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(57) Abstract: Techniques for managing a hydraulic fracturing operation include receiving a selection of a proxy model that repres­
ents a first principles model of a hydraulic fracturing operation, the proxy model including at least one property of a plurality of 
properties of the first principles model associated with the hydraulic fracturing operation; simulating the selected proxy model to 
generate a modeled output based on the property; and determining a value of a control setpoint for hydraulic fracturing operation 
equipment based on the modeled output. 
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Managing a W ellsite Operation With a Proxy Model 

TECHNICAL BACKGROUND 

[0001] This disclosure relates to managing a wellsite operation, such as a 

fracturing process, using one or more proxy models that represent one or more first 

5 principles models of the wellsite operation. 

BACKGROUND 

[0002] Designing and executing a wellsite operation, such as a hydraulic 

fracturing process, may include generating a virtual model of the operation, e.g., as 

10 defined by one or more algorithms that include operation data as inputs ( e.g., 

pressures, flow rates, geologic data of a subterranean zone, and otherwise) and output 

setpoints for the operational equipment (e.g., valves, pumps, and otherwise). In some 

instances, the models can be quite complex and may take significant computing 

resources to define, generate, and/or update. For instance, during the wellsite 

15 operation, the model may not accurately represent a real-time, or current, state of the 

operation and may need to be updated. Updating the model, however, may 

unacceptably delay and/or slow down the operation. 

DESCRIPTION OF DRAWINGS 

20 [0003] FIG. 1 illustrates an example implementation of at least a portion of a 

wellsite assembly in the context of a downhole operation (e.g., a fracturing operation); 

[0004] FIG. 2 is a block diagram of an illustrative wellsite operation control 

system that utilizes one or more proxy models to control operational equipment; 

[0005] FIG. 3 is a block diagram of a proxy model generator of the illustrative 

25 wellsite operation control system of FIG. 2; 

[0006] FIG. 4 is a block diagram of an update switch of the illustrative wellsite 

operation control system of FIG. 2; 

[0007] FIG. 5 is a block diagram of an example optimization technique for an 

optimizing control algorithm of the illustrative wellsite operation control system of 

30 FIG. 2; 

1 
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[0008] FIG. 6A is a block diagram of an example prediction technique for an 

optimizing control algorithm of the illustrative wellsite operation control system of 

FIG. 2; and 

[0009] FIG. 6B is a block diagram of another example prediction technique for 

5 an optimizing control algorithm of the illustrative wellsite operation control system of 

FIG. 2. 

DETAILED DESCRIPTION 

[0010] The present disclosure describes, generally, illustrative systems and 

1 o methods for managing production of subterranean reservoirs, including upstream 

production systems. In one general implementation of the present disclosure, a 

computer-implemented method for managing a hydraulic fracturing operation includes 

receiving a selection of a proxy model that represents a first principles model of a 

hydraulic fracturing operation, the proxy model including at least one property of a 

15 plurality of properties of the first principles model associated with the hydraulic 

fracturing operation; simulating the selected proxy model to generate a modeled output 

based on the property; and determining, based on the modeled output, at least one of a 

value of a control setpoint for hydraulic fracturing operation equipment or a value of a 

variable manipulated by a control system communicably coupled to the hydraulic 

20 fracturing operation equipment. 

[0011] Other general implementations include corresponding computer 

systems, apparatus, and computer programs recorded on one or more computer storage 

devices, each configured to perform the actions of the methods. A system of one or 

more computers can be configured to perform operations to perform the actions. One 

25 or more computer programs can be configured to perform particular operations or 

actions by virtue of including instructions that, when executed by data processing 

apparatus, cause the apparatus to perform the actions. 

[0012] In a first aspect combinable with any of the general implementations, 

the selected proxy model represents a first principles model of the hydraulic fracturing. 

30 [0013] A second aspect combinable with any of the previous aspects further 

includes identifying a command to update a plurality of proxy models that include the 

selected proxy model. 

2 
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[0014] A third aspect combinable with any of the previous aspects further 

includes updating the plurality of proxy models with the first principles model. 

[0015] In a fourth aspect combinable with any of the previous aspects, the 

command includes at least one of: an instruction from an operator of the hydraulic 

5 fracturing operation; a predetermined time delay; a receipt of updated measured data 

associated with the hydraulic fracturing operation; or a determination that a deviation 

of model outputs of the plurality of proxy models and model outputs of the first 

principles model exceeds a threshold. 

[0016] In a fifth aspect combinable with any of the previous aspects, updating 

1 o the plurality of proxy models with the first principles model includes adjusting the first 

principles model with the updated measured data associated with the hydraulic 

fracturing operation to generate updated model outputs of the first principles model; 

adjusting the plurality of proxy models based on the adjusted first principles model to 

generate a plurality of updated model outputs of the proxy models; comparing the 

15 plurality of updated model outputs of the proxy models with the updated measured 

data; and based on one or more deviations determined by the comparison, further 

adjusting the plurality of updated model outputs of the proxy models. 

[0017] A sixth aspect combinable with any of the previous aspects further 

includes adjusting the modeled output based on measured data associated with the 

20 hydraulic fracturing operation. 

[0018] A seventh aspect combinable with any of the previous aspects further 

includes determining the control setpoint for hydraulic fracturing operation equipment 

based on the adjusted modeled output. 

[0019] In an eighth aspect combinable with any of the prev10us aspects, 

25 adjusting the modeled output based on measured data associated with the hydraulic 

fracturing operation includes adjusting the modeled output by a control algorithm that 

optimizes an objective function by an optimization process, the optimization process 

including a combination of a prediction technique and an optimization technique; and 

correcting the adjusted modeled output for one or more prediction errors of the 

30 selected proxy model. 

[0020] In a ninth aspect combinable with any of the previous aspects, the 

prediction technique includes a single selected model and the optimization technique 

includes a standard model predictive control. 

3 
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[0021] In a tenth aspect combinable with any of the previous aspects, the 

prediction technique includes a fuzzy logic inference, and the optimization technique 

includes a fuzzy logic model predictive control. 

[0022] In an eleventh aspect combinable with any of the previous aspects, the 

5 objective function includes a cost function that includes a weighting factor, an 

estimated final fracture conductivity, and a desired final fracture conductivity. 

[0023] A twelfth aspect combinable with any of the previous aspects further 

includes minimizing the cost function; and adjusting the selected proxy model based 

on an output of the minimized cost function. 

10 [0024] In a thirteenth aspect combinable with any of the previous aspects, the 

property includes one or more of a fracture geometry, fracture dimensions, or 

conductivity; and the adjusted modeled output includes at least one of a fracturing 

fluid flow rate, a fracturing fluid pumping schedule, a proppant pumping schedule, or a 

proppant rate. 

