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Formation Water Detection - primer

• What?

• Detect when a wetgas well starts to produce (saline) formation
water 

• Why? 

• Flow assurance: scale, hydrate, and corrosion management

• Challenges: 

• Required detection levels are very low, typically 1-5m3/d of
formation water (WVF=~0.05%)

• Inhibitors (e.g. MEG) may be injected upstream the detection
equipment
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Agenda

• Background
• The MPM meter

• Two formation water detection methods

• Test results #1: MEG & formation water detection, development test at 
ProlabNL

• Test results #2: formation water detection, blind test 

• Conclusions
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The MPM meter
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Formation Water Detection – MPM meter 

• The MPM meter can perform Formation Water Detection (FWD) using two 
different methods:

1. Wetgas salinity based method: detect salinity in produced water using
microwave signal

2. PVT based method: Compare PVT predicted condensed (fresh) water rate to 
actually measured water rate
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• Salinity detection is based on the shape of the microwave phase curve at the cut-
off (resonant) frequency, expressed as ”S-factors”

• Fresh water -> Steep curve -> high S-factor

• Saline water ->Less steep curve -> low S-factor

Wetgas salinity - background
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• Two main enhancements have been implemented in recent years:

• Optimal choice of antenna combinations for measurement of S-factors
(Empirically determined from test and field data)

• WVF is also accounted for to achieve optimal detection accuracy

Wetgas salinity -

Developments

3D BB microwave antennas S-factor vs WVF (typical relationship)
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• The detection is based on
the Salt Water Indicator
(SWI), calculated from S-
factor and WVF

• 𝑆𝑊𝐼 = 𝑓 𝑆−𝑓𝑎𝑐𝑡𝑜𝑟,𝑊𝑉𝐹

• The detection/alarm 
threshold can be selected
based on the tradeoff
between missed
detections and false 
alarms.

Wetgas salinity -

Salt Water Indicator (SWI)
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PVT based method - Background

• The meter uses its embedded MultiflashTM PVT 
software to predict the condensed water rate
• Requires input of reservoir P&T

• The meter also measures the (total) produced 
water rate

• Can then calculate the formation water rate:
• Formation water = Produced water –

Condensed water
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PVT based method -

Example Sensitivity Calculation

• When the formation water salinity is low, this method can be more sensitive than 
the wetgas salinity method

• Statistical methods can be applied to calculate the sensitivity of the PVT based
detection method

Gas Flow Rate 50 MMscfd
Water Volume Fraction % 0.02
Formation water 50 lb/MMscf
Total produced water 140 lb/MMscf
Condensed water (Multiflash) 90 lb/MMscf
WVF uncertainty in condensed water 0.0008 %
MPM uncertainty in WVF % 0.02 %

Formation Water Volume Fraction for detection 
0.017 % 
(95% CI)
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MEG Test at ProlabNL -
Main objectives

• To explore how injected MEG affects formation water detection capabilities

▪ Does MEG affect wetgas salinity detection by altering the Salt Water 
Indicator?

▪ How to correct measured flowrates for injected MEG?

▪ After correction, does MEG affect uncertainty of water measurement? 
(used in PVT based detection method)
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MEG Test at ProlabNL -
Test details

• 290 test points were recorded

• Standard 5” MPM meter

• Fluids: Methane and Oseberg Crude, water with 3 different salinities: Fresh water, 2.1% and 10% NaCl

• Pressure and temperature 60barg and 60°C

• GVF: 99.5-100% and WLR: 0-100%

• 3 different MEG/water ratios: 0, 0.6 and 1.0
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• 4 different GVF levels (99.3,99.5,99.7 and 99.9%) were used, along with two simulated well
profiles. 

