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Abstract

This work presents a mechanistic modeling approach for simulating methane emissions from
triethylene glycol (TEG) dehydrators used in oil & gas (O&G) operations. The model was devel-
oped as a modular component of the Mechanistic Air Emissions Simulator (MAES) tool, incorporating
species-specific absorption and emission dynamics through two-level, second-order polynomial re-
gression (PR) models trained on ProMax simulation data: (1) species-level regression models that track
the transfer rates of individual gas species within the dehydrator unit streams, and (2) outlet flow
stream regression models that predict the fraction of inlet gas distributed among the outlet streams
of the dehydrator unit. These behaviors were characterized over a range of glycol circulation ratios,
wet gas pressures, and temperatures. The model was validated using root mean square error (RMSE)
analysis. The species-level PR achieved low root mean square error (RMSE) values (< 0.03) for light
hydrocarbon species across all dehydrator components, ranging from 0.0009 for methane to 0.029
for normal pentane. Similarly, the outlet-level PR yielded RMSE values below 0.002 for the dry gas
fraction, 0.001 for the flash tank fraction, and 0.002 for the still vent fraction, demonstrating strong
agreement between predicted and reference ProMax values. When deployed at field facilities, the
model significantly improved MAES-simulated dehydrator emissions, revealing that gas-assisted
glycol pump emissions are the dominant contributors to both dehydrator-level and site-level methane
emissions under uncontrolled conditions. Further analysis of the 154 dehydrator units reported by
operators under the AMI 2024 project showed that 54 units (31%) used gas-driven glycol pumps, of
which 6 units (11%) operated with uncontrolled flash tanks, and 22 units (40.7%) were identified as po-
tentially oversized. Of the six dehydrator units with uncontrolled gas-assisted pumps, pump emissions
accounted for 90.25% of total dehydrator emissions and 63.10% of total site-level emissions. These
findings highlight substantial opportunities for emissions mitigation through equipment upgrades.

Keywords: methane emissions; TEG dehydrator; MAES; inventory; glycol pump emissions; mechanis-
tic modeling; oil and gas

1. Introduction
Produced natural gas (NG) often contains water vapor, which, aside from reducing the gas’s

heating value, can cause significant operational challenges, such as corrosion and hydrate formation [1–
6]. To prevent these problems and comply with pipeline quality standards – in the United States (U.S.)
limited to 4-7 pounds of water per million standard cubic feet of gas [7–9] – the water vapor is
removed through natural gas dehydration [4,10] using dehydrator units installed at NG processing
facilities. This process ensures equipment and pipeline integrity, maintains flow assurance, and reduces
unplanned downtime, maintenance, and operating costs.

Dehydrators achieve water removal through absorption, commonly using TEG as the desic-
cant [11]. Alternative desiccants, including ethylene glycol (EG), diethylene glycol (DEG), molecular
sieves, and silica gel [12], have been applied in specific contexts but are less prevalent due to the
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superior efficiency and regeneration characteristics of TEG [3,11]. During operation, a portion of the
NG is co-absorbed with the water vapor into the glycol and subsequently released as emissions when
the pressure is reduced [13] or during glycol regeneration. Additional emissions arise from the use of
gas-assisted glycol pumps, which circulate glycol through the dehydrator unit, and from stripping
gas [14], when it is employed to enhance glycol regeneration efficiency and purity. Collectively, glycol
dehydrators are recognized sources of methane emissions, the dominant constituent of NG, primarily
through still column vents and flash tank emissions [15–19].

Methane (CH4) is a potent greenhouse gas with a global warming potential 82.5 times greater
than carbon dioxide over a 20-year period, contributing significantly to climate change [20–22]. In the
U.S., CH4 emissions are regulated by the Environmental Protection Agency (EPA) [23] and associated
programs such as National Emission Standards for Hazardous Air Pollutants (NESHAP) [24], owing
to their significant influence on climate and air quality. Consequently, the continuous monitoring and
control of these emissions are essential to mitigate their environmental and health impacts.

Additionally, with advancements in CH4 detection technologies, such as satellites [25,26], and
increasing demands for transparency in emissions reporting, reducing these emissions has become
critical not only to help companies meet internal environmental goals but also to improve operational
efficiency, enhance market access, and support a positive public reputation [27–31].

Emissions from dehydrators are substantial [14], with EPA inventories attributing 12–17 billion
cubic feet (Bcf) of CH4 annually to dehydrators and glycol pumps in U.S. production and gathering
sector [32,33]. Despite their scale, and dehydrators industrial relevance, there is limited publicly
available literature detailing how glycol absorbs individual NG species under varying dehydration
conditions. Most of the existing data remains locked within proprietary commercial software, pos-
ing a significant barrier to transparency and accessibility. This data gap limits not only broader
understanding and innovation in emissions modeling and mitigation but also the ability to validate
reported emissions. Furthermore, gaining a deeper process-level understanding enables identification
of operational improvements and mitigation opportunities.

