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SUMMARY 
. .. 

I n te rv iews  were he1 d  w i t h  repres 'entat ivqs o f  major  p l a n t s  and equipment 

manufacturers t o  o b t a i n  c u r r e n t  i n fo rma t i on  on ope ra t i ng  experience w i t h  d r y  

cool i n g  towers i n  .Europe. This  . r e p o r t  documents t h e  o b j e c t i v e s  , background, 

and or 'ganizat ional  d e t a i l s  o f  t he  study, and presents an i t em ized  account 

o f  con tac ts  made t o  o b t a i n  i n fo rma t i on .  . . 

P l a n t  s e l e c t i o n  was based on a  m e r i t  index i n v o l v i n g  thermal capac i t y  

and l e n g t h  o f  serv ice .  A ques t i onna i re  was used t o  organize ope ra t i ona l  

data, when ava i l ab le ,  i n t o  n i n e  major  ,ca tegor ies  o f  experience. I n fo rma t i on  

was a1 so s o l i c i t e d  concern ing  the  use o f  codes and standards t o  ensure the  , ". . . 
1 , .  

achievement o f  c o o l i n g  tower performance. Several  p l a n t  operators p rov ided 

f inned-tube samples f o r  metal  l og raph i c  ana l ys i s .  ( a )  Addi t i o n a l l y ,  in forma- 

t i o n  on bo th  ope ra t i ng  experience and developing .technology was supp l i ed  

by *:European techn i ca l  s o c i e t i e s  and re'search es tab l  i shments . 
In fo rmat ion  ob ta ined f rom these contac ts  prov ides an updated and 

rep resen ta t i ve  sample o f  European experience w i t h  d r y  cool i ng towers, which 

supplements some of t he  d e t a i l e d  reviews a1 ready a v a i l a b l e  i n  t he  1  i t e r a -  

t u re .  I n  add i t i on ,  t h i s  s tudy presents ca tegor ized  ope ra t i ng  experience 

w i t h  i n s t a l  1  a t i o n s  which have n o t  been reviewed so ex tens i ve l y ,  b u t  never- 

the less ,  have s i g n i f i c a n t  ope ra t i ona l  h i s t o r i e s  wher~ ranked by the  m e r i t  

i ndex. 

The contacts  and i n t e r v i e w s  repo r fed  i n  t h i s  survey occurred between 

l a t e  March and October 1975. The study was mot iva ted  by t h e  exp ressed . i n te r -  

e s t  o f  U.S. u t i  1  i ty i n d u s t r y  representa t i ves  who expect  European experience 

t o  p rov ide  a  bas is  o f  conf idence t h a t  d r y  c o o l i n g  i s  re1  i a b l e  technology, 

app l i cab le ,  when' necessary, t o  U.S. ope ra t i ng  requ i  rements. 

( a )  The r e s u l t s  o f  metal  l og raph i c  analyses on these samples are  discussed . . 

i n  a  separate r e p o r t  (Reference 6 )  d e a l i n g  s p e c i f i c a l l y  w i t h  co r ros ion  
i n  c o o l i n g  systems. 



.1.1 .CATEGORIZED.OPERATING EXPERIENCE .. 

Nine ca tegor ies  o f  s p e c i f i c  opera t ing  .experience were addressed by the  

quest ionna i re .  Table 1-1 summarizes the p r i n c i p a l  experience cha rac te r i  - 
z a t i o n  o f  the  19 p l a n t s  reviewed i n  t h i s  study. 

. .. With. th ree  except ions , the  pl 'ants v i s i t e d  represent  a se l  e.ct.jon . o f  . ' .  : . -  
i n . s t a l . l s t i  ; . . :, ;I . ... ons w i t h  s i g n i f i c a n t  gpe ra t i ng  h i s t o r i e s  i s  ,suggested by. heat-  . . . . 

(" 1 1  . . 
reje,c,$ion c a p a b i l i t y  and se rv i ce  l i f e .  The l i s t  inc ludes  a i r - coo led  heat  , , 

r ! , s  , . I . : ;  . . 

exch,angers and condensers used ' by u t i  1  i t y  and p r i v a t e  power p l a n t  oper- 
. . 

a t o r s ,  and i n  the  petrochemical , process and steelmaking i n d u s t r i e s .  The 

c a t e g o r i z a t i o n  i n  Table 1-1 i s  f o r  t he  purpose o f  showing the range and 

nature  o f  ' e x p e ~ i e n c e  a r i s i n g  from d i  ve,rse appl i c a t i  ons and se rv i ce  con- 

d i t i o n . ~ ' . '  ~ e f e r e n c e  t o  t h i s  cha rac te r i za t i on  made w i t h o u t  the q u a l i f i -  . ' . . '  
.. . . .._ . , ' , .  

c i t i ' d n s i n d  c i  rc~n is tances  d iscu ised i n  t he  f o l  low ing sec t ions  o f  t h i s  
.. : :. . 

r e p o f t  may l ead  t o  a  fa1  se perspect ive.  Overa l l  experience i n  each ca te -  
... .. I ,. '. . . 

I '. 
. . 

go ry  can - .  be 'summarized as f o l l  ows. 
, _  ....... . 

c . .  . " ' .  

1.1.1,. . . ~ a i l u ' r e  . Modes 

' A1 though the  quest ionna i re  inc luded t h i s  category, i t  i s  n o t  contained 

i n  Table 1-1 because no inc idence o f .g ross  coo l i ng  system f a i l u r e  was 

repor ted .  This  r e s u l t s  from t h e  m h d ~ ~ l  a r i  t.y. of a1 1-dry cool i.ng sys tems , 
-. which permi ts  , i s o l . a t i o n  o f  ma1 func t ion ing  components and t h e i r  r e p a i r  

w i t h o u t  per tu rb i 'ng  the  o v e r a l l  system func t ion .  

I f  co r ros ion  and f reeze- i  nduced tube ' f a i  1  ures are considered separate ly ,  

f a i  1  u re  experience ,appears t o  be a t  t he  subcomponent l e v e l .  Most events 

a re  i n  t he  nuisance category and requ i re ,  a t  the  worst,  nonrout ine r e p a i r  

o r  'niaintenance. . I n  t h e  case o f  He1 l e r  systems, small leaks  occur i n  seal s  

a p p l i e d  t o  connect ions i n - t h e  coo l i ng  water c i r c y i t .  GEA i n s t a l l a t i o n s  

tend t o  e x h i b i t  occasional f a i l u r e s  o f  fan  motors, gears and blades. 



' (a>  TABLE 1-1. Categor ized Operat ing Experience 3f V i s i t e d  p l an t s  :. . .... . . 
- ,  i ... c: . . i; . Rat iona le  

Heat I n s t a l l a t i o n  Merit Cooling . , Maintenance. 9:: :.. Atniospheric Envi ronmental f o r  Dry 
P lan t  8 t u / h r )  . Data . ~ n d e x ' ~ )  System Corrosion Freezinq Frequency F o u l i n g  E f f e c t s  Impact Cool i ng -. . 

Gyungybs 2x476 + 2x905 1969-73 9760 H e l l e r  M I A M N R W 

Rugeley 587 1961 7900 H e l l e r  A S I N R E 

P i e t r a f i  t t a  2x197 

Wol fsburg 4x243 

1958 7090 GEA M ' A M 

1961-72 6800 GEA . . M 

Ibbenburen 645 . 1967 3900 H e l l e r  A N I A S  ' M 0 R W 

U t r i l l a s  668 1970 , 3340 GEA W 

P o r t  ~ e r 6 m e  1 5 8 t 1 9 3 + 3 1  1967 3056 GEA A N I A M M R L 

Oudelange 110 1956. 2090 GEA A M R W 

Bremen 

Hausharn 

Oormagen 

Gel senki rchen 

S inde l f i ngen  

. Ludwigshafen' 

Vienna 

Godort 

Gi i ters loh 11 

Pignataro Ma jo r i  8 

GE A 

GE A S 

GEA 

t iel 1 e r  M 

GEA A M , C N  

GEA . . S 

GEA A N 

H e l l e r  

GEA 

380 GEA 

32 P l a s t i c  
Tube 

. . 

( a )  I n  descending o rder  o f  M e r i t  index. 
- 

(b)  Heat Re jec t ion  c a ~ a b i l i t y  x years o f  se rv ice  B tu /h r )y r ]  co r rec ted  f o r  p l a n t  downtime when. t h i s  in fo rmat ion  was' a v a i l a b l e .  

A - A i r s i d e  L - Local requirements which exclude a1 te rna te  c o b l i n g  
methods C - Condensate Side 

M - Moderate D - Design . o b j e c t i v e  t o  avo id  environmental impact o f  
evaporat ive system N - Not iceable ' , 

E - ~ x ~ e r i ' m e n ' t a l  f a c i l i t y  . R - Reverse Impact . 

I - Increase atove average S - Severe 

w - Water cos t  i n d / o r  a. iai lbbi l i ty 
. 



Plant Avai labi l i ty  

This i s  a corollary of the f a i lu re  modes and i s  absent from Table 1-1 

fo r  the same reason. None of the operators interviewed in t h i s  study 
reported an incident in .which plant availabi 1 i ty  was influenced by the condi- 

t ion or  capacity of the dry.cooling system. 

Corrosion 

GEA and He1 ler-type systems r e s i s t  both internal and 'air-side corro- 
slon under deslgn operating conditions and i n  many undesirable environments. 
The severe a i r - s ide  corrosion a t  Rugeley i s  exceptional and was created by 
unusual local conditions, which are  now recognized and preventable. Other 
corrosion as noted i s  t r i v i a l  to  ~r~oderate in extent b u t  i s  not expected to  
decrease l i f e  expectancy of the affected components. In the Federal Republic 
of Germany, galvanized s teel  heat exchangers a re  generally- preferred for  

appl ications i n  which resistance to  corrosion i s  required for  decades. 

1.1.4 Freezing 

Dry .cool ing systems of both principal types have accumulated enough 

freezing experience to  provide empirical knowledge of avoidance procedures. ' 

The most important freeze-prevention technique appears to  be the traininq . '  

of operating t o  recognize ambient conditions which lead to  '. 

freezing. 

The GEA counterflow condenser. (Dephlegmator) i s  an important component 

f o r  freeze prevention i n  d i rec t  condensing systems. Variable fan speed in 
forced-draft units and louvers in natural d ra f t  towers, in addition to  
sector isolation, flow ra te  control and coolant bypass, are  available . to 
avoid the problem of freezing. Based on European experience, therefore, 
a modern dry cool i n g  instal  1 ation can be designed with appropriate regard 
f o r  ambient conditions t o  eliminate the prospect of f reezing i n  a1 1 b u t  

the most< unusual operating conditions. 



The s i n g l e  p l a s t i c  tube f a c i l i t y  reviewed i n  t h i s  s tudy showed a 

remarkable and i n t r i n s i c  res is tance t o  f reeze damage. The e l a s t i c i t y  o f  

t h e  p l a s t i c  tubes accommodated the  increase i n  volume o f  t he  f rozen coo lan t  

and re tu rned  t o  normal s i z e  w i thout  r u p t u r e  when t h e  coo lan t  melted. I n  

<he fu tu re ,  t h i s  may prov ide  the  u l t i m a t e  i n  f reeze p r o t e c t i o n  and r e s u l t  

a l s o  i n  subs tan t i a l  reduc t i on  i n  system cost .  

1.1.5 Maintenance Frequency 

Under most design cond i t ions ,  both d i r e c t  and He l l e r - t ype  c o o l i n g  

systems show a h igh  r e l i a b i l i t y  and maintenance cos ts  below those o f  

equ iva len t  evaporat ive systems. Routine maintenance inc ludes  c lean ing  the  

a i r - s i d e  of t h e  heat exchanger, l u b r i c a t i o n  o f  motors and gears, r e p a i r  o f  

sea ls  and o the r  subcomponent mon i to r ing  and adjustment. With the  excep- 

t i o n  o f  Rugeley, a i r - s i d e  f o u l i n g  i s  t h e  major cause o f  above-average main- 

tenance requirements o f  the  p l a n t s  i nd i ca ted  i n  Table 1-1. Rugeley, as 

noted prev ious ly ,  i s  an unusual case o f  a i r - s i d e  co r ros ion  causing t h e  

esca la t i on  o f  maintenance and r e p a i r  costs.  

1.1'.6 Fou l ing  

A i r - s i d e  fou l i ng  appears t o  be the  most common experience f a c t o r  o f  t he  

p l a n t s  reviewed i n  t h i s  study. Fou l ing  ma te r ia l  o f  many k inds appears t o  be 

present  i n  the  environments o f  nea r l y  a l l  i n s t a l l a t i o n s  and i s  deposited on 

tubes and f i n s  as coo l i ng  a i r  f lows through the  heat exchanger. A t  some 

p lan ts ,  t he  e f f e c t  i s  cont inuous and severe enough t h a t  c lean ing  frequency 

i s  dctcrmined by the  degree t o  which heat r e j e c t i o n  c a p a b i l i t y  has been 

reduced. I n  most i n s t a l l a t i o n s ,  t he  tendency f o r  f o u l i n g  i s  e l im ina ted  by 

r o u t i n e  cleaning. The severe f o u l i n g  cond i t i ons  o f  Ibbenburen may n o t  

have occurred 'had r o u t i n e  c lean ing  been p rac t i ced  i n  t he  e a r l y  days o f  

operat ion.  

I f  f o u l i n g  i s  a l lowed t o  accumulate o r  i f  the  r a t e  of depos i t i on  i s  high, 

t he  Hel ler-Forg6 alumi'num heat exchanger appears t o  be l e s s  amenable t o  clean- 

i n g  than a re  galvanized s t e e l  f i n  tube assemblies. Galvanized s tee l  heat 

exchanger elements a re  more robust  and ca.n. be cleaned e f f e c t i v e l y  w i t h  



high pressure water je t s . .  The aluminum f i n s  of the- Forg6 design appear 

t o  t rap fouling material more readily and are  relat ively soft  and l e s s  

' res i s tan t  t o  mechanical deformation. As a result , ,  Forg; heat exchangers 

a re  cleaned by compressed a i r , o r  low pressure water, with generally only 
. - 

par t i a l e f f ec t iveness .  A t  . , ' Ibbenbiiren, the foul ing material remaining. . a f t e r  
a l l  cleaning attempts has caused a permanent reduction in heat t ransfer .  - : .  

capabi 1 i ty . 
From early indications a t ,  the Pignataro Majori t e s t  s ta t ion ,  f in l e s s  

pl ds L i c  tube heat exchangers may prove to  be re1 atively immune to foul ing. 

1.1.. 7 Atmo-spheric, Effects 
, . 

Reduced heat rejection capabi l i ty  and recirculation are  noted in sev-:  

era1 cases as  a resu l t  of wind effects .  Recirculation has been a problem,' - . 
, . 

i n  'the past under some' conditions. This tendency i s being reduced in . '  

modern desi.gn and can be considered t o  be l e s s  important today. The use - . 

of wind flowmodeling techniques during the design phase (as for  Ut r i l l a s )  

provides a choice in s i t i ng ,  height and proximity t o  other s t ructures ,  

which minimizes wind ef fec ts  and recirculation. Forced-draft systems are 

na,turally l e s s  sensi t ive to  wind ef fec ts  and the trend to  t a l l  towers 
, . .  

.I ' 

reduces the  magnitude of the problem in natural draf t  systems. 
I '  

R.aln appears t o  $ l igh t ly  improve the heat rejection pcrformonc'e of 

GEA systems, as a resu'lt of deluge or evaporative spray. e f fec ts  on the 

surface of wetted - f in  tube; in the bundles. The horizontal delta arrange- 

ment ty.pica1 of the GEA system offers  a larger surface exposed to  rain than 

that  o f .  the ver t ical  ly-oriented delta of the   el ler-Forg; system. . Rain and 

.fog can degrade natural draf t  by cool ing the a i r  mass inside the tower. 

Environmental Impact 

Dry cooling systems generally have less  environmenta"~ impact than does 

the balance o f  the plant. In Table 1-1, the dry cooling instal la t ions 

indicated with a ' D l  in the Environmental Impact column were specified 

pa r t i a l ly  or  wholly because of the potential objectioriable environmental 



w ' i n f l uence  o f  a l t e r n a t e  evapo ra t i ve  systems. An ou t s tand ing  conc lus ion  t o  

be drawn f rom t h i s  s tudy  i s  t h a t  t h e  environment impacts  d r y  c o o l i n g  sys- 

tems more severe ly  than  v ice -versa .  ~ t m o s ~ h e r i c  e f f e c t s  i n f l  uence heat 

r e j e c t i o n  capab i l  i .ty and, i n  some cases, undes i rab le  r e c i r c u l a t i o n .  Pol  l u -  

t i o n  and o t h e r  a i r b o r n e  m a t e r i a l  cause a i r - s i d e  f o u l i n g  and co. r ros ion.  

RELEVANCE TO U.S. CONDITIONS 

,European d r y  c o o l i n g  exper,ience can be cons idered encouraging t o  p r o - . .  

spec t i ve  users  i n  t h e  U.S. A  bas i s  'o f  con f idence  has been accumulated. i n  ; 

both  s e r v i c e  l i f e  and p l a n t  s i ze .  The Gyongyos complex i s  a  s i g n i f i c a n t  ,\ 

.. 8 . . 

t e c h n i c a l  achievement and demonstrates t h e  v i a b i  1  i t y  o f  t h e    el 1  e r - ~ o r ~ ;  

i n d i r e c t - d r y  c o o l i n g  i n  l a r g e  c a p a c i t y  ' i n s t a l l a t i o n s .  The e s s e n t i a l l y  

troubl. l '@free, f i v e - y e a r  h i s t o r y  o f  t h e  U t r i l l a s  p l a n t  i s  a  p a r t i c u l a r l y  
' 

. - 

~ b n ~ ' f Z ~ . n t  demonstrat ion o f  a  r e1  i a b l e ,  la rge-capac i  ty, d i  rect -condensing,  

2 iF -ebo led  h e a t  r e j e c t i o n  system u s i n g  GEA technology.  Several  s i m i ' l a r -  
. .. .,. . . 

i t i e s  i n  s i t i n g  and s e r v i c e  c o n d i t i o n s  suggest t h a t  t h e  e x c e l l e n t  expe r i -  . . .  .,'. , .  
. . ..; 

i n c e . ' w i t h  t h e  ~ t r i l  l a s  p l a n t  i s  a  preview, a t  approx imate ly  h a l f - s c a l e ,  .,.. ,, 

. . 

'of .sa?t is factory  performance o f  t h e  Wyodak d r y  coo l  i n g  system. 
' d l > .  - . 3 . :  .. 

A  m a j o r i t y  o f  t h e  19-p lan t  sample d iscussed i n  t h i s  r e p o r t  show t h e  -?, 

r a t i o n a l e  f o r  i n s t a l l i n g  d r y  c o o l i n g  equipment t o  be based on water  cos t .  $. 

and a v a i l a b i l i t y .  Wi th  growing c o m p e t i t i o n  f o r  water  a l l o c a t i o n s  and t h e  . ., .  
; , ;?,:, 

c u r r e n t  t r e n d  i n  l e g i s l a t e d  s i t i n g  requi rements,  U.S.  u t i l i t i e s  w i l l  so.on 

f a c e  problems assoc ia ted  w i t h  economic access t o  water  s i m i l a r  t o  those 

a l r e a d y  e x i s t i n g  i n  ,Europe today. 

1.3 POTENTIAL FOR IMPROVED OPERATION 

An o b j e c t i v e  o f  t h i s  s tudy  was t o  d e f i n e  t h e  p o t e n t i a l  f o r  improved 

o p e r a t i  on. I t  i s  e v i d e n t  t h a t  European manufacturers  a r e  a c t i v e l y  advanc- 

i n g  t h e  technology o f  a l r eady  h i g h l y  developed d r y  coo l  i n g  systems. 

C l a s s i c  problem cases, such as c o r r o s i o n  a t  Rugeley and f o u l i n g  a t  

Ibbenburen, a r e  we1 1  documented. The weal t h  o f  accumulat ing exper ience i n  

Europe shows these  now-pred ic tab le  problems. t o  be ' i s o l a t e d  h i s t o r i c a l  

events  which a r e  avo idab le  w i t h  c u r r e n t  des ign and o p e r a t i o n a l  p r a c t i c e s .  



\ 

Experience gained i n  Europe has prov ided t h e  bas is  o f  design and. ,operat ional  

p r a c t i c e s  which reduce corros ion,  f reez ing ,  f o u l i n g  and'atmospheric e f f e c t s .  

t o  an i n s i g n i f i c a n t  l e v e l .  Research underway i n  t he  l a b o r a t o r i e s  o f  manu- 
. , f a c t u r e r s  should l ead  t o  f u r t h e r  improvements i n  co r ros ion  p ro tec t i on ,  - .: 

h y b r i d  c o o l i n g  systems, f a n  no ise  a n d . e f f i c i e n c y .  P l a s t i c  tube heat 

exchangers a r e  under i n v e s t i g a t i o n  and may o f f e r  system s i m p l i f i c a t . i o n  , .  . and' 

c o s t  reduc t i on  p o s s i b i l i t i e s  i n  the  fu tu re .  Improved opera t ion  w i l l  . r 'esul t 

f rom the  appl i c a t i o n  o f  these developments and t h e  .ref. inement o f  a l ready  
- .  proven .prab t i ces . . 

This. s tudy adds support t o  conclus ions expressed o r  imp l i ed  by prev iqus 

reviews, t h a t  Eurdpean d r y  c o o l i n g  experience demonstrates a  mature.and 

re.l.iab1 e,  , technology, . suppl i e d  by competent and i nnova t i ve  manufacturers, in ,  

1 a compet!i t i v e  market. With the  emphasis on t h e  d imin ish ing  economic avai1a.- I .  . 

b i l i t y  o f  c o o l i n g  .water, the  c r i t e r i a  which c rea te  the  r a t i o n a l e  f o r  a i r -  

coo led ,  . .  9qu.i . pment i n  Europe w i  11 be appl i c a b l e  under s i m j l  . a r  . circumstances i n  

t h e  U. S. European d ry  coo l i ng  experience should encourage U. S. operators . t o  

i n s t a l l  d ry  c o o l i n g  iystems when the  same c r i t e r i a  app ly  i n  U.S. s i t u a t i o n s .  
' . .  . ,  . 



2.0 INTRODUCTION - -- . 

. . 
. ,This r e p o r t  describes i n te rv iews  and correspondence w i t h  European 

.: . , 

spec ia l  i s t s  undertaken t o  determine the c u r r e n t  s ta tus  o f  opera t ing  

experience w i t h  d ry  c o o l i n g  towers i n  Europe. 

2.1 SUBTASK OBJECTIVES 

The ob jec t i ves  o f  t h i s  subtask were t o  summarize c u r r e n t  opera t ing  

experience o f . a i r - c o o l e d  heat  exchangers i n  Europe, t o  i d e n t i f y  relevance 

t o  U.S. cond i t ions ,  and t o  de f i ne  the  p o t e n t i a l  f o r  improved opera t ion  based 

on t h i s  experience. 

2.2 BACKGROUND 

European i n d u s t r i a l  areas con f ron t  problems o f  coo l i ng  water a v a i l -  

ab i  1  i ty, p o l l u t i o n  and environmental impact sometimes several  years ahead 

o f  t he  t ime when s i m i l a r  cond i t i ons  mature i n  t h e  Un i ted  States. As a  

r e s u l t ,  many European a i r - coo led  power p l a n t  hea t .  r e j e c t i o n  systems have 

a l ready  been i n  se rv i ce  long enough t o  prov ide  opera t iona l  h i s t o r i e s  r e l e -  
. . 

vant t o  a n t i c i p a t e d  f u t u r e  cond i t i ons  i n  t h e  U.S. 

A i r -coo led  heat r e j e c t i o n  systems w i l l  be used i n  l a r g e  U.S. power 

p l a n t s  when combinations o f  economic, t echn ica l ,  environmental, soc ia l  

and p o l i t i c a l  c r i t e r i a  f avo r  d ry  coo l i ng  systems over compet i t i ve  methods. 

Even a f t e r  such f a c t o r s  come t o  bear, i t  i s  a n t i c i p a t e d  t h a t  a  l e v e l  o f  

re luc tance t o  apply a i r - coo led  systems may stS11 p e r s i s t  CIS a rsesul t of 

most u t i l i t y  management having no d i r e c t  opera t ing  experience. Recog- 

n i z i n g  t h i s  tendency, representa t ives  o f  t he  U. S. u t i  1 i t y  i n d u s t r y  have 

expressed i n t e r e s t  i n  European opera t ion  o f  a i r - coo led  heat exchangers as 

a  bas is  f o r  f u t u r e  conf idence i n  t he  technology. 

Operat ing experience w i t h  t h e  l a r g e r  European d r y  cool  i n g  systems i s  

covered ex tens i ve l y  i n  the  a v a i l a b l e  l i t e r a t u r e .  ' Some o f  t he  smal'ller sys- 

tems have been reviewed i n  r e l a t i v e l y  le.ss d e t a i l  and o thers  appear t o  be 

e n t i r e l y  neglected. I n  terms o f  thermal load r a t i n g ,  many o f  these smal le r  



systems appear a t  f i r s t  s i g h t  as t o o  smal l  . t o  be r e l e v a n t  t o . u t i l i t y  i n t e r e s t s .  

i n  t h e  U.S. However, many smal l  p l a n t s  have been i n  serv ' ice f o r  r e l a t i v e l y  

l d n g  peridds, compared w i t h  t h e  c u r r e n t  averager 1 i f e t i m e  o f  t he  l a r g e r  p l a n t s .  
.. 

As b o t h  thermal r a t i n g  and s e r v i c e  l i f e  a r e  f a c t o r s  which p rov ide  a base' o f  
. . .  . 

con f idence  i n  t h e  technology,  bo th  f a c t o r s  were used t o '  screen l a r g e  and smal l  .. -. 

p l a n t s  f o r  i n c l u s i o n  i n  t h i s  survey. 
. . 

2.3 SUBTASK. ORGANIZATION 
.. . 

  he subtask was accompl'ished i n  two phases.  lase I i n c l u d e d  prepa?at i .on. 
. .  , 

o f  ' t h e  v i s i t s .  t o  t h e  l a r g e s t  p l a n t ? - o f  i n t e r e s t  i n  western :' 
Europe, con tac t s  w i t h  manufacturers  and assoc ia t i ons  and a rev iew  o f  l i t e r a -  

t u r e .  Phase I 1  cons i s ted  o f  a s e r i e s  o f  14 p l a n t  i n t e r v i e w s  se lec ted  on t h e  

b a s i s  o f  da ta  c o l l e c t e d  i n  Phase i .  . .  . 

A 4hk i t . i  onnai  r e  prepared a t  t h e  P a c i f i c  ko r thwes t  Labora to ry  (PNL) c o n -  

s is ted 'o f . twe ' l ve  Opera t ing  Experience I n t e r v i e w  Worksheets. A sample b1an.k '. 

copy i s  a t t ached  as Appendix A .  Two sheets  s o l i c i t e d  genera l  i n f o rma t i on ;  t e n  

add i  t i on ' a l  worksheets addressed: the '  f o l l o w i n g  s p e c i f i c  exper ience ca tego r i es :  
. . > . .  

1 . Fai  1 u r e  Modes 

2. Cor ros ion  

3 .  r r e e z i n g  
. I  . 

4. Mal:i'~'tcnancc Fr tyucr i ty  
. . 

5.  oil i n g  ' ~ r o ~ e n ' s i  ty 

6. wind E f f e c t s  " 

7. Reci rcu ' l  a t i  on 

8, A v a i l a b i l i t y  

9. codes-and Standard Used t o  Ensure Performance : 

10'. ~ n v i  ro'nmental Impace 

I n  f o r m a t i  on was r e c e i  ved f rom t h e  f o l  1 owi ng sources :- 

1.  u t i , l  i ti es and p r i  ~ a t e  power , p l an t s ,  

2. pet rochemica l  and process i n d u s t r i e s ,  

3.. manufacturers  o f  a i r - c o o l e d  hea t  exchangers, 

4. users  o f  spec i  a1 -du ty  h i  gh-capaci t y  heat  exchangers, 



5. t.echnica1 s o c i e t i e s  and t r a d e  assoc ia t i ons ,  

6. research i n s t i t u t i o n s .  

Phase I i n t e r v i e w s  were h e l d  a t  t he  f o l l o w i n g  l o c a t i o n s :  

1. CEGB Rugeley Stat ion, ,  Rugeley, England 

2. ~ o l ' k s w a ~ e n w e r k  AG Power P l  ant ,  Wol f s b u r g  , Germany 

3. Preussag AG Power P l a n t ,  ~ 'bbenbi i ren, Germany . . 

4. Union Termica S.A. Power S t a t i o n ,  U t r i l l a s ,  Spain 

5. P l a s t i c  Tube Coo l ing  Tower Tes t  F a c i l i t y ,  P igna ta ro  
* .. 

M a j o r i  , I t a l y .  

Phase I con tac t  w i t h  equipment manufacturers  i n c l  uded: 

1. GEA - G e s e l l s c h a f t  fcr  Lu f tkondensa t ion  mbH, Bochum, 

Germany 

2. Bal  c k e - D i r r  AG, Bochum, Germany 

3. I t a l i m p i a n t i  , Genoa, I t a l y .  

- I n  addi  t i b n ,  a  rev iew o f  r ecen t  1  i te ra tu ' r e  was made and c o n t a c t  was 

e s t a b l  ?i shed w i t h  t h e  f o l l  owing assoc i  a t i  ons-: . . 

1. VGB - Technische Vere in igung Grosskraftwerksbetreiber 

,' e.V.. ( ~ e c h n i  c a l  Assoc ia t i 'on o f  Large Power P l a n t  

Operators)  . ' .  

2. VDEW - Vere in igung Deutscher ~ l e k t ' r ' i z i  t i t s w e r k e  

(German Power P l a n t  Assoc ia t i on )  

3. DECHEMA - Apparatebau (Assoc ia t ion .  o f  Process Equipment . ' 

Manufacturers  f o r  t h e  Chemical I n d u s t r y ) ;  

As noted i n  t h e  f o l l o w i n g  sec t ions ,  some i n t e r v i e w s  were h e l d  by b o t h  . . 

PNL and B a t t e l  l e - F r a n k f u r t  (BF) i n v e s t i g a t o r s .  The .PNL i n v e s t i g a t o r  t r a v e l  l e d  

i n  Europe t o  h e l p  o rgan ize  and coo rd ina te  t h e  BF e f f o r t  and. t o  ' f i e l d - t e s t  t h e  

Engl ish- language q u e s t i o n n a i r e  ' f o r  adequacy. I n f o r m a t i o n  on new techno1 ogy . . 

and samples f o r  me ta l l og raph i c  a n a l y s i s  were a l s o  obta ined.  



I n  Phase 11, t he  f o l l o w i n g  se r ies . .o f  14 .p lan t  i n te rv iews  was conducted: 

Daimler-Benz AG Power P l  ant,  S i  ndel f i  ngen, Germany 

Hausham Power P l  ant,  Hausham/Schl ie rsee,  Germany 
' 

C i t y  o f  Vienna was tebu rn i  nb Plant ,  Vienna, A u s t r i a  

s t e e l  works Power 'Plant; ~una;jiar;s, Hungary 

J u r i  j ~ a ~ a r i n  Power P lan t ,  Gyongyos, Hungary 

ARBED-Steelworks Power P lan t ,  Dudelange, Luxembourg 

BASF Chemical Works power ~l ant, Ludwi gshafen, Germany , ' 

Esso Re f ine ry  Power P l a i t ,  P o r t  ~ e r i m e ,  France 

City o f  Bremen Wasteburni ng P lan t ,  Bremen ,, ~ e r m a n ~  

Benzene Re f ine ry  Condenser, Gelsenkirchen, Germany 

Erdol C he1111 e Pe,Lr-uct~e~~r i c i i l  Power F l  ant ,  Dsrmagen, Germany ' ' 

12.  W i  rus-Werke Power P lan t ,  GGtersloh, Germany 

13.. , She1 1 Re f ine ry  Condenser, ~ o d o r t  , . Germany 

14. ~ i e t r a f i  t t a  Power P lan t ,  Perugia, I t a l y  

These p l a n t s  were se lec ted  from a l i s t  o f  i n s t a l l a t i o n s  cornpi l e d  i n  Phase I 

as p l a n t s  worthy o f  i n t e r e s t  i n d i c a t e d  by the  m e r i t  index rank ing  method. . ' 



'3.0 LITERATURE SURVEY . . 

As p a r t  o f  t h e  Phase I e f f o r t ,  lead ing  s c i e n t i f i c  j o u r n a l s  p e r t a i n i n g  

t o  energy, thermodynamics, heat  and mass t r a n s f e r ,  and a1 1  i e d  sub jec ts  

were surveyed t o  p rov ide  a  b ib1  iography o f  predominant ly European-source 

m a t e r i a l .  The survey covered t h e  p e r i o d  from 1969 t o  t h e  f i r s t  qua r te r  o f  

1975. Two major manufacturers o f  d ry  cool i n g  equipment (GEA and B a l c k e - ~ u r r )  

cour teous ly  placed t h e i r  b i b l i o g r a p h i c  ma te r i a l  a t  our  d isposa l .  Appendix B 

conta ins  an a lphabet ica l l y -o rdered b ib l i og raphy  o f  over 150 p u b l i c a t i o n s  

r e t r i e v e d  from these sources. Th i s  b ib l i og raphy  demonstrates the  ex is tence 

o f  an extensive body o f  re fe rence ma te r ia l  on European d r y  coo l i ng  technology. 

and experience. . . 
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4.0 PHASE 11. PLANT INTERVIEW SELECTION 

\. A l l  bu t  one o f  t h e  d r y  c o o l i n g  tower i n s t a l l a t i o n s  v i s i t e d  i n  Phase I 

were obvious choices, represent ing  t h e  l a r g e s t  i n  western Europe. The empha- 

s i s  o f  i n t e r v i e w s  w i t h  p l a n t  management was t o  update the  a l ready  ex tens ive  

l i t e r a t u r e  documenting ope ra t i on  a t  these s i t e s .  

A p a r a l l e l  a c t i v i t y  i n  Phase I was t h e  s e l e c t i o n  o f  most ly  smal le r  ' p l an ts  

(Gyongyos and P i e t r a f i  t t a  were Smportant except ions)  w i t h  s u f f i c i e n t  d r y  

cool ing,.experience. t o  i n t e r e s t  U. S. observers and war ran t  personal v i s i t a t i o n , .  

I n te rv iews  w i t h  management personnel a t  t hese  p l a n t s  were undertaken i n  

Phase 11. 

U.S. u t i l i t y  rep resen ta t i ves  who f e e l  they have a  l i m i t e d  bas is  f o r  

conf idence i n  d r y  c o o l i n g  technology have emphasized severa l  o b j e c t i o n s  t o  

accept ing  favo rab le  evidence from f o r e i g n  sources and o t h e r  i n d u s t r i e s .  

The :object ions i nc lude :  

1. Fore ign power p. lants a re  much smal le r  than those planned i n . t h e  U,.S.; 
' ,  . . . r h u s ,  f u l l - s c a l e  . e x p e r i e n c e i s  l ack ing .  

2. Favorable experience from r e l a t i v e l y  small power p l a n t s  i n  Europe i s  

aided by moderate c l  imate, wi,nter peaking, -and 1  ess c o s t l y  maintenance. 

: It i s ,  t he re fo re ,  n o t  t o t a l l y  demonstrated under equ i va len t  U.S. 

condi t i o n s .  . . . . 

3. Operat ing experience der ived  f rom o t h e r  i n d u s t r i e s ,  e s p e c i a l l y  t h e  

petrochemical i ndus t r y ,  r e f l e c t s  d i f f e r e n t  ph i losoph ies  o f  desiqn, 

maintenance and amor t i za t ion ,  l eav ing  room f o r  doubt about re levance 

t o  u t i l i t y  opera t ing  cond i t i ons .  

A mer i  t- i ndex method o f  r a t i n g  the. s i g n i f i c a n c e  o f  ope ra t i ng  experience 

was used t o  maximize i t s  va lue t o  U.S. u t i l i t i e s .  The m e r i t  index (I) i s  t h e  

product,  

I = T -S  

where 

T = Thermal r a t i n g  of c o o l i n g  s t a t i o n  (Btu/hr  x  

S  = Serv ice  l i f e  o f  . coo l ing  s t a t i o n  (years )  



With th ree  except ions, p l a n t s  w i t h  I > 800 were chosen t o  permi t  a review 
o f  t h e  most s i g n i f i c a n t  ope ra t i ona l  h i s t o r i e s .  I n  general,  the  l a r g e r  capac- 

i t y , c o o l i n g  systems a r e  newer. P lan ts  w i t h  long se rv i ce  records. a re  gener- 

.a1 l y  of smal l e r  capacity; ,  however,. they.  possess reasonably h igh  m e r i t  i nd i ces  

by v i r t u e  o f  t h e i r  age. By g i v i n g  equal weight t o  s i z e  and l o n g e v i t y  an 

a t tempt  was made t o  d i s t i n g u i s h  opera t iona l  problems associated w i t h  p l a n t  

s i z e  from long-serv ice  problems, . such. as co r ros ion  and maintenance. 

Except ions t o  the I > 8 0 0 , . c r i t e r i o n  were made i n ' t h r e e  cases, as .no ted 

i n  t h e  f o l l o w i n g  sect ions,  t o  accommodate aspects o f  unique .experience which 

broaden the  scope o f  t h i s  review. 

4.1 SURVEY OF DRY COOLING EQUIPMENT ORIGINATING IN THE FEDERAL 

REPUBLIC OF GERMANY . . 

I n  view o f  the  . v a r i e t y  o f  operators and the  l 'arge number o f  l o c a t i o n s  

where d ry  c o o l i n g  equipment i s  operated, German manufacturers were approached 
. . 

f o r  i n fo rma t ion  on d r y  c o o l i n g  equipment they had.suppli.ed t o  i n d u s t r i a l  

customers i n  the petrochemical,  process, steelmaking, and power p l a n t  sectors.  

The emphasis on German-origin equipment was decided by program fund i  ny and 

l o g i s t i c  cons t ra in t s .  Manufacturers considered i n  t he  survey were: " 

. . . . ;. . 
1. Balcke,,,Durr f iG , . 

. . 

a )  Bochum P lan t  

b )  Ratingen P lan t  
'' '.' i 

2 .  ~ ~ ~ - ~ e s e l  l s c h a f t  fir Luf tkondensat ion mbH, Bgchum 

3. Halberg Maschinenbau GmbH,. Ludwigshafen 

4:   he odor Wulf, Kuhlerwerksbau, ~ a l t r o p  

5. Zschocke-Werk, ~ a i s e r s l a u t e r n  

6. Konvekta-Werk, Ziegenhain 

7. G o t t f r i e d  B i s c h o f f  KG, Essen 

8. S t i l l  l c h  & Schlrlucker., Ber.1 i n  

9. Kuh le r fab r i  k   anger u. : l e i ch ,  S t u t t g a r t  



10. siddeutsche ~ E h l e r f a b r i  k ~ u l  ius: Fr.  Bahr, S t u t t g a r t  

1 Bors ig  GmbH, B e r l i n  

12. ~u teho f fnun~sh ; t te ,  Sterkerade . 
i 

13. ,Rhei ner Maschinenfabri k W i  ndhof f  ' AG, Werk ~ e u e n k i  rchen . 
These manufacturers were requested t o  supply the  f o l l o w i n g  in format ion  f o r  

each i n s t a l  l a t i o n :  . . 

1. l o c a t i o n  

2. i n s t a l l a t i o n  date .. 

3: equipment na ture  and purpose 

4, thermal capac i ty  r a t i n g  

5. temperature range and mass f l o w  o f  media invo lved 

6 .  gross heat t r a n s f e r  area 

7 .  t ub ing  and f i n  ma te r ia l s  

8 . module dimensi.ons . 
Th is  survey . inc luded German equipment suppl ied t o  Aust r ia ,  France, I t a l y ,  

the  Netherlands, Spain, and the  Un i ted  Kingdom. 

The long l i s t , o f  manufacturers found i n  i n d u s t r i a l  handbooks'suggests 

the  i l l u s i o n  o f  a d i v e r s i t y  o f  equipment which would be d i f f i c u l t  t o  compare. 

However, many o f  the  above manufacturers spec ia l i ze  i n  subcomponent equip- 

ment (heat  exchanger elements, fans, s t ruc tures ,  etc.  ) and others assemble 

components manufaetured elsewher-e. The survey showed t h a t  German d r y  

coo l i ng  technology represented by t h e  products o f  ~ a l c k e - ~ u r r  and GEA are  

the  most s i g n i f i c a n t  and form a reasonable bas is  f o r  s e l e c t i n g  p l a n t s  which 

prov ide  a representa t ive  sample w i t h  a broad range o f  experience. 

Table 4-1 conta ins a l i s t i n g  o f  European d r y  coo l i ng  i n s t a l l a t i o n s  

from which Phase I 1  i n t e r v i e w  se lec t i ons  were made. P lants  a re  organized 

i n  general categor ies and a r e  shown w i t h  d e s c r i p t i v e  data, i nc lud ing  the  

m e r i t  index as def ined above. . . 
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TABLE 4-1. European Dry Cooling Installations 
Reviewed for Phase I1 Interview 
Sel ecti on 

Tube Charac- 
t e r i s t i c s  

E = E l l i p t i c  
F = F i n  
G = Galvanized 
R = Round 
S = Steel 
T = T u b e  1 

M e r i t  
Index 

Medium (10-6x Mean Tem- Mean Tem- Oraft  
Medium perature perature Type 
t o  tm o f  Medium o f  A i r  F-forced 

P.0. - L o c a t i m  - Cookd (OF) (OF) N-natural 

A i r  cooled heat exchanges i n  the  Petrochemical I n d u s t r l  

Thermal Mass Year of ~ h e r m a l  
Flow i n s t a l -  Rat in  x 

, l ~ ~ ~ ~ ; ~ / h )  (L~SI~I) l a t i o n  years! Remarks 

2x40 560 000 1957-62 1240 Condenser fo r  r e d i s t i l l e d  
benzene 

ET. F - GS 1 Redesti l lat ions-Gemeinschaft,  Benzene 160 68 F 
Gelsenkirchen vapor 

49 2 461 500 1960 735 Cooler f o r  quenching water 
i n  f r a c t i o n a l  d i s t i l -  
l a t i o n  scrubber 

: Rheinische O l e f i n  Werke, Water 150 80 F 
Wessling b. Kcaeln 

24 238 200 1960 360 Cooler f o r  quenching water 
i n  f r a c t i o n a l  d i s t i l -  
l a t i o n  scrubber 

1 Esso-Raffinerie, Koeln Watw 240 95 F RT - S, F - A1 

9 9 410 1961 126 Condenser f o r  process steam 
4 Edison Milan, l t a l y  Steam 185 86 

39 498 076 1962 507 Cooler f o r  gasoline-water 
mix ture  i n  f r a c t i o n a t i n g  j Shell  Raf f iner ie ,  

Ingo ls tadt ,  Donau 
G a s ~ l i n e  158 86 
w a e r  
mix ture  
Hemy-o i l  230 86 

column 
17 167 900 1962 221 Heavy o i l  coo ler  5 Shel l  R a f f i n e r i e  

Ingo ls tadt .  Omau 

14 14 556 1963 168 Steam condenser i n  steam - 
d r i v e n  f r a c t i o n a t i n g  column 7 Gelsenberg M o b i l o i l ,  

Neustadt. Oonlu 
Steam 185 95 

S u p r -  217 86 
heated 

' s t a m  

7 7 227 1965 70 Process steam condenser 8 Purf ina R a f f i n e r i e ,  
Milan, l t a l y  

60 1 111 000 1965 600 Water coo ler  9 Shell  Raf f iner ie ,  Hamburg 

10 Shel l  Raf f iner ie ,  Hamburg 

Water 162 79 

Steam- 181 79 
gar 
m i r t u r e  

Water 212 68 

92 92 674 1965 920 Cooler i n  steam-driven 
f r a c t i o n a t i n g  column 

11 Shel l  In ternat iona l  Petro- 
leum, Bi l l ingham. G8 

15 206 806 1967 120 General coo ler  i n  
r e f i n e r y  

37 219 952 1967 296 Cooler f o r  quenching 
water i n  f r a c t i o n a l  
d i s t i l l a t i o n  scrubber 

9 451010 1967 72 Watercoo ler  

Water 212 73 12 I C I  Mond Div is ion ,  
Runcorn. GB 

.3 Croydon Gaswcrks, Wa-.er I 0 0  75 F R T - S . F - A l  
Croydon. G8 

' 4  Grangemouth F.affinerie. G8 Steam 300 70 F RT - 5. F - Al 12 13 569 1969 72 Condenser f o r  process steam 

39 44 586 1969 234 Condenser for'.iirocess steam 

54 55 727 1969 324 Steam condenser i n  steam 
dr iven f r a c t i o n a t i n g  
column 

;5 Union K r a f t s t o f f e ,  Steam 140 77 F R T - S  
Wesseling b. Koeln 

' 6  Oesterreichische Minera l -  Garol ine 203 ' 82 F E T - S  
oelverwaltung, Vienna steam 

n1i:ture 

A.r cooled heat exchangers i n  the  process indust ry  

' 7  Bayer, Leverkusen Wa:er 91 7 F No in format ion 11 393 400 ? ? Water coo ler  

23 22 040 ? ? Condenser f o r  process steam 

127 137530 ? ? Condenser f o r  process steam 

8 Holzwerk Baehre. Baehre St,sam 212 ? F NO in format ion 

"9 von Rol l  AG, Zuerich, CH St?am 302 7 F No information. 

