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(57) ABSTRACT 

Data about operation of a Well for extracting a product from 
the subterranean reservoir and at least one of a characteristic 
of a subterranean reservoir or operation of a processing and 
transport system upstream of a point of sale is received. A 
corrective action can be automatically initiated on at least one 
of the Well or the processing and transport system in response 
to a difference between the received data and a speci?ed 
operational objective. An adjustment to a model of the reser 
voir, the Well, and the processing and transporting system can 
be automatically initiated in response to the received data. 
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DYNAMIC PRODUCTION SYSTEM 
MANAGEMENT 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/625,197 ?led Jan. 19, 2007 Which claims the 
bene?t of US. Provisional Application No. 60/760,708, ?led 
Jan. 20, 2006. 

BACKGROUND 

[0002] This description relates to management of produc 
tion of subterranean reservoirs. 
[0003] Traditionally, subterranean reservoirs and the sys 
tems for recovering, processing and transporting the 
resources recovered from the reservoirs to a point of sale have 
been under realiZed, because of ine?iciencies in management 
stemming from fragmentation, in time and communication, 
of current and historic data about the reservoirs and systems, 
expert interpretation, decision-making and executive actions. 
The fragmentation in time and communication results not 
only in losses, but failure to achieve enhancement opportuni 
ties. Furthermore, although some production subsystems 
may be regularly monitored for opportunities to mitigate loss 
or enhance their operation, the fragmentation commonly 
experienced prevents accounting for the impacts of discov 
ered or experienced losses or the initiation of actions taken to 
mitigate the loss or realiZe the enhancement on the overall 
production system. Optimization studies consistently dem 
onstrate that signi?cant and subsequent optimization of pro 
duction and operational e?iciencies are achievable and indi 
cate an inherent inability of those systems to sustain effective 
operation of the upstream production system. 

SUMMARY 

[0004] The present disclosure describes, generally, illustra 
tive systems and methods for managing production of subter 
ranean reservoirs, including upstream production systems. 
[0005] One aspect encompasses a method Where data about 
operation of a Well for extracting a product from the subter 
ranean reservoir and at least one of a characteristic of a 

subterranean reservoir or operation of a processing and trans 
port system upstream of a point of sale is received. A correc 
tive action is initiated on at least one of the Well or the 
processing and transport system in response to a difference 
betWeen the received data and a speci?ed operational obj ec 
tive. In certain instances, an article comprising a machine 
readable medium stores instructions operable to cause one or 
more machines to perform the operations including the 
method. In certain instances, a system having at least one 
processor and at least one memory coupled to the at least one 
processor stores instructions operable to cause the at least one 
processor to perform operations including the method. 
[0006] Another aspect encompasses a method Where data 
about operation of a Well for extracting a product from a 
subterranean reservoir and at least one of a characteristic of 
the subterranean reservoir or operation of a processing and 
transport system upstream of a point of sale prior to a re?nery 
is received. Using the data and a model of the Well, the 
subterranean reservoir and the processing and transport sys 
tem, a corrective action to at least one of the Well or the 
processing and transport system in relation to a speci?ed 
operational obj ective is automatically determined. A correc 
tive action to at least one of the Well, a gathering system of the 
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processing and transport system or a production facility of the 
processing and transport system. In certain instances, an 
article comprising a machine-readable medium stores 
instructions operable to cause one or more machines to per 

form the operations including the method. In certain 
instances, a system having at least one processor and at least 
one memory coupled to the at least one processor stores 
instructions operable to cause the at least one processor to 
perform operations including the method. 
[0007] Another aspect encompasses a method Where data 
about operation of a Well for extracting a product from the 
subterranean reservoir and at least one of a characteristic of a 
subterranean reservoir or operation of a processing and trans 
port system upstream of a point of sale is received. An adjust 
ment to a model of the reservoir, the Well, and the processing 
and transporting system is automatically initiated in response 
to the received data. In certain instances, an article compris 
ing a machine-readable medium stores instructions operable 
to cause one or more machines to perform the operations 
including the method. In certain instances, a system having at 
least one processor and at least one memory coupled to the at 
least one processor stores instructions operable to cause the at 
least one processor to perform operations including the 
method. 

