ISO 21049:2004(E)

RECOMMENDED SEAL SELECTION PROCEDURE (US CUSTOMARY UNITS)
SHEET 1 OF 10

Start
| Intended service identified |

| Select seal category desired (refer to Sheet 2) |

Non h\]/drnr\nrhnh I—Iydrr\r‘nrhnn
Non-flashing Flashing
Sheet 3 Sheet 4 Sheet 5
Select type Select type Selgct type
Sheet 6
Select arrangement

Sheet 7 Sheet 8 Sheet 9
Select flush Select flish Seldct flush
and quench and quench and [guench

Sheet 10
Select buffer
or barrier
fluid
as required

Done
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ISO 21049:

Seal category shall be Category 1, 2 or 3 as specified.

2004(E)

RECOMMENDED SEAL SELECTION PROCEDURE (US CUSTOMARY UNITS)
SEAL CATEGORY, TYPE, AND ARRANGEMENT SUMMARY
SHEET 2 OF 10

The major features of each category are summarized below. Options, where they exist for each feature, are
listed in the text as “if specified”. Clause numbers in parentheses indicate where the requirements are

specified.
FEATURE CATEGORY 1 CATEGORY 2 CATEGORY 3
Seal chambef size. ISO 3069 Type C, ISO 13709. ISO 13709.
(4.1.2) ASME B73.1 and
ASME B73.2.
Temperature fange. —40 °F to 500 °F —40 °F to 750 °F —40 °F to~750 °F
(4.1.2)

(4.1.2)

Pressure range, absolute.

315 psi

615 psi

615-psi

Face materia
(6.1.6.2)

Premium blister-resistant
carbon vs. self-sintered
silicon carbide.

Premium blister-resistant
carbon vs. reaction-bonded
silicon carbide.

Premium blister-resistar)t
carbon vs. reaction-bonfled
silicon carbide.

requirements

Distributed inlet flush

When required per 6.1.2.14
or if specified.

When required per'6.1.2.14
or if specified.

Required.
(6.2.3.2)

Arrangement$ 1 and 2 with  [(6.2.1.2.1) (6.2.2.2.19

rotating flexible elements.

Gland plate njetal-to-metal | Required. Reguired inside and outside |Required inside and outside

contact requiement. (6.2.1.2.2) of'the bolt circle diameter. of the bolt circle diametgr.
(6.2.2.2.2) (6.2.2.2.2)

Cartridge seg| sleeve size None 10 mm increments. 10 mm increments.

increments required. (6.2.2.3.1) (6.2.2.3.1)

Throttle bushing design Fixed carbon. Floating Fixed, non-sparking metal. Floating carbon.

requirement fpr carbon option: Floating carbon option.

Arrangement|1 seals. (7.1.2.2) (7.1.2.2)

(7.1.2.1)

Dual-seal cirqulation device | If specified. If specified. Required.

head flow curpe provided. (816-2:2) (8.6.2.2) (8.6.2.2)

Scope of ven
test.

Jor qualification

Tést as Category 1 unless
faces interchangeable with
Category 3.

Test as Category 2 unless
faces interchangeable with
Category 3.

Test as Category 3, entire
seal assembly as a unit
(10.3.1.2.2)

(11.3.1)

(10.3.1.2.3) (10.3.1.2.3)
Proposal datg requirements. | Minimal. Minimal. Rigorous, including
(11 2 1) (11 2 1) r1|||9|ifir‘nﬁnn test results
(11.2.1)
Contract data requirements. | Minimal. Minimal. Rigorous.

(11.3.1)

(11.3.1)
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SHEET 2 OF 10 (continued)

Seal type shall be Type A, B, or C as specified.

ISO 21049:2004(E)

The major features of each type are summarized below. Options, where they exist for each feature, are listed

in the text as “if specified”. Clause numbers in parentheses indicate where the requirements are specified.

FEATURE

TYPE A

TYPEB

TYPEC

Standard temperature

—40 °F to 350 °F

—40 °F to 350 °F

—40 °F to 750 °F

mate]
(4.1.

Fial.

)

app“'\afinn range
(4.1.8)
Hydrgulic balance Balanced (e.g. hydraulic Balanced (e.g. hydraulic Balanced.(e.g. hydraulic
requirement. balance less than 1). balance less than 1). balance léss than 1).
(4.1.3and 6.1.1.7)
Mounting requirement. Inside the seal chamber. Inside the seal chamber. Inside the seal phamber.
(4.1.8)
Cartrjdge requirement. Cartridge design. Cartridge design. Cartridge desigh.
(4.1.3and 6.1.1.1)
Flexiple element style. Pusher (e.g. sliding Non-pusher (eQ¢ bellows). Non-pusher (e.g. bellows).
(4.1.3) elastomer).
Flexiple element orientation. | Rotating. Rotating. Stationary.
(4.1.3) Stationary option. Stationary option. Rotating option
(6.1.1.2) (6.1:1.2) (6.1.1.3)
Bellows material. Not applicable. Alloy C-276 Alloy 718
(6.1.6.6)
Sprir|g type. Multiple-coil springs. Single bellows. Single bellows.
(4.1.3) Single spring option:
(6.1.5.1)
Limit|for stationary element |4 500 ft/min 4 500 ft/min 4 500 ft/min
applifation.
(6.1.1.5)
Secdndary sealing element | Elastorner. Elastomer. Flexible graphite.
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ISO 21049:2004(E)

SHEET 2 OF 10 (continued)

Seal arrangement shall be Arrangement 1, 2, or 3 as specified.

The major features of each arrangement are summarized below. Options, where they exist for each feature,
are listed in the text as “if specified”. Clause numbers in parentheses indicate where the requirements are

specified.
FEATURE ARRANGEMENT 1 ARRANGEMENT 2 ARRANGEMENT 3
Number of “seals”per Onre Toe Toe
cartridge, sed definition of (3.2and 4.1.4) (3.3and 4.1.4) (3.4 and 4.1.4)
“seal” in 3.61)(4.1.4)
Uses a barriel or buffer fluid. | No Sometimes but not required. | Yes, barrier fluid requirdd,
(4.1.4) Liquid or gas buffer liquid or gas\permitted.
permitted.
Allows non-cgntacting (wet | No Yes, Figure 4. Yes, Figure 6.

or dry) seals.

(4.1.4)

Arrangement

1 throttle

bushing requirement.

Category 1: Fixed carbon.
Category 2: Fixed, non-

Not applicable.

Not applicable.

bushing requirement.

(7.1.2.1) sparking metallic.
Category 3: Floating carbon.
Arrangements 2 & 3 throttle | Not applicable. Fixed carbon, if specified. Fixed carbon, if specifiefl.

(7.2.3)

(7.3.3.1)

Arrangement
seal chamber
requirement.

2 containment
bushing

Not applicable.

Requiredwith dry-running
containment seal regardless
of infer seal design. (7.2.5.1
and 7.2.6.1)

Not applicable.

Tangential by
outlet require

ffer/barrier fluid
i ?

Not applicable.

If specified, for Categories 1
and 2. Required for
Category 3. (7.2.4.2)

If specified, for Categories 1
and 2. Required for
Category 3. (7.3.4.3)

Maximum buf
temperature 1

fer/barrier fluid
se.

Not applicable.

15 °F aqueous or diesel,
30 °F mineral oils. (7.2.4.1)

15 °F aqueous or diesel
30 °F mineral oils. (7.3.4.1)

connection si

res and

orientation.

Seal chambef pressure/flush | Minimum margin of 30 % of | Minimum margin of 30 % of |None
design requirgment. seal chamber pressure seal chamber pressure
(6.1.2.14) above-Afluid vapour pressure |above fluid vapour pressure
or36 °F margin. or 36 °F margin.
Minimum opefating seal Svpsi above atmospheric. 5 psi above atmospheric. None
chamber pregsure
requirement. [6.1.2.14)
Minimum gland plate See Table 1. See Table 1. See Table 1.

Minimum barrier/buffer fluid
liquid reservoir.

Not applicable.

3 U.S. gal for shaft diameter
2,5 in and smaller; otherwise
5U.S. gal [8.5.4.3 a)]

3 U.S. gal for shaft diameter
2,5 in and smaller; otherwise
5U.S. gal [8.5.4.3 a)]

Test requirements.

(10.3.1.2.8)

(10.3.1.2.9) and
(10.3.1.2.10)

(10.3.1.2.11) and
(10.3.1.2.12)
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ISO 21049:2004(E)

RECOMMENDED SEAL SELECTION PROCEDURE (US CUSTOMARY UNITS)
SHEET 3 OF 10
Non-hydrocarbon services

Operating conditions, recommended seal types and special features

Fluids 1 2 3 4 5 6 7 8
Water Water Water Sour Sour Caustic, Caustic, Acids @
water water amines amines H,SOy,
crystallize | crystallize H3;PO,
Pumping <180 <180 > 180 <180 <180 <180 <180 <180
temp., °F
Seal <300 <300 <300 <300 <300
chamber
gauge
pressure,
psig
Category 1
seals
Seal <300 300 to 600 <600 < 300 300 to 600 <300 300 to 600 < 300
chamber
gauge
pressure,
psig
Category 2
and 3 seals
Standard Type A Type A Type A Type A Type A Type A Type A Type A
seal type
Options Type B ESP ESP Type B ESP Type B ESP Type B
when Type C Type C Type C Type C
specified
Required Circulating | Perfluoro- | Perfluoro- Amine- Amine- Perfluoro-
special device elastomer | elastomer resistant resistan elastomer
features perfluoro- perfluorof | and single
elastomer | elastomegr | spring for
Type A
seals
Specjal Abrasive Hardface Hardface Hardface Hardface Hardface Hardface Hardface Hardface
featufes particulates VS VS VS VS Vs VS VS VS
for hardface hardface hardface hardface hardface hardface hardfacq hardface
contgmi-
nantg ¢

This pelection procedufe” chooses seal designs consistent with the default positions throughout this International S
optionps meeting this \International Standard might perform equally well.

tandard. Listed

b 7

otally engineered sealing system. Consult vendor to ensure special design considerations are accounted for.

2  Ypto20% H5804 at 77 °F only. Up to 20 % H3PO4 at 176 °F only. All other acids, including hydrofluoric acid, fuming nitric acid and
requirg special\engineering agreed between purchaser and vendor.

hydrochloric acid

C peéialfeatureslisted-apphonbinmixtures-having-oH-between-d-and-11
g L Y g
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ISO 21049:2004(E)

RECOMMENDED SEAL SELECTION PROCEDURE (US CUSTOMARY UNITS)
SHEET 4 OF 10
Non-flashing hydrocarbons

Operating conditions, recommended seal types and special features
Fluids 1 2 3 4 5 6 7 8
Pumping —40t020 | —40t0o20 | 20to 350 20 to 350 | 350 to 500 | 350 to 500 | 500 to 750 | 500 to 750
temp., °F
Seal <300 <300 <300 N/A N/A
chamber
gauge
pfessure,
p$ig
Chptegory 1
seals
Sgal <300 300 to 600 <300 300 to 600 <300 300 to 600 %300 300 tp 600
chamber
gfuge
pfessure,
P$ig
Chptegory 2
and 3 seals
Slandard Type A Type A Type A Type A Type € ES?@ Type C Eg?2
se¢al type
Option when Type B ESab Type B ESab ES?@ ES@
specified
Option when Type C Type C
specified
Required Nitrile Nitrile
special O-rings O-rings
fdatures
Special Chpustic Perfluoro- | Perfluoro-
features elastomer | elastomer
for
contami- Aprasive Hardface Hardface Hardface Hardface Hardface Hardface Hardface Hardface
nants © particulates Vs VS Vs Vs Vs Vs Vs VB
hardface hardface hardface hardface hardface hardface hardface hardface
Afromatics Perfluoro- | Perfluoro-
anpd/or H,S elastomer | elastomer
Amines Amine- Amine-
resistant resistant
perfluoro- | perfluoro-
elastomer | elastomer
This selection |procedure. chooses seal designs consistent with the default positions throughout this International Standard. Listed
options meeting this\International Standard might perform equally well.
Totally engiheered sealing system. Consult vendor to ensure special design considerations are accounted for.

b
c

Engineered (high pressure) bellows.
Special features listed apply only in mixtures having pH between 4 and 11.
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ISO 21049:2004(E)

RECOMMENDED SEAL TYPE SELECTION PROCEDURE (US CUSTOMARY UNITS)

SHEET 5 OF 10
Flashing hydrocarbons

Operating conditions, recommended seal types and special features
Fluids 1 2 3 4 5 6 7 8
Pumping —40t020 | —40t0o20 | 20to 350 20to 350 | 350 to 500 | 350 to 500 | 500 to 750 | 500 to 750
temp., °F
Seal <300 <300 <300 N/A N/A
chamber
gauge
pressure,
psig
Category 1
seals
Seal <300 300 to 600 <300 300 to 600 <300 300 te 600 <300 300 to 600
chamber
gauge
pressure,
psig
Category 2
and 3 seals
Standard Type A Type A Type Ad Type Ad Type C ESab Type C Esab
seal type
Option when ES@ ESab ES?@ ESab ES@ ES@
specified
Required Nitrile Nitrile
special O-rings O-rings
features
Specjal Caustic Pérfluoro- | Perfluoro-
featufes elastomer | elastomer
for
contdmi- |Abrasive Hardface Hardface Hardface Hardface Hardface Hardface Hardface Hardface
nantd © particulates Vs Vs VS VS VS VS VS Vs
hardface hardface hardface hardface hardface hardface hardfacq hardface
Aromatics Perfluoro- | Perfluoro-
and/or H,S elastomer | elastomer
Amines Amine- Amine-
resistant resistant
perfluoro- | perfluoro-
elastomer | elastomer
Ammonia NH3' NH3' NH3' NH3' NH3' NH3' NH3' NH3'
resistant resistant resistant resistant resistant resistant resistan resistant
carbon carbon carbon carbon carbon carbon carbon carbon
graphite graphite graphite graphite graphite graphite graphite graphite
This pelection procedure chooses seal designs consistent with the default positions throughout this International Standard. Listed
options+reeting-thistrternational-Standard-might-perform-equatiy-well-
a Totally engineered sealing system. Consult vendor to ensure special design considerations are accounted for.
b Engineered bellows.
¢ Special features listed apply only in mixtures having pH between 4 and 11.
d

Requires special feature (circulating device) above 140 °F, and special feature (perfluoroelastomer) if pumping temperature is above

350 °F.
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ISO 21049:2004(E)

110

RECOMMENDED SEAL ARRANGEMENT SELECTION PROCEDURE (US CUSTOMARY UNITS)

Assume Arrangement 1 to begin

SHEET 6 OF 10

Start
) 30 zatlonald, rfg'tgna“v |°|°a|' or other " Yes Use mandated seal arrangement.
standards mandate the seal arrangement to Arrangement selection is complete.
be used?
‘ No
Do cl)mpany/owner/operator standards Use company/owner/operator seal
providela methodology for selecting the seal —=— selection procedure.
arrangement? Yes Arrangement selection is complete.
‘ No
Is the pumped fluid an acid other than HF
acid?|(The selection of Arrangement and
sealing system for HF acid is not within the No
scope of this International Standard)
* Yes
Does tle owner have good experience with Select Arrangement 3.
Arrgngement 1 seals in this service? No Arrangement selection is complete.
Yes ;—
Will nofmal leakage from an Arrangement 1 Will normal leakage from an Arrangement 2
seal pfesent a personnel exposure hazard seal present a personnel exposure hazard
according to guidelines/requirements from according to guidelines/requiremen{sfrom Select Arrangement 3.
the owper? (Some streams to consider are —=— the owner? (Some streams to ¢onsider are Arrangement
fluids [containing VHAP materials or H,,S, Yes|  fuids containing VHAP materials or H,S, Yes selection is complete.
adids, streams at high or very low acids, streams at high or'very low
tenfperature, or very high pressure.) temperature, or very-high pressure.)
‘ No ‘ No
Will nofmal leakage from an Arrangement 1 Will normal leakage from an Arrangement 2
Select Arrangement 3.
seal present an unacceptable vapour cloud . seal presént-an unacceptable vapour cloud Arrangement
or fire risk according to guidelines/ Yes orfire_fisk according to guidelines/ Yes rang
’ ; selection is complete.
equirements from the owner? réquirements from the owner?
% No * No
Will nofmal leakage from an Arrangement 1 Will normal leakage from an Arrangement 2
seal ekceed local environmental emission, seal exceed local environmental emission Select Arrangement 3.
requirgments and/or factory limits imposeds.t~—={ requirements and/or factory limits imposed Arrangement
by guidelines/requirements from the olwner Yes by guidelines/requirements from the owner Yes selection is complete.
or local regulators? or local regulators?
‘ No * No
Is monitoring of seal émissions from Is monitoring of seal emissions from No or
Arrfingement 1 requited by national, Arrangement 2 required by national, unknown Select Arrangement 3.
regiorfal, local, or éthér'standards forany —= regional, local, or other standards for any Arrangement
reason and is menitoring required rather No reason and is monitoring required rather selection is complete.
thar] changitig.the seal arrangement? than changing the seal arrangement?
‘ Yes * Yes
- No or
Will Arr Tor Wit ATTangement 2 meet reffabliity goars for unknown Select Arrangement 3.
services over 500 °F based on the =1 services over 500 °F based on the Arrangement
owner's experience? No owner's experience? selection is complete.

+ Yes

% Yes
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SHEET 6 OF 10 (continued)

Will Arrangement 1 meet reliability goals for

Will Arrangement 2 meet reliability goals for

ISO 21049:2004(E)

N
services containing solids over 0,5 % mass services containing solids over 0,5% mass unk%g\:vn Select Arrangement 3.
10 fraction, or fluids which are polymerizing = fraction, or fluids which are polymerizing Arrangement
at pump conditions, and/or which are No at pump conditions, and/or which are selection is complete.
known to have poor lubricity? known to have poor lubricity?
+ Yes * Yes
Will Arrangement 1 meet reliability goals for Will Arrangement 2 meet reliability goals for No or
services with a specific gravity at pump services with a specific gravity at pump unknown Select Arrangement 3.
11 temperature less than 0,4 and/or vapour —— temperature less than 0,4 and/or vapour Arrangement
pressure exceeding 60 psia at o pressure exceeding 60 psia at selection is complete.
100 °F? 100 °F?
+ Yes * Yes
Consider whether
Is detection of leakage required for any . Agtangement p is suitable.
12 reason and is the preferred method of Is leakage detectable using Arrangement 2 If'yes, select Arrangement
detection level or pressure? Yes instrumentation? No 3. If no, thefdetection
P ’ method for Arfangement 1
shall be enggineered.
+ No * Yes
Arrangement 1 selected. Your arrangement D(?o)\:\?:::gz(: ;TZL;Z?IS:?\’BIK:! téehsggt A liquid |buffer
selection is complete. If leakage detection . g . Arrangenient 2 or
13 other than level or pressure are required it d?:f:gg;i:;;;‘; i?i;:gﬁrg;z?g?rlgzgt 2 No Arrangement 3 shall be
shall be engineered by the purchaser.
9 4 pu 8 h at seal chamber cohditions? useg:
* Yes
Does the pumped fluid contain solids over A liquid |buffer
14 0,5% mass fraction, fluids which are Arrangenient 2 or
polymerizing, at\pump conditions and/or Yes Arrangement 3 shall be
which are Kfiown to have poor lubricity? usefd.
* No
Does.the pumped fluid completely evaporate A Be cautiou 20f utshlr;g
15 leaving no residue at the lowest ambient rrangemeny 2 wi t ry;
temperature and buffer fluid collection system No running .conta nment seals
pressure? as build-up jmay open
containment seal.
* Yes
An Arrangement 2 seal has been selected.
The pumped fluid characteristics also indicate
that a dry-running containment seal may be
16 appropriate. In addition, a non-contacting

inner seal may also provide better reliability
for pumped fluids having a vapour pressure
above 60 psia at 100 °F.
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ISO 21049:2004(E)

RECOMMENDED SEAL TYPE SELECTION PROCEDURE (US CUSTOMARY UNITS)
SHEET 7 of 10

Non-hydrocarbon
Start Start Start
Arrangement 3 Arrangement 1 Arrangement 2
Pressurized dual seal Single seal with Plan 11 Unpressurized dual seal
Liquid barrier Yes Add Plan 52 Yes - .
L ffer fluid?
fluid? and Plan 11 iquid buffer fluid
‘ NP * No
Gas barrier fluid Add Plan 71 -~ "
add Plan [4 and Plan 11 No |oas buffer to be used
; Yes
Add Plan 53 or 54 AddRlah 72
(See Note) and*Plan 11
Vertical Add Plan 76 Inner seal leakage may
(See footnofe a) No | condense or collection
‘ system backflow?
Consider flughing * Yes
and ventifg Water > 180 °F or heat transfer |Yes Plan 23 Add Plan 75
(See footnofe d) fluid with very little lubricity? [~ | (See footnotée) an
No
Yes Sour water?
‘ No
SG of solids 2x liquid §nd
Arrangement 27 [ves| Solids? es (Seepllzgtigte 0 No Plan 32 LA pump differential presgure
>25 psi?
Yes
* No e Alt_|(1) No Yes
Plan 32
Plan 31
Yes Plan 237 (See footnote b)
No
Add
Vertical? YeS|plan 13 (See
(See footnote a) footnote b)
No ‘
Crystallizing? Yes ~ . No - No - No Add
(Caustic) = ArangementZ7 = Plan 327 == Adid" Plan 62
No ‘ Yes Yes Yes
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ISO 21049:2004(E)

NOTE See A.4.13 for guidance on selecting Plan 53A, 53B or 53C.

