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ABSTRACT

To assess a two-phase well capacity in early well
testing stage, James Lip Pressure for horizontal
discharge is generally applied. The objective of the
measurement is to calculate total mass flow rate and
enthalpy in order to estimate well capacity. During
measurement, two-phase fluid from well is directed
horizontally to silencer (atmospheric separator) and
water flow rate measured by weir. Simplified weir
formula is commonly used for field application rather
than the original equation proposed by Kindsvater
and Carter (1957). Different equations to calculate
water flow rates will lead to different result, therefore
it affects calculated total mass flow and enthalpy
which represent well capacity. How significant
simplified weir calculation for well capacity
estimation and comparison of water flow rate
calculation between simplified weir calculation and
original weir calculation are compared. The result
showed, calculation using simplified equation for
trapezoidal weir has the biggest error compared to
other simplified weir equations, while simplified
equation for V-notch has the smallest error.

INTRODUCTION

For highly productive two-phase geothermal wells,
the most versatile and economical method of testing
is James Lip Pressure. In this method, two-phase
fluid from well is directed horizontally to silencer
(atmospheric separator). The pressure is measured at
an extreme end of the discharge pipe using gauge and
separated water flow from the silencer is measured
using weir near the silencer outlet.

A measuring weir is simply an overflow structure
built perpendicular to an open channel axis to
measure the water flow rate. Weirs are commonly

classified by the shape of their blade overflow
opening shape or control section shape such as
rectangular, trapezoidal (Cipolletti) and triangular
(V-notch) as shown in Figure 1. Each weir has its
own equation to calculate water flow rate within
specific water flow rate range in its field application.
Simplified weir formula is commonly used for field
application rather than the original equation.

To give an idea how significant calculation result is,
calculated water flow rate using simplified weir
equation and original weir equation are compared.
The calculation results and synthetic data then used
as inputs in James Lip Pressure calculation to
estimate well capacity.
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Figure 1. Longitudinal Section, Flow Over a Sharp-
crested Weir™

WEIRS

Contracted Rectangular Weir

The contracted rectangular weir has a rectangular
opening where the sides are straight up and down as
shown in Figure 2. The design is good for measuring
high water flow rates. The general equation for water
flow rate calculation is shown in Equation (1):

2
Waem = 3+/29 * Co * (ky + 1) * (hy + 0.0001) + p (1)


mailto:rudy-martikno@supreme-energy.com

Where :
Watm : Water Mass Rate (kg/s)

C. . Effective Free Flow discharge coefficient
(m*)

l : Effective Width of Weir (m)

hy : Head Water Measurement (m)

Ky : Width Correction (m)

g : Gravity Force (m/s?)

P) : Fluid Density (kg/m?)

hy : Max head water (m)

Figure 2: Basic definition sketch of the rectangular
and trapezoidal weir (after Bos, 1976)

The effective coefficient of discharge (C), is a
function of relative depth (%”) and relative width (1/
B), of approach channel.

LR T v —_— -
| |
on + . . . 1 -
|
o . - . v
LU BN ]
o . . + . -

on

0.8

0.8 . *
2 ———
— 4
0.5 —t ‘;;'-';:‘;l:
056 i
04 o 13 . 0 bR
nbndl.r.

Figure 3. Definition of the C, coefficient for
rectangular thin-plate weir (Kindsvater
and Carter, 1957)
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Width correction (ky) is correction factor of crest
width to weir width. The correction factor follows
diagram as shown in Figure 4.
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Figure 4. Width correction (K,) (Kindsvater and
Carter, 1957)

For0<i1/B<0.5
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For0.8<i/B<1
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ky = —23573+ (3) + 82192 () — 107.62+
1\2 1
(E) + 62.693*(3) — 13.69 ..... (7)
However, in field application, simplified equation of
rectangular weir is commonly used. Equation (8) is

obtained by assuming C, = 0.588 m®® and water
temperature 98°C, while k;, value is ignored.