15 [0025] A fourteenth aspect combinable with any of the previous aspects further 

includes controlling the hydraulic fracturing operation equipment based on the control 

output to hydraulically fracture a subterranean zone from a wellbore. 

[0026] In a fifteenth aspect combinable with any of the previous aspects, a 

plurality of subterranean zones are hydraulically fractured from a plurality of 

20 wellbores based on the control output. 

[0027] Certain aspects include one or more of the following features. For 

example, a control system according to the present disclosure may automate a wellsite 

operation ( e.g., a hydraulic fracturing process), thereby reducing cost and/or 

computational burden. As another example, control optimization may be performed in 

25 real-time ( or near real time) through one or more proxy models. As another example, 

one or more proxy models may be used within a control system that controls ( e.g., all 

or partially) the wellsite operation in real time may be generated and intermittently 

( e.g., automatically or through user initiation) by one or more first principles models of 

the wellsite operation. As another example, the wellsite operation may be controlled 

30 in real time through the one or more proxy models and a fuzzy logic inference 

technique. 
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[0028] 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 apparent from the description and drawings, and from the claims. 

[0029] The present disclosure describes techniques for managing a wellsite 

5 operation, such as a hydraulic fracture operation, by using one or more proxy models 

to determine setpoint controls for operational equipment. The operational equipment 

may be surface located or sub-surface (including sub-sea) located and can include 

compressors, pumps, mixers, and other equipment for a hydraulic fracturing operation 

(or other operation). Selected proxy models (e.g., automatically or by an operator) 

10 may be simplified representations ( e.g., lower order) of a first principles model that 

include model outputs, such as fracture length, dimensions, rock conductivity, and 

other modeled outputs of the operation and/or geologic formation. The selected proxy 

models may be optimized (as described below) and used to determine the operational 

setpoints and/or setpoint trajectories ( e.g., rates of change of setpoints or otherwise). 

15 [0030] In some aspects of the present disclosure, a first principles model may 

describe or include one or more of Earth models, reservoir models, wells models, 

processmg and transport models, economic models, maintenance and reliability 

models or other models. First principles models can refer to physics-based or 

mechanistic equations, algorithms, and descriptions of observed behaviors, as well as 

20 combinations of these equations, algorithms, and descriptions, and further can refer to 

their implementation into software packages. With respect to a particular reservoir ( or 

reservoirs), an Earth model may model one or more of the geological, geophysical or 

other characteristics of the reservoir. One example of an Earth model that can be used 

herein is PETREL, a registered trademark of Schlumberger Technology Corporation. 

25 A reservoir model may model one or more of permeability, porosity, reservoir 

pressure, water and oil saturations, stratigraphy, hydrocarbon volumes, reservoir drive 

mechanisms or other characteristics of the reservoir. One example of a reservoir 

model that can be used herein is NEXUS, a registered trademark of Landmark 

Graphics Corporation. A wells model may model, among other things, production and 

30 flow characteristics of one or more wells formed in the reservoir, including flow 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 PROSPER, a trademark of Petroleum Experts Ltd. A 

processing and transport model may model pressures, flow rates, compositions, and 

5 

Profrac Holding Corporation 
U.S. Well Services, LLC

PGR2023-00023 Ex. 1039, p. 6 of 38



WO 2015/057242 PCT/0S2013/065670 

other characteristics of the operation of various equipment of a processmg and 

transport system of a production and/or refining system. Some examples of processing 

and transport system models that can be used herein include PIPESIM, a trademark of 

Schlumberger Technology Corporation, for modeling the gathering and transport 

5 system aspects and HYSIS, a registered trademark of Hyprotech Ltd., for modeling 

aspects of the production facilities. An economic model may model one or more of 

economic return, net present value, payout, profit versus investment ratio or other 

economic factors across all or a part of a complete hydrocarbon production/refining 

system, taking into account current product prices, current fixed costs, and/or current 

1 o variable costs. One example of an economic model that can be used herein is ARIES, 

a trademark of Landmark Graphics Corporation. A maintenance and reliability model 

may model one or more of mean time between failure or meantime to repair of the 

components and subcomponents of all or a part of a complete hydrocarbon 

production/refining system and/or other operational aspects of all or a part of a 

15 complete hydrocarbon production/refining system. One example of a maintenance and 

reliability model that can be used herein is MAROS, a trademark of Jardine 

Technology Ltd. 

[0031] In some aspects of the present disclosure, a proxy model may be an 

approximation of a first principles model. In some aspects, a proxy model may be 

20 used for predicting future control settings for control parameters for a wellsite 

operation, such as a hydraulic fracturing operation. In some aspects, a proxy model is 

a mathematical equation utilized as a proxy ( e.g., derivation of the first principles, 

lower order of the first principles, or otherwise) for one or more first principles 

models. A proxy model may be a polynomial expansion, a support vector machine, a 

25 neural network, an intelligent agent, or other mathematical construct for one or more 

first principles models. In some aspects, a particular proxy model may represent a 

particular operation condition for the wellsite operation, e.g., the hydraulic fracturing 

operation. For example, each of multiple proxy models may represent or model a 

particular, distinct operation condition for the fracturing operation, and may be chosen 

30 as appropriate to discretize and/ or model a current operating condition (e.g., current 

non-linear behavior of the operation). 

[0032] FIG. 1 illustrates one implementation of at least a portion of a wellsite 

assembly 100 in the context of a downhole (e.g., fracturing) operation. A wellbore 
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110 is formed from a terranean surface 135 to and/or through a subterranean zone 145. 

The illustrated wellsite assembly 100 includes a tubing system 150, a pump 165, a 

mixer 170, a liquid source 217; and a fracturing fluid truck 185 coupled to the tubing 

system 150. Although illustrated as onshore, the wellsite assembly 100 and/or 

5 wellbore 110 can alternatively be offshore or elsewhere. Further, although described 

in the context of a hydraulic fracturing operation, the wellsite assembly 100 may also 

illustrate another downhole operation that uses a fluid ( e.g., a liquid, slurry, gel, or 

other fluid) such as an acidizing operation. 

