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A Comprehensive Suite of Coupled Models for Subsurface Design 

Coupled Models Integrated with High Fidelity Measurements 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 1. NER’s AutoScan: fine scale characterization 

 AutoScan™ enables fast profiling and upscaling of 
petrophysical properties at high resolution: performing 
hundreds of measurements in a matter of hours while 
providing an assessment of the physical rock properties 
and heterogeneity. These high-resolution measurements 
can be fed into clustering or correlation algorithms to 
determine high-res mechanical & flow properties which 
can then be integrated with NER’s numerical models.  

 

 

 

New England Research (NER) specializes in the measurement and interpretation of material 
properties for the energy, storage, and subsurface industries. In response to our clients’ needs over 
the last +35 years, NER has developed innovative testing equipment and protocols that address 
material characterization challenges in High Pressure and Temperature (HPHT) settings. NER now 
offers a comprehensive modeling program that integrates -state of the art laboratory material 
characterization- with analytical & numerical models. These models are designed to quantify the 
impact of key parameters on operations and within the framework of coupled Thermo-Hydro-
Mechanical-Chemical (THMC) measurements. NER serves as a one-stop-shop that combines high 
fidelity testing services with physics based numerical models and digital twins. 

 

 

Digital Twins & Models 

AutoLab™ systems (Fig. 2), allow coupled measurements 
conducted at HPHT conditions (with reactive fluids) while 
monitoring for changes in strain, stress, pressure, velocity, 
resistivity, and permeability. THMC processes occur within 
subsurface  and require a coupled analysis of its behavior 
where each  process mutually affects the change of the 
others. AutoLab™ provides a suite of coupled 
measurements to quantify poro-thermo-chemo-elasto-
plastic behavior of materials under HTHP. Characterized 
material behavior is then used as input in NER’s analytical 
and numerical models to provide high fidelity predictions in 
fracture, wellbore,  storage and geothermal applications. 

 

 

NER provides state of the art equipment and 
measurement protocols for material characterization. 
AutoScan™ is an integrated system for scanning and 
characterizing slabbed core, whole core, or core plugs 
for permeability, resistivity, ultrasonic compressional 
and shear-wave velocities, composition, mechanical 
strength, and stiffness (Fig. 1). 

 

 

Fig. 2.  NER’s  AutoLab Systems: HTHP measurements to characterize 
THMC coupled behavior 
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Coupled Hydraulic Fracture and Reservoir Modelling Capabilities 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fracture height growth within heterogenous rocks is 
thought to be strongly influenced by material and 
stress contrasts, the presence of soft, weak and/or 
conductive laminations. Capturing such heterogeneity 
at an appropriate resolution is the key to predictive 
modelling in the context of fracture height growth and 
landing zone assessments.  

Our high-fidelity numerical models integrated with 
high-resolution (mm-cm scale) AutoScan output 
(Fig.3), can capture fracture propagation/arrest in 
heterogeneous rocks. Models honor the interaction 
between the fracture tip and laminations as the 
fracture approaches/cuts across hetero-lithic layers. 
Our numerical models decode fracture barriers where 
propagation is likely to slow down (or completely 
inhibited) with surgical precision.  

Further sensitivities (with upscaling algorithms) can 
also be performed to investigate fracture behavior at 
different resolutions and based on upscaled 
AutoScan™  data  (Fig. 3 & 4). 

 

 

 

 

 

with the Autoscan rock types to complete the picture 
of the entire reservoir. 
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Multiple fracture propagation along horizontal wells with 
implications to O&G and Geothermal fields are simulated 
within the framework of our 3D, fully coupled (Finite & 
Boundary Element) Models at reservoir scale (Fig.5). These 
models use HTHP AutoLab™ measurements of 
isotropic/anisotropic poro-thermo-elastic properties to 
simulate fracture & refracture propagation, matrix 
deformation, pressure and temperature changes within the 
target reservoirs. Fracture geometry can stay planar or not: 
dictated by reservoir stress state and material properties: 
that is, without priori assignment of the fracture itinerary. 