Wiem = 6000 % L+ RS i e (8)



Trapezoidal (Cipolletti) Weir

The trapezoidal or cipolletti weir is similar to a
rectangular weir except the sides of the trapezoidal
opening as shown in Figure 5. The design is good for
measuring medium water flow rates.

Figure 5. Trapezoidal (Cipolleti weir) sketch (Shen,
1960)

The general equation for water flow rate calculation
is same as rectangular (Eq. 1) except the [ factor
should be corrected to h by the following equation.

(1= b) + 20
u max

l, = - ORI )

In field application, the simplified equation for
trapezoidal weir sligthly the same as rectangular
weir.

Waem = 6290 % L% 15 i es s e e e v et e (10)
Equation (10) is obtained by assuming C. = 0.616

m®® and water temperature 98°C, while k, value is
ignored.

V-notch Weir

The V-notch weir design is good to measure low
water flow rates. The designed angle could range
from 20° — 100°. For standard application, 90° V-
notch is commonly used as shown in Figure 6. The
general equation for water flow rate calculation at
any angle is:

Figure 6. Definition sketch of the V-notch weir (after

Bos, 1976)
8 0
Weem = 1—5\/@* 7% Cex (hu + k)25 % p e (1)
Where :
Wanm : Water Mass Rate (kg/s)
C. : Effective Free Flow discharge coefficient
(m*9)
hy : Water Head Measurement (m)
Kn : Head Correction(m)
0 : Central Angle of V-notch(m)
g : The Gravity Force (m/s?)

The effective discharge coefficient (C,), and the head
correction (ky), both are functions of notch angle (8).
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Figure 7. Effective Discharge Factor (C.), for V-
notch weirs (Shen, 1960)

C, = 1.543x107% x 8% — 4.535x1077 * 63
+ 5.294x1075 + 2 — 2.855x1073
0 + 6348x1071...............(12)
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Figure 8. Head correction factor, K;, for V-notch
weirs (Shen, 1960)

k, = 0.0004 6% —0.071% 60 +3.984.................(13)

In 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°

Woem = 4720 % h25 s s e s et e e e e e e e v (14)

James Lip Pressure Method

James Lip Pressure method correlates total mass
flow rate to enthalpy, cross-sectional area of tube,
and lip pressure. Total mass flow rate is related to
water flow rate measured in weirbox. As water flow
rate measured at atmospheric condition, to convert to
separation condition it needs to apply flash correction
factor. Common procedure to obtain total mass flow
rate (M) and flowing enthalpy (H) using horizontal
lip pressure method is as follows.

1. Calculate flowing enthalpy (H) by equation:

_ Hyaom +925+Y

1+785%Y AT ¢ 1)

2. Calculate Total Mass Flow Rate (M) by equation:

Watm * (Hg atm ~ Hl atm)

M= .. (16
Hg atm H ( )
Where Y variable is calculated by:
Y = Watm 17
Hgam : Vapor Enthalpy at atmospheric (i/kg)
condition g
Hiam : Liquid Enthalpy at atmospheric  (kJ/kg)

condition

H : Flowing Enthalpy (kJ/kg)
Watm © Water Mass Rate over weir (ton/hr)
Piip : Lip Pressure (bara)
M . Total Mass Flow Rate (ton/hr)
A . Lip pipe cross-sectional area (cm?)

NUMERICAL ANALYSIS

The comparison between original and simplified
equation are presented in this section. The objective
of this comparison is to give an idea how significant
simplified equation is regarding to the calculation
result. The parameters are given in Table 1 below.

Calculation result of rectangular weir using original
and simplified equation, and error is shown in Figure
9. At small head value or water rate less than 100
kg/s, the error is relatively small (<5%). The higher
head value leads to greater error. The error generated
by C. value which is assumed to be constant, whereas
C. must not constant depends on measured head and
weir size. In field application, the simplified equation

is only applicable for criteria [/B < 0.5 and %” <1.