• Repeated the WLR/GVF combinations for different velocities, salinities and MEG/water 
ratios

MEG test -

Composition Map
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• Sfactor and WVF follow the expected relationship both with and 
without MEG

MEG test Results -

Sfactor vs WVF

0

0,2

0,4

0,6

0,8

1

1,2

0 0,05 0,1 0,15 0,2 0,25

sf
a

ct
o

r_
D

8

mpm wvf %

sfactor vs WVF (Salinity)

salinity=0

salinity=2,1

salinity = 10

Poly. (salinity=0)

Poly. (salinity=2,1)

Poly. (salinity = 10)

0

0,2

0,4

0,6

0,8

1

1,2

0 0,05 0,1 0,15 0,2 0,25

sf
a

ct
o

r_
D

8

mpm wvf %

sfactor vs WVF (Salinity)

salinity=0

salinity=2,1

salinity = 10

Poly. (salinity=0)

Poly. (salinity=2,1)

Poly. (salinity = 10)

0

0,2

0,4

0,6

0,8

1

1,2

0 0,05 0,1 0,15 0,2 0,25

sf
a

ct
o

r_
D

8

mpm wvf %

sfactor vs WVF (Salinity)

salinity=0

salinity=2,1

salinity = 10

Poly. (salinity=0)

Poly. (salinity=2,1)

Poly. (salinity = 10)

All test points No MEG points MEG points



MEG Effects |  15

MEG test results -

Separation, saline vs fresh water points
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• Using the default threshold of SWI>0.5, 93.6%  of saline points were correctly detected, and 
6% of fresh water points gave false alarm. 

• Based on field requirement the threshold can be configured to reduce missed detection or 
false alarm

MEG test results -

Salt Water indicator(ctd)
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MEG test results -

Conclusions Wetgas salinity

• The existing wetgas salinity method can be used also with MEG present. 

• MEG does not significantly affect the calculated Salt Water Indicator

• In the current test 93.6% of saline water points was correctly detected, while 6% 
of fresh water points gave false alarm.
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MEG test results -

Impact of MEG on water measurement

• The permittivity of MEG is between those of water and oil
(37.7 at 25 degC) 

• MEG is therefore expected to affect measured water rate, a 
critical input for the PVT based formation water detection

• Again:
• How to correct measured flowrates for injected MEG?

• Does MEG affect uncertainty of water measurement (after
correcting for MEG)?
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MEG test results -

WVF difference for No MEG points

• Test points without MEG have mean square root error (MSE) of 0.03% for measured WVF
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MEG test results -

WVF Difference for MEG points

• With no correction for MEG the WVF is clearly overestimated (as expected)

Before correction for MEG
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MEG test results -

WVF Difference for MEG points with correction

• Correction method: 

• Use the reference flow rate for MEG

• incorporate the MEG fraction in the permittivity mixing models (as the fourth 
phase)

• After correction the WVF uncertainty is increased by a factor of 1.35, for MEG to water 
ratio of 1:1.
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MEG test -

Conclusions PVT based detection

• The measured water rate can be corrected for injected MEG, provided the MEG 
rate is known.

• All of MEG mass rate is measured as liquid mass and hence liquid rates can easily 
be corrected by subtracting MEG injection rate

• Presence of MEG and applied correction increase the WVF measurement 
uncertainty by a factor of 1.35
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Blind test - Formation Water Detection

• Recently TechnipFMC-MPM participated in a blind test in cooperation with one of our 
clients at ProlabNL. 

• Permission to present the results have been given under the condition of 
anonymizing the data.

• Test details:

• >100 test points

• ~20% fresh water points

• salinity = 0-10%

• GVF>99%

• WLR<10%

• The meter was set up and configured according to standard field procedures



MEG Effects |  24

Blind test 

Results

• All fresh water points was correctly classified (no false alarms) 

• 18% of saline points was misclassified as fresh water points (missed 
detections)
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Blind test 

Results (ctd)

• The results indicate that for the current conditions the meter can detect 1 
m3/d (0.04 m3/h) of formation water flow. 

• At this specific saline water flow rate the meter correctly detected the 
salinity for 86% of the test points (SWI>50%).
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Overall conclusions

• The presence of MEG does not affect the wetgas salinity functionality of
the MPM meter

• Measured flow rates can be corrected for injected MEG

• In the presence of MEG PVT based formation water detection can
therefore still be applied.

• Results from an operator run blind test has been presented. 

• The results showed that the detection limit for formation water rate 
was 1 m3/d, for the flowing conditions of that specific field.