@  The user should evaluate whether to add Plan 13 or not, considering such factors as the inclusion of a bleed bushing,
contamination of the seal chamber with pumped fluid, the need for venting of the seal chamber, and the need to reduce
seal chamber pressure, due to static or dynamic pressure rating of the seal versus the expected static and dynamic seal
chamber pressure.

b If Plan 31, 32 or 41 is selected and pump is vertical, Plan 13 is also recommended for venting. Users should consider
installation of a “bleed bushing” design, in which an annulus and port cut into the throat bushing is connected to suction to
keep solids out of the seal chamber. Ensure seal chamber is vented prior to start-up.

¢ Cooling is needed due to low lubricity at elevated temperature. The recommended flush plan is 23 because field
oler fluid from
the sgal chamber. However, the user may wish to reconsider using Plan 21 due to the added seal complexjty imposed by
Plan 23 (size and cost) and other factors such as the use of an air cooler for Plan 21 in areas where water dannot be used
or is mot available. (An air cooler works better on Plan 21 due to the higher temperature difference betwegn the pumped
fluid and the cooling medium.) The user may also wish to consider the use of Plan 32 if a,suitable fluid is available,
espegially if the fluid is normally injected into the process anyway (such as make-up water)»See the flugh descriptions
later ip this annex for additional detail.

d  Jonsider the need to add additional flushing to the process side of the inner seal:-Flushing is sometimes needed for
Arrangement 3 FB orientation to provide additional cooling and Plan 11 or 13 may. be a suitable choice. Dther services
may fequire a Plan 32 flush if the pumped fluid is extremely corrosive, aggressive or solids-laden. Consid¢r the need for
ventirl]g on vertical pumps. Special attention may be needed on Arrangement3 NC configurations to enqsure effective
pump]| operation. Consult the pump vendor if the pump is vented through the'seal chamber, and consider the effects listed
in foo[note @ above.
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ISO 21049:2004(E)

RECOMMENDED SEAL SELECTION PROCEDURE (US CUSTOMARY UNITS)
SHEET 8 OF 10
Non-flashing hydrocarbon

Start
Arrangement 1
Single seal with Plan 11

Start
Arrangement 2
Unpressurized dual seal

!

Add Plan 52 - .
and Plan 11 Yos Liquid buffer fluid?
‘ No
Add Plan 71 ~ >
and Plan 11 No |cas buffer to be Used?
{ Yes
AddPlan 72
and-Plan 11
T
Type AorB Yes| Plan 23 v
and T > 350 °F? (See footnote c) Add Plan 76 Inner seal leakage may
No No, { condense or collection
system backflow?
% Yes
Add Plan 75
Start
Arrangement 3 Ves
Pressurized dual seal Gas bafrier fluid?  —=— Add Plan 74 o
; No
. Change to Arrangement 3 Liquid barrier Add Plan 53 or 54
” Yes q
P{lymerizing? liquid barrier fluid (See NOTE) =
No
Alt Change to Plan 32 Vertical? Yes| Add Plan 13
remove internal circulating.device (See footnote a) (See footnote b)
N ¢
‘ Yes No Alt SG of splids 2?( liquid and
Solids? Plan 23? Plan 32 —= pump differential pressure
>25 psi?
No Yes
Alt No Yes
Plan 31 Vertical?
Yes Plan 237 (See footnote b) (See footnote 4)
- | ¢
Consider flushing
Add Sandf vetntlrtwg
Vertical? YeSs| pjan 13 (See (See footnote q)
(Seefootrote =) Tootnote b)
No [
T>350°For |Yes No Add Plan 62
; . = Arrangement2? |—=—
known coking service Stream quench
No* ‘ Yes
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ISO 21049:2004(E)

NOTE See A.4.13 for guidance on selecting Plan 53A, 53B or 53C.

@  The user should evaluate whether to add Plan 13 or not, considering such factors as the inclusion of a bleed bushing,
contamination of the seal chamber with pumped fluid, the need for venting of the seal chamber and the need to reduce
seal chamber pressure, due to static or dynamic pressure rating of the seal versus the expected static and dynamic seal
chamber pressure.

b If Plan 31, 32 or 41 is selected and pump is vertical, Plan 13 is also recommended for venting. Users should consider
installation of a “bleed bushing” design, in which an annulus and port cut into the throat bushing is connected to suction to
keep solids or polymerizing agents out of the seal chamber. Ensure seal chamber is vented prior to start-up.

¢ Cooling |s needed due to temperature I|m|ts of the standard secondary elastomers for Arrangement 1 and possibly for
Arranpemn ' cooling is not
possible. The recommended flush plan is 23 because field experience has shown that this plan is much| less prone to
plugg|ng than Plan 21 due to recirculation of cooler fluid from the seal chamber. However, the user’mpy wish to re-
consigler using Plan 21 due to the added seal complexity imposed by Plan 23 (size and cost) and other factqrs such as the
use of an air cooler for Plan 21 in areas where water cannot be used or is not available. (An,air)cooler works better on
Plan 21 due to the higher temperature difference between the pumped fluid and the cooling medium.) The [user may also
wish fo consider the use of Plan 32 if a suitable fluid is available, especially if the fluid is nermally injected into the process
anyway (such as make-up water). See the flush descriptions later in this annex for additional’detail.

d  Jonsider the need to add additional flushing to the process side of the inner Seal. Flushing is sometimes needed for
Arrangement 3 FB orientation to provide additional cooling, and Plan 11 or 13 may be a suitable choice. Pther services
may require a Plan 32 flush if the pumped fluid is extremely corrosive, aggréssive or solids-laden. Considg¢r the need for
ventirl]g on vertical pumps. Special attention may be needed on Arrangément 3 NC configurations to ensure effective
pump]| operation. Consult the pump vendor if the pump is vented through.the seal chamber, and consider the effects listed
in foofnote 2 above.
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ISO 21049:2004(E)

RECOMMENDED SEAL ARRANGEMENT SELECTION PROCEDURE (US CUSTOMARY UNITS)
SHEET 9 OF 10
Flashing hydrocarbon

Start
Arrangement 1
Single seal with Plan 11

Start
Arrangement 2
Unpressurized dual seal

Add Plan 52 - -
and Plan 11 Yes Liquid buffer fluid?
% No
Add Plan 71 . ”
and Plan 11 No |cas buffer 1o be used?
* Yes
Add Plan 72
and Plan 11
Yes | Temperature \
I > 140 °F? v
No Add Plan 76 Inner seal leakage may
No | condense or collection
system backflow?
Add Plan 23 ‘ Yes
(See footnote ¢)
Add Plan 75
Start
Arrangement 3
Pressurized dual seal Gas barrier fluid? |Yes
Add Plan 74
o
. Change to Arrangement 3 Liquid barrier Add Plan 53 or 54
2 Yes -— [ —
Flplymerizing? liquid barrier fluid (See NOTE)
No
Alt Change to,Plan 32 Vertical? Yes| AddPlan 13
remove internalcirculating device (See footnote a) (See footnote b)
N #
. Yes No Alt SG of spllds 2?< liquid and
Solids? Plan 237 Plan 32 —=— pump differential pressure
> 25 psi?
¢ No Yes Alt
No| |Yes Vertical?
Yes Plan 237 (See footnote p)
No Plan 31 *
(See footnote b) Consider flush|ng
Add and venting
Vettical? Yes|plan 13 (See (See footnote )
(SeeTootnotea) Tootnote b)
No
T>350°For |Yes No Add Plan 62
. . t={ Arrangement2? |—=
known coking service Stream quench
No+ * Yes
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NOTE See A.4.13 for guidance on selecting Plan 53A, 53B or 53C.

@  The user should evaluate whether to add Plan 13 or not, considering such factors as the inclusion of a bleed bushing,
contamination of the seal chamber with pumped fluid, the need for venting of the seal chamber, and the need to reduce
seal chamber pressure, due to static or dynamic pressure rating of the seal versus the expected static and dynamic seal
chamber pressure.

b If Plan 31, 32 or 41 is selected and pump is vertical, Plan 13 will also be recommended for venting. Users should
consider installation of a “bleed bushing” design, in which an annulus and port cut into the throat bushing is connected to
suction to keep solids or polymerizing agents out of the seal chamber. Ensure seal chamber is vented prior to start-up.

¢ Coollng is recommended to suppress flashlng within the seal faces. Due to coollng water temperatures this is usually
the user may
ms, increased
ortunity to use
nent 3 may be

es needed for
Arrangement 3 FB orientation to provide additional cooling, and Plan 11 or 13 may be-a suitable choice. Pther services
may require a Plan 32 flush if the pumped fluid is extremely corrosive, aggressive or solids-laden. Considé¢r the need for
ventirl]g on vertical pumps. Special attention may be needed on Arrangement 3"N€ configurations to ensure effective
pump]| operation. Consult the pump vendor if the pump is vented through the seakchamber, and consider the effects listed
in foofnote 2 above.
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RECOMMENDED SEAL ARRANGEMENT SELECTION PROCEDURE (US CUSTOMARY UNITS)

The following

sludge if

construc

Buffer/barrier fluid selection
SHEET 10 OF 10

should be considered when selecting a barrier/buffer fluid:

leaked into the process fluid or the process fluid into the barrier/buffer fluid;

tion:

compatibility of the fluid with the process pumpage being sealed so as not to react with or form gels or

compatibility of the fluid with the metallurgy, elastomers, and other materials of the seal/flush system

compati

On pressuriZ
shall be give
increases wi

relieved or femperatures rise, the gas is released from solution, and may result jin, féaming and lo

circulation off
oils, are useq(

The viscosity
special atten
temperature

The following

bility of the fluid assuming it reaches the process temperature (high or low).

ed barrier fluid systems where the method of pressurization is a gas blanket, spécial attg
h to the application conditions and barrier fluid selection. Normally, gas solubility,in a barrie
the barrier fluid. This problem is normally seen where higher viscosity barrier fluids, such ag
at gauge pressures above 150 psi.
of the barrier/buffer fluid should be checked over the entire-eperating temperature rangg
lion being given to start-up conditions. The viscosity should&e\ess than 500 cSt at the min
fo which it is exposed.

barrier-fluid performance facts should be considered:

ices above 50 °F, hydrocarbon barrier/buffer fldids having a viscosity below 100 cSt at 1
veen 1 ¢St and 10 ¢St at 212 °F have performed’satisfactorily.

ces below 50 °F, hydrocarbon barrier/buffer fluids having a viscosity between 5 cSt and 40
nd between 1 ¢St and 10 ¢St at 212-2F have performed satisfactorily.

bous streams, mixtures of water and ethylene glycol or propylene glycol are usually adeg
cially available automotive antifreeze should never be used. The additives in antifreeze te
on seal parts and cause failure as a result of gel formation.

should not freeze at-the' minimum ambient temperature at the site.

a) For sery
and bety
b) For serv
100 °F 3
c) Foraqu
Comme
plate ou
d) The fluig
Fluid volatili

impose an eEl\yvironmentaI preblem. In addition,

the fluid

exposed;

and toxicity of\the fluid shall be such that leakage to the atmosphere or disposal doe

should“have an initial boiling point at least 50 °F above the temperature to which it w

the fluid

fluid.

ntion
fluid

h increasing pressure and decreases with increasing barrier fluid temperature. As pressure is

5s of
lube

with

mum

PO °F

e St at

uate.

nd to

S not

ill be

ethylene glycol may be considered a hazardous material and/or hazardous waste when used as a barrier

The fluid should be able to meet the minimum 3-year continuous seal operation criteria without adverse

deterioration.

It should not form sludge, polymerize or coke after extended use.

For hydrocarbon streams, paraffin-based high purity oils having little or no additives for wear/oxidation

resistance, o

r synthetic-based oils have been used successfully.

Anti-wear or oxidation-resistance additives in commercial turbine oils have been known to plate out on seal

faces.
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A.2.

A21.1

a)

ISO 21049:2004(E)

Tutorial clause

1 Seal selection justification

All seal selections by service were made with the following considerations in mind:

service, meeting or exceeding environmental emission regulations;

to produce a reliable sealing system that has a high probability of operating 3 years of uninterrupted

b) personnel and plant safety in hazardous services; and
c) minimize spare parts inventory required for insurance stock.
A.2.1.2 All selections were made using experience of engineering, purchasing, operating, re

mainfaining mechanical seals in various services and locations. The selections were made to en
best |seal for the service will be installed. Surely, a seal not specified by this (lnternational
operating successfully in a given service somewhere. This International Standard,deés not atten
the s
engin

Any
(300
Cate

blection of other seals. However, if a seal not specified by this International ‘Standard is ch
eering is recommended for successful operation.

seal operating with a seal chamber gauge pressure above a gauge pressure of 2,1
psi) for Category 1 seals or a gauge pressure of 4,1 MPa{41 bar) (600 psi) for Ca
hory 3 seals requires special engineering. Any product temperatdre above 260 °C (500 °F) f

trofitting and
sure that the
Standard is
pt to prevent
bsen, special

\Pa (21 bar)
egory 2 and
r Category 1

seal§ and above 400 °C (750 °F) for Category 2 and 3 seals“also requires special engingering design

considerations. Therefore, the selection categories are limited)to the above pressures and temperatures for

this International Standard.

A.2.13 The seal references in this International Standard are:

a) Type A, standard pusher seal;

b) Type B, standard option for Type A, .arnon-pusher seal with rotating bellows and elastomeljic secondary
gealing elements; and

c) Type C, standard non-pusher.seal with stationary bellows and flexible graphite secondary sealing
¢lements.

See Clause 3, Clause 4 and_sheet 1 of this annex, for further description.

NOTE Pressure levels'listed apply to Category 1, Category 2 or Category 3 as noted on the applicable gheet.

A.2.2 Non-hydrocarbon services — Sheet 3

A.2.2.1 «Clean water below 80 °C (180 °F) and below a gauge pressure of 2,1 MPa (21 bar) (300 psi)

The standard seal 1S a 1ype A standard pusher with no special features required.

The standard options are either a Type B or Type C metal bellows with no special features required.

A.2.2.2 Clean water below 80 °C (180 °F) and a gauge pressure of between 2,1 MPa (21 bar) (300 psi)

and

The

4,1 MPa (41 bar) (600 psi)

standard seal is a Type A standard pusher with no special features required.

Any seal other than a Type A should be specially engineered for high pressure. Seal manufacturers normally
rate their metal bellows designs for gauge pressures of less than 2,1 MPa (21 bar) (300 psi). The seal

man

ufacturer should be consulted for specific performance data above this pressure.

© I1SO 2004 — All rights reserved
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A.2.2.3 Water above 80 °C (180 °F) and at a gauge pressure below 4,1 MPa (41 bar) (600 psi)

The standard seal is a Type A pusher with special features. The special features are a single-spring seal with
an internal circulating device to circulate through a Plan 23 closed-loop system. As shown on sheet 7, a
Plan 21 might also be used, especially if an air cooler is used. The elastomer configuration can be either
O-ring or “U” cup.

The alternative seal is a Type A standard pusher with special features to include an internal circulating device
to circulate through a Plan 23 closed-loop system, and a close-clearance bushing in the bottom of the sealing
chamber.

A Plan 23 fl
internal circu
cool a recirc

hina—arranacarmant—i Y na + ot Ao £ e Al o Lflickh ¢ +h L¥£ Ll
Ollllly GIIGIIyUIIIUIIL 1o UTC TTTUOU TITTUITCTIU VVG_y Ul VIUVIUIII& d UUUT TTUOIT TU UT1C oTdl TAUUT O, UOU
lating device to circulate the fluid through a closed-loop cooler allows the cooler to contipu
Llated stream rather than a continuous (hot) stream from the discharge of the pump(Pla

of an
ously
n 21).

The cooler npw has to cool only that fluid in the loop, and the duty cycle is much less severe than'aPlan P1.
A survey in

50 °C (122°°
average inle
cooler to cog

proper therm|

bne facility revealed that the average temperature of the inlet flush to the sealing chambef
). The average pumping temperature of the product was 219 °C (426,2(°F). The idle pu
temperature was 38 °C (100,4 °F). The idle pumps rely only on the thermosyphon throug
| the fluid. The cooler shall be mounted in accordance with this International Standard to e
osyphoning.

was
mp’s
h the
nsure

A.2.2.4 Sour water below 80 °C (180 °F) up to a gauge pressure of 4,1 MPa (41 bar) (600 psi)

The standardl seal is a Type A standard pusher with special features.»The elastomers shall be changged to
perfluoroelagtomer to resist the H,S, as H,S is generally the agent that sours water.
The standarg seal
with the speq

option up to a gauge pressure of 2,1 MPa (21 bar) (300 psi) is either the Type B or Type (
ial feature of perfluoroelastomer for the Type B

The use of uires
special engin

['ype B or Type C seal above a gauge pressure of 2,1 MPa (21 bar) 21 bar (300 psi) reg
eering for the high pressure.

This selectio or all
pressure ran

h is made to maximize the standardization process, as the Type A seal is recommended 1
jes. Sour water may become flashing as the temperature and H,S content increase.

A.2.2.5 Capustic, amines, and other.crystallizing fluids below 80 °C (180 °F) and below a gauge
pressure of 4,1 MPa (41 bar) (600 psi)
The standard seal is a Type AStandard pusher with the special features of perfluoroelastomer.

The standarq alternative\is-a Type B metal bellows seal up to a gauge pressure of 2,1 MPa (21 bar) (30
with perfluorgelastomer,

D psi)

The use of
secondaries

Type C seals up to a gauge pressure of 2,1 MPa (21 bar) (300 psi) with flexible gra
should be specially engineered, as graphite is not recommended for some caustic applicatio

phite
hs.

For gauge pressures above 2,1 MPa (21 bar) (300 psi) but below 4,1 MPa (41 bar) (600 psi), the use of Type B
and Type C metal bellows seals require special engineering for the high pressure.

Any application in a crystallizing fluid requires the use of a Plan 62 quench or a Plan 32 flush to keep crystals
from forming on the atmospheric side of the seal. Most facilities prohibit a quench from seals unless totally
contained. A Plan 32 flush arrangement is generally not acceptable, as it dilutes the product and is sometimes
expensive to operate. In these conditions an Arrangement 2 dual seal (un-pressurized buffer) should be
considered, using clean water (or other compatible fluid) as a buffer to keep the crystals in solution. The same
special features apply to both the dual seal and the single seals.
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A.2.2.6 Acids: sulfuric, hydrochloric, phosphoric acids at less than 80 °C (180 °F) and below a gauge
pressure of 2,1 MPa (21 bar) (300 psi)

The standard seal is a Type A standard pusher with special features. The special features are a single coil-
spring.

The standard option is a Type B or Type C using flexible graphite as a secondary in the Type C.

Due to the thin cross-section of multiple-coil springs and bellows plates, select the most corrosion-resistant

mate

Hydr HOTHe e S, ancaothe acids—arenot—covered—in—this—setectton—Specialty—engine
agreed between the owner and the seal manufacturer should be used.

Seals for use with acids at temperatures over 80 °C (180 °F) require special engineering.

Sealsg for use with acids at a gauge pressure above 2,1 MPa (21 bar) (300 psi) require)special en
A.2.3 Non-flashing hydrocarbons [absolute vapour pressure less than 0,1 MPa (1
(14,7 psi) at pumping temperature] — Sheet 4

A.2.31 From -40 °C (- 40 °F) to — 5 °C (20 °F) and below a gauge pressure of 4,1 MPa (41
(600 psi)

The ptandard seal is a Type A standard pusher with the *special feature of NBR elastomers

temp

The
spec

For g
for th

The

fluorg
fluorg

A.2.3

The
comg

The

non-pushel The Type C seal should be used with flexible graphite secondaries.

rial for the application.

crature service. The NBR shall also be compatible with’the pumped fluid.
standard alternative up to a gauge pressure of-2,1 MPa (21 bar) (300 psi) is either a Tyy
al feature of NBR elastomers or a Type C withflexible graphite secondaries.
e high pressure.

special feature of NBR elastomers is due to the low temperature requirements. T

elastomer is rated at — A%%A°C (0 °F), but, for the applications of this Internation
elastomer should not be used below — 5 °C (20 °F).

.2 From -5 °C (20-°F) to 176 °C (350 °F) and gauge pressures below 4,1 MPa (41 bar

standard sealfis) a Type A standard pusher with no special features required. (Che
atibility charts{for pumped fluid).

btandard-eption for gauge pressures up to 2,1 MPa (21 bar) (300 psi) is a Type B or Typ

jineering.

bar)

bar)

for the low

e B with the

auge pressures over 2,1 MPa (21 bar) (300 psi), seal Types B and C require engineered bellpws designed

he standard
bl Standard,

(600 psi)

k elastomer

e C standard

The

engineered bellows for the high pressure.

