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Part I: Foundations

1. FOD Prevention Fundamentals

11 What FOD Is and Why It Matters

Foreign Object Debris (FOD) is any object, substance, or material
in an inappropriate location that has the potential to injure
personnel, damage aircraft or equipment, or compromise product
integrity. The FAA defines airport FOD as an object in an
inappropriate location that can injure people or damage
aircraft/equipment. The term covers two related concepts: Foreign
Object Debris (the object itself) and Foreign Object Damage (the
consequence when debris causes harm).

FOD is not merely a housekeeping issue. It is a safety,
operational, and financial risk that cuts across every domain where
precision engineering meets human activity. A single washer
ingested into a jet engine can cause millions of dollars in damage
and potentially hundreds of casualties. A piece of safety wire left in
a flight control assembly can become a catastrophic failure at a
critical phase of flight. A rock on a runway can puncture a tire at
takeoff speed, triggering a high-speed rejected takeoff with its own
cascade of risks.

1.2 The Scale of the Problem

Industry-wide FOD cost estimates are difficult to compare
because studies use different years, currencies, populations, and
definitions of direct and indirect cost. This guide does not present
an unsupported current global total. Use organization-specific
records, including damage events, repair cost, downtime,
disruption, and investigation hours, to build a local business case. If
a historical estimate is used in a later edition, cite the original



document, page, currency year, population, and cost definition, and
do not combine it with an indirect-cost multiplier unless that
multiplier has a separate source and matching scope.

A severe engine ingestion event on a commercial transport
aircraft can involve major repair or replacement cost, but the
amount depends on the aircraft, engine, operator, repair
disposition, and event severity. Downtime and network effects also
vary by operator, airport, and schedule. Treat any cost, downtime,
passenger-impact, or person-hour range as an illustrative planning
assumption only. Use organization-specific records and approved
finance assumptions for the business case; do not use an illustrative
range as a forecast without local validation.

Beyond aviation, FOD costs penetrate every precision industry.
In semiconductor fabrication, a single microscopic particle in a
cleanroom can affect an entire wafer lot. In medical device
manufacturing, FOD contamination can trigger product
containment, rework, or recall and can put patient lives at risk. In
automotive engine and transmission plants, FOD in assembly areas
can contribute to equipment stoppages, defects, warranty claims,
and premature component failure. Quantify the local consequence
using the organization's own quality and cost data.

1.3 Historical Incidents That Shaped FOD Prevention

Understanding why FOD programs exist requires knowing what
happens when they fail. Three well-documented incidents, each
investigated by an official body with a published report,
demonstrate what a FOD program is designed to prevent.

Concorde, Air France Flight 4590 (2000): On 25 July 2000,
Concorde F-BTSC departed Paris Charles de Gaulle Airport. During
the takeoff roll, the left main landing gear tire struck a metal wear
strip lying on the runway. The strip, approximately 43 cm long, had
fallen from the thrust reverser cowl door of a Continental Airlines



DC-10 that had departed the same runway five minutes earlier. The
strip had been installed in Houston in July 2000 and did not
conform to the manufacturer’s specified procedures.

Tire fragments struck the underside of the left wing and
punctured fuel tank 5. The leaking fuel ignited, causing a major fire,
progressive loss of engine performance, and loss of control. The
aircraft crashed into a hotel in Gonesse, killing all 100 passengers, 9
crew members, and 4 people on the ground.

The BEA investigation (report f-sc000725a) identified the
runway debris as the initiating event in the accident chain. The
lessons: runway inspections must be timely and able to detect
aircraft-origin debris, not limited to routine pavement checks.
Foreign object reporting and recovery after every departure are
essential. FOD prevention must address the entire airport
movement area and the coordination between operators, airport
operations, and air traffic services. This event directly illustrates
the pre-operation walk and runway inspection procedures in
Sections 14 through 16 of this guide. [BEA f-sc000725a]

Flashlight ingested by F-35A engine, Luke Air Force Base
(2023): On 15 March 2023, an F-35A (tail number 14-5103) of the
56th Fighter Wing was undergoing a maintenance ground run at
Luke AFB, Arizona. The task required installing a metering plug in
an engine fuel line and conducting a leak check with the engine
running. During a pre-run inlet inspection, a maintainer used a
handheld flashlight because of limited illumination. When exiting
the inlet, the maintainer placed the flashlight on the inlet lip. The
required post-task tool inventory and inlet clearance checks were
not completed correctly.

The engine was started, and seven minutes into the run, the
aircraft’s debris sensors detected foreign objects in both the inlet
and exhaust. After shutdown, the team heard abnormal noises
during engine spin-down and discovered extensive blade damage.



The USAF Accident Investigation Board found that the mishap was
caused by failure to execute a complete inlet inspection and failure
to conduct a tool kit inventory before engine run operations. The
estimated engine damage was $3,933,106; the engine could not be
repaired locally. No injuries occurred.

The lessons: a tool inventory must be completed after entry into
an engine inlet, not merely before. The physical inspection must
positively verify that the cavity is clear. Tool control systems must
make an unreturned item immediately visible and require a stop
and reconciliation before an engine run or release to service. This
event directly illustrates the tool control and return-to-service
verification procedures in Sections 8 and 33 of this guide. [USAF
AIB, F-35A T/N 14-5103, 15 Mar 2023]

Clipboard ingested by Jetstar A320 engine, Auckland (2017): On
27 October 2017, Jetstar Airways Airbus A320 VH-VGY was being
prepared for departure from Auckland International Airport to
Sydney. Rain and wind were present. A leading hand from the
ground handling contractor finished loading the aircraft and, to
shelter his paperwork from the rain, placed his clipboard inside the
right engine cowling, intending to retrieve it later. During the pre-
departure walk-around, a dispatcher noticed the clipboard in the
engine cowling but assumed the leading hand would remove it, so
she did not report it.

The engines were started, and the clipboard was ingested into
the No. 2 engine. Paper debris was found on the tarmac, and a
piece of sheared metal was later discovered. The flight crew was
contacted after departure and returned to Auckland. Post-landing
inspection found paper throughout the engine and minor damage
to a fan blade and the fan case attrition liner. No injuries occurred.

The ATSB investigation (AO-2017-108) identified two failures:
ground personnel used an engine cowling as a temporary work
surface, and the dispatcher saw a foreign object during a walk-



around but assumed someone else would handle it. The lessons: an
engine cowling or inlet must never be used as a temporary work
surface for any reason. A walk-around must require positive
removal or escalation of every object observed near an intake;
"someone else will get it" is not an acceptable control. Adverse-
weather procedures must specify how paperwork and loose items
are protected without placing them in or near aircraft systems.
This event directly illustrates the pre-departure walk-around and
ground handling FOD procedures in Sections 14, 15, and 41 of this
guide. [ATSB AO-2017-108]

These events, and dozens of less-publicized near-misses,
established a principle: when an organization tolerates debris in its
operating areas, it is also tolerating the mindset that produced the
debris. The physical hazard and the cultural hazard are inseparable.

1.4 FOD Damage Categories

FOD damage falls into four broad categories with distinct
characteristics and prevention strategies:

. Prevention
Mechanism

Typical Cost

Focus

Engine Debris enters Organization- Runway sweeps,
ingestion intake, damages specific; engine covers,
COmpressor or depends on tool control

Tire and wheel
damage

turbine blades,
may cause blade
liberation and

cascading failure.

Cutting debris
punctures or
lacerates tire;
foreign object
embedded in

engine, repair
disposition,
location, and
access.

Organization-
specific;
depends on tire
type, damage
extent, and

10

during
maintenance,
intake
inspection
before start.

Runway and
ramp sweeps,
immediate
debris removal



Structural

impact

System
contamination

tread creates
slow leak or
blowout risk.

Debris strikes
airframe, control
surface,
windshield, or
sensor at speed;
may cause
immediate
damage or latent
weakness.

Debris enters

fuel, hydraulic, or

air systems;
blocks filters,
scores pumps,
jams valves,

blocks sensors or

pitot-static ports.

1.5 FOD Walk vs. FOD Walkdown

wheel
involvement.

Organization-
specific;
depends on
location,
material, and
repair
complexity.

Variable; can be
catastrophic if
undetected

from movement

areas.

Control of loose
items on ramps
and taxiways;
securing of GSE
and cargo items.

Caps and covers
during
maintenance;
clean assembly
practices;
system flushing
after
maintenance.

Many organizations use the terms interchangeably. In this guide,

a FOD walk is the field activity of visually inspecting and clearing an

area. A FOD walkdown is the complete process: briefing,

inspection, collection, documentation, escalation, corrective action,

and improvement review. The distinction matters because a walk

that collects debris without recording what was found, where, and

in what quantity produces no organizational learning. The debris is

gone; the source remains.

A strong walkdown generates four outputs:

Output

What It Means

1

Why It Matters



Removal Debris is picked up or Reduces near-term

isolated immediately. hazard; prevents the item
from causing damage
today.

Documentation = Findings are classified, Creates usable trend data;
counted, and tied to reveals patterns invisible
location. to any single walk.

Correction The likely source is Prevents repeat findings;
identified and assigned for converts a cleanup into a
action. process fix.

Culture Personnel see that FOD Turns safety from a
prevention is expected, compliance chore into a
measured, and valued shared professional
behavior. standard.

The central truth of this guide: A walk where people
stroll, talk, and toss debris in a bin without logging
anything is better than nothing, but it is not a serious
FOD prevention system. It is security theater for safety.
The value of a walkdown is not what you pick up today;

it is what you prevent from ever being dropped again.

1.6 The Hidden Costs of Weak FOD Control

Beyond the direct costs of damage events, weak FOD control
imposes structural costs on an organization that compound over
time:

Operational disruption: Every FOD-damage event triggers a
cascade of operational consequences. An aircraft on ground (AOG)
event due to FOD ingestion costs not only the engine repair but the
lost revenue from cancelled flights, the crew out of position, the
passengers rebooked, and the schedule disruption that persists for
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days. For military operations, the cost is measured in mission
capability lost, not just dollars.

Investigation burden: A FOD-damage investigation can
consume substantial engineering, quality, safety, and customer
time [Illustrative range]. Measure the local person-hour range
rather than treating illustrative figures as a benchmark. In
organizations with weak FOD programs, investigation teams
become desensitized to repeat events, leading to superficial
investigations that miss root causes and guarantee future
recurrence.

Reputational damage: Customers, regulators, and insurers
notice repeat FOD incidents. A pattern of FOD-related findings
during customer audits signals weak process discipline across the
board, not just in housekeeping. Insurance underwriters adjust
premiums upward for organizations with poor FOD records
[Industry best practice]. In competitive industries, a reputation for
FOD-related quality escapes can be the difference between
winning and losing contracts.

Personnel injury: Sharp debris lacerates hands and knees.
Chemical contamination burns skin. Slip and trip hazards from
loose items cause falls. These injuries are entirely preventable, yet
they occur regularly in organizations that treat FOD as a janitorial
issue rather than a safety system.

The compounding effect: Organizations with weak FOD
programs typically carry a backlog of repeat findings, an
accumulation of open corrective actions, and a workforce that has
learned the lesson that "nothing ever changes." Breaking out of this
cycle requires more effort than preventing it in the first place. The
cheapest FOD program you will ever run is the one you start today
and sustain consistently.

1.7 Where This Guide Fits
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This guide is a field resource, not a regulatory standard. It
provides practical tools, forms, checklists, and frameworks that
each organization adapts to its own procedures, contracts, and
governing requirements. It draws on aviation, aerospace, military,
and industrial best practices and organizes them into a single,
coherent system.

Use this guide alongside your site procedures, technical orders,
and customer requirements, not in place of them. Every checklist,
form, and recommendation should be tested during real walks,
revised against your operating environment, and adapted to your
governing regulations before adoption.

2. Build Your FOD Program in 10 Steps

This guide contains 48 sections, 17 printable forms, plus 1 Excel
tracker, and detailed procedures covering every aspect of FOD
prevention. That breadth is useful for reference but overwhelming
for someone starting from scratch. This section distills the entire
guide into a ten-step sequence. Follow the steps in order. Each step
tells you what to read, what to download, and what to implement
next. The goal is not to read the whole book before you begin. The
goal is to read one step, act on it, and move to the next.

Step 1. Assess Your Current Program

You cannot improve what you have not measured. Before
assigning roles, buying equipment, or writing procedures,
understand where your organization stands today.

Read: Section 6 (Program Maturity Framework) and Section 38
(Internal Audit Framework). Section 6 gives you a five-level
maturity scale with concrete descriptors for each level. Section 38
gives you audit checklists to evaluate your current state against
each dimension.
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Download: Program Maturity Self-Assessment (Section 6 form).
Print it, walk your facility, and score each dimension honestly. This
is your baseline.

Implement: Complete the self-assessment within one week. Do
not skip this step. Every organization thinks it is better than it is
until the checklist proves otherwise. The assessment will show you
exactly where to focus your energy.

Step 2: Assign a FOD Program Owner

A program without a named owner has no accountability.
Someone must own the program, the metrics, the audits, and the

improvement cycle.

Read: Section 3 (Program Governance and Roles). Pay particular
attention to the defined roles table and the minimum
accountability rule.

Download: The FOD program charter template. Write the
charter, define the scope, and have it signed by senior leadership.

Implement: Name one person as the FOD Program Owner. Give
them written authority, define their responsibilities, and allocate
the time they need to do the job. A program owner with no time
allocation is a program owner in name only.

Step 3: Classify Your Operational Areas

Not every square foot of your facility needs the same level of
FOD control. Classifying areas by risk tells you where to
concentrate your resources.

Read: Section 10 (Area Controls and Physical Barriers) for the
three-tier classification system (FOD Critical, FOD Control, FOD
Awareness). Section 17 (What to Look For: Expanded Taxonomy) for
the kinds of debris each classification should catch.
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Download: A site map or floor plan. Mark the classifications on
it. Post it where everyone can see it.

Implement: Walk your facility with the area -classification
criteria in hand. Classify every zone as Critical, Control, or
Awareness. Mark the boundaries with signage and floor tape.
Review the classifications quarterly; they change as your operations
change.

Step 4: Establish Collection and Containment

Debris becomes a hazard when it is loose. Collection and
containment stop debris at its source before it migrates to where it
can cause damage.

Read: Section 10 (for area-level controls) and Section 40
(Product and Resource Integration, for selecting the right
containers, bags, mats, and signage).

Download: The product selection guidance in Section 40. Use it
to build a procurement list specific to your area classifications.

Implement: Place FOD cans at every work station in Critical
areas and at regular intervals in Control areas. Issue personal FOD
bags to every technician. Install sticky mats at Critical area entries.
Label every container. Empty them on a schedule. A full FOD can is
a debris source, not a debris solution.

Step 5: Implement Tool and Material Controls

Tools left behind account for some of the most expensive FOD
damage events in aviation history. A tool control system ensures
every tool is accounted for before, during, and after every task.

Read: Section 8 (Tool Control as a Formal System) in full. This
section covers shadow boards, tool serialization, check-out and
check-in  procedures, missing-tool protocols, and audit
requirements. Also read Section 9 (Supply Chain and Vendor FOD
Management) for incoming material inspection.
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Download: The tool inventory template and the tool audit log.
Start with your highest-risk areas.

Implement: Install shadow boards or foam cutouts in every
Critical and Control area. Serialize all tools. Establish pre-task and
post-task tool counts. Set up the audit schedule and assign audit
responsibility. Train every technician on the missing-tool protocol
before the first audit.

Step 6: Establish Your Walkdown Procedure

The walkdown is the heartbeat of your FOD program. It is where
prevention happens on the ground, every day.

Read: Sections 14 through 16 (the complete Walkdown Process:
Planning the Walkdown, Supervisor Briefing Card, and Walkdown
Execution Procedure). Section 15 contains the standard briefing
script; Section 16 contains the line-abreast method, spacing
guidelines, and stop-trigger protocol.

Download: Supervisor Briefing Card (Section 15), Daily FOD Walk
Checklist (Section 28), and FOD Collection and Findings Log
(Section 21).

Implement: Schedule the first walk for this week. Brief the team
using the standard card. Walk the area. Log every finding. Close the
walk formally. Run three walks before you change anything in the
procedure. The first walk will reveal what the checklist missed.

Step 7: Train Personnel

A FOD program is only as strong as the people executing it.
Every person who enters a classified area needs to know what FOD
is, why it matters, and what they are expected to do about it.

Read: Section 37 (Training and Competency) for the training
tracks by role, including initial and recurrent requirements.
Sections 46 and 47 provide complete lesson plans and a scored
competency assessment.
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Download: Training and Participation Record (Section 37),
Competency Verification Checklist (Section 37), and the FOD Quiz
(Section 47).

Implement: Train every current employee within 30 days. Start
with walk participants and walk leaders; they are the front line.
Schedule recurrent training on the calendar now, before daily
operations fill every available slot. Do not let training become the
thing you will get to next quarter. A trained workforce prevents
FOD. An untrained workforce creates it.

Step 8: Start Documenting Findings

A walk that collects debris without recording what was found,
where, and in what quantity produces no organizational learning.
Documentation turns cleanup into prevention.

Read: Section 21 (Routine Finding Response) for the ten-
category classification system and disposition codes. Section 28
(FOD Findings Logging and Data Management) for data quality
standards, record retention, and the shift from paper to digital.

Download: FOD Collection and Findings Log (Section 21),
Hotspot Map Worksheet (Section 18).

Implement: Log every finding from every walk starting today.
Use the ten-category system consistently. Be specific in item
descriptions. Count items; do not estimate. After four weeks of
consistent logging, review the data: what categories dominate?
Which zones repeat? This is your first real intelligence about how
FOD enters your operation.

Step 9: Review Trends and Eliminate Repeat Sources

Finding the same debris in the same place month after month is
not a FOD program. It is a janitorial routine. The program becomes
a prevention system when you investigate why debris recurs and
eliminate the source.
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Read: Section 25 (Repeat FOD Investigation Worksheet) for the
formal investigation triggers and process. Section 26 (Root Cause
Analysis Methods) for the Five Whys, fishbone diagrams, and
barrier analysis. Section 29 (Leading and Lagging Indicators) for the
metrics that tell you whether your corrective actions are working.

Download: Repeat FOD Investigation Worksheet (Section 25)
and Corrective Action Tracker (Section 32).

Implement: After your first month of consistent logging, identify
your top three repeat findings. Investigate each one. Assign
corrective actions. Track them to closure. The Data Quality Rule
from Section 28 applies here: three repeats of the same item in the
same zone within 30 days means the problem is the process, not
the person.

Step 10: Audit and Continuously Improve

A FOD program that is not audited will drift. Standards loosen.
Walk quality declines. Logs get sloppy. The audit closes the loop.

Read: Section 32 (Corrective Action Tracker) for managing
actions to verified closure. Section 38 (Internal Audit Framework)
for audit frequency, scope, and scoring. Section 34 (30-Day FOD
Reduction Challenge) for a focused improvement campaign that
builds momentum.

Download: Internal Audit Checklist (Section 38), Corrective
Action Tracker (Section 32), and the 30-Day Challenge Scoreboard
(Section 34).

Implement: Conduct your first internal audit within 90 days of
starting this program. Score it honestly. Brief the results to
leadership. Assign corrective actions for every finding. Schedule the
next audit before you leave the room. The most dangerous phase of
any FOD program is the plateau where everything looks fine and
nobody is checking.
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What Comes Next

These ten steps get a program from zero to operational. They
are not the end of the work. Once the foundation is in place, the
rest of this guide becomes your reference library. When a finding
pattern emerges, Sections 25 and 26 give you the investigation
tools. When you need to make the business case for expansion,
Section 7 gives you the numbers. When you onboard a contractor,
Section 41 gives you the checklist. Where a claim cites a source, the
section identifies the applicable reference; where a threshold is this
guide’s recommendation or an illustrative example, it is labeled as
such. Verify regulatory and company-specific requirements locally.

The book is long because FOD prevention is not one thing. It is a
system. You have just built the skeleton. Now use the rest of the
guide to add muscle, measure performance, and drive continuous
improvement.

3. Program Governance and Roles

3.1 Defined Roles

A FOD walk needs ownership. If everyone is responsible but
nobody leads, the process becomes inconsistent and the findings
become useless. The most common failure mode in FOD programs
is not lack of effort; it is diffusion of responsibility.

Role Primary Responsibilities Selection Criteria

FOD Program Owns the program, site Senior enough to

Owner requirements, metrics, audits, allocate resources;
training expectations, and technically credible;

periodic review. Serves as single = persistent.
point of accountability.
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Walk Leader /
Supervisor

Zone Captains

Participants

Safety /

Quality /
Maintenance

Defines the area, briefs the
team, controls line movement,
stops the walk when needed,
verifies completion and log
quality.

Lead smaller sectors, maintain
spacing, collect findings from
their zone, report issues to the
Walk Leader.

Inspect their assigned lane, pick
up safe debris, call out hazards,
report anything unusual.

Support investigations, root
cause review, corrective action,
hazard handling, verification of

closure.

3.2 Cross-Functional Interfaces

FOD prevention is not a standalone program. It intersects with

every major operational function:

Experienced in the
work area; respected
by peers; willing to
enforce standards.

Detail-oriented;
familiar with the
specific zone;
communicates
clearly.

Every person in the
organization at some
cadence. Rotate to
build culture.

Technical specialists
assigned as needed;

not necessarily full-

time FOD roles.

o Safety: Hazard reporting, risk assessment methodologies,

incident

monitoring. FOD findings should feed the safety management

investigation

protocols,

system directly.

¢ Quality:

Process

control

root cause analysis standards.

¢ Maintenance:

standards,

Tool control

post-maintenance

aircraft /equipment release protocols.

21
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documentation,

procedures,
inspection

performance

audit finding
management, corrective and preventive action (CAPA) systems,

clean-as-you-go
criteria,



e Facilities: Pavement condition monitoring, drainage system
maintenance, lighting adequacy, building envelope integrity,
wildlife management.

e Operations: Area scheduling and deconfliction, aircraft
movement coordination, access control, GSE management,
shift scheduling.

e Supply Chain: Incoming inspection, packaging standards,
supplier quality requirements, receiving area controls.

e Training: Initial and recurrent FOD curriculum, competency

verification, training records management.

3.3 Minimum Accountability Rule

Every walk should have documented evidence of:

A named leader (accountable for the quality of this specific
walk)

¢ A defined area (boundaries clear to everyone before the first
step)

e Date and time recorded (trend data requires temporal
precision)

e Participant count (normalize findings per person to compare
across walks)

¢ Findings log completed (even if zero findings; "nothing found" is
data)

¢ Closure decision documented (area released, or area held with

reason)

No name, no ownership. No findings log, no trend data. Zero
findings is a valid entry; a blank log is an incomplete walk.

3.4 Staffing and Method Selection

Select the walk method based on area geometry, risk level, and
available personnel:
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Line-abreast method: Best for flightlines, ramps, large floors,
open storage areas, and hangars. Personnel form a line across the
inspection width and move forward together at a pace set by the
leader. Overlapping fields of view ensure no gap between
personnel. Spacing varies with conditions: 10-15 ft in ideal
conditions, 7-10 ft in moderate conditions (overcast, slight clutter),
5-7 ft in reduced visibility (dawn, dusk, light rain), and 3-5 ft for
poor visibility, critical areas, or post-maintenance inspections. See
Section 16.2 for detailed spacing guidance.

Zone method: Best for production cells, maintenance bays, tool
rooms, equipment rooms, and areas with obstructions that prevent
a clean line. Each zone is defined by physical boundaries (walls,
columns, floor markings). A zone captain inspects their assigned
zone using a zone-specific checklist and reports completion to the
walk leader. The walk leader spot-checks high-risk points within
each zone before accepting the report.

Hybrid method: For large facilities with mixed environments,
use line-abreast for open areas and zone method for enclosed or
obstructed spaces, with a single walk leader coordinating both
methods and consolidating findings at the end.

3.5 The FOD Program Charter

Every FOD program should have a written charter, signed by
senior leadership, that establishes:
¢ Scope: Which areas, operations, and personnel are covered.

e Authority: What the FOD Program Owner can require, stop, or
escalate.

¢ Resources: Budget, personnel allocation, tooling, and training
commitment.

e Metrics: How program effectiveness will be measured and

reviewed.
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e Review cadence: Frequency of management review (monthly
minimum recommended).

A one-page charter, visibly posted and referenced in briefings,
transforms FOD from "something we're supposed to do" into
"something leadership has committed to."

4. Integration with Safety Management Systems
(SMS)

4.1 Where FOD Fits in SMS
In contemporary aviation and aerospace operations, FOD
should

Management System rather than operating as a parallel program.
The four SMS pillars defined by ICAO and adopted by aviation

prevention nest inside the organization's Safety

authorities worldwide provide a natural structure:

SMS Pillar

FOD Application

Integration
Mechanism

Safety Policy FOD program charter, Include FOD in the
accountabilities, leadership safety policy statement;
commitment, resource assign FOD
allocation. accountabilities in the

safety organization
chart.

Safety Risk FOD hazard identification Feed FOD findings into

Management = during walks and audits, risk the hazard register; use
scoring using the the same risk matrix for
severity/likelihood matrix, FOD and non-FOD
control selection and hazards.
implementation.

Safety FOD audits, trend monitoring, = Include FOD metrics in

Assurance control effectiveness the monthly safety
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verification, management dashboard; use the same
review of FOD performance. audit and corrective
action tracking system.

Safety FOD training, communication, = Integrate FOD into
Promotion culture building, recognition, existing safety training
lessons learned dissemination. = and communication
channels; don't create
separate FOD-only
channels.

4.2 Feeding FOD Findings into the Hazard Identification System

Every FOD finding is a safety data point. The findings log should
feed directly into the organization's hazard reporting system, either
through manual transcription (with clear accountability for who
does it and when) or, preferably, through direct digital integration
where the FOD log and the hazard register share a common
database.

A repeat finding of hardware in a specific bay is not merely a
cleanup problem. It is a hazard with an identified location, a
documented recurrence pattern, and a known control gap. Treating
it as a hazard rather than a housekeeping item triggers the full SMS
risk management process: formal risk assessment, control
selection, implementation tracking, and effectiveness verification.

Integration checklist:

e [ ] FOD findings log format is compatible with the safety
reporting system (same category codes, same risk matrix, same
location taxonomy).

e [ ] Risk-scored FOD findings (severity 3-4 or risk score 8+)
automatically escalate to the hazard register.

e [ ] FOD trend data is included in periodic safety review
meetings at the same level as other safety performance
indicators.
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e [ ] FOD corrective actions are tracked in the same system as
safety corrective actions, with the same closure standards.

e [ ] The FOD Program Owner and the Safety Manager have a
standing monthly coordination meeting.

4.3 Safety Performance Monitoring

FOD metrics should appear alongside flight safety, occupational
safety, and quality metrics in management reviews. This shared
visibility serves two purposes: it signals that leadership treats FOD
as a safety outcome, and it reveals correlations between FOD
performance and other safety indicators that might otherwise be
missed. A site with rising FOD findings and rising maintenance
errors may have a common root cause (fatigue, staffing pressure,
procedural complexity) that would not be apparent from either
metric alone.

4.4 Avoiding Parallel Programs

The most common integration failure is the parallel program:
FOD walks happen, findings are logged in a FOD-specific
spreadsheet, corrective actions are tracked on a FOD-specific
whiteboard, and none of this data reaches the safety department,
the quality system, or the management review. This is wasted
effort. The data exists but the organization cannot act on it.

Signs your FOD program is running parallel rather than

integrated:
e FOD metrics are reviewed in a FOD-only meeting, not in the
safety or quality review.
¢ FOD findings use a different risk matrix than safety hazards.

e FOD corrective actions are tracked in a separate spreadsheet
from safety and quality actions.

e The safety manager cannot access FOD trend data without
asking the FOD Program Owner.
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e FOD training is delivered as a standalone module with no
connection to broader safety training.

Integration does not mean the FOD program loses its identity. It
means the data, the actions, and the review cadence are unified, so
leadership sees one picture of organizational safety performance.

5. Human Factors and Safety Culture

5.1 Why People Don't Report

FOD underreporting is one of the most persistent problems in
prevention programs, and it has identifiable psychological and
organizational roots. Understanding these barriers is the first step
toward designing a system that overcomes them.

. What It Looks Like
Barrier

Psychological Mechanism

Fear of blame

Anticipated negative
consequence; learned
response from past

in Practice

"If I report it, they'll
say it's my debris."
"Last time I flagged

experience. something, I got
interrogated for an
hour
Normalization Repeated exposure to a "We always find stuff
of deviance condition makes it seem here. It's just how this
normal; the absence of area is.
immediate consequences is
misinterpreted as the absence
of risk.
Production Competing goals; when forced = "I don't have time to
pressure to choose between speed and log it. I need to turn

thoroughness, speed wins
because it's measured and
thoroughness isn't.
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Bystander Diffusion of responsibility in "Someone else will

effect groups; each person assumes pick it up." "Not my
someone else will act. lane."

Paperwork Effort-to-reward perception; "The form takes 10

burden if reporting takes longer than minutes. The walk took
the walk, reporting loses. 5.

Learned Repeated experience that "Nothing ever changes

helplessness reporting changes nothing around here, so why
extinguishes the reporting bother writing it
behavior. down?"

"I don't want to be the
guy who always

Social cost Fear of being seen as difficult,

picky, or not a team player.
complains about
debris."

5.2 Just Culture Principles Applied to FOD

A Just Culture, a concept coined by David Marx in 2001 and
building on James Reason's earlier work on human error and
organizational accidents, draws a clear line among human error
(which should trigger system improvement), at-risk behavior
(which should prompt coaching), and reckless behavior (which
should trigger individual accountability). Eurocontrol and others
later adapted the model for aviation safety reporting. Applied to
FOD:

Human error (slip, lapse, honest mistake): A technician drops a
washer and cannot find it because the lighting is poor and the floor
surface makes small objects hard to spot. The technician reports it
immediately. Response: Improve lighting. Add contrasting floor mats
in assembly areas. Console the individual; fix the system. The
technician did exactly what we want: reported promptly.

At-risk behavior (cutting corners that has become normalized):
A crew routinely skips the post-task tool count because "we never
find anything missing" and the form takes time. Response: Coach
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the crew on why the count matters. Remove the incentive to skip it
(simplify the form, integrate it into the task flow so it's not a
separate step). Address the underlying message: "we never find
anything missing" means the count is working, not that it's
unnecessary.

Reckless behavior (deliberate disregard of known, significant
risk): A supervisor knowingly signs off a post-maintenance FOD
inspection they did not perform because the aircraft is late.
Response: This is rare but requires formal accountability. Do not
default to this assumption without evidence of intent.

The practical test for Just Culture in FOD: Would another
qualified person, in the same circumstances, with the same
information, likely have made the same decision? If yes, the root
cause is in the system. If no, individual accountability may be
appropriate.