 

 

  

AutoLab measured coupled poro-thermo-elastic properties 
are used as input into  

 

 

 

 

 

 

 

with the Autoscan rock types to complete the picture of the 
entire reservoir. 
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Fig. 6 Rapid Assessments & Multi-well/stage simulations 

Fig. 3. AutoScan: Model Integration (X-Section, Height Growth) 

 

Fig. 4. 3D-Planar, Height growth 

 

Fig. 5. Multi-Fracture/Wellbore Models: High Fidelity Simulations 

 Our rapid reservoir scale fracture models are optimized 
to accommodate multi-stages and multi-wells. These 
models can simulate full cycle of   stimulation-production-
re-fracturing. This allows rapid assessment of plausible 
stimulation and production scenarios while honoring 
high-fidelity solution/data sets (including formation 
anisotropy) (Fig. 6). 

 

 

 

 

 

 

 

with the Autoscan rock types to complete the picture of 
the entire reservoir. 

 

 

High Resolution Fracture Height Growth Models Coupled, Rapid, High-Fidelity Multi-Fracture Models 
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A Comprehensive Suite of Coupled Models for Subsurface Design 

Coupled (THMC) & Anisotropic Near Wellbore (NWB) Models  and Capabilities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Relatively few modeling studies consider anisotropic or 
coupled processes in wellbore forensics. For example, 
industry standard wellbore stability analysis is still based on 
Kirsch solution: ignoring the effect of induced pore 
pressures, fluid & thermal diffusion, elastic/strength 
anisotropy, fluid interaction/mechanical degradation. 
However, results from laboratory tests show that near 
wellbore stability, flow and damage behavior are dictated 
by anisotropic THMC processes (Fig. 7).  

 

 

 

 

with the Autoscan rock types to complete the picture of 
the entire reservoir. 
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Anisotropic/Coupled NWB Measurements 

Fig. 7. Near Wellbore Models: Coupled/Anisotropic Processes  

 
To close this gap NER offers customized AutoLab™ 
(HTHP) & AutoScan™ (whole core) testing protocols to 
characterize anisotropic and coupled parameters. These 
parameters are integrated with anisotropic/coupled 
wellbore models as input.  

➢ Anisotropic Elasticity 
➢ Anisotropic Strength (Planes of Weakness) 
➢ Anisotropic Poro-Elasticity (Biot & Skempton’s-B) 
➢ Anisotropic Thermal and Adsorption Properties 
➢ Anisotropic Swelling coefficients 
➢ Rock-Fluid Interaction/Mechanical Degradation 

 
 

 

 

Anisotropic/Coupled Near Wellbore Models 

Our THMC analytical and numerical wellbore models 
integrate high fidelity test data to simulate a variety of 
scenarios. For example, a set of models use anisotropic 
properties (strength/elastic/poroelastic) to quantify 
wellbore damage, stress, and pressure behavior (Fig(s). 7 & 
8). These quick look analyses can be performed for 
different wellbore trajectories, drilling fluids, mud 
weight(s), et al. to mitigate drilling hazards. 
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Fig. 8. Wellbore Damage: Strength and Elastic Anisotropy  

 

Induced Pore Pressures   

 

Fig. 9. Time Dependent Near Wellbore Behavior   

 

The interaction of the drilling fluid with formation rock is a 
key factor that determines time-dependent stability of the 
wellbore. These processes can include thermal diffusion, 
fluid penetration, swelling/shrinkage and osmotic 
changes. Our analytical models (Fig. 9) honor time 
dependent evolution of coupled pressure, stress and 
temperature fields based on input parameters derived 
from HTHP measurements. 
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CCUS: Key Modelling Applications and Capabilities 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CO2 injection phase is assumed to be in the order of 25-
30 years. The main injection challenge relates to 
potential permeability anomalies in the near wellbore 
region. The impact could be significant: causing changes 
in near- and long-term injection rates, increasing 
horsepower requirements and leading to reduced 
storage volumes, stability, or containment issues.  