A i r  cooled heat exchangers i n  t h e  s t e r l  indust ry  

EO Kloeckner Werke, Bremen Mazer ? ? F No information 

El Rheinstahl,  Hatt ingen Stnam ? ? F N o i n f o r m a t i o n  

22 Bochumer Verein Water 84 68 F T - C U  

Water coo ler  

Condenser f o r  process steam 

Water coo ler  i n  compressor 
u n i t  

Cooler i n  continuous 
cast ing  u n i t  

Cooler i n  compressor 
u n i t  

Steam condenser i n  
L-0 converter 

Steam condenser i n  
bessemer u n i t  

Cooler i n  compressor u n i t  

Cooler i n  s lab r o l l i n g  
m i l l  p l a n t  

Mult i -phase coo ler  i n  
compressor 

Steam condenser i n  
b l a s t  furnace 

Steam condenser i n  
b l a s t  furnace 

23 Roechlingsche Eisenwerke, Water 129 77 F T - S  
Saar 

?4 Phoenix Rheinrohr, August Water 90 63 F T - S  
Thyssen Huette 

?5a S a l z g i t t e r  Huettenwerk. Seam 417 86 N T - S  
S a l z g i t t e r  

?5b S a l z g i t t e r  Huettenwerk, Sham 417 86 F T - S  
S a l z g i t t e r  

?6a August Thyssrn Huette WaLer 99 70 F T - S  

?6b August Thysssn Huette Wster 212 86 F T - S  

26c August Thyssen Huette Water1 493 90 F T - S  
steam 

27 August Thyssen Huette, Steam 212 86 F T - S  
Werk Schwelgern 

28 Hoogovens, Netherlands Steam 485 80 F T - S  

[jondenser u n i t s  i n  power p lants  o r  backpressure turb ines i n  other s i t u a t i o n s  

.29a Stadt lser lohn Steam ? 7 F 7 44 48 522 1968 308 Condensate coo l ing  

60 66 166 1973 120 Condensate coo l ing  

54 60 211 1970 270 Condensate coo l ing  

29b Stadt lser lohn Steam ? 

3 0  Stadtwerke Kassel Steam ? 

31 Stadtwerke Werhausen Steam ? 

32a ARBEO. Oudelange, Luxemb. Steam ? 

F ? 

F ? 

F ? 

F T - S  

F R 1 . F - C U  

F E T , F - G S  

N NO in fonnat ion  

Condensate coo l ing  

Backpressure t u r b i n e  
condenser 

32b ARBED, Oudelange. Luxemb. Steam 104 Condenser i n  i n d u s t r i a l  
power p l a n t  

33 P i e t r a f i t t a  Power Plant,  Steam 97 
Perugia. I t a l y  

U t i l i t y  power p l a n t  

34 Horremer B r i k e t t f a b r i k ,  Steam 302 
Horrem b. K w l n  at,ove 

abnosph. press. 

Condensate from t u r b i n e  
used i n  process as 
pressurized water 

35 Kraftwerk Hausham Steam 95 Condenser i n  i n d u s t r i a l  
power p l a n t  

36a Oaimler Ben$! S inde l f ingen Sleam 9 4  Residual steam condenser 
i n  i n d u s t r i a l  cmbined 
power and heat ing  p l a n t  

36b Oaimler Benz, Sindelf ingen Sleam 104 Residual steam condenser 
i n  i n d u s t r i a l  combined 
power and heating p l a n t  

36c Daimler Benz, Sindelf ingen Sleam 104 Residual steam condenser 
i n  i n d u s t r i a l  combined 
power and heating p l a n t  

37 BASF. Ludwigshafen Steam 95 Residual steam condenser 
i n  i n d u s t r i a l  combined 
power and heating p l a n t  

3E Erdoelchemie. D o m g e n  Steam 112 Condenser I n  i n d u s t r i a l  
power p l a n t  

39a Esso Refinery. Por t  Jerome, Steam 131 
France 

39b Esso Refinery, Por t  Jerome, S;eam 131 
France 

39c Esso Refinery, Por t  Jerome. S-.eam 131 
France 

Condensers i n  r e f i n e r y  
power p l a n t  

Condensers i n  r e f i n e r y  
power p l a n t  

Condensers i n  r e f i n e r y  
power p l a n t  

Condensate from t u r b i n e  used 
i n  process as pressurized 
water 

Condensate f w m  t u r b i n e  
used i n  pwcess as 
pressurized water 

40a Stadtwerke Eremen S-.eam 401 68 F R T , F - G S  
Uasteburning p l a n t  

40b Stadtwerke Bremen S:eam 257 68 F R T , F - G S  
Yasteburning p l a n t  

41 Erdoelchemie. Worringen b. S:eam 113 59 F No i n f o n a t i o n  
Koeln 

42 Tota l  Chimie, France S:eam 140 77 F No information 

Condensate from t u r b i n e  
d r i v e  f o r  compressors 

Condensate from t u r b i n e  
d r i v e  f o r  compressors 

43 Danube Steei works, S:eam 91 50 N R 1 . F - A 1  
OunaGjviros, Hungary 

44 Power Plant,  S:eam 91 50 N R T , F - A 1  
Gyongyis. Hungary 

H e l l e r  System 

H e l l e r  System 



5.Q PHASE I INTERVIEWS 

This sect ion contains a review o f  p l an t  interv iews held as p a r t  o f  

Phase I a c t i v i t i e s .  When a p l a n t  t o  be v i s i t e d  was previously we l l  docu- 

mented, the emphasis o f  the in terv iew was on updating the account o f  oper- 

a t i ng  experience contained i n  the most recent 1 i terature.  This review 

describes p lan t  v i s i t s  i n  the chronological order of t h e i r  occurrence. 

5.1 DRY COOLING EQUIPMENT AT CEGB RUGELEY POWER STATION , RUGELEY , ENGLAND 

Date o f  V i s i t :  March 25, 1975 

Par t ic ipants  i n  the Discussion: 

M r .  E. Vaughan-Williams, S i t e  Superintendent 

Mr .  E. L. Fu l ler ,  Deputy Stat ion Superintendent (Stat ion A) 
Mr .  J. W. Williams, Operations Superintendent (Stat ion A)  
DeSteese - PNL 

5.1 .I Genera 1 Remarks 

The dry  cool ing equipment a t  Rugeley Stat ion i s  associated w i t h  Un i t  

No. 3 o f  the  f i ve -un i t ,  600-MWe Stat ion A. The balance o f  Stat ion A 

(4 x 120 MWe) u n i t s  are evaporatively-cooled w i t h  makeup water taken from 

the nearby River Trent. Adjacent t o  Stat ion A i s  Stat ion B cons is t ing o f  

two 500-MWe un i t s  which are a1 so evaporati vely-cooled, w i  t h  two natura l  

d ra f t  towers per un i t .  The spa t ia l  d i s t r i b u t i o n  o f  the n ine cool ing towers 
and the  two s ta t ions  i s  i l l u s t r a t e d  i n  Figure 5.1-1. 

Un i t  No. 3 i s  ra ted a t  a peak capacity o f  120 MWe, but  i s  run t y p i c a l l y  

a t  about 80 MWe. Heat r e j ec t i on  i s  accompl ished by the ~ e l l e r - ~ o r ~ ;  system 

w i t h  aluminum tubes of 99.5% p u r i t y  and a l l  aluminum plate-type f i n s  and 

water boxes. The u n i t  was commissioned i n  1961 and has been operated cont inu 

ously other than scheduled downtime f o r  maintenance and repai r .  The Engl i s h  
E l e c t r i c  Company was associated as a l icensee w i t h  the  Transelektro 

Hungarian Trading Company f o r  the construct ion o f  the ~ e l l e r - ~ o r ~ o  equipment. 



FIGURE 5.1-1. ~ u ~ e l e ~  Power S t a t i  



Overall operational experience has been consis tent  wi t h  design expectation 

except f o r  a severe and costly air-s ide corrosion problem. An adequate 

supply of water i s  avai.lable a t  t h i s  s i t e  fo r  evaporative cooling and the 
dominant motivation to  construct the dry tower was to  advance the techno1,ogy 

and gain operational experience. A t  the time of i t s  construction, the 
Rugeley dry cooling tower was the largest  in the world. 

The dry cooling tower a t  Rugeley has been reviewed extensively i n  the 

1 i terature.  (Im5) In 1970, Rossie provided a par t icular ly f u l l  description 
of the system, which, w i t h  the exception of additional corrosion experi- 

ence, remains valid today. ) The following discussion supplements and 
updates Rossie's review. A sample of the ~ o r ~ 6  finned-tube assembly was 
kindly supplied by Mr. Fuller and was brought back to  PNL f o r  metallo- 
graphic analysis. The resu l t s  of this work are  reported in Reference 6. 

5.1 .2 General Opera ti onal Data 

U n i t  No. 3 i s  rated a t  120 MWe w i t h  steam conditions of 1000°F and 

1500 psi,  and 1000°F reheat a t  400 psi .  A design turbine back pressure of 
1.3 inches Hg w i t h  a 52°F ambient a i r  temperature i s  achieved by the circu- 

lation of condensate-quality cooling water a t  62,000 gpm, three percent of 
which provides the boiler feedwater. A d i rec t  contact spray condenser i s  
used to  condense the exhaust steam from the turbine. The system provides 
a design ITD of 35°F between saturated steam temperature and ambient a i r  
temperature. 

Unique mu1 t i -por t ,  rotary-pl ug , sector valves are used to  i so la te  
sectors of the tower fo r  par t ia l  load operation, and f i l l i n g  and draining 
procedures. An opinion of the plant management expressed a t  t h i s  inter-  
view was that  the Rugeley dry tower would have been easier  t o  control i n  
bad weather i f  louvers had been f i t t e d .  Approximately 8.9 MWe, repre- 
senting 7.3 percent of the fu l l  load rat ing,  i s  required to  operate 
auxiliary equipment in Unit No. 3.  The design heat rejection load of the 

8 tower i s  5.87 x 10 B t u / h r ,  providing an experience merit index over 13.5 
years operation of approximately 7900. According t o  this method of 
ranking experience, Rugeley i s  among the world's three highest ranking 
plants using the Heller system (a f t e r  Gyongyos, Hungary and Razdan, USSR). 



5.1.3 Air-Side Corrosion Experience 

Severe a i r - s i de  corrosion i n  the heat exchanger has been a continuous 

problem. The need f o r  corrosion p ro tec t ion  was n o t  ind icated by previous 

experience i n  Hungary w i t h  the e el ler-Forg6 system. The Rugeley experience 

resu l  t s  from envi  ronmen t a l  exposure. 

A coal mine and an ash-sinter ing p l a n t  are  i n  c lose prox imi ty  t o  the 

coo l ing towers and p reva i l i ng  winds a t  the s i t e  ca r r y  products o f  a i r  

p o l l u t i o n  from the i n d u s t r i a l  c i t y  o f  Birmingham. By v i r t u e  o f  being on 

an is land,  Rugel ey and other r e l a t i v e l y  i n  land regions o f  England experi- 

ence low-level s a l t  carryover from coastal areas. Rain i n  England i s  

f a i r l y  frequent and the Rugeley d ry  tower i s  i n  the path o f  d r i f t  from adja- 

cent  evaporative towers (Figure 5.1-2) u~lcler. vr.eva-i 1 i ng  wind condit ions. 

Hydrochloric ac id  corrosion c e l l s  are  created by the combined e f f ec t s  

o f  moisture, ch lor ides and other a i rborne po l lu tan ts  working I n t o  crevices 

between the tubes, spacer c o l l a r s  and f i n s  of the Forg; heat exchanger. 

corrosion appears a f t e r  about 12 months o f  operation and resu l t s  i n  deter iora-  

t i o n  o f  the f i n s  and eventual penetrat ion of the tube wal ls .  At tack i s  accel- 

erated when a sect ion i s  ou t  of service, the r a t e  o f  corrosion being estimated 

as 20 times f a s t e r  than t h a t  under normal operation. 

This s i t l l a t i s n  was to le ra ted  b . ~  phased re tub ing as leaks appeared Jn 

the co i  I sections. A t  the sarrrtt Lillie, research i n t o  the problem was con- 

ducted by CEGB and the English E l e c t r i c  Company. I n  1969, t h i s  research 

resu l ted  i n  the  se lec t ion  o f  an epoxy coat ing as the best  method o f  corro-  

s ion  prevention, as reported by Rossie. An epoxy r e s i n  "Araldite-961A" 

was speci f ied and used i n  conjunction w i t h  a stront ium chromate i n h i b i t o r .  

I n  restrospect, t h i s  so lu t i on  would have proven qu i t e  sa t i s fac to ry .  

However, a t  the  t i m e  epoxy dip-coated c o i l  elements were being i ns ta l l ed ,  
an innovat ive change i n  the f i n  design was specif ied. The new design 

o f fe red  an approximate two percent increase i n  heat r e j e c t i o n  and e l  i m i -  

nated the  spacer c o l l a r  between f i n s .  Fins were spaced, i n  the new 

design, by s tar -pat tern  f o o t  formed on the  f i n  and around the tubes. 



FIGURE 5.1-2. Proximity o f  Dry Cooling and 
Evaporative Towers a t  Rugel ey 

I n  the dip-coating process, the surface tension o f  the l i q u i d  epoxy 

created a concave meniscus between s ta r  points which reduced the coating 

thickness per iod ica l l y  around the tubes i n  phase w i th  the s ta r  po int  pattern. 

Two dips producing a 2-mil coating were speci f ied t o  provide the required 

corrosion protect ion on f i n s  and tubes. The meniscus region was t y p i c a l l y  

tenths o f  mi ls  a t  i t s  center and tended t o  be porous. The overal l  e f fec t  

o f  the meniscus was t o  concentrate corrosion c e l l s  d i r e c t l y  on the tube wall 

between the s ta r  po in t  spacers. 

During t h i s  v i s i t ,  numerous 1 eaks were observed i n  operating sections 

o f  the heat exchanger, evidence o f  the meniscus ef fect .  The problem i s  being 



ef fec t i ve ly  con t ro l  led, however, by recoat ing the outward fac ing surfaces t o  

increase the thickness o f  the  p ro tec t i ve  epoxy and by simple i n j e c t i o n  tech- 

niques o f  an epoxy cement t o  seal leaks w i t h i n  the tube matr ix .  

The cost  o f  gain ing t h i s  experience has been r e l a t i v e l y  h igh compared 

w i t h  the cost  of the o r i g i n a l  heat exchanger (f 648,000 i n  1960). The cost  

of cor ros ion research and re tub ing was estimated t o  exceed i 1,000,000. 

During the  course o f  t h i s  experience, a p o l i c y  was adopted o f  rep lac ing 

de l tas  on a ro ta t i ona l  basis when leaking became excessive. A replacement 

de l t a  i s  shown i n  Figure 5.1-3 on a d o l l y  ins ide  the tower. More recent ly,  

the i n j e c t i o n  of epoxy has been developed as a very low cost  so lu t i on  invo lv-  

i n g  no dismant l ing o r  sector  downtime. 

FIGURE 5.1-3. Rep1 acement Del t a  , Rugel ey Power S ta t ion  



5.1.4 Water-Side Chemistry 

No, water -s ide  c o r r o s i o n  has been observed i n  t h e  cool  i n g  system,. ,A . ' 

r ecen t  assay o f  a  c o o l i n g  water sample f rom t h e  tower c i r c u i t  was supp l ied  

du r i ng  t h e  v i s i t  w i t h  t h e  f o l l o w i n g  composit ion: 

Morphol ine - 0.1 mg/a 

O2 . - 0.06. mg/a 

- 0.04 mg/a 

Conduc t i v i t y  - 1.5 t o  2  pmho/cm 
. . 

P Ii - 8.8 

Morphol i n e  i s  added a t  a  r a t e  o f  0.25 1  i t e r / d a y  t o  t h e  feedwater t o  

c o n t r o l  pH. The above values f o r  bo th  aluminum and oxygen have r i s e n  s i g -  

n i f i c a n t l y  i n  comparison w i t h  Ross ie 's  va lues o f  0.02 mgla. So lub le  i r o n  

has remained e s s e n t i a l l y  cons tan t  s i nce  Rossie 's  v i s i t .  The q u a l i t y  o f  t h e  

c i r c u l a t i n g  water i s  checked by r o u t i n e  weekly sampl i n g  and ana lys is .  

5.1.5 Freezing Experience 

Freezing experience has n o t  worsened s ince  Rossie '  s  r e p o r t .  Freezing 

a re  avoided p r i n c i p a l l y  by t he  r o u t i n e  d i s c i p l i n e  o f  a t tempt ing  t o  

l i m i t  t h e  temperature o f  t h e  c o o l i n g  water l e a v i n g  t h e  tower t o  a  minimum o f  

11°C. When t h i s  temperature f a l l s  t o  7OC, r a p i d  d r a i n i n g  o f  one o r  more sec- 

t o r s  i s  i n i t i a t e d .  The v e r t i c a l  t ub ing  permi ts  d r a i n i n g  o r  f i l l i n g  i n  about 
' 

two minutes. The d r a i n i n g  expedient i s  e s s e n t i a l l y  an emergency procedure 

and t h e  approach t o  p r o t e c t i o n  aga ins t  f r e e z i n g  i s  normal ly  handled by 

v a l v i n g  o f f  sec to rs  and f u l l  capac i t y  operat ion.  

Experience a t  Rugeley inc ludes  o n l y  a  few instances o f  tube r u p t u r e  as 

a r e s u l t  o f  f r e e z i n g  ( s i x  events i n  s i x  yea rs )  and a  once o r  tw i ce  per  w i n t e r  

need t o  reduce power (approx imate ly  25 percent  r e d u c t i o n )  t o  avo id  t h e  poten- 

t i a l  onset o f  f r eez ing .  I n  re t rospec t ,  t h e  d r y  coo l  i n g  tower a t  Rugeley 



should have been. f i t t e d  w i t h  louvers,  which, i n  the  r e l a t i v e l y  moderate 

c l  imate o f  England, would have been- a  t o t a l l y  adequate 111ethod o f  p revent ing  . ' 
t h e  p ro  b l  em. 

5.1 .6 Maintenance Frequency and Cost 

The overwhelming maintenance problem u n t i l  r e c e n t l y  has been the need 

f o r  r e t u b i n g  caused by co r ros ion  pene t ra t i on  i n  t he  tubes o f  t he  heat 

exchanger. Retubing when necessary was accomplished on a  cont inuous bas is  

w i t h o u t  p l a n t  shutdown by v a l v i n g  o f f  the  sec tor  under r e p a i r .  Corrosion 

r e p a i r  has been budgeted a t  about £100,000 per  year  and invo lved th ree  t o  

f o u r  men cont inuously .  The t o t a l  unan t i c i pa ted  cos t  t o  date f o r  re tub ing  

and co r ros ion  damage r e p a i r  has been f700,OOO. Approximately f o u r  man- 

months per year  a re  necessary t o  main ta in  the  balance o f  t he  coo l i ng  system. 

General p lan tw ide  maintenance i s  accomplished a t  27-month i n t e r v a l s  when a  

r o u t i n e  11-week p l a n t  shutdown i s  scheduled t o  permi t  a  mandatory b o i l e r  

inspect ion .  

Fou l i ng  
. . 

'The s i n t e r i n g  p l a n t  f o r  PFA aggregate i s  upwind and i n  the  immediate 

v i c i n i t y  o f  t he  d ry  tower. D i r t  from the p l a n t  blows d i r e c t l y  i n t o  the  

heat  exchanger causing f o u l i n g  t o  t h e  ex ten t  t h a t  heat  r e j e c t i o n  capac i ty  

i s  reduced. A r i n g  nf water .  hydrants has' been bu i  1  t around t h e  tower aiid 
. . 

wdstring o f  the o u t e r  ,accessib' le tubes keeps the  tendency t o  f o u l  under 

c o n t r o l  .' Two men are' requ i red  f o r  a  week once;per inonth . to  wash the  e n t i r e  

per imeter  o f  the  heat exchanger. Water cos t  o f  £0.13 per  1000 ga l l ons  i s  

an essent ia1l.y n e g l i g i b l e  ' add i t i ona l  cos t .  , -  

'. . 

5.1.,13 A tmosp l~e \ * i i  ~ f r e L t . 5 '  
I 

Atmospheric e f f e c t s  were covered adequately by ~ o s s i e ' '  ) an,d subsequent 

experience has been o f  the  same general na ture  as he discussed. A no t i ce -  

a b l e  d is turbance o f  the  n a t u r a l  d r a f t  has been observed i n  heavy r a i n .  

Also, d r a f t  i s  sometimes a f fec ted  by opera t ion  w i t h  one quadrant o u t  o f  

serv ice .  Thc preva i  1  i ng winds c a r r y  p u l l  u tan ts  whlch, as descr i  bed above, 

c o n t r i b u t e  co r ros ion  and a  tendency f o r  f o u l i n g .  



5.1.9 Cool ing Tower E f f e c t  on P lan t  A v a i l a b i l i t y  

The' coal  i n g  tower performance has a  negl i g i  b le"  i ~ l ~ p a c t  on. p l a n t  avai'1.a- 
. . 

b i  1  i ty': ' cor ros ion  , a1 though i t  has  been the  paci  nb i teni, ' i s hand1 ed' i n  b. ',' 

sector;by-sector basis.  Repairs can u s u a l l y  be accoinpl ished w i thou t  ;;educ- 
9 .  

t f o n  i n  ' the' .desired ou tput  o f  t he  p lan t .  . . . 

. . 

5.1.10 Environmental Impact and S i t i n g  

The environment i n  t he  case o f  Rugeley appears t o  have more impact, on 

the  d r y  c o o l i n g  system than v i c e  versa. Very few complaints have been 

. received from inhab i tan ts  o f  the  area about Rugeley P lan t  opera t ion .  I n  

t he  l a s t  two years, o n l y  one complaint was received and t h i s  r e l a t e d  t o  t h e  

aes the t i cs  o f  plumes from the  evaporat ive towers. 

I n  the past ,  p l a n t  no ise  from fans, alarms, and ~ i i o to rs  has been objec- 

t ionab le ;  however, s i  1  encers were added t o  t h e  b l  owdown sys  ten^, which 

appeared t o  be the  p r i n c i p a l  source. 

The p o t e n t i a l  f o r  f u r t h e r  improvement invo lves  the  a d d i t i o n  o f  pre-  

c i p i t a t o r s  t o  c lean up stack emissions. This i s  n o t  planned because.of 

the  expense and e x t e n t  o f  r e b u i l d i n g  requi red.  

The environmental e f f e c t s  o f  i n d u s t r i a l  p l a n t s  i n  Rugeley appear t o  

enjoy a  h igh  l e v e l  o f  p u b l i c  to le rance mot ivated by s e l f - i n t e r e s t  i n  pro- 

t e c t i n g  oppor tun i t i es  f o r  cont inued employment. The environmental impact 

o f  the power p l a n t  complex was reviewed a t  a  p u b l i c  i n q u i r y  p r i o r  t o  con- 

s t r u c t i o n .  Adequate c l i m a t o l o g i c a l  data were a v a i l a b l e  a t  t h a t  t ime t o  

permi t  t he  eva lua t i on  o f  s i t e  s u i t a b i l i t y  and environmental impact according 

t o  standards then i n  existence. I f  a  s i m i l a r  p l a n t  were t o  be b u i l t  today, 

t he  stack he igh t  would be increased t o  600 f e e t  from t h e  present  450 f e e t ,  

t o  improve d i s s i p a t i o n  o f  s tack gases and emissions. With the present  s tack 

he igh t ,  i n te r fe rence  w i t h  the  plumes from the  evaporat ive towers i s  no t iced.  

5.1 .ll Concl ud i  ng Remarks 
. . 

The experience a t  Rugeley has added g r e a t l y  t o  t he  wor ld ' s  know1 edge 

concerning opera t ion  o f  l a rge -capac i t y  a i r - coo led  heat exchangers. The 

combination o f  circumstances c o n t r i b u t i n g  t o  t h e  co r ros ion  problem . . 



. . 
. . .  

are understood and total ly avoidable with current technology and site; 
-,. 

selection. As a full-scale experimental facil i.ty, the Rugeley dry cooling 

system has-isolated causes of,a major potential problem, which otherwise 

could have remained unrecognized or could have afflicted a non-experimental 

installation. 
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General Remarks 

The Wolfsburg power p l a n t  operated b y  Volkwagenwerk AG has t h e  h i g h e s t  

c a p a c i t y  i n  Europe equipped w i t h  GEA a i r - c o o l e d  d i r e c t  condensing systems. 

Four 48-MWe u n i t s  ( U n i t s  A, B, C, and D) were i n s t a l l e d  s e q u e n t i a l l y  i n  

1961, 1962, 1966, and 1972. The power p l a n t  supp l i es  power and steam heat-  

i n g  f o r  au tomot ive  manufac tu r ing  processes as w e l l  as power and d i s t r i c t  

hea t i ng  f o r  t h e  town o f  Wolfsburg. The d i s t r i c t  hea t i ng  l o a d  i s  l a r g e s t  

i n ' . t h e  w i n t e r  and, a s ' a  r e s u l t ,  t h e  p l a n t  hea t  r e j e c t i o n  system i s  loaded 

most h e a v i l y  i n  t h e  summer.. 

The r a t i o n a l e  f o r  i n s t a l l i n g  d r y  c o o l i n g  towers was based on a  d e t a i l e d  

economic comparison ' o f  evapo ra t i ve  and d r y  systems. A d e c i d i n g  f a c t o r  was 

t h e  a v a i l  a b i l  i ty, cos t ,  and l o g i s t i c  disadvantages o f  p r o v i d i n g  wate r  f o r  

evapo ra t i ve  coo l  i ng. Ove ra l l  ope ra t i ng  expe r i ence  w i t h  t h e  GEA d r y  coo l  ing  
syStems has.been h i g h l y  s a t i s f a c t o r y  and has thoro1.1ghly demonstrated t h e  

: .  

r e l i a b i l  i t y  of ga lvan ized  s t e e l  hea t  exchangers under ' c y c l i c  s e r v i c e  

cond i t i ons .  Volkswagenwerk management p l ans  t o  inc rease  t h e  s i z e  o f  t h e  

power p l a n t  f o l l o w i n g  ' the modular a d d i t i o n  p o l i c y  o f  t h e  past ,  as 'power and 

hea t i ng  requi rements inc rease .  An a d d i t i o n a l  80 t o '  100 MWe i s  a n t i c i p a t e d  

t o  be:needed i n  t h e  e a r l y  1980s. The Volkswagenwerk power p l a n t  i s  d iscussed 

i n  References 1, 2, 5, 7, 8, and 9. Ross ie 's  rev iew' ' )  o f  o p e r a t i n g  e x p e r i -  

ence i s  v a l i d  today rega rd ing  U n i t s  A, B y  and.C. U n i t  D  was added s i n c e  

Ross ie 's  f i e l d  t r i p .  M r .  Wehrberger cou r teous l y  p rov ided  a sample o f  GEA 



p la te - f i nned ,  e l  1  i p t i c a l  t ub ing  taken from U n i t  0, a f t e r  seven yea rs '  opera- 

t i o n .  Ana lys is  o f  t h i s  sample i s  discussed i n  Reference 6. 

5.2.2 General Operat ional  Data 

The Vol kswagenwerk power p l a n t  i s  equipped' w i t h  c o n t r o l  l e d  ex t rac t i on -  

type tu rb ines  which ' p rov ide  steam f o r  process o r  d i s t r i c t  heat ing .  a t  con- 

s t a n t  pressure. The power p l a n t  was constructed i n  two sec t ions .  The 

fi r s t ,  and o lde r ,  s e c t i o n  i s  evapora t ive ly -coo l  ed. The performance o f  uni  t s  

i n  t he  o l d  sec t i on  was genera l l y  s a t i s f a c t o r y ;  however, the  c o o l i n g  tower 

p l u ~ ~ ~ s s  were suscep t i b le  t o  r e c i r c u l a t i o n .  The plumes a1 so created h iqh  

humidi t y  cond i t i ons  i n  same b u i l d  ir lys o f  the manutactur ing p l a n t  accord ing 

t o  seasonal weather cond i t ions .  

A new power p l a n t  s e c t i o n  was planned i n  1960 t o  accommodate increas-  

i n g  demand f o r  heat  and power. A t  t h i s  t ime, a  t r a d e - o f f . s t u d y  was made 

t o  decide whether evapora t ive  o r  d ry  cool  i n g  should be se lec ted  fo r  t he  new 

p l a n t  sec t ion .  An,economic comparison showed t h a t  d i r e c t  condensing d r y  

c o o l i n g  systems would cos t  l ess  than the  placement o f  wet towers a t  l e a s t  

3000 f e e t  away from the  power p l a n t .  This  d is tance was considered necessary 

t o  e l  im ina te  r e c i r c u l a t i o n  and humid i ty  problems experienced w i t h  evapora- 

t i v e  systems i n  the  o l d  power p l a n t  sec t ion .  

The new, power p l a n t  sec t i on  conta ins four  u n i t s  r a t e d  a t  40 MWe and 

48 M W ~  under summer and w i n t e r  cond i t ions ,  respec t i ve l y .  ~ h r o t t l e  steam 

cond i t i ons  are 977OF and 1616 p s i .  . A t  t he  maxirnum r a t i n g ,  t he  design 

t u r b i n e  back pressure i s  3.3 inches Hg w i t h  59°F amhient. The corresponding 

ITD between sa tura ted  steam i n  the  condenser and ambient temperature i s  51°F. 

Each tu rb ine-gevera tor  u n i t  i s  connccted t o  i t s  vwrl l ~ l u c k  o f  f o u r  a l r -  

cooled condenser modules mounted on t h e  r o o f  o f  t he  t u r b i n e  b u i l d i n g ,  The 

modul es con ta in  var ious  arrangements of standard and counterf  low condenser 

 section^.('"-^) The sec t ions  a re  cons t ruc ted  from GEA hot -d ip  galvanized, 

e l  1  i p t i c a l  s tee l  tub ing  and steel '  p l a t e  f i n s .  ' D r a f t  i s  prov ided 'by two- 

speed fans arranged threO fans per module, w i t h  a  t o t a l  o f  12 fans per  
' ' 

t u r b i n e  u n i t  . 



On an elapsed-time bas is  t he  sequent ia l  ins ta l1 ,a t ion  o f  U n i t s  A through 

D c o n t r i b u t e s  a  t o t a l  o f  39 un i t - yea rs  opera t ion .  With r a t e d  condensate f l o w  
8  r a t e  o f  242,000 l b / h r ,  t h e  condenser heat l oad  w i l l  be 2.49 x  10 Btu /h r  per 

u n i t .  The corresponding m e r i t  index would be app rox i~ l l a te l y  9700. I-lowever, 

t he  p l a n t  gene ra l l y  has excess capac i t y  over  demand throughout  t he  year  and 

u n i t s  a r e  r u n  as sp inn ing  reserve  o r  a re  shut down complete ly  as cond i t i ons  

vary. Using data f rom Reference 9, u n i t  downtime appears t o  range t y p i c a l l y  

between 25 percent  and 35 percent.  When t h i s  downtime i s  accounted f o r  as 

an average o f  30 percent,  t he  m e r i t  index i s  about 6800. Th i s  va lue i s  s t i l l  

one o f  t h e  l a r g e s t  i n  Europe and increases i n  s i g n i f i c a n c e  because o f  t he  

cyc'l i c  na tu re  o f  u n i t  opera t ion .  U n i t s  which a re  shut  down over  weekends 

and ho l i days  a re  a l lowed t o  f i l l  w i t h  atmospheric a i r .  Th is  du ty  i s  more 

s t r i n g e n t  than t h a t  which would be t y p i c a l  o f  U.S. u t i l i t y  opera t ion  and 

t h e r e f o r e  emphasizes t h e  r e l i a b i l i t y  o f  t h e  GEA system w i t h  respec t  t o  cor ro -  

s i on  res i s tance  and condensate q u a l i t y  c o n t r o l .  

5.2.3 Corros ion Experience 

The a i  r -coo led  condensers a t  Wolfsburg have been t o t a l l y  f r e e  from 

both a i r - s i d e  and condensate-side co r ros ion  du r i ng  t h e i r  opera t iona l  

h i s t o r i e s .  Rust occurred on the  i n s i d e s  o f  f inned- tube bundles o f  U n i t s  A  

and B as a  r e s u l t  of h y d r a u l i c  pressure t e s t i n g  d u r i n g  manufacture. A 

phosphoric a c i d  t rea tment  was employed t o  remove t h e  r u s t  and p r o t e c t  t h e  

tube i n t e r i o r s  w i t h  a  phosphate l a y e r .  Th is  was a l s o  d e s i r a b l e  as a  method 

o f  removing m i l l  and weld ing sca1.e which o therw ise  i s  t r anspo r ted  around 

the  system i n  the  condensate. 

Under normal du ty  c o n d i t i o n s  t h e  phosphate would, have been. removed by 

ammonia a d d i t i o n  t o  t he  t u r b i n e  exhaust. As a  r e s u l t  o f  low l oad  cond i t ions ,  

t h i s  was n o t  t o t a l l y  e f f e c t i v e  and phosphate was ' t r anspo r ted  t o  t h e  b o i l e r .  

However, t h i s  m a t e r i a l  was 'drained o f f  and no damage t o  t h e  system resu l t ed .  

The pressure t e s t  o f  tube bundles f o r  U n i t  C was performed under water 

w i t h  compressed a i r .  Th i s  procedure avoided t h e  r u s t  problem and t h e  need 

f o r  phosphate t reatment .  F i  1  t e r s  were i n s t a l  1  ed upstream o f  t h e  condensate 

pump t o  t r a p  t ranspo r ted  -scale.  The f i 1 t e r s  r e q u i r e d  f requen t  c lean ing  



d u r i n g ' t h e  f i r s t  year  of' operat ion;  however, a f t e r  one year,  scale c o l l e c t i o n  

reduced t o  zero and the  f i l t e r s  were removed. A r e t u r n  t o  phosphoric a c i d  
. . 

t rea tment  was decided f o r  t h e  tube bundles o f  U n i t  D. J 

Some eros ion  o f  t h e  z i n c  coa t i ng  .on the  a i r - s i d e  lead ing  edge o f  f i n s  

has been determined. A t y p i c a l  f i n  i s  coated w i t h  z i n c  by the  ho t -d ip  galva- 

n i z i n g  process t o  a  thickness, i n  t h e  range 24 t o  48 pm. U n i t s  A, B, and C 

have enough exposure t o  e x h i b i t  measurable eros ion  o f  t he  z i n c  coat ing  
; ' 

com.mensurate w i t h  t h e i r  s e r v i c e  l i f e .  L inea r  e x t r a p o l a t i o n  o f  t he  eros ion  
. . 

observed t o  da te  suggests t h e  ga l van iz ing  w i l l  be good fo r  t he  ba lance.o f  

approximate ly  50 years '  p r o t e c t i o n  i n  the  r u r a l  environment o f  Wolfsbu.rg. ' 
, 

5.2.4 Condensate Q u a l i t y  

No i n - s e r v i c e  co r ros ion  has been apparent on the  condensate s ide  o f  t he  

system; Condensate qua1it.y a t  Wolfsburg i s  he ld  t o  the f o l l o w i n g  l i m i t s :  , 

Conduc t i v i t y  - 5  t o  7 pmho/cm 

Hydrazine i s  added i n  the  'range 30 t o  40 l l g / ~  t o  c o n t r o l  oxygen. 

Ammonia i s .  the o n l y  o t h e r  condensate a d d i t i v e .  A 1  arge t r a n s i e n t  increase 

i n  oxygen and i r o n  content  occurs du r ing  s ta r tup ; (8 )  however, t he  use o f  

a i r  e j e c t o r s  reduces t h i s  t o  normal l e v e l s  w i t h i n '  a  few hours. 

Freezing Experience 

Freezing has occurred on two occasions i n  t h e  w in te rs  o f  1964165 and 

1965166. I n  t h e  f i r s t  case, f o u r  condenser tubes o f  U n i t  A were found . . 

t o  be cracked and were removed. The holes i n  t h e  condenser were plugged 

and welded. The second case o f  f r e e z i n g  happened the  f o l l o w i n g  w i n t e r  i n  

U n i t s  A and B, r e s u l t i n g  i n  t h e  removal o f  one tube from each condenser. 
. .  

The s e v e r i t y ' o f  these cases was associated w i t h  co lde r  than usual w in te r  

temperatures and condensate f l 'ow r a t e s  below the  range f o r  which f a n  speed 

cont ro l '  can'be used t o  reduce. the r a t e  o f  heat t r a n s f e r ,  



As ~ o s s i e  discussed i n  d e t a i l  , ( ' I  f reez ing  problems a r e  avoided by 

ope ra t i ona l  procedures (as p rac t i ced  a t  Rugel ey) i n c l  ud i  ng ~naintenance of 

a  minimum condensate temperature (41°F) when ambient reaches 32°F. A lso , , 

i n v o l v e d . i n  t he  c o n t r o l  procedures are  requirements f o r  condensate f l o w  r a t e  

and f a n  speed. 

. The i n c o r p o r a t i o n  o f  Dephl egma t o r  ( coun te r f  1 ow condenser) sec t ions  

i s  a ,.component o f  the  f reeze p r o t e c t i o n  design phi losophy i n  t h e  GEA 

system. The counter f low c o i l s  e x h i b i t  a  lower heat  t r a n s f e r  c o e f f i c i e n t  

than t h a t  o f  t he  s tandard condenser. I n  U n i t s  A and B, one o f  t he  f o u r  

condenser sec t ions  conta ins  o n l y  counter f low elements. The condensers of 

U n i t s , C  and D have standard and counter f low elements i n  each sec t ion .  It 

appears t h a t  the  optimum number and d i s t r i b u t i o n  o f  counter f low elements i s  

s t i l l  a  sub jec t  o f  i n  s i t u  research a t  the p l a n t .  

5.2.6 Maintenance Frequency and Cost 

Maintenance and r e p a i r  cos ts (8)  o f  t he  a i r - coo led  systems average 

0.7 percent  o f  t h e  annual maintenance cos t  f o r  t he  power s t a t i o n  as a  whole. 

I n  1974 the  d ry  c o o l i n g  systems o f  U n i t s  A through D cos t  about DM 44,000 t o  

ma in ta in .  The p r i n c i p a l  components r e q u i r i n g  r o u t i n e  a t t e n t i o n  a re  gears, 

motors, condensate pumps, a i r  e j e c t o r s  and f i t t i n g s .  L u b r i c a t i o n  o f  gear ing 

on the  f a n  motors gave a  l i t t l e  t r o u b l e  i n  t he  e a r l y  days o f  opera t ion .  

This  problem was solved by s e l e c t i o n  o f  a l l -weather  l u b r i c a t i n g  o i l .  +. 

An annual requirement o f  between 70 and 100 man-hourslyr a re  requ i red  

per  u n i t  t o  c lean d i r t  o f f  t he  condenser f i n s .  A f t e r  t r y i n g  compressed 

a i r  w i t h o u t  t o t a l  success, p ressur ized  water'') a t  70 p s i g  i s  used i n  t h i s  

rou t i ne .  The condensers, f an  motors and l u b r i c a t i n g  systems are  inspected 

each s h i f t , ( l y 8 )  which requ i res  an a d d i t i o n a l  114 man-hour per  s h i f t .  

Ove ra l l  experience a t  Wolfsburg shows the  maintenance requi rement  o f  t h e  

a i r - coo led  equipment t o  be lower tl idr~ t h a t  o f  evapora t ive  systems i n  the  

o l d e r  power p l a n t  sec t i on .  

Foul i n g  

The l o c a l  , bas i ca l  l y  r u r a l ,  environment c o n t r i b u t e s  very 1  i t t l e  p o l l  u- 

t i o n  o r  m a t e r i a l  which can f o u l  t he  condensers. A coa t i ng  o f  dus t  and 



d i r t  f rom var ious sources accumul~ates s low ly  throughout the year .  The 

predominant weather d i r e c t i o n - s i d e  o f  t h e  condensers tends t o  be kept  c lean 

by  the  - r a i n .  Annual c lean ing  w i t h  p ressur ized water prevents any ser ious 

long- term bu i ldup;  no l o s s  of heat r e j e c t i o n  c a p a b i l i t y  has ever been 

observed as a  r e s u l t .  

P l a n t  management has been concerned by workers who bend o r  damage f i n s  

by care less  placement o f  ladders and t o o l s  w h i l e  working around the  conden- 

sers.  Whi le t h i s  has n o t  impaired opera t ion  o f  the  equipment, i t  appears 

t o  be the 'most  no t i ceab le  cause o f  any damage which has occurred..  - I n  con- 

t r a s t ,  t h e  robustness o f  t he  s tee l  f inned- tube assembl i e s  i s  compl e t e l y  

r e s i s t a n t  t o  s t resses imposed by the  pressur ized water c lean ing  procedure. 

5.2.8 Atmospheric E f f e c t s  

The o v e r a l l  i n f l u e n c e  o f  atmnspheric e f fec ts  i s  minimized by thc  use 

of f o rced  d r a f t .  Wind e f f e c t s  have been noted, however, which i n  t h e  worst  

cases, reduce heat  r e j e c t i o n  o f  some condenser modules as much as 25 percent.  

Th i s  s i t u a t i o n  i s  associated w i t h  winds b lowing f rom t h e  east  p lac ing  the  

condensers i n  a  p a r t i a l  wind shadow o f  t h e  b o i l e r  house (F igure  5.2-1). The 

b o i l e r  house apparent ly  sheds eddies c o n t r i b u t i n g  t o  unequal a i r  d i s t r i b u t i o n  

across t h e  condensers and l o c a l  r e c i r c u l a t i o n .  The reduc t i on  i n  heat r e j e c -  

t  on c a p a b i l i t y  does n o t  have a  l a r g e  impac t  on a b i l  i t y  t o  supply the  demand 

load  on t h e  system. P l a n t  uper.d l i u n a l  p o l  Icy prov ides ample reserve margin 

t o  absorb such e f f e c t s .  

An enhancement o f  heat  r e j e c t i o n  c a p a b i l i t y  i s  i n t e r p r e t e d  from vacuum 

improven~ents o f  between 0.2 and 0.9 percent  du r ing  1  i g h t  un i fo rm r a i n .  Heavy 

r a i n  i s  s j m i l a r l y  h e l p f u l  when opera t ion  a t  peak.output  i s  requ i red .  

5.2.9 Cool ing Tower E f f e c t  on P l a n t  A v a i l a b i l i t y  

The performance and opera t iona l  c o n d i t i o n  o f  t he  d r y  coo l i ng  system 

has never a f f e c t e d  p l a n t  a v a i l a b i l i t y .  Operat ing p o l i c y ,  however, permi ts  

a ve ry  f l e x i b l e  response t o  emergencies, i n c l u d i n g  the  a b i l i t y  t o  p a r t i a l l y  

i n t e r r u p t  the  supply o f  power and process heat t o  t he  manufactur ing p l a n t  



t o  accommodate the power demands o f  the town. Most o f  the  t ime operation o f  

the power p l an t  i s  based on a high degree o f  redundancy i n  terms o f  shut-down 

u n i t s  o r  spinning reserve. 

