are as follows;

a) Non-process effluents

Oil free: direct to public water without treatment.

AOC: to a controlled discharge facility.

COC: to either a pre-separator, followed by an oil separator (e.g. CPI) or via a buffer
tank to secondary treatment.

Once through cooling water : to a controlled discharge facility.

Domestic sewage: to a sewage treatment plant.

Qil drips/drain effluents ('non-hazardous'): to collection sumps and recovery.

b) Process effluent networks

Process effluents from selected processes: to dedicated treatment facilities;
Oil drips/drain effluent ('hazardous'): to dedicated treatment facilities.
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c) Chemical effluent networks

e Chemically polluted effluent streams: to dedicated secondary treatment facilities as
specified by the Principal.

e Effluent streams contaminated with acids: to a neutralization pit located as near as
possible to the source of effluent discharge. The discharge routing of these effluents
shall be determined in consultation with the Principal.

e Effluent streams containing solids, emulsifying agents, and contaminates that tend to
flocculate upon dilution, shall not be combined with COC networks. These streams
shall be treated and disposed of separately in consultation with the Principal.

For a diagrammatic summary of typical effluent classification and routing, see Figure 2.
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4, CATCHMENT AREAS
A catchment area is defined as an area in which a number of effluent streams have a
common discharge point.

For calculation and identification purposes catchment areas shall be numbered and may be
further divided into sub-catchment areas.

Typical areas within a refinery which can be identified as sub-catchment areas are:
ON PLOT areas: e.g. process and utilities areas.

OFF SITES: e.g. roads, pipetracks, tank farms, administration areas, depots and
loading areas.
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5. DRAINAGE NETWORKS

Each network shall be capable of collecting and handling the design flows of the specific
effluents and shall be selected to achieve optimum segregation of the different effluent
categories.

The most efficient and practical routing of the networks to the 'end-of-pipe' treatment facility
shall be taken.

Networks common in refinery service shall be considered in two main categories, namely:
a) Non-process drainage networks

- Qil free;

- AOC;

- COC for high oil and low BOD effluents;

- COC for high oil and high BOD effluents;

- Cooling return/blow down;

- Domestic sewage;

- Oil drips/drain collection (for 'non-hazardous' service, atmospheric).

b) Process water effluent drainage networks *

- Desalter drains

- Process equipment drains

- Oil drips/drains collection (hazardous service, usually pressurized)
- Acidic effluent streams

- Heavy emulsion streams

* For chemical plants read "chemically polluted effluent drainage networks".

5.1 OFF PLOT NETWORKS
5.1.1 Tank compounds

All surface water run offs within a tank compound (rain water, fire fighting water used for
cooling) shall be collected and discharged by means of surface drain channels to an AOC
network outside the tank compound bunded area.

A sand trap shall be provided at the discharge point of the drain channels within the bunded
area.

A fire trap between the compound area and the external AOC network shall be provided by
means of a sump within the compound area, a liquid filled discharge pipe under the bund wall
and a sump at the tie-in with the external AOC network.

Each compound shall have a dedicated discharge line which shall be valve controlled. The
valve shall be located outside the bunded area and shall be easily accessible for operation
purposes. A tank compound shall not be drained via an adjacent tank compound.

The decision whether or not a tank compound surface and bund walling should be made
impermeable, should be dictated by local rules and regulations.

It should however be noted that the applicable run-off factor will be affected by the selection
of the surface finishes.

A typical arrangement of tank compound drainage is shown in Figure 3.
5.1.2 Tank bottoms drainage

Tank bottoms shall be drained via a separate closed system drainage network of steel piping
and routed to a COC network.

The connection of the drainage network to the COC system shall be kept flooded.

The bottom drain of each tank shall discharge into the network through a funnel.
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Directly under the funnel a valve shall be installed for the purpose of shutting off the funnel
from the system when the tank is not being drained. Where a branch of the system leaves the
tank compound, an isolating valve shall be installed at the outside of the bunded area.

