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SIMULATION AND ITS APPLICATIONS

HP

Danilo

ABSTRACT

P h i l i p p i n e Nat ional O i l Company
Energy Development Corporat ion

This paper d e a l s wi th t h e formula t ion of
a c a l c u l a t o r program i n s imula t ing flowing
p r e s s u r e p r o f i l e s i n geothermal wells and is
based from Hagedorn and Brown's Corre la t ion ,
Th i s program has been t e s t e d aga ins t measured
p r e s s u r e p r o f i l e s obtained i n some of t h e
geothermal w e l l s i n t h e Pal inpinon geothermal
f i e l d ,

The poss ib l e a p p l i c a t i o n s der ived from
s imula t ion are a l s o presented and discussed
i n d e t a i l ,

INTRODUCTION

common p r a c t i c e , downhole measurements
are conducted with t h e well d ischarging at low
flow rates ( u s u a l l y not more than
meaning, the wel l should be back-pressured t o
mainta in a low flow r a t e throughout t h e t e s t
such that the downhole instrument can pene-
tra te , Thus, downhole measurements a r e l i m i -
t e d t o t h i s r a t e .

This l i m i t a t i o n made s imula t ion important .
Flowing pres su re p r o f i l e s a t high mass flow
can be obta ined only by prediction si-

ion).

The a b i l i t y t o p red ic t f lowing well  pres-
s u r e s is of i n t h e
a p p l i c a t i o n s :

1. P r o f i l e dup l i ca t ion , and hence simu-
l a t e p r o f i l e s a t any d i s -

charge condit ion.  

2. Determination of necessary condi-
t i o n s for a well dis-
charge,

To t h e e f f e c t o f e l eva t ion
production and discharge .

4. Determination of t h e feed
zone pressure  requi red  at which
steam supply t o the power p lan t is
s t i l l poss ib le ,

To know t h e e f f e c t of flow string
s i z e s on product ion.

The f l u i d p r o p e r t i e s used i n t h i s paper
a r e f o r pure water obta ined from s tandard
steam t a b l e s , hence do not inc lude the ef-
f e c t s of s a l i n i t y of t h e f l u i d and t h e pre-
sence of non-condensible gases en t r a ined i n
t h e discharge , Any dev ia t ion of t h e ca l cu l a-
t e d p r o f i l e from t h e measured p r o f i l e can be
a t t r i b u t e d t o t h e s e ( s a l i n i t y and gas) ,

The capac i ty of t h e hand-held
c a l c u l a t o r 41 seve re ly a f f e c t s t h e
choice of t h e c o r r e l a t i o n t o be used. Orkis-

Cor re l a t i on which cons ide r s flow re-
gimes, in t roduced numerous parameters i n de-
f i n i n g t h e occurence o f each regime. Beggs
and B r i l l ' s Cor re l a t i on a l s o recognizes t h e
presence of flow regimes and c a l c u l a t i o n of
t h e hold-up a t a l l p ipe angles ,
gene ra l , t h e f i r s t two- corre la t ions are
lengthy and could not b e handled by t h e calcu-
l a t o r , whereas, t h e c o r r e l a t i o n in t roduced by
Hagedorn and Brown is b r i e f and concise and
cons ider6 s l i p only. Though t h i s c o r r e l a t i o n
has a simple approach, var ious
rams ind ica t ed t h a t t h i s c o r r e l a t i o n is repu-
t e d t o yield a reasonable fit which is a l s o
confirmed by t h e used i n t h i s paper.

In

A. Dupl ica t ion and Simulation

No f u r t h e r s imula t ion can b e done un le s s
t h e measured pres su re p r o f i l e can be duplica-
ted.  Oftentimes,  however, Some dev ia t ions

t h e measured p r o f i l e s a r e observed.
These a r e presumed be caused by any of t h e

presence of mul t ip l e feed zones,
presence of gas, f l u i d s a l i n i t y , o t h e r s ( e r r o r
i n measurements).

account for heat t r a n s f e r  i n t o  t h e  
formation,  f lowing temperature p r o f i l e was
used t o determine t h e f l u i d p r o p e r t i e s i n t h e
s ingle- phase s e c t i o n ( h o t water ) o f t h e well.
The showed t h a t a t high flow r a t e s ,
h e a t t r a n s f e r i n t o t h e did not a f-
fect t h e r e s u l t s s i g n i f i c a n t l y , Most of t h e
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s imula t ions done i n t h i s paper a r e at high
flow r a t e s (usua l ly more than

