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Dutch upgrade with submerged
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APPLICATION

Dutch upgrade with

submerged membranes

® An established biological process has been used to
provide wastewater treatment at one of the two
centralised rendering plants in The Netherlands. Now the
installation has been upgraded by adding submerged
membranes. ARNOLD ZIVERENTANT reviews performance

of the combination so far.

he Netherlands, famous among other
Tlhings for its large agricultural industry,
has centralised its rendering activities at two
locations. The wastewater generated by the
rendering process is highly concentrated and
needs intensive treatment before discharge.
At the rendering plant for the north of The
Netherlands, the wastewater is treated using
the Carrousel process, in two umits aperated
in parallel. For many years these Carrousels
achieved very high removal efficiencies, both
for COD and total nitrogen (often exceeding
99% removal). However, in mid-1996, the
treatment plant started experiencing
problems with sludge bulking.

Afer in-process measurements, the
sludge settleability initially improved, but
this was followed by a further deterioration
in sludge-water separation, accompanied by
adrastic increase in the load to the
Carrousels which meant additional
structural improvement was needed.

Pijot testing showed that using submerged
membranes in place of the secondary
clarifiers was feasible. A configuration was
designed in which use of the existing units,
such as clarifiers and belt presses, was
maximised, thus keeping to a minimum the
membrane unit’s capacity requirements. The
final membrane unit was supplied by DHV
as a turnkey contract. Project completion
took only five months, and the end result was
the largest membrane-supported Carrousel
in The Netherlands.

Original system configuration

Wastewater generated by the rendering plant
is hughly concentrated, with a COD ranging
from 5000 to 15,000rg/l and a K)eldahl
nitrogen content ranging from 400 to
1200mg/l. The fairly large seasonal

L e LLETT R

characteristic. In summer the pollution load
is high, while in winter the load is Jow. The
reason for this fluctuation is that animal
parts decay more rapidly at higher
temperatures, meaning that the raw materia)
10 be processed becomes more liquefied, thus
automatically generating higher pollution
levels in the wastewater.

In the early 1970s, a Carrousel umt was
installed to treat the wastewater. An increase
in the scale of rendering acuvities saw the
wastewater treatment extended with a
second Carrousel in 1989. After this
extension the plant had a capacity of
maximum 3800m" a day, with a pollution
load 0f 270,000 PE ( The Dutch pollution
load is defined as: PE = Flow (m'/d) * [COD
(mg/l) + 4.57 * Nkj (mg/1)]/136). The main
dimensions of the plant are given in Table 1.

The plant operated virtually without
problems for a number of years. One notable
feature was the exceptionally high MLSS
(mixed liquor suspended solids) that could
be maintained. At a sludge volume index
{SVI) of <100 ml/g, MLSS concentrations in
the range of 10 to 15g/1 were achieved,
generating the following effluent quality:
COD 50 10 150 mg/l; BOD <10 mg/;
N-total 5 to 30 mg/}; §S <20 mg/l.

During 1996 the SV sharply increased,
because of ‘traditional’ sludge bulking due to
the explosive growth of filamentous bacteria.
This resulted in periodic loss of sludge in the
effluent. Since biornass contributes to the
COD and nitrogen ¢concentration, the
effluent quality deteriorated significantly.

A number of actions were undertaken to
restore the excellent effluent quality. A
prerequisite to this was the legal obligation
10 ensure the rendering activities and

wastewater flow continued at all timnes.

( Toble 1 ) Main dimensions, oniginal Carrousel conliguration

Parameter Carrousel 1 Carrousel 2
Reactorvolume  m 7500 6250
Aeration capacily  kgO,/h 955 628
Clanfier surface  m 113+283 254

a: Carrousel | was originally fitted with one clarilier, but subsequently

a second was installed during an expansion

® transporunga highly concentrated
sidestream to a digester at a municipal
wastewater treatment plant

® substantially lowering the MLSS in the
Carrousels. At peak loads this resulted in
an incomplete nitrification

® applying belt filtration on one of
the Carrousels to achieve sludge/

water separation

On evalvauon, it was discovered that the
main cause for the ilamentous growth was
an increased concentration of fats in the raw
wastewater. By taking in-process measures
the initial fat discharge to the plant was
greatly reduced. This gave the sludge an
improved settleability, resulting in a more
normalised effluent quahty (see Figure 1).
In 1997 the concentration of fat increased
again, and at the same time the pollution
load increased due to an outbreak of classical
swine fever. Again, settleability decreased
and periodic loss of sludge occurred. The
effects were miminused by applying belt
filtration on both Carrousels. There were
however a number of disadvantages to this

® the operational costs (chemiicals, energy.
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\ MEMBRANE TREATMENT

® ¢iven optimal control of the belt press, the
suspended solids concentration is still in
the range of 30 to 100 mg/I,

® the dewatening polymer accumulating in
the Carrousels results in a jelly-Jike
structure, with virtually no settling
characteristics, despite the reduced
presence of filamentous bacteria,

® minimal changes in the operation of the
belt presses can result in the discharge of
sludge to the effluent.

1t was behieved that the use of membranes
would provide a more structural control of
the biomass. In order to check whether they
would work, a pilot test was undertaken.

Pilot research
Before the test run, a choice was made
between conventional pressure and
submerged membranes. The two types of
membrane have different charactenistics:
with conventional units, the membrane
tubes are placed outside the bioreactor. To
minimisc obstruction and fouling of the
membranes the wastewater/sludge mixture
15 recirculated at high velocities through the
membrane tubes. Since the membranes are
pressurised the membrane tubes are mounted
marigid and relatively expensive skid.
Submerged membranes consists of
strong, flexible hollow fibres which are exther
placed in the activated sludge umt or in a
separate, unpressurised vessel fed by
recirculating a portion of the activated
sludge flow. The permeate 1s drawn from the

bioreactar by applying a shight negatve

Figure 1 Course of the remaval eficiency ond SV in 1995/96
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pressure to the interior of the fibres (< <0 6
bar). Fouling of the membrane modules 15
prevented by keeping the membrane fibres n
mouon through coarse bubble aeration and
periodic back pulsing with permeate.

Far the experniments, submerged
membranes were selected m preference 10
pressure membranes. The selection was

based on the following arguments.

® longer expected membrane hife,
® low energy consumption,
® shear forces are more consistent, so there
is less damage 10 flocs, so the settling
characteristics are maintained. This
makes combined separation with the
existing clarifiers possible.
The experiments were conducted using a
pilot unit containing twa submerged Zenon
Zeewced ZW 150 membranes, with an
effective surface of 27.5m". These membraries
were installed in a Im' contamner, and were
fed 3-4 m'/h of sludge from the Carrousel.
With 2 maximum permeate flow of 1.5mh,
the concentration inside the vessel was at
most twice as high as the MLSS
concentration in the Carrousel.

Before testing the actual sludge, the unit
was run using clean water at a temperature of
252Chio establish the normalised clean water
flux (CWF or permeability). As depicied in
Figure 2, this test showed that for a
membrane pressure in the range of 0.25 to
0.55 bar, the permeability remained virtually
unchanged at approximately 150 [/(m*.h.bar ).

Intesung the actual sludge, the most
IMporiant parameters are the sludge
concentration outside the membranes and
the operating temperature. Duning most of
the test runs the concentration was kept
fairly constant at 15 to 20g/l, while the
temperature varied between 27¢C and 34°C.

The performance of the umit was tested by
introducing a series of fixed permeate flows
If membrane fouling takes place, this means
an increased pressure difference 1s needed 1o
maintain the flux. Figure 3 depicts the
resulting normahised flux for the two highest
fluxes being tesied. This result indycates that
maintaiming a flux of 46 1/(m*h) will
generate a stable normalised flux of
approximately 110 1/(m-.h.bar). At higher
fluxes the normalised flux did not stabilise,
indicating progressive fouling of
the membranes,

A special test was undertaken when the
Carrousel experienced a peak load of fatin

the influent.
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occurred much more rapidly It was proven
that the effect of the fouling could be
minmused by applving a higher anr flus o
the membranes (sec Figure 4). Once the fai
was degraded in the Carrousel 3 normalised
flux was restored at the standard value of 110
1/{m-.h.bar), indicating that the fouling was
completely reversible

Besides the flux, the effluent quality 15, of
course, of vital importance (o dctet'mlmng{

the applicability of membrane separation

(Table 2 ) Effiuent charactensucs.

membrane unit

Parameter unit

cop mg/! 85
Total Nitrogen Mg/l <10
80D mg/! <l

Suspended solids  mgfl 0

During the test runs the plant experienced
extrernely high loads. Nitrification was
therefore incomplete, at'only’ 95%
efficiency, corresponding to an ammoniym
concentration in the effluent of
approximately 60mg/l. Additionally, the
problem with sludge bulking created more
suspended sohds in the effluent and thus an
increased COD

Theeffluentin the test unit was, by its
nature, free of suspended sohds and had a
COD concentration af <100 mg/l. Thanks to
the aeration some additional nitrification
also took place, lowering the ammonia

concentration to approximately 40 mg/l

Full-scale work
The most secure way 10 use the membrane-
supported Carrousel treatment (MSCT)
sysiem woula simply be to install enough
capacity for the total flow This would,
however, rnake both the clarifers and the
beli press obsolete A configuration was
therefore designed which would maxinise
the application of the existing unts, thus
minimusing the required membrane
unit capacity

The oniginal plant design was based on a
substantially higher flow than exists at
present, thanks to substantial measures
applied to the process tself. This results ina
very jong hydraulic residence time in the
Carrousel (one 1o two weeks) and in the
clanifiers (18 to 36 hours). This meant the
surface loading rate for the clanfiers is
extremely low (€<0.2 mé/(m* h)). By treating

partof the wastewarer i the new membianc



the remaining flow, resolting in even lower
surface loading rates. Alternatively one of the
clanfiers can be used to buffer a temporary
higherinfluent flow.

Recentexperience has proved that
although the effluent quahity s somewhat
limited and the operational costs will be
high, the belt press is capable of producing
around 40-60 m'/h of effluent. The present
average flow amounts to appioximately
70m'/h. with a maxinium short-term flow
(less than a day) of 100m'/h. Based on the
above observations, it was concluded that a
membrane unit with an average capacity of
40m‘/h would be sufficient. The
remaining wastewater could than be treated
conventionally (and/or with belt presses),
resulting in a total flow which meets
effluent requirements.

To minimise the membrane surface
needed for this flow, the temperature should
be as high as possible. In this respect there
was a marked difference between both
Carrousels. Since the new Carrousel was
equipped with covered aerators, the
temperature was on average 8-10°C higher
than in the old uncovered one. The
minimum process temperature for the
membranes is set at 17°C, with a maximum
temperature of 3§°C.

For the full scale implementation, a
cantainer-like vessel 3m by 9m and 3m high
was mstalled nexr to Carrousel 2. This
contamer was equipped with 24 ZW500
modules (with a membrane surlace equal to
1120m°) and coarse bubble agiation The
container was fed with biomass lrom this
Carrousel at a flow of 200m/h. The excess
flow was fed back to Carrousel 2 by gravity.

Avnormahised flux of 110 om” hlbar)
would result in an average pressure over the
membranes of 0 3 bar, achteving an effluent
flow of 40m'/h. 1t 15 also passible to run the
membranes at higher pressures of up 10 0.6
bar fora hmited tme. This design 15 theretore
flexible enough to cope with upserts such as
peak fat loads, reduced temperatures or
Mgher fluxes if need be. The unit 1s however

completely prepared (blower capacity,
contaner volume, e1c) to house an additional
amount of 48 modulesin case a large
permeate flow s needed

The theoretically obsolete clarifier for

Carrousel 2 has been modified to run as-

® z buffer o) the excess effluent from
Carrousel 2 by maintaining the normal
sludge return line, any excess of influent
flow over permeate flow will resultin
activated sludge being stored 1n the
clarifier. [t will take around three days ro
fill the clantfier if the excess flow is 10m'/h,

® as an addinonal clarifier o Carrousel 1:
with the addiuon of 2 limited amount of
oiping, the clarifier has been connected to
Carrousel |, making it possible to incorporate
1t in the treatment process for this Carrousel,

@ parual membrane treatment for sludge
from Carrousel 1: At very high loading
rates, the flow to Carrousel 2 15 imited not
bv the permeate flux but by the biological
capacity. By using the clarifier and sjudge
recirculation, part of the flow from
Carrousel | (either before or after clarificanon
i the other two clanfiers) can be used 1o
maxinuse the permeate flux, independent
to the biological capacity of Carrousel 2.

After four months m operation, the
membrane umt was judged to be a success.
Atan average influent flow of around
32m'fhothe imual pressure difference needed
ta discharge this as permeate was only 0.2
bar After two months’ operation the
pressure difterence gradually increased 10 0.4
bar, but simple chermeal cleaning with a
mild acid quickly removed the reversible
fouling, lowering the pressure difference to
0.2 bar again

The efflucnt qualuy was measured
separately for approximately a month (see
Table 2) The other Carrousel (still using
clarifiers), running at an average flow of 48

m'/h, produced a comparable effluent

qualty, apart from a limjted amount of
suspended solids (<20 mg/l)

Figure 3 Noarmalsed flux as a function of the applied permeate flux
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Conclusions )

Long-term experience has shown the
Carrousel to be an extremely efficient
treatment process for highly concentratea
wastewater from a rendering plant. inits
original configuration, using clarifiers, the
excellent effluent quality only deteriorated
when sludge bulking led to the discharge of
sludge into the effluent

Pilot research showed that even under
sludge bulking conditions the excellent
effluent quality could be guaranteed if the
clanifiers were replaced by submerged
membranes. For the large rendering plant in
The Netherlands s configuration was
designed in which just one of its twa
Carrousels had 1o be converted into a
membrane-supported Carrousel
treatment (MSCT ).

It took onlv five months o implement thay
plant, which is the largest MSCT in The
Netherlands. The first evaluation of the full
scale results show 1t enjoved a successful
start-up. The effluent produced is free of
suspended solids and contains virtually no
biologically removable components. Both
COD and total nitrogen remaval frequently
exceed 99% efficiency

Our conclusion is that membrane-
supported Carrousel treatment (MSCT), as
shown in the photograph, combines the best
of both worlds- the excellent biological
performance of the Carrousel with the
sohids-free effluent quality achieved in

membiane separation @

The author:

Arnold Zilverentant is a senior water expers
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General

DHV Water is specialised in Water
Management, Water Transport,
Drinking Process Water Treatment and
Wastewater Treatment. DHV Water
offers a wide range of services,
varying from strategic advice, policy
analysis, research and feasibility
studies, to design and engineering,
project management, operational
management, trouble shooting and
general contracting.

More information?

For more information you can contact:

DHV Water works for a multitude of
public and private clients world-wide.
DHV Water is an operating company of
the DHV Group

. Arnold Zilverentant, telephone +31 33 468 24 10

email: ag.zilverentant@wa.dhv.nl

DHV Water BV

P.O. Box 484

3800 AL Amersfoort

The Netherlands

Telephone +31 33468 22 00
Telefax +31 33468 23 01

The DHV Group is one of the fargest
international engineering companies,
DHV's activities focus on Transport &
Infrastructure, Water & Environment,
and Accommadation Building. The
group has 3000 employees working in
more than 50 locations world-wide.
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How it warks

The Crystalactor is a fluidized-bed type crystallizer for the
! treatment of water and wastewater.

The heart of the treatment plant is the so-called pellet reac-
tor, partially filled with a suitable seed material like sand or

minerals. The wastewater is pumped in an upward direction

maintaining the pellet bed in a fiuidized state. In arder to
effluent crystallize the target component on the pellet bed, a driving
force is created by a reagent dosage and pH-adjustment. By

selecting the appropriate process conditions, co-crystalliza-

tion of impurities is minimized and high-purity crystals are
obtained. The pellets grow and move towards the reactor
bottom, At regular intervals, a quantity of the largest fluidi-
zed pellets is discharged from the reactor and fresh seed
B % . - ‘ material is added. After atmospheric drying, readily hand-

led and virtually water-free pellets are obtained.

conventional

CoLjb .
§ Ry Feed Coagulation Flocculation Sg‘g‘g’fﬁzﬁ‘ —— FRilvatign—~—
pellet Loy feed L_I‘ ,,,,,, .
discharge . 3 - \{',, ' 1 Opuions!
- k] - .- R Studge
. ST ) b - dewaterng
v
Waste sludge
Crystalactor®
Feed —+—————| Crystalactor® —+——————— Filtration —— |
1 Optiona’
Beusable
peliets
No copious amounts of
waste sludge, but corm-
pact reusable pellets .
(shown magnified) FO ur in 0 ne

The four steps found in conventional
treatment processes - coagulation,

flocculation, separation and dewate-

i ring - are comnbined into one by the
NiCO3 peliets

CaFy pellets

Crystalactor. Because of the production

of water-free peliets, troubiesome

No Residual Waste

A major advantage of the Crystalactor is its abi-
lity to produce highly pure, nearly dry pellets.
Due to their excellent composition, the pellets
can normally be recycled or reused in other
plants, resulting 1n no residual waste for dis-
posal. In the rare event that pellets have to be
disposed of by other means, the advantage of
low-volume secondary waste production still

remains: water-free pellets, not bulky sludge.

sludge dewatering is eliminated.
Furthermore, the unit is cormpact due to
the high surface loadings (40-120 m/h).



DHV already has experience with the removal

( : ¢
Li of a large number of heavy metals and anions, CG NHL F
1z while the number of applications keeps growing. 13 [, I
Mg Al 0. S0,
v 2 PO S S Rt S T ]
K Ca V. Cr Mn Fe Cc Ni Cu Zn
3€ 40 42 874 5 52
S Zr Mo Ag Cd Sn Te
80 82
Hg Pb
suceestull
recovereld
-Applications

* All crystalline salts can potentially bé-%removed
from wastewater. DHV has extensive experience

in ‘removing most heavy metalsx¥and. major



Semi-technical Crystalactor unit for phosphate
removal, AVEBE BA, De Krim, the Netherlands.
Capacity: 150 m3/h.

Bench-scale tests

Our research laboratory
is at your service

- feasibility study
- system selection
- bench tests

- pilot tests The treatment of wastewater is a complex

- stration . . . . .
d,emf" ! biological/chemnical process. Dealing with
anis N e
; ’;inance wastewater is made even more difficult by

" PO SRV no two wastewaters being the same. We

0 rmake full use of 75 years experience when
p developing pilot procedures to facilitate the
determination of the optimum configuratior,
and dimensions and to ensure that no un-
expected factors can come into play later

- start-up

- operation - project management
management - engineering
- ope‘ratlan - procurement
- maintenance - construction
- commissioning

i - supervision

A small Pre-assembled Unit
or turnkey plant with a huge
capacity. Each project recei-
ves dedicated attention from
our experts. —

Engineering using the most up-ro-date
and cost-effective tools




The Crystalactor®
... efficient water treatment
without waste

Industry needs cost-effective, compact and
reliable technology to reduce waste emissions.
Moreover, this technology has to provide a
sustainable solution to the problem of secondary
emissions. Secondary emissions such as waste
sludges represent a growing environmental
liability for those producing them.

More importantly, they will increasingly be
subject to ever-rising charges levied by the
authorities, and ultimately their disposal will be
prohibited altogether.

Consequently, industry has embarked on a new
strategy to tackle environmental load problems.

Alongside waste recovery - often referred to as

Pellet reactors for softening drinking water,
Municipal Drinking Water Company

of Amsterdam, the Netherlands.

Capacity: 8,500 m3/h.

DHV’s commitment to the development of client-
oriented waste remediation technology has

resulted in the application of the Crystalactor®

reuse or recycling - waste prevention is now a technology: now being operated without

key feature. creating extra waste, and to the full satisfaction

of a growing number of ¢lients using it for water
softening and for the removal or recovery of a

large number of heavy metals and anions.

Applications

» Heavy Metal

- Fluoride

- Phosphate

- Sulphate

- Water Softening

* QOthers (under development)

Crystalactor for
phosphate removal,
the Netherlands.
Capacity: 200 m3/h.

Advantages

+ Compact Industrial Units

- No Sludge Production

- Water-free Pellets with High Purity

* Raw Materials Recovery / Recycling

« No Mechanical Dewatering Equipment
- Easy Handling of Pellets

» Modular Set-up

Product Range

- Field Erected Units or
Pre-assermbled Units

« Standard reactor diameters:
0.4, 0.6, 0.8, 1.0, 1.25, 1.5..... 3.5 m

- Flow rates: 0.1 - 10.000 m3/h

- Removal capacity: up to 100 kg metal
or anion per hour per unit

- Tailor-made Materials Selection

Crystalactor for nickel

and aluminium removal,
Shell Chimie, Berre, France.
Capacity: 21 m3/h.




Services

- Turnkey Projects

Feasibility Studies and System

Selection

Bench-scale and Pilot Testing on-site
or in the DHV Water Research Lab.
- Industrial Water and Wastewater

Treatment Consultancy

Process and Basic Design

-

Engineering, Procurement and

Construction

Detailed Engineering, Tender
Documents, Tender Selection and

Construction Supervision

Commissioning and Start-up

Operator Training

.

