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INTRODUCTION

Geothermal Wells

ing

Well Test

Well Completion
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Well Drilling Well Completion Well Testing
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Downhole Logging )
Waterloss Test &

Gross Permeability Test
Fall off Test

PT Survey

PTS Injection )

To determine:

Casing condition

Maximum depth of the well
Obstruction or clogging

Pressure and Temperature

The depth of feed zone

Productivty index (P1) & injectivity index
(11) from feed zone

Flow contribution from each feed zone




Geothermal Wells

Well Drilling Well Completion Well Testing

Heating Up Test
Production Test
PTS Flowing Test

Pressure Transient Test

B
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Geothermal ProductionTest

PRODUCTION TEST
|
v v
Short-term Long-term
Duration: N Duration:
3 — 7 days (or less if rig test) Several Weeks or Months
Goal: Goal:
Clean up well after drilling —»{Deliverability Curve

Stabilize flow at one WHP

Reservoir Characteristics




STEAM WELLS

\ PRODUCTION TEST

v v
|— Short-term r Long-term
Lip Pressure Method g2

Vertical Discharge Orifice Method

L Duration: " Duration:
3 — 7 days (or less if rig test) Several Weeks or Months
Goal: Goal:

~»|Clean up well after drilling ~»|Deliverability Curve
Stabilize flow at one WHP Reservoir Characteristics




Lip Pressure Method - Vertical Discharge

« This method is based on empirical formula by Russel
James (1966).

« The well was fully opened and the fluid discharged to
atmosphere over several hours depending on local
regulations.

 V\ertical discharge is useful for giving an initial estimate of
well potential and to determine what test equipment will
be necessary to carry out a longer-term test

Gambar oleh Dudi Duardi, 1997




Russel James Formula

WHP P /\\
| ///%/////ﬁ pre Sllal_g
G < H 1.102 _ M
e — —0.184 where G 3600 x A

Pe




Russel James Formula

| M ><Hl.102

-0.184
=mmip i 3600x Ax p°f

|
WHP
\

0.184x3600x Ax p°®
= H 1102

preesure

M

Gambar dari Dudi Duardi, 1997

Where:

P.“lip pressure” [bar absolute]

H flowing enthalpy [kJ/kg]

G Mass flow rate through one unit area [tonnes/cm?2.sec]

A Lip pressure pipe cross sectional area [cm?]
M Mass flow rate [tonnes/hour]




Long-term Production Test

Objective:

 To get data of production rate and fluid enthalpy at
various wellhead pressure.

 To know the type and properties of production fluid.

Pwh
N ; -
—ll— Goal: Deliverability Curve
100
= 50
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pwh (bara)




Orifice flow meter is installed between the
flange on the connection of two pipes

: : . KERANGEN 8Y PASS |
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/ - /% g
///////}//A//; - Rock Muffler

Gambar oleh Dudi Duardi, 1997

The well is opened and the fluid is
discharged horizontally to a rock muffler




 The principle of measurement using orifice meter is
measuring flow frictional losses (head loss) or pressure
difference (P1 - P2) which pass through orifice plate.

Orifice plate

Orifice diameter (d,)

¥y

\lena
contracta
diameter

Pipe diameter (D)

Pressure drop
across the orifice (h)

U
’021 +p.g.h =

P+

%+BﬂL+pgm




The proper installation of orifice plate has regulated
by ISO 5167 standard (Source: Ali Ashat, 2000 )

Orifice plate

Pressure sensor
{for compensation)

{for compensation) f "

e mpulse lines 4’
| o

How computer

Local readout




Schematic Installation of Orifice Meter
(Sumber: Ali Ashat, 2000 )
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Measurement using orifice plate

« Parameters to be measured: differential pressure (AP),
upstream pressure (Pu) and temperature (Tu) at various
well head pressure.

