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Varnish Failure Analysis
Field Questionnaire + RCFA Report Sample for Turbomachinery Applications
A practical Khash-style template for collecting field data, performing root cause failure analysis, and converting findings into verified improvement proposals.
	Scope
Use this Word file for gas turbines, steam turbines, compressors, critical hydraulic oil systems, turbine lube oil systems, servo/control oil circuits, journal/thrust bearing systems, and similar rotating equipment where varnish, oil degradation, deposits, servo sticking, temperature excursions, start-up problems, or trip events are suspected.
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	Document title
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	Document purpose
	Standardize field data collection, evidence handling, RCFA logic, and improvement proposal development for varnish-related incidents.

	Confidentiality
	[Internal / Client confidential / Public sample]

	Document owner
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	Applicable assets
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	Working principle
Do not start with the assumption that varnish is the root cause. Treat varnish as evidence of an oil system that may have lost chemical stability, solubility margin, thermal control, cleanliness control, or governance. The RCFA must prove the mechanism before recommending a fix.


Contents
Part A - Field Data Collection Questionnaire
Part B - Khash RCFA Method for Varnish-Related Incidents
Part C - Failure Analysis Report Sample
Part D - Improvement Proposal Format
Part E - Appendices: Photo Log, Condition Monitoring Register, Lab Data Register, Action Tracker


	PART A - FIELD DATA COLLECTION QUESTIONNAIRE


A0. How Khash Collects Data in the Field
Khash collects data in layers so the analysis does not depend on one test result, one photo, or one opinion. Each layer must be traceable to a record, interview, measurement, sample, or photo.
Khash Data Collection Layers
	Layer
	What is collected
	Why it matters

	1. Event definition
	Trip sequence, alarm list, operating mode, load, start/stop condition, production impact.
	Defines the failure boundary and prevents analysis of the wrong event.

	2. Asset and oil system configuration
	Turbine/compressor model, reservoir volume, oil circuits, servo/control system, filtration, coolers, pumps.
	Connects symptoms to flow path, temperature zones, and sensitive components.

	3. Operating severity
	Oil temperature, load profile, peaking duty, cycling, standby, ambient, hot spots, cooler performance.
	Identifies thermal and solubility stress that can drive varnish precipitation.

	4. Oil chemistry and contamination
	MPC, RULER, FTIR, TAN, viscosity, water, ISO cleanliness, elemental, deposit analysis, top-up history.
	Separates varnish potential, oxidation reserve, contamination, and incompatibility.

	5. Condition monitoring and controls
	DCS trends, vibration, bearing metal temperature, servo command/feedback, pressure, flow, filter DP.
	Shows whether the oil condition became a functional machinery problem.

	6. Physical evidence
	Deposits, filters, servo valves, strainers, reservoir, bearings, coolers, drains, membrane patches.
	Confirms where the material accumulated and how it affected operation.

	7. Maintenance and governance
	Sampling frequency, response thresholds, previous flushing, oil changes, varnish skids, ownership, action history.
	Finds why the organization did not detect, interpret, or act early enough.



	Field rule
Every field answer should be tagged as one of the following: direct observation, instrument trend, lab result, CMMS record, OEM document, interview statement, or assumption. Assumptions must not be used as root cause proof.


A1. Incident Definition and Business Impact
	No.
	Field question
	Field answer / notes
	Evidence / attachment

	1
	What exactly happened: trip, failed start, servo instability, bearing temperature alarm, filter differential pressure alarm, oil analysis alarm, or other?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	2
	What was the date, time, unit load, operating mode, and process condition when the incident occurred?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	3
	Which protection, alarm, or operator action initiated the shutdown or intervention?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	4
	Was the unit starting, stopping, changing load, base-loaded, peaking, standby, or recently restarted after outage?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	5
	Was there any production loss, forced outage duration, derating, safety exposure, or regulatory impact?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	6
	Has the same symptom occurred before? Provide dates, frequency, and previous corrective actions.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	7
	What changed in the last 3 to 12 months: oil top-up, oil brand, filtration, cooler cleaning, overhaul, flushing, temperature profile, operational mode, or sampling lab?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	8
	What immediate actions were taken: valve cleaning, filter change, bypassing skid, oil change, top-up, flushing, reset, online purification, or load restriction?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	9
	What evidence was preserved before cleaning or replacing components?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS



A2. Asset and Oil System Configuration
	No.
	Field question
	Field answer / notes
	Evidence / attachment

