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Understanding Basic Fundamentals of 
Leaking Interfaces for LDAR Monitoring
A wide range of components are regulated under Leak Detection and Repair (LDAR) 
programs. Regulations dictate the timeframe, frequency and method in which the 
components must be inspected. However, a complete understanding of these require-
ments is often lacking. 

By Sam Davis and Bronson Pate – RFS Compliance Solutions 

Based on data from the USA Environ-
mental Protection Agency (USEPA) 
valves are the most monitored com-
ponents in LDAR and Enhanced LDAR 
programs due to the large population 
of valves in applicable services. The dy-
namic motion of valve stems when cy-
cled can cause frequent leaks. Although 
pumps have a higher leak frequency, 
the quantity of pumps when compared 
to the valve population is generally less 
than one percent. The quantity of con-
nectors on the other hand is typically 
3 to 5 times that of the valve popula-
tion, but without moving components 
the leak rates are drastically less and 
USEPA does not require connector 
monitoring for most facilities in the 
USA. Thus, valves represent the larg-
est contribution to equipment leaks on 
a facilities Emission Inventory (EI). This 
is especially true of population lacking 
the advancements of “Certified Low 
Leaking Technology” (CLLT) and a well-
developed LDAR program.

Valves

Valves are one of the most prevalent 

components in any LDAR program. 

These mechanical devices control a 

wide range of functions within a pro-

cess unit. They come in many types, 

models, and sizes. The valve’s pur-

pose will dictate the ideal interface 

and identify potential leak ranges. 

Understanding the proper terminology 

when talking about valves is important. 

From a LDAR perspective the key terms 

referencing common monitoring loca-

tions are bonnet flange, packing gland/

follower and stem. Other valve compo-

nents include the disk and seat which 

are integral in regulating flow through 

the valve. The yoke provides the sup-

port for the handwheel, gearbox, ac-

tuator, etc. which allows an operator to 

cycle the valve. 

Image 1 and Image 2 depict the typical 
design of a wedge gate valve. The cham-
ber in which the packing or stem seal is 
inserted is commonly referred to as the 
stuffing box. The packing gland and fol-
lower are used to apply load to the top 
of the packing set causing it to expand 
radially against the stem and the bore of 
the stuffing box forming a seal.

Globe valves are designed to throttle 
flow rather than just operate in an 
open or closed position. Globe valves 
can have a reciprocating stem, similar 
to Gate valves, or a reciprocating and 
rotating stem depending on the design. 
Globe valves are another high frequen-
cy leaking component, but make up a 
smaller percentage of valve popula-
tions than Gate valves. When monitor-
ing a Globe valve, the following areas 
should be monitored per M21 or HJ733.
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Gate valves are one of the most com-
mon valves found within a facility. 
They are used for shut-off service al-
lowing users to isolate equipment or 
direct flow as needed. Relative to LDAR 
programs, Gate valves demonstrate a 
higher leak rate when compared to oth-
er valve types. This in part is due to the 
reciprocating motion of the stem which 
can consolidate packing over time. Ad-
ditionally, the stem movement can drag 
debris into the stem seal area when 
closing the valve, which can result in 
scratches on the stem or stuffing box 
creating leak pathways. Advancements 
in packing materials have offered a cost-
effective solution to help reduce leak 
rates. For problematic applications, live 
load may be used in conjunction with 
CLLT packing to further mitigate the risk 
of potential leaks. When monitoring a 
Gate valve, the following areas should 
be monitored per EPA Method 21 (M21) 
or Chinese HJ733 (HJ733).

Gate and Globe valves are categorized 
as “Multi-turn” valves which require 
multiple 360o turns of the valve operator 
to move from fully open to fully closed. 
Alternatively, valves categorized as 
“quarter turn” only take a quarter of a 
turn to open and close. These are more 
frequently found in smaller sizes where 
quick opening and easy visual identifica-
tion of position are needed. A Ball valve 
is a common example of a quarter turn 
valve. The obturator of the valve is in the 
shape of a ball with a hole in it. When 
the valve is open, the handle or lever 
will point parallel to the line (the hole is 
in line with the flow). When the valve is 
closed, the handle is perpendicular to 
the line (the solid side of the ball is in 
line with the flow). Quarter-turn valves 
have a relatively low leak frequency 
compared to muti-turn valves. Addition-
ally, the recent publishing of API 641, us-
ers can require designs vetted via type 
test by changing purchase specification 
requirement which can reduce potential 
leaks. When monitoring a Ball valve, the 
following areas should be monitored 
per M21 or HJ733.