Gambar oleh Dudi Duardi, 1997

Mass flow rate is calculated using equation:

M =0.03959172xcxZ xex Exd? &

Uy




Calculation of mass flow rate:

M =0.03959172xcxZ xex Exd? &

Uy

M : Mass flow rate (ton/hour)
Ap : differential pressure (bar)
v, - spesific volume of steam (m3/kg)

e=1—(0.41— 035m)><i Ap

k :adibatic index (1.33 for saturated steam
dan 1.3 for superheated steam)
P, : Upstream pressure

2
m = (_j d: Inside diameter of orifice plate
D: Inside diameter of the pipe




C =f(m) and it is determined using the following correaltion
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Formula:

M =0.03959172xcxZ xex Exd? &

U
=) M-c [
Ug

g
Where:
M : Mass flow rate (ton/hour)
Ap : Differential pressure (bar)
v, - Spesific volume of steam (m?/kg)
C : Orifice coefiecient (dimentionless)

If orifice measured the water flow rate, thereforee =1




Enthalpy and steam quality from Mollier Diagram

Mollier H-S Diagram for Water-Steam
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Examples of Data

(Source: Ali Ashat)

TKS PU DP TU

TANGGAL | JAM (KSC ) (KSC ) (KSC) | (oC ) KETERANGAN
24-11-97 | 08.0C| 33.00 (| Dibieeding Persiapan uji catar/tegak.
25-11-97 | 09.45 6.20 | P.Lips = 2.90 Ksc Dibuka tegak pipa tegak 8"
10.00 5.80| P.Lips = 2,55 Ksc (195 mm).
10.45 5.80 | P.lips = 2.5% Ksc
25-11-97 | 10.45| 10.10 8.80 1.213 | 178.00 | Jam 10.45 WiB muiai di uji datar
14.00( 10.10 8.90 1.213 | 178.00 | dengan pipa datar 8" {198,4 mm)
17.30 9.50 7.81 1.132 | 173.00 | dan orifice 164,73 mm.
26-11-97 | 00.00 9.30 7.60 1.050 | 172.00
06.00 8.20 6.94 1.020 | 168.50
12.00 7.50 5.91 1.423 | 163.00| Jam 12.00 TKS diset ke 7.5 ksc.
18.00 7.50 6.33 1.035 | 164.50
27-11-97 | 00.00 7.50 6.56 1.036 | 166.00
06.00 7.50 6.33 1.019 | 164.50
12.00 7.50 6.33 0.995 | 164.50
18.00 7.50 6.33 0.979 | 164.50
28-11-97 | 00.00 7.50 6.33 0.97C | 164.50
06.00 7.50 6.33 0.954 | 164.50
12.00 7.50 8.33 0.922 | 164.50
18.00 7.50 6.33 0.906 | 164.00
29-11-97 | 00.00 7.50 6.33 0.898 | 164.C0




Two-phase Wells

PRODUCTION TEST

Y v
I— Short-term |— Long-term

Lip Pressure method —

horizontal discharge to a silencer Separator Method

- Duration: ~ Duration:
3 — 7 days (or less if rig test) Several Weeks or Months
Goal: Goal:

~»|Clean up well after drilling ~»|Deliverability Curve
Stabilize flow at one WHP Reservoir Characteristics




Lip Pressure Method —
Horizontal Discharge to a Silencer




* The well is opened at a particular wellhead pressure and
the fluid is flowed into the silencer (atmospheric

separator).
* The height of water pass the weir box is measured, as well

as temperature.

Cusped dividing plate -~ “~Pipe joint

of tough steel
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Measurement of water from silencer using weir box

Triangular Weirbox

Angle of notch (8)

AL
No crest

h, p, b, B dalam meter
Watm dalam t/h

Suppressed Weirbox




Rectangular
Weir Box

(after Bos, 1976)

2

Warm =329 * Ce * (kp + 1) * (hy + 0.0001)"® * p
Watm  : Water Mass Rate (kg/s)
Ce . Effective Free Flow discharge coefficient (m°9)

. Effective Width of Weir (m)

: Head Water Measurement (m)

: Width Correction (m)

: Gravity Force (m/s?)