Decoding potential injectivity and stability issues ahead 
of a storage operation is a challenging task since CO2 
injection is a tightly coupled process by nature. For 
example, injection of CO2 into the formation increases 
pore pressure near wellbore, resulting in the decrease of 
the effective stress of the rock mass and the change of 
stresses. In addition, the difference of temperature 
between the wellbore fluids and the surrounding rock 
can induce thermal loads. Further to this, the reaction 
between CO2 and formation can trigger chemical 
reactions leading to swelling or mechanical degradation 
of the rock matrix. Finally faults and fractures may act as 
conduits and divert injected fluids away from the storage 
zones. Ultimately, alteration of stress, pressure, thermal 
field(s), material properties and natural discontinuities 
can have a significant effect on near wellbore porosity, 
permeability, and integrity. 

Aligned with Underground Injection Control (UIC) 
guidelines (Class VI wells: Geological Sequestration of 
CO2) and Codes of Federal Regulations10 (Part 146, 
Subpart H), NER delivers state of the art measurement 
services to characterize CO2 storage sites and to 
mitigate injection and containment related problems.  
NER’s fine scale heterogeneity measurements and 
upscaling workflows (Fig. 1), coupled with HTHP testing 
protocols (involving CO2 floods: (Fig. 2) characterize key 
parameters that control (THMC) behavior related to CO2 
injection at in-situ conditions.  

Our testing protocols are designed such that results from 
the characterization phase can directly be integrated 
with operators’ Monitoring, Mitigation and Verification 
(MMV) programs or operator’s in-house numerical 
models. 

 
 
 

 

 

 

 

 

 Storage/Injectivity Tests Modeling Injection in Hard/Soft Rocks 

Figs. 10-11. Contours of Injection Induced Near Wellbore Damage and 
Permeability 

 

Our injection models consider: 

➢ Coupled Physics and THMC processes 
➢ Damage, Porosity and Permeability Evolution 
➢ Anisotropic and Heterogeneous Properties 
➢ Fault and Natural Fracture Mechanics 
➢ Multi-Phase Flow and Upscaled Heterogeneity 

 
Our 3D Finite Element Modeling approach accounts for 
upscaled formation heterogeneity, THMC processes to 
simulate near wellbore damage/stress/pressure 
alterations, fluid migration and seismicity evolution 
during injection. Simulations quantify changes in injection 
pressure and permeability as operational parameters are 
varied in soft and hard rocks (Figs 10-11). 
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A Comprehensive Suite of Coupled Models for Subsurface Design 

Geothermal: Key Modelling Applications and Capabilities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our coupled THM analytical and numerical modeling 
capabilities focus on four main geothermal technology 
areas with implications to Closed Loop and/or 
Engineered Geothermal Systems (EGS). These are: 

➢ Wellbore Stability and Integrity Assessments 
➢ Near Wellbore Permeability Evolution 
➢ Natural Fracture/Fault Reactivation 
➢ Hydraulic Fracture/Refracture Optimization 
➢ Proppant Behavior 

These models are integrated with NER’s test protocols, 
can consider upscaled heterogeneity and anisotropic 
poro-thermo-elastic measurements in simulations.  
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Key Modeling/Technology Areas 

Wellbore Stability and Integrity Assessment 

Near Wellbore Permeability Evolution 

Temperature difference between the drilling/working  
fluid and formation can lead to stability issues in 
Geothermal wells.  These can arise during thermal 
cycling -as formation experiences shear/tensile failure 
or fracture reactivation- (Fig. 12), mainly caused by 
thermally induced stresses near wellbore. Our models 
consider single or multiple wellbores and assess 
coupled THM stability during drilling and injection-
production cycles. Our models also consider the 
interaction between multi-wells and simulate stability 
of a network of wellbores with junctions. 