	1
	Asset type and tag: gas turbine, steam turbine, compressor, generator, hydraulic power unit, lube oil console, or combined system?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	2
	OEM, model, rated power/speed, bearing type, control valve type, governor/servo valve type, and critical clearances if available.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	3
	Oil reservoir capacity, normal operating volume, oil residence time, pump flow rate, and number of oil circuits.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	4
	Is the control oil common with the lube oil, or is it a separate hydraulic/control fluid circuit?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	5
	Identify sensitive components: servo valves, trip valves, IGV actuators, control valves, bearings, thrust pads, jacking oil, turning gear, coolers.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	6
	Current filtration arrangement: full-flow, offline kidney loop, depth media, electrostatic, charged particle, resin/adsorption, magnetic, coalescer, centrifugal, or other.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	7
	Filter ratings, element type, bypass settings, normal and alarm differential pressure values.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	8
	Cooler type, cooling water/oil temperature approach, cooler fouling history, and recent cleaning records.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	9
	Reservoir design features: heaters, return line location, dead zones, breathers, water drains, sample points, access hatches, internal coatings.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS



A3. Failure Symptoms and Varnish Evidence
	No.
	Field question
	Field answer / notes
	Evidence / attachment

	1
	What symptom was observed first: sluggish valve, hunting, high bearing temperature, unstable control, high vibration, filter DP, dark oil, odor, deposits, or lab alarm?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	2
	Did the symptom change with oil temperature, start-up/shutdown, low load, high load, or ambient temperature?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	3
	Was servo command/feedback mismatch visible in DCS trends? Attach trend screenshots.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	4
	Did the unit trip during a transient condition such as start, stop, load change, valve stroke, or emergency test?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	5
	Were deposits found on servo valve spools, close-clearance lands, bearing drains, filter media, strainers, reservoir walls, or cooler tubes?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	6
	Was the deposit soft/sticky, hard/lacquer-like, dark/brown/orange, powdery, gel-like, or magnetic?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	7
	Did cleaning restore function? If yes, how long did improvement last?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	8
	Were any valve, actuator, bearing, or filter parts retained for deposit analysis?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS



A4. Lubricant History and Sampling Quality
	No.
	Field question
	Field answer / notes
	Evidence / attachment

	1
	Lubricant brand/product, viscosity grade, base oil type if known, batch number, date installed, and total service age.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	2
	Top-up history: dates, volumes, product identity, batch numbers, and whether oil compatibility was checked.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	3
	Any additive sweetening, antioxidant replenishment, chemical cleaner, or unapproved additive used?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	4
	Oil change or partial drain history: dates, volume removed, flushing method, rinse oil, and acceptance criteria.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	5
	Is oil storage controlled: dedicated containers, sealed drums, desiccant breathers, filtration before transfer, clean transfer carts?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	6
	Any known water ingress, steam leakage, cooler tube leakage, seal leakage, air entrainment, foaming, or demulsibility issue?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	7
	Was oil sampled during normal load and stable temperature, or after shutdown/cooldown?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	8
	Where is the sample point located relative to live flow, return line, reservoir, filter, cooler, and varnish removal skid?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS



A5. Oil Analysis and Deposit Analysis Questions
	No.
	Field question
	Field answer / notes
	Evidence / attachment

	1
	Provide the last 12 to 24 months of oil analysis reports, not only the most recent report.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	2
	Are MPC, RULER, FTIR, TAN, viscosity, water, ISO cleanliness, elemental analysis, and particle/debris data trended together?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	3
	Is MPC low, medium, or high? Does it change with sampling temperature or sample aging?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	4
	What is the remaining phenolic and aminic antioxidant by RULER, and what is the depletion rate?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	5
	Is FTIR oxidation increasing even when TAN appears stable?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	6
	Is TAN increasing, stable, or noisy? Does TAN correlate with RULER and FTIR?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	7
	Are water and particle counts stable, or are there spikes linked to maintenance, outage, or cooler issues?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	8
	Was deposit material analyzed by FTIR, SEM/EDS, RULER extract, MPC patch microscopy, or other lab method?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	9
	Do lab results support varnish, sludge, additive dropout, external contamination, wear debris, or mixed material?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS



A5.1 Oil Analysis Data Register
	Parameter
	Last value / trend
	Concern / trigger
	Attachment / comments

	MPC / varnish potential
	[value + trend]
	Rising, high, or inconsistent with symptoms
	[attach graph/report]

	RULER phenolic/amine
	[% remaining + depletion rate]
	Rapid depletion or imbalance
	[attach graph/report]

	FTIR oxidation/nitration
	[index + slope]
	Increasing reaction activity
	[attach graph/report]

	TAN
	[mg KOH/g + trend]
	Rising, sudden step change, or mismatch with FTIR
	[attach graph/report]

	Viscosity at 40 C
	[cSt + trend]
	Out of grade or increasing viscosity
	[attach graph/report]

	Water
	[ppm + trend]
	Spikes, free water, or persistent moisture
	[attach graph/report]

	ISO cleanliness
	[code + trend]
	Particle control issue or filter bypass
	[attach graph/report]

	Elemental / wear metals
	[Fe, Cu, Pb, Sn, Si, Na, etc.]
	Wear, dirt, coolant/water chemistry, additive changes
	[attach graph/report]

	Foam / air release / demulsibility
	[result]
	Operational symptoms or contamination
	[attach graph/report]

