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DESIGHN BEVELOPMENT AND IMPLEMENTATION OF ANALYZER BASED
CONTROL SYSTEM AND ALGORITHM

Cross-Reference to Related Applications

This application is a continnation-in-part of US Patent Application
12/263,904 which was filed on November 3, 2008,
Statement Regarding Federally Sponsored Research or Development

Mot Applicable,
Background of the Invention

This invention relates generally to an analyzer based control system and
algorithim for the use in a chernical process system. As described for example in US
Patents 5,503,006, 5,425,267, 5,965,785, US 5,326,482, 4,335072, US Published Patent
Applications 2010/01085366 and 2012/0053861 A1, UK Patent 1,198,734, and
International Patent AppHcations 2008/005058, 2004/044266, and (3/006581, chemical
and industrial facilities utilize a variety of complex cguipment, which are often subject to
harsh chemical and physical conditions. As such, a number of technologies have been
developed to monitor the condition, efficiency, and expected lifespan of the equipment.
Such technologies include historian systems, which collect and archive data frow various
sources within the chamical plant. US Patent Application 12/899 250 describes a number
of methods of utilizing historian and other data.

Monitoring equipment typically involves a systermn in which a variety of
process variables are rmeasured and recorded. Oune such systewn 1s described in US
Published Patent Apphication 2009/0149981 A1, Such systems however often produce

masstve amounts of data of which only a small portion of which is usefully tracked to
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detect abnormal conditions and the information gleaned from those systema is of limited
practical use.

In the context of corrosion prevention, three of the most usetul data sets
for a monitor to measure are pH, metal {especially tron) ion concentrations, and chioride
ton concentrations. Ideally the monitored data {s as close to real time as possible so
remediation techniques for the causes of extreme concentrations can be applied before the
causes effect corrosion or otherwise damage the facility, Usfortunately corrent
monitoring technologies provide a large volume of false data so real time monitoring is
usually ditficult if not impossible. Moreover the false data can lead o the wasting of
expensive remnedial chemisiries when their addition was not needed. As a result a truly
automated remedial chemical feed system is not feasible and a human operator is
typically required fo prevent the addition of remediating chemicals in the face of g “lalse
alarm” thereby increasing operation Costs,

Thus there is a clear need for and utitity in an improved method of
monitoring the conditions within a chemical plant, The art described iu this section 18 not
intended to constitute an admission that avy patent, publication or other information
referved o hereln is "prior art” with respect to this invention, unless specifically
designated as such. In addition, this section should not be construed to mean that a search
has been made or that no other pertinent information as defined in 37 CER. § 1.56(a}

exists,

Brief Summary of the Invention

At least one embodiment of the invention is directed towards a method of

]
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correcting an error in the measurement of a process variable taken by a sensorina
chemical process system. The system is characterized by properties which cause at least
some of the measurements {0 be evroneous, The method comprises the steps of: 1)
identifying the component of the ervor caused by dynamic state factors, this component of
the error being determined by at least once oblaining & senor measurement in the aystern
and noting how that measurement deviates from an objectively correct measurement of
the process variable by varying amounts relative to time, 2) identifying the steady state
factor component of the errvor, this component of the ervor being determined by at least
once oblaindng a senor measurements and noting that the measurement deviates from the
objectively correct measurement of the process variable by a fixed amount relative to
time, 3) identifying the component of the error caused by additional factors, and 4)
aliering the measurement 1o remove the errors caused by steady state factors, dynamic
state factors, and unknown factors.

The sensor may be in informational communication with an analyzer and the
analyzer may be in informational communication with a controller. The sensor may be
constructed and arranged to obtain a raw measurement of the pi’ocess varigble, The
analyzer may correct the error in the sensor’s measurement. The controller may take the
corrected measurement. If the corrected measurement is outside of a pre-determined
range of acceptable values, it may enact a remedial messure to change the measured
value to a value within the acceptable range. The remedial measure may be enacted
before the steady state value of the measurement is detected by the seansor.

The process variable may be a measurement of one tem selected from the

list consisting of. oxidation-reduction poteniial, pH, levels of certain chemicals or 1ons
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{(e.g., determined empirically, automatically, fluorescently, electrochemically,
colorimetrically, measured directly, caleulated), temperature, pressure, process stream
flow rate, dissolved solids and suspended solids.

There may be at least three sensors and each of the three sensors may pass
on a raw measurement (o the analvzer. The analyzer may use use the gverage of those
raw measurements as the input In its caleulations if at least one of the raw weasurements
fits within a pre-determined setpoint expected for the speeific conditions under which
measurement was taken, the analyzer a historically expected value gs the input in itg
calcnlations if none of the the raw measurements it within a pre-determined setpoint
expected for the specific conditions under which measurement was taken,

The process variable may be iron concentration. The method may further
comprise the steps of! disregarding all sensor readings that indicale zero iron
concentration, and adjusting the measured iron concentrations using regression analysis
over a 1 week time period. The remedial measure may invelve adding a chemical whose
effect is non-linear in nature. The analyzer may correct {for the non-linear effects of the
remedial chemdcal in ite corrections. The remedial measure may involve adding a
chemical subject to the constraints of deadtime and the analyzer corrects for those effects
in its measurementis. The process sysiern may be one iters selected from the list
consisting oft a chemical plaat, a refinery, an oil refinery, a food processing facility, a
manufacturing plant, a chemical plant, a distillation columun, a water filiration plant, a
factory, a waste processing facility, a water treatment facility, and any combination

thersof,
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Brief Bescription of the Brawings
A detailed description of the invention is hereafter described with specific

reference being made to the drawings in which:

FIG. 1 18 a graph which illustrates a method of correcting a measured value of a
process variable.

FIG. 2 is a graph which illustrates a method of correcting a measured value of a
process variable,

FIG. 3 is a graph illustrating the difficulty in calculating the corrosion rate of a
process system.

FIG. 4 is a graph which Hlustrates a method of correcting a measured valoe of
COTToSION rate.

FIG. 5 is an iljustration of sources of data used by the analyzer.

FIG. 618 an illostration of a dashboard confaining analyzer output,

Betailed Description of the Invention
The following definitions are provided to detervmine how terms used in
this application, and in particular how the claims, are to be constraed. The organization
of the definitions is for conventence only and 18 not intended to limit any of the
definitions to any particular category.
“Chemical process system” means one o more processes for converting raw

materials into products which includes but is not Hmited to industrial processes which

()
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utilize one or more of the following pieces of equipment: chemical plant, rehnery,
furnace, cracker, overhead colamn, stripper, filter, distilier, boiler, reaction vessel, and
heat exchanger, and the like.