Table 1: Weirs parameters used for numerical

calculation
Parameter | Rectangular | Trapezoidal | V-notch

B (m) 1 1 1

h (m) 1 1 1

p (m) 0.3 0.3 -

L (m) 0.8 0.8 -

b (m) - 0.4 -
6 (deg) - - 90
Temp

(degC) 98 98 98

Trapezoidal weir calculation result is shown in Figure
10. The error as a result of simplified equation is
quite high when head value more than 20 cm or water
flow rate more than 50 kg/s. Compare with
rectangular calculation, the error value is higher since
head value (h,) and effective length (i.) value are not
constant on its original equation. In field application,
the simplified equation is applicable for criteria

0.4 <1/B<07and“ <08.

Figure 11 shows calculation result of 90° V-notch.
The error goes smaller as higher measured head
value. C, value is only function of notch angle (6),
therefore weir sizing and measured head affects
nothing to the calculation result. Although the
simplified equation gives same result as original one,



the simplified equation must not be used if notch
angle 8 = 90°.
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Figure 9. Calculation result of Rectangular Weir
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Figure 10. Calculation result of Trapezoidal Weir

250 25%

200 ’,f 20%

>
3 r g
=
o 150 15%
3 ]
o &
£ 100 10%
E4

50 5%

R i o%
0 10 20 30 40 50 )
head (cm)

== 90 deg V Notch simple (kg/s) ~o- 90 deg V Notch original (ke/s) frror (%)

Figure 11. Calculation result of 90° V- notch Weir

FIELD APPLICATION

The original and simplified weir equations are used
as input to calculate generation capacity using James
Lip Pressure  method. The synthetic data for
calculation is presented in Table 2. The objective of
this calculation is to give an idea how significant
error generated by simplified equation to the
estimated generation capacity of a well.

Table 2:  Synthetic data for generation capacity

calculation

Pam 1 bara

IDip 10 in

Piip 50 | psia
Pseparator 12 bara

Rrectangular weir 15 cm

Nirapezoidal weir 22 cm

hQO0 V-notch 33 cm

Generation capacity calculation is done by using
parameters in Table 1, Equation (15), Equation (16)
and Equation (17). The result is shown in Table 3.

Calculation using simplified equation for trapezoidal
weir leads the biggest error among other simplified
weir equations while simplified equation for VV-notch
has smallest error. It is clearly seen that calculated
error in water flow rate calculation using simplified
equation is proportional with error in estimated
generation capacity.

Table 3:  Generation capacity calculation
Simplified Original
. . Error
Equation Equation
Rectangular 15.00 15.00
h (cm) Trapezoidal 22.00 22.00 -
90° V-notch 33.00 33.00
Rectangular 77.46 82.05 5.6%
Wam (Kg/s) Trapezoidal 7212 81.74 11.8%
90° V-notch 82.02 82.37 0.4%
Rectangular 1221.77 1185.78 3.0%
H (kJ/kg) Trapezoidal 1266.80 1188.12 6.6%
90° V-notch 1186.02 1183.38 0.2%
Rectangular 120.36 124.41 3.3%
Total Mass _
Trapezoidal 115.64 124.14 6.8%
(kgls)
90° V-notch 124.38 124.69 0.2%
Estimated Rectangular 12.84 12.14 5.7%
MW Trapezoidal 13.65 12.19 12.0%
@ 12 bar 90° V-notch 12.15 12.10 0.4%
CONCLUSIONS
1. Simplified equation for rectangular weir is

applicable for criteria [/B <0.5and h/P < 1.

2. Simplified equation for trapezoidal weir is
applicable for criteria 0.4 < [/B < 0.7 and h/P <




0.8.

3. Simplified equation for V-notch is applicable if
notch angle 8 = 90°

4, Simplified equation for trapezoidal weir leads the
biggest error among other simplified weirs.

5. Calculated error in water flow rate calculation
using simplified equation is proportional with error
in estimated generation capacity.

6. The use of original equations are strongly
suggested to minimize error since the calculation
result will be used for James lip calculation to
estimate well capacity.
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