	Deposit ID
	[method/result]
	Varnish, sludge, oxide, additive, wear, mixed deposit
	[attach photos/report]



A6. Condition Monitoring and Control System Questions
	No.
	Field question
	Field answer / notes
	Evidence / attachment

	1
	Attach DCS trend before, during, and after the incident at high enough resolution to read time stamps.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	2
	Record bearing metal temperatures, oil supply temperature, oil return temperature, reservoir temperature, and cooler inlet/outlet temperatures.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	3
	Record servo valve command, feedback, actuator position, control oil pressure, and response time during the event.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	4
	Record vibration amplitude, phase, bearing proximity probe data, shaft position, and any change around the trip.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	5
	Record filter differential pressure trends for full-flow filters, offline filters, coalescers, varnish skid, and transfer filters.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	6
	Record pump discharge pressure, flow, relief valve behavior, and any cavitation/air entrainment symptoms.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	7
	Record alarm/event chronology with time stamps: first alarm, operator response, trip, restart attempt, maintenance intervention.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	8
	Identify whether condition monitoring alarms existed before the failure but were ignored, isolated, or not linked to oil risk.
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS



A6.1 Condition Monitoring Details Register
	Signal / measurement
	Normal range
	Incident value / trend
	Evidence link

	Bearing metal temperature
	[normal]
	[incident trend]
	[DCS trend screenshot]

	Oil supply temperature
	[normal]
	[incident trend]
	[DCS trend screenshot]

	Oil return / drain temperature
	[normal]
	[incident trend]
	[DCS trend screenshot]

	Reservoir temperature
	[normal]
	[incident trend]
	[DCS trend screenshot]

	Servo command vs feedback
	[normal response]
	[lag / mismatch]
	[DCS trend screenshot]

	Control oil pressure
	[normal]
	[drop/spike/noise]
	[trend]

	Filter differential pressure
	[normal]
	[rate of rise]
	[trend]

	Vibration / shaft orbit
	[normal]
	[change]
	[CM report]

	Start/stop count and load cycling
	[normal]
	[recent increase]
	[operation log]

	Varnish skid readings
	[flow/DP/current]
	[actual readings]
	[operator log]



A7. Initial Photo and Evidence Placeholders
	INSERT PHOTO 1 HERE
Servo valve spool, actuator internals, trip valve, or control valve deposits.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 2 HERE
Used filter elements, strainers, differential pressure gauge, bypass indicator.
[caption, date, location, asset tag, photographer]

	INSERT PHOTO 3 HERE
Reservoir walls, bottom sludge, sight glass, drain sample, oil color, foam, water layer.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 4 HERE
Membrane patch, MPC patch, bottle sample, deposit scraping, labelled evidence bag.
[caption, date, location, asset tag, photographer]

	INSERT PHOTO 5 HERE
Bearing pads, drains, oil rings, seals, coolers, small-bore tubing, dead legs.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 6 HERE
DCS trend screenshot: servo lag, bearing temperature, trip chronology, filter DP.
[caption, date, location, asset tag, photographer]



A8. Maintenance, Intervention, and Governance Questions
	No.
	Field question
	Field answer / notes
	Evidence / attachment

	1
	What maintenance was performed in the last outage or shutdown before the incident?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	2
	Were servo valves, actuators, trip valves, bearings, filters, coolers, strainers, or reservoir internals cleaned or replaced?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	3
	Were cleaning chemicals, solvents, flushing oil, high-velocity flushing, or temporary filters used? What acceptance criteria were used?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	4
	Was varnish removal equipment installed, bypassed, undersized, offline, saturated, incorrectly valved, or operated intermittently?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	5
	Were filter elements changed frequently? What material was found on the elements?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	6
	Was the sampling program changed, stopped, delayed, or outsourced? Who reviews and acts on results?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	7
	Were previous oil analysis warnings closed with documented actions or only filed?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS

	8
	Who owns turbine oil risk: operations, maintenance, reliability, lab, OEM, or supplier?
	[enter answer]

	Photo / trend / lab report / DCS log / CMMS




A9. Minimum Evidence Package Before RCFA Workshop
	[ ] Trip/alarm chronological event log
	[ ] DCS trends with time stamps

	[ ] Last 12-24 months oil analysis reports
	[ ] Oil top-up and batch records

	[ ] Current oil system P&ID or schematic
	[ ] Filter and varnish skid data sheets

	[ ] Filter DP trend and element change history
	[ ] Photos of deposits and affected components

	[ ] Retained deposit sample and used filter section
	[ ] Maintenance work orders and outage reports

	[ ] Sampling procedure and sample point photos
	[ ] Operating profile: load, cycling, start/stop count

	[ ] Lab method list and detection limits
	[ ] OEM service bulletins or limits

	[ ] Interview notes from operator, reliability, maintenance, lab
	[ ] Initial containment actions and restart status



	PART B - KHASH RCFA METHOD FOR VARNISH-RELATED INCIDENTS


B1. RCFA Philosophy
	Core idea
A varnish incident is rarely caused by only one item. Khash separates the physical failure mode from the chemical degradation mechanism, the operating stress, and the organizational control gap. A correct RCFA explains: what failed, why varnish was present, why it affected that component, why monitoring did not prevent the event, and which intervention changes the future risk trajectory.


