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wimo™ Wireless Monitoring Gauge 
 
Description: 

wimo™  is a retrofit wireless monitoring system for live wells.  It is attached to a standard lock mandrel and conveyed 

with slickline to land in a nipple in almost any wellbore.  wimo™  gathers pressure, temperature, and flow rate data 

and continually transmits it wirelessly to the surface via undetectable fluid perturbations.  wimo™ turbine-generator 

provides unlimited power and creates fluid perturbations to generate the wireless signals to surface.  It can also be 

attached below a bridge plug and landed anywhere in the wellbore tubing.  A solar powered Wireless Autonomous 

Communication Station (WiACSTM) gathers the wirelessly transmitted downhole data from signal receiving sensor 

(SRS) mounted to the wellhead, then decodes and sends the data to the operator via a secure cloud connection or 

the users own hardwired system.  Users may view the data either with WINS WiDashTM desktop visualization 

software or their own proprietary system.   

 
Fig. 1 - wimo™  Wireless Monitoring System attached to Halliburton Otis X® Lock Mandrel 

 

 

Applications: 

• Addition of real time measurements 
to any standard well 

• Repair of failed permanent 
downhole gauges 

• Drill stem testing supplement 

• Draw Down and Pressure Build Up 
(PBU) testing in production wells 

• Constant Injection and Pressure Fall 
Off (PFO) testing in injection wells 

• Productivity Index (PI) or Inflow 
Performance Relationship (IPR) 
curve generation 

• Interference testing between wells 

• Use of Deconvolution yields better 
reservoir insight, avoids long PBU 
tests 

 
Fig. 2 – Wireless Autonomous Communication Station (WiACS) 
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Features and Benefits: 

• World’s first practical, wireless 
production monitoring system 

• Turbine-Generator ensures unlimited 
power 

• Wireless telemetry uses pressure 
perturbations created with the 
generator, therefore no repeaters 
(relay stations) are required 

• Pressure, temperature, and flow rate 
are measured 

• When no flow available, onboard 
batteries record data for up to 3 
months.  Data is transmitted once flow 
resumes 

• Solar powered surface system relays 
data gathered from wimo wellhead 
sensors  anywhere, instantly. 

• Configured for fast supply and 
deployment.  In most cases, only a 
wireline adapter is needed. 

• Inconel 718 construction is suitable for 
a wide range of well environments  

Fig. 3 – Wireless signals transmitted via flow perturbation 

 

 

 

Surface Communications 

All communications between WiACS and the Cloud 
are done through the open cryptographic network 
protocol named Secure Shell (SSH).  SSH is a widely 
known protocol and involves Public-Key 
Cryptography to authenticate WiACS to the Cloud.  All 
web traffic between the cloud and the end user 
utilizes HTTPS for secure encrypted communication.  
Bidirectional data through HTTPS communication 
protocol is encrypted using Transport Layer Security 
(TLS).  The data can be relayed from the cloud to the 
client’s dashboard solution by any known database 
protocol.  WINS also has its own dashboard solution 
which can be implemented. 

 

 
Fig 4 – Data Transfer Structure 

 

 

Downhole Gauges and Pressure Transient Analysis (PTA) 

Downhole gauges have become a key tool for Operators to assess well and reservoir properties and performance.  

With the proliferation of well pressure transient analysis use of derivatives and deconvolution, the need for accurate, 

frequent, high resolution, and long-term data has never been higher.  Gauge location also plays an important role 

because surface pressure is inaccurate compared to downhole due to fluid phase redistribution after a well is shut 

in.  Use of Drill Stem Tests (DSTs) is very common for exploration and field evaluation but must be conducted with a 

rig, limiting the PTA test time to maybe 10 to 100 hours.  This is sufficient for high permeability gas formations where 

the shut-in pressure wave travels quickly in the reservoir.  But in today’s oil reservoirs with low permeability, things 

happen more slowly.  Shut-in times of 30-60 days (1000+ hrs) could be needed for a reasonable determination of 

well boundary effects.  Pressure Transient Tests are now most likely conducted on low perm oil wells in the 
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production phase, rather than exploration or appraisal phases of the field development.  See Table 1 below to 

observe the time required to assess well properties in tighter oil formations: 

