
User/Vendor Collaborative 
Seal Selection

From Problem Evaluation to CommissioningFrom Problem Evaluation to Commissioning



Problem Statement

Problematic dual seals in Ethylene ServiceProblematic dual seals in Ethylene Service
Vertical 16 stage pumpVertical 16 stage pump
1485 psig discharge 1485 psig discharge 

High Maintenance costsHigh Maintenance costs
MTBF of 2 to 6 monthsMTBF of 2 to 6 months

Residue build up on ID of primaryResidue build up on ID of primary
Heavy wear on secondaryHeavy wear on secondary

Presenter
Presentation Notes
Residue on primary seal Rapid wear on dry running contacting secondary – usually within 3 months
Secondary wear associated with dry N2 and migration of polymerized product from primary seal.
Indications of stuffing box Vapor lock.


Annualized seal repair costs = $ 20k for 3 pumps




Assessment Criteria

Team effort with seal/pump vendor and end Team effort with seal/pump vendor and end 
user.user.
Selection based on Life Cycle Cost Selection based on Life Cycle Cost 
Minimize engineering changes in the fieldMinimize engineering changes in the field
Quick implementation and validationQuick implementation and validation
Reuse the existing support systemsReuse the existing support systems
60 month MTBF Target60 month MTBF Target

Presenter
Presentation Notes
Life cycle cost – comparing annualized repair costs to date with annualized repair costs and project cost with new seals and assumed increased life. 



Original Seal Design
Primary – Wet contacting Pusher 
seal with hydropads

Secondary – Dry Running 
Contacting Seal with N2 sweep

Plan 13 through a triple orifice 
with flush supply from 9th stage

Balance Ratio of 85.6%

Stuffing box press.  780 psig 
(super critical state)

Presenter
Presentation Notes
Primary – wet contacting pusher seal – hydropad faces
Secondary – dry running contacting seal
Seal flush Plan 13 from stuffing box to suction through triple plate orifice, flush flow through line bushing from 9th stage.
N2 barrier to secondary venting to flare
Balance = 85.6 %
Faces: 9048 carbon vs. silicon carbide

Stuffing box pressure was measured at 780 psig.  This will result in supercritical ethylene and fog state across the faces.  Supercritical fog has low lubricity and will result in heat generation.



Analysis of Original Seal

Field testing of secondary sealsField testing of secondary seals
Trending of primary leakageTrending of primary leakage
Samples of residue from primary sealSamples of residue from primary seal
Review of the flush plansReview of the flush plans
Literature Searches/ConsultationLiterature Searches/Consultation

Presenter
Presentation Notes
Pressure up secondary seal with N2 to minimum 50 kPag and hold for 2 minutes to check for leaks.
	- secondary seals compromised in as short as 30 days.
Historian data base trends of primary seal leakage based on pressure transmitter readings
	- pressure excursions to flare within 60 days triggering seal replacements
Internal and 3rd party lab analysis of residue samples to identify components and mechanism of polymerization gas chromatography and mass spectroscopy).
	- possibly due to trace amounts of styrene (0.14 ppb) and naphthalene derivatives (0.59 ppb).
	- polymerization and/or cracking of ethylene 
	- contribution of excess heat on the primary faces
Reviewed existing Plan 13 with triple orifice configuration. 
	- verified expected pressures and flowrate for original installation (added pressure gauge to stuffing box)
	- identified choking of orifice in plan 13 return to suction (possible vaporization across middle orifice of 3  in series).
Stuffing box pressure measurements varied from 565 to 780 psi. At the higher pressure, we had no ice on the lines indicating vapor lock. The high pressure was caused by the reduced flow across the line bushing. 
Reviewed Plan 62 with N2 on secondary 
	– effect of dry N2 on carbon secondary face.  
Literature search of seal designs in ethylene service.
Consultation with Pump and Seal vendors on our and other users seal configurations. 