[0008] Certain aspects include one or more of the folloWing 
features. The operational objective includes at least one of 
product sales rate or a product production rate. The process 
ing and transport system includes a production facility for 
processing the product upstream of a re?nery and a gathering 
system for transporting the product from the Well to the point 
of sale. Automatically initiating a corrective action on the 
production facility includes at least one of initiating an adjust 
ment to an amount of a ?oW supplied to a separator, an 
adjustment to the pressure of a ?oW supplied to the separator, 
an adjustment to a ?oW rate of a ?oW supplied to a separator, 
an adjustment to an amount of a ?oW supplied to a dehydrator, 
an adjustment to the pressure of a ?oW supplied to the dehy 
drator, an adjustment to a ?oW rate of a ?oW supplied to a 
dehydrator, an adjustment to a valve, an adjustment to a 
choke, an adjustment to a ?oW control device, an adjustment 
to a compressor, an adjustment to a pump, an adjustment to a 
heater, an adjustment to a cooler, or an adjustment to a ?uid 
level. Automatically initiating a corrective action on the gath 
ering system includes at least one of initiating an adjustment 
to an amount of a ?oW through a pipe, an adjustment to a 
pressure of a ?oW supplied through a pipe, an adjustment to a 
?oW rate of a ?oW supplied through a pipe, an adjustment to 
a valve, an adjustment to a choke, an adjustment to a ?oW 
control device, an adjustment to a compressor, an adjustment 
to a pump, an adjustment to a heater, and an adjustment to a 
cooler. Automatically initiating a corrective action on the Well 
includes initiating an adjustment to at least one of a produc 
tion rate from the Well or an injection rate to the Well. Auto 
matically determining the corrective action is performed 
using a model of the subterranean reservoir, the Well and the 
processing and transport system. The model comprises at 
least one of a ?rst principal model, a proxy model, or a derived 
model. An adjustment to the model is automatically initiated 
in response to the received data. The data about a character 
istic of the subterranean reservoir includes at least one of 
seismic data, geologic data or log data. The data about opera 
tion of the Well includes at least one of ?oW rate, pressure, 
temperature, ?uid composition, ?uid density, viscosity or 
actuator state. The data about operation of the processing and 
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transport system includes at least one of ?oW rate, pressure, 
temperature, ?uid composition, ?uid density, viscosity or 
actuator state. Receiving data includes receiving the data in 
real time. Automatically initiating a corrective action 
includes automatically initiating a corrective action in real 
time. Operations can include automatically initiating a cor 
rective action on at least one of the Well or the processing and 
transport system, the corrective action determined using the 
adjusted model. Adjusting the model comprises adjusting the 
model in real time. 
[0009] The details of one or more implementations are set 
forth in the accompanying draWings and the description 
beloW. Other features, objects, and advantages Will be appar 
ent from the description and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0010] FIG. 1 is a bar chart that graphically represents a 
hierarchy of production deferments typically experienced 
betWeen a potential production attainable from subterranean 
reservoirs and the actual production attained from the reser 
voirs as potentials and deferment gaps. 
[0011] FIG. 2A is a block diagram of an illustrative pro 
duction management system operating on an upstream pro 
duction system. 
[0012] FIG. 2B is a schematic diagram of an illustrative 
upstream production system operated by the illustrative man 
agement system of FIG. 2A 
[0013] FIG. 3A is a block diagram depicting certain sub 
elements of the illustrative production management system of 
FIG. 2A. 
[0014] FIG. 3B is a block diagram depicting alternate sub 
elements of the illustrative production management system of 
FIG. 2.A. 
[0015] FIG. 4 is a block diagram of an illustrative auto 
mated production operations Work?oW of the illustrative pro 
duction management system of FIG. 2A. 
[0016] FIG. 5 is a block diagram depicting operation of the 
illustrative production management system of FIG. 2A in 
determining upstream production system potentials and 
deferment gaps 
[0017] FIG. 6 is a block diagram of an illustrative auto 
mated model update of the illustrative production manage 
ment system of FIG. 2A. 
[0018] FIG. 7 is a ?oW diagram depicting operation of an 
illustrative orchestrated production operations Work ?oW of 
the illustrative production management system of FIG. 2A. 
[0019] FIG. 8 is a ?oW diagram depicting operation of an 
illustrative orchestrated production loss reporting Work ?oW 
of the illustrative production management system of FIG. 2A. 
[0020] FIG. 9 is a ?oW diagram depicting operation of an 
illustrative orchestrated maintenance Work ?oW of the illus 
trative production management system of FIG. 2A. 
[0021] FIG. 10 is a ?oW diagram depicting operation of an 
illustrative orchestrated production management Work ?oW 
of the production management system of FIG. 2A. 
[0022] Like reference symbols in the various draWings 
indicate similar or like elements. 

DETAILED DESCRIPTION 

[0023] The present disclosure describes managing an 
upstream production system, including some illustrative 
examples of systems and methods therefor. As used herein, an 
upstream production system encompasses one or more sub 
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terranean reservoirs having one or more hydrocarbon produc 
ing formations therein, the Wells used in extracting the hydro 
carbons and other ?uids (the “product”) and by-products 
from the reservoirs, and the processing and transport system 
for processing and moving the product from the reservoirs to 
a point of sale. The point of sale need not be marked by a 
conventional sale for consideration, but can encompass other 
transfers, including intra-company transfers of control. The 
upstream production system may include reservoirs that span 
across multiple leases, concessions or other legal, govem 
mental or physical boundaries, and can encompass reservoirs, 
Wells, and processing and transport systems oWned, con 
trolled or operated by one or more than one company or legal 
entity. The Wells for extracting the product and the processing 
and transport system for processing and moving the product 
can include one or more of offshore or onshore installations. 

In certain instances, the product comprises crude oil, natural 
gas and/or lique?ed natural gas. 
[0024] Referring ?rst to FIG. 1, the subterranean reservoirs 
of the upstream production system contain a ?nite amount of 
products. For a variety of reasons, hoWever, not all of the 
products can or Will be produced from the subterranean res 
ervoirs. Stated differently, a portion of the potential produc 
tion of products is deferred. The bar chart in FIG. 1 graphi 
cally represents the hierarchy of the production deferments as 
potentials and deferment gaps. The ?nite amount of reachable 
products contained Within the subterranean reservoirs de?ne 
the reservoir potential 102 (i.e. the upstream production sys 
tems potential production and ultimate level of recovery 
achievable). Some example classes of deferments of produc 
tion are discussed beloW. 