Popular tools such as Glycalc [34] and ProMax BRE [35] are commonly used to estimate emissions
from dehydrators and are permitted by the EPA for regulatory reporting under Method 1 in Subpart
W [35,36] for larger dehydrators of throughput ≥ 0.4 MMscfd. However, both tools come with
key limitations. Glycalc, although open source, is no longer actively maintained, which restricts its
long-term reliability. ProMax BRE, on the other hand, is a closed-source commercial software that
requires operators to purchase a license, limiting accessibility and transparency. A primary limitation
in applying both tools for emissions estimation is the treatment of dehydrators as isolated units.
This simplification overlooks process dynamics, reducing the ability to represent variable operating
conditions and failure events, which can lead to misrepresentation of emissions driven by fluctuations
in gas throughput or failures occurring upstream or within the dehydrator unit. Nevertheless, these
tools remain useful for understanding the absorption behavior of various NG species in glycol under
different operating conditions, such as temperature and pressure. This understanding forms the
foundation of the present work on implementing a dehydrator model within MAES.

MAES simulates CH4 and other air emissions from O&G facilities with high resolution, up to
1 second, effectively capturing spatiotemporal variability in emission behavior [37–39]. The tool
integrates two core modeling approaches to couple O&G equipment within emissions simulations:
(1) traditional inventory models that rely on emission factors and activity data, and (2) mechanistic
models that use state machines to dynamically track equipment operating states and fluid flows. The
mechanistic approach offers a more representative and process-informed estimation of emissions,
improving accuracy over conventional annualized factor-based methods. It further employs Monte
Carlo (MC) methods to account for uncertainty and statistical variability in emissions and equipment
behavior. For a detailed classification of specific models employing either traditional or mechanistic
approaches, see Santos et al.(2025), Section S-6, Table S-5 [38].
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Prior to this work, MAES relied on a simplified heater model [39,40] to estimate emissions from
dehydrators. While functional for baseline estimates, this approach overlooked key emission sources,
most notably the gas-assisted glycol pump, and lacked the mechanistic fidelity needed to represent the
dynamic operation of dehydrators accurately. As a result, significant dehydrator emissions were either
underestimated or omitted entirely.

This study presents a mechanistic, state-machine-based dehydrator model parameterized by
species-specific absorption curves derived from ProMax simulations. The remainder of this paper is
structured as follows: Methods (2) outlines the methodology used to generate absorption and emission
rate curves and fit polynomial regression models. Results and discussion (3) presents and discusses
the simulation results, emphasizing key trends, model performance, practical applications, and model
limitations. Finally, conclusion (4) summarizes the main findings and discusses their implications for
emissions estimation. Throughout this study, the symbols CH4 and C1 are used interchangeably to
denote methane.

2. Methods
2.1. Overview

This section describes the development of a mechanistic model for simulating emissions from
dehydrators at O&G sites. The model incorporates key process parameters and emission sources
simulated in ProMax to enable equipment-level resolution, prior to integration into MAES. This section
is organized into the following subsections: dehydrator unit configuration and operational condi-
tions (2.2), ProMax simulation setup (2.3), effects of flow rate on methane absorption (2.4), regression
modeling (2.5), integration of the dehydrator model into MAES (2.6), and model validation (2.7).

2.2. Dehydrator Unit Configuration and Operational Conditions

Gas dehydration can be accomplished through two primary methods: absorption, which uses
liquid desiccants, and adsorption, which relies on solid media [6,11]. Among these, absorption is the
most widely employed technique in NG processing. Common liquid absorbents include EG, DEG, and
TEG. Of these, TEG is mostly used [41] due to its favorable thermophysical properties and its ability
to be regenerated to a high degree of purity, enabling efficient and cost-effective water removal [42].

The main components of a conventional glycol dehydration system include a contactor tower,
reboiler, heat exchanger, glycol pump (gas-assisted, air-driven, or electric-powered), and, optionally, a
flash tank, as illustrated in Figure 1. The figure also highlights potential emission sources (circled in
red), in addition to component leaks commonly associated with a dehydrator unit.
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Figure 1. Dehydrator Unit showing major dehydrator unit components and potential main emissions sources
circled in dotted red.

The dehydration process begins in the contactor tower, where wet NG flows counter-current to
lean TEG, allowing the glycol to absorb water vapor [43]. The contactor typically operates at pressures
between 600 and 1000 psig and temperatures ranging from 90 to 100 ◦F to optimize absorption
efficiency [41]. Gas temperatures above 140 ◦F hinder dehydration, as the gas holds onto water vapor
more tightly and reduces mass transfer to the glycol. Conversely, temperatures below 40 ◦F increase
glycol viscosity, limiting its capacity to absorb water. Therefore, maintaining gas temperatures within
an optimal range is critical.

From the contactor tower,the dried gas exits through the top, while the water-rich glycol is routed
from the bottom to the reboiler for regeneration. he rich glycol may pass through a flash tank, where a
portion of the absorbed gas flashes off at reduced pressures, typically 40 – 100 psig, before entering
the reboiler. Flash tanks can recover up to 90% of the absorbed gas [44], which may then be reused,
vented, or flared.

