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ABSTRACT

Thi s paper describes the main steamtransnission
pi pelines of OChaaki Power  Station, a project
undert aken by Desi gnPower New Zeal and Ltd, and Works
and Devel opnment Services Corporation (N9 Ltd,
(WRKS) . Two HP pipelines and one IP pipeline from
the steanfield interface with the station steam
pi pework at a point about 75 m from the powerhouses.
The station steam pipework includes steam pressure
control val ves, extensive condensate drains pi pework,
and steamvent silencers.

| NTRODUCTI ON
The Broadl ands geothernal field consists of two
steam production zones separated by the Wikato

River. The two sides of the field (the West and East
steanfi el ds) possess slightly different st eam
characteristics and are expected to exhibit different
rundown characteristics. There are three separation
plants on the West field and two on the East field,

and the flows from these, in conjunction with the
turbine steam demands, governed the steam mains
desi gn.

The Ohaaki Power Station powerhouses are |ocated

a few kilometres from the steam production zones,
sited on a ridge above the West steanfield. The steam
transm ssion systemhas two pipe networks, one from
each steanfield, that do not neet until about 350
metres from the powerhouses. It is the purpose of
this paper to describe the |ink between the
steanfi el ds and the power houses.

Desi gnPower New Zeal and Ltd and its predecessors

were responsible for the overall design philosophy
and coordination of the total project. Wrks and
Devel opnent Servi ces Cor poration (N9 Ltd,
Consul tancy Services Division, then the Mnistry of
Works and Devel opnent, wundertook the design and
construction of the steanfield fluid transmssion
systemon their behal f.
To enable the concurrent developnent of the
steanfield and the power houses to proceed
i ndependently a construction interface was designated
in the steam transnission pipelines at anchor Al, a
poi nt about 75 m downhill fromthe |P powerhouse (see
Diagrams 1 &2, and Photo 1).

Al though the steam transmission pipeline system
was separately developed by the two organizations,
sonme common features have been adopted. For exanple,
the drain pots and steamtrap assenblies are the sane
in both pipework syst

stens

There are many unique design features in the
Chaaki steam transm ssion pipelines, i ncl udi ng
conbi ned venting and over-pressure protection control
val ves, very efficient drain pots, standardised steam
trap assenblies, and acoustic and thermal insulation
systenms. Sone of these design features are described
inRef 1.

OPERATI NG
The field and power station wll initially
operate at two steampressures (Refs 1 6 2):
(a) High pressure (HP); 12.5 bars gauge at the HP
turbine inlet, and

() Intermediate pressure
the IP turbine inlet.

(IP); 3.5 bars gauge at

The HP machi nes are back-pressure sets and their

exhaust HP steamwill initially supply the major part

of the steamsupply to the IP inlet nmanifold.
However, as field pressures decline wth

continued fluid extraction, so too wll the HP

operating pressure. \Wen pressures have declined to a

point where the HP inlet pressure is about 5.5 bars
gauge, the HP sets will be renmoved from service and
the HP steam nains converted to IP  steam

transm ssion. The steamswallow ng capacity of the HP
turbines decreases as the inlet pressure drops so an

increasing quantity of |IP steamnust be supplied to
the station to maintain station output.

The |IP transm ssion system is designed to have
sone initial surplus capacity to supply the extra |P
steambut as HP pressures continue to decline and HP
wells are derated to IP to neet the shortfall from
the HP turbines, the single IP line will reach the
limt of its capacity. To nmeet this and other
possi bl e changes in operating conditions during the
life of the fields, blanked off tees are provided on
the steam nmins at Anchor A3. This provision wll
enable a cross-over to be installed to enable one of
the original two HP |ines downstream of A3 to serve
as a second IP line handling the increasing IP flow

resulting fromHP well derating. The cross-over nay

al so be required for:

(@ Pressure flow bal anci ng.

(b) Enabling the HP mains to 'he run at different
(It is probable that the East and West bank

fields will rundown in pressure at the different
rates, and an alternative strategy may be to run
the two HP turbines at different pressures.)

Utimate derating of all HP steammins to |IP
steam transmssion will, in any case, be required
when the HP turbines are finally deconm ssioned.