[0033] The wellbore 110, at least a portion of which is illustrated in FIG. 1, 

10 extends to and/or through one or more subterranean zones under the terranean surface 

135, such as subterranean zone 145. Wellbore 110 may allow for production of one or 

more hydrocarbon fluids ( e.g., oil, gas, a combination of oil and/or gas, or other fluid) 

from, for example, subterranean zone 145. The wellbore 110, in some aspects, is 

cased with one or more casings. As illustrated, the wellbore 110 includes a conductor 

15 casing 120, which extends from the terranean surface 135 shortly into the Earth. Other 

casing 125 is downhole of the conductor casing 120. Alternatively, some or all of the 

wellbore 110 can be provided without casing (e.g., open hole). Additionally, in some 

implementations, the wellbore 110 may deviate from vertical (e.g., a slant wellbore or 

horizontal wellbore) and/or be a multilateral wellbore. 

20 [0034] A wellhead 140 is coupled to and substantially encloses the wellbore 

110 at the terranean surface 135. For example, the wellhead 140 may be the surface 

termination of the wellbore 110 that incorporates and/or includes facilities for 

installing casing hangers during the well construction phase. The wellhead 140 may 

also incorporate one or more techniques for hanging tubing 130, installing one or more 

25 valves, spools and fittings to direct and control the flow of fluids into and/or from the 

wellbore 110, and installing surface flow-control facilities in preparation for the 

production phase of the wellsite assembly 110. 

[0035] The tubing system 150 is coupled to the wellhead 140 and, as 

illustrated, provides a pathway through which one or more fluids, such as fluid 162, 

30 into the wellbore 110. In certain instances, the tubing system 150 is in fluid 

communication with the tubing 130 extending through the wellbore 110. The fluid 

162, in the illustrated implementation of FIG. 1, is a fracturing fluid introduced into 

the wellbore 110 to generate one or more fractures in the subterranean zone 145. 
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[0036] In the implementation of FIG. 1 illustrating a hydraulic fracturing 

completion operation, the tubing system 150 is used to introduce the fluid 162 into the 

wellbore 110 via one or more portions of conduit and one or more flow control 

devices, the pump 165, the mixer 170, one or more valves 190 (e.g., control, isolation, 

5 or otherwise), the liquid source 217, and the truck 185. Generally, the pump 165, the 

mixer 170, the liquid source 217, and the truck 185 are used to mix and pump a 

fracturing fluid (e.g., fluid 162) into the wellbore 110. 

[0037] The well assembly 100 includes gel source 195 and solids source 205 

( e.g., a proppant source). Either or both of the gel source 195 and solids source 205 

10 could be provided on the truck 185. Although illustrated as a "truck," truck 185 may 

represent another vehicle-type ( e.g., tractor-trailer or other vehicle) or a non-vehicle 

permanent or semi-permanent structure operable to transport and/or store the gel 

source 195 and/or solids source 205. Further, reference to truck 185 includes reference 

to multiple trucks and/or vehicles and/or multiple semi-permanent or permanent 

15 structures. 

[0038] The gel from the gel source 195 is combined with a hydration fluid, 

such as water and/or another liquid from the liquid source 217, and additives (e.g., 

proppant) from the solids source 205 in the mixer 170. Proppant, generally, may be 

particles mixed with fracturing fluid (such as the mixed gel source 195 and liquid 

20 source 217) to hold fractures open after a hydraulic fracturing treatment. 

[0039] Notably, although the concepts described herein are discussed in 

connection with a hydraulic fracturing operation, they could be applied to other types 

of operations. For example, the wellsite assembly could be that of a cementing 

operation where a cementing mixture (Portland cement, polymer resin, and/or other 

25 cementing mixture) may be injected into wellbore 110 to anchor a casing, such as 

conductor casing 120 and/or surface casing 125, within the wellbore 110. In this 

situation, the fluid 162 could be the cementing mixture. In another example, the 

wellsite assembly could be that of a drilling operation, including a managed pressure 

drilling operation. In another example, the wellsite assembly could be that of a 

30 stimulation operation, including an acid treatment. Still other examples exist. 

[0040] The wellsite assembly 100 also includes computing environment 250 

that may be located at the wellsite (e.g., at or near the truck 185) or remote from the 

wellsite. Generally, the computing environment 250 may include a processor based 
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computer or computers (e.g., desktop, laptop, server, mobile device, cell phone, or 

otherwise) that includes memory (e.g., magnetic, optical, RAM/ROM, removable, 

remote or local), a network interface (e.g., software/hardware based interface), and one 

or more input/output peripherals (e.g., display devices, keyboard, mouse, touchscreen, 

5 and others). 

[0041] In certain implementations, the computing environment 250 may at 

least partially control, manage, and execute operations associated with managing 

distribution of the wellbore fluid 162 through the wellbore 110. For example, in some 

aspects, the computing environment 250 may control valves 190 that modulate a flow 

10 of the liquid source 217 and/or the gel source 195, as well as control one or more 

pumps such as pumps 165 and 170. In some aspects, the computing environment 250 

may control one or more of the illustrated components of well assembly 100 

dynamically, such as, in real-time during a fracturing operations at the wellsite 

assembly 100. 

15 [0042] In the illustrated embodiment, the wellbore fluid 162 may be a 

hydraulic fracturing fluid that forms, e.g., due to pressure, hydraulic fractures 219 in 

the subterranean zone 145 (shown schematically in FIG. 1). In some aspects, the 

fractures 219 may increase a permeability of rock in the zone 145, thereby increasing, 

in some aspects, a flow of hydrocarbon fluids from the zone 145 to the wellbore 110. 

20 Fractures 219 may also include, in some aspects, naturally-occurring fractures in the 

rock of the zone 145. As illustrated, multiple fractures 219 may extend from multiple 

points of the wellbore 110 and in multiple fracture clusters 225 (e.g., sets of individual 

fractures 219). 

[0043] In some aspects, the fracture treatment that includes the wellbore fluid 

25 162 may be a multi-stage treatment. For example, in the multi-stage treatment, a 

particular zone or length of the wellbore 110 (e.g., all or a portion of a horizontal part 

of the wellbore 110) may be hydraulically isolated within the wellbore 110 (e.g., with 

packers or other devices) and a single treatment of the wellbore fluid 162 may be 

applied to the isolated portion to form multiple fracture clusters 225. In some aspects, 

30 the formed fracture clusters 225 may be within a single zone 145 or multiple zones 

145. 

[0044] FIG. 2 is a block diagram of an illustrative wellsite operation control 

system 200 that utilizes one or more proxy models to control operational equipment. 

