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(57) ABSTRACT 

A System is provided that monitors at the Wellsite injection 
of additives into formation fluids recovered through well 
bores and controls the Supply of Such additives from remote 
locations. The Selected additive is Supplied from a Source at 
the wellsite into the wellbore via a suitable supply line. A 
flow meter in the Supply line measures the flow rate of the 
additive through the Supply line and generates Signals rep 
resentative of the flow rate. A controller at the wellsite 
determines the flow rate from the flow meter Signals and in 
response thereto controls the flow rate of the additive to the 
well. The wellsite controller interfaces with a Suitable two 
way communication link and transmits Signals and data 
representative of the flow rate and other parameters to a 
Second remote controller. The remote controller transmits 
command Signals to the Wellsite controller representative of 
any change desired for the flow rate. 
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CLOSED LOOPADDITIVE IN.JECTION AND 
MONITORING SYSTEM FOR OLFIELD 

OPERATIONS 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 09/658,907 filed on Sep. 11, 
2000; now issued as U.S. Pat. No. 6,851,444, which is a 
continuation-in-part of U.S. Provisional Patent Application 
Ser. No. 60/153,175 filed on Sep. 10, 1999 and U.S. patent 
application Ser. No. 09/218,067 filed on Dec. 21, 1998 now 
abandoned. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates generally to oilfield opera 
tions and more particularly to a remotely/network-controlled 
additive injection System for injecting precise amounts of 
additives or chemicals into wellbores, wellsite hydrocarbon 
processing units, pipelines, and chemical processing units. 
0004 2. Background of the Art 
0005) A variety of chemicals (also referred to herein as 
“additives”) are often introduced into producing wells, 
Wellsite hydrocarbon processing units, oil and gas pipelines 
and chemical processing units to control, among other 
things, corrosion, Scale, paraffin, emulsion, hydrates, hydro 
gen Sulfide, asphaltenes and formation of other harmful 
chemicals. In oilfield production wells, additives are usually 
injected through a tubing (also referred to herein as “con 
ductor line') that is run from the surface to a known depth. 
Additives are introduced in connection with electrical Sub 
mersible pumps (as shown for example in U.S. Pat. No. 
4,582,131 which is assigned to the assignee hereof and 
incorporated herein by reference) or through an auxiliary 
tubing associated with a power cable used with the electrical 
submersible pump (such as shown in U.S. Pat. No. 5,528, 
824 (assigned to the assignee hereof and incorporated herein 
by reference). Injection of additives into fluid treatment 
apparatus at the well Site and pipelines carrying produced 
hydrocarbons is also known. 
0006 For oil well applications, a high pressure pump is 
typically used to inject an additive into the well from a 
Source thereof at the Wellsite. The pump is usually Set to 
operate continuously at a Set Speed or Stroke length to 
control the amount of the injected additive. A Separate pump 
and an injector are typically used for each type of additive. 
Manifolds are Sometimes used to inject additives into mul 
tiple wells, production wells are Sometimes unmanned and 
are often located in remote areas or on Substantially 
unmanned offshore platforms. A recent Survey by Baker 
Hughes Incorporated of certain wellbores revealed that as 
many as thirty percent (30%) of the additive pumping 
Systems at unmanned locations were either injecting incor 
rect amounts of the additives or were totally inoperative. 
Insufficient amounts of treatment additives can increase the 
formation of corrosion, Scale, paraffins, emulsion, hydrates 
etc., thereby reducing hydrocarbon production, the operating 
life of the wellbore equipment and the life of the wellbore 
itself, requiring expensive rework operations or even the 
abandonment of the Wellbore. Excessive corrosion in a 
pipeline, especially a Subsea pipeline, can rupture the pipe 
line, contaminating the environment. Repairing SubSea pipe 
lines can be cost-prohibitive. 
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0007 Commercially-used wellsite additive injection 
apparatus usually require periodic manual inspection to 
determine whether the additives are being dispensed cor 
rectly. It is important and economically beneficial to have 
additive injection Systems which can Supply precise amounts 
of additives and which Systems are adapted to periodically 
or continuously monitor the actual amount of the additives 
being dispensed, determine the impact of the dispersed 
additives, vary the amount of dispersed additives as needed 
to maintain certain desired parameters of interest within 
their respective desired ranges or at their desired values, 
communicate necessary information with offsite locations 
and take actions based in response to commands received 
from such offsite locations. The system should also include 
Self-adjustment within defined parameters. Such a System 
should also be developed for monitoring and controlling 
additive injection into multiple wells in an oilfield or into 
multiple wells at a wellsite, Such as an offshore production 
platform. Manual intervention at the wellsite of the system 
to Set the System parameters and to address other operational 
requirements should also be available. 
0008. The present invention addresses the above-noted 
problems and provides an additive injection System which 
dispenses precise amounts of additives, monitors the dis 
pensed amounts, communicates with remote locations, takes 
corrective actions locally, and/or in response to commands 
received from the remote locations. 

