
121

EVALUATION OF PRESSURE- WERAWRE PROFILES I N WITH
MULTIPLE FEED POINTS

and H.A. Grant.
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ABSTRACT

Temperature and pressure prof i les
measured while inject ing cold water in to
geothermal w e l l s have long been used t o
ident i fy f lu id loss , o r entry points and
t o evaluate gross w e l l permeability.
Under favourable conditions it is possible
t o use this data t o ca lcula te productivity
o r i n j e c t i v i t y and reservoir pressure a t
individual feed points. It may also be

possible t o ca lcula te flow r a t e s i n w e l l s
which sus ta in an interzonal downflow when
shut i n a t the wellhead.

INTRODUCTION

Many geothermal exploration w e l l s
being completed today have open hole
in t e rva l s of t o
them par t icu lar ly vulnerable t o in terna l
flow ef fec t s , so t ha t reservoir pressures
cannot be measured d i r ec t ly and identifi-
cation of the re l a t i ve importance of
d i f f e r en t feed points becomes d i f f i cu l t .
The development of high temperature flow-
meters now allows a precise evaluation of
a w e l l ' s in te rna l flow st ruc ture t o be made.
I f t h i s information is available fo r more
than one flowrate, together with appropriate
pressure prof i les , reservoir pressure and
productivity-injectivity a t the individual
feed points can be calculated.

This makes

Suitable downhole flowmeters a r e not
avei lab le a t most geothermal investigation
locations, so an al te rna t ive method t o
ca lcula te  in terna l  flowrate, formation
pressure and productivity-injectivity would
be very valuable. 

METHOD

an ideal w e l l w i t h approx-
imately equal productivity and in j ec t iv i t y
a t only two levels  ( f ig .  Water is
injected a t the wellhead a t a flowrate of W i .
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Fig
model w e l l during injection.

Flow and pressure relat ionship i n

J u s t before t h i s f lu id passes the upper feed
i ts temperature i s ti.
w e l l pressure is less than the formation
pressure so t ha t formation f lu id , a t temp-
era ture ti, flows i n t o the w e l l a t r a t e
This inflow mixes with the injected f lu id ,
resul t ing i n a mixture temperature tm and
combined flow of
for t h i s s i tua t ion can be arranged as:

A t the upper feed the

energy balance

- ti)
= -

Therefore, providing tha t the inflow temp-
era ture is known, can be calculated a s
a l l other values may be measured.

Productivity of a feed point is defined
as:
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As t he in jec t ion r a t e is changed the
ratio, mixture temperature, pressure gradient
and pressure difference between w e l l and
formation w i l l a l l change. Under s t ab l e
flow conditions equations 1 and 2 must be
s a t i s f i e d for both feed points, and if

productivi ty remains constant.

W etc

Formation pressure a l so remains constant,
therefore a t the shallow feed point for-
mation pressure can be calculated using

data from p a i r s of
in j ec t ion rates:

And a t the lower feed point (where the
total flow is injected):

Knowing the formation pressure, t he pro-
duct iv i ty o r in j ec t iv i t y of the individual
feed points can be obtained. For the
method t o function successfully a w e l l is
required which w i l l maintain a known and
constant inflow temperature during the
test period, and has two dominant feed
points.

EXAMPLE - NGAWHA WELL NG4

Ever since it was i n
NG4 has maintained a downflow while shut in ,
of 10 a t from its shallow feed a t

t o its major deep feed a t
Syms

temperature logs and data had
previously located feed points precisely,

t h a t only a minimal amount of downhole
data was needed t o obtain sa t i s fac tory
r e s u l t s f o r t h i s test. Only four data
poin ts are required a t each in jec t ion r a t e :

temperature j u s t above inflow; pressure a t
inflow point; temperature of mixture j u s t
below inflow and pressure a t lower feed
( in j ec t ion ) point. I n t h i s case separate

I n t h i s w e l l continuous

temperature-pressure measurements were
made a t four di f ferent  in jec t ion  r a t e s
between and 200 see fig. 2,
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Fig 2, W e l l temperature prof i les
during injection.

Using pai rs of r e su l t s i n equations
and 4 formation pressures can be calculated -
tab le 2.