Plant Operation Management

Project Finance

Licences

For more information on
the Crystalactor® contact:
Andreas Giesen,

Ronald Niermans

George Onderdelinden.

DHV Water BV

P.O. Box 484

3800 AL Amersfoort
The Netherlands

Tel + 3133 4682220

Fax + 31 33 4682301
e-mail: info@WA.DHV.NL

DHV Water

DHV Water is specialized in Water Management,
Water Transport, Drinking and Process Water
Treatment and Wastewater Treatment. DHV
Water offers a wide range of services, varying
from strategic advice, policy analyses, research
and feasibility studies, to design and enginee-
ring, project management, operational manage-
ment and general contracting. DHV Water works
for a multitude of public and private clients
worldwide. DHV Water is an operating company
of the DHV Group.

The DHV Group is one of the largest international
engineering companies. DHV's activities focus
on Transport & Infrastructure, Water & Environ-
ment, and Accomodation Building. The Group
has 2.300 employees working in more than 40

locations worldwide.

The Quality Management Systern of DMV Water BV has been approved against 150 8001






The world has become a place of ongoing and accelerating change.
Globalisation, industrial development and explosive urban
expansion are all exerting extreme pressure on our living
environment. Fresh water, once available in abundant quantities,
has now become a scarce resource in many parts of the world.
Safeguarding our water resources and providing safe drinking

water for all people has perhaps become the biggest challenge of
the 21 century.

Creating a sustainable living environment

P
"

DHYV provides engineering, management and consultancy
services in the entire water cycle - from source to tap. DHV has
the experience, expertise and technology to solve any wa

water technologles for more than 1,000 water ;{
plants.

govemments at all 1dvets hay L,g,:_\(ﬁijﬂ 73

water management te(hniquedand tool ST LL
strategic decwﬁns. HY :
as well: DHV supports de
makmg and stratg




Public Private Partnership (PPP) for
wastewater treatment in The Hague

DHV has been engaged as a key partner to design and
manage all technical aspects of the Design, Build, finance,
Operate and Transfer (DBFOT) contract for the largest
WWTP ever built in the Netherlands. Together with the
retrofit of the Houtrust WWTP, which forms part of this Ppp
project, the new combined wastewater treatment capacity

will amount to 1.7 million population equivalent (p.e).

- New technologies for wastewater
treatment

DHV's Carrousel® 2000 technology and other innovative
: technology coricepts - such as Deep Tank Aeration,
Membrane Bio Reactors —are being used in many plants all
over the world. Examples can be found in China (several
plants up to 80,000 m¥/day), the U.S.A. (more than 450
Carrousel® plants with various capacities), and France (Macon,
with a capacity of 160,000 p.e.). For many of these projects, DHV
not only acts as the process developer/engineering consultant,
but also as a process contractor under varying contract models -

2
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e.g., turnkey, design-build, BOT.

The Huaihe River Basin Pollution Control
Project, Peoples Republic of China

The Huaihe River basin, which covers the Chinese provinces of
Henan, Anhui, Jiangsu and Shandong, has a dramage area of 270,000
km®and is hore to about 154 milhon people. Industrial pollution has
caused an unacceptable deterioration of water quality in the area, a
process that is aggravated by the artificial storage of water in the river
stretches, controlled by more than 4,200 hydraulic structures Using
various water quantity and water quality models, DHV is developing
solutions for municipal as well as industrial pollution control




Drinking water treatment technology in
The Netherlands

Because of concerns related to dropping groundwater
levels, a shift to surface water from groundwater as
the source for drinking water is being implemented.

Water Company Limburg, has engaged DHV to plan,
design and manage the construction of a new

drinking water facility, with a design capacity of 40

million m? per year and investment costs of US $ 200
million.

The new plant uses water from the River Meuse, which is 1‘
pumped into alarge natural reservoir. Well fields, situated

along the banks of the reservoir, abstract water filtered during

its passage through the ground, and pump it to the treatment plant, where it is treated
by cascade aeration, rapid sand filtration, active-carbon filtration and UV-disinfection.

The Berenplaat WTP is the largest drinking water treatment plant in the
Netherlands, and provides drinking water to the city of Rotterdam. The plant
with a capacity of 100 million m? per year, is being renovated and extended to

comply with stricter environmental regulations and to further improve water
quality and security of supply. In the new process, chlorine disinfection will be

replaced by ozone thus eliminating potential harmful by-products.

7

Membrane filtration

Membrane filtration is becoming a crucial
technology in the treatment of all kinds of raw
water for the production of drinking and process

water, as well as for the treatment of wastewater.
DHV has developed several new products that

improve the performance of membranes at lower costs.

For nanofiltration and reverse osmosis, DHV designed a new
pressure vessel, which reduces membrane surface by 15-20
percent. For tubular and capillary ultrafiltration,
nanofiltration and RO membranes, DHY developed its
Airflush™ cleaning technology, which saves energy and
chemical consurmption. The Airflush™ technology also

allows direct nanofiltration, without pre-treatment, of
surface water or wastewater.



DHV's Crystalactor® technology

Together with the Water Company of Amsterdam, DHV has
developed a patented process for the softening of water.
The technology, called Crystalactor®, has been applied in
many drinking water treatment plants, but has also been
successfully used in a variety of industrial applications, where the
removal of heavy metals or fluoride is important. DHV's
design of a second-stage treatment process for the Water
Company of Zuid Holland also includes Crystalactor® softening
technology. Five process reactors, with diameters of 3.40 m,
provide a total treatment capacity of 5,500 m? per hour.

DHV knows about water. This is evidenced by the wide
range of water-related services that DHV provides its
public- and private-sector clients worldwide:
e policy and strategy formulation
¢ master-planning and feasibility studies
» design and engineering
» project management and procurement
e general contracting
e operation and maintenance
= institution development and training

4 The DHV Group is one of the world's largest engineering and consultancy companies.
" Established in 1917, DHV provides professional services worldwide to governments, public
utilities, financing agencies, industry and the private sector. With almost 3,500
professional staff, DHV has an extensive track record in more than 65
countries. International business accounts for atmost 5o percent of
the Group’s turnover, which is realised through a network of some
35 national companies and representative offices. The added vaiue
of the DHV Group is based on the principle of local presence in
combination with centralised knowledge centres. DHV provides services
related to Water and Environment, Transport and Infrastructure,
Accommodation and Real Estate, and Intermational Development.
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' W,BEmliv,al_: of amorphous
components in a fluidized bed
reactor : The Crystalactor®

Ronald P. Niermans
February 2000

DHV Group

w consulting engineers [ founded in 1917
» #8in Europe | # 18 worldwide in turnover

m t.0.in 1999 : 275 m US$ (added value : 85%)
m 45% of t.0. outside NL.

s 3,300 employees worldwide

m 4 core activities:
® [nfrastructure

 industrial building & accomodation
* 0DA :

- & water & environment

870161pp.ppt
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“The Crystalactor
... efficient water treatment without waste

. fsbfte‘ning of process and drinking water
: metal recovery from prdcess and wastewater

,. - ‘Iiosph_ate_ recovery from wastewater

't fludgide recovery from process and wastewater

9701861pp.ppt
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- Softening,

= Applications
® process water
® drinking water
e approx. 30 plants worldwide

= Stand-alone or pre-treatment for ion exchange and
membrane filtration

= Production of CaC0;,

*®

Softening

m chemical applied :
o NaOH
* NaH(CO,
e LalOH),
® depending on alkalinity
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o j‘¢rysféllizétion in a fluidized bed reactor
- m separate nozzles for feed and chemicals

= seed material 0.2 - 0.5 mm diameter
“m seed material: '
_ ® classified sand particles (garnet)
~® crushed pellets
wm with or without post-filtration

V effiuent

dischsrge

. t_‘.omp_a_t_:t | small footprint
- ® four steps in one

* . a® o ™ 2810 OF minimum waste
S <. e extremely low water
content (90-95%-d.s.)
® high purity crystals with
- re-use potential




* Phosphate recovery

= Applications .
® n industrial process water treatment
o for treatment of effluent from anaerobic reactor

® in combination.with bio-P removal in municipal plants
- main stream (tertiary treatment)
- = side stream (bypass operation)

m Production of crystals :
* La PO/, MgP0,,
o MgNH 0, .

Heavy metals recovery

= Examples of applications :
® recovery from wastewater
e recovery of spent catalyst
® process integrated operation
= Experience (pilot-scale trials) :

® Ag, Al Cd, Co, Cr, Cu, Fe, Hg, Li, Mg, Mn, Sn, Te, Ni, Pb,
Y, Zn, Zr

= Plants in operation :
o Al Mn, N Te, Zn, Zr

a7n1R1nn nnt
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netals recovery

TSR 4 007 > ML, b
Lo+ 200 > ColOH), ¥

i

. Productlon of metal containing crystals as:

~ ® hydroxides
_ ® carbonates
- ® sulphides (esp. mercury)

- o phesphates

| Re-use metal containing pellets

" J- Sell as raw material )
e as rawmaterlalmetalpmductmn thigh purltyl

] 'Be_cove_r_.y as metal from concentrates
L .°:Illi003+ A > Niy+ +C0,+ Hp

) _Tfén_s_fdrmation to metal catalyst
000y > Co,fCO),




‘Re-use example phosphate pellets

m sell as fertilizer

= sell to agro-industry

m use in animal food

m usein thermal phosphor production

m use in wet phosphate production

Re-use fluoride pellets

w HF-production
» pelleted fluorspar flux in steelmaking

w filler in concrete
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.= Very compact pellets are
'~ produced

- w Easy handling

* = Low water content (< 5%)
n ‘High purity
= Reusable

- m Often: Negative or zero
disposal costs

Calcium fluoride pellets
(mix with Zirkonium hydroxide)




Composition by-products

F] removed
components

e

@ crystallization as
— carbonates  (e.g. NiCO,, CaCOj, CoCO,)
— sulphides (e.g. HgS, NiS, PbS, ZnS)

— calcium salts (e.g. CaF,, Ca, (PO.),)

4701F1ne ppt



tening : Amsterdam

~ u Drinking water
" 72 centralized plants
s Number of reactors: 10
s Capacity: 8,500 m3h
u Pellets sold for 8 $ct | kg
= Approx. 40 plants worldwide

<z

= Phosphate recovery from :.
municipal WWTP

a Capacity: 16 MGD
? % = bypass operation

a chemical : milk of lime

970161 pe.opt



- Metal-recovery : AKZO Chemicals <=2~

= Multi-purpose
_ = Batch productions
= Za, Ni, Te-recovery

m Reactor diameter = 800 mm

%

= Plating industry
.- = Nirecovery
> w 1000 ppm Ni > < 1ppm

" w pellets recycled in process
bath

870167 po.ppt
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' Metal-recovery : Shell Chemical ~ <2~

" w Recovery of catalysts from
polymer production '

n Simulteneous Ni and Al
recovery (mixed crystal)

= Process integrated

| = Tunkey project by DHY
<
« Fluoride recovery from Printing

" w Reactor diameter =1000 mm

ot > <topm




 Skid-mounted units

w For small and medium size units
» Easy to operate

m Short construction pefiod

w Tailor-made: if wanted

incorporation of any site-specific
requirements

Pilot facilities

= All facilities available for
tests in our own Water
Research Lab (The

Netherlands) or on site

870161pp.ppt



. Scalmg preventmn

; w Lower levies by N-removal -
= Pellets are slow release
fertilizer

970161pp.ppt



| Gateway to solutions

970161pp.ppt
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Moving Bed Trickling Filter: Cost-effective treatment of air, water and air/water
mixtures

Product: Moving Bed Trickling Filter enjoys many technical and economical
Moving Bed Trickling Filter (MBTF)

advantages
Process: The MBTF is a biologically filter that can be used for treatment

Sludge-on-carrier agrobic treatment of both waste water and air. A unique feature is the possibility

Application: of treating waste water and air simultaneously: a separate

Treatment of: investment for air treatment equipment is unnecessary, whilst
* o wastewater the filter costs are made up for by the reduced waste water
* waste gases and air . R
o air/water mixtures charges. So there is even a return-on-investment. But even if

you wish to treat "only" waste water or "only” air, this filter

offers attractive advantages and good economics.

Earn money with fresh air

Unfortunately, the treatment of waste water and polluted air and
other gases always costs money. Luckily, the costs of water
treatment are compensated for by reduced charges and lower
waste removal costs. Previously the costs for treatment of
polluted air and other gases could not be compensated,
however: the treatment is compulsory, and there are no
"advantages" in the form of lower taxes. The combined
treatment of water and air/gas is therefore economically very
attractive. After all, with combined treatment, there is no need
to invest in separate air/gas treatment, whilst the costs of
combined treatment are usually more than compensated for by

the waste water treatment advantages.

High capacity

Compared to other systems for treatment of air/gas or waste
water, the MBTF is characterised by a high efficiency and high
capacity. These advantages result in a low investment.

Thus, a filter with a diameter of only 4 m, for example, is
sufficient for treating of a highly polluted 12 m3/h waste water
flow. A flow of 30,000 Nm3h of air can also be treated in the
same filter, at the same time as the 12 m%h of waste water.




Principle
The MBTF comprises a cylindrical tank filled with plastic

spheres. The spheres, which are made of durable material, act

as a carrier material for bacteria. The waste water is fed into the

filter at the top, whilst the air flows through the filter parallel or

counter-current to the water. Intensive mixing takes place in the

woew oW o=t

filter, and the contaminations in the water and air are broken

.

down by the bacteria.

e

A special feature is the fact that a number of the bacteria-
carrying spheres are periodically removed from the bottom of the
filter and cleaned. The bacteria removed from the spheres are
thickened to a compact sludge in the cone of the filter. The

) cleaned spheres are returned to th'e top of the filter. This;'unique

LR e e e

integrated cleaning procedure makes it possible to control the

. amount of bacteria and makes clogging of the filter impossible.

The advantages at a glance

+ small footprint

= non-clogging

o high separation efficiency

¢ low energy consumption

» universally applicable for air and/or water treatment
o integrated sludge separation and thickening

* easy to operate

« robust and stable

+ low operating and investment costs—

Want to know more?

The following are willing to provide you with more information:
« Arnold Zilverentant, tel: +31 33 4682410

* Andreas Giesen, tel; +31 33 4682497

* George Onderdelinden, tel: +31 33 4682211

*« Wim Jansen, tel: +31 33 4682424

* Fax: +31 33 4682301

e E-mail: info@wa.dhv.nl

22 September 1998 IW/I EAEH ETIRET /2
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New generation membrane bhioreactors

Produci:
Membrane bioreactors (MBR)

Appihication:
Wastewarter treatment

Users:
Industries ang wasle processing
companies

Figure 1
Principle of MBR

ZeeWeed™ menixacw

Fasd

Permaeate
Biomast

16 July 1999

Compact wastewater treatment concept

Activated sludge systems are applied on & large scale for the

treatment of wastewater. In these systems the active bacteria

are present in the bioreactor as biomass. Using gravity, the
sludge is separated from the treated wastewater by
sedimentation. The conventional system can have the following
disadvantages:

- The treatment efficiency is strongly dependent of the
siudge sedimentation properties. In case the sludge
sedimentation properties are deteriorating strongly during
operation {prfoduction of “bulking sludge”) a part of the
biological active biomass is washed out and the treatment
efficiency decreases significantly;

- Commonly a relative low biomass concentration {3 - 6
kg/m?) is applied to reduce risk of bulking sludge.
Subsequently area consumption is high.

To take away above disadvantages, a few years ago the

membrane bioreactor (MBR) has been developed. In a MBR,

separation of active biomass and treated wastewater takes place

by membrane filtration instead of sedimentation. In this case 2

much higher biomass concentration (factor 3 - 10 higher) can be

maintained and wash out of sludge is fully prevented. However,
application of the conventional membrane filtration technology
resulted in high energy requirements.

New generation memhbrane bioreactors

Conventional membranes consist of membrane tubes placed
outside the bioreactor. The wastewater/ sludge mixture s
recirculated with high velocity through the membrane tubes 10
prevent obstruction and fouling.

The new generation membrane bioreactors uses a new type of
membrane module (Zeeweed®). This module consists of strong,
flexible hollow fibres. The modules are placed in the activated
sludge. The treated wastewater is withdrawn from the bioreactor
by applying a slight underpressure to the inner side of the fibres.
Fouling of the unique membrane modules is prevented by keeping
the membrane fibres in motion by means of coarse bubble
aeration. Subsequently no energy intensive recirculation is
necessary and the new membranes are characterised by a much
jower energy consurmption.

CasharARRE T



Minimisation of waste production

In biological wastewater treatment, sludge is generaled as a
wasteproduct. Discharging and dumping this sludge is becoming
more and more difficult and accounts for an important part to the
overall operational costs of treatment. Therefor it is desirable 1o
minimise the sludge prcauction. With the membrane bioreactor
this ambition can be realised. Since sludge production is related
to the sludge loading of the wastewater treatment plant (WWTP)
at a lower foading less sludge is produced. Because the sludge
concentration of MBR’s is much higher than conventional
activated sludge systems, it is possible 10 apply very low sludge
loadings and minimise sewage sludge production. Cost calculatior
shows that as a result of lower waste processing costs, the pay
back period for upgrading an existing conventional wastewater
treatment plant to a MBR in many cases is 1 - 3 years.

Advantages

The new generation MBR’s enjoy the following advantages:

- Compact installation thanks to high biomass concentration,
no use of clarifiers and integrated membrane modules;

- High effluent quality thanks to the combination of
membrane filtration in combination with an extreme
biological degradation;

Figure 2
MBR in container

- Minimum sludge production thanks to low sludge loading;

- A guarantee for not exceeding discharge limits of
suspended solids thanks 1o absolute filtration;

- Partial desinfection is achieved;

- Energy consumption is low in comparison with MBR's
equipped with conventional membranes.

Applications:
The new generation MBR's is very suitable for the treatment of
wastewater from industrial origin or dumping sites and provides a

compact treatment system at low costs. Besides it can be very
interesting to use MBR technology for upgrading existing
WWTP's. Without using more space, the capacity of the existing
WWTP can be raised 3 - 10 times at relatively low costs.

Attractive for you?

Are you disposing medium to high concentrated wastewater and are you paying a high fee?

Are you paying highly for disposing sludge produced in your WWTP? .

Do you need 10 improve the effluent quality of your biological WWTP or extent its capacity at low
costs and without consuming lots of space?

Then there is a great chance that application of 2 MBR is technically and economically very interesting
in your situation. Besides, we also offer lease constructions.

Do you want to know more about the new generation MBR, please do not hesitate to contact us.

DHV Water BV George Onderdelinden, Posthus 484, 3800 AL Amersfoort, Telefoon + 31 3346822 11, Telefax + 31 33468 2301

DHV Warer BV Andreas Giesen, Postbus 484, 3800 AL Amersioort, Telefoon + 31 33 468 24 97, Telefax + 37 33 468 23 01
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Engineering and project

realisation

DHV is not only consulting you, but also executes measures
accomplished and complete. The most state-of-the-ari tools together

with decades of experience guarantee efficient engineering and
realisation, resulting in a perfect functioning production plant,
building, process equipment and/or water treatment plant.

Process water, boiler feed water
and cooling water

DHV has a large experience in design, engineering and operation of
water preparation plants. In our designs, the availability of sufficient
amounts of water with the right quality and attractive cost are leading.

By now membrane filtration is an important technology in process
water preparation and wastewater treatment. DHV has excellence
knowledge in this field and initiates new membrane technologies and
treatment techniques. Further we have developed engineering
concepts resulting in high flexibility and low operational- and
investment costs.

A crystallisation process for the softening of process water and
removal of heavy metals, phosphates, fluoride and sulphate from

wastewater. The process is characterised by low costs and a limited

occupation of space. In stead of sludge the process produces
gﬁ ggj_-ﬁ) prevent scaling in process equipment in case of extreme water

reusable, dry pellets. For example, the process can be applied to

kg
| Sy S a——
reuse.

March 29 2000
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DHV, your Water Partner

The DHV Group has over 3,000 employees working world-wide in the field of water, environment, industrial
accommodation and logistics.

As an experienced water consultant we are traditionally strongly involved in the production of water for
industry. Our water experts work out daily creative and cost-effective solutions for the preparation of
process and cooling water, distribution and sewerage, wastewater treatment and water recycling. Our
service cover the complete field from consultancy, design, pilot-plant, engineering, building supervision to
turn-key delivery, plant start-up and operation. We can also be of use looking after your management and
maintenance (out-sourcing) A

Below is a summary of various services and products.

Watersources, water reuse and

closed-loops

The governments policy aims to close water loops on a short term.
Further, increasing costs of water necessitate more efficient use of
water. This is why a stringent water reuse or use of other water
sources is getting more important. As no one else DHV is able to
reach these objectives with acceptable costs without losing practise
and reality from sight. In this, our technological key position in the
field of water treatment and membrane filtration is an important
surplus value.-

WaterScan en WaterPinch
Waterpinch In cost saving and closed water loops the WaterScan is an important
tool. The WaterScan methodology has been developed by order of
Novern (The Netherlands agency for energy and the environment)
and has proven in practise to yield considerable savings in money,

water and energy. The methodology is supported with convenient

tools. When it is necessary within the framework of the WaterScan,
also a pinch-study can be performed.