SUMMARY OF THE INVENTION 

0009. In one aspect, the present invention is a system for 
monitoring and controlling a Supply of an additive intro 
duced into formation fluid within a production wellbore, 
comprising: (a) a flow control device for Supplying a 
Selected additive from a source thereof at a wellsite to the 
formation fluid being recovered from the production well 
bore; (b) a flow measuring device for providing a signal 
representative of the flow rate of the selected additive 
Supplied to Said formation fluid in the production wellbore; 
(c) a first onsite controller receiving the signals from the 
flow measuring device and determining therefrom the flow 
rate, Said first onsite controller transmitting Signals repre 
Sentative of the flow rate to a remote location; and (d) a 
Second remote controller at Said remote location receiving 
Signals transmitted by Said first controller and in response 
thereto transmitting command Signals to Said first controller 
representative of a desired change in the flow rate of the 
Selected additive; wherein the first onsite controller causes 
the flow control device to change the flow rate of the 
Selected additive in response to the command Signals and the 
System Supplies the Selected additive Such that it is present 
at a concentration of from about 1 ppm to about 10,000 ppm 
in the formation fluid recovered from the production well 
bore, and the first Onsite controller is programmed with a 
Step based flow rate control model. 
0010. A method of monitoring at a wellsite, the supply of 
additives to formation fluid recovered through a production 
wellbore and controlling Said Supply of additives into the 
production wellbore from a remote location, Said method 
comprising: (a) controlling the flow rate of the Supply of a 
Selected additive from a source thereof at the wellsite into 
Said formation fluid via a Supply line into the production 
wellbore using the above described System; (b) measuring a 
parameter indicative of the flow rate of the additive supplied 
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to Said formation fluid and generating a signal indicative of 
said flow rate; (c) receiving at the wellsite the signal 
indicative of the flow rate and transmitting a signal repre 
Sentative of the flow rate to the remote location; and (d)re 
ceiving at Said remote location Signals transmitted from the 
Wellsite and in response thereto transmitting command Sig 
nals to the Wellsite representative of a desired change in the 
flow rate of the additive Supplied; and (e) controlling the 
flow rate of the Supply of the additive in response to the 
command Signals. Such that the additive is present at a 
concentration of from about 1 ppm to about 10,000 ppm in 
the formation fluid recovered from the wellbore. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.011 For a detailed understanding of the present inven 
tion, reference should be made to the following detailed 
description of the preferred embodiments, taken in conjunc 
tion with the accompanying drawings, in which like ele 
ments have been given like numerals, wherein: 
0012 FIG. 1 is a schematic illustration of a additive 
injection and monitoring System according to one embodi 
ment of the present invention; 
0013 FIG. 1A shows an alternative manner for control 
ling the operation of the chemical additive pump; 
0.014 FIG. 1B shows a circuit for providing a measure of 
manual control of the controller for additive injection pump 
22, 
0.015 FIG. 2 shows a functional diagram depicting one 
embodiment of the System for controlling and monitoring 
the injection of additives into multiple wellbores, utilizing a 
central controller on an addressable control bus, 

0016 FIG. 3 is a schematic illustration of a wellsite 
additive injection System which responds to in-situ mea 
Surements of downhole and Surface parameters of interests 
according to one embodiment of the present invention; and 
0017 FIG. 4 shows an alternative embodiment of the 
present invention wherein redundant additive pumps are 
used to inject additives. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.018. In one embodiment the present invention provides 
a wellsite additive injection System that injects, monitors 
and controls the Supply of additives into fluids recovered 
through wellbores, including with input from remote loca 
tions as appropriate. The System includes a pump that 
Supplies, under pressure, a Selected additive from a Source 
thereof at the wellsite into the wellbore via a suitable Supply 
line. A flow meter in the Supply line measures the flow rate 
of the additive and generates Signals representative of the 
flow rate. A controller at the wellsite (wellsite or onsite 
controller) determines from the flow meter signals the 
additive flow rate, presents that rate on a display and 
controls the operation of the pump according to Stored 
parameters in the controller and in response to command 
Signals received from a remote location. The controller 
interfaces with a Suitable two-way communication link and 
transmits signals and data representative of the flow rate and 
other relevant information to a Second controller at a remote 
location preferably via an EIA-232 or EIA-485 communi 
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cation interface. The remote controller may be a computer 
and may be used to transmit command Signals to the Wellsite 
controller representative of any change desired for the flow 
rate. The wellsite controller adjusts the flow rate of the 
additive to the wellbore to achieve the desired level of 
chemical additives. 

0019. The wellsite controller is preferably a micropro 
ceSSor-based System and can be programmed to adjust the 
flow rate automatically when the calculated flow rate is 
outside predetermined limits provided to the controller. The 
flow rate is increased when it falls below a lower limit and 
is decreased when it exceeds an upper limit. Also an 
embodiment of the present invention is a System wherein the 
controller can also Switch between redundant pumps when 
the flow rate cannot be controlled with the pump then 
in-Service. 

0020. In an alternative embodiment of the present inven 
tion, additives are Supplied to a wellbore using a high 
preSSure pad upon the additives, or Some other form of 
preSSure driven injection rather than electrical or pneumatic 
pumps. This embodiment is particularly desirable in appli 
cations where only a Small Volume of additives are to be 
injected. While a pressure Source, Such as a compressed 
nitrogen or air cylinder has a finite Volume, that Volume can 
be large in comparison to the Volume to be injected. The 
disadvantage of requiring replenishment may, in Some appli 
cations, be offset in costs Such as the capital cost of pumps 
or the costs of Supplying electricity. 