In the reboiler, water is boiled off from the glycol. Because water boils at 212 ◦F and TEG begins
to degrade at approximately 440 ◦F (with a boiling point near 550 ◦F), the reboiler typically operates
between 212 ◦F and 400 ◦F to balance effective water removal with glycol preservation. The resulting
steam, together with residual absorbed gas components such as CH4, exits through the still column
above the reboiler.

To improve efficiency, a heat exchanger is used to transfer heat from the hot, regenerated lean
glycol to the cooler, rich glycol. This process conserves energy and lowers the temperature of the lean
glycol to better match the inlet wet gas stream, thereby reducing foaming and minimizing glycol losses
through entrainment in the gas phase. Simultaneously, it raises the temperature of the rich glycol,
decreasing the energy required in the reboiler to boil off water from the glycol. Ideally, the temperature
difference between the contactor inlet gas and the lean glycol should be maintained within 10 – 15 ◦F
to minimize glycol losses and prevent the formation of liquid hydrocarbons, which can impair the
dehydration process.

Glycol pumps provide the pressure needed to return lean glycol to the top of the contactor. In
gas-assisted pumps, a portion of the wet gas is used to drive the pump piston. The assist gas mixes
with the rich glycol and flashes off in the flash tank as the pressure is reduced or is boiled off with the
steam during glycol regeneration.
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Finally, stripping gas, commonly sourced from a NG stream, can be injected into the reboiler
to enhance the removal of water from the glycol at reduced temperatures. Stripping gas reduces
the partial pressure of water vapor in the reboiler’s vapor space. By lowering the mole fraction
of water in the vapor phase, it reduces the partial pressure of water vapor (Dalton’s law of partial
pressures) [45,46], which enhances water removal even at lower temperatures [47,48]. This technique
enables achieving lean-glycol purities of up to 99.95% at typical reboiler temperatures [47,49]. In
contrast, systems without stripping gas achieve a purity of up to 98.8% [48]. The injected gas is
released, along with other emissions, through the still column with the steam during regeneration.

2.3. ProMax Simulation Setup

ProMax is a process simulation software tool used to model and optimize processes in gas
processing, refining, and chemical facilities [50]. It integrates different equations of state, such as
the Peng-Robinson and Soave-Redlich-Kwong (SRK) equations of state, to understand gas behavior
under different operating conditions [51]. ProMax, as a modeling tool, allows users to model different
processes, but also has predesigned common processes such as the amine tool for removal of acid
gases from NG and the dehydration tool for the NG dehydration process. The dehydration tool with
the Peng-Robinson environment was used in this study to examine the absorption behavior of gas
species [52] in TEG. ProMax simulation results were used to examine the mass transfer of NG species
and the volumetric distribution of gas across the dehydrator outlet streams, namely the dry gas, flash
tank vapor, and still vent stream. This understanding facilitate modeling of dehydrator emissions from
two primary points: (1) the flash tank, if present, and (2) the still column (vent) [53].

To set up the simulations, the ProMax Scenario Tool [54] was used to define and systematically
vary three parameters that primarily influence gas absorption behavior: glycol circulation ratio, wet
gas pressure, and temperature. The circulation ratio ranged from 1 to 7 gal/lb of water removed, in 0.5
intervals. Each circulation ratio was simulated at three wet gas temperatures, (77◦F, 95◦F, and 122◦F),
and for three wet gas pressures (400 psia, 800 psia, and 1200 psia). This full factorial combination
resulted in 117 distinct simulation scenarios (13 circulation ratios × 3 temperatures × 3 pressures). Each
combination of these variables constituted a unique simulation case. Lean glycol temperature at the
contactor was maintained 10◦F above the inlet wet natural gas while glycol regeneration in the reboiler
was maintained at 400◦F to remain below the TEG degradation threshold of 440◦F and above the 212◦F
water boiling temperature. The wet gas was assumed to be water-saturated, with its composition given
in Table 1. This setup ensured uniform coverage of operational variability and allowed for reliable
polynomial regression fitting across all pressure-temperature-flow conditions.

Table 1. Mole fraction composition (%) of the inlet wet gas stream

CH4 C2H6 C3H8 i-C4 n-C4
i-C5 n-C5 n-C6 n-C7 C8 C9 N2 CO2 H2S

68.978 11.654 5.694 0.823 1.916 0.441 0.423 0.508 1.183 0.592 0.197 5.668 1.907 0.015

Methane (C1) and ethane (C2) absorption mass flow rates were plotted to examine their mass
transfer behavior in TEG under varying inlet gas temperatures, pressures, and glycol circulation
ratios. The gas flow rate was maintained at 0.5 million standard cubic feet per day (MMscfd) across all
simulations. C1 and C2 were selected for detailed curve fitting because C1 is the primary greenhouse
gas of concern, and C2 plays a key role in distinguishing anthropogenic from biogenic emission sources
in top-down approaches [55–58].

C1 and C2 absorption rates were calculated as:

Absorption Rate =

(
Inlet Mass Flow Rate − Outlet Mass Flow Rate

Inlet Mass Flow Rate

)
× 100 (1)
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This approach was extended to all other gas species by running equivalent ProMax simulations
while systematically varying process conditions. For each case, the gas total mass flow rates and
species mass fractions were recorded for four primary streams: inlet wet gas, dry gas (post-contactor),
flash tank vapor, and still vent. These data enabled the tracking of species-specific absorption in TEG
at the contactor and quantification of emissions from the flash tank and still column. At each set of
simulation parameters, the absorption or emission rate of the species at a given process stage was
calculated using the generalized expression in equation (2), which extends the formulation introduced
in equation (1) by relating the mass flow rate of outlet streams to that of the inlet wet gas.