[0025] One deferment of production, a ?eld development 
gap 104, derives from the installation of Wells and other 
infrastructure to the subterranean reservoirs that may not be 
capable of producing all of the ?nite amount of reachable 
products in the subterranean reservoirs. For example, in 
designing the installation of Wells and infrastructure, one may 
balance the cost against the value of the production that is 
expected to be obtained from the subterranean reservoirs. In 
many instances, it may not be ?nancially feasible to install the 
Wells and infrastructure necessary to extract all of the reach 
able products. Further, additional factors, such as economic 
factors, political factors, availability of equipment and mate 
rials, availability of personnel and other factors, may contrib 
ute to an implementation that is not capable of extracting all 
of the reachable products. Additionally, a speci?ed design 
may be less than fully implemented during some portions of 
the operations. For example, it is likely infeasible to complete 
all of the Wells and infrastructure that Will be used in extract 
ing products from the reservoirs at the same point in time. The 
design may also dictate a staged installation of the Wells and 
infrastructure, as Well as a staged plan for producing the 
formations of the reservoirs. Therefore, When the reservoirs 
are less than fully developed and/or con?gured to produce 
from less than all of the formations, even less of the reachable 
products can be extracted. The capability of the Wells and 
infrastructure to extract reachable products results in an 
installed potential 106. Accordingly, the ?eld development 
gap 104 develops as a function of the difference betWeen the 
upstream production system potential 102 and the installed 
potential 106. 
[0026] Another deferment of production, a performance 
gap 108, derives from the degradation of operating perfor 
mance of the one or more subterranean reservoirs, the Wells, 



US 2008/0208478 A1 

and the processing and transport system. For example, over 
the life of a reservoir, the amount and the rate at Which the 
products can be extracted changes, and typically decreases as 
reservoir conditions make extraction of products more di?i 
cult. Furthermore the product composition may change over 
the life of the reservoir. The amount of reachable and or viable 
products in the reservoir decreases, and easily reachable, 
viable products are depleted forcing production to turn to 
products that are more dif?cult to reach. Likewise, over the 
life of a Well, its ef?ciency at extracting the products 
decreases as the conditions at the Well bore change and the 
equipment and other hardWare of the Well lose performance 
(e. g. by Wear, clogging, failure or other). These reservoir and 
Well characteristics are the cause of uncertainty inherent in 
upstream production operations that, in certain instances, are 
desirable to mitigate or respond to. Over the life of the pro 
cessing and transport system, the e?iciency in processing and 
moving products decreases as the equipment and other hard 
Ware of the system lose performance (eg by Wear, clogging, 
failure or other). The diminished or degraded operating per 
formance of the upstream production system results in an 
available potential 110. Accordingly, the performance gap 
108 develops as a function of the difference betWeen the 
installed potential 106 and the available potential 110. 
[0027] Another deferment of production, an availability 
gap 112, derives from the lack of availability of equipment, 
materials, and personnel necessary to achieve and maintain 
the available potential 110. For example, as the performance 
of equipment and/or the Wells and infrastructure degrades, it 
may reduce the operational e?iciency of the Wells and infra 
structure or facilities. To recapture the loss in e?iciency, the 
equipment may need adjustment, service or replacement, or 
the Well may need to be Worked over or decommissioned and 
re-drilled at another location. If the equipment, materials or 
personnel necessary for the adjustment, service or replace 
ment are unavailable, the reduced ef?ciency Will continue 
until such equipment, materials or personnel are available. 
Likewise, in a staged development plan, the rate at Which the 
reservoir is further developed may be limited by the availabil 
ity of equipment, materials, and personnel. At any one time, 
there may be multiple instances Where the limited or unavail 
ability of equipment, materials or personnel prevents attain 
ing the available potential 110. The availability of equipment, 
materials and personnel results in an operating potential 114. 
Accordingly, the availability gap 112 develops as a function 
of the difference betWeen the available potential 110 and the 
operating potential 114. 
[0028] Another deferment of production, a capacity gap 
116, derives from the failure of the up stream production 
system, including the Wells, processing and transport system, 
and components and equipment thereof to be optimally set up 
or adjusted to achieve the operating potential 114. For 
example, as operational conditions change, the Wells, pro 
cessing and transport system, and/or components and equip 
ment thereof may need to be adjusted to optimally or near 
optimally compensate for the changes in the conditions. 
Additionally, the actual operation of the Wells, processing and 
transport system, and/ or components equipment thereof may 
differ from the intended operation, such as, because of loss of 
ef?ciency (eg by Wear, clogging, failure or other) or because 
the expected operation of the reservoirs, the Wells, and/ or the 
processing and transport system does not accurately represent 
the actual operation (e. g. because it Was not initially modeled 
accurately or maintained precisely therefore or the assump 
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tions incorporated into or derived from the model are out 
dated or otherWise incorrect). To achieve the intended opera 
tion, the Wells and infrastructure, facilities, and/ or equipment 
thereof may need adjustment. The deferment and production 
attributable to the components and subcomponents of the 
upstream production system not being optimally set up or 
adjusted result in an actual production 120. Accordingly, the 
capacity gap 116 develops as a function of the difference 
betWeen the operating potential 114 any actual production 
120. 

[0029] The sum of the ?eld development gap 104, perfor 
mance gap 108, availability gap 112, and capacity gap 116 
accounts for a total deferred or in certain instances lost pro 
duction 118 betWeen the actual production 120 and the 
upstream production system potential 102. The illustrative 
systems and methods described herein operate, and in some 
instances automatically operate, to reduce the performance 
gap 108, availability gap 112 and capacity gap 116 and 
increase, and in some instances optimiZe, the available poten 
tial 110, the operating potential 114, and actual production 
122 and reduce the total deferred production 118. 

