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ABSTRACT the production l i n e r  shoe. 

Four deep wells were d r i l l e d  i n  the  Asal R i f t  
Area i n  the  R e p u b l F e u t i  from June 
1987 to Ju ly  1988 Q I Two of them, 
wells A s a l  3 and A s a l  6 ,  were productive. 

Well Asal 3 was extens ive ly  t e s t ed  f o r  about 
4 months. Measurements taken during t h e  long 
term production test  showed the  following 
f ea tu res  : 

a )  High scale buildup was observed a t  the 
sur face  f a c i l i t i e s ;  t he  sca l ing  was 
composed mcrinly of sulphides (galena 

The stepped w e l l  completion and t h e  
production diameter smaller than t h a t  used i n  
the completion of  well Asal 3, both 
determined an increase of  flowing pressure 
losses.  

Using the  d a t a  obtained during production 
tests and the  borehole flow simulator,  t he  
effect of the  obs t ruc t ion  on downhole flowing 
conditions and on wellbore output was 
studied. An estimation of w e l l  p roduct iv i ty  
without obs t ruc t ion  w a s  also performed. 

and  s p h a l e r i t e  j and amorphous silica. MIN CHARACTERISTICS OF WELL MAL 3 
b )  Well output s t rongly  decresed i n  time, 

spec ia l ly  a t  t h e  -higher flow rates Well A s a l  3 (A3) is located on the 
range. south-western border of  t h e  A s a l  R i f t ,  about 

c )  Down-hole pressure  a t  a given flow rate 40 m far from w e l l  Asal 1 d r i l l e d  i n  1975 
decreased bu t  t h e  t r a n s i e n t  testa d id  (Gringarten, 1977). A s  shown i n  Fig. 2, the 
not  i nd ica t e  an increase  i n  sk in  v e l 1  crossed a typical sequence of the  Asal 
f ac to r .  R i f t  series, formed ha in ly  by b a s a l t s  with 

d )  A c a l i p e r  l og  showed t h a t  only 8 r h y o l i t e s  and in te r layered  sedimentary l e v e l s  
e l l i  e t  al., 1990). This figure also 
trates the  w e l l  completion. 

s ec t ion  of  flow. 
s f o r  this w e l l  are 

and between 1225 and 
of  produced f l u i d s  
y d i f f e ren t :  it is 
zone and 265OC for 

is about 81 . Down-hole 

t h e  observed flowing pressure  

was detected. exhib i ted  by well  Asal 3. Its output 
performance w a s  mainly influenced by the  The reason of t h e  d i f f e ren t  behaviour 
presence of an obs t ruc t ion  located j u s t  below exhibited by w e l l  A 3  during t h e  determination 
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of output  curves 1 and 2 mentioned above is 
n o t  apparent. To f i n d  an explanation for t h i s  
d i f fe rence ,  it is necessary t o  take i n t o  
account t h e  contemporary change i n  s e v e r a l  
important parameters t h a t  could have taken 
p lace  i n  t h e  time transcurred between both 
curves. Among them: scale build-uq within t h e  
wellbore, reduct ion i n  average r e s e r v o i r  
pressure,  changes i n  f l u i d  thermodynamic 
condi t ions within t h e  wellbore, and the 
presence of a s t r i n g  of d r i l l  p ipes  lost  
during t h e  air-lift maneuver were considered. 
I n  t h e  following paragraphs a b r i e f  
descr ip t ion  of t h e  effect of each one of 
these parameters is included. 

A. EFFECTOFSCALEDEPOSITS 

From the  s tudy of t h e  chemical behaviour of 
produced f l u i d s  (Aquater, 1989: d'Amore 
&, 1990) it is bel ieved t h a t  sulphidcs  may 
start to  p r e c i p i t a t e  i n s i d e  t h e  wellbore as 
soon ag t h e  f l a s h  occurs: meanwhile t h e  
amorphous silica phase p r e c i p i t a t e  at lover  
temperatures. From the  ana lys i s  performed on 
scale samples taken from sur face  fac i l i t i es ,  
it was found t h a t  scale was made of sulphides  
(PbS and ZnS) and amorphous silica. I t  is 
bel ieved t h a t  s i l i ca  vas  a l ready present  a t  a 
temperature of about 22OOC. These s c a l e  
samples shoved a high rougness w i t h  p icks  as 
high as 6 to  8 inm. 