9 

Profrac Holding Corporation 
U.S. Well Services, LLC

PGR2023-00023 Ex. 1039, p. 10 of 38



WO 2015/057242 PCT/0S2013/065670 

In some examples, the control system 200 may be implemented in the wellsite 

assembly 100, such as with the computing environment 250 that is communicably 

coupled to, and can implement one or more control schemes for, other components of 

the assembly 100 (e.g., pumps 170/165, valves 190, and otherwise). In one example 

5 described herein, system 200 may control (e.g., automatically or otherwise) a wellsite 

operation (e.g., a fracturing process) to optimize a particular result of the operation 

( e.g., a final fracture condition). For instance, at a high level, setpoint trajectories of 

fracture fluid pumping rate, sand concentration, chemical additives, and/or other inputs 

are determined by the system 200 and provided to a surface equipment control system 

10 226 (e.g., pumps 170/165, valves 190, and otherwise). Such setpoint trajectories may 

be updated in the system 200 (e.g., real time, near real time, or otherwise) according 

to, for example, updated input data (e.g., from micro seismic fracturing 

measurements). 

[0045] At a high level, the system 200 includes a Desired Fracture Properties 

15 (DFP) 214 that defines (e.g., from user input or otherwise) a desired trajectory for a 

fracture propagation to take and/or a desirable final fracture condition to be achieved at 

the end of the fracturing process. Such DFP 214 includes, for instance, fracture 

geometry, fracture dimensions, proppant distribution and proppant bank formation 

inside the fracture, and/or dimensionless conductivity, among other properties. 

20 [0046] The illustrated system 200 also includes sensors 202 that gather 

measured or observed data (measurements) 204. Sensors 202 may include above 

ground sensors (e.g., at the surface 135) or below ground sensors. Below ground 

sensors may include sensors located within the wellbore 115, within another wellbore 

(e.g., an offset wellbore), and/or generated fractures, such as the fractures 219. In 

25 some instances, the sensors 202 record and/or measure micro-seismic activity, 

pressure, and temperature, among other quantities. In some aspects, measured 

properties 204 may be determined by the sensors 202 periodically (e.g., at set 

intervals), when necessary, and/or at a well operator's discretion. 

[0047] The system 200 also includes a Proxy Model Generator (PMG) 206 that 

30 receives, as inputs, the measured properties 204 from the sensors 202. The PMG 206 

includes one or more proxy models that can be updated based on the measure 

properties 204. For example, the PMG 206 may use the measured properties 204 to 

update parameters within the one or more proxy models of the PMG 206. 

10 
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[0048] The system 200 also includes an Optimizing Control Algorithm (OCA) 

216. As illustrated, the OCA 216 receives the (updated) proxy models 208 from the 

PMG 206 and the DFP 214, as well as a selection of an Objective Function (OF) 218 

as inputs. The OCA 216 provides, as an output, one or more optimizing controller 

5 outputs 220. In some aspects, the OCA 216 computes the optimizing controller 

outputs 220 in order to optimize the OF 218. 

[0049] In some aspects, the OCA 216 may be selected from several types of 

algorithms. In some aspects, a selection of a particular OCA 216 may be predicated on 

a particular optimization method and a particular prediction technique. Example 

10 optimization methods include a model-based simulation (as described with reference 

to FIG. 5), among others. In a model-based simulation, a model or models (e.g., the 

proxy models208) are repeatedly simulated at different possible controller outputs 

before one output sequence is finally selected. 

[0050] Example prediction techniques can include a single selected model ( as 

15 described with reference to FIG. 6A) or a fuzzy logic inference (as described with 

reference to FIG. 6B). In some aspects, a choice of a prediction technique may be 

required if the model-based simulation optimization method is selected in order to 

predict a future fracture property (e.g., final fracture conductivity) on which the OF 

218 may depend. In the single selected model, the future fracture property is provided 

20 by the model. In the fuzzy logic inference, the future fracture property may be 

provided based upon a decision-making rules-set that combines the predictions of 

several models in order to provide a final prediction. In some aspects, a particular 

prediction technique may be swapped to another prediction technique based on the 

operating conditions or the current model accuracy. For instance, if the uncertainty of 

25 the model is large, the system 200 can switch to another method, which may not 

require the model to make decisions. Those decisions may be made without predicting 

forward over a particularly long time duration in the future. 

[0051] The illustrated system 200 also includes a Direct Error Compensator 

(DEC) 212 that, in some aspects, corrects for prediction errors from the proxy models 

30 208 that are used by the OCA 216. The DEC 212 receives a model prediction error 

210 from the PMG 206 and provides an error compensation term to a summing 

function 222. The summing function 222 receives the error compensation term and the 

optimizing controller outputs 220 and generates surface equipment setpoint trajectories 
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224. The setpoint trajectories are provided as control setpoints to the Surface 

Equipment Control System (SECS) 226. 

[0052] FIG. 3 is a block diagram of an example of a proxy model generator 

(PMG) 300 of the illustrative wellsite operation control system of FIG. 2. In some 

5 aspects, the example PMG 300 may be utilized as the PMG 206 shown in the system 

200. In some aspects, a set of proxy models 312 (three shown here) may first be 

created and subsequently updated and/or replaced using a first principles model 302. 

In some aspects, the first principles model 302 may be generated by a 

fracture/reservoir simulator as described above. 

10 [0053] As shown in FIG. 3, the PMG 300 includes an update switch 308 that 

controls the operation (e.g., updating process) of the PMG 300. When the update 

switch 308 is activated, one or more proxy models 312 are generated from the first 

principles model 302 (and its modeled outputs 304) using, for instance, conventional 

identification techniques while constraining the identification to a lower order 

15 representation. In some examples, this could include using the expected optimizing 

controller outputs and perturbations of this trajectory along with the first principles 

model 302 to generate a series of input-output data, and then fitting the input-output 

data to one or more proxy models 312. 

[0054] As illustrated in FIG. 3, sensors 316 may provide updated 

20 measurements 318 to the first principles model 302 and a comparator 314. As new 

measurements 318 becoming available, they can be provided to the comparator 3 20 to 

generate deviations 320 relative to modeled outputs 310 from the proxy models 312. 

The deviations 320 are provided to a parameter adaption module 322. 

[0055] In the illustrated example, parameter adaptation can be performed (e.g., 

25 by the parameter adaption module 322) on the proxy models 312. In some aspects, the 

parameter adaption can be performed with a nonlinear-Kalman filter or other 

parameter estimation technique. 

[0056] As illustrated, updated measurements 318 may be provided to the first 

principles model 302 and the proxy models 312 (e.g., through the comparator 314 and 

30 parameter adaption module 322). If a pre-specified function of the deviations 320 is 

larger than a particular threshold ( e.g., preset or determined by a well operator), the 

proxy model set 312 may be refreshed through the modeled outputs 304 (e.g., adjusted 

by the updated measurements 318) of the first principles model 302. In this example, 
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the updating of the proxy model set 312 may be performed in a time frame that may be 

longer than real time (e.g., after a fracturing operation is completed). 