5.2.10 Environmental Impact and S i t i n g  

The dry  coo l ing system has a neg l i g i b l e  impact i n  excess o f  t he  environ- 

mental e f f e c t  o f  the p l an t  as a whole. As i n  Rugeley, some i n d u s t r i a l  po l lu -  

t i o n  i s  t o l e ra ted  by the l oca l  populat ion because the indus t r ies  are  major 

l oca l  sources o f  employment. F l y  ash and SOp emissions from the power p l an t  



have been reduced by 35 percent and 30 percent, respectively, in the 

1963-73 period. During this time, plant capacity doubled. 

Noise pollution from the fans was the subject of research at the plant 

before and after installation of Units A and B. (8) Fan noise causes the 
overall noise level to rise from 66dB(A) to 77dB(A) at approximately 160 feet 

from the condensers. No perceptible change in noise level was measured out- 

side the plant site, as a result of operating the dry cooling systems. 

5.2.11 Con.cJ-udinq Remarks 

I'he operational experience at the Volkswdyerlwerk plant is impressive 
evidence of the re1 iability and resistance to deterioration of the GEA direct 

condcnsing system. The ihstall ation a1 so demanst.rr~ l,.rc, per-fnrmance according 
to, or slightly better than, design specifications. The frequent cyclic 

shutdown/restart mode of operation is potentially a more severe test of con- 
denser resi stance to internal corrosion than woul d be expected from condi tions 
associated with base load operation. An important endorsement of satisfactory 

performance is that Vol kswagenwerk AG has been a four-time repeat customer 
for'the GEA system and future enlargement of the plant is anticipated using 

sinrilar n~odules. 4 
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5.3.1 General Remarks 

The Preussag AG d r y  coo l i ng  tower a t  1bbinb;ren(' y10-12) i s  another 

example ( a f t e r  Rugeley) o f  t he  i n t r i n s i c a l  l y  re1  i a b l  e  He1 1  e r - ~ o r ~ 6  system 

opera t ing  l e s s  e f f e c t i v e l y  than planned because o f  an adverse environment. 

The l o c a t i o n  o f  t h e  d ry  c o o l i n g  tower i n  the  v i c i n i t y  o f  wet coo l i ng  towers 

and downwind of a  pu l ve r i zed  coal s torage area has caused f o u l i n g  o f  the  ., 

heat exchanger. Coal dus t  and f l y  ash bound by mois tu re  t o  form a  cake - l i ke  
. , 

coa t ing  has proven d i f f i c u l t  t o  remove. As a  r e s u l t ,  p l a n t  management, 

a l though t a k i n g  advantage o f  an i n i t i a l  10 percent  overdesign performance 

margin as p a r t i a l  compensation, i s  t o l e r a t i n g  an e f f e c t i v l e y  permanent reduc- 

t i o n  i n  heat r e j e c t j o n  c a p a b i l i t y .  

The d ry  c o o l i n g  system a t  Ibbenburen was se lec ted  f o r  a 150-MWe u n i t  

a d d i t i o n  t o  the  e x i s t i n g  evaporat ive-cool ed p l a n t .  The o l d  p l a n t  conta ins  

th ree  turb ine-generators w i t h  a comhined capac i t y  o f  92 MWe. The cool  i n g  

water requirement f o r  the two evaporat ive towers o f  t h e  o l d  amounted .. 

t o  h a l f  the capac i t y  o f  t he  water supply a t  t h i s  s i t e .  Economic ana lys i s  . 

showed t h a t  a  d r y  cool i n g  system would be p re fe rab le  i f  water  c o s t .  exceeded 

approximately $0.35/1000 ga l lons .  ) The ac tua l  c o s t ,  o f  water from 

Preussag's own wa te r - t rea tment  ' p l a n t  was $0.4711 000 ga l  'Ions and would have 

r i s e n  t o  $0.65/1000 ga l l ons  i f  a  new supply had been developed f o r  a  t h i r d  

evapora ti ve sys tem. The ex tens ive  economic study al.so i n c l  uded a  rev iew :, 

o f  o ther .  types,  o f  coo l i ng  systems, from which t h e  He1 l e r  system was chosen. 



Other than  the foul ing:  probl em, overall experience with the dry cool ing 

system a t  Ibbenburen has been sat isfactory.  The plant management fee ls  that  -. 
the foul ing was exaggerated by three months of downtime in 1970 caused by 

turbine problems. If routine cleaning had;been practiced from the time of 

conmissioning and during downtime, the Forg6 heat exchanger could be  expected /. 

to  s tay f ree  of foul ing material in the Ibbenburen environment. Management 

confidence in the system i s  indicated by plans for  expansion of the power 

plant with similar units.  A plan fo r  the.addition of 680 MWe capacity i s  

scheduled for  review in l a t e  1975 or early 1976. 

The 

tions.  (1 

especial 

Rug e l  ey 

! Preussag AG Heller system has been described in several p'ublica- 

Rossie's report of a f i e ld  t r i p  to  the plant in 1969 i s  an 

l y  useful Engl ish language reference. ) As with the treatment of 

and Wolfsburg, t h i s  dischssion i s  intended a i  a supplementary 

updating of Rossie's review. A sample of 'forg6 finned tubing was kindly 

suppl ied representing seven years' use between 1967 and 1974. A metal- 

lographic analysis of the 'sample i s  reported in Reference 6. 

5.3.2 ~ e n e r a l  Operating Data 
. * 

, '  

T.he dry cool ing system a t  Ibbenburen possesses niany el enlen.1;~ u.f s i r r ~ i  - 
l a r i t y  t o  the Ruge1.e~ tower' and some important differences. Both systems 

employ natural d ra f t  generated by a reinforced-concrete hyperbolic tower. 

The Ibbenburen turbine generator i s  rated a t  150 MWe .with th ro t t l e  steam 

a t  976?F, and 2719 psi ,  and a 976°F reheat a t  500 psi .  

8 A t  rated power the heat rejection load i s  6.45 x 10 Btu/hr. The 

design turbine back pressure i s  1.22 inches Hg with a 35°F ambient a i r  

temperature. The corresponding IT0 i s  50.5"F, which contrasts with the 35°F 

IT0 of Rugeley with a 52°F ambient. As a r e su l t ,  the Ibbenburen plant needs 

only 498 cooling elements compared with 648 a t  Ruqeley. Other points o f  
contrast  between the two ins ta l la t ions  are:  

' the'  design of the d i rec t  contact condenser; 

the uie nf i b ~ ~ v e r s  fo r  freeze protecrion a t  ~bbinbiren;  

independently 'controlled valves a t  Ibbenbiiren for  isolat ing,  f i l l i n g  

and draining the four cooling tower sectors. 



The ope ra t i ona l  m e r i t  index f o r  Ibbenbiiren has a  nominal va lue o f  5160. 

I f  downtime and reduced 'capabi 1  i ty- are  considered, t h i s .  "a1 ue i s  reduced by , 

approx imate ly  25 percent  t o  3900, which ranks Ibbenburen nex t  below Rugeley 

and i n  f o u r t h  p lace  f o r  H e l l e r  systems.. 

5.3.3 A i r -S ide  Corros ion Experience 

.The heavy depos i ts  o f  f o u l i n g  m a t e r i a l  con ta in  ch lo r i des  c a r r i e d  i n  

t h e  d r i f t  f rom ad jacent  evapora t ive  towers, f l y  ash f rom the  s tack  and 

d i r t  thrown up by passing veh ic les .  ( I 2 )  E l e c t r o l y t i c  a c t i o n  i n v o l v i n g  

C1- and so4= ions  has r e s u l t e d  i n  no t i ceab le  l o c a l  co r ros ion  on t h e  l ead ing  

edges o f  the  aluminum f i n s .  The components o f  t h e  c o o l i n g  elements were 

t r e a t e d  by MBV (Mod i f ied  Bauer Vogel ) method which r e s u l t s  i n  a  1  - t o  2-vm 

t h i c k  p r o t e c t i v e  1  ayer o f  a1 uminum-chrome ox ide.  ( I 2 )  Grease was app l i ed  

between tubes, spacers and f i n s  which served t h e  dual o f  a i d i n g  

assembly and sea l i ng  j o i n t s .  As a  r e s u l t ,  co r ros ion  a t  Ibbenburen has been 

e s s e n t i a l l y  t r i v i a l  compared t o  t h a t  a t  Rugeley, a l though the  co r ros ion  : 

processes are  s i m i l a r  a t  both l oca t i ons .  

Corros ion has n o t  touched the  spacing elements o r  t h e  tubes i n  t h e  

Ibbenburen heat exchanger. Management i s  c o n f i d e n t  a t  ' t h i s  t ime t h a t  

c o r r o s i o n , o f  t h e  present ly-observed na tu re  does n o t  th rea ten  a reduc t i on  
. ,! 

i n  t h e  design l i f e  expectancy o f  the heat  exchanger. 

5.3.4 Water-Side Chemistry 

No water -s ide  co r ros ion  has been observed., Hydrazine i s  added a t  t h e  

rate o f  0.05 IIIY/R t o  the  feed water t o  ma in ta in  t h e  pH range o f  7.,R t.n 8. 

The aluminum s o l u b i l i t y  measured i n  a  p e r i o d  o f  4'5,000 ope ra t i ng  hours, i f  

considered t o  be u n i f o & l y  removed f rom t h e  tube i n t e r i o r s ,  corresponds t o  

a  reduc t i on  i n  tube th ickness  o f  4.6 pm. ( I 2 )  The d i i s o l v e d .  aluminum from 

t h e  heat exchanger has n o t  shown any e f f e c t s  i n  t h e  b o i l e r  o r  t u r b i n e .  

Oxygen conten t  i n  t he  coo l i ng  water i s  i n  the  range 10 t o  300 pg/a 

depending on power output .  I r o n  up t o  10 pg/a and aluminum 'less than 

20 pg/a a re  observed i n  c o o l i n g  . . water  samples taken r o u t i n e l y  once a  day. 
B o i l e r  feed water i s  f i l t e r e d  through asbestos-coated' screens and i s  



demineral i zed, which f u r t h e r  reduces aluminum content  t o  1 ess than 2 llg/.t. 

Conduc t i v i t i es  l e s s  than 0.3 pmho/cai a re  observed. 

5.3.5 Freezing.Exper ience 

A s i n g l e  occurrence o f  f r e e z i n g  was caused by the f a i l u r e  o f  a  va lve  

used t o  d r a i n  a  sec t i on  o f  the  heat  exchanger. Freezing p r o t e c t i o n  1 )  is 

achieved r o u t i n e l y  over a  power.output range from 30 t o  150 MWe, by lower 

opera t ion ,  d e a c t i v a t i n g  a  c o o l i n g  water c i r c u l a t i o n  pump, d r a i n i n g  heat 

exchanger sec tors  and use o f  a  bypass i n  t he  c i r c u l a t i o n  system. 

5.3.6 Maintenance Frequency 

~ a i n f e n a n c e  o f  t he  coo l i ng  system i s  genera l l y  performed du r ing  p l a n t .  
. .  ' 

shutdown per iods.  Management p o l i c y  i s  t o  h i r e  an ou ts ide  con t rac to r  t o  

handle maintenance problems. No replacement o f  tube ,sect ions i n  t he  heat  

exchanger has been requ i red .  Cu,rrent experience shows water-s ide d isso-  

l u t i o n  o f  aluminum t o  be t h e  pacing i t e m  and the  present ly-observed r a t e  

i n d i c a t e s  a  tube l i f e  o f  approximately 25 years. A seal 1  i f e  o f  .between 

th ree  and f i v e  years i n  w a t e r - c i r c u i  t coup1 ings  and ' f i t t i n g s  has been 

i nd i ca ted .  Seals a r e  replaced as necessary when small leaks occur. 

5.3.7 Fou l ing  

A i r - s i d e  f o u l i n g ,  as i n d i c a t e d  prev ious ly ,  (''I i s  t he  on l y  elenlent u f  

nega t i ve  experience a t  Ibbenburen. A management est imate i s  t h a t  approxi -  

mate ly  DM 50,000 may be needed t o  c lean up t h e  heat  exchanger us ing  com- 

pressed a i r ,  water  and chemical t reatments. However, experiments on a  

demounted tube s e c t i o n  showed there  i s  1  i t t l e  hope o f  f i n d i n g  a  method o f  

c lean ing .wh ich  w i  11 remove the  s t r o n g l y  adhering depos i ts  w i thou t  d i s t u r b i n g  

t h e  p r o t e c t i n g  grease l aye r .  Compressed a i r  was found e f f e c t i v e  i n  removing 

l o o s e l y  at tached depos i ts  and some o f  t he  more t ight1.y hound laye r .  
Pressur ized water, steam and a l k a l i  so lvents  were a l so  t r i e d .  Water a t  

h igh  pressure tends t o  damage the  s o f t  aluminum f i n s .  I n  t h i s  respect,  

t he  robustness of galvanized s t e e l  f inned- tube bundles i s  an advantage. 

A management a t t i t u d e  a t  Ibbenburen i s  t h a t  t h e  problem would never 

have occurred w i t h o u t  t h e  three-month downtime i n  1970. It i s  f e l t  t h a t  



t h e  heavy depos i ts  fornied i n  t he  absence o f ,  t he  n o r ~ i ~ a l  o p e r a t i n g  d r a f t .  . . 

Under ope ra t i ng  cond i t i ons ,  t h e  n ia jor  p o r t i o n  o f  a i r b o r n e  d i r t  would ;-elllain . . 
a i r b o r n e  d u r i n g  i t s  passage through t h e  f i n n e d  tube asse~nbly.  

The e x t e n t  o f  t h e  p resen t  problem has n o t ,  . .  been f u l l y  . eva lua ted .  D r a f t  

measurements i n d i c a t e  a reduced, hea t  r e j e c t i o n  capabi 1  i t y ;  however, t h e  t u r -  

b i n e h a s  been ope ra t i ng  f o r  years  w i t h o u t  two expansion, stages and t h e  tower 

has an i n t r i n s i c  10 pe rcen t  overdes ign heat  l o a d  capa'bi l  i t y .  Wi th  t h e  l o a d  

f a c t o r  o f  t h e  t u r b i n e  and a1 1  o t h e r  condi t i o n s  combined , t h e  c o o l i n g  tower ' " 

has performed adequate ly  e'ver s i n c e  f o u l  i n g  m a t e r i a l  accumul ated. Manage- 
. . 

ment has a: h i g h  degree o f  conf idence i n  t h e  ~eller-  or^; system and f e e l s  

r o u t i n e  compressed a i r  c l ean ing  would have prevented t h e  problem e n t i  r e l y .  
! 

5.3.8 Atmospheric E f f ec t s  

Wind ve l  o c i  ty-dependent e f f e c t s  decrease' t h e  performance of t he  coo l  i n g  

tower. The c o o l i n g  tower a t  ~bbenburen  appears t o  be somewhat more sehs i -  ' ;. 

t i v e  t o  wind v e l o c i t y  than t h a t  a t  R ige ley .  The wind e f f e c t  was u n d e r -  

es t imated  i n  t h e  des ign o f  t h e  tower.  ~eas i remen ts '  conducted by t h e  

~ e c h n i s c h e n  ~berwachun~s- erei in (TUV) i n d i c a t e  t y p i c a l l y  a  r i s e  i n  cob l i ng .  

tower , temperature o f  5.4"F w i t h  winds o f  9 mph. ~ e a v y  r a i n  and. f o g  a r e  

a l s o  d e t r i m e n t a l  and cause a  r e d u c t i o n  i n  n a t u r a l  d r a f t  as a  r e s u l t  o f  

c o o l i n g  t he  a i r  mass r i s i n g  i n  .the tower. . 

5.3.9 Cool ing Tower E f f e c t  on P l a n t  A v a i l a b i l i t y  

The p l a n t  has demonstrated an a v a i l a b i l i t y  i n  t h e  range o f  88 t o  92 per-  

cen t .  A v a i l a b i l i t y  i s  c o n t r o l l e d  mos t l y  by t h e  c o n d i t i o n  o f  t h e  b o i l e r .  The 

c o o l i n g  system has never i n f l  uenced the a v a i l a b i l i t y  of t h e  p l a n t  as a  

whole. The f o u l i n g  problem may r e s t r i c t  ope ra t i on  a t  maximum r a t e d  power, 

when t h e  t u r b i n e  i s  r e s t o r e d  t o  i t s  o r i g i n a l  c a p a b i l i t y .  However, t h e  10 per -  

c e n t  excess capac i t y  i n  the heat  r e j e c t i o n  des ign  c a p a b i l i t y  may prove t o  be 

adequate compensation. 



Environmental Impact, S i t i n g  , Codes and Standards 

The o n l y  environmental impact chargeable t o  the  power p l a n t  i s  t he  & 

occasional  fo rmat ion  o f  i c e  on roads caused by the  plumes o f  t he  evaporat ive 

towers. No complaints have been rece ived about opera t ion  o f  t he  d ry  tower 

o r  c o o l i n g  system. . . .  . , .  . - 

. . As t h e  Preussag AG p l a n t  i s  i n  a coal  mine d i s t r i c t ,  s i t i n g , a n d  construc-  

t i o n  a r e  under the  j u r i s d i c t i o n  of  t h e  s t a t e . m i n i n g  a u t h o r i t i e s .  The design 

o f  t h e  d r y  coo l i ng  tower r e f l e c t s  concern f o r  the  subsidence tendencies i n  

t h i s  undermined area. As a r e s u l t ,  f a c t o r s  o f  sa fe t y  seven t imes normal were 

a p p l i e d  t o  elements o f  t he  s t r u c t u r a l  design. 

5.3.11 Concluding Remarks 

The performance of the d ry  coo l i ng  system a t  ~bbenburen appears t o  

match the c u r r e n t  deyated c a p a b i l i t i e s  o f  t he  turbi .ne-generator u n i t .  A 
. . . 

heat  r e j e c t i o n  margin 10 percent  i n  excess o f  . the design c a p a b i l i t y  may prove 

adequate compensation f o r  t he  c a p a b i l i t y  l o s t  by f o u l i n g ,  i f  the  t u r b i n e  i s  

res to red  t o  i t s  o r i g i n a l  r a t i n g .  The d r y  c o o l i n g  system i s  considered by 

t h e  p l a n t  management t o  be a successful  implementat ion o f  t he  ~ e l l e r - ~ o r ~ i  

system and f u t u r e  u n i t  add i t i ons  o f  t h i s  type a re  favored. 



5.4 DRY COOLING EQUIPMENT AT THE UNION 'TERM'CA S. A. 'POWER . . .. a . . . , . 

PLANT IN  UTRILLAS, -SPAIN 
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5.4.1 General Remarks 

Whereas the  Volkswagenwerk AG power p lant '  has t h e  l a r g e s t  t o t a l  ca'pacity 
t", 

(4  x  48 MWe) cooled by t h e  GEA d i r e c t  condensing system, the U t r i l l a s  p l a n t  
' ,. 

conta ins  the  w o r l d ' s  l a r g e s t  sing1 e t u r b i n e  generator  u n i t  (1 60 MWe) equipped 

w i t h  t h e  GEA system. The U t r i l l a s  p l a n t  has several  c h a r a c t e r i s t i c s  which 

c o r r e l a t e  w i t h  operat ' ion under cond i t i ons  t o  be found i n  the U. S. The s i z e  

o f  t he  s i n g l e  u n i t  c o o l i n g  system and opera t ion  as a minemouth, base-loaded 

and u t i  1  i ty - i n teg ra ted  power s t a t i o n  a r e  w i t h i n  ranges o f  reasonable ex t ra -  
i 

p o l a t i o n  t o  U.S. requirements. S i m i l a r i t i e s  t o  U/S. cond i t i ons  a l so  inc lude 

s i t i n g  r a t i o n a l e  and c l imate .  

The UTSA p l a n t  embodies 30 yea rs '  development experience and experimen- . . 

t a t i o n  w i t h  smal let- u r ~  i 1s opera t ing  under d iverse  cond i t i ons ,  With over 

f i v e  un i t - yea rs  o f  opera t ing  experience, t h e  U t r i l l a s  p lant  should rank as 

an impor tan t  focus o f  i n t e r e s t  f o r  U.S. u t i l i t y  operators.  , 

Planning, cons t ruc t ion ,  and opera t iona l  expe r ience 'o f  t he  U t r i l l a s  

p l a n t  a r e  repor ted  i n '  t he  1 it.erat.~~r-e. ' (599313 '1  4, T h i s  subsect ion inc ludes  

updat ing i n fo rma t ion  supplementing t h e  rev iew o f  ope ra t i ng  experience con- 

t a ined  i n  Reference 14. 



5.4.2 General Operat ing Data 

The Union Termica S. A. (UTSA) o f  Barcelona b u i l t  and operates t h e  - 
160 MWe U t r i l l a s  power p l a n t .  The mine-mouth p l a n t  s i t e  i s  i n  the  Spanish 

Province of Teruel approximately s i x  m i les  south o f  ~ o n t a l  b in .  S i t i n g  was 
d 

decided by economic comparison o f  t he  cos t  o f  t ranspor t i ng  f u e l  t o  an area 

w i t h  s u f f i c i e n t  water  f o r  evaporat ive coo l ing ,  versus t h e  incremental c o s t  

chargeable t o  d r y  coo l i ng  requ i red  a t  t h e  mine-mouth s i t e  as a r e s u l t  o f  

water s c a r c i t y .  L i g n i t e  f u e l  f o r  t he  p l a n t  i s  t ransported by conveyor 

d i r e c t l y  from a storage area adjacent  t o  a mine operated by Minas y 

F e r r o c a r r i l  de U t r i l l a s  S. A. (MFU). Table 5.4-1 compares some s i g n i f i c a n t  

s t a t i s t i c s  o f  t h e  160 MWe U t r i l l a s  and t h e  330 MWe p l a n t  under cons t ruc t i on  

a t  Wyoda k . 
.Because o f  s i m i l a r i t i e s  ' i n  design and operat ion,  t he  U t r i l l a s  p l a n t  

. - .  
represents 'an oppor tun i t y  f o r  W .  S. u t i  1 i t y  personnel t o  preview several 

:aspects  o f '  opera t ion  a t  Wyodak, a t  approximately ha l f -sca le .  
. .. . 

" The condenser' system o f  the  U t r i l l a s  p l a n t  cons is t s  o f  e i g h t  A-shaped 
(13) " ,  rows e&h conta in ing ,  f i v e  condenser sect ions.  

TABLE 5.4-l , ~ o n i ~ a r i s o n '  of Power P lan t  Charac te r i s t i cs  

~ t r i l  l a s  

. ' Nominal Rat ing (MW) . 146/160 

Locat ion:  S i t e '  Mine ~ b u t h  

. E leva t ion  ( f t )  3280 

Ambient Temperature Range (OF) : -4 to .103 

Steam Condi t ions : 

Temperature (OF ) 980/980 

Pressure (psi.) 2560 

Condenser ~ o a d  : ( ~ t u /  h r  ) 6.68 x l o 8  

Wyodak . 

330 

Mine Mouth 
441'0 

-40 t o  100 

Turbine back pressure (inches Hg ) 2.9/3.4 6 

a t  ambient temperature (OF') 59 66 

I n i t i a l  Temperature D i f f e rence  (OF) 5 4 75 



Two sec t ions  a t  each,end o f  t h e  row a re  connected as standard condenser e le -  , ,  

. . 
ments. The center  sec t i on  i s  arranged .as a counter f low (Dephlegmator) con- 

(13'14) Forced d r a f t  i s  prov ided by 40 fans arranged f i v e  t o  a row. deriser . 
Condenser elements con ta in  a s taggered a r r a y  o f  standard GEA e l l i p t i c a l  

f inned- tubes,  ho t -d ip  galvanized f o r  a z i n c  coa t i ng  th ickness  o f  60 pm'. The 

e n t i r e  system i s  b u i l t  o n a  i latform supported by a s t e e l  s t r u c t u r e  above 

t h e  t u r b i n e  b u i l d i n g .  

The nominal m e r i t  index f o r  t h e  U t r i  1  l a s  . p l a n t -  i s  approx imate ly  3340. 

Th i s  ranks t h i r d  behind P i e t r a f i t t a  and. Wolfsburg and seventh when a l l  

European d i r e c t  condensing and H e l l e r  systems a re  considered. 

5.4.3 Corros ion .Experience 

The condenser' system a t   trilla as .has been e n t i r e l y  f r e e  from bo th  a i r -  

s i de  and water -s ide  cor ros ion .  

5.4.4 Condensate Q u a l i t y  

Condensate qua1 i t y  i s  determined 'by r o u t i n e  ana l ys i s  once ,a 'day. Con- 

densate i s  he ld  t o  t h e  f o l l o w i n g  l i m i t s :  

O 2 - 0.01 mgla 

Fe - <0.02 mgla 

P H - 8.5 t o  9 

Conduc t i v i t y  - 0.2 pmho/cm 

Hydrazine i s  added a t  t h e  r a t e  o f  0.02 mgla. The p l a n t  i s  supp l ied  by 

sp r i ng  water ( I 3 )  p i p e d  5.6 m i l e s  t o  a water t reatment  s t a t i o n  and a 1000 m 3 

s torage tank  l oca ted  t o  t h e . n o r t h  o f  t h e  p l a n t .  Demineral ized water i s  

supp l ied  t o  t he  p l a n t .  

5.4.5 Freezing Experience 

No experience o f  f r e e z i n g  has occurred i n  over  f i v e  years '  opera t ion .  

Maintenance Frequency and Cost 

The c o o l i n g  system a t  U t r i l l a s  r e q u i r e s  about 500 man-hours per  year  f o r '  : 

r o u t i n e  maintenance. Th is  inc ludes  c lean ing  t h e  condenser w i t h  compressed 

a i r  and l u b r i c a t i n g  t h e  gears and bear ings o f  t he  f a n  motors. 



, . 
5.4.'7.: Fou l ing  

' Winds from t h e  south c a r r y  coal  d u s t  from the storage s i t e  and deposi t  , . 
. -  - 

a  1  i i h t  d u s t  od t h e  f inned-tube bundles. 'once-a- ear c l  caning w i t h  compressed . , . .  

a i r  .. . removes any accumulation. , The manpower cos t  i s  considered' r o u t i n e  main- 
. . . . . . 

tenance and i s  p a r t  o f  the  above 500 man-hour est imate. E f f i c i e n t  p r e c i p i t a -  

t i o n  prevents f l y  ash f rom the  stack being blown i n t o  the condenser elements. 

N o  d e t e r i o r a t i o n  o f  heat  r e j e c t i o n  c a p a b i l i t y  has ever been no t i ced  as a  

resu l  t' of t h e  1  i g h t '  coal  dus t .  coat ing  on the  heat *exchanger. . 

The s i t i n g  and p l a n t  c o n f i g u r a t i o n  were planned using models t o  pre- 

determine wind e f f e c t s .  ( I 4 )  The modeling technique' a l s 6  explored arrange- ' 

. , 

ments which"wou1d a l l o w  f o r  f l i t u r e  add. i t ion o f  two Illore 160-MWe u n i t s .  As 

a  r e s u l t ,  t h e  optimum he igh t  and l o c a t i o n  o f  the  condenser p l a t f o r m  was 

determined w i t h  respect  t o  t h e  c o n f i g u r a t i o n  o f  t he  p l a n t  as a  whole. Th is  

c a r e f u l  design procedure has con t r i bu ted  t o  the  absence o f  r e c i r c u l a t i o n  
. '. . .. . . , 

. . 
and wind e f fec ts . '  

5.4.9 Cool ing Tower E f f e c t  on P l a n t  A v a i l a b i l i t y  

The U t r i l l a s  p l a n t  supp l ies  power t o  t h e  Spanish na t iona l  power g r i d  

w i t h  an average a v a i l a b i l i t y  o f  7000 hours/yr.  The p l a n t  i s  shut  down f o r  

a 30-day per iod  once a year f o r  i nspec t ion  and m~in tenance.  The coo l i ng  

system as a  whole has never inf luenced p l a n t  a v a i l a b i l i t y .  
. . . . 

. Once i n  f i v e ,  years, a  two-hour . r educ t ion  i n  -ou tpu t  was necessary t o  ... 

b r e v e n t  t h e  upper, (7.5 i n .  Hg) t u r b i n e  back pressure o p e r a t i o n a l  1  i m i  t from 

being exceeded w h i l e  opera t ing  w i t h  a  93°F ambient a i r .  temperature. The 
condenser i s  designed t o  permi t  t h e  generat ion o f  160 MWe. w i t h  7.5 i n .  Hg 

t u r b i n e  back pressure i n  an 86°F ambient. Operat ion i n  up t o  93°F ambient 

a i r  i l l u s t r a t e s  the '  margin i n  excess o f  guaranteed performance which.  the '  

cool  i n g  system possesses. 

Experience ' a t  U t r i  1  l a s  inc ludes a  small number o f  component f a i l u r e s  

which a r e  most ly  i n  ' t h e  categor ies o f  - s t a r t u p  o r  random problems. ' Over 'a 



f ive-year period, f a i l u r e s  i nvo l v i ng  a transformer, three motors and a fan 

blade breakage have occurred. By coincidence, the fan blade breakage was a 

recent event and was awai t ing r e p a i r  a t  the  t ime o f  t h i s  p l a n t  in te rv iew 

(Figure 5.4-1). A f t e r  1 112 years operation, two fan d r i ve  gear assemblies 

required a t t en t i on  as a r e s u l t  o f  inadequate lub r i ca t ion .  A l l  o f  these ' 

occurrences are r e l a t i v e l y  t r i v i a l  and were accomnodated wi thout  disturbance 

t o  normal p l a n t  operation. 

FIGURE 5.4-1. Fan Blade Breakage, Union Termica S.A. Power P lan t  



5.4.11 Environmental Impact, S i t i n g  , Codes and Standards 

No complaints have been received about s i t i n g  o r  operation o f  the p lant .  - 
Emission con t ro l  devices l i m i t  stack emissions and c l imato log ica l  data were 

ava i lab le  and were used i n  the p l a n t  design phase. Codes and standards were 

fo l lowed dur ing both construct ion and operation o f  the plant .  The standards 

o f  the AD Merkb lx t ter  (ASME type) and regulat ions o f  the Reglamento de 

Recipientes a Presion (Spanish M i n i s t r y  o f  Indust ry)  were appl i cab l  e. 

5.4.13 Concluding Remarks 

The UTSA power p l an t  a t  U t r i l l a s  demonstrates the r e l i a b i l i t y  o f  a 

d i r e c t  condensing cool ing system appl ied t o  a la rge  turbine-generator un i t .  

The cool ing system and p lan t  as a whole have shown essen t ia l l y  trouble-free, 

as-designed performance f o r  over f i v e  years, A l l  evidence a t  t h i s  time sug- 

gests the cont inuat ion o f  t h i s  experience f o r  the des ign ' l i f e  o f  the equip-. 

ment. The success o f  both the U t r i l l a s  and Wolfsburg p lants  should i nsp i re  

U.S. u t i l i t y  confidence i n  the matur i t y  o f  the GEA d i r e c t  condensing system 

and i t s  a p p l i c a b i l i t y  t o  large power plants.  
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5.5.1 Genera 1 Remarks 

D r .  Roma has been a d r i v i n g  fo rce  f o r  the advancement o f  f i n l e s s  p l a s t i c  

tube heat exchangers. 5, His research has progressed from 1 aboratory-scal e 

t o  t h i s  p i l o t  p l an t  demonstration sponsored by F ins ider  S.p.A., an e f f o r t  

leading t o  a f u l l - s c a l e  system experimental f a c i l i t y .  

The p i l o t  p l an t  has demonstrated some basic charac te r i s t i cs  o f  p l a s t i c  

tube heat exchangers, w i t h  favorable ind ica t ions  o f  superior corrosion 

resistance, f reeze protect ion and reduced maintenance. These resu l  t s  have 

encouraged I t a l  impiant i  S. p .A. (A rch i tec t  Engineering Subsidiary of 

F ins ider  S.p.A) t o  p lan a f u l l - s c a l e  demonstration o f  a p l a s t i c  tube dry  

cool ing system f o r  a 75-MWe tu rb ine  generator u n i t  owned by the I t a l i a n  

National E l e c t r i c i t y  Au thor i t y  (ENEL). The experiemental f a c i l i t y  i s  
planned f o r  a cen t ra l  s t a t i on  s i t e  alongside conventional evaporative 

cool ing equipment appl i e d  t o  o ther  turbine-generator un i t s .  This arrange- 

ment would dupl i c a t e  the type o f  comparative performance monitoring avai  1- 

able a t  Rugeley, between evaporative and d ry  coo l ing systems. 

5.5.2 General Operating Data 

6 The p i l o t  p l an t  (Figure 5.5-1) i s  capable o f  r e j e c t i n g  8 x 10 Btu/hr 

w i t h  a 40°F ITD. The heat exchanger consists o f  7200 10-mm diameter h igh 

dens i ty  pol  yethy l  ene (PEHD) tubes supported a t  i n t e r v a l  s i n  a A-shaped 

structure.  The tubes run ho r i zon ta l l y  (Figure 5.5-2) along faces o f  the 

'A' and are sealed by grommets i n t o  coolant d i s t r i b u t i o n  manifolds a t  each 

end, An i n te res t i ng  charac te r i s t i c  i s  the i r r e g u l a r  spacing and sagging o f  

the tube bundles, which, although aes the t i ca l l y  d isturbing,  (perhaps on ly  t o  

one accustomed t o  the ordered arrangement o f  f inned tubes) i s  claimed t o  



have no n e t  e f f e c t  on heat t ransfer .  A ga.5-fired heater supplies the  p i l o t  

p l a n t  w i t h  hot water s imulat ing the coolant i n  an i n d i r e c t  (He l le r )  type 

system. 

The heat exchanger i s  38 f e e t  long, 15 f e e t  wide and 10 f e e t  high. 

Forced d r a f t  i s  supplied by three var iab le-p i tch e ight - foot  diameter fans 

mounted below the  A-frame. The heat exchanger i s  o f  the cross counterflow, 

double-pass type. Construction o f  the  p i l o t  p l an t  was sponsored by 

Dalmine S.p.A., a prominent European manufacturer o f  s tee l  p ipe and tubing 

and subsidiary o f  F ins ider  S,p.A. 

The p i l o t  p l an t  was operated continuously f o r  10,000 hours i n  1972 and 

1973, and has been demonstrated occasional ly therea f te r  f o r  v i s i t o r s .  



FIGURE 5.5-2. Arrangement o f  P las t i c  Tubes 

Instrumented t es t i ng  was complete i n  1974 and fu r t he r  operation i s  not  

planned. The overa l l  cost o f  the f a c i l i t y  was the equivalent o f  $20,000 

i n  1972, inc lud ing engineering and e l e c t r i c a l  f a c i l i t i e s .  

5.5.3 Operating Experience Summary 

Operation o f  the t e s t  f a c i  1 i ty was general l y  f r e e  from adverse effects. 

Several p l a s t i c  tubes pu l led out  o f  t h e i r  gronmets i n  the coolant manifold. 

This was corrected w i t h  an improved re ta ine r  device. The tendency f o r  tubes 

t o  p u l l  out  was ended by abandoning the use o f  the  tensioning device which 

was used i n i t i a l l y  i n  an attempt t o  take up the sag i n  the tube bundles 

between supports. The most sa t i s fac to ry  operation resu l  ted from permi t t ing 

the somewhat random sagging t o  absorb expansion and contract ion o f  the  tubes. 



No corrosion o f  the a i r  s ide was observed. The environment i s  r u r a l  

w i t h  p o l l u t i o n  carryover from i n d u s t r i a l  areas. Water-side corrosion was 

a l so  absent, although no attempt was made t o  simulate b o i l e r  q u a l i t y  feed 

water i n  a f u l l - sca le  power plant. 

Freezing was experienced once as a r e s u l t  o f  a power f a i l u r e  i n  

February 1973. A d i s t i n c t  supe r i o r i t y  o f  the p last ic - tube heat exchanger 

was demonstrated by t h i s  occurrence. The e l a s t i c i t y  o f  the tubes absorbed 

the  volume expansion caused by f reez ing wi thout rupture. The tubes regained 

t h e i r  former s ize  a f t e r  mel t ing had taken place. 

No maintenance was required and no f ou l i ng  mater ia l  o r  deposits o f  

any k i nd  were observed on the  tubes. The black PEHD tubin.g has also 

shown no propensity f o r  photochemical degradation i n  sunl ight .  I n  t h i s  

respect the  f a c i l i t y  has provided over four  years o f  t e s t  exposure inde- 

pendent o f  other experimentation o r  operation o f  the un i t .  

Atmospheric e f f ec t s  have been experienced and include pos i t i ve  e f f ec t s  

o f  rain-enhanced heat re jec t ion .  In combination w i t h  the chemical inertness 

o f  the polyethylene, t h i s  experience leads d i r e c t l y  t o  the prospect o f  a 

v i ab le  del  uge-assi sted heat exchanger. Wind ve loc i  ty-dependent disturbances 

were noted; however, instrumentation s t a b i l i t y  under those condi t ions 

deter iora ted and quant i ta t i ve  measurements o f  wind e f f ec t s  have not been 

made. The phenomenon o f  r e c i r c u l a t i o n  was no t  d iscern ib le  dur ing the t e s t  

series. 

5.5.4 Concluding Remarks - 

Experience w i t h  the p i l o t  p l an t  encourages i n t e r e s t  i n  the f i n l e s s  

p l a s t i c  tube heat exchanger. The absence o f  corrosion, recovery from the 

f rozen s ta te  wi thout damage and apparently low maintenance requirements 

are important advantages, which may cont r ibute  s i g n i f i c a n t l y  t o  the overa l l  

economic r a t i n g  o f  the  system. P las t i c  tube heat exchangers f o r  p lants  up 

t o  1,000 MWe have been designed(15) as a consequence o f  encouragement pro- 

vided by t h i s  research. 



. . . .. 

5.6 CONTACT WITH MANUFACTURERS: GEA-GESELLSCHAFT FUR LUFTKONDENSATION 

'mbH; BOCHUM, GERMANY 
- : ., 

Date o f  V i s i t :  A p r i l  3, 1975 . . .  . . . 
* 

P a r t i c i p a n t s  i n  the  Discussion: . . 

M r .  H.-H. von Cleve, Chief  ~ n g i n e e r  

a DeSteese - PNL 

Simhan - BF 

5.6.1 General Remarks 

GEA supp l ies  a  worldwide market f o r  a i r - coo led  heat exchangers and con-, 

densers. The robust  ho t -d ip  galvanized s t e e l  f i nned  tube i s  favored f o r  

equipment w i t h  a se rv i ce  l i f e  expectancy o f  several decades. However, eco- 

nomic cons idera t ions  govern most design dec is ions  and GEA supp l ies  aluminum 

f i nned  tube heat exchangers t o  meet compet i t ion  f rom,o the r  manufacturers. 

5.6.2 Fou l ing  Propensi ty  

I n  nea r l y  a l l  i n d u s t r i a l  appl i c a t i o n s ,  a i rbo rne  materia.1 w i  11 depos i t  

on f inned tube heat exchangers. The p r i n c i p a l  recommended method f o r  clean- 

i n g  i s  w i t h  pressur ized water. Steel  f i n s  w i ths tand the  st resses imposed by 
. . 

t h i s  c lean ing  method b e t t e r  than aluminum f i n s .  

5.6.3 Corros ion , 

Corros ion i s  the  bas ic  l i f e - 1  i m i t i n g  process f o r  any heat exchanger. 

GEA's general approach i s  t o  o f f e r  aluminum systems i n .  a p p l i c a t i o n s  which 

have amor t i za t i on  l i f e t i m e s  o f  f i v e  t o  e i g h t  years and galvanized s t e e l  ' f o r  

t y p i c a l  power p l a n t  app l i ca t i ons  w i t h  l i v e s  o f  approximately 30 years. GEA 

i s  us ing  a  more rep resen ta t i ve  l a b o r a t o r y  s imu la t i on  o f  corros ion-producing 

cond i t i ons  t o  develop c o r r o s i o n - r e s i s t a n t ,  assemblies . I n  p rev ious l y  s t a t i c  

t es t s ,  f i n  tubes were subjected t o  water immersion a l t e r n a t i n g  w i t h  exposure . 

i n  a i r . '  This  was n o t f u l l y  rep resen ta t i ve  o f  i n d u s t r i a l  exposure. The new 

l a b o r a t o r y  t e s t  procedure models exposure i n  a  f l o w i n g  a i r  environment. 



5.6.4 Codes and Standards 
:. . 

GEA a i r - c o o l e d  heat  exchanger and condenser systems a re  manufactured t o  

t h e  requirements o f  codes and standards imposed by r e g u l a t o r y  a u t h o r i t i e s  o f  

t h e  coun t r y  i n  which t h e  i n s t a l l a t i o n  i s  t o  be made. German n a t i o n a l  stan- 

dards cover 90 percent  o f  t h e  requirements o f  t h e  r e s t  o f  t h e  w o r l d ' s  a u t h o r i -  

t i e s .  . Environmental standards app ly  p r i n c i p a l l y  t o  t h e  c o n t r o l  o f  no ise  

emissions. - Under c e r t a i n  cond i t i ons ,  b o i l e r  codes a r e  appl i c a b l  e when sec- 

t i o n s . o f  t h e  c o o l i n g  system a r e  exposed t o  h i g h  pressure. S i m i l a r l y ,  spec ia l  

q u a l i f i c a t i o n  i s  needed when the .sys tem i s  associated w i t h  a nuc lear  p l a n t .  , ,, . . 
The Technische ~ b e r w a c h u n ~ s v e r e i n  (TUV) conducts t he  t e s t  procedures and 

c e r t i f i e s  t h a t  equipment meets t he  necessary standards.. 
. .  . . . 



5.7 CONTACT w ITH MANUFACTURERS : BALCKE- DURR AG (MABD 1, BOCHUM, GERMANY 
.. . 

Date o f  V ' i s i t :  A p r i l  3, 1975 

P a r t i c i p a n t s  i n  the  Discussion: 

M r .  G. Svenson; MABD 

M r .  S. K l i e m a n n , ' ~ ~ ~ ~  

Simhan - BF . . 

~ e ~ t ' e e s e  - PNL 

5.7.1 General Remarks 

MABD i s  advanc ing ' the  s t a t e  o f  t he  a r t  w i t h  t h e  development o f  t h e  

cab le  n e t  suspension d r y  c o o l i n g  tower t o  be. demonstrated a t  Schmehausen. 

The Schmehausen power p l a n t  i s  under cons t ruc t i on  and i s  designed t o  

generate 320 MWe. The c o o l i n g  tower i s  . 'estimated t o  cos t  between DM 30- 

t o  DM 40 -m i l l i on  o u t  o f  a  t o t a l  p l a n t  c o s t  o f  DM 1.5 b i l l i o n .  The r a t i o n a l e  

f o r  d r y  c o o l i n g  i s  a  combinat ion o f  water s c a r c i t y  and t h e  need f o r  a  l a rge -  

sca le  demonstration' o f  advanced techno1 ogy. 

The Schmehausen power p lan t ,  as a  whole, i s  a  la rge-sca le  demonstrat ion 

o f  a  h igh  temperature 'gas-cooled pebble-bed reac to r .  P l a n t  opera t ion  i s  

a n t i c i p a t e d  i n  1978. The tower i s  o f  t h e  na tu ra l  d r a f t ,  i n d i r e c t ,  c ross- f low 

type, con ta in ing  ar rays  o f  bo th  MABD and GEA galvanized s t e e l  f i n  tube 

assemblies. Freeze p r o t e c t i o n  w i l l  be prov ided by louvers  (40 percent )  and 

s e l e c t i v e  i s o l a t i o n  and d r a i n i n g  (60 percent )  o f  t h e  e igh t - sec t i on  heat 

exchanger. Water-side co r ros ion  w i l l  be suppressed w i t h  a  n i t r o g e n  cover 

gas i n  dra ined sect ions.  

R e c i r c u l a t i o n  i s  n o t  an t ic ipa ' ted  i n  t h e  design o f  t he  tower, because 

towers g rea te r  than 150 f e e t  genera l l y  have n o t  shown t h i s  tendency. Rec i r -  

c u l a t i o n  i n  t h e  pas t  -has o n l y  been n o t i c e a b l e ' w i t h  towers l e s s .  than 115 f e e t ,  

p a r t i c u l a r l y  h i  t h  evaporat ive systems. 

Environmental impact was considered du r ing  t h e  design phase o f  t h i s .  

p ro jec t .  However, more c l  imato l  og i ca l  i n fo rma t ion  would be o f .  benef i ' t  t o  

determine 'the environmental impact o f  t he  p l a n t .  An opi'nion was expressed 



t h a t  t h e  nodes o f  t h e  c l i m a t o l o g i c a l  map centered on areas o f  l a r g e  popula- 

t i o n  d e n s i t y  (e.g. Frankfur t ,  Munich) a re  too  f a r  apa r t  t o  accura te ly  .-.. 

p r o j e c t  cond i t i ons  a t  in termedia te  l oca t ions .  

