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SI-1 NON-PC CONTAINING PNEUMATIC SYSTEMS

Multiple pneumatic systems (PSs) were identified that did not have an associated pneumatic
controller. These systems use electronic signals and solenoid switches to activate the final
control element in lieu of a gas driven PC pilot. Figure SI-1 shows multiple examples of PC
containing PSs (SI-1a) and non-PC containing PSs (SI-1b) that are typically found at ONG
production facilities. Sl-1a has two typical PC-containing PSs: Kimray 212 SGT-BP (centered
and painted in red) and Fisher 4660 (located on the left in the grey housing). Figure SI-1b shows
an example of a common non-PC containing PS that includes an ASCO electronic solenoid valve
and the associated Kimray valve actuator. PSs can be complex with multiple PCs and electric
solenoids used in series with multiple actuator valves to provide additional process control and

these are referred to as ‘Hybrid” PSs.

Figure SI-1: 1a — (left) shows two traditional PCs (Kimray 212 SGT and Fisher 4660).
1b — (right) shows an example of an electronic-signal based PS (Asco “Red-hat”

electronic solenoid and associated Kimray actuator valve).

A total of 59 non-PC containing PSs were identified and an additional 32 hybrid PSs that
included both electronic signal-based solenoids and PC pilots were identified. Of the 59 non-PC

containing PSs, 76.7% (46) were located on wellheads, 16.7% (10) were located on combustors,
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5% (3) were identified on separators and 1.7% (1) was located on a liquid knockout tank. Nearly
every wellhead had an electronic signal-based PS equipped with varying degrees of complexity.
Common brands of these electronically-signaled systems found on the wellheads included Versa,
ASCO, Ferguson Beauregard, PCS and Winn Marian. Although the electronically-signaled
systems were found on nearly every wellhead, they were much less prevalent on combustors

with only a subset of combustors surveyed having these non-PC containing setups.

The electronic solenoid valves which control the flow of motive gas to the actuator can be setup
to either, intermittently vent motive gas during activation or provide no vent process control.

Due to uncertainty in identifying the vent type of each electronically-signaled PSs an OGI survey
was conducted to determine if emissions were present and whether the emissions were
continuous or intermittent. The OGI survey identified five of the 59 electronically-signaled PSs
as having emissions with one having emissions visible in auto imaging mode and the other four
only visible using high sensitivity OGI. One of the PSs had observed intermittent emissions
detected from the actuator and not the solenoid pilot valve while four others were continuously
emitting from the solenoid pilot. Because these PSs are designed to either bleed intermittently or
not at all, any non-PC containing system with continuous emissions was defined as experiencing
a maintenance issue (MI). Overall, the electronically-signaled PSs had an 8.3% (5 of 60) M rate.
None of these emissions from the electronic signal-based automation systems were measured
using the augmented HVS sampling protocol. Although electronically-signaled PSs lack PCs as a
component within the system, the results of the OGI survey indicate that these unique
automation-based systems do have the potential to experience Mls which cause them to emit
above their designed emission rates. Furthermore, to ensure a PS is operating as designed, each
component within the PS system should be inspected for potential excess emissions including the

controlling solenoid, actuator and associated tubing and connectors.

There were 32 total hybrid type PSs that included at least one PC and one electronically-signaled
controller (i.e. solenoid valve) located in the pneumatic chain. All 32 of these hybrid pneumatic
chains were found on separators and were a part of either a Fisher 4660 pneumatic system or a
Wellmark liquid level pneumatic system. These hybrid setups are dual purpose with the Fisher



4660 PC pilot providing process control and the solenoid pilot used for automation-based control
of the separator. One facility that was surveyed utilized an innovative setup that converted each
pressure sensing and liquid level controlling PC system into hybrid PSs. This setup was designed
to provide advanced production control and may become more widespread in future production
facility designs or retrofitted to older facilities. If these hybrid systems become more common
place it will be important for maintenance personnel to be able to identify all potential emission
points associated with both the traditional PC pilots and automation-based solenoid valves when

screening for emissions.

SI-2: PC SURVEY CLASSIFICATIONS

A total of 556 unique PC-containing pneumatic systems were surveyed as a part of the PC
information gathering protocol. These 556 PC systems were classified by their functions and
their applications which include: depressurization type, actuation service type, equipment

application, sensed process variable, PC system type and motive gas type.

SI-2.1: PC Survey Classifications: Depressurization Type

IPC was the most prominent depressurization type with 84% (468) of PCs designed as IPCs and
16% (88) designed as CPCs (Figure SlI-2a). Previous studies and national emissions inventories
have identified a substantial increase in the use of IPCs as a portion of the PC universe. The
results of this study support those observations, made in other ONG basins, that IPCs have
become the dominate depressurization type implemented at ONG production facilities.