Plug valves are another type of quar-
ter turn valve. Plug valves leak at a rate 
comparable to that of reciprocating 
valves due to features common in the 
various designs. Lubricated Plug valves 
are sealed by injecting a sealant, grease 
or injectable packing. Plugs without an 
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adjustable packing can have more diffi-
culty meeting CLLT requirements. How-
ever, plug valves with and adjustable 
packing/stuffing box have the potential 
to comply with CLLT requirements via 
design considerations and the utilization 
of API 622 compliant packing materials 
and low emission greases. When moni-
toring a Plug valve, the following areas 
should be monitored per M21 or HJ733.

Butterfly valves are rather rare in the refin-
ing industry, but their main used mainly 
for throttling the flow of gas streams. The 
operation is similar to that of a Ball valve. 
Butterfly valves are generally unibody, 

consisting of one-piece body, with a wide 
range of connection types: flanged, wa-
fer, lug, etc. The common configurations, 
wafer and lug, are mounted between two 
flanges in line with gaskets sealing each 
side. These mounting flanges should 
probably be considered as connections 
versus a part of the valve, but some fa-
cilities classify these connections as a 
monitoring location similar to the bon-
net flange of a Gate valve. Many Butter-
fly valves meet CLLT requirements with 
the use of an API 622 compliant packing. 
When monitoring a Butterfly valve, the 
following areas should be monitored per 
M21 or HJ733.

There are many other less common 
valve designs that can be encountered 
in the field when performing LDAR 
monitoring that might warrant special 
consideration such as rising stem Ball 
valves, pipeline valves, or valves with 
auxiliary connections. Valves with a 
thermal relief system with an option-
al manual body bleed, for example, 
would be considered an Open-Ended 
Line (OEL), unless this bleeder is either 
cap/plugged or routed back into pro-
cess. Examples of these types of valves 
and the monitoring locations per M21 
or HJ733 are depicted below. 

Another less common type of valve 
is a piston type sampling valve. Sam-
pling valves are used to withdraw a live 
sample from a process. The most com-
mon application in refineries is sample 
taps on the sides of storage tanks. The 
hand wheel needs roughly 8 full rota-
tions to pull the internal plunger back 
far enough to allow process to flow out 
the angled exit port. When sampling is 
completed, the plunger pushes the left-
over process material back into the line, 
thus when next used the first drop cap-
tured will be representative of current 
operations. These purge-less sampling 
valves meet the requirements for sam-
ple system flushing control per USPEA 
requirements but need to be plugged or 
double blocked to meet USEPA OEL re-
quirements. When monitoring a piston 
type sampling valve, the following areas 
should be monitored per M21 or HJ733.
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In the field there are many valve types 
that are not treated as a monitoring 
requirement under USEPA LDAR regu-
lations. Check valves are designed to 
prevent back flow within a process line 
and are often self-acting with no exter-
nal input required thus there is no stem 
seal or potential leak path. Considering 
this, most LDAR programs treat Check 
valves as connectors. Those that in-
clude Check valves under a valve clas-
sification normally include them as No 
Detectable Emissions (NDE), which is 
less than or equal to 500 ppmv, requir-
ing M21 or HJ733 only on an annual ba-
sis. When monitoring a Check valve, the 
following areas should be monitored 
per M21 or HJ733.

YOU CAN DO THAT

The Emerson logo is a trademark and a service mark of Emerson Electric Co. © 2018 Emerson Electric Co.The Emerson logo is a trademark and a service mark of Emerson Electric Co. © 2018 Emerson Electric Co.

What if you could improve  
plant safety, lower operational 
cost and eliminate maintenance 
associated with actuators 
requiring plant air, fuel gas  
or hydraulic fluids?

You can with Emerson’s RTS Series of compact, fail-safe electric actuators with 
mechanical spring based fail positioning. 

Designed to provide reliable shutdown and precise control, the RTS Series of FQ, FL, CL and CM 
electric actuators meet your mission critical shutdown and control needs while lowering your 
operational cost, downtime and mitigating risk. 