March 29, 2000
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New generation membrane
bioreactors

March 29, 2000
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For every situation we try to implement the best applicable biological
treatment technique. For small wastewater flows we prefer to apply
the cost effective aerobic Sequencing Batch Reactors. In this system
the activated sludge process has been integrated with the sludge-
water separation, so the investments costs are limited. Further,
Moving Bed Trickling Filters (MBTF) are applied: a system to treat
wastewater and off-gasses simultaneously. Different from other
techniques, an MBTF is free of clogging. Also aerobic treatment at
high temperatures is one of the possibilities. In this way considerable
energy savings can be achieved.

The Carrousel is a well known, proven and robust activated sludge
system for biological wastewater treatment, applicable for both small
and large wastewater flows. Besides degradation of organic
components, an extreme nitrogen- and phosphate removal can be
achieved. Worldwide more than 900 of this installations are in
operation.

Membrane bioreactors are extremely compact activated sludge
systems guaranteeing an excellent effluent quality and minimal
sludge production as a result of membrane filtration application. DHV
can offer membrane bioreactors, using a new generation
membranes with a significant lower energy use. Your existing
activated sludge installation can be transformed easily 10 a
membrane bioreactor, offering the possibility of reuse because of the
high wastewater treatment results.



Anaerobic treatment systems

March 29, 2000
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We posses a thorough knowledge of anaerobic treatment
techniques. These independent knowledge can be important for you
in selecting the technological and economical most attractive
treatment principle. Besides we develop anaerobic treatment
processes characterised by lower investment costs.

DHYV has large experience in_detecting the cause of scaling and
preventing it. .

Industrial processes are in general energy intensive, often with water
as energy carrier. DHV has state-of-the-art knowledge of possibilities
for heat- and energy recovery in relation with water economy, total
energy (combined electricity and heat generation) and related
engineering.

DHV has developed a method to protect industrial water and cooling
systems from outbreaks of Legionella Pneumonila bacteria. This
method consists of two, consecutive, steps: an unique "Legionella
Scan" followed by the elaboration of a control protocol to ensure that
also in future the risk for a Legionella outbreak is minimised.
Especially if collective sanitary facilities, warm water systems, cooling
towers, etc. are in use on your premises, execution of the DHV
method will help you to ensure a safe and healthy environment for
your employees and your surrounding.

O TAARA R RSO
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Environment and licenses

Environment and licenses are important core competencies of DHv.
All know-how and experience are within one company. This expertise
guarantees an efficient support of our principals in environmental
aspects and license application. Examples of our services are:
environmental annual reports, environmental planning, waste,

emission reduction, noise, labour conditions, environmental effect
reporting and discharge licenses.

Subsidy

BUsLOMG Priase oesOr USC In many cases it is possible to lower the investment costs to apply for
: i : subsidy, especially when the investment aims innovation and
environment, We have great experience in subsidy application and
many times we have been successful in acquiring subsidies for our
principals.

The experience on accommodation varies from a simple warehouse,
a completely fitted production plant to state-of-the-art, image
strengthening sustainable constructions.

Do you want to know more, do not hesitate to contact us:

Andreas Giesen tel.:  +31 33 468 2497
George Onderdelinden tel. +3133468 2211
Vital Langenaeker tel.: +3289357 771

DHV Water BV, PO Box 484, 3800 AL Amersfoort, The Netherlands, Telephone +31 33 468 2200, Telefax +31 33 468 2301
A+D Milieu NV, Dieplaan 55, B-36000 Genk, Telefoon +32 89 357771, Telefax +32 88 357614

March 29, 2000 BOTOGNNARERR'S
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12NC: 9397 750 04907

Building BAE

PO.Box 218

5600 MD Eindhoven

The Netherlands

Tel. +31 40 27 24508

Fax +31 40 27 22415

e-mail: LKlerks@ehv.sc.philips com

intranet: http://www.sc.philips.com/env/

internet: http/vwwwisemicorductors philips cam/

ISO 1400 | mitestones —oor-"0)

Nijmegen,The Netherlands July 1, 1998

Zurich, Switzerland April I, 1998 -

Brussels, Belgium March I, 1998

Sunnyvale, CA.USA February 12, 1998
Southampton, UK January 28, 1998
Caen, France December 30, 1997
Albuq-urque,NM USA December 19, 1997
Hong Kong December 15, 1997
Manila Philippines December 15, 1997
Hazelgrove, UK June 25, 1997
Kachsiung, Taiwan May 12, 1997
Stadskanaal, The Netherlands January 1, 1997
Hamburg, Germany October I, 1996

Bangkok, Thailand September 10,1996

Philips
Semiconductors






TJuly 1, 1998 goes down as'a mllesrone"’:‘
"m_ Phlhps Scmlconducmrs ’lustory of .
énvxmnmenml achxcvement That was'the
t:-month we were able mannmmwdm allour .- .

- manuﬁmnmgeenm worl&md:hadaclueved sl

‘..“lSO 14001 cemﬁmuon.

" This ach::vmemmnﬁrmsourmmnunnmt_ e ‘
t0 environmentzl protection and to the fact o

i "dmmsmnmnmm!muga?msm)

*! principles are now fully integrated into our .-

f- worldwide wurhng pracuces

" The aclnevement signals good news, not juﬁt
for us but for all our. wstoméls It confirms

“to them that using Philips Semiconductors in

dae:reqmpmmnstheﬁnmwayofmlmmmng '

" environmental impact...minimur material
' wasne,mlmmumuseof hazardous substances,
. minimum enetgymnsmnpuon Ttalso brings

. ourparcnmﬂmpanyl’hlllpsﬂemomabng
step closer to realizing its ambitious goal of
- achievingISO 14001 inallits 350 production -

- plants before the year 2000,

" Philips Semiconductors and ISO 14001
- -a slaory of success:

g Plnhps Sermonnducmrs hlsl:ory with ISO 14001 goa back to the roots of this
) .'"'hxghlydemandmgsmndard. We were, in fct, the first company in the world to

S receive ISO 14001 cemﬁcnnon...fot our plant in Bangkok, Thailand, only three days
" q?erthe standard was mmdumd in September 1996. Since then, the stoty has been

- one of continuous success, culminating in July 1998 in the cervification of Philips

. ?'-_Ni,'megen. Burope’ lé;g;ét ic mmufacumng centre.

: The bottom line of these achlevunems isa whole series of product and process
; mpmvements coming d.uectly ﬁ'om our campaign to gain worldwide ISO 14001
approval g = ot

R

) Ihmbmgreduced its consumpuon of fuming nitric acid in 1997 to
.30% of its 1995 figure -
Nijmegen received the Dutch energy award in 1998 for a 55% energy
“reduction compared with the reference year 1989
Bangkok: achieved significanr reduction of chemicals n-.qmmd in waste
water tteatment ¢ '
Illamladeveloped a method for using the epoxy plastic waste as a fuel in
cement kilns, thus preventing land§ll
Albuquerque received the 1997 Gold pre-treatment award from the city of
-~ Albuguerque and reduced its watet consumption by 20%
* Caen significantly seduced the amount of photoresist and NF3 etchmg g
used in its wafer manufacruring (6% and 43% nspwuvely) '
. Hazelgrove reduced the chemical consumption of n-butyl-acetate
by 50% by extending the useful life of the chemical -
. Hong Kong reduced water consumption by 38% compared with the 1993
' -ﬁgureandasamulntalsomduwddlechemmlsmusumedformm L
) ,,mﬂetuwunentbymoredmnso% . - - R
N ;Theplams performance won it rhePSCEcemﬁmofmemm e

i  ‘environmental performance from the Hong Kongmﬁ:onnes :

‘ Knabmmg, besides reducing chemical consumpnon including cyamde,

T smtdapmgtmofuungmcydedmysandmlswpackdaeu

L :products . The plant received scveral awards from the Taiwanese - .
B govem.ment forits ach:cvemems wluch mduded polluuon oonuol and
Smaalmduocd thcmnsumPuon of blnsz pawder by 40%,




ISO 1400 - demonstratinga commitment to environmental care

1SO 14001 is the latest in 2 long series of environmental standards published by 1SO
(International Organization for Standardization) over the past 20 years. By applying
for ISO 14001, manufacturers can provide a concrete demonstration to their customers

of their commitment to environmental care.

To win ISO 14001 certification, a company must set up an Environmental Management
System (EMS) for raising the profile of environmental issues throughout its orgariization
and for deciding on quantifiable improvement actions:The Management System has
many principles in common with those of the ISO 9000 Quality Standard.

But where ISO 9000 deals with customer needs, ISO 14001 addresses the needs of a
broader range of interested parties and the evolving needs of sociery ar large for

a better environment.

Essential elements of an EMS meeting 1SO 14001 requirements are:

*  an organization and well-defined procedures for handling environmental issues

- clearly—:deﬁncd areas of responsibility within the organization and a framework
for setting ﬁp and reviewing environmental objectives

*  awareness of environmental factors plus a clear improvement plan prioritizing
actions on reducing environmental impact

a published policy of continuous improvement on environmental issues

As with Quality standards, companies must be annually or semi-annually audired

by an external party vo verify that they are complying with the requirements.

CERTIFICAAT

150 14001

-
e

150 14000 certificares
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The information contained in this publication is identical to that contained in

the original controlled document of the same issue date, as held by MISD.

MISD controls the distribution of, and issues all of the verified copies of the .

original controlléd décument in accordance with their distribution list.

The contents of this pdblication are subject to change without notice and in the
event of s change to the contents, the original controlled document will be
automatically updaﬁcd. As this printed version is not auromaricallv reprinted
after every change, MISD can be contacted to confirm its validiry.
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General

Philips Semiconducrors is a global company committed ta achieving industry leading
competitiveness through continuous improvement in new product development, technology,
manufacuring excellence, cuscomer scrvice and 1o the reduction of impact on the environment.

Environmental care is an integral part of the business policy of Philips Semiconducors,

The intention of this manual is to stimulace awareness of our policy and o outline the
responsibilities and tasks of the people involved. The aim is to comply with all relevant
governmental rules and legislation or preferably to be pro-active. Managers at all levels of the
organizational units are responsible for ensuring that the environmental policy is deployed,
understood, implemented and maintained.

Vision

“Philips Semiconductors will be a recognized top class eco-efficient semiconducror
manufacturer in 20027

Arthur van der Poel Norayan Sankara
Chairman and CEQ PD Environmenial
PD Semiconductors Manager

The terms and conditions of this policy are subject to national and local law v and regulations.

Philips Semiconductors
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Introduction

The purpose of this manual is to ensure that Philips Semiconductons processes and producis
meet the latest specific rules and regulations as established by governmencal leguslation relating
to the environmental aspects of the producton, use and disposal of products and processes.
Secondly. the aim of this manual 1 o ensure Philips Seniconductors implements Corporare
environmental pohcies. The manual describes all environmeni-relevant aspects conceining
the policy and procedures, the organization, and the responsibilities and tasks of the people
and departments concerned within Philips Semiconductors The manual serves as a
framework for Philips Semiconducrors Plant Environmental Management Svstems (EMS)
The plants are responsible for effectuation and maintaining thetr own management system
in line with the policy rules set by Philips Semiconductors management.

EMS at Philips Semiconductors is based on the internanional standard 15O 14001.

Philips Semiconductors

o
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Philips Semiconductors environmental policy

Philips Semiconducrors is a global company committed 1o achieving a leading competirive
position in the electronics industry through continuous improvements in product innovation,
manufacruring excellence, customer service and environmenral care.

Our basic principles:

Sustainable development - to produce without unacceprable harmful ecological impacrs
occurring either now or in the furure.

Prevention is better than cure - avoiding problems ar the ourser.

Life cycle approach - from raw marerials, to manufacturing, to use and disposal.
Cooperation - with governmental and non-governmental organizations.

We ser technically and economically viable objectives to continuously oprimize the

environmental performance of our products, services and acrivities,

* In product development to include eco-design and life cycle assessment study
{using the green focal areas and the eco-indicator)

* To reduce or if possible ro eliminate environmental hazardous substances from our
products (e.g. compounds of beryllium, lead, antimony and bromine (organic)).

* In manufacturing processes to reduce consumption of water and energy, and ro reduce
emissions to air and water, and waste disposal.

To support these principles, all plants worldwide:

* Mainrain certified environmental management systems, audited by means of a systematic,
documented verification process to ensure continuous improvement

« Commit to complying with all applicable laws and regulations, to the Philips Global
Environmental Policy and to the Philips Eco-vision program.

« Adhere to the corporate standards and direcrives in all countres. where they have been
accepred.

» Comnunicate our environmental policy to employees and other stakeholders, and publish
the results in environmental repors.

* Educate our employees to work within the framework set by the Philips Semiconducrors
environmental policy

Arthur van der Poel,
Chief Executive Officer

SNW-SE/120-15, 18 August 1999
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Planning

Environmental aspects

All plants evaluate the environmental effects of their actvities/services in normal and
abnormal operating conditions on a regular basis. A summary of these environmental effects
is ceported to ’D management.

The plants report annually balance sheets on the consumption of restticted substances from
the PD Environmental Checldist, SNW-SE/120-10. This informauon will be collected 1n 2
register that is part of the Philips Semiconductors annual reporc. '

The chemical contenr of serniconductors will be registered in a database. The dara are
maintained by the local MISD groups based on the information supplied by development
departments at RFS. See the Environmental Product Qualification procedures,
SNW-SE/120-06 and its Inscructions for Use, SNW-SE/120-07.

Legal and other requirerﬁents

The Corporate Environmental & Energy Office se¢s to the collection and recording of
applicable regulatory and European legislative requirements at corporate level perraining to
environmental aspects.

CEEO and CSD communicate relevant rules, directives, decisions, guidelines and
informarion to their network. MISD and the PD Environmental Coordinator transfer
this information within rtheir own PD-nerwork.

The local laws and regulations are recorded by the National Organizations and communicared
by the N.O. Environmental Coordinator to the plants within his organization.

Objectives and targets
Based on the Corporate program "Ecovision” the PD has set for itself the following

minimum rargets for manufacturing improvement by the year 2002:

* Energy saving : 35%

* Waste reduction: 50%

« Water consurnption:  50%

+ Emissions to air/water: - cat ] 98%
- car 2 50%
-cat 3 20%

Energy saving

The target is to reduce the energy consumption 1n M] per weighted production volume, by ar
least 35% in the year 2002, compared to 1994. The "PD Energy rask force” promotes the
organization of Energy Potential Scans in the plants to identify potenual energy saving options.
This is done in cooperation with CFT and CEEQO.

Woaste reduction

Hazardous and non-hazardous waste has to be reduced by 50% in weight per weighted
production volume in the year 2002, compared to the reference year 1994. The definition
for hazardous/non-hazardous should be based on local legislation. Options for reduction are:
re-use, recycle, process optimization.

Philips Semiconductors
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Water consumption )

Water consumption has to be reduced by 50% in licers of water-intake per weighted
production volume (e.g. for waferfabs in liters per m2 Silicon).

Options are water re-cycling, rinse optimization. The Water Scan method as offered by
DHYV is recommended to identify options in 2 specific plant.

Emissions to air/water
For emissions to air and water, targets are set for 3 categonies of environmenrally relevant
substances (SN'W-SE/120-10; Philips Semiconductors Enviromental Checklist):
Car 1: Environmentally restricted substances have to be reduced by 98% by the year 2002
compared to 1994. :
Car 2: Environmentally hazardous substances by 50% Perfluorinated rompounds, PFCs,
are added to category 2 for Philips Semiconducrors.
Cat 3: Environmentally relevanc substances by 20% Fluoric acid, HF is added to category 3
for Philips Semiconducrors.

Ecodesign
The percenrage of eco-designed products should increase to 75% by the year 2002.
Five "green focal areas” have been indicated for a quick assessment in the design phase.

For a more scientific approach life cycle assessment and evaluation with the "Eco-indicator”
should be used.

Green ﬂagéhips
Each BU should present annually at least one “green flagship” product. Distinction is made
berween "selected” and "launched” flagships. :

Packing reduction
The targer for reduction of packing marerials is 15% per weighted production volume by the
year 2002, compared to the reference year 1993.

Internal network

Environmental information is communicated through the internal network. To improve the
network meecings of nerwork-groups will be organized at regular intervals. PD newsletrers,
magazines, bulletin boards, etc. will be used to communicate to all PD employees.

Supplier requirements

We require all our strategic suppliers to present their environmental policy statement and
evidence of an environmental improvement program. For suppliers of some vital materials,
we will ask their cooperation to calculare the total environmental effect of our products.

Environmental management program

A Dhilips Semiconductors environmental program is drafted ar least once every 2 years,
which is authorized by SESC. The PD Environmental Coordinaror reviews implementarion
and progress of the PD) environmental program in the organizarion and reports on this in

the SESC.



Environmencal Management Manual

3.1

314

[ SNW-SE/120-03 ]

Implementation and Operation

Structure and responsibility

Organization of Royal Philips Electronics

2000-01-04

This section shows the organizatonal structure of Royal Philips Electronics as far as relevant

for this Environmental Manual.

Group Management Committee

Corporaic
Environmental

& Energy Office

PD

Serniconductors

Environmental
Management

PD
Environmenial
Coordinator

1
i
t
1
|
|
1
!
|
L _ -

e mea oo

N.O
Environmental

Coordinators

Philips Semiconductors
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3.1.2 Organization of Philips Semiconductors

3.1.3

3.14

This section shows the organizational structure of Philips Semiconducrors as far as relevanc
for this Environmental Manual. The gray box covers the so-called "Environmental necwork”.
The names and addresses arc available from document SN'W-SE/120-08 and on the
Intranetsite: http://www.sc.philips.com/env/

Philips Semiconductors N Nanona)
Chief Executive officer ) Organization o ‘

Suaff Internacional Business '
Groups Marketing & Sales Groups |
'
- '
.
;
N
:
'
Regional o |
Sales Offices ants '
.
'
Semiconducrors E
Environmental .
Steering Committee :
.
Environmental :
Management :
;
)
i
.
N
4
]
p
1
|
:
.
[ Environmenral PD Environmental Plant Environmental N.Q. Environmenta)
Contact Officers Coordinator Coordinators Coordinators

PD Management

Responsibilities

The Chief Executive Officer (CEO) of Philips Semiconductors is responsible for implementing
the Corporate environmental policy. The CEO rarifies the PD environmental policy on
technical and commercial activities. NO Environmental Coordinators are consulted and
relevant NO-policy is taken into account,

Tasks

The CEOQ has delegated his tasks to the manager of the Qualiry Managemenr Semiconducrors;
the Environmental Manager.

PD Environmental Manager

Responsibiliries

The Environmental Manager is responsible for implementing the Corporate environmental
policy by delegation of the CEO.
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Tasks

+ To nominate a PD-Environmental Co-ordinator

- To describe the casks of the PD Environmental Co-ordinator

« To chair the Semiconduciors Environmental Steering Commuttee (SESC) at least two

times a year

Semiconductors Environmental Steering Committee (SESC)

Responsibiliies

It is the responstbility of the SESC to support the Environmental Program in the Marketing
and Sales Organization in the widest scnse.

Tasks

+ Act as a communication center in the environmental network (the plant environmental
co-ordinators and the ECOs in the RSQs)

Pick-up information, signals and trends from the network and from discussions with NO
environmental co-ordinators and from competitions and customers

* Disseminate environmental informarion and instructions to the network

» Define information systems for the nerwork and for other possible users 1o deal with
customer environmental questions

* Provide inpurs for a PD environmental policy and program

= Inform the relevant group of NO environmental co-ordinators

PD Environmental Coordinator
Responsibiliies
The PD Environmental Coordinater (PDEC) reports to the Environmental Manager.

Tasks

+ To provide for an environmental product qualification procedure.

+ To co-ordinate and initiate investigations for necessary adjustment of
Philips Semiconductors processes to comply with Corporate and PD policy.
To advise on environmental appropriation requests.

To prepare a2 PD Environmental Program and report the result annually.

To co-ordinate activiries of the Semiconductors plant environmental co-ordinators (PECs).
To make sure that Environmental Contact Officers are nominated and the informanon
necwork maintained.

.

To keep a record of environmenually relevant substances present in products or used in
their manufacturing processes according 1o the Philips definitions and policy.

» To be aware of and inform the CEEO on environmental aspects of production processes
and marketing activides in co-operation with NO environmenral co-ordinators.

To maintain contacr with environmental experts from other (mulu-national) industries,
federations of industry and supra-national bodies.

To have available information on legislauion and public perceprion that is specific o
Philips Semiconductors.

To coordinare contact to customers, public officials or other parties on environmental aspects.
To ensure that the necessary environmental documentation is available.

To co-ordinate activities on environmental marketing and on duty of care of end-of-life products.
To acr as the secretary of the Semiconductors Environmenial Commirtee.

Philips Semiconductors
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Development

Responsibilities

It is the responsibility of the development manager ta ensure that the relevant environmennal
aspects receive adequate attention during the development stages or change proposal
evaluation.