 
 
 

 

 

 

 

 

 

 

 

Fig. 12. Traces of Thermally Induced fractures Around an Open 
Hole Vertical Wellbore  

 

Modeling the response of an engineered geothermal 
system (EGS) in naturally fractured rocks involves 
assessment of near wellbore permeability 
enhancement during heat harvesting cycles. Our 3D 
THM models (Fig. 13) use flow/mechanical 
characterization of rock matrix and natural fractures 
to simulate near wellbore permeability enhancement 
in EGS. The models can analyze stress variations, pore 
pressure distributions, induced micro-seismicity, heat 
transfer (within matrix and along fractures) and 
resulting permeability during injection. Results from 
the models quantify impact of formation properties 
and operational parameters. Evolution of matrix and 
natural fracture permeability are evaluated under fluid 
injection and thermal loading: providing guidelines for 
site specific permeability enhancement in the near 
wellbore region: i.e., injection rates/duration/volume, 
wellbore orientation, et al. 

 
 
 

 

 

 

 

 

 

 

 

Fig. 13. Evolution of Pressure and Permeability under THM loads: 
Near wellbore region 
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Geothermal: Key Modeling Applications and Capabilities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rapid Assessment of Fracture/Fault Reactivation 

The behavior of natural fractures and faults play an 
important role in heat extraction from EGS. In 
Geothermal fields, fault/fracture permeability changes 
in response to: fluid injection/extraction, rock 
cooling/heating, variations of the in-situ stress field.  
 
Thermal stress is an important factor in the dynamics 
of EGS. In fact, the variation of injectivity with water 
temperature, and injection related seismicity in 
geothermal fields are attributed to thermal stresses. 
Our rapid Natural Fracture/Fault Assessment tool 
couples NER’s HPHT test data to 3D stress analysis 
and numerical models (Fig. 14).  
 
Our models predict fracture opening, closure and slip 
in response to fluid pressure and rock heating/cooling 
cycles -under a given in-situ stress field-. Simulated 
Models provide a rapid assessment of potential 
injectivity or seismicity issues in fractured geothermal 
reservoirs. 
 

 

 

 

 

 

 

Fig. 14. Reactivation and Permeability evolution during fluid  
injection into a naturally fractured reservoir: Geometry, Pressure 

Distribution, Slip 

 

Hydraulic Fracture Optimization 

Full cycle numerical modeling (i.e. stimulation-
injection- production) of heat harvesting between the 
injector-producer pairs allows optimization of 
injection rates, well locations/trajectories -to 
maximize heat extraction- while avoiding thief zones 
and short-circuits.  
 
Our modeling workflow combines a state of the 
art/rapid 3D hydraulic fracture simulator with input 
from NER’s coupled THM measurements and 
simulates hydraulic fracture propagation from 
horizontal-vertical geothermal wells in naturally 
fractured reservoirs.  Models are then coupled with a 
3D reservoir simulator and quantify heat harvesting 
during injection and production cycles with the 
hydraulic or natural fractures represented in the 
upscaled initial permeability system. Pressure and 
permeability response/evolution obtained from the 
models for a variety of scenarios (i.e.  different in 
stimulation schedules, wellbore spacing, injection 
rate/duration, wellbore trajectories) provide an 
ultimate guide for operational design parameters: in 
particular for the initial hydraulic fracture design. 
 
 
 

 

 

 

 

 

 

Fig. 15. Fracture/Fault Reactivation during cold water injection 
into a naturally fractured reservoir: Geometry, Pressure 

Distribution, Slip 
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A Comprehensive Suite of Coupled Models for Subsurface Design 

Digital Twins and Response Surfaces 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our laboratory rock-mechanics tests are the gold 
standard for measuring strength, stiffness, and failure 
modes under controlled conditions. By pairing each 
physical test with a high-fidelity digital twin—a 
physics-based numerical model calibrated and 
continuously updated with the stress–strain, acoustic, 
X-ray, or micro-CT data you collect in real time—we 
turn every experiment into a springboard for exploring 
thousands of “what-if” scenarios and response 
surfaces that could never be attempted in the tests 
alone (Figs. 16-17). 

 

 

 

 

 

 

By integrating our laboratory’s testing with state-of-
the-art models, we offer clients a workflow: 

• Calibrate each digital twin against your specific 
core, fluid, and boundary conditions. 

