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There is an emerging in te res t  i n  snail ean+irdiz@ nuclear 
power pl,ants for worldwide @omeris$al applicaftiort ( ref .  1) and 
these axe of a sA2e fo r  which well proven, coBpact stein 
turbines a r e  ideally sui te& 

Considerable experience has, over the past 30 years, been gained 
i n  the  power plant industry wi th  the supply and operation of 
large turbines for wet-steam nuclear applications. The f i r s t  
such GEC ALSTH'bBl machines entered service in the early 1960's 
and t h e  t o t a l  now deployed is over 8 0 w i t h  a number having 
achieved over 100,000 hours mice. The experience enbraces 
fflach:ines associated With different *Â¥a of water cooled 
reactors,  w i t h  some machines designed for half rotat ional  speed 
using 4 pole generators and others designed as f u l l  speed 
machines w i t h  3 pole generators. 

In  the  past. d-de or so, the main thrust has% been towards large 
machines rat,& at more t h a n  1000 HW(e) fo r  which half-speed 
turbine-cJerieratEiW <are generally found appropriate. Die. 
progress is typified b y  t h e  steps in  output eating applied i n  
t h e  extensive French programme where machine. mize.6 have 
increase$ from 1,000 W ( e )  t o  1350 Wte) and new On to the 1500 
MW(e) machines supplied by the authorl:s company a t  Chooz 'Be 
Power Station (ref. 2) . 
Other recent applications at  lower ratings have involved fu l l -  
speed 3000 RPM machines for  both the:985 m e )  plant a t  Daya Bay 
Nuclear Power Station i n  the Peoplrnls Repub1:ic of China and the 
twin 630 W(e)  machineis f o r  t h e  tkst commercial PWR i n  the 
United Kingdom at Stzewell 'B1 Power Station. 

W i t h  such experience GEC ALSTHOM is- w e l l  placed to provide! 
turbines fox -11 standardized nuclear systems of up t o  the 600 
MWtel r a t h a  currently envisawed. A t  this low Dower level  f u l l  
speed turbi.& are the appropriate choice and the f o l ~ o w k q  
sections de&cribs the relevant experience with these machines. 
and the corresponding themodynafdc cycles. 



and this has evolved to the mOdern plant arrangement shown in 
simplified f ora in f ig .  la. The expansion of the stew through 
the various c orients of the turbine cycle is illustrated in 
fig. Ib. The 7 1 ve steam conditions are m o d o f a t e  compared with 
modern fossil-fuelled plant but the masts and volumetric flow 
rates are correspondingly inoreased for the same electrical 
output. 

Uve s t m ,  initially at dry-&tturatea or ulightly-wet 
condition, la expanded in the high pressure (HP) cylinder and an 
increase in wetness occurs during expansion. An external water  
separator is applied after the HP cylinder outlet to remow 
nuisture from the wet steaa flow and to restore the steaa to 
virtpally aq-sataitted condition. This is fol1owed by stcain- 
to-s-teaa reheating ushg either live stem or both live and bled 
steam in order t o  reduce the wetness level in the subsequent low 
pressure w) expansion. Expansion of this superheated steam 
follows in the lew pressure cylinder and the. lower wetness level 
achieved as a result: of reheating reduces blading losses and 
improves overall Â¥themiodynami efficiency. Suitable provision 
is made in the turbine feedheating system for utilization of the 
high temperature water drained from the water  separator and 
from live and bled steam reheaters to saxlais0 efficiency. 

Turbine stop valve pressures in water-cooled plant q e  froa 45 
bar in CAMDU installations up to 70 bar with light water plant, 
both with initial stead quality at a snail fraction of maq 
percent wet. Final EÃ‡ectwate temperatures required for return 
to the Ã‡tea generator are typically 187Â° for CANDU reactom 
and about 2 w * C  for other types, requiring tartraction pressures 
of about 13 and 25 bar rsmpectively for stem tapped to the top 
beater. 

Modern large turbines for use with w e t  steam cycles employ 
aoisture separation. Tbia is followed by liv Etaan reheating 
whicta results In performance improvement and gives Ã low 
pressure expansion line which, at the themodynanically optimum 
levels of pressure chosen for water separation, is close to that 
used in a typical high temperature reheat cycle (fig. Ib). This 
enables standard iip cylinder designs, servioe-proven on fossil- 
fuelled plant, to be used subsequently wider aiTOOSt identical 
conditions on wet nuclear plant. 