Tasks
To identify in each new design the environmental aspecrs relevant for materials manage-

ment, production and other departments.
» To report the relevant environmental information of material, sub-components and
components for new processes in qualification meerings, according to procedure
SNW-SE/120-06 and 07. ’
To consult the PEC about the environmental aspects of the product.
To submir all change proposals dealing with changes of marerial with environmenral
aspects to the PEC.

Purchasing

Responsibilities

It is the responsibility of the purchasing manager to strive thar the relevant environmenral
information is provided by the supplier of marerials, substances, sub-components, compo-
nens, assembly subcontracting and other services before any purchase decision is 1aken.

Tasks

To ensure thar the supplier of the product submits a completed, updarted (nor older than

2 years) environmental certificate or a Materials Safety Data Sheet (mandarory in certain
countries). To assist in obraining the relevant information three questionnaires are available.
See annex 1. To send a copy of all environmental certificates or Marerials Safety Data Sheets
1o the PEC. To inform the PEC of any material or process, including changes, that will be
introduced into the plant.

Quality Management

Responsibilities '

It is the responsibility of the quality manager to ensure the proper application of the
qualificarions and change procedures on environmenral aspects. ‘

Tasks

To audit on request of the PDEC the effectiveness of the plant environmental management
system. To check on the fulfilling of environmental requirements during change proposals
and qualification procedures

Business Group

Responsibiliries

It is the responsibilicy of the BG management to implement the PD policy on environmental
management systems as an integral parr of the business policy and processes.

Tasks
To support the implementarion of the PD environmental policy in the operations and in che
RSOs/ASO:s.
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Plant Manager

Responsibilities

The plant manager is responsible for formulating and executing the Plant Envuonmental
Program within the boundaries of Corporare, PD and NO policy in compliance wich all
applicable Jaws and regulations.

Environmental affairs must be placed explicitly and regularly on the agenda of the plant
management team or a special committee must be appointed for this purpose.

Tasks

To formulate and execute a Plant Environmental Program within the framework of
Corporate, Philips Semiconductors and additional NQ environmental policy.

+ To appoint a Plant Environmental Co-ordinator (PEC).

To provide the plant with a well descnibed environmental management system.

To give a temporary waiver (if necessary) of materials which contain chemicals from the
PD Environmental Checklist in consultation with the Plant Environmental Co-ordinaror,
the Local Chemical Contact Officer and the PD Environmental Co-ordinator.

Plant Environmental Co-ordinator
Responsibilities
The PEC reports directly to the plant manager or in large plants to the facility manager.

Tasks

+ To advise and report on preparation and implementation of the environmental program.

- To monitor the situarion and to report deviations to the responsible Product Group Managers.

+ To improve or develop the tools for this moniroring.

- To maintain a good relationship with local authorities.

+ To communicate with the PD Environmental Co-osdinator and the NO Environmental
Co-ordinator.

+ To oversee the environmental aspects of chemical substances in producrion processes,
based on informarion received from purchasing and development.

Sales Environmental Contact Officer

Responsibilities

The manager responsible for sales of Philips Semiconductors products is also responsible for
the environmental aspects involved. ’

In each regjon or area an Environmental Contact Officer (ECO) 1s appointed. He reports 1o
the person who is responsible for sales and markenng of the products concerned

Tasks
To advise and report on relevant product policy and decision making
To moniror the marker with regard to the environmental situation.

»

-

To maintain good relationship with ocher serniconductor companies and assoc1ations.

>

To react 1o questions and questionnaires from customers.

If necessary with the support of the PDEC as described 1n procedure SNW-SE/120-11.
To maintain good contacts with colleague ECOs and with the PD Environmental
Co-ordinaror.

To communicate with the NO Environmental Coordinator on relevant legislation and

public perception to anticipate future developments and trends.

Philips Semiconductors
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Training, Awareness and Competence
All personnel performing rasks which can cause significant environmental impacts shall be
competent an the basis of education, appropriate training and/or experience.

Communication

Good communication is maintained through the internal environmental network by the use of
electronic mail, a fasr and environmental friendly system. The members of the environmental
network are listed in SN'W-SE/120-08. Communication to all employees of Philips
Semiconducrors will be improved by assessment through Intranet pages. At regular intervals
(at least annually) meetings berween the Semiconductors Plant Environmental Coordinators
are’organized. Due to the nature of the activities separate Assembly-PEC meetings and
Waferfab-PEC meetings are organized.

A procedure for handling customer questionnaires on environmental issues is described

in SN'W-SE-120/11. General information to customers, employees and third parties is
communicated by means of brochures: Philips Semiconductors and the environment

(9397 750 02345); Chemical content of Semiconductor devices (9397 750 04906).

Environmental Management System Documentation

The core elements of the environmental management system are described in the
EMS-manual (this manual, document SN'W-SE/120-03). In chapter 6 reference to other
Corporate and PD environmental documents is made.

Document Control

Manual

This Environmental Management Manual has been authorized by the CEO of Philips
Semiconductors.

The authority for the composition, publication and modification has been delegated to the
PD Environmental Coordinator. The distribution of this manual is controlled by Philips
Semiconductors Divisional MISD. Subscribers of the manual are listed in SN'W-SE/120-02.
This list is updated prior to each revision of any environmental document. The status and
adequacy of the Envitonmental Management Manual for the PD Philips Semiconducrors is
reviewed at SESC-meerings. The minimum frequency of review being annually. Revisions
will be noted on the revision sheet in this document.

Other documents

Philips Semiconductors Divisional MISD is responsible for document control. The list of
environmental documents is registered under SN\W-SE/120-01. The minimum frequency
of review is bi-annually.
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Operational Control

The responsibilities are defined in chapter 3 of this manual The procedures as documented
in this manual are installed to ensure effective and systemaric control on the environmental
effects of Philips Semiconducrors operations. SESC verifies annually the performance of the
Environmental Program as executed by the plants. The SESC bases its Judgement on the
annual environmental reports submitted by the plants against the preser targets.

Emergency preparedness and response

Every plant shall establish and maintain procedures to identify porential for and respond to
accidents and emergency situations, and for preventing and mitigating the environmental
impacrts that may be associated with them.

Philips Semiconductors
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Checking and Corrective Action

Monitoring and measurement

The plants will submir an annual environmental report using the intranet monitoring facilities
offered by CEEQ. This informartion will be used to compose the Corporate Environmental
report and to monitor progress and compliance with the PD environmenral program.

Non-conformance and corrective and preventive actions

Non-conformances to PD rargets are detected by monirtoring the Plant Environmental
Program and by checking the plant environmental report. The plants in question are advised
by lerter of the Environmental Manager on theif non-conformance and requested 10
improve their performance.

Records

Records are kept by the PD Environmental Coordinator for a period of 3 years in order to
demonstrate compliance with the requirements of the environmenral management system,
and to what extent planned environmental objectives and targets have been met. The records
are filed in an appropriate way in the PD-archive.

Audits

A program for audits of the plant environmental management system is available. Internal
audirs are carried out by the PD Environmental Coordinaror and/or environmental experts
within Philips. External audits are commissioned to authorized auditors with the objective to
obtain and mainrain a 1ISO 14001 certificare.

The PD Environmental Coordinator is in charge for organizing the audits. He prepares the
internal audit program. The program itself is reviewed annually by the SESC.
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Management Review

The Environmenral Management System of Philips Semiconducrors is reviewed annually.

As a result of the review it may be necessary ro amend the Philips Semiconducrors
Environmental Policy Statement or the texr of the manual and/or of the procedures.

Philips Semtconductors
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Glossary

Abbreviations

ASO  Area Sales Organization

BG Business Group

CEEO  Corporate Environmental & Energy Office
CEO  Chief Executive Officer

ECO  Environmental Contact Officer

ICC International Chamber of Commerce,

IMS Internartional Markering & Sales Department
LCCO Local Chemical Conracr Officer

MDP  Marketing, Development and Production (team)
NO National Organization

PD Product Division

PDEC PD Environmental Co-ordinaror

PEC Plant Environmental Co-ordinator

SESC  Semiconductors Environmental Steering Commirtee
RSO Regional Sales Organization

CFC  Chlorofluorocarbon

HCFC  Partially halogenated hydrocarbon

MISD  Manufacturing Instruction and StandardizationDepartment
MSDS Materials Safery Dara Sheet

ODC  Ozone Depleting Chemical

ODP  Ozone Depleting Potenrial

Definitions
Packing
The combination of a carrier and a box to protect semiconductor products during transport.

Carrier

Plastic tube, tray or tape with cavities which can conain semiconductor produets.

Package
The envelope with leads conraining a semiconducror chip.

Packaging
The encapsulation of assembled semiconducror chip to produce a package.

Qualification

Procedure to approve or release a process for production or a product for sale (e.g. Product
Release Procedure SNW-5Q-002).

Corporate Environmental Documents
TUX-MH-183. - s Global Environmental Policy Statement
TUX-MH-150Philips Environmental Management System
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Corporate Mandatory Standards

UD-D 1597
UD-D 1675
UD-D 1785
un-D 1787
UD-D 1796

Cadmium

PCBs, PCTs, UGILEC (121 or 21; 141) and DBBT
Flame retardants

Halogenated hydrocarbons

Real property transactions

Corporate Environmental Standards

UD-D 1668

UN-D 1773
UN-D 1773/02
UD-D 1786
UN-D 1790
UN-D 1790/01
UN-D 1790/02
UN-D 1790/03
UD-D 1792
UN-D 1792/01
UD-D 1800

Code of practice for chemical substances within the Philips organization
in the EC

Packaging and the environment

Environmental requirements for the packaging of industrial products
Industrial products after thetr useful life

Registration of environmental information within the TPD system
Related ro products

Related to the use or disposal of a product

Related ro manufacruring processes of a producr

Environmental marks, labels and symbols

Recycling marks and material marks for packaging

Framework, environmental relevant substances

Philips Semiconductors Environmental Documents

SNT-SE/120-01
SNT-SE/120-02
SNW-5SE/120-03
SNT-SE/120-04

SNT-SE/120-05

SNW-SE/120-06
SNW-SE/120-07
SNW-SE/120-08
SNW-SE/120-09
SNW-SE/120-10
SNW-SE/120-11
SNW-SE/120-12
SNW/-SE/120-13
SNT-SE/120-14

SNW-SE/120-15
9397 750 04906
9397 750 02345
9397 750 04907
9397 750 03419
9397 750 03421

9397 750 03422
9397 750 03423
9397 750 06003
9397 750 06004
9397 750 06005
9397 750 06006
9398 65290011
9397 750 05011

Survey of environmental documents

Distribution list for environmental documents

Environmenral management manual

Questionnaire regarding product information of chemical preparations
or composites

Questionnaire regarding product information of plastics
Environmental Producr Qualificarion Procedures

Registration of environmental information on products and processes
PD Semiconductors Environmental Nerwork

Requirements for cnvironmental marking of packing marerials
Philips Serniconducrors Environmental Checklist

Procedure for customer questionnaires on environmental issues.
Documen: Control of Environmenral Standards

Rules for the Registration of environmental data of packing marerials
Coding of packing materials for the purpose of environmencal registrauon
Philips Semiconductors Environmental Policy Statement

Chemical content of semicanductor devices

Brochure; Working with nature; it's elementary

Leaflet; Meeting the Green standard

Poster; We work with nature; it's elementary/Earth

Poster; We work with nature; it's elementary/Fire

Poster; We work with nature: it's elementary/Water

Poster; We work with nature; it's elementary/Air

Sticker; Reduce energy consumprion by 35%, Let's do ic

Sticker; Reduce air emission by 50%, Let's do it

Sticker; Reduce water consumption by 50%, Let's do it

Sticker; Reduce waste by 50%, Let s do 1t

1C Package Dara Handbook 1C26

Discrere Semiconductor Packages Data Handbook SC18

Philips Sermconductors
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6.4

[ SNW-SE/120-03 ]

2000-01-04
Correspondence to ISO 14001
Subject 1SO 14001 this manual
General 4.0 0
Environmental Policy 4.1 1
Planning
environmental aspects 4.2.1 2]
legal and other requirements 4.2.2 2.2
objecrives and targets 4.2.3 23
environmental management programme 4.2.4 2.4
Implementation and Operation
structure and responsibility 4.3.1 31
training, awareness & comperence 4.3.2 32
communications 4.3.3 33
environmenral documentation 4.3.4 3.4
document control 1 4.3.5 3.5
operational control 4.3.6 3.6
emergency preparedness & response 437 3.7
Checking and Corrective Action
monitoring and measurement 4.4.1 4.1
non-conformance, corrective & preventive action 442 4.2
records 443 4.3
system audir 4.4.4 4.4
Management Review 4.5 5

Philips Semicanductars
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Philips Global Environmental Policy

The Philips Global Environmental Policy, which focuses on the next century, is a core
clement for the operations of the entire Philips organization. Since 1970 the Board of
Management of Philips Electronics has formulated several guidelines for environmental
performance. A general environmental policy was issued in 1987 and updared in 1991,
The Philips Global Environmental Policy is 2 living document - it is part of the fabric of
the organization from the Board of Management to the shop floor - and is reviewed and
updated to meer the needs of our stakeholders and the environment.

Philosophy

Philips believes that sustainable development is one of the most challenging issues facing
the world. The company is commitred o continuously exploring solutions successfully
balance economy and ecology.

Basic principles

Sustainable development - finding the optimal balance berween ecologjcal impact and
economical growth. Prevention is betcer than cure - avoiding problems art the outset.
Life cycle approach - from raw materials, to manufacturing, to use and disposal.
Cooperation - with governmental and non-governmental organizations.

Policy

* Philips establishes technically and economically viable objecrives to oprimize the
environmental performance of the organization's products, services and activities.
Product development objectives include evaluaring the environmental impacr over the
total life cycle of a product, taking steps woward more efficient use of marerials, including
packaging; reducing, or eliminaring, hazardous substances; reducing energy consumption;
and contributing to improving recyeling and disposal.

Manufacturing objectives include environmentally related aspects of Philips activities such
as emissions into air and water, use of energy and water, and waste disposal.

Philips establishes and maintains environmental managemenc systems and audits them by
means of a systematic, docurnented verification process to ensure continuous improvernent.
Philips is commitred to complying with all applicable laws and regulations, and will
promote international harmonization of applicable laws and regulations, and is prepared
to enter into voluntary agreements.

.

Philips communicates its environmental policy 1o employees and other stakeholders.
and publishes its results in environmental reporrs,

Philips educates its emplovees to work within its environmental policy.

Cor Boonstra

President, Philips Elecrronics N.1. TUX-MH-183

Philips Semiconductors
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Annex II Supplier Questionnaires

To assist the PD Semiconductors Purchasing organization in obraining the required informarion
on chemicals, preparations and plastics from suppliers three questionnaires are available.

chemicals:  questionnaire regarding product information of chemical subscances:
Purchasing Direcrive (nr. IN 01-017 EU).

preparations: questionnaire regarding product informarion of chemical preparations or
composites (nr. SNT-SE/120-04).

lastics: uestionnaire regarding product information of plastics (nr. SNT-SE/120-05).
P q B B p

2
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l:Iavmg mtroduced a cerof ed Enwronmental Management System n all our plants. our
commitment to continuous improverrient in our “environmental performance leads to a
'_.specnfc program of ob]ecuves and to the allocauon of resouroes to achieve them.

Reduce the spectf' ic water consurnpuon wuth 50%
Reduce the genemuon of waste and emissions of envnronmem:ally
hazardous subsmnces (category 2) by 50%.

New produccs shall be eco-demgned taking che green focal areas into account:
"= materials intensity/weight

- - recycling and disposal

- environmentally relevant substances

- reduction of packing, logistics & transport
" In this way the percentage of eco-designed products will increase to 75%

by 2002.

The reference year is 1994 and the goals are mdexed for the producuon
volume :
" Endhoven, l'snugust_im

Arthur van der Pocl -
- Chief Executive Officer

N s B PHILIPS
Leté make things better




ccors isa global cOmpany commm:ed uo achlevmg a Ieadmg ‘competitive posmon in’
he industry. d1rough continuous improvements in product i mnovauon. manufacmrmg
excellence; customer service and envnronmental care g

ustamable development “to produce wnt.hout unacceptable harmful ecologu:a ] lmpacts

t ccumngelthernoworm:hefuture. , . R
‘Prevention is better than cure - avoiding pmblems atthe outser. .

. Life cycle approach - frofif'raw materials, to manufacturing, to Use and dlsposal

: Cooperatlon wuthgovernrnental and non-govemmenml organizations.

‘ ,b ' We set technically and econormcally viable objectives to conunuously opumlze the
2. ‘environmental performance of our products, services and activities; .-
S el productdevelopment to include eco-design and life cycle: assessment study

~ (using the green focal areas and the eco-indicator). "

"+« To reduce or if possible to eliminate environmental hazardous substances

~"from our: products (e.g. compounds of beryllnum. lead, anumony and bromium :' g o
- (organic)). ’ .

S e ln manufacturing processes to reduce consumption of water and energy,

and to reduce emnssnons to alr and water,and waste dlsposal

I To support these prmclples, all plants world\mde.

Phlllps

Maintain certified environmental management systems, audlted by means of

. asystematic, documented verification process to ensure contmuous

"improvement. -

E Commit to cornplymg with all applicable laws and regulauons.to the

* Philips Global Environmental Policy and to the Philips Eco-vision progmm
Adhere to the corporate standards and dnrectwes in all coun:rces.
where they have been accepted, - .
- Communicate our environmental pohcy to employees and other. SR
" stakeholders, and publish the results in environmental reports. . -
Educate our employees to work within the framework set by

B the Phlllps Semaeonductors envnronmental polncy

' rEindhoven,lG'Augustlm_

, Al'd)l.lrvander Po_el_
Cb:ewaecuuve Qﬂ’icer

fi N pmup

l.démakefhms
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clean environment

Clear solutions for a

Alfal aval
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Cut costs and
preserve the environment...

Environmental
legislation has
increased the need
for environmentally
sound sludge
disposal. Efficient
sludge thickening
and dewatering helps
solve the problem by
reducing the volume
of the sludge.

medium-sized wastewater

treatment plant serves a

population of 100,000
people and generates up to 700 m* of
sludge per day. Sludge thickening and
digestion reduces this amount to
about 230 m” per day. Disposing of
this huge volume puts a strain on your
finances — and the environment.

Direct sludge disposal —
increasingly difficult

Although ughtening environmental
legislation makes it increasingly
difficult, many plants stll directly
dispose of sludge by dumping it at
sea or spreading it on farmland.

Dumping at sea endangers already
polluted occans Spreading on
farmland requires huge tracts of land

Drying beds need lots of space
and the right weather. Expensive to
construct. they must also be dug out
every few vears.

The best way to thicken
and dewater

Sludge disposal affects both your
operating budget — and the
environment — in a big way.

To lessen this impact, lessen the
amount of sjudge you have to dispose
of. Use Alfa Laval sludge equipment
to thicken and dewater water and
wastewater sludges.



..nstall Alfa Laval

I Laval has been helping

treatment planis stay ahead

ol growimg populations

and changine envinanmental Llaws for

A5 vears Over 2000 wastew dte
teatment plants around the world
use Alla Laval centrifuges

Alfa Laval aives vou more 1o

choose Trome . more decanter
systems More capacires . .
more performance . than any

other centrifuge manufocture
Only Alfa Laval has the

experience and the technology o

mahe sure yvou get the optimum

solution for your plam

decanter systems




Reduce sludge
by more than 90

Alfa Laval
decanters for
thickening

Wastewater sludges
are mostly water.
Thickening dramatically
reduces their volume.

ravity thickeners, the

traditional way to thicken

sludge, require a lot of space.
At best, theyv thicken sludge to just 2
percent dry solids content for a 50
percent reduction in sludge volume,

Decanters save space

You'll need less space when you
replace your gravity thickener with
an Alfa Laval centrifuge. And they're
easy 10 use. requiring minimal
operator attention.

volume
percent!

What's more. a centrifuge gives

you better control over the thickening
process. You can concentrate sludge
1o the dry solids content you need.
reducing studge volume up to 90
percent.

Whether you dispose of sludge
directly or pass it on to digestion, an
Alfa Laval centrifuge saves big.

Use smaller digesters

You can use dramatically smaller
digesters if you thicken sludge first
Thickening reduces the equipment
and heating costs for the digestion
phase of the process and improves
digester performance.



Digester

Decanter

Up to 35 percent dry solids!

Alfa Laval decanters for
dewatering

For even less volume and drier
cake, add dewatering to your sludge
treatrnent process.

Achieve the cake dryness vou
need with Alfa Laval centrifuges
for dewatering. Our range of
high-quality decanters with
performance-enhancing fearures
can produce cake with 20 to 35
percent dry solids content.

With decanter centrifuges, you add
flocculating agents at the feed inlet.
This maxirnizes the separation effect.

Primary sedimentation Aeration Secondary sedimentation

A modern activated
sludge plant with
decanter centrifuges
both before and after
digestion.



At least 20 percent [ess 1o

Alfa Laval decanter
centrifuges save on
more than sludge
disposal.