“Bynaniic State” means a condition of a measured process variable in which the
observed measurement changes over af least a portion of a discrete period of time during
which the condition is measured while in fact the actual magnitude of the process
variable is not changing.

“Steady state” means a condition of a measured process variable in which the
observed measurement remains unchanging over a discrete period of time during which
the condition is measured while in fact the actual magnitude of the process variable 15 not
changing.

In the event that the above definitions or a description stated elsewhere in
this application is inconsistent with a meaning {explicit or implicit) which is commonly
used, in & dictionary, or stated in 4 source incorporated by reference into thas application,
the application and the ¢laim terms in particular are understoond to be construed according
to the definition or description in this application, and not according to the common
definition, dictionary definition, or the definition that was incorporated by reference. In
Hight of the above, in the event that a term can only be understood if it is construed by a
dictionary, if the term is defined by the Kirk-Chhmer Encyclopedia of Chemical
Technology, 5th Edition, (2005}, (Published by Wiley, John & Sous, Inc.) this definition
shall control how the term is to be defined in the claimas.

Automation technology plays a sigoificant role tn froproving and

maintaining efficient process operation. It influences the strategic and operational goals
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of enterprises, their economic results, the development and quality of products, contimuty
of production, and competitiveness in the marketplace. These strategies should include
{1} Improvements of unit operation and (2} Optimizing proper selected chemicals, The
key to controlling the corrosion rate is to analyze the corrosion performance and drive the
decisive knowledge based on operating data and analyzer measurements. Crude Unat
Automation {CUA) system 18 designed to monitor and analyze the system corrosion and
reedback control the chemicals using automation technologies. The implementation of
these strategies resulted in lower corrosion risk and continued wmprovement of the run
length of the overhead heat exchangers.

In at least one embodiment of the invention, the control system in use in
the process sysiem comprises two elements: {1) at least one sensor and (2} at least one
analyzer. In at least one embodiment of the invention, the control system comprises three

22 %

clements: {1} at least one sensor, (2} at least one analyzer, and (3) at least one controlier.

The sensords) is constructed and arranged to measure at least one process variable within
at least one portion of the system. The analyzer receives the measurement taken by the
sensor and converts it into information which can be cutput. The controller receives the
output and can cause some operation to oconr m response to the cutput,

In at least one embodiment the response includes adding a chemical.
Added chenucals may include neutralizer, filmer, caustic, and inhibitors and s0 on and
are used 1o control corroston process variables, The analvzer provides on-line
measurements of process variables {especially pH, [Cl] and [Fe]). The analyrer provides

output which is used to monitor, analyze and manage the whole system.

~3
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In at least one embodiment some or all of the information is displayed on a
dashiboard. The dashboard can also display how the systern manages historian database
data, reports, alarms, and make readily available the user’s selected strategy for veal tine
control and optimization of the crude unit system.

In at least one embodiment the system is a closed loop which utilizes
preliminary analysis of historian and archived dats, updates frovo the analyzer and other
diagnosiics {such as personal observations and discussions with operating staff} to then
generate responses and further analysis of the crude unit’s operations.

In at least one embodiment the use of inhibilors is to prevent or to reduce
general corroston, and it plays an important role in the control of corrosion for those areas
in which general corrosion is the problem. The objective of the control system s how to
prevent/reduce corrosion in crade unit overhead by controlling the inhibitors. As one of
the main components of 2 crude unif process, corrosion control plays a vital role in
maintaining system integrity. This invention provides a way to optimize the corrosion
control component of the crude unit through optimizing ove or more system parameters
in a process stream of the crude unit, This optimization includes measuring properties
associated with those parameters in the process stream.

In at least one embodiment the analyzer is desigued to reduce corrosion
of refinery processing equipiment and subseguent fouling due to deposition of corrosion
byproducts. A typical corrosion control prograr includes compounents such as a
neutralizing smuine, a filming inhibitor, a caustic solution, ete. Such corrosion control

chemicals are traditionally injected into the system based upon measurements derived
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trom grab samples and analvzed in the 1ab or some tlow indication on the urat, This
invention provides an automated method of adjusting cherntcal mjection into the system.

In at least one embodiment, the method of the invention includes a
controller operable to receive and process information and provide instructions to various
cornponents {e.g., chemical injection pumps), The term “controller” refers o a manual
operator or an electronic deviee having components such as a processor, memory device,
digital storage medium, cathode ray tube, liquid crystal display, plasma display, touch
screen, or other monttor, and/or other components. The controller is preferably operable
for integration with one or more application-apecific integrated circuits, programs,
computer-execuiable instructions or algorithms, one or more hard-wired devices, wircless
devices, and/or one or more mechanical devices. Moreover, the controller is operable to
miegrate the feedback, feed-forward, or predictive loop{s} of the invention. Some or all
of the controlier system functions may be at a central location, such as a network server,
for communication over a local area network, wide area network, wireless network,
internet connection, microwave link, infrared link, and the like. In addition, other
components such as a signal conditioner or system monttor may be included to facilitate
signal transmission and signal-processing algorithms.

The coniroller may include ierarchy logic to prioritize any measured or
predicted propertics associated with system parameters, For example, the controller may
be programmed to prioritize systern pH over chloride ion concentration or vice versa. |
should be appreciated that the object of such hierarchy logic is to allow improved control

over the system parameters and to avoid circular control loops,
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In at least one embodiment, the method includes an automated
controlier. In another emmbodiment, the controller is mannal or semi-manual. For
example, where the crude refining process includes one or more datasets received from a
various sensors in the system, the controller may either automatically determine which
data points/datasets to further process or an operator may partially or fully make such a
determination. A dataset may inchude process variables or system parameters such as
oxidation-reduction potential, pH, levels of certain chemicals or 1ous {e.g., determined
empirically, automatically, fluorescently, electrochemically, colorimetrically, measured
divectly, calculated), tesaperature, pressure, process stream How rate, dissolved or
suspended solids, etc. Such system parameters or process variables are typically
measured with any type of suitable data capturing equipment, such as pH sensors, ion
analyzers, temperature sensors, thermocouples, pressure sensars, corrosion probes, and/or
any other suitable device or method, Data capturing eguipment is preferably in
communication with the controller and, according to slternative embodiments, may have
advanced fonctions (ucluding any part of the control alporithms described herein)
imparted by the controller.