 

 

Pressure Build Up 
Time Scale 

Distance 
from the Well 

Well Properties 
Determined 

Early Times 
(0 – 1 hour) 

Near Wellbore Effects 

• Wellbore Storage 

• Skin Effects / Fractures 

• Completion Problems 

• Horizontal Well 

Middle Times 
(10 – 100 hours) 

Reservoir Behavior 

• Radial Flow Regime 

• Permeability 

• Composite 

Late Times 
(1000+ hours) 

Boundary Effects 

• Fault 

• Intersecting Boundaries 

• Channel 

Table 1 – Wellbore properties that can be determined using Pressure Transient Analysis 

 

 

If memory gauges are used to gather data for PTAs, the Operator will be quite involved with logistical activities to 

complete the exercise.  Table 2 below is a typical Operator procedure for a typical well pressure transient test 

comparing the use of memory gauges vs. wimo wireless gauge: 

 

 

Operator Procedure Memory Gauge Wireless Gauge 
Shut-in the well and install a downhole gauge on slickline Required Required 

Flow the well for extended period 
 Well Flow Characteristic: 
 Flow Measurement Location: 
 Flow Measurement Method: 
 Measurement Period: 
 Flow measurement gaps filled by: 

 
Constant Rate 

Surface 
Portable Test Separator 

Intermittent 
Interpolation 

 
Any Rate 

Downhole 
Turbine 

Continuous 
No gaps 

Shut-in well duration to evaluate wellbore boundary: 
30-60 days 

Derivative plot only 
Several 3-4 day shut-ins 

Deconvolution Ready 

Retrieve downhole gauge Required Not Required 

Place the well back on production Required Required 

Perform Pressure Transient Analysis of the data After Retrieval Any time during test 

Repeat PTA test one year later Repeat all steps above 

Continuous data 
gathered, repeat 

analysis only for even 
better results 

Table 2 – Operators must perform many logistical exercises to run a PTA with memory gauge vs. wireless gauge. 

 

 

Saphir from Kappa Engineering is the industry standard PTA software and several charts of an oil well analysis are 

shown below in Figure 5.  Notice the use of deconvolution in Fig. 5d gives over 300 hours of well test prediction with 

no individual Pressure Build-Up test over 70 hours.   
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Fig. 5a – Downhole pressure vs. time 
plot of three draw downs and three 
Pressure Build-up (PBU) tests.  The 
PBUs are colored pink, green, and 
blue. 

 

 
Fig. 5b – Corresponding surface flow 
rate vs. time. 

 

 
 
Fig 5c – ΔP plots (upper curves) and 
δP/δt derivative plots (lower curves) 
of each PBU in corresponding colors 
to Fig. 5a.  This chart contains log-log 
scales.  Notice the test time is the 
same as each PBU, approximately 9-
70 hours, log scale. 

 

 
Fig 5d – The deconvolution routine is 
shown in red squares.  Notice the 
duration is about 300 hours, which is 
the total time of the three flow 
periods plus the three draw downs.  
This extra insight of the boundary 
effects did not require a 300-hour 
shut-in test.   

Plots are courtesy of www.testwells.com.  Software used was Kappa Saphir from www.kappaeng.com 
 

 

Once the value of deconvolution is understood, it becomes obvious that full time data gathering with a wireless 

gauge gives much better results than periodic use of memory gauges with significantly less effort to the operator.  A 

full test procedure with memory gauges could take six months to conduct for two months of shut-in PBU data.  The 

wireless gauge gathers data continuously so all the flowing data is relevant, and two shut-ins would not have to 

exceed a week to ten days total.  Indeed, survey times exceeding 10,000 hours employing many production rates 

and shut-ins, which is the normal behavior of production operations, makes this method very valuable and practical 

for the user.   

 

  

http://www.testwells.com/
http://www.kappaeng.com/
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Downhole Flow Rate Measurement – Why is it a Big Deal? 

 

 
 
 
 

Table 3 
Flow rate measurement quality 

based on equipment and location 
 

All 5 criteria are relevant for good 
PTA analysis.  Be careful NOT to 

focus only on accuracy! 