5.3 Designing Reporting Incentives

Incentives shape behavior more reliably than exhortations.
Design your FOD reporting system so that the path of least
resistance is also the path of safety:

e Make reporting easy: One form. One place. Minimal required
fields. The classification code can be added later by the
program owner; the field reporter needs only location,
description, and photo if available.

¢ Close the loop visibly: When someone reports a finding, show
them what happened as a result. A simple "You reported X in
Bay 3. We investigated. Source was Y. Fix is Z, in place as of
[date]." This single practice does more to sustain reporting than
any number of "speak up" posters.

¢ Celebrate findings publicly: The person who finds and reports
a repeat-source item has prevented a future incident. Name
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them (with permission) in shift briefings and on the FOD
communication board. Reward the behavior you want to see.

e Separate reporting from performance evaluation: A team's
FOD finding count should never appear on a performance
scorecard as a negative. A rising count may mean better
reporting, not worse performance. Use repeat findings and
damage events as the negative indicators; use total findings as a
neutral data point.

e Protect reporters: If a finding implicates another person or
department, handle the investigation with discretion. The
reporter should not become the messenger who gets shot.

5.4 The Psychology of Vigilance

Sustained visual search is cognitively demanding work.
Understanding its limits helps design walks that work with human
psychology rather than against it:

Vigilance decrement: Performance on sustained visual search
tasks degrades measurably after approximately 20-30 minutes.
After 45 minutes, the probability of detecting a target object drops
significantly. This has direct implications for walk design: a 90-
minute walk without breaks will miss items in the second half that
would have been caught in the first 20 minutes.

Satisfaction of search: Once a person finds one item, their
likelihood of finding a second item nearby drops. The brain
registers "I found something" and reduces search intensity. Train
walk participants to expect multiple findings and to continue
searching after the first discovery.

Inattentional blindness: People can look directly at an object
and not "see" it if their attention is focused elsewhere. This is not
carelessness; it is a fundamental property of human visual
processing. The mitigation is overlapping fields of view: two people
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scanning the same area from slightly different angles catch
different items.

Change blindness: When a scene changes gradually (debris
accumulating over days), people who see it every day may not
notice the change. This is why rotating personnel across zones and
bringing in fresh eyes (visitors, auditors, personnel from other
shifts) is valuable.

Practical implications for walk design:

¢ Limit continuous search to 30 minutes before a brief pause (30
seconds to regroup, check findings, hydrate).

¢ Rotate lane assignments so no person inspects the same lane
every day.

e Vary walk direction periodically (start from the opposite end) so
the visual field is novel.

¢ Pair inexperienced and experienced personnel so the novice's
fresh eyes and the veteran's pattern knowledge complement
each other.

¢ Schedule walks for the first hour of a shift when alertness is
highest; avoid the last 30 minutes when fatigue and the urge to
finish compete with thoroughness.

5.5 Shift-Change Dynamics

The handoff between shifts is a high-risk window for FOD
program continuity. Information degrades at each handoff unless
the handoff is structured:

e Schedule walks for the first 30 minutes of a shift, never the last
30.

e Use the shift handoff protocol (Section 35) to communicate
open findings, watch-list locations, incomplete corrective

actions, and pending investigations.
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e Rotate walk leaders across shifts so no single shift carries the

entire program burden and leaders develop cross-shift
awareness of patterns.

¢ Assign the FOD Program Owner to periodically observe walks

on different shifts; patterns visible across shifts are invisible to
any single shift working in isolation.

5.6 Building FOD Awareness as a Habit

Culture is not created by posters or slogans. It is created by

repeated, visible, reinforced behavior. The mechanism is

straightforward:

1.

Leaders participate in walks visibly and consistently. The day
the director skips the walk because they are "too busy" is the
day the message changes from "this matters" to "this matters
when convenient."

. Findings are discussed in pre-shift briefings, not buried in a

monthly report that nobody reads. "Yesterday we found three
fasteners in Bay 4. The source was the widget assembly station.
Maintenance has added containment trays. Check your area for
any others today." This is 15 seconds that connects yesterday's
walk to today's behavior.

. Corrective actions are completed and communicated with the

same visibility as the original finding. "You may remember we
were finding safety wire in Bay 2. Engineering added offcut
containers to all work stands. We have had zero safety wire

findings in two weeks. That fix worked."

. New personnel are trained by walking with experienced

personnel, not by reading a PowerPoint. The walk is the

training; the forms and slides are references.

. When a finding could have caused a serious incident, the

program owner briefs the team on what was found, what could
have happened, and what changed. This is the most powerful
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FOD training moment available, and most organizations waste it
by handling the investigation quietly.

6. Program Maturity Framework

Download: The Program Maturity Self-Assessment is
available as an editable Word document at
FODBag.com/resources. Print it, walk your facility, and
score each dimension honestly to establish your baseline.

6.1 Five Maturity Levels

Assessing your program's maturity level provides a baseline and
a roadmap. Most organizations overestimate their level. Be honest.
This five-level model is adapted from the CMMI / SW-CMM
maturity model; the level names are tailored to FOD programs

rather than taken verbatim from any external standard.

L. How to
Characteristics
Recognize
1 Ad Hoc Walks happen inconsistently, = "We do walks when
driven by individual someone
initiative. No standardized remembers." "
log. No trend data. Findings think we have a log
are disposed of without somewhere."
documentation.
2 Repeatable = Basic process defined. Walks = "We walk every
are scheduled. A simple log morning at 0700."
exists but may not be "The log is on a
consistently used. Some clipboard in the
classification attempted. office."
3 Defined Standardized procedures "Every walk follows
documented and trained. the same
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5

Managed

Optimizing

Walk leaders designated and
competent. Classification
system in use. Trend review
occurs at least monthly.
Corrective actions assigned.

Leading and lagging
indicators tracked.
Corrective actions verified
for effectiveness. Audit
program active and findings
drive improvement. Cross-
functional integration with
SMS.

Continuous improvement
embedded in culture.
Predictive analysis identifies
emerging risks before they
become repeat findings.
Industry benchmarking
drives target-setting. FOD
performance is a source of
competitive advantage.

procedure." "We
know our top three
FOD categories."

"Our repeat finding
rate dropped 40%
this year." "The
audit found three
gaps; all three are
closed."

"We predicted this
hotspot based on
maintenance
schedule changes."
"Our customer uses
our FOD program
as a benchmark for
their other
suppliers.'

6.2 Self-Assessment Criteria

For each maturity dimension, rate your program honestly on a
1-5 scale:

Process: Is the walkdown procedure documented, trained, and
consistently followed across all shifts? (1 = no documented
procedure; 5 = procedure is living document, updated based on
data, consistently followed on every shift.)

Data: Are findings classified, logged, and trended? Does the data
drive decisions about resource allocation and control changes? (1 =
no data collected; 5 = digital system with auto-generated
dashboards,
allocation.)

predictive analytics, and data-driven resource
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Accountability: Are roles filled with named individuals? Are
corrective actions assigned with owners and due dates? Is closure
verified, not just reported? (1 = no named roles; 5 = every action has
an owner, due date, and verified closure; overdue actions escalate
automatically.)

Improvement: Are repeat findings declining? Are controls
strengthening over time? Is the program demonstrably better than
it was 12 months ago? (1 = no improvement visible; 5 = measurable
year-over-year improvement on leading and lagging indicators,
with documented process changes driving the improvement.)

Integration: Does FOD data flow into SMS, quality, and
management review systems? Or is it a standalone program with
standalone data? (1 = completely standalone; 5 = FOD data is
inseparable from the organization's safety and quality data
streams.)

6.3 The Path from Level 2 to Level 3

The jump from ad hoc/repeatable (levels 1-2) to defined (level 3)
is the hardest and most important transition in FOD program
maturity. Most organizations stall here because the effort to
standardize and measure feels like administrative overhead with no
immediate payoff. The key steps:

1. Write down what you actually do. Do not design an ideal
procedure. Document your current practice, gaps and all. You
cannot improve what you have not acknowledged.

2. Pick one metric and make it visible. Start with walk completion
rate. Post it daily. When it drops below target, ask why publicly
and fix it. One visible, acted-upon metric is worth ten metrics
in a spreadsheet nobody sees.

3. Close one corrective action completely and visibly. Pick a
repeat finding. Investigate it properly. Implement a control.
Verify it worked. Announce the result. This single
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demonstration of the full plan-do-check-act cycle builds
credibility for the entire program.

4. Train every walk leader to the same standard. Inconsistent
leadership is the most common cause of inconsistent walks. If
leaders brief differently, enforce standards differently, and log
findings differently, the data from different walks is not
comparable.

6.4 Benchmarking

Compare your program against:

¢ Industry peers through professional associations and informal
networks.

¢ Customer audit findings: what are your customers finding that
you missed?

e Regulatory guidance: are you meeting or exceeding advisory
circular and standard practice expectations?

e Your own targets: are you improving year over year, or stable at
a level you have decided is "good enough"?

¢ Industry incident data: if your sector has a FOD incident rate,
how do you compare?

6.5 Knowing When It's Working
A healthy FOD program produces observable signals:
1. Repeat findings are declining because sources are being
eliminated, not just cleaned up.

2. Corrective actions close with verified effectiveness. "Talked to
the crew" is not a closure. "Inspected the area for four
consecutive walks with zero findings of this type" is a closure.

3. Personnel report FOD without being asked. They see it, they
log it, they expect something to happen. This is the hallmark of
a reporting culture.
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4. Missing tools are escalated immediately, not quietly searched
for by the person who lost them. The "stop the job" protocol is
followed, not circumvented.

5. FOD metrics appear in operational briefings alongside
schedule, quality, and safety data. FOD is part of how the
organization measures its day, not an afterthought.

6. Visitors and new personnel notice the cleanliness. People who
have worked in less disciplined environments comment on the
difference. This is the most honest indicator of all.

7. The Business Case for FOD Prevention

71 Why the Business Case Matters

FOD prevention competes for resources with every other
organizational priority. A FOD Program Owner who cannot
articulate the return on investment will struggle to secure funding
for FOD cans, training time, digital tools, or dedicated personnel.
The business case translates "this is the right thing to do" into "this
is the smart thing to do," and it speaks the language of the people
who control the budget.

7.2 Direct Costs Avoided

The most straightforward element of the business case is the
direct cost of FOD events that an effective program prevents. The
table below is an illustrative scenario for planning discussions.
Replace every value with local data before using it for a budget or
investment decision:

37



Freq.

Freq. .
. With .
Without Avoided / Year
Mature
Program
Program
Engine S$2Mm 1per 3-5 1 per 15- ~$300K-$500K /year
ingestion average years 20 years
(commercial)
Tire FOD S15K 3-5 per 0-1per ~$45K-S75K /year
damage average year year
FOD-related = $50K per = 2-4 per 0-1per ~S100K-$200K /year
AOG delay event year year
Tool loss $500-S5K  10-20 per = 0-2 per ~$5K-$50K /year
(missing, not = per tool year year
found)
Personnel S5K-S50K  1-3 per 0-1per ~$5K-S$100K /year
injury (FOD- = perinjury year year
related)

For planning purposes only, an organization may model avoided
cost using its own event history, repair invoices, downtime, labor,
and disruption data. The figures in the table are scenario
assumptions, not industry benchmarks.

7.3 Indirect and Systemic Benefits

The direct costs avoided are only part of the story. The systemic
benefits of a mature FOD program are harder to quantify but often

larger:

Insurance premium discussion: An organization may discuss
demonstrated risk controls with its broker or insurer. Whether
FOD controls affect premiums, and by how much, depends on the
insurer, policy, sector, loss history, and underwriting model. This
guide does not state a universal premium reduction.
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Customer confidence and contract win rate: In competitive
bidding for maintenance, manufacturing, or service contracts, a
mature FOD program is a differentiator. Customers who have
experienced FOD-related damage from other suppliers will pay a
premium for suppliers who can demonstrate prevention capability.
This is particularly true in defense contracting, where FOD-related
quality escapes carry program-level consequences.

Regulatory readiness: Clear FOD records and verified controls
can make an audit easier to support. They do not guarantee fewer
findings, shorter audits, or lower enforcement risk. Confirm the
applicable regulator and customer requirements before making
compliance claims.

Workforce retention and morale: People prefer to work in
clean, organized, disciplined environments. High FOD areas
correlate with lower morale and higher turnover, particularly
among experienced personnel who have worked in better
environments and know the difference. Reducing turnover by even
one skilled technician per year covers the cost of a substantial FOD
program.

Operational predictability: The hidden cost of FOD events is
unpredictability. An engine ingestion on a Tuesday morning
disrupts not just that aircraft's schedule but cascading crew
assignments, passenger connections, and maintenance plans across
the network. Reducing FOD events reduces the frequency of these
disruptions, which improves operational performance metrics that
leadership already tracks and cares about.

7.4 Program Cost Estimation

A mature FOD program has real costs. Being honest about them
builds credibility for the business case:
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Annual

Estimate
Cost Element .

(Medium

Facility)
FOD Program $S30K-S60K Usually 25-50% of one
Owner (portion of person's time at levels 3-4.
FTE)
FOD consumables S5K-$S15K Amortize durable items;
(bags, cans, signs, consumables are recurring.
tape)
Training (initial + S5K-$10K Includes trainer time and
recurrent) participant time.
Digital FOD system = $3K-S$12K Cloud-based platforms are
(if used) typically subscription; custom

development costs more.

Audit and S5K-S10K Internal audit time; external
assessment assessment if used.

Total annual S48K-S107K Compare to avoided cost
program cost estimate above.

A well-run FOD program at a medium-sized facility typically
costs S50K-S100K per year and avoids S500K-SIM in direct costs,
for a return on investment of 5:1 to 20:1 [Illustrative estimate, see
business-case table above]. When systemic benefits are included,
the ROI is higher.

7.5 Making the Case to Leadership
Adapt the message to the audience:

To the CFO: "For every dollar we spend on FOD prevention, we
avoid five to twenty dollars in direct damage costs, insurance
premiums, and operational disruption [Illustrative: budget-framing
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talk track]. This is one of the highest-ROI safety investments we
can make."

To the Operations Director: "A mature FOD program reduces
the frequency of unplanned events that disrupt your schedule.
Fewer AOGs, fewer runway closures, fewer last-minute aircraft
swaps. Predictable operations are efficient operations.”

To the CEO: "FOD program maturity is a signal of overall
operational discipline. Customers and regulators see it. Insurers
price it. Our workforce feels it. This is a visible, measurable way to
demonstrate that we run a tight operation.”

To the workforce: "This program exists to make your job safer
and your work area cleaner. When you report FOD, you are not
creating paperwork; you are preventing the event that would ruin
someone's day, or worse. Every finding you log is a problem you
prevented.
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Part Il: Prevention and Control

8. Tool Control as a Formal System

8.1 Why Tool Control Deserves Its Own System

Tool control is often treated as one FOD category among many,
but a missing tool is fundamentally different from a piece of trash.
Trash indicates a housekeeping gap. A missing tool indicates a
potential catastrophic hazard: an object designed to be hard and
durable, now located somewhere it should not be, possibly inside
an engine, flight control, fuel system, or critical assembly.

The distinction is severity, certainty, and urgency. A zip tie on
the ramp is FOD; it should be picked up and logged. A missing
10mm socket last seen near an open engine cowl is a different
order of problem. It requires immediate stop-work, a documented
search, and formal clearance before the aircraft or equipment can
be released.

Every organization that performs maintenance, assembly, or
manufacturing with tools in proximity to critical systems needs a
formal tool control program. This section describes the minimum
elements of such a program, scaled to the risk level of the work.

8.2 Shadow Boards: Design, Placement, and Maintenance

A shadow board is an instantaneous visual inventory system. In a
single glance, anyone can see whether all tools are present or
whether something is missing. This property (immediate, effortless
accountability) is what makes shadow boards effective. A toolbox
with foam cutouts achieves the same result in portable form.

Design specifications:
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Contrast: The tool silhouette must contrast strongly with the
background. A black tool on dark gray foam is invisible. A bright
colored background (yellow, orange, white) with a dark tool, or
a dark background with a light outline, makes absence
immediately obvious.

Labeling: Each position is labeled with the tool description,
size, and serial number where applicable. The label should be
readable without moving the tool.

Serialization: For FOD Critical areas, each tool carries a unique
identifier etched or tagged on the tool itself, matching the label
on the board. This allows tracking of individual tools, not just
types.

Durability: Board material must withstand the environment.
Chemical-resistant foam for solvent-exposed areas. Waterproof
backing for outdoor or washdown areas. UV-stable colors for
sunlight-exposed positions.

Size and placement: The board must be large enough that tools
do not overlap and each silhouette has clear margins. Mount at
eye level, within arm's reach of the work position. If a
technician has to walk across the bay to return a tool, the board
is too far away.

Placement rules:

At every fixed work station where tools are used.

On every mobile cart used for line maintenance or flightline
work (foam cutouts in drawers, or a fold-out shadow panel).

Positioned so the shadow is visible to the technician from the
work position without turning away from the task.

Adequate lighting directed at the board; a shadow board in a
dim corner defeats the visual inventory purpose.

Maintenance:
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¢ Clean tools before returning them. A dirty tool on a clean board
is a visual false positive waiting to happen (the dirt may obscure
the silhouette).

¢ Inspect board condition weekly. Faded outlines, peeling labels,
or damaged foam defeat the instant-recognition property.

¢ Replace worn foam or backing material immediately. A shadow
board with missing outlines is worse than no shadow board; it
trains people to ignore the board.

e Re-validate the inventory after any maintenance task that
involves tools from that board. The post-task check is not
optional.

8.3 Serialized Tool Accountability

For FOD Critical areas (engine bays, flight controls, fuel systems,
hydraulic systems, critical assemblies in manufacturing), every tool
should be individually identified and tracked:

Serialization methods:

e Laser etching for metal tools (permanent, legible, does not
create debris).

¢ Engraving for larger tools.

e Durable adhesive tags for tools that cannot be etched (replace
tags that show wear).

e Color coding by work area or shift (supplementary to

serialization, not a replacement).
Check-out / check-in procedure:

1. Before starting a task in a critical area, the technician
inventories all tools against the shadow board or tool list,
verifying each serial number.

2. Tools added during the task (e.g., a specialist tool brought from
another area) are added to the inventory list at the moment

they enter the area.

44



3. At task completion, before any panel is closed or any system is
buttoned up, the full inventory is repeated.

4. Both the initial and final inventories are documented with date,
time, and technician name or ID.

5.A second person (supervisor, quality, or independent
technician) spot-checks a sample of the inventory for high-risk
tasks. For the highest-risk tasks (engine internal work, flight
control rigging), 100% independent verification is standard.

Tools that resist serialization:

e Very small items (micro drill bits, tiny sockets): count by
quantity in a dedicated container with a count label (e.g., "10 x
#60 drill bits"). The count is verified before and after every
task.

¢ Consumable tooling (abrasive discs, cutting inserts): track by
starting quantity and remaining quantity. The difference must
be accounted for (consumed in the work, or recovered as
debris).

e Shared tools used across multiple stations: assign a home
location, and if the tool moves, the person moving it updates
the location log. No orphan tools.

8.4 Broken-Tool Reconciliation

When a tool breaks during use, every fragment must be
accounted for:

1. Stop the task immediately. Do not continue working in the
hope that the missing piece will turn up later.

2. Recover all visible fragments. Collect them in a clear bag or
container.

3. Reconstruct the tool if possible. For a broken drill bit, fit the
pieces together to confirm all parts are present. For a shattered
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item, count fragments and compare to the expected number

based on the break pattern.

4. If any fragment is unaccounted for: escalate to the missing-
tool protocol (Section 8.6). Treat the missing fragment as FOD

in a critical area until found or formally cleared.

5. Document the breakage: tool ID, task, location, number of

fragments recovered, number expected, disposition (all found /

search conducted / area cleared).

8.5 Tool Control Audits

Audits verify that the tool control system is working when
nobody is watching [NASA MSFC-STD-3598 for tool control
requirements; Industry best practice for audit frequencies]:

Pre-task

Post-
task

Shift
handoff

Random
audit

Frequency

Every task
start

Every task end

Every shift
change

Weekly
minimum per
area

Technician verifies all
tools present against
board or list.

Technician verifies all
tools returned.
Supervisor spot-
checks minimum 10%
of tasks.

Outgoing shift verifies
critical tool sets;
incoming shift
accepts and signs.

Quality or supervisor
selects 2-3 tool sets at
random and performs
full count.
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Pass Criterion

100% of tools
accounted for.

100% of tools
accounted for.

100% of critical
tools accounted for.

100% of audited
tools accounted for.



Formal Monthly Full inventory of all 100% of all

audit controlled tools, by controlled tools. Any
serial number, across discrepancy =
all areas. investigation.

Audit scoring: Divide tools accounted for by tools expected. The
target is 100%. A score of 99% on a monthly formal audit means
one tool is missing; that is not "almost perfect’ It is one
unaccounted-for tool that could be anywhere, including inside an
aircraft or critical assembly. Any score below 100% triggers the
missing-tool protocol.

Common audit failure modes:

"Borrowed" tools not returned: a technician takes a tool from

one board for a task at another station and does not return it.

Both boards now show discrepancies.

¢ Shadow board shows tool present but it is the wrong tool
(similar size, wrong serial number).

e Broken tools recorded as "disposed" but fragments not
reconciled.

e Audit fatigue: formal audits become pencil-whipped checklists

rather than physical verification. Mitigate by rotating auditors

and having the program owner periodically re-audit a sample.

8.6 The Missing-Tool Protocol

Rule: A missing tool in a FOD Critical area = stop the
job until found or formally cleared by a second qualified
authority.

This rule must be absolute. Every time an organization makes an
exception (‘it's probably in the toolbox somewhere, we'll find it
later"), it weakens the protocol for every future occurrence. The
protocol is only as strong as its least-enforced application.
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Procedure:

. Stop. The technician who identifies the missing tool announces
it immediately. Work stops in the affected area. The aircraft,
equipment, or assembly is not moved. Panels are not closed.
The area is not released.

. Contain. Secure the immediate area. Limit personnel
movement to essential search participants. Prevent anyone
from removing items from the area.

. Search, Phase 1: The technician who used the tool searches
their immediate work area, tool board, pockets, cart, and any
adjacent surface. If found, document and resume work.

. Search, Phase 2: If not found within 15 minutes, expand the
search to the full team. Systematically search: the work area
(floor, under equipment, inside any open cavity), the path
between the work area and the tool board, adjacent areas, trash
containers (every item in the trash is examined), and the
technician's clothing and PPE.

. Escalate. If not found within 30 minutes, notify the supervisor,
quality, and safety. The supervisor assumes coordination of the
search.

. Search, Phase 3: Supervisor-directed search, potentially
including: inspection of all open cavities with borescope or
mirror, search of all adjacent aircraft or equipment, review of
any available camera footage, and interviews with all personnel
in the area during the relevant time window.

. Clear or escalate further. If the tool is found, document the
location, time, and circumstances. Analyze why the tool was
where it was found and what control gap allowed it to get
there. If the tool is NOT found after an exhaustive search, a
formal risk assessment determines whether the aircraft or
equipment can be released. This assessment must be signed by
a second qualified authority independent of the immediate
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work team. For the highest-risk scenarios (tool missing after
engine internal work), the default position is that the aircraft
does not fly or the equipment does not operate until the tool is
found or the area is disassembled to the point where the tool's
absence can be confirmed.

. Document. Regardless of outcome, document: tool description

and serial number, task being performed, time tool was last
seen, time reported missing, search steps taken, search
duration, outcome, and any corrective actions identified. This
documentation feeds trend analysis: recurring "missing tool"
events in the same area or with the same personnel indicate a
systemic problem.

8.7 Tool Control in Non-Critical Areas

Not every area requires serialized tool control. For FOD Control

and FOD Awareness areas, scale the system to the risk:

Shadow boards or foam cutouts for all tools (instant visual
inventory without serialization).

Pre-task and post-task count verification without serial
number tracking.

Weekly random audits rather than daily checks.

Missing tool protocol: search the area and report, but stop-
work may not be required if the area is physically separated
from critical systems and the missing tool cannot credibly have
migrated to a critical area.

The principle is scalability, not exemption. Every area where

tools are used near products, aircraft, or equipment needs some

form of tool control. The question is how rigorous, not whether.

9.

Supply Chain and Vendor FOD Management
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9.1 How FOD Enters Through the Supply Chain

A significant portion of site FOD originates outside the facility.
Incoming shipments bring packaging debris, supplier-generated
contaminants, loose hardware from damaged packaging, and items
that were inadequately cleaned before shipment. Organizations
that focus exclusively on internally generated FOD are solving half
the problem.

Common incoming FOD sources:

e Packaging fragmentation: Cardboard fibers, plastic wrap
shreds, packing peanuts, foam fragments, tape residues, and
broken bands or straps that fragment during unpacking.

e Loose hardware in shipments: Fasteners, washers, and small
components that escaped damaged or poorly sealed packaging.
A single undetected washer in a crate can migrate to the
production floor and become an engine ingestion hazard.

¢ Supplier-generated contamination: Metal shavings and cutting
fluid residues from machining operations, protective coatings
that flake, debris trapped in threaded holes or blind cavities,
and general shop debris from suppliers with weak FOD
programs.

e Pallet and container debris: Wood splinters from pallets, dirt
and gravel trapped in pallet crevices, rust and paint flakes from
metal containers, and debris accumulated during transit
(outdoor storage, multiple handling points).

9.2 Incoming Inspection for FOD

Add FOD-specific checks to the receiving inspection process.
These are additional to the normal quality inspection of the
received items themselves:

Visual inspection of packaging:
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e [ ]Is the packaging intact on arrival? Look for tears, crushing,
water damage, or evidence of re-sealing.

e [ ] If packaging is damaged, photograph before opening. The
damage may be the source of debris or may have allowed debris
to enter.

e [ ] For critical items, consider weighing the sealed package and
comparing to the expected weight. A discrepancy may indicate
missing or additional items (including debris).

Unpacking protocol:

[ ] Unpack in a designated receiving area physically separated
from production, assembly, or maintenance =zones. Use
distance, walls, or curtains.

[ ] Provide dedicated disposal containers immediately adjacent
to every unpacking station. The container is within arm's reach;
debris does not travel.

[ ] Inspect the interior of the packaging as it is opened: is there
loose debris? Photograph if significant.

[ ] Remove and immediately dispose of all external packaging
materials before the item enters a controlled area.

[ ] Transfer items to reusable, cleanable containers at the
boundary between receiving and controlled areas. Cardboard,
wood, and single-use packaging do not cross this boundary.

Post-unpacking inspection:

e [ ] Inspect the received items themselves for adherent debris:
metal chips in threads, dirt in cavities, loose protective
coatings.

e [ ] Check crates, pallets, and containers for trapped debris:
under pallet boards, inside crate corners, in container seams.

¢ [ ] Document any FOD found during receiving inspection in the
FOD findings log, with the supplier identified as the probable

51



source. This data is essential for supplier feedback and trend

analysis.

9.3 Vendor FOD Requirements and Contract Language

The most effective way to prevent supplier-originated FOD is to
make it a contractual requirement. Language should be specific and

verifiable:

Example contract clause (core):

"Supplier shall ensure all delivered items are free of
foreign object debris as defined in [customer FOD
standard reference]. Packaging shall be selected, applied,
and maintained to prevent debris generation, ingress,
and entrapment during manufacturing, storage, transit,
handling, and unpacking. Supplier shall maintain a
documented FOD prevention program appropriate to the
product type, risk level, and customer requirements.”"

Example contract clause (specific requirements):

"For FOD Critical items [defined in appendix],
Supplier shall: (a) perform and document a pre-shipment
FOD inspection of each item; (b) seal all openings, ports,
and cavities with appropriate protective covers; (c)
package items in clean, durable, sealable containers; (d)
include a FOD inspection certificate with each shipment;
(e) retain FOD inspection records for [period] and make

them available upon customer request."

Example contract clause (right of audit):
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"Customer reserves the right to audit Supplier's FOD
prevention program, including physical inspection of
work areas, packaging areas, and shipping areas, with
reasonable notice. Findings from such audits shall be
addressed through Supplier's corrective action process
with evidence of closure provided to Customer."

9.4 Supplier FOD Audits

For critical suppliers (those providing items that will enter FOD
Critical areas, or those with a history of FOD escapes), include FOD
control in the supplier audit scope:

Pre-audit review:

¢ Supplier's documented FOD program (request before the visit).
¢ History of FOD-related escapes or customer complaints.

¢ Previous audit findings related to FOD or housekeeping.

Physical audit items:

¢ Are work areas clean, organized, and free of visible FOD?
¢ [s tool control practiced in assembly and manufacturing areas?

e Are packaging areas clean and separated from debris-
generating operations?

e [s packaging appropriate for the item type and transit
conditions?

e Are FOD inspections conducted before shipment? Are records
available?

¢ Do personnel demonstrate awareness of FOD requirements for
the items they handle?

Audit reporting:

e Grade FOD control on the same scale as other quality system
elements.
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e Document specific findings with objective evidence
(photographs, item examples).

e Require corrective action for any finding that could result in
FOD reaching the customer.

e Track supplier FOD performance as part of the supplier
scorecard.

9.5 In-House Packaging and Shipping

FOD control extends to items leaving your facility. Your
customers face the same incoming FOD risks you do. Packaging
and shipping areas should be subject to the same FOD controls as
receiving areas:

e Package items in a clean area, not adjacent to debris-
generating operations.

¢ Inspect items for FOD before packaging (this is the last chance
to catch internal FOD before it reaches the customer).

e Use packaging appropriate to the item, transit mode, and
customer requirements.

¢ Seal packages to prevent debris ingress during transit.
¢ Include FOD inspection documentation if required by contract.

e Train shipping personnel on FOD requirements for outgoing
items.

10. Area Controls and Physical Barriers

10.1 FOD Area Classification

Not all areas carry the same FOD risk. A systematic classification
of your facility ensures that controls are proportional to risk,
resources are allocated where they matter most, and personnel
understand what is expected in each area:
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Classification

Definition

Examples

Entry

Requirements

FOD Critical

FOD Control

FOD Awareness

Debris here
directly
threatens
aircraft, engines,
flight hardware,
or critical

product integrity.

Debris could
migrate to
critical areas,
affect equipment
reliability, or
indicate process
discipline gaps.

General
housekeeping;
debris risk is
lower but not
zero. Cleanliness
supports overall
safety and

professionalism.

Engine build
cells, flight
control
assembly
areas, fuel
system bays,
spacecraft
integration
cleanrooms,
surgical
device
assembly.

Hangar floors,
maintenance
bays,
production
floors, ramp
areas, tool
rooms, quality
inspection

areas.

Corridors,
offices
adjacent to
work areas,
storage zones,
break rooms,
locker rooms,
training

rooms.