Data transmission of measured parameters or signals to chemical pumps,
alarms, or other system components is accompiished using any suitable device, such as a
wired or wireless network, cable, digital subscriber line, wternet, ete. Any suilable
interface standard(s), such as an ethernet interface, wireless interface {e.g., IEEE
RO2.Via/b/g/x, 802,16, Bluetooth, optical, infrared, radiofrequency, etc.}, universal serial
Bus, telephone network, the like, and combinations of such interfaces/connections may be

used. As used herein, the term “network” encompasses all of these data transmission

1o
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methods. Any of the described devices {e.g., plant archiving system, data analysis
station, data capture device, process station, ete.) may be connected to one another using
the above-described or other suitable interface or connection.

In at least one embodiment, system parameter information 1s received
from the system and archived. In another embodiment, system parameter information is
processed according to a timetable or schedule. in a further embodiment, system
parameter information is immediately processed in real-time/substantially real-time.
Such real-time reception may include, for example, “streaming data” over a computer
network.

In at least one embodiment two or more samples are taken at different
locations in the system. For example one could be at the dew point and one at the boot
acceurnulator, The measurement differences at these tweo sample points require a
corresponding algorithm to adiust chemical injection. The term “dew point” refers fo the
point of initial condensation of sleam to water or the temperature at which a phase of
Hauid water separates from the water vapors and liguid hydrocarbons and begins to form
Heuid water as the vapors cool. Though possible to use the accurnulator water boot o
measure pH and chloride ion level, a level of accuracy is usually sacrificed because data
is diluted or masked by the full volume of steam and weak acids and bases that have
condensed downstream of the water dew point.

Likewise, it i3 possible to measure ivon {or other metals, such as copper,
moivbdemun, nickel, zinc) lon concentration from the dew point water. In at least one

embodiment the metal ion concentration is measured al the accumulator water boot

il
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because these fons indicate corrosion has taken place and metal has been removed from
an internal coroponent in the system upstream of the sample point.

It should be appreciated that any suitable method may be used for
obtaining the dew point water swrnple. For example, devices for obtaining the dew point
water sample are disclosed in ULS, Patent Nos. 4,335,072, titled “Overhead Corrosion
Sirnulator” and 5,425,267, titled “Corvosion Simulator and Method for Simulating
Corrosion Activity of a Process Strear,” each of which ie incorporated herein by
reference in its entirety,

In at least one embodiment, different fluid or system parareters or process
variables or other constifuents present in the system could be measured and/or analyzed
including but not tmited to pH; chloride ion; other strong and weak acids, such as
sulfuric, sulfurcus, thiosulfurous, carbon dioxide, hvdrogen sulfide; organic acids;
ammionia; various amines; and hquid or solid deposiis and the like. Various methods of
taking measurements are contemplated and the invention is not limited to one particular
method, Representative methods include, but are not limited to those disclosed in US
Patent Numbers 5,326,482, 5,324,663, and 5,302,253,

fn response 1o the measwrements taken at various locations in the system
remedial chemistry can be added to the system fo respond to the measured readings,
Such remedial chemistries include but are not Hmited to neutralizers, filming inhibitors

3%

{sometimes referred to herein as “filmers™), and caustic agents. These points are labeled

>

“Meutralizer based on acid or pH,” “Filmer based on fron,” and “Caustic based on
chionde.” I should be appreciated that such chemicals may be added at any suitable

locstion in the system. In at feast one embodiment, introduction of such chemicals into
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the system are adjusted continuously. in other embodiments, chemical introduction is
adpisted intermitiently or in relation to a schedule as determined for each individual
system,

Newtralizer{s}, caustic agent(s), and filming inhibitor(s} may be introduced
to the system using any suitable tvpe of chemical feed pump. Most commonly, positive
displacement injection pumps are used powered either elecirically or pnsumatically.
Continucus How injection pumps are sometimes used to ensure specialty chemicals are
adequately and accurately injected into the rapidly moving process streamn, Though any
suttable pump or delivery system may be used, exemplary pumps and puroping methods
molude those disclosed in U.S. Patent Nos, 5,066,199, titled “Method for Injecting
Treatment Chemicals Using a Constant Flow Positive Displacement Pumping Apparatus”
and 5,195,879, titled “Improved Method for Injecting Treatment Chemieals Using a
Constant Flow Positive Displacement Pumping Apparatus,” each incorporated herein by
reference in its entirety.

Representative neutralizers include but are not livmied to 3-
methoxypropylamine (MOPAY ({CAS # 5332-73-0}, monoethanolamine (MEA} {CAS #
141-43-5), N, N-dimethylaminoethanol {DMEA)Y (CAS # 108-01-0}, and
methoxyisopropylamine (MIOPAG ({CAS # 37143-54-7),

As a caustic agent, a dilute solution of sodium hydroxide is typically

77T

prepared ina S to 10 % concentration (7.5 to 14° Baume} for ease of handling and to
enhance distribution once injected juto the crude oil, or desalter wash water, for example.

Concentration may be adjusted according to ambient conditions, such as for freeze point

in cold climates.
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Filming inhibitors or filmers used in conjunction with this inventionn in a
cride unit corrosion control program are typically oil soluble blends of amides and
mmidazolines. These compounds offer good corrosion control with winimal effects on the
ability of the hydrocarbons in the system to carry water.,

it should be appreciated that a suitable pH control or optimal range should
be determined for each individoal systermn. The optimum range for one system may vary
considerably from that for another systern. 1 is within the concept of the invention to
cover any possible optimum pH range.

In different embodiments, changes in the neutralizer pump are Himited in
frequency. Preferably, adjustment limits are set at a maximum of ¥ per 15 mun and
sequential adjustments in the same divection should not exceed 8 For example, after 8
total adjustments or a change of 56 % or 100 %, the pump could be suspended for an
amount of time {e.g., 7 or 4 hours) and alarm could be tripgered. If such a situation is
encountered, it is advantageous {o trigger an alarm to alert an operator, Other Hmits, such
as maximum pamp oulpot may also be implemented. It should be appreciated that it is
within the scope of the invention o canse any number of adjustments in any direction
without Himitation. Such limits are applied as determined by the operator.

It should be appreciated that a suttable or optimal chloride jon
concentration range should be determined for each individual system. The optimum
range for one system may vary considerably from that for another systern, I is within the
concept of the invention to cover any possible optimum chloride ton concentration range.

In at jeast one embodiment other metallurgy is used so such as monel,

titanium, brass, etc. may be used in some systems, In these cases, rather than an fron 1on

i4



20

WO 2014/018702 PCT/US2013/051932

concentralion signal, the appropriate metal ion {e.g., copper, nickel, zine, etc.}
coneentration signal would be detected and analyzed.

Metal ions commonly exist in two or more oxidation states. For example,
iren exists in Fe* and F&®" as well being present in soluble states (ionic and fine
particulaie}, insoluble siates {i.e., filterable), ete. Apalysis and control of metal tons
inchudes measurement or prediction of any combination {or all) of such permutations
present in the system.