MABD i s  a c t i v e  i n  advanced research and development o f  we t ld ry  systems, ./ 

f a n  b lade design and p l a s t i c  tube heat exchangers. ~ l u m e  abatement i n  

evapora t ive  towers  i s  the  o b j e c t i v e  o f  t h e  MABD we t ld ry  coo l i ng  system. 

Another s p e c i f i c  example i s  t h e  development o f  1  arger  diameter fans w i t h  

spec ia l  blade shape f o r  noise reduct ion .  These developments have t h e  

p o t e n t i a l  o f  reduc ing  t h e  environmental impact o f  d r y  coo l i ng  systems s t i  11 

fur ther . .  . . . . 



5.8 CONTACT WITH MANUFACTURERS: BALCKE-DURR AG (MABD) , RATINGEN, GERMANY 
. . 

Date o f ,  V i s i t :  A p r i l  4, 1975 . . 

P a r t i c i p a n t s  i n  t h e  Discussion:  

M r .  F. Trage, MABD . . ... . 

Simhan - BF . . 

5r.8; 1  General Remarks . ?  

H i s t o r i c a l l y ,  t h i s  p l a n t  has s p e c i a l i z e d  i n  b o i l e r s  and s t i l l  cont inues 

t h i s  1  i ne .  The company i s  thus w e l l  equipped t o . d e a l  w i t h  heat exchanger . . 

design problems.', A h i g h l i g h t  o f  t h e  p l a n t  v i s i t  was t h e  observa t ion  o f  a  

patented produc t ion  procedure f o r  t h e  manufacture o f  f i n n e d  tubes. I n  t h i  s  

process, f i n s  a re  wound around e l l i p t i c ' a l  tubes; thermal con tac t  between 

tube' and f i n  m a t e r i a l  i s  achieved through c o l d  working. I n  t h e  case of a  

s t e e l  . f i n - s t e e l  tube combination, subsequent h o t  d i p  ga l van i z ing  ensures 

p r o t e c t i o n  aga ins t  cor ros ion .  A b a t h . l e n g t h  o f  approx imate ly .50  f e e t  i s  t he  

l i m i t i n g  f a c t o r  on t h e  l e n g t h  o f  t h e  tube bundles. 

5.8.2 Fou l i ng  Propens i ty  
. . 

The. problem o f  ex te rna l  f o u l i n g  i s  n o t  so c r i t i c a l  i n  t he  case o f  MABD 

cool ' ing equipment because the  f inned- tube a r rays  tend t o  r e s i s t  t h e  depos i t i on  

o f  impur i t ies . .  A dimen,sional c o n t r o l  on t h i s  tendency ' i s  achieved by v a r i -  

a t i o n  o f  f i n  he igh t  and spacing. Genera l ly ,  these two parameters a re  con- 

nected by 9 hype rbo l i c  ( f i n  he igh t  x  f i n  spacing = cons tan t ) .  

MABD p r e f e r s  galvanized s t e e l .  f i n - t u b e  assembl i e s  f o r  d r y  c o o l i n g  equipment, 

because of t h e  i nhe ren t  rnhl lstness and t h e  consequent p o s s i b i l i t y  o f  w i t h -  , .  

s tand ing  p e r i o d i c  c lean ing  w i t h  p ressur ized  water.  

co r ros ion  

Th is  i s  a  problem which w i l l  always be present .  The design phi losophy 

i n  such a case should be t o  min imize co r ros ion  du r i ng  t h e  economical ly  use- 

f u l  l i f e  o f  t he  equipment which depends on t h e  a l l owab le  dep rec ia t i on  ra tes .  

'Thus d i f f e r e n t  t rends  a r e  observed accord ing t o  n a t i o n a l  r e g u l a t i o n s  and , 

spec ia l  i n d u s t r i a l  pract i .ces. I n  Federal  Germany and e s p e c i a l l y  i n  t h e  

chemical i ndus t r y ,  a  s t rong  preference, e x i s t s  f o r  ga lvanized s t e e l  
. . 

assembl i es'. 



5.8.4 Wind E f f e c t s  and R e c i r c u l a t i o n  

R e c i r c u l a t i o n  i s  becoming a problem o f  decreasing importance because - 
o f  t h e  i nc reas ing  he igh t  o f  d r y  coo l i ng  towers. For i n s t a l l a t i o n s  w i t h  

fo rced  d r a f t  s i m i l a r . t o  t h a t  a t  Wolfsburg, an i n l e t  shroud seems t o  be,a .* 
s u f f i c i e n t  s o l u t i o n .  Wind e f f e c t s  have been researched, b u t  no systematic 

work has y e t  been undertaken t o  p rov ide  s p e c i f i c  designs which e l i m i n a t e  the  
. . -  . . 

problems. ' 

Fa i  1 ures AI.IP t.n t r e e z i  ng inust be a t t r  l bu Led Lo i~liprapcl- o p e r a t i  on 

because.!the present  design and technology i s  s u f f i c i e n t l y  soph is t i ca ted  t o  

cope , ,w i , th - the  problem. MABD 'does n o t  kcommend the  p r o v i s i o n  o f  louvers i f  . . 

they can be avoided. Louvers are  examples o f  '1 i g h t  mechanical engineering, 

and a re  d i f f i c u l t  t o  i nco rpo ra te  i n  t he  s t r u c t u r e  o f  coo l i ng  towers which 

p r i n c i p a l l y  c o n s i s t  o f  heavy engineer ing components. 

5.8.6 Maintenance Frequency and A v a i l a b i l i t y  

Forced-dra f t  systems a r e  genera l l y  more prone t o  f a i l u r e ,  predominant ly 

i'n t he  fans and bear ings.  I n  a comparison between d i rect -condensat ion and 

ind i rec t .sys tems,  MABD f e e l s  t h a t  t he  former i s  more vu lnerab le  because i t  

conta ins  1 ong . tube 1 engttls uricler' vacuum. Moreover, unce r ta in  two-phase 

c n n d i t i n n s  can e x i s t  i n  t he  condensate.. On t h e  whole, however, maintenance 

i s  no major problem, and a d r y  c o o l i n g  system o f  e i t h e r  type i n f l uences  

p l a n $ . a v a i l a b i l  i t y  l e s s  than any o the r  component i n  t he  power p l a n t .  

5.8.7 Codes and Standards' .- 

R t r f e r ' e~ i~e  wds n~ade t o  t h e  m ~ n u a l  f o r  buyers o f  d ry  c n n l i n g  equipment 

which has been prepared by V I K .  



5.9 CONTACT WITH MANUFACTURERS: ITALIMPIANTI S.p.A., GENOA, ITALY 
. . 

Date o f  V i s i t :  A p r i l  14; 1975 
' ' 

P a r t i c i p a n t s  i n  t h e  Discussion:  

Dr. C.  Rocco, Vice Pres ident  

Dr. .. C.  Roma, Professor  ' o f  Nuclear Engineering, U n i v e r s i t y  o f .  Rome 

: , Dr- .  V .  Leonel. l , i ,  Senior P r o j e c t  Engineer 

Dr:,G: Caruso, Market ing Execut ive 

.. . :  . D r .  G. Ristagno, D i rec to ' r  
..;::. . . s c i  ' ; Dr:. G.  Daneu, D i r e c t o r  

:<:: ': D r .  A. Corso, D i r e c t o r  - .  

.,. . . . . .  . DeSteese - PNL 

5.'9.1 General Remarks 

Th is  meeting i nc luded  a  d i scuss ion  o f  t h e  p o t e n t i a l  o f  p l a s t i c  tube 

heat  exchangers as conceived by Dr. Roma. However, t h e  p r i n c i p a l  a c t i v i t y  

o f  t he  day was a  work ing session t o  e s t a b l i s h  the  wording o f  a  t echn i ca l  

i n f o r m a t i o n  exchange agreement between I t a l i m p i a n t i  and PNL. Technical  

d iscuss ions  were l i m i t e d  t o  g e n e r a l i t i e s  pending t h e  s ign ing  o f  t h e  agree- 

ment by bo th  p a r t i e s .  Q u a n t i t a t i v e  data r e l a t i n g  t o  t he  ope ra t i on  o f  

p l a s t i c  tube heat exchangers were revealed by Dr. Rollla as repo r ted  i n  

Sect ion 5.5. 



. . . ,  . 

5.10 CONTACT WITH TECHNICAL ASSOCIATIONS' , 

. . . --. , "  

Associ,at ions were contacted persona l ly ,  by correspondence 'and . by . t e l e -  - 
phone. The f o l l o w i n g  paragraphs summarize those contacts.  

DECHEMA-Apparatebau has a subcommittee which deals w i t h  problems o f  

heat  exchangers i n  cjeneral'. Dry coo l i ng  equipment does n o t  f i g u r e  as a sub- 

j e c t  o f  spec ia l  importance. The subcommittee co.operates c l o s e l y  w i t h  t h e  

V D I  (Vere in Deutscher Ingen ieure)  which, i n  t u rn ,  i s  represented by a s imi -  

l a r  subconunittee, bo th  having common members. Representat ives o f  t he  chem- 

i c a l  grid ~e t . rnchemica l  i n d u s t r i e s ,  equipme'nt manufacturers. and u n i v e r s i t y  

exper ts  serve as members o f  these committees. This  ensures t h a t  acute prob-. 
. . 

lems and trends, as f a r  as they  are  n o t  i n  c o n f l i c t  w i t h  i n d i v i d u a l  competi- 

t i v e  i n t e r e s t s ,  a r e  addressed on a t i m e l y  b a i i s .  A f t e r  i d e n t i f i c a t i o n ,  

these '  probi' ims. a re  recommended f o r  f u r t h e r  . research supported by ' p r i va te ,  

pool'ed o r  'governmental' funding. These exper t  subcommi t t e e s  the re fo re  p lay  ' 
' /., ..' - , ' 

a  pow6rful  - . role i n  eoord ina t ing  the  approact1 Lu ddvancing heat cxchanger .i ' , 

,... ' / .  . . ,  t ' :  : . , . .  . . . . .  . . $  . r  

t e c h n ~ l ' o ~ ~ . : ' .  ' a _ .  . 
.. . .  . . .. . .., ,.. . . , : . . .  .- . :, . , . . , . . . 

D;; i o o l  i:ng equipment ii the spec ia l  f i e l d  o f  the, VGB (represented 
' : . i  , " * ? .  . . : . <  4 ; ' .  . .  , , . .  .. 

through a s i s t e r  0 r ~ a n i z a t i o n v 1 ~ )  and L t l e  VDEW. Decousc water s c a r c i t y  i s .  
:., 1" , I ; ,  . . . , 

a n a t i o n a l  problem, i t ~ f o l l o w s  t h a t  d r y  c o o l i n g  equipment research i s  p a r t  
' 

o f  t he  Federal government e t t o r t  t o  s tanddrdize the  design w i t h  a uni.l: size 

between.'lOOO and l Z U U  MW. A special subcommittee is i.csponsible f o r  t he  

coo rd ina t i on  o f  d r y  cool  i n g  research and development. The general t r end  i s  

toward the o rgan iza t i on  o f  conso r t i a  t o  b u i l d  major d r y c o o l i n g  i n s t a l l a t i o n s ,  , , 

as i 11 u s t r a t e d  by t h e  exa~npl e o f  B d l c k e - ~ i i r r / ~ ~ ~  c o l  l a b o r a t i o n  a t  ~chmehausen. 



5.11 MEETING AT BATTELLE-GENEVA (BG), SWITZERLAND 
. .. . . .  . ,  . .  . . . , . . . ,. . , .. . . ... . . . 

. .  . . Date o f  , V i s i t :  . . A p r i l  , lo,  1975. . . . .  , . . . . . ? . . . .  . . . . 

, ... Pa r t i c i pan ts . ,  . .. . . . .  a i n .  , t h e  Discussion:  . .  . ,, , . , . . . ,,. . . . 

. :  M r .  . J . -L. . Meylan , , Manager, Mechanical Engj neer ing  Research Departme.nt 
. r 

. . 

M r .  J.-P. Budiger, Sect ion .Lea,der, ~ e c h a n i c a l  Eng inee r ing  Research ... . . . ,, . 

Department 

M r .  W. H. F ros t ,  S t a f f  Member, Mechanical Engineeri-ng Research 

Department 

DeSteese - PNL 

5.11.1 General Remarks 

The d i scuss ion  centered on a novel h y b r i d  c o o l i n g  system s t i l l  i n  t he  

research stage a t  BG. They h y b r i d  tower concept i nc ludes  two separate zones 

o f  heat  exchange: 

a wet zon.e.in which t h e  ho t  water i s  cooled by evaporat ion i n t o  t h e ,  

c i r c u l a t i n g  a i r ;  

a  d r y  zone, where the  a i r - vapo r  m i x t u r e  i s  subsequent ly heated t o  

lower i t s  r e l a t i v e  humidi ty .  

The sa tura ted  a i r  i n  t h e  tower i s  d r i e d  i n  a c ross-cur ren t  heat  exchanger 

c o n s i s t i n g  o f  t h i n  v e r t i c a l  p l a s t i c  sheets ( th ickness  ~ 0 . 2  mm): one s i d e  

supports a f i l m  o f  water,  t h e  o the r  serves as one  o f  t h e  w a l l s  f o r  t h e  

passage of a i r .  These sheets a r e  j o i n e d  i n  twos t o  make up an a i r t i g h t  

enc losure which presses i t s e l f  aga ins t  a  network o f  cables under t h e  a c t i o n  

o f  a  s l i g h t  overpressure. The cab le  network s i t u a t e d  a t  t h e  boundaries o f  

t h e  a i r  passage c o n t r i b u t e s  t o  l o c a l  tu rbu lence and hence more e f f e c t i v e  

heat  exchange. 

Water i s  d i s t r i b u t e d  t o  t h e  i n s i d e  o f  t h e  envelopes by p e r f o r a t e d  tubes 

w i t h  t he  poss ib le  a d d i t i o n  o f  c a p i l l a r y  m a t e r i a l  t o  ensure t h e  u n i f o r m i t y  o f  

t h e  c rea ted  f i l m .  These envelopes a r e  suspended i n  t h e  i n t e r i o r  o f  a  tower 

s i m i l a r  t.o t h e  wet hype rbo l i c  c o o l i n g  tower. The i r  h e i y t ~ l  i s  l i m i t e d  t o  

about 10 m t o  avo id  excessive pumping requirements. The lower edges o f  t h e  

p l a s t i c  sheet envelopes a r e  immersed i n  a c o l l e c t i n g  basin, thus render ing  

them a i r t i g h t  under t h e  e x i s t i n g  overpressure. 



. . .  

. . 

Research t o  da te  has concent'rated on iiiethods o f  d i s t r i b u t i n g  the  cool  i n g  

water  and observa t ion  o f  water filiii s t a b i l i t y  when f l ow ing  on v e r t i c a l  p las-  - 
t i c  sheets. Th is  concept s t i l l  r equ i res  considerable e f f o r t  t o  e s t a b l i s h  
9 .  

i t s  bas ic  f e a s i b i l i t y ;  however, t h e  nove l t y  o f  t he  approach warrants f u r t h e r  

cons idera t ion .  



6;O: PHASE I 1  INTERVIEWS 

Th i s  sec ' t i  on con ta ins  a  ch rono log i ca l  summary o f  i n t e r v i e w s  conducted 

as p a r t  o f  Phase I 1  , a c t . i v i  t i e s .  I n f o r m a t i o n  about o p e r a t i n g  exper ience w i t h  

d r y  cool  i n g  \equipment was ob ta ined  f rom p l a n t  personnel a t  14 European s i t e s .  

6.1 DRY COOLING EQUIPMENT I N  THE INDUSTRIAL POWER PLANT OF 

' DAIMLER-BENZAG~SINDELFINGEN, . , GERMANY ' . 

Date . o f  . V i s i t :  September 22, 1975' 

P a r t i c i p a n t s  i n  t h e  Discuss ion:  

Ing .  H. D ieh l ,  Power P l a n t  Manager 

~ i d l  :- Ing. Wenzel , Deputy Manager and Thermal Ana l ys t  
-,>; > . . 

Mr. Sei f f e r t ,  Water Chemist . . . .  
l'i" ' 

6.1.1 General Remarks 

The Daimler-'Benz AG automobi le  f a c t o r y  a t  S inde l  f i n g e n  depends upon t h e  

eas t  power p l a n t \ f o r  process steam, steam h e a t i n g  and e l e c t r i c  power. The 

demand f o r '  steam v a r i e s  as a  f u n c t i o n  o f  ambient temperature;  t he  summer demand 

i s  about 20 pe rcen t  o f  t h e  w i n t e r  peak f i g u r e .  Process steam i s  s u p p l i e d  a t  

three '  d i f f e r e n t  pressures : 352 p s i  a, 126 p s i a  and 52 ps ia .  The power p l a n t  

was cons t ruc ted  i n  t h r e e  sec t i ons  d u r i n g  1959/61, 1961 163 and 1969172 w i  t h  . . 

t h r e e  d i f f e r e n t  s i z e s  o f  Benson o i l - f i r e d  b o i l e r s  ( 2  x  60 t / h ,  2  x  80 t / h  and 

2  x  150 t l h ,  r e s p e c t i v e l y ) .  Steam c o n d i t i o n s  a t  t h e  b o i l ' e r  o u t l e t s  i n  t h e  . 

f i r s t  t.wn sec t i ons  a r e  identical a t  980nF.and 112C1psia.  The b o i l e r s  o f  t h e  

t h i r d  .. . . s e c t i o n  d e l i v e r  steam a t  990°F and 1730 ps ia .  . . 

.:... . . . The o p e r a t i o n a l  ,ph i losophy o f  t h e  power p l a n t  i s  as f o l l o w s .  The back , 

pressure t u r b i n e s ,  which a r e  b l e d  t o  meet t h e  process and h e a t i n g  steam 

requi rements,  p r o v i d e  t he  average e l e c t r i c  power demand o f  t h e  manufactur- ing 

p l a n t  d u r i n g  t he  w in te r 'months ,  w h i l e  t he  peak w i n t e r  demand i s  s u p p l i e d  by 

t he  u t i l i t y  g r i d .  The l a s t  t u r b i n e  stages (condensat ion s tages)  a r e  used 

ma in ly  i n  t h e  summer, when steam c a p a c i t y  i n  excess o f  average w i n t e r  r e q u i r e -  

ments may be used t o  generate e l e c t r i c  power. 



The t h i r d  power p l a n t  sec t i on  conta ins two tu rb ines .  One 30 MWe 

t u r b i n e  operates s o l e l y  under back pressure and d e l i v e r s  a l l  o f  i t s  steam 

t o  the  produc.tion steam g r i d .   he second tu rb ine ,  connected t o  the  52 ps ia  

steam l i n e ;  operates o n l y  when surp lus.steam i s  a v a i l a b l e  a f t e r  meeting 

the  p,roduct ion demand. I n  t h i s  case,' i t  d e l i v e r s  5 MWe, ' d i scha rg ing  a  mass 

f l o w  o f  34 t / h  i n t o  t h e  d r y  c o o l i n g  equipment. 

Dry c o o l i n g  equipment was erected i n  t h ree  sec t ions  corresponding t o  the  

c o n s t r u c t i o n  o f  t he  power p l a n t  sec t ions .  The equipment was manufactured 

and d e l i v e r e d  by GEA, and i s  a  d i r e c t  condensatiuri system w i t h  fo rced d r a f t .  

D e t a i l s  o f  the  d r y  c o o l i n g  equipment are l i s t e d  i n  Table 6.1-1. 

The power p l a n t  l a y o u t  and l o c a t i o n  were pr imary reasons f o r  the  

s e l e c t i o n  of d ry  c o o l i n g  equipment. The p l a n t  i s  s i t u a t e d  i n s i d e  the  com- 

pound o f  an automobile f ac to ry  and i n  the  immediate v i c i n i t y  o f  eitensi ve 

pa rk ing  l o t s  f o r  new cars j u s t  o f f  t h e  p r d d ~ c t l u r ~  1  itics awa i t i ng  d ispatch  

(F igure  6.1-1 ) . Evaporat ive towers would generate the r i s k  o f  moisture 

t r a n s p o r t  which woul d  damage the f i n i s h  o f  these veh ic les .  S i  ndel f i  ngen 

l i e s  on the  edge o f  the  Swabian A lp  p lateau,  which has o n l y  meagre ground- 

water  resources and almost no o the r  sources o f  c o o l i n g  water. Daimler-Benz 

management sets a  very h igh  p r i o r i t y  on showing good t a s t e  i n  the  general 

a r c h i t e c t u r a l  design o f  the f a c t o r y  complex a r ~ d  dvoids cons t ruc t i on  f e a t u r ~ c  

whish gro55l.y emphasize the  techn ica l  f u n c t i o n  o f  t:he p l a n t .  

6: 1.2 Water Qua1 i t y  and I n t e r n a l  Corrosion 

~ e e d  and makeup water  a re  subjected t o  a  comprehensive water  t reatment  

process s p e c i f i e d  by the  VGB. The achieved water  quai i ty s a t i s f i e s  standards 

considered rieceisar'y f o r  Benson forced-convect i  on bo i  l e r s .  Almost a1 1  o f  the  

hea t i ng  steam and a  major p a r t  o f  the  product  steam form a  c losed system. The 

f o l l n w i n g  data t y p i f y  the  water  q u a l i t y  mainta ined i n  t h i s  p l a n t :  

PH 8.7-9 
Hydrazi ne t races  

A1 k a l  i n i  ty (NH3) 1  m g / ~  

S i l i c a t e s  0.01 m g l ~ '  

Fe+++ 0.02 m g / ~  

O2 .not  measurable 

Conducti v i  ty 0.1-0.15 hmho/cm 

Residual hardness n o t  measurable 



TABLE 6.1-1. Daimler-Benz I n d u s t r i a l  Power P l a n t  
Dry Cool iig Equipment Deta i  1 s 

Stage 1 Stage 2 Stage 3 
1959/61 1961 163 1969172 

A i r  Flow . Forced d r a f t  Forced d r a f t  Forced d r a f t  

T u b e l f i  n GEA ga lvan ized  GEA ga lvan ized  GEA ga l van i zed  
s p e c i f i c a t i o n s  s t e e l  e l l i p t i c  s t e e l  e l l i p t i c  s t e e l  e l  1 i p t i c  

t u b e l s t e e l  f i n  t u b e l s t e e l  f i n  t u b e l s t e e l  f i n  

. . 

Tube arrangement 45" De l t a  45" D e l t a  45" D e l t a .  

Tube l e n g t h  . 4.7 m 6 m 6 m 

Tube l a y e r s  3x s taggered 3x s taggered 3x s taggered 

Steam c o n d i t i o n s  

vacuum (des i  gn) 0.08 a t a  0.08 a t a  0 .08 ,  a t a  
96" F 96" F 96°F 

, 8% mois tu re  . 8% mo is tu re  . 8% moi.sture 

ambient a i r  
temperature 

Fans 

number. 3 3 3. 

d iameter  4700 mm 5500 mm 6000 mm 

f a n  speed 196rpm 1 70rpm . . 170'rpm 

speed.change 2 speeds, 2 speeds, 2 speeds, 
p o l e  v a r i a t i o n  p o l e  v a r i a t i o n  p o l e  v a r i a t i o n  

f a n  I;'ower 3 x 25 kW 3 x 40 kW no in fo rmat i .on  

a i  r f l o w  3 x 174 m3/s 3 x 227 m3/s no i n f o r m a t i o n  

head 4 i n .  WG 5 i n .  WG : no. i n f o r m a t i o n  

Steam f l o w  (des ign )  13.5 t / h  18.3 t / h  24.5 t / h  

Heat r e j e c t i o n  29.4 x l o 6  Btu/h 38.3 x l o 6  B tu /h  51.3 x l o 6  B tu /h  
(des ign)  

Maximum steam f l o w  18.3 t l h  25.5 t / h  . 34 t / h  

Maximum hea t  , 41.4 x l o 6  B t u l h  53.4 x 1 0 6 , ~ t u / h  70.3 x l o 6  B tu /h  
r e j e c t i o n  



;;{~;$.~$j;~s. , . , NEW CAR PARKING 

"iy; 
h.. \ . NEW C A R  PARK'ING 

D DRY COOL1 NG EOUl PMENT 

CH C H I M N E Y  

FIGURE 6.1-1. Power P l a n t  Layout at; S-indel f ingen 

' . Tur-bi nes , . condenser hkaders , and connect1n.g s i e a ~ i i  1 i n e s  are inspected 

' a f t e r  . i n t e r v a l s  corresponding t o  25,000 hours ' Qperation. These maintenance 

checks ,. :performed du r ing  scheduled p l a n t  shutdown and overhaul periods', 

have revealed no i n f e r n a l  cor ros ion  o r  f o u l i n g .  The power p l a n t  management 

adheres t o  the  .philosophy o f  ma in ta in ing  the  bes t  q u a l i t y  o f  feed water % 

"desp i te  the costs i nvol  ved, t o  assure maximum avai  1 abi  1 i t y  .o.f t he  fo rced 

convect ion b o i l e r s  which supply process steam. 

The cx.tens i v e  water t reatment  p l a n t  handles an average o f  10,000 m 3 

every month. The p l a n t  cons is ts  of the  f o l l o w i n g  components: 

Elect romagnet ic  f i  1 t e r  

+ Anion exchanger 

Cat ion exchanger 

Degassing equipment 



Process steam condensate, which does n o t  fo rm p a r t  o f  t h e  c l osed  

.- 
system, i s  recovered wherever p o s s i b l e  and sen t  through t he  wate r  t r e a t -  

ment loop .  Hence o n l y  a  minor  f r a c t i o n  o f  t h e  wate r  t u rnove r  must be made 
3  up by raw wa te r  a d d i t i o n  which cos ts  DM 1  .50/m . M a t e r i a l s  and l a b o r  

-i l 3 cos t s  (no equipment a m o r t i z a t i o n )  f o r  wa te r  t r ea tmen t  a re  about DM 0.40/m . 
One man i s  ass igned f u l l t i m e  on a  12-hour s h i f t  b'asis t o  be i n  charge o f  

t h e  wate r  t r ea tmen t  equipment. Dur ing  o f f i c e  hours,  a  1  abora to ry  a s s i s t a n t  

does t he  r o u t i n e  ana l ys i s .  The whole s e c t i o n  o f  f i v e  men i s  headed by t he  

wate r  . . chemist . .  E l e c t r i c a l  c o n d u c t i v i t y  i s  mon i to red  h o u r l y  and as much. 

hydraz ine  . . .  as necessary i s  added t o  ma in ta i n  a  n e g l i g i b l e  oxygen con ten t .  

r . - . , , .Two Elmo pumps and t h r e e  steam e j e c t o r s  m a i n t a i n  vacuum and a l s o  a c t  

as deaera to rs .  Dur ing  shutdown pe r i ods ,  h o t  d r y  a i r  i s  c i i - cu la ted  through 

t he  d r y  c o o l i n g  system t o  avo id  i n t e r n a l  c o r r o s i o n .  

6.1.3 A i  r - S i  de Cor ros ion  and Foul i n g  

The a'ir qua1 i ty a t  t he  p l a n t  s i t e  corresponds t o  t h e  s e m i - i n d u s t r i a l  

env i  ronment o f  S i  ndel  f i ngen .  Accord ing t o  i n f o r m a t i o n  ava i  1  ab le ,  no undue 

SO2 concen t ra t i on  has occurred,  even d u r i n g  calm weather c o n d i t i o n s  which 

average 30 days/year.  Close v i s u a l  i n s p e c t i o n  o f  even t he  o l d e s t  (1959) 

d r y  c o o l i n g  i n s t a l l a t i o n  shows no s igns  o f  co r ros ion .  

The S i n d e l f i n g e n  p l a n t  i s  p lagued by an unusual source o f  a i r - s i d e  

f o u l i n g ,  e s p e c i a l l y  d u r i n g  t he  c r i t i c a l  summer months when t h e  d r y  c o o l i n g  

system i s  operated a t  t he  g r e a t e s t  load.  Numerous p o p l a r  t r e e s  growing 

i n  t h e  immediate v i c i n i t y  o f  t h e  power p l a n t  produce a f i n e  c o t t o n - l i k e  

p roduc t  f rom t h e  r i p e n i n g  pods. Th i s  m a t e r i a l  nes ts  i n  t he  i n t e r s t i c e s  o f  

t h e  f i n n e d  tubes, t r a p p i n g  dus t  and l e a v i n g  a  mat ted d e p o s i t  on c o o l i n g  

sur faces.  Th i s  leads t o  a  p r o g r e s s i v e l y  decreas ing  performance o f  t h e  - 

condenser, i n  which t he  vacuum degrades t y p i c a l l y  f rom 92 pe rcen t  t o  

85 percen t .  

The a i r - s i d e  depos i t s  a re  g e n e r a l l y  c leaned once a  y e a r  i n  midsummer. 

A f o u r -  t o  six-man team i s  r equ i red .  Water j e t s  w i t h  a  t o t a l  head o f  

approx imate ly  800 p s i a  a r e  used. I t  appears t h a t  a  normal de te rgen t  i s  

added t o  t he  wate r .  The c l ean ing  j e t s  a r e  d i r e c t e d  f i r s t  i n  t he  a i r - f l o w  



d i r e c t i o n  and then  i n  t h e  coun te r - f l ow  d i r e c t i o n .  The l a b o r  cos ts  f o r  

c1eanin.g .are about DM 4,000. Cleaning i s  perfort l ied on weekends w i t h  t he  

condenser s e c t i o n  shu t  down. 

6.1 .4  Freez ing Experience 
? 8 

~ u r i n ~  the  l a s t  15 years ,  p l a n t  personnel have ga ined s u f f i c i e n t  

exper ience  t o '  cope w i t h  f r e e z i n g  problems. Th i s  a b i l i t y  has been he1 ped 

by ' r e t r o f i t  changes t o  t h e  condenser i n  t h e  f i r s t  power p l a n t  sec t i on .  

Th i s  condenser was o r i g i n a l l y  designed f o r  p a r a l l e l  steam and condensate 

f l ow .  T h i s  l e d  t o  se r i ous  f r e e z i n g  problems i n  t h e  severe w i n t e r  o f  1962: 

Slugs o f  i c e  formed f i . r s t  i n s i d e  t he  tubes n e x t  t o  t h e  fan.  I c e  format ion. ,  

then  p r o g r e s s i v e l y  advanced t o  t h e  o t h e r  l a y e r s .  B u r s t  tubes were r e p a i r e d  

temporar i  l y  w i  t h  adhesive tape.  Permanent r epa i  r s  i nvo l  v i  ng we1 d i n g  and 

p a i n t i n g  t he  welds f o r  c o r r o s i o n  p r o t e c t i o n  were completed d u r i n g  t he  

annual shut-down f o r  c l ean ing .  

. No .cos t  f i g u r e s  a re  a v a i l a b l e  f o r  t h i s  r e p a i r  sequence. To so l ve  t he  

p r o b l  em o f  f r e e z i n g ,  c o u n t e r f l o w  (Dephlagmator) condenser elements were . 

r e t r o f i t t e d  i n  t w o - t h i r d s  o f  t h e  condenser. No c o s t  i n f o r m a t i o n  f o r  t h i s  

a1 t e r a t i o n  was ava i  1  ab le .  

The condenser i n s t a l  l e d  i n  t h e  second power p l a n t  s e c t i o n  con ta ined  

o n l y  coun te r f  low elements t o  overcome the  freezeir ly pr.ublet~~. ~owevev ,  t he  

condenser assoc ia ted  w l t h  t h e  t h i r d  p i a r ~ L  sect iut i  I s  designed t o  be! S ~ I I I  i l d r .  

t o  t h e  f i r s t  s e c t i o n  r e t r o f i t  arrangement. 

Freez ing i s  prevented by c o n t r o l  procedures 1 n c l  udl ng fan speed r-egu- 
l a t i o n  and by i o v e r i n g  t h e  heat  exchanger su r f ace  w i t h  t a r p a u l i n s .  The 

1uuver.s u rm iy  i l l d l  l y  IJU i 1 L i l l  L l ~ e  r i v s t  s e c t i o n  condenser have been discarded. 

Res is tance  thermometers p laced  i n  t h e  headers and i n  c r i t i c a l  elements pro-  

v i d e  advancc warn ing o f  p o t e n t i a l  f r e e z i n g  c o n d i t i o n s .  

6.1 . 5  Reci r c u l a t i o n  and Wind E f f e c t s  

Evidence o f  r e c i r c u l a t i o n  has been observed a t  t h e  S inde l  f i n g e n  p l a n t .  

T y p i c a l l y ,  a  decrease o f  vacuum f rom 95 pe rcen t  t o  92 percen t  r e s u l t s .  A l l  

t h r e e  condensers seem t o  be i nvo l ved ,  a l though n o t  s imu l taneous ly .  Op in ion  

i s  v a r i e d  as t o  whether t h i s  e f f e c t  can occur  i n  pe r i ods  o f  calm weather as 



w e l l  as on windy days when.the wind d i r e c t i o n  places the  condensers i n  

the  wind. shadow o f  the power p l a n t  bu i  l d i n g .  A1 1  the. condensers are 

mounted on r e i n f o r c e d  concrete p i l l a r  s t ruc tu res  and .the fan  i n l e t  shrouds 

a re  surrounded by a  narrow s k i r t .  E t e r n i t  wind sh ie lds  surround the con- 

densers t o  a  he igh t  o f  about two - th i rds  o f  t h e i r  v e r t i c a l  dimension.' . . 

The power p l a n t  b u i l d i n g  and separate s t r u c t u r e s  suppor t ing  the  d ry  

c o o l i n g  equipment a re  s i t u a t e d  w i t h  t h e i r  i o n g i t u d i n a l  a x i s  i n  the  d i r e c -  

t i o n  ENE-WSW (F igure  6.1-1). P r e v a i l i n g  winds are e i t h e r  from the NW o r  

from the  NNE. B e t t e r  vacuum performance i 's always associated w i t h  the  

winds from NNE. I t i s  d i f f i c u l t  t o  i d e n t i f y  the  ex ten t  t o  which t h i s  e f f e c t  

can be a t t r i b u t e d  t o  the  wind o r  t o  a  l a c k  o f  r e c i r c u l a t i o n . '  

6.1.6 Concl ud i  ng Remarks 

Regular maintenance and r e p a i r  costs associated w i t h  the d ry  coo l i ng  
' 

equipment are n o t  accounted f o r  separate ly .  Maintenance i s  performed 

cont inuous ly  by a  maintenance team, which checks the gear boxes and renews 

the  l u b r i c a t i o n .  I t  i s  impor tan t  t o  no te  t h a t  on l y  the  fan  motor/gear 

t r a i n  system of  the d ry  cooli'ng equipment r e q u i r e  s i g n i f i c a n t  a t t e n t i o n .  

, On the average, about 2  fans o u t  o f  11 demand some k i n d  o f  major a t t e n t i o n  

every year .  About f o u r  man-weeks o f  e f f o r t  c o s t i n g  DM 8,000 i s  u s u a l l y  

s u f f i c i e n t  t o  take care o f  these problems. 

The a v a i l a b i l i t y  o f  the  p l a n t ,  which i s  ra ted  a t  about 89 percent ,  

i s  n o t  i n f l uenced  by the opera t ion  o f  the  dry  c o o l i n g  equipment. 

The e n t i  r e  p l a n t ,  i n c l u d i n g  the b o i l e r s ,  bu i  1  dings, t u rb ines ,  and . 

a u x i l i a r y  equipment, i nvo l ved  an investment o f  DM 26 M i l l i o n .  O f  t h i s ,  

about DM 6  M i l  1  i o n  was spent f o r  the  tu rb ines ,  DM 1 .3  ~i l ' l i o n  f o r  t he  d r y .  

c o o l i n g  equipment and DM 300,000 f o r  steam l i n e s .  ( 1 6 )  



6.2 DRY COOLING EQUIPMENT AT THE HAUSHAM POWER, PLANT, 

HAUSHAMISCHLIERSEE, GERMANY 

- . .Date, .of  V i s i t :  September 23, 1975 

~ a r t i c i  pants  i n  t h e  D iscuss ion :  

a .  . . Mr..: .!. Wei .. g l  , Deputy P l a n t  Manager 
M r .  B i n i e k ,  S h i f t  Foreman 

- 1,: '!, $ $ , ' 

.Mr. .  Metzger, Water Labora to ry  
r i . .  3 .  I .  . 

\ '  I '  . . .  
Simhan - BF ... . .  , 

6.2.1 General Remarks 
. . 

The Hausham 'power p l a n t  was completed and began ope ra t i on  i n  1962, ' ; '  
., 

ma in l y  t o  supp ly  e l e c t r i c a l  power r e q u i r e d  a t  a  nearby coa l  mine. P u l -  . >  

. ver. i  z.ed: coa l  f r om t h i s  mine was used as f u e l .  M in ing  ope ra t i ons  ceased 

i n  '1969 as a  r e s u l t  o f  adverse market c o n d i t i o n s .  The power p l a n t  was 

then  conver ted .  t o  burn  crude o i l .  Ownership changed and t h e  Peisenberger  
, , . , 

K ra f twerksgese l  .: _ : 1  scha f t  ( a  s u b s i d i a r y  of  Isar-Amper Werke AG) assumed c o n t r p l  

o f  the. .p lan t .  Fo l  l ow ing  t h e  change i n  ownership,  e l e c t r i c i t y  generated .,  
:r ) .  

a t ,  Hausham was d e l i v e r e d  t o  t h e  Bavar ian S t a t e  g r i d ,  p r o v i d i n g  a  smal l  . ' 

f r a c t i o n  (45  M W ~ )  of  t h e  bdse load .  The rise i n  t he  c o s t  o f  o i  1  f o l l o w i n g  

t h e  o i l  c r i s i s  o f  1973-74 r e s u l t e d  i n  t he  power p l a n t  be ing  taken o u t  o f  . . 

r e g u l a r  comml ss lon .  Aft:r?rS ii thorough overhaul ,  which was i n  progress 

d u r i n g ' t h i s  i n t e r v i e w ,  t h e  power p l a r i t  w i l l  be operated as a peak ing  power 

p l a n t .  

Hausham l i e s  i n  a  va l  l ey *  which rutls r ough l y  i n  an east -west  d i r c c t i o n  

( F i g u r e  6.2-1). ' The l a n d  l e v e l  r i s e s  g r a d u a l l y  toward t h e  eas t .  A t  t h e  

wester t i  e x t r e m ~  t y  o f  ~aushesl ,  ar~ul t ier .  v a l  l e y  branches o f f  towards t h e  couth- 

west.  The power p l a n t  i s  i n  t h e  no r the rn  h a l f  o f  t h e  main v a l l e y  on an 

~1eva t .c r l . l nca t . ion  . j u s t ' o p p v s i t e  t he  entrance n f  t h e  branch v a l l e y .  Th i s  

f a c t  i s  impo r tan t  i n  connec t ion  w i t h  f r e e z i n g  and r e c i r c u l a t i o n  e f f e c t s  

t o  be d iscussed l a t e r .  I n s t a l  l a t i o n  o f  d r y  c o o l i n g  equipment was impera- 

t i v e  because t h e  ~ausham v a l l e y  has no runn ing  wa te r  resources,  and t h e  

use o f ,  wa te r  f rom Schl i e r s e e  (8  km d i s t a n t )  was cons idered  p r o h i b i t i v e l y  
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FIGURE 6.2-1. Hausham Power P l a n t  Loca t i on  . 

expensive. Moreover, t h e  p l a n t  i s  s i t u a t e d  i n  t h e  immediate v i c i n i t y  o f  , , 

hous ing areas. Wet coo.1 i n g  towers w i t h  a t t endan t  plumes wo,ul d '  have been 

undes i rab le  i n  t h e  narrow v a l l e y .  . . 

6.2.2 Water Qua1 i ty . and I n t e r n a l  Cor ros ion  

The p l a n t  con ta ins  a  s i n g l e  Benson fo rced-convec t ion  b o i l e r  o f  40 MWe 

nominal capac i t y :  Th i s  t ype  o f  b o i l e r  r e q u i r e s  f eed  wate r  o f  ve ry  h i g h  

q u a l i t y .  Th i s  q u a l i t y  i s  assured by t he  use o f  an ex tens i ve  wa te r  t r e a t -  

men't u n i t  c o n s i s t i n g ,  o f  an an ion exchanger, a  c a t i o n  exchanger and degassing 

equipment.. A t y p i c a l  feed  wate r  a n a l y s i s  i s :  
,- 

pH 9.5 

p-a1 k a l  i n i  ty 4 mg/a as CaC03 

. . m-a1 k a l i n i t y  7.5 mgla as CaC03 



S i l i c a t e s  0.023 mg/g 

Fe+++ 0.043 mg/g 
..- 

O 2  0,003 mg/g 

Conducti v i  ty 0.02 pmho/cm 

Residua 1  hardness n o t  measurable .. 

Hydrazi ne 0.12 mg/g 

Output up t o  45 MWe can be accommodated under favorab le  cond i t ions .  B o i l e r  

o u t l e t  cond i t i ons  are  steam capac i ty  140 t / h  a t  2120 p s i a  and 990°F. Reheat 

c o n d i t i o n s L a r e  525 p s i d  drld 610°F. The t u r b i n e  i s  b l e d  i n  t he  r e a c t i o n  

stages f o r  feed water heat ing.  The d l  r e c t  condens l r ~ y  t r q u i p l ~ ~ e t ~ t  ~slust handle 

o n l y  90 t / h e o f  condensate under design condi ti ons . 
The d e t a i l s  o f  the d ry  coo l i ng  equipment a re  l i s t e d  i n  Table 6.2-1. 

P l a n t  personnel r e p o r t  no s igns o f  i n t e r n a l  co r ros ion  . from observat ions . . 

made du r ing  the  general overhaul . a f t e r  about 30,000 hours o f  operat ion.  

However, c o n f l  i c t i  ng statements were a1 so made regard ing  s t a r t u p  cond i t ions  

o f  the  power p l a n t  a f t e r  temporary shutdowns. I t  i s  a l l e g e d  t h a t  about 

10 l i t e r s  o f  r u s t  s l u r r y  must be removed from the condenser a f t e r  each 

event.  The o r i g i n  o f  t h i s  r u s t  i s  uncer ta in .  I t  i s  i n t e r e s t i n g  t o  note 

t h a t ,  du r ing  shutdown per iods ,  d ry  a i r  i s  n o t  c i r c u l a t e d  through the  dry  

c o o l i n g  equipment as i s  done a t  the Daimler-Benz p l a n t .  

I t ie wdter. t reatment  un4t  h i l r~d les  drr avcrage s f  about 26 t / h  makcup 

water,  drawn f rom ground water  we l l s .  Water analyses are  made on l y  du r ing  

the  day s h i f t  and the  e n t i r e  chemist ry  o f  t he  p l a n t  i s  the  r e s p o n s i b i l i t y  

o f  a s i n g l e  l a b o r a t o r y  a s s i s t a n t  supervised, i n  tu rn ,  by the  p l a n t  manager. 

The e l e c t r i c a l  c o n d u c t i v i t y  o f  t he  feed water  i s  measured cont inuous ly  and 

i s  d isp layed on the  c o n t r o l  panel. Regular s h i f t  a t tendants dose enough 

hydrazine t o  keep c o n d u c t i v i t y  a t  the  des i red  l e v e l .  The costs o f  mdkeup 
3 water  should be about DM 1.501111 b u t  exac t  f i g u r e s  cou ld  n o t  be es tab l  lshed. 

The same i s  t r u e  f o r  t he  water  t reatment  costs.  

- 
6.2.3 A i  r -S ide  co r ros ion  and F o u l i n g  

The environment o f  ' the p l a n t  a t  Hausham.is r u r a l .  Al though the  

housing around the p l a n t  depends on o i  1  heat ing,  no s i g n i f i c a n t  concentrat ions . . 



TABLE 6.2-1. Hausham Power. P l a n t  Dry Coo l ing  
Equipment Deta i  1s . . 

. . .  