: Fluid Density (kg/m3)

! . Max head water (m)

SO O X o5~
o c




The Ce coefficient and width correction for rectangular weir

0.80 Value of Ky In metres,
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(Kindsvater and Carer, 1957)



Simplified Formula for Rectangular Weir Box

For field application, simplified equation of a rectangular
weir is commonly used, by assuming C, = 0.588 m®> and
water temperature 98°C, while k;, value is ignored.

W1 = 6000 * [ x A1

[ : Effective Width of Weir (m)
h : Head Water Measurement (m)
W, 1IN ton/hour

(after Bos, 1976)




Trapezoidal (Cipolletti) Weir Box

The trapezoidal or cipolletti weir is similar to a rectangular weir
except the sides of the weir opening are trapezoidal in shape.
The design is good for measuring medium water flow rates.

€ l ” In field application, the simplified
equation for trapezoidal weir
nearly the same as for the
rectangular weir.

W,pm = 6290 * [ % h15

It Is obtained by assuming C, =
0.616 m®> and water temperature
98°C, while k;, value is ignored.

(Shen, 1960)

Where W,;, In ton/hour, [ and h in meter




V- notch
Welr Box

(after Bos, 1976)

8

6
Watm = 1_5\/2_ *oF Ce * (hy + kh)Z'S *p

W, :Water mass rate (kg/s)

Ce . Effective free flow discharge coefficient (m°>)
h, . Water head measurement (m)

Ky, . Head correction (m)

0 . Central angle of V-notch (m)

g . Gravity force (m/s?)




V- notch Weir Box
C, = 1.543x107% % * — 4535x1077 x 63 + 5.294x107°> * 92
—2.855x1073x0 + 6.348x10°1
k, = 0.0004 x 02 —0.071 0 + 3.984

0.61 -

0.60 -

Ce (m"0.5)
ot
[y
o

N

O
w
&0

0.57

0.56

0 20 40 60 80 100 120
Notch Angle (deg)

Shen (1960)




kh (milimetre)

V- notch Weir Box
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V notch Angle (deg)

Shen (1960)
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Simplified Formula for V- notch Weir Box

For field application, the simplified equation Is
commonly used by assuming C, = 0.578 m®> and water
temperature 98°C, while k, value is ignored. It should be
noted that the simplified equation is only applied for
notch angle (8) = 90°

W = 4720 % h25

Where W,;, In ton/hour and h in meter




Russel James formula
for calculating mass flow rate and enthaply

W

atm

= A p0.96

Y

L _ 2675+925xY
1+7.85xY

W, x 2258
2675—H

M  : Mass flow rate from the welll (ton/Jam)

H . Fluid enthalphy (kJ/kg)

P . Lip pressure (bara)

W, : Water mass flow rate measured in the
welir box at atmospheric condition




Separator Method

Measurement using orifice plates

The most accurate method for measuring two-phase flows
from geothermal wells is to use an efficient cyclone
separator (Bangma, 1961).

Separator

AP
Water ?l)l

. AN
Control
AP valves

]itr \_ Steam : 4{

The separator method separates the steam and water
phases, allowing their individual measurement. Both
phases measurement using orifice flow meter




Separator Method

Measurement of steam using orifice plate

and water using weir box
WH P Water & steam
: Water to a silencer
_ e
7 o727 2, VER
775722777 7

Steam is measured
using orrifice plate




Separator Method

Data Analysis

4

2
WHP Water & steam 3
— 5

Water to silencer

21 o T
/////////////////////////////////////// Steam is measured //

using orifice plate

Well Head Pressure (WHP) : P,

Separator Pressure : P

Silencer Pressure  : P,

Fluid from wellhead: m1, h:

Fluid enter the separator: mz h:

Steam from separator: ma hs

Water from separator flow to a silencer: ms hs
Water enter the silencer: ms he




el e e e |

Data Analysis !

. I S
Assumptions: no mass and heat losses | 1
' |
|
|
(o
I -
: |
WHP L 3 Water to silencet 7
1 5 £ N\ -===» 6
' IWEIR
% Steam is measured |

using orifice plate 1

* Mass balance:
Ms = M7 = Watm + Mo
e Assumption: 5=» 6 no mass and heat losses. hs = hs
« Enthalpy of water into silencer (hs) = ht@separator pressure
* hr, hig at silencer pressure: hsz, htgz (From Steam Table)

« Steam fraction in the silencer X7 = (he- h7)/htg7
 Mass flow rate of steam out from silencer:
X7 = Mo/(Mo+ Watm) = Mo= ...