Compared to older
technologies like filters
and presses, centrifuges
cost less to operate

and maintain. They're
safer . . . cleaner , . .

and take less floor space.
Overall, Alfa Laval
decanter centrifuges cost
you 20 to 30 percent less
than filters or presses.

own and operate

1/3 the floor space

Alfa Laval centrifuges take up a
fraction of the floor space needed for
belt filter presses. A centrifuge can
increase your plant capacity without
new construction.

1/3 the manhours

Alfa Laval centrifuges run almost
unattended. Switching to a centrifuge
eliminates most of the labor budgeted
to run a filter or press.

Filters and presses need frequent
shutdown for cleaning and rinsing. If
sludge feed changes, operators must
stop the operation and make up to six
adjustments.

Alfa Laval decanter centrifuges
adjust automatically to changes in
feed. Our self-cleaning centrifuges
often go years between shutdowns.

Dimensions in meters

Built to minimize
maintenance

Easy access to the rotor and drive
system. No hydraulics and no pumps.
Parts you can replace on-site. Alfa
Laval centrifuges make maintenance
fast and easy.

D Chamber press

. Belt filter press

. Alfa Laval decanter



Save on polymers

Polymer thichening agents often
account for 40 percent of a faciliy s
operating budget. Allu laval
sentnfuges can reduce his expense
without sacrificing cahe drvness.
A system for controllmg feed rate.
centrate quality. polymer dosimg. and
conveyor differential speed opunuzes
cake dryness and polvmer usage

Save water, too

Decanter centrifuges can reduge
water costs by 90 percent. Filters
require water for operation and need
constant rinsing Centrifuges run
without water. except for cleaning at
shutdown.

DEUTSCHE BUNDESBANK

A cleaner, safer work
environment

Centrifuges contain sludge
treatmeni elimmating odors and
acrosols The area around the
centrifuge stays free of sludge

and liquids

P\ [,Zl\;lli Belt filter ¢ hoonbe
) Fdecamie L press Ve
Installation $S | $$% 155SSSS
Building g} An  ANNA
Mainienance | £ HL LS |\ FSS S
Solids disposal ‘ S $% ' SS
Ventilation " & Fhdp | S
Water . 4 144444444 4444
Labor T o, O o
Energy  F F f v
Enclosed T
Process i Yos . No o

When all the factors are considered Alfa Laval decanter
centrifuges often prove 20 to 30 percent less expensive than

fifter installations



- Technology at work for a

cleaner environmernt

Alfa Laval decanter

centrifuges

accelerate nature’s

own sedimentation
. pProcess.

ik of the spimnimg

centriluge as o rotating

setling basin The guickny
spinmng bowl inereases the foree of
arialy thousands of nmes

This centrifugal force separates

aut solids g fracton of the time
they would tahe 1o setiie mi basins
W hat's more. the resulung sludge 14
ehty concentrated — about o tentl

ol the yolume basins would produce

Rugged construction

Al Laval centnfuges have been
operating almost contimuousiy o
over durty vears They prove thn

Alta Laval™s quality construction,

lubricaton. and vibration dampenimg
systems provide rehiable high-G

aperaion

All critical surfaces in stain-
less steel

Strong and flenible, stamless steel
resists corrosion. That's why Al
Laval uses stamless steel for all
surfaces that come m contact with

sludge




How does a decanter work?

o

Fhe deee pipe bongs sludee
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e centinfusad toree sepaiates
out sohids ang throws them
acainst the wall of the bowi
The nguid centate — maostly
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- The settdea sohids are conveyved

towards the small end oi the
Bowl by thie serew conveyor
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allowing hgud o dran oft and

[low back into the pond
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Choose the right solution
for your plant

Whether your plant
treats sewage water
at 2000 or 200,000
mi/d, there's an Alfa
l_aval decanter for
you. Only Alfa Laval
decanters offer you

- the power and
flexibility to choose
the right solution for
your performance and
investment goals. It's
the best selection
available.

Priced and sized for all
capacities

Alfa Laval's Tamily of decanter
centrifuges deliver drier cahe thun a
belt filter press . ..
20 10 30 percent less to own and

and typically costs

operate!

Compared to belt filter presses.
decanters are compact. and pack
more performance into less space,

Our high-yuality, decanter
centrifuges typically thicken sludge
{rom 4 to § percent dry solids content.
The standard dewatering models can
be used on any type of sludge and

produce constant cake dryness
between 20 and 30 percent.

Performance-enhancing
features

Alfa Laval offers a tremendous
choice of unique design features 10
enhance the performance of vour
decanter. Whether you want to reduce
solds disposal volume or improve
plant efticiency. you can choose the
right decanter to achieve your goals

Dewatering technology for
up to 35 percent dry solids!
With Alfa Laval’s proprietary

dry solids technology, our decanter
centrifuges can produce cake 10
percent drier than other technologies.
Our high-efficiency feed zone
accelerates gently, An advanced
weltr design helps liquids flow evenly
through the hub. Solids leave the
centrifuge faster through 360°
discharge pors.
Performance-enbancing options
help you maximize throughput.
Our high-G models generate the
equivalent of 45 bar . . . more than
six times the pressure of a belt filter
press. A special screw conveyor
£Xeris MOre pressure, squeezing
solids drier than other centnfuges.

Thicken with less polymer

Handle more waste-acuvated
sludge without adding digesters or
dewatering equipment A baftle disk
reduces turbulence and improves the
efficiency ol the conveyor. Muny
plants achieve sludge concentranons
of 6 or 7 percent without polymer



makes

o

The compact, modular des:

fast and easv

nstallation



“Why Alfa Laval?
Out of all the decanters available, Alfu Laval
wiirs were the most cost-efficient.”

-~ Claus Aaltonen
Manager West Distnict Operauons & Mantenance Dept
Stackholm Water Compan,



Helping

customers like you

Alfa Laval at Stockholm
Water Company

Every year Stockholm Water
Company provides 1,100,000 people
with their drinking water . . .
131,000,000 m* of it. Three waste
water treatment plants process
150,000,000 m"* of waste.
Stockholm’s decanter of choice?
Alfa Laval.

Stockholm’s wastewater opera-
tions wanted to boost their 18 to 20
percent cake dryness to 30 percent.
That way, they could save 4,000,000
SEK (500,000 U.S. dollars) a year on
sludge disposal. They chose Alfa
Laval decanters for their long-term
cost-efficiency and easy maintenance.

Alfa Laval in America

A large midwestern city doubled
cake dryness in one of its wastewater
plants. Thanks to the variable speed
backdrives in Alfa Laval’s high-
performance dewatering centrifuges,
the plant increased cake dryness from
15 to 30 percent. Recovery went from
85 10 97 percent.

Water treatment

Sludge
A
1 Food, raw

Raw
material -
Large

Water + waste

Water
treatment

Sludge Treated water-

Alfa Laval has been applying expertise
throughout water and wastewater
systems

People &
industries

" Treated water

Over 2000 water
treatment plants
around the world use
Alfa Laval .  that's
more than 5000
centrifuges helping to
keep the world’s
water clean.

Round-the-clock dewatering
at potable water plants

Alfa Laval centrifuges can slash
the cost of treating surface and
ground water residues. They remove
20 to 50 percent solids in a fraction
of the time and space it takes sludge
to settle in lagoons. Alfa Laval
centrifuges also process lime and
alum sludges.

Treating industrial waste

DuPont Polyester Films increased
cake dryness by over 40 percent when
they replaced their belt filter press
with an Alfa Laval centrifuge. The
new centrifuge also eliminated eight
hours a week of planned overtime . . .
hours that used to be spent washing
down the filter press.

Alfa Laval has tackled tough
waste treatment processes in many
industries, with special focus on pulp
and paper, chemical, and mining.

) material
wiil

' Water + waste

Wastewater
treatrment

Sludge:



Total sludge management
on a worldwide basis

Alfa Laval offers a huge
reservoir of process
and engineering
experience from more
than 30 years of
supplying decanter
centrifuges for
municipal and
industrial wastewater
treatment. Alfa Laval
is the world’s largest
manufacturer of
decanter centrifuges.

Alfa Laval offers completely self-contained
units for industnal and municipal
wastewater treatment plants.

Try before you buy

Alfa Laval’s test facilities can help
you predict the performance of your
new centrifuge.

First let Alfa Laval analyze your
sludge and help you select the right
centrifuge. Then do a test run. You
can gauge cake dryness, polymer
dosage, or flow rate — whatever’s

important to your treatment process.

Alfa Laval has pilot plants and
mobile test units. We can run tests at
your plant or ours, )

Containerized units

Cut construction costs and startup
to an absolute minimum with a
containerized centrifuge. There’s no
new building . . . the centrifuge
comes housed in a standard container.
[t’s easy to install and easy to move.

From feed to sludge removal
in one complete package

Alfa Laval can do it all . . . feed
and effluent handling . . . control
instrumentation . . . even shaftless
screw conveyors for removing up to
20 m*/h of dewatered cake. We’ll
specify, install, and start the entire
system.

Alfa Laval also supplies lime
conditioning systems, with silo,
metering equipment, and paddle
MiXers.

Training

Alfa Laval will help you optimize
sludge treatment and centrifuge
performance. We'll review your
maintenance logs to recommend
preventive maintenance and spare
parts inventories.



Global partners

With thousands of decanters
installed worldwide, Alfa Laval is
your global partner for water and
wastewater treatment. Thanks to you,
we're the Jargest manufacturer of

decanter centrifuges in the world.

Only Alfa Laval has the
experience and the people to tackle
tough treatment processes anywhere
in the world. Our global team of
2000 engineers and technicians is
at your service.

Alfa Laval’s core competencies
are separation, thermal and flow tech-
niques. A conscious focus on rese-
arch and development make us mar-
ket leaders in the areas in which we
operate. Many of Alfa Laval’s custo-
mers are found in the process
industries from chemicals to food,
and within oil and energy utilization.

Find out more about Alfa Laval.
"Visit our corporate website at
www.alfalaval.com.

:
-
z

Alfa Laval Separation A/S £ Alfa Laval

Maskinvej 5, DK-2860 Seborg, Denmark
Phone: +45 39 53 60 00
Fax- +45 39 53 65 53




NX 4000 and NX 4500 Series
Decanter Centrifuges for Sludge Treatment

Alfa Laval
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Alfa Laval Sharples NX 4000 and NX 4500 series
Decanter Centrifuges

Available for

- standard dewatering duties

— for waste activated sludge concentration, and

— for dual function operation = dewatering and thickening

Dewatering

Centrifugal sedimentation is a quick

and effective method of dewatering

sludge 1o manageable volume and
consistency. Many municipal and
industrial waste water treatment
facilities have chosen Alfa Laval

Sharples decanter centrifuges for

this duty, because

Q Decanters operate efficiently
and continuously — round the
clock if necessary — with mini-
MUM SUPETVISIOn.

Q They can be ned for opti-
mum performance according 10
the characteristics of the feed.

U They are not subject to blind-
ing or clogging, and do not
normally need cleaning.

0 They are compact in themselves
and need relatively little in the
way ot peripheral equipment.

O They can be supplied as com-
plete plug-in dewatering units.

O A decanter 18 o closed system:
no splashing or odors.

Sludge thickening
Waste activated sludee is one of the ; : \

. =" : . NX 4500
most difficult kinds 1o thicken, even | W —"*“‘“«M..L.E, | =

by centrifugation. But Alfa Laval
Sharples offer decanters specially
talored 1o the physical characteris-
tics of waste activated sludge. They
are 50 effective that they can reach
concentrations three 1o five times
higher than conventional thickeners.
Better still. they can do this without
using the expensive polyelectrolyte
flocculants that mflate the cost of
such methods as dissolved wir
Notation.




Dual Function = Thickening to dewatering and back
... in minutes

DECREASE
POLYMER
LEVEL

INCREASE
DIFFERENTIAL
SPEED

THICKENING

Z7

INCREASE
POLYMER
LEVEL

DECREASE
DIFFERENTIAL
SPEED

Dewatering Thickening
The NX 4000 and 4500 series de- The NX 4000 and 4500 series

canters are purpose-built for round
the clock dewatering of primary,
mixed and chemical sludges, both
aerobically and anaerobically sta-
bilized. It has wide openings for
cake discharge to prevent block-
ages. Surfaces subjected to wear are
coated with tungsten carbide ma-
terial for protection.

decanters provide you with add-
ed operational flexibility because
1t can both thicken and dewater.
When additional thickening
capacity is needed you can change
from dewatering to thickening in
a matter of minutes. Thickening
can be made with or without
polymers.

I




How the centrifuge works

Separation takes place in a horizon-
tal conical-cylindrical rotor contain-
ing a screw conveyor rotating in the
same direction as the rotor but at a
slightly different speed.

The feed enters the machine at
the narrow end of the rotor through
a central inlet pipe in the hollow
conveyor shaft. On leaving the pipe,
the feed 1s propelied by centrifugal
force into the rotor cavity.

The solids in the feed are depos-
ited as a layer on the rotor wall,
leaving the liquid to form an inner
ring, the thickness of which is de-
termined by the positions of adjust-
able effluent weirs at the wide end
of the rotor. The conveyor tran-
sports the solids towards the narrow
end where they are discharged by
centrifugal force through outlet
ports situated around the rotor. The
liquid overflows through the weirs
at the wide end.

Both the liquid and solids are
collected in special covers sur-
rounding the rotor and are discharg-
ed from the machine by gravity.

SLURRY 1N

LIQUID
DISCHARGE

rRound the clock operation

An installation can be automnated to
work round the clock with a mini-
mum of operator atlention. Power
transfer (o the conveyor is by means
of a planetary gear box which is
supplied with an eddy-current brake
(ECB), connected to the advanced
brake controller (ABC) for auto-
matic operation and control of the
differential speed. Overload protec-
tion of the gearbox is provided
throughout the ABC.

SOLIDS
DISCHARGE

Hood removed to show gear box
and Eddy-Current Brake (FCB]

Cutaway illustration showing the main poris of a decanter.

A. Eddy Current Brake

B Planetary gear box

C. Pillow block bearing
D. Centrifugally cast bow!

E. Conveyor

F. Casing

G. Feed tube

H. Adjustable plate doms



Erosion protection

Liquid-wetted parts are made of carbon or stainless stee]
depending on model. Extra erosion protection is added at sens;-
tive spots as needed.

Q  Conveyor flights hardfaced with a coating of a tungsten
carbide alloy or, for heavy duty applications, tungsten
carbide tiles.

Overdimensioned distributor with a wear reserve of 20 mm.
Strips of hardwearing metal welded to bow] wall.
U Replaceable bushings in solids discharge ports.

0.

Polymer preparation and
dosing

Alfa Laval supplies packaged
systems for batch preparation and
continuous metering of polymer
solutions. A complete unit
comprises vacuum-fed hopper
with dissolver, maturing tank with
agitator and supply tank with
metering pump.

Flush waler

Top water

Centrote

Sludge

U Automatic replenishment
and metering

U Three sizes are available, for
1.7,34 or 5.0 kg/h of
polymers.

After-sales Service

The Alfa Laval Decanter Service Centres operate a global service

network that offers Alfa Laval decanter users:

U Spare parts supplies from local and central depots with fast
delivery to minimize stoppages

' Repairs on site, at local work-shops or at our specialized
factories

O Field service on call or on a regular contract basis.

U Exchange scheme. We take womn-out decanter bowls, screw
conveyors, gearboxes, etc., in part exchange for factory-
reconditioned replacements.




Dimension drawing

\\ MIN 1850

r Net Length Width Height T

weight A B T
kg Ibs mm in mm in mm in
NX 4045 1700 3750 3192 126 970 38 1225 48
NX 4055 1850 4300 3492 137 970 38 9 225 48
NX 4545 2000 4410 3486 137 1090 43 1270 50
NX 4555 2500 5510 3936 155 1090 43 1270 50
gx 4565 2750 6060 4386 173 1080 43 1270 50

Optional Equipment

O Vibration switch
Adjustable main speed
Starter

Special tools

In- and outlet compensators
Spares

0oocdo

Alfa Laval Separation A/S

The manufacturer reserves the right lo change specilicalions withoul notice

L Alfa Laval

Environmental Engineering
Maskinvej 5, DK-2860 Saborg, Denmark
Telephone +45 3167 03 11

PB 41255en/9505

SANDSTACA & SONT I TUMBE



HOW TO WIN
THE BIOSOLIDS BATTLE.

_ SWISS COMBI
TECHNOLOGY




COMPLETE THE LOOP.

As higher standards of waste water tregtment are
demanded, effective sludge management is becoming
the major chaollenge. The drive towards beneficial
re-use can only be achieved through the correct
selection of the treatment process.

Sludge from sewage freatment works is presently dis-
posed of in the following ways:

As a liquid
Sludge in this condition is applied to agricultural land as
a fertilizer but for example has the disadvantage of:

— transporiafion of large
volumes
— odours during loading

and spreading

~ rapid nutrient run-off to
water courses

— reducing access to suit-
able land

— high bacterial counts

In some places, sewage

sludge is still disposed of

directly into the ocean.

Dewatered

By mechanically reducing

the water content, agricul-

tural application together

with landfill are the main

opfions. However, the disad-

vantages of this route remain:

~— difficult mechanical
handling and storage

— odours

— unstable material

— high bacterial counts

Incineration achieves the maximum volume reduction but
the problems of the product are transferred to the process
in the form of difficult emission and operating costs.
Whilst approval for incineration plants is o protracted
process, the disadvantages of ash is:

— no beneficial re-use

— attracts landfill charges

— high investment and operating costs

The SWISS COMBI drying process makes oll these
problems a thing of the past. Apart from the reliable and
environmentally compatible drying technology used,
great aftention is also paid to the characteristics of the
end product.

By this process, dewatered sewage sludge becomes a
dry and pasteurised granvlate suitable for a wide
variety of uses. It can be fransported easily in bulk or
bags.

In the dry condition

Dry granulate is ideal for
marketing in all known ways,
for example:

+ Inagriculture ltrouble-free
spreading  with  normal
i equipment)

|+ As lawn fertilizer for golf
" courses, parks etfc.

L ML ARSI e -

+ As coverage for sowing
grass on landfills, quarries,
open-cost coal mines etc.

+ As additional fuel in
cement works, coal-fired
power stations, refuse incin-
eration plants etc.

+ Only the biosolids drying
process enables the full
potential utilization of this
valuable resource.

SWISS COMBI

TECHNOLOGY




FROM LIABILITY TO ASSET.




CLOSING THE LOOP.

The SWISS COMBI system not only ensures the best
possible recycling of resources, but also works with o
closed-cirevit drying system, thus complying easily
with the stringent regulations governing odours and other
emissions.

From dewatered sludge to dry granulate

Before looding into the drier drum, the mechanically
dewatered sludge is mixed with previously dried product
to form an eosily flowing material.

This is then dried in the drum
with hot airwhich evaporates
the water.

After leaving the drum, the
dry sludge is separated from
the air ond screened. Exces-
sively fine and coorse parti-
cles are passed back to the
mixer drum, while the final
product is delivered as dust-
free homogeneous granu-
late suitable forimmediate
storage.

The closed-circuit drying
air system
_ The drying airis warmed in o
heat exchanger by the
exhaust from oil or gos-fired
. bumers. It then flows through
the drum drier to evaporate
the water in the sludge, cooling down in the process. The
air/stegm mixture is seporated from the dry sludge ofter
leaving the drum, and returned by closed circuit 1o the
heat exchanger.

Part of the drying air is continuously extrocted and the
water vapour condensed out. The remaining non-con-
densable oir is used os combustion air for the bumers,
thus completely incineroting the odorous goses ot the
temperature of 800°C.

SWISS COMBI

Measurement, regulation and control system

The entire drying plant is reguloted and monitored by o
computerized control system. Thanks to smooth, trouble-
free plant operation and the high degree of automation,
supervision is minimised.

The SWIS5 COMBI drying plant—your safeguard

A great deal of attention has been paid to plant operat-
ing safety. Testimonials by fire and safety experts confirm
that SWI5S COMBI driers comply with the latest
technical requirements for
profection aguoinst fire and
explasion. Since the granu-
late is dust-free, no porticular
fire-prevention meosures
have to be taken for product
sforoge and handling.

Qvur standard product line
includes:

+ stationary drying plonts
for biosolids ond other
sludges from 1000 wp to
6000kg of woter evapora-
tion per hour,

+ mobile units with o water
evaporahon of 1000kg/h
{mounted on two or three
flat-bed trailers!,

+ semi»ﬁobile skid-moun-
ted units of 500 or 1000 kg
H20/h.

TECHNOLOGY




THE QUALITY OF OUR PROCESS
SPEAKS FOR ITSELFS.




ALMOSTTOO GOOD
TO BE TRUE?

The SWISS COMBI system has so many advantages:

+ The end product is o dust-free, homogeneous and
easily flowing granulate of defined grain size.

+ The dry granulate can be stored for unlimited
periods,

+ Trials with various kinds of sludges from different
sources have confirmed trouble-free plant behaviour
and flexibility. Adjustment and regulation is fast and
simple.