Although the corrosion probes {e.g., electrical resistance corrosion probes,
Hnear polarization probes, and/or any other suitable method for determining metal loss)
may be placed at any convenient location in the system, preferably they are placed in
historically reliable locations in the system. In addition, if, for exarple, 2 overrides are
activated over a 12 hr period, a reliability check is typically indtiated {0 ensure that the
corrosion probes are operating properly. If such a situation is encountered, it is
advantageous {o trigger an alarm to alert an operator. Other limits, such as maximum
pump output may also be implemented. I should be appreciated that it is within the
scope of the invention {0 cause any number of adfustiments in any direction without
iunitation. Such limits are applied as determined by the operator,

In at least one embodiment, if the commumnication link beiween the
analyzer and the controller is severed or impaired, the controller continnes with whatever
action it was undertaking prior to losing communication. In at least one embodiment, i
the communication Hnk between the analyzer and the sensor is severed or impaired the
controller continues with whatever action it was undertaking prior to losing

communication. ln at least one embodiment, if the analyzer output induces the controller

hand
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io enact a response beyond the physical limitations of the equipment, the controller the
beat response possible (such as turning on/off one or more pumps, vents, drains, lifls,
stators, conveyers, furnaces, heat exchangers ... ete.) and the controller keeps that
underperforming responding equipment runming at s maximum capacity until the
asalyzer output warranis a reduction. In at least one embodiment at least one piece of
responding equipment is constructed and arranged to respond to analyzer output only
gradually. In at least one erabodiment while the equipment can respond only gradually, it
i3 constructed and arranged to return to is pre-response setting as soon as physically
passible. This allows for the negation of an incorrect response before the response has
caused a significant effect. An example of gradual response is a pump that increases the
flow of chemical from 0% of a maximum flow rate to 100% of maximum flow rate over
the course of up to 10 minutes even though i can reach 100% within a few secounds.

In at feast one embodiment the analyeer utilizes a model method of data
analvsis to correct for inaccuracies that occur in the measurements of process variables.
Because corrosion is by definition the result of a fintte amoont of mass from the plant
equipment detaching from those pieces of equipment, the amount of corrosion measured
should be casy to correlate with physical damage to components of the system. However
due to large amounts of noise inherent in such facilities the measured rates, fluctuate
widely and are often not accurate. Sigmificantly the noise often leads to measured
corrosion rates greater than the actual mass that has been removed from the eguipment.
In addition different forms of crude odl {especially opportunity crude) and inconsistencies
in their composition canse equipment to often function differently during different

production runs. This leads fo varying and hard to predict rates of corrosion. Moreover

16
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as corrosion changes the very envivonment being analyeed each production run way
make further ambiguous future analyses.

in at least one embodiment the analyais takes into account the known
difference between the steady state measurement and the dynamic state measurement
taken by the sensor to correct for inaccuracies that occur in the measurerents of process
variables. As iHustrated o FIG. 1, in many situations a disturbance in the system {such
as turning on or off a pump, adding or ceasing addition of a chemical, changing pH, {Fel,
temperature, pressure, ofe. ..} causes a short {ermn dynamic state change w the sensor
measurement as well as a longer term steady state change in the sensor measurement.
The analyzer learns to associate the specific dynamic state changes that occur in response
o specific disturbances with specific sensors and when under those conditions it detects a
similar dynamic measorement, instead of outputting the detected measuroment the
analvzer outputs the corrected value that it has learned ts associated with the properiies of
the detected dynamic state,

As a result, in at least one embodiment the output of at least one sensor
measurement of a process variable obtained by the analyzer undergoes a conversion.
That output can be represented by the hunction:

w = fie, de, d)
in which # 1s output of the analyzer measuring a process vartable, e 18 the error detected
in the dynamic state, 4 is the magnitude of the disturbance that caused the error, and de is
the change in the etror over time. The ervor tiself can be caleniated using the equation:

g = ¥&PY

17
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i which PV is a process variable, or the actual value that the analyzer wueasured for the
variable and SP is the setpoint or what the value should have been but for the disturbance
based noise.

In at least one embodiment the specific paramneters of any pradictive
function wsed io correct for a measured process variable can be calculated through direct
observation of the systen.

Utilizing the above equations, one of ordinary skill 1o the art would
recognize that based on a Taylor series expansion,

v o= fle ded)

5 4 & { ey ; e
where 7 denotes steady state controller output; ¢, Ae” and @are 8, Ae and 4. The

controller consists of twe parts: steady state, i Zf(e?o , A", ) and dynamics fe), fAe),

Ady. The steady state can be obtained from divect measurements of the system steady

state. In at feast one embodiment at steady state at least one of £ , Ad° ,and Lare ¢, Ae
and d is 1.

The dynamic part ie approximaled by the following vonlinesar dynamic
model:

2 represents lomped uncertainiies and other unmodeled teros. T at least
one embodiment i can be attenuated by control technology because it is bounded.

3 : o
¥ is known by human experience, or it is easy to know

At steady state, ¢
by test or simple analysis and modeling. One usefol meaning of ««" is the result of the

ideal pump output when the controlled variable is at it's tavget. Each dynamic part  isa

tunable function based on specific process, the funciion is also knowledge based and

f&
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within a control limits (e @anas], In at loast one embodiment the function is
designed according to a proportional format. In at least one embodiment the function 18
designed according to a sigmoid formal

In at least one embodiment the systerm comprises output lmits and the
varighle Hmits [# Vo Voo 1o destgnate the boundaries penmissible by system
control. In }31'{;1{.?ﬁ0f3, g = W5 f::, Yanae = “‘s_] + (v.f:.‘.;

PVoin == H8 o S E Vo = ST+ Y1, where Ut is a output scale factor which is
a constant tuned on-ting, 5 ig the variable scale factor which is a constant tuned on-
hine,

In addition, the resulting changes in the system due to feeding chemicals
needs io be predictable. Precise control of pH and corrosion is gaite difficult due to large
varfations in process dynamics. One difficuity arises from the static nonlinear
relationship in results of chemical additions such as titration. Titration is the relationship
between pH of a medium and the concentration of acids and bases in that medivm. The
nonlineaniy o titration depends on the subsiances ju the solution and their
concentrations, For example the presence of some weak acids or weak bases causes a
buffering effect {a resistance to proportional changes i pH despiie proportional changes
i the concenirations of acids and bases).