B2. RCFA Workflow
	Step
	Khash activity
	Output

	1. Define the incident
	Lock the failure boundary: asset, time, mode, consequence, immediate symptoms, and affected components.
	Clear problem statement

	2. Stabilize and preserve evidence
	Contain risk, retain oil/deposit/filter/valve evidence, document before cleaning.
	Evidence integrity log

	3. Build the timeline
	Combine DCS, CMMS, lab, operator log, maintenance and photo evidence into one chronology.
	Event timeline

	4. Identify failure mode
	Classify functional failure: sticking, restriction, temperature rise, pressure loss, wear, unstable control, or trip.
	Failure mode statement

	5. Generate hypotheses
	List physical, chemical, operational, maintenance, and governance hypotheses.
	Hypothesis register

	6. Verify or reject causes
	Use lab tests, trend correlation, physical inspection, and interviews to test each hypothesis.
	Cause validation matrix

	7. State root causes
	Write physical, chemical, human/process, and latent causes using evidence-based wording.
	RCFA conclusion

	8. Propose improvements
	Convert causes into immediate, corrective, preventive, and governance actions.
	Improvement proposal

	9. Verify effectiveness
	Define KPIs: MPC, RULER, FTIR, TAN, servo response, filter DP, trip-free runtime, inspection results.
	Verification plan



B3. Failure Mode Statement Template
Use evidence-based wording that separates the symptom from the cause.
	Poor wording
	The turbine tripped because oil was bad.

	Better wording
	The unit tripped during load increase when the actuator response lag exceeded the control system tolerance. Inspection found brown adhesive deposits on the servo valve spool. Oil analysis and trend review are required to verify whether varnish-related precipitation and oil stability loss caused the valve restriction.

	Final wording after verification
	[Component] failed to [function] under [condition] because [physical mechanism] occurred due to [chemical/operational mechanism], enabled by [maintenance/governance weakness]. Evidence: [records/lab/photos/trends].


B4. Cause Category Map
	Cause category
	Typical varnish-related questions
	Evidence needed

	Physical / component
	Where did the sticking, restriction, heat rise, wear, or pressure loss occur?
	Inspection photos, dimensions, deposit location, valve response, bearing condition

	Chemical / oil
	Did the oil lose oxidation reserve, solubility margin, or deposit control?
	MPC, RULER, FTIR, TAN, deposit analysis, oil age, top-up history

	Thermal / operational
	Did load cycling, hot spots, cooler fouling, shutdown cooling, or reservoir temperature drive precipitation?
	Temperature trends, operating mode, cooler data, start/stop history

	Contamination
	Did water, dirt, wear debris, incompatible oil, process contamination, or cleaning residue accelerate degradation?
	Water, ISO particle count, elemental, FTIR, compatibility records, sample history

	Maintenance / intervention
	Did flushing, filtration, varnish skid operation, filter element selection, or cleaning method control the risk?
	Work orders, DP trends, skid log, filter condition, cleaning records

	Governance / organization
	Why was the risk not detected, interpreted, owned, or acted on before the incident?
	Sampling frequency, limits, responsibilities, meeting notes, action closure records



B5. Cause Validation Matrix
Do not move a hypothesis to root cause until the evidence supports it. Mark each hypothesis as Verified, Rejected, Uncertain, or Needs Data.
Hypothesis Verification Table
	Hypothesis
	Evidence required
	Status
	Comment / next action

	Varnish deposit caused servo valve sticking
	Valve inspection, deposit photo, cleaning response, command/feedback lag, deposit lab ID
	[ ] Verified [ ] Rejected [ ] Uncertain
	[notes]

	Oil oxidation reserve was depleted or depleting rapidly
	RULER trend, FTIR oxidation trend, oil age, top-up history
	[ ] Verified [ ] Rejected [ ] Uncertain
	[notes]

	MPC/varnish potential increased before incident
	MPC trend, sample temperature, sample age, repeat MPC, patch photo
	[ ] Verified [ ] Rejected [ ] Uncertain
	[notes]

	Thermal stress or hot spots accelerated degradation
	Oil supply/return/reservoir temps, cooler performance, load cycling, heater use
	[ ] Verified [ ] Rejected [ ] Uncertain
	[notes]

	Water or particulate contamination contributed
	Water ppm, ISO cleanliness, filter element condition, breathers, seals, cooler leaks
	[ ] Verified [ ] Rejected [ ] Uncertain
	[notes]

	Oil incompatibility or additive interaction occurred
	Top-up records, batch IDs, compatibility testing, elemental/additive changes
	[ ] Verified [ ] Rejected [ ] Uncertain
	[notes]