The drainage network may be located above or below ground but should be underground in
areas where freezing conditions can be expected.

A typical arrangement of a tank bottom drain funnel is shown in Figure 4.
For typical details of a pipe passing through a bundwall, see Standard Drawing S 12.002.
Tank bottom drainage network routings shall be determined as follows:

Tank bottoms with high oil contamination and low BOD content (e.g. crude tank bottom
drains): to a CPI and the non-process stream of secondary treatment.

Tank bottoms with high oil contamination and high BOD content (e.g. product/slops tanks): to
a dedicated CPI and the process stream of secondary treatment.

Separate drainage networks shall be considered for the collection and treatment of tank
bottoms rich in H,S (e.g. routing to sour water collection system) and tank bottoms containing

lead.

The capacity of the drainage network for tank bottom drain systems shall be designed based
on the following ;

- for acrude oil tanks : 100 m3/hr.
- foraproducttanks : 50 m3/hr.

The sizing of the CPI's to treat the effluents from tank bottom drains shall consider the
draining of any one crude tank at any one time and the draining of any two product tanks at
any one time.

This design condition should not be taken as occurring together with any other specified
intermittent operation which loads the CPI or effluent treatment facility.

It is however essential to determine operational procedures to arrive at economical design
criteria which satisfy operational flexibility whilst not resulting in oversized CPI and effluent
treatment plant designs.

5.1.3 Impounding basins
The requirements for impounding basins are specified in PTS 34.11.00.11.

Where pumping facilities are required to pump out any rainwater accumulated in the basins,
the discharge of these pumps shall be to the AOC drainage network.

514 Pipetrack drainage

All pipetracks surface finishes shall have a free run-off towards a pipetrack drain channel and
shall be constructed with a minimum slope of 1:200. to one side.

The high point of the pipetrack finished level shall be 250 mm below the top of the pipe
sleepers.

For wide pipetracks a central high point should be provided with surface finishes sloping to
both sides to drain channels.

To prevent pollution of the subsurface soil, the surface finish of pipetracks in areas where
spills or leakages can be expected should be provided with a hard surface layer. This will
facilitate cleaning, maintenance and washdown operations in the event of a spill having
occurred.

Recommended surface finishes for pipetracks are as follows:

Pipetracks containing light product lines: concrete blinding
Pipetracks containing heavy product lines: gravel or stone chippings

The design of open drain channels at pipetracks shall comply with the requirements of section
6.4.
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For typical details of pipetrack drainage, see Figure 5.

5.2 ON PLOT NETWORKS
5.2.1 New designs

For onplot drainage networks, two main segregated systems shall be considered:
5.2.1.1 AOC network

The AOC drainage network shall comprise a 'sump free' paved area with surface water run-
offs being collected in perimeter drain channels and routed via underground headers to end-
of-pipe treatment.

To satisfy the requirements for the fire fighting water design condition it is necessary to
provide additional catch basins located such that accidental spills or spills which could be on
fire, can be quickly collected in the underground system.

The design rules for the selection of the location and number of these additional catch basins
are as follows:

In plant areas with light product pumps (C4 service and lighter), catch basins shall be
provided such that accidental spills will not travel more than 15 metres over the surface of the
paved plant area (see area A, Figure 6.).

The maximum catchment area to be served by one catch basin shall not exceed 600 m2.
The design capacity of the catch basin and underground pipe shall be minimum 250 m3/hr.

The paved areas for all other process areas shall be laid out such that the maximum
catchment area served by a catch basin shall not exceed 1200 m2 (see area B, Figure 6.).

The segregation of the paved catchment areas can be achieved by optimum selection of the
high points in the paving construction. Paving slopes shall wherever possible be directed
away from equipment to reduce the risk of further spill contamination or escalation of fire.
Paving slopes around catch basins serving an area of 600 m2 shall be at least 1:100 and for
other areas the slope should be a least 1:200.