A c a l i p e r  log xas ru? a t  the  end of  t h e  
production tests, which l a s t e d  f o r  about 130 
days, by rdeans of  a mechanical t o o l  s p e c i a l l y  
designed for t h i s  purpouse. From t h i s  l o g  a 
q u i t e  uniform thickness  of s c a l i n g  w a s  
de tec ted  f r o m  t h e  s u r f a c e  down to  about 900 n 
w i t h  th ickness  ranging from 7 t o  10 m. I t  
w a s  found t h a t  scale was absent  below 850 m ,  
which corresponds t o  t h e  lower l i n i i t  of the 
f lash ing  zone. 
Up to  t h e  time when t h e  c a l i p e r  log was run, 
a s t rong  reduct ion of e f f e c t i v e  flow area 
i n s i d e  the  wellbore due t o  scale build-up w a s  
considered as a possib'le explanation of t h e  
observed output  decl ine.  However, from the  
r e s u l t s  of t h e  c a l i p e r ,  it was apparent t h a t  
t h e  measured reduct ion i n  e f f e c t i v e  area of 
t h e  production cas ing  could not  -explain by 
i t se l f  t h e  output  dec l ine  observed. P e s u l t s  
of the combined effect of  scale thickness  
together  with o ther  factors are discussed 
later. 

B. 

After w e l l  completion and s i n c e  it was unable 
t o  start producing by i t s e l f ,  air-l if t  
induct ion .as performed. A t  t h e  end of t h e  
maneuver a s t r i n g  of about 90 in of a 1/2" 
drill pipe w a s  l o s t ,  remaining i n s i d e  t h e  
w e l l  dur ing a l l  production tests. 

Although a decrease i n  output  capaci ty  from 
t h e  w e l l  could be expected due t o  the 
presence downhole of t h e  addi t iona l  

EFFECT OF STRING OF DRILL PIPES 

r e s t r i c t i o n  of t h e  drill pipe,  it is bel ieved 
t h a t  s i n c e  it w a s  always present  during t h e  
whole productive h i s t o r y  of t h e  .*ell. it 
could not  produce by i t se l f  t h e  output  
dec l ine  previously descr ibed,  un less  it could 
be combined with t h e  simultaneous effect of 
other factors. 

The top of t h e  d r i l l i n g  s t r i n g  was detected 
at  a depth of about 1190 m. It always 
remained within t h e  single-phase f l o w  sec t ion  
of the  w e l l ,  down below the  f lash ing  zone; 
therefore ,  no scale build-up could be 
expected at t h e  d r i l l i n g  s t r i n g .  On t h e  o ther  
hand, although t h e  presence of some wall 
collapse be lor  1190 could not  be com2letely 
excluded, it seems u n l i k e l j  s ince  no increase  
i n  s k i n  f a c t o r  or decrease i n  product iv i ty  
index was detected f r c ? m  w e l l  tests performed 
a t  d i f f e r e n t  times (Aquater, 1989). I n  
a d d i t i o n  to  t h i s ,  t h e  contr ibut ion t o  t o t a l  
ou tput  coming from t h e  deeper zone loca ted  
below 1225 ni was a2parent. as evident ia ted  by 
M increase  i n  flowing temperature f r o m  abollt 
262 to  264 O C .  Taking i n t o  account all these  
facts, it seems unl ike ly  t h a t  t h e  observed 
d e c l i n e  of w e l l  ou tput  i n  time could be 
assoc ia ted  with the  downhole presence of the 
d r i l l i n g  s t r i n g .  