The addition of bled steam to share the reheating duty improves 
thecycle efficiency by reducing the &mount of live steaa 



required. Nowadays it is generally found that a bled steam 
reheating section in the M S R  is economically attractive. 

A typical cycle arrangement applicable to wet steam plant 
incorporates three or four LP feedwater heaters, a deaerator and 
the HP fedtrain. For CANDO plant the HP train will consist of 
one or two feedheaters whereas two or three feedheaters are used 
to achieve the higher final feed temperature on light water 
reactors. The water quantity removed in the separator depends 
primarily on the reheat pressure and is typically lot of the 
total flow to the turbine stop valve. It is essential to 
utilise fully the heat available in the drain w a t e r  and this is 
normally achieved by pumping it to the deaerator. Siailarly the 
heat in the drains from the live and bled steam reheaters i s  
utilised in the HP feedheater train. 

Reheat pressure mtimisation 

The design reheat-pressure level, selected between HP and LP 
cylinders, affects both the mean length of the blades and the 
~ e a n  wetness level in the HP and LP expansions and, in 
consequence, controls the balance of efficiency between the two 
cylinders. The optimum reheat pressure for best cycle 
efficiency, taking account of such changes in blading 
efficiency, is in the region 5 to % bar. The variation of cycle 
efficiency with reheat pressure is not great over this region, 
so that small departures from the optimum do not involve much 
penalty. The pressure can, therefore, be chosen such that the 
sane standard LP cylinders may be used in either fossil or 
nuclear applications. The steam conditions and last blade 
erosion levels are the sane as those at which service experience 
has already been gained. 

0 ther FautTirs Affectina â‚¬Wa IW-ficiancv 

In addition to the factors discussed above, many other Internal 
parameters associated with the plant have an effect on the cycle 
efficiency. They include the total number of feedheating 
stages, terminal temperature differences for bled steam and live 
s t e a m  reheaters and pressure drop of the heated steam in passing 
through tile MSR. 

Each of these parameters can be modified so as to increase 
efficiency, but in each instance only at additional coat. 
Whether such improvements are worthwhile can only be determined 
by ati economic assessment. 

SELECTION OF LP EXHAUST COMFISURATION 

Mass Flow. Condenser Pressure and -t Ar- 

The matching of exhaust volumetric flow by suitable selection of 
the- last stage exhaustarea is of paranountimportance in 



configuring the turbine for  a part icular  application.. mi; 

choice may be between either a larger XiP frame or the uee of an 
extra LP cylinder of smaller size t o  give the required area. 

The steam mass flow r a t e  i n  nuclear plant Is between 14 to 2 
times greater than that for equivalent output fossil plant, 
leading to hi@ LP v o l ~ e t r i c  fl- a t  the turbine exhaust. The 
volumetric flow is also  dependent on condenser pressure, which 
in turn is related to the cooling water temperature available at 
the site. These temperatures vary considerably at differ ing 
sites around the world and, in general, have a profound effect 
on the configuration of the turbine. However, fo r  the smaller 
standardized reactor the choice would usually be an HP cylinder 
w i t h  two or  three double flow Iip cylinders. 

Exhaust Ve loc i ty  and Leaving Loss 

The optimum LP exhaust condition, resul t ing f r m  the choice of 
exhaust area to match the volumetric flow, is charactwised by 
the steam exhaust velocity and corresponding kinet ic  energy. 
Because the overall turbine enthalpy-drop available i n  nuclear 
plant i s  less than fo s s i l  plant, 1 W f k g  extra kinet ic  energy 
loss  i n  the exhaust is w o r t h  up t o  twice the corresponding 
proportion of power loss  on foss i l  plant. 

Modern blades are designed and selected t o  operate with steam 
velocities of about 250 m f s  fo r  optimum exhaust loading, being 
neither -too high 16 give excessive lose of kinet ic  en- nor 
too loti t o  lead t d  choice of oversize and costly turbine 
conf igwations.  

Blades are l i m i t e d  in their design length and exhaust area by 
the centrifugal loading which can be tolerated, but continuing, 
advangee ba- on Â¥experience refined design techniques and use 
of better materials have produced long blades (ref. 3) sui table 
a t  full speed far nuclear applications. A t  half-80eedlonger 
blades ace possible due t o  less onerous centrifugal loading, but 
these are not necessary fo r  the smaller standardized reactors. 