Standard—attermative for gauge pressures above 2, MPa<2+barn) (360 psiyisa Type Bor Type C with

The standard pusher seal elastomer is fluoroelastomer, which is rated at 204 °C (400 °F). A pumping
temperature of 176 °C (350 °F) is realistic for fluoroelastomer, as the face friction will generate additional heat

andr

aise the temperature the elastomer must endure.

A.2.3.3 From 176 °C (350 °F) to 260 °C (500 °F) and below a gauge pressure of 2,1 MPa (21 bar)

121

(300 psi)

The standard seal is a Type C stationary non-pusher metal bellows seal using flexible graphite for
secondaries.
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The standard alternative is a Type A standard pusher with special features including an internal circulating
device and perfluoroelastomer, circulating through a Plan 23 closed-loop system in accordance with the flush
selection diagram.

The Type C seal is selected as the standard due to the temperature range, which is generally the range where
coking occurs. The stationary bellows design easily accepts a steam baffle for anti-coking protection, whereas
a rotating bellows does not.

A Type A seal with an internal circulating device and a Plan 23 closed-loop system maintains the product
temperature below the range where coking occurs.

A.2.3.4 Frém (] and from a gauge pressure of 2, a ar
(300 psi) to #,1 MPa (41 bar) (600 psi)

A totally engineered sealing system is required for hot high pressure services.

A.2.3.5 Fr¢m 260 °C (500 °F) to 400 °C (750 °F) and below a gauge pressure of 2,1.-MPa (21 bar)
(300 psi)

The Type C $eal is selected as the standard due to the temperature range, which.is\generally the range Where
coking occurp. The stationary bellows design easily accepts a steam baffle for afiti-coking protection, whereas
a rotating bellows does not.

The standard alternative is a totally engineered sealing system.

A.2.3.6 From 260 °C (500 °F) to 400 °C (750 °F) and from a gauge pressure of 2,1 MPa (21 bar)
(300 psi) to #,1 MPa (41 bar) (600 psi)

The only acceptable alternative is a totally engineered sealing system.

A.2.4 Flashing hydrocarbons [vapour pressure above 0,1 MPa (1 bar) (14,7 psi) at pumpi
temperatune] — Sheet 5

=d

g

A.2.41 From —40 °C (— 40 °F) to — 5 °C.(20 °F) and a gauge pressure below 4,1 MPa (41 bar) (600|psi)

The standarfl seal is a Type A stahdard pusher with special features. The special feature is an [NBR
elastomer. Ehsure NBR is compatible with the pumped fluid.

The standarg alternative is an-engineered sealing system with an engineered metal bellows for the flaghing
service.

Metal bellowp seals in\flashing service are prone to fatigue failure, induced by “stick-slip” if marginal vapour
suppression foccurs, If metal bellows are desired, the seal should be a totally engineered sealing systenp with
special attenfion to 'vapour suppression under all operating conditions of the pump, such as start-up, shutdown
and plant upsgets’

A.2.4.2 From-5"°C (20 °F) to 176 °C (350 °F) and a gauge pressure below 4,1 MPa (41 bar) (600 psi)
The standard seal is a Type A standard pusher with special features to maintain adequate vapour
suppression. If the temperature is above 60 °C (140 °F), an internal circulating device and Plan 23 closed-loop
system should be considered as an alternative to help reduce flashing at the seal face. If the temperature is
above 176 °C (350 °F), perfluoroelastomer should be used.

The standard alternative is a totally engineered sealing system with an engineered metal bellows.

Vapour suppression by cooling is always preferred over pressurization. Therefore, a Type A seal with internal
circulating device and Plan 23 closed-loop system is selected if the temperature is above 60 °C (140 °F). The
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60 °C (140 °F) limit is based on the cooling-water temperature in the hot months, where little cooling of a
product below 60 °C (140 °F) will occur. Various locations may choose a higher or lower limit based on the
maximum cooling-water temperature in that specific location.

A.2.4.3 From 176 °C (350 °F) to 400 °C (750 °F) and below a gauge pressure of 2,1 MPa (21 bar)
(300 psi)

The standard seal is a Type C seal. The standard alternative is a totally engineered sealing system.

A.2.4.4 Above 176 °C (350 °F) and a gauge pressure from 2,1 MPa (21 bar) (300 psi) to 4,1 MPa
(41 bar) (600 psi)

The geal should be a totally engineered sealing system.

A.3 [Tutorial seal selection — Sheet 6

A.3.1 Sheet 6 is intended only as a guide to some of the aspects that mightbe considered in [the selection
of a g§eal arrangement. The user should evaluate the cost benefits and risk @ssociated with any sglection.

A.3.2 Question 1 is whether there are any regulations effective at the-site of the equipment which require
specific hardware. This hardware could include low-emission single seal or dual seals. The questign is intended
to algrt the user so that he can investigate the possibility that specific’designs might be required.

A.3.3 Question 2 alerts the user to examine the pumped\stream to determine if any ownef or operator
standards exist that would dictate or help define the requireéd arrangement from the owner or opérator. These
standards might deem the stream hazardous and require-'specific methods of control or limits of|exposure on
emisgions, even if local regulations do not. Seal designs shall then employ the required hafdware or be
designed to meet the required emission limit.

A.3.4 Question 3 addresses selection of atrangement for acids. If the stream is not acid, question 3 will skip
to qupstion 5.

A.3.% Question 4 selects the arrangement for an acid stream as either a single seal or a pregsurized dual
seal.|Unpressurized dual seals @re- not recommended, due to the potential for build-up of acid|in the buffer
systgm or containment seal chaniber.

A.3.4 Question5 addrésses materials which may pose a personnel hazard, such as rich (in H,S) amine
streams, to highlight theyneed for control beyond a single seal without external flush. The highlight is needed
becalse specifications often overlook the need for added control measures on this type of stream.

A.3.71 Question'6 is similar to question 5, except it addresses streams for which an Arrangemeént 1 seal will
not meet safety requirements of the owner concerning a potential vapour cloud or fire risk.

A.3.8§ CQuestion 7 addresses the need for additional sealing control on those streams which will not meet
local emission requirements With an Arrangement T 5eat. Arrangement 2 or Arrangement 3 1s chosen as
needed instead.

A.3.9 Question 8 alerts the user to the fact that in certain countries, Arrangement 1 seals in specific services
are required to be monitored (or “sniffed”) for emissions. If the user wishes to perform this monitoring then
Arrangement 1 is suitable. However, the option is given to change the arrangement and possibly avoid
monitoring.

A.3.10 Question 9 addresses reliability considerations for hot services. Experience has shown that
Arrangement 2 or Arrangement 3 may provide better reliability.

A.3.11 Question 10 addresses reliability considerations for polymerizing agents, solids, and low-lubricity
fluids out of the seal faces in order to help meet the goal of 3 years uninterrupted life.
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A.3.12 Experience has shown Arrangement 1 and Arrangement 2 used in very light fluids often cannot meet
the goal of a 3-year service. Special sealing arrangements involving the use of non-contacting inner seals in
an Arrangement 2 have been known to provide very reliable service in fluids such as methane, ammonia,
propane and other hydrocarbon mixtures of high vapour pressure.

A.3.13 Question 12 is intended to alert the user to the possible need for provision of an alarm of leakage. An
arrangement other than Arrangement 1 is generally needed if leakage must be detected.

A.3.14 Question 13 determines how the user intends to use the containment feature of an unpressurized dual
seal. Because of heat generation and face load, dry containment seals can have limited life at full seal
chamber conditions.

A.3.15 This
or polymerizi

step changes to an Arrangement 3 or recommends a liquid buffer if the pumpage contains«golids

hg agents. These contaminants can reduce the reliability of dry containment seals.
A.3.16 An Arrangement 2 seal has been selected and further guidance is provided on theppossible use of
non-contacting inner seals

A.4 Tutorjal on sheet 7 to sheet 9 of seal selection procedure
A.4.1 Geng¢ral
To aid in unflerstanding the logic behind the flow/decision charts in sheet 7 to sheet 9 of the seal selgction

procedure, the following descriptions of the specified seal flush plans<are given.

A.4.2 Plan|01

Plan 01 is similar to a Plan 11 except that internal porting\is used to direct flow to the seal chamber frgm an

area behind
useful with |

fluid in flush
seal operatin

A.4.3 Plan

Plan 02 is a
industry in g
used in conjy

the impeller near the discharge. This plan(is recommended for clean fluids only. Plan 01 m
uids that thicken or solidify at normalsambient temperatures to minimize the risk of freezin
piping. Special attention is needed-to-ensure that the recirculation supplied is sufficient fq
g requirements.

02

Head-ended seal chamber with no flush fluid circulation. Plan 02 is more common in the che

pplications with low“seal chamber pressures and process temperatures. Typically, the p

nction with a tapef’bore seal chamber modified with flow enhancers. The process fluid shou

hy be
g the
r the

mical
an is
Id be

relatively clegn to avoid excessive erosion of the seal gland, seal chamber, or seal parts created by the
swirling flow| pattern. The vapour pressure sensitivity of the process fluid should also be taker] into
consideratiom to avoid.flashing conditions in the seal chamber or at the seal faces. Plan 02 can be used with
cool clean fluids .with high specific heats, such as water, in relatively low-speed pumps. The prpduct
temperature [margin should be carefully reviewed for any application where the selection of Plan 02 is peing
considered.

A.4.4 Plan 11

Plan 11 is the default seal flush plan for all single seals. In Plan 11, product is routed from the pump discharge
to the seal chamber to provide cooling for the seal and to vent air or vapours from the seal chamber. Fluid
then flows from the seal cavity back into the process stream. It is the most commonly used flush plan for clean
general service equipment. For high-head applications, careful consideration should be given to calculation of
the required flush flowrate. Calculations are required to determine the proper orifice and throat bushing
dimensions to assure adequate seal flush flow.
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A.4.5 Plan 13

Plan 13 is the standard flush plan selection for vertical pumps that are not provided with a bleed bushing
below the seal chamber. The seal chamber pressure on vertical pumps supplied without a bleed bushing
would normally operate at full discharge pressure. Due to this arrangement there is no pressure differential to
allow a Plan 11 to work. In Plan 13, product is routed from the seal chamber back to the pump suction to
provide cooling for the seal and to vent air or vapours from the seal chamber. Plans 1, 11, 12, 21, 22, 31 or 41
are used in conjunction with Plan 13 for vertical suspended pumps.

Plan 13 provides self venting on vertical in-line pumps provided differential pressure is sufficient to ensure

circul

ation and seal chamber pressure is sufficient to prevent vaporization.

Plan

produice too high a flush flowrate. This plan will generally not work well in low-head pumps begcal

press
can b

A.4.6 Plan 14

Plan
sucti
of the

A4

Plan
meet]
(as in
differ
plugd
Plan
also
from

A.4.8 Plan 23

Plan
serv
Hot
desir,
requi
Ina
usua

Less

13 is also used in high-head pumps where the use of Plan 11 would require too small an, or

ure differential between the seal chamber and the pump suction. The suitability of thelservig
e determined by calculating the required flush flowrate and then calculating the required orif

bn. It allows a cooling flow to be supplied to the seal chamber (Plan~11) while providing com
seal chamber (Plan 13). Plan 14 is most commonly used on vefiical pumps.

' Plan 21

P1 provides a cool flush to the seal. This may be neéded to improve the margin to vapour
secondary sealing element temperature limits, to feduce coking or polymerizing, or to imp
hot water). The benefit of Plan 21 is that it not enly provides a cool flush but also has suffic
ential to allow good flowrates. The drawback™is that the cooler duty is high, leading tg
ing on the water side and potential plugging on the process side if the fluid viscosity gets
P1 works best in dry climates where an air-fin cooler is used instead of a water cooler. Note
Ises more energy than Plan 23, becalse the pumped fluid that is used for the flush must b
suction back to the discharge.

P3 is the plan of choige\for all hot water services, particularly boiler feed water, and many
ces. This plan is the(standard selection for hot water at 80 °C (180 °F) and above, and boile
vater has very low lubricity above 80 °C (180 °F), resulting in high seal face wear. This
bble in many hydrocarbon and chemical services where it is necessary to cool the fluid to
red margin between fluid vapour pressure (at the seal chamber temperature) and seal cham
Plan 23, the 'cooler only removes seal face-generated heat plus heat soak from the process
ly much-less severe than that in Plan 21 or Plan 22.

bning'the duty is very desirable because it extends the life of the cooler. The industry has

fice or would
se of the low
e for Plan 13
ce size.

14 is the combination of a Plan 11, recirculation from pump discharge;»and Plan 13, recirculation to pump

plete venting

formation, to
rove lubricity
ent pressure
fouling and
high quickly.
that Plan 21
e re-pumped

hydrocarbon
r feed water.
plan is also
establish the
ber pressure.
. This duty is

considerable
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In Plan 23, product in the seal chamber is isolated from that in the impeller area of the pump by a throat
bushing. The seal is equipped with an internal circulating device that circulates seal chamber fluid through a
cooler and back to the seal chamber. In this arrangement, the cooler cools only that fluid in which the seal
operates, and this cool fluid does not enter the process. This results in high energy efficiency.

High-freezing-point and viscous products should be considered when selecting a Plan 23 flush system. The
cooler might cool the fluid below the point of circulation. In these applications, consider using steam as a
cooling medium, or utilize a Plan 21 system.
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A.4.9 Plan 31

Plan 31 is specified only for services containing solids with a specific gravity at least twice that of the process
fluid. A typical use of this plan is water service to remove sand or pipe slag. In Plan 31, product is routed from
the discharge of the pump into a cyclone separator. Solid particles are centrifuged from the stream and routed
back to suction. The seal flush is routed from the cyclone separator into the flush connection on the seal plate.
If the process stream is very dirty or is a slurry, Plan 31 typically is inadequate and is not recommended. The

use of a pump throat bushing is recommended when a Plan 31 is specified.

A.4.10 Plan 32

Plan 32 is uged in services containing solids or contaminants, in which a suitable cleaner or cooler ex{ernal

flush will im;lrove the seal environment. It is also used to reduce flashing or air intrusion (in vacuum(sern
across the s

pressure to
standard sity

process stream because it will flow from the seal chamber into the process fluid.

In Plan 32, th
in conjunctig
maintain an
chamber.

Plan 32 is ng
should also §

A.4.11 Plan

Plan 41 is a
solids should

al faces by providing a flush that has a lower vapour pressure or that will raise the sealchg
an acceptable level. The external flush should be continuous and reliable even .during
ations such as start-up or shutdown. The external flush should also be compatible wit

e flushing product is brought from an external source to the seal. This plan/is almost always
n with a close-clearance throat bushing. The bushing can function.as a throttling devi
blevated pressure in the stuffing box or as a barrier to isolate the pumped product from the

t recommended for cooling only, as the energy costs can be Very high. Product degradation
e considered when using a Plan 32.

41

combination of Plans 21 and 31 and is specified-only for hot services containing solids. Cont
have a specific gravity twice or more that-of the process fluid. For this seal plan to be use

ices)
mber
non-
h the

used
ce to
seal

costs

hined
i, the

seal should fequire a cool flush. This cool flush may be needed to improve the temperature margin ové¢r the

fluid vapour
polymerizing
remove sand

In Plan 41, ¢
centrifuged f
separator thr

If the proces

benefits, det
the write-up

A.4.12 Plan

pressure, or to meet secondary sealing element temperature limits, or to reduce coki
or to improve lubricity (as in hot'water). A typical use of this plan is in a hot water serv
or pipe slag.

roduct is routed from the ‘discharge of the pump into a cyclone separator. Solid particle
rom the stream and routed back to suction. The seal flush is then routed from the cy
pugh an exchanger and.into the flush connection on the seal plate.

5 stream is very-dirty or is a slurry, Plan 41 typically is inadequate and is not recommended

iments, and the-best conditions for the use of the exchanger in the flush stream can be fou
bn Plan 21. The use of a pump throat bushing is recommended when a Plan 41 is specified.

52

ng or
ce to

5 are
clone

. The
nd in

Plan 52 iS U\.)Ud Wltil Alldllyclllcllt 2 bcdib, Wltil d L,Ulltdbtillg WUt bUIItd;IIIIIUI It bcdi (bUI |figwatiun 2C‘VAV'CW)
utilizing a liquid buffer system. It is normally used in services where process fluid leakage to atmosphere must
be minimized and contained. The buffer liquid is contained in a seal pot which is vented to a vent system, thus
maintaining the buffer system pressure close to atmospheric.

Plan 52 works best with clean, non-polymerizing, pure products that have a vapour pressure higher than the
buffer system pressure. Leakage of higher vapour pressure process liquids into the buffer system will flash in
the seal pot and the vapour can escape to the vent system.

Inner seal process liquid leakage will normally mix with the buffer fluid and contaminate the buffer liquid over
time. Maintenance associated with seal repairs, filling, draining and flushing a contaminated buffer system can
be considerable.
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A.4.13 Plan 53A, Plan 53B, Plan 53C

Plan 53 or Arrangement 3 pressurized dual seal systems are used in services where no leakage to
atmosphere can be tolerated. A Plan 53A system consists of dual mechanical seals with a barrier fluid
between them. The barrier fluid is contained in a seal pot which is pressurized to approximately 0,14 MPa
(1,4 bar) (20 psi) greater than the pump seal chamber. Inner seal leakage will be barrier fluid leakage into the
product. There will always be some leakage. If seal chamber gauge pressures vary significantly, or are above
4,2 MPa (42 bar) (615 psi), the inner and outer seal stresses can be reduced by the application of a
controlled differential pressure regulator set 0,14 MPa (1,4 bar) (20 psi) to 0,17 MPa (1,7 bar) (25 psi) higher
than the pump seal chamber pressure.

itrgd in the seal

53C is a pressurized dual seal as well, but utilizes a piston-type accumulator to maintain pr¢ssure above
hamber pressure.

ther damage
ere are two
rrier fluid into
broduct must

syst
seali
time,

A.4.1

Plan
Plan
press

sealing against. This results in a small leakage of barrier fluid into the process. This arrangement

be ug
seal

Plan

spec
contg
syste
amof

A.4.1

m will begin to operate like a Plan 52, or unpressurized duakseal, which does not offer the
g integrity. Specifically, the inner seal leakage direction will be reversed and the barrier fl
become contaminated with the process fluid with the problems that result, including possible s

4 Plan 54

54 systems are also pressurized dual-seal systems with inner seal leakage into the pumped
54, a cool clean product from an external-source is supplied to the seal as a barrier fluid
ure of this product is at least 0,14 MPa (1,4 bar) (20 psi) greater than the pressure the

ed where the barrier fluid pressure’is less than the sealed pressure. If it were, the failure
could contaminate the entire barrier fluid system and cause additional seal failures.

54 is often used in services)where the pumped fluid is hot, contaminated with solids, or both
fied, carefully consider ‘the reliability of the barrier fluid source. If the source is ir
minated, the resuliing seal failures are very expensive to rectify. A properly engineered
m is typically complex and often expensive. Where these systems are properly engineered,
g the most reliable systems.

5 Plan-62

In PI

53 system is
re drops, the
same level of
uid will, over
bal failure.

product. In a
. The supply
inner seal is
should never
of one inner

If Plan 54 is
terrupted or
barrier-fluid
they provide

al faces. The

n-62, a quench stream is brought from an external source to the atmospheric side of the se|
quenEh stream can be low-pressure steam. nitrogen. or clean water. It is used in selected single seal
applications to exclude the presence of oxygen to prevent coke formation (for example, hot hydrocarbon

services) and to flush away undesirable material buildup around the dynamic seal components (for example,
caustic and salt services).

A.4.16 Plan 65

Plan 65 is a seal leakage detection piping plan normally used with Arrangement 1 seals in services where seal
leakage is expected to be mostly liquid (not gas). Piping is connected to the drain connection in the gland
plate and directs any seal leakage past or through a reservoir/float chamber and then through an orifice,
exiting into an oil and water sewer or liquid collection system. Excessive flowrates would be restricted by the
orifice located downstream of the reservoir/float chamber and are redirected to it, causing the float to lift and
activate an alarm. The orifice downstream of the level switch should be located in a vertical piping leg to avoid
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accumulation of fluid in the drain piping. A connection at the top of the reservoir, connected to a pipe
bypassing the orifice, will allow excessive leakage to be effectively drained.

A.4.17 Plan 71

Plan 71 is used on Arrangement 2, unpressurized dual seals, which utilize a dry containment seal and where
no buffer gas is supplied but the provision to supply a buffer gas is desired. Buffer gas may be needed to
sweep inner seal leakage away from the outer seal into a collection system or to dilute the leakage, but is not
specified.

A.4.18 Plan_72

Plan 72 can |be used on Arrangement 2 unpressurized dual seals that use a dry-running containment|seal.
The buffer gas can be used to sweep inner-seal leakage away from the outer seal to a collection system
and/or dilute [the leakage so the emissions from the containment seal are reduced.

The Plan 72 ystem is intended to function as follows.