The relationship between the high point of paving and adjacent plant roads shall comply with
the requirements of PTS 34.13.20.31.

For the fire fighting and spray water quantities, see Table 2 (Section 8.7.1).

In the event that no actual data on fire fighting quantities is available the design flow for the
on plot underground system for a paved area of 600 m2 shall be taken as 250 m3/hr, and for
a paved area of 1200 m2 as 500 m3/hr.

The main perimeter drain channels at the edge of the plant area shall be provided with heavy
duty grating covers and shall slope to collection sumps located at a maximum of 50 m
centres. These sumps shall in turn discharge to the main underground headers located under
the surface drain channels.

All on-plot and perimeter underground drainage piping shall be liquid filled.
5.2.1.2 Qil drip/drain collection network for 'non-hazardous' service.

i) drips/drains for hydrocarbons with a high viscosity and low solidification point, e.g.
bitumen/wax: Collection should take place at the source via trays or buckets, in which
these materials will solidify. Trays and buckets shall then be placed in a collector sump
or vessel, fitted with steam coil. The collector sump/vessel shall be located within the
process plant area such that easy access for inspection and maintenance can be
achieved.

i)  drips/drains for hydrocarbons which remain in the fluid state (e.g. do not evaporate or
solidify): Collection of flange leakages, pump seals, pump baseplates, sample points and
drainage from equipment should take place by means of an atmospheric drainage
system comprising, pipes (with funnels) and/or channels, both sloping to a collection
sump or vessel. All connections in the system shall be liquid-sealed by means of turned-
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down elbows. The collection sumps shall be connected by means of liquid-filled
underground drain pipes to a main collection sump or vessel located at or near the
battery limit of the plot area. All funnels and pipe ends (connections) shall be provided
with flanges to allow pressure cleaning/testing per section. The collected hydrocarbons
shall, wherever possible, be returned to slops or re-processing. In the event that the on-
plot collection sumps are gas sealed, consideration shall be given to venting provision to
a safe area.

For typical details of a drip/drain system, see Figure 7.

iii) drips/drains for hydrocarbons which will easily evaporate at ambient temperature: no
special drainage requirements are necessary.

5.2.2 Existing plants

For existing plant areas the drainage networks may comprise individual networks for AOC,
COC and cooling water effluents. For PETRONAS designs the AOC and COC systems will
normally be of a 'liquid-filled’ design incorporating horizontally laid underground pipes
interconnected by sumps. The AOC systems will generally discharge to a holding basin or oil
trap and the COC systems to an interceptor whose effluent would normally be directed to the
AOC network tieing in to the network upstream of the end facility.

Points which shall be taken into consideration for upgrading exercises on existing plants are
as follows;

a) Upstream network capacities are often under-designed for the fire fighting design
condition.

b) COC networks generally allow ingress of rain water, often resulting in overloading of
interceptors under peak flow rainfall conditions.

c) Inadequate segregation of networks often exists. At-source segregation can result in
savings on Capex investment on downstream facilities.

d) Both AOC and COC network capacities can be taken into consideration when checking
loadings due to the fire fighting design condition.

e) Existing oil traps and holding basins are vulnerable to contaminated effluent carry-over
under peak flow conditions.
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6. NETWORK COMPONENTS

6.1 SUMPS, CATCH BASINS AND MANHOLES

Sumps or catch basins shall be located such that they collect surface water from the
surrounding areas.

Manholes shall be located at intersections of main drainage lines for inspection and/or
maintenance purposes, but in general shall not be designed to collect surface water run-offs.

Existing plants

For extensions or modifications to existing on-plot areas the following design parameters shall
apply:

Drainage sumps for paved on-plot areas shall form an integral part of either the AOC or COC
networks. Sump locations within these areas shall be determined such that proper
segregation is assured between the networks.

