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1. I n t r o d i ~ c l ; . i o n  
'In t h i s  paper, n u t n g r i c a l  s . i m u l a t i o r r  and a r r a l y s i s  of a real  main 

s t e a m  l j r r e s  t r a n s i e n t  al; the coal f i r e d ,  300 MWe Thermal  Power  P l a n t  
Drmno are p r e s e n t e d .  Main  events o f  t h e  t r a n ~ i e n t  w e r e  Lhe cl.osure of 
i s o l a t i o n  valves i n  f r o n t  of t h e  h i g h  p r e s s u r e  l ; i i r h i n e ,  Lhe opening of 
by-pass l i n e s ,  a n d  s ~ l b s e q u e n l :  pipe brealc i n  l r o n t ;  of o n e  isolation 
v a l v e  ( Sl;uciovic et; a J. . , 1.991 1 . I n t e r r s i v c  p r e s s u r e  w a v e s  were generated 
arrd they p r o p a g a t e c i  I-trrough [;he pipe r r e t w o r l c  of the s team 1 ines, 
c a u s i n g  11 igh Elu ic i  dynamic f o r c e s  o n  t h e  s t r ~ r c : t ; u r c  . 

The t r a r r s i cn l :  11as been s-imulated b y  t h e  c o m p u t e r  c-ode TEA-01, 
b a s e d  o n  Lhe Method OF Cflrarac:tcr:isl: ics and v e r i Z i e t l  f o r  various fast 
t h e r m a l  -hydrau 1 i c  1 - r a n s i e n t s  ( S t e v a n o v i c ,  1 9 8 6 ,  S l - e v a n o v i c  and 
S t u d o v i c  , 1990 1 . S i m u l a t  .i.ons and a n a l y s i s  have had  specixic tasks: to 
estimate the pressure pulse load caused by t h e  a c t i o n  of the turbine 
i s o l a t i o n  valves and Lkre  by-pas:; sysl:em, a n d  Lo predi.c:l: Lhe i n t e n s i t y  . 

of L,\awdawrr Corce i s r  tile b r o k e n  s t e a m  l i n e .  S e v e r a l  main steam l i n e  
hoiindary c ,ondi .Lions  have been mc~deled arrd verified. Nurnerica 1 results 
are c o m p a r e d  wiLh p l a n t  data logger records. Simuli-at..ions have been 
performed for v;sric)us scerlariov in order t o  i n v e s t i g a t e  the plant 
behav i o r  s c i n s i t i v i l : y  120 L h e  b o u n d a r y  c o n d i t i o r r s .  P r e s s u r e  wave 
p r c ~ p a g a 1 : i u n  a n d  t i ~ r f l u e n c e  of Lhe b o u n d a r y  c o n d i t i o n s  on  t h i s  
process is ciescrii~ecl, as w e l l  a s  I l u i d  d y n a m i c  Iorces o n  t h e  steam 
l i n e  i n  [;he v i c i n i t y  of L h e  pipe hrealc. 

Although the i . r r v e s t i g a t e d  processes Loc~k place i 3 t  a cma l -fired 
1;hermal power pJ.arrI;, I;?lc methucjs  ancl obta inccl  r e s u  I. 1;s arc appJ i cah le  
t o  r w r - l e a r  power I s;r.Cety. T h e  p r e s s u r e  wave p r o p a g a t i o n s ,  
r e f  1ec: t : ions  and s r l p e ~ : ~ w s j .  k i o ~ r s ,  I:hc gc?omcI:ry o f  Lhe  pipe 1  i r r c s  and 
t h e i r  v o l u m e s ,  ;inti t h e  ;ac:t;ion o E  Lhe isola1;ior1 v a l v c s  a n d  by-pass 
~ y s t e m  are s i m i  l a r  tor- rruc lear and c o n v c n l ; i o ~ ~ a  1 Llrerrna 1  power plant. 