Ri,s =
ṁi,s

ṁi,wet
× 100 (2)

where:

• Ri,s is the transfer ratio (%) of species i at stage s,
• ṁi,s is the mass flow rate of species i at stage s,
• ṁi,wet is the mass flow rate of species i in the wet gas stream (inlet),
• s ∈ {dry gas, flash tank, still vent} represents the dry gas (contactor outlet), flash tank, or still

vent streams.

Each transfer ratio calculated using Equation (2) represents the fraction of a given species from
the inlet wet gas stream that appears in a specific outlet stream (dry gas, flash tank, or still vent) for
each simulation parameter set, thereby supporting a mass balance assessment across the dehydration
process.

2.4. Effects of Flow Rate on Methane Absorption

While Equation (2) considers circulation ratio, temperature, and pressure as the primary variables,
the influence of gas flow rate on species absorption was also evaluated. To this end, a set of ProMax
simulations were conducted to determine whether changes in gas flow rate affects C1 absorption
rates, while keeping all other parameters constant, i.e., pressure, temperature, and glycol circulation
ratio. This assessment informs the dehydrator model design assumption: absorption behavior is flow-
independent. The analysis was conducted by running ProMax simulations under matched operating
conditions, using a fixed gas flow rate of 0.5 MMscfd and a set of 36 randomly selected flow rate
variables ranging from 2.9 to 17.5 MMscfd. For each scenario, the inlet and outlet C1 mass flow rates
were recorded, and the absorption rates were computed using Equation (1).

2.5. Regression Modeling
2.5.1. Species Regression Models

Second-order polynomial regression (PR) models were fitted to the stage transfer ratios calculated
from equation (2), using 70% of the simulation parameter sets selected at random. For each species
and each dehydration outlet stage, namely, the dry gas stream, flash tank emission, and still vent, an
independent PR model given by equation (3) was developed. The remaining 30% of data was reserved
for model testing and validation.

R̂i,s = µ + β1Cgly + β2T + β3P + β4C2
gly + β5CglyT + β6CglyP + β7T2 + β8TP + β9P2 (3)

where:

• R̂i,s is the predicted stage transfer ratio (%) of species i at stage s, computed from the PR model;
• µ is the intercept, (the constant term);
• Cgly, T, and P represent the lean glycol circulation ratio, the inlet wet gas temperature, and

pressure at the contactor, respectively;
• β1 through β9 are regression coefficients fitted for species i in stage s.
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2.5.2. Outlet Fluid Flows Regression Models

ProMax simulations were conducted to evaluate how inlet wet gas is partitioned across the three
vapor-phase outlet streams of the dehydrator unit: dry gas, flash tank emissions, and still vent. A fixed
inlet gas flow rate of 1 thousand standard cubic feet per day (Mscfd), (≈ 415.7 standard cubic feet per
hour (scfh)) was used. For each simulation case, the vapor flow rates at each outlet were recorded in
scfh. The percentage fraction of each outlet stream was then computed as the ratio of the vapor outlet
flow rate to the inlet wet gas vapor flow rate, multiplied by 100:

Outlet Flow Fractions (%) =

(
Outlet Flow Rates

Inlet Wet Gas Flow Rate

)
× 100 (4)

where s refers to each outlet stream: dry gas, flash tank emissions, and still vent.
For each parameter set, absorption rates were used to develop three separate second-order PR

models corresponding to the contactor, flash tank, and still column stages. Seventy percent of the
dataset, randomly selected, was used for model training, while the remaining thirty percent was
reserved for model testing to evaluate out-of-sample predictive performance.

The generated PR model uses three operational parameters: glycol circulation ratio (Cgly), wet
gas temperature (T), and wet gas pressure (P). The input terms used in the regression model are:

Terms = [1, Cgly, T, P, C2
gly, CglyT, CglyP, T2, TP, P2]

For each outlet stream s, the flow fraction is computed as:

Fractions =
1

100

10

∑
j=1

αs,j · termj (5)

where αs,j are the fitted polynomial coefficients for outlet s (dry gas, flash tank, or still vent), and termj

are the evaluated polynomial terms based on the current operating conditions.
The sum of the three outlet fractions is expected to equal to one. This data-driven approach

enables the model to dynamically estimate dry gas flow (sales gas), flash tank emissions and still vent
releases from the dehydrator unit under varying real world operating conditions.