Analysis (Detailed Analysis)
Face distortionFace distortion
Heat generation Heat generation 
(face temperature)(face temperature)
Liquid fractionLiquid fraction

Seal LeakageSeal Leakage
Face Contact Face Contact 
pressurepressure
PV numbersPV numbers

Pre Startup 3600 RPM

Presenter
Presentation Notes
FEA results on original seal: Picture indicates face temperatures

0 RPM
Pc (face contact pressure at sealing dam) was > 0 indicating low static leakage (.005 scfm)

START-UP
Face contact pressure is high (287 psi)
Low leakage (.0045 scfm)
Stresses on carbon rotating primary ring are acceptable
Average face temperature peaks at 151.3 F which is above the critical point for Ethylene (T critical  is 90.1 F, vp=708 psia) suggesting fluid film will flash
(critical temp. - the temperature above which a vapor cannot be liquified)
Liquid fraction = 0

STEADY STATE (3600 RPM)
Average face temp = 56.1 F
Face contact pressure = 142 psi (should be approx. 30 psi) - will result in higher nominal face temp
Leakage = .007 scfm
PV = 911,087 psi-ft/min (based on 1/2 differential across faces) - nominal max is 650,000 - suggests excessive wear
Liquid fraction = 25%

High face temp at start-up will result in flashing, wear, heat generation and poor face lubrication.

CONCLUSION OF FEA
Reduce pressure and temp induced face distortions
Ensure parallel face geometry during operation to reduce onset of flashing













Alternative Selection

Plan 53 Wet Contacting (dual seal Plan 53 Wet Contacting (dual seal --
pressurized barrier from accumulator)pressurized barrier from accumulator)
Plan 54 Wet Contacting (dual seal Plan 54 Wet Contacting (dual seal --
pressurized barrier from external pump)pressurized barrier from external pump)
Tandem Vaporizing Non Contacting (Plan Tandem Vaporizing Non Contacting (Plan 
13/76)13/76)
Optimized Existing Wet Primary and Optimized Existing Wet Primary and 
Containment seal.Containment seal.

Presenter
Presentation Notes
Budget pricing of each alternative

Plan 53 – dual external pressurized barrier fluid from pressurized accumulator
	- positive flushing of seal faces to eliminate residue
	- need to assess the seal face temperature with thermo-siphoning and pumping ring.
	- additional equipment and instrumentation required
	- additional operator intervention
	- engineering modifications 
Plan 54 – dual external pressurized barrier fluid from pump or external pressure source
	 - positive flushing of seal faces to eliminate residue
	- heat removal by circulation
	- additional equipment and instrumentation (motor, tank, control valves etc)
	- long lead on installation
	- engineering requirements
Tandem Non Contacting
	- High cost
	- Technical risk related to establishing proper stuffing box conditions
Optimize existing seal and auxiliary connections.



Evaluate Options Against 
Assessment Criteria

Selection based on Life Cycle Cost Selection based on Life Cycle Cost 
Minimize engineering changes in the fieldMinimize engineering changes in the field
Quick implementation and validationQuick implementation and validation
Reuse the existing support systemsReuse the existing support systems
60 month MTBF Target60 month MTBF Target

Targeted the optimization of the existing seal Targeted the optimization of the existing seal 
configuration for detailed analysis.configuration for detailed analysis.

Presenter
Presentation Notes
Annualized cost of repairs = $20 k for 3 pumps
Expected annualized cost of repairs with new seal configuration (based on 5 year run time) = $7k
Project cost annualized over 20 years = $60k/20 = $3k

Reused existing connections and instrumentation.  No new connections or support systems required.



Optimization Process

Seal performance parameters Seal performance parameters 
Changes in flush configurationChanges in flush configuration
Balance ratio changesBalance ratio changes
Stuffing box pressure changesStuffing box pressure changes
Flush flow modificationsFlush flow modifications
Face geometry changesFace geometry changes
Additional FEA analysis to validate heat Additional FEA analysis to validate heat 
generation and face distortiongeneration and face distortion

Presenter
Presentation Notes
Could change flush configuration to alter stuffing box pressure
2. Could change balance ratio to reduce face contact pressure and face heat generation
3. Could change stuffing box pressure to alter vapor pressure margin
4. Could change flush flow to alter cooling on faces
5. Could change face geometry to alter stiffness
6. FEA analysis will validate changes



Proposed Solution
Primary seal Primary seal 

Face Geometry ChangeFace Geometry Change
Balance ratio reductionBalance ratio reduction
Optimized flush distribution for coolingOptimized flush distribution for cooling