[0030] Turning noW to FIG. 2A, an illustrative production 
management system 200 is depicted in block diagram format. 
The illustrative system 200 operates on an upstream produc 
tion system, such as the illustrative upstream production sys 
tem 250 schematically depicted in FIG. 2B, to control the 
upstream production system toWard or to achieve one or more 
operational objectives. The illustrative production manage 
ment system 200 controls the upstream production system, in 
certain instances, by implementing one or more corrective 
actions to Work toWard or achieve the one or more operational 
objectives. The operation of the illustrative production man 
agement system 200, and resulting control of the upstream 
production system 250, can be entirely automated or can be 
partially automated. As Will become apparent from the dis 
cussions beloW, in certain instances, the illustrative produc 
tion management system 200 can operate to analyZe and 
initiate and/or execute corrective actions to the upstream pro 
duction system 250 and its operation continuously or substan 
tially continuously, periodically at regular and/or irregular 
intervals, or sometimes continuously and sometimes periodi 
cally. Different aspects of the illustrative production manage 
ment system 200 can operate at different rates. In certain 
instances, some or all of the corrective actions can be initiated 
and/ or executed Without substantial delay from relevant 
operationally signi?cant changes in the upstream production 
system 250. In certain instances, some or all of the corrective 
actions can be initiated and/or executed in real time, tempo 
rally proximate to relevant operationally signi?cant changes 
in the upstream production system 250. 
[0031] In certain instances the operational objectives can 
include one or more of a speci?ed upstream production sys 
tem value objective, a speci?ed production volume, a speci 
?ed production characteristic, a speci?ed system utiliZation, a 
speci?ed operational uptime/ availability, a speci?ed mainte 
nance e?iciency, a speci?ed environmental emissions, legis 
lative compliance objective or other objectives. The speci?ed 
upstream production system value objective can include one 
or more of a speci?ed net present value, speci?ed cash How, a 
speci?ed production cost deferment, a speci?ed lifting cost, a 
speci?ed ultimate recovery factor, a speci?ed ultimate recov 
ered product or other objectives. The production characteris 
tic can include one or more of a heating value, speci?c gravity, 
sulfur content, Water content or other characteristic. The leg 
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islative compliance objective can include one or more of a 
speci?ed safety objective, a speci?ed emissions, a speci?ed 
Waste disposal objective, a speci?ed by-product recovery, a 
speci?ed poWer generation, a speci?ed product allocation or 
accounting, or other objectives. In certain instances, it can be 
speci?ed to optimize or nearly optimize and/ or maximize or 
nearly maximize one or more of the objectives. For example, 
in certain instances, the operational objectives can include 
maximizing or nearly maximizing production volume from 
the upstream production system. In certain instances, the 
operational objectives can be ordered in a hierarchy of impor 
tance, and important operational objectives can be Weighted 
more in determining corrective actions While less important 
operational objectives can be Weighted less. 
[0032] The illustrative upstream production system 250 of 
FIG. 2B includes one or more reservoirs 202 (one shoWn), one 
or more Wells and other infrastructure 204a-204,C (collec 
tively, Wells 204) for extracting products and by-products 
from the reservoirs 202, and a processing and transport sys 
tem 206 for processing and transporting the products (and 
other ?uids) betWeen the reservoirs 202 and one or more 
points of sale 208 (one shoWn). 
[0033] The Wells 204 include components and equipment 
252 -252x thereof (collectively, components 252) to control 
the aproduction and/or injection from and to the Wells. In 
certain instances, the components 252 include one or more 
chokes, valves, other How control devices, sensors, testing 
devices, surface and/ or doWnhole steam generators, methanol 
injection systems, compressors, pumps and other equipment. 
In certain instances, the Wells 204 can be completed, or may 
be in the process of drilling, and may include Wells that are 
producing While they are being drilled. 
[0034] The processing and transport system 206 includes a 
gathering and transportation netWork 254 having a netWork of 
pipelines 256 and other equipment and components 258 - 
258,C (collectively equipment 258) that operates in communi 
cating the product and other ?uids betWeen the reservoirs 
202, one or more production facilities 260 and the point of 
sale 208. In certain instances, the gathering and transport 
netWork 254 can operate to perform one or more of transport 
products or by-products back to the Wells 204 and/or reser 
voirs 202 for re-inj ection, provide gas for gas lifting products 
from the reservoirs 202, compress products and/or by-prod 
ucts, pump products and/or by-products, store products and/ 
or by-products, perform some processing of the products 
and/or by-products, or other functions. In certain instances, 
the gathering and transport netWork equipment 258 can 
include one or more of valves, chokes, other How control 
devices, sensors, testing devices, compressors, pumps, 
motors, heat exchangers including heaters and/or coolers, 
separators, storage tanks and other equipment. The produc 
tion facility 260 operates in separating and treating one or 
more products and by-products recovered from the Wells 204. 
In certain instances, the production facilities 260 can operate 
to perform one or more of separate products from by-products 
(e. g. hydrocarbons from Water and sediment), separate prod 
ucts (e.g. gaseous from liquid), treat products and/or by 
products (eg sWeeten, dehydrate, add hydrate inhibitors to, 
and/ or remove heavy metals from products), compress prod 
ucts and/or by-products, pump products and/ or by-products, 
store products and/or by-products, generate poWer, provide 
for testing and measurement of the products and/ or by-prod 
ucts, or other functions. In certain instances, the production 
facility 260 includes one or more valves, chokes, other How 
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control devices, sensors, testing devices, compressors, 
pumps, turbines, motors, heat exchangers including heaters 
and/or coolers, separators, dehydrators, emulsi?ers, metha 
nol injection systems, storage tanks and other equipment. 
[0035] With respect to the production management system 
200, one or more of the system’s aspects can be implemented 
in digital electronic circuitry, integrated circuitry, or in com 
puter hardWare, ?rmware, softWare, or in combinations 
thereof. One or more of the aspects of the production man 
agement system 200 can be implemented in a softWare prod 
uct (e.g., a computer program product) tangibly embodied in 
a machine-readable storage device for execution by a pro 
grammable processor, and processing operations can be per 
formed by a programmable processor executing a program of 
instructions to perform the described functions by operating 
on input data and generating output. One or more of the 
aspects can be implemented in one or more softWare pro 
grams that are executable on a programmable system includ 
ing at least one programmable processor coupled to receive 
data and instructions from, and to transmit data and instruc 
tions to, a data storage system, at least one input device, and 
at least one output device. Each softWare program can be 
implemented in a high-level procedural or object-oriented 
programming language, or in assembly or machine language 
if desired; and in any case, the language can be a compiled or 
interpreted language. 
[0036] One or more aspects of the illustrative production 
management system 200 can reside on site With the upstream 
production system 250 or remote from the upstream produc 
tion system 250. In one example, an operations facility 262 
houses one or more processors 264 and one or more machine 