2.6. MAES - Dehydrator Model Integration

The dehydrator model is designed to model emissions mechanistically as described in section A
of the supplementary information (SI). Similar to traditional MAES models, mechanistic models
require three critical input files: site-specific operational data, preprocessed gas composition files, and
a site configuration schematic. The operational data captures site throughput and equipment-level
details, including state transition probabilities where applicable. Gas composition files are tailored
to each facility and generated in advance to enhance simulation efficiency. The gas composition files
reflect how gas properties evolve as the gas flows through interconnected equipment, accounting for
changes in downstream conditions such as temperature and pressure. Site configuration schematics
illustrate the flow of fluid between the equipment. These inputs enable MAES to simulate emissions
dynamically and accurately along the process stream. The dehydrator model input parameters are
described in the SI, section B. The model calculates gas composition at each dehydrator outlet using
the species-specific absorption or emission rates from Equation (3) and the overall outlet flow fractions
from Equation (5).

For each outlet stream s (i.e., dry gas, flash tank, still vent) and species i, the outlet mass concen-
tration is computed as:

Outlet Mass Fractions,i =
As,i · xi

fs
(6)

where
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• As,i: absorption or emission rate for species i in outlet stream s, expressed as a dimensionless
fraction;

• xi: mass concentration of species i in the inlet gas stream, in units of kg/scf;
• fs: volumetric flow fraction of the inlet gas that exits through outlet stream s, also dimensionless.

This equation calculates the normalized mass of species i per unit volume of outlet stream s
(in kg/scf), accounting for the portion of each species directed to outlet s and the corresponding
fraction of the total inlet gas volume discharged through that stream.

Outlet Gas Streams from the Dehydrator Model

The glycol dehydrator model simulates multiple outlet gas streams, as illustrated in Figure 2 and
as described below. The stream names in parentheses correspond to the designated flow identifiers
within the MAES framework. The first three streams arise from the contactor tower, where the wet gas
interacts with TEG and Equation (5) is applied to calculate them:

i Dry Gas (gas_sales): The dehydrated methane-rich gas that exits the contactor tower and is
sent to gas sales. This is the primary product stream and excludes any volume used to power
gas-assisted glycol pumps.

ii Flash Tank Flashes (flash_tank_flashes): Hydrocarbons released from the rich glycol stream
due to depressurization in the flash tank. This stream captures emissions separated from the
glycol after leaving the contactor.

iii Still Vent Emissions (still_vent_emissions): Hydrocarbons absorbed alongside water vapor
in the contactor and later released from the still column during glycol regeneration as the rich
glycol is heated and water is boiled off.

Additional emission streams are incorporated based on auxiliary processes and control configura-
tions:

iv Glycol Pump Flash Tank Emissions (glycol_pump_flash_tank_emissions): Emissions from
gas-assisted glycol pumps, routed to the flash tank if one is present.

v Glycol Pump Still Vent Emissions (glycol_pump_still_vent_emissions): If no flash tank is
installed, the gas-assisted pump emissions are redirected to the still vent.

vi Stripping Gas Emissions (stripping_gas_emissions): Emissions from any stripping gas intro-
duced during glycol regeneration and vented through the still column with the steam.

Figure 2. Schematic of a dehydrator unit showing primary outflows of the model. The flash tank and still vent
represent the main emission points in the dehydration process, excluding fugitive leaks.

If emission control devices are connected to the flash tank, still vent, or both, the model reroutes
the corresponding outlet flows to the appropriate control devices. Flash tank vapors, for instance, may
be reused as reboiler fuel [59]. In such cases, since the model does not simulate emissions from reboiler
fuel consumption, these flows are routed to flares, where specified destruction efficiencies are applied
to estimate the resulting emissions.
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2.7. Model Validation

To validate the performance of the PR models, 30% of the dataset, reserved during the training
phase, was used for testing. This validation applied to both the species absorption models (3) and the
outlet flow fraction models (5). Model accuracy was evaluated by calculating the RMSE between the
PR model predictions and the corresponding ProMax results.

3. Results and Discussion
3.1. Absorption Curve Fits

Understanding NG species absorption rates, particularly for C1 and C2, is essential because the
gas absorbed by TEG is ultimately released during glycol regeneration. The absorbed gas serves as
a direct source of emissions, occurring at the flash tank, the still vent, or both. Therefore, accurately
modeling absorption behavior under varying pressures, temperatures, and glycol circulation ratios is
critical to predicting dehydrator emissions in MAES.

(a) C1 absorption rate at 400 psia. (b) C2 absorption rate at 400 psia.

Figure 3. Simulated absorption rates of (a) C1 and (b) C2 in TEG at 400 psia across three operating temperatures
(77 ◦F, 95 ◦F, and 122 ◦F). Absorption increases with glycol circulation ratio and temperature, with C2 consistently
exhibiting higher solubility than C1.

(a) C1 absorption rate at 800 psia. (b) C2 absorption rate at 800 psia.

Figure 4. Simulated absorption rates of (a) C1 and (b) C2 in TEG at 800 psia. At this intermediate pressure,
C1 absorption increases with temperature and circulation ratio, whereas C2 absorption decreases. Across all
operating conditions, C2 remains substantially more soluble than C1.
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(a) C1 absorption rate at 1200 psia. (b) C2 absorption rate at 1200 psia.

Figure 5. Simulated absorption behavior of (a) C1 and (a) C2 in TEG at 1200 psia. At this elevated pressure,
C1 absorption increases under all conditions, whereas C2 absorption decreases. C2 remains considerably more
soluble than C1, representing the upper bound of absorption behavior modeled in MAES.