10.2 Physical Controls by Classification

The control set scales with the classification:

55

Tool serialization,
restricted
personal items,
dedicated FOD
containers,
pre/post task
inspection, entry

logging.

Designated FOD
containers,
posted signage,
daily walk,
findings log,
shadow boards
where tools are
used.

Housekeeping
standards, waste
containers,
periodic
inspection,
signage at
boundaries
entering control
or critical areas.



Classification

Required Controls

Recommended
Controls

Critical

Control

Awareness

Tool serialization with
check-out/check-in; entry
controls (authorized
personnel only); dedicated,
labeled FOD containers at
every work station; pre-task
and post-task FOD
inspection with
documentation; shadow
boards or foam cutouts for
all tools; restricted personal
items (no loose items in
pockets above the waist; no
jewelry, food, or drink).

Designated FOD cans at a
practical spacing of roughly
50 feet / 15 meters
(guideline, not a standard;
adjust to your site)
[Industry best practice];
FOD signage at area entries
and high-risk points; daily
FOD walk with documented
findings; tool shadow
boards or foam cutouts at
all work stations where
tools are used; clean-as-
you-go policy and end-of-
shift sweep.

Waste containers at regular
intervals and at every desk
or work point; periodic
housekeeping inspection
(weekly minimum); FOD
awareness signage at
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Sticky mats at entries;
garment control (no
external pockets, or
pocket covers); air
shower or tacky mat
cleaning for items
entering the area; CCTV
coverage of critical work
zones; continuous
particle counting
(cleanroom applications).

Color-coded area
boundaries on floor; FOD
communication board
updated weekly;
dedicated FOD collection
point at each bay or cell
entry; magnetic
sweepers for metal-
debris-prone areas;
personal FOD bags
issued to each

technician.

Daily walk-through by
area supervisor; FOD
awareness poster
rotation; new-hire
orientation includes area



external entries and at classification
boundaries with Control or explanation.
Critical areas.

10.3 Boundary Marking and Access Control
Physical boundaries communicate expectations without words:

¢ Floor marking: Use durable, high-contrast floor tape or paint to
mark the boundary between classifications. A red line with
"FOD CRITICAL AREA" stenciled at intervals leaves no ambiguity
about where the higher standard begins.

e Entry signage: Every entry point to a FOD Control or Critical
area should display: the area classification, the required
controls (e.g., "Tool shadow boards required," "No loose items in
pockets"), and the entry authority (e.g., "Authorized personnel
only" or "All personnel: check pockets before entry").

e Physical barriers: For FOD Critical areas, consider physical
separation beyond signage: half-doors, chains, turnstiles, or
badge-controlled access that requires a deliberate action to
enter. The physical act of crossing a barrier triggers awareness.

e Material integrity: Do not use marking materials that
themselves become FOD. Fraying floor tape, peeling paint, and
deteriorating labels are debris sources. Inspect markings during
walks and replace at the first sign of deterioration.

10.4 FOD Container Strategy

The right container, in the right place, emptied at the right
frequency. For a detailed list of where debris concentrates and
where inspection should focus, see the Universal Hotspot List in
Section 18.2. Container placement should follow hotspot density:

more containers where debris repeats.
Placement rules:

e At every work station in FOD Critical areas.
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A practical guideline is containers roughly every 50 feet / 15
meters in FOD Control areas (adjust to your site; closer spacing
near known hotspots; cross-reference your hotspot map from
Section 18.3).

e At every entry and exit point from Control and Critical areas.

¢ Adjacent to every unpacking station in receiving areas.

e At every break area boundary (where personnel transition from
break to work).

¢ Along walk routes where personnel naturally pass.

Container types:

e FOD cans: Fixed, dedicated, clearly labeled. Color-coded by
area classification where helpful (e.g., red for Critical, yellow for
Control). Lined for easy emptying. Covered if outdoors or in
dirty environments.

¢ Personal FOD bags: Small, attachable bags issued to individual
technicians for containing personal items and small debris
during tasks. Worn on the belt or attached to the work station.
Particularly useful for line maintenance and flightline work
where fixed cans may not be nearby.

e Task-specific collection containers: For tasks that generate
predictable debris (drilling, cutting, unwrapping), a dedicated
container placed at the point of debris generation catches it
before it reaches the floor.

Servicing:

e Empty FOD cans at a frequency that prevents overflow.
Overflow is a visual signal that the program is not being
maintained, and it encourages people to place debris
elsewhere.

¢ Review can contents before disposal where trend-worthy items
might be discarded without logging. This does not mean sorting
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every can; it means a periodic check that cans are not being
used to bypass the findings log for significant items.

¢ Clean cans periodically. A filthy FOD can sends the message
that FOD is dirty work rather than professional prevention.

10.5 Visual Cue Management

Posters, signs, and visual cues that never change become
invisible. This phenomenon, called habituation, is well documented:
after a few weeks of unchanged exposure, a static sign stops
registering in peripheral awareness.

Rotation strategy:

¢ Change poster locations quarterly. A poster that moves from
the break room to the shift briefing area catches attention in
the new location.

¢ Alternate messaging themes: one quarter emphasizes tool
control, the next emphasizes personal items in controlled areas,
the next emphasizes packaging and supply chain debris.

e Use photographs of actual local FOD findings (where
photograph policy permits). "This fastener was found in THIS
bay. Last week. is concretely more powerful than a generic
"Prevent FOD" message.

¢ Update hotspot maps as findings shift, so the map reflects
current data, not last year's problems. A map showing zero
recent findings in a previously hot area is itself a positive
message: "Bay 4: zero safety wire findings for 6 weeks."

What to avoid:
e Generic "Safety First" or "Quality Is Job One" messages that

apply equally to everything and therefore mean nothing.

e Posters so old they are visibly faded or curling. Replace or
remove; a damaged poster signals neglect.
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e Clutter: too many signs competing for attention. One clear
message per location is better than five that all blur together.

e Punitive or shaming messages. "Don't Be the One Who Leaves
Debris" is less effective than "Check Your Area Before You
Leave."

1. Environmental and Wildlife FOD

11.1 Wind Patterns and Debris Redistribution

Wind is the primary natural mechanism for redistributing debris
across a site. Understanding local wind patterns allows you to
predict where debris will accumulate and where it likely originated:

Site wind mapping:

¢ Identify the prevailing wind direction(s) for each season. Many
sites have different prevailing winds in summer and winter.

e Map collection zones: where does wind deposit debris? Against
building walls, along fence lines, behind equipment, in corners,
against curbs and bollards, in drainage channels, and under
parked vehicles or aircraft.

e Map source areas: where might debris originate before wind
carries it? Uncovered bins and dumpsters, loose material
storage piles, construction areas, unpaved areas that generate
dust and gravel, and deteriorated pavement.

e Map migration paths: the routes debris travels from source to
collection zone, typically open corridors aligned with prevailing

wind.
Operational adjustments:

o After high-wind events (use your site's defined wind thresholds;
many airports use sustained winds above 20 knots or gusts
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above 30 knots as a trigger), increase inspection frequency or
intensity in known collection zones.

e Position FOD containers with lids or covers in wind-exposed
locations. An open FOD can in a windy area can become a
debris source rather than a collection point.

e Secure loose materials (empty pallets, trash bags awaiting
collection, tarpaulins, temporary signage) before forecast wind
events.

11.2 Precipitation, Drainage, and Snhow

Water moves debris, conceals it, and creates conditions where
debris causes additional problems:

Rain:

e Washes debris toward drains and low points. Areas that are
clean during dry weather may reveal accumulated debris after
rain as items are flushed from hiding spots.

¢ Wet surfaces make small items harder to see (reduced contrast,
water film, reflections). Adjust walk spacing closer after rain to
compensate.

e Drains: inspect after rain for accumulated debris at drain
grates. A clogged drain is not only a drainage problem; it is a
debris collection point that can overflow and redistribute
debris during the next rain event.

e Drain covers or grates should prevent debris entry while
allowing water flow. Inspect grates for damage that allows
larger items to enter the drainage system, where they become
inaccessible.

Snow and ice:

¢ Snow conceals debris entirely. Any FOD present before snowfall
remains in place, hidden, until melt. It also prevents visual
inspection of surfaces during walks.
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e After snow melt, perform a thorough FOD sweep of areas that
were snow-covered. Expect to find accumulated debris from
the entire snow period.

e Snow removal equipment (plows, blowers, sweepers) can
redistribute debris significant distances. After snow clearing
operations, inspect areas downwind/downstream of clearing
activity.

e Ice accumulation on structures (hangar roofs, light poles,
aircraft surfaces) creates a falling-debris hazard when ice sheds
during warming. Park aircraft and equipment away from known
ice-shedding zones, or clear ice before it releases naturally.

¢ De-icing and anti-icing operations generate their own FOD:
fluid containers, hose fittings, nozzle caps, and personal items
from de-icing crews. Inspect de-icing pads and adjacent areas
after operations.

11.3 Wildlife as FOD Source and Victim

Wildlife interacts with FOD programs in two directions: animals
are FOD sources (nesting materials, droppings, carcasses), and they
are FOD victims (ingesting debris, entanglement).

Birds:

¢ Bird strikes are a primary aviation safety concern, but birds also
contribute debris: nesting materials in hangar rafters and
aircraft cavities, droppings that are corrosive and can block
drains and sensors, and feathers that can clog filters and
intakes.

e Controls: bird deterrent systems (auditory, visual, physical
netting), sealing of hangar openings and cavities where birds
nest, prompt removal of nesting materials, and increase
vigilance during migration seasons and nesting periods
(typically spring and early summer).
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Rodents:

¢ Rats and mice nest in aircraft, equipment, and facility cavities.
They chew insulation, wiring, and seals, creating debris from
the damaged material. Their nesting materials (fabric, paper,
vegetation) can block vents and drains. Carcasses create odor,
contamination, and corrosion.

¢ Controls: facility-wide rodent control program (bait stations,
traps, sealing of entry points), inspection of aircraft and
equipment cavities during scheduled maintenance, and prompt
removal of food waste that attracts rodents (break area
management).

Insects:

e Insect debris on pitot tubes, static ports, angle-of-attack
sensors, and engine intakes can cause erroneous instrument
readings or sensor blockage. Insect accumulation on leading
edges and in intakes increases drag and can affect engine
performance.

e Controls: pitot and static port covers installed whenever
aircraft are parked (regardless of expected parking duration),
pre-flight inspection of all sensor ports, increased attention
during insect-heavy seasons, and consideration of insect-

repellent treatments near sensor locations.

11.4 Seasonal FOD Risk Calendar

Different seasons present different FOD risk profiles. A seasonal
calendar helps anticipate and prepare:

Season | Primary Risks Preparation Actions

Spring Snow melt reveals Post-melt thorough sweep.
accumulated debris. Bird Inspect and clear drains. Nest
nesting activity increases. deterrent checks. Review

Vegetation growth near
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Summer

Fall

Winter

pavements and facilities.
Spring construction projects
begin.

High foot traffic. Construction
in full swing. Heat-induced
pavement expansion creates
chips and cracks. Increased
insect activity. Thunderstorm
winds redistribute debris.

Leaf litter in drains, intakes,
and around equipment.
Increased wildlife activity
(pre-winter foraging,
migration). First freeze-thaw
cycles affecting pavement.

Snow concealment of debris.
Ice accumulation and

shedding. De-icing operations.

Sand, grit, and chemical
surface treatments. Reduced
daylight for walks.

construction FOD controls for

planned projects.

Pre-summer pavement
inspection; schedule repairs.
Increase drain inspection
frequency after storms. Verify
construction site FOD
controls.

Increase drain cleaning
frequency. Inspect aircraft
parked outdoors for

leaf /debris accumulation in
intakes and cavities. Pre-
winter pavement inspection.

Pre-winter sweep of all areas.
Verify snow removal
equipment and procedures.
Adjust walk scheduling and
lighting for reduced daylight.
Inspect de-icing areas after
operations.

11.5 Pavement and Facility Deterioration as Ongoing FOD Sources

Aging infrastructure continuously generates FOD. This is
predictable and preventable through maintenance, but often
neglected because it falls in the gap between the FOD program
(which finds the debris) and the facilities department (which fixes
the source):

Common facility-generated FOD:

¢ Concrete spalling and joint sealant failure on pavements, ramps,
and floors.

¢ Asphalt raveling and pothole formation, accelerated by freeze-
thaw cycles.
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e Paint delamination from floors, walls, and structures;
particularly in areas with chemical exposure or temperature
cycling.

e Rust and corrosion from structural steel, hangar door
mechanisms, light fixtures, conduit, and pipe supports.

e Broken or deteriorated signage, light covers, junction boxes,
and conduit.

¢ Ceiling tile deterioration, insulation shedding, and HVAC duct
debris in indoor areas.

Management approach:

e Track FAC-category findings (facility deterioration) separately
from other FOD. A rising FAC trend indicates a maintenance
backlog, not a behavioral problem.

e For each FAC finding, generate a maintenance work order. The
FOD log and the maintenance work order system should be
linked so facility-related FOD findings automatically create
maintenance requests.

¢ Prioritize FAC corrections based on severity: loose metal that
could damage a tire is higher priority than cosmetic paint
flaking in a low-risk area.

e Include facility condition in FOD walk checklists so inspectors
are trained to identify and report facility deterioration, not just
loose hardware and trash.

12. FOD from Above and Within Systems

12.1 Overhead FOD Sources

Standard FOD walks train people to look down. A complete
program trains them to look up as well. Overhead sources produce
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debris that falls onto aircraft, equipment, and personnel, and these
sources are invisible to a ground-only inspection:

Hangar and building overhead:

¢ Loose or damaged ceiling tiles, insulation, and light covers.

e HVAC ductwork: loose fasteners, rust particles, condensation
drips, and filter debris.

¢ Structural steel: rust scale, loose bolts, flaking paint, and weld
spatter from original construction or modifications.

e Fire suppression sprinkler heads and piping: corrosion, loose
fittings, and accidental discharge residue.

e Overhead doors: track wear debris, loose hardware, and
lubricant drips.
Crane and hoist systems:

¢ Bridge and trolley wear generates metal particles and lubricant
drips.

¢ Loose or frayed cable shedding wire fragments.

¢ Hooks, shackles, and lifting attachments that are not properly
secured when not in use.

e Loads that shed debris during lifting (dirty items, loose
packaging).
Mezzanines, catwalks, and elevated walkways:

¢ Items kicked off edges (tools, hardware, personal items).

¢ Debris that falls through grating or gaps in decking.

e Accumulated debris on horizontal surfaces that becomes
airborne or falls when disturbed.

Control measures:

¢ Include overhead inspection points in facility audit checklists.

e During FOD walks, train personnel to periodically look up,
particularly when passing under overhead structures.
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e Do not park aircraft or critical equipment under known
overhead debris risks.

e Schedule periodic overhead cleaning and inspection before
debris accumulates to the point of falling.

¢ After any overhead maintenance work (light replacement, HVAC
service, structural repair), inspect the area below for debris
generated by the work.

12.2 Internal System Debris

Debris generated or trapped inside aircraft, engines, and
equipment is especially dangerous because it is hidden from
routine visual inspection. It may remain dormant for hundreds of

operating hours before causing damage:
Engine internal FOD:

e Material left during maintenance: tools, rags, caps, plugs, and
hardware.

¢ Broken tool fragments from maintenance actions.

e Eroded or liberated internal component material (blade
coatings, seal material, bearing particles).

¢ Ice shedding from internal surfaces during start or power
changes.

¢ Debris introduced through the intake during ground operation
without engine covers.
Ducting and plumbing:

¢ Debris in air conditioning and bleed air ducts introduced during
maintenance or through open connections.

e Fuel system contaminants: particulates from fuel truck or
storage tank corrosion, sealant fragments, and debris
introduced during fueling with open ports.

e Hydraulic system debris: seal fragments, wear particles, and

contamination introduced during component replacement.
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¢ Pitot-static system blockage from insect debris, water, ice, or
maintenance-introduced contaminants.

Avionics, electrical, and confined spaces:
e Wire clippings, connector debris, and terminal fragments from
maintenance or modification.

¢ Loose hardware in avionics bays, equipment racks, and junction
boxes.

e Debris trapped behind panels, under floorboards, and in bilge
areas that can migrate to critical systems.

¢ Tooling left in confined spaces after maintenance (a socket left
in a wing spar or empennage cavity).

12.3 Aircraft and Equipment as FOD Sources

Every aircraft, vehicle, and piece of ground support equipment
is both a potential FOD victim and a potential FOD source:

Aircraft as FOD source:

¢ Shedding fasteners, wear particles, and sealant from normal
operation and vibration.

e Fluid leaks (fuel, hydraulic fluid, oil) that attract and trap debris.

¢ Tire wear particles and potential tread separation debris.

¢ Ice shedding from airframe surfaces after cold soak.

¢ [tems left on aircraft exterior by personnel (covers, pins, caps,
checklists, tools).

Ground support equipment (GSE) as FOD source:

¢ Loose hardware from equipment vibration and wear.

e Fluid leaks (oil, hydraulic fluid, coolant) from poorly maintained
equipment.

¢ Tire debris from GSE operating on deteriorated pavements.

¢ Items falling from GSE during operation (unsecured loads, tools
left on equipment, personal items from operators).
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Personnel vehicles as FOD source:

¢ Vehicles entering controlled areas track debris on tires and
undercarriage.

¢ Items falling from vehicles (loose parts, cargo, personal items).

¢ Vehicle deterioration (rust, loose trim, exhaust system debris).
Control measures:

e Inspect GSE for FOD-generating conditions during routine
maintenance.

¢ Designate vehicle routes and parking areas to minimize debris
migration.

¢ (Clean GSE before it enters FOD Critical or Control areas.

e Report aircraft-shed debris as FOD findings with the aircraft
identified as the source. This data can identify specific aircraft
with recurring FOD-shed issues that require maintenance
investigation.

¢ Train vehicle operators to inspect their vehicles for loose items
before entering controlled areas.

12.4 Vertical and Internal Inspection

A complete FOD inspection considers three dimensions: surface,
overhead, and internal:
During walks:
e Train personnel to scan from overhead to surface in a
systematic sweep, not just the ground at their feet.

e Pause at known overhead risks (under cranes, below
mezzanines, near overhead doors) and look up deliberately.

During maintenance:

¢ Before closing any access panel, door, or cover, inspect the
cavity with a flashlight or borescope. This is a "last chance"
inspection.
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e After any maintenance task, conduct a tool count and
consumable count before closure.

e For engine, flight control, fuel system, and hydraulic system
maintenance, the governing task procedure may require a
second qualified person to perform an independent FOD
inspection before closure. Where no governing procedure
exists, establish this as a local control for selected critical tasks
and define the verifier's qualification and authority.

During audits and facility inspections:

¢ Include overhead and internal inspection points on the audit
checklist.

e Sample cavities and confined spaces for accumulated debris,
particularly in areas that have not been opened for extended
periods.

o After severe weather events, inspect overhead structures for
storm damage that may have created new debris sources.

13. FOD Prevention by Design

13.1 The Principle

The most effective FOD control is to design products, processes,
and facilities so that debris generation is minimized and debris
trapping is eliminated. This is "prevention by design": making it
easier to keep things clean than to make them dirty, and making it
easier to find debris than to lose it.

Prevention by design applies at three levels:

¢ Product design: Designing aircraft, engines, equipment, and
components so they are resistant to FOD generation, tolerant
of small debris, and easy to inspect and clean.
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e Process design: Designing work procedures, task sequences,
and workflow layouts so debris generation is minimized and
capture points are built into the process.

e Facility design: Designing buildings, work areas, and
infrastructure so surfaces are cleanable, debris migration is
controlled, and inspection access is adequate.

13.2 Product Design for FOD Prevention

Designers of aircraft, engines, and equipment influence FOD
risk for the entire service life of the product. Early design decisions
about accessibility, cavity design, and material selection have
decades-long FOD implications:

Design for cleanability:

e Avoid blind cavities, trapped corners, and inaccessible spaces
where debris can accumulate and hide, particularly in engine
intakes, airframe bays, and control runs.

e Where cavities are unavoidable (structural requirements),
provide access panels or inspection ports that allow visual
inspection and debris removal without major disassembly.

e Design fluid systems (fuel, hydraulic, oil) with filtration that
traps debris before it reaches critical components. Make filters
accessible for inspection and replacement.

e Specify surface finishes that resist debris adhesion (smooth
rather than textured in debris-prone areas) and that make
debris visually detectable (light colors show dark debris; dark
colors show light debris).

Design for debris tolerance:

e Where FOD ingestion is possible (engine inlets), design for
containment: fan blade containment rings, compressor and
turbine blade designs that tolerate small particle impact, and
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systems that can detect ingestion events (vibration monitoring,
debris monitoring in oil systems).

¢ For critical sensors (pitot, static, AOA), design with redundancy
so a single sensor blocked by debris does not cause loss of
critical data. Include heating to prevent ice blockage and,
where feasible, design sensor geometry that resists insect and
debris blockage.

e For landing gear and tire systems, select tire compounds and
tread patterns that resist cutting and foreign object
penetration. Design wheel wells to minimize debris
accumulation and facilitate pre-flight inspection.

Design for maintainability:

e Design access panels, cowlings, and covers that are quick to
open and close. If inspection access is difficult, inspection
quality degrades.

e Minimize the number and variety of fasteners. Fewer,
standardized fasteners reduce the chance of dropping, losing,
or incorrectly installing hardware during maintenance.

e Where fasteners must be removed for access, design captive
fasteners that remain attached to the panel or structure when
loosened, eliminating the most common source of dropped-
hardware FOD.

¢ Design tool access so technicians can work without placing
tools on adjacent surfaces where they can fall into cavities.

13.3 Process Design for FOD Prevention

How work is organized, sequenced, and laid out has a direct
effect on FOD generation:

Task sequencing for FOD control:

e Sequence tasks so that debris-generating operations (drilling,
cutting, grinding, unwrapping) occur before cleaning and
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inspection operations, not after.

e Where debris generation is unavoidable, build a dedicated
cleaning step into the procedure immediately after the debris-
generating operation, with explicit acceptance criteria. "Clean
work area" is vague. "Remove all visible debris from floor within
6 feet of work station; inspect with flashlight from multiple
angles; document completion" is specific.

e For assembly and installation tasks, sequence so that open
cavities are exposed for the minimum possible time. Install
covers, caps, and plugs as soon as an operation is complete, not
at the end of the shift.

Workflow layout for FOD control:

e Position debris-generating operations (machining, grinding,
packaging removal) downstream (in airflow or personnel flow
terms) of debris-sensitive operations.

¢ Design work cell layouts so that tools, consumables, and debris
collection are all within arm's reach of the work position. A
technician who has to walk to a trash can will sometimes drop
debris on the floor instead.

e Create dedicated "clean" and "dirty" zones within work areas,
with clear boundaries and transition protocols between them.

Procedure design for FOD control:

e Embed FOD checkpoints within work procedures at natural
pause points: before closing a panel, before moving to the next
assembly step, before handing work to the next shift.

e Make FOD checks specific and observable. "Ensure area is
clean" is a wish. "Visually inspect floor within 10-foot radius of
work position; remove all visible debris; verify tool count
matches pre-task count; sign here" is a procedure.

¢ Design forms and checklists that are quick to complete. If the
FOD documentation takes longer than the task it documents,
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people will find ways to shorten it, usually by omitting detail.

13.4 Facility Design for FOD Prevention

When building or renovating facilities, FOD prevention should
inform design decisions:

Surface design:

e Specify smooth, sealed, light-colored floor surfaces in FOD
Control and Critical areas. Smooth surfaces resist debris
entrapment and are easier to clean. Light colors make dark
debris visible.

e Avoid floor joints, cracks, and level changes where possible.
Where unavoidable, seal joints with durable, flush sealant that
does not trap debris.

¢ Specify wall and ceiling finishes that do not shed particles and
that can be cleaned without damage.

Lighting design:

e Provide adequate, uniform lighting for FOD inspection areas.
The ability to see small objects on the floor is directly
proportional to illuminance and contrast.

e For critical inspection points (engine intake inspection, pre-
flight walkaround areas), provide supplementary task lighting.

e Consider the direction of light: side-lighting at low angles
makes small objects cast long shadows that are more visible
than the object itself under overhead lighting.

Drainage design:
¢ Slope floors toward drains to prevent ponding (which traps and

hides debris).

e Design drain grates with openings small enough to prevent
passage of hardware-sized items while handling expected water
flow. Grates should be liftable for cleaning.
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¢ Position drains away from aircraft parking positions and critical
equipment areas where possible.

Ventilation design:

e Design HVAC airflow so that air moves from clean areas toward
dirty areas, not the reverse. Positive pressure in FOD Critical
areas relative to adjacent spaces prevents debris migration
through doorways and openings.

¢ Filter incoming air to a standard appropriate for the area
classification. Pre-filtration of outside air reduces the
introduction of environmental debris (dust, pollen, insects).

Access and traffic flow:

¢ Design personnel and vehicle circulation so that the path from
"dirty" to "clean" areas passes through a defined transition
(mats, shoe cleaners, sticky mats, garment change areas)
appropriate to the classification change.

e Minimize vehicle traffic through FOD Critical areas. Where
vehicle access is essential, designate routes and provide tire-
cleaning stations at the boundary.

¢ Position break areas, restrooms, and other personnel amenities
so that personnel re-entering work areas pass through
transition zones naturally, not as an extra step they can skip.
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Part Ill: Detection: The Walkdown Process

14. Planning the Walkdown

14.1 The Pre-Walk Investment

The quality of a walkdown is mostly determined before anyone
takes the first step. A well-planned walk with clear boundaries,
informed participants, and the right tools finds more debris,
generates better data, and takes less time than a rushed walk with
vague instructions. The 10 minutes spent planning pays back in the
first 100 meters of the walk.

Common planning failures and their consequences:

Planning Failure Consequence

No defined boundary Personnel wander, overlap, or miss areas entirely.
Findings cannot be attributed to a location.

No hazard briefing Someone picks up sharp or chemical debris
barehanded. Medical event.

Wrong spacing for Gaps between personnel's visual fields. Debris
conditions missed.
No collection Debris goes in pockets, gets dropped elsewhere,

containers distributed = or is not collected at all.

No scribe assigned Five people remember findings differently. Log is
incomplete or never completed.

Weather not Walk proceeds in conditions where debris is
considered invisible (glare, wet surface, low light).

14.2 Planning Elements

Planning

Decision Required Rationale
Item

76



Area
boundary

Hazards

Spacing

Tools and
equipment

Collection
and
segregation

Reporting

Start point, end point, lateral
limits. Describe by landmarks or
mark on a site map.

Aircraft movement, energized
equipment, chemicals, sharp
objects, weather, vehicles,
wildlife, overhead risks.

Distance between personnel
based on visibility, ground
condition, lighting, clutter, and
criticality.

FOD bags or cans, gloves (type
specified for hazards present),
magnetic sweepers for metal-
prone areas, flashlights even in
daylight (for shadowed areas),
radios for large areas, camera or
phone for documentation,
findings log and checklist.

Where does collected debris go?
Who reviews it before disposal?
How are hazardous, sharp,
suspected part, and unknown
items segregated?

Who records findings? One

designated scribe (with a backup)

using a consistent log format.

14.3 Pre-Walk Checklist
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Without a boundary,
coverage is
unverifiable and
findings are not
spatially attributable.

Each hazard requires a
specific control: stop-
work trigger, PPE,
exclusion zone,
communication
protocol.

Correct spacing
ensures overlapping
visual coverage. Too
wide = gaps. Too
narrow = inefficient.

"We'll just use our
pockets" means debris
gets dropped, mixed,
or lost.

Mixing a suspected
aircraft part with
general trash destroys
forensic value and
prevents source
identification.

Oral reports at the end
of the walk lose detail,

location precision, and
classification accuracy.



These are the planning decisions that must be made before the
walk begins. For the execution-phase verification checklist used
during and after the walk, see Section 28.2.

e [ ] Walk Leader assigned and present (named individual, not
"whoever's available").

e [ ] Area boundary defined and communicated (verbally and, for
new or changed areas, with a visual reference).

e [ ] Recent FOD findings for this area reviewed. Walk Leader
knows what repeated last week and briefs the team: "We've
been finding safety wire near the engine stands. Pay extra
attention there today."

¢ [ ] Known hazards briefed with specific controls, not generic
warnings. "The #2 engine intake is open. Stay clear of the
intake hazard zone. If anything goes near that intake, call STOP
immediately."

e [ ] Participants assigned to specific lanes or zones. Each person
knows their coverage area.

e [ ] Equipment and forms ready: collection containers
distributed, PPE verified, flashlights issued, findings log and
checklist on clipboard or tablet, camera available where
permitted, communications checked.

e [ ] Escalation process confirmed: who to call, on what number,
for what type of finding. All participants know the trigger
criteria.

e [ ] Weather and visibility assessed. Spacing adjusted if rain, fog,
glare, or low light reduces visibility.

14.4 Special Planning for Specific Walk Types

Post-maintenance walk:

e Smaller area, higher scrutiny. Spacing should be closer (3-5
feet).
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e Focus on the specific maintenance zone plus a buffer zone
where debris may have migrated.

e Walk leader should review the maintenance task sheet before
the walk to anticipate what debris types are likely (specific
fasteners, consumables, packaging from parts).

¢ If the maintenance involved opening critical systems (engine,
flight controls, fuel, hydraulics), the walk is supplementary to
the maintenance team's own post-task FOD inspection, not a
replacement for it.

Pre-operation walk (airfield, ramp, runway):

e Safety-critical: debris on a runway is a direct threat to the next
aircraft that uses it.

¢ Scheduling must ensure the walk is complete and the area is
confirmed clear before the first movement.

¢ Higher speed than a detailed maintenance-area walk, but 100%
surface coverage is mandatory.

e Focus on items that threaten tires, engines, and airframe:
hardware, rocks, pavement fragments, wildlife.

¢ Findings that cannot be immediately removed (pavement
damage, large debris requiring equipment) must be reported to
operations with location and description before any aircraft
movement over that area.

Post-incident walk:
o After a FOD-damage event, the walk is part forensic search and
part safety clearance.

¢ Before the walk, brief on what is being searched for: the specific
debris type that caused the damage, plus any secondary debris
the event may have generated.

e Search outward from the incident location in expanding
concentric zones. The debris source (or additional debris) may
be farther from the incident point than expected.
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Document every finding with precise location, photograph, and
time. This may be evidence for an investigation.

Night and low-visibility walks:

Artificial lighting creates shadows that hide debris and glare
that obscures it. Light from a single direction (overhead) is
worst; supplement with handheld flashlights held at low angles
to create shadows behind small objects.

Reduce spacing: halve the normal daytime spacing as a starting
point and adjust based on actual visibility.

Increase walk duration: a night walk of the same area should
take longer than the daytime equivalent.