readable storage devices 266 used in operating one or more 
aspects of the production management system 200. In certain 
instances, the operations facility 262 resides remote from the 
upstream production system 200 and communicates With 
actuators, sensors and/or testing (described beloW) of the 
reservoirs 202, Wells 204 and/ or processing and transport 
system 206 via a Wired and/ or Wireless communications net 
Work 268, including one or more publicly accessible commu 
nications netWorks (eg the Internet, the telephone netWork, 
or other) and/or one or more private communications net 
Works. In certain instances, the operations facility 262 may 
reside many miles from the upstream production facility 250, 
and may reside in a different city, country or global region 
than the upstream production facility 250. 
[0037] Referring again to FIG. 2A, the production manage 
ment system 200 may, in certain instances, encompass one or 
more surface or doWnhole sensors 210 operable to sense 
characteristics of the reservoirs 202. The system 200 may also 
encompass surface based and doWnhole testing 212 of the 
reservoirs 202. In certain instances, the one or more sensors 
210 can include seismic sensors (e.g. hydrophones and geo 
phones) con?gured to collect seismic data (including 1D, 2D, 
3D, and/or 4D seismic data) and/or other sensors. In certain 
instances, the testing 212 encompasses testing to determine 
geologic data, for example, one or more of log data (acoustic, 
gamma, neutron, electric, or other type of log), core data, 
spectral density log data. The testing 212 can also encompass 
testing to determine seismic data and other data. The one or 
more of the sensors 210 may operate to sense continuously or 
substantially continuously, periodically at regular and/or 
irregular intervals, or sometimes continuously and sometimes 
periodically. The rate at Which a sensor 210 samples can 
depend on the nature of the characteristic that the sensor is 
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sensing, including hoW quickly the characteristic changes or 
hoW changes in the characteristic affect production. In certain 
instances one or more of the sensors samples often enough to 

capture operationally signi?cant changes in the parameter 
being measured. Further, different of the sensors 210 can 
operate at different sampling rates. In certain instances, one or 
more of the sensors 210 may be operated to send data in real 
time and to provide real time data. Real time data, as used 
herein, is data that is temporally proximate to an operationally 
signi?cant change in the data being collected (e.g., a param 
eter being measured, be it measured continuously or periodi 
cally in regular and/ or irregular intervals). In certain 
instances, the real time data may be marked With or associated 
With information regarding the time and source of collection, 
for example to facilitate use of the data When not used in real 
time. Real time data is not necessarily continuous data, but in 
certain instances, continuous data can provide real time data. 
Also, the testing 212 may be performed continuously or sub 
stantially continuously, periodically at regular and/or irregu 
lar intervals, or sometimes continuously and sometimes peri 
odically and may depend on the type of testing. In certain 
instances, the testing 212 may be performed often enough to 
capture operationally signi?cant changes in the parameter 
being tested. In certain instances, some or all of the testing 
212 may be performed to provide real time data. 

[0038] The system 200 encompasses one or more surface or 
doWnhole sensors 214 operable to sense characteristics of the 
Wells 204 and one or more surface or doWnhole actuators 

