ACCIDENT/INCIDENT INVESTIGATION TECHNIQUES 
Why is it important that we investigate accidents?  There are many answers to that question, but the first answer is that it is required by law.  According to 30 CFR, Part 50.11(b), “each operator of a mine shall investigate each accident and each occupational injury at the mine”.    A written report of such investigation must be submitted to MSHA and MAQB.  For MSHA, if the mine employs fewer than 20 miners, then the MSHA 7000-1 form may be used as an investigation report, but those employing 20 miners or more must prepare not only a 7000-1 form, but also write a separate report that may be inspected by MSHA. 

For recording data uncovered by the investigation, a 7000-1 form required by MSHA is not sufficient. The form maybe used to report the event, however the information gleaned from the investigation should be documented and scrutinized for use in preventing any recurrence.  

MAQB requires either a copy of the 7000-1 form, or an MAQD-9 form be submitted.  The ultimate reason for investigating accidents is to uncover the root causes, and to formulate appropriate safeguards to prevent a recurrence of the accident.  Accident investigations by companies should be approached in this way, and not used to place blame on anyone.  Accident investigations usually result in citations being written.  Thus, they place the blame for the accident through inference.  Thorough company investigations may uncover important facts missed by other investigators.  No government agency should be used to conduct your investigation.  Their investigative experience, interests, and priorities are totally different from those of the company.  An MSHA report (or any government investigation for that matter) may come to totally different conclusions than an internal one.   A company’s well prepared and documented investigation report might be the critical evidence in future litigation actions.  Accident investigations are important to a company’s safety and health program with the true purpose to: determine the direct, indirect, and basic (root) causes; make recommendations to prevent similar accidents; provide cost information; document facts (which may later prove invaluable); and reinforce the company’s commitment to safety.  The affects of an accident sometimes last a long time and in some occurrences a company may never fully recover.

Accidents usually result from a rather complex interplay among hazardous conditions, equipment, people, behavior, and the laws of probability.  Rarely, if ever, is there just one cause. In order to facilitate a thorough accident investigation, all on the investigation team must understand the reasons behind the investigation.  It is also important for the team to have all necessary equipment to perform an investigation.  There are numerous and complex analytical methods required in conducting a proper investigation.  Anyone performing such duties must be properly trained to do so.  

What is an accident or incident?

Most of us have a basic sense of what constitutes an accident.  However, there are different definitions, depending upon the user.  MSHA and MAQB both have legal definitions of what they consider as an accident (See Table 1).  When an accident occurs under these definitions, the appropriate agency must be notified immediately.  We are required to investigate not only MSHA/MAQB-defined accidents, but also occupational injuries (See 30CFR, Part 50.2(e), NC Administrative Code 13.6.0305(a)) that occur at our mine.  It is imperative that we understand these definitions and assure compliance. 

	 MSHA’S DEFINITION OF ACCIDENT
1.  The death of an individual at a mine.

2.  An injury to an individual at a mine which has a reasonable potential to cause death.

3.  An entrapment of an individual for more than 30 minutes.

4.  An unplanned mine inundation by a liquid or gas.

5.  An unplanned ignition or explosion of dust or gas.

6.  An unplanned mine fire not extinguished within 30 minutes of discovery.

7.  An unplanned ignition of a blasting agent or an explosive.

8.  An unplanned roof fall at or above the anchorage zone in active workings where roof bolts are in use; or a rib or roof fall on active workings that impairs ventilation or impedes passage.

9.  A coal or rock outburst that causes withdrawal of miners or which disrupts regular mining activity for more than one hour.

10.  An unstable condition at an impoundment, refuse pile, or culm bank which requires emergency action in order to prevent failure, or which causes individuals to evacuate an area; or failure of an impoundment, refuse pile, or culm bank.

11.  Damage to hoisting equipment in a shaft or slope which endangers an individual or which interferes with use of the equipment for more than thirty minutes.

12.  An event at a mine which causes death or bodily injury to an individual not at the mine at the time the event occurs.
	 MAQB’S  DEFINITION OF ACCIDENT
1.  Any injury, including illness, which results in death or may reasonably be expected to result in death.

2.  Any outbreak of fire that endangers human life or a fire underground which is not brought under control within 30 minutes.