3.2. Effects of Flow Rate on Methane Absorption Rate

Figure 6 shows that when all other simulation parameters are held constant, changes in inlet gas
flow rate have a negligible effect on the absorption rate. The perfect correlation (R² = 1.0) confirms that
C1 absorption is independent of inlet gas volumetric flow rate, supporting the model’s assumption
that flow rate does not significantly influence absorption.

Figure 6. Effect of flow rate on C1 absorption rate. Gas flow rates, (i), were varied from 2.9 to 17.5 MMscfd, with a
fixed baseline case at 0.5 MMscfd as described in sub-section 2.4.

Therefore, absorption behavior is driven primarily by thermodynamic conditions (pressure and
temperature) and solvent interaction (circulation rate and contact time), rather. Under the assumptions
used in these ProMax simulations, the absorber operates under steady-state conditions with sufficient
residence time, represented by three ideal absorber stages which conceptually represent equilibrium
contact points between the wet gas and lean glycol within the contactor, a value selected based
on standard guidance from Gas Processors Suppliers Association (GPSA) [60] for trayed or packed
columns in the absence of site-specific contactor details.
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3.3. Polynomial Regression (PR) Models Validation

Performance of the second-order PR models in the MAES dehydrator model was evaluated by
comparing predicted absorption and emission rates with ProMax simulation outputs. The focus was on
the outlet flow fractions and species-level behavior across the three primary dehydrator components:
the contactor tower, flash tank, and still vent. Species validation was performed for light hydrocarbons
(C1-C5), heavier species (C6-C9), and inorganics (H2S, CO2, and N2).

As shown in Tables 2 and 3, the resulting RMSE values are consistently low, confirming the
model’s ability to capture the non-linear absorption and emission behavior across a wide range of
operating conditions.

Table 2. RMSE values for light hydrocarbons (C1 to NC5) across dehydrator components

Stage C1 C2 C3 IC4 NC4 IC5 NC5

Contactor 0.00091 0.00215 0.00455 0.00749 0.01138 0.02257 0.02935
Flash
Tank 0.00097 0.00239 0.00371 0.00406 0.00527 0.00539 0.00589

Still Vent 0.00027 0.00231 0.00572 0.00859 0.01281 0.02157 0.02560

Table 3. RMSE values for heavier hydrocarbons and inorganics (C6 to N2)

Stage C6 C7 C8 C9 H2S CO2 N2

Contactor 0.08505 0.33100 1.10766 3.79135 0.02016 0.00514 0.00035
Flash
Tank 0.00643 0.01000 0.01515 0.02205 0.01521 0.00772 0.00035

Still Vent 0.05813 0.12121 0.27333 0.66913 0.02213 0.00631 1.91E-05

The fitted equations were applied to generate facility-specific gas composition (GC) files that
describe species-level absorption at the contactor and emissions at the flash tank and still vent. These
pre-processed GC files are input into MAES, improving computational efficiency by eliminating the
need for real-time species calculations during simulation runs.

The outlet flow fractions were similarly modeled using pressure, temperature, and glycol cir-
culation ratio, and the PR models in equation (5) validated against ProMax output. Table 4 shows
that these outflow models also achieve low RMSE values, further supporting their use in the MAES
framework.

Table 4. RMSE values for outlet fluid flows (gas sales, flash tank emissions, and still vent emissions)

Model Outlet Flows RMSE

Dry gas fraction 0.002273
Flash tank fraction 0.001411
Still vent fraction 0.002056

To ensure physical consistency, if any of the three primary calculated outlet stream fractions,
fs, from equation (5) are negative, an outcome that may occur under extreme operating conditions,
default average values from Table 5 are substituted. These default values are computed as the mean
fractions obtained from the ProMax simulation dataset used to generate the polynomial regression
models (5).
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Table 5. Average outlet stream fractions from ProMax simulations

Outlet Stream Fraction

Dry Gas 0.9995568
Flash Tank 0.0002856
Still Vent 0.0001450

This scenario may arise when operating conditions, e.g., the circulation ratio, fall outside the range
for which the model was trained. Since the dry gas fraction is just below 1, and the flash tank and still
vent fractions are small positive values, the PR model may slightly overestimate the dry gas fraction
(i.e., ≥ 1) and underestimate the others (i.e., < 0), particularly the still vent fraction. These deviations
reflect extrapolation beyond the model’s calibrated domain and are corrected by substituting with the
average values. This ensures mass balance consistency.

3.4. Model Application

The dehydrator model was first applied in the AMI 2024 Project [61], where MAES was used
to simulate measurement-informed inventories for midstream O&G facilities in the Appalachian
Basin. For the scope of this paper, the model was deployed at sites operating TEG dehydrators to
evaluate its performance under real-world field conditions. This application marked the model’s
first large-scale use in an operational inventory setting and enabled direct comparison with reported
emissions data. Importantly, it expanded MAES’s capabilities to simulate emissions arising from key
dehydrator processes, including absorption of gas species into glycol, emissions resulting from the use
of gas-assisted pumps, and the injection of stripping gas during glycol regeneration. This allowed for
a more comprehensive assessment of dehydrator contributions to total site CH4 emissions.Figure 7
compares reported and simulated emissions for three midstream sites in the basin [62]: (a) with and (b)
without the gas pump dehydrator model.