0021. The control valve, in some embodiments of the 
invention, will be a high pressure control valve or even a two 
Stage high pressure control valve. In a two stage high 
preSSure control valve, the preSSure of the additives being 
fed are reduce not once but twice allowing for more accurate 
control of the flow through the valve. 
0022. The system of the present invention may be con 
figured for multiple wells at a wellsite, Such as an offshore 
platform. In one embodiment, Such a System includes a 
Separate pump, a fluid line and an onsite controller for each 
well. Alternatively, a Suitable common onsite controller may 
be provided to communicate with and to control multiple 
Wellsite pumps via addressable signaling. A Separate flow 
meter for each pump provides signals representative of the 
flow rate for its associated pump to the OnSite common 
controller. The onsite controller may be programmed to 
display the flow rates in any order as well as other relevant 
information. The onsite controller at least periodically polls 
each flow meter and performs the above-described func 
tions. The common onsite controller transmits the flow rates 
and other relevant or desired information for each pump to 
a remote controller. The common Onsite controller controls 
the operation of each pump in accordance with the Stored 
parameters for each Such pump and in response to instruc 
tions received from the remote controller. If a common 
additive is used for a number of Wells, a Single additive 
Source may be used. A Single or common pump may also be 
used with a separate control valve in each Supply line that is 
controlled by the controller to adjust their respective flow 
rateS. 

0023. A suitable precision low-flow, flow meter is uti 
lized to make precise measurements of the flow rate of the 
injected additive. Any positive displacement-type flow 
meter, including a rotating flow meter, may also be used. The 
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onsite controller is environmentally Sealed and can operate 
over a wide temperature range. The present System is 
adapted to port to a variety of Software and communications 
protocols and may be retrofitted on the commonly used 
manual Systems, existing process control Systems, or 
through uniquely developed additive management Systems 
developed independently or concurrently. 
0024. The additive injection of the present invention may 
also utilize a mixer wherein different additives are mixed or 
combined at the wellsite and the combined mixture is 
injected by a common pump and metered by a common 
meter. The onsite controller controls the amounts of the 
various additives into the mixer. The additive injection 
System may further include a plurality of Sensors downhole 
which provide Signals representative of one or more param 
eters of interest relating to the characteristics of the pro 
duced fluid, Such as the presence or formation of Sulfites, 
hydrogen Sulfide, paraffin, emulsion, Scale, asphaltenes, 
hydrates, fluid flow rates from various perforated Zones, 
flow rates through downhole valves, downhole pressures 
and any other desired parameter. The System may also 
include Sensors or testers at the Surface which provide 
information about the characteristics of the produced fluid. 
The measurements relating to these various parameters are 
provided to the wellsite controller which interacts with one 
or more models or programs provided to the controller or 
determines the amount of the various additives to be injected 
into the wellbore and/or into the Surface fluid treatment unit 
and then causes the system to inject the correct amounts of 
Such additives. In one aspect, the System continuously or 
periodically updates the models based on the various oper 
ating conditions and then controls the additive injection in 
response to the updated models. This provides a closed-loop 
System wherein Static or dynamic models may be utilized to 
monitor and control the additive injection process. 
0.025 In one embodiment of the present invention, the 
controller receives at least two signals representative of one 
or more parameters of interest. In one Such embodiment, the 
Signal is for the same parameter of interest but taken in more 
than one location. In another Such embodiment, the Signals 
are for different parameters of interest, Such as Sulfites and 
Scale. In either embodiment, the model for controlling the 
rate of flow of additives may be more complex than a model 
driven by a single Such Signal. 
0026. One embodiment of the invention wherein a com 
pleX model may be required is one Such as that described 
immediately above wherein two parameters of interest are 
used for controlling the flow of additives. It may be that a 
Single additive will be used in conjunction with both param 
eters, but the System of the present invention could also be 
used to control two separate additives in two Separate 
Streams into the borehole in response to the Sensor Signals. 
Such a System is within the Scope of the present invention. 
0027. The system of the present invention is equally 
applicable to monitoring and control of additive injection 
into oil and gas pipelines (e.g. drag reducer additive), 
Wellsite fluid treatment units, and refining and petrochemical 
chemical treatment applications. 
0028. The additives injected using the present inventions 
are injected in very small amounts. Preferably, the flow rate 
for an additive injected using the present invention is at a 
rate Such that the additive is present at a concentration of 
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from about 1 parts per million (ppm) to about 10,000 ppm 
in the fluid being treated. More preferably, the flow rate for 
an additive injected using the present invention is at a rate 
Such that the additive is present at a concentration of from 
about 1 ppm to about 500 ppm in the fluid being treated. 
Most preferably the flow rate for an additive injected using 
the present invention is at a rate Such that the additive is 
present at a concentration of from about 10 ppm to about 400 
ppm in the fluid being treated. 
0029. Since the additives injected using the present 
invention can be injected a very low rates, it is possible that 
a System of the present invention could be powered either 
totally or at least in part using Solar power, fuel cell 
technology, or other alternative methods of powering a 
remote device known to be useful to those of ordinary skill 
in the art of preparing additive injection Systems. The 
advantages of Such a System, especially in a remote location 
are many but include at least reduced infrastructure costs 
and/or capital costs. In one Such embodiment, the System 
includes a compressed air Supply for driving the additives, 
control valves and other moving parts. Solar power is then 
used to provide electricity to the electronics. In a preferred 
embodiment, batteries or another device useful for accumu 
lating electromotive force (emf) for later use are used to 
drive the System during periods of darkness. In one preferred 
embodiment, Solar power generated emf is used to drive and 
power all parts of the injection System. 

0030. Another aspect of the present invention relates to 
the fact that often Small amounts of additives are injected 
using the present invention. In one embodiment, the con 
troller of the present invention is programmed with a step 
based flow rate control model. In a conventional Proportion 
Integral and Derivative (PID) controller, the controller 
responds very quickly to changes in the flow passing 
through the device measuring flow. This can be a problem 
with the present invention where often the additives are 
driven by a pump in pulses rather than a constant flow. For 
example, if the flow rates are very low, it is possible that a 
conventional PID controller will make one or more mea 
Surements and corresponding adjustments to the flow control 
device between pulses of the pump resulting in over-cor 
rection. 