The buffer gas first flows through an isolation block valve and check valve provided:-by’the purchaser. I{ then
enters a system, usually mounted on a plate or panel, provided by the seal vendor. A coalescing filfer to
remove any particles and liquid that might be present follows an inlet block valve ‘'on the panel. The gaq then
flows through a forward-pressure regulator which is set at the Plan 75 oriPlan 76 alarm point, or at|least
0,04 MPa (0@ bar) (5 psi) above the normal flare pressure. Next comes a-pressure indicator and low-pregsure
alarm switch|{ahead of an orifice; these are used to set the regulator..They also ensure the source pregsure
always maintains a flush flow over the operating range of the combined systems (when used with Plan 75 or
Plan 76) and does not pressurize the seal chamber or affect theyalarm settings of the exit flush plan| The
orifice provides flow regulation and is followed by a flow meter to\measure flow. (The use of a needle or globe
valve for the|orifice to allow flow regulation is optional.) The last elements on the panel are a check valvg and
a block valvg. Buffer gas is then routed through tubing to:the seal. A containment seal vent (CSV) and|drain
(CSD) are algo located on the gland plate and are routed to a vent system, usually using Plan 75 or Plan|76.

A.4.19 Plan 74

Plan 74 syst¢ms are used on Arrangement 3, dual pressurized seals, where the barrier medium is a gas.|They
are the gas barrier equivalent to the traditional Plan 54 liquid barrier system. The most common barrier gas is
plant nitrogen. The supply pressure to-the’seal is typically at least 0,17 MPa (1,7 bar) (25 psi) greater thgn the
seal chambdr pressure. This results_in“a small amount of gas leakage into the pump, with most of th¢ gas
barrier leakirlg to atmosphere. This afrangement should never be used where the barrier-gas pressure can be
less than the sealed pressurée.~If this were to happen, the entire barrier gas system could befome
contaminated with the pumped fluid.

Plan 74 systems are typically used in services which are not too hot (within elastomer property limitg) but
which may ¢ontain_toxic or hazardous materials whose leakage cannot be tolerated. Because they are
pressurized dual seal systems, leakage to the atmosphere is eliminated under normal conditions. Plan 74 may
also be used to" obtain very high rellablllty, since SO|IdS or other materials WhICh can lead to prematurg seal
ation

of the pumpage causes solids bulldup, Plan 74 systems are not generally recommended.

The Plan 74 system is intended to function as follows: the barrier gas first flows through an isolation block
valve and a check valve provided by the purchaser. It then enters a system, usually mounted on a plate or
panel, provided by the seal vendor. An inlet block valve on the panel is followed by a 2 ym to 3 ym filter
coalescer to remove any particles and liquid that might be present. The gas then flows through a back-
pressure regulator which is set at least 0,17 MPa (1,7 bar) (25 psi) greater than the seal chamber pressure (In
some cases, users prefer to install an orifice after the regulator to limit the amount of nitrogen that is used in
the event of a seal that sticks open.) A flow meter follows the regulator and is used to measure the flow, while
the pressure indicator is used to confirm adequate pressure. The low pressure switch is used to raise an
alarm upon loss of barrier gas or excessive leakage of the seals. The last elements on the panel are a check
valve and a block valve. Barrier gas is then routed to the seal using tubing. A drain is mounted on the gas
barrier outlet to allow venting/draining for maintenance.
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A.4.20 Plan 75

Plan 75 systems are typically used on Arrangement 2, unpressurized dual seals, which also utilize a dry
containment seal and where the leakage from the inner seal may condense. They may be used with a buffer
gas (Plan 72) or without a buffer gas (Plan 71).

If an unpressurized dual seal is installed, usually it is because leakage of the pumped fluid to the atmosphere
must be restricted more than can be done with an Arrangement 1 seal. Therefore, a means is needed to
collect the leakage and route it to a collection point. The Plan 75 system is intended to perform this collection
function for pumped fluids that may form some liquid (condense) at ambient temperature. Note that even if the
pumped liquid does not condense, users may wish to install this system due to the back-flow of condensation

i 1 'H 4
from fhe—cottection System:

Plan|r5 is intended to work as follows. Leakage from the inner seal is restricted fram-escape by the
contginment seal and routed into the drain line. The collector accumulates any liquid, while vapour passes
through into the collection system. A level indicator on the collector is used to determine when|the collector
needp to be drained. An orifice in the outlet line of the collector restricts flow sugh.that high leakage of the
inner| seal will cause a pressure increase and trigger the PSH set at a gauge pressure of 0,07 MPa (0,7 bar)
(10 ppi). The block valve in the outlet of the collector serves to isolate the cOllector for mainterfance. It may
also pe used to test the inner seal by closing while the pump is in operation and noting the ime/pressure

buildiup relationship in the collector. If specified, a connection on the collector may be used to i

or ot

A.4.]
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contd

gas (
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must
the 14
inner|
chani

Plan
contd
flow

gaug
main
the ti
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liquid

er gas for the purpose of testing the containment seal.

1 Plan 76

76 systems are typically used on Arrangement 2, uppressurized dual seals, which also
inment seal and where leakage from the inner seal will not condense. They may be used
Plan 72) or without a buffer gas (Plan 71).

unpressurized dual seal is installed, usually itiis because leakage of the pumped fluid to the
be restricted more than can be done withxan Arrangement 1 seal. Therefore, a means is ne
akage to a collection point. The Plan-76 system is intended for services where no conder
seal leakage or from the collection'system will occur. Should liquid accumulate in the cont
ber, excessive heat could be generated, leading to hydrocarbon coking and possible seal fa

76 is intended to work as Yollows. Leakage from the inner seal is restricted from es

such that high leakage of the inner seal will cause a pressure increase and trigger the |
e pressure of 0,07.MPa (0,7 bar) (10 psi). The block valve in the outlet serves to isolate th
enance. It may also'be used to test the inner seal by closing while the pump is in operatid
me/pressure buildup relationship in the collector. A drain connection on the piping harness
bct nitrogen:or. other gas for the purpose of testing the containment seal as well as for che
build-ups

ject nitrogen

utilize a dry
with a buffer

atmosphere
bded to route
sation of the
ainment seal
lure.

cape by the

inment seal and goes out the containment-seal vent. An orifice in the outlet line of the collgctor restricts
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Annex B
(informative)

Typical materials standards for seal chamber and mechanical seal
components

B.1 Materni

Table B.1 may be used for guidance regarding materials specifications. If this table is used, it should not be
assumed that the material specifications are acceptable without taking full account of the service.in‘which they
will be applied. These materials might not be interchangeable for all applications.
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B.2 Typical temperature limitations for seal

materials in hydrocarbon service

B.3 Tutor
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manufacture
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B.4 Tutor

Although the|

which requirg the use of two hardfaces. Factors which dictate the use of two hard faces include:

the pres
the viscq

crystalliz

Face material Maximum temperature
OC (OF)
Tungsten carbide 400 (750)
Silicon carbide (solid) 425 (800)
Carbon-graphite:
Oxidizing 275 (525)
Non-oxidizing 425 (800)

al on silicon carbide

e is widely used as a material for seal rings. Its primary advantages are high'hardness, exc
istance, high thermal conductivity, and low coefficient of friction against carbon. Silicon car
Sified according to composition and manufacturing process. For mechanical seals, rea
n carbide and self-sintered silicon carbide are widely used. Reactionzbonded silicon carb
by reacting silicon metal with carbon in a silicon carbide matrix. The resulting material cor
etal usually in the range of 8 % to 12 %. Self-sintered silicon cafbide, on the other hand, co
con carbide. In addition, within these classifications, there afe various grades, grain struc
ult, the two classifications of silicon carbide have some variation in performance when used
terial.

re are differences within the two classifications of silicon carbide, there are general characte
tion-bonded silicon carbide is regarded as having\a marginally lower coefficient of friction ag
certain conditions. It is less brittle, and is not.as hard as the self-sintered material. Although
hces are small. One substantial difference_is*in corrosion resistance. As a rough rule of th

Hed silicon carbide is recommended for service where the pH is between 4 and 11; outsid
ntered silicon carbide should be used.

al on hard-face combinations

preferred seal-face material combination is carbon versus a hard face, there are many ser

bnce of abrasive patticles in the sealed fluid;
sity of the-fluid;

ation‘of-the fluid;
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presence of high vibration and shock.

The main material choices for hard faces are silicon carbide and tungsten carbide. As a general rule, silicon
carbide will work satisfactorily against itself if there is sufficient liquid lubrication. However, tungsten carbide
versus tungsten carbide can also be a very sensible combination.

There are ge

a)

neral rules to consider.

Tungsten carbide vs. silicon carbide has shown excellent performance where the medium sealed is oil.

Even in less viscous liquid services, such as water with abrasives, tungsten carbide vs. silicon carbide is
the most common selection if two hard faces are required.

134
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b) Tungsten carbide vs. tungsten carbide has shown excellent performance in heavy oils, tars and asphalts.
It gives poor performance in water, but can give good performance in caustic solution. Special attention
should be given to the (pressure x velocity) conditions, as the limits for this materials combination are low.

c) Sintered silicon carbide vs. itself can give excellent results in corrosive service, and is the preferred
combination of two hard faces for many chemical uses. However, this combination will experience
irreversible damage if run under dry conditions and thus is not recommended in cases where there will be
marginal lubricating conditions.

d) Reaction-bonded silicon carbide vs. itself has also been used extensively in hydrocarbon processing. It
provides good performance for services such as crude oil where abrasive particles are present.

e) ote that, as a general rule, the science of tribology frowns on using two like material$ in frictional
ontact. For this reason reaction-bonded silicon carbide, narrow face, has been used(agairlst a sintered
ilicon carbide, wide face. Practical concerns, such as corrosion resistance and.increaded inventory
osts, make this a less popular combination.

Promising new materials and techniques are being developed for seal faces where hard-face gombinations

are re¢quired. As these are in the development or early stages of application, application guidelineg are beyond
the sgope of this International Standard.

B.5 |Typical temperature limitation guidelines for secondary seal materials

Material Minimum temperature Maximum temperatuye
°C (°F) °C (°F)

Fluoroelastomer (FKM):

Hydrocarbon service =7 (20) 175 (350)

Water-based service -7 (20) 120 (250)
Perfluoroelastomer (FFKM) -7 (20)2 290 (550)
Nitrile (NBR) —40 (- 40) 120 (250)
Flexible graphite — 240 (- 400) 480 (900)

a8  Some FFKM gradestare not suitable below 20 °C (70 °F).

B.6 |Tutorial on selection of elastomers

Elastpmers are'\‘a complex integration of polymer architecture, fillers, cure chemistries|and design
considerations:Properly selected, compounded, cured and designed elastomeric seals, sucll as O-rings,
perform predictably in a defined service (medium, time, temperature, pressure, static/dynamic, etg.). However,
if compromises are made then the elastomeric seal may perform inconsistently with shortened sefvice life.

The proprietary nature of elastomers make writing a specification difficult. This International Standard provides
only limited, general guidance for selection of elastomers and provides no specifics for selection of a particular
compound, cure, filler, etc. The seal selection guide in Annex A recommends polymer families (such as
fluoroelastomer, nitrile, etc.) based on general experience. The particulars of the compound must be suitable
for that service.

Some considerations for selection of particular polymers and compounds include the following.

a) The polymer should be identified by ISO or ASTM designation, and should not use reprocessed
materials.

b) It should be recognized that there are different compounds with different characteristics and performance
within a specific polymer family.
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c)

d)

e)

136

Although most elastomers use carbon black as a filler, there are other fillers that can be used.

There are critical properties, such as compression set, that can be more important for some mechanical
seal types than for others.

Media compatibility can vary considerably with time, temperature and concentration — in particular, high
temperature elastomers, such as perfluoroelastomers, can have reduced temperature ratings in some
media.

Dynamic secondary sealing elements can also have reduced temperature ratings.

All pOly rers-tused-ira uunlpuund shoutd-be-indicated:
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Annex C
(normative)

Mechanical seal data sheets
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Category 1 & 2 Seals REQUIRED FOR: SITE: UNIT:
MECHANICAL SEAL DATA SHEE1 JOB/PROJECT NO. ITEM NO.
FOR CENTRIFUGAL & ROTARY PUMPS REQUISITION / SPEC. NUMBER !
S.1. UNITS INQUIRY NUMBER BY
PAGE 1 OF 2 PURCH ORDER NUMBER DATE
REVISION NO. 0 DATE
1 |DATA SUPPLIED 2 CUSTOMARY UNITS O S1 UNITS [HARDWARE SUPPLIED 2 CUSTOMARY UNITS O SIUNITS
2 [ INDICATES DATA COMPLETED BY PURCHASER L] BY SEAL VENDOR |Q| BY SEAL VENDOR OR PURCHASER
3 [&] O DEFAULT SELECTION
4 _ SEAL SPECIFICATION - (REF 4.1, FIGURES 1 TO 6)
5 |CATEGORY |0 SEAL CATEGORY 1 (4.1.1) D SEAL CATEGORY 2 (4.1.1) |lZ] sEAL conE (annEX D)
B TYPE [Tl TYPE A (3.72) Ol vPE B (3.73) [C] ALTERMATIVE STATIONARY (TYPE A & B)
7 | (cobe-ewy |El TvPEC (3.74) [2] ALTERNATIVE ROTATING (TYPE C) [C] SINGLE SPRING (TYPE A)
8 ARR'GT | DEFAULT CONFIGURATION | ALTERNATIVE DESIGN FLUSH PLANS [SEE ANNEX G)
5 134 Ol 1cwerx [2] 1cnere O] oisT. FLUSH (Sl o1 [Of 11 (O] 14 O] 22 2] 32 |2 0. [2]e1
10 ALTERNATIVE BUSH 02 [O] 13 [D] 21 31 [ 41 [Ss{T]ls2
11 e | uquio [O] 2cwecw [T Fx (] DisT. FLUSH [Clor [0 13 0] 23 2] 21 [ 6210075
12 2(33) w TANGENTIAL LBO CONM'N 02 [C] 14 [ 34 52 | 76
13 al cas @O 2cwcs [Clznc-cs [OIrx [ DisT. FLUsH ] 11 [O] 21 [D] 32 O] 81 ) 92
14 ti | uoup [0l acwre [2] scweee 1G] Fx (S o1 O] 13 [D] s3a [S] 54 [C] 74
15 3 |2 [Z] scwerr  [O] TANG. LBO [ 02 [2] 14 [D] 538 [ s
16 &1 ocas (Dl snc-es [2] snerF | anc-FB (] 11 [O] 32 [D] sic [Z] g2
17 |SLEEVE-BHAFT DRIVE JIGl SET-SCREW ONTO SHAFT | ALTERMATIVE {6.1.3.13) - SPECIFY
18 MATERIALS (REFERENCE 6.1.6 & ANNEX B)
19 SECDNDARY SEALS SEAL FACES METAL BELLOWS SPRINGS METAL PARTS
z0 S Frm| 2] Frem [l carBoM Vs sIC UNS N10276 (TYPE B) (] unsNd10276 [ Uns s31800 531835
21 |21 SPIRPL-W GASKET [] sic vs sIc [E] uns NOTT1B (TYPE C) OR M0B455 [Z] uns n10278
2 [E] ner [Clsssic [Elresic [T uns nosozo [CMuns s31600 [2] uns Mosozo
23 |2 oTHER: || VS [Z] oTHER: OR 531635 [Z] oTHER:
24 MECHANICAL SEAL DATA
25 [ seal vEnDOR [] ALTERNATIVE SEAL FOR PUMP PERFORMANCE TEST
25 |0 DATA REQUIREMENTS FORM (ANNEX J) [ DYNAMIC SEALING PRESSURE RATING (3.19) KPa (bar) [da]
7 |0 sizEfryPE O sTATIC.SBALING PRESSURE RATING (3 63) KkPa (bar) [da]
zn |[] seal orawING NUMBER (] maxIMUM ALLOWABLE TEMPERATURE (3.40) °C
28 |[] VENIOR'S SEAL CODE ' MIMIMUM DESIGN METAL TEMPERATURE (6.1.8.11.1) °c
20 |[] MOD|FIED FACES FOR PUMP PERFORMANCE TEST

SEAL CHAMBER.DATA (REFERENCE 6.1.2.4)

ASMEB7p1 &2 [l CYLINDRICAL @l TAPERED [El.\st 13708 & 150 3088-C @ OTHER, SPECIFY

33 |72 BOLT-OM CHAMBER (6.1.2.5) [£] sEAL cHAMBER FLUSH PORT REQ'D [C] sEAL CHAMBER VENT REQ'D

24 [[G] FLOATING THROAT BUSH [Z] FIxED THROAT BUSH [C] cHAMBER HEATING REQ'D

35 PUMP DATA

35 |PUMP DHSIGN O MAMUFACTURER  MODEL ) FRAME/SIZE ) CASE MATERIAL

37 |PUMP OHERATING PRESSURE ) SUCTIGN PRESS. (RATED) kPa (bar) [ga] (O DISCHARGE PRESSURE kPa (bar) [ga]

28 |SEAL CHAMBER ) NORMAL KPa (bar) [ga] ) MIN/ MAX (3 42) / kPa (bar) [ga] () MSSP (3.44) kPa (bar) [da]

35 |SHAFT (O HORIZONTAL ) VERTICAL O DIA mm ) SHAFT SPEED rfmfn

40 |SHAFT DIRECTION (FROM DRIVER): ) oW ) cow

41 FLUID DATA - (FOR QUENCH, BUFFER AND BARRIER FLUID DATA, SEE PAGE 2)

42 |PUMPED|STREAM 0 HAZARDOUS 2 FLAMMAEBLE .}

43 |2 TYPH OR NAME COMNC'™ % [0 FLUID SOLID @ AMBIENT

44 |2 DISSPLVED CONTAMINANT O H.S mim* O WET ) SOLIDIFIES @ °C POUR POINT *C

45 O q, miin® 2 OTHER @ mim* |2 PUMPED STREAM SOLIDIFIES UNDER SHEAR

45 |0 SOLIp CONTAMINANT ) PUMPED STREAM CONTAINS AGENTS THAT POLYMERIZE

47 O JONECENTRATION (MASS FRACTION) SPECIFY AGENTS @ TEMP °C

48 |D PUMBINGTEMPERATURE C) PUMPED STREAM CAN PLATE OUT OR DECOMPOSE:

45 MIN °C NORMAL “C MAX °C SPECIFY CONDITIONS

s0 [0 RELATIVE DENSITY (TO WATER @ 25°C) AT REF. TEMP. ) PUMPED STREAM IS REGULATED FOR FUGITIVE OR

51 @ NORMAL TEMP @ MaX TEMP OTHER EMISSIONS. REGULATION LEVEL mbim*

52 |1 ABSOLUTE VAPOR PRESSURE AT REFERENCE TEMP. 0 SPECIAL PUMP CLEAMING PROCEDURES

53 MNORMAL TEMP kPa  MAX TEMP kPa SPECIFY;

54 |12 ATMOSPHERIC BOILING POINT. *C O ALTERNATIVE PROCESS FLUIDS & CONCENTRATION

55 |0 VISCOSITY @ NORMAL PUMPING TEMP. Pas (INCL. COMMISIONING)

55 |[FLUSH FLUID (F’TAN 32) If flush fluid is pumpage, then flush fluid data is not required.