STEWA FI MJ RATES

Design flow rates for the various pipe segments
are governed by the turbine steam demands and the
separation plant outputs:
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Photo 1: Aerial View of Station showing part of steam
transmission pipelines.
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(i) Turbine steam demand:

- HP 520 t/h @ 12.5 bars g. (m&)
200 t/h @ 5.5 bars g. (min)

- IP 680 t/h @ 3.5 bars g. (ma)
(There is 30 st eam condensate | oss through
the HP turbines because the HP exhaust steamis

3%wet) .

(ii) Separation plant outputs:

- HP Peak out put 140t/ h
Nor mal out put 110 t/h
- IP Peak out put 120 t/h
Nor mal out put 90 t/h
Derated HP Peak out put 80t/h

Because of the HP pressure rundown and the
consequent decrease in swallow ng capacity of the HP
turbines, there is a range of operating conditions
for the HP nains. The design conditionis the initial
operating period when pressures and flow rates are
hi ghest.

A difficulty in assessing design flows for the
steammains is the possibility of inbalance of steam
supply between the West and East steanfi el ds.
I ndications are that the West é will rundown
in pressure faster than the East

A  small al lowance for inbalance of supply
between the East and West fields is included in the
design flow rates.

The design flow rates adopted for the HP and IP
steammains (Ref 2) are summarized in Table 1.

Steam Main Steam Main
Junction A1-A3 Uest (A3-A5) 8
East (A3-A16)

Branch Lines

Initial Derated| Initial Derated| Initial | Derated

HP Stem 520 0 260 0 140 80
IP Stem 190 680 160 340 120 120
Condensate| H°? 30 0 15 0 0 0
+ Gas Loss|IP 10 40 5 20 0 0
Imbalance |HP 0 0 25 0 0 0
Allowance |IP 130 0 10 110 0 0
Total Flow |HP 550 0 300 0 140 0
Rate t/h IP 330 720 175 470 120 200

Table 1: Design SteamHow Rates (tomes/ hwr)

STATI ON STEAM CONTROL VALVES

The HP bypass valves and the IP vent valves
incorporate feed forward sensors in their control
systems. |f an HP turbine trips the HP bypass valve
assigned to the HP turbine will autonatically open to
maintain the HP pressure by diverting HP steam
directly into the IPmanifold. In the event of an IP
turbine trip the two IP vent valves assigned to the
IP turbine will open rapidly to discharge the |P
steam directly to atnosphere via the steam vent

The |IP vent valves also have nodulating and
safety functions. Under normal operation the vent
valves are controlled by a pressure controller that
either opens or closes the valves to control IP steam

K. C. Lee, D.G Jenks

pressure within set limts. However , flows will
normal |y be in balance to avoid venting.

The |P pipework is protected from over-pressure
by neans of a "1 out of 3" pressure switch system
These |P vent valves are fail-safe in that |oss of

electric or hydraulic power will cause the valves to
open.
PRESSURES AND TEI | PEWTURES

The design pressures for the steammains are greater
than the naxi mum attainabl e operating pressures by a
margin that ensures satisfactory operation of the
safety valves. The design pressures (Ref 2) and
tenperatures are shown in Table 2.

The adopted design pressures for the steammains
are the same as respective design pressures for the
HP and | P separators. Consequently, the safety val ves
installed in the branchlines inmrediately downstream
of the separation plant are sufficient to protect
agai nst over-pressure in both separation plant and
the steammains.

The Station HP steam pipework has the sane

design pressure of 17 bar g as that of the steanfield

Over-pressure protection of the Station HP

pipework is provided by the safety valves in the

The | P pipework has a design pressure of

5 bar g and it is protected agai nst over-pressure by

the |IP vent valves at the station. Sone of the

Station |IP steam pipework is protected agai nst vacuum
condition by rupture discs

HP IP

Madmum TS/ pressure 12.5 4.0
Madmum pressure |osses
* inlet manifolds 0.5 0.5
" steam mains 10 1.5
* branches (include 0.15 bar
loss for flow metering devices) | 0.35 0.35
- separators 0.5 0.5

ol 14.85 6.85
Margins for bypass/vent valves | 0.5 0.5

il 15.35 7.35

Margin for safety valves
(lo%, or 1.0 bar minimum) 15 1.0
Minmum design pressure 16.85 8.35
Adopted design pressure L7.0 8.5
Corresponding design .
temperatures 87 *e

TABLE 2: Steanfield Design Pressures (bars gauge)
and Tenper at ures.