Two faaillea of standard exhaust blades and Iip cylinders are 
available i n  the author's company: one set f o r  3000 RPH 
applications and the other for 3600 RPM. The top-end of the 
range of exhaust area, when used i n  a 6 flow arrangemart, is 
adequate Co deal with the turbine exhaust volumetric flow of 
small reactor plant at the coldest envisaged cooling water 
conditions' A t  L e s s  deBanding volumetric Â£1m either snaller 
standard LP's ~ a y  be selected or 2, rather than 3, LP cylindere 
could be employed. 

It is possible that suitable UP cylinders, of similar exhaust 
area and last blade length, could be selected from the standard 
families a t  both 3000 and 3600 RPM. This would permit turbines 
t o  be configured w i t h  similar overall dimensions for application 
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' $ 'with the same reactor and cooling water conditions, but i n  
%^countries w i t h  d i f f e ren t  e l e c t r i c a l  systea frequencies. 
,:. ;,., 

; EXPERIENCE 
~, . . . 

? A s  described e a r l i e r ,  steam conditions i n  the LP cylinders of . ..< 
met steam turbines  using moisture separation and l i v e  s team 

f i r e h e a t i n g  a r e  very s imilar  t o  those on high temperature 
h tu rb ines .  It is evident, therefore, that there are no special 
: erosion problems. - T l  

d'nowever, in the  HP cylinder conditions are q u i t e  dif ferent .  The 
. progressive increase i n  wetness through the cylinder 'a t .  

8 -' 
r e l a t i v e l y  high pressures has a powerful potent ia l  f o r  causing . . 

. . e ros ion  damage. With the  ve loc i t ies  of the moisture drople ts  
' \ ? a n d  .#,- . - =.in steam not d i f fe r ing  widely a t  the r e l a t ive ly  high steam 
j...i.)densities applying, coupled with the use of s t a in les s  -el lor 
: the whole steam path, blading erosion is not s ignif icant  

/.'problem. Potential  f o r  erosion damage i s  highest i n  the casings 
fi.and , . .  associated pipework and valves, either where there are 
.^changes in flow direct ion o r  across jo in t  surfaces of pressure 
- 4  , . $seals. 

, .F 1 , .  
Î:: ',. . .: .:--i-- wi* tzwhw 'Yet - - 
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Â¥Â¥ 
-.:It follows f r o m  the above t h a t  experience with nuclear w e t  steam 
+ j t u r b i n e s  has g r a t e s t  relevance t o  the design of the  HP .. rn . 
Â¥cyl inder  valves and pipework, with par t icular  reference t o  

'r '.: 
, erosion problems due t o  steam wetness. In  considering these 

for high speed wet turbines experience a t  both f u l l  
speed and half speed and operation w i t h d i f f e r e n t  types of 

is f u l l y  r e l evan t .  Service experience with many 
with ra t ings  up t o  130.0 llW(e), including CMTOu, PWR, 

and SGHWR applications, amounts to several hundred machine 
: 'years., w i t h  individual '*chine operating tines beyond 150 000 
1 <t- 
- -.4 ho-. . . 

L .,>-. ~. 
J; 

. 5 + ~ l i e s t  experience included a snail machine of 22 MW(e) rating .< 
Y t d r u n n i n g  at 3600 RPM with a CANDU reactor. T h i s  was followed by 
I two larger machines, a. 100 MW(e) machine running a t  3000 RPH 
u s i n g  - ,  SGHWR steam and a 220 MW(e) machine running a t  1800 RPM 
+.-with a CANDU reactor. A number of erosion problems w e r e  
er initially encountered on these, uni t s ,  f o r  which design so lu t ions  
" w e r e  evolved and changes made in materials used, and these were 

"'!proved by subsequent service. Later machines incorporating 
dthese fea tures  have now achieved considerable success, w i t h  

I . 'service exoerience i n  excess of 100.000 hours. f o r  both f u l l  
1 u L ! l  speed and half speed construction. 

' - 
The above experience allows confident select ion . coW>onents i n  a w e t  steam environment (ref. 4).  

of aa-fcerials f o r  
The se lec t ion  



depends on z&xmin pressure and w e t n e s s  and the nature of the 
st- f low associated with the particular design features of 'the 
compt3nen'tB involved. 

