FUGITIVE
EMISSIONS

[3 eutead Installation, Operation and Maintenance  9()99

SUMMIT

By Late 1990’s EPA Audits Findings — May or May Not Comply With Regulations
Fugitive Emissions Reduction WAS Not Occurring

100,000’s of Leaks Extremely Large Numbers of Valves and Other Types Equipment
APl 622 15t Edition 2007 , 2" Edition 2011 & 3™ Edition 2018 — 15 Years Later

Enhanced LDAR Program (ELP) Required in Consent Decrees
ELP for 2"? & 3" Consent Decrees Most 100ppm Leak Requirement
(500ppm and 250ppm no longer considered LOW E)

Valve Design & Manufacturing procedures changes required to reliably meet new low leakage requirements
Continuous decline in leaks with new industry standards is happening

Industry standards testing results — Certified Low Leak Technology “CLLT”
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SUMMIT
VALVES - Fugitive Emissions Testing Standards

VALVES - Standards (Fugitive Emissions Required)

API 622 — Packing Valve Stems
Annex C — High Temperature Testing Procedure

(NEW) APl 600 — Gate Valves
APl 624 — Valves Gate & Globe

APl 599 — Plug Valves

APl 602 — Gate & Globe Valves

APl 641 — Valves Ball, Butterfly & Plug
API| 603 — Gate Valves CRA

ISO 15848-1 — Isolating & Control Valves
API 608 — Ball Valves

TALuft VDI 2440 — Packing Valve Stems
API 609 — Butterfly Valves

(End user specifications)
APl 623 — Globe Valves

(Many test standards include
additional testing to other standards)

*API, ISO, TALuft (VDI) Certification Is Considered Global Fugitive Emissions Compliance
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VALVES - Fugitive Emissions Testing Standards

API 622 — Type Testing of Process Valve Packing for Fugitive Emissions MECHANICAL & THERMAL CYCLING

[} AP| STANDARD 622
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Figure 2—Test Fixture Bonnet PBORIDE A0E: tompareure Indicetes lest prossyre 1 indicates emission measurements

Figure 4—Mechanical and Thermal Cycling Diagram

Mechanical & Thermal 100 cycles, 50 cycles room and 50 cycles 500°F temperatures for 1500 cycles & final 10 cycles
room temperature at 600 psig — NO PACKING ADJUSTMENTS & 100PPMV MAXIMUM LEAKAGE
&
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VALVES - Fugitive Emissions Testing Standards

API 622 — Type Testing of Process Valve Packing for Fugitive Emissions AMBIENT CORROSION TESTING

/@ 14 AP| STANDARD 622

samples ,.f”'fﬁ easaon3m (1)
- — _._,,/C@ " < = /’2\

— . 4’/

Key

1. Bolt

2. Top housing

3. Packing retainer

\ 4a.one %" Packing or
..... == / 4b. two 1/8" Packing

Liguid level -

Key
B . . S. Lower housing
Lid with perimeter seal 6. Disc springs
Shelf 7. Washer
8. Nut

9. Metal test specimen

’
2

3. Liquid level depth mark
4. Liguid level 'fzin. deep

Figure 6—Corrosion Test Vessel

M18 or 5/8-UNF

Test fixture 4350 psi compression stress for 28 days in containment vessel at room temperature
&
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SUMMIT VALVES - Fugitive Emissions Testing Standards

AMERICAS

API 622 — Type Testing of Process Valve Packing for Fugitive Emissions HIGH TEMPERATURE CORROSION TESTING

U
:

Key
1. Temperature control 4.  Pressure control
2. Water 5. Heating system

3. Booster pump 6. Testng

Figure 8—High Temperature Corrosion Test System

Test fixture 4350 psi compression stress, submerged in containment vessel for 28 days at 300°F and 650 psig
&
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API 622 — Type Testing of Process Valve Packing for Fugitive Emissions PACKING MATERIALS TESTING

Graphite Packing Ring Weight Loss Test Procedure — Increasing temperature increments to 1100°F for 24 hours