Available in multiple sizes and torque ranges consisting of fail-safe linear,quarter-turn and multi-turn 
electric actuators that use frequency controlled brushless DC motors. With the ability to independently 
adjust motor speed and fail-safe shut down-time, require no battery or recharge time, RTS explosion 
proof actuators provide operators the flexibility to meet a wide range of challenges. RTS, with integrated 
smart controls, opens up new possibilities in a wide variety of process applications requiring emergency 
shutdown and precise process control. 
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Sight Glass valves which are often 
found at the top and bottom of the level 
gauge. Sight Glass valves provide a vi-
sual indicator of the current fluid level. 
Several different configurations of this 
type of valve can be used. One com-
mon configuration is a three-port two-
way valve that in one position opens 
the vessel to the sight glass and in the 
other position opens the sight glass to 
a vent or bleed. Others can have a ball 
check on the vessel side, isolating the 
sight glass, allowing it to be drained 
and cleaned. Sight Glass valves typi-
cally have a union packing nut, and a 
union bonnet for mounting. It can be 
difficult to decide if these unions are 
bonnets or mounting connectors. With 
the variation it is also difficult to de-
termine whether a second block valve 
is enough to comply with the OEL re-

M21 or HJ733. Compressors are large 
and complex, with many potential leak 
points, which makes them very compli-
cated to monitor correctly. When moni-
toring, focus on the shaft seals or the 
enclosure around it and any penetra-
tions of the compressor body. Recip-
rocal compressors can have cylinder 
loading or un-loading valves that are 
considered part of the compressor be-
cause they are embedded in the com-
pressor cylinders and not on piping 
from the compressor. When monitor-
ing a compressor, the following areas 
should be monitored per M21 or HJ733.
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quirements. When monitoring a Sight 
Glass valve, the following areas should 
be monitored per M21 or HJ733.

While discussing all the components 
used to regulate flow, it is important 
to understand exactly where this flow 
comes from within the facility. Pumps 
and compressors create high pressure, 
which allows process flow within the 
units or tanks. Pumps move liquids, 
while compressors generally move 
gases. With these potentially high pres-
sures, sealing becomes quite compli-
cated. The shaft seal is the primary leak 
point, but all other items penetrating 
the body of the pump or compressor 
must be monitored per USPEA require-
ments. When monitoring a pump, the 
following areas should be monitored 
per M21 or HJ733.

Components types that vary the great-
est are connectors. Within LDAR pro-
grams connectors include; flanges, 
unions, threaded fittings, compression 
fittings and welds. Some regulations 
require connector monitoring, but most 
just require emission estimating for 
their EI. Flanges are normally found 
in larger and higher-pressure lines. A 
flange is attached to the pipe so that 
two sections can be bolted together 
with a gasket in-between to prevent 
leakage. This design allows the facility 
to remove sections of pipe without hav-
ing to cut. Unions are made up of male 
and female pieces, which can each be 
attached to the end of a pipe, thus pull-
ing it together in the process of tighten-
ing. Threaded fittings are usually limited 
to smaller piping and include; elbows, 
plug, caps and bushings. Tubing com-
ponents are generally compression fit-
tings that can perform well even at high 
pressures. Welds within a facility are 
exempt from M21, but with newer tech-
nologies like the IR camera some welds 
have been found to be leaking. Many of 
these leaks would not be considered a 
LDAR leak within the parameters of the 
USEPA requirements. When monitoring 
a connector, the following areas should 
be monitored per M21 or HJ733.

Pressure Relief Devices (PRDs) which 
include Pressure Relief Valves (PRVs), 
Pressure Safety Valves (PSVs) and Rup-
ture Disks (RD) are all exempt from the 
USPEA OEL requirements, as it would be 
too dangerous to plug them off. PRDs in 
gas vapor service are required to meet 
the USPEA NDE requirements and if a 
relief does take place the PRD must be 
monitored after the release is completed 
to show that it has reseated properly 
meeting the USPEA NDE requirements 
once again. RDs are a solid plate which 
is designed to rupture at a set design 
pressure. RDs are normally only used on 
batch processes, as once they rupture a 
shut-down of the process unit is required 
for replacement. When monitoring a 
PRD or Rupture Disk, the following areas 
should be monitored per M21 or HJ733.

Images 16 & 17

With so many different types of com-
ponents existing within a facility, the 
knowledge required to properly moni-
tor per M21 or HJ733 is significant. 
Without this knowledge, even with the 
advancements of seal technology and 
the development of qualification test 
such as API 624, API 622 and API 641true 
fugitive emission reduction might nev-
er be seen. Until all of the components 
within a facility are truly upgraded to 
new CLLT products, LDAR technicians 
understand every component the place 
in which they must monitor, opportu-
nities for emissions reductions will be 
missed. With proper training and un-
derstanding of each component type 
users can maximize the effectiveness 
of LDAR programs. Hopefully future 
technologies will come to the forefront 
which allow M21 to be completed on an 
annual basis for valves and monthly for 
pumps, but in the meantime knowledge 
is the key to success.

The same as pumps, compressors can 
be either centrifugal or reciprocating. 
Compressor seals are designed to limit 
leak, not prevent leakage. Most LDAR 
requirements specify engineering con-
trols for compressors rather than just 
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