57 |2 TYPE OR NAME COMNC'N % |2} ABSOLUTE WAPOR PRESSURE AT REFERENCE TEMP.

sg | SEAL VENDOR REVIEW REQUIRED NORMAL TEMP kPa MAX TEMP kPa

sa [{2 FLUID TEMPERATURE ) ATMOSPHERIC BOILING POINT. °C

60 MIN °C NORMAL “C MAX, *C |2 VISCOSITY @ NORMAL PUMPING TEMP. Pas

81 |00 RELATIVE DENSITY (TO WATER @ 25°C) AT REF. TEMP. [ |FLOW RATE REQ'D MAX/MIN { U/min

52 @ NORMAL TEMP @ MAX TEMP [ |PRESSURE REQ'D MAX/MIN { kPa (bar) [ga]
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Category 1 & 2 Seals REQUIRED FOR: SITE: UNIT:
MECHANICAL SEAL DATA SHEET JOB/PROJECT NO. ITEM NO.
FOR CENTRIFUGAL & ROTARY PUMPS REQUISITION / SPEC. NUMBER /
S.I. UNITS INQUIRY NUMBER BY
PAGE 2 OF 2 PURCHASE ORDER NUMEER DATE
(FLUID DATA, UTILITIES, ACCESSORIES, & INSP.JTEST.) | REVISION NO. 0 DATE
1 | INDICATES DATA COMPLETED BY PURCHASER [1 BY SEAL VENDOR |C] BY SEAL VENDOR OR PURCHASER
z |& © DEFAULT SELECTION
3 FLUID DATA - (QUENCH, BUFFER AND BARRIER FLUID DATA, LIQUID AND GAS)
4 |QUENCH MEDIUM (PLAN 51, 62) [S] SUPPLY TEMPERATURE MAX/MIN ! “C
5 |[&] TYPE OR NAME [ FLOW RATE REQ'D MAX/MIN / Vmin
& |BUFFER/BARRIER MEDIUM
7 [[€] TvPe OR NAME [C] RELATIVE DENSITY (TO WATER @ 25°C) AT REF. TEMP.
8[|C PURCHASER SELEC'N [ ] sEAL VENDOR SELEC'N @ NCRMAL TEMP @MAXTEMP ]
5| |© SEAL VENDOR REVIEW [] PURCHASER REVIEW [C] ABSOLUTE WAPOR PRESSURE AT REFERENCE TEMP’
1| |[C] FLOW RATE REQ'D MAX/MIN. f I'min NORMAL TEMP kPa max TEMP’ | kPa
11 [] COOLING/HEATING REQUIRED (+ OR -) kW [[C] ATMOSPHERIC EOILING POINT (LIQUID) ‘ *C
13 SUPPLY PRESSURE MAX/MIN. ! kPa (bar) [ga] |2 VISCOSITY @ NORMAL TEMP (LIQUID) Pas
11 [[2] FLUID OPERATING TEMPERATURE [] SPECIFIC HEAT CAPACITY @ CONSTANPPRESSURE |
14 MIN “C;  NORMAL SC NAX °C FOR LIQUID @ NORMAL TEMPERATURE Jikg K
19 SITE AND UTILITIES B
1 [O CONTROL VOLTAGE V PHASE  HERTZ | COOLING H,O SUPPLY TEME. ¢ O Ch mlim®
17 |2 ELECTRICAL AREA cL GR oIV 0 COOLING H,O PRESS. NORM.DES. ! kPa (bar) [ga]
1 [ DESIGN AMBIENT MINMAX. i “C ) ATEX (EC DIRECTIVE ‘84/59/EC) GR  CAT. T CLASS
19 ACCESSORIES (CLAUSES 8 AND 8)
21| |GENERAL PLAN 52 AND 53 SYSTEMS CONTINUED
21 |Q JOINT USER/VENDOR LAYOUT OF EQUIPMENT (8.1.4) ) EQUIPMENT, SUPPORT SUPPLIER
24 |0 PIPE TAPER THREADS (819) O 1307 O ASME B1.201 D) FILLNG SYSTEM SUPPLIER
24 |0 SPECIAL REQUIREMENTS FOR HAZARDOUS SERVICE ) ASME'CODE STAMP REQUIRED
24 ) EN 13445 OR OTHER CODE APPLICABLE
24 |0} SPECIAL CLEANING AND DECONTAMIMATION REQTS [C}RESERVOIR CAPACITY (8.5.4.3) I
24 |2 UTILITY MANIFOLD CONNECTIONS REQUIRED (8.4.4) [S]'NLL TO GLAND PLATE HEIGHT (8.5.4.2) m
1|0 TYPE AND SPEC. OF HEAT TRACING (8.5.5.8) O] RESERVOIR MAWP (3.41) kPa (bar) [ga] °C
2 ()] SET PRESSURE RANGE, MAX/MIN ! kPa (bar] [ga]
24 |0 THERMAL RELIEF VALVES REQUIRED (9.8.3) (] SYSTEM HOLD-UP PERIOD (PLANS 53B & 53C) ‘ DAYS
31| |COOLING SYSTEM (PLAN 21, 22, 23, 41, 53B, 53C) ) TEMPERATURE INDICATOR (PLAN 53B & 53C)
31 |2 HEAT EXCHANGER SUPPLIER PRESSURE SWITCH (8.5.4.2.h) TO ACTIVATE OM;
= & WATER COOLED [Z] air cooLeD 2 150 15648 [Z] RISING PRESSURE (ARR 2) SET @ kPa (bar [ga]
29 [©] EQUIPMENT REFERENCE/CODE [Z] FALLING PRESSURE (ARR 3) SET @ kPa (bar) [ga]
24 |0 COOLING WATER LINES SUPPLIER [Z] HIGH LEVEL ALARM REQUIRED (8.5.4.2.i)
2 ) TUBING T} GALVANISEDRIRING (8.4.2) ) TEST BASED H/Q CURVE FOR INTERNAL CIRC. DEVICE
=q |[C] COOLING WATER FLOW RATE Vmin ) EXTERNAL CIRCULATING PUMP (8.6.3.1)
371 | D SIGHT FLOW INDICATORS (8 4(3) ) OPEN O CLOSED |PLAN 72 AND 74 SYSTEM
=g |PLAN 11, 13, 14, 21, 23, 31, 32 AND 41 SYSTEMS [J EQUIPMENT SUPPLIER
39 [(©) CONMNECTING LINES SUBRMER ) HIGH FLOW ALARM SWITCH (8.6.6.5)
4 1 TUBING 7 RIPING (8.52.2) PLAN 75 AND 76 SYSTEM
41| |72 RESTRICTION QRIRIGE NIPPLE IN FLUSH LINE (8.5.2.4) [ EQUIPMENT SUPPLIER
43 |0 CYCLOME SEPARATOR SUPPLIER ) HIGH LEVEL ALARM SWITCH FOR PLAN 75 (8.6.5.3)
49 |0 PLAN 32 EQUWPMENT SUPPLIER ) TEST CONNECTION (8.6.54)
44 |0 PLANZZ FLOW IND'R (3 PLAN 32 TEMPERATURE IND'R INSTRUMENTATION
45 |PLAN 5ZAND 53 SYSTEMS 0} USER SPECIFICATION REFERENCE FOR
4 [E] STeNDARD (FIG G.27) [2] ALTERNATIVE (FIG G.28) INSTRUMENTATION/CONTROLS
47] [8 DIMENSIONAL VARIATIONS TG STANDARD (FIG G 27) PRESSURE GAUGES (9.4);
4 O Oll FILLFD PRESSURE GAUGES (9.4.3)
45 [] DIMENSIONAL VARIATIONS TQ ALTERNATIVE (FIG G.28) PRESSURE SWITCHES (8.5.2); ) TRANSMITTER (9.5.2.3)
50 LEVEL SWITCHES (9.5.3); O TRANSMITTER (9.5.3.2)
51 [D] ALTERNATIVE FABRICATION STANDARD {J HYDROSTATIC (O CAPACITANCE 0 ULTRASONIC
52 |0 PRIMARY EQUIPMENT SUPPLIER LEVEL INDICATORS (9.6)
53 [2] SUPPLIER REFERENCE/CODE O WELD PAD ) EXTERNAL, REMOVABLE (9.6.2)
54 |70 CONMECTING LINES SUPPLIER FLOW INSTRUMENTS {9.7); ) TRANSMITTER (9.7.3)
55 ) TUBING ) SCH 80 PIPING (8.5.4.4.9)
58 INSPECTION AND TESTING
57 | PURCHASER PARTICIPATION IN INSPECTION & TEST ) 100% INSPECTION OF ALL WELDS (6.1.6.10.5) USING;
sa | SPECIFY; ) MAGMETIC PARTICLE ) LIQUID PENETRANT
58 |77 INSPECTOR'S CHECK LIST (10.1.7 & ANNEX H) ) RADIOGRAPHIC ) ULTRASCHNIC
80 |0 PURCHASER APPROVAL REQUIRED FOR WELDED ) OPTIONAL QUALIFICATION TESTING REQ'D (10.3.1.1.2)
&1 CONNECTION DESIGNS, (6.1.8.10.5) [©] MOD. FACES FOR PUMP TEST (10.3.5.1), SEE PG 1, LINE 30
52 (O HARDMESS TEST (10.2.3 k) REQUIRED FOR; ALTERNATIVE SEAL PUMP TEST (10.3.5.2), SEE PG 1, LINE 25
53
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Category 1 & 2 Seals REQUIRED FOR: SITE: UNIT:
MECHANICAL SEAL DATA SHEE1 JOB/PROJECT NO. ITEM NO.
FOR CENTRIFUGAL & ROTARY PUMPS REQUISITION / SPEC. NUMBER !
U.S. CUSTOMARY UNITS INQUIRY NUMBER BY
PAGE 1 OF 2 PURCH ORDER NUMBER DATE
REVISION NO. 0 DATE
1 |DATA SUPPLIED 2 CUSTOMARY UNITS O S1 UNITS [HARDWARE SUPPLIED 2 CUSTOMARY UNITS O SIUNITS
2 [ INDICATES DATA COMPLETED BY PURCHASER L] BY SEAL VENDOR |Q| BY SEAL VENDOR OR PURCHASER
3 [&] O DEFAULT SELECTION
4 SEAL SPECIFICATION - (REF 4.1, FIGURES 1 TO 6)
5 [CATEGORY [ SEAL CATEGORY 1i4.1.1) [ SEAL CATEGORY 2 (4.1.1) |l<] sEAL CODE (ANNEX D)
& TYPE [Tl TYPE A (3.72) Sl TvPER (373 [C] ALTERMATIVE STATIONARY (TYPE A & B)
7 | (copecwy Sl TvPEC (3.74) [Z] ALTERNATIVE ROTATING (TYPE C) [Z] SINGLE SPRING (TYPE A)
B ARR'GT | DEFAULT CONFIGURATION | ALTERNATIVE DESIGN FLUSH PLANS (SEE ANNEX G) ]
5 124 O 1cwerx [ 1owerL 1O DisT. FLUSH (Sl o1 [ 11 [ 14 [Df 23 [Df 32 [T 50.[G[e1
10 ALTERNATIVE BUSH 0z [] 13 [D] 2 31 41 s-[Cfs2
11 x| Louip [0 2cw-cw [EFx 5] DisT. FLUSH [l o1 (0] 12 [0 22 [ 41 [ 62 Ja)75
12 234 - TANGENTIAL LEQ CONN'N 02 14 [C] 31 52 [ &4 76
13 a| cas [ zowcs ol 2nccs |[Qlrx O] oist. FLusk 2] 11 [D] 21 [©] 32 [D] 1 f&)72
14 &1 vauin [E scw.rFe WEE N S o1 [O] 13 [D] saa e 52 ] 74
15 g |E [&] scwrr  [2] TANG. LBO [Z] 02 [2] 14 [D] 528 [&] &1
16 &1 ocas [0l anc-es [2] sncFF | aNC-FB (] 11 [O] 32 [D] sic [2] 82
17 |SLEEVE-SHAFT DRIVE |8 SET-SCREW ONTO SHAFT [ ALTERNATIVE {8.1.3.13) - SPECIFY
18 MATERIALS (REFERENCE 6.1.5 & ANNEX B)
19 SECDNDARY SEALS SEAL FACES METAL BELLOWS SPRINGS METAL PARTS
z0 S Frm| [ Frem [l carBom vs sIC UNS N10276 (TYPE B) (2] uns10278 [ uns satsoor 531835
21 |2 SPIRRL-W GASKET [Z] sic vs sic [Tl uNS NOTT1B (TYPE C) OR M05455 [Z] uns M10278
22 [2] ner [Clsssic [Klresic [T uns nosozo [CMuns s31600 [Z] uns Mosoz0
23 (] oTHER: <] VS [Z] oTHER: OR 531635 [ oTHER:
24 MECHANICAL SEAL DATA
25 [0 sEalvENDOR L] ALTERNATIVE'SEAL FOR PUMP PERFORMANCE TEST
25 [0 DATH REQUIREMENTS FORM (ANNEX J) (] DYNAMIE SEALING PRESSURE RATING (3.19) Psis
7 |0 sizefryrE [ STARE SEALING PRESSURE RATING (2.69) Psie
28 |[] SEAL DRAWING NUMBER L] MeGIMUM ALLOWABLE TEMPERATURE (3.40) F
23 |0 VENDOR'S SEAL CODE CISMINIMUM DESIGN METAL TEMPERATURE (5.1.6.11.1) *F
a0 |0 MOD|FIED FACES FOR PUMP PERFORMANCE TEST
3 SEAL CHAMBER DATA (REFERENCE 6.1.2.4)
32 [asmEsTh1az [ cvunpricaL 2] TapEren [DNsb1atoes D 1so30ee-c | OTHER, SPECIFY
33 [ BOLT-OM CHAMBER (5.1.2.5) [5] seAL cHAMBER FLUSH PORT REQD [£] SEAL CHAMBER VENT REQ'D
24 2] FLOATING THROAT BUSH [Z] FIXED THROAT BUSH [C] CHAMBER HEATING REQ'D
5 PUMP DATA
3 [PUMP DESIGN (O MANUFACTURER O MODEL ) FRAME/SIZE [0} CASE MATERIAL
37 |PUMP OHERATING PRESSURE ) sUdTION PRESSURE (RATED) PSIG (O DISCHARGE PRESSURE Psis
38 |SEAL CHRMBER 3 NORMAL BSIG () MIN/MAX (MDSP, 3.42) I PSIG 1) MSSP (2.44) Psie
35 |SHAFT O HORIZONTAL O VERTICAL ) DA IN O} SHAFT SPEED RPJ
40 |SHAFT DIRECTION (FROM DRIVER): 0 cw 2 cow
41 FLUID DATA - (FOR QUENCH, BUFFER AND BARRIER FLUID DATA, SEE PAGE 2)
42 |PUMPED|[STREAM 0 HAZARDOUS O FLAMMABLE &}
43 | TYPH OR NAME CONC'N % |0 FLUID SOLID @ AMBIENT
44 |0 DISSPLVED CONTAMINANT 20 HS PPM O WET {0 SOLIDIFIES @ F POUR POINT “F
45 O g, rPW O OTHER @ PPM |0 PUMPED STREAM SOLIDIFIES UNDER SHEAR
48 [0 SOLIP CONTANINANT [J PUMPED STREAM CONTAINS AGENTS THAT POLYMERIZE
47 0 CONCENTRATION (% BY WT., OR PPM) SPECIFY AGENTS @ TEMP “F
48 |0 PUMBNGTEMPERATURE O PUMPED STREAM CAN PLATE OUT OR DECOMPOSE:
43 MIN F NORMAL F o MAX °F SPECIFY CONDITIONS
50 [0 SPECIFIC GRAVITY AT TEMPERATURE INDICATED ) PUMPED STREAM IS REGULATED FOR FUGITIVE OR
51 @ NORMAL TEMP @ MAX TEMP OTHER EMISSIONS. REGULATION LEVEL PPMYV
52 [0 WAPOR PRESSURE AT TEMPERATURE INDICATED ) SPECIAL PUMP CLEANING PROCEDURES
53 NORMAL TEMP PSIA  MAX TEMP PSIA SPECIFY;
54 [(J ATMOSPHERIC BOILING POINT. °F D) ALTERNATIVE PROCESS FLUIDS & CONCENTRATION
55 [ VISCOSITY @ NORMAL PUMPING TEMP. cP (INCL. COMMISSIONING)
55 |[FLUSH FLUID (F’TAN 32) If flush fluid is pumpage, then flush fluid data is not required.
57 |2 TYPE OR NAME CONC'N % |0 WAPOR PRESSURE AT TEMPERATURE INDICATED
s8 [0 SEAL VENDOR REVIEW REQUIRED MORMAL TEMP BSIA MAX TEMP PSIA
58 [ FLUID TEMPERATURE [ ATMOSPHERIC BOILING POINT. “F
B0 MIN F NORMAL F MAX °F | O VISCOSITY @ NORMAL PUMPING TEMP. cP
51 |03 SPECIFIC GRAVITY AT TEMPERATURE INDICATED [ ]FLOW RATE REQ'D MAX/MIN / GPM
52 @ NORMAL TEMP @ MAX TEMP [ ]PRESSURE REQ'D MAX/MIN / PSIG
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Cateqgory 1 & 2 Seals REQUIRED FOR: SITE: UNIT:
MECHANICAL SEAL DATA SHEE1 JOB/PROJECT NO. ITEM NO.
FOR CENTRIFUGAL & ROTARY PUMPS REQUISITION / SPEC. NUMBER !
U.S. CUSTOMARY UNITS INQUIRY NUMBER BY
PAGE 2 OF 2 PURCH ORDER NUMBER DATE
(FLUID DATA, UTILITIES, ACCESSORIES, & INSP./TEST.) REVISION NO. 0 DATE
1 |O INDICATES DATA COMPLETED BY PURCHASER [ BY SEAL VENDOR [©] BY SEAL VENDOR OR PURCHASER
z [@ © DEFAULT SELECTION
3 FLUID DATA - (QUENCH, BUFFER AND BARRIER FLUID DATA, LIQUID AND GAS)
4 |QUENCH MEDIUM (PLAN 51, 62) [C] SUPPLY TEMPERATURE MAX/MIN ! F
5 2] TYPE OR NAME [ ] FLOW RATE REQ'D MAX/MIN ! GPM/SCFH
& |BUFFER/BARRIER MEDIUM [C] SPECIFIC GRAVITY AT TEMP. INDICATED (LIQUID)
7 €] TvPe or NaME @ NORMAL TEMP @ MAX TEMP
a[ [0 PURCHASER SELEC'N [ SEAL VENDOR SELEC'N [C] VAPCR PRESSURE AT TEMPERATURE INDICATED (LIQJID)
9| |2 SEAL VENDOR REVIEW [ ] PURCHASER REVIEW NORMAL TEMP PSIA MAX TEMR PSIA
1] [ FLOWRATE REQ'D MAXUMIN. i GPMISCFH  [[0)] ATMOSPHERIC BOILING POINT (LIQUID) °F
11 2] SUPPLY PRESSURE MAX/MIN. / PSIG [C] VISCOSITY @ NORMAL TEMP (LIQUID} cP
1 [2] FLUID CPERATING TEMPERATURE [C] SPECIFIC HEAT @ NORMAL TEMP BufhitF
13 MIN °F, NORMAL °F; MAK, F [ ] COOLING/HEATING REQUIRED {+ OR=) Btush
14 SITE AND UTILITIES
1 [© CONTROL VOLTAGE V PHASE _ HERTZ | ) COOLING H,0 SUPFLY TEMF. F DClL PFPM
1g [{2) ELECTRICAL AREA CL GR DIV ) COOLING H,O PRESS. NORMDES. i PSIG
17 [0 DESIGN AMBIENT MIN./MAX. i °F ) ATEX (EC DIRECTIVE 94/%ET) GR  CAT. T CLASS
1 ACCESSORIES ({CLAUSES 8 AND 9)
1g |GENERAL PLAN 52 AND 53 SYSTEMS CONTINUED
zd | JOINT USERWVENDOR LAYOUT OF EQUIPMENT (8.1.4) [ EQUIPMENT SUFPORT SUPPLIER
21| |2 PIPE TAPER THREADS {8.1.9) 21 1s07 O ASME B1.20.1 ) FILLING S¥YSTEM SUPPLIER
24 |0 SPECIAL REQUIREMENTS FOR HAZARDOUS SERVICE ) ASME GODE STAMP REQUIRED
23 21 EN,13445 OR OTHER CODE APPLICABLE
24 |0 SPECIAL CLEANING AND DECONTAMIMATION REQTS [C] RESERVOIR CAPACITY (8.5.4.3) GAL
of |0 UTILITY MANIFOLD CONNECTIONS REQUIRED (8.4.4) [CUNLL TO GLAND PLATE HEIGHT (8.5.4.2) FT
2d |1 TYPE AND SPEC. OF HEAT TRACING (8.6.5.8) EIMRESERVOIR MAWP (3.41) PSIG @ °F
1 [C] SET PRESSURE RANGE, MAX/MIN { PSIG
of |70 THERMAL RELIEF VALVES REQUIRED (9.8.3) [C)] SYSTEM HOLD-UP PERIOD {PLANS 538 & 53C) ] DAYS
29 |COOLING SYSTEM (PLAN 21, 22, 23, 41, 53B, 53C) ) TEMPERATURE INDICATOR (PLAN 53B &53C)
3 |2 HEAT EXCHANGER SUPPLIER PRESSURE SWITCH (8.5.4.2.h) TO ACTIVATE ON;
3 Bl WATER COOLED 2] AR CcOOLED SO 15548 [3] RISING PRESSURE (ARR 2) SET @ PSIG
=4 [Z] EQUIPMENT REFERENCE/CODE [C] FALLING PRESSURE (ARR 3) SET @ B
31 |70 COOLING WATER LINES SUPPLIER [C] HIGH LEVEL ALARM REQUIRED (8.5.4 2 i) [
34 ) TUBING O GALVANISED PIPING (8.4.2) ) TEST BASED H/Q CURVE FOR INTERMAL CIRC. DEVICE
2 [[Z] COOLING WATER FLOW RATE GPM ) EXTERMAL CIRCULATING PUMP (8.5.3.1)
ag |0 SIGHT FLOW INDICATORS (8.4.3) ) OPEN (O CLOSED |PLAN 72 AND 74 SYSTEM
37l |PLAN 11, 13, 14, 21, 23, 31, 32 AND\41 SYSTEMS ' EQUIPMENT SUPPLIER
ag | CONMECTING LINES SUPPLIER (] HIGH FLOW ALARM SWITCH (8.6.6.5)
g 1 TUBING ) PIRING (8.5.2.2) PLAN 75 AND 76 SYSTEM
af |2 RESTRICTION ORIFICENNIPPLE IN FLUSH LINE (8.5.2.4) O EQUIPMENT SUPPLIER
4| |0 CYCLONE SEPARATER SUPPLIER [ HIGH LEVEL ALARM SWITCH FOR PLAN 75 (8.6.5.3)
ad |0 PLAN 32 EQUIEMENT SUPPLIER ) TEST CONNECTION (8.6.5.4)
a4 |20 PLAN 32 FROWIND'R C} PLAN 32 TEMPERATURE IND'R INSTRUMENTATION
a4 |PLAN 52 AND 53 SYSTEMS (1 USER SPECIFICATIOM REFERENCE FOR
aq |2 STARDARD (FIG G.27) [Z] ALTERNATIVE (FIG G.28) INSTRUMENTATION/CONTROLS
a9 [ J/OMEMSIONAL VARIATIONS TQ STANDARD (FIG G.27) PRESSURE GAUGES (9.4);
a7 ) OIL FILLED PRESSURE GAUGES (9.4.3)
4 [1 DIMENSIONAL VARIATIONS TO A TERNATIVE (FIG G 28) PRESSIIRE SWITCHES (8 5 2} ) TRANSMITTER (2 §.2.3)
49 LEVEL SWITCHES (9.5.3); D TRANSMITTER (3.53.2)
50 [2] ALTERMNATIVE FABRICATION STANDARD ) HYDROSTATIC () CAPACITANCE 0 ULTRASONIC
51 |2 PRIMARY EQUIPMENT SUPPLIER LEVEL INDICATORS (9.6);
52 [Z] SUPPLIER REFERENCE/CQDE ) WELD PAD (2 EXTERMAL, REMOVABLE (9.6.2)
53 |2 CONMECTING LINES SUPPLIER FLOW INSTRUMENTS (9.7); O TRANSMITTER (2.7.3)
54 ) TUBING () SCH 80 PIPING (8.54.4.9)
55 INSPECTION AND TESTING
55 |{) PURCHASER PARTICIPATION IN INSPECTION & TEST [J 100% INSPECTION OF ALL WELDS (6.1.6.10.5) USING;
57 SPECIFY; 1 MAGNETIC PARTICLE 1 LIQUID PENETRANT
58 |2 INSPECTOR'S CHECK LIST (10.1.7 & ANNEX H) ) RADICGRAPHIC ) ULTRASONIC
55 [¢2) PURCHASER APPROVAL REQUIRED FOR WELDED [ OPTIOMAL QUALIFICATION TESTING REQ'D (10.3.1.1.2)
80 CONNECTION DESIGNS, (6.1.6.10.5) [C] MOD. FACES FOR PUMP TEST (10.3.5.1), SEE PG 1, LINE 30
51 |0 HARDMNESS TEST (10.2.3 k) REQUIRED FOR: [Z] ALTERNATIVE SEAL PUMP TEST {10.3.5.2), SEE PG 1, LINE 25
B2
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Category 3 Seals REQUIRED FOR: SITE: UNIT:
MECHANICAL SEAL DATA SHEE1 JOB/PROJECT NO. ITEM NO.
FOR CENTRIFUGAL & ROTARY PUMPS REQUISITION / SPEC. NUMBER !
S.I. UNITS INQUIRY NUMBER BY
PAGE 1 of 2 PURCH ORDER NUMBER DATE
REVISION NO. 0 DATE
1 |DATA SUPPLIED = CUSTOMARY UNITS O SIUNITS [HARDWARE SUPPLIED Zr CUSTOMARY UNITS O SIUNITS
2 | INDICATES DATA COMPLETED BY PURCHASER LI BY SEAL VENDOR |Q| BY SEAL VENDOR OR PURCHASER
3 |8l O DEFAULT SELECTION
1 SEAL SPECIFICATION - (REF 4.1, FIGURES 1 TO 6)
5 TYPE TYPEA(5.72) [ TYPE B (3.73) [S] ALTERNATIVE STATIONARY (TYPE A & B)
& | (cope-cwy |O TYPEC(3.74) [C] ALTERNATIVE ROTATING (TYPE C) [Z] sINGLE SPRING (TYPE A)
7 ARR'G'T DEFAULT CONFIGURATION ALTERNATIVE DESIGN FLUSH PLANS (SEE ANNEX G)
8 134 [0] 1CW-FL |§ ALTERMATIVE BUSH [OTo1 (O 11 [Of 14 [ 23 [ 32 |51 Q)62
9 [5] 02 [O] 13 [O]21 [ 31 [D] 41 [T 64 ]D]|6s
10 e Loup @ 2cwow [l Fx 01 [ 18 [0 28 [ 41 [ 62 [ 78
0 2(33) T [Z] DIST. FLUSH [T oz [T 14 [T] a1 [D 52 [2] 71.10) 76
12 o| Gas [0 zowecs [T onces [Orx 1O oisT. FLusk ] 11 [ 21 [O] 32 [D] s 72
13 x o] Loup [0 zcwrFe (o] soweee (O] scwerF O] Fx [ 01 O] 11 D] 14 [Of sasfSissc|C] &1 [Of74
w| saalld T oas 1O ances 2] sncFF__[Ol sNc-FB [S] 02 [C] 13 [T 32 [T 536f) s4 [Cle2
15 |SLEEVE-BHAFT DRIVE [0 SET-SCREW ONTO SHAFT [0} ALTERNATIVE (6.1.3.13) - SPECIFY
16 MATERIALS (REFERENCE 6.1.6 & ANNEX B)
7 SECPNDARY SEALS SEAL FACES METAL BELLOWS SPRINGS METAL PARTS
10 [ FeM| 2] Friem [O] CARBOM VS SIC [Z] UNS N10276 (TYPE B) [Z] UNS N10276 [C] uNS S31600/ 531635
19 |2 sPIRhL-W GASKET [ sic vs sic [C1 uns Mo7T1B (TYPE Q) OR N0B45S [Z] uns n10276
20 [C] MR O] sssic [ re-sic 2] uns nosozo [Z] ums'€a1600 [Z] uns nosozo
21 |2 oTHER: (2] VS [Z] oTHER: OR 231635 [Z] oTHER:
22 MECHANICAL SEAL DATA
23 |2 sealvenDoRr [] DYNAMIC SEALING PRESSURE RATING (3.18) kPa (bar) [da]
24 |0 DATA REQUIREMENTS FORM (ANNEX J) [ STATIC SEALING PRESSURE RATING (3.69) kPa (bar) [ja]
25 |[] sizefryre [ meoamaum ALLQWRBLE TEMPERATURE (3.40) °c