+ Apart  from  sewoge
sludge, other types of sludge
such as in the fruit juice or
paper industry efc. can be
processed  without any
mechanical modifications.

+ Short start-up and shut-
down times easily allow
single  or double shift
working. As a resuli, drying-
plant operating fimes can be
adjusted to sewage plant
requirements.

+ Low mainfenance
thanks to sturdy, uncompli-
cated plant components.

+ High availability thanks
to the well-proven drum drier
system,

+ Minimal personnel requirements thaaks to largely
automatic operation and simple plant control.

+ practically no environmental pollution. Emission
measurements on existing plants confinm full compli-
ance with legal limits, with much lower wlues in some
cases.

+ No odours, becouse all drying air is recirculated to
the combustion chamber.

+ Dust-free  operation,
because dll possible dust
sources are kept under
vacuum.

+ High thermal efficiency.
The plant design allows for
moximum  revllization  of
condensate heat.

+ Years of experience in
drier plont operation using
this new concept confirm
trouble-free operation, high
ovailobility, first class prod-
uct quality ond  ultra-low
emissions.

... that only seeing is be-
lieving. Let us show you
e one of our plaats.

SWISS COMBI
TECHNOLOGY




FROM CONCEPT
TO REALIZATION.
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THE PROOF.
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TECHNOLOGY _







Our research facilities are based in
the UK, the Americas and Asia -
Pacific regions. We employ the skills
of more than 100 research
scientists and technologists, linked
to a knowledge sharing network
which includes many universities and
research organisations.

They make use of our state of the
-art laboratories, pilot plant and field
testing equipment to provide
innovative solutions and expert
technical advice to customers
around the world.

Research, innovation and knowledge
management are essential in helping
water and wastewater utilities {o
meet the changing environmental,
regulatory, customer and business
needs that we will face in the 21st
century.

Thames Water provides water and
wastewater treatment services to nearly 20
million customers worldwide. We also own
companies that provide products and
services, ranging from membrane treatment
process technologies to robotic pipe
inspection and relining systems,

As part of the Thames Water group, Thames

Water Research and Technology plays a key

role in developing and supporting innovation

and technical excellence in serving our
global customers,




from our clients

* Predicting and planning for the potential
impaci of climate change on the water cycle.

* Understanding and providing for the needs, dermands
and behaviour of our global water customers.

* Creating sensing and information systems to
manage huge pipe networks, monitoring condition,
performance and service to customers in real time.

* Developing novel technologies to access, repair and
replace pipe networks with minimal disturbance to
city life and the environment.

* Improving product quality and process efficiency
for water and wastewater treatment plant.

* Developing economic and sustainable solutions
for recycling water and waste products.

* Creating a global knowledge sharing and
learning organisation.




WATER RESOURCES

Increases in population and water use are leading to
heavier demands on water resources around the world,
In Thames Water we are identifying environmentally
sustainable and cost effective water sources to ensure
supplies to our customers are maintained. We have
developed a major aquifer storage and recovery
scheme for London. During the winter months, surplus
water resources are treated and stored in the chalk
aquifer below the city. In the Summer, where water
resources are in shorter supply and demand is
increased, water is
recovered from the aquifer to
supplement  conventional
surface water sources.

Alternative water sources
and treatment processes for
potable and non-potable use
are also under investigation.
Atrial of desalination options
for brackish water sources
has been carried out.

ADVANCED WATER TREATMENT

In conjunction with Leopold Membranes we have developed a
new holiow fibre ultrafiltration membrane system for turbidity
and pathogen removal from surface and groundwater sources.
The process is also being developed for filter wash water
recovery.

Membrane integrity 1s a key issue in process performance. A
new membrane integrity monitoring system has been developed
to check for effective removal of pathogens such as
Cryptosporydium and Giardia.

Research carried out using ozone and activated carbon has
been used by Thames Water Utlities in its successful Advanced
Water Treatrnent Prograrmnme.

The GAC Sandwich Filter uses a layer of granular activated
carbon between layers of sand in an existing slow sand filter.
Thames Water and other water companies have successfully
installed this process to remove pesticides and other trace
organic compounds and achieve compliance with strict water
quality regulations.

A new countercurrent Dissolved Arr Flotation/ Filtration process,
known as CoCoDAFF, has been
developed as a compact, frontend
treatment for algal laden waters.

Further research on these and other
advanced water treatment pocesses 1s
being carried out at our faciities In
London (UK), Adelaide (Australia), and
Pittsburgh (USA).
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CONSERVATION AND RE-USE

A major conservation and re-use research project is

underway al the Millennium Dome in London. Water
/ from three sources, groundwater. rainwater and grey’
water from the hand wash basins, is treated with =
combination of processes inciuding reed beds,
biological aerated fiters, and membranes. The treated
water is recyclec for toilet flushing.

Trr—
-~
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Inside the Millennium Dome water saving devices have
been installed. Date on water usage and customer
behaviour 1s collected by a comprehensive metering
system.

The project will provide information on the viability of |
large scale recycling schemes and customer behaviour
for Thames Water's future water resources strategy.

DISTRIBUTION MANAGEMENT

Effective management of the water distribution network ts an essential part of the
water supply chain.

Research using & 1.4 km long experimental distribution system has been carried
out to understanc and predict the potential changes in water quality in the pipe
networks between treatment and the customer tap.

Accurate assessment of the condrtion of 2 the distribution system and the ability
Y

o predict and respond to problems that mav occur are key faciors.

4
5
Y
for London, predictive models have been develaped tc forecast the number of
burst prpes that could occur under colg temperature conditions and tc
understanc {he risks and consequences of bursts and leaks.

Ground penetrating 1 agar technology anc  globa! positioning systems,
combinec with "rev-nole’ excavaton techriques are being developed 1o

provige & ‘quick finc - guick " capabiity 10 minimise costs and
disruptior i1 major cif, streets

Nove! technologie: ¢ r2lme existing water maime have been developed
with Subteria. & Tharies Wate' Servizer compan,

SR New Thames Warer “vislec’ lecnologies using ruggeaised hand

s : ' held compute's. are being developed tc provide rapid access 1o

. CUSTOMERS S T . Geogrzphica Infarmanor Systems anz Network models and

- We work-closely with our global customersto - - . improve datz caplure capabilives for our techiicians anc
understand and provide for their needs, demands and TN enginee:rs (n the streers

behaviours._ ST

) Research'isunderwaywithpaMersinﬂpeUKandUSA |
to understand customer perception of water quality -
and taste. Other work on the risk, reliabiity and - [
customer receptivity of technologies. appropriate to [

different water reuse scenarios is being carried out
with academic and water service company parinersin .
the UK and Australia. LTk

- We are testing new concepts of communicating with-
- our customers, including .web based information,. .



SEWERAGE NETWORKS

The drains and sewers that collect wastewater from

our domestic and industrial customers are an integral

part of an efficient and cost effective wastewater
treatment service,

Our research with Thames Water
Utilities has helped develop a range
of tools to understand and
manage large city scale
sewerage networks.

3 Methods for the use of
)] biochemical solutions to the
major problem of fat blockage of
sewers have been developed on
real applications beneath the
streets of London.

A matrix assessment model,
combined with ground penetrating
radar, is being used to identify sewers that
require repair or are in danger of coltapse.

A novel in-sewer flow monitor, the Flow-Stick has been
developed with Simon Hartley. Surveys of flows in the London
sewerage system have shown how to optimise pump
operation, minimise sewer overflows into the environment
and maximise the storage capacity of the sewerage network.

T
WASTEWATER TREATMENT j
‘§>

Thames Water operates approximately 400 wastewater
treatment plants worldwide. Our research is focused on
reducing the capital and operating costs of these plants
whilst maintaining the required effluent quality standards.

Key areas of research include reducing aeration costs, the
development of small footprint processes such as inclined
tube settlers and Biological Aerated Filters, the optimisation
of biological phosphorous removal in activated sludge
processes, and the use of computational fluid dynamics to ; , A4
optimise settlement tank and lagoon design. i S B T NI R B

Further work has been carried out on the treatment and
disinfection of wastewater effluents for industnal reuse or S
irrigation, with dissolved arr floatation, membrane -, =

microfiltration and Ultra Violet radiation. )




Recycling Waste/

In the USA we are cooperating
with the Ashbrook Corporation
to develop an enhanced drying
capability for the successiul
Ashbrook beh press
dewatering plant Other
work has been carried out
1 optimise sludge de
wartering through real
tme control of poly-
electrolyle dosing  ang
MIXINE Energy In presses
anc centriuges

* New ‘sludge powered generators at the
Beckton and Crossness treatment plants -
.- 'in London burn waste sludges to
. - generate “green” electricity. Known as-
" “Ecotricity”, this novel power source -
~ reduces. demands’ on conventuonal fossql I
fuel systems. B '

.Research has - been camed out wnth-

- Thames -Water Utilities - and Thames
Waste: Management to ensure these
plants. comply with strict emnronmental‘
emission controls. In other work with
Thames Waste Management we have
‘developed a process for the co-digestion

- of sewage . sludge and. municipal sofid
waste. to enhance gas and energ
productmn

WATER AND WASTEWATER SLUDGE
TREATMENT AND DISPOSAL

Research in the area of water ano wastewater
sludge treatment and dispasal has focused on the
key 1ssues of safety and cost. ‘

Beneficial use of wastewater biosolids can be
achieved through recycling to agricultural land, for
land remediation, or for use as a fuel to produce
energy.

Work has been carried out to develop cost
effective processes that ensure the requirec
reductions in pathogens are met prior to disposat
ana that the product does not generate odours o
leach nutrients into the environment.

" A new thermal hydrolysis process for enhanced

pathogen reduction has been developed with
Simon Hartley Ltd. and installed a1 Thames Water's
Chertsey Wastewater Treatment Plant.




MODELLING AND DECISION SUPPORT

Research and Technology's decision support: capability
is being used by Thames Water to provide practical
solutions to complex operational and strategic
challenges. Working closely with our customers, with
accurate analysis of data and an understanding of the
real issues, we have developed a range of predictive
Cause and effect models that offer real savings both
now and in the future.

Within the scenario of climate change -

around the world, a Water Balance Model

[=1]
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Other models, which accurately target
reparrs,  modifications  and  future

has been developed. This provides a
better understanding of customer water
demand and the influence of other
factors, such as weather and leakage,
on the volume of water into supply.

investment, have been developed to help
manage the large underground pipe networks that Thames
Water operates in large cities, such as London.

The development and use of the award winning NETSCED
pump scheduling model has resulted in significant operational
savings through the more efficient use of pumps on the
Thames Water Ring Main, a 2m diameter 70 km long treated
water distribution tunnel around London.

COMPUTATIONAL FLUiD DYNAMICS (CFD)

Thames Water Research and Technology utilises CFD
simulation to optimise process design of water and
wastewater treatment plants prior to construction, to assess
the effects of scale up from pilot to full scale, and to
troubleshoot problematic operational plants. The physics of
water treatment processes can involve complex air, water
and solid flows in pipes, channels and tanks. Geometries
range from simple rectangular tanks to more complex baffle/
plate/ pipe arrangements and detailed nozzle design.

Processes investigated so far include dissolved ar flotation,
disinfection contact tanks, service reservoirs, inclined tube settiers
and tertary lagoons. CFD has proved a powerful togl to achieve a
greater understanding of best practice process design.




Protecting Quality/

Using our expertise in filter design
and operation, analvucal method
development and pathogen

morphology, Thames  Water's
Research  and  Technology
Group has carned out @ number
of  filtration  audits  for

- customers around the world to
assess procest performance

and  recommenc where

appropriate, plant modiications
and improvements to operating

) praclice 1¢ mimimise the nsk
g of pathuger breakthiough:

RAPID ‘BUG' TESTING -
Thames Water's customers world- -

- wide receive the benefits of -

microbiological analytical. method

- . developments - carried -out. by -
‘Research  and - Technology'’s -

Development Microbiologists. - '

' New, faster methods for monitoring

:and confirming  the: presence of

pathogens, such as E.Coli, have : "

been developed and- ~into. < W

practice ‘as routine in our ‘water .

service companies. Lo . _
Application of this work does not-stop with' our earthly -

- Customers. Work has been carried out with NASA to test _

the water supplies on the Space Shuttle and the MR Space
. Station. Such research will provide a greater understanding of -
disinfection requirements and. bacterial growth in earth based

 Tecycling systems and the confined pipe netwarks of orbiting and "

FILTRATION AUDITS

Rapid gravity filters are 2 common feature of
water treatment plants around the world. Many
01 these plants have been installed for = number
of years end may not benefit from the new
lechnology ana greater understanding of
process design and operation available today.

Research has shown ther, unless plants are
operateg correctly, micro-organisms such ag
Cryptosporidium ~ which are  resistant  to

chlorination. can pass through the filteg’ and enter
the water supply, causing 2 potential nsk to
public health.




partnership liste

. creatne, .
To work and sl-94
y

learn in partnership . th’”l\l”&

with our customers HIHoYation ) I |
* To apply creative thinking to p'.a("t“‘a |

deliver imnovative and practical SOIlltIOHS |

solutions | technical®

e To ensure technical excellence cxcellcnce

ning

underpins all of our activities



W Knowledge Sharing Network

Thames Waler Research and Technology supports research. develops
understanding, shares knowledge and learns with its many global partners.

" < UK Water Industry Research
Water Research Centre.
 Oxford University - )
Imperial College Londof™
" Surrey University
o & - Cranfield University
" The Americas. \ o Conel
American Water Works
Association Research - I
- Foundation®
. Water Environment
- - Research Foundation’
- Auburn University

Oxford Centre
b for Water

" Australia/ Asia-Pacific

R e
B W - Universiy of Adelaide.

| = University of South Australi

International Warer

Association Uni_\_le'fs_ity Of Jakarta - Indbnés_la

. - Europe/Africa: . ™
~ KWA-Holland - ..~
- University of Nancie - France,
Bosphorus University - Turkey |
Technikon Free State - South Africa-

Cmnﬁela’

UNIVERSITY .




to join our global fam

Reading, Berks, UK, RG2 0N’
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Envuronmental
solutions for industry

Consultancy

We are able to offer ingependen! aovice on tre. environmen,
izsues faced by business moustry anc muricipal auth
throughout the Uk

0nlie:

aml commerce

: The ‘I'hames Water Group has envnronment
related businesses throughout the world. lts
tumover. exceeds €1 bllllon and it employs

‘l‘hames Water- oﬂers a comprehenswe range-
-of services. ‘' They include operational-
management of water and waste water
systems, the supply of water treatment .
pmlucls. water pmwesenglneering as well
as speciallst environmental services. -

Thames Wa jer Ulilities miled. the Iargest of
the ten UK water and 'Sewerage companies,
forms the core business within the Thames. .
Water Group.: it supplies quality waterto
more than 7. million customers and carefully
treats me wasle from almost 12 million.

9 snlutians to environmental -

problems, we draw on the depth of expeitise )

and expetience in the Utility business and
" combine relevant skills of other companies -
! inthe Thames Water Group. In total these
_companies have sales in excess of -
_- £150 million; making the Thames Water

. Group one of the UK's largest providers of
enwronmental cunsultancy and contracting

LARALT L

Design of water and wastewater systems for cities
towns and businesses

Using our expenence as a suppher of annKINg walcer ane
processer of wastiewale” for over 117 peonle

Water storage

Desian of bulkh waier slorage ans lransiar © Yaleme
Process design and optimisation

Technical design of wale® fFeatmie~, sysler . anc e
efficiency upgrading ot existing svsiems

Geographical information systems (GIS)
Supply anc imoiemeniatior of so‘tware i
anc ungale assel vats naser  Ino
spectfic condiions using modelling lechniques

Qre maniag
e DredIchion 7

Land and hydrographic surveys using GPS

Survevs o siles assels anc areas using saielic
technology surveying equipmen;

Ground water extraction

Evaiuation of ine Nvaro-geaiagica reqime @nc
acotechnica surveve for private wate sources

Water re-use

Aavice of technicz onlions &@na legal tamewark jor wale
recveling anc the tre alment @0n ré- Use 0 waste wae

Water quality

Consultancy oo water gualiy i faciones ano oths
Duldings parbowarh an process wales ans the orevents
of Legionnaire s Disease ogether wilr, on-goma
MOMIO7ING 8N anaives

Water meter selection
AQVICE OF tNC MO SRRIOPAATE svsten ana use of 'y
1alest lecnnoiody

Trade effivent
DUIGENCE ON 08T AIMISald e uding coss benoedn
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Safe disposal of clients' liquid and sludge wastes

Waste management

Thames Water offers a wide range of waste management
services to major industrial and commercial companies and
local authorities in the south of England.

= Dry waste
Strategically located landfill disposal sites in the London
area suitable for industrial and municipal waste, together
with a dry waste collection fleet.

+ Transfer stations and waste recycling facilities
- Development and operation of modern, fully enclosed
trangfer stations for local authority wastes. Recycling can
be incorporated and waste pulverised to extract the
organic fraction for anaerobic digestion with sewage
sludge.

+ Liquid haulage and disposal
Transport of a broad range of industrial liquid and sludge
wastes from the food and drink, cosmetics,
pharmaceutical, detergents, oil and gas, paper and textile
industries. We have a specialist fleet of road tankers and
provide transport and disposal of packaged and drummed
chemicals and waste.

- Liquid waste treatment
Operation of liquid waste treatment facilities for disposai of
biological wastes from food processing, brewing, paper
and textile, cosmetics and pharmaceutical industries. Qily
and inorganic liquid waste can also be handled.

«  On-site waste treatment facilities
As an alternative to tankering, in-house waste treatment
plants can be designed and installed on the waste
producer’s premises. Membrane technology can be used,
for example, to recover process water for re-use or treat
waste waters to meel discharge contents. Similar
processes are also available for leachate treatment.

+  Contaminated land
A complete service is available for contaminated land
remediation including site sampling, design and soil
analysis and their interpretation, evaluation of remediation
alternatives, site excavation and waste transport and
disposal, leachate treatment and site restoration.

Materials handling and industrial cleaning

Speciality vacuum recovery and pumping equipment,
operated by skilled professionals, provides individual
solutions to many material handling problems. We can
recover liguids, solids and sludge from confined spaces,
transfer thixotropic sludge and manage dewatering
lagoons. We specialise in tackling unique waste problems
in hostile environments.

These services comply with all current legislation and ensure
that wastes are handled and disposed of in an
environmentally responsible manner.

Maintenance services .

In Mechanical, Electrical, Instrumentation control and
automation and associated disciplines, we offer a
comprehensive Asset Maintenance service. In parinership
with our customers we can provide:

+  Formalization and implementation of maintenance
strategies

»  Mechanical, electrical and instrumentation contracts
+  Assef repairs and refurbishment

+  Product development

+ Spares support

- Training

» Total health and safety management

Underground pipeline services

We provide specialist services for all aspects of pipework in
industry and large estate holders such as hospitals,
government departments and the MoD. We cover water
supply, drainage, sewers, gas and underground cables. The
range of services includes inspection, implementation of new
and remedial works, rehabilitation, and aftercare. :

+  New services
We can design and install, including metering.
Considerable savings and reduced disruption can be
achieved by allowing us to provide a multi-utility new
service package.

< Utility tracing
On older sites, the location of underground services is
often uncertain. We provide a comprehensive service for
the locating and mapping of water mains, gas pipes,
cables, drains and sewers.,

+ Leakage detection and repair
We can investigate on-site leakage and implement all
necessary repairs to achieve significant reductions in
water loss. As part of this service, full flow surveys can be
provided, which can result in pressure and flow
improvement to critical use areas.

*  Quality improvement
Poor quality water on large sites is frequently-caused by
deterioration of underground service pipes. We provide
inspection, analysis and remedial work to return quality to
statutory levels. Secondary chlorination can be
incorporated as an additional safeguard.

- Blockage removal
We provide a nationwide 24 hour blockage removal
service, either on an emergency call-out basis or as part
of an on-going preventative maintenance package.

Where problems in underground pipelines have been
identified, we will undertake remedial work either by traditional
excavation or by innovative “trenchless” technology. The

latter, in which Thames Water has unigue world class
expertise, minimises disruption and can save on costly
excavation beneath access roads or operational buildings. In
either case we provide a full utility contracting capability,
incorporating design, implementation and full reinstatement
inciuding guaranteed fulfiiment of all statutory obligations.




Our experienced grounds maintenance teams work nationwide

Grounds maintenance

Nationwide we provide a landscape and grounds
management service for local authorities, government
departments, hospitals, MoD siles and other land owners.
This includes grass cutting and sports ground upkeep, tree
and woodland maintenance as well as the traditional skills
of large scale flower bed and shrub management. We
work with clients to ensure sound management of grounds
and all year-round displays

Thames Water's Crossness and Beckton incinerators provide
the best environmental solution for London's sludge

Water/waste facilities
management

Qur specialist skills in consultancy, laboratory services,
wasle management and pipeline services are available 1o
solve individual problems which may anse. In addition,
Thames Water can supply a facilities management package
bringing some or all of these together, either for an
individual project or to provide a complete long term
environmental solution.