For the HP casings and diaphragm carriers, w h e r e  the wetness 
levels are significant, a low chroaimn alloy steel is used. for 
welded diaphragms a fully stainless steel blade path is 
employed, including nozzle blades and spacer bnnde forming the 
nozzle annulus boundaries at inner and outer diameters. On the 
faces of joints sustaining pressure differences either stainless  
matierials or a deposit of stainless steel cladding ie applied to 
prevent any significant wire drawing erosion. 

No special protection is applied to the body of the low alloy 
steel HP rotor, nor to the interstage gland regions. However, 
because of the high degree of exhaust w e t n e s s ,  the rotor end 
glands are packed w i t h  dry steam obtained by throttling live 
steam. 

Thfr overall HP experience has, theref~re, been w i t h  only minor 
problems of material selection and detail design on the first 
generation turbines, followed by successful experience an all 
subsequent generations of machines. The success with Iip 
applications results from prior service on fossil plant before 
application to nuclear plant. The vast experience on the more 
demanding large units sets good store for the fliaM.lity os 
future small standardlied units. 

HIGH SPEED TURBINES 

machines at Dayi'Bay represent the top d ' o f  the construeti& 
range for high speed turbines. The general design features are 

~ressure Cylinder 

The cylinder consists of tire flows, each w i t h  five stages, of 
blading as shown in  tig. 2 -  Because the inlet pressure and 
teltperature are only moderate the casing can be essentially of 
single shell construction, with bled belts arranged between 
groups of diaphragms to pernit case of extraction of to 
faedhaters. The four steaa inlet pipes are attached directly 
to the easing. To ease the arrangeaent of external pipework on 
this cylinder supplying steal* Co two HP heaters, steam tappings 
from two different stages are bled asyinaefcrlcally, one C t m  each 
flow. St- exhausts -through eight exhaust pipes, located 
symmetrically in the top and bottom halves, w i t h  four outlets at 
each end of the casing. 

&s on high tengerature cylinders, disc and diaphragm 
conrtrurtian is employed. The moving blades are shrouded and 
Ã§ri attached to the nonobloc rotor Wing pinned roo*. 'Th@ 
diqphragns axe k i n h t i d l l y  supported so  ti^ to remain 
&ncentric whilst, permitting relative t h e  expansion 



diaphragms carry the rotor interstage spring-backed glands and 
also, on an extension ring, the tip seals, which co-operate with 
circunferential ribs on the moving blade shrouding. This type 
of construction ensures that small effective radial clearances 
are aaintained over long periods of operation. Arrangements are 
made at the blade tips for moisture separation and drainage at 
each stage w h e r e  this is not automatically effected at bled- 
steam tapping points. 

Three low pressure cylinders are applied to accommodate the 
large exhaust volumetric flew at Days Bay and these are of a 
standard nodular construction employing 9 4 5 m  last row blades as 
shown in f ig. 3. This module is identical to that used on a 
large number of high temperature machines over a wide range of 
outputs. The five stages of blading in each flow are carried on 
a monobloc rotor. The. diaphragms are mounted in a single shell 
inner casing supported in a fabricated outer casing. Steam is 
admitted through two inlets in the top half casing and steam 
exhausts downwards to an underslung condenser. 

overall Arraaaefflent 

The HP cylinder is shown in tandem arrangement with the three 
standard if modules on site assembly in fig. 4. Each rotor is 
supported on two journal bearings and the rotor-line thrust 
bearing is mounted in the bearing pedestal between the HP and 
the first LP cylinder. 

The noie- @eparator/xeheater vessels are normally mounted 
horizontally at turbine floor level on each side of the turbine 
alongside the low pressure cylinder. These can be seen during 
site erection in fig. 4 and the overall plan view "footprint- of 
the installation, including the electrical generator, is shown 
in fig. 5. 