 Location Surface Downhole 

Meter Type 
Test 

Separator 
Multiphase 

Meter 
Mass 
Meter 

Accuracy High High Lowa 

Repeatability Lowb High High 

Noise Highc Highc Low 

Resolution Low High High 

Frequency Lowd Lowd High 

Cost Low High Medium 

  a  - Low accuracy due to the lack of a watercut measurement 
b  - Low repeatability due to fluid properties and combined measurements 
c  - High noise due to flow measurement located very remote from reservoir 
d  - Low frequency due to measurement not dedicated 24/7 to one well 

 

Downhole flow rate measurement is a significant game-changer for PTA analysis for two reasons: 

1) PTA data quality is improved 

2) PTA can be performed without shut-ins 

 

Table 3 illustrates there are at least five (5) criteria related to measurement quality: accuracy, repeatability, noise, 

resolution, and frequency.  Flow rate measurement is tricky to obtain high quality data in many of these areas, 

particularly for surface test separators.  A description of each measurement criteria is: 

1) Accuracy – How close a measurement is compared to an absolute standard.  In statistics, maximum accuracy 

is the peak of a normal curve 

2) Repeatability – (also precision) is the variability of a measurement about the mean.  In statistics, 

repeatability is the width or standard deviation of a normal curve.   

3) Noise – Any random fluctuations of data that hinders perception of a signal 

4) Resolution – The smallest change a sensor system can detect in the quantity that it is measuring 

5) Frequency – The time period required for a sensor system to make successive measurements 

 

 
Figure 6 – 4 of 5 Measurement Criteria Illustrated (Frequency not shown) 
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It is interesting that poor data quality of surface test separators and multiphase meters has less to do with their 

measurement technology and more to do with their location.  Any surface measurement system is far remote from 

the source of the data at the reservoir.  Items like wellbore storage, slugging, and data timing differences all 

contribute to increased noise which can mask the reservoir signal.  In addition, the surface meter is usually not 

dedicated 24/7 to a single well but is shared with many wells.  Significant gaps in the data are usually “fudged” or 

assumed to be constant and simply overwritten.  This lack of data frequency or even false data also contributes to 

poor data quality.  If we carefully consider all five measurement criteria, then dedicated downhole flow 

measurement wins the data quality challenge every time, even if the downhole measurement lacks a watercut 

measurement feature.   

 

 

 

Downhole Wireless Gauge Technologies Available 

The next question to be answered is which downhole wireless gauge technology should be used?  There are several 

styles of wireless gauges on the market: 

 

1) Electromagnetic Downhole Pressure and Temperature Gauge 

2) Acoustic Downhole Pressure and Temperature Gauge 

3) Pressure Pulse Downhole Pressure and Temperature Gauge 

4) Pressure Frequency Downhole Pressure, Temperature, and Flow Rate Gauge 
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Gauge Type 
Electro-

Magnetic 
(EM) Gauge Wellhead 

Gauge 
(Surface) 

Permanent 
Downhole 

Gauge 

Downhole 
Memory 
Gauge 

Acoustic 
Gauge 

Pressure 
Pulse 
Gauge 

Pressure 
Frequency 

Gauge 

Wireless 
Manufacturers 

 

 

 
SLB, BHI, HAL 

 

 