The Mekhotl O f  Cha t-acLcri.sl,.ir:s has becrr u s e d  I o r  Lire sirnu J.ation oC 
f a ~ l r  therrna 1. -hyc l r i~u  l .ic I : r a n s i e n l c s ,  (Sl;oop et; a].. , 1 9 0 5 ,  C h o i ,  198.3 1 , 
because it g ives  p o t e n t ; i a l l y  Lhe m o s t  a c c u r a L e  solrlt:iorrs, especially 
for  t h e  one-phase c o m p r e s s i b l e  f l u i d  f l o w s ,  a n d  i l :  e n a b l e s  proper 
modeling of bounciary  c o n t 3 . i t i o r r s  (Sh:in a n d  Wiederman, 1 9 8 1 ) .  Also, Lhe 
RELAP and RETHAN trocjes are  oft-err  u s e d  f o r  1;he cals~rlat-ion of  thermal 
hydrau L i c :  t r a n s : i e r r t s .  The  s i m u l a t i o r l  of Ltrc fast ktrerrna 1 hydraulic 
1; ranbienl .  by RELAP 4 / 5  code w a s  compared w i l h  t h e  s i m u l a t i o n  of t h e  
CtlARME c o m p ~ i t e r  code, 1,asetl o n  1-he method of c h a r a c : t e r i s t i c s ,  in t-he 
paper (Stoop el;. a l e ,  1 9 8 5 b ) -  T h e  c o m p a r i s o n  had s h o w n  l;hal; the RELAP 
code is less s u i t e d  fo r  the c : a l c u l a t i o n  of proceeees w h e r e  the shock 
waven a n d  t h e  propagation of d i s t i r r c t  l i q u i d - g a s  b o ~ i n d a r i e s  m u s t  be 
c o n s i d e r e d .  Ttte stcam 1 i .ne  b r e a k  r i e r  w a s  arlalyzed w i t h  Lhe 
RETRAN codc,  (Neises a n d  G i i r e t t ,  1 9 9 1 ) .  



2 .  Computer Code TEA-01 
The code TEA-01 has been developed for the simulation and 

analysis of fast thermal-hydraulic transients in Thermal Power Systems 
(components of Thermal and Nuclear Power Plants, Steam Boilers, 
District Heating Piping Networks, etc.) during various disturbances 
and operational conditions. The charackeristics of thermal-hydraulic 
processes and systems' flow networks have determined the following 
features of the TEA-01 code: 
- one and two-phase flows of water and steam are modeled, where the 
two-phase flow is described by a homogeneous model; 
- evaporation/condensation and propagation of phase change fronts are 
included in an equilibrium model (the extension towards nonequilibrium 
phase change is possible); 
- hydraulic forces by which the fluid acts on a piping are modeled; 
- a system's network can be easily defined by simple input parameters. 

One-dimensional transient flow of homogeneous fluid, in a flow 
channel of constant area is described by mass, momentum and energy 
balance equations: 

- + du - Dp p - - 0, (1) 
~ t ,  a x  

This system of equations is solved for the appropriate initial 
and boundary conditions by the Method of Characteristics. 

The steam boiler is represented by a point model, which compriaes 
an equilibrium two-phase mixture, heat source, feedwater inflow and 
steam outflow. The mode1 is based on the mass and energy balance 
equations: 

dM 
E = 1 ' A n  -11h o u t ,  

. .I 
dp d " - ~ + l i  h - 1 6  h +v=, iTE - i n  i n  o u t  o u t  

and equations of state and furlctional characteristics of the system 
(feedwater inflow and steam boiler heat power). These equations are 
solved by the Runge-Kutta method for the known initial conditions and 
for the time interval which consists of several time-steps of 
integration performed for the steam pipelines by the Method of 

\ Characteristics. 
In order to simulate the complex pipe networks and various 

transient scenarios, code TEA-01 comprises several models of boundary 
conditions: a subcritical or critical leakage from. a pipe, a closed 
end of a pipe, a pipe in a junction with a tank, a junction of two or 
more pipes with or without pumps or heat exchangers, a valve in a 
pipe, flow parameters determined as functions of time. The TEA-01 code 
has been verified on the various physical tests data which are 



v 1 i ~ r  I,llu 1 i I re ( S t e v ; i ~ r o v . i c ,  1.3117 , S L e v a n o v i c  arrd 
Stuclov ic, 1.390, Slrtl(lov i c  ;1r1(1 S1:ev;rtlov.ic:, 1985 . 