[0057] The modeled outputs 304 from the first principles model 302 can adjust 

the structure of the proxy model set 312, while the updated models 326 from the 

5 parameter adaption module 322 may adjust parameter values in the proxy models of 

the set 312 ( e.g., only or primarily). In some aspects, model selection can be done on a 

separate control system (e.g., computing environment, controller, or otherwise) that a 

controller of the wellsite operation ( e.g., controller of the hydraulic fracturing 

operation). This separation may allow one or more first principles models 302 to be 

10 built and/or tested without having an unwanted effect on the computational time of the 

wellsite operation controller. For instance, the proxy model set 312 may allow for the 

use of optimization techniques within the update time frame required for real time 

control of the wellsite operation. 

[0058] For example, as illustrated, the control scheme of FIG. 3 includes a 

15 "fast" ( e.g., real time or near real time suitable for control of a wellsite operation such 

as a fracturing operation) proxy model updating scheme and a "slow" ( e.g., non-real 

time or slower than desired for wellsite operation control) proxy model updating 

scheme. In some examples, for instance, the fast operation may be performed during a 

wellsite operation such as a hydraulic fracturing operation or other downhole operation 

20 (e.g., cementing, acidizing, or otherwise). In some examples, the slow operation may 

be performed prior to or after the wellsite operation. 

[0059] As illustrated, the fast operation includes a control loop that includes 

the proxy model set 312, the comparator 314, and the parameter adaption 322. In 

operation, and as also described above, the sensors 316 may determine measurements 

25 318 that are provided to the comparator 314 to compare to the modeled outputs 310 

(e.g., parameters such as pumping rate, pressure, and otherwise) of the proxy models 

in the proxy module set 312. Deviations 3 20 that are output from the comparator 314 

are provided to the parameter adaption module 322, where modeled outputs 310 may 

be adjusted based on the deviations 320. The updated outputs 326 are then provided 

30 back to the proxy model set 312 to be incorporated into the proxy models. 

[0060] The illustrated slow operation includes a control loop that includes the 

proxy model set 312, the update switch 308, and the first principles model 302. In 

operation, and as also described above, the sensors 316 may determine measurements 
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318 that are provided to the first principles model 302 to update the modeled outputs 

304 of the first principles model 302. When the update switch 308 is closed (e.g., 

based on a decision by a wellsite operation), the updated model set 306 of the first 

principles model 302, which may be all or a portion of the modeled outputs 304 of the 

5 first principles model 302, may update the modeled outputs 310 from the proxy model 

set 312. An updated set of modeled outputs 324 may then be provided to the proxy 

model set 312 from the update switch 308. 

[0061] FIG. 4 is a block diagram of an update switch 400 of the illustrative 

wellsite operation control system of FIG. 2. For example, in some implementations, 

1 o the update switch 306 may be configured as shown as the update switch 400. In some 

aspects, the update switch 400 may generally function to update one or more modeled 

outputs or parameters of one or more proxy models based on a deviation of such 

parameters from corresponding (e.g., the same or similar) parameters in an updated 

first principles model ( or alternative first principles model). 

15 [0062] As illustrated in FIG. 4, the update switch 400 includes a comparator 

408 that receives modeled outputs from a first principles model 402 and modeled 

outputs 406 from one or more proxy models 404 (e.g., from a set of proxy models). 

The update switch 400 also includes an update threshold 410, which, in some aspects, 

may include a numerical value (e.g., predetermined or otherwise). The update switch 

20 400 also includes a function 412. 

[0063] In operation, the comparator 408 receives the modeled outputs from the 

first principles model 402 and modeled outputs 406 from one or more proxy models 

404 and compares the respective outputs. The comparator 408 produces deviations 

414 based on, for example, differences between the modeled outputs from the first 

25 principles model 402 and the modeled outputs 406 from the one or more proxy models 

404. The deviations 414 are provided to the function 412 along with the update 

threshold 410. The function 412, in some examples, determines when an updated 

model set 416 (e.g., such as the updated model set 324) is produced when a function of 

the deviations 414 is larger than the update threshold 410. The updated model set 416 

30 can be incorporated into and/or replace a model set of the one or more proxy models 

404 ( e.g., also proxy model set 312). 

[0064] FIG. 5 is a block diagram of an example optimization technique 500 

(shown as a dotted line) for an optimizing control algorithm of the illustrative wellsite 
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operation control system of FIG. 2. In some aspects, the optimization technique 500 

may be implemented as Optimizing Control Algorithm (OCA) 216 in FIG. 2. 

Optimization technique 500, in some examples, may represent a model-based 

simulation technique. 

5 [0065] Optimization technique 500, as shown, includes a prediction technique 

504 (as described with reference to FIGS. 6A or 6B) that receives measurements 502 

(e.g., from one or more sensors). The technique 500 further includes an Objective 

Function Evaluator (OFE) 508 that receives a predicted operation condition, in this 

case a predicted fracture condition 506, as well as simulated controller outputs 512 

10 (e.g., controller outputs). Controller outputs, which may be simulated (e.g., 512) or 

optimizing (e.g., 516) may also be described as an inputs trajectory or a setpoint 

trajectory. In some aspects, such outputs may include and/or define a desired 

trajectory in time in which variables (e.g., valve positions) manipulated by a control 

system should maintain, as well as the set-points on other related variables ( e.g., 

15 pumping rate) that individual controllers ( e.g., PID type controllers) are to maintain. 

In some aspects, the optimizing controller output may directly specify a value that 

manipulated variables should take with time, while in some aspects the optimizing 

controller output may specify the desired output of other control loops. The OFE 508 

provides an objective function value 510 to an optimization algorithm 514, which in 

20 turn provides optimizing controller outputs 516 to a controller of the particular wellsite 

operation, such as the fracturing operation. 

[0066] In some aspects, the optimization technique 500 may be similar to a 

standard model predictive control (MPC) controller or a fuzzy MPC controller, e.g., 

depending on which prediction technique 504 is used. In some aspects, the 

25 optimization technique 500 may utilize one or more proxy models, such as the proxy 

models 208 ( or other proxy models described herein). 

[0067] When a particular prediction technique 504 is used ( e.g., a single 

selected model prediction technique), the optimization technique may use a standard 

MPC algorithm. When another prediction technique 504 is used (e.g., a fuzzy logic 

30 inference), the optimization technique may use a fuzzy MPC algorithm. 

