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t the beginning
the engineers
were faced with a

seemingly impossible task.
The site was vastand formless %
and there were increasing argu-
ments about what to put on it. But ===
with an immoveable completion date -
looming, work on the Millenium Experi-
ence had to start.

Faced with this wasteland and a nebulous
brief to design an enclosed space and a plat-
form for the exhibition, consulting engineers
Buro Happold decided very early on to divide
the servicing of the area into sections to en-
able flexibility for the final design.

As the siting of exhibits and public services
was devised during construction, it was nec-
essary to ensure that services would be avail-
able throughout the site when required. De-
spite the uncertainties, the entire m&e serv-
ices were designed in only nine months.

The system devised splits the internal area
of the Dome into six equal pie-shaped seg-
ments. Twelve service pods around the pe-
rimeter work in pairs to service each of the
segments (see figure 1). All segments have
equal capacities although each pair of pods
holds slightly different plant.

The primary plant for the entire site is
housed within the pods. They are fed from
primary distribution service points around a
perimeter road. Pod supplies feed into sec-
ondary plantrooms within six core buildings
around the internal perimeter of the Dome.

From here the servicesare distributed into
a series of six radial and three concentric
trenches within the dome which carry electri-
cal cabling and approximately five miles of
services pipework,

Theradial trenches are generally arranged
so an exhibition lies on either side with an
access route directly overhead. Two exhibits
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Floor 3

Two 750 kW Carrier 30GX Global chillers are located
on the top fevel of each pod. These are connected in
paralleland groupedontoacommon header. Achilier
system consists of four units, the pods working as a
pair, giving six systems in total to service the Dome
and site. All systems run totally autonomous from
each other.

5 T .\ (s |
Floor 2

One of each pair holds a prefabricated packaged
plantroom. 150-315 Starbloc close-coupled end-
suction Holden & Brooke pumps provide a chilled
water flow of 132 litres/s at a head of 200 kPa to a
common pipe system which distributes around the
dome tonull headers. A Holden and Brooke Pressmatic
pressurisation unit is included in this plantroom.

A Sauter control system is also contained within
the plantroom. In eight pods London Electricity
packaged hv switchrooms are sited at this level.

Floor
A 92.5 m3sprinkler water tank is sited on this floor in
two pods, the volume required for the Category 3
Special system being too large for a single pod.
Separate pump rooms have been installed in
compliance with 8S 5306 for tanks more than 30 m
apart.A 500 kW Petbow standby generator has been
installed in three pods, each generator servicing two
sectors.

gleaned from trade literature and technical
journals covering existing exhibitions. This,
in addition to the Buro Happold engineers’
personal experience, was used to perform
basic heatload calculations to assess required
loads, given that the entire contents of the
area were yet to be decided.

are serviced from each, with any excess con-
tinuing around the circumferential trenches.

The area outside the Dome is currently
being developed. The radial trenches extend
out across the perimeter road with termina-
tions left to enable further expansion.

The initial exhibition lifetime of two years
and short design and build time available
were fundamental in the selection of services
plant. As building services team leader Ken
Carmichael says, “we couldn't be pioneering
anything and still hope to meet our dead-
lines.” Instead tried and tested technology
was used, albeit on a very large scale. Stand-
ard off-the-shelf plant was selected and posi-
tioned around the site.

A key design issue was the dismantling of
services after the exhibition. The London In-
ternational Financial Futuresand Options Ex-
change (LIFFE) was consulted by Buro
Happold to evaluate resale values of plant on
the futures exchange, and items were se-
lected on this basis. The type of transformer
specified, for example, was changed as a re-
sult of this input.

Equipment is standardised throughout in
orderto increase the likelihood of resale and
minimise downtime if repairs are required.

Much research was put into the initial de-
sign baseloads determined. Information was

Electrical services

Exhibits aside, most of the 38 MW of lv elec-
tricity is being used to power basic services
such as lighting and lifts, and to control the
internal temperature of the Dome. As indi-
vidual exhibit loads will not be known until
late in the design process, a decision was
made by Buro Happold to provide standard
transformers for each area. The installed ca-
pacity of power for the landlord’s supplies, at
57-5 MVA, is only slightly higher than the
original estimate.

The arrangement follows the standardisa-
tion strategy with only two sizes of trans-
former used. The set-up is:

[ 2x 1-25 MVA transformers for each of six
internal core areas;

O 1 x 1:25 MVA transformer per exhibition
for 13 exhibitions;

(] 4 x 1-25 MVA for the central area;

[ 4 x 2.5 MVA's for the central show;

[J 9 x 1-25 MVA for the external areas.

design

Pod-u-like

Included in all views of the exhibition since they first
entered the public domain, the cylindrical pods
surrounding the Dome are now entrenched in the minds
of everyone who has seen any photographs or models of
the structure. But do they serve any purpose?