0031) To avoid such a problem, one embodiment of the 
present invention employs a controller that is first pro 
grammed with proceSS Variables Such as flow rates, analyzer 
values and desired ppm of the chemical. The controller then 
calculates the amount of chemical needed and determines a 
set point in units of volume per day. With this set point and 
based on the programmed maximum capacity of the chemi 
cal pump, the unit estimates where to Set the pump output. 
Once the output is Set, the controller may, for example, 
average the incoming chemical pulses from the flow meter 
and determine whether or not the Set point is being reached. 
If the Set point is not being reached or if the Set point is 
exceeded, the controller raises or lowers the pump output by, 
for example, 1 percentage point and again determines the 
variation from the Set point. It continues as above until the 
Set point is reached. In Some embodiments, if the Set point 
changes by more than, for example, 5 percent, the controller 
will recalculate the pump output and "jump' to that value. 
The exemplary values above can be changed as required 
based upon the Specific application. In a different embodi 
ment, the values above could range from 0.5 to 20 percent 
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0.032 FIG. 1 is a schematic diagram of a wellsite additive 
injection System 10 according to one embodiment of the 
present invention. The System 10, in one aspect, is shown as 
injecting and monitoring of additives 13a into a wellbore 50 
and, in another aspect, injecting and monitoring of additives 
13.b into a wellsite surface treatment or processing unit 75. 
The wellbore 50 is shown to be a production well using 
typical completion equipment. The wellbore 50 has a pro 
duction Zone 52 which includes multiple perforations 54 
through the formation 55. Formation fluid 56 enters a 
production tubing 60 in the well 50 via perforations 54 and 
passages 62. A screen 58 in the annulus 51 between the 
production tubing 60 and the formation 55 prevents the flow 
of Solids into the production tubing 60 and also reduces the 
Velocity of the formation fluid entering into the production 
tubing 60 to acceptable levels. An upper packer 64a above 
the perforations 54 and a lower packer 64b in the annulus 51 
respectively isolate the production Zone 52 from the annulus 
51a above and annulus 51b below the production Zone 52. 
A flow control valve 66 in the production tubing 60 can be 
used to control the fluid flow to the Surface 12. A flow 
control valve 67 may be placed in the production tubing 62 
below the perforations 54 to control fluid flow from any 
production Zone below the production Zone 52. 

0033) A smaller diameter tubing, such as tubing 68, may 
be used to carry the fluid from the production Zones to the 
Surface. A production well usually includes a casing 40 near 
the surface and wellhead equipment 42 over the wellbore. 
The wellhead equipment generally includes a blow-out 
preventor Stack 44 and passages for Supplying fluids into the 
wellbore 50. Valves (not shown) are provided to control fluid 
flow to the surface 12. Wellhead equipment 42 and produc 
tion well equipment, Such as shown in the production well 
60, are well known and thus are not described in greater 
detail. 

0034) Referring back to FIG. 1, in one aspect of the 
present invention, the desired additive 13a from a source 16 
thereof is injected into the wellbore 50 via an injection line 
14 by a Suitable pump, Such as a positive displacement pump 
18 ("additive pump'). The additive 13a flows through the 
line 14 and discharges into the production tubing 60 near the 
production Zone 52 via inlets or passages 15. The Same or 
different injection lines may be used to Supply additives to 
different production zones. In FIG. 1, line 14 is shown 
extending to a production Zone below the Zone 52. Separate 
injection lines allow injection of different additives at dif 
ferent well depths. The same also holds for injection of 
additives in pipelines or Surface processing facilities. 

0.035 A suitable high-precision, low-flow, flow meter 20 
(Such as gear-type meter or a nutating meter), measures the 
flow rate through line 14 and provides Signals representative 
of the flow rate. The pump 18 is operated by a suitable 
device 22 such as a motor. The stroke of the pump 18 defines 
fluid Volume output per Stroke. The pump Stroke and/or the 
pump Speed are controlled, e.g., by a 4-20 milliamperes 
control signal to control the output of the pump 18. The 
control of air Supply controls a pneumatic pump. 

0036). In the present invention, an onsite controller 80 
controls the operation of the pump 18, either utilizing 
programs Stored in a memory 91 associated with the Wellsite 
controller 80 and/or instructions provided to the wellsite 
controller 80 from a remote controller or processor 82. The 
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wellsite controller 80 preferably includes a microprocessor 
90, resident memory 91 which may include read only 
memories (ROM) for storing programs, tables and models, 
and random access memories (RAM) for storing data. The 
microprocessor 90, utilizing signals from the flow meter 20 
received via line 21 and programs stored in the memory 91 
determining the flow rate of the additive and displayS Such 
flow rate on the display 81. The wellsite controller 80 can be 
programmed to alter the pump Speed, pump Stroke or air 
supply to deliver the desired amount of the additive 13a. The 
pump Speed or Stroke, as the case may be, is increased if the 
measured amount of the additive injected is less than the 
desired amount and decreased if the injected amount is 
greater than the desired amount. The onsite controller 80 
also includes circuits and programs, generally designated by 
numeral 92 to provide interface with the onsite display 81 
and to perform other functions. 