and/or other regulatory controls (collectively actuators 216) 
operable to control operation of the Wells 204 and the com 
ponents 252 thereof. The system 200 also encompasses sur 
face based and doWnhole testing 218 of the Wells 204. In 
certain instances, the sensors 214 sense information about 
production and/or injection, for example, one or more of 
pressure, temperature, viscosity, ?oW rate, compositional 
pro?les, operational states of components of the Wells 204, 
and other characteristics. In certain instances, the testing 218 
encompasses testing to determine the condition and operation 
of the Wells 204. In certain instances, the sensors 214 and/or 
the testing 218 determine one or more of production ?oW rate, 
injection ?oW rate, injection pressure, production pressure, 
annulus pressure, formation pressure, bottom hole pressure, 
Wellhead pres sure, temperature, temperature survey log data, 
Well temperature transient pro?le data, ?uid ?oW rate, ?uid 
density, ?uid velocity, Water production rate, oil production 
rate, gas production rate, back pressure, composition, chro 
matographic compositional analysis data, doWnhole compo 
nent (valves, etc.) states, gas to liquid ratio, gas to oil ratio, 
and other data. As above, the one or more sensors 214 may 
operate to sense continuously or substantially continuously, 
periodically at regular and/or irregular intervals, or some 
times continuously and sometimes periodically. The rate at 
Which a sensor 214 samples may depend on the nature of the 
characteristic that the sensor is sensing, including hoW 
quickly the characteristic changes or hoW changes in the 
characteristic affect production. In certain instances, one or 
more sensors 214 sample often enough to capture operation 
ally signi?cant changes in the parameter being measured. 
Further, different of the sensors 214 can operate at different 
sampling rates. In certain instances, one or more of the sen 
sors 214 may be operated to provide real time data. LikeWise, 
the testing 218 may be performed continuously or substan 
tially continuously, periodically at regular and/or irregular 
intervals, or sometimes continuously and sometimes periodi 
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cally and may depend on the type of testing. In certain 
instances, the some or all of the testing 218 may be performed 
to provide real time data. 

[0039] The actuators 216 can be con?gured to receive a 
signal (e.g. electronic, optical, hydraulic, mechanical, or 
other) and substantially instantaneously or With some degree 
of speci?ed or unspeci?ed delay, automatically actuate their 
respective component 252 of the Wells 204. The signal can 
provide instructions about a corrective action, for example to 
make an adjustment to the operation of the component 252 
including adjusting the component 252 to an extreme of its 
operating range (e. g. on/off, open/ closed, or other), adjusting 
the component 252 a speci?ed amount, or other instructions. 
In certain instances, the actuators 216 can actuate Without 
substantial delay in response to their respective control sig 
nal. In certain instances, the signal can be received by a 
human (e. g. by telephone, e-mail or text message, signal on a 
control panel display or other user interface, orally, or other) 
Who is directed to actuate, and subsequently actuates in accor 
dance With the signal, the component of the Wells 204. In 
certain instances, the actuators 216 respond to provide real 
time control of the Wells 204 and components 252 thereof. 

[0040] The system 200 encompasses one or more sensors 
220 operable to sense characteristics of the processing and 
transport system 206 in one or more actuators and/or other 
regulatory controls (collectively actuators 222) operable to 
control operation of the processing and transport system 206 
and the equipment 258 and 260 thereof. The system 200 also 
encompasses testing 224 of the processing and transport sys 
tem 206. In certain instances, the sensors 220 sense pressure, 
temperature, viscosity, density, ?oW rate, ?oW velocities, 
compositional pro?les, operational states of components of 
the processing and transport system 206, and other character 
istics. In certain instances, the actuators 222 are associated 
With and control some or all of the gathering netWork equip 
ment 258 and other components involved in the processing 
and transport of production to the point of sale 208. In certain 
instances, the testing 224 encompasses testing to determine 
the condition and operation of the processing and transport 
system 206. In certain instances, the sensors 220 and/or the 
testing 224 determine one or more of process ?oW rate, inj ec 
tion ?oW rate, process pressure, injection pressure, tempera 
ture, ?uid ?oW rate, ?uid density, ?uid velocity, Water pro 
duction rate, oil production rate, gas production rate, back 
pressure, composition, component (valves, etc.) states, gas to 
liquid ratio, gas to oil ratio, component poWer usage, total 
production facility poWer usage, component utility usage, 
total production facility utility usage, and other data. 
[0041] As above, the one or more sensors 220 may operate 
to sense continuously or substantially continuously, periodi 
cally at regular and/or irregular intervals, or sometimes con 
tinuously and sometimes periodically. The rate at Which a 
sensor 220 samples may depend on the nature of the charac 
teristic that the sensor is sensing, including hoW quickly the 
characteristic changes or hoW changes in the characteristic 
affect processing and transport of the production. In certain 
instances, one or more sensors sample often enough to cap 
ture operationally signi?cant changes in the parameter being 
measured. Further, different of the sensors 220 can operate at 
different sampling rates. In certain instances, one or more of 
the sensors 220 may be operated to provide real time data. 
LikeWise, the testing 224 may be performed continuously or 
substantially continuously, periodically at regular and/or 
irregular intervals, or sometimes continuously and sometimes 
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periodically and may depend on the type of testing. In certain 
instances, some or all of the testing 224 may be performed to 
provide real time data. 
[0042] The actuators 222 can be con?gured to receive a 
signal (e.g. electronic, optical, hydraulic, mechanical, or 
other) and substantially instantaneously or With some degree 
of speci?ed or unspeci?ed delay, automatically actuate their 
respective equipment 254 of the processing and transport 
system 206. The signal can provide instructions about a cor 
rective action, for example to make an adjustment to the 
operation of the equipment 258 including adjusting the equip 
ment 258 to an extreme of its operating range (e.g. on/off, 
open/closed, or other), adjusting the equipment 258 a speci 
?ed amount, or other instructions. In certain instances, the 
actuators 222 can actuate Without substantial delay in 
response to their respective control signal. In certain 
instances, the signal can be received by a human (eg by 
telephone, e-mail or text message, signal on a control panel 
display or other user interface, orally, or other) Who is 
directed to actuate, and subsequently actuates in accordance 
With the signal, the equipment 258 of the processing and 
transport system 206. In certain instances, the actuators 222 
respond to provide real time control of the processing and 
transport system 206 and equipment 258 thereof. 
[0043] The system 200 includes a data center 226 that 
receives information from the reservoirs 202, Wells 204 and 
the processing and transport system 206 and communicates 
information to the Wells 204, and processing and transport 
system 206. More speci?cally, the data center 226 receives 
data from and communicates information and signals to one 
or more of the reservoir sensors 210 and testing 212, the Wells 
sensors 214, actuators 216 and testing 218, and the processing 
and transport sensors 220, actuators 222 and testing 224. The 
data center 226 acts as a gateWay to communicate, as Well as 
embodies memory and data storage to act as a repository of, 
the data sensed by the sensors, the information determined 
from the testing, and the operational states of the system 
components. Additionally, the data center 226 acts as a gate 
Way to communicate and record the information and signals 
communicated to the sensors, testing and actuators. 