Use higher-output flashlights or portable area lights for large
open areas. Vehicle-mounted lighting can supplement for
runway and ramp walks.

Where permanent lighting is inadequate for FOD inspection
(and walks are regularly conducted in those conditions),
generate a facility work order to improve lighting. Document
the condition so the request is backed by operational data.

After the walk, verify coverage by having the leader walk a
serpentine path behind the line to spot-check for missed items.

15

. Supervisor Briefing Card

Download: The Supervisor Briefing Card is available
as an editable Word document at
FODBag.com/resources. Print it, laminate it, and keep it
on a clipboard or in the walk leader Rit.

15.1 The Standard Briefing
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Print this page, laminate it, and keep it on a clipboard or in the
walk leader's FOD kit. The briefing should take 2-3 minutes, cover
every point below, and be delivered the same way every time so
participants know what to expect.

FOD WALKDOWN BRIEFING

1. Area: Today we are inspecting

2. Boundaries: Start at .
End at . Lateral limits:

______ feet/meters between personnel

today. [Closer if: recent rain, low light, cluttered surface,
post-maintenance, critical area.]

4. Method: Walk slowly. Scan from overhead to
surface: ahead, down, left, right, behind obstacles, and up
under equipment where safe.

5. Collection: Pick up safe debris and place in your
FOD bag or the nearest can. Do NOT touch: hazardous,
sharp, hot, chemical, biological, or unknown items. Call
the leader for these.

6. Stop triggers: Call STOP immediately for: missing
or suspected tool, suspected aircraft/equipment part,
sharp object, chemical or biological material, personal
item in a restricted area, debris near a critical system, or
anything you're unsure about. Better to stop and check

than to ignore and regret.

7. Repeat awareness: We have recently found
[brief on recent repeat

findings in this area]. Pay extra attention to these.
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8.

Reporting: All

actions.

recorded with the correct location.

15.2 The Core Message

findings go to
[the scribe] for logging.
Please call out findings as you collect them so they are

9. Closure: Before we leave: verify your lane or zone is
complete. We will regroup at the end point to review
findings, count personnel, and assign any corrective

See it. Pick it up if safe. Report it. Log it. Prevent it
from coming back.

Repeat this at the start and end of every briefing until

participants can recite it. This sequence is the mental model for the

entire walk.

15.3 Common Briefing Mistakes

Mistake

No defined
boundary

No spacing
direction

No hazard
instructions

No scribe
assigned

Why It Matters

People don't know
where to stop.
Coverage gaps or
overlaps.

Inconsistent spacing
creates gaps or
bunching.

Someone handles
unsafe debris.

Findings are
remembered differently
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Fix

State start, end, and lateral
limits. Point to visible
landmarks.

State the spacing explicitly
in feet or meters. Adjust for
conditions.

List known hazards and the
specific response for each.

Name the scribe. Verify they
have the log and a pen that



or not recorded at all. works.

No review of Team doesn't know Check the last week's log
recent trends what to look for. before the walk. Brief the
top repeat item.

No closure Walk ends informally; Regroup at the end. Review
statement findings are not findings aloud. Assign
reviewed; actions are actions before dismissing.

not assigned.

Same briefing Team stops listening. Keep the format consistent
read robotically but vary the content:
every day different repeat items,

different hazards, different
areas.

15.4 Adapting the Briefing

For experienced teams: Shorten the standard points; expand
the trend awareness and hazard sections. Experienced participants
don't need to hear the basics repeated; they need to know what's
different today.

For mixed-experience teams: Pair each new participant with an
experienced partner. Brief to the level of the newest person. The
experienced partner reinforces the briefing during the walk.

For non-native English speakers: Use visual aids (area map,
photos of recent findings, hand signals for stop/collect/report).
Keep sentences short. Verify understanding by asking a participant
to repeat back key points, not by asking "does everyone
understand?"

For very large teams (20+ personnel): The leader briefs the
group on common elements (area, hazards, stop triggers). Zone
captains then brief their smaller teams on zone-specific details.
The leader verifies each zone captain is briefing consistently by
rotating through zone briefings over time.
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16. Walkdown Execution Procedure

16.1 Step-by-Step Execution

Step | Action Detail

1 Line up Form line at starting
boundary, or zone
captains confirm
personnel in assigned

zones.

Deliver the standard
briefing (Section 15).

2 Brief

3 Begin Leader initiates

movement forward movement or

zone inspection start.

4 Scan Each person scans

systematically  their lane: overhead,
eye level, ground; left
to right in overlapping

sweeps.

5 Collect Safe debris is picked
up and placed in the

assigned container.
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Control Point

Leader confirms
headcount against
expected participants.
Radios checked if in
use.

Leader verifies all
participants are
attentive and
understand. No one
starts until the briefing
is complete.

Pace is set by the
leader: slow enough
for deliberate
scanning, fast enough
to complete the area
within the allocated
time and before fatigue
degrades performance.

Leader observes scan
behavior. A person
looking only straight
ahead is missing debris
at their feet and
overhead.

Verify debris is safe
before handling. If
unsure, mark the
location and call the
leader.



6 Stop for
significant
findings

7 Log

8 Inspect high-

risk points

9 Close

Leader calls "STOP" or
any participant calls
"STOP" for a stop-
trigger item.

Scribe records: time,
location, item,
quantity, category,
probable source,
disposition.

At each hotspot
(Section 18), pause for
deliberate, closer
inspection.

At the end point:
regroup, count
personnel (all
accounted for?),
review findings
summary, assign any
immediate corrective
actions, confirm area
release or document
why area is held.

16.2 Line-Abreast Method in Detail

Line halts. Leader
assesses the finding.
Photograph in place if
permitted. Determine:
safe to collect, or
escalate?

Log in real time. Do
not rely on memory at
the end of the walk.

Edges, drains, joints,
under equipment, tool
staging, overhead
structures.

Leader verifies all
lanes/zones complete.
No one leaves until
closure is confirmed.

Best for flightlines, ramps, runways, taxiways, large hangar

floors, open storage areas, and any area where a continuous line

can form across the inspection width.

Formation:

¢ Personnel form a straight line perpendicular to the direction of

travel, evenly spaced.
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e Leader positions themselves slightly behind the center of the
line. From this position they can observe the entire line, control
pace, and see coverage gaps.

¢ Scribe walks with or just behind the leader, logging findings as
they are called out.

Pace control:

e Leader sets the pace and adjusts based on conditions. A pace
that feels too slow is probably about right. Debris is small; fast
walking misses it.

e Leader calls "HALT" for significant findings and "RESUME" after
logging.

¢ If one section of the line is consistently finding more debris, the
leader may slow the pace or stop the line to allow more
thorough inspection of that section.

Overlapping coverage:

e Each person's visual scan should overlap with the person on
each side by approximately 20%. If Person A's rightmost scan
area and Person B's leftmost scan area cover the same strip of
ground, no gap exists between them.

e At turns or curves in the area, the line pivots rather than
breaking. The inside person slows; the outside person speeds
up slightly. Leader manages this by calling the pivot point.

Spacing guidelines (adjusted for conditions) [Industry best

practice]:
Condition Spacing | Rationale
Ideal (good light, clean, 10-15ft / Normal visual scan width
smooth surface, low risk) 3-5m with overlap.
Moderate (overcast, slight 7-10 ft / 2-  Reduced visual range;
clutter, textured surface) 3m compensation for surface

texture hiding items.
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Reduced visibility (dawn, 5-7ft / Further reduction;

dusk, light rain, hangar with 1.5-2m supplemental flashlight use.
uneven lighting)

Poor visibility (night, heavy 3-5ft /1- Maximum scrutiny;

rain, fog) or Critical area 1.5m deliberate slow pace;
post-maintenance flashlight mandatory.

16.3 Zone Method in Detail

Best for production cells, maintenance bays, tool rooms,
equipment rooms, laboratories, and any area with walls, equipment,
or obstacles that prevent a continuous line.

Zone definition:

e Divide the overall area into discrete zones with clear,
unambiguous boundaries (walls, columns, floor markings,
equipment lines).

¢ Each zone should be small enough that one person can inspect
it thoroughly in 10-20 minutes. Zones that take longer produce
fatigue-driven quality degradation.

e Number or name each zone and maintain a master zone map.
Zones should be stable over time so trend data is spatially

consistent.
Zone Captain responsibilities:

¢ Inspect the assigned zone using a zone-specific checklist that
includes known hotspots for that zone.

e Collect and bag all safe debris, noting the specific location
within the zone.

e Report findings to the Walk Leader (or scribe) with zone
identifier and location detail.

e Verify zone completion before reporting: "Zone 4B complete.
Three findings logged. Area cleared.”

Leader responsibilities:
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e Assign zones to captains. Rotate assignments periodically so
captains don't become blind to their usual zone.

e Spot-check at least 20% of zones by walking through them
after the captain reports completion. Look for missed items at
known hotspots.

¢ Consolidate findings from all zones into a single log.

¢ Confirm all zones reported before declaring the walk complete.

16.4 Hybrid Method

For facilities with mixed open and enclosed areas:

1. Use line-abreast for open areas (ramp, hangar floor).

2. Transition to zone method for enclosed spaces (maintenance
bays, tool rooms, offices).

3. One Walk Leader coordinates both methods. The line-abreast
leader hands off to zone captains at the transition.

4. All findings are consolidated into a single log with a consistent
location taxonomy that distinguishes open-area locations from
zone identifiers.

16.5 Stop-Trigger Decision Protocol

When a participant calls STOP, the leader must decide: collect
and log (routine), photograph and escalate (significant), or stop the
walk and initiate immediate response (critical). The decision
protocol:

Level 1: Routine collection. Safe, identifiable, non-critical debris.
Action: pick up, bag, log, continue. Example: plastic wrap, paper,
identifiable non-critical hardware in a non-critical area.

Level 2: Documented collection and escalate after walk. Debris
that requires documentation in place before collection. Action:
photograph in place, log with precise location, collect, continue
walk, escalate finding to supervisor or program owner after walk
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completion. Example: suspected aircraft/equipment part in a
control area (not critical area), repeat finding (third occurrence in a
month), item suggesting a tool control lapse but not a missing tool.

Level 3: Immediate stop and escalate now. Debris that requires
immediate action and may halt the walk or trigger an emergency
response. Action: halt the walk, secure the area, photograph, do
NOT disturb the item (or collect only with explicit authorization),
notify supervisor, safety, and quality immediately. Do not resume
the walk until the item is dispositioned by the appropriate
authority. Example: suspected tool or tool fragment in a critical
area, any item in or near an engine intake, sharp object that
presents immediate injury risk, chemical or biological material,
suspected explosive or hazardous material, any item that could
credibly have come from an aircraft or engine internal area.

Decision rule: When in doubt, escalate up one level. It
is always better to treat a Level 2 finding as Level 3 and
have it turn out to be routine than to treat a Level 3

finding as Level 2 and lose evidence or create a hazard.

17. What to Look For: Expanded Taxonomy

171 The Complete Classification

FOD is not only trash. The most dangerous items are often
small, ordinary, and easy to ignore because they look like they
belong. Training personnel to recognize FOD means training them
to see what doesn't belong, which requires knowing what does
belong.

Typical Detection

Code | Category Examples .
Source Tips
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HARD

TOOL

CONS

Hardware /
fasteners

Tool /
tooling

Consumable

Nuts, bolts,
washers,
rivets,
SCrews,
cotter pins,
safety wire,
clamps,
threaded
inserts,
spring clips,
retaining
rings.

Sockets, bits,
blades, hex
keys, drill
stops,
measuring
tools, pliers,
screwdrivers,
torque
adapters,
inspection
mirrors,
magnets.

Rags, wipes,
tape
(masking,
duct,
electrical,
speed tape),
zip ties, wire
ties, gloves,
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Maintenance,
assembly, tool
kit spillage,
packaging of
replacement
parts, vibration

loosening.

Tool control
failure; tool left
on work surface
or
engine/airframe
and not
recovered; tool
falls from
pocket or cart.

Work-in-
progress
consumption
without
immediate
disposal; wind
redistribution
from open

Look for
metallic shine,
circular or
hexagonal
shapes,
straight wire
segments,
small dark
objects against
light floors.
Safety wire is
hard to spot:
look for thin
metallic lines.

Tools have
distinctive,
recognizable
shapes. Train
personnel on
the most
common tools
used in their
area so they
recognize a
socket or bit
instantly. Tool
fragments are
harder to spot
than whole
tools.

Consumables
are often
fabric or
plastic: look
for color
contrast
against the
floor, irregular



PACK

NAT

Packaging

Natural
debris

paper towels,
plastic film,
shop towels,
abrasive
pads, cotton
swabs.

Plastic wrap,
cardboard
fragments,
foam pieces,
staples,
metal bands,
plastic
straps,
labels,
packing
peanuts,
desiccant
packets, tape
from sealed
bags.

Rocks,
gravel, sand,
dirt,
vegetation
(leaves,
twigs, grass),
ice, snow,
bird
droppings,
feathers,
insect
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trash; items
dropped from
pockets.

Receiving and
unpacking
operations;
packaging
brought into
controlled areas
with parts;
packaging
fragments that
adhere to items
and later
detach.

Wind transport,
vehicle tires,
foot traffic,
pavement edge
erosion, wildlife
activity, weather

events.

shapes,
movement in
wind. Wet rags
are darker and
may blend with
dark surfaces.

Packaging
debris is often
lightweight
and moves
with air
currents. Look
along walls and
under
equipment
where air
currents
deposit
lightweight
items. Staples
and metal
bands are
small but
shiny: look for
points of
reflected light.

Natural debris
often blends
with the
environment.
Look for color
and texture
contrast: a
rock on a
smooth
concrete floor;
vegetation on
asphalt. After



FAC

PERS

Facility
deterioration

Personal
item

remains,

seeds.

Concrete
chips, spalls,
and dust;
asphalt
fragments;
paint flakes;
rust scale;
broken
sealant;
ceiling tile
fragments;
insulation
particles;
broken light
cover
fragments;
corroded
fixture parts.

Pens,
pencils,
markers,
badges,
coins,
jewelry,
watches,
earplugs,
earphone
earpieces,
uniform
buttons,
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Aging
infrastructure,
weather
exposure,
vibration,
chemical
exposure, lack
of preventive
maintenance.

Items falling
from pockets
(especially when
bending or
reaching); items
left on surfaces
and forgotten;
lunch and break
debris migrating
into work areas.

weather
events, inspect
collection
zones where
wind and
water
concentrate
natural debris.

Facility debris
is often the
same color as
the facility.
Look for
texture
changes:
roughness
where surface
should be
smooth;
fragments at
the base of
walls and
columns; dust
trails below
overhead
structures.

Personal items
are distinctive
because they
don't match
the industrial
environment.
Train
personnel to
recognize:
anything that
looks like it
belongs in an



PART

HAZ

Suspected
aircraft or
equipment
part

Hazardous

material

nametags,
food
wrappers,
beverage
containers,
phone
accessories.

Panel clips,
access panel
fasteners,
seal
segments,
cap portions,
cover
fragments,
hose pieces,
clamp halves,
connector
bodies, pin
contacts,
safety-
critical
fasteners.

Sharp
objects
(blades,
needles,
glass shards,
metal
splinters);
chemical
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Aircraft or
equipment
maintenance;
component
failure; vibration
loosening;
incomplete
installation;
FOD from other
aircraft or
equipment.

Medical,
cleaning,
maintenance, or
industrial
processes;
deliberate or
accidental
disposal;

office, a
pocket, or a
break room,
found in a
work area, is
FOD.

Suspected
parts are the
highest-
concern
category after
tools. Train
personnel: if
you don't
recognize the
item but it
looks
engineered
(precise shape,
specific
material,
manufactured
finish), treat it
as PART. Better
to escalate a
washer than to
ignore a
critical
fastener.

If touching it
could cut,
burn, poison,
or infect you, it
is HAZ. Do not
handle. Mark
the location.
Call the leader.



UNKN  Truly

unknown

containers or = wildlife; illegal
residues;
biological

material

dumping.

(syringes,
medical
waste,
animal
carcasses);
batteries
(especially
lithium,
which are
fire hazards
if damaged);
unknown
powders or
liquids; any
item the
finder
cannot safely
identify from

a safe

distance.

Item has Unusual debris
been source; item
assessed bya = degraded
qualified beyond

person as recognition;
not item from
hazardous outside normal
but its operational
identity and context.

origin

remain

unclear after
permitted
examination.
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When in doubt
about an item's
hazard
potential,
isolate and
escalate as
suspected
HAZ; do not
handle it
merely to
resolve

uncertainty.

UNKN is
reserved for
items a
qualified
person has
examined and
found non-
hazardous but
cannot
identify. An
unrecognizable
item that has
not been
assessed is
UNASSESSED.



Do not handle;
escalate as
suspected HAZ
until examined.
See Section
23.3 for
investigation
triggers for
repeated
UNKN
findings.

17.2 Visual Search Techniques

Train personnel in specific search techniques, not just "look

carefully":

The systematic sweep: Scan from overhead to surface in
horizontal bands, overlapping each band by approximately 25%.
Start at one edge of your lane, sweep to the other edge, drop down
one band, sweep back. This ensures complete coverage.
Unstructured scanning (looking around randomly) leaves gaps.

The low-angle flashlight technique: Hold a flashlight at a
shallow angle to the surface (approximately 15-30 degrees from
horizontal). Small objects on the surface cast long shadows that are
far more visible than the object itself under overhead lighting. This
is the single most effective technique for finding small hardware on
floors and is underused because it requires carrying and using a
flashlight during daylight.

The contrast scan: Rather than searching for specific objects,
search for anything that contrasts with the expected surface: a
different color, a different texture, a reflection, a shadow, an edge
where there should be none. The brain detects contrast faster than
it identifies objects.
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The movement scan: In outdoor or ventilated areas, lightweight
debris may move with wind or air currents. Periodically pause and
watch for movement at the edges of your visual field. A piece of
plastic film that is invisible when stationary becomes obvious when
it flutters.

The pattern interruption scan: In areas with regular surface
patterns (floor tiles, concrete joints, deck plating), look for
interruptions in the pattern. A bolt lying across a joint line breaks
the line. An object on a tiled floor disrupts the grid. Pattern
recognition is fast and automatic; pattern interruption detection
can be trained.

17.3 Common Misses and Why They Happen

Understanding what is commonly missed and why helps design

training and procedures to counter these failure modes:

Commonly o
. Why It's Missed Countermeasure

Missed Item

Safety wire Thin, often the same Low-angle flashlight. Train
color as the floor, lies  specifically on safety wire
flat. recognition.

Clear or Near-invisible on Movement scan (look for

translucent most surfaces. fluttering). Check along walls

plastic and under equipment where

lightweight debris collects.

Small dark Zero color contrast. Low-angle flashlight creates

hardware on shadow. Use lighter-colored

dark surfaces floor coatings in critical areas.

Items in Visual scan tends to Deliberately inspect the

corners and focus on the open perimeter: every wall, column,

against walls area, not the and equipment base.
perimeter.
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Items in floor The joint or crack Pause at joints. Look along the

joints and "hides" the item; the joint line, not across it.
cracks eye accepts the
discontinuity as part
of the joint.
Items under Not visible from Train: if you can't see under it,
equipment standing height; you haven't inspected it. Use
requires bending or flashlight and mirror for low-
kneeling. clearance areas.
Overhead items = Walk training Train the overhead-to-surface
emphasizes looking vertical sweep. Include
down. overhead checkpoints in the

walk procedure.

17.4 FOD in Composite Materials

Composite materials (carbon fiber reinforced plastic, fiberglass,
aramid fiber) present unique FOD challenges that are increasingly
relevant as composite use expands in aerospace, automotive, and
industrial applications:

e Carbon fiber fragments: Broken fibers are sharp, conductive
(electrical short hazard), and very difficult to see (black, hair-
thin). They can penetrate skin and are a respiratory irritant if
aerosolized. Special handling: gloves mandatory; vacuum
collection preferred over manual pickup; report as HAZ if large
quantities present.

e Composite dust: Drilling, sanding, or machining composites
generates fine dust that can contaminate nearby systems, cause
electrical shorts, and present respiratory hazards. Control:
capture dust at the source with vacuum extraction; do not use
compressed air for cleaning (disperses dust over wider area).

¢ Delamination debris: When composite structures delaminate
or suffer impact damage, they release layers of material that
can include fiber fragments, matrix debris, and core material
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(honeycomb, foam). These are both FOD and evidence of
structural damage. Photograph in place; escalate to engineering
for structural assessment.

e Cure process debris: Composite manufacturing generates FOD
from consumable materials used in the cure process: peel ply,
release film, breather fabric, vacuum bag material, sealant tape.
These must be removed and disposed of before the part enters
assembly, and the removal area must be cleaned before the next
cure cycle.

18. High-Risk Areas and Hotspots

Download: The Hotspot Map Worksheet is available as
an editable Word document at FODBag.com/resources.
Use it to map repeat-location patterns and assign
controls.

18.1 Understanding FOD Patterns

FOD does not distribute randomly across a facility. It
concentrates in predictable locations based on where debris is
generated (sources), where it travels (paths), and where it
accumulates (sinks). A mature FOD program maps all three:

Sources: Where is debris introduced into the area?

e Tool staging and use areas.

¢ Maintenance and assembly work stations.

¢ Packaging and unpacking zones.

e Personnel entry points (debris on shoes, clothing, personal
items).

¢ Vehicle entry points (tire-transported debris).
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e Facility deterioration points (spalling concrete, rusting

structures).

Paths: How does debris move from source to sink?

¢ Foot traffic routes (adherent debris, kicked items).

¢ Vehicle routes (tire transport, aerodynamic redistribution).

¢ Air currents (lightweight debris, HVAC-driven movement).

e Water flow (rain washing debris toward drains and low points).

e Gravity (items falling from elevated work, mezzanines, and
structures).
Sinks: Where does debris end up?

e Against walls, curbs, and barriers (wind and traffic deposit
debris here).

¢ In corners and alcoves (multiple deposition mechanisms).

¢ Under equipment and furniture (debris kicked or blown under,
not retrieved).

¢ In drains and floor joints (gravity and water flow).

e In low-traffic zones adjacent to high-traffic routes (debris
kicked to the side).

18.2 Universal Hotspot List

Each hotspot below is both an inspection priority and a

container placement candidate. For container specifications and

servicing frequency, see Section 10.4.

Why Debris . )
Hotspot Inspection Technique
Concentrates Here
Tool staging Tools and hardware handled = Pause and inspect the
and shadow repeatedly; dropped items; floor in a 6-foot radius
board areas packaging from replacement = around every tool board.
tools. Look under the board.

99



Aircraft and
equipment
parking spots

Work benches
and assembly
stations

Doors,
thresholds,
and

transitions

Pavement
joints,
expansion
joints, and
cracks

Drains and
drain
surrounds

Packaging
and receiving

Debris falls during
maintenance; debris
migrates under tires and
into wheel chock areas; fluid
leaks trap debris.

Small items fall or are set
aside and forgotten;
consumables accumulate;
packaging from parts and
kits.

Debris travels with foot and
vehicle traffic; transition
strips trap items; pressure
differentials cause air
movement that deposits
lightweight debris at door
edges.

Debris falls into joints and
becomes trapped below the
visual surface; joints are
“lines" that the eye accepts
as visual noise.

Water flow concentrates
debris at drains. Drain grates
trap items. Surrounding area
is sloped toward the drain,
so debris from the entire
slope concentrates here.

Every incoming shipment

generates packaging debris.
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Check the board itself for

missing items.

Inspect the full parking
footprint plus a 10-foot
perimeter. Pay special
attention to the area
under engines, landing
gear, and access panels.

Inspect the bench surface,
the floor under and
around the bench, and
any adjacent horizontal
surfaces (carts, stools,
shelves) where items may
be placed and forgotten.

Inspect both sides of
every door or transition.
Check the threshold strip
itself: items can lodge in
grooves and joints.

Look along joints, not
across them. Shine a
flashlight into the joint at
an angle. Use a thin tool
to probe joints for trapped

items.

Inspect the drain grate
and the surrounding 3-
foot radius. Lift grate (if
safe and permitted) to
inspect the drain interior
for trapped items.

Inspect the entire
unpacking area after each



areas

Break areas
near work

zZones

Under
equipment,
racks, and
shelving

Overhead
structures
and fixtures

Staples, bands, plastic wrap,
and labels are generated in
high volume.

Food waste, wrappers,
beverage containers, and
personal items migrate into
adjacent work areas.

Items roll, are kicked, or are
blown under equipment
where they are invisible
from standing height.

Debris falls from above;
items placed on top of
equipment or ducting are
forgotten; structural
deterioration sheds
particles.

18.3 Hotspot Mapping

shipment, not just at the
daily walk. Provide
dedicated, immediately
adjacent disposal.

Inspect the break area
itself and a 20-foot
perimeter beyond it.
Check under tables,
chairs, and vending
machines.

Bend or kneel to inspect
under every piece of
equipment. Use a
flashlight and an
inspection mirror for low-
clearance equipment.

Periodically look up
during walks, especially in
areas with overhead
conveyors, ductwork,
mezzanines, or complex
ceiling structures.

Create and maintain a living hotspot map for each area:

1. Start with a simple floor plan or aerial image of the area.

2. Mark known hotspots based on historical findings data.

3. Code each hotspot by severity: red (repeat findings, high

severity),
(historically hot but now controlled).

yellow

(repeat findings,

low severity), green

4. Update the map monthly based on the most recent findings

data. A hotspot that shows zero repeat findings for three

consecutive months can be downgraded.
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5. Post the current map at the area entry and in the shift briefing
area. Brief walk participants on the current hotspots before
each walk.

6. Use the map to allocate inspection time: spend proportionally
more time at red hotspots, less at green.

18.4 Using Trend Data to Predict Hotspots

Don't wait for three repeat findings to identify a new hotspot.
Predictive signals:

¢ Two findings of the same category in the same zone within a
month: Flag as a "watch" location. Increase inspection
frequency (spot-check between scheduled walks). Brief walk
participants to pay extra attention.

¢ One finding of a severity 3 or 4 item: Flag the location and the
item type for heightened scrutiny on the next three walks.

¢ A maintenance event or process change in an area: Anticipate
new FOD patterns. After any significant maintenance,
modification, or process change, increase walk frequency for
the following week.

¢ A change in personnel, shift pattern, or workload: New
personnel generate different FOD patterns. Increased workload
increases the rate of procedural shortcuts, which increases
FOD.

19. Digital Capture and Trend Automation

19.1 The Limits of Paper

Paper forms have served FOD programs for decades, and they
remain a valid field capture tool. But paper has structural
limitations that no amount of discipline can fully overcome:
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Illegibility: Handwriting that is clear to the writer at the
moment of writing becomes indecipherable to anyone else, and
often to the writer themselves, after hours or days. Location
names, item descriptions, and classification codes written in haste
on a clipboard in the rain are not reliable data.

Transcription failure: The most common data failure mode in
paper-based FOD programs is that the paper log is never
transcribed into any analysis system. It sits on a clipboard, then in a
folder, then in a drawer. When someone finally asks "what's our
FOD trend?", the answer requires hours of manual compilation,
which often doesn't happen.

Data loss: Paper logs are lost, damaged by rain or grease, blown
away by wind or rotor wash, or simply discarded by someone who
doesn't recognize their value.

Single-point access: The person who holds the paper holds the
data. Nobody else can see patterns. If the program owner wants to
review findings across all shifts, they must physically collect logs
from multiple locations.

No automated alerting: A paper log cannot alert you when the
same item appears for the third time in a month. That requires a
human to notice, and humans are busy.

19.2 The Minimum Viable Digital System

A digital FOD system does not need to be expensive or complex.
The minimum viable system captures findings in a structured
format that enables basic trend analysis without manual
transcription:

Capture: A mobile form (phone or tablet) or a simple web form
on a shared terminal. Each finding entry includes: date/time (auto-
populated), location (selected from a pre-defined list, not typed
freehand), item description, category (dropdown from your
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classification system), quantity, probable source, disposition, and
photo (where available and permitted). Free-text notes for
additional context.

Storage: A database (cloud or local) that all shifts can access.
Findings from any shift, any area, any day are in one place.

Output: Automated reports generated on demand: findings by
category (pie or bar chart), findings by location (heat map or bar
chart), trend over time (line chart of items per walk), repeat finding
alerts (same category + same location, N occurrences within M
days), open corrective actions list, and walk completion report
(scheduled vs. completed).

The key principle: Data entry happens once, at the point of
capture. Analysis happens automatically. No transcription step
exists between the walk and the trend report.

19.3 Mobile Form Design

A well-designed mobile FOD form minimizes the effort to
capture useful data:

¢ Location: Dropdown or tap-on-map, not free text. Consistent
location taxonomy enables spatial trend analysis. Pre-load the
area list so the user selects, not types.

e Category: Dropdown from the organization's classification
codes (HARD, TOOL, CONS, PACK, NAT, FAC, PERS, PART, HAZ,
UNKN). Include brief examples next to each code so the user
doesn't need to memorize the system.

e Photo: One-tap camera access. The photo is attached to the
finding record automatically. Include an option to photograph
with a scale reference (a coin or ruler) for size context.

e Severity: Optional quick-select based on the organization's risk
matrix. Can be assigned later by the program owner if the field

user is unsure.
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¢ Disposition: Dropdown from disposition codes (D1-D6).

e Action required: Optional field to flag findings that need

immediate follow-up, with a free-text description of the

recommended action.

19.4 Selecting a Digital Platform

Evaluation criteria for a digital FOD system:

Criterion

Offline
capability

Configurable
classification

Reporting and
export

User
experience

Why It Matters

Flightlines, hangars, and
many industrial
environments have poor or
no connectivity. The form
must work offline and sync
when connectivity returns.

Your organization may use
different category codes
than the system's default.
The system must adapt to
your taxonomy, not force
you to adopt its taxonomy.

The system must generate
the reports your
management review
requires, or export data in a
format (CSV, JSON, API) that
your existing reporting tools

can consume.

If the interface is
frustrating, personnel will
avoid using it. The field data
entry flow must be faster
than paper.
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Questions to Ask

Does the mobile app
cache entries and auto-
sync? What happens if
connectivity is lost mid-
entry?

Can we add, remove, or
rename categories? Can
we customize the
severity/risk matrix?

What standard reports
are included? Can we
build custom reports?
Can data be exported for
integration with SMS,
quality, or BI tools?

How many taps to log a
basic finding? Is the
interface usable with
gloved hands? Is the text
large enough to read in
sunlight?



Administration =~ Who manages user Is administration self-

and support accounts, location lists, and | service or does it require
category configurations? vendor support for every
How is the system updated? = change?

Security and FOD data may include Where is data stored?
data residency photos of aircraft, Who has access? Does
equipment, or facilities that | the system comply with
are subject to security and our security
export control restrictions. requirements?