C. EFFECT OF AVERAGE RESERVOIR P€ESSURE 

Fig. 4 shows measured flowing downhole 
pressure a t  a re€erence depth of 1075 m. Data 
are p l o t t e d  as a funct ion of mass flow rate. 
A s  i t  can be seen f ron  t h i s  f i g u r e ,  *do 
l inear r e l a t i o n s h i p s  can be assoc ia ted  with 
t h e  d a t a  poin ts .  Curve A f i ts  d a t a  c o l l e c t e d  
up t o  t h e  time when t h e  first output  curve 
w a s  measured, while curve B is based upon 
d a t a  c o l l e c t e d  a t  d i f f e r e n t  times i n  t h e  
per iod  between t h e  two curves,  when t h e  w e l l  
produced a t  a higher  flow rate. This  
behaviour suggests  a decrease i n  t h e  average 
r e s e r v o i r  pressure  b u t  seem t o  exclude 
important changes i n  t h e  product iv i ty  index 
of  t h e  well. A s  it w i l l  be  shown later. t h e  
observed decrease i n  average r e s e r v o i r  can 
not  by i tself  explain t h e  observed output  
decl ine.  

D. EFFECT OF CHANGES IN FLUID 
THERMODYNAMICS WITHIN THE WELLBORE 

To study the combined effect of changes i n  
f l u i d  thermodynamic condi t ions within t h e  
wellbore, coupled with o t h e r  factors, a 
computer model w a s  used t o  analyze the 
product ion da ta  from Asal wells. 

a) Brief Descr ipt ion of t h e  model 

This  computer code was wr i t ten  taking as a 
b a s i s  t h e  approach previously presented by 
Barel l i  e.. (1982). Shor t ly ,  t h e  model 
so lves  t h e  problem of two-phase flow i n  a 
v e r t i c a l  pipe,  t ak ing  a t  t h e  same t i m e  i n t o  
account t h e  thermodynamic behaviour and m a s s  
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t r a n f e r  between t h e  phases o f  t h e  r i s i n g  
f l u i d .  The latter is accomplished by means of 
t h e  simultaneous s o l u t i o n  of t h e  mass energy 
and momentum equations.  In  t h i s  scheme t h e  
temperature is chosen as t h e  governing 
parameter, whereas an i t e r a t i v e  procedure is 
made on t h e  energy equation. 

The model account f o r  t h e  presence o f  
d i s so lved  salts i n  t h e  l i q u i d  phase as w e l l  
as t h e  presence o f  non-condensable gases ,  
which are considered as be ingf fade  of C02. 
Main equations are as follows: 

1) Mass balances: 

a )  Brine (water + salt): 

W t = W 1 + W  = W 1 + W t x  (1) g 
where x is t h e  steam qual i ty .  

b )  Carbon dioxide: 

Ct f c1 + cg = c1 + C g  (2)  

where y is t h e  carbon diollide qua l i ty .  

Momentum balance: 

Energy balance: 

ho = h + q + AEk + AE (4) P 

An expression f o r  t h e  g loba l  p re s su re  
g r a d i e n t  is considered, without r e f e r i n g  t o  

where t h e  flow-rate dens i ty  is defined as 

at the end of paper. 

depends on t h e  physical  p roper t ies  o f  both 
the f l u i d  and t h e  system. 

Parameters bL, bG and bm are funct ion o f  
steam qual i ty ,  x, and were determined from 
experimental  da ta  f i t t i n g .  This c o r r e l a t i o n  
w a s  previously checked by B a r e l l i  (1982) 
under d i f f e r e n t  condi t ions of s a l i n i t y ,  gas 
concentrat ion,  pressure ,  temperature and 
enthalpy. 

Mainly because of t h e  high s a l i n i t y  exhibi ted 
by Asal br ines  (about 116 000 ppm total 
dissolved solids), s e v e r a l  modifications were 
introduced i n  t h e  rout ines  which c a l c u l a t e  
thermodinamical proper t ies .  

Sa tura t ion  br ine  enthalpy w a s  calculated from 
data presented by P h i l l i p s  e t  al.. (19811, 
accounting f o r  t h e  cont r ibu t ion  o f  CO 
enthalpy. For t h i s  purpouse t h e  approach o? 
Sutton (1976) was followed. To c a l c u l a t e  t h e  
Henry constant  f o r  dissolved CO i n  pure 
w a t e r  and sodium chlor ide  br ines ,  he s a l t i n g  
o u t  concept was used, together  with t h e  da ta  
presented by Cramer (1982). 