» Mass flow rate of water flow into the silencer (ms)
Ms = Watm + Mg




Data Analysis
Assumptions: no mass and heat losses

Water to silencer |

N ==
\
\

Steam is measured
using orifice plate

« Mass flow rate of water flow into the silencer = ms=mes
Mass flow rate of steam from separator is measured using
orifice plate = m,
Mass balance: mz= ms+ ms=m:
Steam fraction in the separator: xs= ma/(mas+ms)
ht, hig at separator pressure: hss, higs
Enthalpy of fluid at separator pressure
h2 = h3 + X3 hfg3




Data Analysis
Assumptions: no mass and heat losses

'WHP ol
: h N
: %////’//////////////////////////// Steam is measured //_ beat

e e e e e e e e e e e - I using orifice plate

« Mass flow rate of water at the wellhead = m:=m:
e Assumption: 1 =» 2 no mass and heat losses. h: = h:
* hr, hig at wellhead pressure: h, hg
« Enthalpy of fluid at wellhead pressure
hi=h2=hs + X1 higt = X1 = (hs- hr)/hrg1




Excercise

Flow Measurements & Production Testing




Exercise-1
Well testing using orifice plate and weir box

During a well test, at wellhead pressure of 20.9 barg, fluid from
Well XXX-11 is flowed into a separator and separated at 9.2 barg
pressure. Water from the separator is flowed into a silencer and
measured using a weir box (at atmospheric pressure). The water
flow rate from weir box is 173 ton/hour. Steam from separator,
as measured using orifice plate, is 27.2 ton/hour

Calculated total mass flow from Well XXX-11

Water to silencer

N TS
%
L

Steam is measured
using orifice plate




Excercise- 2
Well testing using Separator Method (orifice)

An output test is done on Well ITB 12 using separator (steam
and water measurement using specific orifice), with the
results shown in this table below. Calculate the discharge
enthalpy and total mass flow. Plot the enthalpy and mass flow
against the WHP (for deliverability curve).

The data are:

Orifice Radius

Inside diameter (ID) Pipe, P = 14” mild steel

Orifice diameter, d = 6.625” mild steel

WHP |P. Separator |P. Steam |AP.steam| T.W |AP.water
[bara] [bara] [bara] [bar] [C] [bar]
8 7.6 7 1.688 168 0.536
8.2 7.6 7.2 1.546 168 0.519
9.7 9.6 9.3 0.674 178 0.416
11.7 11.5 11.5 0.290 186 0.275
12.7 12.9 12.9 0.161 191 0.202
15.1 14.8 14.7 0.069 197 0.111
16.4 16.2 16.2 0.028 202 0.040




Excercise - 3
Well testing - Lip Pressure Method Vertical Discharge

Production testing is conducted using lip pressure vertical
discharge for 3 hours using a 153 mm diameter lip pipe.
Pressure gauge shows that the wellhead pressure is 25 barg
while lip pressure is 3.25 barg. Completion of the test results
Is estimated the feed zones at depth of 1323 m and the
temperature 230°C. If at feed zone depth consist of only one
phase, saturated liquid, determine flowing enthalpy, total
mass flow rate and potential electric well (if conversion factor
1s0.1) !.




Exercise—4
Well testing using lip pressure Method
Horizontal discharge

Production testing for ITB 14 Well using Lip pressure. Fluid
from the well discharged horizontal to silencer with lip pipe
(diameter 203 mm). Water from silencer measured using V-
notch 90° weir box. Data from the measurement results
shown in this table below. Plot deliverability curve.

Test1l Test2 Test 3 Test4 Test5

WHP

bara] 165 19.6 24.2 26.6 29

Water level di weir box

mm] 325 310 290 266 222

Lip Pressure

‘bara] 52 465 3.75 293 1.79

TKS

—p—

uuuuuu
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