A drainage sump located in paved surfaces shall serve an area of paving of maximum 400
m2, with a maximum distance between sumps of 50 m. The level difference between the top
of a sump and the high point of the 20 x 20 m paved area shall be 100 mm.

New plants

For new process areas the design aim is to achieve improved surface water run-off and
provide better segregation of effluents at source, thus reducing the risk of contaminating
cleaner effluent streams with dirtier streams.

In line with this aim the following design parameters shall apply to new process areas:

The number of sumps shall be kept to a minimum while satisfying the requirements for spill
run-off and distance between each sump as laid down in section 5.2.1.

The safety distance between open sumps and the burners in furnace/ boiler areas shall be at
least 7.5 m.

Offsites

Sumps which are interconnected by piping of diameter 900 mm and larger shall be located at
a maximum distance of 100 metres apart.

Sump sizes
Square sumps shall have minimum internal plan dimensions of 800 x 800 mm.

Rectangular sumps shall have minimum internal plan dimensions of 800 x 600 mm. The
maximum depth for a minimum size sump is 1.5 m.

The minimum internal plan dimensions of sumps deeper than 1.5 m shall be increased
proportionally to allow access for maintenance and inspection.

The internal plan dimensions for a sump shall not be less than the largest pipe size plus 500
mm.

For a summary of recommended sump sizes, see Figure 8.

The bottom of each sump shall be at least 200 mm below the bottom of the lowest connected
pipe. Pipe ends shall be flush with the inside sump wall to allow the installation of self-
skimming buckets.

Self-skimming buckets should be considered for installing in sumps serving a COC drainage
network to reduce oil accumulation and subsequent evaporation within the sumps.

For a typical self-skimming sump, see Figure 9.

Where the requirement for closed (sealed) sumps and/or manholes is unavoidable, ventilation
shall be provided to prevent accumulation of hydrocarbon vapours in the sump. The
ventilation shall be provided by means of a pipe of minimum diameter 50 mm routed to a safe
area.
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6.2 FLOW DIVERSION SUMPS
Flow Diversion Sumps may be considered upstream of a primary treatment unit.

Their design purpose being to divert any peakflow loadings (Q,,i, Or Qse) in excess of the
design capacity of the relevant treatment unit.

Flow diversion can be achieved by means of two free weirs with differential heights or
alternatively, by means of one free weir and flow throttling.

Although flow throttling is considered to give better ‘diversion' results, higher hydraulic losses
may result, and checks shall be carried out on the effects of these losses on the upstream
networks.

See Figure 10 for further details.

6.3 UNDERGROUND PIPING

To prevent the propagation and accumulation of hydrocarbon vapours and/or fire through an
underground drainage network, underground pipes shall be laid horizontally and designed
such that they are kept flooded (liquid-filled) at all times. A minimum liquid head of 50 mm,
measured from the inside top of the pipe, shall be maintained.

For 'dry areas' (e.g. Middle East) this minimum head should be increased to 100 mm.
Underground piping in drainage service should have a minimum diameter of 200 mm.
Piping used in oil drip/drain service shall have a minimum diameter of 100 mm.

The minimum depth of underground piping shall be determined from the following.

- Minimum depth for burial, from the structural load bearing capacity of the pipe.

- Minimum depth required to avoid interference from other underground services (e.g.
cables, foundations)

- Minimum depth shall be 1.5 m, or deeper if required by the above.
Underground piping shall not be installed underneath spread footings or foundations.

Drainage piping through foundations (e.g. ground beams) shall be installed with pipe sleeves.
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6.4 OPEN CHANNELS

The size of open drain channels shall be determined by hydraulic calculation for the actual
design condition applicable.

Open drain channels designed for transporting hydrocarbon contaminated effluents shall 'run
dry' after a rain or fire condition.

The cross sectional profile of open drain channels may be rectangular or hydraulically
shaped.

A slope of 1:300 shall be used where practical, although for oil free networks slopes of up to
1:1000 may be used if construction methods can be executed which avoid low spots and
possible ponding.