19.5 The Data Quality Rule

If the same item is found three times in the same area
within 30 days, it is no longer a cleanup problem. It is a
process problem that requires formal investigation.

This rule is the bridge between detection and prevention. A
digital system can automate the counting and alert on the second
occurrence so the third never happens. Paper relies on human
vigilance to notice the pattern, which is unreliable.

20. Technology and Automation in FOD Detection

20.1Beyond the Human Eye

Human visual inspection, even when well-trained and well-
disciplined, has inherent limitations: fatigue, distraction, visibility
conditions, and the fundamental limits of human visual acuity.
Technology can supplement human inspection, particularly for
large areas, high-risk areas, and conditions where human
inspection is least effective.

Technology does not replace the FOD walk. It augments it,
provides continuous monitoring between walks, and serves as a
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second detection layer for items the walk may miss.

20.2 Automated FOD Detection Systems (Runway)

Automated FOD detection systems for runways have been
deployed at major airports since the 2000s. These systems use a
combination of sensors to continuously monitor the runway
surface:

Radar-based systems: Millimeter-wave radar mounted adjacent
to the runway scans the surface. Metal and non-metal objects
reflect radar differently from the runway surface. Detection
capability depends on sensor type, object material and size, surface
conditions, weather, geometry, and processing method. Do not
describe a specific size threshold as a universal FAA-compliance
benchmark without a source; present any measured threshold only
with vendor and site test conditions. Systems can operate in
darkness, rain, and fog. Typical configuration: sensors spaced along
the runway length, scanning between aircraft movements.

Electro-optical systems: High-resolution cameras with image
processing algorithms compare consecutive images of the same
runway section to detect new objects. Visible-light and infrared
cameras provide day/night capability. Detection depends on
object-to-background contrast; low-contrast objects (dark debris
on dark pavement) may be missed.

Hybrid systems: Combine radar and electro-optical sensors for
complementary detection: radar detects objects regardless of
contrast; cameras provide visual confirmation and object
identification.

Operational integration:

¢ The system alerts the airfield operations team when an object is
detected between aircraft movements.
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e Operations personnel verify the alert (camera image) and
decide: dispatch a vehicle to retrieve the object, or determine
the alert is a false positive (wildlife, surface irregularity, sensor
artifact).

¢ The object is retrieved, logged, and classified. The detection
event becomes a FOD finding with precise location and time
data.

¢ System performance is tracked: detection rate, false alarm rate,
time from detection to retrieval.

Limitations:

e Capital cost is vendor- and site-dependent; obtain a current
site-specific quotation rather than wusing a universal
assumption. Cost varies with runway length, sensor type, and
integration requirements.

¢ False alarms: radar systems in particular can trigger on wildlife,
surface water, or equipment on the runway.

e Coverage gaps: sensor placement must account for runway
geometry, lighting structures, and signage that can create
shadows or blind spots.

e Not a replacement for visual inspection: automated systems
supplement, not replace, human FOD walks. They provide
continuous monitoring between walks and coverage during
conditions when walks may not be feasible (active runway
between movements).

20.3 Portable and Vehicle-Mounted Detection

For ramps, taxiways, and large industrial areas where
permanent sensor installation is not cost-effective:

Vehicle-mounted FOD detection: Sensors mounted on a vehicle
(typically a pick-up truck or dedicated sweeper) scan the surface
ahead as the vehicle drives. The vehicle stops when an object is
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detected; an operator retrieves the object. Useful for large ramp
and taxiway areas where line-abreast walks are slow and
personnel-intensive. Limitations: vehicle speed must be low
enough for sensor processing; detection performance varies with
surface condition and lighting.

Drone-based FOD detection: Drones equipped with high-
resolution cameras and image processing can survey large areas
quickly, particularly areas that are difficult or dangerous for
personnel to access (rooftops, contaminated areas, large storage
yards). Current limitations: battery life restricts coverage area per
flight; image resolution may not detect very small objects;
regulatory restrictions on drone operation near airports and in

controlled airspace; weather sensitivity (wind, rain).

Handheld detectors: Metal-detecting wands or magnetic
sweepers can locate metallic debris in grass, gravel, or other
surfaces where visual detection is difficult. Useful for airfield grass
areas adjacent to runways and taxiways, and for gravel or unpaved
areas within controlled perimeters.

20.4 Al and Machine Vision

Emerging applications of machine vision and artificial
intelligence for FOD detection:

Image analysis of walk photos: An Al model trained on
thousands of labeled FOD images can classify photos taken during
walks, suggest the category code, and flag items that match known
high-risk patterns. This reduces the classification burden on

personnel and improves consistency.

Continuous video monitoring: Fixed cameras in critical areas
(engine build cells, flight control assembly) continuously monitor
for debris. Machine vision algorithms detect objects that appear
where none should be and alert the area supervisor. This provides
detection between scheduled walks and after-hours monitoring.
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Predictive analytics: Machine learning models trained on
historical FOD data can identify patterns that precede FOD
incidents: combinations of maintenance activity, weather
conditions, personnel changes, and production pressure that
correlate with increased FOD findings. These models can alert the
program owner to elevated risk periods, prompting increased walk
frequency or additional controls.

Current limitations:

e Training data requirements: effective models require large,
well-labeled datasets of FOD images, which are not widely
available.

e Environmental variability: lighting changes, surface conditions,
and camera angles that differ from training data degrade model
performance.

¢ Integration effort: Al outputs must be integrated into the FOD
program'’s workflow, not treated as a separate system.

e Cost and expertise: developing and maintaining custom Al
models requires specialized expertise that most FOD programs
do not have in-house.

20.5 Technology Selection Principles

When evaluating any FOD detection technology:

1. Define the detection requirement: What minimum object size
must the system detect? In what conditions (light, weather,
surface)? What is the acceptable false-alarm rate?

2. Test in your environment: Vendor demonstrations in ideal
conditions do not predict performance in your actual operating
environment. Conduct a trial in real conditions before
committing.

3. Plan the operational integration: Who responds to a detection
alert? How quickly? What is the procedure for verifying,
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retrieving, and logging the object? Technology without an
operational response procedure is an expensive alarm system.

. Technology supplements, not replaces, human inspection: No
current technology matches the human visual system's ability
to identify diverse object types in diverse conditions.
Technology catches what humans miss; humans catch what
technology misses. The combination is stronger than either
alone.

. Track performance: Measure detection rate, false-alarm rate,
and time from detection to retrieval. If the system is not
measurably improving FOD detection, it is not worth its cost.
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Part IV: Response and Investigation

21. Routine Finding Response

211 The Response Sequence

Every FOD finding follows a controlled response sequence. The
response depends on the item's hazard and location: first make the
area safe and isolate the item without handling it when handling
could create a risk, then document it, assign an initial classification
or escalation status, preserve or dispose of it only as permitted by
the hazard and site procedure, and trend the finding. Consistency
in this sequence is what converts individual findings into

organizational learning.

1. Isolate and assess: Do not touch, move, open, smell, test, or
place an item in a collection container if it could be a sharp,
battery, chemical, biological material, unknown powder or liquid,
suspected ordnance, or other HAZ item. Keep people clear, mark or
cordon the location if safe, and notify the area leader and the
responsible safety, hazmat, security, or emergency function. A
trained and authorized person must confirm that an item is safe
before collection. For confirmed non-hazardous items, place the
debris in the designated collection container. For items destined
for investigation (disposition D3), use a separate, sealable bag
labeled with date, time, location, and finder. Do not mix
investigation items with general trash. If the item will be
photographed, contain it after photographing, not before.

2. Document: Log the finding immediately. Do not wait until the
end of the walk. Details that are vivid at the moment of discovery
are hazy 30 minutes later. Minimum documentation: time, location,
item description, quantity, category code, probable source (if
known), disposition code, and photograph (where permitted).
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3. Classify: Assign the category code at the time of logging. The
person who found the item knows what it looked like and where it
came from. Deferring classification means the most informed
person's knowledge is lost.

4. Dispose or escalate: Based on the disposition code, either
dispose of the item as trash (D1), return it to tool control (D2), hold
it for investigation (D3), or escalate it (D4-D6). The disposition
decision determines what happens next.

5. Trend: The logged finding enters the trend dataset. The
program owner reviews findings periodically (daily or weekly,
depending on volume) to identify repeat patterns and emerging
hotspots.

21.2 FOD Collection and Findings Log

) . Category / )
Time | Location | Item (Qty) Disp. | Owner
Source
0715 Bay 3 Safety wire, =~ HARD / Widget D1 J. Smith
4in. (1) assembly
0722 Bay 3 Washer, 3/8  HARD / D3 J. Smith
in. (1) Unknown

21.3 Disposition Codes

Code | Meaning When to Use Follow-Up

D1 Disposed as trash Item is non- None. Dispose in
hazardous, not a general waste.
tool, not a

suspected part,
not a repeat
finding
warranting
investigation.
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D2

D3

D4

D5

D6

Returned to tool
control

Held for
investigation

Work order
generated

Safety/quality
escalation

Customer/authority
notification

Item is an
identifiable tool
or tool
component.

Item warrants
further analysis:
suspected part,
repeat finding,
unknown origin,
potential process
implication.

Item is facility
deterioration
(FAC) or a
condition
requiring
maintenance.

Item represents
an immediate or
significant safety
or quality risk.

Item may require
notification of a
customer,
regulatory
authority, or
other external
party per contract
or regulation.

14

Tool control logs the
return, checks for
missing-tool reports,
and investigates why
the tool was in the
area.

Item is bagged,
tagged, and stored.
Investigation is
assigned to the
appropriate function
(quality, safety,
maintenance,
engineering).

Maintenance work
order is created.
FOD log references
the work order
number.

Escalated to safety
and/or quality per
site procedures. May
trigger a formal
investigation or
stop-work.

Notified per
established
notification
procedures. Do not
notify without
following your
organization's
external
communication

protocol.



21.4 Evidence Handling for Investigation Items
When an item is dispositioned D3 (held for investigation):

e Bag and tag immediately. Use a clean, sealable plastic bag.
Label with: date, time, location (as specific as possible), finder's
name, log entry number, and a brief description.

e Do not clean the item. Surface contamination (oil, dirt, paint
transfer, biological material) may be diagnostically valuable.

¢ Do not alter the item. Do not straighten bent items, fit broken
pieces together, or remove adherent material. The item's
condition at the time of finding is evidence.

e Store securely. Investigation items should be stored in a
designated, access-controlled location, not in someone's desk
drawer.

¢ Photograph with scale. Before bagging, photograph the item in
place (where found) with a scale reference (ruler, coin). After
bagging, photograph the item with the label visible.

22. FOD Incident Response: When Damage Has
Occurred

22.1 Distinguishing a Finding from an Incident

A FOD finding is debris discovered before it causes damage. A
FOD incident is debris that has caused or is suspected to have
caused damage. The response to a finding is routine. The response
to an incident is urgent and follows a different protocol.

The distinction matters because the objectives differ:

e Finding response objective: Remove the debris, document it,

prevent recurrence.
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¢ Incident response objective: Preserve evidence, determine the
damage mechanism, assess the full extent of damage (including
hidden damage), identify the debris source, prevent recurrence,
and determine airworthiness or operational safety before
release.

22.2 Engine Ingestion Response

When debris is suspected or confirmed to have entered an
engine:

Immediate actions:

1. Shut down the engine per the manufacturer's procedure. Do
not attempt to "burn through" or "clear” the debris by running
the engine. Debris that has caused blade damage can liberate
blade fragments, causing cascading damage to downstream
stages.

2. Secure the aircraft and surrounding area. Prevent further
movement of the aircraft. Establish a security perimeter around
the engine intake and exhaust. No unauthorized personnel
within the perimeter.

3. Do not rotate the engine (do not motor, dry crank, or manually
turn the fan or compressor). Rotation can cause additional
damage to blades, stators, and seals, and can redistribute debris
within the engine, complicating the inspection.

4. Preserve the intake and exhaust areas. Do not remove anything
from the intake, exhaust, or bypass duct. Do not clean any
surfaces. If debris is visible in the intake or on the ground
forward of the intake, leave it in place.

5. Photograph comprehensively. Photograph the intake from
multiple angles, the exhaust, the surrounding ground area
(particularly forward of the intake and in the path the aircraft
traveled), and any visible debris. Include scale references in
photographs where possible.
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6. Log the event in the incident reporting system, not the routine
findings log. An engine ingestion is an incident, not a finding.

7. Notify per procedures. Notify maintenance control, quality,
safety, engineering, and (if applicable) the engine manufacturer
and the customer. Follow your organization's incident
notification protocol.

Inspection and assessment:

¢ Borescope inspection of the entire gas path: fan, compressor
stages, combustion section, turbine stages, and exhaust.
Document every blade, vane, seal, and surface. Look for: nicks,
dents, tears, bending, burning, coating loss, and foreign
material embedded in surfaces or trapped in cooling holes.

o If the ingested item is recovered: Identify it. Is it an aircraft
part? A tool? A piece of pavement? A wildlife remnant? The
identification determines the investigation direction.

o If the ingested item is not recovered: The borescope
inspection may reveal debris fragments embedded in the
engine. These fragments can sometimes be extracted for
identification.

¢ Engine manual guidance: The engine manufacturer's service
documentation specifies inspection requirements, damage
limits, and repair procedures. Follow these exactly. Do not
make airworthiness decisions without manufacturer technical
data or approved engineering disposition.

22.3 Tire FOD Damage Response

Tire damage from FOD ranges from minor cuts that are within
limits to catastrophic failures at high speed. After a suspected tire
FOD event:

Immediate actions:
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1. Inspect all tires on the affected gear (not just the one showing
damage). Debris that damages one tire may have also struck
another.

2. If an object is embedded in a tire: Do NOT remove it until the
tire is deflated and the area is secured. The object may be
providing partial sealing, and removing it could cause rapid
deflation. The object is also evidence: its type, size, and
penetration angle are diagnostically valuable.

3. Photograph the embedded object in place, with scale reference
and with context showing its location on the tire.

4. Deflate the tire per maintenance manual procedure before
removing the object.

5. After removal: Inspect the object. Identify it if possible.
Measure the puncture dimensions. Assess whether the tire is
repairable per manufacturer criteria or requires replacement.

6. Inspect the wheel for damage. A penetrating object that
reaches the wheel can cause wheel damage that may not be

visible without disassembly.

Cross-reference:

e Check the FOD findings log for the area where the aircraft
operated before the tire event. Was similar debris reported in
recent walks?

o If the aircraft operated at multiple locations, check findings
logs for all locations.

e This cross-reference serves two purposes: it may identify the
debris source, and it may reveal a gap in FOD walk coverage
(debris that was present but not found during walks).

22.4 Structural Impact Response

When debris strikes the airframe, a control surface, a
windshield, a sensor, or an antenna:
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1. Inspect the impact point for visible damage: deformation,
cracking, penetration, delamination (composites), or coating
damage.

2. Inspect the surrounding area for hidden damage. Impact
energy can propagate beyond the visible damage =zone,
particularly in composite structures.

3. If the impacting object is recovered: Identify it. Preserve it as
evidence.

4. If the impact occurred in flight: The object may have been
airborne (bird, ice from another aircraft, debris from the
ground thrown into the air). Report to air traffic control if the
event occurred in controlled airspace; other aircraft may also
be at risk.

5. Assess airworthiness per the aircraft structural repair manual
or with engineering support. Do not assume that "it looks fine"
means it is fine. Hidden structural damage is a known failure
mode, particularly in composite and bonded structures.

22.5 Chain of Custody

When debris is suspected to have caused damage, it may
become evidence in an investigation. A formal chain of custody
ensures that the evidence is admissible and its integrity can be
verified:

1. Photograph in place with scale reference and context before
touching the item.

2. Bag and tag: Place in a clean, sealable bag. Label with: unique
identifier, date and time of collection, location, finder name,
incident or event reference number, and item description.

3. Log the custody transfer: Every time the item changes hands,
record: date, time, from (person), to (person), and reason for
transfer.
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4.

Store securely: Evidence is stored in a locked, access-
controlled location. Access is logged.

. Transfer to investigation lead: The final custody transfer is to

the person leading the investigation, with signature and date.

22.6 Evidence Preservation

Do not clean the item. Surface contamination (oil, paint, soot,
biological material, chemical residue) may identify the item's
origin or the mechanism of damage.

Do not reassemble broken pieces. Fracture surfaces contain
information about the failure mechanism. Attempting to fit
pieces together can damage these surfaces.

Protect from contamination: Bag items separately. Store in a
clean, dry, temperature-stable environment. Avoid exposure to
direct sunlight, moisture, or chemicals.

Photograph before any handling: The first photograph should
show the item exactly as found. Subsequent photographs
document the item's condition at each stage of evidence
handling.

22.7 Investigation Methodology

A FOD-damage investigation differs from a routine finding

investigation in scope and depth:

Routine Finding | Damage Incident

Element L. S
Investigation Investigation
Primary What is this item? Same, plus: What was the damage
question Where did it come mechanism? What was the full
from? How do we extent of damage? Why didn't

prevent recurrence? | existing controls prevent this?

Evidence The item itself plus The item, the damage, the aircraft

scope its location context. or equipment state before and

after, maintenance records, FOD
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walk records, weather, operational
context, and human factors.

Urgency Corrective action Aircraft/equipment release
within days to decision within hours to days;
weeks. corrective action within days to

weeks.

External Rare. May involve manufacturer,

involvement customer, regulator, and insurer

depending on severity and
contractual /regulatory
requirements.

22.8 Reporting Thresholds

Define in advance which events require external notification and
who is authorized to make the notification:

¢ Customer notification: Contract-dependent. Typically required
for any event that affects airworthiness, delivery schedule, or
product integrity.

¢ Regulatory reporting: Varies by jurisdiction and operation type.
Aviation authorities typically require reporting of engine
ingestion events, FOD-related rejected takeoffs, and any FOD
event that affects flight safety [FAA 14 CFR Part 139; ICAO Annex
13].

¢ Insurer notification: Required per insurance policy terms for
events above a specified cost threshold or affecting third
parties.

e Internal escalation: Define who must be informed, at what
level, within what timeframe. A FOD-damage event should
reach the accountable executive (or equivalent) within a defined
period, typically 24 hours or less for significant events.

23. FOD Classification System

121



23.1 The Purpose of Classification
Classification serves three purposes:

1. Trending: Consistent classification across shifts, areas, and
time enables identification of patterns. If one shift classifies
safety wire as HARD and another as CONS, the trend data is
meaningless.

2. Accountability: Each category is associated with an owner or
owning function. When HARD findings increase, maintenance
and production know to look at their processes. When PACK
findings increase, receiving and kitting know to look at theirs.

3. Severity assessment: Categories identify the likely owner and
mandatory escalation triggers; they do not assign a fixed
severity score. Assess severity using location, exposure,
potential  consequence, likelihood, and uncertainty.
Classification triggers the appropriate level of response.

23.2 The Ten-Category System

Note: This ten-category taxonomy is this guide's recommended
classification scheme, not a mandated NAS412 or SAE/AS9146
standard. Adapt the categories to your operation.

Section 17.1 provides the complete classification with examples,
typical sources, and visual detection tips for each category. The
table below focuses on the data-management dimensions: who

owns findings in each category and the escalation requirement.

Code | Category Escalation Requirement
HARD = Hardware / Maintenance / | Assess from location,
fasteners Production exposure, and consequence.
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TOOL  Tool / tooling
CONS | Consumable
PACK | Packaging

NAT Natural debris

Tool Control

Work crew /
Supervisor

Receiving /
Kitting

Facilities /

Missing tool: escalate per

missing-tool protocol. Found

tool: assess location.

Routine; assess for repeat
pattern.

Routine; assess for repeat
pattern.

Assess location and

Airfield Ops exposure.
FAC Facility Facilities Routine unless in critical
deterioration Zone.
PERS Personal item Supervisor / Assess location and
Individual exposure.
PART | Suspected part Quality / Escalate for investigation
Maintenance regardless of location.
HAZ Hazardous Safety / Isolate; do not handle;
material Hazmat escalate immediately.
UNKN | Truly unknown Quality / Safety = Escalate until assessed by

qualified person.

For full examples, source processes, and detection guidance for
each category, see the complete classification table in Section 17.1.

23.3 Classification Discipline

The rule for UNKN: UNKN is valid only after a qualified person
has assessed the item as non-hazardous and its identity or origin
remains unclear. An item that has not been assessed is
UNASSESSED/UNKNOWN, must not be handled, and must be escalated
as suspected HAZ until qualified personnel complete the
assessment. UNKN is not a shortcut for "I'm not sure and I'm in a

hurry.
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Repeated UNKN classifications in the same area signal one of
two problems: either the inspection team lacks the knowledge to
identify common FOD items (training gap), or an unusual debris
source is operating in that area that warrants investigation (process
gap). Either way, investigate the pattern.

The rule for HAZ: When in doubt about an item's hazard
potential, classify as HAZ. It is always acceptable to escalate a non-
hazardous item as HAZ out of caution. It is never acceptable to
classify a hazardous item as non-hazardous because the hazard
was not recognized.

Classification consistency check: The program owner should
periodically review a sample of recent findings to verify
classification consistency across shifts and personnel. Are similar
items being classified consistently? Is UNKN being used
appropriately? Feedback to walk leaders and scribes if
inconsistency is found.

24. Severity and Risk Matrix

241 The Purpose of Risk Scoring

Not all FOD carries the same risk. A piece of paper in a corridor
and a socket found in an engine intake are both FOD, but the
response they require is fundamentally different. Risk scoring
ensures that resources are allocated proportionally: routine items
are handled routinely; high-risk items receive immediate, focused
attention.

24.2 Severity Levels

Severity answers: if this item caused damage, how bad would it
be?
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Description

Guiding

Question

Examples

1: Low Unlikely to damage
equipment or injure
personnel under any

foreseeable scenario.

2: Could affect
Moderate = housekeeping,
process reliability, or
minor equipment.
Unlikely to cause
injury or major
damage.

3: High Could damage
equipment, tires,
tooling, assemblies, or
create ingestion or
entanglement risk.

Could cause injury.

Could threaten
aircraft, mission,

4: Critical

personnel, critical
product, or flight
hardware. Could
cause catastrophic
damage or fatal injury.

24.3 Likelihood Levels

Could this hurt
someone or
break
something?
Almost certainly
not.

Could this cause
a minor
problem?
Possibly.

Is there a
plausible damage
scenario if this
item were
ingested, struck,
or entangled?
Yes.

Could this kill
someone or
destroy an
aircraft? Yes.

Paper,
cardboard,
plastic film in a
non-critical

area.

Tape, tie wrap,
rag, small plastic
piece.

Fastener, metal
chip, safety wire,
gravel in a
movement area,
personal item in
a critical area.

Tool, suspected

part, sharp metal
in a critical area,
debris in or near
an engine intake.

Likelihood answers: how often does this happen, or how likely is

it to cause damage given the controls in place?

Level Description

Guiding Question
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1: Rare No similar finding in recent When was the last time we
history. The controls in place are = found this here? Can't

effective. remember or never.
2 Occasional similar finding. The We see this occasionally.
Possible controls generally work but are Maybe once every few
not perfect. months.
3: Likely Repeat finding. The controls We've found this multiple
have a known weakness. times recently. The pattern
is clear.
4: Common finding or known We find this regularly. It's a

Frequent = unresolved source. Controls are known problem that hasn't
absent or consistently failing. been fixed.

24.4 Risk Score and Response

Risk Score = Severity x Likelihood

Response Required Timeline

1-3 Low Monitor. Log and trend. No Review at monthly
immediate individual action. = trend meeting.

4-6 Medium  Assign corrective action. Action assigned
Identify source. Implement within 1 week. Closure
control. within 30 days.

8-12 High Escalate to program owner. Investigation initiated
Formal investigation. within 24 hours.
Corrective action with Action assigned
verification. within 1 week.

16 Critical Immediate escalation. Stop- = Immediate. Do not

work consideration. Formal defer.
investigation. Senior
leadership notification.

24.5 Scoring Examples
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Finding Severity | Likelihood | Score | Response

Paper wrapperin @ 1 2 2 Monitor.
corridor

(awareness area)

Tie wrap on 2 1 2 Monitor.
hangar floor

(control area),

first occurrence

Safety wire on 3 3 9 Escalate. Formal
hangar floor, investigation.
third time this

month, same bay

Washer foundon 3 2 6 Corrective

runway action. Inspect

centerline runway more
frequently.

Socket found 4 2 8 Escalate.

under engine Investigate tool

after control.

maintenance

Same socket 4 4 16 Immediate

type, third escalation. Stop-

occurrence in work

engine area in consideration.

two months

24.6 Severity by Location

The same item can have different severity in different locations:

In FOD In FOD Control In FOD Critical

Awareness Area (hangar Zone (engine

Area floor) intake)

Washer = Severity 1 Severity 2-3 Severity 4
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Tie wrap = Severity 1 Severity 1-2 Severity 3

Safety Severity 1-2 Severity 2-3 Severity 4

wire

Train personnel to consider location when assessing severity.
"What is this item, and where is it?" is the fundamental severity

question.

25. Repeat FOD Investigation Worksheet

25.1 When to Trigger a Repeat Investigation
A repeat investigation is warranted when:

¢ The same category of item is found in the same zone three or
more times within 30 days.

e The same specific item type (e.g., "3/8-inch steel washer") is
found twice in the same zone within 30 days.

¢ A single finding scores 8 or higher on the risk matrix, regardless
of whether it is a repeat.

e A tool or suspected part (TOOL or PART category) is found,
regardless of whether it is a repeat.

e The program owner or leadership determines that a pattern
warrants investigation even if the numeric threshold has not
been met.

25.2 Investigation Worksheet

Download: The Repeat FOD Investigation Worksheet
is available as an editable Word document at
FODBag.com/resources. It includes the full investigation
table with the Five Whys prompt, contributing factor
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checklist, corrective action fields, and verification sign-

off.

The worksheet guides the investigator through the complete
sequence: item identification, occurrence pattern analysis,
contributing factor identification, containment, root cause
hypothesis, corrective action assignment, and verification. Use the
editable version to capture investigation data directly; print a blank
copy for field use.

25.3 The Five Investigation Prompts

Every repeat investigation should answer these five questions. If

the answers are vague, the investigation is incomplete:

1. Where is this item introduced into the area? Identify the
specific location, process step, or activity. "Somewhere in Bay
3" is not specific enough. "At the widget assembly station, when
the technician opens the fastener kit" is specific.

2. Who handles it before it becomes FOD? Identify the specific
role or individual(s). This is not for blame; it is to understand
who needs to be involved in the solution. A fix designed without
input from the people who handle the item is unlikely to work.

3. What control should have prevented this item from becoming
FOD? Identify the control that should have been in place: tool
control, clean-as-you-go, dedicated disposal container,
packaging control, procedure step, training. If no control
existed, that is itself a finding.

4. Why did that control fail or not exist? This is the root cause
question. "The technician forgot" is not a root cause. "The
disposal container was 50 feet from the work station;
technicians place debris on the bench intending to dispose of it
later, and it falls off" is a root cause.
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5. How will we know the fix worked? Define the verification
method before implementing the fix. "We will inspect this zone
on the next four walks. If zero findings of this type are
recorded, the fix is verified. If any finding occurs, we re-open
the investigation."

26. Root Cause Analysis Methods

26.1 Choosing the Right Method

Not every FOD finding requires a full root cause analysis. Use
judgment:
¢ Single occurrence, low severity, clear cause: Log it, fix the
immediate issue, move on. No formal RCA required.
¢ Single occurrence, high severity, or repeat occurrence, any

severity: Formal RCA is warranted. The method scales with the
complexity of the problem.

26.2 Five Whys

Best for: Simple, linear cause-and-effect chains. Single-source

problems.

Method: Start with the finding and ask "why?" five times, each
answer becoming the basis for the next "why?" The fifth answer
should reveal a systemic cause.

Example:
1. Finding: Safety wire on hangar floor, Bay 2, third time this
month.

2. Why is safety wire on the floor? It falls during maintenance

tasks and is not always recovered.

3. Why is it not always recovered? Technicians cut the wire, and
the offcut drops. There is no designated place to put offcuts
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during the task.

4. Why is there no designated place? The work stands do not
have offcut collection containers. The procedure says "clean as
you go" but does not specify where offcuts go.

5. Why don't the work stands have collection containers?
Nobody has specified them as a requirement, and the
procedure does not reference them.

Solution: Add small magnetic collection containers to every
work stand used for tasks involving safety wire. Update the
procedure to reference: "Place all wire offcuts in the work stand
collection container immediately after cutting’ Not "remind
technicians to be more careful.

Limitations of Five Whys:
¢ Tends toward single-cause answers when the real cause may be

multi-factorial.

o Different people asking "why?" may arrive at different root
causes depending on their perspective and knowledge.

e Can stop at a proximate cause (“the technician was careless")
rather than reaching a systemic cause ("the work area layout
makes it difficult to contain offcuts").

26.3 Fishbone (Ishikawa) Diagram

Best for: Multi-factor problems where several contributing
factors interact.

Method: Draw a horizontal arrow pointing to the problem
statement. Branch off the arrow with six major cause categories:
People, Process, Equipment, Materials, Environment, and
Measurement. For each category, brainstorm contributing factors.

Example: Repeat fastener findings in an assembly area:

People Process
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New technicians not trained on No step in assembly procedure for

FOD containment post-task FOD check
Fatigue: assembly work on Fastener kit packaging generates loose
extended shifts items when opened

Equipment Materials

Work benches lack raised edges; = Fastener kit bags are static-prone;

items roll off items cling then drop
Magnetic trays not available at Supplier occasionally includes extra
all stations fasteners loose in kit

Environment Measurement

Lighting at bench edges is dim; Walk findings not trended by
dropped items hard to see specific work station

High foot traffic past assembly No measurement of fastener kit
stations kicks items under benches completeness before task start

Using the fishbone output: Not every identified factor requires
a separate corrective action. Group factors by common root cause.
In this example, several factors point to work station design (bench
edges, lighting, magnetic trays) and several point to procedure gaps
(no post-task check, no kit verification). Two corrective actions
may address multiple contributing factors.

26.4 Barrier Analysis

Best for: Understanding why existing controls failed, and
identifying which barriers need strengthening.

Method: For a given FOD finding, identify every barrier that
should have prevented it, and determine why each barrier failed.

Barriers can be physical, procedural, behavioral, or detection-
based.
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Example: A socket found on the floor under an engine after

maintenance.

Barrier That

Barrier .
Should Have Why It Failed
Type
Worked
Physical Shadow board with Socket was returned to the wrong
socket silhouette position (similar size socket); visual
check of the board did not detect
the error.

Procedural = Post-task tool count = Count was "pencil-whipped":
technician signed without physically
verifying. Time pressure at shift end.