Fig. 5 shows measured pressure and 
temperature data, as w e l l  as t h e  t h e o r e t i c a l  
f l u i d  behaviour ca l cu la t ed  by means of the  
numerical model, given by curve A. TO 
c a l c u l a t e  t h e  sodium chlor ide  concentrat ion 
equivalent  t o  t h e  total ch lor ide  content ,  t h e  
canposi t ion of t h e  A s a l  3 br ine  a t  reservoi r  
cond i t ions  w a s  used. Table 1 below shows t h e  

Main cornponents o f  t h e  Asal br ine  

molal concentrat ion 

c1 70 058 1.976 
Na+ 24 865 1.082 

.123 

concentrat ion by molal i ty  is represented by 
KC1 and CaC12 salts, it was concluded t h a t  it 



w a s  not  poss ib le  to properly represent  the 
behaviour of a "complex brine" by the  
s implifying assumptions involved i n  t h e  usual  
c a l c u l a t i o n  of an equivalent  N a C l  
composition. I n  addi t ion ,  it should be 
recognized that t h e  observed departure  of t h e  
ca l cu la t ed  vapor pressure curve a lso  could be 
due to a combined effect of a l l  thermodynamic 
var iab les  involved i n  its determination. 

Therefore consider ing a l s o  t h e  t o t a l  high 
s a l i n i t y  of Asal br ine ,  it w a s  attempted t o  
s imulate  the behaviour o f  t h i s  "com?lex 
brine" by means of simple approach. The 
c a l c u l a t i o n  of vapor pressure was made by 
using N a C l  concentrat ions higher than t h e  
equivalent  s a l i n i t y  previously ca lcu la ted  
u n t i l  a s a t i s f a c t o r y  match was obtained. This 
s a t i s f a c t o r y  agreement was obtained with an 
equivalent  N a C l  concentrat ion o f  about 
160 000 ppm, 5. 

Other f l u i d  proper t ies  were calculated based 
upon the o r i g i n a l l y  ca lcu l ta ted  equivalent  
s a l i n i t y  value. 

as shown by curve B on Fig. 

I n  the following paragraphs analyses are made 
o f  changes o f  f l u i d  thermodynamics within t h e  
wellbore produced by severa l  fac tors .  

The computer model described before  w a s  used 
to  study the  effect on t h e  production dec l ine  
of the  w e l l  of a l l  f a c t o r s  already mentioned. 

A s  previously s t a t e d ,  produced br ine  shwied a 
s t rong  sca l ing  tendency. Once salt 
p r e c i p i t a t i o n  s t a r t e d  i n s i d e  t h e  wellbore,  an 
increase i n  s c a l e  thickness  w i t h  production 
t i m e  should be expected. Therefore,  it w a s  
necessary t o  es t imate  t h e  .scale growth rate 
t o  be ab le  t o  descr ibe the  reduct ion i n  t i m e  
of t h e  producing cas ing  area a v a i l a b l e  t o  
flow. Based upon r e s u l t s  previously mentioned 
from t h e  c a l i p e r  log,  on the  scale thickness  
p re sen t  a t  t h e  end of the  production period 
and assuming t h a t  t h e  s c a l e  volume w a s  a 
l i n e a r  function of cumulat 
scale rate of about 1x10 (m kg ) w a s  
determined. This value of scale deposi t ion 
rate would generate  a reduct ion i n  t h e  
production casing diameter f r o m  its i n i t i a l  
value of 222 mm t o  a value of 220 mm during 
the first output  curve, and t o  208 mm during 
t h e  second one. For modelization purpouse 
this scale w a s  considered as a constant  
thickness  l a y e r  on the casing wall extending 
from t h e  surface down to 820 m. This  
d i s t r i b u t i o n  o f  t h e  s c a l e  depos i t s  agrees  
with that observed. eventhough its thickness  
w a s  not  a c t u a l l y  constant.  