The a lgor i .Lhm of Ll lc  TEA-01 code is y iver l  i r l  F i g .  1 . 
C o d e  TEA-01 is e q u i p p e d  wiLh t h e  graphics s o f t w a r e .  It is 

d e s i g n e d  i t )  order I:o ;rn:imate t h e  t ime-dependenl; p r o p a g a t  i o n  o f  f l o w  
paramekere a l o n g  pipelines o r  L l ~ e  Lime-change of f l o w  paramelxrs and 
L r a n s i e n t  Kluid dyr1am.i.c Eorces a t  specific local : ic>ns  w i t h i n  the 
ne t work .  Graphics are d i s p l a y e d  o n  bhe PC's s c r e e n  d u r i n g  the c o m p u t e r  
a i r n u l a t i o n ,  a n d  they can be p r i n t e d .  

3. N u m e r i c a l  S i m u l a t i o n  of the Main SLeam L i n e  T r a n s i e n t  
The m a i n  sl;cam l i n e  b r e a k  t r a n s i e n t  o c c u r r e d  at Irhe coal fired, 

300 MWe T h e r m a l  Power P l a n t  Drmno-Yugos lav ia ,  i n  apr i l  1 9 9 1 .  The 
a c c i d e n t  r e s u l k e c l  i n  t t ~ e  r u p t u r e  of t h e  main  s t e a m  l i n e  a t  the 
j u n c t i o n  with t h e  h i g h  p r e s s u r e  t u r b i r ~ e  i s o l a t i o n  v a l v e  ( d o u b l e - e n d e d  
g u i l l o t i n e ) ,  a n d  s u b s e q u e n t  blowdown of t h e  s 1 ; e a m  boiler. The m a i n  
events of t h e  t r a n s i e n l :  were c o n s e q u e n t l y :  
- the p l a n t  was o n  c o n s t a n t  power; 
- the h i g h  p r e s s u r e  k u r b i n e  i s o l a t i o n  v a l v e s  w e r e  closed by the 
operators b e c a u s e  o f  t h e  s m a l l  l e a k a g e  o n  the m a i n  s t e a m  I i n e ,  which 
was a u d ~ b l e ;  
- after  20 s E r o m  tihe t u r b i n e  i s o l a t i o n  v a l v e  c l o s u r e ,  r u p t u r e  of the- 
s t e a m  l i n e  o c c u r r e d  i n  f r o n t  of t h e  i s o l a t i o n  v a l v e ;  
- aceam passed f r o m  the boiler t h r o u g h  kht? break i n  the main  s t e a m .  
l i n e  t o  t h e  t u r b i r k e  b u i l d i n g .  

I n  o r d e r  L o  d e r i v e  khe s e n s i t i v i t y  o f  ttre s y s t e m  to the  i s o l a t i o n  
valve a c t i o n ,  a n d  t h e  b y - p a s s  s y s t e m ' s  a c t i o n ,  as w e l l  a s  k o  obtain 
the most c o n s e r v a t i v e  case of t h e  p o s s i b l e  s y s i : e m  parameters change 
during t r a n s i e n t s ,  v a r i o u s  m o d e l i n g  sceriiir ios  were p r e p a r e d ,  for  the 
f o l l o w i n g  t i m e  i n t e r v a l s  ( S t u d o v i c  et al., 1991): 
- less t h e n  orre seconcl  i r r  order Lo s i m u . 1 a t e  Lhe p r e s s u r e  wave 
p r o p a g a t i o n  a n d  t r a n s i e n t  f l u i d  dynamic hrc:es d u r i n g  arrd a f t e r  the 
i s o . I a t i o n  v a l v e  c l o u i ~ r e ;  
- a few sec:onds i n  order L o  p r e d i c t  Lhe p r e s s u r e  :i.n t h e  s t e a m  l i n e s  
and steam b o i l e r  a t t e r  the  i s o l a t i o n  v a l v e s  c l o s u r e ;  a n d  
- a f e w  m i n u t e s  i n  o r d e r  I:o s i m u l a t e  Lhc s y s t e m ' s  blowd.own a f te r  the 
pipe b r e a k .  