Data Frequency Slow High High N/a Medium Very Slow Slow 

Power Supply Batteries Surface Surface Batteries Batteries Batteries Turb+Gen 

Comms in Open Hole Yes N/a No Yes No Yes Yes 

Repeaters Required Yes N/a No No Yes No No 

Replaceable
a
 S S NOGO S S S S 

Downhole
b
 S NOGO S S S S S 

Data Frequency
c
  S + + NOGO + - S 

Data During Shut-in
d
 S S S S S - - 

Data Below a P&A Plug
e
 S - - - - - - 

Data in Openhole
f
 S - - + - + + 

Long Term Power Supply
g
 S + + S S S + 

Repeaters Needed
h
 S + + + - + + 

Packer Attenuates Signal
i
 S S S S - S S 

Flow Measurement
j
 S S S S S S + 

Rotating Comp in Flow
k
 S S S S S S - 

T
o

ta
ls

 No Go? 
Baseline 

Case 

NOGO NOGO NOGO OK OK OK 

Plusses 3 3 2 1 2 4 

Minuses 3 3 2 4 3 3 
__  = For comparison purposes only, not actually a downhole wireless gauge 
S  = Same or similar to the baseline case 
+  = Better compared to the baseline case 
-  = Worse compared to the baseline case 
a  - = no, S = yes.  Permanent Downhole Gauge included for comparison only.  It is not replaceable and is rated NOGO 
b  - = no, S = yes.  Surface or wellhead gauge included for comparison only.  It is not located downhole and is rated NOGO. 
c  - = no data, S = slow, + = faster.  Memory gauge included for comparison only.  It does not communicate in real time and is rated 

NOGO.  Acoustic has the fastest telemetry, followed by pressure frequency, EM, and pressure pulse. 
d  - = no, S = yes  Pressure telemetry cannot communicate when the well is shut-in, therefore they are rated as -. 
e  - = no, S = yes.  EM is the best option for P&A.  Sometimes acoustic telemetry will work, but most times it will not. 
f  - = no, S = some, + = yes.  Pressure telemetry in fluid is the best option for openhole communications.  EM telemetry in the formation 

is next best, and acoustic telemetry in fluid is usually poor. 
g  S = primary battery only, + = better.  The turbine-generator gives longer lifetime at elevated temperature than all other systems 

using batteries. 
h  - = yes, S = some, + = no.  Pressure telemetry does not require repeaters.  EM sometimes does, while acoustic always does. 
i  - = yes, S = no.  Packers prevent the tubing from moving, decreasing acoustic signals.  Repeaters must be spaced closely to packers. 
j  S = no, + = yes.  The turbine-generator is the only wireless downhole gauge that measures flow rate. 
k  S = none, - = yes.  The turbine can be fouled by heavy oil, asphaltines, and paraffin.  Blades can be eroded by solids. 

Table 4 – Pugh Analysis of All Available Well Gauge Options 

 

A Pugh Analysis is a simple method to evaluate several options while using minimal weighting to reduce bias.  The 

EM Gauge (Option A) was selected as the baseline, then other option features were ranked as better (+), Same (S), 

or worse (-), compared to the baseline.  Plusses and minuses were tallied and compared.  Very bad minuses (Options 

B, C, and D) were termed NOGO since they did not meet the original criteria of downhole, replaceable, and live data.  

Option G was selected as the best solution because it had the least minuses and the most plusses.  This is wimo™ 

downhole wireless gauge from WINS.  Many times in a Pugh analysis, minuses are compared to determine the least 

negative option.  In some cases, three minuses might be better than one minus, i.e., weighting is reserved until the 

very end of the exercise to minimize bias.   

 

wimo™ wireless monitoring system becomes the solution of choice for operators currently using memory gauges 

to collect Pressure Transient data on their wells.  In fact, the downhole flow rate feature of wimo™ insures that rate 
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information will be more accurate, easier to obtain (no portable test units to organize), and a complete record of 

flow data will be recorded.  There are no gaps in flow data to interpolate due to periodic rate testing. 

 

 

Specifications: 

 

Description wimo™ Tool Specifications 

Well Tubing: 
Tubing ID: 1.867” or larger 

Size / Weight: 2-3/8” 5.95#/ft or larger 

Tool: 

Outer Diameter: 1.5 inches (Main Body) 

Length: 41.5 inches 

Weight: 40 lbs (24 Kg) 

Adapter Thread: TR60x2 Male 

Material: 
Specification: Inconel 718 per UNS N07718 

Compliance: NACE MR0175 / ISO 15156 

Weld: 
Type: Electron Beam Welding 

Compliance: ASME Section IX / ISO-9606 and ISO-14732 

Sensor: 

Technology: MEMS sensing element mounted to diaphragm 

Manufacturer Quartzdyne 

Location: Utah, USA 

Pressure Calibration: 

Range Choices: 5,000, 10,000, or 15,000 psi 

Accuracy: ±0.01% Full Scale 

Resolution: 0.00005% Full Scale 

Temp Calibration: 
Range Choices: 125 or 150oC 

Resolution: 0.001oC Full Scale 

Flow Calibration: 