On t h e  o ther  hand, it w a s  attempted t o  obta in  
a r e l i a b l e  model f o r  t h e  v a r i a t i o n  o f  sca l ing  
surface roughness w i t h  depth; however, no 
d i r e c t  observations were ava i lab le  and the  

e p oduc- 3 5 Yon* a 

approximation of a cons t an t  value a t  any 
depth proved to be incorrect .  

HATCHING OF DYNAMIC PROFILES 

The computer model previously described vas  
used to match measured dynamic pressure and 
temperature (P/T) p r o f i l e s  run under s e v e r a l  
f lowing conditions.  Fig.  6 shows measured P/T 
p r o f i l e s  at  a flow r a t e  o f  about 222 t /h ,  run 
during t h e  first ou tpu t  curve. Measured 
values  were 72.7 bar  and 262OC for f lov ing  
p res su re  and temperature, respec t ive ly ,  a t  a 
depth o f  1075 m. As it can be observed f r o m  
t h i s  figure, a good match f o r  both curves was 
obtained. For t h i s  match two zones with 
d i f f e r e n t  roughness were assumed, one w i t h  8 
roughness ( e )  o f  1.8 x 10 m extending from 
the surface downnto 400 m ,  and a second one 
w i t h  e=0.5 x 10 m extending from 400 down 
to 820 m. A s  previously mentioned, a good 
match w a s  no t  obtained with a scale l a y e r  
having a uniform roughness value. 

A s e n s i t i v i t y  study w a s  performed changing 
severa l  parameters and comparing t h e  r e s u l t s  
with measure3 values. Table 2 
summarizes r e s u l t s  f r o m  this study. The 
effect on ca lcu la ted  wellhead p res su re  
induced by changes i n  flowing down-hole 
p re s su re  (FDHP), at  a reference  depth of 1075 
m,  flowing temperature a t  t h e  same depth 
(FDHT) , casing i n t e r n a l  flowing effective 
diameter, , and s c a l e  roughness w e r e  
determined. 

A s  a b a s i s  f o r  t h e  s e n s i t i v i t y  s tudy,  P/T 
p r o f i l e s  measured during t h e  second output  
curve were used. These p r o f i l e s  were measured 
under a flow rate o f  about 194 t /h.  Fig. 7 
shows measured poin ts ,  as w e l l  as computed 
p r o f i l e s  f o r  cases  3 and 4 mentioned i n  Table 
2, above. 

C a s e  1 i l l u s t r a t e s  t h e  effect of a change i n  
FDHP. For t h i s  purpouse, let 's  assume t h a t  
a l l  parameters, bu t  t h e  FDHP, remained t h e  
same as those used t o  obta in  t h e  match o f  t h e  
P/T p r o f i l e s  i l l u s t r a t e d  i n  Fig. 6, which 
correspond t o  condi t ions preva i l ing  during 
t h e  first output  curve. A s  is evident  from 
Table 2, t h e  ca lcu la ted  wellhead p res su re  
(W) when t h e  FDHP is changed t o  t h a t  
a c t u a l l y  measured, is too h igh ' respec t  t o  t h e  
measured one. Now, l e t ' s  go formard one more 
s t e p  and assume that not only t h e  FDHP had 
chahged, bu t  a l s o  the casing ID has now the 
value measured after t h e  second output  curve,  
as shown by case 2 i n  Table 2 above. Although 
a decrease i n  ca l cu la t ed  WHP is observed, it 
is still too high r e s p e c t  t o  t h e  value 
measured. 

C a s e  3 i n  Table 2 above ahows t h e  r e s u l t  
obtained when i n  addi t ion  t o  FDHP and- I D  
casing,  t h e  a c t u a l l y  measured FDHT is 
considered. A s  it can be seen, even now the 
ca lcu la t ed  WHP is still too high. The next  
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s t e p  w a s  t o  chayge t h e  scale roughness, 
keeping a l l  o t h e r  parameters constant ,  u n t i l  
a good match with t h e  observe 
obtained. This  is i l l u s t r a t e d  
Table 2 and Fig. 7. 