I n s t a l  1 a t i o n  Date 1962 

Forced d r a f t  a i r  f l o w  

T u b e l f i n  s p e c i f i c a t i o n  : 'GEA ga lvan ized e l  1 i p t i c  
s t e e l  t u b e l s t e e l  f i n  

Tube arrangement 3 para1 l e l ,  60" d e l t a s  

Tube ' leng th  

Tube l aye rs  

6 m 

4 'staggered 

Heat exchange, 
a i  r - s i d e  area 100,000 m2 

Module arrangement 24 modules/del t a  (20 p a r a l l e l  
f l o w  modules , 4 c o u n t e r f l  ow 
modules) 

Steam cond i t i ons  

vacuum (design)  0.08 a t a  
96O.F 
8% mois tu re  

a.mbient a i  r temperature 6 0 ' ~  

Fans 

number 

diameter 

f an  speed 

a i r  f l o w  

head 

i n s t a l  1 ed fan  .power 

Steam f l o w  (des ign)  

Heat r e j e c t i o n  (design)  

9 

6 m 

147 rpm 

3000 m3/s 

18 mm WG (4.5 i n .  WG) 

580 kW 

9U t / h  

160 x 1 0 ~ ~ t u / h ( ~ )  

Maximum steam f l o w  ~ 1 0 0  t / h  
6 Maximum heat r e j e c t i o n  175 x 10 Btu/h ( low ambient a i r  temperature) 

(a )  O r i g i n a l  l y  designed t o  operate w i t h  a d d i t i o n a l  water sprays d u r i n g  summer. 



o f  SO2 and n i t r o g e n  ox ides a f f e c t  t h e  a i r  qual  i t y .  Weather c o n d i t i o n s ,  

i n c l u d i n g  30 days l yea r  ca lm weather w i t h  i n v e r s i o n  he igh t s  up t o  1200 m, 

a r e  f a v o r a b l e  t o  good a i r  qual  i ty. Under these c i rcumstances,  i t  was n o t  

s u r p r i s i n g  t o  n o t e  t h a t  a i  r - s i d e  c o r r o s i o n  was p r a c t i c a l l y  nonex i s ten t .  

The p l a n t  a t  Hausham' has' t o  deal w i t h  a i r - s i d e  f o u l i n g  i n  much t h e  

same way as a t  S inde l f i ngen .  The main d e p o s i t  on t h e  f i n s  and tubes con- 

s i s t s  o f  dust ,  smal l  i n s e c t s  and leaves .  Two moving g a l l e r i e s  have been 

i n s t a l  l e d  on each o f  t h e  t h r e e '  d e l t a s .  Each g a l l e r y  i s  equipped w i t h  a  

spray system and i 's  s u p p l i e d  w i t h  wa te r  a t  a  p ressure  o f  240 ps ia .  Heat 

exchanger su r f ace  c l e a n i n g  i s  done t w i c e  e v e r y ,  summer. A t o t a l  o f  320 

man-hours c o s t i n g  , 'approximately DM 6400 p e r  annum i s  r equ i red .  ~ e g u l  ai- 
; _: ' 

unsk i  I l ed  ma;ntenance personnel  a re  employed I n  t h i s  a c l i v  i Ly. B e ~ d u b e  

t h e  c l e a n i n g  i s  c a r r i e d  o u t  w h i l e  the .  condensing u n i t s  a re  i n  ope ra t i on ,  

o n l y  t r e a t e d  wa te r  i s  used f o r  sp ray ing  and t h e  fans a r e  sw i tched  o f f  i n  

t h e  modules b e i n g  .c leaned. 
, . 

Water sp ray  r i n g s  were mounted on t h e  en t rance  shrouds o f  a l l  n i n e  

fans and connected t o  a  raw wa te r  supply  w i t h  a  t o t a l  head o f  240 p s i a  t o  

p r o v i d e  de luqe- type coo l in 'g  i n  t h e  summer. I n i t i a l  exper ience showed t h a t  

p a r t  o f  t h e  sprayed wa te r  tended t o  c o l l e c t  i n  t h e  f a n  hubs caus ing unbal -  

anced f a n  r o t a t i o n  w i t h  subsequent f r equen t  f a i l u r e s  o f  t h e  termina ' l  bear-  

i ngs  i n  t h e  gear box. D r a i n  ho les  i n  t h e  hubs remedied t h i s  s i t u a t i o n .  

H y b r i d  ope ra t i on ,  however, ceased, a f t e r  use d u r i n g  t h e  f i r s t  summer, 

because a  pr0gress iv .e  d e p o s i t i o n  o f  c a l  c i  um carbonate was no t i ced .  E s t i  - 
mat ions o f  t h e  expected i nc rease  i n  a i r - s i d e  hea t  t r a n s f e r  c o e f f i c i e n t s  a re  

n o t  a v a i l a b l e .  However,. p l a n t  personnel s t a t e d  t h a t  about 2  pe rcen t  b e t t e r  

vacuum (87 pe rcen t  i n s t e a d  o f  85 pe rcen t )  was ach ievab le  w i t h  h y b r i d .  

6.2.4 Freez ing  Exper ience 

- '  Freez'i'n'g ,was openly  acknowledged as a  problem a t  t h e  Hausham p l a n t .  - 
To i n t e r p r e t  f r e e z i n g  exper ience a t  Hausham, t h e  f o l l o w i n g  d e s c r i p t i o n  o f  

the' p l a n t  l a y o u t  shou ld  be h e l p f u l .  



The l o n g i t u d i n a l  ax i s  o f  the  b o i l e r  house and t u r b i n e  b u i l d i n g  run 

approximately i,; the nor th-south d i r e c t i o n  (F igure  6 .2-2) .  The a d n ~ i n i s t r i i -  

. .  t i o n  b u i l d i n g  i s  lower than the  b o i l e r  house and. i s  at tached t o  the  b o i l e r -  

t u r b i n e  house a t  the south t o  form a  very s h o r t  L-shape. The d ry  coo l i ng  

equipment i s  erected on a  r e i n f o r c e d  concrete p i l l a r  s t r u c t u r e  i n  the  

enclosed space formed between the  two arms o f  the L.  The l o n g i t u d i n a l  axes 

o f  t he  th ree  de l  tas  are  para1 1  e l  t o  one another and run i n  an eas t-wes t 

d i r e c t i o n .  The de l tas  stand above the  r o o f  l i n e  o f  the a d m i n i s t r a t i o n  

b u i l d i n g .  The c o o l i n g  modules, which p r o j e c t  t h e i r  f u l l  area t o  winds 

from the  south o r  the  southwest, a re  she l te red  through E t e r n i t  wind sh ie lds  

which surround the  rec tang le  formed by the  e levated mounting base o f  t he  
7 .  

coo l i ng  equipment. The h e i g h t  o f  these sh ie lds  i s  about two - th i rds  the  

h e i g h t  o f  the de l tas .  

Two d i s t i n c t  f r e e z i n g  s i t u a t i o n s  can be associated w i t h  s p e c i f i c  wind 

cond i t ions .  Cold eas t  winds u s u a l l y  cause f r e e z i n g  i n  t he  c o o l i n g  tubes 

on modules toward the  i n s i d e  w a l l s  of the  c e n t r a l  de l ta ,  as w e l l  as the  

northernmost de l  ta .  Freezing which resu l  t s  from south o r  southwest winds has 

been no t i ced  i n  modu14es on the southern s ide  o f  the  c e n t r a l  d e l t a .  As many' 

as 16 f rozen tubes have been experienced i n  the  l a s t  12 years o f  operat ion.  

DRY COOL I NG EQU I PMENT 
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BOI LER HOUSE 

ADMINISTRATION 

FIGURE' 6.2-2. Hausham Power P l a n t  ~ a y o u t  



. The yearly 'frequency of freezing events has decreased with increasing. 

experi enc,e. Control, procedures i ncl ude the' use 'of resi stance thermometers. 

in the condenser, headers, providing a remote display of temperatures on the 

control panel. When the weather s i tuat ion warrants, fans are switched off 

prog,ress,i vely and as a f ina l  resort ,  con.denser sections are .  covered with 

tarpau1,ins.. No single freezing incident has caused a plant shutdown and 
. 

any rup.tured. . . ,  .tubes a re  easi ly sealed temporari ly wi t h  adhesive tapes. 

Perman.en.t . .  . tube repairs are carried out.  by GEA;  no cost data were available ... 
" ,  . 

6;; ..,!.~5':.:Concluding i2' . Remarks 
. - , , -  . . _  . . .  . 

The freezing experience a t  ~ausham shows that  the local wind s i  t u a t i b n  
. . 

i .  

and t h e  mi crd-aerodynimics ' around the 'dry cool ing equipment are important 

design factors.  Recirculation and wind .effects other than freezing events 

have" not' 'been exam'i ned cl ose1.y. This can probably be at t r ibuted to  the 

system ,of cost accounting .adopted by the plant ,  which does not separate 

maintenance costs: of the dry cool ing equipment from o'ther operational 
8 .  . .. 

.': 'expen's es ' . . A permanent eight-man team maintains the plant and the dry 



6.3 DRY COOLING EQUIPMENT IN THE WASTE-BURNING PLANT, 

CITY OF VIENNA, AUSTRIA 

Date of Visit :  September 24, 1975 

Participants in the Discussion: 
Ing. Carl Zapletal, Plant Manager 
Senatsrat Seidl , Head of Department 48, (a 
Magi s t r a t  of the City of Vienna 

6.3.1 General Remarks 

The waste-burning plant of the City of Vienna i s  s i tuated in the 
middle of a residential  area and incinerates about 50 percent of the 
wastes of t h i s  Austrian metropol i s .  Three natural circulation boilers 
are  fueled with waste material and have a maximum steam capacity of 35 t / h  

a t  255 psia and 590°F superheat. Most of the steam i s  used fo r  heating 
municipal ins t i tu t ions  such as the hospital and c i ty  laundry. A 3.5-MW 
capacity turbine generates e l ec t r i c i ty  when surpl us steam i s  avai 1 able. 
.This occurs approximately seven months per year,  with no operation during 
winter. The condensation uni t  attached t o  the turbine i s  an indirect  
condensation u n i t  based on the Hungarian Hell er-Forgb system. Cold water 
a t  140°F is sprayed into the condenser and the mixture of condensate and 
spray water enters the natural d ra f t  dry cooling tower a t  a temperature of 
185°F. A novel feature i s  the cooling tower with a square cross section 
(Figure 6.3-1). The northwest corner of the boi ler  house, as or iginal ly  
bu i l t ,  had a niche of square cross section. This space is  now occupied by 
the cooling tower. 

The height of the tower (28 m) is  equal t o  the height of the r e s t  of 
the boi ler  house. Consistent with the integration of the cooling tower 
w i t h  the power house bui 1 ding configuration, cool i ng del t a s  are accommodated 
on the western and northern flanks of the tower. Instead of louvers on the 
cooling del tas ,  the upper half of the eastern flank is  f i t t e d  w i t h  bypass 

vanes to  reduce a i r  flow through the del tas .  The unit  went into operation 

t 

( a )  Department 48 i s  Tor li~unicipal cleaning. 



FIGURE 6.3-1. City o f  Vienna Waste-Burning Plant Dry Cooling Equipment 

i n  1966/67. The pr inc ipal  crS t e r f  on f o r  the adoption o f  dry cool ing  was 

the necessity o f  'avoiding vapor plumes I n  res ident ia l  districts. Detai 1 s 
o f  the dry cooling equipment are sumnarized i n  Table 6.3-1. 

6.3.2 Water Qua1 i ty and Internal  Corrosion 

The boi lers  o f  the p lan t  are based on natural c i rcu lat ion.  The r a t i o  

o f  heat release t o  u n i t  heat exchanger area i n  the combustion-radiation 
section does not  appear t o  be high. Therefore, constraints on water qua1 i t y  

t o  be maintained are not  very severe and the water treatment p lan t  i s  

correspondingly simple. Another reason f o r  choosing a b o i l e r  system 

adequate t o  cope w i th  a low qua l i t y  feed water i s  t ha t  about 8 percent o f  

the steam capacity i s  l o s t  i n  the process steam g r i d  and nearly 35 tons o f  

make-up water must be treated and fed i n t o  the steam loop dai ly.  Approximate 



TABLE. 6.3-1. . City o f  Vienna Was te-Burn i  ng P l a n t  
Dry Cool ing Equipment D e t a i l s  

system d e s c r i p t i o n  

. .  Tube type  

Module he i  gh t  

No. o f  .modules 

He1 ler -Forg6,  spray condenser, 
n a t u r a l  d r a f t  c o o l i n g  tower 

Forg6 a1 umi num tube la1  umi num f i n  

10 m (2  tube bundles 5 m i n  leng th ,  
f langed toge the r  i n  t he  midd le )  

12 ( 6  d e l t a s )  . . .  . 

Tube arrangement v e r t i c a l  

Tube 1 ayers 3 staggered 

Angle o f  d e l t a s  60" 

Water temperature i n l e t :  185°F o u t l e t :  140°F 

Water c i r c u l a t i o n  
3 1100 m /h, 1  t u rb ine -d r i ven  

c i  r c u l  a t i n g  pump, no recovery 
t u r b i n e  

Design heat  r e j e c t i o n  96.3 x  l o 6  Btu/h 

water  cos ts  a re :  
3  

Raw. water  - DM 0.80/m 
3 Treatment - DM 0.20/m 

The water  t rea tment  " n i t  , cons is ts  o f  an anion exchanger and a low pressure 

degassing u n i t .  I t  cou ld  n o t  be determined whether there  was a cons tan t  

check on the  water  c o n d u c t i v i t y  i n  t h e  steam loop.  S u f f i c i e n t  hydraz ine 

i s  added t o  t he  make-up water  t o  assure a s l i g h t  excess o f  hydraz ine.  

con ten t  i n  t he  water  o f  t he  steam loop.  D e t a i l s  o r  l t ~ e  feed water  ana l ys i s  

as recorded i n  t he  p l a n t  a re :  

Residual hardness 0.01 m g / ~ .  

m-a1 k a l  i n i  ty 10 mg/g as CaC03 

p-a1 k a l  i n i  t y  35 mg/R as CaC03 

'2'5 0.01 m g l i  
0, 0.1 mg/ i  . 

PH 9.1 
hydraz i  ne t races  



Avai 1  a b l e  i n f o r m a t i o n  con f i rms  . t h a t  .no problem o f  i n t e r n a l  c o r r o s i o n  

has been experience.d w i t h  t h e  d r y  c o o l i n g  equipment. P l a n t  management seems 

t o  be l e s s  aware o f .  the '  poss i  b i  1  i t y  o f  c o r r o s i o n  i n  t he  b o i  l e r - t u r b i n e  

s e c t i o n  which may r e s u l t  f rom a  r e l a t i ' v e l y  h i g h  oxygen con ten t .  Th is  cou ld  

b r i n g  a d e p o s i t  o f  r u s t  ' i n t o  the '  condenser and d r y  c o o l i n g  equipme.nt . l ead ing  
. . " .  

t o  poss i  b'le' i ' n t e rna l  f o u l i n g .  

6 . 3 . 3  Ai  r -S ide  Cor ros ion  and Foul i n g  

As i s  common p r a c t i c e  w i t h    el 1  e r  systems, t h e  d r y  c o o l i n g  c o i l s  

c o n s i s t i n g  o f  99.5 pe rcen t  aluminum tubes and f i n s  were t r e a t e d  by t h e  

MBV ag ing  process i n  which a  r e s i s t i v e  c o a t i n g  ( p a t i n a )  i s  formed, pre-  

v e n t i n g  f u r t h e r  c o r r o s i v e  d e t e r i o r a t i o n ,  o f  t he  a i r - s i d e  hea t  exchanger 

sur faces .  No . o t h e r  c o a t i n g  a g a i n s t  c o r r o s i o n  ( i n  c o n t r a s t  t o  Rugeley) 

has been p rov ided  f o r .  

The environment o f  t he  p l a n t  a t  Vienna i s  t h a t  o f  a. ma in l y  residential 

suburb w i t h  sma l l - sca le  i n d u s t r y .  Whereas l l ~ e  SO2 con ten t  o f  t h e  a i r  can 

be h i g h  as a  r e s u l t  o f  o i l - f i r e d  domest ic hea t i ng  u n i t s  i n  t h i s  p a r t i c u l a r  

suburb, t h e  dus t  con ten t  i s  norma'l i n  terms o f  urban s tandards.  The f u e l  

f i r i n g  system o f  t h e  p l a n t  i s  equipped w i t h  wet ash and s l a c k  remaval., and 

f i l t e r  u n i t s  p reced ing  t h e  s tack .  The 85-m s tack  p rov ides  very  e f f e c t i v e  

d i s p e r s i o n  and does n o t  cause ' loca l  f a l l v u l  o f  dus t .  Hence, t h e  d r y  cool  i n q  , 

equipment i s  n u l  sub jec ted  t o  unusual d1.1st l oads .  
. . 

Under t he  above c o n d i t i o n s ,  a i r - ' s i d e  c o r r o s i o n  has n o t  become apparent 

d u r i n g  t h e  l a s t  8  years  o f  ope ra t i on .  P l a n t  management a l s o  expects no 

f u t u r e  problems o f  d i t3-side co r ros ion .  

Accord ing t o  i n f o r m a t i  or) p rov ided  by 'management, a i  r - s i  de f ou l  i n g  ,.has 

a l s o  been n e g l i g i b l e .  The d e p o s i t  on t h e  a i r  s i d e  c o n s i s t s  ma in l y .  of urban 

dus t ,  w t~  ich, i n .  con ju r~c . t i on  w i t h  atmospherir: o rgan i c  res idues ,  g i ves  r i s e  

t o  a  s l i g h t l y  p a s t y  coa t i ng .  Apparent ly ,  as a  r e s u l t  o f  a  good d r a f t ,  a i r  

v e l o c i t i e s  through t he  hea t  exchanger . c o i l s  a re  h i g h  enough t o  impede t h e  

b u i  1  dup o f  'heavy coa t i ngs .  Therefore,  a i  r - s i d e  c l e a n i n g  i s  necessary o n l y  

once every  two years .  Un t rea ted  wa te r  f rom f i r e  hydran ts  a t  80 p s i a  and 



%60°F i s  used as the  -cleanin.g agent under normal f i r e  hydrant  nozz le  

pressure. . An 8 t o  . l2-hour  s h i f t  w i t h  two u n s k i l l e d  men c o s t i n g  approx i -  . . 

mate ly  DM 400 i s  adequate t o  per form t h i s  job .  . . 

6.3.4 Freezing Experience 

The d ry  cool ing. equipment i n  Vienna has never operated du r i ng  the  

w i n t e r  months. Hence, no f r e e z i n g  experience can be repor ted .  Dur ing the  

w in te r ,  the  equipment i s  dra ined.  S p e c i f i c  e f f o r t s  t o  p r o t e c t  t h e  steam- 

s ide  heat  exchange area aga ins t  co r ros ion  du r i ng  downtime have n o t  been 

considered necessary. 

6.3.5 Concl ud i  ng Remarks 

The h igh  stack,  as w e l l  as the  r e l a t i v e l y  h igh  a i r  v e l o c i t i e s ,  are 

probably  respons ib le  f o r  t he  absence o f  r e c i r c u l a t i o n  e f f e c t s .  With pre-  

v a i l i n g  winds main ly  f rom the  northwest and the  consequent s i m i l a r i t y  o f  

t he  a i r  f l o w  i n  bo th  no r the rn  and western de l t as ,  t he  absence o f  wind 

i n f l u e n c e  on c o o l i n g  performance i s  t o  be expected. 

Vienna was an example o f  equipment d e l i v e r e d  by Transe lek t ro ,  t he  

Hungary Trading Company f o r  E l  e c t r i  c a l  Equipment and Suppl ies. General l y  , 
equipment o f  t h i s  o r i g i n  has the  f o l l o w i n g  fea tu res :  

1  . . Water 1  i nes o f  e x t e r n a l l y  gal.vani zed f e r r o u s  m a t e r i a l  connect ing the  

coo l  i ng del tas .  

' 2. Finned tubes o f  99.5 percent  a1 uminum between a1 uminum headers. 

3. Nonmetal 1 i c  connect ions bctween fe r rous  and a1 urrririum p a r t s .  

4. Vulcanized rubber  O- r ing  gaskets' between tubes o f  a d j o i n i n g  segments 

i n  t he  cool i ng del  tas.  

5. A i r  vents and drainage valves i n  t h e  headers and t h e  water  l ead  l ines .  

w i t h  vents and. valves i n  general  a l s o  having rubber  sea ls .  

The main r e p a i r  problcm a t  Vienna sett~~is t o  r e s u l t  f rom f requen t  water  

leakage a t  the  sea ls  and gaskets i n  i tems 3, 4  and 5. Apar t  f rom a  probably  

s h o r t  l i f e  c h a r a c t e r i s t i c  o f  t he  s e a l i n g  m a t e r i a l ,  t h e  cause seems t o  be 



. . 
occlusion, of sol id  par t ic les  in the seating surfaces; This opinion was 

not corroborited by p lant  personnel . ' cost figures f o r  suc,h maintenance . . - 
are also not available; however, no plant downtime appears'.to resu l t  from . . 

such frequent seal fa i  1 ures. . . 



6.4 DRY COOLING EQUIPMENT AT THE STEEL WORKS I N  

Date o f  V i s i t :  September 25, 1975 _: . . 

P a r t i c i p a n t s  i n  t h e  Discus,sion: . . 

Dip1 . - Ing.  Kddi,, Power P l a n t  Superi ,ntendent ' . . . . .. . . 
D i p l  . -1ng'. G. Tomcsanyi , HOTERV (Hungarian I n s t i t u t e  

f o r  Power P l a n t  Design) 

Simhan-BF 

6.4.1 General Remarks 
.; . . 

The power p l a n t ,  s i t u a t e d  i n  t h e  midd le  o f  a s t e e l  works complex, 

generates e l e c t r i c i t y  p r i m a r i l y  through backpressure t u r b i n e s .  'The steam 

bleeds a t  t h r e e  d i f f e r e n t  pressures t o  meet p roduc t  steam demands. A 

b a t t e r y  o f  s i x  n a t u r a l  convec t ion  b o i l e r s  ( 2  x 100 t / h ,  4 x 50 t l h )  f i r e d  

ma in l y  w i t h  b l a s t  fu rnace  gas and aux i  1 i a r y  crude o i  1 burners generates 

steam a t  815°F and 540 ps ia .  The generated steam, o f  which about  80 percen t  

i s  process steam, d r i v e s  f o u r  backpressure t u r b i n e s . a n d  twoL16-MWe . 

condensing tu rb ines . ,  The d r y  c o o l i n g  equipment handles t he  steam condensate 

o f  one o f  these condensing t u r b i n e s .  

Dry .cool  i n g  equipment was i n s t a l  l e d  a t  DunaGjvdros f o r  two reasons. 

F i r s t ,  t he  s t e e l  p l a n t  a t  DunaGjvdros 1 i e s  on t h e  e l eva ted  bank o f  t he  

R i v e r  Danube, which f l ows  th rough a compara t i ve ly  narrow and s teep v a l l e y .  

The f i r s t  16-MWe condensing t u r b i n e  was i n s t a l l e d  w i t h  a conven t iona l  su r -  

face condenser u s i n g  coo l i ' ng  wate r  f r om t h e  Danube.. A p a r t  f rom l ong  d i s -  

tance  t r a n s p o r t  of c o o l i n g  waterb, a d i f f e r e n c e  o f  26 m between t h e  condenser 

-. 
and t h e  mean wate r  l e v e l  o f  t h e  Danube was a se r i ous  drawback. An a d d i t i o n a l  

. . 
problem was undue f o u l i n g  o f  t h e  condenser tubes on t h e  c o o l i n g  wate r  s ide ,  

which r e s u l t e d  i n  " l o n g e r  than normal" downtime f o r  maintenance. The con- 

c e p t  o f  'once-through c o o l i n g  was thus abandoned' for  t h e  second 16-MWe 

condensing t u r b i n e .  

Second, t he  s c a r c i t y  o f  coo l  i n g  wate r  i n  Hungary has always been a 

s t r o n g  m o t i v a t i o n  f o r  t he  advancement o f  d r y  c o o l i n g  equipment. The p l a n t  

ex tens ion  a t  DunaGjvSros was a welcome o p p o r t u n i t y  t o  c o n s t r u c t  a d r y  



c o o l i n g  tower  o f  g r e a t l y  inc reased  capac i t y  than t he  s t a t e - o f - t h e - a r t .  

I n  comparison w i t h  i t s  predecessor s i t u a t e d  i n  a  t e x t i l e '  f a c t o r y  i n  ' . 

Budapest (now a  t e c h n i c a l  monument), t h e  ~ u n a f i j v i r o s  d r y  coo l  i n g  equipment - 

rep resen ted  a  2 0 - f o l d  i nc rease  i n  heat  r e j e c t i o n  capac i t y .  I n  f a c t ,  t h e  

d r y  c o o l i n g  tower a t  ~ u n a i j v ~ r o s .  b u i l t  i n  1961 can be cons idered as t h e  

f i r s t  f u l l - s c a l e  He1 l e r - t y p e  tower.  
' 

The des ign d e t a i l s  o f  t h e  d r y  c o o l i n g  tower a t  DunaGjvdros a r e .  

l i s t e d  below. 

Year o f  commission: 196 i  

Type: 
.. . 

Tower dimensions : 

Natura l .  d r a f t  concre te  d r y  c o o l i n g  tower  

based on t h e  He l l e r -Fo rg6  system w i  t h  ., , 
i n d i r e c t  .condensat ion 

Base d i  ameLer 42 m, approx imate ly  
. t i y l  i n d r i  c a l  tower w i t h  very  s l  i gh t  

t ape r ,  h e i g h t  65 m 

Tube speci  f i  c a t i  on : Aluminum tube/al'uminum f i n  w i t h  

a1 umi num spacer r i n g .  Thermal con tac t  

between tube and f.in achieved i n  two 

ways: ( I )  p l a s t i c  conlpression through - 
spaccr  r i n g  and ( 7 )  ex tens ion  o f  i n t e r n a l  

tube d iameter .  "T~bc! d iamete r :  15 I I I I I ~  iO; 

w a l l  t h i ckness :  0.75 mm 

Module d e t a i  1  s  : The modules a r e  arranged i n  v e r t i c a l  

de l  t as  . w i t h  an. i n c l u d e d  angle o f  60'. 

Each module c o n s i s t s  o f  two c o o l i n g  tube 

bani< segments 5 m l o n g  and f l anged  t oge the r  

i n  t h e  midd le  w i t h  O- r ing  gaskets.  The 

o t h e r  ends of  the  tubes a re  welded , tu  

aluminum headers. Module w i d t h  i s  2.8 m. 

Most n~ndules have t h r e e  tube l a y e r s  i n  a  

s taggered c o n f i g u r a t i o n .  Modules w i t h  

f o u r  tube l a y e r s  a r e  a l s o  p resen t .  'The 

reasons f o r  such modules and t h e i r  exac t  . . 
' . 

. . 
l o c a t i o n  c o u l d  n o t  be ascer ta ined .  



Number o f  d e l t a s :  

.H,eat . . r e j e c t i o n  c a p a c i t y  : 

Load v a r i a t i o n :  

Water f l o w :  

Ambient a i r  temperature:  

Water temperature:  

Spec ia l  f e a t u r e s :  

4.2 wate r  Qua1 i ty  and I n t e r n a l  

42. The c o o l i n g  d e l t a s  a re  equipped 

w i t h  manual l y  operated 1  ouvers.  

106 x l o 6  Btu/h.  Design vacuum, . . 

94 percen t  

P r a c t i c a l l y  none (base l o a d  e l e c t r i c  

power genera ti on) 

3600 m3/h w i t h  f l o w  d i r e c t i o n  bottom- 

t o -  t o p  

50°F 

I n l e t :  95°F; o u t l e t :  80°F. 
3 One condensate pump (3600 m /h, 

60 p s i a )  and one recovery  t u r b i n e .  

The water  f l o w  i s  d i s t r i b u t e d  ove r  f o u r  

independent c o o l a n t  loops w i t h  t he  

p o s s i b i l i t y  o f  an i n d i v i d u a l  c l o s u r e  

o f  each loop .  The corresponding c o o l i n g  

d e l t a s  a r e  d i s t r i b u t e d  quandrantwi se 

around the  base c i rcumference.  To 

f a c i  1  i ti a t e  i n d i v i d u a l  r e g u l a t i o n  o f  

a i r  f l o w  through t h e  d e l t a s  o f  each 

c o o l a n t  loop,  wa l l s .  have been e rec ted  

i n s i d e  t he  cool in 'g  tower over  i t s  t o t a l  

h e i g h t  a long  two m u t u a l l y  pe rpend i cu la r  

d iameters .  A i r  guides' . i ns i de  t h e  coo l  i n g  

tower  have been i n s t d l l e d  t o  ach ieve an 

e f f i c i e n t  90" d i r e c t i o n  change o f  t h e  

a i r  f l o w  f rom the  c o o l i n g  d e l t a s  i n t o  t he  

c o o l i n g  tower s tack .  

Cor ros ion  -- 

The n a t u r a l  c i r c u l a t i o n  b o i l e r s  do' n o t  r e q u i r e  s t r i n g e n t l y  ma in ta ined  

wate r  q u a l i t y .  I n  a d d i t i o n ;  a  major. p o r t i o n  o f  t h e  steam produced serves 

as process steam hav ing  an i n e v i t a b l e  l o s s  f r a c t i o n .  As a  r e s u l t ,  wa te r  

t rea tment  i s  n o t  ve ry  'comprehensive. The wa te r  t.reatment u n i t  c o n s i s t s  



mainly of an anion exchanger and degassing equipment. The con'tkJ1"cif' 

water qual i ty  appears to  be based only on single daily analysis with the 
- 

measurement of a few pertinent parameters.. The following typical. water 

qual i ty  data were obtained. 
. . 

. I  ' . . 

PH 7-8.5 ( s t r i c t  upper 1 imi t )  ,.' 

Residual hardness negl i  gi bl e 

O2 1.5 mgla 
Si Oil 1 . 2  mgla 
Conductivi ty 1-3 pmholcm 

Plant management s ta ted that internal corrosion and fouling .have 

n'ot been problems. I t  i s  uncertain, however, whether regular checks to 

ascertain the s tatus  of the internal heat exchange areas have ever been 

undertaken. 

6.4.3 Air-Side Corrosion and Fouling 

The ai  r-side environment a t  Dunadjvdros typif ies  the most severe ' . 

conditions under which dry cooling equipment must operate. The cooling 

tower i s  s i tuated about 200 m from the power plant building. .The .whole 

power plant i s  in the center of the s tee l  works and near blast  furnaces, 

Bessemer converters and Martin furnaces. The SO2 concentration as well 

as the.dus l: content of the a i r  are  def ini te ly very high. Additional 

severe dust loads are caused by* an are-dressing plant located ahout 400 m 

from the tower toward.the northwest, the same direction as that  of the 

prevailing winds. .The cooling tower also operates near a gas washing 

column which emits very f ine water droplets. 

The finned aluminum :tubes have been treated by the M R V  process to 

withstand corrosion. This, seems to have provided adequate protection 
againsl corrosion overr under t.hc severe conditions mentioned above. Plant 

management reports no repair or maintenance problems in connection with 

external corrosion. I t  i s  thought tha t  with the cooling tower now out of 

operation, a certain deterioration of the external heat exchanger surface 

can take place; as the surface temperatures are frequently below the dew 

point . 



Fou l ing  on the  a i r  s i de  i s  t he  most ser ious  maintenance and ope ra t i on '  

problem a t  DunaGjvdros. Dur ing peak cond i t i ons ,  t he  vacuum achievable i n  

t he  condenser f a l l s  t o  about 85 percent  f rom a  design vacuum o f  94 percent.  

The deposi ts  on the  a i r - s i d e  heat  exchanger sur face  c o n s i s t  o f  o re  dust,  

which i s  baked t o  form a  cont inuous l a y e r  about 114-mm t h i c k .  Close 
, 

i n s p e c t i o n  showed t h a t  sc ra t ch ing  w i t h  a  f i n g e r n a i l  causes the  l a y e r  t o  

peel and fa1  1  o f f .  To deal w i t h  these l aye rs ,  p l a n t  personnel have 

designed and cons t ruc ted  a  mobi le  c lean ing  r i g .  Untreated Danube water i s  

d i r e c t e d  aga ins t  the  c o o l i n g  d e l t a s  i n  bo th  d i r e c t i o n s ( a )  under a  t o t a l  

head o f  about 60 ps ia .  Cleaning i s  done tw i ce  a  year ,  ma in ly  i n  t he  summer 

months o f  May and Ju l y .  About f o u r  man-weeks a re  requ i red  f o r  each clean- 

i n g  per iod ,  r e s t r i c t e d  t o  t he  day s h i f t .  The c lean ing  i s  done w h i l e  the  

equipment i s  on- l ine ;  hence, t he re  i s  no i n f l u e n c e  on p l a n t  a v a i l a b i l i t y .  

6.4.4 Freezing Experience 

The problem o f  f r e e z i n g  dominated the  d iscuss ion  a t  DunaGjvdros as i t  

was ou r  f i r s t  o p p o r t u n i t y  t o  rev iew Hungarian experience w i t h  i n d i r e c t  dry, 

c o o l i n g  systems work ing on the  H e l l e r  p r i n c i p l e .  

Contrary t o  t he  d i r e c t  condensing systems (GEA) , t h e  medi um i n  . the 

c o o l i n g  system i s  single-phased. The f l o w  d i r e c t i o n  i s  gene ra l l y  f rom 

bottom-to-top and, d i s t r i b u t i o n  over  t he  i n d i v i d u a l  cool i n g  module tubes 

.seems t o  be f a i r l y  homogenous. This  i s  a  r e s u l t  o f  t h e  c i r c u l a t i o n  

p ressure  being h igh  enough t o  produce a  quas i - fo rced f l ow .  The o r i g i n  of 

t he  f reez ing  problem appears, t he re fo re ,  t o  be caused by i n f l uences  o t h e r  

than i n t e r n a l  h,ydrodynami cs . 

Since beginning ope ra t i on  i n  1961, about 20 f r e e z i n g  i n c i d e n t s  have 

occurred i n  DunaGjvdros. The i n c i d e n t s  were always assoc ia ted  w i t h  the  
' 

shutdown o f  i n d i v i d u a l  loops, when , 'due t o  f a u l t y  ope ra t i on  o f  d r a i n  valves 

and a i r  vents, water  was t rapped i n  t h e  modules and then f roze .  Repair  o f  

these tubes d i d  n o t  a f f e c t  p l a n t  avai  l a b i  1  i t y  because a1 1  the  c o o l i n g  

d c l t a s  can be separated from t h e  r e s f  o f  t he  l oop  by app rop r i a te  va l v i ng .  

Cost f i gu res  f o r  such r e p a i r s  were n o t  a v a i l a b l e .  The a f f e c t e d  tubes a re  

' 9  
( a )  The a i r  guides have now been removed. 



e a s i l y  i d e n t i f i e d  and r e p a i r  ass is tance from the  manufacturer i s  near a t  

hand. Repairs t h e r e f o r e  can be made as requi red.  On the average, l ess  
- - 

than e i g h t  'hours '  l a b o r  i s  needed per f r e e z i n g  i n c i d e n t .  These i n c i d e n t s  . . 

have been g e t t i n g  p rog ress i ve l y  lower i n  frequency. The l a s t  th ree  years 
. . 

have been f r e e  f rom f reez ing .  . .. :.J 

6.4.5 Concl udi  ng Remarks 

. ' ~ r i c r e a s i n ~  process steam demands, a  de fec t  i n  t he  tu rb ine ,  which 

reduces power genera t ion  t o  approxima-tely 13 MW, and 1  i m i  t ed  a v a i l a b i l  i t y  

6f .bl a s t  furnace g a s  have compelled the  s t e e l  works t o  s top opera t ion  o f  

the  t u r b i n e  u n i t  d u r i n g  the  pas t  i i x  months. The d ry  coo l i ng  tower  t ~ s s  - .  a 

t h e r e f o r e  a l so  been taken o u t  o f  serv ice .  The. s t e e l  p l a n t  does n o t  seem '. 

t o  be t a k i n g  adequate measures t o  preserve the  d ry  cool i n g  equipment. , '  . ' 

The p o s s i b i l i t y  o f  f u t u r e  d i s i n t e g r a t i o n  o f  t h i s  equipment cannot be 

excluded. .. . 



6.5 DRY COOLING TOWERS OF THE JURIJ GAGARIN POWER PLANT, 
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D i p l  . - Ing .  G. Tomacsanyi, HOTERV (Hungarian I n s t i t u t e  
. . . ? ,  .' 

. - . f o r  Power P l a n t  Design) 

6.5.1 General Remarks 

I R e l a t i v e l y  l a r g e  1 i g n i t e  reserves l i e  about 120 km n o r t h e a s t  o f  

Budapest. These reserves  have been e x p l o i t e d  i n  open mines and a r e  t h e  . - 
f u e l  f o r  more than a t h i r d  of Hungary's i n s t a l l e d  power p roduc t i on  capac i t y .  

L 

The power p l a n t  i n s t a l l a t i o n s  a r e  s i t u a t e d  on t h e  nor thwes te rn  t i p  o f  t h e  

1 i g n i t e  f i e l d s  about 10 km e a s t  o f  t h e  town o f  Gyongyos. 

S ince t h e  power, p l a n t  w e n t . i n t o  o p e r a t i o n  i n  1969, f i v e  p l a n t  

: sec t i ons  have been i n s t a l  l ed ,  as i n d i c a t e d  i n  Table.  6.5-1. 

TABLE 6.5-1 . Chronology o f  P l a n t  s e c t i o n  Addi t i  oris 
a t  Gyongyos , Hungary 

S e c t i o n  Number Capaci ty  (MWe) Se rv i ce  Date 

I 100 . 1969 

I I 1 Or) 1970 

I I I 220 1971 .: 

I V 220 1972 

V 220 1973 

The v c r y  impress ive  power p l a n t  a t  GySngyos has one ou t s tand ing  

,- I; f ea tu re .  B o i l e r s  ( I L I I ,  320 t / h  each; I I I / I V / V ,  620 t / h  each) a r e  open 
a i r  s t r u c t u r e s .  The t u r b i n e s  a r e  mounted on a common r e i n f o r c e d  concre te  

p l a t f o r m  and served by a number o f  common cranes. The cranes and t h e  
a 



p l a t f o r m  a r e  a l s o  open. The t u r b i n e s  a r e  enc losed i n  mob i l e  s t r u c t u r e s ,  - 

wh ich can be pushed as ide  t o  a l l o w  access t o  t h e  t u r b i n e s .  Table 6.5-2 

g i ves  t h e  thermodynamic da ta  p e r t i n e n t  t o  t h e  p l a n t .  ' .  - 
.- " .  . . . .  . 

TABLE 6.5-2. Gyongyos P l a n t  Thermodynamic Data . 
P l a n t  Sec t i on  Number 

Boi  1  e r  
1/11 ,111 I V  ' v 

Forced con- Forced con- Forced con- ' Forced con- 
v e c t i o n  w i t h  v e c t i o n  w i t h  . . v e c t i o n  w i t h  v e c t i o n  w i t h  
r e h c i t  r ehea t  r ehea t  rehea t  

Bo i  1  e r  r a t i n g  2040 p s i a  2040 p s i a  . 2505 p s i a  2505 . ps i a  
1004°F 1060°F 1010°F 1010°F 

. . 
Steam c o n d i t i o n s ,  

1950 p s i a  1950 p s i a  2460 p s i a  2460 p s i  a  t u r b i n e  i n l e t  
950°F 1050°F 1005°F 1005°F 

Tu rb ine  r a t i n g  100 MW 220 MW 220 MW 220 MW 

H e a t u t i l i z a t i o n  8 0 9 8 B t u I  7790 B tu /  7643 B tu /  7643 B l ~ i /  
I<Wh kwh . kwh kwh 

Cool i ng sys tem d ry wet  d r y  . d  ry 

Tn t h e  course o f  p l ann ing  f o r  Sec t i on  111, c a r e f u l  a n a l y s i s  showed t h a t  

adequate makeup wa te r  f rom ground wate r  sources f o r  a  wet ~ o o l i r ~ y  system of 

a  200-MW b l o c k  was a v a i l a b l e .  Hence, Sec t i on  I 1 1  was equipped w i t h  a  wet 

rnnling system w i t h  Forced d r a t t  and g lass  cascade;. Cost f l g l - l r ~ s  were 

genera l  l y  d i f f i c u l t  t o  o b t a i n .  Accord ing t o  p l a n t  manage111er11, a s a v i r ~ y  

o f  about  30 pe rcen t  was achieved as compared w i t h  t he  investment  c o s t  f o r  

an e q u i v a l e n t  d r y  system. Table 6.5-3 g ives  t h e  d e t a i l s  o f  the dry  c o o l i n g  

sys tern a t  Gyongyos . 
A f t e r  commissioning Sec t ions  I V  and V, p l a n t  management has been 

a b l e  t o  ach ieve an a v a i l a b i l i t y  uT 88 perccn t ,  i n c l u d i n g  t h e  e f f e c t  of 
. . 

hav ing  an average o f '  about  'IOU MWe c a p a c i t y  shutdowr.~. for- r e p a i r .  Th i s  

a ~ a i l a b i l i t ' ~  has n o t  been i n f l u e n c e d  i n  any way by t h e  d r y  c o o l i n g  systems. 



TABLE 6.5-3. Dry Cool ing'System Data f o r  
t he  Gyangyos P l a n t  

P l a n t  Sec t ion  Number 
1/11 I v/v 

- System He1 le r -Forg6 i n d i  r e c t  He1 le r -Forg6 ind' i  r e c t  
condensation condensation 

Tower type . ., Concrete c y l  i n d r i  ca l  Concrete hyperbol i c 
she1 1 she1 1 

Height  112 m 116 m 

Base diameter 
. . 

53.8 m ' 

. . 
Louvers Yes 

Module de ta i  1 s 

1 ength 15-m ' v e r t i c a l  60" 
de l tas  

15-m v e r t i c a l  60" 
d e l t a s  

tube l aye rs  6 staggered 6 staggered 

'water  f l ow  
d i  r e c t i  on upward i n  i n n e r  

. 3 layers ,  downward 
i n  o u t e r  3 l aye rs  

upward i n  i n n e r  
3 layers ,  downward 
i n  ou te r  3 l aye rs  

mater i  a1 a1 uminum tube, 
, aluminum f i n ,  

a1 umi num spacer r i n g  

aluminum, tube, 
a1 uminum. f i n ,  
aluminum spacer r i n g  

a1 umi num headers a1 umi num headers 

cor ros ion  coa t i ng  MBV; process MBV, process 

120 number o f  del tas '  , 60 

number o f  c o o l i n g  
1 oops 

heat  r e j e c t i o n  * 

capac i ty  (design)  

water  f l o w  

i n l e t  950F 
o u t l e t  74°F . 

water  temperature i n l e t  95°F 
o u t l e t  7 4 ' " ~  

design vacuum 

design ambient' 
?air .temperature 

number o f  water 
pumps (motor 
d r i , ver )  

recovery tu rb ines  



6.5.2 Water Qua1 i ty  and I n t e r n a l  Cor ros ion  

The power p l a n t  a t  Gyongyos i s  equipped w i t h  an ex tens i ve  and e labo ra te  

wate r  t r ea tmen t  u n i t .  un t rea ted '  water  f rom ground water  sources i s  pumped - 
6 3  o u t  of  a  r e s e r v o i r  w i t h  8.5 x  10 m c a p a c i t y  over  a  d i s tance  o f  approx imate ly  

3 km t o  t h e  p l a n t  s i t e .  The f i r s t  t rea tment  s t e p  removes carbonates (tern- . 
p o r a r y  hardness) and t h e  correspondl'ng equ'ipment handles 300 t / h  of'. raw ws te r .  

A  ma jo r  p o r t i o n  o f  t h i s  wa te r  i s  appa ren t l y  used as makeup wate r  f o r  the. , . ' ..!. . 
.. 4 :; . 

e vapo ra t i ve  c o o l i n g  s e c t i o n .  An an ion exchanger, a  c a t i o n  exchanger and , :."' 

. . .  
degassing equipment w i t h  65 t / h  capac i t y  complete t h e  wate r  t rea tment  . . 

u n i t .  Feed wa te r  o f  t h e  f o l l - ow ing  q u a l i t y  i s  a v a i l a b l e :  
, . 

O 2 
S i  1  i cates 

negl  i q i  b l  e  Residual  hardness . .  . . . . 