SI-2.2: PC Survey Classifications: Actuation Service Type

The most common PC actuation service type was snap acting (i.e. on/off actuation service) with
71.0% (395) and 29.0% (161) providing throttling actuation service type (Figure SI-2c). The



most common throttling PC types were back pressure regulating PCs (e.g. Kimray 212 SGT BP).
It was discovered that a very common PC pilot (Fisher 4660) had been described by operators as
both snap acting and throttling as a primary service. However, the manufacturer stated that the
Fisher 4660 primary service type is snap acting. This confusion regarding primary service types
exemplifies the need of increased manufacturer-to-operator knowledge transfer on PCs
operations and how actuation service type classifications impact the emission profile especially

during actuation events.

SI-2.3: PC Survey Classifications: Equipment Application Type

PCs are found on nearly every type of equipment at an ONG production facility due to the
process control they provide. Separators were the most common equipment type to utilize PCs
(87.1%; 484 of 556) followed by combustors (5.0%; 28 of 556), compressors/vapor recovery
units (4.7%; 26 of 556) and tanks/liquid knock-out vessels (3.2%; 18 of 556) (Figure SI-2Db).
Separators are the most common equipment type because of the multiple different process
controls required including temperature, pressure and liquid level. Even a simple single-stage
separator has at least 4 PCs with one thermostat PC (commonly a Kimray T12), two liquid level
controllers (commonly Wellmark 7400) and one pressure controller (commonly a Fisher 4660).
More complex separators, including dual High-Low Pressure (HLP) separators, have higher

numbers of pneumatics, with six or more PCs on a single unit.

The second most common equipment utilizing PCs was combustors. Contrary to a separator,
combustors do not require a PC system to operate. Several facilities had multiple combustors
with only a subset of the combustors having a PC system equipped. The typical combustor with a
PC setup included a Cimmaron manufactured combustor with a GEMS sensor control PC unit.
These GEMS sensor controllers are a part of the burner management system and were typically

found on combustors that worked intermittently based on production needs.

PCs were also identified on two main types of compressors including vapor recovery units
(VRUs) and gas lift compressor. The compressor units were not widely implemented at the

facilities surveyed with only 21.9% (7) of surveyed facilities having compressors. Compressor



units themselves had a significant number of PCs for each unit, with VRUs averaging 3 PCs per
unit and the one gas lift compressor engine having 5 PCs equipped. Additionally, the PCs
equipped on the compressors were sometimes hard to identify and the PC make and models were

not as consistent as those found on other standard process equipment.

The last equipment group that had a significant number of PCs equipped was the oil and
produced water storage tanks and liquid knockout tanks. For more complex facilities the liquid
knockouts were typically equipped with a liquid level type PC which would remove the need for
manual liquid dumps. Of all the PCs equipped on liquid vessels (15), eleven of them were liquid
level control types equipped on liquid knockout tanks. This distribution of tank-based PCs can
change significantly across different production basins. For example, Thoma et al., 2017 focused
on the Uintah ONG production basin and they identified at least one PC per tank to control the
tank heaters which were necessitated by the unique waxy properties of the produced oil.
However, in the DJ Basin, tanks do not require heaters which makes tank-equipped PCs much
less common in the DJ Basin with only 4 PCs found on oil and produced water storage tanks out
of the 125 oil and 54 produced water tanks surveyed. These standard design differences between
basins underscores the importance of operational differences and how they effect that basin’s

specific PC universe.

SI-2.4: PC Survey Classifications: Sensed Process Variable

The most common sensed process variable was liquid level (42.6%) followed closely by pressure
(37.8%), then temperature (18.9%), and differential pressure (0.5%) (Figure SI-2d). Liquid level
type controllers were the most common because each separator requires at least two liquid level
PCs in the simplest designs and have three or more liquid level PCs for HLP separators. The
most common type of liquid level PCs were Wellmark cantilever (7400 and 6900) type liquid
level controllers. Pressure was the second most common sensed variable. Common types of
pressure sensing PCs include: Fisher 4660 pressure regulating and Kimray 212 SGT back
pressure regulating PCs. Temperature sensing PCs were the third most common sensed process

variable type and these were found to be, almost exclusively, Kimray T-12 thermostat type PCs



that were equipped on separator vessels. Only three differential pressure sensing PCs were
identified during the survey. Differential pressure sensing PCs were exclusively identified on 3
different VRU units. Although rare, they have a distinctly different operational purpose than a

standard pressure sensing PC system.