Housed within these aluminium finned cylinders are
all the primary services for the Millenium Experience.
Originally intended to be spherical, creating a futuristic
space-station look to the structure, they were to hold
part of the exhibition. However, space constraints
meant that plant had to be moved outside of the Dome.
Engineering consultants, Buro Happold, liked the idea
of using the now defunct exhibition spheres. However,
it became increasingly difficult to fit square plant into
a round space, so the spheres are now cylindrical.

Each pod issplitinto three levels, plant not requiring
weather protection was left open to the elements, the
remainderwasenclosed in packaged piantrooms offsite
by GEL and AC Engineering, and installed complete.

“Plant location is basically
symmetrical in pairsaroundthe
Dome, with equal capacities
available to the six segments”
explained m&e team leader Ken |
Carmichael. "The contents of each
pod varies due to the way the
required capacities have
been apportioned.” Where if
plantwork is not required, ‘'

the space is left empty. i {
\b‘ Ji - ’-J

ABOVE: Buro Happold's m&e
team leader Ken Carmichael

Again, although not an entirely symmetri-
cal distribution, the supply to each sector is
equal. All substations contain two transform-
ers, connected in parallel to enable transfer
between units if one fails. Considerable resil-
ience is included and most services can carry
onrunning withonly one transformer on-line.

Itis not clear yet exactly what overcapacity
has been created by this standardisation be-
cause the exhibits have still to be fully devel-
oped. However, as Ken Carmichael says, “the
maximum demand is obviously significantly
less then the total installed capacity.”

A more accurate picture of actual require-
ments is likely within the next few months,
however, the installed capacity will remain
throughout the exhibition at least so that all
units will be available for bulk resale.

The scale of the exhibition rules out full
standby generation. Life safety systems such
as emergency lighting and smoke extract
vents are serviced by three 500 kW Petbow
generators. The theory being: clear the area
then deal with the problem.

HVAC services

Comfort conditions within the Dome have
been based on a relative warmth index with
the intention of having an internal tempera-
ture only a few degrees above ambient.
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m&e design

The heating capacity installed broadly fol-
lows the Building Regulations. As an
uninsulated structure a maximum load of
25W/m?ispermitted. This is supplied by 400-
450 kW electric heater batteries within the air
handling units throughout the dome (See
Blowing in the wind, page 36).

The use of gas was avoided due to the
viability of flue and boilerinstallation over the
short-term pertods initially designed for.

The basic design of the refrigeration sys-
tem was established from the research find-
ings. Expected heat loads for each segment
were obtained, taking into account natural
gains from visitors and equipment, A cooling
load wasthenworked out from first principles
for the separate areas within the Dome.

This has all culminated in 18 MW of cooling
capacity. The use of an off-site central chiller

The radial and circumferential
service trenches within the
Dome.

It is controversial to some that the hfc
refrigerant R134a was used for an exhibition
designed to reflect the new millenium. How-
ever, this was a decision made by the team
after close examination of the available op-
tions. The units are fully packaged with single
power connection, fit resale requirements and
were available in the sizes required.

Currently there is an estimated 3.2 MW
overall redundancy: 200 kW in four of the
segments and 800 kW in two. However, it
should be noted that the design of the internal
exhibitions has still to be completed and this
is expected to reduce by the final installation.

The use of a complete bems was avoided
due to the commissioning time that would be
involved, programme timescales simply could
not cope. Instead, individual Sauter control
systems have been installed in each segment,

use the mcc's within the plantrooms to locate
any problems and take appropriate action.
All units were factory-tested individually
and in their packaged form to minimise the
amount ofcommissioningandtestingrequired
onsite to purely final stage system testing.
The services in the perimeter area of the
Dome are now in place. Preliminary winter
performance testing will be carried out in
March, with testing for summer condition
performancein August. Tendersare currently
being submitted for the external areas.
Under contract conditions, NMEC must
hand over the entire site, complete and opera-
tional, by the end of September 1999. This
allows three months for proving, testing and
dummy runs before the official opening night.

Life after 2001

The decision by the Labour government to
extend the life of the Dome beyond the
Millenium Experience has not caused much
consternation in terms of the structure. But
can the system designed cope over the in-
creasingly larger timescales suggested?

In terms of primary plant, as all units have
been engineered to relevant standards and
safety curves no real problems should occur,
with the preposition that “you can't design
m&e equipment that will last two years then
fall over the day after that.” The real problem
would lie with the distribution layout.