Fe+++. n e g l i g i b l e  . .  
/ 

Conduct i  v i  t y  0.3 pmho/cm 

As w i  t h  o t h e r  power p l  an ts  possessi  ng ex tens i  ve wa te r  t rea tment  u n i  t s  , 
i n t e r n a l  co r ros ion '  o r  f o u l i n g  has n o t  been observed. Th is  has been c o r - '  

r obo ra ted  by ' p e r i o d i c  i n s p e c t i o n  o f  modules. No hydraz ine  dr o t h e r  chemicals 

a r e  added, which r e s u l t s  i n  t he  pH s t a b i l i z i n g  a t  about 7.0.'. ~h i ' s . . neu ' t r a l  .. . 

method o f  ope ra t i on  i s  an Impu r tan t  i n n o v a t i o n  and i t s  use at Gynriyyfis has 

been s u c c e s s f u l l y  demonstrated. 

6.5.3 A i  r - S i  de co r rds  i on and Foul i ng 
. . 

Personal i n s p e c t i o n  o f  a1 1  f o u r  coo l  i n g  towers con f i rmed t h a t  . . t h e  , .  

s u r f a c e  q ~ s a l i  ty of  t he  f i n n e d  tubes o f  even t h e  o l d e s t  c o o l i n g  &wer was . , 

u n a f f e c t e d  by co r ros ion .  ' The main maintenance problem'  r e s u l  t s  f roln f o u l  i n g  

depos i t s  c o n s i s t i n g  o f  d u s t  f rom the  l i g n i t e  mines, the f u e l  upgrading 

u n i t  and d r y  ash removal u n i t .  The r a t e  o f  dus t  d e p o s l t i o r ~  depends .on.:. 
, . 

w ind  d i r e c t i o n  and v e l o c i t y .  Dur ing t he  p l a n t  v i s i t ,  ve ry  s t r o n g  s o u t h e r l y  : 

w inds '  b low ing  a t  8-10 m/s swept ove r  t he  p l an t . '  I n  t h i s  w ind  s i t u a t i o n ,  .". , 

t h e  Sec t i on  V c o o l i n g  tower  was t a k i n g  t h e  ma jo r  p o r t i o n  o f  t h e  dus t  ibad.  . . 

However, p r e v a i l i n g  winds a r e  g e n e r a l l y  f rom t h e  southwest, which a f f e c t s  . .* 



t he  towers of Sect ions I and 11. As t h e  des ign vacuum i s  r a t h e r  h i g h  

(>94 pe rcen t ) ,  c l ean  a i r - s i d e  sur faces  a r e  r e q u i r e d .  Accord ing t o  p l a n t  

person.ne1, c.1 ean'ing. i s  a  year- round j ob ,  a1 though 'it i s  n o t  performed 

: d u r i n g  'w in te r  months. On t h e  average, c l e a n i n g  r e q u i r e s  1500 man-hours/ 

yea r  f o r  t h e  100-MWe tower and about  3000 man-hourslyear f o r  each 220-MWe 

tower.  S o f t  . low p ressure  wate r  i s  used. 

6.5 :4' ' ~ r e e z i  ng Experience 
I ' 

As repo r ted  a t  ~ u n a ~ j v d r o s ' ,  . a  ma jo r  p o r t i o n  o f  t he  d i scuss ion  a t ,  

Gyongyos concerned t h e  problem o f  f r e e z i n g .  F reez ing  has always been assoc i -  

a ted  w i t h  s t a r t i n g  up o r  s h u t t i n g  down i n d i v i d u a l  p l a n t  sec t i ons .  L i g n i t e  

w i t h  a  very  h i g h  sand con ten t  i s  f i r e d  . i n  t he  b o i l e r s  and t he  r e s u l t i n g  

e ros ion  o f  b o i l e r  tubes i s  ve ry  common. The r e p a i r  o f  b o i l e r  tubes has 

necess i t a ted  repeated shutdown and s t a r t u p  o f  t h e  u n i t s .  I n  t h e  e a r l y  h i s -  
. _ ;  

t o r y  o f  t h e  power p l a n t ,  t h e r e  were ' f r e q u e n t  i n c i d e n t s  o f  f r e e z i n g .  The 

f o l l o w i n g  remarks were made t o  e l abo ra te  on t h i s  problem. 

As a t  DunaGjvdros, improper opening .and c l o s i n g  o f  d r a i n  va lves as 

we1 1  as a i r  vents led '  t o  t r a p p i n g  o f  wa te r  i n  t h e  c o o l i n g  tubes. These 

remote ly-operated dev ices were o r i g i n a l  l y  designed wi t h  e l  ec t ro -hyd rau l  i c 

mechanisms. Due t o  t he  change i n  t h e  v i s c o s i t y  o f  t h e  h y d r a u l i c  f l u i d  as . . 

a  f u n c t i o n .  o f  t he  low ambient temperature,  t h e i r  ope ra t i ona l  c h a r a c t e r i s t i c s  

e i t h e r  changed markedly ' o r  they  j u s t  g o t  s tuck .  A1 1  these component's i n  

t h e  f i  r s t  two towers have been rep1 aced w i t h  e lec t romechan ica l  dev ices.  

Because t h e  guarantees on t h e  o r i g i n a l  equipment had lapsed, t h e  c o s t s  f o r  

t h e  r e p a i r  and rep lacemcnt  o f  va lves  were p a i d  by ' the p l a n t  ope ra to r s .  The 

o t h e r  two towers were equipped f rom t h e  beg inn ing  w i t h  e lec t romechan ica l  

dev ices . 
The module l e n g t h  o f  15 m i s  r e l a t i v e l y  h i gh .  As an i nnova t i on ,  t h e  

header a t  t he  t o p  o f  t h e  module served mere ly  as a  c o l l e c t o r  . be fo re  t he  

wate r  changed f l o w  d i r e c t i o n .  Two headers a t  t h e  bottom, one as i n l e t  and 
,- t h e  o t h e r  as o u t l e t ,  were a l s o  new des ign elements.  R e s u l t i n g  f rom t h e  

unusua l l y  l o n g  tubes, dra inage and necessary v e n t i n g  had t o  be mutualJ-y --> 

... ad jus ted .  I n  t he  new towers, t h e  headers a t  t h e  bot tom o f  t h e  modules have 



an a u x i l i a r y  ven t  tube  t o  f a c i l i t a t e  ven t i ng .  Th is  tube i s  e l e c t r i c a l l y  

heated t o  assure t h a t  f r e e z i n g  does n o t  b l o c k  the v e n t i n g  a c t i o n .  

Repeated opening and c l o s i n g  o f  t h e  va lves and vents  caused unusual 

gaske t  wear. These had ' t o  be rep laced  w i t h  gaskets made' o f  more durab le  

mater ia l . .  . . . . .  

Tanks i n s i d e  t h e  base a r e a  o f  the  towers g e n e r a l l y  have a  h o l d i n g  . : 

c a p a c i t y  equal t o  75 pe rcen t  o f  t h e  con ten ts  o f  c o o l i n g  system. The o t h e r  

25 pe rcen t  can be accommodated i n  t he  iondenser .  Be fo re  s t a r t i n g  up, ca re  

i s  ' taken ,lt~;lt t h e  wate r  i n  t h e  c o n l i n g  system i s  s u f f i c i e n t l y  warm. 
. . 

Desp i te  t he  numerous f r e e z i n g  i n c i d e n t s ,  f o r c e d  outage o f  t h e  p l a n t  

has never  been caused by t h e  d r y  c o o l i n g  equipment. 

6.5.5 Wind E f f e c t s  

Reci r c ~ ~ l a t i ~ r j  i s  no problem a t  Gyongyos. However, wind. e f f e c t s  have 

been no t i ced .  J o i n t  e f f o r t s  o f  p l a n t  management, HOTERV and t h e  Tecl~r l  isclie 

Hochschule, Z i r i c h ,  a r e  now underway t o  d e f i n e  end s o l v e  t h e  p r n h l e m .    he 
u n i v e r s i t y  team f rom Sw i t ze r l and  Was t a k i n g  f i e l d  measurements d u r i n g  t h i s  

p l a n t  v i s i t .  The c o o l i n g  towers, which a re  s l i g h t l y  over  100 m h igh ,  

dominate t h e  o the rw i se  l e v e l  1 andscape. F u l l  w ind v e l o c i t y  develops very  
. . 

q u i c k l y  , i . e. , the  .P rand t l  1  ayer  t h i ckness  should correspond rough l y  t o  t h e  

tower.  h e i g h t .  I t  i s  f e l t  t h a t  tower d r a f t  reduces w i t h  s t r o n g  winds. The 

i n v e s t i g a t i o n s  i n  progress shou ld  be a b l e  t o  d e f i n e  t h i s  problem rrlurie , , 

p r e c i s e l y .  

6.5.6 Concl u d i  ng Remarks . . 

The power p l a n t  a t  Gyongyos i s  an impress ive  example o f  t e c h n i c a l  

achievement and demonstrates i n  a s l r ~ i  k i n g  manner t h e  p o s s i b i l i t i e s  o f  d r y  

coo l  i n g  i n  power p l a n t s  w i t h  g i a n t  c a p a c i t i e s .  A d d i t i o n a l  pub1 i shed  

i n f o r m a t i u r ~  i s  c s n t a i  ncrl i n  Reference 17. 



6.6 DRY' COOL.ING EQUIPMENT. AT THE ARBED-STEELW0,RKS I N  , 

DUDELANGE , LUXEMBOURG 

Date o f  V i s i t :  September 29,. 1975 

P a r t i c i p a n t s '  i n  t h e  D iscuss ion :  

Di  p l  . -1ng. Sturm, Power P l a n t  Manager 

Simhan-BF 

6.6.1 General Remarks 

ARBED i s  a  l e a d i n g  s t e e l .  manufacturer  and produces about 2 m i  11 i o n  tons  

pe r  y e a r  a t  t h e  Dudelange ' p l a n t  i n  southern Luxembourg near  t h e  French border . .  

The d r y  c o o l i n g  i n s t a l l a t i o n  i s  p a r t  o f  t h e  power p l a n t  which p rov ides  
3 

50 pe rcen t  o f  t he  s tee lwo rks '  energy requi rement .  U n t i  1  about 1965 t h i s  

s tee lwork  was connected t o  a  l o c a l  energy g r i d  w i t h  a  ne ighbo r i ng  ARBED s t e e l  

p l a n t .  I n  t h i s  p e r i o d  bo th  p l a n t s  produced e l e c t r i c i t y  a t  a  f requency o f  

42.5 Hz. I n c r e a s i n g  energy requirements caused' bo th  p l a n t s  t o  j o i n  the- '  

n a t i o n a l  e l  e c t r i c i  ty g r i d .  When t h i s  occurred,  t h e  .speed of t h e  genera to r  

. was a1 t e r e d  t o  p r o v i d e  a  genera t ing  frequency o f  50 Hz. 

B l a s t  furnace gas i s  t h e  b a s i c  f u e l  a t  t h i s  power p l a n t .  I n  1965 t h e  

b o i l e r  was m o d i f i e d  t o  burn  crude o i l  because b l a s t  fu rnace  gas, a l s o  used 

t o  f u e l  gas t u r b i n e - d r i  ven a i  r compressors, was g e t t i n g  sca.rce as compressed 

a i r  demands inc reased .  

A t  de'sign c o n d i t i o n s ,  50 t / h  o f  steam f rom the  turb, ine a re  condensed 

d i  rec t1y ' : i n  .a GEA d r y  coo l  i 'ng system. Loads change r a p i d l y ,  however, w i t h i n  

t h e  range o f  8-14 MW because o f  changing demand i n  t he  roll i n g  m i  11s. To 

rne~ t .  changirig 1  oads s t e a ~ i ~  i s  tapped f rom a  Roote 's  steam r e s e r v o i r  a t '  a  

p ressure  o f  240 p s i a .  Wi th  t he  excep t i on  o f  a  'smal l  brook w i t h  inadequate 

wa te r  capac i ty ,  t h e  o n l y  wate r  a t  the  p l a n t  s i t e  i s  i n  severa l  smal l  ponds 

used t o  coo l  wa te r  f rom b l a s t  furnaces.  Dry c o o l i n g  i s  t h e r e f o r e  r e q u i r e d  

f o r  t h e  t u r b i n e  exhaust  steam. 

Table 6.6-1.g ives t h e  d e t a i l s  o f  t h e  d r y  c o o l i n g  system toge the r  w i t h  

p e r t i n e n t  da ta  rega rd ing  thermodynamics o f  t h e  power p l a n t .  



TABLE 6.6-1. ARBED-Stee1,works Dry Cool i n g  ~ ~ u i p m e n t  Data 

B o i l e r :  

Ra t i ng :  

'. . ' Tu rb ine :  

Dry  c o o l i n g  system:, 

F i r s t  ope ra t i on :  

. . .  . T u b e l f i n  s p e c i f i c a t i o n :  

.. . . ..., ' . 

.".' ' ..'*.Tube arrangement: 

Tube l eng th :  

Des i gn steam vacuum: 

Steam f l o w  (des ign )  : 

Heat.  r e j e c t i o n :  

Ambient a i  r temperature : 

: Number o f  f ans : '  

Diameter : . . 

.Maximum f a n  speed: 

Speed r egu l  a t i  on : 

. T o t a l  f an  power: 

n a t u r a l  c i r c u l a t i o n ,  f u e l e d  by b l a s t  
fu rnace  gas and ,crude o i l  

65 t / h  a t  825 p s i a  and 880°F 

14 MWe w i t h  mu1 t i s t a g e  b l e e d i n g  

GEA d i r e c t  condensing w i t h  f o r ced  
d r a f t  

1956 

round copper tubes w i t h  wound copper 
f i n s  

45" de i  t a ,  t h r e e  Sayer. s taggered . 
' ' 

4.5 m . . 

0.075 a t a  (92.5 pe rcen t )  

50 t / h  

'I10 x  l o 6  B tu /h  

55°F 

8 

5000 mm 

170 rpm 

2 speed w i t h  p o l e  v a r i a t i o n  
. . 

372 KWe 

The d r y  coo l  i r i y  i n s t a l l a t i o n  i s  suppor ted by a  s t e e l  strucl.ur 'e over  t h e  

r o o f  o f  a  workshup b u i  1  d ing ,  The fans a re  d r i v e n  by v e r t l  c a l  s h a f t s .  ' The 

change i r ~  d r i v e  d i r e c t i o n  between t he  motor  a x i s  and t he  f an  s h a f t  takes 

p l a c e  i n  t h ~  bevel  gear box. The steam l i n e  f rom the  t u r b i n e  i s  b i f u r c a t e d  
" 

i n t o  f o u r  feed l i n e s  corresponding t o  t h e  f ou r . . de l t as .  Each d e l t a  has . ' . . 

16 modules, a l l  w i t h  a  t o p  t o  bo t tom steam f low.,  The i n s t a l l a t i o n  i s  i n  t h e  

immediate v i c i n i t y  o f  t h e  b l a s t  furnaces which. generate very  heavy dus t  ,, 1, 
loads.  Arrangement o f  t h e  p l a n t  i s  shown i n  F igu re  6.6--1. 

6.6.2 Water Qua1 - i ty and I n t e r n a l  Cor ros ion  

A1 though t h e  power. p l  a n t  i s  equipped w i t h  a n a t u r a l  c i r c u l a t i o n  
< .  

. - 
. . 

b o i l e r ,  t h e  wa te r  q u a l i t y  i s  ma in ta ined  a t  standards requi . red by. f o r ced  

c i r c u l a t i o n  b o i l e r s  .by  a  we1 1-equipped medium c a p a c i t y  wa te r  t rea tment  u n i t .  
, -,'. 



(a )  End View Section 

(b) Side View 

FIGURE 6.6-1. Dry Cooling Tower Arrangement a t  Dudelange 



This u n i t  contains an anion exchanger, ca t ion  exchanger, degassing equipment 
and an a c t i v e  charcoal f i l t e r .  Typical feed water q u a l i t y  i s  ind icated as: 

p-a1 ka l  i n i  t y  

m-a1 ka l  i n i  t y  

S i l  i ca tes  

1.0 mg/a 

~ 1 . 0  m g / ~  

10.4 

0.1 mgla 

absent 

absent 

Oxygen content, e l e c t r i c a l  conduc t i v i t y  , hydrazine add i t i on  and problems 

of i n t e r n a l  corrosion o r  f o u l i n g  were no t  discussed. 

6 . 6 . 3  Ai  r - S i  de Corrosion arid Foul i l ly  

As mentioned e a r l i e r  the a i r  q u a l i t y  i n  the s tee l  p l an t  environment 

i s  bad. Excessive dust loads and h igh SO2 concentrations are normal. I t  

was therefore no t  su rp r i s ing  t h a t  the coo l ing tubes were covered w i t h  a 

pa t ina  which made v isua l  recogni t ion o f  the tube mater ia l  d i f f i c u l t .  P lant  

informat ion,  however, confirms t h a t  the  s ta te  o f  pat ina development had 

reached a s t a t i c  equ i l i b r i um  dur-ing the l a s t  15 years, i,~., ai r - s i de  

corrosion ceased a f t e r  the i n i t i a l  pat ina development. I n  fac t ,  nu cor- 
ros ion problems have ar isen which would have warranted preparat ion o f  a 

coo l ing  tube sample f o r  examination. 

A i r -s ide f ou l i ng  i s  a problem requ i r i ng  constant a t tent ion.  Dust and 

organic residues form a f i r m  deposit  on the coo l ing surfaces w i t h  a bake l i  t e  

character  no t  amenable t o  pressurized a i r  cleaning. Twice a year cleaning 

schedules are organized and 90-psia water j e t s  are d i rec ted against the 

modules. Each schedule involves about 80 man-hours o f  unsk i l l ed  labor  using 

a mobile ga l l e r y  and untreated water. No carbonate deposits s e t t l e  on the 

coo l ing  surfaces although the  coo l ing equipment i s  l e f t  i n  serv ice dur ing 

t he  cleaning operation. Only the fan o f  the module being cleaned i s  

switched o f f .  



* .  , : 
6.6.4 F reez ing  ~ x p e r i e ' n c e  . , . ,  . '_ 

No f r e e z i n g  i n c i d e n t s  have been recorded. Cont ro l  i n s t r u m e n t a t i o n  . . 
i n  t h e  c o o l i n g  equipment ass.ures t h a t  t h e  condensate temperature does n o t  

f a l l  below 40°F. To achieve t h i s  r e s u l t ,  a  c a r e f u l  s t r a t e g y  o f  f a n  speed 

r e g u l a t i o n ,  i .nc lud ing  c o n t r o l  o f  t h e  number o f  fans i n  ope ra t i on ,  has.been 

developed. Under extreme c o n d i t i o n s  , t a r p a u l i n  sheets a r e  spread over  t he  

del ta 's and r e c i r c u l a t i o n  i s  then encouraged. 

Maintenance 

Th i s  was one o f  t he  few p l a n t s  observed u s i n g  p r e v e n t i v e  maintenance. 

A l l  eyght  gear boxes and t h e  corresponding motors a r e  overhauled once a  year .  

~he'. i j$ar'.box t o  be ove rhau led  i s  rep laced  w i t h  a  p r e v i o u s l y  r econd i t i oned  

spare" u n i t  on a  u n i t  r o ta t i 0 .n  bas i s .  Separate c o s t  f i g u r e s  f o r '  t h i s  main- 

tenance cannot be es t imated  because t he  r o u t i n e  maintenance team i s  p a r t  o f  

p l a n t  personnel .  Accord ing t o  i n f o r m a t i o n  ava i  1 ab le ,  about  80 .man-hours a r e  

r e q u i r e d  t o  overhaul a  gear  box. T h i s  work i s  g e n e r a l l y  don'e i n  t he  ' w i n t e r  

months. ' ' 

. , "  

6.6.6 . .  , . ~ o n c l  ud i  ng Remarks 
.. . . . 

The . d r y  c o o l i n g  equipment a t  Dude1 ange has a lmost  no o p e r a t i o n  o r  

maintenance problems. 



6.7 DRY COOLING EQUIPMENT I N  THE INDUSTRIAL POWER PLANT OF THE ~ 
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6.7.1 General Remarks 

The des ign ph i losophy  f o r  t h e  i n d u s t r i a l  power p l a n t  a t  Ludwigshafen 

i s  c h a r a c t e r i s t i c  o f  a  g i a n t  chemical p l a n t .  Process steam p roduc t i on  and 

power gene ra t i  on have equal p r i o r i t y .  Thermodynamic des ign i s  op t im i zed  

t o  f a v o r  requi rements f o r  t h e  p r o v i s i o n  o f  process steam and e l e c t r i c  

power gene ra t i on  must meet l i m i t s  s e t  by process eng ineer ing .  The f u l l  

thermodynamic l a y o u t  o f  t h e  BASF power p l a n t  i s  ve ry  compl i ca ted  and o n l y  

those d e t a i l s  p e r t i n e n t  t o  t h e  p resen t  d i scuss ion  w i l l  be g iven.  The 

t o t a l  i n s t a l l e d  s team 'capac i t y  a t  BASF i s  1060 t / h  and i s  operated by f o u r  

01 1 - f i  r e d  f o r c e d  convec t ion  b o i l e r s .  The process steam g r i d  suppl i e s  steam' 

a t  t h e  f o l l o w i n g  pressures o f  1800, 205, 67.5 and 38 ps ia .  Two b o i l e r s  

r a t e d  a t  265 t / h ,  3150 p s i a  and 1005°F w i t h  rehea t ing ,  fo rm t h e  backbone of 

t h e  power supply  and f eed  two back p ressure  t u r b i n e s  w i t h  bleeds a t  t h e  

p ressure  l e v e l s  ment ioned above. Exhaust steam f rom bo th  back pressure 

t u r b i n e s  feed  a  condensing t u r b i n e  a t  a  p ressure  o f  270 p s i a  w i t h  s l i g h t  

superheat .  Th i s '  t u r b i n e ,  which i s  a l s o  b l e d  t o  supply  d i v e r s e  feed wate r  

hea te rs ,  d ischarges 50 t / h  o f  steam a t  95 pe rcen t  vacuum t o  t h e  d r y  c o o l i n g  

equipment. The condensing t u r b i n e  produces 39 MW o f  e l e c t r i c  power. The 

back p ressure  t u r b i n e s  s a t i s f y  t he  base power l o a d  and the condensing t u r b i n e  

i 's  j u s t i f i e d  by i t s  a b i l i t y  t o  produce peaking pnwer when process st.eam 

demands a r e  low and t h e  s u r p l u s  steam c a p a c i t y  assoc ia ted  w i t h  op t ima l  b o i l e r  

o p e r a t i o n  i s  a v a i l a b l e .  The condensing t u r b i n e ,  i n  o p e r a t i o n  s i n c e  1967, c o s t  
6 approx imate ly  6  x 10 DM. The t o t a l  c o s t  o f  d r y  c o o l i n g  equi'pment was about 

6 
' 

1.1 x 10 DM i n  1967. 



The d r y  c o o l i n g  equipment i s  mounted on t h e  same s t e e l  s t r u c t u r e  

which c a r r i e s  t he  g a l l e r i e s  around t he  open a i r  b o i l e r s .  The power p l a n t  

i s  s i t u a t e d  i n  t h e  c e n t e r  o f  t he  cheii i ical works. The environnient can be 

c l a s s i  f i e d  as i n d u s t r i a l  wi  t h  dus t  loads and SO2 concen t ra t i ons  cha rac te r -  

i s t i c  o f  a  chemical p l a n t .  The c o o l i n g  modules a r e  arranged i n  t he  fo rm o f  

two p a r a l  l e l  d e l t a s  i n  t h e  convent iona l  GEA arrangement. The d r y  coo l  i n g  

equipment i s  n o t  p rov ided  w i t h  l ouve rs .  No w ind  s h i e l d s  a r e  e rec ted  around 

the' c o o l i n g  d e l t a s .  Table 6.7-1 g ives  t h e  d e t a i l s  o f  the' d r y  c o o l i n g  

equi  pmentr 
. . 

TABLE 6.7-1. , BASF Chemical Works Dry Coo l i ng  Equipment Features 

Type o f  c o o l i n g  system: 

A i r  f l o w :  

Tube arrangement: 

Tube l e n g t h  

Tube l a y e r s  

Tube / f i n  s p e c i f i c a t i o n s  : 

Modules : 

Vacuum: 

Steam f l ow :  

Design heat  r e j e c t i o n  
. capac i t y :  . 

Ambient a i r  temperature:  

Number o f  fans :  ' 

Diameter: 

Maximum f a n  speed 

GEA d i  r ec  t condensing 

f o r c e d  d r a f t  
. . 

60" d e l t a s ,  2  d e l t a s  i n  p a r a l l e l  

3.7 m  
?' 

3  s taggered 

ga lvan ized  e l l i p t i c  s t e e l  tube, 
s t e e l  f i n  

1  2  modul es/de l  t a  , 8 modul es p a r a l  1  e l  - 
f l o w ,  4  modules coun te r f l ow  

0.055 a t a  (94.5 percen t )  

50 t / h  

2.45 m  . . 

196 rpm ( 2  speed w i t h  p o l e  v a r i a t i o n . )  

I t  i.s i n t e r e s t i n g  t o  n o t e  t h a t  most o f  t h e  steam produced i n  t h e  

power. p l a n t  i s  u l t i m a t e l y  condensed i n  .process hea te rs  by d i r e c t  m ix ing .  . 
Compared t o  t he  steam handled i n  t h e  process hea te rs ,  t h e  steam c a p a c i t y  

o f  t h e  d r y  c o o l i n g  system i s  sma l l .  More than 500 t / h  o f  wa te r  i s  consumed 

i n  open processes and must be rep len i shed  a f t e r  a p p r o p r i a t e  wa te r  t rea tment  

t o  keep t h e  process steam g r i d  going. Both these f a c t o r s  prompted t he  



provocat ive  quest' ion about the r a t i o n a l e  f o r  the  choice. o f  d ry  , d i r e c t  ' 

c o o l i n g  f o r  the  condensing tu rb ine .  Two reasons were adva'nced. F i r s t ,  

p l a n t  r e s t r i c t i o n s  d i d  n o t  a l l ow  the  s i t i n g  o f  a  wet coo l i ng  system i n  the  

v i c i n i t y  'o f  the power p l a n t .  Second, the  maintenance cos t  o f  a  wet system 

cou ld  be s u b s t a n t i a l  w i t h  f u l l y  t r e a t e d  makeup water.  
C- 

6.7.2 Water Qua1 i t y  and I n t e r n a l  Corrosion 

As a l ready mentioned, t h e  BASF chemical p l a n t  incorpora tes  an exten- 

s i v e  water  t reatment  u n i t ,  which i n  i t s e l f  i s  adminis tered as an i nd i v idua l .  

department o f  the c e n t r a l  serv ices .  The power p l a n t  draws requ i red  water 

f rom t h i s  c e n t r a l  u n i t .  D e t a i l s  o f  a  t y p i c a l  ana lys is  o f  the  condensate 

are g iven below. 

pH 
c o n d u c t i v i t y  

o x i d i z a b l e  res idua l  
(equi  va l  en t  KMn04) 0.5 mg/a KMn04 

t o t a l  carbon content  , 0.2 mgla 

p-a1 k a l  i n i  t y  , 5 mgla as C ~ C O ~  

t o t a l  res idua l  hardness rieyl i y i  b l e  

0.005 mgl a 
0.002 mgl a  

0.003 I I I ~ /  a  

0.001 mgla 

0.001 mgla 

2  mgla 

-0.02 mgla 
. . 

S i  1 ict i tes 0.01 mgla 

As one o f  t h e  l ead ing  chemical manufacturers, BASF has an immense 

kr~owledge o f  co r ros ion  problems. Pe r iod i c  l n s p e c t i o r ~  u f  var-iuus k i - ids  uT' 

t u b i n g  ma te r ia l  under vary ing  ope ra t i ng  cond i t i ons  guaranteed t h a t  no cor -  

r o s i o n  o r  i n t e r n a l  f o u l i n g  has taken p lace i n  b o i l e r ,  t u r b i n e  o r ' d r y  coo l i ng  

components. The d ry  c o o l i n g  i n s t a l l a ' t i o n  has never been completely but  of 



s e r v i c e  f o r  a  p e r i o d  l onge r  than 2 weeks which o c c u r s d u r i n g p l a n t  inspec-  

' t i o n  every 6000 hours. As a  p recau t i on  a g a i n s t  i n t e r n a l  co r ros ion ,  t he  d r y  
. . , .  . . . 

coo l  i n g  equipment i s  kep t  under vacuum d u r i n g  ' these  per iods .  
. . 

6.7.3 A i r - S i d e  Cor ros ion  and Fou l i ng  

. " Visua l  i n s p e c t i o n  showed t h a t  t h e  ga lvan ized  c o a t i n g  o f  t h e  f i n n e d  . '  

tubes was g e t t i n g  r u s t y  i 'n randomly d i s t r i b u t e d  patches. Accord ing . to  . . 

p l a n t  i n f o rma t i on ,  t h e  o f  g a l v a n i z a t i o n  was adequate and t h e  e x i s t -  ' 

i n g  degree o f  c o r r o s i o n  c o u l d  be cons idered t o  be i n  a  s t a t e  o f  e q u i l i b r i u m .  

The degree o f  c o r r o s i o n  a t t a i n e d  was cons idered  t o  be t h e  i n t r i n s i c  minimum 

under c . ,  p reva i  . 1  i n g  env i ronmenta l  c o n d i t i o n s .  These statements were a d m i t t e d l y  

s u b ~ e c t i v e .  - . No q u a n t i t a t i v e  i n v e s t i g a t i o n s  have been conducted w i t h  respec t  
. ,  8 

t o  t h i s  issue.  
I , .  

A i r - s i d e  f o u l i n g  must be f ough t  a lmost  year- round.  The depos i t  on 

. t h e  c o o l i n g  su r f ace  i s  ma in l y  dus t  which bakes t oge the r  w i t h  o rgan i c  ma t te r ,  
I .  . . , 

y i e l d i n g  a  compara t i ve ly  dense ma t t y  f i l m .  C lean ing  i s  c a r r i e d  o u t  f o u r  

t imes a  y e a r  w i t h  emphasis on t h e  warmer months. Regular u n s k i l l e d  s h i f t  , 

personnel c a r r y  o u t  t h i s  assignment. O r i g i n a l  ly ,  very  h i gh  p ressure  

( 2 2 5  p iFa )  un t rea ted  wa te r  j e t s  were used, b u t ' t h i s  was de t r imen ta l  t o  t h e  

f i n s .  Subsequently, ' the same c l ean ing  e f f e c t  was found t o  be ach ievab le  

wi ' th  much l owe r  pressures (90 p s i a )  and w i t h o u t  damage t o  fim. Dur ing  

t h e  c lean ing ,  o n l y  t h e  f a n s  o f  t h e  module i n v o l v e d  a r e  swi tched o f f .  The 

n e c e s s i t y  f o r  c l e a n i n g  i s  i n d i c a t e d  by a  marked (10 t o  20 pe rcen t )  inc rease  

i n  t h e  p ressure  d i f f e r e n c e  which must be generated by t h e  fans.  Accord ing 

t o  p l a n t  exper ience, a  good deal  o f  t he  dus t  l oad  i q  swept i n t o  t he  i n t e r -  

s t i c e s  of the  modules by t he  induced secondary f l o w  o therw ise  known as 

r e c i  r c u l  a t i  on. 

I n  t he  course of  t h e  d iscuss ion ,  p l a n t  management advanced t he  o p i n i o n  

t h a t  t h e  fi.n spac ing was r a t h e r  sma l l .  I n  s p i t e  o f  t h e  e f f o r t  needed t o  

manage a i r - s i d e  f o u l i n g ,  t h e  cho ice  o f  d r y  c o o l i n g  equipment has n o t  been 

r e g r e t t e d  and the cho ice  o f  Future i n s t a l l a t i o n s  would n o t  be p r e j u d i c e d  

by t h i s  exper ience. 



6.7.4 Freez ing  Exper ience 

Close c o n t a c t  between p l a n t  management and GEA has e x i s t e d  s i n c e  t h e  

p l a n n i n g  stage, and a  c a r e f u l  s t r a t e g y  has been worked o u t  t o  p reven t  f r eez -  

i n g  i n c i d e n t s .  Temperatures o f  t h e  condenser header modules a r e  d i sp layed  

on t h e  c e n t r a l  c o n t r o l  panel t o g e t h e r  w i t h  i n l e t  and o u t l e t  a i r  temperatures. ;r 
Speed r e g u l a t i o n  and c o n t r o l  o f  t he  number o f  fans i n  o p e r a t i o n  a l l o w  oper- 

a t i  on , w i t h o u t  f r e e z i n g .  F reez ing  i n c i d e n t s  have n o t  been repor ted .  

Concl ud i  ng Remarks . . 

I n  t h e  i n i t i a l  stages, cons ide rab le  t r o u b l e  was exper ienced w i t h  a  

repea ted  breakdown o f  gear box bear ings .  ~ ~ ~ a r e n t l ~ ,  unexpected v i b r a t i o n ?  

caused these  breakdowns. BASF p l a n t  i n v e s t i g a t i o n  w i t h  GEA ass i s tance  has 

now so l ved  t h e  problem. A  spare gear box i ,s  kep t  on hand t o  - r ep lace  a  faulty 

gear  box, which i s  then r e p a i r e d  and becomes t he  spare u n i t .  Th i s  mainte-  

nance i s  n o t  budgeted and r e q u i r e s  a  two-man s h i f t  when necessary. A 

r e g u l a r  team i s  r espons ib l e  f o r  u n i t  r e p a i r s  and more' l a b o r  can be c a l l e d  

i n  a t  s h o r t  n o t i c e .  

Power p l a n t  ava i  1 ab i  1  i ty i s  cons idered  t o  be h i g h  a t  97 ,percen t  a n d  t h e  

d r y  c o o l i n g  equipment does n o t  i n f l u e n c e  p l a n t  a v a i l a b i l i t y .  



6.8 DRY COOLING EQUIPMENT AT THE ESSO REFINERY I N  

PORT J E R ~ M E  , FRANCE 

Date of V i s i t :  . October 1  , 1975 

P a r t i c i p a n t s  i n  . the Discuss ion:  

i ng .  ~ a n s e r  

Ing.  Jau 

6.8.1 .Geneva1 Remark's 

,. I Esso .. Chimie i s  a  s u b s i d i a r y  o f  Esso France, which s p e c i a l i z e s  i n  t h e  

re f inement  and i y n t h e s i s  o f  b a s i c  o rgan i c  compoinds r e q u i r e d  i n  t he  chemical 

i n d u s t r y .  An Esso automot ive f u e l  r e f i n e r y  i s  l o c a t e d  nearby. Both p l a n t s  

a r e  s i  t & t e d  i n  Not re  ~ a m b  de. Gravench'on, sma l l  town on t h e  Seine about 

30 km u p r i v e r  f rom Le H'avre. The n o r t h e r n  bank o f  t h i s  p a r t i c u l a r  sect - ion . 
,. .. . , . 

o f  t h ' k ' ~ e i h ' e i h  No'rmahdy i s  t he  c e n t e r  o f  a  newly developi 'ng and r a p i d l y  ' ; , .  

e xpand ing  p k t t o c h i m i  c a l  i n d u s t r y .  
. . . . 

, . .  .. . . 

The d r y  c o o l i n g  equipment a t  P o r t  Jer6me serves t h e  works '  power. plant, .  

The n a t u r a l  c i  r c u l a t i , o n  b o i l e r  supp l i es  280 t / h  o f  steam a t  1275 psis and 

850°F. Process steam i s  b l e d  f rom two t u r b i n e s ,  which. produce t he  major .  p a r t  

(35 ?We.) o'f , the t o t a l  e l e c t r i c  power ou tpu t .  . .  A s m a l l e r  condensing t u r b i n e  

i s  app.arent ly  used f o r  e l e c t r i c  power -needs o n l y  ..- A l l  t h r e e  t u rb i nes .  exhaust 

i n t o .  corresponding GEA a i  r coo led  condensers. The condenser ,un i  t s  a r e  

arranged - i n .  para1 l e l  d e l t a s .  The turb. ines have ' d i f f e r e n t  hea t  r e j e c t i o n  

requirements and hence, t h e  number o f  modules i n  each o f  t h e  t h r e e  independent . 
dry c o o l i n g  subsystems has been s u i t e d  t o  t he  corresponding hea t  load.  

. . 

The c l o s e  p r o x i m i t y  o f  t he  r i v e r  Seine i s  n o t  a  source o f  c , oo l i ng .wa te r  

and no o t h e r  wate r  sources such as ground wa te r  a r e  s u f f i c i e n t  t o  supp ly  wet 

c o o l i n g  systems. Up t o  90 pe rcen t  o f  t h e  c o o l i n g  l o a d  o f  t h i s  p l a n t  i s .  met 

by t h e  dr'y c o o l i n g  equipment. The remain ing  10 pe rcen t  o f  t h e  c o o l i n g  l o a d  i s  

handled by evapo ra t i ve  c o o l i n g  equipment, because o f  process c o n t r o l  1 i m i  t a -  

!i.oqs .. ..Th.e f o l  !owing .wa te r  c o s t  d e t a i  1  s  a r e  notewor thy:  . .. , . 



. . 

Unt.reated water  60 NF/1000 m3 

Treated water 
( n e g l i g i b l e  r e s i d u a l  hardness) 640 NF/1000 m 3  

F u l l y - t r e a t e d  water  780 NF/ 1  000 m3 

A c e n t r a l  water t rea tment  department i s  respons ib le ,  f o r  mon i to r i ng .  and . 
main ta in ing  the  water  q u a l i t y  f o r  t he  e n t i r e  p l a n t .  . . '.' - 3  r . . - .  , , , , 4  16 *... i . S r I r  ,. -.. \ r - ,  . .. * > + A  8 

Although approx imate ly  50 percent  o f  t h e  steam serves as process 

steam, t he  p l a n t  p roduc t i on  i s  apparent ly  r e l a t i v e l y  constant .  Therefore 

t h e  v a r i a t i o n  i n  t u r b i n e  l udd iny  and subsequent dcmands on the  d ry  c o o l i n g  

equipment vary o n l y  as much as 5 percent ,  regard less  o f  the  season. D e t a i l s  

o f  t he  d ry  c o o l i n g  e'quipment a re  shown i n  Table 6.8-1. 

The f i v e  d e l t a s  o f  t h e  d r y  c o o l i n g  equipment a re  b u i l t  on a  common '.,. 

p l a t f o r m  approx imate ly  10 m above ground l e v e l  (F igu re  6.8-1). The 

p l a t f o r m  and suppor t ing  p i l l a r  system a re  r e i n f o r c e d  concrete s t ruc tu res .  

The e n t i r e  works complex, i n c l u d i n g  b o i l e r  house, machine house, and dry  

c o o l i n g  equipment, faces wes te r l y  winds which f o l l o w  t h e  upstream d i r e c t i o n  

o f  t he  Seine R ive r  v a l l e y .  

6.8.2 Water ~ u a l  i ty and I n t e r n a l  Corros ion , . 

Water ana l ys i s  f o r  t he  P o r t  Jer6me p l a n t  i s  conducted 'only  once each .  

week.. '  cause the  . p l a n t ' s  water  qua1 i t y  i s  ~r ia i  n t a i  ned by the n q i  ghbori  ng 

r e f 1  nery, a v a l l  ab le  da t d  un, condensate qua1 i ty were 1  i m i  t e d  t o  t.hat. 1  i s t e d  

below. 

Phosphates negl i g i  b l  e 
. , 

S i l i c a t e s  0.02 'mg/a 

~ a +  0.01 m g / a  

~ e s i  duai hardness n e g l i g i b l e  

- 
I n t e r n a l  c o r r o s i o n  o r  f o u l i n g  has n o t  been observed. I t  i s  i n t e r e s t i n g .  

t o  no te  t h a t ,  d u r i n g  downtime, t he  condensate i s  d ra ined f rom the  d ry  c o o l i n g  



TABLE 6.8-1 . Por t  ~er6me Refinery Dry Cool i ng  Equipment Detai 1 s 

Year o f  Commission: 1967 

Type o f  d ry  coo l ing equipment: GEA d i r e c t  condensing w i t h  forced d r a f t  

Tube/fin: aluminum e l l i p t i c a l  tube and f i n  
(apparently corresponding t o  ASTM A 214. 
The method o f  thermal connection 
between f i n s  and tubes i s  uncertain, as 
are the tube dimensions) 

53" de l t a  Tube arrangement: 

Tube length: 

Tube layers: 

Number o f  del tas:  

Number o f  modul es : 

Number of condenser modul es : 

Number o f  Dephlagma t o r  
modu 1 es : 

Design heat r e j e c t i o n  
capaci ty : 

Vacuum: 

Exhaust steam temperature: 

Steam mass f low: 

Number o f  fans: 

Speed var ia t ion :  

Louvers : 
Wind Shields: 

Total  fan power: 

3 staggered 

Su bsys tem 

I I I I I I 
2 para1 l e l  2 p a r a l l e l  1 

32/del t a  32/del t a  32/del t a  

24/del t a  24/del t a  lO/del t a  

1 58 x 1 06Btu/ h 193 x 1 06Btu/h 31 x 1 o 6 ~ t u /  h 

80 percent 80 percent 80 percent 

140°F 1 40°F 1 40°F 

71 t / h  86 t / h  14/ t /h 

6/del t a  6/del t a  2/del t a  

2 steps 2 steps 2 steps 

no no no 

no no no 
1170 kWe 





equipment, which i s  then f i l l e d  w i t h  a cor ros ion- inh i  b i  t i n g  f l u i d  appar- 

e n t l y  very prevalent  i n  the petrochen~ical industry.  The type and proper t ies  

o f  t h i s  f l u i d  were not  discussed and i t  was a lso d i f f i c u l t  t o  ascer ta in  how 

t h i s  f l u i d  i s  removed from the equipment wi thout  leav ing traces when the 

equipment goes on l i n e  again. This was a r e s u l t  o f  language d i f f i c u l t i e s .  

The cost  o f  the treatment was a lso  no t  avai lable.  

6.8.3 Air-Side Corrosion and Foul ing 

Considerable a i  r - s i  de corrosion a t  Por t  Jer6me i s  apparent. Rather 

moist a i r  from the Engl ish Channel blows up the Seine va l l ey  and the SO2 con- 

cen t ra t ion  r e s u l t i n g  from t h i s  p l an t  and from the neighborhood i s  r a the r  

h igh .  These two fac to rs  may be responsible f o r  the observed s ta te  o f  

corrosion. I t  should be noted, however, t h a t  p l an t  management does no t  

consider the problem o f  corrosion serious. No performance penal t ies  have 

been not iced t o  date. 

As w i t h  the o ther  petrochemical p lants,  a t h i n  (approximately 

0.25 t o  0.5 mm) deposi t  o f  organic mater ia l  was not iced espec ia l ly  i n  

the t i p  areas of the f i ns .  This deposi t  bakes i t s e l f  f i r m l y  t o  the 

a i r - s i de  surface and i s  no t  amenable t o  normal cleaning procedures. The 

o r i g i n  o f  the organic mater ia l  i s  a t t r i b u t e d  t o  the cracking and r e f i n i n g  

columns whi ch emit polymers. 

Regular c leaning campaigns twice a year are necessary t o  keep f ou l i ng  

on the a i r -s ide  surfaces t o  a minimum. For a l l  three un i ts ,  a t o t a l  o f  some 

400 man-hours are required. Water j e t s  and subsequent steam ,lets are 

d i rec ted  against  the coo l ing tubes i n  the d i r ec t i on  o f  a i r  f low through the 

modules . 
6.8.4 Maintenance and Repair 

Maintenance i nvo l v i ng  the renewal o f  l u b r i c a t i n g  o i l  i n  fans and gear 

boxes and semiannual cleaning requires a t o t a l  o f  700 man-hours/yr. No 

addi t iona l  preventive maintenance i s  planned. Spare par ts  are a v a i l  able 

t o  rep1 ace random components whi ch f a i  1 . Defect i  ve components are general 1 y 

replaced w i t h  the spares wi thout  shu t t ing  down the plant .  The r e p a i r  o f  



components, i n c l  uding d i  smantl i n g  and r e f i  t t i n g  , requires an average o f  

about 200 man-hourslyr. A t h ree -sh i f t  maintenance team i s  ava i lab le  a t  

the  p lant .  

6.8.5 Freezing Experience 

The ambient a i r  temperature a t  Po r t  Jer6me does no t  usual ly  f a l l  below 

freezing.  On the average, only two 24-hour periods w i t h  temperatures as low 

as 2 8 O F  occur i n  a year. A ca re fu l  con t ro l  strategy, coupled w i t h  the 

ra the r  h igh steam temperatures, has prevented f reez ing inc idents  so fa r .  