Density — weight/volume

Lubricant Content (PTFE)
fluorine content ASTM D1179 or D4327
Wet lubricant extract/original sample weight

Leachables — (packing with corrosion inhibitor)
Chloride testing ASTM D512

Fluoride testing ASTM D1179 or D4327 *REPORT PACKING MATERIALS TESTING TO BE INCLUDED
WITH MECHANICAL & THERMAL CYCLING

=
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VALVES - Fugitive Emissions Testing Standards
SUMMIT

API 624 — Type Testing of Rising Stem Valves Equipped with Graphite Packing for Fugitive Emissions THERMAL CYCLE TESTING

API STANDARD 624
4 AP STANDARD 624

50 Mechanical Cycles (at Ambient)
50 Mechanical Cycles (at Ambient)

50 Mechanica! Cycles (at Ambient)

ical Cycles (at High

__——TC-2

Figure 1—Valve Cycling

Figure 2—Temperature Locations

Mechanical & Thermal 100 cycles, 50 cycles room and 50 cycles 500°F temperatures for 300 cycles & final 10 cycles room

temperature at 600 psig — NO PACKING ADJUSTMENTS & 100PPMV MAXIMUM LEAKAGE
=
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APl 624 — Type Testing of Rising Stem Valves Equipped with Graphite Packing for Fugitive Emissions SUGGESTED VALVES TESTING

Annex B
(informative)

12 AP| STANDARD 624

Suggested Valves for Testing

Table B.4—Size and Class to be Tested for Each Gate Valve Made in Accordance with APl 603
Table B.1—Size and Class to be Tested for Each Gate Valve Made in Accordance with APl 602

NPS Cliss NPS Class
Yain. 800 3ain. 150
1zin. 800 1'2in. 600
Y4 in. 1
4 in. 500 4in. 150
112in. 1500
4in. 600
12in. 150
12in. 600
Table B.2—Size and Class to be Tested for Each Globe Valve Made in Accordance with APl 602 20in. 150
NPS Class 20in. 600
4 in. 800
12in. 800
3ain. 1500
112in. 1500
Table B.5—Size and Class to be Tested for Each Globe Valve Made in Accordance with AP| 623
NPS Class
4in. 150
Table B.3—Size and Class to be Tested for Each Gate Valve Made in Accordance with APl 600
NPS Class 4in. 600
4in. 150 4in. 1500
4in 600 12in. 150
4in. 1500 120 600
12in. 150 5
2in 600 12in. 1500
12in. 1500
20in. 150
20in. 600

APl 600, 602, 603 & 623 — GATE & GLOBE VALVES
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SUMMIT

APl 641 — Type Testing of Quarter-turn Valves for Fugitive Emissions VALVES TESTING GROUPs A-F

Annex C “
(informative)

AP STANDARD 641

' | ! ! ; ! | ; 1Y Valve Groups Flowchart

Group D Valves
Te = maximum temperature rating of valve
Ps = 41.4 barg (600 psig)
Pa = 41.4 barg (600 psig)

Group A Valves
Te = 260 °C (500 °F)
Pa = 41.4 barg (600 psig)
Pa = 41.4 barg (600 psig)

Is the valve pressure rating at its Yes
maximum-rated temperature greater
than or equal to 41.4 barg (600 psig)?

{ Is the valve pressure rating at 260 °C Yes
| (500 °F) greater than or equal to 41.4
barg (600 psig)?

at ambient temperature?

(see 8.7.1) (see 8.8.1)
2 2 2 =
0 = .2 — 2 — s No No
SIEN e e 202
£
< 2 % < = 12 < Group B Valves Group E Valves
& < L - & < ® Is the valve pressure rating at 260 °C Yes _ Te = 260 °C (500 °F) | = Yes Te = maximum temperature rating of valve
» =) o =) ® =) — o Pe = valve pressure rating at 260 °C (500 °F) Is the valve pressure rating at its Pe = valve pressure rating at maximum
Iy T » T ® T P (500 °F) greater than or equal to 6.89 PrEtal ti tambilenth t ; ating
§ © = ° = ° > o barg (100 psig)? 2= VAo RIBESUTe [aing atampiontiomperawe maximum-rated temperature greater temperature rating of valve
& S ) S & o Q) or 41.4 barg (600 psig), whichever is less than or equal to 6.89 barg (100 psig)? P, = valve pressure rating at ambient temperature
3 8 B ] 5 e O (see 8.7.2) or 41.4 barg (600 psig), whichever is less
.E S .E 'g‘ .g 'g g (see 8.8.2)
£ E £ O & e & No
o 8 o 8 ) 8 S No
g = g = = = g Group C Valves i .
=4 Te = maximum temperature rating of valve at 6.89