25 |0 seal DRAWING NUMBER 2 MINIMUM DESIGN METAL TEMPERATURE (8.1.6.11.1) °“C
z7 |iZ] sEAL CODE (AMNEX D) [&] [ GENERATED HEAT @ NORM. CONDITIONS KW
28 |[] VENDOR'S SEAL CODE [] HEAT\GDAK @ NORMAL CONDITIONS KW
23 |0 MOD|FIED FACES FOR PUMP PERFORMANCE TEST [ TOTAL SEAL AXIAL THRUST ON SHAFT N
3p |0 ALTERNATIVE SEAL FOR PUMP PERFORMAMNCE TEST
3 SEAL CHAMBER-DATA (REFERENCE 6.1.2.4)
=2 [E 150 1708 (SO 3069-H) [2] oTHER SRECIFY O BOLT-OM CHAMBER (8.1.2.5)
33 [[€] sealcHAMBER FLUSH PORT REQD [Z] sEALCHAMBER VENT REQD [2] cHAMBER HEATING REQD
24 [Z] FLOATING THROAT BUSH [Z] FIXED THROAT BUSH
kL PUMP DATA
= |PUMP DESIGN O MANUFACTURER > MODEL ) FRAME/SIZE [ CASE MATERIAL |
7 |PUMP OHERATING PRESSURE {1 SUGTION PRESS. (RATED) kPa (bar) [ga] (O DISCHARGE PRESSURE kPa (bar) [da]
38 |SEAL CHRMBER () NORMAL KPa fbar) [ga] ) MIN / MAX (3.42) / kPa (bar) [pa] [ MSSP (3.44) KkPa (bar) [qa]
38 |SHAFT (O HORIZONTAL O VERTICAL ) DIA mm ) SHAFT SPEED rim|n
40 |SHAFT DIRECTION (FROM DRIVERY oW O cow
a FLWID DATA - (FOR QUENCH, BUFFER AND BARRIER FLUID DATA, SEE PAGE 2)
42 |PUMPED|STREAM ) HAZARDOUS ' FLAMMABLE ]
43 |9 TypH OR NAME CONC'N % | ) FLUID SOLID @ AMBIENT
a4 |12 DISSPLVED CONTAMINANT ) H.S miim* O WET ) SOLIDIFIES @ °C POUR POINT °C
45 O ds, mtm' O OTHER @ mim® | O PUMPED STREAM SOLIDIFIES UNDER SHEAR
45 |0 soLp coNTAMINANT ] PUMPED STREAM CONTAINS AGENTS THAT POLYMERIZE
47 ) JOMCENTRATION (MASS FRACTION) SPECIFY AGENTS @ TEMP C
48 |2 PUNMBLETEMPERATUIRE [ PUMPED STREAM CAN Pl ATE OUT ORF DECOMPOSE-
48 MIN “C NORMAL T MAX C SPECIFY CONDITIONS
s0 |0 RELATIVE DENSITY (TO WATER @ 25°C) AT REF. TEMP. O PUMPED STREAM IS REGULATED FOR FUGITIVE OR
51 {@ NORMAL TEMP @ MAX TEMP OTHER EMISSIONS. REGULATION LEVEL mim?
52 | O ABSOLUTE VAPOR PRESSURE AT REFERENCE TEMP. 0 SPECIAL PUMP CLEANING PROCEDURES
53 MNORMAL TEMP kPa  MAXTEMP KkPa SPECIFY;
54 |2 ATMOSPHERIC BOILING POINT. °C ) ALTERNATIVE PROCESS FLUIDS & CONCENTRATION
55 |O VISCOSITY @ NORMAL PUMPING TEMP. Fas {INCL. COMMISSIONING)
55 |FLUSH FLUID (PLAN 32) If flush fluid is pumpage, then flush fluid data is not reguired.
57 |Q TYPE OR NAME CONC'N % |0 ABSOLUTE VAPOR PRESSURE AT REFERENCE TEMP.
s8 |0 SEAL VENDOR REVIEW REQUIRED NORMAL TEMP KkPa MAX TEMP kPa
s3 | FLUID TEMPERATURE ] ATMOSPHERIC BOILING POINT. °C
80 MIN “C NORMAL T MAX ¢ |0 VISCOSITY @ NORMAL PUMPING TEMP. Pa.s
51 |9 RELATIVE DENSITY (TO WATER @ 25°C) AT REF. TEMP. [(]JFLOW RATE REQ'D MAX/MIN / Umin
52 {@ NORMAL TEMP @ MAX TEMP [(]PRESSURE REQ'D MAX/MIN / kPa (bar) [ga]
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Category 3 Seals REQUIRED FOR: SITE: UNIT:
MECHANICAL SEAL DATA SHEE1 JOB/PROJECT NO. ITEM NO.
FOR CENTRIFUGAL & ROTARY PUMPS REQUISITION /SPEC. NUMBER /
S.1. UNITS INQUIRY NUMBER BY
PAGE 2 OF 2 PURCH ORDER NUMBER DATE
(FLUID DATA, UTILITIES, ACCESSORIES, & INSP./TEST.) REVISION NO. 0 DATE
1 |2 INDICATES DATA COMPLETED BY PURCHASER [1 BY SEAL VENDOR |C] BY SEAL VENDOR OR PURCHASER
z (@ © DEFAULT SELECTION
3 FLUID DATA - (QUENCH, BUFFER, AND BARRIER FLUID DATA, LIQUID AND GAS)
4 |QUENCH MEDIUM (PLAN 51, 62) [ SUPPLY TEMPERATURE MAX/MIN ! *C
5 2] TYPE OR NAME [ ] FLOW RATE REQ'D MAX/MIN { min
& |BUFFER AND BARRIER LIQUIDIGAS
7 [Z] TvPeE or NAME [C] RELATIVE DENSITY (TG WATER @ 25°C) AT REF. TEMP.
a[|7J PURCHASER SELEC'M [ 1 SEAL VENDOR SELEC'N @ NORMAL TEMP' @ MAX TEMP
g| |© SEAL VENDOR REVIEW [] PURCHASER REVIEW [C] ABSOLUTE WAPOR PRESSURE AT REFERENCE TEMP
1 |] FLOW RATE REQ'D MAXIMIN. i min NORMAL TEMP kPa MAX TENR) | kPa
11| [T cooLnNGHEATING REQUIRED (+ OR -) KW (D] ATMOSPHERIC BOILING POINT (LIQUID) °C
12 SUPPLY PRESSURE MAX/MIN. ! KPa (bar) [ga] |[2] VISCOSITY @ NORMAL TEMP (LIQUID) Pas
14 [2] FLUID OPERATING TEMPERATURE [] SPECIFIC HEAT CAPACITY @ CONSTANPPRESSURE |
14 MIN G NORMAL °C; MAX G FOR LIQUID @ NORMAL TEMPERATWRE Ko K
14 SITE AND UTILITIES B
1 |2 CONTROL VOLTAGE V PHASE  HERTZ [ COOLING H,0 SUPPLY TEME. o Ol miim*
17 |0 ELECTRICAL AREA cL GR DIV O COOLING H,0 PRESS. NORT /DES. ! kPa (bar) [ga]
1 | DESIGN AMBIENT MIN.INMAX. i °C () ATEX (EC DIRECTIVE@4/9/EC) GR  CAT. T CLASS
19 ACCESSORIES (CLAUSES & AND 9)
21| [GENERAL PLAN 52 AND 53 SYSTEMS CONTINUED
2 [ JOINT USER/VENDOR LAYOUT OF EQUIPMENT (8.1.4) 1 ALTERNATVE CODENNSPECTION - SPECIFY
74 |C' PIPE TAPER THREADS (8.1.9) 1507 O ASME B1.2041 O EQUIPMENT SUPPORT SUPPLIER
24 | SPECIAL REQUIREMENTS FOR HAZARDOUS SERVICE (] RESERVOIR CAPACITY (8.5.4.3) 1
24 [Z] MLL T GLAND PLATE HEIGHT (8.5.4.2) [ m
of [ SPECIAL CLEANING AND DECONTAMINATION REQTS [ RESERVOIR MAWF (3.41) kPa(ban)[gal@ | °C
2d [ UTILITY MANIFOLD CONMNECTIONS REQUIRED (8.4 4) [E]SET PRESSURE RANGE, MAX/MIN ! [kPa (bar) [oa]
1[0 TY¥PE AND SPEC. OF HEAT TRACING (8.6.5.8) [©] 5YSTEM HOLD-UP PERIOD (PLANS 53B &53C) DAYS
24 ] TEMPERATURE INDICATOR (PLAN 53B & 53C)
2q [ THERMAL RELIEF VALVES REQUIRED (9.8.3) PRESSURE SWITCH (8.5.4.2 h) TO ACTIVATE ON;
31| [COOLING SYSTEM (PLAN 21, 22, 23, 41, 53B & 53C) [©] RISING PRESSURE (ARR 2) SET @ kPa (bar) [ga]
31 [O) HEAT EXCHANGER SUPPLIER [Z] FALLING PRESSURE (ARR 3) SET @ kPa (bar) [ga]
3 & WATER COOLED [Z] aiR cooLED ) 150 15649 [©] HIGH LEVEL ALARM REQUIRED (8.5.4.2.1)
2 [&] EQUIPMENT REFERENCE/CODE 1 CONNECTING LINES SUPPLIER
34 [Q COOLING WATER LINES SUPPLIER ) TUBING (2} SCH 80 PIPING (8.5.4.4 9)
ks 1 TUBING ) GALVANISEDRIRING (8.4.2) D) FILLING SYSTEM SUPPLIER
2 2] COOLING WATER FLOW RATE W/min ) EXTERMAL CIRCULATING PUMP (8.6.3.1)
37l [ SIGHT FLOW INDICATORS (8.4(3) ) oPEN () CLOSED |PLAN 72 AND 74 SYSTEM
a9 [PLAN 11, 13, 14, 23, 31, 32 AND31, SYSTEMS ) EQUIPMENT SUPPLIER
3 [ CONMECTING LINES SWPPHER ) HIGH FLOW ALARM SWITCH (8.6.6.5)
4 1 TUBING 2 RIPING (8.5.2.2) PLAN 75 AND 76 SYSTEM
41 [ RESTRICTION QRIFIGE MIPPLE IN FLUSH LINE (B.5.2.4) ) EQUIPMENT SUPPLIER
44 [0 CYCLOMNE SEPARMTOR SUPPLIER ) HIGH LEVEL ALARM SWITCH FOR PLAN 75 (8.6.5.3)
44 |3 PLAN 32 EQUIPMENT SUPPLIER () TEST COMNECTION (B.6.5.4)
44 [ PLAN 32 FLOW IND'R Ct PLAN 32 TEMPERATURE IND'R INSTRUMENTATION
4 |PLAN 52AND 53 SYSTEMS ) USER SPECIFICATION REFERENCE FOR
49 (D] ETERDARD (FIG G.27) [3] ALTERNATIVE (FIG G.28) INSTRUMENTATION/CONTROLS
I [N DIMENSIONAL VARIATIONS TQ STANDARD (FIG G.27) PRESSURE GAUGES (9.4);
4 () OIL FILLED PRESSURE GAUGES (9.4 3)
43 [J DIMENSIONAL VARIATIONS TO ALTERNATIVE (FIG G 28) PRESSURE SWITCHES (9.5.2); ) TRANSMITTER (9.5.2.3)
50 LEVEL SWITCHES (9.5.3);, O TRANSMITTER (9.5.3.2)
51 [] ALTERMATIVE FABRICATION STANDARD {) HYDROSTATIC (O CAPACITANCE {0 ULTRASONIC
52 [ PRIMARY EQUIPMENT SUPPLIER LEVEL INDICATORS (9.6)
53 [2] SUPPLIER REFERENCE/CODE O WELD PAD D) EXTERNAL, REMOVABLE (9.6.2)
54 [ ASME CODE STAMP REQUIRED FLOW INSTRUMENTS (9.7); 1 TRANSMITTER (9.7.3)
55 INSPECTION AND TESTING
55 [() PURCHASER PARTICIPATION IN INSPECTION & TEST [ 100% INSPECTION OF ALL WELDS (8.1.6.10.5) USING;
57 | _ SPECIFY; 1 MAGMETIC PARTICLE 1 LIQUID PENETRANT
58 [} INSPECTOR'S CHECK LIST (10.1.7 & ANNEX H) {) RADIOGRAPHIC {J ULTRASONIC
53 [0 PURCHASER APPROVAL REQUIRED FOR WELDED ) OPTIONAL QUALIFICATION TESTING REQD (10.3.1.1.2)
&0 CONNECTION DESIGNS, (6.1.6.10.5) [Z] MOD. FACES FOR PUMP TEST (10.3.5.1), SEE PG 1, LINE 29
51 [C) HARDMESS TEST (10.2.3 k) REQUIRED FOR: [D] ALTERNATIVE SEAL PUMP TEST {10.3.5.2), SEE PG 1, LINE 30
62
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Cateqory 3 Seals REQUIRED FOR: SITE: UNIT:
MECHANICAL SEAL DATA SHEET JOBIPROJECT NO. ITEM NO.
FOR CENTRIFUGAL & ROTARY PUMPS REQUISITION / SPEC. NUMBER /
U.S. CUSTOMARY UNITS INQUIRY NUMBER BY
PAGE10F 2 PURCH ORDER NUMBER DATE
REVISION NO. 0 DATE
1 [DATA SUPPLIED ' CUSTOMARY UNITS ) SIUNITS [HARDWARE SUPFPLIED 0 CUSTOMARY UNITS O SIUNITS
2z |O INDICATES DATA COMPLETED BY PURCHASER ] BY SEAL VENDOR [C] BY SEAL VENDOR OR PURCHASER
3 |& © DEFAULT SELECTION
4 SEAL SPECIFICATION - (REF 4.1, FIGURES 1 TO 6)
5 TYPE (O] TYPE A (3.72) TYPE B (3.73) [ ALTERNATIVE STATIONARY (TYPE A & B)
& | (CODE-CW) O] TvpEC (3.74) ALTERNATIVE ROTATING (TYPE C) SINGLE SPRING (TYPE A)
7 ARR'G'T DEFAULT CONFIGURATION ALTERNATIVE DESIGN FLUSH PLANS (SEE ANNEX G)
B 1(3.2 [ 1CW-FL (O] ALTERMNATIVE BUSH [ o1 L] 11 [0 14 [ 23 [ 32 [0 51 o) 82
a @02@13@21@31@41@51&
10 e LauD 12 2Cwew o] Fx [C]01 o] 12 10 23 [ 41 [ 62 a5
1 233 r _ (2] pisT. FLUSH [S] 0z [D] 14 [T 31 (] s2 [D] 71 [Tl 7s
12 2| GAS [ zowes Olanccs [Olex [OloisT FLusH [ 11 [ 21 [0 32 [D] 61 [Q]\72
13 £ | uouo [ scwre (Dl acwes O] acwrr [ Fx (Sl o1 [D] 11 [Of 14 [D] saaldl s3d &1 [ 74
w| 3pa||ld Y] cas & ances (D] aNC-FF__ [0 3NC-FB @02 @I 13 @I 32 @Isaa@l 54 @Isz
15 |SLEEVE-§HAFT DRIVE [lo] SET-SCREW ONTO SHAFT O] ALTERNATIVE (6.1.3.13) - SPECIFY
16 MATERIALS (REFERENCE 6.1.6 & ANNEX B)
17 SECCNDARY SEALS SEAL FACES METAL BELLOWS SPRINGS METAL PARTS
18 [& Frw | 1S Frrma [ carBoN VS SIC [C] UNS N10278 (TYPE B) [O] uns N102%8 [S] uns s31600f 531635
13 |Gl SPIRAL-W GASKET Bl sicvssic [E] UNS NO7718 (TYPE C) OR W0B453 [5] uns N10278
20 |[2] ner Ol sssic  [Eresic  |2]uns nosozo [Z] ung&ata00 [Z] uns nosozo
21 |[&] otHER: [Z] Vs [Z] oTHER: OR/531635 [2] oTHER:
22 MECHANICAL SEAL DATA
23 |0 sEALNENDOR Ll DYNAMIC SEALING PRESSURE RATING (3.19) PHIG
24 |0 DATA|REQUIREMENTS FORM (ANNEX J) [ STATIC SEALING PRESSURE RATING (3.69) PRIG
25 | sizerfyre [ MaxiMUuyhatL OWABLE TEMPERATURE (3.40) °F
26 |0 SEALPRAWING NUMBER O MINIMURM-DESIGN METAL TEMPERATURE (6.1.6.11.1) I
27 2] SEALCODE (ANNEX D) C3 [] GEMERATED HEAT @ NORM. CONDITIONS BTUHR
23 |0 vENDPR'S SEAL CODE C] HEAT SOAK @ NORM. CONDITIONS BTUMHR
28 |0 MODIFIED FACES FOR PUMP PERFORMANCE TEST [TTOTAL SEAL AXIAL THRUST ON SHAFT LBF
ap |0 ALTERNATIVE SEAL FOR PUMP PERFORMANCE TEST
31 SEAL CHAMBER-DATA (REFERENCE 6.1.2.4)
32 [E 150 13708 (1SO 2089-H) |<] oTHER, SRECIFY 2 BOLT-ON CHAMBER (6.1.2.5)
33 [[2] SEAL|CHAMEBER FLUSH PORT REQ'D [C] sEAL CHAMEER VENT REQ'D [Z] CHAMBER HEATING REQ'D
34 O] FLOAJING THROAT BUSH [D] fI%ED THROAT BUSH
35 PUMP DATA
36 |[PUMP DEBIGN (O MANUFACTURER ) MODEL O FRAME/SIZE O CASE MATERIAL
37 |PUMP OPERATING PRESSURE T SUCTION PRESSURE (RATED) PSIG [ DISCHARGE PRESSURE PHIG
38 |SEAL CHAMBER 0 NORMAL PSIG 1 MIN/ MAX (MDSP, 3.42) i PSIG (O MSSP (3.44) PHIG
38 |SHAFT (] HORIZONTAL: ) VERTICAL 1 DiA. IN ) SHAFT SPEED RA
40 |SHAFT DIRECTION (FROM DRIVERT: oW ) cow
4 FLYID DATA - (FOR QUENCH, BUFFER AND BARRIER FLUID DATA, SEE PAGE 2)
42 |PUMPED $TREAM 0 HAZARDOUS O FLAMMABLE o
43 |2 TYPEJOR NAME CONC'N % |2 FLUID SOLID @ AMBIENT i
44 | DISSLVED CONTAMINANT Ot H.S pPM O WET 0 SOLIDIFIES @ °F POUR POINT F
45 CCl PEM® O OTHER @ PPM | O PUMPED STREAM SOLIDIFIES UNDER SHEAR
46 |0 soug COMTAMINANT ' PUMPED STREAM CONTAINS AGENTS THAT POLYMERIZE
47 O CPNEENTRATION (% BY WT, OR PPM) SPECIFY AGENTS @ TEMP °F|
48 |0 PUMPEBNGTFEMRERATURE O RUMRED STRE AWM CAN AL TE CUT OR BECOMPOSE:
43 MIN °F NORMAL °F MAX °F SPECIFY CONDITIONS
s0 |0 SPECIFIC GRAVITY AT TEMPERATURE INDICATED ' PUMPED STREAM IS REGULATED FOR FUGITIVE OR
51 @ NORMAL TEMP @ MAX TEMP OTHER EMISSIONS. REGULATION LEVEL PEMY
52 |0 WAPOR PRESSURE AT TEMPERATURE INDICATED O SPECIAL PUMP CLEANING PROCEDURES
53 NORMAL TEMP PSIA  MAX TEMP PSIA SPECIFY;
54 |0 ATMOSPHERIC BOILING POINT. “F O ALTERMATIVE PROCESS FLUIDS & CONCENTRATION
55 |0 VISCOSITY @ NORMAL PUMPING TEMP. Cp (INCL. COMMISSIONING)
56 |FLUSH FLUID (PLAN 32) If flush fluid is pumpage, then flush fluid data is not required.
57 | TYPE OR NAME CONC'N % |0 VAPOR PRESSURE AT TEMPERATURE INDICATED
sa |0 SEAL VENDOR REVIEW REQUIRED NORMAL TEMP PSIA MAX TEMP PSIA
52 |0 FLUID TEMPERATURE O ATMOSPHERIC BOILING POINT. F
60 MIN °F NORMAL °F MAX °F |2 WISCOSITY @ NORMAL PUMPING TEMP. Cp
61 | SPECIFIC GRAVITY AT TEMPERATURE INDICATED []FLOW RATE REQ'D MAX/MIN / GPM
62 @ NORMAL TEMP @ MAX TEMP [ |PRESSURE REQ'D MAX/MIN / PSIG
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Category 3 Seals REQUIRED FOR: SITE: UNIT:
MECHANICAL SEAL DATA SHEET JOB/PROJECT NO. ITEM NO.
FOR CENTRIFUGAL & ROTARY PUMPS REQUISITION / SPEC. NUMBER /
U.S. CUSTOMARY UNITS INQUIRY NUMBER BY
PAGE 2 OF 2 PURCH ORDER NUMBER DATE
(FLUID DATA, UTILITIES, ACCESSORIES, & INSP./TEST.) REVISION NO. 0 DATE
1 |2 INDICATES DATA COMPLETED BY PURCHASER [1 BY SEAL VENDOR |C] BY SEAL VENDOR OR PURCHASER
z (@ © DEFAULT SELECTION
3 FLUID DATA - (QUENCH, BUFFER AND BARRIER FLUID DATA, LIQUID AND GAS)
4 |QUENCH MEDIUM (PLAM 51, 62) [ SUPPLY TEMPERATURE MAX/MIN i °F
5 2] TYPE OR NAME [ ] FLOW RATE REQ'D MAX/MIN i GPM/SCFH
& |BUFFER AND BARRIER LIQUIDIGAS
7 [Z] TvPeE or NAME [C] SPECIFIC GRAVITY AT TEMP. INDICATED (LIQUID)
a[[(J PURCHASER SELECHN [ SEAL VENDOR SELECN @ NORMAL TEMP @ MAX TEMF |
a| |0 SEAL VENDOR REVIEW ] pURCHASER REVIEW (D] VAPOR PRESSURE AT TEMPERATURE INDICATERLIEID)
1 |] FLOW RATE REQ'D MAXIMIN. i GPMISCFH NORMAL TEMP PSIA MAX TENR) | PSIA
11| [T cooLnNGHEATING REQUIRED (+ OR -) Btu'h (D] ATMOSPHERIC BOILING POINT (LIQUID) °F
12 SUPPLY PRESSURE MAX/MIN. i PSIG (O] VISCOSITY @ NORMAL TEMP (LIQUID) cP
14 [2] FLUID OPERATING TEMPERATURE [2)] SPECIFIC HEAT @ NORMAL TEMP ‘BufnitF
14 MIM °F: NORMAL °F: NAX °F
15 SITE AND UTILITIES
1 [0 CONTROL VOLTAGE V PHASE  HERTZ | COOLING H,O SUPPLY TEME. F O ch PPM
17 |0 ELECTRICAL AREA cL GR DIV O COOLING H,0 PRESS. NORT /DES. i PSIG
1 | DESIGN AMBIENT MIN.INMAX. i °F () ATEX (EC DIRECTIVE@4/9/EC) GR  CAT. rcLass
19 ACCESSORIES (CLAUSES & AND 9)
21| [GENERAL PLAN 52 AND 53 SYSTEMS CONTINUED
2| |2 JOINT USER/VENDOR LAYOQUT OF EQUIPMENT (8.1.4) 0 ALTERNATAVE GCODEINSPECTION - SPECIFY
74 |C' PIPE TAPER THREADS (8.1.9) 1507 O ASME B1.2041 O EQUIPMENT SUPPORT SUPPLIER
24 [{ SPECIAL REQUIREMENTS FOR HAZARDOUS SERVICE (] RESERVOIR CAPACITY (8.5.4.3) GAL
24 [Z] MLL T GLAND PLATE HEIGHT (8.5.4.2) ‘ FT
of [{3 SPECIAL CLEAMING AND DECONTAMINATION REQTS [ RESERVOIR MAWF (3.41) PsiG@ | oF
24 [{2) UTILITY MANIFOLD CONNECTIONS REQUIRED (8.4.4) [E]SET PRESSURE RANGE, MAX/MIN ! PSIG
A4 |0 TYPE AND SPEC. OF HEAT TRACING {8.5.5.8) [©] 5YSTEM HOLD-UP PERIOD (PLANS 538 &53C) | Dars
24 ] TEMPERATURE INDICATOR (PLAN 53B & 53C)
29 (O THERMAL RELIEF VALVES REQUIRED (9.8.3) PRESSURE SWITCH (8.5.4.2.h) TO ACTIVATE ON;
31| |COOLING SYSTEM (PLAN 21, 22, 23, 41, 53B & 53C) [©] RISING PRESSURE (ARR 2) SET @ | PSIG
31 |2 HEAT EXCHANGER SUPPLIER [Z] FALLING PRESSURE (ARR 3) SET @ | PSIG
33 & WATER COOLED [Z] aiR cooLED ) 150 15649 [©] HIGH LEVEL ALARM REQUIRED (8.5.4.2.1)
2 [&] EQUIPMENT REFERENCE/CODE 1 CONNECTING LINES SUPPLIER
34 | O COOLING WATER LINES SUPPLIER ) TUBING 2} SCH B0 PIPING (B.5.4.4.9)
ks 1 TUBING ) GALVANISEDRIRING (8.4.2) D) FILLING SYSTEM SUPPLIER
2 2] COOLING WATER FLOW RATE GPM ) EXTERMNAL CIRCULATING PUMP (8.6.3.1)
27 [0 SIGHT FLOW INDICATORS (8.4(3) ) OPEN ) CLOSED |PLAN 72 AND 74 SYSTEM
a9 |PLAN 11, 13, 14, 23, 31, 32 AND®1 SYSTEMS ) EQUIPMENT SUPPLIER
3 [ CONMECTING LINES SWPPHER ) HIGH FLOW ALARM SWITCH (8.6.6.5)
4 1 TUBING 2 RIPING (8.5.2.2) PLAN 75 AND 76 SYSTEM
41 [ RESTRICTION QRIFIGE NIPPLE IN FLUSH LINE (5.5.2.4) ) EQUIPMENT SUPPLIER
43 |J CYCLONE SEPARKTOR SUPPLIER ) HIGH LEVEL ALARM SWITCH FOR PLAN 75 (8.6.5.3)
44 |20 PLAN 32 EQUIPMENT SUPPLIER () TEST COMNECTION (B.6.5.4)
44 |12 PLAN 32 FLOW IND'R (Zr PLAN 32 TEMPERATURE IND'R INSTRUMENTATION
4 |PLAN 52AND 53 SYSTEMS 0 USER SPECIFICATION REFERENCE FOR
49 (D] ETERDARD (FIG G.27) [3] ALTERNATIVE (FIG G.28) INSTRUMENTATION/CONTROLS
1] [N DIMENSIONAL VARIATIONS TQ STANDARD (FIG G.27) PRESSURE GAUGES (9.4);
4 ) OIL FILLED PRESSURE GAUGES (9.4 3)
43 [] DIMENSIONAL VARIATIONS TQ ALTERNATIVE (FIG G.28) PRESSURE SWITSHES (9.5.2); ) TRANSMITTER (9.5.2.3)
50 LEVEL SWITCHES (8.5.3); O TRANSMITTER (2.5.3.2)
51 [] ALTERMATIVE FABRICATION STANDARD {J HYDROSTATIC () CAPACITANCE {3 ULTRASONIC
52 |0 PRIMARY EQUIPMENT SUPPLIER LEVEL INDICATORS (3.6)
53 [2] SUPPLIER REFERENCE/CODE O WELD PAD D) EXTERNAL, REMOVABLE (9.6.2)
54 [ ASME CODE STAMP REQUIRED FLOW INSTRUMENTS (9.7); 1 TRANSMITTER (9.7.3)
55 INSPECTION AND TESTING
55 [{J PURCHASER PARTICIPATION IN INSPECTION & TEST [ 100% INSPECTION OF ALL WELDS (8.1.6.10.5) USING:
57 | _ SPECIFY; 1 MAGMETIC PARTICLE 1 LIQUID PENETRANT
58 [} INSPECTOR'S CHECK LIST (10.1.7 & ANNEX H) {) RADIOGRAPHIC {J) ULTRASONIC
53 [ PURCHASER APPROVAL REQUIRED FOR WELDED ) OPTIONAL QUALIFICATION TESTING REQD (10.3.1.1.2)
&0 CONMECTION DESIGNS, (6.1.6.10.5) [Z] MOD. FACES FOR PUMP TEST (10.3.5.1), SEE PG 1, LINE 29
51 [C) HARDMESS TEST (10.2.3 k) REQUIRED FOR: [D] ALTERNATIVE SEAL PUMP TEST {10.3.5.2), SEE PG 1, LINE 30
62
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Annex D
(informative)