0037. The onsite controller 80 polls, at least periodically, 
the flow meter 20 and determines therefrom the additive 
injection flow rate and generates data/signals which are 
transmitted to a remote controller 82 via a data link 85. Any 
suitable two-way data link 85 may be utilized. There also 
may be a data management System associated with the 
remote controller. Such data linkS may include, among 
others, telephone modems, radio frequency transmission, 
microwave transmission and Satellites utilizing either EIA 
232 or EIA-485 communications protocols (this allows the 
use of commercially available off-the-shelf equipment). The 
remote controller 82 is preferably a computer-based System 
and can transmit command Signals to the controller 80 via 
the link 85. The remote controller 82 is provided with 
models/programs and can be operated manually and/or 
automatically to determine the desired amount of the addi 
tive to be injected. If the desired amount differs from the 
measured amount, it sends corresponding command Signals 
to the wellsite controller 80. The wellsite controller 80 
receives the command Signals and adjusts the flow rate of the 
additive 13a into the well 50 accordingly. The remote 
controller 82 can also receive signals or information from 
other Sources and utilize that information for additive pump 
control. 

0038. The onsite controller 80 preferably includes proto 
cols so that the flow meter 20, pump control device 22, and 
data links 85 made by different manufacturers can be utilized 
in the system 10. In the oil industry, the analog output for 
pump control is typically configured for 0-5 VDC or 4-20 
milliampere (mA) signal. In one mode, the wellsite control 
ler 80 can be programmed to operate for such output. This 
allows for the system 10 to be used with existing pump 
controllers. A suitable source of electrical power source 89, 
e.g., a Solar-powered DC or AC power unit, or an onsite 
generator provides power to the controller 80, converter 83 
and other electrical circuit elements. The wellsite controller 
80 is also provided with a display 81 that displays the flow 
rates of the individual flow meters. The display 81 may be 
scrolled by an operator to view any of the flow meter 
readings or other relevant information. The display 81 is 
controllable either by a signal from the remote controller 82 
or by a suitable portable interface device 87 at the well site, 
Such as an infrared device or a key pad. This allows the 
operator at the Wellsite to View the displayed data in the 
controller 80 non-intrusively without removing the protec 
tive casing of the controller. 
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0039 Still referring to FIG. 1, the produced fluid 69 
received at the Surface is processed by a treatment unit or 
processing unit 75. The surface processing unit 75 may be of 
the type that processes the fluid 69 to remove solids and 
certain other materials. Such as hydrogen Sulfide, or that 
processes the fluid 69 to produce semi-refined to refined 
products. In Such Systems, it is desired to periodically or 
continuously inject certain additives. A System, Such as 
system 10 shown in FIG. 1 can be used for injecting and 
monitoring additives into the treatment unit 75. 
0040. In addition to the flow rate signals 21 from the flow 
meter 20, the wellsite controller 80 may be configured to 
receive signals representative of other parameters, Such as 
the rpm of the pump 18, or the motor 22 or the modulating 
frequency of a Solenoid valve. In one mode of operation, the 
wellsite controller 80 periodically polls the meter 20 and 
automatically adjusts the pump controller 22 via an analog 
input 22a or alternatively via a digital Signal of a Solenoid 
controlled system (pneumatic pumps). The controller 80 
also can be programmed to determine whether the pump 
output, as measured by the meter 20, corresponds to the level 
of Signal 22a. This information can be used to determine the 
pump efficiency. It can also be an indication of a leak or 
another abnormality relating to the pump 18. Other sensors 
94, Such as Vibration Sensors, temperature Sensors may be 
used to determine the physical condition of the pump 18. 
Sensors which determine properties of the wellbore fluid can 
provide information of the treatment effectiveness of the 
additive being injected, which information can then be used 
to adjust the additive flow rate as more fully described below 
in reference to FIG. 3. The remote controller 82 may control 
multiple onsite controllers via a link 98. A data base man 
agement system 99 may be provided for the remote con 
troller 82 for historical monitoring and management of data. 
The system 10 may further be adapted to communicate with 
other locations via a network (such as the Internet) So that 
the operators can log into the database 99 and monitor and 
control additive injection of any well associated with the 
system 10. 

0041 FIG. 1A shows an alternative manner for control 
ling the additive pump. This configuration includes a control 
valve, such as a Solenoid valve 102, in the supply line 106 
from a source of fluid under pressure (not shown) for the 
pump controller 22. The controller 80 controls the operation 
of the valve via Suitable control Signals, Such as digital 
signals, provided to the valve 102 via line 104. The control 
of the valve 22 controls the speed or stroke of the pump 18 
and thus the amount of the additive Supplied to the wellbore 
50. The valve control 102 may be modulated to control the 
output of the pump 18. 

0042. The automated modes of operation (both local 
and/or from the remote location) of the injection system 10 
are described above. However, in Some cases it is desirable 
to operate the control System 10 in a manual mode, Such as 
by an operator at the wellsite. Manual control may be 
required to override the System because of malfunction of 
the system or to repair parts of the system 10. FIG. 1B 
shows a circuit 124 for manual control of the additive pump 
18. The circuit 124 includes a Switch 120 associated with the 
controller (see FIG. 1), which in a first or normal position 
(Solid line 22b) allows the analog signal 22a from the 
controller to control the motor 22 and in the Second position 
(dotted line 22c) allows the manual circuit 124 to control the 
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motor 22. The circuit 124, in one configuration, may include 
a current control circuit, Such as a rheostat 126 that enables 
the operator to Set the current at the desired value. In the 
preferred embodiment, the current range is Set between 4 
and 20 milliamperes, which is compatible with the current 
industry protocol. The Wellsite controller is designed to 
interface with manually-operated portable remote devices, 
Such as infrared devices. This allows the operator to com 
municate with and control the operation of the system 10 at 
the well Site, e.g., to calibrate the System, without disassem 
bling the wellsite controller 80 unit. This operator may reset 
the allowable ranges for the flow rates and/or Setting a value 
for the flow rate. 