= § = § =l § E. Is lhe valve pressure raling grealer Yes ° barg (100 ps;g)g Group F Valves

= = 53 than or equal to 6.89 barg (100 psig) Pe = 6.89 barg (100 psig) ) Te = maximum temperature rating of valve at 6.89

S S =] at ambient temperature? P, = valve pressure rating at ambient temperature Is the valve pressure rating greater Yes barg (100 psig)

- - = or 41.4 barg (600 psig), whichever is less than or equal to 6.89 barg (100 psig) Pe = 6.89 barg (100 psig)

Ps = valve pressure rating at ambient temperature

i
Thermal Cycle 1 Thermal Cycle 2 (see 8.7.3)

Thermal Cycle 3
efmal Lycle or 41.4 barg (600 psig), whichever is less
w— [ndicates test temperature No (see 8.8.3)
s "
V' inkotes satc emission meesemerts The valve is outside the scope of this standard No
The valve is outside the scope of this standard

’ Indicates both statc and dynamic emission measurements

Figure 1—Valve Cycling Figure C.1—Test Temperature and Pressure: Valve Temperature Rating = 260 °C (500 °F)

Figure C.2—Test Temperature and Pressure: Valve Temperature Rating < 260 °C (500 °F)

APl 599, 608 & 609 — PLUG, BALL & BUTTERFLY VALVES THER ARE 6 DIFFERENT TEST GROUPS BASED ON

PRESSURE/TEMPERATURE RATINGS ’ &
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AMERICAS

ISO 15848-1 — Industrial valves — Measurement, test
and qualification procedures for fugitive
emissions —

Part 1:

Classification system and qualification
procedures for type testing of valves

*ISO is working on a packing test standard like APl 622

VALVES - Fugitive Emissions Testing Standards

2022

IS0 15848-1:2015(E)

All temperatures at location 1, 2, and 3 (and 4) shall be stabilized before ]eakage is measured (see
Figures 2 and 3). Temperature at location 3 shall be stabilized for minimum 10 min prior to leakage
measurement.

Check if the temperature variation is within +5 %.

N -

1 location 1: flow path (temperature T;)

2 location 2: valve body (temperature T2)

3 location 3: stuffing box (temperature T3)

4 location 4: optional for flow path (temperature Tq)

Figure 1 — Measurements of temperature
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VALVES - Fugitive Emissions Testing Standards

SUMMIT
AMERICAS ’
- Spges By B
ISO 15848-1 — Industrial valves — Measurement, test e
and qualification procedures for fugitive e
emissions — Brus
IS0 15848-1:2015(E)
Part 1:
Classification system and qualification i ’
H _ T _
procedures for type testing of valves T " E 7
Table 1 — Tightness classes for stem (or shaft) seals with helium
Measured leak Measured leak |Measured leak rate
rate (mass flow) | rate (mass flow) (velumic flow)
bar-l-s-1 e S
Class mgs-l'm-lstem |mgslmm-lstem | T oo >~ permm Remarks JL _______ j: _______
perimeter diameter through thﬂemflimﬂer |
(for information) | stem seal system rough stem sea RT va L,
system A B 8 _ . 1 .
Typically achieved with bellow seals 0 =t 100 150 c 0‘;”‘;7205 20
AH? <10-5 <3,14:10-8 £1,78:10-7 or equivalent stem (shaft) sealing > N
system for guarter turn valves Key
) i . Test test temperature, °C
BHb =10-4 53_14.1(}—? <1,78 10-6 T}'pl(?allj" achieved W]tlh PTFE based L; ‘ measurement of leakage of stem seal
[JaClelgS or elastomeric seals Lz measurement of leakage of body seal
. N 1 Typically achieved with flexible N number of mechanical cycles
b 2 . 5 . 4 .
CH =10 £3,14-10 <1,78-10 graphite based packings P testfluid pressure
a Measured I:I}" B s o o Fmal e - NOTE The numbers 1 to 6 refer to the test sequences test 1 to test 6 as defined in 5.2.4.4 to 5.2,4.9.
b Measured h}n the total leak rate measurement method (vacuum or baggmgj as defined in Annex A. Figure 4 — Mechanical-cycle classes for isolating valves (endurance Class CO1)