	Filtration/varnish removal did not address the mechanism
	Skid technology, flow rate, uptime, media condition, DP trend, verification data
	[ ] Verified [ ] Rejected [ ] Uncertain
	[notes]

	Monitoring/gov. failed to trigger timely action
	Sampling interval, limits, review minutes, action closure, risk ownership
	[ ] Verified [ ] Rejected [ ] Uncertain
	[notes]



B6. 5-Why Worksheet
5-Why Structure
	Question
	Answer / evidence
	Evidence source

	Problem statement
	[insert verified functional failure]
	[DCS / inspection / event log]

	Why 1 - Why did the function fail?
	[physical failure mechanism]
	[inspection / CM trend]

	Why 2 - Why did that physical mechanism occur?
	[deposit/restriction/wear/temperature/pressure mechanism]
	[lab / photos / trend]

	Why 3 - Why did the oil/system condition allow it?
	[oxidation/solubility/contamination/thermal/load mechanism]
	[oil analysis / P&ID / ops log]

	Why 4 - Why did monitoring not prevent it?
	[sampling, interpretation, alarm, ownership, or action gap]
	[program records]

	Why 5 - Why did the organization/system allow recurrence?
	[governance, contract, KPI, training, responsibility, design gap]
	[management / procedure evidence]

	Root cause statement
	[evidence-based causal statement]
	[validated matrix]





B7. RCFA Output Rules
Required Checks Before Issuing Conclusions
	[ ] Root cause is evidence-based, not opinion-based
	[ ] Oil analysis trends are correlated, not interpreted individually

	[ ] MPC, RULER, FTIR, TAN, water, particles, and condition monitoring are reviewed together
	[ ] Sampling quality and sample location are documented

	[ ] Deposit location and component function are linked
	[ ] Immediate cleaning is not mistaken for permanent correction

	[ ] Filtration proposal is chemically justified
	[ ] Improvement proposal includes verification KPIs and owners



	PART C - FAILURE ANALYSIS REPORT SAMPLE


C1. Sample Executive Summary
	Sample only
The following sample text is fictional and should be replaced with the actual plant data, evidence, and laboratory results. It demonstrates the structure and tone of a Khash-style failure analysis report.


Incident: GT-01 experienced a control instability event during load increase and tripped on control valve response deviation. Initial inspection found brown adhesive deposits on the servo valve spool and dark material on the fine control oil filter. Cleaning restored valve movement temporarily, but the oil analysis history showed increasing varnish risk indicators and declining antioxidant reserve.
Preliminary conclusion: the incident is consistent with varnish-related restriction of a close-clearance control component, enabled by oil oxidation/degradation and insufficient risk governance. Final root cause confirmation requires deposit identification, repeat MPC at controlled sample condition, RULER trend validation, and correlation with servo command/feedback trend.
C2. Report Cover Information
	Client / plant
	[Client name / site]

	Asset
	[GT-01 / ST-02 / Compressor train]

	System
	[Turbine lube oil / control oil / hydraulic oil]

	Incident date
	[date and time]

	Analysis date
	[date]

	Prepared by
	Khashayar Hajiahmad, MLE | CLS | MLA III | MLT II | VIM | VPR

	Report status
	[Draft / Final / Revise after lab confirmation]


C3. Problem Statement
	Functional failure
	[Example: Servo valve response became sluggish and control deviation increased during load change.]

	Asset consequence
	[Example: Unit trip, forced outage, start delay, derating, or increased risk of repeat trip.]

	Affected components
	[Example: Servo valve, control oil filter, trip valve, actuator, fine clearance control components.]

	Evidence basis
	[DCS trend, photos, inspection report, oil analysis trend, lab report, operator log.]


C4. Incident Timeline
Timeline Table
	Time / date
	Event
	Evidence source
	Comment

	T-90 days
	Oil analysis showed early varnish concern / antioxidant trend change.
	[Lab report]
	[insert value]

	T-30 days
	Filter DP increased above normal rate.
	[DCS / operator log]
	[insert trend]

	T-1 day
	Unit operation: [load cycling / start-stop / temperature condition].
	[operations log]
	[insert details]

	T0
	Control instability / alarm / trip occurred.
	[DCS event log]
	[insert exact trip logic]

	T+2 hr
	Maintenance inspected servo/control system.
	[work order / photos]
	[insert findings]

	T+1 day
	Oil and deposit samples collected.
	[sample log]
	[insert sample IDs]

	T+X days
	Lab results received and correlated with event.
	[lab report]
	[insert conclusion]



C5. Report Photo Placeholders
	INSERT PHOTO 1 HERE
Photo C5-1: affected servo valve or control component before cleaning.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 2 HERE
Photo C5-2: close-up of deposits on spool, lands, or actuator components.
[caption, date, location, asset tag, photographer]