3.  Any unplanned ignition of dust or strata gas.

4.  Any unplanned explosion of dust or gas.

5.  Any unplanned inundation by water or gas that endangers human life.

6.  Any unplanned initiation of explosives, including blasting agents.

7.  Any cave-in or entrapment that endangers human life.

8.  Any unexpected event which could have readily resulted in serious physical harm.



Definition of an Accident--MSHA & MAQB

From a company standpoint, we can define an accident as any unplanned event that results in bodily injury, or property damage.  We may have accidents that are not necessarily reportable to MSHA, especially those that result only in property damage.  All accidents should be thoroughly investigated, even non-reportable events such as first aid cases.  Many times investigating the minor incident may reveal a problem that could lead to a much worse accident.

Key elements of an investigation
Accident/incident investigations have three phases: 

1.  Investigative Work--Gathering the data (facts)

2.  Data Analysis--Interpreting the data

3.  Report Preparation--Compiling the data and interpretations into a useable form

These phases have vague boundaries relative to each other, and all three can be in process during the investigation. Investigations tend to be an evolving process and may take some time to complete.  After the initial data-gathering phase, preliminary analysis of the original data may require the procurement of additional data.  The investigator must be willing to adhere to fundamental, verifiable facts when analyzing the data.  The report preparation is not complete until three key elements of the investigation have been completed:

1.  Identification of all pertinent, verifiable facts.

2.  Determining conclusions based on those facts.
3.  Making recommendations/policy, etc. based on the conclusions.
Each phase of the investigation builds upon the knowledge gained from the previous phase.  The process requires constant evaluation and re-evaluation of facts, conclusions, and recommendations as they unfold.  Be ready to pursue alternate avenues when new facts are presented.  Ultimately, any investigation will come to a logical end based upon the available facts, conclusions, and recommendations.  A good investigator revisits the data from time-to-time to assure any additional steps that may be needed to support a conclusion is updated because of changes in process, technology, etc.

Preparing for an investigation
First of all, the company needs to determine who will conduct the investigation.  Normally, it is left up to supervisory personnel in charge of the victim to conduct investigations.  There is an inherent flaw in this approach, because each investigator will bring his own biases to the endeavor.  Rarely will an accident investigator implicate himself as a contributing factor to an accident.   Companies should utilize a team approach.  A safety committee made up of representatives from all of the entities within the company is a good place to start.  Management should also be involved but the supervisor in the area should not lead the investigation.  In many cases the safety department will lead the investigation. The team should have all the tools needed to conduct the investigation.  Some basic tools needed are:

· Camera

· Film

· Tape recorder

· Ruler (a yard stick or carpenter’s ruler works well)

· Tape measure (50 or 100 feet)

· Cones or other devices to mark off an area

· Surveyor tape

· Pads and pencils (several so the witnesses can write down their statement)

· Flashlight

· Resealable bags

· Drawing devices

· Other depending upon accident 

The time to plan for an accident investigation is not after the accident has occurred.  A good accident/ incident investigation has to be planned in advance.  There are some basic tools and procedures that are needed immediately following either event.  Without good planning, the investigative effort may not produce reliable results.  Once an investigative team is chosen and trained, they need to put together a game plan that includes the following:

Scene Preservation
When an accident occurs, the investigator must make sure that the health and safety of the victims are assured.  After appropriate emergency response, the investigator must try to keep the accident scene secured from alteration. All mine personnel should be trained to avoid disturbing an accident scene beforehand. It can be impossible to determine physical factors after the site has been altered.  MSHA and MAQB require that an accident scene be preserved until after they have concluded their own investigations.  Only those activities that eliminate imminent dangers, or prohibit further destruction of property are allowed.  Until the accident team has a chance to fully investigate the site and release it from further study should any recovery of the site commences.  The investigators should be aware of any potential hazards at the site, and minimize their exposure by conducting a preliminary survey of the scene, and utilizing proper PPE, lock-outs, blocking, etc. as required.  No one should be exposed to an imminent danger, or violate any safety standards while conducting an investigation.

Administrative Procedures
Some accidents require the immediate notification of certain management personnel, MSHA, MAQB, BATF, EPA, state, or local governmental agencies.  These procedures must be followed to the letter of the law.  This responsibility should either be assigned to the accident investigation team, or designated as a responsibility to someone in management.  Failure to follow mandated notification standards could result in severe liability to the company.  It is important to remember that any accident investigation report required by MSHA or other agencies is a legal document to remain on file for five years, and is subject to subpoena by outside parties.  Abiding by the mandated legal compliance requirements is of utmost importance to the liability of the company, and lends credibility to the company's intentions.