Open channels may be constructed in-situ or by utilising precast sections.

The minimum width of rectangular channel shall be 300 mm, and the minimum depth for all
channels shall be 150 mm.

Large open channels (greater than 900 mm wide) shall be provided with a central dry weather
flow channel.

No piping and/or pipe supports shall be installed directly over or across open channels.

Open channels shall be covered with galvanized grating only at those places where
operator/maintenance access is required.

Open channels located at the toe of an embankment shall be provided with a 'walking strip'
(minimum 350 mm wide) for maintenance access.

For typical details of open drain channels, see Figure 5.

6.5 FIRE AND SAND TRAPS

Fire traps and sand traps shall be installed at road crossings and/or fire breakers within
pipetracks.

The minimum requirements for fire trap sumps shall be the same as those specified for the
drainage sumps. The minimum distance between two interconnecting fire trap sumps shall be
9 m and the connecting underground pipe shall always be liquid-filled.

Sand traps shall be provided upstream of a fire trap and at the lowest point in an open drain
channel system where this enters a sump. Sand traps shall have the same width as the drain
channel, shall have a minimum length of 2 m and shall have a minimum depth of 0.5 m.

Typical details of a sand/fire trap together with the recommended level difference between
drain channel inverts and sand trap overflow are shown in Figure 5.

Fire trap design shall comply with the following additional requirements with respect to
compound drainage networks;

e The location of the (outlet) valve sump shall be such that safe access is possible even
under fire-fighting conditions.
Where a tank compound drainage valve discharges directly into an open channel a splash
wall shall be provided.

e The lowest invert of the open drain channel inside the tank compound at the sand trap
shall always be 50 mm higher than:

a) the invert level of the drain outside the tank compound receiving the tank compound
discharge.

b) the static water level of the liquid-filled system serving also the tank compound
drainage.
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7. MATERIALS

Drainage networks and components should be of leak-proof design. System tightness shall
be controllable and measurable, even after a long period of operation.

7.1 UNDERGROUND PIPING

Whereas pipe material selection may be influenced by the degree of application of the above
requirements and in many instances influenced by local material availability, the following
shall apply wherever possible.

Glass Reinforced Epoxy (GRE) material should be used for hydrocarbon contaminated
drainage networks and shall comply with PTS 31.40.10.19.

The minimum allowable pressure rating for GRE piping used in underground drainage service
should be 8 bar (ga) and the design and installation shall be carried out in accordance with
PTS 31.40.10.19.

Carbon steel pipe may be used for drip/drain systems as a cost effective alternative to GRE.
In this event consideration shall be given to the external protection of the pipes by the
application of appropriate coating and pipe material selection shall be in accordance with PTS
31.38.01.12.

The use of reinforced concrete pipes should be considered in instances where pipe diameters
of greater than 900 mm are required for design purposes.

For specific applications relating to chemical sewers, material selection shall be based on the
requirements laid down in PTS 31.38.01.12. and PTS 30.10.02.13.

Piping for domestic sewer systems and rainwater downpipes from buildings shall be PVC,

ABS or an equivalent approved material.

The following general design parameters shall apply to the design of underground drainage

piping :

e Pipe connections and materials shall be selected such that the underground sumps and
pipes and sewers in plant areas and tank farms areas can easily be installed and will not
give rise to leakage or collapse due to e.g. settlement of subsoil, shock loads of
aggressive oils/chemicals released accidentally or during plant shutdown (polluted

effluent), cleaning of pipes by rodding, the use of low-pressure steam of 3.5 bar and/or the
insertion of high pressure jetting water of approximately 10 bar.

e GRE and carbon steel pipes passing through concrete walls of sumps and concrete
basins shall be provided with a puddle flange around the pipe, cast in the wall.

e Ininstances where differential settlement or differential expansion between pipe and sump
can be expected, a flexible connection shall be applied.

e All possible chemical components of the effluent shall be identified. Adequate protection is
required against continuous erosion, corrosion and attack by aggressive chemicals.
7.2 SUMPS
Sumps shall be constructed in-situ from reinforced concrete or precast units.