Uther chemistries present in the process system may also have non-linear
responses in added cheomicals. In addition becanse of the ebh and How rate of operations
i a process system, thers are very long periods of deadtime.  As previously mentioned

+:% can be represented by the result of the ideal pump output when the contralled

variable is at it's target. In practice however due to sizes, distances that the chemicals

19



i

b

4y

el

WO 2014/018702 PCT/US2013/051932

must traverse, and other physical constraints, the pump i in fact pot ideal and there iz a
significant lag between when the instruction is given to feed a chemieal, and when the
chemical appears in the system in & dosage significant enough to appropriately affect the
systemn. For purposes of this application, the time lag between activating g purap and the
pump causing the proper effect is known as “deadtime.” During deadiitne a number of
changing dynamics ocowr which lead to wildly inaccurate measurements of process
variables,

In at least one embodiment the analyzer utilizes a combination of human
knowledge and experience to adjust feed rates to take into account the nonlinear
properties the controlier must address. This makes the controller more tnteligent and
feasible.

The presence of other materials in the process system often affects the
natore of various acids further complicating any attempt to predict resulting pH from
changing the concentrations. As a result, if graphed, the shape of the expected titration
curve becomes quite irvegular. In at least one embodiment, by disregarding noise and
ervor, the analyzer can accurately model and predict the correct fitration curves is
required for effective pH conirol.

As a result, a method of signal processing may need to be utilized to
correctly measure a process variable, Suitable forms of signal processing include but are
not limited to D8P algorithvns, fltering {including low pass, high pass, adaptive, and
moving average filters), smoothing, ARX, Fourier transform, S-plane analysis, Z-plane
analysis, Laplace transtorms, DWT, wavelet transforms, bilinear transforms, and

(Goertzel algorithms. In at least one embodiment analysis using dynamic state error 18

20
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done prior to the signal proceasing. In at least one embodiment analysis using dynamic
state error 1s subsequent o the signal processing.

Signal processing is of particular benefit with regards to detecting Fe.

(Ome particular ervor involves the trend of iron detection to drop to zero. This reading is
obvisusly erronecus. As a result, if the signal processing does not correct for zero
concentration of Fe in a system that obvicusly contains Fe due {0 ongoing or previous
corrosion, the analyzer will correct the iron reading to what its learmed experience
tndicates it should be and/or to what the reading was immediately before if began iis drop
to zero. In at least one embodiment, if the sensor detects zero ron the analzyer does not
pass on the detected fron value o the coniroller but instead passes on a value based on
what the iren level should be based on previous performance under simular conditions.

In at least one embodiment the control system coroprises one of more
methods, compositions, and/or apparatuses described in Published US Patent Application
2012/0053861 Al

In at least one eraboditnent the control system covprises one or more
redundant sensors detecting the same process variable at substantially the same location
in the process system. Because much of the noise causing inaccuracies 1s random in
nature, the ervors do not always affect all the sensors at the same time. As a vesult under
certain circumstances a minority of sensors may be erroncous and a majority may be
correct. In at least one embodiment if all of the sensors provide readings consistent with
pre-determined setpoints based on the specific conditions present, the analyzer returns the
average measurement fo the controlier. In at least one embodiment if at least ong of the

sensors provides measurements consistont with the setpoints, the analyzer returns the



10

bk
e

WO 2014/018702 PCT/US2013/051932

average measurement of the consistent measurements to the controlier. In at least one
embodiment if all of the sensors provide measurements inconsisient with the setpoints,
the analyzer rejects all of the measurements and jnstead passes on fo the controller
measurernents based on historical data until at least one sensor again provides consistent
measurements. In at least one embodiment the historical data will be the average of some
or all previous measurements consistent with the seipoints.

I at least one embodiment, the analyrer’s variable sampling period is
much longer than that of normal fransmitters, (in some cases as high as 60 minutes). In
addition, the controlled variable expectations {(setpoints} are normally in a range instead
of a single point.

In at least one embodiment remedial chemdstry or process chemistry fed
by the controller ts added according to a feedforward model. Feedforward can best be
understood by contrasting it to a feedback approach. In feedback the receipt of
intormation about a past event or condition influences the same event or condition in the
present or future. As a vesult the chain of cause and effect forms a circuit loop that feeds
back into iteelfl

In a feedforward model the reaction to the wiormation occurs before the
actual information is recetved. This allows for faster reaction to system problems,
reducing the duration, severity, and conseguences of unwanted conditions. Feedforward
can be achieved using the same observations that are used to determine the analyzer
output function. Specifically because the analyzer changes the output to the correct value
before the correct value is detected by the sensor (in some cases while i s still receiving

dynamic state changing information.} Moreover feedforward allows for the elivaination of

]
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conditions that would otherwise persist during the deadtime hetween the aciual existence
of an unwanted condition and the delays caused by inaccurate measurements and
irmperfect punp How properties. In at least one embodiment the feedforward strategy
addresses an unwanted system condition faster than a feedback system can.

In at least one embodiment the feedforward roodel is used to analyee the
variable relationship and eliminate the interactions. For example, in a crude oil refinery
fogic used to determine if corrosion control measures needs to be enacted in response to
Fe conceniration would be governed by a feedforward model reacting to analyzer output
according to a function of {Caustic, Neutralizer). This control algorithm provides whele
functionalities and capabilities to implement feedforward model. In at least one
embodiment the properties of the feedforward strategy is included in the controller
algorithen. The format of the controller algorithm its data analysis can be designed based
on specific properties of the system it is used within,

As previously mentioned becaose corrosion is due to loss of mass in
process equipment, by definition the detected amounts of corrosion should equal the lost
mass. Because that however is not what the sensors often detect, special measures need
0 be taken by the analvzer to correct the detected levels of corrosion. In at least one
embodiment the corrosion rate {CR) s corrected by the analyzer by taking into account
both on-line detected levels and an analysis of the corrosion rate.

In at least one ewbodiment this analysis makes use of two definitions of
CR, instant CR and period CR. Both of the two rates reflect different aspects of
corrosion speed. Instant CR is defined as the rate of metal loss change at a specific fixed

period of tirne, e.g. one day or week. In af least one embodiment a corrosion probe (the
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sensor) 1s used to detect a raw value. Due to the notsy signal inherent in such detections,
a linear regression or other form of signal processing may be used to correct the detected
value of Instant CR. Instant CR provides jnsight into instantangous causes of corrosion
which is extremely helpful in determining the cffect of changes in the process system
conditions.