1. Duplication

The f lowing p r o f i l e 24, Fig.
showed t h a t t h e upper zone

pressu re bui l t- up above t h e sta-
t i c p ressu re Fig. ind ica t ing no
flow from t h i s sone which that t h e
bulk of t h e discharge came from t h e lower zone

at a temperature of
This temperature corresponds t o an enthalpy of
1252 whereas, t h e measured discharge
w a s a drop of 102 The tem-
pera tu re p r o f i l e 57, Fig. and Table
ind ica ted a s i g n i f i c a n t drop from

t o C
would imply t h a t some cooling had occured a t

This

A t shut- in  condi t ion  a low temperature
f l u i d a t approximately entered the w e l l
causing a downflou. At flowing condi t ions
t h i s cold f l u i d ceased t o e n t e r the wel l as
t h e formation pressure (approximately at sta-
t i c condi t ion) was underpressured with res-
pect t o t h e wel l pressure. The cold f l u i d
ou t s ide t h e wel l at t h i s depth could have
caused t h e temperature drop, and hence en-
tha lpy drop.

The ca lcu la t ed temperature p r o f i l e ag-
r e e s wel l with t h e measured pro f i l e . I n t h i s
s imula t ion t h e enthalpy from t o
made 1120 as an enthalpy of
does not y i e l d a good f i t of the measured and
ca lcu la t ed p r o f i l e s .

2. F u l l Open Condition (Simulation)

The bore output measurements made f o r
t h i s wel l a t f u l l open condi t ions a r e ;

= 80
H =

From PCP (Pressure Control Point ) VS.

Depth p l o t (Fig. t h e formation pressure
a t t h e main feed zone is approximate-
l y 14.2 The object of t h i s s imula t ion
is t o a b l y  d u p l i c a t e  t h e  measured and
hence determine t h e t r u e i n j e c t i v i t y index of
t h e well. The i n j e c t i v i t y index measured
t o be i n t h e range of 63-196

For t h e f l u i d a t t h e feed zone t o e n t e r
t h e wel l , a s i g n i f i c a n t pressure d i f f e r e n t i a l
between t h e zone and the well should ex i s t .

I n equation form,

= (PI) x AP
where;

(PI) Product iv i ty index
= -
= mass

AP

Assume that t h e produc t iv i ty index t h e
i n j e c t i v i t y index, and that t h e
flow from t h e feed zone t o t h e wellhead
constant B =

Severa l t r i a l s had been done, ca lcu la t ing
a t d i f f e r e n t values of I.

index of gave t h e b e s t agreement
between t h e (measured and calcula ted) .

An i n j e c t i v i t y

1.04

ed

I n t h i s s imula t ion, it w a s assumed t h a t
t h e process i s ad iaba t i c ,  neg lec t ing  heat-
l o s s e s due t o t h e cool ing e f f e c t of t h e cold
f l u i d i n t h e v i c i n i t y of t h e well at t h e upper
zone. The f a c t  t h a t  t h e s imula t ion gave a
good agreement i n and i n t h e ca lcu la t ion ,
it was assumed i n t h e single- phase sec-
t i o n of t h e we l l t h e temperature is constant ,
would then i n d i c a t e t h a t a t high mass flow
r a t e (full open discharge) , t h e cooling e f f e c t
from t h e country rocks ( a t t h e upper zone) is
minimal.

The simulat ion ind ica ted t h a t t h e
t i v i t y index of okay-6 can be 180
suggesting high permeabil i ty.

Determination of Necessary Conditions f o r
a Successful Well Discharge

I n i t i a l l y , d ischarging of wel ls i n Sou-
the rn Negros were done by compressed-air sti-
mulation. That is, i n j e c t i n g a i r i n t o  t h e  
wel l and depressing t h e water column t o a
point where t h e temperature is s u f f i c i e n t
enough t o support f l u i d flow t o t h e wellhead.

i t was found out t h a t i n wells of
deep water l e v e l s , t h i s method fa i l ed . As t h e
f l u i d  s t a r t e d  t o f l a s h , much of its energy is

t o t h e cas ing walls due t o t h e condensa-
t i o n of t h e 2-phase f l u i d throughout the cold
casing.