	INSERT PHOTO 3 HERE
Photo C5-3: used filter element or dark varnish/sludge deposits.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 4 HERE
Photo C5-4: membrane patch, oil sample bottle, or deposit sample ID label.
[caption, date, location, asset tag, photographer]



C6. Evidence Summary
Evidence Summary Table
	Evidence
	Finding
	Interpretation
	Confidence

	DCS trend
	Servo command/feedback deviation increased during load change.
	Functional restriction or slow actuator response.
	[High / Med / Low]

	Physical inspection
	Brown adhesive deposits observed on close-clearance valve surfaces.
	Supports varnish/deposit-related sticking hypothesis.
	[High / Med / Low]

	Oil analysis - MPC
	[insert value/trend]
	Indicates precipitation tendency at sample condition.
	[High / Med / Low]

	Oil analysis - RULER
	[insert value/trend]
	Shows remaining antioxidant reserve and depletion velocity.
	[High / Med / Low]

	Oil analysis - FTIR/TAN
	[insert value/trend]
	Indicates oxidation activity and acid formation trend.
	[High / Med / Low]

	Filter DP trend
	[insert trend]
	May indicate increased insoluble load or media saturation.
	[High / Med / Low]

	Deposit analysis
	[insert method/result]
	Confirms deposit identity and separates varnish from dirt/wear/additive dropout.
	[High / Med / Low]



C7. Condition Monitoring Interpretation
Condition monitoring is used to prove that oil chemistry became a machinery reliability issue. The key is correlation: oil condition trend, operating severity, and component response must be plotted on the same timeline.
Condition Monitoring Findings
	Signal
	Observed behavior
	Failure analysis meaning
	Attachment

	Servo command/feedback
	[lag, hunting, deviation, slow response]
	Direct link between deposit risk and control function.
	[trend]

	Bearing metal temperature
	[normal / rising / unstable]
	Checks whether oil degradation also affected bearing heat removal or lubrication.
	[trend]

	Oil temperature
	[high / stable / cycling]
	Thermal stress and solubility behavior influence varnish precipitation.
	[trend]

	Filter DP
	[rising / stable / high after change]
	May show insoluble load, filter plugging, or media saturation.
	[trend]

	Vibration
	[normal / change]
	Confirms whether primary issue was control/oil or mechanical rotor issue.
	[CM report]

	Start-stop count
	[increase/decrease]
	Frequent thermal cycling can shift dissolved material into insoluble deposits.
	[ops data]



C8. Condition Monitoring Trend Placeholders
	INSERT PHOTO 1 HERE
Trend 1: event log and trip chronology with exact time stamps.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 2 HERE
Trend 2: servo command versus actual position / feedback.
[caption, date, location, asset tag, photographer]

	INSERT PHOTO 3 HERE
Trend 3: oil supply, return, reservoir, and bearing metal temperature trends.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 4 HERE
Trend 4: filter differential pressure and varnish skid operating trend.
[caption, date, location, asset tag, photographer]



C9. Lab and Deposit Testing Plan
Recommended Lab Confirmation Plan
	Test / check
	Purpose
	Sample needed
	Decision value

	MPC / varnish potential
	Assess insoluble polar degradation products and precipitation tendency.
	Live-zone oil sample
	Confirms deposit risk and tracks response to mitigation.

	RULER
	Measure remaining phenolic/aminic antioxidant reserve and depletion rate.
	Oil sample from same point
	Predicts stability margin and future degradation trajectory.

	FTIR oxidation trend
	Assess chemical reaction activity and compare to historical baseline.
	Oil sample + history
	Shows whether oxidation is active even if TAN is stable.

	TAN / viscosity / water / ISO cleanliness
	Check supporting degradation and contamination mechanisms.
	Oil sample
	Separates oil chemistry from dirt/water/mechanical contamination.

	Deposit FTIR / SEM-EDS / microscopy
	Identify varnish, oxide, wear, additive, dirt, or mixed material.
	Deposit scraping / filter section
	Confirms whether the material matches the suspected mechanism.

	Oil compatibility check
	Evaluate top-up oil, oil change, or additive interaction risk.
	Retained oil + new oil + top-up sample
	Prevents solving varnish while creating incompatibility.



C10. Root Cause Statements - Sample Format
Root Cause Statement Table
	Cause level
	Sample wording
	Evidence needed

	Immediate physical cause
	Close-clearance servo valve movement was restricted by brown adhesive deposits on the spool/lands.
	Valve photos, inspection notes, cleaning response, deposit lab ID.

	Chemical mechanism
	The oil system showed loss of oxidation reserve and rising precipitation tendency, allowing polar degradation products to form deposits under sensitive conditions.
	RULER trend, MPC trend, FTIR/TAN trend, oil age, top-up history.

	Operational contributor
	Thermal cycling and/or elevated oil temperature reduced solubility margin and increased deposit risk during start/load-change conditions.
	Temperature trends, load profile, start/stop count, cooler performance.

	Maintenance contributor
	Filtration/varnish removal strategy was reactive and not verified against oil chemistry KPIs.
	Skid logs, filter DP, media change history, absence of KPI verification.