In at least one embodiment Period CR requires several days or weeks to
determune the general corrosion rate. Period CR 18 determuned by identifying which
Huear function best represents the metal loss in such noisy envivonment. A simple linear
calculation is based on two points of beginning and end, this calculation assumes the
metal loss is monopoly increased function, does not consider the data between the two
points, Obviously, this calculation does vot reflect real situation under noisy signals, most
likely, this caloulation is far away from reality. A proper hinear curve is generated by least
squares regression, which minimize the total distances between each point to the linear
Qurve.

i Sy — ¥
where ¥ represents the Hnear corve we design; Y7 denotes real probe reading at § poing,
FIGs. 3 and 4 show compared corrosion rates based on {wo point corrosion reading, two
point filtered corrosion reading, and linear regression. Essentially, the corrosion rate is
the slope of the linear curve, it shows how big discrepancy of the three calculations, and
also we can understand which calculation is more reasonable and scientific. As shown in
FIG. 3, using a hinear analysis of detected corrosion rates over the period can result in

muliiple rates based on which form of analysis is used.
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As tllustrated in FIG. 4, in st least one embodiment the use of the linear
representation of the average regression curve is used to identify the actual rate of
corrosion that ocours in the system,

In at least one embodiment the decision regarding which hinear
representation to use is constantly updated to best reflect observations made of the
systerm,

Retferring now to FIG. 5 there is shown a logical flowchart illostrating
how information from various sources is constantly fed o and used by the analyzer fo
improve the logic it uses to correct for incorrect readings. The analyzer utilizes:

{1} On-line and off-line filter design to smooth neisy corrosion probe reading and exclude
outliers, {2} corrected definitions of corrosion rates {instant minning rate, period rate} and
their relaticnship to each other. This gives different definitions to caleulate and compare.
{3} On-line {running regression CR) and off-line corrosion rate calculation and
monitoring and alarming corrosion rate. (4) Corrosion rate evaluation and analysis, used
by the controller, and (5} automatically gencrated analysis reports,

In at least one embodiment the control system makes use of on-ling
measurements of Process changes in one or more of temperature, pressure, velocity and
concentration to detect acceleration in corrosion rate. This can be done by making use of
instant CR and period CR.

In at least one embodiment the analysis is according to the following
equations:

Instant CR= dv/dr. Therefore:
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, e AY
{nstant OF = hd = hm =4
it BIVAN 5

Because Period CR can be said to be the rate of metal loss change at g fixed period of
fime, such as 4¢ or Ay/ds. However, because of the signal "noise” that accompanies
metal oss y, if a Hoear regression of y is first used and then Period CR is caleulated as the

slope with time 41 then:

Inétant CR and Period CR reflect different aspects of corrosion speeds. In at least one
embodiment Period CR is determined over several days or weeks to determine the
general corrosion rate; Instant CR s instantaneous corrosion which 1§ extremely
helpful in determinung the effects of process changes on corroston.

in at least one embodiment the relationship between Instant CR and FPeriod CR is

determined by an integral mean-value theorem. For example:

R 1oy i,‘ :it;‘ (Efzh‘ _____ %“;l 1 ‘;: ié_{\‘é’z ..... '{"}‘}
Feriod OH = — = I =S
JAS: 12 - £l 2 — 11

in which there exist a point £ in {t1, 12] where the instant CR will be the same as the
Period CR. This point however will not necessarily be the mean, median, mode, and/or
average of Instant and Period CR.

Although the corrosion process is very complex, under certain
circumstances the corrosion rate can approxiraate a simple hnear funetion of time

according io the equation: y=qf + b

26
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where v is the monopoly metal loss function; ¢ 18 time, and g and b denote the slop

and bias of the function. Both o and & are all time-invanant constante.

Under this approximation:

. - ¢h Ay oy — g ,
instant U8 = J e % . Period OR
&t A t 1y

This illustrates that if and only il the slope and bias , b are unchanged
constants in the period of time 4¢ then Period CR will be equal to Instant CRL
As shown in FIG. 6, in at loast one embodiment the analyzer cutputs

information into a dashboard format that provides a user with a helpful and easy to

10 understand perspective on the operations of at least a portion of the system. For example

the various detected performance variables can be expressed according to a relative
evaluation indicating how well or poor the system s downg.

In at least one embodiment the evalnation will be expressed according to
at least one of the following catepories:

Control YVariable Stability

Variable stability is very critical for process operation. In crude unit corrosion control

system, three critical variables {(pH, Cl, Fe) are the key to maintain the corrosion
systern stable. Daily opk i3 used and compared.

Chemical Usage

20 Neutralizer, Caustic and Filmer are used {o control the three controlled variables, p#H,

Cf aud Fe. Que of objectives of this control design is to maintain the controlled

variables while saving the chemical usages.
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Evaluation on Automation Svstem Operation

The system not enly provides the key variable measurement by the avalyzer, but also
{1} The system provides whole information, include pumps, boot water pressures,
working temperatures, inferred chemical flow rates,corrosion... (2} Provides friendly
interface, gives us a platform to remotely monitor and operate the whole system,
modify parameters... (3} Collects analyzer alarms, generates/sets all variable
operation alarms, and provides instant cell phone and email alarms, (4) Provides a
platform of on-line and off-line data analysis and transiating information into
refined knowledge..., this is the spotlight of the system, (8} The control systom on

i0 stream time is 100% except some ovents happened.

Corrosion Performance Analvsis

~y

On line corrosion rate must be calculated and compared with other variables. FIG. 7
gives an example of @ weekly period corrosion rate based on two probes, FIG. &
shows an evaluation demonstrating that the corrosion rate is strongly correlated to the
critical variables Fe and pH.

In at least one embodiment the process system that the control system in
used within contains at least one of a crude unit, de-salter, atmospheric tower, vacuum
tower, cooling unit, heating unit, furnace, cracker, and any combination thereof. The
control system will optimize and improve the performance of some, part or all the

20 components of the process system. Buch improvement will {1} Improve and maintain
process stability and reliability. (2) Optimize chemical usages and reduce cost. (3}

ftaprove system robusiness, operating flexibility, provide reliable information system and

28
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friendly low-cost interface. {4} Define, calculate, monitor, control and optimize corrosion
rgte,

In at ieast one embodiment, not only does the control systern detertine
and predict the corrosion in the agueous phase of a erude unit overhead system but it can
also calculate and predict the formation of salts as well as their impact of corrosion. In at
teast one embodiment, the analyzer can calculate in real time the amount of additive
{amine) to inject to remedy the impact of salta on corrosion.