To minimize t h i s energy loss ex te rna l
heat from outs ide source ( b o i l e r o r another
discharging wel l ) was introduced. This me-
thod requ i re s i n j e c t i o n of steam o r 2-phase
f l u i d t o the well  thereby hea t ing up and de-
press ing t h e water column t o a condi t ion (tem-
perature) s u f f i c i e n t for it t o discharge.

i n j e c t e d f l u i d would s t imula te
the well t o flow provided t h e t o t a l pressure
drop i t w i l l encounter during t h e flowing pro-
cess can be overcome.

The c r i t i c a l condi t ion t h a t should be a t-
ta ined f o r t h e well t o s u s t a i n is t h e minimum

of t h e water column which satura-
t i o n pressure should be more than t h e t o t a l
pressure drop t h e  f l u i d  will encounter during
the process w a l l f r i c t i o n ,



change, acce l e ra t i on ) . By
s imu la t ion t h e s e p re seu re drops be quan-
t i f i e d , and hence determining the minimum
tempera ture requ i r ed f o r t h e water column.

SIMULATION

The fol lowing d a t a should  be  known be=
f o r e t h e s imu la t ion can be done;

Mass i n j e c t e d i n t o t h e wel l ,

Heat i n j e c t e d i n t o the we l l ,

= Temperature of t h e l e v e l
be fo re s t imu la t ion , C and well-
bore geometry.

The l o c a t i o n of t h e minimum temperature
of t h e water column can be determined by si-
mul at ion.
Assumed Data:

= Minimum column temperature,

Z = Location of

From t h e known and assumed data t h e f o l -
lowing can be c a l c u l a t e d ;

E Discharge mass flow,

= mass der ived from t h e water
column

= (assuming a l l
i n j e c t e d heat were
absorbed by t h e water
column).

= a t = discharge enthalpy

SG-1 Discharge Attempt Simulat ion
(EO - Clayton Boi l e r )

=

= 3.6

Assume

=

The sirnulat ion showed t h e
water l e v e l tempera ture of 212 C can be a t -
t a i n e d dur ing a t

This meant t h a t t h e well could be
s u c c e s s f u l l y discharged provided t h e condi-
t i o n s s t a t e d above can be a t t a i n e d . However,
t h e p r o b a b i l i t y of succese fu l d ischarge can
a l s o be achieved even i f t h e water l e -
vel tempera ture is l e s s than
it w i l l occur depths shal lower then
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Discharge Attempt Ca lcu la t i on

was t h e f i r s t we l l discharged by
steam i n j e c t i o n i n Southern Negros.
steam i n j e c t i o n t h e w e l l was by
compressed-air i n j e c t i o n 12 times which a l l
f a i l e d .
d i scha rge by steam i n j e c t i o n twice.

P r i o r t o

This well was a c t u a l l y at tempted t o

F i r s t Discharge
Min. temperature 121 C
Depth =

Second Discharge
Min. Temperature C
Depth =

F a i l u r e

Succes s fu l

From Fig. 3, s t a t i c temperature p r o f i l e

For A. No. 1

Q

P
"2

=

= 1814.5

0.6677

b o i l e r
r a t i n g

20 28

=

= 0.2049 =
abs a t 121 C

The sirnulat ion showed t h a t  t h e  flow co l-
lapsed a t CHF, i n d i c a t i n g t h a t  t h e  
minimum temperature a t t a i n e d was below t h e
c r i t i c a l value.

For No. 2

=

= 0.8269 at
= 7.00

P

The s imula t ion showed t h a t
p re s su re l e f t a t t he wellhead al lowing t h e
the we l l t o discharge , which meant t h a t t h e
c r i t i c a l condi t ion for t he t o discharge
was

Ef fec t of Elevat ion on and
Discharge

1. Ef fec t of on Discharging a Well

D r i l l i n g a wel l at h igher e l e v a t i o n
would a d d i t i o n a l p re s su re  r educ t ion  t o
be experienced by t h e f l u i d dur ing t h e flowing
process as t he  co ld  column is (deeper water
level) increased. To overcome t h i s , a h ighe r

water column temperature is requ i r ed
t o continuous f l a s h i n g of t h e f l u i d t o
t h e wellhead.
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A simulated discharge wi th  depths  
based on SG-1 were drawn (Fig. f o r t h e