Direction: Production or Injection 

Range 1: 500 – 2500 Bbl fluid per day 

Range 2: 1500 – 7500 Bbl fluid per day 

Range 3: 2500 – 12,500 Bbl fluid per day 

Accuracy: ±2% Full Scale 

Telemetry (flowing): 

Type: Perturbated Flow Communication (PFCOM) 

Distance: 20,000+ ft 

Data Per Day: 12-144 packets per day, depending on well noise 

Data Contents: Pressure, Temperature, Mass Flow Rate, RPM (programmable) 

Limit of Packets: None 

Memory Capacity: 5 years at 1 sec.  Download at retrieval of Wimo 

Telemetry (shut-in): 

Battery Capacity: 3 months at 125oC, longer durations at lower temperatures 

Memory Capacity: 
5 years at 1 sec, but limited by battery capacity 
Data collection is programmable to optimize wireless data delivery 

Delivery Options: 
Wireless once flow resumes or 
Download once wimo™  is retrieved 

Table 5 – wimo™  Tool Specifications 
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Pressure Drop vs. Flow Rate

 
 

 
 
 
Figure 7 – The turbine and 
generator on the wimo Wireless 
Monitoring System utilizes the flow 
and a small amount of pressure 
drop to generate the required 
downhole power to run the sensors, 
microprocessor, and perturbation 
communication protocols.  

 

 

 

 
 
 
Figure 8 – The Wireless Automation And Communication 
Station (WiACSTM) is a small footprint, self-contained 

surface unit for WimoTM placed close to the wellhead.  The 

Signal Receiving Sensor (SRS) mounted on the wellhead is 
wired to the WiACS.  WiACS contains an integrated solar 
panel and battery pack so local power supply is not 
needed.  An LTE wireless connection links WiACS to a 
remote secure server via the cloud.  WiACS also includes 
local WiFi connectivity for set-up and maintenance by 
authorized personnel.   
 

 

 

 

 

 
 
Figure 9 – WiDashTM Dashboard for Live Data Visualization 
can import well data from the cloud to an HTTPS encrypted 
web page with Transport Layer Security (TLS).  Data can also 
be downloaded onto client PI, SCADA, or RCS database or 
other visualization software.  Secure data visualization in 
many formats for  different level users from office or field. 
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Description Wireless Autonomous Communication Station 
WiACSTM Specifications 

Explosive Atmosphere Rating: International Electrotechnical Commission - IECEx Zone 1 

Power Options: 
Wired: 110/220 V A/C mains 

Wireless: Solar panel and battery pack 

Sensors Attached to 
Wellhead: 

Type: Piezoelectric Pressure Sensor for Thermoacoustic Applications 

Mfg / Model: Kistler Model 6025A  

Material: Inconel 718 

Qty / Location: One mounted to Wellhead A annulus (TCA) 

Connection / Size: NPT Male / ½ inch 

Cable / Connectors: RG-438 Coaxial Shielded Cable with BNC connectors 

Cable Length: 10 meters (50 meter optional) 

Wireless Upload 
Protocols 

Type: 
4G LTE using SNOW 3G stream cipher 
UEA2 confidentiality and UIA2 integrity algorithms 

Connection: Secure Shell (SSH) Port Tunneling 

Encryption: Public-Key Cryptography 

Wired Upload: Type: Modbus to SCADA 

Download Protocols: 

From Cloud: 
HTTPS encrypted dashboard 
Transport Layer Security (TLS) 

Visualization 
Options: 

WiDash™ – WINS Dashboard for Live Data Visualization 
Customer PI Database or proprietary visualization software 

Sensor Input/Output: 
Customer PI Database or proprietary visualization software 
User defined / 0-5V, 5-25mA RS-232, RS-485 or others 

Table 6 – Wireless Automation Control Station (WiACS) Specifications 

 

  

http://www.gsma.com/aboutus/wp-content/uploads/2014/12/snow3gspec.pdf
http://serving.webgen.gsm.org/5926DA9A-2DD6-48E7-BAD4-50D4CD3AF30A/assets/uea2uia2d1v21.pdf
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Specification Guide to Adapt Wimo to Halliburton Otis X, XN, R, and RN Lock Mandrels 

 
Table 7 - Specification Guide to adapt wimo to Halliburton Otis® X®, XN®, R®, and RN® Lock Mandrels 