[0044] The data center 226 is also in communication With 
other operational components and models of the system 200. 
In certain instances, the data center 226 is in communication 
With one or more of an production system model 228, an 
expert analysis and intelligence component 230, a collabora 
tive decision-making component 232 and an executive action 
component 234 (collectively “components and models”). The 
data center 226 receives data from and communicates infor 
mation and signals to the components and models of the 
system 200. The data center 226 records the information and 
signals communicated among the components and models of 
the system 200, as Well as the information and signals com 
municated betWeen the components and models of the system 
200 and the sensors, actuators and testing of reservoirs 202, 
Wells 204 and processing and transport system 206. As such, 
the data center 226 operates as a repository of information and 
signals communicated about the system 200. Of note, the data 
center 226 need not receive data from every component With 
Which it communicates information and signals to, and vice 
versa. Also, although described herein as directly linking the 
communication betWeen the operational components and 
models of the system 200 and the reservoirs 202, Wells 204 
and processing and transport system 206, the data center 226 
can be positioned parallel in the communication betWeen the 
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operational components and models of the system 200 and 
the reservoirs 202, Wells 204 and processing and transport 
system 206. In other Words, the components and models of 
the system 200 and can communicate directly With the sen 
sors and testing of the reservoirs 202, the Wells 204 and the 
processing and transport system 206, and the data center 226 
can operate only to collect and record the information com 
municated. Moreover, the data center 226 can communicate 
some or all of the data continuously or substantially continu 
ously, periodically at regular and/ or irregular intervals, or 
sometimes continuously and sometimes periodically. The 
rate at Which data is communicated by the data center 226 can 
depend on the nature of the data, including hoW quickly the 
data is updated and hoW changes in the data affect production. 
In certain instances, some or all of the data is communicated 
quickly enough to capture operationally signi?cant changes 
in the data. Further, different data can be communicated at 
different rates. In certain instances, some or all of the data 
may be communicated in real time to provide real time data. 

[0045] Referring to FIGS. 3A and 3B, in certain instances, 
the data center 226 includes a reservoir database 302, a super 
visory control and data acquisition system (SCADA) 304, an 
engineering/production database 306, an enterprise informa 
tion system 308, a data historian 310, a computeriZed main 
tenance and management system (CMMS) 312, and other 
data components. The data center 226 may be implemented as 
softWare and/or hardWare. The components, including the 
reservoir database 302, the SCADA 304, the engineering/ 
production database 306, the enterprise information system 
308, the data historian 310, the computeriZed maintenance 
and management system (CMMS) 312, and other data com 
ponents, may be con?gured to interact and intercommunicate 
information. The reservoir database 302 collects information 
from the sensors and testing performed at the reservoirs 202. 
The SCADA 304 monitors the information from the sensors, 
actuators and testing performed at the reservoirs 202, the 
Wells 204 and the processing and transport system 206, pro 
cesses the information and presents it to operators in a digest 
ible format (eg at a display of a control panel or other user 
interface), operates alarms and Warnings When the character 
istics become undesirable, and includes a distributed control 
system that controls the sensors, actuators and testing. The 
engineering/production database 306 collects information 
from the sensors, actuators and testing performed at the Wells 
204, including information concerning production and injec 
tion, and at the processing and transport system 206. The 
enterprise information system 308 enables enterprise-level 
accesses to various data stores throughout the data center 226 
(eg the reservoir database 302, the engineering/production 
database 306, the data historian 310, and other data stores), 
systems of the data center 226 (the SCADA 304 and the 
CMMS 312), and the components and models of the system 
200. The CMMS 312 maintains information gathered about 
the maintenance operations performed at the Wells 204 and 
processing and transport system 206, including maintenance 
routines, maintenance schedules, maintenance completed, 
Work orders, information about the equipment and devices 
Within the system 200, and other information. 
[0046] Referring back to FIG. 2A, the production system 
model 228 may be implemented as softWare and/ or hardWare 
and operable to model the upstream production system, 
including one or more of the reservoirs 202, the Wells 204, or 
the processing and transport system 206, economic aspects of 
the up stream production system, maintenance and reliability 
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aspects of the upstream production system, or other aspects of 
the upstream production system. 
[0047] Referring to FIG. 3A, in certain instances, the pro 
duction system model can include a number of ?rst principal 
sub-models that, in some instances, act in concert and share 
information to model the upstream production system and 
account for changes in one sub-model that affect another of 
the sub-models (herein referred to as production system 
model 228a). For example, the production system model 
22811 can include one or more of Earth models 320, reservoir 
models 318, Wells models 316, processing and transport mod 
els 314, economic models 338, maintenance and reliability 
models 340 or other models. With respect to the reservoirs 
202, the Earth model 320 models one or more of the geologi 
cal, geophysical or other characteristics of the reservoirs 202. 
One example of an Earth model that can be used herein is 
PETREL, a registered trademark of Schlumberger Technol 
ogy Corporation. The reservoir model 318 models one or 
more of permeability, porosity, reservoir pressure, Water and 
oil saturations, stratigraphy, hydrocarbon volumes, reservoir 
drive mechanisms or other characteristics of the reservoirs 
202. One example of a reservoir model that can be used herein 
is NEXUS, a registered trademark of Landmark Graphics 
Corporation. The Wells model 316 models, among other 
things, the production and How characteristics of the Wells 
204 of the upstream production system, including ?oW rate at 
individual Wells or across all or a subset of the Wells. One 
example of a Wells model that can be used herein is PROS 
PER, a trademark of Petroleum Experts Ltd. The processing 
and transport model 314 may model pressures, ?oW rates, 
compositions, and other characteristics of the operation of 
various equipment of the processing and transport system 
206. Some examples of processing and transport system mod 
els that can be used herein include PIPESIM, a trademark of 
Schlumberger Technology Corporation, for modeling the 
gathering and transport system aspects and HYSIS, a regis 
tered trademark of Hyprotech Ltd., for modeling aspects of 
the production facilities. The economic model 338 models 
one or more of economic return, net present value, payout, 
pro?t versus investment ratio or other economic factors 
across the upstream production system taking into account 
current product prices, current ?xed costs, and/or current 
variable costs. One example of an economic model that canbe 
used herein is ARIES, a trademark of Landmark Graphics 
Corporation. The maintenance and reliability model 340 
models one or more of mean time betWeen failure or mean 