Clayton Boi ler at minimum tem-
pera tu res of t o

CHF r e l a t i v e t o From t h e depth
where these minimum temperature occur, t h e
pressure drop at depth w a s ca lcu la t ed
t h e remaining flowing pressure is
j u s t enough f o r t h e wel l t o discharge.

a l l occuring at

The depth of occurence of t h e minimum
temperature a t any elevat ion is;

= 2000 + CHF

The simulat ion showed t h a t a t minimum tem-
pera tu re of occuring at depth , w e l l s
t o be d r i l l e d from as high as can
still be discharge,

a l s o occuring a t depth t h e
maximum wellhead elevat ions  required  a r e 1600
and AMSL respectively.

A t = and

Figure can be used as a guide as t o
whether a well s t imula ted by 2-phase i n j e c t i o n

Boi ler ) w i l l discharge o r not i f i t
is d r i l l e d at a c e r t a i n e leva t ion covered by
t h e curve.

2. Effect of Elevation on Production

For f u t u r e expansion and f i e l d assess-
ment of a p a r t i a l l y developed f i e l d , a simu-
l a t e d output c h a r a c t e r i s t i c curves had been
drawn a t d i f f e r e n t e l eva t ions f o r

and These wel ls  represent  the
t h r e e  a r e a s  of t h e Palinpinon Geothermal
f i e l d , Nasuji , Sogongon, and Fuhagan 
re spec t ive ly ,

The simulat ion showed t h a t the mass flow
is propor t ional t o elevat ion.

This simulated output curves can be help-
f u l  i n  t h e es t imat ion of t h e capaci ty of a
p a r t i a l l y developed f i e l d i f the  wel ls  a r e t o
be d r i l l e d a t o the r e levat ions .

This s imula t ion was made on an as-
sumption t h a t t h e wel ls t o be d r i l l e d a t o t h e r
e leva t ions a r e t o obta in production from t h e
same aqu i fe r as t h a t of t h e base well.
Hence, it is expected tha t wel ls located
t h e same e leva t ion may not have the same shape
of output curves,

Optimization of From
D e l i v e r a b i l i t y Conditions

The WHF mass flow curves a t
flow s t r i n g diameters were p lo t t ed from calcu-
l a t e d da ta using the e x i s t i n g output
ments and changing t h e diameters.

The curves a r e drawn i n Fig. 6. Curve 1
represen t s t h e base da ta a t present flow
s t r i n g while curves 2 and were
obtained by simulation, Curve 2 is somewhat

similar t o curve 1but has an almost l i n e a r
r e l a t i o n s h i p between MF and at higher
whereas curve 3 ind ica ted t h a t a t any choke
diameter t h e inc rease i n is not s i g n i f i -
cant but t h e flow decreases  rapidly-

The s ign i f i cance of t h i s simulation i s
for optimization of wellbore design of f u t u r e
wells. It is c l e a r l y shown from t h e graph
t h a t t h e mass flow inc reases s i g n i f i c a n t l y i f
t h e flow s t r i n g diameter is enlarged,
f o r f u t u r e expansion, c a r e f u l considera t ion
should be taken i n comparing t h e benef i t of
increased flow r a t e s aga ins t t h e higher cos t
of d r i l l i n g ( d r i l l i n g bigger hole diameter)
and completing l a r g e r diameter wells.

However,

An increase i n production r a t e would a l s o
mean l a r g e pressure drawdown at t h e producing
aqu i fe r , hence increas ing t h e r a t e of deple-
t ion.

E. Determination of t h e Minimum-Feed Zone
Pressure f o r a Production Well

The term production wel l as t r e a t e d i n
t h i s paper r e f e r s t o t h a t we l l which supp l i e s
steam t o t h e power p lan t through a separator.
To maintain two-phase fluid flow from the well
t o the  sepa ra to r ,  t he  wellhead pressure should
be g r e a t e r than t h e sepa ra to r pressure , other-
wise t h e r e w i l l be no flow, The minimum well-
head pressure  required  should be equal t o the
sepa ra to r pressure p lus t h e pressure losses
t h e piping system connecting the wellhead and
t h e sepa ra to r ,  o r ;  

= P

Knowing t h e mass flow, the f l u i d enthal-
py, feed zone tenpera tu re , feed zone loca t ion ,
and wellbore geometry, the minimum feed zone
flowing pressure t h a t would correspond t o t h e
minimum wellhead pressure required can then be
determined by t ion.