Behavioral Technician training Technician was fatigued (end of 12~
and habit of hour shift) and confident that all
verifying tool return  tools were returned.

Detection Post-maintenance Walk was completed, but the socket
FOD walk was under the engine stand where
the walk participant did not inspect
(no kneeling, no flashlight).

Corrective actions from barrier analysis:

1. Physical: Add individual tool serialization so that returning a
socket to the wrong position is detected (serial number on
socket must match serial number on board position).

2. Procedural: Require independent second-person verification of
tool count for all engine maintenance tasks. The verifier
physically touches each tool position, not just glances at the
board.

3. Behavioral: Limit task duration before mandatory breaks. A 12-
hour shift with tool accountability at the end is a predictable
failure mode.
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4. Detection: Add "under equipment" to the FOD walk checklist as
a mandatory inspection point, with flashlight use specified.

26.5 Human Factors Analysis

When human error contributed to a FOD event, a human factors
analysis asks whether the error was inevitable given the
circumstances. The key question:

Would another qualified person, in the same
circumstances, with the same information, likely have
made the same error?

If the answer is yes, the root cause is in the system, not the
individual. Fix the system.

Factors to examine:

e Time pressure: Was the person rushed? Was the schedule
achievable without cutting corners?

e Fatigue: How long had the person been working? When was
their last break? What was their sleep/rest history?

e Training and competence: Was the person trained on the
specific task and the specific FOD control? Was the training
recent enough to be retained?

e Procedure clarity: Is the FOD procedure clear, specific, and
usable at the point of work? Or is it a generic document that
nobody references?

¢ Distractions and interruptions: Was the person interrupted
during the task? Interruptions are a leading cause of omission
errors (forgetting to complete a step after resuming).

¢ Equipment and environment: Was the lighting adequate? Was
the work position ergonomic? Were tools and collection
containers within reach?
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e Habit and normalization: Has the procedure been routinely
skipped without consequence, making non-compliance the
norm?

Applying human factors findings: A finding of "technician error"
should always be followed by: "What about the system made that
error likely, and what system change will make it unlikely in the
future?" If the answer is "nothing; the technician was individually
reckless," you have a performance management issue, not a system
issue. This conclusion should be rare and supported by evidence of

recklessness, not just evidence of error.

26.6 Implementing and Tracking RCA Outputs
Every root cause analysis should produce:

1. A clear root cause statement (not "poor housekeeping" but
"work stations lack point-of-use offcut collection, leading to
debris on the floor").

2. Specific corrective actions with owners and due dates.
3. A verification method defined before the action is
implemented.

4. Entry into the corrective action tracker (Section 32) for
visibility and accountability.

Conducting an RCA and not implementing the findings is worse
than not conducting the RCA at all: it demonstrates that the
organization invests time in understanding problems but not in
solving them, which trains personnel that participation in
investigations is pointless.

27. Case Studies in FOD Prevention

271 Why Case Studies Matter
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Procedures and checklists tell people what to do. Case studies
show them why it matters. A well-told case study connects a
specific FOD finding to its potential or actual consequence, making
the risk tangible in a way that procedures alone cannot.

The following case studies are composite scenarios constructed
from documented failure modes, investigation findings, and
industry experience across multiple organizations. They represent
realistic event chains and common FOD failure patterns that recur
across organizations and industries, but they are not
reconstructions of specific individual incidents. The root causes
and systemic lessons are drawn from actual investigation reports
and safety publications. Each case includes the event narrative, the
root cause analysis, and the systemic lessons for FOD programs.

27.2 Case Study 1: The Missing Socket

Event: During a routine borescope inspection of a commercial
turbofan engine, a 10mm socket was discovered lodged between
compressor blades in the high-pressure compressor section. The
engine had approximately 200 flight hours since its last
maintenance event, which had involved compressor blade
replacement. The socket showed signs of having been in the engine
for the entire 200-hour period: it was peened by contact with
rotating blades, had traveled aft through several compressor
stages, and had caused progressive blade damage to multiple
stages.

Investigation findings: The last maintenance event had involved
a compressor blade replacement requiring removal and
reinstallation of the compressor case. The tool control log for that
event showed all tools accounted for at task completion. However,
the socket found in the engine was from a set assigned to the
technician who performed the work. The technician's shadow
board had a position for a 10mm socket, but the socket in that
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position was a 10mm socket from a different manufacturer, not the
one that belonged to the set.

Root cause: The technician had borrowed a socket from a
colleague during the task when their own socket rolled under a
work stand. The borrowed socket was placed on the technician's
shadow board at task completion, satisfying the visual check. The
technician's own socket, which had fallen into an open compressor
cavity during the task and was not recovered, was not missed
because the shadow board position was filled (by the wrong
socket). The post-task independent verification was a visual check
of the board that did not include verifying serial numbers.

Systemic failures:

1. Tool serialization existed but was not verified during the post-
task check (serial numbers on sockets were small and hard to
read without removing the socket from the board).

2. The "borrowed tool" procedure did not require documentation:
tools moved between technicians informally, without updating
any inventory.

3. The post-task independent verification was a visual presence
check, not a serial number verification.

4. The technician did not report the dropped socket because they
believed it had rolled under the stand (not into the engine) and
they intended to retrieve it after completing the task step, but
forgot.

Corrective actions:

1. All tools in FOD Critical areas laser-etched with large, easily
readable serial numbers.

2. Post-task verification for critical-area tasks changed from
visual board check to physical serial number verification: the
verifier removes each tool, reads the serial number, and
confirms it matches the board label.
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. Borrowed-tool procedure implemented: any tool that moves
between technicians or stations is logged in a shared tool
movement log, checked by both parties, and returned before
task completion.

. "If it drops, find it now" policy: any tool dropped during a task
triggers an immediate stop of that task step and a search. The
task does not proceed until the dropped item is found or the
area is formally cleared.

Lessons for FOD programs:

A tool on a shadow board is not proof that the right tool is on
the shadow board. Verification must confirm identity, not just
presence.

Informal tool borrowing is a predictable source of tool control
failure. Formalize it or prohibit it.

Dropped items that are "probably under the stand" are
sometimes "probably in the engine." The only way to know is to
find it.

The post-task check is the last barrier before the tool becomes
a potential catastrophe. It must be thorough enough to carry
that weight.

27.3 Case Study 2: The Runway Debris Chain

Event: An Airbus A320 departing a regional airport experienced

a tire failure during the takeoff roll. The crew rejected the takeoff at

approximately 120 knots. The aircraft stopped on the runway.

During the post-event inspection, a piece of steel approximately 3

inches long and 0.5 inches wide was found embedded in the failed

tire. The steel piece was identified as a fragment of a ground

service equipment (GSE) tow bar that had fractured and been left

on the ramp. The fragment had been kicked onto the adjacent

taxiway by vehicle traffic, then onto the runway by the aircraft

ahead of the incident aircraft.
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Investigation findings: The tow bar fracture had occurred
approximately 4 hours before the incident. The GSE operator who
experienced the fracture reported it to their supervisor, but the
report did not include the fact that the fractured piece was not
recovered. The supervisor generated a maintenance work order for
the tow bar but did not initiate a FOD search. The ramp area where
the fracture occurred was swept during the routine daily FOD walk
that morning (before the fracture). The next scheduled walk was
the following morning. No walk was conducted between the
fracture event and the aircraft departure.

Root cause: The organization had no procedure for initiating an
immediate FOD sweep after a known debris-generating event. The
GSE operator's report did not trigger a FOD response because the
reporting system treated "equipment damage" and "FOD" as
separate categories, and the operator reported an equipment
problem, not a debris problem.

Systemic failures:
1. No ‘"event-triggered FOD sweep" procedure. Walks were

scheduled (daily) but not event-driven.

2. The GSE damage report form did not include a field for "debris
generated: yes/no and recovered: yes/no."

3. The supervisor did not connect "fractured metal piece
somewhere on the ramp" to "potential tire FOD for the next
aircraft."

4. The debris migrated from ramp to taxiway to runway through
normal vehicle and aircraft movement, demonstrating that

debris does not stay where it originates.

Corrective actions:

1. Event-triggered FOD sweep procedure implemented: any event
that generates or may have generated debris (equipment
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damage, dropped item, spill, collision, weather event) triggers
an immediate sweep of the affected area plus a buffer zone.

. GSE damage report form modified to include mandatory
debris-related fields.

. Training for all supervisors on the connection between
equipment damage reports and FOD risk.

. FOD walk frequency on the ramp increased from daily to twice
daily, with one walk timed to occur approximately 1-2 hours
before the first departure of the afternoon/evening bank.

Lessons for FOD programs:

Scheduled walks are necessary but insufficient. Known debris-
generating events require immediate response, not "we'll get it
on tomorrow's walk.

Debris migrates. The search area for an event-triggered sweep
must be larger than the immediate event location.

Reporting systems that treat FOD and equipment damage as
separate categories create a gap through which debris
information falls. Cross-train personnel and design forms to
capture both.

A single piece of unrecovered metal, in the wrong place at the
wrong time, can cascade into a rejected takeoff, aircraft
damage, schedule disruption, and potential injury. The cost of
the immediate sweep is trivial compared to the cost of the
event it prevents.

27.4 Case Study 3: The Cultural Decay

Event: An MRO facility with a historically strong FOD program

experienced a gradual increase in FOD-related customer findings

over an 18-month period. The increase was incremental (roughly 5-

10% per quarter) and no single event triggered alarm. By the time

the trend was recognized, the facility had gone from industry

benchmark to industry average, and two major customers had
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issued formal corrective action requests citing FOD control as a
systemic weakness.

Investigation findings (program-level review):

1. The FOD Program Owner position had been vacant for 8
months following a retirement. Responsibilities had been
distributed among three supervisors, each of whom believed
the others were handling the trend analysis.

2. Daily walks continued, but the findings log review cadence had
slipped from weekly to monthly to "when someone asks." Data
was being collected but not analyzed.

3. Corrective actions were being assigned but closure verification
had become inconsistent. Actions were closed when the owner
reported completion, without independent verification.

4. The monthly FOD dashboard was still being produced but had
not been presented to leadership for over a year. It was emailed
to a distribution list; open rates were not tracked.

5. Tool control audits had been reduced from monthly to
quarterly due to "resource constraints." The reduced frequency
meant trends took three times as long to detect.

6. New-hire FOD training had been shortened from a 2-hour
classroom + supervised walk to a 30-minute online module with

no practical component.

Root cause: The program had become hollow. The visible
elements (walks, logs, dashboards) were still present, but the
analytical and corrective elements (trend review, root cause
analysis, verification) had atrophied. Because the hollowing was
gradual, nobody noticed until external parties (customers)
identified the decline.

Systemic failures:

1. Key-person dependency: the program relied on a single
knowledgeable owner. When that person left, the program
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knowledge left with them.

. No program health indicators: the metrics tracked FOD findings
but not program process health (audit completion rate, training
completion rate, corrective action time-to-close).

. No escalation mechanism for missed program activities. When
the monthly dashboard was not reviewed, nobody was alerted
that a review had been missed.

. Leadership disengagement: FOD had fallen off the leadership
agenda because there were no incidents to force it back on.

Corrective actions:

. FOD Program Owner position filled within 60 days. During the
vacancy, an interim owner was named with explicit,
documented responsibilities.

. Program health dashboard created (in addition to the FOD
findings dashboard) tracking: walk completion rate, log review
cadence, corrective action time-to-close and verification rate,
audit completion rate, training completion rate, and
management review cadence. These leading indicators are
reviewed monthly.

. Automated alerts: if a scheduled walk is missed, a corrective
action passes its due date without closure, or a monthly review
is not conducted, an automated notification is sent to the
program owner and the area supervisor.

. Leadership FOD briefing added to the quarterly safety review
agenda. The program owner presents the program health
dashboard and the FOD findings dashboard. Leadership
attendance is tracked.

. New-hire FOD training restored to 2-hour classroom +
supervised walk. Online module retained as pre-work before
the classroom session.

Lessons for FOD programs:
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A FOD program that looks active but is not being analyzed is a
Potemkin program. Activity without analysis is motion without
progress.

¢ Program health metrics (leading indicators) are as important as
FOD findings metrics (lagging indicators). If the program
processes are decaying, the findings will eventually rise.

¢ The most dangerous program decline is gradual. A sudden
failure triggers a response. A slow decline over 18 months may
go unnoticed until an external party identifies it.

e Key-person dependency is a program risk. Document the
program. Cross-train a deputy. Ensure program knowledge is
institutional, not individual.

27.5 Case Study 4: The Packaging Cascade

Event: A composite component manufacturer experienced a
sudden spike in HARD-category FOD findings (fasteners, washers,
and small metal fragments) in a cleanroom assembly area that had
historically recorded near-zero findings. The spike coincided with
the introduction of a new supplier for a major sub-component. The
findings were concentrated in the unpacking area and in assembly
cells adjacent to the unpacking area.

Investigation findings: The new supplier's packaging used metal
staples to seal component bags, replacing the previous supplier's
heat-sealed bags. Personnel opening the bags were cutting the
bags open and the staples were falling to the floor. Some staples
adhered to the outer surface of the bags via static electricity and
were carried into assembly cells before dropping off. Additionally,
the new supplier's components had threaded inserts that were not
capped during shipping; metal debris from the insert
manufacturing process was trapped in the threads and fell out
when the components were handled during unpacking.
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Root cause: The sourcing decision for the new supplier

evaluated cost, quality, and delivery performance but did not

evaluate packaging or FOD control practices. The contract did not

specify packaging or FOD requirements. The incoming inspection

process checked the component for dimensional and material

conformity but did not check for FOD generation potential.

Systemic failures:

. Supplier selection criteria did not include FOD control or
packaging standards.

. Contract did not specify packaging requirements (heat-sealed,
no staples) or FOD control (threaded inserts capped and clean).

. Incoming inspection did not include a FOD assessment of new
supplier shipments.

. The spike in findings was detected (because the area
historically had zero, so any findings were visible), but the
connection to the new supplier was made by an alert receiving
inspector, not by a systematic process for correlating FOD
findings with supply chain changes.

Corrective actions:

. Supplier selection criteria updated to include FOD program
assessment and packaging standards review.

. Standard packaging specification created for all incoming
components, specifying: no metal staples, no cardboard in FOD
Control or Critical areas, all threaded features capped, all items
free of manufacturing debris.

. New-supplier first-article inspection expanded to include a
FOD assessment: unpack the component per the supplier's
intended method in a controlled area and inspect for debris
generation.

. Incoming inspection procedure updated to include a FOD
check for all shipments from new suppliers during the first 90
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days, and for all shipments from any supplier with a history of
FOD escapes.

Lessons for FOD programs:

e FOD risk can be imported. A sourcing decision made for cost
reasons can increase FOD costs by more than the procurement
savings.

e Packaging is a FOD control, not just a logistics function.
Packaging specifications should be part of the procurement
contract.

e The best time to detect supplier FOD issues is the first
shipment, not the tenth. Focus incoming FOD inspection effort
on new suppliers and changed packaging.

e A clean area with historically zero findings is a sensitive
detector: any new debris source is immediately visible. Protect
clean areas by controlling what enters them.

27.6 Key Themes Across Cases

Four themes recur across FOD case studies:

1. Normalization of deviance: Small deviations from procedure
that produce no immediate consequence become the new
normal. Each deviation makes the next one easier. Over time,
the actual practice bears little resemblance to the documented
procedure, and an event is waiting to happen.

2. The missing barrier: FOD events rarely result from a single
failure. They result from multiple barriers failing
simultaneously: the tool was dropped (behavioral failure), the
post-task check didn't catch it (procedural failure), the walk
didn't find it (detection failure). A healthy program has enough
independent barriers that no single failure reaches the aircraft
or product. A weak program has barriers that are all relying on
the same assumption.
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3. The data-rich, information-poor program: Data is collected but
not analyzed. Findings are logged but not trended. Reports are
generated but not read. The program has the raw material for
improvement but lacks the analytical step that converts data
into action.

4. The engagement gap: Leadership believes the FOD program is
healthy because they see walks happening and logs being filled.
They don't see that walks are perfunctory, logs are unread, and
the program is hollow. The gap between "activity visible to
leadership" and "program effectiveness" is the risk.

The unifying lesson: A FOD program is a system, not a set of
activities. The system must include: defined standards, measured
performance against those standards, analysis of deviations,
corrective action, and verification that the action worked. Remove
any one element and the system degrades. Remove enough
elements and it fails, gradually at first, then catastrophically.
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Part V: Data, Metrics, and Reporting

28. FOD Findings Logging and Data Management

28.1 The Data Pipeline

FOD data follows a pipeline: capture, transcribe (if paper), store,

analyze, report, and act. Weakness at any stage degrades the entire

pipeline. The most common failure points are the capture-to-store

transition (paper logs never transcribed) and the analyze-to-act

transition (reports generated but not read).

A healthy data pipeline has these properties:

Capture is immediate: Findings are recorded at the moment of
discovery, not reconstructed from memory at the end of the
walk.

Transcription is eliminated: Digital capture feeds the database
directly. If paper is used, transcription happens within the same
shift, by a named person, with a deadline.

Storage is centralized: All findings, from all shifts, all areas, all
days, reside in one system accessible to the program owner and
authorized reviewers.

Analysis is automated: Standard reports are generated on a
schedule without manual compilation. Ad-hoc queries are
possible for investigation support.

Reporting reaches decision-makers: The monthly dashboard is
reviewed in a meeting where resource allocation and corrective
action decisions are made.

Action is tracked: Every report that identifies a trend or issue
generates a corrective action entry. The action is tracked to
verified closure.

28.2 Daily FOD Walk Checklist
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Download: The Daily FOD Walk Checklist is available
as an editable Word document at
FODBag.com/resources. It includes the full inspection
verification list with checkboxes, the administrative data

fields, and the supervisor sign-off section.

A completed checklist documents that the walk was conducted
to standard. A blank checklist is evidence of an incomplete walk.
Every walk, even a walk with zero findings, produces a completed
checklist. The checklist records date, time, location, shift, walk
leader, participant count, weather, walk type, and area release
decision, followed by a 14-item inspection verification list covering
surfaces, equipment, overhead areas, containers, findings logging,
and supervisor sign-off.

28.3 Data Quality Standards

Data is only as useful as it is consistent. Establish and enforce
data quality standards:

¢ Location names: Use a standard taxonomy. "Bay 3" must mean
the same thing to every shift. Maintain a location master list
and ensure all personnel use it.

e Category codes: Use the ten-category system (this guide's
recommended taxonomy, not a NAS412/SAE mandate)
consistently. Provide a quick-reference card with each code, its
meaning, and examples.

e Item descriptions: Be specific enough for trend analysis.
"Fastener” is less useful than "1/4-inch hex bolt, steel." "Debris"
is useless.

¢ Quantity: Count items, don't estimate. "~10" is not a count; "12"
is a count.
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¢ Timeliness: Log findings within minutes of discovery. A log
completed from memory an hour later will have errors of
omission and detail.

28.4 Record Retention

Retain FOD records per your organization's document retention

policy, but as a minimum:
e Daily walk checklists and findings logs: minimum 12 months,
preferably 24-36 months for year-over-year trend comparison.

e Investigation reports: minimum 3 years or  per
regulatory/customer requirements.

¢ Corrective action records: retain for the life of the action plus
12 months after verified closure.

¢ Training records: retain per personnel record policy; typically
duration of employment plus a defined period.

¢ Audit reports: minimum 3 years for trend comparison.

29. Leading and Lagging Indicators

29.1 The Difference and Why Both Matter

Lagging indicators measure outcomes that have already
occurred. They tell you where you have been. Examples: FOD items
collected, damage events, cost of FOD-related repairs.

Leading indicators measure the health of the processes that
prevent FOD. They tell you where you are going. Examples: walk
completion rate, training currency, tool audit scores, corrective

action time-to-close.

A program that tracks only lagging indicators is driving by
looking in the rearview mirror. By the time a lagging indicator
moves, the problem has already produced outcomes. Leading
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indicators provide early warning: a decline in walk completion rate

this month predicts an increase in FOD findings in the coming

months.
29.2 Lagging Indicators

Indicator Definition

Total FOD Sum of all items

items collected

FOD items per Total items divided

walk by number of walks.
Normalizes for walk
frequency.

FOD items per Items divided by

participant- (number of

hour participants x
average walk hours).
Most normalized
measure.

High/critical Count of findings

severity with risk score > 8.

findings (score

8+)

FOD damage Number of events

events where FOD caused or

is suspected to have
caused damage.
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logged in the period.

How to Use

Track trend over time. A rising

trend may indicate better
reporting (positive) or
worsening debris generation
(negative). Interpret in context
of other indicators.

More meaningful than total
items for trend comparison
when walk frequency varies.

Best for comparing across
areas, shifts, or time periods
with different staffing levels.

The metric that matters most
for safety. A program with
rising total items but flat or
declining high-severity items
may be improving (finding more
low-risk items that were
previously missed).

The ultimate lagging indicator.
Track per period and per
operational unit (e.g., per 1,000
flight hours, per 10,000
production units).



Cost of FOD Direct repair costs Use for business case and ROI

damage attributable to FOD analysis. Exclude indirect costs

events. for consistency; note them
separately.

Repeat finding Percentage of A declining repeat rate

rate findings that are indicates that corrective
repeats (same actions are effective. A stable or
category + same rising rate indicates that
location, 3+ sources are not being
occurrences in 30 eliminated.
days).

29.3 Leading Indicators

Note: The targets below are this guide's recommended
benchmarks, not NAS412 or SAE /AS9146 mandates. Calibrate them to
your operation and regulator.

Early
Indicator Definition Warning
Signal
Walk Percentage of = 100% (= 95% acceptable Two
completion scheduled with documented reason = consecutive
rate walks for each miss). weeks below
completed. 95%.
Investigate
why walks
are being
missed.
Training Percentage of = 100% (= 95% acceptable Rate
currency active with overdue personnel declining for
rate personnel scheduled). two
current on consecutive
required FOD months.
training.
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Tool control
audit score

Corrective
action time-
to-close

Corrective
action
verification
rate

Packaging
compliance
rate

Participation
rate

Process
changes

Percentage of
tool audits
scoring 100%
(all tools
accounted
for).

Average days
from
assignment to
verified

closure.

Percentage of
closed
actions with
documented

verification.

Percentage of
incoming
shipments
from critical
suppliers that
pass FOD
inspection.

Percentage of
assigned
personnel
who
participated
in at least one
walk in the
period.

Number of
procedure
updates,

100% on formal monthly
audits. > 98% on random

weekly audits.

< 30 days for medium-
severity actions. < 7 days

for high-severity actions.

100%.

>98%.

>90% of
operations/maintenance
personnel per month.

>1 per 20 findings.
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Any formal
audit below
100%. Two
consecutive
random
audits below
98%.

Average
trending
upward for
two
consecutive

months.

Any action
closed
without
verification

evidence.

Rate below
95% for two
consecutive
months.

Rate below
80%.

Zeroina
quarter with
significant



from FOD physical findings

findings control volume.
additions, or
design
changes
driven by
FOD data.
UNKN Percentage of = < 5% of total findings. Rate above
classification = findings 10% for two
rate classified as consecutive
UNKN. months
(indicates
training gap
or unusual
debris
source).

29.4 The Prevention Ratio

Prevention actions per FOD finding. This is the single
best measure of whether your program is preventing or
just cleaning.

If a program collects 500 items in a quarter and implements
zero process changes, it is a cleaning program. If it collects 500
items and implements 10 process changes that demonstrably
eliminate specific sources, it is a prevention program.

Target: At least one process improvement (procedure change,
physical control addition, design modification, or training
enhancement) per 20 findings logged.

Measurement: Count the number of implemented-and-verified
process changes per period. Divide by the number of findings in
that period. Track the ratio over time. A rising ratio (more changes
per finding) indicates a program that is learning faster.

153



29.5 Choosing Indicators by Maturity Level

Maturity . .

Primary Focus Recommended Indicators
Level
1-2 (Ad Hoc, Establish basic Walk completion rate, total findings,
Repeatable) measurement. training completion rate. Keep it

simple; three metrics tracked
consistently beat ten tracked

sporadically.

3 (Defined) Add trend analysis FOD items per walk (trend), repeat
and corrective finding rate, corrective action time-
action tracking. to-close, tool control audit score.

4-5 Add leading All leading indicators, prevention

(Managed, indicators and ratio, cost of FOD damage (for ROI),

Optimizing) predictive analysis. = cross-shift trend comparison,

predictive hotspot identification.

30. Monthly FOD Dashboard

Download: The Monthly Dashboard Template is
available as an editable Word document at
FODBag.com/resources. Use it to compile and present
your monthly FOD metrics to leadership.

30.1 Dashboard Structure

The monthly dashboard is the primary communication tool
between the FOD program and leadership. It should be clear,
honest, and actionable. A dashboard that paints an overly rosy
picture will be ignored when real problems surface. A dashboard
that is pure bad news with no corrective actions will demoralize.
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3-Mo.

Metric Current | Prior Status
Trend

Total walks
scheduled

Total walks
completed

Walk
completion
rate

Total FOD
items
collected

High or
critical risk
findings
(score 8+)

Open
corrective
actions

Overdue
corrective
actions

Average
time-to-close

(days)

Top 3 finding
categories
(by count)

Top 3
hotspots (by
repeat count)

100% of
schedule

> 95%

> 95%

N/A (neutral
metric)

Zero ideally;
declining

Declining or
stable

Zero

Variety
declining
(fewer
categories
dominating)

Repeat count
declining at
each hotspot



FOD damage Zero
events (if any)

Prevention ratio >1:20

Numbers alone do not tell the story. Every monthly dashboard

should include a brief narrative (half a page) that answers:

1.

What changed this month? Which metrics moved, in which
direction, and is the change significant or noise?

. What investigation or corrective actions were completed this

month? Demonstrate that findings led to action.

. What investigations or actions are in progress? Show that the

program is actively working on identified issues.

. What is the program's assessment of its own health? Green

(healthy), yellow (watch), red (intervention needed). Be honest.
A self-assessed yellow with a clear plan is more credible than a
self-assessed green that external parties would challenge.

. What support does the program need from leadership?

Resource requests, policy decisions, cross-functional
coordination. Make specific asks, not general pleas.

30.2 Monthly Review Meeting

The dashboard should be reviewed in a standing monthly

meeting with:

FOD Program Owner (presents).
Operations leadership (attends and acts on resource requests).

Safety and Quality representatives (attend and integrate with
their systems).

Maintenance and Facilities representatives (attend for
corrective action support).

Meeting agenda (30 minutes maximum):
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1. Review dashboard (10 minutes). Focus on changes, not reading
every number.

2. Review open and overdue corrective actions (10 minutes).
Decisions on blocked actions. Accountability for overdue
actions.

3. Decide one improvement priority for the coming month (5
minutes). "This month we will focus on reducing HARD findings
in Bay 3." The priority is communicated to all shifts.

4. Review previous month's priority outcome (5 minutes). "Last
month we focused on X. Here's what happened.”

30.3 Making the Dashboard Visible

The dashboard should not be a document that is emailed, filed,
and forgotten. It should be visible:

e Post a summary version on the FOD communication board.

e Brief key points in shift briefings: "Last month we had three
repeat safety wire findings in Bay 2. Engineering fixed the work
stands. Zero findings so far this month."

e Include a FOD slide in the quarterly safety or all-hands
presentation.

31. FOD Program Documentation Package

31.1 The Documentation Hierarchy

A mature FOD program has a structured documentation
package that separates policy, procedure, work instructions, and
forms. This structure ensures that changes at one level do not
cascade unpredictably through the entire system:
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Document
Level

FOD Policy

FOD
Procedure

Work

Instructions

Forms and
Checklists

Content

Program charter,
accountabilities, area
classifications, core
principles. One page.
Signed by senior
leadership.

Walkdown process,
classification system,
risk matrix,
investigation
triggers, corrective
action process,
training
requirements.

Area-specific walk
maps, zone
checklists, hotspot
lists, tool control
specifics for each
area.

Briefing card, daily
walk checklist,
findings log,
investigation
worksheet,
corrective action
tracker, dashboard
template, audit
checklist.

31.2 Document Control

Audience

All personnel;
leadership;
customers;
auditors.

Program
owner; walk
leaders;
SUpervisors;

quality; safety.

Walk
participants;

zone captains.

Field users.

Update

Frequency

Annual review;
update when
program scope or
accountability
changes.

Review every 6-
12 months;
update based on
investigation
findings and
improvement
initiatives.

Update as areas,
hotspots, or
equipment
change.

Update when
procedure
changes require
form changes.

e Each document has a unique identifier, version number, and

effective date.
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The FOD Program Owner is the document owner for the policy
and procedure.

Area supervisors are document owners for area-specific work
instructions.

Obsolete versions are removed from points of use. The current
version is available at every point of use (posted, in the FOD Kkit,
on the shared drive).

A document change log records what changed, why, and when,
for each version.

31.3 Program Records

The following records demonstrate program health to auditors

and should be organized and retrievable:

Completed daily walk checklists and findings logs.
Investigation reports.

Corrective action records with verification evidence.
Training attendance and competency verification records.
Internal audit reports and corrective actions from audits.
Monthly dashboards and management review minutes.

Document change history.
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Part VI: Continuous Improvement

32. Corrective Action Tracker

32.1 The Purpose of Tracking

A corrective action that is assigned but not tracked is a wish, not
an action. The tracker serves three purposes:

1. Visibility: Anyone can see, at any time, what actions are open,
who owns them, and when they are due.

2. Accountability: Overdue actions are visible to leadership. The
owner knows their actions are tracked.

3. Learning: Closed actions with verified effectiveness are
evidence that the program is improving. The ratio of verified

closures to total closures is a leading indicator of program
health.

32.2 Tracker Format

Finding / Action
Issue Required
1 2026-07- = Repeat safety =9 Install J. Smith
05 wire findings, magnetic (Maintenance
Bay 2 (3 offcut Supervisor)
occurrences collection
in June) containers on

all Bay 2 work
stands.
Update Bay 2
work
instruction.
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Due Verification | Verified | Verification
Status

Date Method 133% Date

2026-  VERIFIED = 2026- Inspect Bay2 ~ M.Jones = 2026-08-02

07-19 07-18 on next 4 (Quality)

walks. Zero

safety wire

findings =

verified. Any

finding =

REOPENED.
32.3 Status Codes

Code Meaning Criteria

OPEN Action assigned, Action is within its due date.
work not yet started
or in progress.

HOLD Action blocked by a The blocker is documented. The
dependency outside hold is reviewed at each monthly
the owner's control. meeting. A hold that persists beyond

60 days is escalated.
DONE Action completed by =~ Owner has completed the physical
the owner. or procedural change.
Verification not yet
performed.
VERIFIED Independent Verification evidence is documented.

verification confirms
the action achieved
its intended effect.