6.8.6 Concl udi ng Remarks 

Rec i rcu la t ion e f f ec t s  have been not iced and invest igat ions are under- 

way. It i s  bel.ieveh LhdL lhe yr*uu~~d clearance o f  12 m (two fan diameters) 

and the absence o f  wind shie lds aggravate t h i s  problem. Remedial ac t ion  

w i l l  be taken a f t e r  the resu l t s  o f  the invest igat ions are known. 



6.9 DRY COOLING EQUIPMENT AT THE WASTE-BURNING PLANT, 

CITY OF BREMEN, GERMANY 

Date o f  V i s i t :  October 3, 1975 

Par t i c ipan ts  i n  the Discussion: 

Ing. Hinz, P lan t  Manager 

Simhan-BF 

6.9.1 General Remarks 

For years, burning was considered the most su i t ab l e  way t o  dispose of 

domestic wastes. Recent debate on o ther  means o f  waste disposal, such as 

composition, have taken place, and waste burning p lan ts  are becoming unpopu- 

l a r .  The p l a n t  a t  Bremen (Figure 6.9-1) was planned and erected dur ing the 

heyday o f  waste-burning and handles almost a l l  the domestic wastes 

(200,000 t /year )  o f  the federal  s t a te  o f  Bremen i n  a round-the-clock oper- 

a t ion.  The most remarkable feature  o f  the Bremen p l a n t  i s  that ,  contrary 

t o  usual waste-burning pract ice,  no u t i l i z a t i o n  o f  the heat released was 

ever planned; the e n t i r e  steam produced i n  the waste-burning b o i l e r s  was 

proposed t o  be condensed i n  the dry coo l ing equipment, a f t e r  a1 lowing f o r  

consumption i n  the  turb ines which d r i v e  the  feed water pump and fans o f  the 

coo l ing equipment. I n  the  meantime, the recent  establishment o f  the 

Un ive rs i t y  o f  Bremen i n  1972, which i s  s i tua ted  i n  very c lose p rox im i ty  

t o  the p lant ,  i s  suppl ied w i t h  ne t  p l a n t  steam output  dur ing the w in te r  

months. 

The p l an t  i s  s i t ua ted  i n  a r es i den t i a l  area w i t h  a pa rk - l i ke  char- 

acter .  Apart from the general s ca r c i t y  o f  coo l ing water, the planners wanted 

t o  avoid moisture plumes a t  a1 1 costs. Therefore, dry coo l ing systems were 

chosen, which, despi te investments amounting t o  70 percent more than those 

f o r  an equivalent  evaporat ive system, do no t  requ i re  running expenses f o r  

makeup water. It should a lso be noted t h a t  c i t y  regu la t ions 1 i m i  t the dust  
3 emissions t o  150 mg/Nm o f  a i r .  



. . FIGURE 6.9-1; Bremen Waste-Burning P lant  and Attached 
Dry Coo l i ng Equipment 

Character is t ic  data o f  the Bremen waste-burnlng p l an t  and attached d ry  

coo l ing equipment are as fo l lows: 

Waste burning b o i l e r  
steam capacity : 

Steam condit ions : 

' Steam cansumpti on : 

saturated a t  330 ps ia  and 420°F 

28 t / h  a t  330 psia and 42Q°F f n r  
7 turbines d i  schargi ng exhaust steam 
a t  35 psia. One 120-kW tu rb ine  fo r  
the feed pump. One 270-kW turb ine 
for the fans attached t o  the dry 
coo l ing equipment. 

Exhaust steam from the turbines i s  fed  i n t o  the low pressure sect ion 

o f  the dry  condenser a t  a pressure o f  35 psia. The d ry  coo l ing equipment 

i s  exceptional s ince i t  consists o f  two sections, a h igh pressure section, 

and a low pressure section. Both sections have the same module geometry 



. . 

a n d a r e  accommodated i n  a  s i n g l e  de1,ta which r e s t s  on a  plat for111 about 10 111' 

above t h e  ground on a' p i l l a r  systen~.  The p la t fo r111  and t h e  p i l l a r  sYstenl 

form a  u n i f i e d  r e i n f o r c e d  concre te  s t r u c t u r e .  The t u r b i n e s  which d r i v e  .. 

t h e  fans r e s t  on foundat ions  on t h e  f l o o r  area w i t h i n  t h e  pe r ime te r  o f  t h e  

p i  1  l a r  system. To f u l  f i  11 s t r i n g e n t  r e s ' i d e n t i a l  n o i s e  l e v e l  r e g u l a t i o n s ,  

baff1.e wal ls '  have been e rec ted  which a c o u s t i c a l l y  screen t h e  space below 

the  p l a t f o r m  f rom t h e  environment. '  , . 

I n  t h e  d r y  c o o l i n g  equipment, t h e  i n l e t  p ressure  o f  steam i s  about 

240 p s i a  i n  t h e  h i gh  p ressure  s e c t i o n  and about 35 p s i a  i n  t h e  low pressure  

sec t i on .  Both sec t i ons  a r e  f i n a l ' l y  depressur ized  t o  a  common o u t l e t  

press'ure o f  approx imate ly  5 ps ia .  The . d e t a i l s  o f  t h e  d r y  c o o l i n g  system 

a r e  1: isted i n  Table 6.9-1. 'Since t h e  U n i v e r s i t y  has been occupied, t h e  

l o a d  on t h e  d r y .  c o o l i n g  equipment d u r i n g  w i n t e r  week days . i s  a lmost  

n e g l i g i b l e .  The l o a d  r i s e s  t o  t he  des ign va lue  on w i n t e r  weekends and 

d u r i n g  t h e  summer. 

6.9.2 Water Q u a l i t y  and I n t e r n a l  c o r r o s i o n  
.:. L . ': . 

* ; ' : .  -aFor 'natura l  c i r c u l a t i o n  b o i l e r s  w i t h  a  re1  a t i  v e l y  ' low s p e c i f i c .  hea t  

r e l ease  t o .  t h e ' r a d i a n t  hea t  exchanger sur faces,  a  r e l a t i v e l y  s imp le  wate r  

t rea tment  u n i t  has been i n s t a l l e d .  About 90 t l d a y  o f  makeup wate r  must be 

processed. One l a b o r a t o r y  a s s i s t a n t  i s  i n  charge o f  t he  u n i t  and per forms 

an a n a l y s i s  once a  day. Hydraz ine i s  added t o  c o n t r o l  oxygen con ten t .  A 

t y p i c a l  condensate a.na lys is  i s  : 
! 

0 ,  

.l.i ,pH, . ! 10.9 
: $&pj.,ates .. . 10 mgla 

hyd raz i  ne 0.4 mgla 

~e"' 0.26 mgla 
++ 

. Cu 0.013 mgla 

s i l i c a t e s  . .,.. . . 
34.6 mg/a 

p-a'l k a l  i tj 
> .  a , :  . , .. 

100' mg/a as CaC03 
. . . . 

m-a1 k a l  i n i  ty  
,,.: -.., . z  ' . _ I . -  : '  . ,  . 

r e s i d u a l  ' h'ardness 

1  30 mg/ a  as CaC03 

n ' e g l i g i b l e  



TABLE 6.9-1. C i t y  o f  Bremen Waste-Burning.Plant 
Dry Cool ing Equipment D e t a i l s  , .  . 

Year o f  commission: 1968 
GEA d i r e c t  condensing w i t h  f o r c e d .  . . Dry Cool i ng equi pment : . 
d r a f t  

. . 
M a t e r i a l  : + .  . .. . , , "ga lvan ized c i r c u l a r  s t e e l  tube 30 mm 

OD w i t h  10 mm s t e e l  f i n s '  broad wound,' 
a t  11 f i n s / i n .  

Tube arrangement: 6 0 ° d e l t a  , 

9.6 m Tube l eng th :  

Tube l aye rs  3 staggered . . 

Design ambient a i r  
temperature : 

. Sections': h i  gh pressure - 1  ow pressure 

8 .8 Number o f  modules: 

Number o f  condenser modules : 8 6 

Number o f  Dephlagmator . . 
modules : 

Design heat  r e j e c t i o n  
capa'ci t y :  

Steam mass f l ow :  82 t / h  28 t / h  

Number o f  fans ( t u r b i n e  
d r i v e n )  : ' 6  

Fan diameter : 3.55 m 

Fan speed: 322 rpm 

T o t a l  fan  power: ' . '  210 kW t 

A i  r f l o w  r e g u l a t i o n :  v a r i a t i o n  o f  f a n  b lade angle ( s e t  w i t h  
. f an  a t  r e s t ) ,  l i m i t e d  range v a r i a b l e  
spepd 

. .  . 
Louvers : none 

. . 

Wind s h i e l d :  .Yes 

I n  t h e  i n i t i a l  stages o f  p l a n t  l i f e ,  i n t e r n a l  co r ros ion  was observed, 

e s p e c i a l l y  i n  t h e  b o i l e r  r e g i o n  where two-phase f l o w  ex i s ted .  A d d i t i o n  o f  

L i v o x i n  has stopped t h i s  cor ros ion .  Apar t  f rom t h i s  i n c i d e n t ,  no i n t e r n a l  



. . 
c o r r o s i o n  has- been dbserved. Care fu l  s c r u t i n y  d u r i n g  annual ma in tenance  : '  

. . 
( 2  weeks d u r i n g  t he  summer) i s  devoted t o  t h i s  problem. . . 

6.9.3 A i  r -S ide  Cor ros ion  and Foul i n g  

The environment around t he  p l a n t  a t  Bremen corresponds t o  t h a t  of an 

urban green r e s i d e n t i a l  area. No a i r - s i d e  c o r r o s i o n  has been observed t o  

date.  

I n  a d d i t i o n  t o  t h e  acous t i c  b a f f l e s ,  t h e  c o o l i n g  d e l t a  i s  enc losed by 

a  r e l a t i v e l y  h i g h  w ind  s h i e l d .  These two f a c t o r s  m igh t  e x p l a i n  t he  su r -  

p r i s i n g ' f & t  t h a t ,  d u r i n g  t he  l a s t  7 years  o f  ope ra t i on ,  no f o u l i n g  has 
1 *  . . . . % ,  , . 

taken pl 'ace and no ' c l e a n i n g  o p e r a t i  on has been r e q u i  red. 
, !. ' ! . . 

6.9..4. ? ~ r e e z i  ng Experience 

Freez ing i n c i d e n t s  were encountered o n l y  i n  t h e  f i  r s t  w i n t e r  o f  opera- 

t i o n .  : ;This. can  be a t t r i b u t e d  t o  inadequate exper ience o f  t he  p, lant  ope ra t i ng .  

personneil ; I n t e n s i v e  t r a i n i n g  s t r a t e g i e s  for f r e e z i n g  weather have been 

conducted s i nce  then. The 'va lves 1eadi.ng t o  and f rom the  equipment, as we l l ,  . . 

as t h e  d r a i n  va lves and a i r  vents,  have been rep laced  by remote ly  operated 

dev i  c,es . , 
. . .  .. 

A  r e g u l a r  2-week p r e v e n t i v e  maintenance stoppage i s  planned every year .  
; . < .  

A l l  gear 'box  l u b r i c a t i n g  o i l  i s  renewed t w i c e  a  yea r .  No se r i ous  f a i l u r e s  

r e s u l t i n g  i n  ' p l a n t  shutdown have been repor ted .  
.:_ . . . . 
.'f . : 

6  - 9  6 , a  god es pnd- .$ndard.? 
S t r i n g e n t  r e g u l a t i o n s  p e r t i n e n t  t o  a i r  q u a l i t y  and no i se  emiss ion have 

had t o  be.met .. . because t h e  p l a n t  i s  s i t e d  i n  a  predominant ly  r e s i d e n t i a l  area. 

6.9.7 Concluding Remarks - 
.. . 

~ ~ i ~ u s ~ l l e r . i  c e , r rec . t s  d i d  espec ia l  l y  r e c i  r e u l a t i o n  e f f e c t s  have n o t  bccn 
. . .  6  

observed. The c o s t  DM 45 x  10 i n  1967-1 968. The s a l e  o f  sc rap  and s l a g  
. .  . . 

m a t e r i a l  f o r  c o n s t r u c t i o n  pu'rposes' was adequate t o  pay f o r  personnel and run- 

n i n g  t b s t i . ,  The u t i  1  i l a t i o n  o f  hea t  has now opened up t h e  poss i  b i  1  i ty  o f  
.. : 

earn ings  on ' t h e  ' c a p i t a l  investment .  



6.10 DRY COOLING E.QUIPMENT AT THE BENZENE REFINERY REDESTILLATIONS- . . 
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GEMEINSCHAFT, GELSENKI RCHEN , GERMANY 
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Date o f  V i s i t :  October 7, 1975 . - .- 
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D r .  .Tref fny,  Di r e c t o r  
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Simhan-BF 

6.10..1 ~ e n e r a l  Remarks 

The p l a n t  a t  t ie lsenki rchen was se lec ted  f o r  assessment f o r  one main 

reason. This  was the  o n l y  p l a n t  which, according t o ,  the equipment survey i n  

Phase I, d e a l t  w i t h  the  condensation o f  a n e a r l y  pure s i n g l e  phase, s i n g l e  

component, o rgan ic  vapor (benzene) i n  d ry  cool i ng equi.p'ment.. Moreover, the 

design ,heat ' r e j e c t i o n  capac i ty  and the m e r i t  index were hi*gh enough . t o  

j u s t i , f y  ' i n c l u s i o n .  The q u a l i t y  o f  the.,discussion, and t h e . f a c t  t h a t  t h i s  

p l a n t  o f fe ' rs  the  possi  b i  1 i t y  o f  a comparison. between wet coo l i ng  equipment 

and d ry  cool  i ng equipment designed t o  accompl i s h  i d e n t i c a l  thermodynamic 

tasks have amply j u s t i f i e d  the  choice. 

This  p l a n t  i s  a j o i n t  venture o f  a vo lun ta ry  union o f  a l l  West German 

coker ies f o r  the  r e d i s t i l l a t i o n  o f  the impure benzene output  0f . thes.e 

coker ies.  The benzene i s ,  a f r a c t i o n  o f  the  condensate o f  the v o l a t i  l e s  

drive! o u t  dur ing the  cok ing  process. K e d i s t i l l a t i o n  o f  the  impure benzene, 

which reaches t h e  p l a n t  v i a  a p i p e l i n e  g r i d  i n  l i q u i d  form, produces pure 

benzene (99.6 percent  p u r i t y  guaranteed) which i s  pumped through a p i p e l i n e  

t o  the  chemical p l a n t  a t  Marl-Huls where i t  i s  used as a base f o r  f u r t h e r  

synthesis .  The whole process i s  automated. 

The dry ;ool'ing equipment reviewed here condenses the  r e d i s t i  1 l e d  ' 

benzene vapor. Sa tu ra t i on  temperatures vary between 95°F and 160°F and 

correspond t o  the  temperature v a r l a t l o n  o f  the ambient a1 r .  As d i  r. .flow 

r a t e  through the d r y  c o o l i n g  equipment i s  kept  n e a r l y  constant,  s a t u r a t i o n  

cond i t ions .  i n  t he  condenser a re  a f u n c t i o n  o f  c o o l i n g , a i r  parameters. TO 

compensate these v a r i  ati,ons , 3 vary ing ,  f r a c t i o n  of t h e  condensate l e a v i n g  

the  condenser i s  subcooled. By the  mix ing  o f  t h e  h o t  condensate w i t h  the 



subcooled f r a c t i o n ,  a subcooled condensate of constant  temperature i s  

obtained. The heat  exchanger equipment f o r  subcool ing i s  a l so  a d ry  system 

and the  corresponding modules have been accommodated i n  the  condenser de l tas .  

S i g n i f i c a n t  data desc r ib ing  the  d ry  coo l i ng  equipment a re  g iven i n  

Table 6.10-1. 

TABLE 6.10-1. Gelsenki rchen P l a n t  Dry cool  i n g  ~ q u i  pment Detai  1s 

Year o f  commission: 1957, 

Type o f  c o o l i n g  equipment: GEA d i r e c t  condensing w i t h  forced d r a f t  

Medium condensed: benzene 

' Ma te r i a l  : galvanized e l  l i p t i c a l  s t e e l  tube w i t h  
s t e e l  f i n s  ' .  

. . 

, .~ube length :  6 m 

Tube arrangement: 2 de l tas  on d i f f e r e n t  s t ruc tu res ,  (a)  in 
the  form o f  an isosce les  t r i a n g l e  w i t h  
55" base angle 

' fube .l ayers : 

Number o f  modules: 

3 staggered - . 

20/del t a  

Number o f  condenser modules : 20/del t a  

Number o f  Dephlagmator 
modules : - - 

. . 
'Heat r e j e c t i o n  capac i ty  : 40 x l o 6  Btu/h/del t a  

Design mass f l o w  o f  
condensi ng vapor: 125 t / h  

.,: Design vapor cond i t i ons :  15 ps ia  a t  130°F 

:, . .Ambient a i r  temperature:. 60°F 

Number o f  fans:  2/del t a  

Fan diameter : .4.7 m 

Fan speed: 142 rpm, two'speeds w i t h  po le  v a r i a t i o n  . . 

. . 
28 kW/fan ' Fan power: 

Louvers : none 

Wind s h i e l d s :  none . . 

( a )  I n  1962 the ou tput  . o f  the  impure benzene doubled, as d i d  the  demand f o r  . . 

the  pure r e d i s t i  1 l e d  condensate. Hence, i n  a d d i t i o n  t o  the  c o o l i n g  ,equip- 
ment commlssioned i n  1957, a second i d e n t i c a l .  u n i t  was then p u t  i n t o  oper- 
a t i on .  This  u n i t ,  w i t h  i t s  d e l t a  a x i s  runn ing  i n  the  NW-SE d i r e c t i o n ,  was 
placed perpendi cu l  a r  t o  the  e x i s t i n g  u n i t .  



. . 
,!! " . ., :: . .. . 6.10.2 I n t e r n a l  c o r r o s i o n  and Foul i n 9  . . :  

... . . . . . .  '. . , '  . . . ~ .  . . . , .. : . i::.: :' : 

The . % .  con,densing . . benzene vapors i n e v i t a b l y  ca r r y  water ,  vapor and . . wa te r ,  . I.; .- ,. . . 

d r o p l e t s  w i t h  a  t o t a l  mass f r a c t i o n  o f  0.05. Th is  wate r  i n  con junc t i on  w i t h  

r e s i d u a l  s u l f u r  d&i vates c a n  r e s u l t  i n  ve ry  se r i ous  i n t e r n a l  cbrro;ion. 
. . 

Res idual  ammonia compounds t o g e t h e r  w i t h  c h l o r i n e  compounds a l s o  hydro lyze '  :' - 
i n  t he  course o f  compl i ca ted  chemical cha in  reac t i ons .  The ammonia c h l o r i d e  

(NH4C1 ) :fd6m'& i s '  a l l 6  r e p o r t e d  t o  cause i n t e r n a l  c o r r o s i o n  i n c l  u d i n g  p i  t- 

t i n g  and p rog ress i ve  r e d u c t i o n  i n  w a l l  th i ckness .  These two- c o r r o s i o n  .., 

mekhari.isms ,.: wh ich a re .  we.1.l known., have been rendere'd i n e f f e c t i v e  a t  Gelsen- 

k i r c h e n  by t he  a p p l i c a t i o n  o f  an i n t e r n a l  c o r r o s i o n - r e s i s t a n t  p a i n t ,  

the rma l l y .hardened a t  220°F. Th i s  c o a t i n g  was a p p l i e d  a f t e r  ga l van i za t i on .  

C u r r e n t l y ,  t h i s  i n t e r n a l  c o a t i n g  i s  be ing  rep1 aced w i t h  spec ia l  PVC-material 

sprayed, on. I n t e r n a l  f o u l i n g  has been a  se r i ous  problem and t he  depos i t s ,  . . .  I..!,,:... . 

ait'hougli .,, ,-> f:{bui: .,.... .... .$tabl,e ... !. , ;'have I ;. reduced , the  hea t  exchange capaci  ky t o  abou t  
. 

65 p e r c e n t  o f  t h e  des ign value. By co inc idence  t h e  demand f o r  benzene has 

a1 so decreased cor respond ing ly  and t h e r e f o r e  p l a n t  o u t p u t  i s  s a t i s f a c t o r y .  

Ex te rna l  Cor ros ion  . . 

S i g n i f i c a n t  d e t e r i o r a t i o n  o f  t h e  ga l van i z i r l g  l a y e r  has &ken p lace  i n  

t h e  l a s t  18 years  o f  o p e r a t i o n  as a  r e s u l t  o f  t he  g e n e r a l l y  poor  a i r  q u a l i t y  

i n  t h e  i n d u s t r i  a1 environment.  around t he  p l  ant .  I n v e s t i g a t i o n s  have shown 

l o c a l  c o r r o s i o n  o f  atjout 75 percer l t  u f  Lt~e  or. iy- i  na l  50 pm z i n c  l a y e r .  A i r -  

s i d e  c o r r o s i o n  i n  t h e  subcoo l ing  hea t  exchanger i s  more seve ie  t h i n  i n  t he  

condenser. Th i s  i s  a t t r i b u t e d  t o  t h e  r e l a t i v e l y  lower  ope ra t i ng  temperatures. 

However, e x t e r n a l  corrosion has n u t  1  i i 1 1  i Led Llw ccjol i ng fu 'net ion o r  ope ra t i on  

o f  t h e  p l a n t .  . I 

. . .  

A i  r - s i d e  sur faces  requ i  r e  c l e a n i n g  . 3  t imes a  year .  The dep0s.i t on' t h e  

sur faces  and i n  t h e  f i n  i n t e r s t i c e s  i s  ma in l y  coal  dus t  and soot ;  .Depos i ts  ' 

grow up t o  an equ i  1  i br ium th ickness .  The s t a t e  o f  e q u i l i b r i u m  may b e  . 

a t t r i b u t e d  t o  t h e  f a c t  t h a t ,  w i t h  growing th ickness ,  t he  l o c a l  a i r  veloc.ity...- . - 
. . . . \  

i n  t h g  i i t e : r%t i ' ces  . . .. . , . .  a l s o  . i n c r ~ a s 6 ~  t o  a  p o i n t  where f u r t h e r  s e t t l i n g  o i  . I  

m a t e r i a i  i s  discouraged. T rea ted  wate r  w i t h  a  t o t a l  head o f  a b o u t .  750 p s i a  . . . ,  

i i l u S / d '  for sprdj;i ng. 
. *  

Two no221 e" forms have been developed. One . . i s  a 
" 



converg ing noaz le  o f  c i r c u l a r  cross sec t i on .  The o t h e r  i s  a  nozz le  w i t h  . . .  
. . . . .  . . :  

a narrow.. r e c t a n g u l a r  e x i t  cr0s.s s e c t i o n  ,developed f rom a  c i  r c u l  a r  cross . , " . . . ,  
. . 

sec t i on .  . The d e l t a s  .are equipped w i t h  moving g a l l e r i e s  ,., . .  t o  f a c i l i t a t e  . . 

t h e  c l ean ing  ope ra t i on .  Each c l ean ing  o p e r a t i o n  i n v o l v e s  a  t o t a l  o f  f o u r  

man-days and i s  c a r r i e d  ' ou t  r o u t i n e l y  by i n s k i l l e d  s h i f t  personnel.  

6.10.5 Freez ing Exper ience 
. . 

Freezing, o f  benzene i n  t he  c o o l i n g  tubes , i s  a  nuisance r a t h e r  than a  

ca lami . t y~ .bec .~use  . . benzene,con t rac ts  ;.., d . . upon f r e e z i n g .  However, t h e  tub&< become 
. .  . , 

blocked.!.. Th i s  ., .. problem was common . . i n  t h e  e a r l y  l i f e  o f  the '  . :  p l a n t ,  e s p e c i a l l y  

durin.g, . . .  equipment . . s t a r t u p  and shutdown i n  ex t reme ly  c o l d  w i n t e r s .  Temper- 
.. . 

a t u r e  sensors have now been mounted t o  measure a i r  temperature,  and, d u r i n g  

f r e e z i n g  weather, cor responding s t r a t e g i e s  can then  be adopted. These 

i n c l u d e  f an  speed r e g u l a t i o n ,  p e r i o d i c  swi t c h i n g - i n  o f  fans and u l t i m a t e l y  

cove r i ng  ,up t h e  a i r - s i d e  sur faces  w i t h  sheet  meta l  screens. 

6.10.6 Repa i r  and ~ a i n t e n a n c e  

I n  t h e  l a s t  18 years  ma jo r  r e p a i r s  have been necessary o n l y  t w i c e  and 

were assoc ia ted  w i t h  gear box damage. The r e p a i r ,  i n c l u d i n g  d i s m a n t l i n g  

and r e f i t t i n g ,  r e q u i r e s  about n i n e  man-days. Apa r t  f rom these two i n c i -  

dents which caused a  50 pe rcen t  decrease i n  benzene ou tpu t ,  no o t h e r  t r o u b l e  

has been exper ienced. 

P reven t i ve  maintenance i s  p a r t  o f  t he  r o u t i n e  work o f  day s h i f t  pe r -  

sonnel.  A  major  overhaul  i s  c a r r i e d  o u t  once every 4 years .  Th is  extends 

ove r  a  maximum p e r i o d  of 3 weeks, which i s  s t r i c t l y  scheduled. No c o s t  

f i g u r e s  a r e  a v a i l a b l e .  

6.10.7 Wind and R e c i r c u l a t i o n  E f f e c t s  

The f i r s t  u n i t  was markedly i n f l u e n c e d  by wind v e l o c i t y  and w ind  

d i r e c t i o n .  S ince t h e  e r e c t i o n  of t h e  second u n i t  w i t h  a  s i t i n g  geometry 

pe rpend i cu la r  t o  t h a t  o f  t h e  f i r s t ,  these i n f l u e n c e s  have been reduced t o  

a minimum. 

R e c i r c u l a t i o n  e f f e c t s  a r e  a l s o  absent on these u n i t s .  The d e l t a s  r e s t  

on a  massive concre te  p l a t f o r m  suppor ted by concre te  p i l l a r s .  The fans w i t h  



i n t e g r a t e d  i o t o r s  and gear boxes a r e  a l s o  supported by t h e  p la t fo rm.  The 

subcool i n g  equipment i n  t h e  form o f  v e r t i c a l  modules' occupies the  long s ides 

of t h e  rec tang le  formed by t h e  p i l l a r  s t ruc tu re ,  p rov id ing  l o n g i t u d i n a l  

w a l l s  h a l f  t h e  he igh t  o f  t h e  de l tas .  This  arrangement cou ld  be reason f o r  

t h e  absence o f  r e c i r c u l a t i . o n  e f f e c t s .  

6.10.8 Codes and Standards 

process equipmerit f o r  pressures '1 10 p s i a  a r e  n o t  governed by any 

pressure codes. The p l a n t  i t s e l f  has s e t  up s tandard i za t i on  r u l e s  and a l l  
. . 

equipment . conforms . t o  these. Fan no ise  l e v e l s  have. had t o  be .below the  

vh l  ucs p r c s c r i  bcd by corresponding urban ( ~ t c h n i  schc Anwci su,ngenLuf t )  codes .' 
. , 

6.10.9 Concluding Remarks 

A  'comparison has been. made between wet and dry '  coo l  i n g  , cos ts  . f o r  two 

u n i t s  w i t h  i d e n t i c a l  thermodynamics opera t ing  i n  t h i s  p l a n t .  The r e s u l t s  

o f  t h i s  comparison have been pub1 i shed (Reference 18).  



6.11 DRY COOLING EQUIPMENT AT THE ERDOL CHEMIE PLANT, 

DORMAGEN , GERMANY 

Date o f ' v i s i t :  October 5, 1975 

P a r t i c i p a n t s  i n  t h e  Discuss ion:  . .  

Dip1 . -1,ng. Krupp,. *Power P l a n t  Manager. . , I  

D i p l  . - Ing.  .Heger, Deputy Manager 
. . 
Simhan-BF 

6.11.1 - .General Remarks 
. : .  . . . .. 

The pet rochemica l  p l a n t  Erdo l  Chemie i s  j o i n t l y  owned by B r i t i s h  P e t r o l  

and Bayer and i s  s i t e d  a t  Dormagen, a m a l l  town on t h e  western bank o f  t he  
. . 

Rhine about 20 km n o r t h  o f  Cologne. The p l a n t  d e l i v e r s  bas i c  o rgan i c  

m a t e r i a l  o f  pet rochemica l  o r i g i n  t o  Bayer as p r i m a r i e s  f o r  t h e i r  own produc- 

t i o n ,  and has much t h e  same p l a n t . s t r u c t u r e  as t h a t  o f  P o r t  Jer6me. B o i l e r s  

w i t h  a  t o t a l  steam c a p a c i t y  o f  about  5 j 0  t / h  were e rec ted  i n  severa l  phases. 

The steam produced f u l f i l l s  t h e  two f u n c t i o n s  o f  process steam and power' 

generat ion.  The p l a n t  power o u t p u t  capaci ty  i s  120 ' M ~ e l ' . '  

Steam c o n d i t i o n s a  a t  t he  o u t l e t  o f  t h e  d i f f e r e n t  b o i l e r  u n i t s  d i f f e r  

f rom each o the r .  A f t e r  p roduc ing  e l e c t r i c a l  energy i n  back p ressure  t u rb i nes ,  

t h e  steam i s  f e d  i n t o  t h e  process steam g r i d  a t  p ressure  l e v e l s  o f  900, 

450, 240 and 90 p s i a .  The d r y  c o o l i n g  equipment under d i scuss ion  handles 

t he  exhaust steam o f  a  condensing t u r b i n e  w i t h  10.3-MWe c a p a c i t y  o p e r a t i n g  

w i t h  i n l e t  steam f rom the  90-ps ia  steam l i n e .  Th i s  t u r b i n e  w i t h  t he  cor -  

responding d r y  c o o l i n g  equipment w e n t ' i n t o  ope ra t i on  i n  1964. I n  s p i t e  o f  

t h e  r a t h e r  low vacuum (dcs ign  1.8 ps ia ,  summer maximum 5.25 p s i a )  f u e l  

p r i c e s  a1 lowed ecoliomic iti 1 i z a t i o n  o f  t h i s  t u r b i n e  f o r  e l e c t r i c  power 

p roduc t i on  u n t i  1  1973. S ince then, however, i n c r e a s i n g  o i  1  p r i c e s  and 

inc reas . ing  process steam demands have p e r m i t t e d  t u r b i n e  o p e r a t i o n  o n l y  i n  

w i n t e r  on days when t he  dem,and f o r  process steam i s  reduced. . . 

The :  reason f o r  adop t ing  d r y  coo l  i n g  was t he .  exhaus t ion  of ava i  l ab1  e  f r e s h  

wate r :  resources,  which a r e  u t , i  1  i z e d  m a i n l y  f o r  process coo'l i n g  water,  and. t h e .  

h i g h  cos't i  of :  an evapo ra t i ve  system t o  p rov ide  c o o l i n g  i n  t h e  power genera- 

t i ' on  sec to r .  . . 



,Table 6.1 1-1. g ives  the  d e t a i  1s o f  the  d ry  c o o l i n g  equipment. 
. . 

TABLE 6.11-1. Erdo l  Ghemie P l a n t  Dry Cool ing Equipment D e t a i l s  

Year o f  commission: 1964 

Type o f  d ry  cool i n g  equipment: GEA d i r e c t  condensing w i t h  . fo rced . . ' 

. %  . ~....,, ... a ,  . %. .,>. d r a f t  %.. ,.. +,. ,.:. , , 

Mater i  a1 : galvanized e l l i p t i c  s t e e l  tube w i t h  
s t e e l  f i n s  . -. . 

Tube arrangement: 2  para1 l e l  de l tas  i n  t he  form. o f  an 
isosce les  t r i a n g l e  w i t h  70" base angle 

. . 
Tube length :  7 m 

Tube layers :  5 staggered 

Design ambient a i r  
temperature: , 6 0 ° F  

Number o f  modules: 24/del t a  

Number o f  p a r a l l e l  f l o w  
modules : 16/del t a  

Number o f  Dephl agmator 
modul es : 8/del  t a  

Design heat r e j e c t i o n  
capaci ty : 6  147 x  10 ~ t u / h / d e i t a  

Deslgn seeam condSeionsm: 1.8 p s i a ;  136'p, )3 percent  moisture 

Steam mass f l o w :  75 t / h  

Number Q f  fahs : 3/del t a  

Fan d l  ameter: 5 m 

Fan speed: 167 rpm 

Fan power: 6  x  60 kW 

A i r  f l o w  r e g u l a t i o n :  two-speed fan  w i t h  p o l e  v a r i a t i o n  

Louvers : no 

Wind sh ie lds :  no 

The de l tas  a r e  mounted on a  s t e e l  s t r u c t u r e  on t h e  r o o f  o f  t h e  machl.ne 

house (F igu re  6.11-1 ) w i t h  the  a x i s  o f  the  de l tas  running i n  a  nor th-south 

d i  r e c t i o n .  Prevai 1  i n g  winds a r e  genera l l y  f rom the '  northwest.  ~ h e . c l e a r a n c e ,  

between the  fan b lade p lane and t h e  r o o f  o f  the  machine house averaged 

about 8  m, a l l o w i n g ' f o r  a  s l a n t i n g  roo f .  



6.11.2 Water Q u a l i t y  and In te rna l  Corrosion 

Regular inspect ion o f  the tubing a f t e r  every 8000 hours operation has 

no t  shown signs o f  i n t e rna l  corrosion, although the water analyses revealed 
+++ 

increasing Fe content. I n  any case, v ig i l ance  i n  t h i s  respect has been 

continuous. During the f i r s t  inspection, a deposi t  on the ins ide  o f  the 

cool ing tubes was recorded. Subsequent invest igat ions have shown t h a t  an 

equi 1 i b r i  um deposi t  thickness has been achieved. As a precaution, the 

dry coo l ing equipment i s  always he ld  under vacuum whenever i t  i s  ou t  o f  

service. De ta i l s  o f  a t yp i ca l  condensate analysis are: 

P H 
Conducti v i - ty  

N H ~ +  

hydrazi ne 



s i l i c a t e s  0.02 mg/a 

~e"' 0.01 - 0.02 mgla 

res idua l  hardness negl i g i  b l  e 

C02 negl i g i  b l  e 

O2 0.02 mgla 

organic matter  0.6 - 2 m g / ~  permanganate equivalent  

6.11 . 3  Ai r - S i  de Corrosion and Foul ing 

The environment a t  Dormagen has a l l  the charac te r i s t i cs  found a t  a 

petrochemical p l a n t  inc lud ing  h igh SO2, dust and organic mater ia l  concen- 

t r a t i ons ,  It was mentinned t h a t  a number o f  modules s t i l l  w i t h i n  t tw 

6-month guarantee per iod had shown an undue de te r io ra t ion  o f  a i r - s i de  sur- 

face qua l i t y .  These modules then received a new galvanized coating. Since 

then, the surface qua1 i ty has undergone corrosion corresponding t o  the 

environmental condit ions, P lan t  managem~nt fee ls  t h a t  the r a t e  o f  dc tc r io -  

a t i o n  i s  acceptable and i n  no way alarming. 

A i  r - s ide  foul i n g  i s  a problem o f  considerable importance, espec ia l ly  

because o f  the comparatively la rge  number o f  staggered tube layers. Clean- 

i n g  o f  the a i r  surfaces i s  done a t  l e a s t  twice a year. Moving ga l l e r i es  

have been erected on the de l tas  f o r  t h i s  purpose. Each cleaning campaign 

involves 36 man-days. Using raw water, 90-psla j e t s  are d i rec ted  against 

the  modules from the i ns i de  as wel l  as from the outside. Repeated j e t  

ac t ion  i s  necessary t o  ge t  r i d  o f  the o i l  f i l m  which acts as a bonding agent 

f o r  the dust. The o i l  o r ig ina tes  from the fan l u b r i c a t i o n  system. A 

s o l u t i o n  t o  the problem o f  reducing the o i l  carryover has no t  y e t  been 

found. 

6.11.4 Seasonal In f luence on Operation 

Because o f  the open a i r  construct ion and the strong rad ia t i on  of the 

roof ,  the dry  coo l ing equipment i s  d i f f i c u l t  t o  operate i n  summer. The 

vacuum decreases rap id ly .  I n t e rna l  controls,  i nc lud ing  t h r o t t l i n g  of the 

steam f l ow  t o  the equipment, assure t h a t  the vacuum decrease does no t  

exceed 5.25 psia. Rainy weather markedly improves operat ion vacuum w i t h  



gains up, t o  5 percent  having been recorded. R e c i r c u l a t i o n  e f f e c t s ,  which . . > : .  - . .  
. ,  . .  

p robably  e x i s t ,  have n o t  been i nves t i ga ted .  

6.11.5 Freezing Experience - ,  ... . . 

The f i r s t '  three '  years o f  w i n t e r -  ope ra t i on  were accompanied by . f r e e z i n g '  

i n c i d e n t s .  The experience gathered has been systematized and, i s  p a r t  of ;  ,, 

T 

. t he  m a t e r i a l  discussed i n  t h e  t r a i n i n g  o f  new personnel.  Since .then f reez-  -. 
i ng i n c i d e n t s  have 'ceased; 

: 

D.:y ,, . .  c o o l i n g  equipment, i s  ,taken o f f  1  i n e  when . the  . ambient a i r  temper- '. . 
a tu re  drops . . below 20°F. , I n  t h e  range between 20°F and 3Z°F, c a r e f u l  . 

s t r a t e g i e s  .. . have been developed t o  assure . f reeze- f ree opera t ion .  The fans 

are tu rned down and switche.d: on and o f f ,  accord ing t o  a  f i x e d  rhythm t o  . . 

ensure a  un i fo rm temperature over  a l l  t he  modules.. Temperatures f rom s i x  

thermocouples on a  c r i t i c a l  condenser module o f  bo th  d e l t a s  d isp layed on 

t h e  c o n t r o l  panel f a c i l i t a t e  ope ra t i on  du r i ng  f r e e z i n g  cond i t i ons .  
. - 

6.11 .6 ~ e p a i  r and ~ a i n t e n i n i i  
, '. . . . . 

.- , .. T h e  . p l a n t .  a t  Do~ryagen has had more than . i t s  . share. o f  unexpected r e p a i r  

problems connected most ly  w i t h  the  fans a n d g e a r  boxes. ~ h r i n g  the  f i r s t .  

3  years,  two o f  the  s i x  gear boxes had t o  be replaced, apparent ly  because 

o f  f a u l t y  gearing. The gear wheels were e v i d e n t l y  sub jec ted  t o  v i b r a t i o n  

o r i g i n a t i n g  f rom the  fan and t ransmi t t ed ' t h rough  the  sha f t s .  For  t h e  same 

reason, gear box bear ings f r e q u e n t l y  f a i l e d .  B e t t e r  v i b r a t i o n  i n s u l a t i o n  

o f  t h e  fan  assembly has reduced these problems. Dormagen was a l s o  the  o n l y  

p l a n t  which repo r ted  severa l  f a n  b lade f a i l u r e s .  The cause f o r  these f a i l u r e s  

c.ould bc t h e  r e l a t i v e l y  l a r g e  ,fari .d idlr~eter coupled w i t h  t he  v i b r a t i o n  exper- 

ience  du r i ng  the  i n i t i a l  stages o f  p l a n t  opera t ion .  

A1 though Dormagen was t h e  o n l y  p l a n t  w i t h  exac t  f i g u r e s  f o r  r e p a i r  
. and maintenance costs f o r  the power i n s t a l l a t i o n  as the  whole, an account ing 

o f  t h e  cos ts  s p e c i f i c  t o  t h e  d r y  c o o l i n g  equipment i s  n o t  c a r r i e d  ou t .  T h e '  

annual budget f o r  r e p a i r  and maintenance o f  t h e  whole p l a n t ,  exc lud ing  major  

overhaul ,  personnel and o t h e r  costs ,  amounts t o  DM 714,000.-. About 10 per-  

cen t  o f  t h i s  f i gu re  should cover t he  maintenance and r e p a i r  o f  t h e  d ry  



cool  i n g  equipment. A p reven t i ve  maintenance ph i  ldsophy i s  p rac t i ced .  
" 

Rout ine maintenance cons i s t s  o f  regu lar '  weekly inspect ion .  o f  th'e gear boxes, 

bear ings and fan blades. Twice a  year,  the  gear box l u b r i c a t i n g  o i l  i s  ' ' 

renewed. S h i f t  a t tendants  i nspec t  t he  d ry  c o o l i n g  equipment every 2 hours. 

6.11.7 Environmental Standards 

' u r b a n  regu la t i 6ns  r e q u i r e  B d e t e r m i n a t i o n  o f  no ise  l e v e l '  i n  t he  . ' . 

environment throughout t h e  p l a n t  s i t e  and the  con t r i bu t i ' on  o f  i n d i v i d u a l  

no ise  sources t o  t h i s  o v e r a l l  l e v e l .  The d ry  c o o l i n g  equipment fans are  

t h e  second loudest  c o n t r i b u t o r  t o  t he  general noise l e v e l .  The loudest  

c o n t r i b u t o r ,  however, had such a  s i g n i f i c a n t  i n f l u e n c e  on the  no ise  l e v e l  

t h a t  noise-reducing measures on t h i s  p iece  o f  equipment a1 one s u f f i c e d  

t o  meet general no ise  regu la t i ons .  

6.11 .8 Concl udi  ng Remarks 

The a v a i l a b i l i t y  o f  the  p l a n t  a t  Dormagen i s  99.5 percent.  The dry 

cool  i ng 'equipment does n o t  reduce t h i s  avai 1 abi  1 i t y  I n  any way. The d ry  
6 

c o o l i n g  equipment investment t o t a l l e d  DM 1.2 x  10 - i n  1964 and the  10.3-MWe 

condensi ng t u r b i n e  an< genarator  cos t  DM 1  .44 x  1  ob. 



6.12 . DRY COOLING EQUIPMENT AT THE WOOD PRODUCT WORKS, 
. - 

.. . , : .Date o f  V i s i t :  October 9, 1975 

P a r t i c i p a n t s  i n  t h e  Discuss ion:  

. 1.n g...Hoppe, Power P l a n t  Manager 

Si'mhan-BF 

6.12.1 General Remarks 

Probably  t h e  o l d e s t  e x i s t i n g  i n  Europe, t h i s  d r y  c o o l i n g  condenser was 

f i r s t  commissioned i n  1937. I t  served i n  a coa l  mine as p a r t  o f  t h e  equip- 

ment o f . ' a  smal l  power p l a n t  and must have been under cont inuous ope ra t i on  

u n t i l  t h e  e n d ' o f  World War I 1  i n  Europe. Whi le  t h e  h i s t o r y  o f  t h e  equip-  

ment d u r i n g  1945-1948 i s  unce r ta i n ,  i t  , i s  b e l i e v e d  t h a t  ,it was n o t  ope ra t i ng .  
. . 

E a r l y  i n  1949, t h e  owners bought t h i s  equipment f rom t h e  coal  mine 

and a t tached i t  t o  a condensing t u r b i n e  w i t h  m u l t i p l e  bleeds, which had 

been .. acqu i red  , . v f rom 'a d i f f e r e n t  source. S ince then, t h e  equipment has been 
. . 

under cons tan t  use. Thus, t he  d r y  c o o l i n g  equipment now be ing  descr ibed  

has p robab ly  t h e  most, c o l o r f u l  and q u a i n t  h i s t o r y  o f  any covered i n  t h i s  

r e p o r t .  

The works a t  Gute rs loh  r e q u i r e  a r e l a t i v e l y  l a r g e  f r a c t i o n  o f  t h e i r  

steam capac i t y  f o r  p rocess ing .  A n a t u r a l  c i r c u l a t i o n  b o i l e r ,  which burns 

t h e  wood res idue  o r i g i n a t i n g  f rom t h e  p roduc t i on  process (90  percen t  of 

t he  f u e l  requ i rement ) ,  produces 32 t / h  o f  steam a t  870 p s i a  and 9 6 0 0 ~  

superheat.  Th is  steam d r i v e s  a back p ressure  t u r b i n e ,  which generates 

1410 kWe, t h e r e a f t e r  exhaus t ing  steam a t  a pressure o f  275 p s i a  and a 

temperature o f  760°F. About 10 t / h  o f  t h e  exhaust  s.team a t  t h i s  p ressure  

l e v e l  i s  used as process steam. The r e s t  d r i v e s  a m u l t i p l e - b l e e d  cond.ensing 

t u r b i n e  gene ra t i ng  another  power increment  o f . 1 .2  MWe. The b leeds a t  these 

t h r e e  d i f f e r e n t  p ressure  l e v e l s  ,al'so serve process purposes, consuming about  

17 t / h  o f  steam. The exhaust -s team (maximum o f  5 t / h )  o f  t h e  t u r b i n e  i s  then 

condensed i n  t h e  d r y  c o o l i n g  equipment. The power produced s a t i s f i e s  a lmost  

50 pe rcen t  o f  p l a n t  needs. 
. . . . . . 