[0068] The OFE 508 includes an objective function (e.g., a selected OF 218 

that is provided by a wellsite operator) that, for example, may be a cost function to be 

minimized. Such a cost function may contain one or more terms, which could penalize 
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deviation of the predicted wellsite operation result from a desired result (e.g., in the 

case of a fracturing operation, a fracture conductivity from a desired conductivity). 

The cost function could further, for example, penalize deviations of a current estimated 

fracture geometry from a desired fracture shape. The objective function could also, for 

5 instance, contain a function of economic controller outputs, which could include 

penalizing a usage ( or overusage) of fracturing materials such as proppant and polymer 

gel. In some aspects, the objective function values are evaluated online according to 

availability of updates ( e.g., an updated predicted fracture condition) from the 

prediction technique 504. 

10 [0069] In one particular example, the objective function could be of the form: 

min( a(c\ -c;} + /J * J(shape )) + ;g(input _trajectory) 

where a, ~, and y are weighting factors for the particular terms and CI represents an 

estimated final fracture conductivity, while c; is the desired final conductivity, and f 

and g represent pre-defined functions. The weighting factors can be changes 

15 dependent on operational desires, or current operating conditions. For instance, the 

system could be weighted at the end of a wellsite operation, such as a fracturing job, 

by material usage (e.g., proppant usage) to ensure that the operation can be completed 

with material resources on site. In some implementations, other optimization 

techniques may be utilized in addition to or alternatively with the illustrated technique 

20 of FIG. 5. 

[0070] FIG. 6A is a block diagram of an example prediction technique 600 for 

an optimizing control algorithm of the illustrative wellsite operation control system of 

FIG. 2. In some aspects, the prediction technique 600 may be implemented as 

prediction technique 504 or 554 in the optimizing techniques 500 or 550, respectively. 

25 In some aspects, the prediction technique 600 may be a single selected model ( e.g., a 

single selected proxy model). Generally, the illustrated prediction technique 600 

determines how much a set of updated models (e.g., updated models 326 in FIG. 3) 

deviate from measurements (e.g., measurements 318). Based upon a particular criteria 

function, a model selection algorithm 608 chooses a particular proxy model 610. From 

30 there, the selected model 610 is simulated in a model simulator 612 in order to 
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generate estimates 618 of a wellsite operation condition, such as a predicted fracture 

condition. 

[0071] As illustrated in FIG. 6A, in some aspects, an updated model set 602 of 

updated proxy models 606 (e.g., updated models 326) and deviations 608 (e.g., from 

5 measurements) is provided to the model selection algorithm 608. The model selection 

algorithm 608 may select one or more proxy models of the model set 602 based on, for 

example, an amount of deviation that the particular proxy model(s) may exhibit. The 

selected model 610 may then be simulated in the model simulator 612 with 

measurements 614 and the optimizing controller outputs 616. The model simulator 

10 612 may then provide an estimated output 618 of the predicted fracture condition 620, 

which, as shown in FIG. 5, may be used as the predicted fracture condition 506 or 556, 

respectively. 

[0072] FIG. 6B is a block diagram of another example prediction technique 

650 for an optimizing control algorithm of the illustrative wellsite operation control 

15 system of FIG. 2. In some aspects, the prediction technique 650 may be implemented 

as prediction technique 504 or 554 in the optimizing techniques 500 or 550, 

respectively. In some aspects, the prediction technique 650 may be a fuzzy logic 

inference technique. 

[0073] Generally, an updated model set 652 (e.g., the updated model set 416) 

20 may be used in rules generation for a fuzzy logic inference system as illustrated in 

FIG. 6B. In the illustrated prediction technique 650, a set of measurements 670, which 

include measurements 678, 680, and 682 from micro seismic data 672, test well results 

674, and well and surface sensors 676, respectively, is provided to multiple pre-defined 

categories using fuzzy membership function. In this example, for instance, 

25 measurements 678 from the micro seismic data 672 are provided to a geometry pattern 

classification membership function calculation (MFC) 684. Measurements 680 from 

the test well results 67 4 are provided to a categorization MFC 686. Measurements 682 

from the well and surface sensors 676 are provided to another categorization MFC 

688. 

30 [0074] The MFCs 684, 686, and 688 may provide a classification 690 (e.g., of 

a fracture shape that is classified by a ratio of its maximum height to its maximum 

length) to a fuzzy logic inference and defuzzification module 660. The module 660 

also receives a predicted fracture condition 658 from a rule set construction 656 that 
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determines the predicted fracture condition 658 from updated proxy models 654 ( e.g., 

including properties such as the estimated final fracture dimensionless conductivity). 

The module 660 also receives a inputs 666 from optimizing controller outputs 664. 

Based on these inputs and decision making logic in the module 660 (e.g., through 

5 several of the proxy models), an output 662 from the module 660 may include a 

predicted fracture condition 668. In this example, the optimization function could be 

the inferred conductivity from the fuzzy membership function, and the flow rate 

changed accordingly to improve the conductivity. 

[0075] The illustrative workflows described m the present disclosure are 

1 o provided for example sake, and one or more or all of the work flows can be changed or 

omitted. One or more or all of the illustrative workflows can be performed at least 

partially concurrently or at different times, in any order or in no order. Moreover, one 

or more of the steps of the illustrative workflows can also be changed or omitted. One 

or more or all of the steps within a given illustrative workflow can be performed at 

15 least partially concurrently or at different times, in any order or in no order. 

[0076] The features described can be implemented in digital electronic 

circuitry, or in computer hardware, firmware, software, or in combinations of them. 

The apparatus can be implemented in a computer program product tangibly embodied 

in an information carrier, e.g., in a machine-readable storage device, for execution by a 

20 programmable processor; and method steps can be performed by a programmable 

processor executing a program of instructions to perform functions of the described 

implementations by operating on input data and generating output. The described 

features can be implemented advantageously in one or more computer programs that 

are executable on a programmable system including at least one programmable 

25 processor coupled to receive data and instructions from, and to transmit data and 

instructions to, a data storage system, at least one input device, and at least one output 

device. A computer program is a set of instructions that can be used, directly or 

indirectly, in a computer to perform a certain activity or bring about a certain result. A 

computer program can be written in any form of programming language, including 

30 compiled or interpreted languages, and it can be deployed in any form, including as a 

stand-alone program or as a module, component, subroutine, or other unit suitable for 

use in a computing environment. 
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[0077] Suitable processors for the execution of a program of instructions 

include, by way of example, both general and special purpose microprocessors, and the 

sole processor or one of multiple processors of any kind of computer. Generally, a 

processor will receive instructions and data from a read-only memory or a random 

5 access memory or both. Elements of a computer can include a processor for executing 

instructions and one or more memories for storing instructions and data. Generally, a 

computer can also include, or be operatively coupled to communicate with, one or 

more mass storage devices for storing data files; such devices include magnetic disks, 

such as internal hard disks and removable disks; magneto-optical disks; and optical 

1 o disks. Storage devices suitable for tangibly embodying computer program instructions 

and data include all forms of non-volatile memory, including by way of example 

semiconductor memory devices, such as EPROM, EEPROM, and flash memory 

devices; magnetic disks such as internal hard disks and removable disks; magneto­

optical disks; and CD-ROM and DVD-ROM disks. The processor and the memory 

15 can be supplemented by, or incorporated in, ASICs (application-specific integrated 

circuits). 