Gathering Facts
The investigation team leader must first decide how detailed the investigation should be, and determine the immediacy of action.  The priorities of investigating a minor first aid case are certainly dealt with differently than a fatality.  However, an incident may require the same response and depth of study as accidents involving serious injury.   How to conduct the investigation should be discussed by the investigation team before proceeding.  It is also helpful if team members are initially assigned different tasks for the investigation, thus allowing more immediate feedback and team discussion about the relevant course of action.  Some accidents are exceedingly complex, and it may take some time to formulate investigative priorities.  Team members should be willing to coordinate, discuss the facts, be self-critical, and adjust their focus and responsibilities as needed.
Priority should be given to interviewing eyewitnesses to the accident, including the victim(s).  Not only will the investigator ask questions and take notes, it would behoove the investigator to give a pad and pencil to the victim or witness and have them write down what they remember from the event.  
One basic tenet applies to interviewing: Time is critical!  Eyewitness accounts of the accident should be recorded as soon as possible after the accident.  Over time, a person’s recollection may become tainted by their own imaginations.  Ones recollection can also be influenced by discussing the accident with other eyewitnesses and coworkers.  Effective interviewing techniques are vital to the investigation, as poorly conducted interviews can cause the investigation to fail.  One being interviewed should be questioned privately, and be assured that their comments will be confidential.  Without developing a level of mutual understanding and respect, the interview could be a wasted effort. Persons fearful of retribution may not disclose all pertinent information.  After the victim and immediate eyewitnesses have been interviewed and the basic accident information gathered, it will be necessary to interview co-workers, supervisory personnel, etc. who may give additional relevant information.  One of the investigative team members should write down the interview, and have the interviewee read and sign the paper verifying that the written statements are a true reflection of what was said.  Many accidents are a direct result of at-risk behavior on the part of those involved.  Thorough interviewing is necessary to determine the behavioral elements that may have contributed to the incident.
Keeping good notes--Each investigator needs to keep a logbook to record observations, phone numbers, measurements, conditions, comments, ideas, etc., for later reference.  Entries should be dated, and phone conversations, addresses, names of workers relatives, and other pertinent information should be documented.  Field notes do not have to be included with the investigation report, but it is prudent to file the notes and other accessory documentation in a separate file for the length of time the main report is kept on file.
Surveying the accident site--It is critical that the accident site be left undisturbed until all relevant measurements, pictures, interviews, etc. have been obtained.  Sometimes the scene needs to be secured for several days until test results, testimony, and other relevant information is gathered.  Production pressures and equipment recovery are of concern, but remember that the thoroughness of the investigation may later be invaluable to individuals, or to the company, in case of later litigation.  Once the investigator arrives at the scene and gets general information about the accident, certain protocols should be followed:

Taking Pictures--The entire accident site should be thoroughly photographed, starting

with a large scale view that includes the entire site, then steadily closing in 

on the exact location of the victim. The scene should be photographed from varying angles.  Pictures of machinery, equipment, and other items of importance should be taken, even if they do not seem relevant at the time. Close-up shots of critical elements are recommended.   It is advisable to have something in the picture to give the viewer an idea of scale, and sometimes direction, such as: a person standing next to equipment; compass or ruler in a close-up shot.         Don’t be frugal with the film.  It may be later that something that first was not considered important becomes a critical piece of evidence.  Pictures can help greatly after the accident scene has been recovered.  Have the pictures developed ASAP, it is a good policy to not disturb the scene until the pictures have been reviewed for clarity.  Field notes describing each picture taken in order will be of value when later viewing the developed photos.

Taking measurements--Team members should draw a good map of the accident site.  The accuracy of the map may prove to be of vital importance.  Drawings that indicate the location of equipment, tools, machinery, height, depth, distance, and other physical parameters are essential in recreating the site at a later time.  An accurate measuring tape, (100' is good), and an  accurate compass are essential tools when drawing a map.  Other measuring tools such as stopwatches, sound meters, oxygen monitors, etc. may be required.