STEAN VELOCI TI ES AND PKESSURE LOSSES

The HP steammains will operate under a range of
conditions. The design conditions were identified as
the initial condition before HP rundown conmences and
the final condition when HP rundown is conplete and
the HP systemis operating at |P pressures. The worst
design condition for the IP steammains is just prior
to the final derating of the HP system
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The design velocities for HP and IP steam
transmission are limited to a madnum value of 50 nvs
(Refs 3 & 4).

Haximum pressure losses are governed by the
madnum  allowable operating pressure (ie design
pressure and safety valve lifting pressure) .
Velocities are restricted to ensure that these
pressure losses are not excessive.

CORROSION ALU3WANCE
A corrosion allowance has been provided in the

steam mains pipework according to the requirements of
the design code. A mnimum allowance of 3.0 mm is
provided in the wall thickness of the |P steammains,
but a lower corrosion allowance (1.0 nm mnimum is
provided in the HP steam mains. The justification
for this is the intended derating of the HP steam
mains for |IP steamtransmssion. After final derating
to IP pressures, safety valves will be reset to |ower
[ifting pressures to ensure a mnimum 3 mm corrosion

allowance.

the itenms have
as erosion, for

In the station pipework, some of
6 mm al l owance for corrosion as well
exampl e, the Vortex separators.

CODES AND STANDARDS

The design and construction of the piping system
has been in accordance with the ANSI/ASME Standard
B31.1 "Power Piping". The manufacture of all pipe was
to the APl specifications permtted by B31.1 (Ref 5).
The fittings were covered by selected ANSI, ASTM and
APl specifications permtted by B31.1.

The pressure vessels (eg vortex separators)in
the station pipework system were designed to ASME

VI11 Div 1 "Boiler and Pressure Vessel Code".

concrete and
in accordance

The structural st eel work,
foundation design and construction was
with the appropriate NZ Standards.

In addition to above, statutory
requires the Maritime Transport Division (previously
the Marine Division) of the Mnistry of Transport
(MOT) to approve the design and construction of all
pressure pipework.

obligations

DESI GN PHLI 1) SOPHY

Wth the physical arrangement of the power
station and separation plants fixed, the
interconnecting steam mains alignment was then
determned by adopting the most direct practical

route.

Stress analysis of the steanfield pipelines was
carried out in selected segments, typically 350 m
long between anchor points (Diagram 3).  Thernal
expansion displacements are absorbed in laterally
supported vertical expansion [loops equipped with
angul ar expansion joints. Thermal expansion and
in-line seismc loads are transferred to concrete
anchor pads. Intermediate sliding supports resist
transverse seismc and wind loads.

At the station, the lack of space and the large

diameter (1600 mm NB) and relatively thin wall
(9.5 mm) of the IP manifold required expansion joints
to be used to absorb thermal displacement in place of
expansi on |oops.

PI PE SI ZES

The size, type and approximte quantity of pipe

incorporated in the steam mains and branchlines is
summarized in Table 3.
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NPS | Pressure | Thickness | Type | Quantity
mm nmm m
Steamf |l d
500 HP 7.9 1110
500 HP 12.7 ERW 40
600 1P 7.9 1690
600 IP 12.7 80
750 1P 7.9 1970
750 HP 9.5 3385
750 HP &I P 12.7 220
1000 IP 9.5 285
1000 IP 19.1 25
Static
150 P 7.1 SM. 15
400 HP 9.5 SML 50
650 1P 9.5 SML 70
750 HP 12.7 SAW 330
750 IP 9.5 SAW 60
900 HP 12.7 SAW 55
900 1P 9.5 SAW 245
1100 IP 9.5 SAW 90
1600 IP 12.7 SAW 100
SML for seanl ess;
SAW for submerged arc wel ded;
ERW for electric resistance wel ded;
SW for spiral welded.
Table 3: Pipe List
Pl PE SUPPORTS
In the steanfield, the earthworks formations

along the pipeline routes are constructed to National
Roads Board (NRB) standards. On these the reinforced
concrete foundations for the anchors, sliding
supports and expansion loop support structures are
constructed. Flat slabs are used in all cases except
for the sliding supports where shallow bored concrete
piles are utilized.

to establish

Penetrometer soundings were used

the soil strength paranmeters.

At the station! most of the pipework s
supported by hangers (rigid, spring and constant |oad
types) attached to steel structures. \Where necessary,
hydraulic danpers are used to restraint seismc
| oads. Earthworks for the reinforced concrete

foundations are constructed to the same specification
as that adopted for the power houses.