SI-2.5: PC Survey Classifications: PC System Type

Most PC systems can be clearly classified as either integrated systems (pilot and actuator self-
contained within one device) or pilot-actuator (pilot and actuator spatially separated). However,
there is a subset of PCs that can be setup as either depending on the process control needs. The
pilot-actuator was the most common PC system type found in the DJ Basin with 73.2% of all
PCs categorized as pilot-actuator and 26.8% categorized as integrated (Figure SlI-2e). Although
most PCs were easily identifiable as pilot-actuator (e.g. Fisher 4660) or integrated (e.g. Kimray
212 SGT BP) the Kimray T-12 were harder to identify since they could be setup as either pilot-
actuator or integrated. These PCs, when equipped on a separator, typically control the flow of
fuel gas to the separator heater. A T-12 can be setup in a pilot-actuator configuration if the T-12
controls fuel gas flow to the separator heater by way of an actuator that is physically separated
from the T-12 pilot. However, T-12s can also be setup where the supply gas to the T-12 doubles
as the fuel gas for the burner. In this case the T-12 is an integrated controller. From an integrated
T12 perspective, there is only one component to observe to determine if the system is operating
as designed (i.e. correct emission profile). In comparison, a pilot-actuator setup has multiple
emitting components that need to be assessed to confirm proper operation and emission

optimization of the PC system.

SI-2.6: PC Survey Classifications: Motive Gas Type

Overall, 93% of all PCs were driven by natural gas (NG) with only 7% driven using instrument

air (1A) (Figure SI-2f). Only one of the 31 facilities surveyed was utilizing IA as the pressurized



motive gas for most of its PCs. Although most of the PCs at the facility used 1A, there was a
subset of back pressure regulating PCs equipped on separators that utilized NG, from the pipe it
IS regulating pressure, as its motive gas. Overall, the facility had 38 IA driven PCs and 14 NG
driven PCs. This facility exemplifies the complexity when identifying which PCs can emit NG at
a facility with mixed IA and NG driven PCs. Even facilities that are designed to run PCs on 1A
can still have a subset of controllers that are NG driven based simply on their operational and

design needs.
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Figure SI-2. Distributions of PC categorizations for (a) depressurization type (b) PC

equipment type (c) service type (d) process variable (e) PC system type (f) motive gas

type

SI-3: DUPLICATE SURVEY: COMPARATIVE ANALYSIS

Duplicate OGI surveys were conducted on a subset of PCs at facility 9 with a total of 22 PCs
having undergone duplicate surveys. Facility 9 was visited in March (3/22/2018) and May
(5/24/2018) with similar weather conditions on both days: temperatures in the 70’s (Fahrenheit),
partly cloudy to clear sky cover and wind speeds varying between calm and 3-8 mph. The one
difference in the survey protocol from the first to the second OGI survey was the inclusion of
high sensitivity mode OGI in the second survey. For consistency, only emissions detected on
auto-imaging mode were used in the comparative analysis. Given the similarities in the survey
conditions a comparison of standard OGI results provides useful information on temporal
variability of emissions from this high producing facility. Of the 22 PCs surveyed, 15 PCs had no
emissions detected during both OGI surveys, 3 had emissions detected during both surveys and 4

had emissions detected during one of the two surveys.

Looking deeper into the 3 PCs with emissions detected during both OGI surveys shows that only
one IPC (PC-1D: 26) was experiencing continuous emissions indicative of a maintenance issue
during both surveys. One PC (PC-ID: 20) had intermittent emissions caused by actuation events
observed during both OGI surveys which is consistent with normal operations. The last PC (PC-
ID: 17) was an IPC and was observed to have intermittent emissions caused by actuation events
during the first survey and continuous emissions during the second survey. Since, this PC is
designed as an IPC the second survey with continuous emissions is indicative of a maintenance

issue as compared to the first survey when the PC was functioning correctly.



Looking deeper into the four PCs with emissions detected on only one of the two OGI surveys,
we found that two of the four PCs (PC-IDs: 9, 25) were classified as IPCs with continuous
emissions observed indicating MIs. The other two PCs with emissions detected included an IPC
(PC-ID: 13) that was observed to be actuating during an OGI survey representative of normal
operations and a CPC (PC-ID: 12) with continuous emissions detected during only one survey.
Its interesting that the CPC with continuous emissions observed occurred only during one OGlI
survey. Following the OGI survey with continuous emissions detected, the operator tightened the
PC’s Mizer retro-fit pilot valve making the emissions no longer detectable using OGI. This CPC
was classified as experiencing an Ml because the emissions were reduced, following the quick

fix, to a level not detectable using OGI.

The first OGI survey identified a 9.1% (2 of 22) MI rate and the second OGI survey found a
18.2% (4 of 22) Ml rate as identified using auto imaging mode OGI. Overall the spatial and
temporal changes in emission detections from this facility demonstrates OGI’s usefulness (even
in auto imaging mode) for detecting PCs with potential MI. Additionally, by having duplicate
surveys the OGI operators had prior knowledge of specific PC emission profiles. For example,
the CPC that was observed to be continuously emitting during the second survey and was not
emitting in the first survey lead the operator to attempt a quick optimization check that resulted

in dropping the emission rate below the EMDL of the OGI camera thus reducing emissions.

Emissions 1% Survey Emissions 2" Survey
PCID | detected on | Maintenance | detected on | Maintenance

15tsurvey Issue 2" survey Issue

20 X X

26 X X X X

17 X X X

13 X

9 X X

25 X X

12 X X

Table SI-1. Comparative analysis of emissions for PCs with emissions detected
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