DESIGN CONSIDERATIONS FOR SMALLER OUTPUT 

Smaller output ratings substantially reduce the mass flow level 
throughout the turbine and this leads to worsened aspect-ratio 
blading anU reduced cylinder efficiencies. This trend m y  be 
offset by configuration with single-flow rÃ§thtt than double-flow 
sections wherever passible. The principle, as applied to an HP 
expansion, is shown in fig. 6. The doubling of volumetric flow 
per end eubstantially Increases the blWe heights and so leads 
to reduced end-wall (secondary) losses and reduced leaks* 
proportion losses; particularly for short height stages. The 
gain is offset to some extent by the introduced thrust balanoe- 
piston leakage, but generally for small flows the overall effect 
is a significant iaprvv~ent in cylinder efficiency. 

Similarconsideration can be applied for low volumetric flow to 



double flow LP cylinders. for applications w h e r e  t w o  or three 
double flew LPsa ~ f e  applied, the f l o w  a t  inlet divided four 
o r  s i x  Ways respectively and the resulting early-stage blade 
heights can became very short. introduction of a single flow 
section into the centre of each Zip cylinder, as shown i n  f ig.  7, 
t o  form an *optiflows arrangement, doubles the blade heights on 
the  early stages and so, again, improves the overall expansion 
efficiency . 

  or emai l  output sizes of W e t  nuclear plant, me HP cylinder 
construction can be executed as a conventional single-flow 
cylinder as shown in f ig .  8. The doubled aspect r a t i o  blading 
plus the available rotor length t o  apply wore stages a t  a 
smaller base diameter, gives a w o r t h w h i l e  gain in cylinder 
efficiency. A r r ~ e m e n t s  of this s ingle  f l~ type a re  
widespread en cenvantional fossil-fuelled plant and have given 
good service on high speed nuclear machines in the range up t o  
400 MW(e) . 
&p nlicatlon of O w t i f l o w  Iip cylinders 

The low voluaetrio flow to the If cylinders of sna i l  output 
machines can benefit from an in i t i a l  s ingle flow section. ~n 
the application of optiflow LP cylinders the l&t tteee long 
blades remain in double-flow configur&tion, but an inner 
cylinder with single-flow configuration is introduced to 
increase the length and hence efficiency, of the ear ly  stage 
blades. An arrangement of this type is i l lus t ra ted  i n  fig. 9 
and f ig .  10 shows an optitlow rotor  f a r  a 500 MW(e) PWt unit. 

TURBINE GENERATOR RANGE FOR STANDARD SMALL NUCLEAR PLANT 

By way of example, a scheme of turbine-generator frame. designs 
fo r  standardized snail nool&ar plant is outlined based on the 
CANDU 3 (45-e) system. The scheme described highlights the 
benefits of organising the t u r b i n e  frame design to cover the 
range required by the use of a number of standard cylinder 
m o d u l e s .  

rhe WDU 3 system provides a versat i le  and compact installation 
k t  the lower end of the nuclear plant range   rid og'twcs the 

m U t y  @ matax b&iviUtsa requb-ts ag &Ufer&e 
.lit- a t  varied sites. As a compact, aodern plant, the 

CANDU 3 eystern aims at quick instal lat ion times, cornpÃ§titiv 
costs W l o w e r  investment risks which should be atfcractlve to 
smaller u t i l i t i e s  and developing countries. Standardization and 
prc-engineering of modular arrangen&nts a- at providing 
suitable plant fo r  diverse worldwide sites without the need for 
significant change to design or documentation. 

Other water-cooled reactor technologies may also see the 



ortunity (or ratings at or below 600 MW(e). From the 
ine-generator viewpoint these are likely to have: similar 

:volumetric flows to the CANDU 3 system and the advantage of the 
r&~ame standard turbine range would apply. 
. . 

' I .. ,.be a tandardizathn of the nuclear steam supply system itself is 
gely independent of the station site Whereas the turbine- 
erator considerations, although not affected by the 
surised components external t o  the cylinders (e.g. pipework, 

MSR, feedheaters, etc), do have to account for the 
ative 50 and 60 Hz operating speeds and are -re 
ntally affeoted by differing cooling water conditions for 
exhaust and cond&nser selection. 

, '""The full-load LP turbine exhaust steam flow tor the CAMDU 3 
' . #  . hystem will be virtually independent of  pite conditions with a 
' b l u e  of about 4,00 leg/s'. However,. ditf &&kt site cooling water 
.;Â¥'-condition will havea profound effect on the exhaust selection. 