0043. As noted above, it is common to drill several 
wellbores from the Same location. For example, it is com 
mon to drill 10-20 wellbores from a single offshore platform. 
After the Wells are completed and producing, a Separate 
pump and meter are installed to inject additives into each 
such wellbore. FIG. 2 shows a functional diagram depicting 
a system 200 for controlling and monitoring the injection of 
additives into multiple wellbores 202a-202m according to 
one embodiment of the present invention. In the System 
configuration of FIG. 2, a separate pump Supplies an addi 
tive from a separate source to each of the wellbores 202a 
202m. Pump 204a Supplies an additive from the source 
206a. Meter 208a measures the flow rate of the additive into 
the Wellbore 202a and provides corresponding Signals to a 
central wellsite controller 240. The wellsite controller 240 in 
response to the flow meter Signals and the programmed 
instructions or instructions from a remote controller 242 
controls the operation of pump control device or pump 
controller 210a via a bus 241 using addressable Signaling for 
the pump controller 210a. Alternatively, the wellsite con 
troller 240 may be connected to the pump controllers via a 
Separate line. Furthermore, a plurality of Wellsite controllers, 
one for each pump may be provided, wherein each Such 
controller communicating with the remote controller 242 via 
a Suitable communication link as described above in refer 
ence to FIG. 1. The wellsite controller 240 also receives 
Signal from Sensor S1a associated with pump 204a via line 
212a and from Sensor S2a associated with the pump con 
troller 210a via line 212a. Such sensors may include rpm 
Sensor, vibration Sensor or any other Sensor that provides 
information about a parameter of interest of Such devices. 
Additives to the wells 202b-202m are respectively supplied 
by pumps 204b-204m from sources 206b-206m. Pump con 
trollers 210b-210m respectively control pumps 204b-204m 
while flow meters 208b-208m respectively measure flow 
rates to the wells 202b-202m. Lines 212b-212m and lines 
214b-214m respectively communicate Signals from Sensor 
S.-Sin, and Sai-Sam to the central controller 240. The 
controller 240 utilizes memory 246 for storing data in 
memory 244 for Storing programs in the manner described 
above in reference to system 10 of FIG. 1. A suitable 
two-way communication link 245 allows data and Signals 
communication between the central wellsite controller 240 
and the remote controller 242. The individual controllers 
would communicate with the Sensors, pump controllers and 
remote controller via Suitable corresponding connections. 
0044) The central wellsite controller 240 controls each 
pump independently. The controller 240 can be programmed 
to determine or evaluate the condition of each of the pumps 
204a-204m from the Sensor Signals S-S and S-S. 
For example the controller 240 can be programmed to 
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determine the vibration and rpm for each pump. This can 
provide information about the effectiveness of each Such 
pump. The controller 240 can be programmed to poll the 
flow rates and parameters of interest relating to each pump, 
perform desired computations at the well Site and then 
transmit the results to the remote controller 242 via the 
communication link 248. The remote controller 242 may be 
programmed to determine any course of action from the 
received information and any other information available to 
it and transmit corresponding command Signals to the 
Wellsite central controller 240. Again, communication with 
a plurality of individual controllers could be done in a 
Suitable corresponding manner. 

004.5 FIG. 3 is a schematic illustration of wellsite 
remotely-controllable closed-loop additive injection System 
300 which responds to measurements of downhole and 
Surface parameters of interest according to one embodiment 
of the present invention. Certain elements of the system 300 
are common with the system 10 of FIG. 1. For convenience, 
such common elements have been designated in FIG. 3 with 
the same numerals as specified in FIG. 1. 

0046) The well 50 in FIG. 3 further includes a number of 
downhole Sensors S-S for providing measurements 
relating to various downhole parameters. Sensor S. provide 
a measure of chemical characteristics of the downhole fluid, 
which may include a measure of the paraffins, hydrates, 
Sulfides, Scale, asphaltenes, emulsion, etc. Other Sensors and 
devices S. may be provided to determine the fluid flow rate 
through perforations 54 or through one or more devices in 
the well 50. The signals from the sensors may be partially or 
fully processed downhole or may be sent uphole via Signal/ 
date lines 302 to a wellsite controller 340. In the configu 
ration of FIG. 3, a common central control unit 340 is 
preferably utilized. The control unit is a microprocessor 
based unit and includes necessary memory devices for 
Storing programs and data and devices to communicate 
information with a remote control unit 342 via Suitable 
communication link 342. 

0047. The system 300 may include a mixer 310 for 
mixing or combining at the Wellsite a plurality of additive 
#1-additive #m stored in sources 313a-312m respectively. In 
Some situations, it is desirable to transport certain additives 
in their component forms and mix them at the wellsite for 
Safety and environmental reasons. For example, the final or 
combined additives may be toxic, although while the com 
ponent parts may be non-toxic. Additives may be shipped in 
concentrated form and combined with diluents at the 
wellsite prior to injection into the well 50. In one embodi 
ment of the present invention, additives to be combined, 
Such as additives additive #1-additive #m are metered into 
the mixer by associated pumps 314-a-314m. Meters 316a 
316m measure the amounts of the additives from Sources 
312a-312m and provide corresponding Signals to the control 
unit 340, which controls the pumps 314-a-314m to accurately 
dispense the desired amounts into the mixer 310. A pump 
318 pumps the combined additives from the mixer 310 into 
the well 50, while the meter 320 measures the amount of the 
dispensed additive and provides the measurement Signals to 
the controller 340. A second additive required to be injected 
into the well 50 may be stored in the source 322, from which 
Source a pump 324 pumps the required amount of the 
additive into the well. A meter 326 provides the actual 
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amount of the additive dispensed from the source 322 to the 
controller 340, which in turn controls the pump 324 to 
dispense the correct amount. 