» Project management
We can manage a project from initial consultancy,
through client cost approval to final completion.
Engineering resources are available to design and
manage the construction of new pipeline and sewer
networks for municipal housing, commercial and
industrial developments.

+  Operations )
We provide a full service lo operate water and waste
treatment facilities on clients’ premises, including the
TUPE transfer of existing staff. Such contracts .can be
on a labour-only basis or a fixed price annual sum
including all materials and maintenance costs.

«  Water cycle management
For complex or extensive sites we offer a
comprehensive environmental management capability.
This covers the complete cycle of water usage from
initial supply to waste and effluent disposal. It transfers
a complex chain of diverse responsibilities into the
hands of a single competent organisation. Conformuity
with the rapidly expanding scope of environmental
legislation is assured, leaving clients free to concentrate
on their own activities.

Resources

The Thames Water Group has the financial resources and
stability which major clients require before entering into
substantial or long term commitments. Investment, for
example, in analytical equipment and capital plant, ensures
that proper facilities are made available.

Thames Water companies also have the benefil of the
Group's personnel policies. A long running graduate
recruitment programme and emphasis on continuing
management development give our clients access 1o well-
qualified and experienced professionals in all the necessary
environmental and contracting disciplines. This is
compiemented by the Group's Research & Development
programme to ensure that Thames Water continues in the
forefront of technology.

Great stress is laid on Health & Safety matters. All Thames
Water companies conform to Thames Waler's strict
procedures in this critical field, with qualfied full time Health
& Safety staff.

Thames Water Commercial Services

Napier Court 6, Nugent House,

Vastern Road, Reading, Berkshire RG1 8D8
Tet. 0118 9399383 Fax 0118 9399390
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Undertaking
spécial

assignments

The Warter Quality Centre has tackled all

kinds of special projects for companies.

These range from design evaluation of

water system drawings, evaluation and

commissioning of new water systems,

trials of new plant and technologies and

research projects. As we can draw upon

the resources of Thames Water a broad

consultancy service can be provided to

clients in all aspects relaning to both clean

and dirty warer.

CASE HISTORY:
EVALUATING A NEW
COOLING TOWER
TREATMENT SYSTEM

THE WATER QUALITY
CENTRE WAS ASKED TO

DESIGN AND RUN AN
INDEPENDENT TRIAL TO TEST
A PROTOTYPE ELECTROLYTIC
KON GENERATOR IN A
COOLING TOWER SYSTEM.

THE CLIENT DEVELOPED
THE SYSTEM AS AN ALTER-
NATIVE TO CONVENTIONAL
BIOCIDE DOSING. A S1X
MONTH TAIAL WAS DEVISED
IN ASSOCIATION WITH THE
COMPANY AND THE RESULTS
WERE FUBLISHED IN A
SCIENTIFIC JOURNAL. SINCE
THE TRIAL, THE PROTOTYPE
HAS BEEN MODIFIED AND THE
GOMPANY IS ABOUT TQ
EMBARK ON FULL-SCALE
MANUFACTURE.

SIMILAR TRIAL WORK HAS
ALSO BEEN UNDERTAKEN
WITH ULTRA-VIOLET DEVIGES
IN GREENHOUSE SPRAY-
MISTING SYSTEMS, WET
EVAPQRATIVE COOLING
TOWERS AND HUMIDIFIERS.

By EMELOYING THE
WATER QuaLiTy CENTRE,
CLIENTS CAN BE CONFIDENT
THAT THEY WILL RECEIVE A
SPECIALIST AND WHOLLY

INDEPENDENT ASSESSMENT.

CASE HISTORY!
A DESIGN EVALUATION
TASK

THE WATER QUALITY
CENTRE WAS ASKED BY A
CLIENT TQ REVIEW THE
DESIGN OF A DOMESTIC
WATER SYSTEM FOR A NEW
MULTI-STOREY OFFICE
BLOCK DEVELQPMENT,

BY EXAMINING THE
DRAWINGS WE WERE ABLE
TO HIGHLIGHT SEVERAL
POTENTIAL WATER QUALITY
PROBLEMS:

WE ADVISED MODIFICA-
TIONS TO THE DRINKING
WATER SUPPLY TO THE
VENDING MACHINES. THE
ORIGINAL PLANS PROPOSED

FITTING MACHINES AT THE
ENDS OF THE DISTRIBUTION
FIPEWORK ON EACH FLOOR

TO PREVENT WATER
FROM STAGNATING IN THE
PIPEWORK, WE ADVISED THE
INSTALLATION OF HIGH USE
FITTINGS (SUCH AS TAPS IN
THE KITCHEN AREAS)
BEYOND EACH VENDING
MACHINE..

TO PHEVENT WARMING
OF WATER WHILST HELD IN
THE DISTRIBUTION PIPE-
WORK, RE-ROUTING OF THE
COLD WATER AND DRINKING
WATER PIPES WAS ADVISED
TO ENSURE THAT THEY
WOULD NOT RUN NEAR HEAT
SOURCES SUCH AS RADIA-

TORS AND HOT WATER PIPES.

RECOMMENDATIONS

WERE MADE TO INSTALL
INSTANTANEOUS WATER
HEATERS AT THE FAR POINTS
OF THE HOT WATEA DISTRI-
BUTION SYSTEM TO PREVENT
HEAT LOSS AND

STAGNATION

Special projects



CASE HISTORY:

COMMISSIONING A
NEW DEIONISATION
PLANT

THE WATER QUALITY
CENTRE WAS ASKED BY A
MANUFACTURING COMPANY
TO PERFQAM INDEPENDENT
BI-WEEKLY SAMPLING OF A
LARGE NEW DEIONISATION
PLANT BEFORE BRINGING IT
ON-LINE

A SAMPLING PROGRAMME
INVOLVING YHE COLLECTION
OF WATER SAMPLES FROM
STRATEGIC POINTS IN THE
SYSTEM WAS DEVISED

AFTER INITIAL TEETHING
PRODLEMS AND MINQR

ADJUSTMENTS, THE PLANT
WAS SUGCESSFULLY
COMMISSIONED.

MONITORING PLANT
PERAFORMANCE IS NOW PART
OF THE RQUTINE




Providing a

comprehensive

analysis

service
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The Water Quality Centre

The Water Quality Centre is the largest
laboratory in the UK testing materials
for comphance with BS6920 and the
Water Byelaws Scheme. Qur work is
carried out for British and international
clients that vary from large multinational
companies 1o small businesses. Our
clients are guaranteed a professional.
compehtive and conhidential service
testing the suitability of materials that
come into contact with drinking
(potable) water. ’

Clackwise from tap lefi.

Taste acsessiment
Microbial grosvth on a tap aninsplasie spond.
Biofilm on a sealant

Appdicaten ol ¢ apras oty

Why testing began

During the 1950s and "60s awareness
grew that materials such as sealants,
solder fluxes, lubricants, coatings and
rubbers were affecting the quality of
waler in both supply and distribution
systems. Some of these materials can:
produce off-tasting water
aflect the appearance of water
promote the growth of bacteria in the
water
leach harmful substances nto the
WULCE -
This awareness led directly to the
development of testing methods 10
protect dninking water

Development of materials test
methods

This work mn the 1930s led us 10 develop
test methods to identify potentially
unsuitable materials for drinking water
use. These methods became the basis for
the listing of materials and products by

the National Water Council.

At the request of the water industry the
British Standard Institute (BSI)

published standard DD82 1o cover the
testing of materials. Further development
of testing methods in our laboratories

then became the basis of both the *Water”™
Byelaws Scheme Tests of Eifect on

Water Quality™ and BS6920.

Currently the UK is the only European
country with such comprehensive '
methods of testing. At Thames Water we

play a leading role in Europe in the
development of standards {or materials
used with drinking water.

Test Facilities

All testing is undertaken in our United

Kingdom Accreditation Service (UKAS)
laboratories which are fully equipped 10
deal with uny aspect of malerials testing.

These facihities include-

Sophisticated curing cabinets for sine
applied products

Inductively coupled plasma optical
emissions spectroscopy (ICP-OES)
for metals analysis

Gas chromatography muss
spectroscopy (GCMS) for orgamic
compounds ’

Testing of Site Applied
Products

Even with the best controlled procedures
on site, it can be difficult to ensure that
products are correctly cured. To ensure
that site applied products are realistically
prepared BS6920 gives two approaches
1) Samples are prepured and cured m
our test faboratory using special
cabinets i which humdity and
temperature can be controlled

2

Samples are prepared on site under
the supervision ol o member of stalt

and then cured in our test laboratory '



Matterials that are used wathin buildings
are tested under the Water Byelaws
Scheme to ensure they do not
contamime the water supply withim the
building or present any danger o the
mains supply throagh hack siphonage.
There s a greater risk o the water
supply and public health from toaie
chicnmicals being leached from materials
Jsed o reatment phants and mats
distribution systems As w result
addinonal tests muy have o be
undertaken before such maenals can be
used,

Tests Heagui -

The wests you will need are specthied for

cach product by o DWI commtice, We

can help you harse with the commitiee 10

find out what tests will be needed

When you know what vour specific
requirements are we will be pleased 10 -
discuss them with you and provide o

detarled quotanon Tor the work,

()

Speciatised testing

The Water Quality Centre offers o
number of specrafised tests
I Waier Byelaws Scheme Tests of
Effect on Water Quality and BS6Y20 4
“Sunabrhty of non metallic products
for use m contact wath waier
mtended tor hunman consumption
with regard (o then effect on the

quality ol the waer”

Bratded packmgs for valves
Typreal nov-metallie mate s

nmrr(/‘

W

1ISO 102211993

*Ductie iron pipehines carrving
potable water”.

German KTW recommendations
“Hygienie assessment of plusties und
other non-metallic materals with
respect to the "Law for food and
Requisites™ i the range of contael
with drimkme waer”

BS7766 1994

“Assessiment of the potential tor
metillie materials o affect adversons
the quality of sater mtended tor

human consumpton’

Consultancy Services

At The Water Quality Centre we provide
a comprehensive Consultaney Service far
all aspects of materials testing.

We can help you understand w iy
matertads Ll the requirements set down
by BS6U20 and also help with the
development of new materials for use

with drinkmg watern

For turther details please call us ou:
Telephone: (01189 236214
Fux: (1189 236373






THAMES Warten Uriimies Liniven

WQ';_.

THE Waten QuaITy CENTRE

LUEN

TRaining

FEGULAR COURSES ON A

WIDE RANGE OF WATER
GUALITY ISSUES

TALORED 1O SPECIFIC
CLIEN

AnarLysic
COMPREMENSIVE MICRD -
SIOLOGICAL AND

CAN ALSO BE ARRANGED.

“ANALYSIS SERVICE
CLEAN WATERS, RECRE-
ATIONAL WATERS,
PRIVATE WATER SUPPLIES
{NCLUDING WELLS AND

PLANTS, PRIVATE wATeH L ARE OPERATING SAFELY . : -7 - BOREHOLES), DIRTY
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B0D HYGIENE SURVEVS .
ADVICE ON'CLEANING AND ™

PREVENTION OF CONTAMIS
NATION IN FOOD PRODUG- -
Tion Prewn
ounLETS,

SPECIFIE SURVEY WoRK

TALORED TO GLiENT

ISES AND RETAL

MENTS, SORS, FOOD-
STUFFS, MATERIALS

MICROSCOPY. .
ALL ANALYSIS WORK 13
PERFORMED INOUR -,

LASORATORIES IN
" FulLDETALS ARE " -
PROVIDED IN OUR

... . ANALYSIS BROCHURE.




The
Water Quality

Centre

The Warer Quality Centre is a specialist organisation offering consul-
tancy, training and analysis services in water quality, Our particular
expertise is in creating and maintaining water quality, and especially m
the prevention of Legionnaires’ Disease.

We are a division of Thames Water staffed by trained and experienced
consultants with professional backgrounds in chemistry, microbiology
and environmental science. We can draw on Thames Water’s extensive
resources and facilities, including its Research and Development
Department, Operational Sciences Unit and Laboratories.

All assignments are treated totally confidentially. As we do not
market or sell any equipment, products or chemicals, our advice is
wholly independent.

Qur service is fast, our fees competitive. We pride ourselves on giving
excellent value and on the speedy delivery of results and reports. Our
recommendations are always objective and practical.

Located in London and Reading, we provide our services throughout

the UK and overseas.




CASE HISTORY:
MarinG AN OFFICE
WATER SUPPLY SAFE

A CONTRACTOR BLRFORMED
OUABTERLY LEGIONS LLA
TESTING O SclECTED TAR
QUILETS LEGIONEL L AE
WERE OFTEN FOUND AND
THL WATER SYSTEMS WERE
DISINFEC TED AND AE-
SAMP_EL THIL was
DISRUPTIVE £XPENSIVE
AND CAUSED CONCERN
AMONGET STAFF T HE
BUILDING MANAGE R FELT
VHAT THE CONTRACTOR
WAS TREATING THE S¥pp
TOME AND NOT THE CAUSE
O THT FHOBLEM |if
COMMISSIONE 1 A SURVEY
FHOM THE WaTg i Quainy
Cenine
Quitinvesnaation

HEVEALLL

« EXCESLIVE COLD walt/
STORAGE WHIL= WAL PRONT
TO WARMING AND
STAGNATION
« SEVERAL QUILETL wERE
HAHELY USEC
4 THE CALORIFILR was
UNDERSIZED AND COULL:
NOY PROVIDE ENOUGH HOY
WATER AT THE CORRECT
TEMPERATURE

ABMED WiTii GUA
RECOMMENDATIONS  Tiif
BUILDING MANAGE R
REDUCED STORAGE
CAPAGITY (SOME CISTEHRNS
WERE DISCONNECTED AND
PIFEWORK MODHFIED TO
IMPROVE CIRCULATION]

SEVERAL OUTLFTS WEA:
REMOVED AND INETANT &
NEQUS WATER HLATEHY
INSTALLED TO BOOSY Tr(
SUPFLY OF HOT WaAlER

FINCE M0 LA vy

1R

REL

QUR RECOMMENDATIONS L
LFLIONELLAF HMAVE BEEN
FOUND  SIGNIFICANT COSY
SAVINGD HAVE HEEN MADC
AND BTATF ARE CONTIDFENI

THAT THE BUILDING lo SAFT




Water quality

is always

someone’s

responsibility

Ofren building engineers or services
managers are ultimately responsible for
ensuring the quality of water systems
within buildings. By commissioning the
Water Quality Centre’s trained and
experienced consultants to carry out an
independent survey those responsible can
be assured peace of mind.

Qur surveys are commissioned by a
wide range of organisations, including
government departments, hospitals, hotels,
schools, offices, rerail outlers, industrial
and manufacturing companies.

We can survey all and every kind of
warer supply and system, for example:

Drinkiﬁg water Vending machines,

fountains and chillers

Domestic bot and cold water systems
Cisterns, calorifiers, localised warer
héaters, heat reclaim systenis, water
softeners, chemical conditioners, showers
and taps

Process and industrial water systems
Water curtains, spray booths, cooling
systems and heat exchangers

Air conditioning systerns Wet evaporative
cooling towers, condensers and humidifiers

Fire systems Hose and sprinkler systems

Recreational water features Fish and
ornamental ponds, water flumes,
swimming pools, spa baths and hydro-
therapy pools

Private water supplies Boreholes and well
warers

Emergency eye washes and deluge shower
systems

Water spray, misting and fogging systems.

Three types of survey

Surveys are tailored to individual client
requirements, bur they generally fall into
one of these categories:

Water system surveys Water systems are

examined and samples may be taken from
strategic points. Our reports describe our
findings and provide recommendations.

Legionellosis risk assessments
Assessments are performed in accordance
with the 1991 Health and Safery
Commission Approved Code of Pracrice
(ACOP) on the control of Legionellosis.

Food hygiene surve)-'s Surveys are
undertaken which include advice on
cleaning and prevention of cross-
contamination.

Surveys are complemented by laboratory
tests for foodstuffs. Qur survey reports
contain scientific information laid ourt in
clear non-technical terms. Emphasis is
placed on providing guidance and pracrical
solutions.

The benefits
Many positive resulis can arise from

a survey:

4 Highlighting specific water quality
problems, either actual or potential

4 Cost effective and practical solutions,

wherever problems have been identified

4 Peace of mind, by ensuring the health
and safety of employees and employers,
and by establishing that the water systems
comply with currenr legislation, standards
and codes of practice. COSHH
implications relatung to the use, storage
and handling of treatment chemicals will
also be considered

a Independent assessment of the operation
and management of water systems,
including reviewing the performance of
sub-contractors, maintenance companics
and warer treatment companies

a Advice on the safe and efficient

operanon of systems

a Recomrmendations for reducing energy,
water consumprion, chemical usage and
effluent costs

4 Advice on suitable mainrenance and

ke eaa e

Surveys



CASE HISTORY:
TESTING COOLING
TOWER SYSTEMS

THe Waten QuaLity
CENTRE WAS COMMIZSIONED
BY £ MANUFACTURE R IN THE
STEEL INQUSTAY 10 UNDER
TAKED MONTHLY MONITORING
OF TWO COOLING TOWER
SYSTEMY

ALTHOUGH THE TOWE HE
WERE SUBJECT TO CHEMICAL
THEATMENT ANG MAINTE
ANCE THE CLIENT WAL
CONC EFANED AROUT WATER
CQUALITY IN THL TOWERS
WIHICH WEHE DLD AND DIFF]
Gt T 10 DISMANTLL ANLY

CLEAN THL COILNT was

SYSTEMS BU™ WAS FACED
WITH A LIMITED BUDGET
MONITORING INDICATED
THAT ALTHOUGH THE
MICROBIOLOGICAI HESULTY
WERE GENCRALLY SATIS
FACTORY, BLEED HATES
WERE SET TOO HIGH
FOLLOWING DISCUSSIONS
WITH THE CHEMICAL TREAT
MENT COMPANY THESE
WERE RCDUCED AND THE
CUENT HAS OBSERVED
APPRECIABLE SAVINGES ON
CHEMICAL AND WATEFR BILLS
HEe MAY RETAIN THE
TOWERS FOR ANOTHIR TWE
YEARS THUSL POSTRONING
MAJOR CARITAL EXPINQN

TURE ML ANWHILE i

AFPORTS AND th CONTAGTED

IMMEDIATELY WHEN QU OF
RANGE RESULTS ARE

OBTAINED




Regular

testing pays

dividends

Many authoritative bodies consider that
regular water quality assurarice testing
(monitoring) is an essendal element in
water management.

Monitoring involves the regular
collection of water samples, physical
examination of system components and
review of maintenance procedures and
management records.

Water quality monitoring can be highly
cost effective. The collection of samples
from strategic points within warer systems
and subjecting them to a few relarively
simple and inexpensive tests is generally
all cthat is required. This approach
provides far more useful and reliable
information than a series of complex,
elaborate and expensive tests performed
less frequently.

Once baseline dara has been established
for a warer system, any out of range
results can be rapidly identified and dealt
with.

Monitoring undertaken by an agency
independent of on-site staff, maintenance
contractors and warter treatment
companies provides the building manager
with an accurate and objective picture of
whar is going on.

The frequency. type and extent of
monitoring varies from system ro system.
Factors such as age, method of operation,
use and purpose of the building must be
considered when planning a monitoring
programme. Monitoring is tailored to che
client’s requirements and circumstances.
For example, some clients collect and send
in samples for analysis to reduce costs, but
only after they have undergone a suitable
training programmec.

We issue regular reports which derail
the analysis results obtained and
describe our observations on sire. Full
interpretation is included along with
recommendations to improve water
quality. Addirtionally, any out of range
results are reported immediacely.

Water systems which'can be monitored in
this way include:

Air conditioning plant Wer evaporative
cooling towers, spray condensers and
humidifiers

Domestic hot and cold water systems
Water softeners, deionisation plants, warer
filters, storage cisterns, calorifiers, hear

reclaim systems, taps and showers

Drinking water systems Vending
machines, chillers and drinking water
founrains

Industrial water systems Process waters
used in manufacruring materials and
products etc

Emergency showers and eyewash systems

Hydro-therapy, swimming pools and
spa baths

Vebicle washing plants
Boreholes and private water supplies
Natural recreational waters

Fogging, misting and spraying systems.

The benefits

Monitoring can provide many benefits:

4 Reporting regularly on plant operation
confirms that the system is tunning
properly

4 Ensures routine maintenance procedures
such as cleaning and disinfection have
been completed satisfacrorily

+ Confirms warer treatmenr effectiveness
where systems have been subject to regular
chemical treatment or other trearment
technologies, cg ultravioler light, filiranon

or thermal disinfection

+ Provides proof of quality assurance to
third parties, eg enforcement bodies

4 Audits the performance of other
contractors, eg water treatment companies

and maintenance contracrors.