The m a i n  g o a l  o f  the c o m p u t e r  s i m u l a t i o n  w a s  l:o d e t e r m i n e  maximum 
pressures and fluid dynamic f o r c e s  w h i c h  w e r e  l o a d i n g  o n  ko t h e  main 
steam pipeline i n  Lhe v i c i n i t y  of tihe break, a n d  l;o e v a l u a t e  whether  
t h e s e  loacis had heerr a b l e  to cause t h e  trreak. 

3-1. P r e s s u r e  wave p r o p a g a t i o n  a n d  f l u i d  d y n a m i c  Porczes d u r i n g  
isolatiarl  v a l v e  c l o s u r e  - L i m e  i n t e r v a l  less tharr  o n e  ~ e c o n d  

The mair) s t e a m  p i p e l i n e  w a s  m o d c l c d  i n  a l l  c3etai . l .s  wi.Lh 16 pipes 
i n c l u d i n g  v a r i o u s  Y and T j u n c t i o n s ,  i s o l a t i o n  v a l v e s ,  o u t f l o w  t h r o u g h  
the by-pass l i n e ,  a n d  -junct;ion w i t h  t h e  s t e a r n  boiler. The system 
n o d a l . i z a t i o n  is shown i n  F i g .  2 .  The o n c e - t h r o u g h  s t e a m  b o i l e r  is 
r e p r e s e n l ; e d  o n  iks water side as a vol.urne f i l l e d  w : i t h  two-phase s t e a m  
and w a t e r  m i x t u r e  in equ.i.1. i h r i u m  condi I; i o n s ,  d e t e r m i t r e d  by tlrc average 
pressure (which c: r>~-responds  to t h e  p r e s s u r e  at; the e x , i C  f r o m  t h e  
evapora1 : ing  s e c t i o n  - t h e  separator 1 . 

Several. s c e n a r i o s  have b e e n  prepared. The d ~ i r a t i o n  of Lhe 
i s o l a t i o n  v a l v e s  closure is varied E r o m  0.03 s Lo 0.2 a, a n d  Lhe 



b y - p a s s  valve sl:rlrI:s to operr al: d i f f e r e n t  L i m e s  ( 0.1  s a n d  0.2 s 
after  t;tre Lriinsicrrl; b e y i r r n i n g  1 ,  or it r e m a i n s  c l o s e d .  I n i t i a l  t o t a l  
steam f l o w  i s  260 k g / s  a n d  (:he s t e a m  L e r n p a r a t u r e  is 540°c. 

T y p i c a l  s1-eam p r e s s u r e  d : i s t r . i b u t i o n  is shown i n  F i g .  3 for 
d i f f e r e n t  t i m e s  atrd a . l o n g  Lhe p a t h  w h i c h  is f o r m e d  by the pipes 15, 
13, 1 2 ,  3 a n d  5 C r o m  F i g .  2.  

T h e  Lr i~rrs icnt :  l l u i d  dynam-ic farces  arc ca lc11 la t : ed  for t h e  p a r k s  
of k h e  p i p e l i n e  w h e r e  t h e  r u p t u r e  Look place, C i g u r e  4 ,  d u r i n g  t h e  
m a i n  i s o l a t i o n  v a l v e s  c l o s u r e .  L e n g t h s  of t h e  pipes ate: Ly=2.4rn8 
Lz=3-6m8 L3=5 . 5m, arad d i a m e k e r  is 0-0.252m. 