The use of prefabricated GRE sumps may be considered for offsite areas. In these areas the
structural load bearing capacity of the sumps should at all times be checked against vehicle
wheel loadings from plant traffic. Manufacturers shall be consulted for available sump sizes,
material specification and structural capacities.

7.3 NEUTRALIZATION FACILITIES

All reinforced concrete pits, drain channels and sumps in neutralization service shall be
designed and constructed in accordance with the requirements of PTS 30.48.60.12.
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8. DESIGN PARAMETERS FOR DRAINAGE NETWORKS

8.1 GENERAL

The following minimum requirements shall be applicable to designs in order to achieve
functional drainage networks.

8.1.1. Maximum and minimum velocities

The maximum velocity of hydrocarbon contaminated effluents in an underground drainage
system shall not exceed 0.9 m/s. This velocity will generally prevent dispersion of oil by
turbulence.

This velocity may be exceeded only under the fire fighting design condition.

Higher velocities are permitted in systems which are primarily designed for deballasting
systems and cooling water networks, to avoid uneconomical pipe sizes. Designs should aim
for uniform stable flows (e.g. large radius bends, no tee junctions etc.)

Velocities of less than 0.3 m/s shall be avoided in order to prevent a premature separation
and consequent accumulation of oil/sediment within the drainage network. For a COC
drainage network with low and often intermittent design flows it is recommended to provide a
minimum constant flow through the system (e.g. diversion of cooling water to the upstream
sumps).

8.1.2 Effluent temperature
The maximum effluent temperature within any drainage network shall not exceed 45 °C.
8.1.3 The use of concrete and steel

All concrete and steel used in the construction of drainage and primary treatment systems
shall comply with the requirements of PTS 34.19.20.31.

8.14 Design flow

Drainage networks shall be designed for the maximum flow resulting from the greater of the
following load combinations:

Rainfall (Q,;,) + any other known contributing continuous 'dry weather flow'.

Fire water (Qy;,e) + any other known contributing continuous 'dry weather flow'.
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8.2 CONTROLLED FLOODING

Temporary storage of effluent in pipetracks is allowed, provided that the safety and
environmental requirements are met. The maximum allowable effluent level during any
surcharging condition shall not be higher than 150 mm below the top of the pipe sleeper.

Flooding is not permitted in any other area.
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8.3 RAINWATER PEAKFLOW/ACCUMULATED FLOW

Peakflow calculations will determine the design of drainage collection systems and the
capacity (throughput) of treatment facilities.

Accumulated rainfall calculations will determine the design of buffer volumes and controlled
discharge facilities.

8.3.1 Rainwater peakflow design parameters

Specific meteorological data is required to achieve functional and economical designs for
rainwater peakflows. Rainfall 'Intensity-Frequency-Duration’ curves shall form the basis of any
hydraulic calculations.

Calculations for establishing the run-off values shall be carried out using established and
proven methods. One method most frequently used is the Rational Method:

Qrain = CiA

where Qi = quantity of rainwater run-off in m3/hr

C = run-off coefficient

i = design rainfall intensity (m/hr) based on the time of
concentration (T,)

A = catchment area under consideration in m2.

The Rational Method assumptions and design parameters are as follows:

1) The maximum run-off resulting from a particular rainfall intensity occurs if the duration of
rainfall is equal to or greater than the time of concentration (T.). The time of
concentration is defined as the time required for water to flow from the most distant point
of the catchment area under consideration to the point of flow measurement
(investigation).

2) The maximum run-off resulting from a particular rainfall intensity, whose duration is equal
to or greater than the time of concentration, is directly proportional to the rainfall
intensity.

3) The frequency of occurrence of the peak discharge is the same as that of the rainfall
intensity from which it was calculated.