0048. The wellbore fluid reaching the surface may be 
tested on site with a testing unit 330. The testing unit 330 
provides measurements respecting the characteristics of the 
retrieved fluid to the central controller 340. The central 
controller utilizing information from the downhole Sensors 
S-S, the tester unit data and data from any other Surface 
sensor (as described in reference to FIG. 1) computes the 
effectiveness of the additives being supplied to the well 50 
and determine therefrom the correct amounts of the addi 
tives and then alters the amounts, if necessary, of the 
additives to the required levels. 

0049. The controller also provides the computed and/or 
raw data to the remote control unit 342 and takes corrective 
actions in response to any command Signals received from 
the remote control unit 342. Thus, the system of the present 
invention at least periodically monitors the actual amounts 
of the various additives being dispensed, determines the 
effectiveness of the dispensed additives, at least with respect 
to maintaining certain parameters of interest within their 
respective predetermined ranges, determines the health of 
the downhole equipment, Such as the flow rates and corro 
Sion, determines the amounts of the additives that would 
improve the effectiveness of the System and then causes the 
System to dispense additives according to newly computed 
amounts. The models 344 may be dynamic models in that 
they are updated based on the Sensor inputs. 

0050 Thus, the system described in FIG. 3 is a closed 
loop, remotely controllable additive injection System. This 
System may be adapted for use with a hydrocarbon proceSS 
ing unit 75 at the Wellsite or for a pipeline carrying oil and 
gas. The additive injection system of FIG. 3 is particularly 
useful for Subsea pipelines. In oil and gas pipelines, it is 
particularly important to monitor the incipient formation of 
hydrates and take prompt corrective actions to prevent them 
from forming. The System of the present invention can 
automatically take broad range of actions to assure proper 
flow of hydrocarbons through pipelines, which not only can 
avoid the formation of hydrates but also the formation of 
other harmful elements Such as asphaltenes. Since the Sys 
tem 300 is closed loop in nature and responds to the in-situ 
measurements of the characteristics of the treated fluid and 
the equipment in the fluid flow path, it can administer the 
optimum amounts of the various additives to the wellbore or 
pipeline to maintain the various parameters of interest within 
their respective limits or ranges, thereby, on the one hand, 
avoid excessive use of the additives, which can be very 
expensive and, on the other hand, take prompt corrective 
action by altering the amounts of the injected additives to 
avoid formation of harmful elements. 

0051 FIG. 4 shows an alternative embodiment of the 
present invention wherein redundant additive pumps are 
used to inject additives. Certain elements in FIG. 4 are 
common with the additive injection and monitoring System 
of FIG. 1 and those common elements have been designated 
within FIG. 4 with the same numerals as specified in FIG. 
1. In FIG. 4, two additive pumps (18a and 18b) are piped 
Such that they both can pump additives from a additive 
Source (16) through a common header (424) having check 
valves (425 and 425a) through a flow meter (20) and then 
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into wellbores, wellsite hydrocarbon processing units pipe 
lines and additive processing units at a Selected flow rate as 
Set forth in FIG. 1. In the embodiment set forth in this FIG. 
4, the onsite controller (80), after control signals to the 
additive pump in service (e.g. 18a or 18b) fails to result in 
an acceptable flow rate of additive, turns off the additive 
pump in Service and turns on the redundant pump (e.g. 18b 
or 18a, respectively). The onsite controller (80) then sends 
a signal via the data link (85) to the remote controller (82) 
which in turn Sends a signal via the network to notify a 
remote attendant that pumps in the System need Service. In 
yet another embodiment, a remote attendant or computer can 
send a signal (not shown) to the onsite controller (80) to 
rotate use between the additive pumps (18a and 18b) for 
maintenance purposes. 
0.052 While the foregoing disclosure is directed to the 
preferred embodiments of the invention, various modifica 
tions will be apparent to those skilled in the art. It is intended 
that all variations within the Scope of the appended claims be 
embraced by the foregoing disclosure. 
What is claimed is: 

1. A System for monitoring and controlling a Supply of an 
additive introduced into formation fluid within a production 
wellbore, comprising: 

(a) a flow control device for Supplying a selected additive 
from a source thereof at a wellsite to the formation fluid 
being recovered from the production wellbore; 

(b) a flow measuring device for providing a signal rep 
resentative of the flow rate of the selected additive 
Supplied to Said formation fluid in the production 
wellbore; 

(c) a first onsite controller receiving the signals from the 
flow measuring device and determining therefrom the 
flow rate, Said first onSite controller transmitting Signals 
representative of the flow rate to a remote location; and 

(d) a Second remote controller at Said remote location 
receiving Signals transmitted by Said first controller and 
in response thereto transmitting command Signals to 
Said first controller representative of a desired change 
in the flow rate of the selected additive; 

wherein the first onsite controller causes the flow control 
device to change the flow rate of the selected additive 
in response to the command Signals and the System 
Supplies the Selected additive Such that it is present at 
a concentration of from about 1 ppm to about 10,000 
ppm in the formation fluid recovered from the produc 
tion wellbore, and the first onsite controller is pro 
grammed with a step based flow rate control model. 