[0078] To provide for interaction with a user, the features can be implemented 

on a computer having a display device such as a CRT (cathode ray tube) or LCD 

(liquid crystal display) monitor for displaying information to the user and a keyboard 

20 and a pointing device such as a mouse or a trackball by which the user can provide 

input to the computer. 

[0079] The features can be implemented in a computer system that includes a 

back-end component, such as a data server, or that includes a middleware component, 

such as an application server or an Internet server, or that includes a front-end 

25 component, such as a client computer having a graphical user interface or an Internet 

browser, or any combination of them. The components of the system can be 

connected by any form or medium of digital data communication such as a 

communication network. Examples of communication networks include, e.g., a LAN, 

a WAN, and the computers and networks forming the Internet. 

30 [0080] The computer system can include clients and servers. A client and 

server are generally remote from each other and typically interact through a network, 

such as the described one. The relationship of client and server arises by virtue of 
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computer programs running on the respective computers and having a client-server 

relationship to each other. 

[0081] In addition, the logic flows depicted in the figures do not require the 

particular order shown, or sequential order, to achieve desirable results. In addition, 

5 other steps may be provided, or steps may be eliminated, from the described flows, and 

other components may be added to, or removed from, the described systems. 

Accordingly, other implementations are within the scope of the following claims. 

[0082] A number of implementations of the present disclosure have been 

described. Nevertheless, it will be understood that various modifications may be made 

1 o without departing from the spirit and scope of the present disclosure. Accordingly, 

other implementations are within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1. A computer-implemented method for managing a hydraulic fracturing 

operation, comprising: 

receiving a selection of a proxy model of a hydraulic fracturing operation, the 

5 proxy model comprising at least one property of a plurality of properties of the first 

principles model associated with the hydraulic fracturing operation; 

simulating the selected proxy model to generate a modeled output based on the 

property; and 

determining, based on the modeled output, at least one of a value of a control 

1 o setpoint for hydraulic fracturing operation equipment or a value of a variable 

manipulated by a control system communicably coupled to the hydraulic fracturing 

operation equipment. 

15 

2. The computer-implemented method of claim 1, where the selected 

proxy model represents a first principles model of the hydraulic fracturing. 

3. The computer-implemented method of claim 2, further comprising: 

identifying a command to update a plurality of proxy models that comprise the 

selected proxy model; and 

updating the plurality of proxy models with the first principles model. 

4. The computer-implemented method of claim 3, where the command 

20 comprises at least one of: 

an instruction from an operator of the hydraulic fracturing operation; 

a predetermined time delay; 

a receipt of updated measured data associated with the hydraulic fracturing 

operation; or 

25 a determination that a deviation of model outputs of the plurality of proxy 

models and model outputs of the first principles model exceeds a threshold. 
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5. The computer-implemented method of claim 3, where updating the 

plurality of proxy models with the first principles model comprises: 

adjusting the first principles model with the updated measured data associated 

with the hydraulic fracturing operation to generate updated model outputs of the first 

5 principles model; 

adjusting the plurality of proxy models based on the adjusted first principles 

model to generate a plurality of updated model outputs of the proxy models; 

comparing the plurality of updated model outputs of the proxy models with the 

updated measured data; and 

1 o based on one or more deviations determined by the companson, further 

adjusting the plurality of updated model outputs of the proxy models. 

6. The computer-implemented method of claim 1, further comprising: 

adjusting the modeled output based on measured data associated with the 

hydraulic fracturing operation; and 

15 determining the control setpoint for hydraulic fracturing operation equipment 

based on the adjusted modeled output. 

7. The computer-implemented method of claim 6, where adjusting the 

modeled output based on measured data associated with the hydraulic fracturing 

operation comprises: 

20 adjusting the modeled output by a control algorithm that optimizes an objective 

25 

function by an optimization process, the optimization process comprising a 

combination of a prediction technique and an optimization technique; and 

correcting the adjusted modeled output for one or more prediction errors of the 

selected proxy model. 

8. The computer-implemented method of claim 7, where: 

the prediction technique comprises a single selected model and the 

optimization technique comprises a standard model predictive control; or 

the prediction technique comprises a fuzzy logic inference, and the 

optimization technique comprises a fuzzy logic model predictive control. 
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9. The computer-implemented method of claim 7, where the objective 

function comprises a cost function that comprises a weighting factor, an estimated 

final fracture conductivity, and a desired final fracture conductivity, the method further 

compnsmg: 

minimizing the cost function; and 

adjusting the selected proxy model based on an output of the minimized cost 

function. 

10. The computer-implemented method of claim 1, where the property 

comprises one or more of a fracture geometry, fracture dimensions, or conductivity; 

10 and the adjusted modeled output comprises at least one of a fracturing fluid flow rate, 

a fracturing fluid pumping schedule, a proppant pumping schedule, or a proppant rate. 

15 

11. The computer-implemented method of claim 1, further comprising 

controlling the hydraulic fracturing operation equipment based on the control output to 

hydraulically fracture a subterranean zone from a wellbore. 

12. The computer-implemented method of claim 11, where a plurality of 

subterranean zones are hydraulically fractured from a plurality of wellbores based on 

the control output. 

13. A computer program product encoded on a non-transitory storage 

medium, the product comprising non-transitory, computer readable instructions for 

20 causing one or more processors to perform operations comprising: 

receiving a selection of a proxy model of a hydraulic fracturing operation, the 

proxy model comprising at least one property of a plurality of properties of the first 

principles model associated with the hydraulic fracturing operation; 

simulating the selected proxy model to generate a modeled output based on the 

25 property; and 

determining, based on the modeled output, at least one of a value of a control 

setpoint for hydraulic fracturing operation equipment or a value of a variable 

manipulated by a control system communicably coupled to the hydraulic fracturing 

operation equipment. 
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14. The computer program product of claim 13, where the selected proxy 

model represents a first principles model of the hydraulic fracturing. 