Mechanical & Thermal 100 cycles, 50 cycles room and 50 cycles 260°C(500°F)/400°C(752° F) temperatures for C01=205 cycles
& final 5 cycles room temperature at temperature rated pressure — 1 PACKING ADJUSTMENT ALLOWED & MAXIMUM

LEAKAGE SPONSORED BY: G SB]:@' EMERSON MRC Global @“ﬂ““ ZWIC
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TALuft VDI 2440 — Emission control Mineral oil refineries

fransmission
gear box

test rig support

guides and

/ support of housing

’ Assembl U
ssemoy Test number: 17-663

stem force transducer )
70 70
/ ——bolt load 1 [kN]

plate with
displacement
limit switches

balt load 2 [kN]

= qasket stress [MPa] —+ &0

80
tightening between ——temperaturs [*C]
gland and cap \ '-‘33"5'99 measurement —— prassure [bar]
and gland and follower 50 50
‘// \ N
30

1 30
tightening between %

follower and housing 20 1 20

: adapters : : [

bolt with — — tightening between [

force transducer - cap for leakage cap and stem
i rate measurement

to Helium leak detector
(mass spectrometer)

gland 40 1 40

packing follower

forze [KN]
gasket stress [MPa]
pressure [bar]

temperature [*C]

flange _ water cooling

.~ spacernings
7 (additional followers)

stuffing box

~ packing area 10 10

n-—n I R

0 - T
24.10.2017 06:00 24102017 18:00 25.10.2017 0600 25.10.2017 18:00 26.10.2017 06:00 26.10.2017 18:00

| — housing

| stem

date | time
medium inlet

insulai )
OJ;:U °'_1 f pressurized
heating medium inlet

Mechanical 100 cycles and 100 cycles room temperature for 200 cycles at 40 bar(580psig) — NO PACKING ADJUSTMENT
ALLOWED & MAXIMUM LEAKAGE &
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Standard
Type
Packing
# Cycles
# Thermal
Temperature

Leakage Maximum

Packing Materials
Testing

'3 Paul Heald

VALVES - Standards (Fugitive Emissions Required) 2 02 2

APl 622 — APl 624 — ISO 15848-1 — TALuft VDI

APl 622
Packing
Graphitic
1510
5
500°F

100ppm
300°F

Weight Loss
1100°F

Density
Lubricant
Content

APl 624
Valve
API 622
310
3
500°F

100ppm

ISO 15848-1 TALuft
Valve Packing
C1 =205 200
2 1
392°F/752°F 68°F/482°F

<1.78 x 10°mbarl/sm

, <1.0 x 10-4mbarl/sm
(per mm stem diameter)

| & |
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API 599 — Metal Plug Valves - Flanged, Threaded, and Welding Ends, Eighth Edition

e 0

fim 3 3

@

Cover
fange

&

Figure 1—Parts Identification for Lubricated Plug Valve

| s
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API 600 — Steel Gate Valves-Flanged and Butt-welding Ends, Bolted Bonnets

Integral seat -
design
| —Seal sealing
7 surface
| Seat rin
Erre /_'seal wel?:l
Flanged ends g E
Butt weld ends Face to face
Parts List
1: Stem nut grease injector 12: Packing spacer
2. Yoke 13: Backseat bushing
3. Bonnelbyoke bolls 14. Bannet
4: Hand wheal nut 15: Bannet gasket
5 Hand wheal 16 Body/bonnet bolts
& Stem nut (stem bushing, yoke nut) 17. Body
70 Stem 18: Gate (wedge, disc)
8. Gland flange (packing gland follower) 19: Seal nng
9. Packing gland 20: Lantern ring
10; Packing bolts 21 Flug
11: Packing 22: Eyebalt Anchor