This method w i l l be demonstrated f o r

1. Determination of Feed
Pressure While on Discharge

Consider a t F u l l Bore Discharge,
where = 80

H = 1326

=

Say t h a t  t h e  minimum WHP of
(Separator Pressure) has been a t t a ined .

The procedure is t o dup l i ca te the WHP
calcula ted w i l l be approximate-

l y equal t o the assumed minimum

Using a of a t the  feed 
zone, t h e s imula t ion showed t h a t at t h e well-
head t h e is



,Roughly, t h e p re s su re drawdown i n t h e
formation can b e ca l cu l a t ed cons ider ing t h e
case when = at t h e wel lbore) , al-
so cons ider ing a t t h e PCP (Pressure Con-
t r o l p o i n t , Fig. t h e p re s su re measured at
s t a t i c cond i t i ons (no t ye t d ischarged) is
approximately equal t o t h e formation pres su re
at t h a t depth.

Considering a production l i f e of yea r s
t h e formation pres su re drop for t h e producing
a q u i f e r of Okay-6 can be quan t i f i ed ,

=

= 0.032

However, t h i s r a t e of drawdown can be
exceeded provided t h e r a t e of e x t r a c t i o n is
decreased.

This also showed that i n w e l l s where
t h e p res su re t r a n s i e n t t e s t r e s u l t s do not
y i e l d a c h a r a c t e r i s t i c curve ( c a n ' t be i n t e r -
p r e t e d ) , an a l t e r n a t e method of ob ta in ing t h e
format ion pres su re at t h e wellbore at unex-

cond i t i on can be made making

a PCP depth p l o t of t h e f i e l d ) .

The pres su re c o n t r o l poin t is t h e depth
i n t h e w e l l where t h e p res su re p i v o t s during
heat-up. For multi-zone we l l s , t h e YCP
should  be  weighted between t h e i n j e c t i v i t i e s
of t h e zones and f o r a s i n g l e zone wel l , t h e

is the zone i t s e l f .

The o b j e c t i v e of t h i s s imu la t ion is t o

show t h a t  t h e  p re s su re drop i n t h e r e s e r v o i r
can be quan t i f i ed .

CONCLUSIONS

The s imula t ions presented here a r e  j u s t  
rough r e p r e s e n t a t i o n s of the program a s ap-
p l i e d , and as l i n i t e d by t h e capac i ty of t h e
HP 41 CV,

Basing from t h e t h e prog-
ram done i n t h i s paper, t he fo l lowing conclu-
s i o n s have been made;

That a t back pressured cond i t i ons , t h e
entha lpy drop due t o t h e coo l ing e f f e c t
of cold f l u i d a t t h e upper zone i s g r e a t ,
whereas, at full discharge cond i t i ons ,
t h e drop is minimal.

That t h e  p o s s i b i l i t y  of a s u c c e s s f u l well
d ischarge (2-phase i n j e c t i o n s t i m u l a t i o n )
depends on t h e minimum water
p e r a t u r e requ i r ed and t h e depth at which
t h i s temperature occurs,  

3. T h a t we l l s  l oca t ed  a t h igher e l e v a t i o n s
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r e q u i r e a higher minimum water column
temperature f o r a succes s fu l  we l l  d i s -
charge.

That t h e rate of dep le t ion of a producing
a q u i f e r can be q u a n t i f i e d a f t e r ca lcula-
t i n g t h e minimum f lowing feed zone pres-
sure.

5. That t h e r a t e of production is inve r se ly
p ropor t iona l t o wellhead e leva t ion ,

6. T h a t production can be inc reased by com-
p l e t i n g l a r g e r diameter wells. However,
c a r e f u l cons ide ra t ion should be taken i n
comparing t h e  b e n e f i t s  of increased flow

r a t e s aga ins t tha higher cos t of d r i l l i n g
( d r i l l i n g bigger hole diameter ) , and t h e
r a t e of dep le t ion of the producing aqui-
fer .

N.B.

The roughness f a c t o r s used i n t h i s paper
were based on t h e values used by va r ious au-
t h o r s Thomas Gould, Anthony Ken-
z i e s , &
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