As it can be concluded from t h e  r e s u l t s  of  
the s e n s i t i v i t y  a n a l y s i s  shown i n  Table 2, 
increases  i n  scale roughness seems to  be t h e  
dominant f a c t o r  i n  explaining t h e  observed 
decrease i n  W, s i n c e  t h e  combined effsct o f  
changes i n  both FDHT and cas ing  I D  produced a 
decrease of only 0.16 b a r  i n  WHP for t h e  case 
under study. To f u r t h e r  support  t h i s  
conclusion,  a more d e t a i l e d  s e n s i t i v i t y  s tudy 
of t h e  effect of changes i n  FDHP w a s  
performed. For this pur;)ouse, calculations of 
case 1 were repeated,  changing t h e  FDHP, 
s t a r t i n g  from 61 up t o  74.5 bar.  Comparing 
t h e  r e s u l t s  obtained t o  t h e  value a c t u a l l y  
IAeaSUred, it was determined t h a t  f o r  any 
value of FDHP depar t ing  from t h e  measured 
one, only about 20 percent  of t h i s  d i f fe rence  
could a c t u a l l y  be t ransmi t ted  t o  wellhead, 
confirming t h e  conclusions previously 
discussed. Therefore, it can be concluded 
t h a t  for t h e  amount of scale pressn t  i n  t h e  
w e l l  a t  t h e  time of t e s t i n s ; ,  t h e  observed 
output  reduct ion could be a t t r i b u t e d  t o  hiqh 
pressure  l o s s e s  within t h e  high flow rate 
range, experienced i n  t h e  two-phase s e c t i o n  
of t h e  w e l l  iminly due to scale roughness. 

I t  itlust be pointed o u t  t h a t  scale roughness 
virlues repor ted  i n  Table 2 do not  regresent  
the a c t u a l  he ight  of s c a l e  p i c k s ,  bu t  they 
only correspond t o  everage values used by the  
model, t h a t  produced f r ic t ion losses equal t o  
those experienced i?. t h e  f i e l d .  

THEORETICAL ANALrsIS OF DIFFERENT WELL 
COWILETIONS 

To perform a preliruiaary a n a l y s i s  on t h e  
effect of d i f f e r e n t  well 
on t h e  discharge behavi 
s imulat ion of t h e o r e t i c a l  output  curves  Tor 
three d i f f e r e n t  well 

Resul t s  obtained for t h e  t h r e e  cases are 

product iv i ty  index of 29.8 t / h  bar". I n  a l l  
cases t h e  s c a l i n g  thickness  and roughness 

t h e  second output  curve 
om Fig. 8 it can be seen t h a t  

flow col lapse  takes  place a t  higher  f l o w  
rates i n  going from cases A through C. 

The increase  i n  flow rates obtained for cases 
B and C suggests  t h a t  f o r  a w e l l  exhib i t ing  a 
high product iv i ty  index l i k e  w e l l  A 3 ,  t h e  
diameter of t h e  production casing is a 
l i m i t i n g  factor t o  wellbore d e l i v e r a b i l i t y .  
On t h e  o ther  hand, b e n e f i t s  o f  production 
diameter increase  are more evident  i n  t h e  
high W H P  range, becoming s t a b l e  as t h e  wHp 
decreases. Under these  condi t ions t h e  high 
f l u i d  v e l o c i t y  has  a greater e f f e c t ,  s i n c e  it 
produces large f r i c t i o n  losses i n  t h e  upper 
p a r t  o f  t h e  w e l l  due t o  pipe roughness. 

For case B a c a r e f u l l  evaluat ion of t h e  scale 
deposi t ion rate should be made. Sca le  
deposi t ion could become c r i t i c a l  a t  t h e  l i n e r  
top,  where t h e  enlargement from 9 5/8" to  13 
3/8" is present .  