Monitoring



CASE HISTORY:
DECONTAMINATING A
VENDING MACHINE

STAFF COMPLAINED ABOLT
UNBLEASANT TASTING
ORINKS DISPENSEL FROM A
VENOING MAGHINE IN THEIR
OFFICE WE EXAMINED AND
SAMPLED THE MACHINE AND
ITS ASSOCIATED WATER
SUPPLY AND TALKED TO THE
MAINTENANCE STAFF

THE PROBLEM WaS
ATTRIBUTED 7O A SMALL
FIECH OF PLASTIC TUBING
INSIOL THE MACHIND WHICH
HAD BEEN INBTALLED AT TEH
THL QRIGINAL HAD SP0IT
AND SPHUNG A LEar THE

REPLACEMENT THBE WAS

FURCHASFD FROM A LOCa,
HARDWARE STORE BY MAIN
TENANCE STAFE

UNFORTUNATELY THE
REPLACEMENT TUBE WAS
CONSTRUCTED OF A
HIODEGRADABLE MATEFIA,
WHICH HAD BECOME
COLOMISED BY MICRO
OHGANISMS AND THESE IN
TURN IMPARTED A FOUL
TASTE TO THE WATER

WE RECOMMENDED
TARING THL MAGHINE QU

OF SERVICE AND AFPLACING

THE TUBING WITH A MORT
SUITABLE MATERIAL
COmMPLLTE DISINGECTION
AND RL HAMPLING OF "igg
MACHING WAS ALSO APVISED

BEFORE RECOMMISY IOm, NG



Tackling

tricky

problems

and finding

solutions

The Water Quality Cenrre is regularly

asked to resolve sudden water quality

problems. Problems can occur in all types

of water sysrems. Even the best maintained

and operated system can be subject to

occasional operational failure and

breakdown.

The Water Quality Centre can usually

provide immediate advice and assistance.

We are used to dealing with problems fast.

We can also draw on the additional

knowledge and expertise of our colleagues

in Thames Water. Our experience of

running one of the world’s largest water

systems means we can resolve virtually any

type of warer quality problem that we

may encounter.

Typically, one of our consulranes will

visit the site, discuss the issues with staff,

thoroughly examine the plant and collect

warter samples where appropriate. Our

subsequent report will fully describe our

findings and provide practical

recommendations to resolve the problem

and prevenrt a recurrence.

CASE HISTORY:
REFRESHING A
SWIMMING POOL

THE CAUSE OF BROWN
STAINING ON TILES IN A
SWIMMING POOL WAS
AYTAIBUTED BY STAFF TO
THE WATER TREATMENT
SYSTEM, BUT THEIR INVEST-
GATIONS EAILED YO PROVIDE

A SOLUTION, WE EXAMINED
THE POOL. WATER

TREATMENT PLANT AND
HEATING SYSYEMS. WATER
SAMPLES WERE TAKEN FROM
SELECTED POINTS AND
DISCUSSIONS WERE HELD
WITH STAFF TO DETERMINE
QPERATIONAL PROCEDURES.

THE WATER TREATMENT
SYSTEM WAS IN GOOD
ORDER, ANALYSIS RESULTS
IMPLICATED THE HEAYING
SYSTEM AND RECOMMENDA-
TIONS WERE MADE TQ
CHECK IT.

INVESTIGATIONS
REVEALED LEAKS IN A
CALORIFIER, AND THE
CALORIFIER TUBES WERE
REPLACED. ON THE
ASSUMPTION THAT THERE
WOULD BE NO FURTHER

TILES WERE METICULOUSLY
SCRUBBED GLEAN WITH A
CHEMICAL CLEANSER TO
DATE, NO STAINING HAS
RECURRED

CASE HISTORY:
ELIMINATING
CHEMICAL ODQUR

FACTORY STAFF
COMPLAINED OF A STRONG
CHEMICAL ODOUR WITHIN
‘THEIR DOMESTIC WATER
SERVICES THIS waS
ATTRIBUTED TO INADEQUATE
CURING OF A PAINT USED TQ
RE-LINE A STORAGE
CISTERN. INVESTIGATIONS
SHOWED THAT THE CISTERN
HAD BEEN DAAINED,
GLEANED AND FAINTED
DURING A SHUT-0OWN
FERIOD, BUT THE PAINT HAD
NOT BEEN PROFPEALY CURED
(THE MINIMUM CURING TIME
SPECIFIED BY THE PAINT

MANUFACTURER WAS 14
DAYS). WHEN THE GISTERN
WAS BROUGHT BACK ON-LINE
(3 DAYS AFTER PAINTING)
SOLVENTS LEACHED OUT OF
THE PAINT,

WE ADVISED ISOLATING,
DRAINING, COMFLETE
REMOVAL OF THE LINING AND
REPAINTING .

PRECAUTIONARY
FLUSHING OF THE ASSOCI
ATED WATER SERVICES WAS
HECOMMENDED TQ REMOVE

ALL TRAGES OF THE

FBOLVENT. WE ALSO
SUGGESTED THAT SAMPLES
WERE COLLECTED AND
ANALYSED FOR SOLVENT
CONTENT, .

THE COMPANY HAS MOV

INSTIGATED A PROGRAMME
OF ALTERNATING CISTERN
PAINTING TO ENSURE THAT
THE GISTERNS ARE NOT
RECOMMISSIONED BEFORE
THE PAINT HAS BEEN FULLY
CURED

Trouble shootint



Building

a skilled

team

The Water Quality Centre offers rramnimg
programmes on water quahiny ssues.

We regularly run one-day training
seminars in London and throughout the
UK. The seminars are centrally locared
in conference cencres and hotels. We also
offer courses at client sites which are
designed to meet clents’ specific

requIrcments.

Training objectives

We aim to promote awareness and
understanding of warter quality 15sues
amongst building services managers and
engineers who are responsible for the
day-to-day operarion and mamtenance of
water systems.

Many of the ralks are given by the
Water Quality Centre’s own consultants.,
but guest speakers are also invited 10 talk
on specialist subjects.

To encourage delegate paruicipanon,
the size of groups is usually resmctcdﬁgo
a maximum of sixteen delegares.

Topics typicaliy covered in our
serminars include.

+ Introduction to warter microbialogy and

chermustry for buwlding services managers

fl[\d ¢ngIneers,

Legionella bacrena

1 Review of current legaslation relating 1o

warer quality wirh particular emphasis on
the HSE Approved Code of Practice

with particular emphasis on

a Chemical treatment of warter systems
and a review O( H]t(.'l'nﬁtl\(‘ water

treatment technologies

4 Warer sampling, analysis and

mterpretation of results

4 Managerial responsibilities in serting up

and opcranng, water management systems

4 Maintaming water quabiny 1in hvdro-

therapy, swimming and sps pools
& Warer conservanion and re-use
4 Effluent trearment,

A seminar pack 15 1ssued to each delegate
which contamns summaries of each of the

talks and a Cernificate of Attendance.

Training
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NADCA Test
Air Strips

Fungi and
Bacteria

The Water Quality Centre, through its NAMAS accredited
laboratories, is able to provide a reliable and quality assured
service

For further information and a quotation contact :

The Water Quality Centre
Spencer House, Manor Farm Road, Reading, RG2 OJN.

Tel: 0118 9236222 Fax : 0118 9236311
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Main Heading: 01 Custorner Handbook
Title: 01 The Water Quality Centre

The Water Quality Centre provides to Thames Water an analytical
service encompassing the entire water cycle and also to external
organisations on a commercial basis. The Wqc will give advice on result
interpretation and will help select appropriate tests and equipment for
“on-site” testing.

The Water Quality Centre Laboratories based at Millharbour in
Docklands - London and Spencer House- Reading are accredited by the
United Kingdom Accreditation Service (UKAS). UKAS accreditation is
formal certification that the laboratories are technically competent and
are operating quality systems that comply with rigorous international
standards. Each labhoratory is issued with a schedule of accreditation
which details the scope of accredited tests each of which must be fully
validated before inclusion. Annual audits of the laboratories are carried
out by a team assessors appointed by UKAS.

As well as these checks the laboratory is also audited by
representatives of the Drinking Water inspectorate who examine the
Company's reporting and analytical arrangements that apply to the
analysis of statutory samples.

Additional checks on performance are monitored through the
participation in external proficiency test schemes which are in force for
the analysis of raw and potable waters, domestic and industrial waste
waters, soils, sludges and contaminated land.

The Laboratory Quality Section are responsible for the management of
the quality system and carry out independent checks on the
laboratories activities and also investigate formal complaints from
internal and external customers recommending corrective actions.

Edi Hisiory tiast 5 edits only)
Crezted 04/05/9% 16:30 by Anthony Tyler/ES/ThamesWate:
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Main Heading: 01 Customer Handbook
Title: 07 Incidents and Events

From time to time Thames Water is faced with unexpected incidents,
which can crop up at any time and at any location where the company
operates.

Wq° laboratories may be required to undertake analysis on associated
samples. Analysts are available 24 hours a day to deal with urgent
requests. Where the exact analytical requirements are not known at
the outset, the wide expertise and experience of Wqscientists,
particularly in the area of public health, may be drawn on to assistin a
resolution of the problem. :

All incident samples arriving at Wq* will be marked with a yellow label,
this will clearly identify the sample as an incident sample to Wq® staff
and will ensure the sample is not disposed of after analysis.

The Event Support Centre in Reading is the co-ordinating centre for all
incidents and events within Thames Water, both for clean and waste
water. Staff at the centre continually monitor the company’s computer
systems and speak to the various control centres, looking for unusual
incidents. When incidents affect customers, the centre ensures that
information is passed consistently and accurately to all parties.

When an incident is declared by the Event Support Centre, Wq* will
appoint an Incident Co-ordinator, who will be the focal point for all
communication with the Event Centre, and in particular with the Event
Controller who will normally be at the scene of the incident. Limiting
the number of people communicating with the Event Centre in this way
ensures a more efficient flow of information. Customers requiring up
to date information about an incident should therefore contact the
Event Support Gentre Co-ordinator first oni? I

Tel 0118 925 1610 (external) 51610 (internal)

Edit History {last 5 edus only)
Created. 04/05/99 16:41 by Anthony Tyler/ES/ThamesWater
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Main Heading: C1 Customer Handbook
Title: 25 Wqc Sales

Wq* Sales is based at Spencer House together with a dedicated support
team. The Sales team service a wide range of organisations including:
local authorities, government agencies, water companies, water
treatment companies (cleaning and chemical disinfection), consulting
engineers and land reclamation agencies.

The Materials Testing Team offer an unrivalled service for testing
materials which come into contact with potable water in accordance
with: BS6920 and the Drinking Water Inspectorate Regulation 25. In
addition there is also a consultancy service dffered to help clients
understand why materials fail and to assist them with the development
of new materials that come in contact with potable water.

Analysis offered by the Chemistry, Metals and Organic Chemistry teams
is also available commercially to Wq* external customers.

Wq* Sales can also arrange building hygiene and risk assessments,
They can provide advice and analytical services in air and water sample

analysis.

Further information on the services offered by Wq© Sales can be
obtained from:

Tel 0118 923 6222 (external) 36222(internal)
Fax 0118 923 6311(external) 36311(internal)

email: wqc.sales@thameswater.co.uk

web site: http:/fwww.wqc.co.uk

Edit History (last b edits only}
Created 04/05/9% 16:50 by Anthony Tyler/ES/ThemesWaeater
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_ Wastewater Treatment

Wastewater is a mixture of domestic waste, industrial waste and rain.
The raw water arrives at the works through sewers.

[tis made up of 99.5% water, the rest is grit and organic matter and goes through the
following process.

| .
| © Screening @ Grit removal
' The wastewater is passed It then travels through
. ' through screens to remove speciallv designed structures
Advanced odour control units help keep : e P ‘ e ¢
odours in ding areas to a solid objects, such as rags, that control the rate of tlow,
surroun r ’ ;
minimurn. These units combine modern pieces of wood and plastics, allowing any grit to settie The
o erit is then removed and
technology with natural systems such as ° - . .
moistened heather or calcified washed for disposal off-site to
. ’ licensed tips.
seaweed to dissolve the odorous p

hydrogen sulphide gas and
neutralise the smell.

e e Sewer carryine
T wastewater

= L8

The new
Blower House




owastewaten s then passed
totgh tanks which allow any
samiesalids to settle These
asare kniown as \]lef._'«
studge i then pumped (o
costers and brokers down n
foral hacteria Phis progess
avduces mcthane s hids
Sdtogenerate dlovtiom
digested shudoe s thon
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0 land

A/’r'pipework distribution
for Oxfords new activated

sludge plant
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Alter sedimentanion, the
remaming hquid passes to
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mied with bacter Osvvaen
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__Protecting the Environment o

At Oxford we are helping to protect the
environment by:

@® using natural processes for treating wastewater

® maintaining the high quality of water in the
River Thames

® using energy wisely - we generate power using
the methane produced naturally by the water
cleaning process )

® protecting and enhancing the landscape and
wildlife of the site wherever possible.

/ If you would like more information about
e water treatment or recreational activities,
/ please contact our Customer Centre on
/ 0645 200800. The lines are open
' 24 hours a day, 365 days a year.
All calls are charged at local rates.
We record all our calls to ensure that we
| give you a quality service.
\ If you prefer, you can write to us at:

\ Thames Water /
\ PO Box 286
\ Swindon

\ SN38 2RA

\\ www.thames-water.com -

5707-09/98
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e Oxford sewage
s/ treatment works

T
1
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New anaerobic sludge
digestion plant

Th;tmes Water Englneering
Gainsborough House, Manor Farm Road
Reading, Berkshire RG2 QN

Ret no C54007./Augas

Oxford STW serves a population equivalent
of some 160,000 but is also a regional
sludge centre for some 240,000 population.
The works is a conventional dissolved air
activated sludge plant in two streams.
Sludge is digested and dewatered for land
disposal. A contract was awarded in
competition to construct new sludge
dewatering plant, convert flat bottomed finai
tanks to conical tanks and provide a wide
range of new mechanical, electrical and
SCADA plant including standby generation

" and imported sludge reception plant. The

scope of the contract works was extended
by negotiation after award to include the
redoming of one the aeration plants and
provision of additional process air blower
capacity. The total contract value was
£4.3 milhon with completion achieved in
March 1996.

The contract involved a number of complex
constructional interfaces with live plant and
was successfully completed, having
achieved a very high level of operational
satistaction over the liaison achieved.

A further extension to the process plant
‘tonsisting of a 25% increase in aeration
plant, extended inlet works and associated
infrastructure works is under way.



BRIEF DESCRIPTION OF OXFORD STW. (November 1999).

Oxford STW was built iIn 1956. although there has been sewage treatment on the site
throughout this century. [t's current population is around 200.000. The flow is collected via
the sewerage svstern from Oxford and surrounding areas.

The incoming sewage is all pumped to the works, which has a flow consent of 90,000 cubic
meters a day to treatment. This equates to a thousand litres a second.

Approximately 2,300 litres a second can be pumped to Oxford sewage treatment works from
three terminal pumping stations that have collected the sewage from the sewer network.

The sewage contains a mixture of domestic & industrial waste discharges. The incoming
sewage has the following strengths - suspended solids of 340 mg/l, a biochemical oxygen
demand (BOD) of 200 mg/] and ammonia of 40 mg/l.

New plant & equipment was installed as part of the five million pound scheme that was
completed in January 1998 to allow Oxford to produce an effluent of 45 mg/l solids, 15 mg/t
BOD & 5 mg/l ammonia. This is a new obligation set by the Environment Agency & is part of
the requirement to improve the quality of the river Thames the receiving water course for the
works final effluent.

Inlet & Screenings Handling

Part of the flow is pumped into a balancing tank which "smoothes" the flow through the
works. The average flow per day is around 40,000 meters cubed a day.

Because the sewage has travelled a long distance prior to reaching the works the balancing
tank is sealed and an odour control system ensures there is no smell from the sewage.

The sewage is screened to remove large solids & other matter that would cause problems
during the sewage treatrent process. Rag and grit are disposed off site via the land fill route.
If people did pot put rag down the sewer it would not have to be dealt with - "Bag it & Bin
it".

As with the screenings the grit is removed to protect plant & machinery in down stream
processes.

Primary Settlement

There are ten primary tanks that settle out the organic solid matter in the sewage. Part of the
capital scheme gave better flow split control and confidence in giving correct flows to each of
the three Activated Sludge. Tanks are automaticaliy scraped & desludged.



[t is important to keep the balance of micro organisms to sewage right to ensure optimum
effluent treatment. Again this is all monitored and controlled automatically.

The final effluent then discharges into Potterv stream which feeds into the river Thames,
Primary Sludge Thickeners

The raw sludge that has been settled in the primary sedimentation tanks is pumped into two
tanks called picket fence thickeners which allow the sludge to settle by gravity whilst a slowly
moving “picket fence” stirrer encourages water to pass through the thickening sludge to the
surface where it discharges over a weir to be pumped back to the front end of the works to be
processed with the incoming sewage.

The tanks are covered with an odour control system attached.
Imported Sludge Tanker Point

Imported sludge which arrives on the site in tankers is pumped through two Rotamat sludge
screens and fed into an odour controlled buffer tank. The sludge comes from the smaller rural
sites in the Oxfordshire area.

Surplus activated sludge which has been dewatered using a Simon Hartley Aquabelt is mixed
with the thickened primary sludge and the screened imported sludge prior to pumping to the
anaerobic digesters.

Primary Dig esters, CHP Odour Control Plant

Four digesters are fed with the combined sludges and in an oxygen free environment.
Anaerobic bacteria break down the organic matter and produce methane gas. The gas
produced from this natural process is used to power the combined heat and power engine. The
system produces heat to keep the digesters at around 35 degrees centigrade, This allows
optimum bacterial activity. Enough gas is produced for the engine to produce electricity which
1s fed into the national grid and can truly be described as a "Green Energy™ source. The system
generates enough electricity to make about £800 a day revenue.

Press House plus The "Klam Presses" and Return Liquors Buffer Tank

There are three Simon Hartley Klam presses which dewater the digested sludge from a liquid
of about 3% dry solids to a "crumbly" cake of over 20% dry solids. A polymer is used which
assists the water separation process. Each press can handle 25 cubic meters an hour of liquid
sludge. The average dry biosolids production is 35 cubic meters a day.

Treated & De Watered Biosolids Area - " The Sludge Pad"

Here the final product of the sludge stream. Digested Biosolids are stored on the pad prior to
discharge to agricultural land. It is a natural source of essential plant minerals and other
nutrients. It is also a good soil conditioner.



Rectangular Primary Settlement and Storm Tanks

As already mentioned Oxford STW now has the capacity to treat 90.000 cubic meters a day of
sewage. this is defined as three imes the dry weather flow. Any flow in excess of this during a
iarge storm overflows downstream of the inlet into three storm tanks where solids are allowed
1o settle. If the flow rises above the same amount again the sertled storm sewage is mixed with
the final effluent before being discharged to the water course. It will be so dilute by this time
that it will have a very low impact on the river -

If a prolonged storm greater than two hours in duration takes place the storm sewage would
be very dilute - even more of it's content would be water - sewage is normally 99.9% water.

Afier a storm period the storm tanks which have at least two hours capacity at three times the
drv weather flow, discharge back through the system for full treatment.

Phosphate Removal Plant

The installation of the Phosphate Dosing system took place in November 1998. This reduced
the level of phosphorus being discharged into the Thames by the final effluent - another quality
enhancement. The dosing system pumps a flow related concentration of an iron salt into the
settled sewage prior to the ASP.

Activated Sludge Plant Three plus Stand by Generation

There are three activated sludge plants (ASP) at Oxford number three plant being the latest,
put in under the latest capital scheme.

This secondary stage of the process is the biological stage. Here natural processes are used to
give bacteria the right conditions to use the dissolved chemicals in the settled sewage as a food
substrate. This then produces an effluent that is of a comparable quality (BOD and ammoma)
to the receiving water course. -

The ASP’s are fully automated which allows optimisation of treatment process to produce a
compliant effluent, at the same time making sure no air is wasted as the production of the
diffused air from the blowers is the most expensive part of the sewage treatment process.

If there is a power cut from the mains electricity supply then two standby generators cut in
automatically and guarantee an uninterrupted power supply.

Final Settlement Tanks

Following the biclogical treatment the activated sludge flows into the final settlement tanks.
These operate in the same way as the primary tanks allowing the solids which contain the
bacteria from the activated sludge plant to settle in the bottom of the tank.

This activated sludge is drawn from the bottom where about half of the volure is returned to
the front end of the ASP 10 continue the biological process. The other half is sent to be
thickened up by Simon Hartlev Aquabelts prior to digestion in the sludge process stream.



The Works Control Room - SCADA & SE}_{CK System : -

In the control room a Supervisory Control and Data Acquisition system monitors all parts of
the processes operation. . ' L :

Every stage of the process is constantly monitored by telemetry outstations that send
information 1o the site control room. Charting, trending and recording takes place and alarms
are generated if any part of the process move out side it's pre set parameters. The site
technicians can control and make adjustments to the various on site programmed computer
logic systems

All key alarms are also sent off - site via the SERCK system which constantly feeds status
reports to our Wastewater Control Centre at Maple Lodge in Hertfordshire, which gives 24
hour a day 365 days a year. Out of hours local stand by technicians can be called on to give a
instant response to any alarms.

The effluent quality is also monitored 24 hours a day by an ammonia monitor to ensure there is
no drop in quality of discharge to the water course.