in at least one embodiment this calculation is achieved by using at least
one of the following inputs: pH, chloride, tomperature, pressure, deusity, flowrate, wash
water rate, total steam, and the presence of the following compounds: Chloride, total
amine, total nitrogen, halogen, bromide, iodide, oxvgen, water, and ammonia level. In at
least one embodiment this is accomplished by the addition of and observation of the
reaction of one or more of the following arines: methylamine, dimethylamine,
trimethylamine, ethylamine, diethylamine, triethylamine, n-propylamine, isopropylamine,
di-n-propylamine, di-isopropylamine, n-butylamine, sec-butylamine, 1-amine-2,2-
dimethylpropane, 2-amino-2-methylbutane, Z-ammnopentane, 3-aminopentane,
morpholine, monoethanolamine, ethvienediamine, propylenediamine, N,N-
dimethvlethanolamine, N,N-diethylethanolamine, N, N-dimethyhsopropanolamne,
Methoxyethylamine, Piperidine, Piperazine, Cvclohexylamine, N-methylethanolamine,
N-propylethanolamine, N-ethylethanolamine, N, N~dimethylaminoethoxyethanol, N,N-
dicthylaminoethoxyethanol, Nomethyldiethanolamine, N-propyldiethanolamine, N-
ethyidiethanolamine, t-butviethanolamine, t-butyldiethanolamine, 2-(2-

aminoethoxyiethanol, di-n-butylamine, fri-n-butylamine, di-iso-butylamine, ethyl-n-
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butylamine, pentylamine, Z2-amino-2,3-dimethylbutane, 3-amino-2 2-dimnethyibutane, 2-
amino-~{-methoxypropane, dipropylamine, monoamylamine, n-butylamiae,
isobutylamine, 3-amine--methoxypropane, and any combination thereof.

{Using sensors to detect pH, Chlornide, Fe, as well as at least one nilrogen
sensor, at least one total niirogen sensor or the combination thereof, a mathematical
model can calenlate the formation of salt and or corrosive species. This information and
the corresponding caleulations can be made in real time from a sample collected in real
time., The calenlated and stored information can then be used to calculate and control the
addition of additives in real time into the overhead based on the corrosive nature and
composition of the compounds present in the overhead,

In at least one embodiment the control system can continnously
recalculate in real time the corrosive conditions; the salt formation and have the
controller add appropriate additives should any ove-parameter change. These additives
fnclude but are not Htied to: Water, Sodinm Hydroxide, potassium hydroxide, lithium
hydroxide, methviamine, dimethyvlamine, trimethylamine, ethylamine, diethylaroine,
triethylamine, n-propylamine, isopropylamine, di-n-propylamine, di-isopropylarmne, n-
hutvlanine, sec-butylamine, -aming-2 2-dimethylpropane, Z-amine-Z-methylbutane, 2-
aminopentane, 3-aminopentane, morpholine, monocthanolamine, ethylenedianune,
propylenediamine, N, N~-dimethylethanolamine, N N-diethylethanolamine, N\N-
dimethylisopropanolamine, Methoxvethylamine, Piperidine, Piperazine,
Cyclohexylamine, M-methyiethanolamine, N-propyicthanolamine, N-ethylethanolamine,
N, N-dimethvlaminoethoxvethanol, N, MN-diethviaminoethoxyethanol, N-

methyldiethanoiamine, N-propyldiethanolamine, N-ethyldiethanolamine, t-
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butvlethanolamine, t-buividiethanolamine, 2-{2-aminocethoxy}ethansl, di-n-butylamine,
iri-n-butylamine, di-ise-butylamine, ethyl-n-butylamine, pentylamine, 2-amino-2 3~
dimethylbutane, 3-amine-2,2-dimethylbutane, 2-amino--methoxypropane,
dipropylamine, monoamylamine, n-butviamine, isobutylamine, 3-amino-1-
methoxypropane, and any combination thereof.

in at least one embodiment the control system can detect through the use
of senaors the corrosion resulting from agueous fluids or the formation of salt
compounds. These sensors are pH, Chioride, Fe, Nitrogen, total nitrogen, anunonia,
electrical resistance corrosion probes. In addition to meagoring the corrosive
environment these senaors provide input into the analyzer facilitating the caleunlation of
appropriate amounts of chemical additives.

While this invention may be embodied in many different forms, there
described in detail herein specific preferred embediments of the wvention, The present
disclosure is an exemplification of the principles of the invention and is not infended fo
himit the invention to the particular embodiments illostrated. All patents, patent
applications, scientific papers, and any other referenced materials mentioned herein are
incorporated by reference in their entirety. Furthermore, the invention encompasses any
possible combination of some or all of the various embodiments deseribed herein and/or
incorporated heretn. In addition the invention encompasses any possible combination
that also specifically excludes any one or some of the various embodiments described
heremn and/or incorporated hevein,

The above disclosure is intended fo be illustrative and not exhaustive, This

description will suggest many variations and alternatives o one of ordinary skill in this



14

WO 2014/018702 PCT/US2013/051932

art. The compositions and methods disclosed herein may comprise, consist of, or consist
essentially of the listed components, or steps. As used berein the term “comprising”
means "including, but not Hmited t0”. As used herein the ferm “consisting essentially
of” refers to a composition or method that inclndes the disclosed components or steps,
and any other components or steps that do not materially affect the novel and basic
characteristics of the compositions or methods. For example, compositions that consist
essentially of listed ingredients do not contain additional ingrediends that would aftect the
properties of those compositions. Those famniliar with the art may recognize other
equivalents lo the specific embodiments described herein which equivalents are also
intended to be encompassed by the claims,

Al ranges and parameters disclosed herein are understood to encompass
any and all subranges subsumed therein, and every number between the endpoints. For
example, a staied range of “1 to 107 should be considered to include any and all
subranges between {and inclasive of} the minimum value of 1 and the wmaximuom value of
18 that s, all subranges beginning with a minimum value of T or more, {e.g. 1 t0 6.1},
and ending with a maximum value of 10 or fess, {e.g. 2.3t0 94,3 t0 8, 4 to 7}, and

-~
I
!

finally to each number 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 contained within the range.