2. The system of claim 1, wherein said first onsite 
controller includes a display that displays at least the flow 
rate of the selected additive supplied to the formation fluid. 

3. The system of claim 1, wherein the additive is supplied 
to a Selected location in the wellbore and a hydrocarbon 
processing unit processing the formation fluid at the 
wellsite. 

4. The System of claim 1 further comprising a Solar power 
array used to power the System. 

5. The System of claim 1 further comprising a program 
asSociated with Said first onsite controller that enables the 
onsite controller to perform a plurality of on-board func 
tions. 
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6. The system of claim 5, wherein said plurality of 
functions includes at least one of (i) determining the differ 
ence between the amount of additive introduced and a 
predetermined desired amount, (ii) calibration of the flow 
control device, and (iii) periodic polling of said flow mea 
Suring device. 

7. The system of claim 1, wherein said first onsite 
controller is programmable (i) at the wellsite or, (ii) by said 
Second remote controller. 

8. The System of claim 1 further comprising a data base 
management System associated with Said Second remote 
controller. 

9. The system of claim 8, wherein said second remote 
controller is adapted to communicate with a plurality of 
computers over a network. 

10. The system of claim 1, wherein the flow control 
device is one of (i) an electric pump, or (ii) a pneumatic 
pump. 

11. The system of claim 1 further including at least one 
Sensor providing a measure of a characteristic of Said 
formation fluid, Said characteristic being the presence or 
formation of any of the group consisting of corrosion, 
Sulfites, hydrogen Sulfide, paraffin, emulsion, Scale, asphalt 
enes, and hydrates. 

12. The system of claim 11, wherein said system alters the 
Supply of Said Selected additive in response to Said measured 
characteristic. 

13. The system of claim 6 wherein the system includes 
redundant flow control devices which are controlled by the 
onsite controller. 

14. The System of claim 1 for monitoring and controlling 
the Supply of additives to a plurality of production wells, 
Said System further comprising: 

(a) a Supply line and a flow control device associated with 
each of Said plurality of Wells, 

(b) a flow measuring device in each said Supply line 
measuring a parameter indicative of the flow rate of an 
additive Supplied to a corresponding well, each Said 
flow measuring device generating Signals indicative of 
a flow rate of the additive Supplied to its corresponding 
well; and 

(c) a first onsite controller receives signals from each of 
the flow measuring devices and transmits signals rep 
resentative of the flow rate for each well to a second 
remote controller which in response to the Signals 
transmitted by Said first onsite controller transmits to 
Said first onSite controller command Signals represen 
tative of a desired change in the flow rate of the 
additives Supplied to each said well. 

15. The system of claim 14, wherein the additive is 
injected into each Said well at predetermined depths. 

16. The system of claim 1 wherein the additive is driven 
using a high preSSure Source. 

17. The system of claim 16 wherein the high pressure 
Source is a compressed gas Supply. 

18. The system of claim 17 further comprising a high 
preSSure control valve. 

19. The system of claim 18 wherein the high pressure 
control valve is a two Stage high pressure control valve. 

20. A method of monitoring at a wellsite, the Supply of 
additives to formation fluid recovered through a production 
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wellbore and controlling Said Supply of additives into the 
production wellbore from a remote location, Said method 
comprising: 

(a) controlling the flow rate of the Supply of a Selected 
additive from a Source thereof at the wellsite into said 
formation fluid via a Supply line into the production 
wellbore using the System of claim 1, 

(b) measuring a parameter indicative of the flow rate of 
the additive Supplied to Said formation fluid and gen 
erating a signal indicative of Said flow rate; 

(c) receiving at the wellsite the Signal indicative of the 
flow rate and transmitting a signal representative of the 
flow rate to the remote location; and 

(d) receiving at Said remote location signals transmitted 
from the Wellsite and in response thereto transmitting 
command Signals to the Wellsite representative of a 
desired change in the flow rate of the additive Supplied; 
and 

(e) controlling the flow rate of the supply of the additive 
in response to the command Signals. Such that the 
additive is present at a concentration of from about 1 
ppm to about 10,000 ppm in the formation fluid recov 
ered from the wellbore. 
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21. The method of claim 20 further comprising displaying 
at the well site the flow rate of the additive supplied to the 
formation fluid. 

22. The method of claim 21 further comprising a manual 
override of controlling the flow rate of the Supply of the 
additive by performing a function selected from (i) setting a 
flow rate of the additive, (ii) Setting a range of allowable 
values for the flow rate of the additive, and (iii) combina 
tions thereof. 

23. The method of claim 20 additionally comprising the 
Step of using at least one Sensor providing a measure of a 
characteristic of Said formation fluid, Said characteristic 
being the presence or formation of any of the group con 
Sisting of corrosion, Sulfites, hydrogen Sulfide, paraffin, 
emulsion, Scale, asphaltenes, and hydrates. 

24. The method of claim 23 further comprising altering 
the Supply of Said Selected additive in response to Said 
measured characteristic. 

25. The method of claim 20 further comprising control 
ling the flow rate of a Supply of a Second additive in response 
to the command Signals. Such that the Second additive is 
present at a concentration of from about 1 ppm to about 
10,000 ppm in the formation fluid recovered from the 
wellbore. 
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