	Latent organizational cause
	Oil reliability ownership and response thresholds were not defined, so early warning data did not generate corrective action before the trip.
	Program review, action logs, responsibility matrix, sampling schedule.



C11. Report Conclusion - Sample Language
Based on the available evidence, the most likely failure chain is: oil degradation and decreasing stability margin produced varnish-forming polar byproducts; deposits accumulated in a close-clearance control component; the component response slowed during a transient operating condition; the control system detected deviation and initiated protection. The event was enabled by insufficient integration of oil analysis, condition monitoring, and intervention governance.
The conclusion remains conditional until deposit identity and repeat oil testing confirm the varnish mechanism. The improvement proposal therefore contains immediate risk reduction, confirmed corrective actions, and governance changes to prevent recurrence.


	PART D - IMPROVEMENT PROPOSAL FORMAT


D1. How Khash Converts RCFA into Improvement Proposals
Khash does not offer a proposal only as equipment selection. The proposal must state the mechanism, the risk, the intervention, the verification KPI, and the owner. A good proposal changes the future risk trajectory, not just the visible symptom.
Proposal Logic
	Question
	Required answer

	What risk are we reducing?
	[trip recurrence, failed start, servo sticking, bearing temperature excursion, oil replacement, forced outage]

	What mechanism are we targeting?
	[insoluble polar degradation products, oxidation reserve loss, water, dirt, thermal stress, additive interaction]

	What is the intervention?
	[cleaning, filtration, adsorption, dehydration, oil change, partial bleed/feed, cooler correction, sampling governance]

	Why this intervention?
	[chemical justification and evidence]

	How will success be measured?
	[MPC, RULER depletion rate, FTIR slope, TAN, ISO code, water ppm, filter DP, servo response, trip-free runtime]

	Who owns it?
	[operations / reliability / maintenance / lab / supplier / client owner]

	When do we verify?
	[immediate, 2 weeks, 1 month, 3 months, after next start/stop, after next outage]



D2. Recommended Action Categories
Action Categories
	Category
	Purpose
	Examples

	Immediate containment
	Reduce recurrence risk before full RCFA closure.
	Preserve evidence, clean affected valve, verify oil pressure/flow, inspect filters, sample oil/deposit, temporarily increase monitoring.

	Corrective action
	Remove or control the verified failure mechanism.
	Optimize varnish mitigation, correct temperature/cooler issues, remove contaminated oil volume, improve filtration/dehydration, clean reservoir during outage.

	Preventive action
	Reduce future formation and accumulation.
	Trend MPC/RULER/FTIR together, define oil health limits, improve storage/transfer, control top-up compatibility, periodic valve exercise/inspection.

	Governance action
	Prevent the same decision failure from repeating.
	Assign oil owner, monthly oil reliability review, action thresholds, risk register, formal close-out of lab alarms and CM deviations.

	Verification action
	Prove that the action worked.
	Before/after oil tests, servo response trend, filter DP rate, deposit inspection, stable antioxidant depletion rate, no repeat trip.





D3. Improvement Proposal Action Plan
	Priority
	Action
	Owner
	Due date
	Success KPI

	Critical
	Preserve deposit/filter/valve evidence and collect controlled oil samples before cleaning further components.
	[name]
	[date]
	Evidence retained and sample IDs logged.

	Critical
	Inspect and clean affected servo/control valve; record photos before and after cleaning.
	[name]
	[date]
	Valve movement verified; trend response restored.

	High
	Repeat oil analysis: MPC, RULER, FTIR, TAN, viscosity, water, ISO cleanliness, elemental; compare to historical trend.
	[name]
	[date]
	Mechanism confirmed or rejected.

	High
	Review oil temperature profile, cooler performance, start/stop history, and load cycling to identify thermal stress.
	[name]
	[date]
	Thermal contributors documented and actioned.

	High
	Review varnish mitigation/filtration technology, sizing, flow path, uptime, media saturation, and verification data.
	[name]
	[date]
	Correct technology and operating plan agreed.

	Medium
	Create oil reliability dashboard combining MPC, RULER, FTIR, TAN, water, ISO cleanliness, filter DP, servo response.
	[name]
	[date]
	Monthly review active with action limits.

	Medium
	Define sampling frequency and escalation limits based on asset criticality and risk status.
	[name]
	[date]
	Procedure issued and owners trained.