W i Pa i r

50-100 73.5 109
50-150 74.8 108.8
50-200 108.5
100-150 75.9 108.4
100-200 74.0 107.9
150-200 73.6 107.0

Average 74 108

TABLE 2: NG4 Formation Pressures

Using the estimated formation
pressure, productivity a t and
in j ec t iv i t y a t fo r each inject ion
r a t e can then be calculated using
equation 2 - tab le

W i ti

50 82 164 226 70.5 66 209.7
100 87 135 226 71.1 53

91 121 226 72.0 43 110.3
200 95 108 226 72.8 22 120.8

19 70
18 80
21 80
18 80

Table 1: NG4 In jec t ion T e s t Units are bars gauge,
degrees Celsius and per hour.
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I n  t h i s  w e l l r e s u l t s from t h e

temperature- pressure method can be
compared with those from

r e s u l t s , A t t h e
feed r e s u l t s  a r e  v i r t u a l l y

: produc t iv i ty of 16

using and 18-19 from
t h e above method. As t h e t h e
s i t u a t i o n is somewhat more complicated
as t h e sp inner i d e n t i f i e s mul t ip le
feed p o i n t s - over v e r t i c a l spacing

of - one w i t h an i n j e c t i v i t y of

i n j e c t i o n some of t h e
"upper" deep feeds w e r e still producing

due t o the  excep t iona l ly  s m a l l

p r e s s u r e build-up a t the main "feed".
So t h a t the " i n j e c t i v i t y " at
ob ta ined from t h e temperature- pressure
method may a c t u a l l y represen t a
combined i n ty-product i v i t y "

and t h e r e f o r e be lower the

va lues of ind iv idua l feeds,

Under most of t h e

DISCUSSION

The method has been t r i e d on

severa l o t h e r w e l l s with l imi ted success.
The r e l a t i v e of d i f f e r e n t
f i e l d p o i n t s is i d e n t i f i e d bu t

is not r e l i a b l y measured,
temperature seems t o be t h e main

problem, A temperature

KAY co ld water i n j e c t i o n is shown
on 3. N e w these  co ld  

0 40 60 80
min tes

Fiq 3. Temperature bui ldup i n KA8

a t 700m a f t e r s topping i n j e c t i o n a t 80

Feed po in t a t

cool t h e shallow feed so t h a t  s u i t a b l e  
in f low cond i t ions  cannot be maintained,

I f a w e l l was c a r e f u l l y quenched from its
normal state i t should be t o
main ta in  cons tan t  temperature inflow.

An a l t e r n a t i v e method to measuring
t h e inf low rate by energy balance is
u s e of downhole chemistry t o measure
d i l u t i o n rat io across t h e shallow inf low

p o i n t - provided t h e inf low chemist ry  is
known, T h i s method tried
wi th similar r e s u l t s t o t h e temperature

method.

The technique demonstra tes  t h e

importance of  mul t ip le  temperature or

d i f f e r e n t f l o w rates i n wells. A l a r g e
or dominant inf low may no t i n d i c a t e a
dominant feed po in t b u t merely reflect
a l a r g e d i f f e r e n c e between w e l l p res su re

formation pressure . Only by con-

t r o l l e d v a r i a t i o n of w e l l p res su re -
dur ing i n j e c t i o n - can t h e r e a l

be determined. The method also i l l u s t r a t e s
t h e va lue of t h e "pressure p ivo t" ( G r a n t ,

f o r i n d i c a t i n g  t h e  r e l a t i v e of

t h e w e l l ' s i nd iv idua l feeds ,

. flowmeter-pressure measurements a t

Where a has a suspected l a r g e
downflow t h e method could used to
c a l c u l a t e t h e magnitude of t h i s by
c a l c u l a t i n q and format

p r e s s u r e s whi le i n j e c t i n g :

v a l u e s whi le shu t can be from

measured w e l l pressures. would
of g r e a t va lue where downhole flowmeters

no t ava i l ab le ,

CONCLUSION

S u i t a b l e d a t a to this idea t r ave
only r e c e n t l y become a v a i l a b l e , and i t

been shown t h a t in c e r t a i n circumstances
t h e technique works. many

used i n geothermal r e s e r v o i r
the r e s u l t s a r e not d e f i n i t i v e .
However it should he lp t h e  r e s e r v o i r  
eng inee r by providiny

p i e c e of might
be a v a i l a b l e ,
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