4) The peak discharge per unit area decreases as the drainage area increases, and the
intensity of rainfall decreases as its duration increases.

5) The coefficient of run-off remains constant for all storms on a given watershed.

6) The method may only be applied for surface water run-off by gravity for an area not

larger than approximately 40 hectares (400,000 m2). For areas greater than 40 ha, the
total area should be sub-divided into smaller catchment areas. For each individual
catchment area, the Rational Method may then be applied.

8.3.2 Accumulated rainfall design parameters

Accumulated rainfall data is generally available in the form of tables from local weather
stations, indicating rainfall 'depths' in mm for a range of durations and recurrence periods.
These tables can be plotted as graphs indicating the accumulated rainfall for given time
periods. These graphs can be used to establish required buffer/storage volumes which
govern the requirement for controlled discharge facilities (see Figure 11).
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8.4 RUN-OFF COEFFICIENT

The permeability of surface finishes and in some instances the evaporation of rainwater affect
the quantity of rainwater which enters a drain system.

Table 1 lists some typical run-off coefficients which have been selected for drainage network
design for various types of surface finishes.

TABLE 1 RUN-OFF COEFFICIENTS
a Plant area/utility area (paved) 1.0
Evaporation/percolation coefficient (see note below)*
b Manifold and pump slab areas 1.0
o Roads and road shoulders 0.95
Brick roads/tiled areas 0.75
d Pipe tracks (general) 0.50
Pipe track concrete finish 0.90
e Bundwalls (average) 0.55
Bundwalls with seepage prevention 0.90
f Tank roofs 1.0
g Tank compounds areas (unpaved) 0.3
Tank compound areas with seepage prevention 0.9
Grassed areas (sandy soil, flat) ~0.1
Grassed areas (clayey soil, flat) ~ 0.5
* Note: For densely built up plant areas where significant heat is generated by equipment and plant piping, this

run-off coefficient may be reduced to 0.7.
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8.5 RAINFALL INTENSITY

Rainfall data shall be obtained in the form of rainfall 'intensity-duration-frequency’ curves
which define the rainfall intensities and durations for given storm recurrence periods.
(For typical curves, see Figure 12)

For drainage network designs, curves representing a 'one in two year storm' return period
shall be used shall be used unless local regulations are more stringent.
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8.6 TIME OF CONCENTRATION/ENTRY/FLOW

The time of concentration (T.) shall be used to determine the applicable rainfall intensity

which, when used in the Rational Formula, will determine the peak flow values at the point of
measurement in the system.

The time of entry or 'overland flow' (T,) shall be taken as the time required for one rain droplet

to enter a drain channel or sump in the drainage network. The time of overland flow within
typical refinery areas normally varies between 5 and 25 minutes. Figure 13 shows typical T,

values for various surface slopes and finishes.
The time of flow (T;) shall be taken as the time required for the effluent to flow through the

drainage network or an element thereof.
For open drain channels and for non-liquid-filled pipes, the time of flow (Ty) is the time

required for the effluent to flow through the relevant channel length, i.e. length divided by the
velocity.

For liquid-filled pipes the time of flow should be taken as the time required for the system to
reach stable flow conditions and is referred to as T;. Typically, this value can vary between 2

and 5 minutes.

Thus, for drainage networks the following T values should be used:

a) For open drain channels and for non-liquid-filled pipes:
Tc = Te + Tf
b) For liquid-filled pipes only:
Tc = Te + Tdf
c) For a combination of liquid-filled pipes and open drain channels the overall network
calculations should be simplified using the formula:
Tc = Te + Tf
For calculating storage volumes, e.g. buffering capacity of a controlled discharge facility, a T

value of 30 minutes should be used for typical refinery areas. The Principal should be
consulted when selecting T, values as these can be critical to the sizing of drainage networks

and controlled discharge facilities, can impact investment costs, and can influence the
downstream discharge characteristics.
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