The action is closed.
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REOPENED = Repeat finding after The original action is re-evaluated. A
closure indicates the = new or revised action is assigned.

action was The REOPENED status is reviewed at

insufficient or the monthly meeting to identify

wrong. patterns of ineffective corrective
actions.

32.4 The Closure Standard

Do not close corrective actions because someone
"talked to the crew" or "issued a reminder." Close them
when the source is controlled and the next walk proves
it.

A corrective action is verified as closed only when:

1. The physical or procedural change is in place (not planned, not
ordered, not "in process").

2. Personnel affected by the change have been informed or
trained (not just emailed).

3. At least one follow-up walk (preferably multiple) has confirmed
the finding is no longer present.

4. Verification is documented with verifier name, date, method,

and evidence.

32.5 Escalation Path

The escalation intervals below are illustrative guidelines; adapt
them to your organization's size, risk profile, and governance cadence
[Illustrative framework].

¢ Due date approaching (within 5 days): Reminder to owner.
e Overdue by 7 days: Notification to owner and supervisor.

e Overdue by 14 days: Escalation to program owner. Item added
to monthly dashboard as overdue.
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¢ Overdue by 30 days: Escalation to leadership at monthly review
meeting. Decision required: extend due date with justification,
reassign owner, or escalate further.

33. Return-to-Service Verification

Download: The Return-to-Service Verification Sign-
Off is available as an editable Word document at
FODBag.com/resources. Use it to document area,
aircraft, or equipment clearance before return to service.

33.1The Principle

The person who performed the work has the most knowledge of
what was done and where debris may have been generated. They
also have the most to gain from a quick, clean sign-off and the most
psychological investment in believing the area is clean.
Independent verification by a second person provides a check
against both honest oversight and motivated thinking.

33.2 Cleanliness Acceptance Criteria

Acceptance Verification
Area or Item Type
Standard Method
FOD Critical (engine Zero foreign objects. Visual inspection with
bay, flight control, fuel = Independent flashlight of all
system, hydraulic inspection by second accessible cavities and
system, critical qualified person. surfaces. Borescope
assembly) Documented sign-off inspection of internal
by both technician and = cavities where direct
inspector before visual access is not
closure. possible. Tool count

verified against pre-
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FOD Control (hangar
floor, maintenance
bay, production floor)

FOD Awareness
(corridors, offices,
storage, break rooms)

Aircraft/equipment
after maintenance

Walk leader verifies
zone completion. All
visible debris removed.
Any unresolved
findings documented
and communicated to
incoming shift and
affected personnel.

Visual inspection by
area owner or
SUpervisor.
Housekeeping standard
met: no visible debris,
waste containers not
overflowing, floors
clear.

Per manufacturer or
organizational
maintenance manual.
Typically: tool count
complete, consumable
count complete, cavity
inspection complete,
independent
inspection for critical
systems, documented
release.

33.3 Independent Verification

task inventory.
Consumable count
verified.

Walk leader spot-check
of high-risk points
within the zone.
Review of findings log
for completeness.

Periodic walk-through
by area supervisor.

As specified in the
applicable maintenance

manual or procedure.

Independent verification means a different person, not a

different department. The verifier can be:

e A supervisor (most common).

¢ A quality assurance representative.
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¢ Another qualified technician from the same or a different crew.
¢ A dedicated inspector (for the highest-risk tasks).
The verifier must be qualified to understand what they are

inspecting and authorized to reject the area if the standard is not
met. A verifier who cannot say "'no" is not an independent verifier.

33.4 Sign-0Off Protocol

A verbal "looks good" is not a sign-off. The minimum
documented sign-off includes:

e Name and signature (or digital equivalent) of the person who
performed the work.

¢ Name and signature of the independent verifier.

¢ Date and time of verification.

e Area, zone, or item verified.

e Standard applied (e.g., "Post-maintenance FOD inspection per
SOP-FOD-003").

e Any exceptions noted and dispositioned (e.g., "Tool #47
missing; search conducted per missing-tool protocol; area
cleared per risk assessment #2026-078 signed by Chief
Engineer").

¢ Release statement: "Area/Item released for [next operation /
flight / delivery]"

33.5 Special Requirements for Critical Systems

After maintenance on engines, flight controls, landing gear, fuel
systems, or hydraulic systems:

Before closure:

e Cavity inspection: every accessible cavity, bay, and
compartment within the work area inspected with flashlight
and mirror or borescope.
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¢ Tool count: all tools verified against pre-task inventory by serial
number (not just visual presence check).

e Consumable count: all rags, wipes, gloves, tie wraps, caps,
plugs, and other consumables used during the task accounted
for. Consumables removed from the area and disposed of or
returned to stock.

e Foreign object retrieval: any item reported as dropped during
the task has been found or the area has been formally cleared.

Independent inspection:

e A second qualified person performs the same checks
independently. The inspector does not watch the technician
perform the checks and sign off. The inspector performs their
own checks.

e Both the technician and the inspector sign the release
document before any panel is closed, any system is pressurized,
or any engine is started.

Document retention: The completed and signed release
document is retained with the maintenance records for the aircraft
or equipment.

34. 30-Day FOD Reduction Challenge

Download: The 30-Day Challenge Scoreboard is
available as an editable Word document at
FODBag.com/resources. Use it to track and display
weekly results during your focused improvement
campaign.

34.1 Campaign Design
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The 30-Day Challenge is a focused improvement campaign
designed to produce visible results quickly, build program
credibility, and establish habits that persist after the challenge
ends. It works best when a program has basic measurement in
place (Level 2 or higher on the maturity framework in Section 6)
and needs to accelerate improvement or re-energize a stalled

program.

Week Focus Required Actions | Deliverables

1: Baseline Measure Perform normal Completed logs for
without walks. Log every every scheduled
judgment. finding completely walk. Top 5 finding
Understand (location, category, categories
the current quantity, source if identified. Top 3
state. known). Do not hotspot locations

change anything yet. = identified. Baseline
Do not criticize high = metrics recorded
finding counts. Data on the challenge
only. scoreboard.

2: Hotspots = Attack the top = For each of thetop3 = Hotspot map
repeat hotspots: assign an updated and
locations. owner, add visible posted. Owners

controls (additional confirmed.

FOD container, Controls in place.
signage, floor

marking), brief all

shifts on the hotspot

and what to look for,

and increase

inspection frequency

(spot-check between

scheduled walks).

3: Source Fix the Conduct a formal Completed

Elimination = upstream investigation for investigation
process for each of the top 2 worksheets.

repeat items using
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the top 2 the Repeat FOD in the tracker with
repeat items. Investigation owners and due
Worksheet (Section dates.
25). Identify root
cause. Implement

corrective action.

4: Culture Publish Compile the Final scoreboard
Lock-In results. challenge scoreboard = posted and briefed.
Standardize (before and after). Procedure and
what worked. = Brief all shifts on form updates
Recognize results. Make completed.
participants. successful changes Recognition
permanent (update delivered. Next 30-
procedures, forms, day focus area
area layouts). defined.

Recognize teams and
individuals who
contributed. Plan the
next 30 days: what
one metric will the
program focus on
improving?

34.2 Challenge Scoreboard

Post this in a visible location and update weekly:

Day 1 Day 30 %

Baseline Result Improvement

FOD items per walk
Repeat findings
Open corrective actions

Overdue corrective

actions

Missed walks
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Top hotspot: [name]
finding count

Top repeat item: [name]
finding count

Walk completion rate

34.3 Success Criteria
The challenge is successful if:

1. At least one repeat finding source is eliminated (zero
occurrences for the final two weeks of the challenge and the
two weeks following).

2. Walk completion rate is at or above 95% for all four weeks.

3. At least one process change from the challenge is made
permanent (procedure updated, form revised, physical control
installed).

4. Results are communicated to all shifts within one week of
challenge completion.

5. The program has a defined focus area for the next 30 days.

34.4 Avoiding the Challenge Trap

The 30-Day Challenge produces a burst of attention and effort.
The risk is that attention and effort revert to baseline after Day 30.
To prevent this:

¢ Make successful changes permanent during Week 4. A change
that relies on the challenge's energy to sustain will fade. A
change that is embedded in a procedure, a physical control, or a
training module will persist.

¢ Define the next focus before the challenge ends. The end of
one challenge should flow into the beginning of the next
improvement cycle. The question is not "are we done?" but
"what's next?"
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e Don't run challenges back-to-back indefinitely. Challenge
fatigue is real. After one or two challenges, transition to steady-
state improvement. The challenge is a catalyst, not the
operating model.

35. Shift Handoff and Operational Continuity

Download: The Shift Handoff Sheet is available as an
editable Word document at FODBag.com/resources. Use
it to communicate open findings, watch-list locations,
and pending actions between shifts.

35.1 The Handoff Problem

FOD patterns span shifts, but awareness often does not. A
finding on the night shift that is not communicated to the day shift
might as well not have been found: the day shift does not know to
look for repeats, does not know a corrective action is pending, and
does not know a watch location has been identified.

The handoff is the seam in the FOD program. A well-designed
handoff stitches the shifts together into a continuous program. A
poorly designed handoff leaves each shift operating in isolation.

35.2 Handoff Checklist

At every shift change, the outgoing and incoming shift leads (or

FOD representatives) review:

¢ [ ] Open findings from this shift: What was found, where, and
what disposition was assigned? Items held for investigation
must be physically transferred or their location communicated.
e [ ] Watch-list locations: "We found safety wire in Bay 2 again.
That's three times this week. We've flagged it for investigation,
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but in the meantime, inspect Bay 2 closely on your walk""

¢ [ ] Incomplete walks: Was a scheduled walk not completed this
shift? Why? When will it be completed? Who will complete it?

e [ ] Open corrective actions: Status of any actions assigned to
this shift's personnel. Any actions coming due. Any actions
blocked and why.

e [ ] Pending investigations: Any FOD events or significant
findings under investigation. Point of contact for the
investigation.

e [ ] Planned maintenance or activity: Any work scheduled for
the incoming shift that could generate FOD risk. Any areas that
will be inaccessible during the normal walk window.

¢ [ ] Special conditions: Weather forecast, scheduled inspections,
customer visits, audits, or other events that may affect the FOD
program during the incoming shift.

e [ ] Area status: Any areas currently held (not released). Reason
for hold and expected resolution.

35.3 Handoff Methods

In order of reliability:

1. Digital handoff log (best): Structured, searchable, persistent.
The outgoing shift enters handoff information in a shared
digital log. The incoming shift reviews and acknowledges.
Nothing is lost between shifts. Trends across shifts are visible
to the program owner without collecting paper from multiple

locations.

2. Structured paper logbook: A dedicated FOD handoff logbook
with a consistent format. The outgoing shift lead writes the
handoff; the incoming shift lead reads and signs. The logbook
stays in a designated location. The program owner reviews the
logbook weekly.
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3.

Face-to-face stand-up briefing with written notes: Outgoing
and incoming shift leads meet for 5-10 minutes. The outgoing
lead briefs the handoff verbally and provides written notes. The
incoming lead takes their own notes. This works when the two
leads are reliable and disciplined. It fails when either lead is
rushed or absent.

. Verbal handoff only (unreliable): "I told the day shift guy about

it" Information degrades with each verbal retelling. No record
exists. Should only be used as a supplement to written or digital
handoff, never as the primary method.

35.4 Escalation: What Cannot Wait

Certain FOD information should not wait for the scheduled

handoff. Notify the incoming shift lead (or the program owner, or
both) immediately, not at shift change:

Any severity 3 or 4 finding.

A missing tool (do not hand off an active search; the search
continues across shifts with explicit handoff of search status

and coordinator).

Any suspected aircraft or equipment part.

Any hazardous material finding.

A walk that is overdue by more than one full shift.

A corrective action that is overdue by more than 7 days.

An area held (not released) where the hold extends into the

incoming shift.

35.5 Cross-Shift Trend Review

The FOD Program Owner (or delegate) should review findings

across all shifts at least weekly. A pattern visible across three shifts

(each shift finds one safety wire in Bay 2, each thinks it's the first
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occurrence) is invisible to each individual shift. The program owner
is the single point where cross-shift data converges.

Weekly cross-shift review questions:

e Does any category appear across multiple shifts at the same
location?

¢ Does any shift have significantly different findings volume or
patterns than others? (May indicate different inspection
behavior, not different debris generation.)

¢ Are corrective actions progressing consistently across shifts, or
are actions assigned to one shift stalling?

¢ Are handoffs being completed consistently? Are there gaps in
the handoff log?
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Part VII: Implementation and Sustainment

36. Implementation Roadmap

36.1 The Phased Approach

Building a FOD program from scratch, or upgrading an informal
process to a defined system, is best done in phases. Attempting to
implement everything at once overwhelms personnel, creates
resistance, and produces a program that looks complete on paper

but is not followed in practice.

. Success
Phase Key Actions e
Criteria
1: Week 1 Consistent, Select walk Every walk
Standardize repeatable method per uses same
walk process. = area. Define checklist and
area has a named
boundaries. leader.
Assign walk Findings are
leaders per logged.
shift. Adopt
standard
briefing and
checklist. Start
findings log
for every walk.
2:Measure ~ Weeks Build the Log every >90% of
1-2 data baseline. =~ finding with walks have
location, complete logs.
description, Program
and category. owner can
Keep state top 3
classification categories

simple. Review = and locations.
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3: Control

4: Correct

5! Improve

Weeks
2-4

Month 2

Ongoing

Add physical
and
procedural
controls.

Investigate
and eliminate
repeat
sources.

Self-
sustaining
improvement
cycle.
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logs daily.
Begin trend
data.

Install FOD
containers at
hotspots. Post
signage.
Improve tool
shadow
boards.
Implement
clean-as-you-
go and end-
of-shift sweep.
Add packaging
controls.

Conduct
formal
investigations
for top repeat
findings.
Implement
and track
corrective
actions. Verify
closure.

Review
monthly
dashboard
with
leadership.
Update
training.
Expand to
additional
areas. Remove
or replace
controls that

Controls in
place at all
hotspots.
Personnel can
explain
controls and
their purpose.

>3
investigations
completed. > 2
corrective
actions
verified.
Repeat finding
rate declining.

Monthly
review
occurring,.
Year-over-
year
improvement
on indicators.
Program
adapting to
changing
conditions.



are not
working.
Benchmark
against peers.

36.2 First 10 Moves

When starting from an informal or non-existent program, these

first 10 actions build momentum:

1.

Name a FOD Program Owner. One person, with documented
authority and allocated time. This is the single highest-leverage
action. Without an owner, the program has no advocate and no
accountability.

. Map the areas. Create a simple facility map showing FOD

Critical, Control, and Awareness areas. Post it. This makes the
program tangible.

. Create a walk schedule. Which areas are walked, on which

days, at which times, by which shift. Post the schedule. A
posted schedule creates the expectation that walks will happen.

. Assign walk leaders. Named individuals for each shift and area.

Train them on the briefing and execution procedure before
they lead their first walk.

. Launch the findings log. Simple form: date, location, item,

quantity, category. Start logging immediately, even if
classification is rough. The habit of logging is more important
than perfect classification in the first weeks.

. Post FOD signage. At minimum: area classification signs at

Critical and Control area entries, and "FOD Walk in Progress"
signs for use during walks. Visible signage signals that the
program exists.

. Add FOD collection points. At minimum: one FOD can at each

Control area entry/exit and at each identified hotspot. An area
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10.

with no collection point will not stay clean.

. Review findings weekly for the first month. The program

owner reviews all logs every week and identifies the top finding
type and location. Share this in a brief email or a 2-minute
stand-up. The message: "We are watching. We are learning. We
will act.”

. Fix one repeat source quickly. Pick a finding that is repeating,

has an obvious source, and has a simple fix. Implement the fix.
Announce the result. This single demonstration of "we found it,
we fixed it, it stayed fixed" builds more program credibility than
any amount of training or posters.

Publish the first month's results. A simple one-page summary:
walks completed, total findings, top 3 items, top 3 locations,
and the one fix that was implemented. Post it. Brief it. Make the
program'’s first results visible.

36.3 Common Implementation Pitfalls

Pitfall Why It Happens How to Avoid
Overcomplicating Enthusiasm leads to Start simple. One checklist.
the launch launching with a 50- = One log. Basic categories.
page procedure, a Add complexity only when
20-category the simple system is
classification system, = working consistently.
and a digital tool
nobody has been
trained on.

Neglecting training = The program owner Train every walk leader
knows the system; before they lead. Train
assumes everyone every participant before
else does too. their first walk. Verify

competency by
observation, not
attendance.
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Inconsistent
leadership
enforcement

Data without action

Abandoning the
program after an
incident-free period

Leaders are not held
accountable for walk
quality, so walks
degrade.

Findings are logged
but never analyzed.
Analysis is done but
never acted upon.
Actions are assigned
but never verified.

"We haven't had an
incident in 18
months. The program
must be working. We
can reduce

frequency.'

The program owner
observes a sample of walks
each month and provides
feedback to walk leaders.
Walk completion and
quality are part of the
leader's performance
expectations.

The first time a finding is
logged and nothing
happens, the program loses
credibility. Close the loop
on the first few actions
visibly and publicly.

Incident-free periods mean
the program is working.
Reducing frequency is
removing the control that
created the incident-free
period. Maintain frequency;
shift focus to leading
indicators and continuous
improvement.

37. Training and Competency

practical skills.

371 Training Philosophy
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Download: The Training and Participation Record
and the Competency Verification Checklist are available
as editable Word documents at FODBag.com/resources.
Use them to track training attendance and verify



FOD training fails when it is treated as a compliance checkbox:
the
Competency in FOD prevention requires knowledge (what FOD is,

"Everyone completed online module; weTe trained.”
why it matters), skill (how to inspect, how to classify, how to log),
and attitude (FOD prevention is part of my job, not an interruption
of my job). Knowledge can be conveyed in a classroom or online.
Skill must be practiced and observed. Attitude is shaped by

leadership behavior and peer norms, not by training modules.

37.2 Training Tracks by Role

Training durations below are drawn from industry practice;

adjust to your regulator and operational requirements [Industry best

practice].
Initial Recurrent . .
. . Verification
Training (Duration)

Participant = FOD Annual: 1 hr Observed during
fundamentals, refresher (Initial: 2 =~ walk: scanning, 1D,
categories, walk  hrs class + two pick-
procedure. supervised walks) up/stop/escalate,
Supervised walk log accuracy.
with leader.

Zone Participant plus: =~ Annual (Initial: +1 Observed during

Captain zone inspection,  hr class + one zone inspection.
hotspot ID, supervised zone Checklist reviewed.
findings handoff. = inspection)

Walk Zone Captain Annual + quarterly =~ Observed by

Leader plus: briefing, 30-min huddle program owner or
pace control, (Initial: +2 hrs peer. Briefing, log,
stop-trigger, class + two checklist verified.
closure, log supervised walks
review. as leader)

Program Walk Leader Ongoing Program health

Owner plus: data professional indicators. Audit
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analysis, trends, = development results. Leadership

investigations, (Initial: feedback.
corrective comprehensive;

actions, audits, may include

SMS, business external courses,

case. conferences,

mentorship)

37.3 Training Delivery Methods

Initial classroom or online module: Covers FOD fundamentals:
what FOD is, categories, consequences of FOD damage, the
walkdown process, roles, classification, and reporting. Use
photographs of actual FOD findings from your site (or similar sites)
rather than generic images. Include a short quiz to verify
knowledge retention.

Supervised practical (the walk): The most important training
element. A new participant walks alongside an experienced person.
On the first walk, the new person observes. On the second walk,
the new person participates actively, with the experienced partner
providing real-time feedback: "Did you see that washer? It was in
the shadow of the stand leg. Shine your flashlight at a low angle
next time." Practical training cannot be replaced by any amount of
classroom time.

Recurrent training: Set the interval in the site procedure,
contract, regulator, and customer requirements. Annual refreshers
are a practical starting point where no stricter requirement applies.
Focus on what has changed since the last training: new procedures,
new forms, new hotspots, lessons learned from investigations.
Show the trend data: "Here's what we were finding a year ago.
Here's what we're finding now. Here's what we fixed. Here's what
we're still working on" This connects training to the program's
actual performance.
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Just-in-time training: Before a walk in an unfamiliar area, a 5-

minute brief from someone who knows the area. Before a post-

incident walk, a brief on what to look for and why. After a

significant finding, a brief to all shifts on what was found and what

changed.

37.4 Competency Verification

Attendance is not competency. Verification requires observation

of performance:

Participant competency: The walk leader observes each new
participant during their first two walks and confirms they can
perform the core sequence (see, pick up if safe, report, log,
prevent). A checklist documents the observation.

Walk Leader competency: The program owner (or a qualified
peer) observes each new walk leader during their first two
walks as leader. The briefing is evaluated against the standard
briefing card. The walk execution is evaluated for pace,
coverage, and stop-trigger handling. The log is reviewed for
completeness and classification accuracy.

Ongoing competency: The program owner periodically
observes experienced walk leaders (at least once per quarter) to
verify standards are maintained. Leaders who have drifted from
standard receive coaching. Leaders who consistently
demonstrate high standards are recognized.

37.5 Training Records

Maintain records of:

Initial training date and content for each person.
Supervised walk dates and observing leader for each person.
Competency verification date and verifier for each person.

Recurrent training dates.

181



e Just-in-time training topics and dates (simplified record; sign-
in sheet or digital equivalent).
Training records should be retrievable by person (for personnel
file and audit purposes) and by date (for verifying that all active
personnel are current).

37.6 Competency Verification Checklist

A brief set of sample knowledge-check questions is provided
here for quick reference during training sessions. The full scored
quiz (16 questions, 50 points) with the formal practical assessment
form is in Section 47.

Quick-check questions (for training reinforcement):

1. What does FOD stand for? Give both meanings.

2. List four of the ten FOD categories and give one example of
each.

3. When should you call STOP during a walk? Give three specific
triggers.

4. If you find the same type of debris in the same location three
times in a month, what does that indicate?

5. What information must be recorded for every FOD finding?

Practical observation points (see Section 47 for the formal
assessment form):

e Correct scanning technique (overhead to surface, overlapping
sweeps, flashlight use).

¢ Correct decision-making (pick up vs. stop vs. escalate).

e Accurate log completion (location, description, category,
quantity).

38. Internal Audit Framework
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38.1 The Purpose of Internal Audit

An internal audit verifies that the FOD program as practiced
matches the FOD program as documented. It provides independent
assurance to leadership that the program is functioning, and it
identifies gaps before an external auditor or a FOD event identifies
them.

Audits should be conducted by someone independent of the
area being audited. The auditor can be:

The FOD Program Owner auditing an area they do not directly
supervise.

A quality assurance representative.

A peer from another area or another site.

A cross-functional audit team (safety, quality, operations).
38.2 Audit Checklist

Download: The complete Internal Audit Checklist is
available as an editable Word document at
FODBag.com/resources. It includes the process audit (11
items covering documentation and records), physical
area audit (10 items covering signage, containers,
surfaces, and communications), and personnel interview
questions (5 items).

The audit checklist covers three dimensions: a process audit
that reviews program documentation and records, a physical audit
that inspects work areas and equipment, and personnel interviews
that verify FOD knowledge and participation. Use the editable
version to tailor the checklist to your site, add site-specific items,
and score each audit consistently over time.

38.3 Audit Frequency
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Internal
Audit
Frequency

Program

Maturity

Level 1-2 Monthly All scheduled walks reviewed for the
month. One physical area audited per
month, rotating through all areas.

Level 3 Quarterly Full process audit plus physical audit of a
sample of areas (minimum 25% of

zones). Documentation review.

Level 4-5 Semi-annually Comprehensive audit: full process, all
areas sampled, documentation review,
personnel interviews, trend analysis,
benchmark comparison.

38.4 Audit Findings and Corrective Action

Audit findings are graded using the same severity/risk matrix as
FOD findings (Section 24). An audit finding that three shadow board
positions are empty with no missing-tool documentation is a high-
severity finding.

Each audit finding generates a corrective action in the
corrective action tracker. The action is tracked and verified using
the same process as FOD-related corrective actions.

Audit close-out: The audit is closed when all findings have been
addressed (corrective actions implemented and verified, or risk-
accepted with leadership approval). The audit report, including
findings and corrective action status, is reviewed at the next
management review meeting.

38.5 External Audit Readiness

When a customer, regulator, or certification body audits your
FOD program, they will typically focus on:
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1. Documented program: Does a documented FOD policy and
procedure exist? Is it current? Is it approved?

2. Evidence of execution: Are walks being completed per the
schedule? Are findings being logged? Is the data driving action?

3. Training and competency: Are personnel trained? Is
competency verified, not just attendance recorded?

4. Corrective action effectiveness: When problems are found, are
they fixed? Is the fix verified? Do the problems stay fixed?

5. Management engagement: Does leadership review FOD
performance? Are resources allocated? Is the program owner

empowered?

The best preparation for an external audit is a functioning
internal audit program. If you are regularly finding and fixing your
own gaps, an external auditor will find fewer gaps to report.

39. Visual Management and Communications

Download: The Field Posters (3 designs) are available
as editable Word documents at FODBag.com/resources.
Print and post them: Walk in Progress, Clean As You Go,
and Check Your Area.

39.1 The Communication Principle

FOD program communication should follow the "push, don't
pull" principle: information should be pushed to where people
naturally see it, not placed where they must go looking for it. A
dashboard on a shared drive that requires navigating three folder
levels to find is a pull communication. A FOD board next to the time
clock is a push communication.
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39.2 FOD Communication Board

Place a FOD communication board in a location where
operational personnel pass daily: outside the shift briefing room,
near the time clock, at the entrance to the work area, or in the
break room.

Update the board weekly at minimum. Stale information trains
people to ignore the board.

Board content (updated weekly):

¢ This week's top finding: Photograph (where permitted) of the
most significant recent item, with: what it is, where it was
found, what action was taken. If the item could have caused
damage, state what could have happened. This connects the
abstract concept of FOD to a concrete, recent example.

e Trend arrows: Simple up/down/sideways arrows for: FOD
items per walk, repeat findings, open corrective actions. Green
arrow down (improving), red arrow up (worsening), yellow
sideways (stable). At a glance, anyone can see whether the
program is improving.

e Hotspot of the month: The one location currently receiving
extra attention, with a photo or map and the specific action
being taken.

e Coming improvements: "New FOD cans being installed in Bay 4
next week." "Updated walk checklist coming November 1.

e Recognition: Name (with permission) individuals or teams who
made a significant contribution: found a critical item,
eliminated a repeat source, achieved a milestone. Recognition
reinforces the behavior you want to see.

e Open corrective actions: Number open and number overdue.
Not every action listed (that's the tracker's job), but the
summary keeps the program's accountability visible.
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39.3 Printable Field Posters

Three standard posters, rotated quarterly to prevent
habituation. All share the tagline KEEP IT CLEAN. KEEP IT SAFE.

Poster Headline Subtitle

1. Walk in FOD WALK IN SLOW DOWN. STAY ALERT.
Progress PROGRESS REPORT FINDINGS.

2. Clean As CLEAN AS YOU GO ONE SMALL ACTION PREVENTS
You Go BIG PROBLEMS.

3. Check Your = CHECK YOUR AREA BEFORE YOU LEAVE, CHECK
Area FOR FOD YOUR ZONE.

39.4 Recognition Program

Recognition is one of the most underused tools in FOD
programs. It costs nothing, reinforces desired behavior, and builds

the culture of vigilance:
What to recognize:

¢ Finding a critical-severity item before it caused damage.

¢ Identifying a repeat source and proposing or implementing a
fix.

¢ Consistent, high-quality walk leadership over a sustained
period.

¢ A team achieving a milestone (e.g., 100 walks without a missed
walk; 6 months without a repeat finding in their area).

¢ A suggestion that led to a process improvement.
How to recognize:

e Public acknowledgment in shift briefing or on the
communication board.

¢ Anote from the program owner or site leadership.
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e A small tangible item (FOD-related: a quality flashlight, a
personalized FOD bag) that is both recognition and a useful
tool.

¢ Inclusion in the monthly dashboard narrative: "This month's
improvement in Bay 3 was driven by [Name]'s investigation and
corrective action."

What to avoid:

e Monetary rewards tied to finding counts (incentivizes finding
trivial items, or worse, planting items).

¢ Recognition that embarrasses the recipient (some people prefer
private acknowledgment; ask).

¢ Recognition so infrequent that it feels token. Aim for at least
one recognition per month.

40. Product and Resource Integration

40.1 Products Support the Process

Physical FOD controls (bags, cans, signs, stickers, tape, posters)
are tools that make the FOD program easier to follow. They are not
the program itself. The sequence matters: define the process, train
the people, then supply the tools. Buying FOD cans without a walk
schedule and findings log is buying labeled trash bins.

40.2 Product Selection by Use Case

Primary Use Selection Placement
Control e .
Case Criteria Guidance
FOD Personal debris Durable material One per person in
bags collection during (rip-resistant). FOD Critical areas.
tasks. Tool and High-visibility Available at entry
hardware color (contrasts points to Control
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FOD
cans

FOD
signs

FOD
stickers

containment.
Personal item
control (pockets
emptied into bag
before entering

critical area).

Fixed debris
collection at
points of
generation and
along travel paths.

Area classification
identification.
Behavior prompts.

Boundary marking.

Small-area
labeling: individual
bins, carts, doors,
inspection points,
tool boards.

with work
environment).
Attachment
method (belt loop,
carabiner, clip).
Size appropriate
for expected
debris volume.

Durable, stable
(not easily
knocked over).
Lined for easy
emptying. Covered
or lidded if
outdoors or in
dirty areas. Color
coding by area
classification
where used.

Durable for
environment
(indoor, outdoor,
chemical
exposure). High
contrast, legible at
a distance.
Consistent design
language across
the facility. One
message per sign.

Durable adhesive
for the surface and
environment. Fits
the surface size.
Consistent with
sign color coding.
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areas. Issued as
part of walk kit.

At every work
station in Critical
areas. At intervals <
50 ft /15 min
Control areas
[Industry best
practice]. At area
entries and exits.
Adjacent to
unpacking stations.
Near break area
exits.

At every entry to a
classified area. At
high-risk points
within areas. Along
boundaries
between
classifications.

On individual FOD
containers. On tool
boards. On entry
doors to controlled
spaces. On
equipment that



FOD Temporary or

tape semi-permanent
floor marking of
boundaries and

Durable, high-
adhesion for the
floor surface. High
visibility. Resistant

must be kept FOD-
free.

At classification
boundaries.
Marking walk lanes.
Outlining

lanes. to vehicle and foot =~ equipment parking
traffic. areas. Note:
replace when
fraying; frayed tape
is itself FOD.
FOD Culture Simple, visual, one = Rotate locations
posters reinforcement. message. Durable and messages
Training material. Sized for  quarterly. Mount at
reminders. the mounting eye level in high-
Campaign location. traffic areas.
messaging.