.. . .  The works a r e ,  s i  t u a t e d  i.n an i n d u s t r i a l  area o f  G i i te rs loh  which has 

beconle t he  c e n t e r  o f  t he  town a f t e r  post-wa.r expansion. The works consume 



about 150 t l d a y  o f  water  f o r  open cyc le  processes. This  water i s .  ex t rac ted  

e n t i  r e l y  from ground water  sources. The d ry  co6l . ing.  equipment acqui red  a t  

nominal c o s t  a1 lowed a smal l e r - s i z e d  water t reatment  un.i t, w i t h  corresponding. A 

savings, than would have been requ i red  f o r '  an evapora t ive  system. 

D e t a i l s  o f  t h e  d ry  c o o l i n g  equipment a re  summarized i n  Table 6.12-1. 
. ' 

TABLE 6.12-1. Guters loh Wood Product Works Dry Cool ing , . 
Equipment D e t a i . 1 ~  . . 

Ycar o f  commission: 

~ ~ p e  o f  cool i ng equi pment : 

, M a t e r i a l  : 

. . -  

Tube length :  

Tube arrangement: 

Tube l aye rs :  

Number o f  modules: 

Number o f  condenser modules: 

Maximum heat '  r e j e c t i o n  
capac i ty :  . . 

Maxi IIIUWI steam mass f l ow :  

M.inimum vacuum: . 

Number o f  fans : 

Far1 df ametcr: 

Fan speed: 

Fdn power: 

1937 (recommi ss i oned 1949) 

Happel System ( fo re runner  o f  GEA) 
d i r e c t  condensing u n i t  w i t h  fo rced 
d r a f t  

Happel Sys tem 
galvanized e l l i p t i c a l  s t e e l  tube and 
s t e e l  f i n s  

3.06 m 

45" d e l t a  e rec ted  on s t e e l  s t r u c t u r e  . 

2 staggered 

8 

2 (be1 t d r i ven )  

3.. 5 m 

142 rpm ( o n l y  one speed) 

Louvers : yes, hand operated b u t  now 
dismantled . 

wind sh ie lds :  110 

Water Qua1 i ty  and I n t e r n a l  Corro'sion 

The r e l ' a t i v e l y  h igh  o u t l e t  steam temperatures I n  the  b o i l e r  requ i red  

i n s t a l  1  at . i  on o f  an 'ex tens ive  water  t reatment  p l a n t  i n c l  uding anion exchanger, . I 



c a t i o n  exchanger, degassing equipment and an a c t i v e  charcoal  f i l t e r .  , . .. 
. . .  , ,, i . ,-: 

Feed wa te r  qua1.i ty  ' i s  high. as' shown by t he  f o l l o w i n g  t y p i c a l  a n a l y s i s  : 
. . d .  

... ... .. - P H  i i , : .  

. p-a1 k a l  i n i  ty. 105 mgla as CaC03 _. . .. 
7 .  . . 

11 0  mg/a as CaC03 m-a1 k a l  i n i  ty  . .  . 

phosphates 
. * _ . "  . . .  

2-3 mgla . . 

r e s i d u a l  hardness negl  i g i  b l  e  * ;i.. . . 

61- .. - 10 mgla 

0.1 mgla s i l i c a t e s  

I n t e r n a l  c o r r o s i o n  o r  f o u l i n g  has n o t  been observed. 

6.12.3 , ~i ;-side Cor ros ion  and Foul i n g  
, . . . .  

Personal i n s p e c t i o n  revea led  t h e  q u a l i t y  o f  t h e  g a l v a n i z a t i o n  on t he  . . . . 

a i r - s i d e  sur faces  t o  be amazingly s a t i s f a c t o r y  d e s p i t e  the  age o f  t h e  equip- 

ment. However, patches o f  r u s t  a r e  e v i d e n t  e s p e c i a l l y  on those spots  where' 

t he  acddl?Ag f i n s '  we re  i i s  t r e a t e d  through care1 essness. The p l a n t  manager 

repor ted :  t h a t  a  c o r r o s i o n  equi  1  i b r i  um has been reached and no problems: w i t h  

regar t i  t o  a:i r - s i de '  c o r r o s i o n  - e x i s t .  . . 
. , 

A i r - s i d e  f o u l i n g  c o n s i s t s  ma in l y  o f  sawdust. Once a  week, compressed 

a i r  (60  p s i a )  i s  used t o  c l ean  t h e  sur faces,  r e q u i r i n g  f o u r  man-hours. 

6.12.4 Freez ing  Experience 

Since 1949, on1.y two f r e e z i n g  i n c i d c n t s  have been repor ted .  The 

c o o l i n g  tubes e s p e c i a l l y  prone t o  f r e e z i n g  were those s i t u a t e d  between t h e  

hinges o f  t he  louvers ,  which, when open, u s u a l l y  s tood  i n  a  v e r t i c a l  p lane  

pe rpend i cu la r  t o  t h e  d e l t a  s ides .  The l ouve rs  have s i n c e  been d ismant led.  

Dur ing  extreme f r e e z i n g  weather, wooden boards a re  clamped t i g h t l y  t o  t h e  

d e l t a  sur faces .  The s h i f t  a t t endan t  adopts a  s u i t a b l e  procedure manual ly  

#+ 
and ma in ta i ns  s u r v e i  11 ante o f  c o o l i n g  tube tenlperatures . The d r y  coo l  i ng 

equipment has never  been o u t  o f  se rv i ce .  



: .  
6.12.5 .Rec i rcu la t ion ,  Wind, and Seasonal E f f e c t s  

' . .  

R e c i r c u l a t i o n  has been observed a l though n o t  i n v e s t i g a t e d  quant i t 'a-  

t i v e l y .  Indeed, r e c i r c u l a t i o n  i s  welcomed du r ing  w in te r .  The cool  i n g  egui p- 

ment i s  completely surrounded by t a l l  e r  s t ruc tu res .  Hence, wind e f f e l t s  a r e  
. . 

p a r t i  c u l  a r l y  negl i g i  b l  e. 

Ttie d i f f e r e n c e  i n  ob ta inab le  vacuum between summer and w i n t e r  .oper- 

a t i o n  i s  about 10 percent  ( w i n t e r  95 percent,  summer ,85 percent ) .  As' soon 

as the vacuum c l imbs over  95 percent,  t he  e n t r y  va lve  t o  the t u r b i n e  jams 

shut.  

6.12.6 Maintenance and Repair 

The power p l a n t  undergoes a  general i nspec t i on  once a  year.. The 

i n s p e c t i o n  co inc i  des w i t h  the  annual 3-week summer vacat i  on. Approxi - 
mately  two man-days are  devoted t o  the  d ry  c o o l i n g  equipment. Weekly 

r o u t i n e  c lean ing  and checks r e q u i r e  about one man-day O f  labur..  

6.12.7 Concluding Remarks 

The power p l a n t  a t  G i t e r s l o h  and e s p e c i a l l y  the  d ry  c o o l i n g  equipment 

i s  . reminiscent  o f  an o ld - t ime steam locomotive and. the  s l  i g h t l y  eccen t r i c  

d r i v e r  who tends i t  w i t h  s i l e n t  passion. Add i t i ona l  f n f o r ~ ~ ~ a t i o n  regarding . 

the Guters loh f a c i l i t y  may be found i n  Reference 19. 
. , 



6.13 DRY COOLING EQUIPMENT I N  THE SHELL REFINERY, 

GODORT, GERMANY 

.... Date o f  V i s j  t: October.  10, 1975 

P a r t i c i p a n t s  i n  t h e  Discuss ion:  

4 
Dip1 . -1ng. Kuhne 

6.13.1 General   em arks 

A r e f i n e r y  , o r i g i n a l  l y  s i t u a t e d  i n  Hamburg, was o r i g i n a l  l y  chosen 

f o r  two reasons. F i r s t ,  i t  was be1 i eved  t h a t  t h e  o p e r a t i n g  exper ience of  

a r e f i n i n g  p lan t ,  w i t h  d r y  c o o l i n g  equipment 'would be o f  genera l  i n t e r e s t .  

Second, t h e  process gas and wate r  co'olers r a t e d  h i g h  on t h e  m e r i t  index.  

S h e l l  requested t h a t  t h e  v i s i t  be s h i f t e d  t o  Godort, where d r y  c o o l i n g  

equipment o f  a lmost  t he  same s p e c i f i c a t i o n s  e x i s t e d .  

6.1 3.2 Process Gas Condenser 

Th i s  c o o l e r  handles a condensing m i x t u r e  o f  hydrocarbons a t  a p ressure  

o f  420 p s i a  and a temperature o f  500°F. The heat  r e j e c t i o n  c a p a c i t y  i s  
6 80 x 10 Btu/h and t he  mass f l o w  through t h e ' c o o l e r  i s  180 t / h .  A t  an 

ambient a i r  temperature o f  105"F, t h e  incoming s ing le-phase gas leaves t he  

c o o l e r  as a two-phase homogenous m i x t u r e  c o n t a i n i n g  117 t / h  uncondensibles 

and 63 t / h  l i q u i d ,  which i s  then p iped  t o  a separat . ion column. Character -  

i s t i c  o f  such coo le r s ,  t h e  modules w i t h  once-through i n l e t  and o u t l e t  

headers a r e  mounted h o r i z o n t a l l y  on e l eva ted  concre te  beds w i t h  one f a n  

p e r  module. Any d e s i r e d  hea t  r e j e c t i o n  c a p a c i t y  can be p rov ided  w i t h  t h e  

corresponding number o f  modul e / f an  elements assembled t oge the r .  General l y  

t h e  modules a r e  b u i l t  w i t h  s t e e l  tubes .and  c o l d  worked aluminum f i n s .  Nowa- 

days, ga lvan ized  s t e e l  f i n n e d  tubes a r e  becoming popu la r  i n  Europe. 

Maintenance cen te rs  upon t h e  removal o f  a i  r - s i d e  f o u l  i n g  depos i t s  w i t h  

wa te r  j e t s .  Th i s  work i s  g e n e r a l l y  subcontracted a t  a c o s t  of about 
2 

. DM 6.40/m face area. 



Concluding Remarks 

From t h e  s tandpo in t  o f  experience documentation, t h i s  was the  most 

d i s a p p o i n t i n g  v i s i t  o f  t he  European t r i p  because o f  t h e  pauc i ty '  o f  data ' . 

made ava i  1  able.  
.;,' 



6.14 DRY COOLING EQUIPMENT AT THE CENTRAL' LIGNITE POWER PLANT, 

PIETRAFITTA NEAR PERUGIA, ITALY 

Date -of: V i s i t :  October 13, 1975 
. . 

P a r t i c i p a n t s  i n  the '    is cuss ion: 
Ing.  L. Parodi  , Power P l a n t  Manager 

Simhan-BF 

6.14.1 General.   ema arks 

About 20 km SE o f  Perugia,  a  m idd le - s i zed  town i n  ' the  uplands o f  

c e n t r a l  I t a l y ,  medium-sized l i g n i t e  depos i t s  have been e x p l o i t e d  i n  open 

mines. T h e . 1 0 ~ - g r a d e  f u e l  w i t h  a  r e l a t i v e l y  l a r g e  sand con ten t  i s ,  f i r e d  

d i r e c t l y  i n  two . independent f o r c e d  c i  r c u l  a t i o n  Benson b o i  l e m r  u n i t s .  Each 

b o i l e r  d e l i v e r s  118 t / h  o f  steam a t  2220 p s i a  and 985°F t o  twd 36-MWe t u r -  

b ines.  Exhaust steam f rom each t u r b i n e  i s  condensed i n  separate,  b u t  

s im i  l;f, d r y  c o o l i n g  u n i t s .  

The P i e t r a f i  t t a  power p l a n t .  i s  b u i l t  i n  t he  immediate v i c i n i t y  o f .  

Tavernel ' le.  near  Perugi  a, and i s  l o c a t e d  on a  h i g h  p l a t e a u  w i t h  no sources 
3  o f  r unn ing  water .  A r t e s i a n  w e l l s  w i t h  an h o u r l y  c a p a c i t y  o f  120 m  a r e  

t he  s o l e  wate r  resources.  A f t e r  chemical  t r ea tmen t  t h i s  wa te r  i s  used t o  

p rov ide  makeup wate r  t o  t h e  b o i l e r s  and t o  supplement wa te r  l o s t  i n  a  smal l  
3  

a u x i l i a r y  c o o l i n g  tower.  The c o s t  o f  t r e a t e d  wa te r  i s  300 l i r a l m  . . 
9  . . 

The ~ i e t r a f i t t a  p l a n t  began ope ra t i on  i n  1958, a t  a  c o s t  o f  12 x  10 l i r a .  

No exac t  f i g u r e s  f o r  t h e  c o s t  o f  t h e  d r y  c o o l i n g  equipment were a v a i l a b l e .  

The l i g n i t e  reserves a t  P i e t r a f i t t a  a re  s u f f i c i e n t  t o  r un  t he  power 

p l a n t  f o r  another  1.2 years .  Some minor  expansion o f  t he  p l a n t  ou tpu t -  

capac i t y  i.s planned. Th i s  would, however, be based on l i g n i t e - f i r e d  gas 

t u r b i n e s  because o f  t h e  s c a r c i t y  o f  wa te r  a t  P i e t r a f i t t a .  The d r y  c o o l i n g  

systems have r e a l  i z e d  a1 1  performance expec ta t i ons  and p l a n t  management i s  

o f  t h e  o p i n i o n  t h a t  d r y  c u o l i n g  equipment would be s a t i s f a c t o r y  i n  power 

p l a n t s  w i t h  'an  o r d e r  o f  magnitude l a r g e r  capac i t y .  Table 6.14-1 g ives  t h e  

main d e t a i l s  o f  t h e  d r y  c o o l i n g  equipment, t o g e t h e r  w i t h  p e r t i n e n t  thermo- 

dynamic da ta  o f  t h e  power p l a n t .  



TABLE 6.14-1. P i e t r a f i t t a  Power P l a n t  Dry Cool lng : 

Equipment and Thermodynamic Data 

Power p l a n t  design: 2 completely independent b o i l e r -  
t u r b i  ne-dry cool  i ng equipment u n i t s  

Each u n i t  cons i s t s  o f  t he  f o l l o w i n g  
- components : 

Boi 1 e r  : Benson fo rced convect ion bo i  l e r  

Steam supply: 118 t / h ,  2250 p s i a  a t  985"F, 
reheat  a t  480 p s i a  

Turb i lie i n l e t  tcmper i tu re :  975°F 

Turbine equipment: 1 back pressure t u r b i n e  i n  the  
2220 psia-450 p s i a  range. 

1 condensing t u r b i n e  i n  t h e .  . !. 

420 psia-0.6 p s i a  range 

Turb i  ne ou tput :  36 MWe 

Dry coo l i ng  equipment: GEA d i r e c t  condensing equipment w i t h  
fo rced  d r a f t  

Year of commission: 

Mater i  a1 : 
. . 

T~rhe length  : 

Tube arrangement: 

Tube layers:  ' 

. Number o f  modules: 

Number o f  condenser modules: 

1958 

ga l  vani zed e l  1 i p t i  c a l  s t e e l  tube w i t h  
s t e e l  f i n s  

5.38 rn 

8 de l tas  i n  the  form o t  an lsosueles 
t . r i  angle w i t h  base angle 53" 

3 stayyered 
2U/del t a  

20/del t a  

Maximum, heat  r e j e c t i o n  
- , .  197 x 10' ~ t u / h / u n i t  

. .  . .  
capaci t y  : . . 

Maximum mass f l ow :  86 t / h  

Des i gn exhaust steam 
' cond i t i ons  : 0.6 ps ia ,  105°F 

Nuniber o f  fans i 2/del t a  

.Fan diameter: . 

Maximum fan speed: 

. . 
5 .4 m 

1.16 rpm, ' o r i g i n a l l y  1 speed, now 3-speed 
,-. 



TABLE 6.14-1. (con td)  

A i r  f l ow :  3  210 In / s / f an  

F-an head : 2  i n .  WG 

Fan power: 50 kW/fan 

' ~ i r '  f l o w  r e g u l a t i o n :  

Louvers : 

Wind sh ie lds :  

v a r i a b l e  e n t r y  cross sec t i on  t o  fans, 
3-speed fans 

no 

yes ( 5  m h igh )  

P i e t r a f i t t a  i s  operated as a  base l oad  s t a t i o n .  Therefore, very l i t t l e  

v a r i a t i o n  occurs i n  t he  power ou tpu t  o r  heat  r e j e c t i o n  l oad  on the  d ry  coo l -  

i n g  equipment. 

6:14.2 Water Qua1 i t y  and I n t e r n a l  Corros ion 
b.. . > I ,  .. 
", "An e labora te  water  t reatment  u n i t  ma in ta ins  the  feed water  qua1 i t y  

 wit^: the'  f o l l o w i n g  t y p i c a l  ana l ys i s  : 

pH 9.2 
p-a1 ka l  i n i  t y  100 mg/ a  as CaC03 

m-a1 ka l  i n i  t y  100 mgla as CaC03 

phosphates 1  mg/a 

. s i l i c a t e s  0.06 mglk 

~e+++  0.05 mgla 

res idua l  hardness negl  i g i  b l  e  

c o n d u c t i v i t y  4  umholcm' 

02 0.4 mg/a 

hydraz i  ne 0.8 mgla 

. .:Checks f o r  i n t e r n a l  co r ros ion  a re  conducted once every yea r  and some 

top  and bottom headers a re  opened f o r  i nspec t i on .  Th@se checks show a very 

t h i n  un i f a r~ l l  Feg04 depos i t  w i t h  a  cons tan t  th ickness.  Dur ing each 20,000-hour 

i nspec t i on ,  the  d r y  r o n l i n q  equipment i s  f i l l e d  w i t h  n i t r u g e n  and kept  under 

a  moderate vacuum. " No f o u l  i n g  has been observed. 



6.14.3 A i  r -S i  de Corros ion and Foul i n g  

No a i r - s i d e  c o r r o s i o n  beyond normal wear has been repor ted.  A i r - s i d e  

f o u l i n g  i s  a  cons tan t  problem and t h e  i n f l u e n c e  o f  p rogress ive  f o u l i n g  can - 
be seen as a  p r o p o r t i o n a l  decrease i n  vacuum f rom 96 percent  t o  86 percent .  

The depos i t s  a re  ma in l y  f l y  ash f rom the  d r y  ash d isposa l  u n i t .  Th i s  f i n e  
-.( 

ash can,be removed f rom t h e  3- layer  sur faces o n l y  by an e labora te  c lean ing  

process c o n s i s t i n g  o f  t he  f o l l o w i n g  steps:  

1. B lowing w i t h  zed a i ' r  

2. Washing w i t h  un t rea ted  water  j e t s  

3..  . , .  Blowing w i t h  p ressur ized  a i r  t o  d r y  t h e  tubes 
. . .  , . '  

Twenty- man-days pe r  u n i t  a re  r e q u i r e d  f o r  t h i s  procedure. . 

. . 
6.1g.4 Freezing Experience 

I n  t h e  i n i t i a l  stages o f  p l a n t  l i f e  f r e e z i n g  i n c i d e n t s  were very common. 

I n  t h e  l 'ast  5. years,  no i n c i d e n t s  have been repor ted.  l h i s  car1 be a t t l n j b u t c d  

t o  inc reased experience o f  t he  p l a n t  per-sonnel . However, 700 tube f a i  1  ures 

r e q u i r e d  a t t e n t i o n  i n  t h e  l a s t  17 years o f  p l a n t . o p e r a t i o n .  I n  the  case o f  

a  tube f a i l u r e  i n  t h e  i n n e r  l aye rs ,  t h e  d e t e c t i o n  o f  t h e  f a i l u r e  l o c a t i o n  

and r e p a i r s  are cumbersome. I n  such cases, t h e  o u t e r ' t u b e s  must be c u t  out ,  

t he  damaged tube replace.d, and the  tubes c u t  f rom t h e  o u t e r  l a y e r  welded 

back i n t o  p lace  again.    he welds a re  t r e a t e d  w i t h  a  z i n c  p a i n t .  such a  

r e p a i r  car1 e a s i l y  riequire two t o  t h ree  man-days of e f f o r t .  A i r -  f l o w  r e g u l a t i o n '  

du r i ng  f r e e z i n g  i s  achieved by v a r i a t i o n  o f  t h e  cross s e c t i o n  o f  en t r y '  t o  

t h e  c o o l e r  bays. T h r o t t l e  p l a t e s  a re  moved i n  and o u t  t o  regu la te  t h i s  
9 . >  

area. Tn a d d i t i o n ,  a1 t e r n a t i n g  ope ra t i on  o f  t h e  fans i s  a l s o  p rdc t i ced .  

However, expbrience showed t h a t  these measures were n o t  adequate t o  f i g h t  . 

t h e  f r e e z i n g  problem e f f e c t i v e l y .  I n  1962 and 1963, a l l  f a n d r i v e s  were 

equipped w i t h  t h k e - p o l e  v a r l  a t i o n  motors w i t h  s u i t a b l e  gear boxes  which now 
. . 

make three-speed f a n  opera t ions  poss ib le .  

. . 6.14,. 5 Maintenance and Repair  
... 

The moving p a r t s  of t h e  dr,y c o o l i n g  equipment a re  a  cont inuous mainte- 

nance problem. Prevent ive  mai ntenance w i  t h  r e g u l a r  checks and p e r i  od l c  



. '  renewal o f  gear box l u ' b r i c a t i o n  has been t he  s o l u t i o n  t o  t h i s  problem. 
. . 

Every gear box- fan combinat ion i s  taken-  o u t  o f  s e r v i c e  a f t e r  20,000 hours 

.-, o f  s e r v i c e  and rep laced  by a p r e v i o u s l y  overhauled u n i t .  . The c o s t  o f  -a 
6 u n i t  replacement i s  1 .3  x 10 l i r a l f a n  u n i t .  No ma jo r  stoppage o f  t h e  .dry 

-- c o o l i n g  equipment has eve r  occur red  and t h e  d r y  c o o l i n g  equipment has i n .  
,.- 

no way impa i red  t h e  96 percen t  ava i  l a b i  1 i ty  o f  t h e  power p l a n t  as a whole. 

6.14.6 R e c i r c u l a t i o n ,  Wind and Seasonal E f f e c t s  . . 

R e c i r c u l a t i o n  e f f e c t s  have n o t  been observed. T h i s  i s  a t t r i b u t e d  t o  

t h e  r e l a t i . v e l y  h i g h  ( 5  m) w ind  s h i e l d s  and t h e  3-m ent rance s k i r t s  around 

t h e  f a n  bays. Wind e f f e c t s  have n o t  been analysed. The d i f f e r e n c e  between 

summer and w i n t e r  vacuum i s  as h i g h  as 10 pe rcen t  (86 pe rcen t  i n  summer, 

96 pe rcen t  i n  w i n t e r ) .  Rain improves vacuum by about 2 percen t .  

. 6.14.7 Concluding Remarks 

Th i s  p l a n t  i s  an impress ive  example . o f  a medium-sized power p l a n t  I 

w i t h  a .  d i  r e c t  a i  r - coo led  condensing system. 
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APPENDIX 

ENGINEERING SUPPORT OF ERDA 
DRY COOLING TOWER PROGRAM 

OPERATING EXPERIENCE INTERVIEW 

P l a n t  data:  jname) ( ra ted  power) (hea t  r a t e )  

, 2. Locat ion of p l a n t :  ( c i t y )  ( coun t r y )  

( i d e n t i f y  independent coo l i ng  tower systems) 

Type o f  coo l i ng  tower: 

4. Cooling tower cos t :  (Const ruc t ion)  (percentage o f  p l a n t  c o s t )  
( l o c a l  currency - reference year )  

D r a f t  
Mechanical Natura l  

Induced Forced 
Dry, d i r e c t  I 
cyc le  

Dry, i n d i r e c t  
cyc l  e  

Dry, augmented 
cool i ng 

Other 

5.  Rat iona le  f o r  d r y  coo l ing : .  water a v a i l a b i l i t y ;  environmental impact; experiment; o the r  
( c i r c l e  appropr ia te  op t ion ,  e x p l a i n  i n  11 below) 

6. Overa l l  experience compared t o  design expectat ion:  b e t t e r ;  consis t e n t ;  worse 
( c i r c l e  one) 

Heat Rejection(Mwt). Tower Man- / Opert 

7. Planned a d d i t i o n a l  d r y  towers: ( r a t i n q )  ( type)  (when?) 

Rated 

8. What features would improve f u t u r e  opera t ion  a t  t h i s  s i t e ?  

Maximum I 

9. For answer t o  8, a c t i o n  requ i red  by: p l a n t '  operator ;  equipment manufacturer;  a r c h i t e c t ;  
( c i r c l e  appropr ia te  op t i ons )  

ufacture----- p l a n t  ( Y i  , Archi tect-Cons t r u c t o r  

/ 1 
I I 
/ I 

10. Repor ts .o r  pub l ished data are a v a i l a b l e  descr ib ing :  whole p l a n t ;  c o o l i n q  tower; equipmen 

(basis  f o r  design; dcs ign o p t i o n s ;  cos t / l&er  i l cons ldera t lons  ; expansl on o f  any o f  abovt 
answers; cont inue on back o f  form, i f  necessary) 



WORKSHEET 75QM0/2 

ENGINEERING SUPPORT OF ERDA 
DRY COOL I N G  TOWER PROGRAM. 

OPERATING .EXPERI.ENCE INTERVIEW 

. Category: FAILURE MODES 

1. P r i n c i p a l  f a i l u r e  mode(s). o f  coo l ing  tower system which resu l t ed  i n  p l a n t  shutdown:. 
,-< 

(e.g. a i r  leakage, co r ros ion  product . t ranspor t ,  e tc . )  

2. F a i l u r e  frequency fo.r answers i n  1: 

- 
6, .- 

3. Cool i n g  tower t a i l  "re; wt i i c l~  were occomnodatod w i  t h n ~ r t  p l a n t  shutdown:_ 

Repai r method/ s o l u t i o n  f o r  answers 

5. F a i l u r e  frequency f o r  answers i n  3: 
- .  

6. Were above f a i l u r e  modes an t i c i pa ted  i n  design? (no) (yes ) 

7. I f  YES i n  6 g ive  s p e c i f i c s :  

8. Is f a i l u r e  frequency: acce lera t ing;  s taylng constant: rcdbci ng; w i t h  t ime? --- - 
(check appropr ia te ly )  

9. Average annual cos t  u f  fa i l u re :  i n  excess 'of  r o u t i n e  maintenance . costs:  . ( $, 

based on ... . (kWhr/yr) ( e x t r a  manpower) . (other 
(speci fy kWe o r  k i d t )  

10. Have f i l i l u r e  modes necess i ta ted an increase in .  rbout i  ne maintenan'ce? (no) .. . 

11. Fa i l u res  of cool i ng tower system chargeable t o  o ther  p l a n t  systems o r  SubsystenIs: 

( i nd i ca te  if one-time or  r e c u r r i n g  events - expand i n  15 below) f- 
r 

12.' What a c t i o n  would improve f a i l u r e  experience a t  t h i s  s i t e ?  r 

'A 

13. For answer' 12 a c t i o n  requ i red  by: p l a n t  operator, equipment manufacturer,' a r c h i t e c t  he 
( c i r c l e  appropr ia te  op t ions )  

1 4 .  General comments , . 



ENGINEERING SUPP0I:T OF ERDA 
DRY COOLING TOldCl< IJI<OGRAM : 

:OPERATING.EXPERIEMCE I N T E R V I E W  

-. Category: CORROSION (Th is  can supplement, the  o p t i o n a l  a t tached DETAILED CORROSION QUEST1O;:;:A;I 
. . . - 

1. Type of l o c a l  environment:  urban; r u r a l  ; i n d u s t r i a l  ; marine; p o l u t e d  ( s p e c i f y )  ; o t h e r  . 
a- . 3 

2. Has c o r r o s i o n  been a  problem? (major even t )  - , (random even t )  - ( p e r i o d i c  even t )  

3. Type o f  co r ros ion :  ( a i r s i d e )  (wa te rs ide )  . I  

4. Cause of co r ros ion :  ( i . n  c o o l i n g  tower )  ( i n  p l a n t )  ( o u t  o f  p l a n t )  

5. I f  OUT OF PLANT checked i n  4, environmental c o n d i t i o n s  producing c o r r o s i o n :  

Does c o r r o s i o n  go beyond t h a t  a n t i c i p a t e d  i n  design: (No) (yes 1 
I f  NO i n  6, g i v e  s p e c i f i c s :  

I f  YES i n  6, how was problem s o l v e d / t o l e r a t e d ?  

Cor ros ion  r a t e  now: ( cons tan t )  ( i n c r e a s i n g )  ' . ( d i m i n i s h i n g )  

Cor ros ion  product  t r a n s p o r t  experienced: 

P l a n t  downtime chargeable t o  co r ros ion :  ( i n  coo l  i n g  tower)  ( i n  p l a n t )  

Has c o r r o s i o n  necess i ta ted  an increase i n  r o u t i n e  maintenance? 

Average annual c o s t  o f  c o r r o s i o n  i n  excess o f  r o u t i n e  maintenance c o s t s :  

based ( e x t r a  manpower ) 

(.uLher c o s t )  . (Spec i f y  Kwe o r  KW t 
What c o r r o s i o n  .p revent ion  techniques a r e  . p r a c t i c e d ?  

. . 
What a'ct i on .  would improve c o r r o s i o n  exper ience a t  t h i s  s i t e ?  

For answer t o  15, a n t i c i p a t e d  improvement: 

Are c o r r o s i o n  samples ava i  l a b l e  f o r  a n a l y s i s ?  .(No) (yes ) (A t tached)  r . 

Water/steBm/cool an t  s i d e  qua1 i t y :  ( ~ i r n i  t s )  

( f requency o f  a n a l y s i s )  (chemical addi  t i  on /con t ro l  dger~Ls ) 
: . :  : , . . 

.General comments: . . . . . , 

( i n c l u d e  c o r r o s i o n  from specia l /unusual  e f f e c t s  e.g. w e t l d r y l s p r a y )  



ENGINEERING SUPPORT OF ERDA 

- DRY COOL I NG PROGRAM 

Category: FREEZING 

0PE.RATING EXPER1ENC.E INTERVIEW 
: .  " . . 

,." 
1. Freez ing  f requency ( T o t a l  exper ience)  ( P e r i o d i c )  . ' . 

2. P l a n t  downtime due t o  f r e e z i n g  ( 1 ) .  (2  ) ( 3  1 
(Speci fy  by occurrence)  

(.2 ( 3 )  3. Reduced power operat i ,on du,e t o  f r e e z i n g  (1') 
( ~ p e c i f y T y  E c ' u r E n c r )  

4. Has f r e e z i n g  c o i n c i d e d  w i t h  peak demand? (No,) (yes . 8. 
. . 

. . 
5. . Was f r e e z i n g  a n t i c i p a t e d  i n  des ign? (No) (yes ) 

* .  

6.. 'If YES i n  5, g i v e  s p e c i f i c s  

7. Is f r e e z i n g  tendency i n c r e a s i n g  (decreasing)  w i t h  t ime? 

8. Can s p e c i f i c  average. cos ts ,  a v a i l a b i l i t y  o r  downtime be charged t o  f r e e z i n g ?  

(No 1 (yes) 
(Speci fy  ) 

9. Does f r e e z i n g  'cause o t h e r  exper ience c h a r a c t e r i s t i c s  considered i n  t h i s  ques t i onna i re?  

f o u l i n q ,  co r ros ion .  maintenance frequency, f a i l u r e  modes, a v a i l a b i l i t y ,  envi ronmental  

impact  ( C i r c l e  which app ly ) .  
1 

10. P o t e n t i a l  f o r  i m p r o v e d o p e r a t i o n  . . a t  t h i s  s i t e  ( A c t i o n )  
. . 

. . 

.. . -  . . -. 
( A n t i c i p a t e d  r e s u l t ) .  

. . 

. . . * . J .  . . .. . . , 

11. General ' C m e n t s  . . 
. - - .  

. .  . . . ... ., . . - .  . 2 
, . 

... . . . .  - 
.. . . . . .  , 

. .  . - . - 



ENGINEERING SUPPORT OF ERDA 

' DRY COOLING PROGRAM 

OPERATING EXPERIENCE INTERVIEW 
8 . .  

Category: MAINTENANCE FREQUENCY 

1. Is planned maintenance only performed during planned downtime '(No) (yes 

,. 2. If NO in 1 ,  is planned ma'intenance performed without plant shutdown ( N o )  ' (Yes) ... - 

3; - Ratio planned maintenancelactual maintenance 

. . 
4. ~ r e ~ u e n c ~  unplanned maintenance caused plant shutdown 

. .  - . , 

5. Frequency unplanned maintenance was performed wi th,out pla'nt shutdown 
. . . . C.1,:. .' 

.,:.,. :. 

. . .  . .. .1 

6. .Planned maintenance cost ($/manhours ) ' : (manhours/yr) 
. . 

. . .  . ..... 
7. Average cost of unplanned maintenance ' ($/manhour) (ma,nhours/yr ) 

5 ?, 

8 .  Can a specific fraction of plant downtime be charged to maintenance requirements of 

cool i ng tower a1 one? . . ,  ;&: 
. . ..,. 

..:,9. Ann'oal structural rep1 acement fraction :ass'oci ated with routine maintenance 

. .. . . . .. 
'10. ' Extraordinary maintenance occurrences during plant history 

, .  . 

. . ,. . 

11. Potential for improved operation of this site (Action) - 
. . p- 

. , . . .  
F . . 

(Anticipated result) 

12. Gene,ral Comments . . 



WORKSHEET 7 . 5 ~ ~ 0 / 6  

ENGINEERING SUPPORT OF ERDA 
DRY COOLING TOClER PROGRAM 

OPERATING EXPERIENCE INTERVIEW 
t 

ca teqot-y : FOULING PROPENSITY (Dis t ingu ished from Corrosion) 

1. Has f ou l i ng  been a problem: (Ever) (Never) a (Per iod ic )  

Type o f  f o u l  i ng : ( ~ i  rs ' i  de) (\hjatersi de). (Mater ia l  ) (Consistency) 

3 .  Source o f  foul' ing:. . . 

4 .  C r i t i c a l  dimensions of f o u l i n g  ma te r i a l :  -- . _ .-- 
. . 

5 .  Atmospheric cond i t ions producing f o u l i n g :  

6. Other environmental cond i t i ons  producing f o u l i n g :  

7.. Was f o u l i n g  a n t i c i p a t e d  i n  design: (No) (Yes) .. . 

8. I f  YES i n  7. ;  g i v e  spec i f i c s :  

. ,  - - 

9. I S  f ou l i ng  inc reas ing  due t o  unant ic ipated cond i t ions:  (No) ' (Yes) 

10. I f  YES i n  9,, g i ve  spec i f i cs :  . - 

11. Loss. o f  cool  i ng tower .capabi 1 i t y  : (Heat Re jec t ion )  (Contro l  ) (Flow Resistance) (Ott~ei  

12. P l an t  downtime chargeable t o  f ou l i ng :  
. . 

13. Maintenance cos t  fo r  cleanup: 

14. Average annual cost  of maintenance due t o  fou l ing:  ($/kW-hr) based uri 

15. Po ten t i a l  f o r  improved operat ion a t  t h i s  s i t e :  (Ac t ion )  
(Expand below i n  15) I-, 

(Resul t )  t 

. . 
16. General ,Comments : - .P 



I 

WORKSHEET 75QM0/7 

. ENGINEERING SUFPORT OF ERDA 
DRY COOLING TOWER PROGRAM 

OPERATING EXPERIENCE INTERVIEW 
< 4 

Category: ATMOSPHERIC EFFECTS 

+ 1. ~ t m o s p h e r i c  e f f e c t s  experienced a t  t h i s  s i t e  a re :  i n s i g n i f i c a n t ;  random problem; 

cont inuous problem, seasonal problem, wind v e l o c i t y  dependent, o t h e r  
( C i r c l e  a p p r o p r i a t e  s i t u a t i o n )  

2. Atmospheric e f f e c t s  a t  t h i s  s i t e  change performance o f  c o o l i n g  tower: ( i n c r e a s e )  (decrease 

3. If DECREASE i n d i c a t e d  i n  2, heat  r e j e c t i o n  c a p a b i l i t y  l o s s :  (Mwt average) (MvI~ peak: 

4.  Do atmospheric e f f e c t s  c o i n c i d e  on average w i t h  peak demand: (No) (Yes) ( I nde te rm ina te :  
. . 

5 .  were atmospheric e f f e c t s  a n t i c i p a t e d  i n  design:  (No (Yes) 

6. I f  YES i n  5, g i v e  s p e c i f i c s :  
. . 

7. Are average atmospheric e f f e c t s  changing w i t h  t ime  o r  o t h e r  envi ronmental  condi  t i o n s ?  

(No) (Yes) I )  

. . 
8. Can s p e c i f i c  cos t ,  a v a i l a b i l i t y  o r  downtime be charged t o  atmospheric e f f e c t s ?  

(No) (Yes) 
L 

( spec i f y )  

9. DO atmospheric.  e f f ec t s  cause o r  i n f l uence  o t h e r  exper ience c h a r a c t e r i s t i c s  considered i n  

t h i s  ques t i onna i re?  ( f o u l i n g )  ( c o r r o s i o n )  ( r e c i r c u l a t i o n )  ( f r e e z i n g )  (maintenance 

frequency ) (fa i 1 uremode) ( a v a i l a b i l i t y )  (codes & s tandards)  (envi ronmental  impact )  
(check which app ly )  

10. P o t e n t i a l  f o r  improved o p e r a t i o n  a t  \ h i s  s i t e :  . ( A c t i o n )  
0 

( A n t i c i p a t e d  r e s u l  t .- <...., .- 
(ExLand be low i n  11) 

fm 

11. General Comments: 
(Discuss enhancement of capab i l  i t i . es  f rom r a i n / f o g ,  e t c .  ) 
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ENGINEERING SUPPORT OF ERDA 
DRY COOLING TOWER PROGRAM 

OPERATING. EXPERIENCE INTERVIEW' 

Category: RECIRCULATION 

1. Is t h e r e  any observed behav ior  a t t r i b u t a b l e  t o  r e c i r c u l a t i o n ?  (No) (Yes) .. 

2. Does r e c i r c u l a t i o n  decrease ( i nc rease )  coo l  i ng . tower performance? (No) . (Yes) 
. , . . 

( .Specify a1 t e r n a t e )  
. . , . 

3.  If decrease i n d i c a t e d  i n  2. , c a p a b i l i t y  loss:  (Average kWt) (Peak k ~ t )  
-,- - 

4. Is r e c i r c u l a t i o n  seasonal? (No) (Yes) 

5. Does r e c i r c u l a t i o n  co,irrcide w i t h  paak denlarid? (No) . . (Yes.) .. . . 

. . 
(Yes) 6. Was r e c i r c u l a t i o n  a n t i c i p a t e d  i n  design? (No) 

7.  I f  YES i n  6., g i v e  s p e c i f i c s :  - =- 

8. Is r e c i r c u l a t i o n  exper ience changing w i t h  t ime? (No) (Yes) .- 

9. Can s p e c i f i c  cos ts ,  a v a i l a b i l i t y  o r  downtime be changed t o  r e c i r c u l a t i o n :  
. . 

(No) - (yes)  _ -.-_ 

10. Does r e c i r c u l a t i o n  cause o t h e r  exper ience c h a r a c t e r i s t i c s  considered i n  t h i s  

q u e s t i o n n a i r e ?  ( f o u l i n g )  ( c o r r o s i o n )  ( f r e e z i n g )  (maintenance frequency) - 

( f a i l u r e  modes) (ava i  1 a b i  1 i t y ) .  (envi ronmental  impact)  
( c i r c l e  those which app ly )  

11. P o t e n t i a l  f o r  improved o p e r a t i o n  a t  t h i s  s i t e :  ( a c t i o n )  

(ant . icJpated.  r e s u l  t )  ' 
(expand below i n  11) 

-. 

12. General c r i~~n~ ien ts  : - , , -- .., -. 
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ENGINEERING SUPPORT OF, ERDA 
DRY COOLING PROGRAM 

OPERATING EXPERIENCE INTERVIEW 

Category: AVkILABILITY 

1. Average p l a n t  ava i  1 abi  1 i ty  . . 

2. Does c o o l i n g  tower system i n f l u e n c e  p l a n t  ' a v a i l a b i l  i ty (No) (yes)  . . 

3. Spec i f y  i f  YES i n  2, g r e a t e r  than, i e s s  than, o t h e r  components 

4.  Has c o o l i n g  tower system a v a i l a b i l i t y  changed w i t h  age? (No) (yes)  

5'. Was a . s p e c i f i c  re1  i a b i  1 i t y  designed i n t o .  c o o l i n g  tower? (No) (yes)  

6. I f  YES t o  5, i n  which respects?  
(e.g. envi ronmental ,  co r ros ion ,  f o u l i n g ,  f reez ing )  

7.  Has a v a i l a b i l i t y  been achieved a t  the ,  expense o f  a planned o r  p r e f e r r e d  

maintenance schedule? (No) . ( yes)  

8. P o t e n t i a l  f o r  improved a v , a i l a b i l i t y . a t  t h i s  s i t e  ( A c t i o n )  

( A n t i c i p a t e d  r e s u l t )  
. . 

9 .  General Comments 
. .  . 
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ENGINEERING SUPI'OIIT OF ERDA 
. DRY COOLING PROGRAM 

OPERATING E X P E R I E i l C E  INTERVIEW 

Category: CODES AND STANDARDS 

1. D i d  c o n s t r u c t i o n  o f  c o o l i n g  tower system f o l l o w  e s t a b l i s h e d  codes and s tandard i?  ,(No) (Yes) a t  - 

2. Were these codes and standards used t o  q u a l i f y  c o o l i n g  tower? ( c o n s t r u c t i o n )  

( o p e r a t i o n )  

3. P r i n c i p a l  c o n s t r u c t i o n  codesls tandards ( 1  ) (2) ( 3 )  

4.  P r i n c i p a l  o p e r a t i n g  codesls tandards (1  ) ( 2  ( 3  

5 .  I f  NO i n  1, has impact been exper ienced i n  o t h e r  c h a r a c t e r i s t i c s  ( f o u l i n g ,  

f r e e z i n g ,  c o r r o s i o n ,  w ind  e f f e c t s ,  r e c i  r c u l  a t l ~ n ~ m a i n t e n a n c e  frequency, f a i  1  u r e  

modes, a v a i l a b i l i t y ,  envIr'onmentd1 impact)  -- 

6. What undes i rab le  exper ience cou l  d  have been avoided i f  codes/standards e x i s t e d ?  ' 

7. Need f o r  improved codesls tandards (Ac t i on )  

( A n t i c i p a t e d  resul t )  ..- - - - 

8. General Comments - 



ENGINEERING SUPPORT OF ERDA 

' DRY COOLING PROGRAM 

OPERATING EXPERIENCE INTERVIEW 

Category: ENVIRONMENTAL I M P A C T I S I T I N G  
! 

-0' 

1. Number of envi ronmental  compla ints  expressed: 

2. Nature o f  compla ints  i n  1: 

3. D i s p o s i t i o n  o f  compla in ts  i n  1: --- 

4. Has t h e r e  been an envi ronmental  mon i to r i ng  program t o  qua1 i t y  coo l  i n g  towers a t  t h i s  

s i t e ?  (No) (Yes t 

! 
5. Has c o o l i n g  tower envi ronmental  ' impact  changed w i t h  age o f  p l a n t ?  

. . 

6. Was t o t a l  env i  ronmental impact reviewed a t  t i m e  o f  cons t ruc tdon? (No) (yes 

7. P o t e n t i a l  f o r  improved o p e r a t i o n  a t  t h i s  s i t e :  ( ~ c t i o n )  

( a n t i c i p a t e d  r e s u l t )  . 
9 

8. Is adequate c l i m a t o l o g i c a l  i n f o r m a t i o n  a v a i l a b l e  i n  conven ien t  s t a t i s t i c a l ,  summaries 

t o  p e r m i t  p lann ing  and design o p t i m i z a t i o n ?  (No) (yes ) 

( I f  YES e x p l a i n  i n  9 below) 

9. ' General comments 
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