 

 
 

Fig. 10 - Halliburton Otis X Lock Mandrel, Adapter, and wimo 250 Tool 
  

X, XN, R, RN XN or RN

OD Weight Nominal ID Drift ID Packing Bore No-Go ID ID Wimo OD Adapter
inches lb/ft inches inches inches inches inches Size inches Size

4.6 / 4.7 1.995 1.901 1.625 ● 1.536 0.75 150-153*
5.3 1.939 1.845 1.781 ● 1.640 0.88 150-164*

5.95 / 6.2 1.867 1.773 1.710 ● 1.560 0.75 150-156*
7.7 1.703 1.609 1.500 ● 1.345 N/A 0.62 150-150*

6.4 / 6.5 2.441 2.347 2.313 ● 2.205 1.38 150-220*
7.9 2.323 2.229 2.188 ● 2.010 1.12 150-201*
8.7 2.259 2.165 ●
8.9 2.243 2.149 ●
9.5 2.195 2.101 ●

10.4 2.151 2.057 ●
11 2.065 1.971 ●

11.65 1.995 1.901 ●
9.3 2.992 2.867 2.813 ● 2.666

10.2 2.922 2.787 2.750 ● 2.635
12.95 2.750 2.625 2.562 ● 2.329 1.38 150-232*
15.8 2.548 2.423 ●
16.7 2.480 2.355 ●

17.05 2.440 2.315 2.188 ● 2.010 150-201*
11 3.476 3.351 3.313 ● 3.135 2.12 250-313*

11.6 3.428 3.303 3.250 ● 3.088 250-308*
13.4 3.340 3.215 3.125 ● 2.907 250-290*
12.6 ● 2.12 250-372a*

12.75 ● 2.62 250-372b*
3.688 ● 3.456 2.38
3.750 ● N/A 2.12

15.5 3.826 3.701 3.688 ● 3.456 2.38
16.9 3.754 3.629 3.437 ● 3.260
17 3.740 3.615 3.630 ● N/A

19.2 3.640 3.515 3.437 ● 3.260
13 4.494 4.369 4.313 ● 3.987 2.62 250-398*
15 4.408 4.283 4.125 ● 3.912 2.75 250-391*
18 4.276 4.151 4.000 ● 3.748 2.38 250-374*

● 4.455 3.12 250-445*
●

20 4.778 4.653 ●
23 4.670 4.545 4.313 ● 3.987 2.62 250-398*
15 5.524 5.399 ●
18 5.424 5.299 ●
24 5.921 5.795 ●
28 5.791 5.666 ●
17 6.538 6.431 ●
20 6.456 6.331 ●
23 6.366 6.241 ●
26 6.276 6.151 ●
29 6.184 6.059 ●
32 6.094 5.969 ●
35 6.004 5.879 5.875 ● 5.750

* - New size not yet developed

Tubing Size

150* 1.500

2-3/8

2-7/8

3-1/2

4

4-1/2

5

5-1/2

6

6-5/8

7

3.50

Halliburton Otis Profile

X 
Si

ze
s

R
 S

iz
es

Lock

Mandrel
Wimo

Wireless Monitoring System

2.125 1.937

2.000

5.250

5.625

5.963

1.881

1.875 1.716

5.018

5.500

5.770

1.75

2.313 2.131
1.12

1.94

3.75

13.5 3.920 3.795

0.88

1.94

3.7253.958 3.833 3.813

17 4.892 4.767
4.562

4.445 2.85

250-575*

250-501*

250-550*

250-444*

150-193*

150-188*

150-171*

250-263*

150-213*

250-345*

250-326*

250 2.50

250 2.500

150* 1.5
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The following section on “The Downhole Battery Paradox” is reprinted from SPE-207466-MS1 because it compares 

the use of batteries vs. generators for long-term downhole use: 

 