Mechanical seal codes

D.1 Mechanical seals

In accordand
using the foll

e with this International Standard, mechanical seals can be described in a general mann
bwing simplified coding system.

D.2 First letter: seal category (1, 2, 3)

The category

Historical cod
Standard arsg

number is prefixed with a “C” for clarity.

es for Balanced (B) or Unbalanced (U) are unnecessary, because alkthe seals in this Interng
balanced. See 4.1.2 and Annex A, Sheet 2, for seal category descriptions.

D.3 Second letter: seal arrangement (1, 2, 3)

The arrangement number is prefixed with an “A” for clarity.

Historical co
3.3,34,4.1.

D.4 Third
There is no (g
Historical coq

sealing devig
3.75,4.1.3 a

D.5 Fourt

One or more|

l and Annex A, Sheet 2 for seal arrangement descriptions.

letter: seal type (A, B, C)
refix with the seal type letter:
es for Plain (P), Throttle~bushing with quench, leakage and/or drain connections (T), or Auxilig

es are obsolete, asCeach seal type contains specific seal gland plate features. See 3.73,
nd Annex A, Sheet-2; for seal type descriptions.

h number(s): flush arrangement

arrangement number from Annex G. The letter “X” may be used in any position, but shall a

be explained

er by

tional

jes for Single (S), Tandem (T) or Double (D) are obsolete and may be misinterpreted. Se¢ 3.2,

[y (A)
3.74,

ways

D.6 Non-standard reference

Historical codes for gasket material have been eliminated, as it is not seen as a major cost issue at the time of

early project

development.

If a category or arrangement code is used in a seal code, then this International Standard is assumed to be
invoked. Where there are conflicts in seal codes, the category and arrangement codes take precedence.
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D.7 Summary

This coding system is a variation of the five-character code that has been used for many years to describe
seals in ISO 13709. Seal codes are especially useful when working with new projects which may have many
pumps and seals. This coding system is not intended to provide information about the details of the seal;
always check the seal data sheet for details.

EXAMPLE 1

flush. According to this International Standard, this seal has:

a)
b)
c)
d)

e)

a fixed, carbon throttle bushing in the seal gland (7.1.2.1);

fluoroelastomer eor\nndary seals (R 165 ‘I);

3

ultiple springs (4.1.3);
c@rbon vs. self-sintered silicon carbide faces (6.1.6.2.2 and 6.1.6.2.3); and

single inlet (non-distributed) flush port (6.2.1.2.1).

Q

EXAMPLE 2 C3A2C1152 is a Category 3, Arrangement 2 (unpressurized), Type Cf(stationary metal
which{ utilizes Plan 11 and Plan 52 flush. By definition, in this International Standard the"seal has:

a)
b)
c)
d)
e)
f)
9)
h)

two flexible metal bellows mounted in series (4.1);

Q

contacting, wet inner seal with a reverse balance capability (7.2.1.1);

Q

liquid buffer-fluid and contacting containment seal (7.2.1.3);

—=h

Iexible graphite for secondary sealing elements (4.1.3);

[¢]

brbon vs. reaction-bonded silicon carbide faces (6.1.6.2.2 and 6.1.6.2.3);
distributed inlet flush system (6.2.3.2);
tangential buffer-fluid outlet (7.2.4.2); and

W o o

4 in buffer-fluid connections if the sleeve bore is over 63,5 mm (2,5 in), where practical (Table 1).

© I1SO 2004 — All rights reserved

C1A1A11 is a Category 1, Arrangement 1 (single seal), Type A (pusher seal) seal which uses a Plan 11

bellows) seal
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Annex E
(normative)

Seal and pump vendor interface responsibilities

CATEGORY 1, 2 and 3 SEALS

Subclause Topic Responsibility

5.1 Define who has unit responsibility Joint

6.1.1.8 Provide axial movement capability of the seal Seal vendor

6.1.2.2 Define who shall supply seal chamber Joint

6.1.2.4 Define seal chamber type Seal vendor

6.1.2.5 Define who shall supply seal chamber Joint

6.1.2.8 b) Advise if register fit is outside or inside Pump vendof

6.1.2.9 Provide maximum allowable working pressure of pump Pump vendoi

6.1.2.12 Provide gland or seal chamber bolting size Pump vendoi

6.1.2.14 Provide seal chamber pressure Pump vendoi

6.1.2.17 Define size and location of tapped connections in gland Joint

6.1.2.17 Advise pump vendor if connections are required-on the pump seal chamber |Seal vendor

6.1.2.20 Define how seal chamber shall be vented Joint

6.1.2.24 Define heating or cooling requirements_for pump Seal vendor

6.1.2.25, Define who shall provide flush tap and port connections Joint

6.1.2.26

6.1.3.2 Provide shaft diameter for'seal mounting Pump vendoi

6.1.3.5 Define impeller end of shaft and any threads requiring clearance for Pump vendof
O-rings, etc.

6.1.3.11 Provide shaft hardness to ensure set screws will imbed in shaft Pump vendoi

6.1.3.12 Advise if drive-collar requires more than nine set screws Seal vendor

6.1.3.13 Advisedif devices other than set screws are required to drive and locate Seal vendor
the seal

6.1.6.24 Advise if seal cannot be operated during pump test Seal vendor

6.1.6.7.1, Advise pump construction if alloy higher than AISI Type 316 stainless steel Pump vendor

6.1.6.8.1

6.1.6.7.2, Advise if spiral-wound gasket is required Seal vendor

6.1.6.8.2

6.2.1.2.2 Provide mating dimensions for seal chamber face Pump vendor
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CATEGORY 2 and 3 SEALS

Subclause Topic Responsibility
6.2.2.2.2 Provide mating dimensions for seal chamber face Pump vendor
6.2.2.3.1 Supply shaft dimensions for seal mounting Pump vendor
6.2.2.3.2 Key drive requirements to be defined Seal vendor

ACCESSORIES

8.1.1 Define seal flush, quench and cooling systems required Seal‘yendor
8.1.4 Develop arrangement of equipment, piping and auxiliaries Joint

8.1.11 Provide maximum allowable working pressure of pump casing Pump vendor
8.1.12 Provide pump construction for alloy pumps Pump vendor
8.6.1 Define means of circulating barrier/buffer fluid Seal yendor
8.6.2.3 Provide seal chamber bore diameter Pump vendor
8.6.2.4 Provide location of seal chamber port(s) Pumpg vendor

INSPECTION, TESTING, AND PREPARATION FOR SHIPMENT

10.3(5.1 Advise if seal shall have modified seal faces for pump test Seal yendor

10.3(5.2 Advise if seal cannot be operated during pump test Seal yendor
DATA TRANSFER

11.111 Provide completed seal datasheet to pump manufacturer Seal yendor
11.1{4 Define data requifements for seal Seal yendor
11.2)2 Provide sealcross-sectional drawing to pump manufacturer Seal yendor
11.3 Define whao-is supplying what data Joint

© I1SO 2004 — All rights reserved
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Annex F
(informative)

Heat generation and heat soak calculations

F.1 Estimation of seal-generated heat

F.1.1 Genl
While the c3l
assumptions
particularly s

K is a numb
the seal face
For convex {
(diverging flu
differential p
expressed by

Fopening
where

F

opening

A
Ap
K

For practical
value of 0,5
multi-phase
benchmark f

The effective
most engine
parallel forcq
relatively. Th

Lispect are K, the pressure drop coefficient, and £, the effective coefficient of friction.

er between 0,0 and 1,0 which represents the pressure drop as the sealed fluid migrates a
s. For flat seal faces (parallel fluid film) and a non-flashing fluid, K is ‘approximately equal t
eal faces (converging fluid film) or flashing fluids, K is greater than\0,5. For concave seal

broperties) and/Afilm’ characteristics (including thickness and coning), this value is selected
br consistent€alculation. The engineer must be aware that this assumption has been made.

ral

culation of the heat generated by a mechanical seal appears to be a simple matter, sq

veral

must be made which introduce potentially large variations in the results. Two.variables that are

d film), K is less than 0,5. Physically, K is the coefficient whichds used to quantify the amo
the following equation:

=AxApxK

is the opening force, expressed in newtons;

is the area of the seal face, expressed;in square millimetres;
is the differential pressure, expressed in megapascals;

is the pressure drop coefficient, dimensionless.

purposes, K varies petween 0,5 and 0,8. As a standard practice for non-flashing fluids thoy
is selected for K~Although K is known to vary depending upon seal fluid properties (incl

Cross
b 0,5.
faces
int of
ressure across the seal faces which is transmitted into opéening forces. The opening foice is

(F.1)

gh, a
Liding
as a

coefficient’ of dynamic friction, £, is a number that is similar to the standard coefficient ter

that

brs are-familiar with. The standard coefficient of friction term is used to represent the ratio of
s-{onnormal forces. This is normally applied to the interaction between two surfaces m

ving

In a mechanical seal, the two relatively-moving surfaces are the seal faces. If the seal faces were operating
dry, it would be a simple matter to determine the coefficient of friction. In actual operation, the seal faces

operate unde

r various lubrication regimes, and various types of friction are present.