Figure 7. Comparison of reported and MAES-simulated CH4 emissions for three midstream facilities under two
modeling scenarios: (a) MAES dehydrator model neglecting gas-assisted pump emissions, and (b) the model
with gas-assisted pump emissions included, explicitly highlighting hatched dehydrator emissions. Each subplot
displays reported emissions (gray bars) alongside simulated emissions (orange bars) for each site.
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In subplot 7(a), MAES significantly underestimates site-level CH4 emissions due to neglecting
gas pump emissions. Once the neglected emissions were incorporated, as shown in subplot 7(b),
simulated emissions more closely aligned with reported values across all three facilities. In panel (b),
the simulated bars are further decomposed using hatched patterns to represent emissions from the
dehydrator unit, with a white-hatched overlay indicating the portion attributable to gas-assisted glycol
pump operations. The black-hatched portions of the reported bars represent total dehydrator emissions,
which include both gas-assisted pump emissions and emissions from gas absorbed in the contactor
tower. The results underscore the significant impact of incorporating a fully characterized dehydrator
model into MAES for emissions modeling, particularly at facilities equipped with gas-assisted glycol
pumps.

In subplot 7(b), MAES-simulated methane emissions were consistently lower than reported
values across all three midstream sites, largely due to differences in modeling approaches. While
reported emissions rely on static estimates based on wellhead gas compositions, the MAES framework
dynamically simulates gas behavior as it flows through interconnected equipment, capturing changes
in composition along the process stream. Moreover, unusually high glycol circulation ratios also
influenced significant discrepancies at the sites, that is, 18.3, 31.5, and 71.6 gal/lb of water removed
for sites 1, 2, and 3 respectively; well above both EPA’s recommended 3–5 gal/lb range [63] and the
model’s calibrated range of 1–7 gal/lb. These ratios suggest the presence of oversized glycol pumps,
potentially due to declining production over the years.

Contribution of Glycol Pumps to Dehydrator Emissions

Operational site data from the AMI 2024 Project revealed that out of 174 modeled dehydrator units
across five study partners, 54 units (31.0%) used gas-assisted glycol pumps [62]. Among these, 6 units
(11.1%) had uncontrolled flash tanks, and 22 units (40.7%) were identified as potentially oversized, an
issue that amplifies emissions. Oversizing is primarily a legacy design issue; pumps were originally
sized to handle peak production rates, but as throughput declined over time, these higher-capacity
pumps remained in place. This has resulted in circulation ratios well above the EPA-recommended
3–5 gal/lb range [63], with some facilities exceeding 80 gal/lb due to pump designs that require a
minimum circulation rate [64]. These high circulation rates increase CH4 absorption and enhance
the uptake of more soluble aromatic hydrocarbons, such as benzene, toluene, ethylbenzene, and
xylene (BTEX) compounds, into the glycol, which are subsequently released during regeneration.
Oversized pumps exacerbate this issue by maintaining unnecessarily high circulation rates, requiring
additional gas to operate, and thereby compounding total emissions. As shown in section C of the SI,
for the six units with uncontrolled flash tanks, 90.25% of total dehydrator emissions were attributed
to gas-assisted glycol pump emissions, with site-level contributions ranging from 83.2% to 92.4%.
When compared to overall site emissions, pump-related emissions accounted for an average of 63.1%,
underscoring a key opportunity for targeted CH4 mitigation.

These findings highlight two important insights:

1. Replacing gas-assisted pumps with instrument-air or electric-driven pumps could immediately
eliminate a major source of dehydrator emissions.

2. Implementing emission control devices on flash tanks and still vent columns, or reusing the
flashed gas, can potentially reduce overall site emissions by 63%.

3.5. Model Limitations

The current dehydrator model, while effective for simulating steady-state emissions, is subject
to some limitations. First, it does not capture failure modes or upset conditions, such as gas-assisted
pump malfunctions, that can to significantly impact emissions. For example, during the 2024 AMI
campaign, a dehydrator failure event was observed emitting 138 kg/hr [62], highlighting the influence
of rare upset events on total emissions. This is equivalent to a failure rate of 0.00143678 based on
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quarterly scans on 174 dehydrator units over four quarters. Additional data are needed to incorporate
these failure rates into the model to more accurately represent dehydrator malfunction emissions.

The model was calibrated using ProMax-generated data and operates within a validated glycol
circulation range of 1–7 gal/lb of water removed. Facilities with operating conditions outside this
range, may exhibit model extrapolation errors. In addition, because the model relies exclusively on
ProMax simulations for calibration, any biases or simplifications inherent in ProMax could propagate
into the model’s predictions.

The model also omits emissions from fuel combustion in the reboiler, a non-trivial source of CO2,
as well as potential CH4 slip. Future development should incorporate this feature to capture additional
emission sources from dehydrator units and improve understanding of their overall contribution.