40.3 Product Maintenance and Replacement

Physical controls degrade over time and become FOD sources
themselves if not maintained. A torn FOD bag, a rusted FOD can, or
fraying FOD tape is not a control: it is debris waiting to happen.

Inspection during walks: Walk participants should note the
condition of FOD products as they pass them. A damaged FOD can,
a missing sign, or peeling tape should be logged as a finding
(category FAC) and flagged for replacement.

Replacement triggers:

e FOD bags: replace when torn, when the closure mechanism
fails, or when the material becomes porous. Issue replacements
at the start of each shift; collect worn bags for disposal.

e FOD cans: replace when rusted, dented to the point of
instability, or when the liner retention mechanism fails.
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Exterior should be cleaned monthly; interior liner should be
replaced at each emptying.

FOD signs and stickers: replace when faded below legibility,
when peeling, or when the message is no longer accurate (area
reclassification, procedure change). A sign that says "FOD
Critical Zone" at the entry to an area that has been reclassified
to Control undermines the entire classification system.

FOD tape: replace at the first sign of fraying, peeling, or lifting
at the edges. Tape that has been down for more than 6 months
should be inspected for edge condition even if it appears intact.
FOD posters: replace when faded, torn, water-damaged, or
when the message has been superseded. A poster advertising a

campaign that ended 18 months ago signals that the program is
not actively managed.

Budgeting for replacement: Annual FOD consumable budgets

should include replacement costs, not just initial purchase. As a

rough guideline (not a published standard), budget on the order of

20-30% of the initial outfitting cost per year for replacement of

consumable and wear-prone items, calibrated to your usage rate.

40.4 Cost-Effective Procurement

FOD products are a small line item in most operational budgets,

but costs add up across a large facility. Cost-effective procurement

does not mean buying the cheapest option; it means buying the

option that provides the required function for the longest service

life at the lowest total cost.

Evaluation criteria beyond price:

e Service life under your actual environmental conditions (not
the vendor's ideal-condition rating).

e Compatibility with your existing products (consistent color
coding, mounting systems, liner sizes).
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e Availability and lead time for replacements (a unique imported
product that takes 8 weeks to resupply creates a gap when
something breaks).

e Vendor willingness to provide samples for trial in your
environment before bulk purchase.

Common procurement mistakes:

¢ Buying the cheapest bag, which tears within a week, requires
more frequent replacement, and costs more in total than the
durable option.

e Buying a different brand or model of FOD can for each area,
creating incompatible liners, different keys for locks, and
confusion about servicing procedures.

e Ordering custom-printed signage in bulk before the area
classification scheme is finalized, resulting in a closet full of
expensive, obsolete signs.

40.5 The Resource Strategy

Provide useful guidance before promoting products. A field
guide (like this document) demonstrates understanding of the
problem and establishes credibility. The products become the
natural next step because they solve specific needs the guide
identifies.

A customer who has read the guide knows they need FOD cans
at roughly 50-foot intervals in Control areas, shadow boards at
every work station in Critical areas, and personal FOD bags for line
maintenance technicians. They are buying solutions to defined
problems, not browsing a catalog.

The long-term value of a product relationship is not in the initial
sale. It is in the program improvement that happens when a
knowledgeable supplier helps a customer identify gaps they would
not have found on their own, and provides products that fill those
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gaps effectively. The guide is the first step in that relationship; the
products are the tools that sustain it.

41. Contractor and Visitor FOD Management

Download: The Contractor FOD Orientation Checklist
and Visitor FOD Briefing Card are available as editable
Word documents at FODBag.com/resources. Use them to
verify contractor orientation and brief escorted visitors.

411 The Third-Party Risk

Contractors and visitors enter your facility without the benefit
of your FOD training, your cultural norms, or your institutional
memory of past FOD incidents. They may come from organizations
with weaker FOD programs, or none at all. They are a known
source of FOD risk that requires specific controls.

41.2 Contractor FOD Requirements

Contractors performing work within your facility should be held
to the same FOD standards as your own personnel. This
expectation should be established contractually, before the

contractor arrives on site:

Contract language (example):

"Contractor shall comply with [Customer]|'s FOD
prevention program, including: participation in FOD
walks in work areas, use of designated FOD containers,
tool control per [Customer] standard [reference], clean-
as-you-go practices, and immediate reporting of any
FOD finding or FOD-related incident. Contractor shall
ensure all Contractor personnel receive a FOD
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orientation before commencing work. Contractor shall be
responsible for FOD generated by Contractor's work and
shall clean the work area to [Customer] standard at the

completion of each work period."

Pre-work requirements:

e Contractor submits their FOD program documentation for
review (if they have one) or acknowledges they will follow the
site program.

e Contractor personnel receive a site FOD orientation before
starting work. This is a condensed version of new-hire training:
what FOD is, the site's classification system, the walk
procedure, and reporting expectations. Duration: 30-45
minutes.

¢ Contractor's tools and equipment are inspected on arrival for
FOD-generating condition (deteriorating, dirty, loose items).

During-work requirements:

e Contractor personnel participate in scheduled FOD walks in
their work area.

¢ Contractor maintains clean-as-you-go in their work area.

e Contractor reports any FOD finding to the site FOD program,
regardless of whether the finding is from the contractor's work.

e Contractor's work area is inspected at the completion of each
work period (end of shift or end of task) for FOD. The area is not
released until the inspection is complete and findings are
resolved.

Post-work requirements:

e Final FOD inspection of the contractor's work area before

contract close-out.
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¢ Any FOD findings attributed to the contractor are documented
and provided to the contractor's management.

e Contractor FOD performance is factored into supplier
performance evaluations and future contracting decisions.

41.3 Visitor FOD Management

Visitors (customers, auditors, VIPs, job candidates, family
members on escorted tours) require a scaled approach:

All visitors to FOD Control or Critical areas:

e Escorted at all times by a site-trained person.

e Briefed on FOD requirements relevant to the areas they will
enter (this can be a 2-minute brief at the area entry: "No loose
items in pockets. Stay with your escort. If you see something on
the floor, point it out; don't pick it up.").

¢ Loose personal items secured before entry (provide a locker or
a secure storage location). As a minimum: no loose items in
shirt pockets, no dangling jewelry, no food or drink.

e Appropriate PPE provided and worn.
Visitors to FOD Critical areas (additional requirements):

¢ Visitor log completed (name, organization, date, time in/out,
escort name).

e Garment control: lab coat, coverall, or pocket covers as
required by the area.

e Sticky mat or shoe cover protocol observed at entry.

¢ Tools, phones, cameras, and other carried items inspected for
FOD potential before entry. Items that cannot be secured (e.g.,
a phone in a loose case) are left outside the area.

41.4 Temporary Personnel and Agency Workers

Temporary personnel present a particular risk because they may
work in your facility for days or weeks but receive abbreviated
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training. Mitigations:

e Temporary personnel receive the same FOD orientation as
contractors before starting work.

e Temporary personnel are paired with experienced site
personnel for their first three shifts (buddy system).

e Temporary personnel's work areas are inspected more
frequently than permanent personnel's areas during the
temporary assignment period.

e The temporary personnel agency contract includes FOD
performance expectations.

42. Industry-Specific FOD Program Adaptations

421 The Principle of Adaptation

FOD prevention principles are universal. Their application must
be adapted to the specific risks, operating environment, regulatory
framework, and culture of each industry. This section provides
adaptation guidance for the industries where FOD programs are
most commonly deployed.

42.2 Commercial Aviation: Airports
Unique risks:
e Runway and taxiway FOD directly threatens aircraft at their
most vulnerable phase (takeoff and landing at high speed).

e Large, outdoor areas exposed to weather, wildlife, and vehicle
traffic.

e Multiple organizations operating in the same space (airport
operator, airlines, ground handlers, fuelers, -caterers,
maintenance providers) with varying FOD program maturity.
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¢ Time pressure between aircraft movements limits inspection

windows.
Program adaptations:

e Runway inspections scheduled between movements, with
intervals set by your regulator and traffic volume (FAA requires
at least daily inspections under 14 CFR 139.327, with additional
event-driven inspections; some military instructions schedule
walks two hours before first launch).

¢ Automated FOD detection systems considered for high-traffic
runways where manual inspection windows are insufficient.

e Multi-stakeholder FOD committee: airport operator convenes
all organizations operating on the airfield to coordinate FOD
responsibilities, share trend data, and address cross-
organizational FOD issues.

¢ Wildlife management program integrated with FOD program
(bird hazard reporting, habitat management, wildlife dispersal).

e Seasonal variations: increased inspection frequency during
autumn (leaf litter) and spring (snow melt revealing
accumulated debris).

42.3 Commercial Aviation: Airlines and MROs
Unique risks:

¢ Maintenance-induced FOD is a recurring risk source, including
tools, hardware, and consumables left after maintenance. Use
local findings data to determine whether it is a leading source
in your operation.

e Turnaround time pressure: quick-turn maintenance between
flights creates temptation to skip or abbreviate FOD checks.

e Multiple aircraft types with different tooling requirements and
FOD risk profiles.

Program adaptations:
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e Tool control is the highest-priority FOD control; invest in
serialization, shadowing, and independent verification for all
critical-area maintenance.

¢ Post-maintenance FOD inspection is a mandatory, documented
step in the task card, not a separate optional activity.

e Task card design embeds FOD checks at natural pause points:
before closing a panel, before signing off a task, before
releasing the aircraft.

¢ Engine run-up areas and compass calibration pads inspected
before and after each use (high-power engine runs can
redistribute debris over wide areas).

42.4 Military Aviation
Unique risks:

e Operational tempo: surge operations, deployed environments,
and combat operations create conditions where FOD
procedures compete with mission urgency.

¢ Flight deck operations (naval aviation): confined space, multiple
aircraft in close proximity, rotor wash and jet blast
redistributing debris, personnel density, and the catastrophic
consequence of FOD on a flight deck (fire, loss of aircraft, loss
of life).

¢ Deployed and austere operating locations with limited facilities,
unfamiliar surfaces, and reduced support.

Program adaptations:

e Flight deck FOD walkdowns before the first launch of the day
and after any incident, with participation and timing defined by
the carrier's governing procedure. Naval aviation provides a
useful example of tightly coordinated flight-deck debris
control; adapt the principle to the local operation.
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e FOD is integrated into the operational briefing and debriefing
cycle. FOD findings are reported in the same format and with
the same urgency as maintenance and operational issues.

¢ Deployed environment FOD kit: portable, self-contained kit
with bags, gloves, flashlight, log forms, and basic tools for a unit
operating away from home station.

¢ Foreign object damage to aircraft above defined cost thresholds
is a reportable mishap with defined investigation and reporting
requirements (per DoDI 6055.07; verify current exemption
criteria); note that FOD discovered during scheduled engine
disassembly is exempt from reporting.

42.5 Aerospace and Defense Manufacturing
Unique risks:

¢ Product value: a single spacecraft, satellite, or advanced aircraft
represents years of work and hundreds of millions of dollars.
FOD-induced failure may be irrecoverable.

¢ Cleanroom and controlled-environment requirements for many
aerospace assembly operations.

¢ Long-duration assembly processes (months to years) where
debris can be introduced early and remain hidden until system
test or flight.

e Customer (government) FOD requirements that may exceed
commercial standards, with formal audit and verification.

Program adaptations:

e Progressive FOD controls: as the product moves from
fabrication to assembly to integration to test, FOD controls
tighten. Access becomes more restricted. Tool control becomes
more rigorous.

e Cavity and system close-out inspections: formal, documented
inspections before any cavity, bay, or system is closed for the
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final time. Independent verification. Photographic records.

e Cleanroom protocols integrated with FOD protocols:
particulate counting, garment control, material restrictions.

e Customer FOD requirements flowed down to all suppliers and
subcontractors through contract language and supplier audits
(Section 9).

42.6 Space Launch Operations
Unique risks:

¢ The cost of failure is existential: a single FOD event can result in
loss of mission, payload, or vehicle, with costs in the hundreds
of millions to billions of dollars and potential loss of life in
human spaceflight.

e Cryogenic systems: debris that is benign at ambient
temperature can become a hazard when embrittled by
cryogenic temperatures or when interacting with liquid oxygen
(LOX-compatibility requirements).

e Vertical integration facilities: debris falling from height onto the
vehicle during stacking and integration.

¢ Payload (satellite, spacecraft) contamination requirements that
exceed typical FOD standards: molecular contamination,
particulate counts, and material outgassing restrictions.

Program adaptations:

e LOX-compatibility: all materials used in proximity to LOX
systems must be certified LOX-compatible. A non-LOX-
compatible item (e.g., a standard zip tie) dropped into a LOX
environment is a potential ignition source.

e Vertical integration FOD controls: tools tethered to personnel
or work platforms. All items entering the integration area

inventoried and accounted for on exit. Overhead platform
cleanliness verified before vehicle roll-in.
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¢ Payload processing in certified cleanrooms to payload-specific
contamination standards. FOD program expanded to include
molecular and particulate contamination control.

e Mission assurance: FOD program effectiveness is part of the
mission assurance assessment. FOD-related findings during
integration and test are tracked as mission risks with formal
risk assessment and acceptance.

42.7 Automotive and Heavy Equipment Manufacturing

Unique risks:

¢ High-volume production: a FOD problem replicated across
thousands of units per day creates a large-scale quality and
warranty liability.

e Automated assembly: debris can jam, misalign, or damage
automated equipment, causing production stoppages in
addition to product defects.

¢ Engine, transmission, and hydraulic system assembly: internal
debris causes premature wear, reduced efficiency, and warranty
claims.

Program adaptations:

e Inline FOD controls: FOD prevention integrated into the
production line rather than treated as a separate activity.
Cleaning and inspection stations positioned between
manufacturing process steps.

e Automated vision inspection: camera-based systems inspect
components and assemblies for debris at production line speed,
supplementing human inspection.

e Torque and process monitoring: automated tools detect
anomalies (incorrect torque, missing fastener) that may indicate
FOD in the assembly.
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e Warranty data feedback: FOD-related warranty claims analyzed
to identify production FOD sources and prioritize corrective
actions.

42.8 Medical Device and Pharmaceutical Manufacturing

Unique risks:

e Patient safety: FOD in a medical device (implant, surgical
instrument, drug delivery system) can cause patient injury or
death.

e Regulatory framework: FDA and equivalent agencies require
documented contamination control programs with validated
effectiveness.

e Cleanroom manufacturing: particulate limits, garment
protocols, and environmental monitoring requirements that

overlap with and extend beyond typical FOD controls.
Program adaptations:

e FOD program integrated with the quality management system
and contamination control strategy required by regulation.

e Particulate counting and classification per ISO 14644 cleanroom
standards, with FOD walkdowns supplementing environmental
monitoring.

e Material control: all materials entering cleanroom and
manufacturing areas are approved, inspected, and
decontaminated per procedure. Cardboard, wood, and other
particle-generating materials prohibited.

e Product accountability: every component, tool, and material
used in a manufacturing batch is accounted for at batch
completion. Any discrepancy triggers a formal deviation
investigation before product release.
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Part VIII: Appendices and References

43. References and Further Reading

Use official, current source documents for compliance
decisions. Verify all references against your organization's
requirements before implementation. Where a section includes a
source tag, the corresponding reference below provides the
document identifier and a stable link. Where a threshold is this
guide's recommendation or an illustrative example, it is labeled as

such. Verify regulatory and company-specific requirements locally.

Link /
Source and type . .
identifier
1 FAA AC 150,/5210-24A, Airport FOD Management. Open FAA
Advisory guidance, active, issued 2024-02-08. source
2 | FAA14 CFR Part 139, Certification of Airports. Open eCFR
Regulation. source
3 | FAATForeign Object Debris Program. Reference. Open FAA
source
4 NASA MSFC-STD-3598, Revision D, 2021-07-26. Open NASA
Active standard. source
5 | NASA Lessons Learned Information System, FOD Open NASA
program lessons. Reference. source
6 | DoDI 6055.07, Change 2, 2019-06-11. DoD Open DoD
instruction. source
7 | U.S. Air Force flightline FOD walk procedures. Verify locally.

Military practice. Verify the current service-level
instruction and local technical order before use.

8 | EASA aerodrome safety materials. International Open EASA
guidance. source
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https://www.faa.gov/regulations_policies/advisory_circulars/index.cfm/go/document.information/documentID/1042456
https://www.faa.gov/regulations_policies/advisory_circulars/index.cfm/go/document.information/documentID/1042456
https://www.ecfr.gov/current/title-14/chapter-I/subchapter-G/part-139
https://www.ecfr.gov/current/title-14/chapter-I/subchapter-G/part-139
https://www.faa.gov/airports/airport_safety/airport_safety_information/foreign_object_debris
https://www.faa.gov/airports/airport_safety/airport_safety_information/foreign_object_debris
https://standards.nasa.gov/standard/MSFC/MSFC-STD-3598
https://standards.nasa.gov/standard/MSFC/MSFC-STD-3598
https://llis.nasa.gov/
https://llis.nasa.gov/
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/605507p.pdf
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/605507p.pdf
https://www.easa.europa.eu/en/domains/airports
https://www.easa.europa.eu/en/domains/airports

9 | ICAO Annex 13, Aircraft Accident and Incident Open ICAO
Investigation. International standard. source

10  ICAO Annex 14, Aerodromes, Volume I. International =~ Open ICAO

standard. source
11 Eurocontrol safety culture and Just Culture Open
guidance. International guidance. Eurocontrol
source
12 ISO 14644 series, Cleanrooms and controlled Open ISO
environments. International standard. source
13 James Reason, Human Error (1990) and Managing Verify edition

the Risks of Organizational Accidents (1997). Books. locally.

14 = David Marx, Patient Safety and the Just Culture Verify source
(2001). Reference. locally.

15 = BEA, Concorde F-BTSC Final Report, report f- Open BEA
sc000725a. Accident investigation. source

16 =~ FAA Automated FOD Detection System Evaluation. Open FAA
Technology evaluation. evaluation

44. Glossary of Terms

Term Definition

Barrier

Clean-as-you-
go

Corrective
action

FOD (Foreign
Object Debris)

A physical, procedural, behavioral, or detection-based
control intended to prevent or catch FOD.

The practice of cleaning the work area continuously
during a task, not only at task completion.

An action taken to eliminate the cause of a detected
nonconformity or undesirable situation and to prevent
recurrence. Distinct from immediate containment
(which addresses the symptom).

Any object, substance, or material in an inappropriate
location that could injure personnel, damage aircraft or
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https://www.icao.int/safety/airnavigation/Pages/aircraftaccident.aspx
https://www.icao.int/safety/airnavigation/Pages/aircraftaccident.aspx
https://www.icao.int/safety/airnavigation/Pages/annexes.aspx
https://www.icao.int/safety/airnavigation/Pages/annexes.aspx
https://www.eurocontrol.int/
https://www.eurocontrol.int/
https://www.eurocontrol.int/
https://www.iso.org/committee/54998.html
https://www.iso.org/committee/54998.html
https://bea.aero/fileadmin/documents/docspa/2000/f-sc000725a/htm/f-sc000725a.html
https://bea.aero/fileadmin/documents/docspa/2000/f-sc000725a/htm/f-sc000725a.html
https://www.airporttech.tc.faa.gov/Airport-Safety/Airport-Safety-Surveillance-Sensors/Automated-FOD-Detection-System-Evaluation
https://www.airporttech.tc.faa.gov/Airport-Safety/Airport-Safety-Surveillance-Sensors/Automated-FOD-Detection-System-Evaluation

FOD (Foreign
Object Damage)

FOD Ceritical
Zone
FOD Control
Area

FOD Awareness
Area

FOD walk

FOD walkdown

Hotspot

Just Culture

Lagging

indicator

Leading
indicator

Line-abreast

equipment, or compromise product integrity.

Any damage attributed to foreign object debris.

A zone where debris could directly threaten aircraft,
engines, flight hardware, spaceflight hardware, or
critical product. Highest control level.

An area where debris could migrate to critical areas or
affect equipment reliability. Intermediate control level.

An area where debris risk is present but lower. General
housekeeping and awareness standards apply.

The field activity of visually inspecting and clearing an
area of foreign object debris.

The complete process: briefing, inspection, collection,
documentation, escalation, corrective action, and
improvement review.

Alocation where FOD findings repeat at higher
frequency than the site average, indicating an
uncontrolled debris source or accumulation point.

A safety culture, coined by David Marx (2001), that
recognizes human error as inevitable while holding
individuals accountable for reckless or deliberate
violations. Distinguishes between error (system fix), at-
risk behavior (coaching), and recklessness (sanction).

A metric that measures past performance or outcomes
(e.g., FOD items collected, damage events, cost of
repairs).

A metric that measures process health and predicts
future performance (e.g., training completion rate, tool
audit scores, walk completion rate).

A walk formation where personnel form a single line
across the inspection width and move forward together
at a controlled pace.
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Root cause

Shadow board

SMS (Safety
Management
System)

Tool control

Verification

Zone method

The fundamental systemic reason why a problem
occurred, which, when addressed, prevents recurrence.
Distinguished from proximate cause (the immediate
event) and contributing factors.

A tool storage board with marked silhouettes showing
the correct location for each tool, enabling instant visual
inventory.

A systematic approach to managing safety, including
organizational structures, accountabilities, policies, and
procedures. The four pillars are Safety Policy, Safety Risk
Management, Safety Assurance, and Safety Promotion.

The system of procedures, physical controls, and audits
that ensures all tools are accounted for at all times,
particularly before, during, and after maintenance or
assembly tasks.

Independent confirmation that a corrective action has
been implemented and is effective. Distinguished from
validation (confirmation that the action addresses the

root cause).

A walk method where an area is divided into discrete
zones, each inspected by an assigned captain who
verifies completion and reports findings to the walk
leader.

45. FOD

Prevention Toolkit: 17 Free Forms,

Checklists and Training Tools, Plus 1 Excel Tracker

Download 17 free forms and 1 Excel Corrective Action
Tracker at FODBag.com/resources.

Includes 17 editable Word forms and 1 Excel Corrective
Action Tracker. The PDF folder contains the 17 printable
forms. Form 06 is the Excel tracker and does not have a
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anything.

PDF counterpart. No registration required. Each resource
listed below is available as an individual downloadable

file so you can print, edit, and adapt it without retyping

The following forms are referenced throughout this guide. Print,

laminate, test during real walks, and revise against your site

procedure. Forms with an asterisk (*) are new in this expanded

version.

Form

Supervisor
Briefing Card

Daily FOD Walk
Checklist

FOD Collection
and Findings
Log

Hotspot Map
Worksheet

Repeat FOD
Investigation
Worksheet

Corrective
Action Tracker

Monthly
Dashboard
Template

30-Day

Challenge
Scoreboard

Section | Purpose

15

28

21

18

25

32

30

34

Standard pre-walk
briefing script.

Walk completion and
inspection verification.

Individual finding
documentation.

Repeat-location
tracking and control
assignment.

Structured investigation
of recurring findings.

Action assignment,
status, and verification
tracking.

Trend review and
management reporting.

Focused improvement
campaign measurement.
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Half-page,
laminate.

Full page.

Full page or
spreadsheet.

Full page with

map or diagram.

Full page.

Spreadsheet or
digital system.

One to two
pages.

One page,
posted.



Training and
Participation
Record

Shift Handoff
Sheet

Return-to-
Service
Verification
Sign-Off

Program
Maturity Self-
Assessment *

Internal Audit
Checklist *

Contractor FOD
Orientation
Checklist *

Visitor FOD
Briefing Card *

Field Posters (3
designs)

Competency
Verification
Checklist *

FOD Quiz and
Competency
Assessment *

37

35

33

38

41

41

39

37

47

Training attendance and
competency
documentation.

Cross-shift FOD status
communication.

Area, aircraft, or
equipment release after
maintenance or FOD
clearance.

Current-state evaluation
and improvement target
setting.

Structured program and
physical area audit.

Verification that
contractor personnel
have received required
FOD orientation.

Pocket card with key
FOD rules for escorted

visitors.

Walk in Progress, Clean
As You Go, Check Your
Area.

Quick-check questions
for training
reinforcement. Full
scored quiz in Section
47.

Full scored knowledge
quiz (16 questions, 50
points) and formal
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Full page or
digital.

Half-page,
digital
preferred.

Half-page,
retained with
maintenance
records.

Full page.

Multiple pages.

Half-page.

Quarter-page,
laminate.

Full page each,
post and rotate.

Half page.

Two pages.



practical assessment
form.

Resource format note: Form 06, Corrective Action Tracker, is an
Excel workbook. It is stored in the Excel Tracker, Form 06 folder.
Forms 01 to 05 and 07 to 18 are available in the Editable Word
Forms, forms ©1 to ©5 and ©7 to 18 and Printable PDF
Forms, forms 01 to @5 and 07 to 18 folders.

46. Training Lesson Plans

Download: Three complete lesson plans (New
Participant, Walk Leader, and Recurrent Training) are
available  as  editable ~ Word  documents  at
FODBag.com/resources. Each includes timed modules,
instructor notes, and assessment criteria. Adapt the
duration, content, and examples to your site procedures

and governing requirements.

The training program uses three lesson plans, each designed for

a specific audience and purpose:

e New Participant (2 hours classroom + supervised walks):
Covers FOD fundamentals, the walkdown process, classification
and logging, practical scanning skills, and a scored competency
assessment. Delivered once to every person who enters a
classified area.

e Walk Leader (additional 2 hours + supervised leadership
walks): Covers leadership responsibilities, briefing delivery with
practice and feedback, walk execution and pacing control, post-
walk log review, and practical leadership evaluation under
observation.
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e Recurrent Training (1 hour, annual): Reviews the past year's
FOD performance data, significant investigations, procedure
changes, and emerging hotspot patterns. Includes a refresher
quiz, scenario-based challenges, and open discussion of what is
working and what needs improvement.

All three lesson plans are provided as standalone resources so
you can print them, edit them, and hand them to an instructor
without rebuilding curriculum from the sections of this guide.

47. FOD Quiz and Competency Assessment

Download: The complete scored quiz and practical
assessment form are available as an editable Word
document at FODBag.com/resources. Print, administer,
and adapt the questions to your site procedures and
governing requirements.

The competency assessment package includes two instruments:

¢ Knowledge Assessment: A 16-question scored quiz covering
FOD fundamentals, walk procedures, classification and severity,
incident response, and program understanding. Total possible:
50 points. Passing: 40 points (80%). Delivered at initial training
and annually thereafter.

¢ Practical Assessment: A hands-on evaluation completed by the
Walk Leader or Program Owner during a supervised walk.
Assesses scanning technique, FOD identification, pick-up-or-
stop decision-making, safe debris handling, log completion
accuracy, classification accuracy, and communication clarity.
Results are documented as Competent or Needs Additional
Practice.
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Both instruments are provided as standalone resources so you
can edit them, print them, and file the completed assessments in
personnel training records without retyping or rebuilding from the
sections of this guide.

48. Acronyms and Abbreviations

Acronym | Meaning

AOA Air Operations Area (airport context); Angle of Attack
(aerodynamics)

AOG Aircraft on Ground

CAPA Corrective and Preventive Action

CONS Consumable (FOD category code)

D1-D6 Disposition codes

EASA European Union Aviation Safety Agency

FAA Federal Aviation Administration

FAC Facility deterioration (FOD category code)

FOD Foreign Object Debris / Foreign Object Damage

GSE Ground Support Equipment

HARD Hardware / fasteners (FOD category code)

HAZ Hazardous material (FOD category code)

HVAC Heating, Ventilation, and Air Conditioning

ICAO International Civil Aviation Organization

KSC Kennedy Space Center

LOX Liquid Oxygen

MRO Maintenance, Repair, and Overhaul

MSFC Marshall Space Flight Center
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NASA National Aeronautics and Space Administration

NAT Natural debris (FOD category code)
NDT Non-Destructive Testing

PACK Packaging (FOD category code)
PART Suspected part (FOD category code)
PERS Personal item (FOD category code)
PPE Personal Protective Equipment
RCA Root Cause Analysis

ROI Return on Investment

SMS Safety Management System

SOP Standard Operating Procedure
TOOL Tool / tooling (FOD category code)
UNKN Unknown (FOD category code)
USAF United States Air Force

Final Message

A great FOD walkdown is not measured by how much trash is
picked up. It is measured by fewer repeat findings, cleaner work
areas, stronger accountability, and less risk to people, equipment,
aircraft, and mission. It is measured by a workforce that sees FOD
prevention as integral to their professional identity rather than an
extra task they are asked to perform.

The walk is the habit. The log is the data. The corrective action
is the improvement. The verification is the proof. Together they
form a system that prevents damage before it happens, learns from
what it finds, and gets stronger with every cycle.
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The difference between a cleaning program and a prevention
program is not the effort expended. It is whether the effort
produces learning. A program that finds the same debris in the
same place month after month is working hard and learning
nothing. A program that finds debris, investigates why, eliminates
the source, and verifies the fix is working smarter every month.

Build your program for the long term. Document it. Measure it.
Improve it. Celebrate the people who make it work. And when you
find something that could have hurt someone or destroyed
something valuable, take a moment to recognize that your walk,
your log, and your corrective action prevented that outcome. That
is what a serious FOD program does.

KEEP IT CLEAN. KEEP IT SAFE.

FODBag.com | Version 2.0, last updated July 2026 | A Powell Pack
Products Company Register for free wupdate notifications at
FODBag.com/updates.

How to use this toolkit: Download editable versions of every form
at FODBag.com/resources. Print the field forms, place them on
clipboards, test them during a real walk, and revise them against
your site procedure. Use the logs to identify repeat sources, not just
repeat cleanup mneeds. Adapt everything to your governing
regulations, contracts, and safety program. The best FOD program is
the one your team actually follows; start simple, prove the value, and
build from there.

Download the complete FOD Program Starter Kit at
FODBag.com/resources. It contains 18 numbered
resources: 17 editable Word forms and 1 Excel tracker. The
17 printable forms are also provided as PDF files. Form 06
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is the Excel Corrective Action Tracker and does not have
a PDF counterpart. Free. No registration required.
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Every day, foreign object debris costs the aviation
industry millions and puts lives at risk.
This field guide turns cleanup into prevention.

INSIDE THIS BOOK

e Complete walkdown procedures from briefing through closure

e Ten-category FOD classification with risk scoring matrix

e Tool control, supply chain, and contractor management

e Digital capture, trend automation, and monthly dashboards

e Root cause analysis with worked examples and case studies

e Industry adaptations for aviation, space, military, and manufacturing

e 48 sections, 17 printable forms, plus 1 Excel tracker, and complete training
plans

WHO THIS BOOK IS FOR

FOD program managers, maintenance supervisors, and walk leaders at airports,
MRO facilities, aerospace manufacturers, military flightlines, and industrial
operations — anyone responsible for keeping operating areas debris-free.

FODBag.com

KEEP IT CLEAN. KEEP IT SAFE.