; Â  .;Taking 10*C and 20.C as typical design cooling water (CW) 
. .  .+ @aperaturea for cold and warm sites, the corresponding 
_,@amibnser pressures should be of the order 33 nbar and 55 mbar 
',,respectively. , Combining the exhaust mass flow and the specific 
& o l u m e  of the condensing steam gives the exhaust volumetric flow 

the deaiqn point. To deal with this efficiently, the exhaust 
locitLes should be near the optiauBi value and in this case, 
e total exhaust areas required are and 40i2 respectively. . . .:Standard LP Wdules of modizkn high speed design are available 

for both 50 and 60 Hz systeins with exhaust areas up to about .1. 
, 10a2 per flow, so that the appropriate machine configurations 

with 3 double flow LP cylinders for cold sites and 2 double 5 

' flow LP cylinders for warm sites. For sites with still wanner 
, (cooling water a suitable configuration would be with 2 cylinders 
:< of a smaller LP module. 

, , , 7  - ^  . .P 

, , . - "This s&le.ctkon has given, by f king the LP cylinder 
P i g u r a t l o m ,  the basis for tire practical layout of the range 
:= n of turbine frames to cover possible sites at 50Hz and 60Hz for 
-,:Â¥col and warn cooling water conditions. r*. ~ . .- 11 

r, .*' 
, r ' m e  8 -- 
^ ~ o r  the relatively low capacity involved at 450MWce,) a single 
. , . ,  ~. flow HP cyli'nder ia appropriate to be used in con$mction with 
, ,  : b e  selected LPfs. The rkulting overall general configuration 
; ' i m  shewn in f&g. 11 and the alternative applications in a 
L','hraticma.l range are iuusttated in fig. 12. TBe acrangmwit for 
 cold C% sites, with an HP cylinder in tandem with three double 

)n $flow LP cy~inders, follows established practice. The overall 
n*llatien of a 985 W(e) ittDaya Bay, at the top-end of the 
range for this. configuration, is. shown in fig. 13. The smaller 
units envisageii for CAKDU 3 applicatior& lie well within this 



The reheat design pressure level is maintained at about the d e  
near-optimun level fo r  the differing applications so t h a t  the 
MSR capacity find cold reheat pipewark can a l so  be replicated. 
Two different  arrangement6 of hot reheat pipework are required 
f o r  d is t r ibut ion  of stew t o  the al ternat ive 2 or 3 lip cylinder 
conf iguratione. Similarly provision is required to acconanodate 
the options for 2 or  3 condensers corresponding to tfae relevant 
turbine option. 

The Ifootprint '  of th~turbine-genera tor  frames of fig.  12 amd 
associated equipment is thus available fo r  general layout of the 
turbine hal l .  The plan-form silnilarity of the d i f ferent  
application frames provides the opportunity for commonality of 
architecture. 

A s e t  of turbine-generator francs, based on extensive 
satisfactory experience, is amllable  for application w i t h  
standardized nuclear steam supply systems at  the lower end of 
the power range. Pre-engineered modules incorporating fu l ly  
developed and established components allow! th& Plant Arcbitest- 
Engineer to preplan arrangements of turbine hal ls  i n  standard 
Cora t o  give benefits in instal lat ion time and costs. Similar 
overall turbine arrangements for d i f ferent  sites are envisaged 
which accommodate the effect of al ternat ive grid frequencies and 
encompass diverse cooling water temperatures found a t  sites 
worldwide. 
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l ( a )  Cycle Components 

I [b) Expansion 'lines far typical water-caoled 
reactor plant (CAtIDU and PWR) compared 
wi th  high temp~rature reheat turbines. 

Fig.1 S i m p l i f i e d  steam cycle. 



Fig.2 HP cyl Wer module 

F i g . 3  Standard LP cylinders 



Fig.4 Assembly o f  HP and LP cylinders at site 

Fig.5 General arrangement o f  turbine-generator and MSR vessels 



IXHifrle ftw (OF) 

Fig.6 Advantages o f  single flw 

Fi9.7 LP cyl lnder optiflow principle 



Fig.8 Single f low HP cylinder module 

Fig.9 Optiflow LP cylinder module 



Fig.10 Optfflow LP rotor  



Fig. 11 Overall turbine canf iguration for warm CU s i te  

Warm CW Cold CW 

Fig.12 Range of full speed turbines for small reactor plant at 
different system frequencies and cooling water temperatures. 



Fig. 13 Overall Installation at  s i te  