4. Conclusions
This study developed and validated a mechanistic, facility-specific model for estimating methane

and hydrocarbon emissions from TEG dehydration units in midstream O&G operations. The MAES
dehydrator model integrates species-level absorption and emission regressions, state-machine logic,
and detailed flash and still vent modeling to simulate emissions under realistic operating conditions.

ProMax simulations further demonstrated that methane and ethane absorption rates are inde-
pendent of gas throughput, as it serves only as a scaling factor for total absorbed mass. While higher
throughput increases the absolute quantity of gas absorbed, the absorption rate for each species
remains unchanged under the same pressure, temperature, and glycol circulation conditions. This
validates the use of flow-independent polynomial regression models. The interaction of the wet inlet
gas with lean glycol at the contactor tower results in an average dry gas fraction of 0.9995568 exiting
the top of the tower, with corresponding average fractions of 0.0002856 at the flash tank and 0.0001450
at the still column. The flash tank and still vent fractions represent the primary sources of dehydrator
emissions in the absence of gas pumps and stripping gas, and contribute directly to CH4 release if not
routed to appropriate control devices.

When applied to midstream facilities in the 2024 AMI project, the model closely aligned with
reported emissions and provided critical source-level insights. Gas-assisted glycol pumps were
confirmed as the dominant contributor, accounting for 90.25% of total dehydrator-related emissions
and 63.10% of total site-level emissions under uncontrolled conditions. The analysis also revealed that
40.7% of the gas-assisted pumps were significantly over-sized, resulting in circulation ratios far above
the EPA-recommended 3–5 gallons per pound (gal/lb), with some facilities operating above 80 gal/lb.
These elevated circulation rates result in excessive absorption of methane and BTEX compounds into
the glycol, which are subsequently released during regeneration, providing little to no additional
reduction in the water content of the dry gas.

Limitations include the lack of modeling for upset conditions, the restricted circulation ratio
range, reliance solely on ProMax simulations, and the omission of fuel combustion emissions from
the reboiler. However, by using pre-fitted species regressions and enabling scalable simulation across
multiple sites, this model addresses the transparency, accuracy, and reproducibility gaps in existing
tools.

Future work will focus on incorporating failure modes, refining fuel-use estimates, expanding
the circulation ratio range in ProMax simulations to enable new PR model fits, and investigating the
impact of glycol purity on absorption rates.

Supplementary Materials: The following supporting information can be downloaded at the website of this paper
posted on Preprints.org.
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Appendix A. Dehy Model State-Machine Architecture
The MAES dehydrator model was modeled to estimate emissions mechanistically, whereby

emissions depend on the state of the dehydrator unit and the rate of fluid flow coming from the
upstream equipment. In this simplified illustration (Figure A1), the dehydrator is modeled as always
operating, representing a baseline scenario for dehydrator emissions modeling. A failure state has not
yet been incorporated, as this model represents an initial stage of development. However, as field data
on dehydrator performance and malfunctions become available, future iterations will integrate failure
modes to capture dynamic operational variability.

Figure A1. Mechanistic dehydrator model represented in a persistent Operating state.
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Appendix B. Dehy Model Input Parameters

Table A1. Description of Dehydrator Model Input Parameters

Column Description

Facility ID
Unique numerical identifier for the facility where the dehydrator unit is
located.

Unit ID
Name or tag used to identify the specific dehydrator unit within the
facility.

Flash Tank
Boolean (TRUE/FALSE) indicating whether a flash tank is installed in the
system.

Operating Hours
Number of hours the dehydrator operates annually (e.g., 8760 for
continuous operation).

Glycol Pump
Type of pump used to circulate glycol (Instrument Air, Electric, or
Gas-Assist), which influences pump-related emissions.

Lean Glycol Circulation Ratio
Ratio of lean glycol volume to water removed, in gal/lb, which affects
absorption efficiency.

Lean Glycol Circulation Rate Flow rate of lean glycol into the contactor, measured in gpm.
Wet Gas Temperature Temperature of the wet gas entering the contactor, in ◦F.
Wet Gas Pressure Pressure of the wet gas entering the contactor, in psia.

Wet Gas Flow Rate
Volumetric flow rate of the wet gas stream entering the contactor, in
Mscfd.

Glycol Type Type of glycol used in the unit (e.g., TEG).

Model ID
Name of the JSON configuration file that defines the structure and
behavior of the dehydrator model within MAES.

Tank Flash Controlled Flag
Boolean indicating whether flash tank emissions are routed to an
emissions control device.

Still Vent Controlled Flag
Boolean indicating whether still vent emissions are routed to control
equipment such as a flare or VRUs.

Stripping Gas Flow Rate
Flow rate of stripping gas used during glycol regeneration, measured in
scfm.

Glycol Pump Injection Ratio
Ratio of gas volume (in scfm) used to drive gas-assisted glycol pumps
per unit of lean glycol flow (in gpm); typically set to zero for air- or
electric-driven pumps.

Appendix C. Glycol Pump Emissions

Figure A2. Summary of simulated methane emissions from six dehydrator units with uncontrolled flash tanks,
showing contributions from gas-assisted glycol pumps to total dehydrator and site-level emissions.
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