Non Contacting Secondary sealNon Contacting Secondary seal
Intermediate bushingIntermediate bushing
Changed Flush PlanChanged Flush Plan

Reduced stuffing box pressure by orifice Reduced stuffing box pressure by orifice 
change in Plan 13 (seal gland to suction)change in Plan 13 (seal gland to suction)
Added Plan 11 to increase flowAdded Plan 11 to increase flow
Incorporated Pressure reducing coilsIncorporated Pressure reducing coils

Presenter
Presentation Notes
Balance Ratio:
New seal design has lower balance (76.5% vs. 85.6%) to reduce face distortion and achieve parallel seal faces and to enhance more fluid film across faces.
Face Change:
Thicker primary carbon to accommodate higher pressures with less deflection
Flush Distribution:
Device to direct flow optimally at faces
Flush in and out (Plan 11 and 13 connections) 180 degrees apart
Stuffing Box Pressure:
Reduced stuffing box pressure from 780 psig to 435 psig to reduce face distortion.
Vapor Pressure Margin:
API specifies 30% margin.
Old seal – margin was 133%
New seal design- measured 37% margin.
Flush Flow:
Increased flush with Plan 11 to cool faces.  Normally this would increase stuffing box pressure but with resizing Plan 13 with actually dropped the stuffing box pressure.  
Reason for Plan 11 in this case is to increase flow and not pressure.  Too labor intensive to change line bushing to allow for more flow (would have to remove coupling, barrel head,etc. very time consuming and labor intensive).
Pressure Reducing Coils:
Installed pressure reducing coils to eliminate the chance of vaporization of ethylene across orifices.
(eliminate vena contracta pressure recovering problem with multiple orifice plates or problems with extreme pressure drop across a single orifice- avoid forming bubbles).
Non-contacting seals:
Use of non-contacting gas seal technology on secondary seal to prevent wear (nitrogen dries out carbons) and eliminate 
Close Clearance Bushing:
Addition of close clearance bushing with positive N2 sweep (from seal faces area towards inboard cavity) to prevent potential migration of contaminants from primary seal onto secondary faces.



NEW SEAL DESIGN

Presenter
Presentation Notes
Close clearance bushing (0.008” – 0.010”) and N2 buffer to prevent primary leakage from contaminating secondary seal.



Performance Parameter Comparison: 
Old/New Seal

Presenter
Presentation Notes
Vapor pressure at operating temp is about 335 psig.  30% margin is 435 psig.  



Implementation Plan

Staged installationStaged installation
Validation testing Validation testing 

Leakage VerificationLeakage Verification
Secondary seal testsSecondary seal tests
Stuffing Box measurementsStuffing Box measurements
Flush flow verificationFlush flow verification

Presenter
Presentation Notes
Staged implementation – seals changed over time – first pump upgraded and run for 6 months to validate effectiveness of changes then other two pumps changed out later.

Results of leak test – no upward pressure trend
			- no secondary leakage measured
			- stuffing box pressure was measured to be 460 psig. (minimum required was 435 psig)
			
Flush flow was adequate – frosting on seal gland and flush tubing coils was observed



Implementation results
Test results on secondary sealsTest results on secondary seals
MTBF to date on the pumpsMTBF to date on the pumps

3 pumps modified3 pumps modified
No removals to dateNo removals to date
Lead pump has 28 monthsLead pump has 28 months

Trending of leakages.Trending of leakages.
Cost was 1/3 of the alternativeCost was 1/3 of the alternative
Implementation was fastImplementation was fast
No added complexityNo added complexity

Presenter
Presentation Notes
Operations and maintenance affects- no retraining required for operations staff for new support systems

Ease of installation due to no capital project – engineering performed within the plant and avoided external EPC firm engineering  which is costly, time consuming, and occasional rework

Final stuffing box pressure with Plan 14 is 458 psig.(Predicted was 500) 







Learnings

Detailed Engineering Review allowed for a Detailed Engineering Review allowed for a 
fast, low cost, reliable alternative.fast, low cost, reliable alternative.

Presenter
Presentation Notes
Optimal level of engineering with vendor avoids vendor going off on a tangent on his own and arriving at a costly solution.  We achieved a solution with minimal additional hardware.
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