Case C would seem t o  offer t h e  most 
a t t r a c t i v e  s o l u t i o n  as far as obtaining a 
larger output  f o r  a given WHP is concern; 
however, p r a c t i c a l  problems of  d r i l l i n g  a 
w e l l  with t h i s  completion in  the  Asal area 
are present .  On t h e  o ther  hand, it should b e  
cGs ide red  t h a t  t h e  mininun f l o w  rate to  
s u s t a i n  a s t a b l e  flow is high and t h e r e  is 
t h e  p o s s i b i l i t y  t h a t  a l o r  product ivi ty  w e l l  
could not  be a b l e  t o  s u s t a i n  it. 

YEU MAL 6 

Well Asal 6 (A6) was dr i l led .  300 m NW of  w e l l  
A3, reaching a f i n a l  depth of 1761 m. The 
s t r a t i g r a p h i c  column c l o s e l y  conforms to t h a t  

11 A3. S t a t i c  temperature and pressure  
also very s i m i l a r  t o  those ineasurd i n  

A3. On t h e  o ther  hand, because of d r i l l i n g  
problems, dell A6 has a d i f f e r e n t  completion: 
t h e  9 5/8" cas ing  was se t  a t  388 m and a 7" 

919 Ifl 

h i s  w e l l ,  t p u t  c 
a production period t h a t  

er production s t a r t e d ,  t h e  

l i n e r  shoe, 

corresponding t o  

ropor t iona l  t o  t h e  square o f  

-75- 



the volumetric flow rate. Fig. 10 shows d a t a  
of FDHP at  a re ference  depth of  920 m for 
d i f f e r e n t  mass flow rate conditions. These 
d a t a  could be f i t t e d  by a r e l a t i o n s h i p  o f  t h e  
form: 

P(Wt) = P(0) - KvWt - Kt  Wt 2 (7) 

where t h e  laminar and turbulen t  pressure drop 
factors, K and K t ,  r espec t ive ly ,  were 
determined t b o u g h  a f i t t i n g  rout ine  of t h e  
d a t a  included i n  Fig.  10. It was assumed t h a t  
the quadrat ic  term can be assoc ia ted  with t h e  
concentrated pressure drop a t  the 
obstruct ion,  considered t o  be proport ional  t o  
t h e  square of volumetric flow rate. I t  w a s  
found t h a t  f o r  flor rates up t o  about 85 t /h  
the f l a s h  zone w a s  loca ted  above 920 m. Fig. 
10 shows t h a t  the quadrat ic  equation seems t o  
a d j u s t  well up to  about 110 t /h .  

Fig. 11 s h o w  t h e  matching of a dynamic 
pressure  p r o f i l e  recorded a t  about 108 t /h  
and t h e  corresponding ca lcu la ted  temperature 
p r o f i l e .  Curves A represent  the  b e s t  natch 
obtained, while curves  B show t h e  ca lcu la ted  
p r o f i l e  i f  no scale was present. A s  it can be 
seen,  because of s h o r t  production per iod,  t h e  
scale effect is small. A c a l i p e r  log run i n  
the 9 5/8" casing after completion of t h e  
production test confirmed this r e s u l t .  Curve 
C represents  t h e  t h e o r e t i c a l  p ressure  p r o f j l e  
i n  t h e  w e l l  i f  no obstruct ion was present .  
From t h i s  ana lys i s ,  it is q u i t e  evident  t h e  
importance of t h e  obstruct ion i n  t h e  
determination of t h e  measured output  curve. 

The t h e o r e t i c a l  ou tput  curve without t h e  
obs t ruc t ion ,  simulated wi th  t h e  numerical 
model is shown i n  Fig.  12 as curve B. Curve A 
represents  t h e  measured output  curve, whereas 
curve C is t h e  t h e o r e t i c a l  output  of well A6 
with a 9 5/8" production casing. 