Figure C.1—Valve Nomenclature
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SUMMIT

APl 602 — Gate, Globe, and Check Valves for
Sizes DN 100 (NPS 4) and Smaller for

the Petroleum and Natural Gas 9 Ve
Industries e S
= i = ‘) —ypr——= - ’@ vor ,_® integral se:
Lﬁ = 0 —0 e
: ~o —® ot ~ B
S ® e
e —®
0 —®
oy o
@
®
® =@
®

=

B 3 Bray emerson MRC Giobal SSTIANT Zwic
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AMERICAS

API1 603 — Corrosion-resistant, Bolted Bonnet Gate Valves-Flanged and Butt-welding Ends

_r— Handwheel nut

= \' ’ e Handwheel
Yoke ‘;‘ c C~——_Stemnut
S Lubncation Fitting
- I Stem
Yoke baiting =
- Gland
Gland balts or Y L )
gland eyebolts Stem packing

and nuts

Bomnet

Bonnet gasket

Bonnet bolts and nuts

Gate

Separate or integral seat

27

Butt-welding end

Baody

1/ -l
1 /
l .L /
T % ”
YA % e ;/
2 & S e

je—— Face toface —-

| &
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APl 608 — Metal Ball Valves-Flanged, Threaded, and Welding Ends

G Paul Heald

VALVES - Standards (Fugitive Em

:]
<

handle (lever type}
gland flange
ball

body

stem

stem nut
gland bolting
stem seal
thrust washer
10 body seal

11 body insert
12 seat

W Naodh N =X

- +

S —

TS 7

N

4

=
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APl 609 — Butterfly Valves: Double-flanged, Lug- and Wafer-type

ARHATUREN GMBH

Salireg o= 2 Safer snnd Gravaar Tamomaw
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APl 623 — Steel Globe Valves-Flanged and Butt-welding Ends, Bolted Bonnets

HANDLE NUT
Aww WASHER

— e SCREV

= HANDWHEEL ADAPTOR

S HANDWHEEL
YOKE e ——
. — — ———— ADAPTOR PLATE
GLaMD NUT TN T g, B STEM NUT DR YOKE BUSHING
GLAMND BOLT

o —————GLAND PLATE
T e PACKING GLAND
——— YIPER RING

/ PACKING
INJECTIOHN PORT

‘\\
GLAND BOLT PIN N

LANTERN F!II-!G——«"\\
B0DY/BOMNET STUD

\L.
BODY/BONNET MUT ———.
U
BODY GUIDE \ i
£
—————— BOWNET
i -
" =] T~ BACKSEAT
o ] T~ sapv Guie
BN T T m GASKET
(I ] Tz
S | D15t RETARER
4 A U]
~_ \j ~———— THRUST FLATE
| =, g .
| N SN I pIEC
NN N ey o R T SEAT RING
y — ' —\\_m zOmY

SPONSORED BY: G GB]:EQT EMEESDN MRC Global 3"“]“ ZWICK

ARHATUREN GMBH
Salireg o= 2 Safer snnd Gravaar Tamomaw




FUGITIVE
EMISSIONS

'3 Paul Heald 2022

VALVES — OTHER Standards Testing & Valves/Packing

SUMMIT

API 598 — Valve Inspection and Testing API 594 — Check Valves: Flanged, Lug, Wafer,
API 607 — Fire Test for Quarter-turn Valves and And Butt-welding

Valves Equipped with Nonmetallic API RP 621 — Reconditioning of Metallic Gate,
Seats Globe, and Check Valves

MSS SP 120 - Flexible Graphite Packing Sealing
For
Rising Stem Valves

MSS SP 121 — Qualification Testing Methods
for Stem Packing for
Rising Stem Steel Valves