If there is significant asperity contact, f'is highly dependent on the materials and less dependent on the fluid
viscosity. If there is a very thin fluid film (only a few molecules thick), friction may depend upon interaction
between the fluid and the seal faces. With a full fluid film, there is no mechanical contact between the faces
and f'is solely a function of viscous shear in the fluid film. All of these types of friction can be present at the
same time on the same seal face.

150
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An effective coefficient of friction is used to represent the gross effects of the interaction between the two
sliding faces and the fluid film. Actual testing has shown that normal seals operate with /' between about 0,01
and 0,18. For normal seal applications, we have selected a value of 0,07 for /. This is reasonably accurate for
most water and medium hydrocarbon applications. Viscous fluids (such as oils) will have a higher value, while
less viscous fluids (such as LPG or light hydrocarbons) can have a lower value.

The combination of the assumption of K and the assumption of f can lead to a significant deviation between
calculated heat generation results and actual results. Therefore, the engineer must keep in mind that these
calculations are useful only as an order-of-magnitude approximation of the expected results. These results
shall never be stated as a guarantee of performance.

F.1.2 Calculation method
Required inputs:

P, is the seal face contact outer diameter, expressed in millimetres;
is the seal face contact inner diameter, expressed in millimetres;
Dy, is the effective seal balance diameter, expressed in millimetres;
is the spring force at working length, expressed in newtons;

Ap is the pressure across the seal face, expressed in megapascals;
7 is the face rotational speed, expressed in revolutions per minute;

/| is the coefficient of friction (assume 0,07);

K is the pressure drop coefficient (assume 0,5).
F.1.3 Formulas

F.1.3l11 Face area, 4

2 2
Do - Di") (F.2)
4
F.1.312 Seal balanceratio, B
2 2
b _ Doz- Db2 (F.3)
Do’ - D
F.1.3.3 Spring pressure, Psp
F.
Psp = Zp (F.4)
F.1.3.4 Total face pressure, p;;
Ptot = AP(B_K)"‘psp (F.5)
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F.1.3.5 Mean face diameter, D,

D,+D.
Dy = M (F.6)
2
F.1.3.6 Running torque, 7,
D
T, = A m F.7
r = Ptot XAx [ [2000} (F.7)
F.1.3.7 Stirting torque, T, estimated at 3 to 5 times running torque
Ty = Tt x4 (F.8)
F.1.3.8 Power, P
T, kN
p_TfN) (F.9)
9 550

F.1.4 Example of calculation

F.1.4.1 Application
Fluid: Water
Pressure: 2 MPa (20 bar)
Speed: 3 000 r/min
Inputs:
D, =61,6 mm
D; =489 mm
Dy =52,4mm
Fsp

Ap =2|MPa (20-bar)

=190 N

n  =3[000 min

f =007
K =05

Equation (F.2) gives:

A:[%)x(ﬁlﬁz -49,92):1 102 mm?
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Equation (F.3) gives:

(61,62 —52,42)
B= =0,746
(61,62 —48,92)
Equation (F.4) gives:
190 2
pSp = (mj = 0,172 N/mm

Euntion (F.5) gives:
prot = 2(0,746-0,5)+0,172 = 0,664 N/mm?
Equation (F.6) gives:

(61,6+48,9)
Py =~ =56,25 mm

Equation (F.7) gives:

- = 0,664 x1102 x 0,07 95,25 =1,42N-m
2000

Equation (F.8) gives:
s =1,42x4 =568N-m
Equation (F.9) gives:

(1,42 x 3000)
p="""" ") _0,446 kW
9550

F.2 [Temperaturerise in the seal chamber
F.2.1 General

The pteady-state temperature of the fluid in the seal chamber is a function of a simple th¢rmodynamic
balarjceThe heat flow into the seal chamber fluid minus the heat flow out of the seal chamber yields a net
heat i ittet i ' t heat flow is

positive or negative. This is deceptively simple. In actual applications, the heat flows into and out of the seal
chamber fluids are extremely complex.

There are several sources of heat flow into the fluid. These include heat generated due to friction and fluid
shear at the seal faces, heat generated due to windage (or turbulence) caused by the rotating seal
components, and heat conducted from the pump through the seal chamber and shaft (or positive heat soak).
There are also several sources of heat flow out of the seal chamber. These include heat conducted back into
the pump through the seal chamber or shaft (or negative heat soak) and heat lost to the atmosphere through
convection and radiation.

In some cases, assumptions can be made which simplify the model. For example, consider a single seal with
Piping Plan 11, 12, 13, or 31. With these piping plans, the fluid injected into the seal chamber will be at pump
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temperature and heat soak can be ignored. Unless the pump is at a very high temperature, heat loss to the
atmosphere can also be ignored. Except in the case of large seals at high speeds, heat generation due to
windage is usually insignificant and can be ignored. The increase in temperature can then be calculated if the

following vari

ables are known:

O is the heat generation at the seal faces, expressed in kilowatts;

Tinj is the injection flowrate, expressed in litres per minute;

d is the relative density (specific gravity) of the injected fluid at pump temperature;

CP is the O}Jcb;f;b heat uapau;t_y of-the ;Iljcbtcd fteric—at pump tCIII}JCIGtUIU, c/\plcaacd Y juuic‘ per

kilogram kelvin.
The different|al temperature, AT (in kelvin), can be calculated by the following equation:
6P 000 x
AT = (——Q) F.10)
( i X qll’lj X Cp )

In applications that use a piping Plan 21, 22, 32, or 41, the fluid injected into the.seal chamber may b¢ at a
significantly lower temperature than the pump temperature. If this is the cas€g, there can be a significan{ heat
flow or heat|soak into the seal chamber from the pump. The calculation<of) heat soak is a complex matter,
requiring detgiled analysis or testing and a thorough knowledge of the specific pump construction and pumped
product progerties. If this data is not available, the heat soak [Qextsoak (KW)] can be estimated by the
equation:

Oheatsoak = U x 4 x Dy x AT F.11)
where

U is the material property coefficient;

A is the heat transfer area;

Dy, is the seal balance diameter, expressed in millimetres;

AT is the difference between pump temperature and desired seal chamber temperature, expresged in

kelyin.

A typical valpie for (U x 4)-which can be used for estimating purposes with stainless steel sleeve and gland
construction |and steel spump construction is 0,000 25. This value will generally provide a conseryative

estimate of h

F.2.2 Exan

eat soak

nple.of estimation of Oy cats0ak

UxA=

D, =55

0,000 25

mm (seal balance diameter)

pump temperature = 175 °C

desired

seal chamber temperature = 65 °C

AT=175-65=110K

Oheatsoak = 0,000 25 x 55 x 110 = 1,5 kW
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If the heat soak is known, the temperature rise (A7, in kelvin) can be calculated by the following equation:

AT =60 000 x

(Q + Qheatsoak)
(d X ginj %< Cp)

(F.12)

In the previous equations, the temperature rise is the average temperature rise of the fluid in the seal
chamber. Within the seal chamber, there are areas that are much hotter and much cooler than the sealing
chamber fluid temperature. An efficient seal injection is required to ensure that the area around the seal face
is effectively cooled. For example, the injection should be directed at the sealing interface, or multiport

inject

ion may be used.

In so
temp
by st
good
simp

For F

For F

The temperature rise used in these calculations is-the sealing chamber temperature rise. The tem

at the
calcu

me applications, it is necessary to specify the amount of injection required to maintain thes
erature below a certain level. In this case, the maximum allowable temperature rise would

btracting the maximum allowable temperature in the seal chamber from the injection tem
seal performance, the maximum temperature rise should be maintained at 2,8K’to 5,6 K
e matter of rearranging Equations (F.10), (F.11) and (F.12) to solve for the injection flowrate

iping Plan 11, 12, 13, or 31, the equation would be:

(60 000><Q)
finj = (dxATx
cp)

iping Plan 21, 22, 32, or 41, the equation would be:

(Q + Oheatsoak )

7inj = 60 000 x (dxATxcp)

seal faces will be greater than the chamber temperature rise. If Equations (F.13) and (F.14
late a minimum flowrate based on sealing chamber temperature, the seal faces can ¢

eal chamber
pbe calculated
berature. For
. Itis then a

(F.13)

(F.14)

perature rise
) are used to
verheat and
must also be

perform poorly. A design factor of at least.two should be applied to the flowrate. The injection
direcjed at the seal interface to ensure proper cooling.
F.2.3 Example of calculation)of AT
F.2.311 Given
0 =09kwW
(inj =11 |l/in
d 0,75
=2 300 J/kg-K
F.2.3.2 Calculation
Equation (F.10) gives:
B (60 000 x 0,9)
(0,75 x11x2300)
=2,8K

©1SO
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F.2.4 Example of calculation of g,

F.2.41 Given
0 =0,9 kW
ATmax = 5K
d =0,90
< =2 593 J/kg'K

F.2.4.2 CaJculation
Equation (F.13) gives:

(B0 000x0,9)
Tini =49 x 5x 2 593)

b 1/min

With a desigh factor of two, the minimum injection flowrate should be 9,2 I/min.

156
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Annex G
(normative)

Standard flush plans and auxiliary hardware

This annex contains drawings (Figures G.1 to G.31) of standard flush plans and auxiliary hardware which
have been used in industry. While not all of these plans are referenced in this International Standard, they

may have applications in special cases with purchaser approval.

b) Seal chamber details

a) Piping and instrumentation schematic

1 inlet
2 qgpench/drain (Q/D)
3 seal chamber

Integral (internal) recirculationsis from pump discharge to seal. Recommended for clean pumpage only. Care
shall |pe taken to ensure that-integral recirculation is sufficient to maintain stable face conditions.

Figure G.1 — Standard seal flush plan 01
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a) Piping and instrumentation schematic b) Seal chamber details
Key
1 plugged cpnnections for possible future circulating fluid
2 vent (V), if required
3 heating/cqoling inlet (HI or ClI), heating/cooling outlet (HO or CO)
4 quench/drain (Q/D)
5 seal chanjber

Dead-ended|seal chamber with no recirculation of flushed fluid.

a  Self-venting arrangements preferred on horizontal pumps (see 6.1.2.20).

Figure G.2 — Standard-seal flush plan 02
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a) Piping and instrumentation schematic b) Seal chamber details

Key
from pump discharge
flush (F)

Liench/drain (Q/D)
bal chamber

A WO N -
[ e

Recinculation from pump discharge through a flow control“orifice to the seal. The flow enters the g$eal chamber
adjagent to the mechanical seal faces, flushes the faces, and flows across the seal back into the pump.

Figure G.3 —Standard seal flush plan 11
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a) Piping and instrumentation schematic b) Seal chamber details

Key
1 from pum
2 flush (F)

3 quench/drgin (Q/D)

4  seal chani
Recirculation
Plan 11 but
recommendse

NOTE TH

b discharge

ber
from pump discharge through a strainer and flow\control orifice to the seal. This plan is sim|lar to
with the addition of a strainer to remove. occasional particles. Strainers are not nofmally
d because blockage of the strainer will cause seal failure.

is plan has not been proven to achieve a 3=year operating life.

Figure G.4 — Standard seal flush plan 12
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a) Piping and instrumentation schematic b) Seal chamber details

Key
t@ pump suction
flush (F)
glbiench/drain (Q/D)
sgal chamber

A WO N -

Recirculation from pump seal chamber through a flow control orifice and back to the pump suction.

Figure G.5 — Standard seal flush plan 13
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a) Piping and instrumentation schematic b) Seal chamber details

Key
to pump sluction

from pump discharge
flush inlet|(FI)

flush outlgt (FO)
quench/drgin (Q/D)
seal chamber

D OB WN -

Recirculation from pump discharge through a flow control orifice to the seal and simultaneously from the seal
chamber thrqugh a control orifice (if required) to pump*suction. This allows fluid to enter the seal chambgr and
provide cooling while continually venting and reduicing the pressure in the seal chamber. Plan 14| is a
combination pf Plan 11 and Plan 13.

Figure G:6'— Standard seal flush plan 14
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a) Piping and instrumentation schematic b) Seal chamber details

Key
1 frpm pump discharge
2 flush (F)

3 Liench/drain (Q/D)

4 bal chamber

Tl tgmperature indicator

n O

Recirculation from pump discharge through a flow céntrol orifice and cooler, then into the seal chamber.

Figure G.7 — Standard seal flush plan 21
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a) Piping and instrumentation schematic b) Seal chamber, details
Key

1 from pump discharge

2 flush (F)

3 quench/digin (Q/D)

4  seal chamber

Tl temperatyre indicator

Recirculation
chamber. St

NOTE TH

?ﬁlb\, i m“’

2 3

>
| | .' :

from the pump discharge through a strainer,:adlow control orifice, and a cooler and into the seal
ainers are not normally recommended because blockage of the strainer will cause seal failutre.

is plan has not been proven to achieve a 3-year operating life.

Figure G.8 — Standard seal flush plan 22
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a) Piping and instrumentation schematic b) Seal)chamber details
Key
1 flush outlet (FO)
2 flush inlet (FI)
3 gpench/drain (Q/D)
4  seal chamber
5 vent

Tl tgmperature indicator
Recirculation from a pumping ring in the sgal'chamber through a cooler and back into the seal chamber. This

plan fan be used on hot applications to/minimize the heat load on the cooler by cooling only the $mall amount
of liquid that is recirculated.

Figure G.9 — Standard seal flush plan 23
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a) Piping and instrumentation schematic b) Seal chamber details
Key

1 from pump discharge

2 to pump spction

3 flush (F)

4 quench/drain (Q/D)

5 seal chanjber

Recirculation from pump discharge through a cyclone*separator delivering the clean fluid to the seal chamber.
The solids are delivered to the pump suction line.

Figure G.10 — Standard seal flush plan 31
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a) Piping and instrumentation schematic

1—

D ——

A
b) Seal chamber details
Key
1 from external source
2 flush (F)

3 quench/drain (Q/D)

4 L o I
searcnambet

Fl flow indicator
Pl pressure indicator
Tl temperature indicator

Flush is injected into the seal chamber from an external source. Care must be exercised in choosing a proper
source of seal flush to eliminate potential for vaporization of the injected fluid and to avoid contamination of
the fluid being pumped with the injected flush.

a8  Items to the left of this line shall be supplied by the vendor; items to the right are the responsibility of the purchaser.
b Optional.

Figure G.11 — Standard seal flush plan 32
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a) Piping and instrumentation schematic b) Seal chamber details

1 from pump discharge
2 to pump spction

3 flush (F)

4 quench/drain (Q/D)

5 seal chanjber

Tl temperatyre indicator

Recirculation from pump discharge through a cyclene separator delivering the clean fluid to a seal cooler and
then to the sg¢al chamber. The solids are deliveredito the pump suction line.

Figure G.12 — Standard seal flush plan 41
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a) Piping and instrumentation schematic

Key

1 rgservoir

2 quench (Q)

3 dfain (D), plugged
4  flpsh (F)

5 seal chamber

External reservoir providing a dead-ended-blanket for fluid to the quench connection of the gland.

b)\_Seal chamber details

Eigure G.13 — Standard seal flush plan 51
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a) Piping and instrumentation schematic
1
ol
=
2
A 5 6

i

\ 7,

7
b) Seal chamber details

Key

1 to collection system 5 liquid buffer outlet (LBO) LSH level switch high Pl pressure indicator

2 reservoir 6 liquid buffer inlet (LBI) LSL level switch low PSH pressure switch high

3 make-up buffer fluid 7 seal chamber LI level indicator

4 flush (F)

External reservoir providing buffer liquid for the outer seal of an Arrangement 2 seal. During normal operation,
circulation is maintained by an internal pumping ring. The reservoir is usually continuously vented to a vapour
recovery system and is maintained at a pressure less than the pressure in the seal chamber.

Items above this line are the responsibility of the purchaser; items below this line shall be supplied by the vendor.
b Normally open.
¢ If specified.

Figure G.14 — Standard seal flush plan 52
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a) Piping and instrumentation schematic
1
=
2
L 5 6
4 )
——
7
b) Seal chamber details
Key
1 from external pressure source 5 liquid barrier outlet (LBO) LSH level switch high Pl pressure indicator
2 reservoir 6 liquid barrier inlet (LBI) LSL level switch low PSL pressure switch low
3 make-up barrier fluid 7 seal chamber LI level indicator
4 flush (F)

Pressurized external barrier fluid reservoir supplying clean fluid to the seal chamber. Circulation is by an
internal pumping ring. Reservoir pressure is greater than the process pressure being sealed. This plan is used
with an Arrangement 3 seal.

@ Items above this line are the responsibility of the purchaser; items below this line shall be supplied by the vendor.
b Normally open.
¢ If specified.

Figure G.15 — Standard seal flush plan 53A
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a) Piping and instrumentation schematic b) .Seal chamber details

Key
make-ug barrier fluid
bladder accumulator
bladder ¢harge connection
flush (F)
liquid bafrier outlet (LBO)
liquid bafrier inlet (LBI)
seal chamber

vent
pressurg indicator
PSL pressurq switch low
Tl  temperajure indicator

o N O~ WON -

T

External piping provides-fluid for the outer seal of a pressurized dual seal arrangement. Pre-pressurized
bladder accymulator provides pressure to the circulation system. Flow is maintained by an internal purpping
ring. Heat is [removed~from the circulation system by an air-cooled or water-cooled heat exchanger. Thig plan
is used with an Arrangement 3 seal.

a  |f specified:

Figure G.16 — Standard seal flush plan 53B
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a) Piping and instrumentation schematic b) Seal chamber details

Key
make-up barrier fluid
piston accumulator

flush (F)

iquid barrier outlet (LBO)
iquid barrier inlet (LBI)
seal chamber

~NOo g WON -

vent

LI evel indicator

LSL Jevel switch low

Pl  pressure indicator
PRV pressure relief valve
PSL pressure switch low
Tl  femperature jndicator

Extennal piping provides fluid for the outer seal of a pressurized dual seal arrangement. Referepce line from
the spal ehamber to a piston accumulator provides pressure to the circulation system. Flow is npaintained by
an infernal pumping ring. Heat is removed from the circulation system by an air-cooled or wate[-cooled heat
exchanger-

a  |f specified.

Figure G.17 — Standard seal flush plan 53C
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a) Piping and instrumentation schematic b) Seal chamber details

Key
from exteqnal source
to externg source
flush (F)
liquid barrjer outlet (LBO)
liquid barrjer inlet (LBI)
seal chamber

D OB WN -

Pressurized pxternal barrier fluid reservoir or system supplying clean fluid to the seal chamber. Circulatjon is
by an externjal pump or pressure system. Reservoir, Pressure is greater than the process pressure peing
sealed. This plan is used with an Arrangement 3 seal.

Figure G.18 — Standard seal flush plan 54
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a) Piping and instrumentation schematic b) Seal chamber details

Key
Liench (Q), plugged
rain (D), plugged
ish (F)

bal chamber

o O

A WODN =
[

Tapped and plugged connections for the purchaser’s use. Typically this plan is used when the puyrchaser is to
provifle fluid (such as steam, gas, or water) to an external sealing device.

Figure G.19 — Standard seal flush plan 61
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a) Piping and instrumentation schematic b) Seal chamber details
Key
1 quench (Q)
2 drain (D)
3 flush (F)
4  seal chamber

Exterior source providing a quench. The quench may be required to prevent solids from accumulating gn the
atmospheric [side of the seal. Typically used with a close-clearance throttle bushing.

Figure G.20 — Standard seal flush plan 62
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a) Piping and instrumentation schematic b) Seal chamber details
Key
1 fo liquid collection system
2 flush (F)
3 puench (Q), plugged
4 drain (D)
5 5eal chamber

LSH Jevel switch high

External drain piping is .arranged to alarm on high seal leakage, measured by a float type leve] switch. The
orifice downstream of the level switch is typically 5 mm (0,25 in) and is located in a vertical piping|leg.

Figure G.21 — Standard seal flush plan 65
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