The comparison of these  curves suggests  t h a t  
two main factors are responsible  for t h e  l o w  
product iv i ty  exhib i ted  by t h e  w e l l ,  t h e  
presence of the obs t ruc t ion ,  and t h e  stepped 
design with a 7" l i n e r .  

coNculsIoNs 

Based upon r e s u l t s  obtained from t h e  s t u d i e s  
performed with t h e  wellbore flow simulator ,  
as w e l l  as physical  measurements made, t h e  
following conclusions can be withdrawn: 

1. Although produced br ine  from A 3  showed a 
s t r o n g  s c a l i n g  tendency on s u r f a c e  
production l i n e s ,  the magnitude o f  t h e  
scale build-up within t h e  wellbore could 
n o t  produce by itself t h e  s t rong  observed 
dec l ine  i n  w e l l  output. 

2. The combined effect of a decl ine  in 
average r e s e r v o i r  pressure ,  decrease i n  
effective-to-flow i n s i d e  casing area, and 
changes i n  down-hole flowing temperatwe 

could not  produce a decrease i n  wellhead 
pressure  as high as t h a t  a c t u a l l y  
observed. 

3. The vapor pressure  curve f o r  t h e  complex 
br ine  found i n  t h e  Asal R i f t  resource 
can not  be properly descr ibed by means of 
a br ine  w i t h  a s tandard equivalent  N a C l  
concentration. 

4. From a l l  f a c t o r s  s tud ied ,  pressure  losses 
i n  t h e  two-phase s e c t i o n  of w e l l  A 3  i n  t h e  
high flow rates range, due t o  increases  i n  
scale roughness could be i d e n t i f i e d  as t h e  
main factor affecting the output  from the  
w e l l .  

5. A usefu l  first prel iminary a n a l y s i s  on the 
effect o f  d i f f e r e n t  completions on w e l l  
p roduct iv i ty  can be performed by means of 
the wellbore s imulator ,  i n  order  to  def ine  
the a l t e r n a t i v e  most s u i t a b l e  f o r  a given 
condition. 

6 .  The effect of a downhole physical  
obs t ruc t ion  o t h e r  than scale on w e l l  A 6  
product iv i ty  w a s  s tudied.  It w a s  found 
t h a t  t h e  main effect of this obs t ruc t ion  
could be simulated by means of a dynamic 
pressure  drop proport ional  t o  t h e  square 
of t h e  flor rate. 
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3 pressure,  Pa 
volumetric flow rate of f l u i d ,  m 
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mass f l o w  rate of  water, k s 
to ta l  mass flow rate, t /h  
steam q u a l i t y  
C02 q u a l i t y  
depth, m 
f i n i t e  v a r i a t i o n  of  
mixture densi ty .  kn m 
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compared with calculated thenno- 
dynamical behaviour at different 
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FIG.4 Bottom-hole flowing pressure at 
1075 m vs m a s s  flow rate at several 
times during production tests 
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FIG.6 Measured and calculated P/T profiles 
at a flow rate of 222 t/h (first 
output curve) 

Table 2 - Summary of resu l t s  f r o m  the sens i t iv i ty  study. 

I Case No.1 FDHP*,barl FDKT*,aCl Effective I acale I Wellhead pressure, bar1 

I 1 71.6.. I 262 0.220 /l.8x1O4(1); 19.06 1 13.4 I 

I 2 I 71.6.. I 262 I 0 . m  ~ l . 8 x 1 0 4 ( l ~ ~  18.45 13.4 I 

I 3 f 7l.6.. I 263.9.. 0.208 11.8x104(111 18.90 I 13.4 1 

I 4 1 7l.6.9 I 263.9.. I 0.208 \ 3 . 4 ~ 1 0 - ~ ( 1 ) 1  13.50 I 13.4 I 

I I I I I I I 

I I lcasing 1D.m Iroughness,m) calculated I Measured I 
I 

I 
I 

I 
I 
I 

I 
I 
I 

I I 

I I I 10.5x1O4(2)1 1 I 

1 f0.5x1O4(2I 1 I I 

I I I I l0.5xl0*(2) I I I 

I I I ! 1 0 . 2 ~ 1 0 - ~ ( 2 )  I I I 

I 

** measured value 
( 1 )  From 0 down to 400 m 
( 2 )  From Ooo down to 820 m 

A t  a reference depth of 1075 m 
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