• Validate using hold-back data to build 
confidence in extrapolations. 

• Explore a multi-dimensional design space via 
automated sensitivity sweeps. 

• Deliver decision-ready failure envelopes, risk 
maps, and optimized operating windows—
accessible through secure web dashboards or 
directly into your reservoir simulator. 

The result is a step-change in speed (weeks to days), 
coverage (dozens of scenarios to tens of thousands), 
and insight (single-point measurements to fully 
coupled THMC response surfaces).  

 

 

 

 

Fig. 17 Digital Twins and Simulations 

 

Fig. 16 Calibrated Digital Twins and Response Surfaces 
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Grain Scale Processes and Micro-Damage/Cracking 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18 Grain Scale Damage and Cracking 

 

Fig. 19 Grain Scale Processes and Fracture Evolution 

 

We unlock the hidden story inside every rock by 
converting high-resolution thin-section or µCT images 
into physics-rich “digital rocks,” we honor the exact 
grain boundaries, pores, and micro-cracks found in 
your core. Our engine assigns each pixel its true 
mineral and mechanical properties, then applies fully 
coupled thermal-hydro-mechanical loads to show, in 
real time, how damage initiates, fractures link, and 
permeability evolves. 

When a thin-section or μCT scan is fed directly into a 
physics engine, the rock stops being an abstract 
“homogeneous continuum”. Grain boundaries, 
cleavage planes, pre-existing microfractures are all 
meshed and assigned phase-specific elastic, strength, 
and transport properties. Once in our solver, we 
impose fully coupled Thermal-Hydro-Mechanical 
(THM) boundary conditions that replicate down-hole 
stress paths, pore-fluid pressure histories, and 
temperature transients. The model then evolves in 
four dimensions, showing damage initiation and 
coalescence Figs. (18-19) 

 

 

 

Whether we are safeguarding a CO₂ seal, accelerating 
geological-hydrogen generation, or designing fracture 
clouds for geothermal or unconventional plays, our 
image-based models forecast failure behavior at grain 
scale.  

 

 

 

 

By decoding the hierarchy and evolution of grain-scale 
damage and fracturing, we can predict under what 
conditions and mineral compositions fracture swarms 
will initiate in the field, tune injection schedules, and 
place wells where connectivity will be most 
productive. In short, understanding the patterns at this 
scale will let us optimize decisions at km. 

Whether you’re safeguarding a CO₂ seal, accelerating 
geological-hydrogen generation, or designing fracture 
clouds for geothermal or unconventional plays, our 
image-based models forecast failure and flow paths. 
You get faster de-risking, smarter operating windows, 
and sharper investor and regulator buy-in. 
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A Comprehensive Suite of Coupled Models for Subsurface Design 

Integrated Testing-Modeling Workflows for Field Optimization 

 

 

 

 

 

 

 

 

 

 

 

 

Our end-to-end workflows turn calibrated digital twins into an on-demand decision engine. We import your continuous 
well logs, sweep every key variable in a Design of Experiments, and run thousands of fully coupled THM/THMC 
simulations using GPU computing. The results are distilled into intuitive response surfaces that map production 
potential across depth and pressure–temperature space. With these response surfaces in hand, you can de-risk landing 
zones and pinpoint “sweet-spot” intervals without launching another model run—slashing weeks from the planning 
cycle Fig. 20. 

When it’s time to engineer the frac or stimulation, simply plug your preferred pressure ramp, chemistry, or multi-stage 
design into the same platform. Our library of pre-computed surfaces quickly ranks multiple coupling scenarios, while 
optional micro-surfaces let you fine-tune within already derisked zones. The outcome: a data-backed, surgically 
targeted stimulation strategy that maximizes connectivity, minimizes risk, and speeds time all powered by a single 
integrated digital ecosystem. 

 

 

 

Fig. 20 End-to-end digital-twin workflow converts calibrated core data and continuous logs into thousands of DoE simulations, distills them into 
response surfaces for rapid zone de-risking, and lets engineers surgically design and refine fully coupled stimulation strategies without further 

heavy modeling. 