All numeric values are herein assumed to be modified by the term
“about,” whether or not explicitly indicated, The term “about” generslly refers to a range
of numnbers that one of skill in the art would cousider equivalent to the recited value (ie.,
having the same function or result). In many instances, the term “abont” may inchude

numbers that are rounded to the nearest significant figure. Weight percent, percent by

weight, % by weicht, wt %, and the ke are synonyms that refer {0 the concentration of a
& 2 o faed 2 b o W

L
]
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substance as the weight of that substance divided by the weight of the composition and
multiplied by 100,

As used in this specification and the appended claims, the singular forms
“a,” “an,” and “the” include plural referents unless the content clearly dictates otherwise,
Thus, for example, reference to a composition containing “a compound” includes a
mixture of two or more compounds. As used in this specification and the appended
claims, the term “or” is generslly ermploved in s sense including “and/or” unless the
content clearly dictates otherwise,

This completes the description of the preferred and alfernate embodiments
of the invention. Those skilled in the art may recognize other equivalents o the specific
erubodiment described herein which equivalents are intended to be encompassed by the

claims attached hereto.

e
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Claims
What is claimed is:
1. A method of correcting an error in the measurement of g process varniable taken
sensor in a chemical process system characterized by properties which causes at least
some of the measuwrements to be erroneous, the method comprising the steps off

identifying the component of the error caused by dynamic staie factors, this
component of the error being determined by at least once obtaining a senor measurement
in the system and noting how that measurement deviates from an objectively correct
measurement of the process variable by varying amounts relative o tume,

identifying the steady state factor component of the error, this component of the
error being determined by at least once obtaining a senor measurements and noting that
the measurement deviates from the objectively correct measurement of the process
variable by a fixed amount relative to time,

identifying the component of the error caunsed by additional factors,

and altering the measurement to remove the errors caused by steady state factors,
dvnamic siate factors, and unknown factors.
2 The method of claim 1 in which the sensor is in informational communication
with an analyzer and the analyzer 18 in informational communication with a controller,
the sensor constructed and arranged (o obtain a raw measurement of the process variable,
the analyzer correcting the error in the sensor’s measurement, the controller taking the

corrected measurement and if the corrected measurement 13 ouiside of a pre-determined
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range of acceptable values, enacting a remedial measure to change the measured value to
a value within the acceptable range.

3. The method of claim 2 in which the remedial measure is enacted before the steady
state value of the measurement is detected by the sensor.

4, The method of claim 1 in which the process variable is a measurement of one
item selected from the Hst consisting of: oxidation-reduction potential, pH, levels of
certain chemicals or tons {e.g., determined empirically, avtomatically, fluorescently,
elecirocherically, colorimetrically, measured divectly, calculated), temperature, pressure,
process stream flow rate, dissnlved solids and suspended solids.

5. The method of claim 2 in which there are al least three sensors, wherein each of
the three sensors passes on a raw measurement to the analyzer, the analyzer using the
average of those raw measurements as the inpot 1o #s caleulations if at feast one of the
raw measurements fit within a pre-determined setpoint expected for the specific
conditions under which measurement was taken, the analyzer a historically expected
value as the input in its caleulations if none of the the raw measurements it within a pre-
determined setpoint expected for the specific conditions under which measurement was
taken,

8. The method of claim 2 in which the process variable is iron concentration, the
method further corprising the steps of: disregarding all sensor readings that indicate zero
won concentration, and adjusting the measured iron concentrations using regression

analysis over a 1 week time period,
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7. The method of claim 2 in which the remedial measure involves adding a chemical
whose effect is non-linear in nature, the analyzer correcting for the non-linear effects of
the remedial chemical in its comrections.

8. The method of claim 2 in which the remedial measure fnvolves adding a chemical
subject to the constraints of deadtime and the analyzer corrects for those effects in s
measyrernents.

g, The methed of claim 2 in which the process systern is one item selected from the
list consisting of: a chemical plant, a refinery, an oil refinery, a food processing facility, a
mamufacturing plant, a chemical plant, a distillation colurnn, a water filtration plant, a
factory, a waste processing facility, a water treatment facility, and any combination
thereot,

18, The method of claim 2 in which the analyzer predicts the corresion that
will vesult from the formation of salt compounds, the method utilizing inpuis from at least
one of cach of a; pH sensor, Chioride sensor, Fe sensor, MNitrogen sensor, total nitrogen
sensor, grumonia sensor, total arine sensor, and an clectrical resistance corrosion probe
and in response the controller feeds into the system an appropriate amount of al least one
ofl Water, Sedium Hydroxide, potassinm hydroxide, hthium hydroxide, methylamine,
dimethylamine, trimethylamine, ethylamine | diethylamine, triethylamine, n-propylamine,
tsopropylamine, di-g-propylamine, di-isopropylamine, n-butylamine, sec-butylamine, 1-
amino-2,2-dimethylpropane, 2-amino-2-methylbutane, 2-aminopentane, 3-aminopentane,
morpholine, monoethanolamine, ethylenediamine, propylenediamine, N,N-
dimethylethanolaming, N, N-diethylethanolamine, N.N-dimethylisopropanslamine,

Methoxvethylamine, Piperidine, Piperazine, Cyclohexvlamine, N-methvlethanolamine,
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N-propylethanciamine, N-ethylethanolamine, N,N-dimethylaminoethoxysthanol, N,N-
diethylaminoethoxyethanol, N-methyldiethanolamine, N-propyldiethanslamine, N-
cthyldicthanclamine, t-butylethanciamine, t-butvidicthanolarine, 2-(2-
grninoethoxyiethano], di-n-hutylamioe, ri-n-butylamine, di-iso-butylamine, ethybn-
butylamine, pentylamine, Z-amine-2,3-dimethylbutane, 3-amine-2,2-dimethylbutane, 2-
amino- i -methoxypropane, dipropylamine, monoamylamine, n-butylamine,
isobutylamine, 3-amino-1-methoxypropane snd any combination thereof.
ii. The method of claim 2 further comprising the steps ofd
{a} introducing an opportunity crude otl into g crade unit that previously
10 contained a different kind of erude oil, the properties of the opportunity crude
differing such from the previous crude oil that it disrupts the steady state of the
unit including causing a corrosion inducing spike in chloride conceniration,
{b} the sensor measuring and/or predicting a property associated with the system
parameter at one or more points in the crude unit;
{¢} determining an opfimunm range associated with the measured and/or predicted
property;
{(d} if the measured and/or predicted property is outside of the optimum range
associated with that property, causing a change in an influx of 4 composition info
the process stream, the composition capable of adjusting the property associated
24 with the system parameter in a manner to bring the measured and/or predicted
property within said oplimum range; provided that adjustments ave limited to no

more than one per 33 minutes and if there are either four overall adiustments or

(o)
kb
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the adustment resuits in a change of at lsast 50% of added composition then

further influx of composition is suspended for 4 hours; and
wherein the measuring/or predicting property comprises the steps ofr collecting a sample
of fhud from a process siream o form a3 sample sireany; adding a sulfide scavenger
obtained by reacting morpholine with formaldebvde to the sample streain; passing the
saraple stregrm through a membrane that prevents a reaction product of the suifide
scavenger and sulfide from flowing thersthrough; and allowing the sample stream that
flows through the membrane to contact a chloride specitic slectrode of a measurement

cell io measure chloride content.