The Downhole Battery Paradox 
There are two basic types of batteries: primary cells (non-rechargeable) and secondary cells (rechargeable).  While 
much development has occurred in rechargeable battery and capacitor technology over the last 20 years, there is 
no commercially available rechargeable or super capacitor system that works long-term at typical downhole 
temperatures.  Water-based electrolytes begin outgassing above 85oC dramatically reducing the battery capacity 
and lifetime.  Most rechargeable batteries cannot sustain a 25% discharge per day at 125oC for more than 2 to 3 
months.  Thermal batteries containing molten salt electrolyte are rechargeable, can sustain very high temperatures, 
but are inoperative below 250oC since the salt becomes a solid.  This “gap” in secondary battery technology means 
that only primary batteries can be used for [long-term] downhole applications.  Battery Lifetime can be generally 
described by Eq. 1 below: 
 

 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐿𝑖𝑓𝑡𝑖𝑚𝑒 =
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

(𝐿𝑜𝑎𝑑 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 + 𝑆𝑒𝑙𝑓 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒)
 (1) 

 
Eq. 1 illustrates that in short-term, room temperature applications where Self-Discharge is minimal and Load Current 
is the primary factor that determines Battery Lifetime.  But in long-term, high temperature applications, self-
discharge becomes the primary factor that determines battery lifetime.  In Fig. 11 below, one manufacturer details 
their downhole gauge’s useful life as function of time.  When manufacturers illustrate maximum useful life at 
temperature, the actual use is very minimal (perhaps one data set per day) so Load Current is minimal.  Fig. 11 mostly 
represents self-discharge capacity as a function of temperature.  Even with high temperature primary lithium cells, 
the useful life at 150oC is approximately 12 months.  So, battery capacity could be doubled but the useful lifetime 
would remain about the same.   
 

 
Figure 11 – Battery Powered Acoustic Gauge Lifetime vs. Temperature2 

 
Clearly the downhole battery paradox needs to be addressed.  Downhole power generation is very promising and 
many concepts have been reviewed to harvest energy from the produced fluids.  There are two basic types of 
downhole generators: 1) passive generators collect small amounts of power without interfacing the fluid flow, and 
2) active generators collect large amounts of power but come into direct contact with the fluid flow3 4 5.  Passive 
power generators do not produce sufficient current to real-time power a wireless signal generator.  A rechargeable 
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https://doi.org/10.2118/207466-MS 

2 Metrol.  2021.  Paragon, https://www.metrol.co.uk/assets/docs/MET-PA01-V03.pdf (accessed 02 July 2021). 
3 Noui-Mehidi, Mohamed N., and Rizq, Ahmed.  "Downhole Energy Harvesting from an Isothermal Well Zone by Converting a Differential Pressure into a Differential 

Temperature and Combining Thermo-Generators for Smart Well Completions."  Paper presented at the SPE Kuwait Oil & Gas Show and Conference, Mishref, 
Kuwait, October 2019.  doi: https://doi.org/10.2118/198145-MS 

4  Arsalan, Muhammad , Ahmad, Talha J., and Saeed, Abubaker S.  "Energy Harvesting for Downhole Applications in Open-hole Multilaterals."  Paper presented at 

the Abu Dhabi International Petroleum Exhibition & Conference, Abu Dhabi, UAE, November 2018.  doi: https://doi.org/10.2118/192970-MS 
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battery would be needed to store the energy in between the transmission periods.  Considerable research has gone 
into the development of a downhole, high temperature, rechargeable battery in the last 15 years, but no practical 
solution has been commercially produced6 7.  An active power generator, such as a turbine-generator combination 
would provide sufficient current to real-time power a wireless telemetry system without the need for a rechargeable 
battery.  The only system on the market to utilize this capability is [Wimo].  The battery paradox is the main reason 
why wireless gauges have not taken over the market position of wired Permanent Downhole Gauges.  More research 
on elevated temperature, rechargeable batteries is needed to before this gap can be filled and wireless gauges can 
eclipse current wired solutions.   
 

 
6  Fripp, Michael Linley , Hamid, Syed , Moore, Darrell W. et al.  "Development of a High-Temperature Rechargeable Battery for Downhole Use in Petroleum Industry."  
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7  Wright, Daniel , Garcia-Araez, Nuria , and Owen, John.  2018.  Review on High Temperature Secondary Li-ion Batteries.  Energy Procedia, Volume 151, Pages 174-

181, ISSN 1876-6102, https://doi.org/10.1016/j.egypro.2018.09.044 
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