3-2. P r e s s u r e  c h a n g e  i n  t h e  main  s t e a m  l i n e  a f t e r  t h e  i s o l a t i o n  v a l v e  
closure - a time p e r i o d  of a few s e c o n d s  

I n  o r d e r  t o  p r e d i c t  the maximum p r e s s u r e  i n  t h e  p e r i o d  a f t e r  t h e  
i s o l a t i o n  v a l v e  c l o s u r e  a n d  u p  t o  t h e  pipe b r e a k ,  t h e r m a l - h y d r a u l i c  
processes are modeled i n  t h e  main s t e a m  l i n e  a n d  i n  t h e  s t e a m  boiler 
during t h e  p e r i o d  of 20 s. The s y s t e m  is  n o d a l i z e d ,  as is shown i n  
Fig. 2 ,  a n d  t w o  s c e n a r i o s  h a v e  been p e r f o r m e d .  A c c o r d i n g  Lo the first, 
the i s o l a t i o n  v a l v e s  close for  0.2 s a n d  a f t e r  t h a t  b y - p a s s  s tarts t o  
o p e n .  I n  t h e  s e c o n d  s c e n a r i o s  i s o l a t i o n  v a l v e s  a l so  close for  0 .2  8, 

biit t h e  b y - p a s s  s t a y s  closed. 
F i g .  5 shows  t h e  s i m u l a t e d  a n d  m e a s u r e d  p r e s s u r e  a t  v a r i o u s .  

p o i n t s  w i t h i n  t h e  system f o r  t h e  f i r s t  ~ c e n a r i o .  The p r e s s u r e  r e a c h e s  
t h e  a v e r a g e  v a l u e  - 185 bar i n  the whole c o n s i d e r e d  s y s t e m .  T h e r e  are 
no pressure w a v e s  p r o p a g a t i o n s .  The c a l c u . l a t e d  r e s u l t s  are i n  
a g r e e m e n t  w i t h  t h e  m e a s u r e d  v a l u e s  ( r e c o r d e d  by t h e  process c o m p u t e r ) .  
The s u d d e n  p r e v s u r e  d e c r e a s e  o c c u r s  at, 20 s b e c a u s e  of t h e  pipe 
r u p t u r e .  

I n  the s i m u l a t i o n  with t h e  s e c o n d  s c e n a r i o ,  steam bosler heat 
power a n d  feedwater i n f l o w  are khe same as f o r  the f i r s t  s c e n a r i o  but 
t h e  b y - p a s s  l i n e  is n o t  o p e n e d .  F o r  t h a t  r e a s o n  t h e  p r e s s u r e  i n c r e a s e s  
f r o m  168 b a r  t o  203 bar for  20 s .  The p r e s s u r e  i n  the s t e a m  l i n e  is 
a p p r o x i m a t e l y  t h e  s a m e  as i n  the steam b o i l e r .  

3-3.  D e c o m p r e s s i o n  aELer . t h e  pipe r u p t u r e  - p e r i o d  o f  a few m i n u t e s  
An i n s t a r a t a n e o i m  1.00% pipe r u p t u r e  i n  frorl l ;  ol: t h e  i s o l a l - i o n  

v a l v e  is assumed  a12  0 s. T h e  c r i t i c a l  o u t f l o w  is r e a c h e d  a t  t h e  pipe 
b r e a k .  F i g . 6  s h o w s  the cornput2ed a n d  m e a s u r e d  p r e s s u r e s  d u r i n g  the 
blowdown at the v a r i o u s  point:s  of t h e  s y s t e m .  T h e  p r e s s u r e  i m m e d i a t e l y  
f a l l s  t o  4 0  b a r s  al: t h e  I r e a l c  , and t h i s  pressllre c o r l t i n ~ l e u  t o  fal l to  
10 bar after 2 0 0  s. D u r i n g  t i e  - s t  500 s the s t e a m  is m a i n l y  
g e n e r a t e d  b e c a u s e  o f  t h e  a d i a b a t i c  e v a p o r a t i o n  i n  t h e  s t e a m  b o i l e r ,  
arrd 80% of t h e  i n i t i a J .  w a t e r  a n d  s t e a m  m a s s  . in I b o i l e r  is 
d i s c h a r g e d  i n t o  Lhe t u r b i n e  h a l l .  