‘The engineers weren't trying to do any rocket science on this site.’

plant wasruled out by programme constraints,
instead it was decided to install on the site. As
with the electrical distribution, in order to
evenly distribute the overall capacity around
theexhibitionsite, thesectorisingsystem was
followed and six separate chiller systems po-
sitioned in the service sites being developed.

Each segment contains an equal capacity,
provided by four 750 kW Carrier 30GX Global
chillers, two in each service pod. These are
connected in parallel and grouped onto a
common header with a pumpset. Should any
problems occur with one of the units, al-
though internal temperatures may drift from
the setpoints, the system would still be opera-
tional. The six chiller systems run totally au-
tonomously from each other.

with motor control centre (mcc) panelsin the
individual plantrooms. Each one has a com-
plete alarm system for the plant involved in
the immediate segment and they are all net-
worked to a central monitoring pc in a main
control office onsite.

A full alarm history, including a compre-
hensive graphical interface of the main plant
operating parameters, is recorded on the sys-
tem. Any common fault alarms are recorded
on the pc, unique problems are not.

The facilities management is currently be-
ing examined andisalmostdue totender.The
current ideais to have four engineering man-
agers responsible for monitoring of plant as
part of theirjobs, and a number of people on
site. In contact via walkie-talkies, they would

This was designed specifically for an exhi-
bition and would prove unsuitable for many
other applications. Future buyers proposing
to use the space for another purpose may
have to significantly, if not entirely, change it.

Buro Happold acknowledges this potential
problem but maintains that evenifit had been
known at the outset, the overall design phi-
losophy would have remained the same. The
principles of flexibility involved were neces-
sary due to the lack of knowledge of what was
to be included on the site.

After all the remit was to service the site for
all eventualities. In that sense, the method
used should prove to be a great success. As
Ken Carmichael says, “the engineers weren't
trying to do any rocket science on this site.”
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Core building

It began as a free running tent, but the Dome is now a controlled
environment with an air change rate of 2-1 million m3 every hour.

Here's how it was done.

a huge Bedouin tent. Admittedly a 50 m

high Bedouin tent with considerable
structural integrity, but nevertheless more a
weatherscreen than a sealed, conditioned en-
vironment.

Inevitably, the increasingly elaborate ex-
hibits and structures began to open up to the
protected environment offered by Buro
Happold's stunning fabric roof. Equally inevi-
tably (and very quickly) the Dome changed
from being a simple umbrella to a semi-con-
trolled environment.

So, how to control a volume of 2 100 000 m*?

At one time the Dome was little more than

'‘Each extract fan is capable of handling 45 m%/s to give the Dome a nominal

Notsurprisingly Buro Happold's senior part-
ner Tony McLaughlin reached for computa-
tion fluid dynamics {(cfd) for an initial assess-
ment of the Dome's loads, airflows and tem-
perature profiles. This process was somewhat
hampered by the lack of information on the
location of exhibitions and a constantly devel-
oping brief for the central arena, but at least it
gave some background data on how the macro-
climate of the vast space was likely to perform.

The designers anticipated a constant level
of highheatgains from occupancy and electri-
cal loads in the exhibitions, along with gains
and losses caused by solar radiation, air tem-
perature, humidity and wind.

BY RODERIC BUNN

The full 360° cfd simulations (run on a
super computer at the Atomic Energy Au-
thority - the only computer powerful enough
to cope with somcething as big as the Dome)
enabled the designers to visualise air move-
ment and temperature profiles in slices. This
not only informed the powered ventilation
rates, but also confirmed that the natural
ventilation openings were adequate.

The ventilation strategy

Figure 1 explains the final design for the
Dome’s synergistic mix of mechanical and
natural ventilation. The design philosophy is

not to condition the entire space under the
Dome,buttoprovide airmovementofaround
1-2 m/s. Enough to give a strong perception
of air movement and some evaporative cool-
ing during the summer period.

Inthe early stages it was decided to install
inverter controlled extract fansinthe Dome’s
steel support masts. Each fan unit is capable
of handling 45 m*/s to give the Dome a
nominal one air change per hour.

Fresh air is supplied into the Dome by
large ahus located in each of the core build-
ings. The air is coarsely conditioned (heated
orcooled), filtered, and then injected into the
outer perimeter at 25 m*/s through two huge

Central area huilding

2 m diameter ducts located on the core build-
ing roofs. This equates to around 8 litres/s/
person at peak occupancy.

The Dome ahus have quite high attenua-
tion to ensure that NR 45 is achieved at 6 m
from the discharge nozzle, which essentially
equates to the nearest balcony. NR 45 has also
been specified at the perimeter wall. The total
system pressure drop is about 400 pa.