time to repair of the components and subcomponents of the 
upstream production system and/ or other operational aspects 
of the upstream production system. One example of a main 
tenance and reliability model that can be used herein is 
MAROS, a trademark of Jardine Technology Ltd. In certain 
instances, an interface system may operate Within the produc 
tion system model 22811 to facilitate and/or enable the inter 
communication and operation in concert of the ?rst principal 
sub-models. 

[0048] As seen in FIG. 3B, in certain instances, the produc 
tion system model may be a single, comprehensive model that 
models the reservoirs 202, the Wells 204, the processing and 
transport system 206 and/or other aspects of the upstream 
production system (hereinafter referred to as production sys 
tem model 2281)). Such a production system model 2281) may 
include an integrated system model 342 modeling the physi 
cal characteristics of the upstream production system, an 
objective function model 344 modeling the hierarchy of sys 
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tem objectives determined as objective functions as they 
relate to the upstream production system and subsystems, 
elements and components and the constraints that affect the 
upstream production system that may be physical, economic, 
legislative, operational, organizational or otherWise. The pro 
duction system model 2281) may be a full model, having 
features and modeling commensurate With the ?rst principal 
models mentioned above, or may be an approximation or 
proxy for a full model. For example, US. Provisional Patent 
Application No. 60/763,971, entitled Methods, Systems and 
Computer-Readable Media for Real-Time Oil and Gas Field 
Production OptimiZation With Proxy Simulator, and U. S. Pro 
visional Patent Application No. 60/763,973, entitled Meth 
ods, Systems and Computer-Readable Media for Fast Updat 
ing of Oil and Gas Field Production Models With Physical and 
Proxy Simulators, and their progeny describe some examples 
of proxy modeling techniques that can be used in the produc 
tion system model 22819. In certain instances, the production 
system model 2281) can be derived from the ?rst principal 
models 314, 316, 318, 320, and/or other models including the 
economics model 338, the maintenance and reliability model 
340, and/or additional models. In certain instances the pro 
duction system model 2281) may be a derived model, for 
example, derived from up stream production system data and 
historical data. In certain instances, the production system 
model 2281) can be derived from a combination of ?rst prin 
cipal and derived model components. 
[0049] In either instance, because the production system 
model 228 spans the upstream production system, it can 
communicate information betWeen the portions of the model 
that model the reservoirs 202, the Wells 204, and the process 
ing and transport system 206 to account for changes in one 
portion of the upstream production system that affect other 
portions. For example, a change in the reservoirs 202 may 
have a corresponding impact on the Wells 204, and a change 
in the Wells 204 may have an impact on the processing and 
transport system 206. 
[0050] In certain instances, a solver module 326 can be 
provided that operates to test operational scenarios of the 
upstream production system using the production system 
model 228 (or some or all of the modules or submodels of the 
production system model 228) and determine a scenario, and 
corresponding corrective actions for the components and 
equipment, that Works toWard or achieves one or more opera 
tional objectives. If not incorporated into the model itself, the 
solver module 326 can account for the hierarchy of system 
objectives of the upstream production system and sub 
systems, elements and components and the constraints that 
affect the upstream production system that may be physical, 
economic, legislative, operational, organizational or other 
Wise. The solver module 326 can be a subset of the expert 
analysis and intelligence model 230, as in FIG. 3A, a subset of 
the production system model 228, as in FIG. 3B, or in both. In 
certain instances, the testing of scenarios may represent mul 
tiple decision points in the operation of the upstream produc 
tion system, and may account for the multiple impacts the 
range of physical setting options may have on the upstream 
production system and the objective functions and the con 
straints that apply to its operation. In certain instances, the 
time constraints involved to execute a selected decision may 
be long relative to the scenario testing, and in other instances 
may necessitate a response Without substantial delay. The 
solver module 326 may operate in providing an automated or 
partially automated corrective action, in certain instances via 
