- &
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PACKING — OTHER Standards

DIN EN 16752 — Specification for a Test Procedure
For Packings for Rotary Applications

ASTM F2087 — Standard Specification for
Packing, Fiberglass, Braided, Rope and Wick

ASTM F2168 — Standard Specification for
Packing Material, Graphitic, Corrugated Ribbon
Or Textured Tape, and Die-Formed Ring

ARHATUREN GMBH

Saling Foe o Safer and Groesar Tamormaw
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Fugitive Emissions Present Day

Demand for Low Emissions Valves Followed Available Testing & Mandatory Requirements in Valve Standards Years Later

Manufacturing Low Emissions Valves Is the Standard Included in Valve Standards API 599, 600, 602, 603, 608, 609 & 623
Valve Manufacturers Low Emissions Valves Testing Certified Continues To Vary Globally

Low Emissions Valves Have Been Available Although Some Valve Manufacturers Only More Recently

Fugitive Emissions Testing & Valve Standards:
As more data becomes available fugitive emissions testing & valve standards continue changing
Changes are happening now in industry committees

Improvements will continue to enhance the clarity to further reduce testing requirements confusion

: &
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SUMMIT MAINTAINING “Certified Low Leak Technology” — CLLT

Bonney Forge recommends the fellowing conditions of valve use to ensure Low E
performance throughout the service life:

1. Store the valve in accordance with Bonney Forge [nstallation, Operation, and
Maintenance ([OM) manual.
Distribution: Bonney Forge; Customers 2. Follow all instructions as written within the supplied Bonney Forge valve shipping

tags and/or Bonney Forge I0M manual and fit for service.

Subject: 5 Year Statement for Bonney Forge Low E (Low Emissions) Valves

3. Perform inspection of the valve for visible damage.
4. Keep the valve stem free of scratches ar corrosion.
5. Protect and handle the valves properly during plant construction and

Bonney Forge Low E (Low Emission) Forged and Cast Steel Valves have been designed and tranzportation. This includes the protection of exposed stems and the glands of

tested for 5 year certified Low E fugitive emissions service, These valves are identified as vabres when painting and sandblasting.

Low E “Low Emissions" and "Certified Low Leaking Technology” [CLLT). 6. Verify the packing gland torque in accordance with the supplied Bonney Forge
shipping tags or Bonney Forge [0M manual to maintain valve performance and

Bonney Forge Low E Forged and Cast Steel Valves have completed API 622 Second Edition reduce potential leaks above allowable limits.

fugitive emissions 3" party testing (1,510 mechanical cycles & 5 thermal cyeles) with 7. Inspect the valves for service requirements annually at a minimum and verify the

performance of less than 50 ppm without packing adjustment/re-torque during testing. packing gland torque in accordance Bonney Forge [0M manual to maintain valve
performance and reduce potential leaks above allowable limits,

Bonney Forge Low E Forged and Cast Valves have completed API 624 First Edition fugitive 8. Ifleakage is detzeted to be 100 ppm above background the first repair attempt must

emissions 3" party testing (310 mechanical cycles & 3 thermal cyeles) with performance of be done in accordance with 40CFR60.482-7 and/or 40CFRE0.482-7a to ensure the

less than 50 ppm without packing adjustment/re-torque during testing. torque is at the recommended value as stated within the Bonney Forge 10M manual.

9. Bonney Forge valves that have been drilled and tapped to reduce or eliminate
Eonney Forge Low E Forged and Cast Steel Valves manufactured by Bonney Forge are

“Low-E" Valve Technology exceeding industry standard requirements as fallows.

leakage will void any and all claims represented here or within any other Bonney
Forge related literature, documents, correspondence, etc,
®* 100 ppmv Maximum Fugitive Emission Leakage

# Qualified Third Party Testing Sincerely,

®* Testing Continucusly Performed

Per EPA Method 21 and “tested” pursuant to “generally-accepted good enginesring P! F | i I u

practices”,
Paul Heald
Wice Prezident of Product Engineering
bonnevforee. com
800-343-7346
d 281-765-3386
c 852-361-5681
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