The six core buildings are themselves
equipped with three air handling units (one
per floor) to supply and extract filtered (EU6)
and conditioned air to and from the catering
areas, corporate hospitality suites and public

toilets. Generally speaking, the ground and
second floors have supply and extract, and
the first floors have supply only - the floor
being open to the Dome.

Inboardofthe raised pedestrian promenade
is a central performance arena, this will be
ventilated by air handling units which will
recirculate and recondition the Dome air. The
ahus for this area are being installed in six
plantroomslocated under seat decking which
encircles the performance arena.

Three of these plantrooms serve the upper
seating deck, with air supplied through Gilbert
slot diffusers in the step threshold, while the
remaining three ahus will blow air from under
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FIGURE 1: The Oame's ventilation strategy

lighting towers which will illuminate the cen-
tral performance area.

As the Dome ahus only provide around
0-5 ac/h (half the extract rate of the mast
extract fans) natural ventilation has been pro-
vided to handle the remainder. The air path
begins with a 500 mm gap above the Dome’s
10 m high perimeter wall (see figure 1) which
gives a total free area of around 500 m?. This
is then matched by a similar free area created
by 36 motorisedlouvresencirclingthe Dome’s
apex.

The ventsmodulate on a screw jack mecha-
nism, the motors of which are controlled by a

one air change per hour'

simple timer to provide closed, intermediate
and fully open settings. Under normal condi-
tions the louvres are either fully closed or fully
open (60°). In the open position an automatic
override is linked to a rain sensor (one sensor
per three louvres).

This override commands the units to close
ifrain is detected. After a predetermined time
the louvres are then instructed to open to 20°,
butifrainis stilldetected the louvres will close
again. This process will repeat until the units
return to the fully open position.

The vents are backed up by twelve 5 m*/s
extract fans, also located in the dome cap.
These will be operated manually to remove

ventilation

The core buildings are
still under construction,
but this view clearly
shows the huge
ventilation ducts which
blow air across the
outer perimeter at

25 m¥/s.

The ducts were
prefabricated off-site by
Henry Hargreaves, then

simply craned into
position. Note the
1000 W metal halide
floodlights for
illuminating the
services.

Also made off-site were
these huge air handling
units, supplied by Euro
Air. This is one of 12
identical units supplying
air into the Dome. Total
fan power for the 12
ahus is 444 kW,

humid air from the central performance arena
and thereby reduce the risk of condensation
on the fabric, when the louvres are closed.
As already mentioned, the design process
of the Dome can best be described as fluid,
and it is to the credit of the entire Dome
operation that design, development and con-
struction could often successfully run in par-
allel. An example on the ventilation is the
increase of the electric heater battery capac-
ity in each ahu from 216 kW to 414 kW. This
is to cater for the central open arena, which
was originally to be an enclosed exhibition.

Operation strategy

The designers have broken down the sea-
sonal operation strategy into summer, winter
andexhibitionhoursand non-exhibitionhours.

During winter (and outside exhibition
hours) the ahus will only be on when internal
temperature around a core building is less
than 8°C. The fans will run on recirculation,
again until the local environmental tempera-
ture rises to 10°C.

At other times of the year (and during
exhibition hours) the operation of the system
will be achieved using a single control strat-
egy. Depending on conditions, the cold day
strategywill be torun the ahus on full fresh air
and staged heater battery heating, with
recirculation up to 50% as temperatures drop.
Recirculation will only be used if supply tem-
peraturescannotbe achieved by heatingalone,

the right amount of fresh air being the design-
ers’ primary consideration.

On hot and hot, rainy days, when the Dome
temperature is around 23°C, the system will
adopt 100% cooling via a cooling coil. As the
chilled water is a constant temperature cir-
cuit, the cooling coils will not operate within
the temperature band of 19-22°C. Instead,
this will be handled by a free cooling cycle.

Althoughthereisprovision forrecirculation
during winter, there is no other means of heat
recovery - a function of time, budget and poor
payback given the Dome's anticipated design
life of only two years. The same reasons apply
to the heater batteries which are electric ~
gas-fired boiler plant was simply uneconomic.

In control terms, the designers have kept
things as simple as possible. There is no
complex building energy management sys-
tem controlling the air handling units, norany
ofthe other hvac services. Instead the Dome’s
operation will rely on a team of facilities engi-
neers and a monitoring system with acompre-
hensive graphics front-end.

“It may be that the Dome will have high
heat gains in one area and none elsewhere”
explained Buro Happold’sventilationdesigner
Ian Guest. “We won't know the exact operat-
ing conditions until the exhibition opens.”

BSJwould like to thank lan Guest BEng MCIBSE for
his help in preparing his article. lan is principal of |
V Guest Consultants and is working as an integral
member of Buro Happold's design team.
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