T H - EXPANSI ON

Vertical loops in the steanfield pipelines are
fitted with angular expansion joints. These were
installed. with a 50% preset in order that the

rotation specification of the expansion joints could
be mnimsed. The geometry adopted for the expansion
loops is largely influenced by their second function
- to provide convenient vehicle crossings, eg for
drilling rig access to production well heads.

The station pipework has been designed to make
use of natural flexibility to aborb thermal expansion

where practicable (Ref 6). Cold pulls are used to
reduce thermal stress. Because of limted space and
the possibility of out of phase relative movenent,

expansion joints in suitable configurations are used
to ensure the integrity of the pipework during
seismc. conditions.

STEM CONDENSATE REMOVAL
condensate accumulation in the

is achieved by the provision of
the condensate is removed

The control of
steanfield pipelines
drain pots from which
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through steam trap assenblies. Hand valve drain
points are also located at selected | owpoints. These
facilities in the pipeline are required in both
conditions of thermal stability and when the pipeline
is either heating up or cooling down,

A condensate drains system is provided to
collect and renove condensate under all conditions
fromthe station steampipework.

The condensate formed during start-up wi | | be at
relatively |low pressure and tenperature and in |arge
quantity within a short period. Condensate at

pressure below 0.5 bar g during start-up wll be
di scharged to open culverts draining to the Waikato
River. Condensate over 0.5 bar g will be discharged

to the atnospheric drains vessels that separate
flashed steambefore discharging water to the hotwell
for reinjection.

During normal operation, condensate is collected
in the drain pots which have steam trap assenblies
for controlled discharge of condensate to the
at nospheric drains vessels. Vortex separators collect
condensate from the HP turbine exhaust pipes and
interstage drains vessels collect condensate fromthe
HP turbine casings.

The drain pots are a very efficient de5| gn whi ch
incorporates features as shown in. Dia 4. These
features are the results of tests descrlbedm 7
& ©. Each drain pot has a standardised steam trap
assenbly for controlled discharge of condensate.
There are four types of steam trap assenblies
depending on the pressure and quantity of condensate
to be handled. Float traps are used for |ow pressure
and high condensate flow thernodynamic traps are
usid for high pressure and relavtively [ower
condensate flow. The npbst commonly used steam trap
assenbly (T2 type) is shown in Diagram 5.

During shut down  npst condensate will be
evaporated by the hot pipes with air being admtted
into the steampipes to prevent vacuum conditions.

I NSULATI ON

Al steanfield pipework is fittedwith a 65 mm
thick layer of insulation material to restrict heat
I oss and provi de personnel protection. The protective
outer cladding is of aluminiumor fibreglass (Ref 9).

Two insulation systenms are installed on the
station pipework; a thermal system and an acoustic
system.

The thernmal system consists of one layer of
iiisulating material and one layer of cladding. The
thickness of the thermal insulating naterial varies
with the size of the pipe and its duty, from 25 mm.
for 50 NB piping to 65 nun for 1600 NB pi pi ng.

All pipe fittings except pipe elbows are
insulated with non-contact insulation boxes with 50
mm thick insulation. Al cladding is 1.2 nn thick
al umi ni um except pipe el bows which are clad with FRP

cladding

The station acoustic insulation system consists
of two layers of 65 mm thick fibreglass insulating
material with® an internediate cladding between them
and an outer cladding. It reduces noise to an
acceptable Ievel when HP bypass valves and IP vent
valves are in operation. The acoustic insulation is
mainly installed on pipework in the Bypass Area.

CONSTRUCTI ON  MANAGEMENT
The steanfield construction schedule spanned a

period of approximately 5 years. The activities on
the steanfield critical path programme for this

period were achieved by allocating work between
"in-house" forces and "outside" contractors and were
split up as follows: Ear t hwor ks, Concrete
Foundations, Supply of Pipe, Supply of Fittings and
St eel work, Fabricate and Erect Pipework, Insulation
and Cl addi ng, Instrunmentation, and Conmi ssioning.

The construction of the station steam pipework
was carried out under eight contracts: Pipework and
supports, Control val ves, Expansion joints, Isolating
val ves, Condensate drains pipework, Steam vent
silencers, Mscellaneous items (eg small valves and
pi pe support el ements), and Insulation and C addi ng.

Al site work including contract supervision was
carried out under the direction of WORKS or
PoverBuild NZ Ltd as applicable.
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