15. The computer program product of claim 14, wherein the operations 

further comprise: 

5 identifying a command to update a plurality of proxy models that comprise the 

10 

selected proxy model; and 

updating the plurality of proxy models with the first principles model. 

16. The computer program product of claim 15, where the command 

comprises at least one of: 

an instruction from an operator of the hydraulic fracturing operation; 

a predetermined time delay; 

a receipt of updated measured data associated with the hydraulic fracturing 

operation; or 

a determination that a deviation of model outputs of the plurality of proxy 

15 models and model outputs of the first principles model exceeds a threshold. 

17. The computer program product of claim 15, where updating the 

plurality of proxy models with the first principles model comprises: 

adjusting the first principles model with the updated measured data associated 

with the hydraulic fracturing operation to generate updated model outputs of the first 

20 principles model; 

adjusting the plurality of proxy models based on the adjusted first principles 

model to generate a plurality of updated model outputs of the proxy models; 

comparing the plurality of updated model outputs of the proxy models with the 

updated measured data; and 

25 based on one or more deviations determined by the companson, further 

adjusting the plurality of updated model outputs of the proxy models. 
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18. The computer program product of claim 13, where the operations 

further comprise: 

adjusting the modeled output based on measured data associated with the 

hydraulic fracturing operation; and 

5 determining the control setpoint for hydraulic fracturing operation equipment 

based on the adjusted modeled output. 

19. The computer program product of claim 18, where adjusting the 

modeled output based on measured data associated with the hydraulic fracturing 

operation comprises: 

10 adjusting the modeled output by a control algorithm that optimizes an objective 

15 

20 

25 

function by an optimization process, the optimization process comprising a 

combination of a prediction technique and an optimization technique; and 

correcting the adjusted modeled output for one or more prediction errors of the 

selected proxy model. 

20. The computer program product of claim 19, where: 

the prediction technique comprises a single selected model and the 

optimization technique comprises a standard model predictive control; or 

the prediction technique comprises a fuzzy logic inference, and the 

optimization technique comprises a fuzzy logic model predictive control. 

21. The computer program product of claim 19, where the objective 

function comprises a cost function that comprises a weighting factor, an estimated 

final fracture conductivity, and a desired final fracture conductivity, the method further 

compnsmg: 

minimizing the cost function; and 

adjusting the selected proxy model based on an output of the minimized cost 

function. 

22. The computer program product of claim 13, where the property 

comprises one or more of a fracture geometry, fracture dimensions, or conductivity; 

and the adjusted modeled output comprises at least one of a fracturing fluid flow rate, 

30 a fracturing fluid pumping schedule, a proppant pumping schedule, or a proppant rate. 
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23. The computer program product of claim 13, wherein the operations 

further comprise controlling the hydraulic fracturing operation equipment based on the 

control output to hydraulically fracture a subterranean zone from a wellbore. 

24. The computer program product of claim 23, where a plurality of 

5 subterranean zones are hydraulically fractured from a plurality of wellbores based on 

the control output. 

25. A system of one or more computers configured to perform operations 

compnsmg: 

receiving a selection of a proxy model of a hydraulic fracturing operation, the 

1 o proxy model comprising at least one property of a plurality of properties of the first 

principles model associated with the hydraulic fracturing operation; 

simulating the selected proxy model to generate a modeled output based on the 

property; and 

determining, based on the modeled output, at least one of a value of a control 

15 setpoint for hydraulic fracturing operation equipment or a value of a variable 

manipulated by a control system communicably coupled to the hydraulic fracturing 

operation equipment. 

20 

25 

26. The system of claim 25, where the selected proxy model represents a 

first principles model of the hydraulic fracturing. 

27. The system of claim 26, where the operations further comprise: 

identifying a command to update a plurality of proxy models that comprise the 

selected proxy model; and 

updating the plurality of proxy models with the first principles model. 

28. The system of claim 27, where the command comprises at least one of: 

an instruction from an operator of the hydraulic fracturing operation; 

a predetermined time delay; 

a receipt of updated measured data associated with the hydraulic fracturing 

operation; or 

a determination that a deviation of model outputs of the plurality of proxy 

30 models and model outputs of the first principles model exceeds a threshold. 

26 
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29. The system of claim 27, where updating the plurality of proxy models 

with the first principles model comprises: 

adjusting the first principles model with the updated measured data associated 

with the hydraulic fracturing operation to generate updated model outputs of the first 

5 principles model; 

adjusting the plurality of proxy models based on the adjusted first principles 

model to generate a plurality of updated model outputs of the proxy models; 

comparing the plurality of updated model outputs of the proxy models with the 

updated measured data; and 

1 o based on one or more deviations determined by the companson, further 

adjusting the plurality of updated model outputs of the proxy models. 

30. The system of claim 25, where the operations further comprise: 

adjusting the modeled output based on measured data associated with the 

hydraulic fracturing operation; and 

15 determining the control setpoint for hydraulic fracturing operation equipment 

based on the adjusted modeled output. 

31. The system of claim 30, where adjusting the modeled output based on 

measured data associated with the hydraulic fracturing operation comprises: 

adjusting the modeled output by a control algorithm that optimizes an objective 

20 function by an optimization process, the optimization process comprising a 

combination of a prediction technique and an optimization technique; and 

25 

correcting the adjusted modeled output for one or more prediction errors of the 

selected proxy model. 

32. The system of claim 31, where: 

the prediction technique comprises a single selected model and the 

optimization technique comprises a standard model predictive control; or 

the prediction technique comprises a fuzzy logic inference, and the 

optimization technique comprises a fuzzy logic model predictive control. 

27 
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33. The system of claim 32, where the objective function comprises a cost 

function that comprises a weighting factor, an estimated final fracture conductivity, 

and a desired final fracture conductivity, the method further comprising: 

minimizing the cost function; and 

adjusting the selected proxy model based on an output of the minimized cost 

function. 

34. The system of claim 25, where the property comprises one or more of a 

fracture geometry, fracture dimensions, or conductivity; and the adjusted modeled 

output comprises at least one of a fracturing fluid flow rate, a fracturing fluid pumping 

1 o schedule, a proppant pumping schedule, or a proppant rate. 

35. The system of claim 25, wherein the operations further compnse 

controlling the hydraulic fracturing operation equipment based on the control output to 

hydraulically fracture a subterranean zone from a wellbore. 

36. The system of claim 35, where a plurality of subterranean zones are 

15 hydraulically fractured from a plurality of wellbores based on the control output. 
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