D4. Verification KPI Dashboard
Before / After Verification Table
	KPI
	Baseline
	Target / acceptance
	Verification frequency

	MPC / varnish potential
	[baseline]
	[stable/decreasing; site limit]
	[monthly / biweekly if high risk]

	RULER antioxidant reserve
	[baseline]
	[controlled depletion rate; site limit]
	[quarterly or higher risk]

	FTIR oxidation trend
	[baseline]
	[slope stable or decreasing]
	[monthly/quarterly]

	TAN
	[baseline]
	[no abnormal increase]
	[monthly/quarterly]

	ISO cleanliness
	[baseline]
	[site target code]
	[monthly/online]

	Water ppm
	[baseline]
	[below site threshold]
	[monthly/online]

	Filter differential pressure rate
	[baseline]
	[stable; no abnormal rise]
	[weekly/monthly]

	Servo response time / deviation
	[baseline]
	[within control tolerance]
	[after intervention and during transients]

	Trip-free runtime
	[baseline]
	[no recurrence]
	[continuous]

	Inspection finding
	[baseline deposits]
	[no new adhesive deposits]
	[next outage / borescope if applicable]



D5. Proposal Executive Summary Template
Based on the RCFA, the proposed improvement program is designed to reduce the risk of [repeat trip / failed start / servo sticking / bearing temperature excursion] by addressing [verified mechanism]. The program combines immediate cleaning and evidence preservation, oil chemistry verification, targeted varnish mitigation, operating/temperature control, and a monitoring governance dashboard. Success will be measured by [KPI list] over [period].
Recommended commercial proposal sections: scope, assumptions, exclusions, site support required, technical deliverables, schedule, acceptance criteria, verification KPIs, risk reduction statement, and follow-up review dates.


	PART E - APPENDICES AND WORKING FORMS


E1. Photo Log
Photo Log Register
	Photo ID
	Location/component
	What it shows
	Date/time / owner

	P-01
	[component/location]
	[deposit / damage / condition]
	[date / name]

	P-02
	[component/location]
	[deposit / damage / condition]
	[date / name]

	P-03
	[component/location]
	[deposit / damage / condition]
	[date / name]

	P-04
	[component/location]
	[deposit / damage / condition]
	[date / name]

	P-05
	[component/location]
	[deposit / damage / condition]
	[date / name]

	P-06
	[component/location]
	[deposit / damage / condition]
	[date / name]



E1.1 Additional Photo Placeholders
	INSERT PHOTO 1 HERE
Additional Photo 1: insert with caption and evidence ID.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 2 HERE
Additional Photo 2: insert with caption and evidence ID.
[caption, date, location, asset tag, photographer]

	INSERT PHOTO 3 HERE
Additional Photo 3: insert with caption and evidence ID.
[caption, date, location, asset tag, photographer]
	INSERT PHOTO 4 HERE
Additional Photo 4: insert with caption and evidence ID.
[caption, date, location, asset tag, photographer]



E2. Sample and Evidence Chain of Custody
Sample Register
	Sample ID
	Type
	Sampling point / component
	Condition at sampling
	Sent to lab / retained

	OIL-01
	Oil
	[live zone / reservoir / return line]
	[load/temp/time]
	[lab/date]

	DEP-01
	Deposit
	[servo valve / filter / reservoir]
	[before/after cleaning]
	[lab/date]

	FIL-01
	Filter media
	[filter tag / service hours]
	[DP / replacement reason]
	[lab/retained]

	OIL-NEW
	New oil reference
	[drum/batch]
	[sealed / opened]
	[lab/date]

	OIL-TOP
	Top-up oil
	[batch/date]
	[if available]
	[lab/date]



E3. Interview Notes Form
Interview Record
	Interviewee / role
	Key observations
	Evidence mentioned
	Follow-up action

	Operator
	[what was seen, alarms, response, operating condition]
	[trend/log/photo]
	[action]

	Maintenance technician
	[inspection, cleaning, parts replaced, deposits]
	[work order/photo]
	[action]

	Reliability engineer
	[oil analysis trend, CM findings, previous incidents]
	[reports]
	[action]

	Lubrication technician
	[sampling, storage, transfer, filter changes]
	[procedure/log]
	[action]

	Lab / supplier
	[test method, interpretation, repeat tests]
	[lab report]
	[action]



E4. Risk Ranking
Risk Ranking Matrix
	Risk level
	Typical criteria
	Required response

	Critical
	Repeat trip likely, unstable control, high varnish indicators, depleted antioxidant reserve, deposit confirmed on critical component.
	Immediate containment, daily/weekly monitoring, management escalation, verified corrective action.

	High
	Rising varnish indicators, early servo symptoms, filter DP rise, thermal stress, weak monitoring response.
	Corrective plan within agreed period, increased testing, scheduled inspection.

	Medium
	Early oil chemistry drift without functional symptoms.
	Trend review, preventive action, sampling frequency adjusted.

	Low
	Stable chemistry, adequate reserve, no symptoms, controlled contamination.
	Routine monitoring and governance.



E5. Final Sign-Off
	Prepared by
	Khashayar Hajiahmad, MLE | CLS | MLA III | MLT II | VIM | VPR

	Client technical reviewer
	[name / title / date]

	Operations reviewer
	[name / title / date]

	Maintenance reviewer
	[name / title / date]

	Reliability owner
	[name / title / date]

	Final status
	[Draft / accepted / actions pending / closed]
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