It is p r e d i c t e d  t h a t  the f l u i d  r e a c l . : i v e  Eorce a t  t h e  b r e a k ,  i n  
f r o n t  o f  t h e  i s o l a t i o n  v a l v e ,  reaches t h e  value o f  l o 6  N imrnediate1.y 
a f t er  the rupLure. T h i s  high via lue  of I;he r e a c t i v e  f o r c e  l e d  to  1 m 
pipe movement i n  t h e  d i r e c t i o n  of t h e  force a t  the P l a n t  Drmno. 

4. C o n c l u s i o n  
The s i m u l a t i o n  a n d  a n a l y s i s  of t h e  m a i n  s t e a m  l i n e  t r a n s i e n t  w i t h  

t h e  i s o l a G i o n  v a l v e s  closure a n d  subsequenl: pipe b r e a k  are shown. The  
r e s u l t s  could h e  used as t h e  i n p u t  data for t h e  stress a n a l y s i s  of the 
p i p e l i n e .  A l s o ,  measured and c c l l c u l a l , e d  d a t a  of steam l e a k a g e  w e r e  



used as  i npul: dir t i i  t o r  a e m r I .  of I . e?m~je r i l l ;u re  and pressure 
history .ir~ Llic l u r e  i J 1 d l r r  i r l c j  L~it~wdowrr ( Si:urluv ~ r :  el- a 1 . , 1991 ) . 
NOMENCLATURE : 
DH - hydrauJ ir: diameter, rn, q - volume heat Ilux, w/m3, 
f - Kriction coefficient;, I: - time, s, 
H - total entt~alpy, . J ,  u - f lu i c l  vel <:il;y, m / s ,  
h - specific enl;halpy,  J / k g ,  V - vol~irne, m Y , 
6 - m a s s  flow, kg/s, x - spat ia l  coordi.nate, m, 
p - pressure, Pa, p - density, kg/rn3. 
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(END) 
Fig.1 The algorithm of the TEA-01 <:ode 



Fig.2 Nodalization of Lire m a i n  steam line 
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Conclusions and recommendations 
Resu l t s  of Fi reb i rd  I11 Mod I.@ s imula t ion  of a l i q u i d  r e l i e f  
va lve  f a i l u r e  indicate t h a t  without ope ra to r  a c t i o n s  the  h e a t  
t r a n s p o r t  system and t h e  degasser p r e s s u r e s  w i l l  r i s e  till t h e  
opening of  t h e  degasser r e l i e f  va lves  l ead ing  t o  a D20 s p i l l .  
Therefore  opera tor  a c t i o n s  a r e  considered with r e spec t  t o  
c o n t r o l l e d  decrease of power, t o  determine if they a r e  e f f e c t i v e  
i n  prevent ing o r  delaying RV 11/21 opening. 
When t h e  reduct ion  of power ( 0 . 5  %/s ). starts a t  t h e  beginning of 
the t r a n s i e n t ,  t h e  hea t  t r a n s p o r t  and t h e  degasser  pressures  f a l l  
below t h e  opening of t h e  degasaer r e l i e f  va lves  during t h e  t i m e  
(1200 s ) of the run.  But t he  minimum p r e s s u r i z e r  l e v e l  is too  
low. 
For t h a t  reason it is recommended t h e  same reduct ion of power when 
the  p r e s s u r i z e r  l e v e l  s tops  t o  drop. A t  t h i s  t i m e  t h e  heat 
t r a n s p o r t  pressure  and t h e  degasser p r e s s u r e  are almost equal. 
Under t h e s e  circumstances the shr inkage experienced by t h e  system 
is i n  part compensated by t h e  feed t h a t  t r i e ~  t o  f i l l  t h e  primary 
c i r c u i t .  The opera tor  should have s u f f i c i e n t  tinle t o  t ake  a c t i o n  
on avoid t h e  degasser condenser r e l i e f  v a l v e s  opening. 
On the o t h e r  hand, a f u l l  manual t r i p  is no t  considered because 
t h e  p r e s s u r i z e r  empties,  and t h e  system pressu re  may e a s i l y  reach 
one of t h e  signals for the  automatic actions of the  ECC. 
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