Some investigations require the aid of outside consultants, such as surveyors, engineers, and others when necessary to take accurate measurements of pertinent data.  Such measurements may include noise, dust, chemical elements, heat, cold, topographic maps, and any other physical conditions that have relevance to the accident.  All measurements should be verified and signed by an eyewitness to the measurements.
Machinery and Equipment--If any machinery, equipment, or tool was involved in the accident, then it needs to be documented.  The manufacturer, model, serial 
number, blueprints, and other relevant information should be recorded.  It may be prudent to study operation manuals, service manuals, and question the manufacturer to determine correct procedures, limitations, and recommendations pertinent to the item involved in the accident.  Don’t rely on the testimony of employees for such information.  Many times the operators have not been effectively trained in the correct operating parameters for their equipment.  Major accidents have occurred because the machinery or equipment has been operated outside the guidelines specified by the manufacturer.  Others have happened due to mechanical failures due to defects in the equipment. It may be necessary to gather samples of oils, residues, parts, etc. for later expert examination. Equipment or machinery maintenance records, service history, operator inspection sheets, or other written documents may indicate the general  physical condition of the related items, and should be included in the report.  A thorough physical inspection of the equipment involved should be conducted after the accident by qualified persons, with the results verified and documented.
Environmental Conditions--There are many environmental factors that influence accidents.  Such factors may include time of day, weather, time of year, week of the month, day of the week, and other circumstances that affect the accident.  These conditions are easily verified through local weather stations, airports, and newspapers.  

Identifying personal factors--Each person involved in the accident, whether a victim or an immediate eyewitness is an individual.  They may have had personal problems, concerns, or other experiences that influenced their behavior prior to the accident.  It is helpful to know the personal history of the individual to determine if personal factors, such as marital problems, job satisfaction, personal work habits, alcohol or drugs, health, etc., may have played part in the accident.  This information can sometimes be gleaned through discussions with the victim’s family, fellow employees, foremen, or personnel health records.  Records that indicate the length of employment, job experience, training records, and personnel evaluations may provide insight to the victim’s job experience capabilities at the time of the accident.
The injury or damage--There should be accurate documentation of the nature of the injuries sustained by the victim, preferably supplied by the attending physician.  Lost workdays, and days of restricted work activity must be recorded.  Property damage can be measured and cost analyses performed by accountants, insurance estimators, or other qualified persons.  Total costs resulting from the accident can be estimated based upon such information.  Partial or total disability of the victim must be included as a cost.  Indirect costs of the accident may not be easily identified, but to document them will be of value.

Procedural factors--It is necessary to know: Had the individual received appropriate training in the task?, Was proper PPE utilized?, Were company guidelines written for the task?, Were they followed, and if not, why?, Was there proper supervision?, Was the employee qualified to perform the task?  Was there anything in the company policy that related to the accident? Was it followed?  If there are no detailed company procedures, either written or oral, concerning an individual’s work assignment, it may be difficult to detect defects in procedures generally used at the operation.  It may be necessary to rely upon thorough interviews with the victim’s co-workers and associates to discover what constitutes the normal conditions at the site.
Using outside sources -Equipment manufacturers, government agencies, private agencies, engineers, explosives experts, or other professional types may be able to advise the investigator in critical areas.  Don’t be afraid to admit to your own personal ignorance about important issues.  No individual can know everything, so utilize consultants when appropriate.  All expert testimony or documents need to be verified and documented.
Analyzing Data
While this phase of the investigation may seem fairly straightforward, it is actually the most difficult aspect to conduct.  It is a most critical phase, assuming that all the essential and relevant facts have been accurately collected.  There are many different ways of analyzing data, some of which are extremely complex and difficult to understand by lay people.  Presented here is a rather simple set of techniques that can be used to sift through the voluminous facts gathered during the initial phase of the investigation.

Causation Model

Step one--listing major events, and all relevant facts.  Each major event leading up to and including the accident should be delineated and listed under a general heading, such as “victim began work on loader”, or “crane turned over”, or whatever critical events could be discerned.  Underneath each heading, all verifiable facts and conditions should be listed, such as “no preshift inspection records for the Cat 992 loader”, or perhaps, “no task training records for the victim” or whatever relates directly, and sometimes indirectly to the event.
Secondary events may have their own set of related facts which should be listed.  In this step, you are attempting to break the major events down into basic parts, and then ascribe relevant factors to each of the parts.  After this step is completed, then it is helpful to produce a visual representation of the information.  This is accomplished in Step Two.
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Step two--Constructing a Chart of Events.  This is a technique used to visually represent what events occurred prior to, during, and after the accident, and includes conditions and ancillary events that may have influenced the primary chain of events.  It may be helpful to view this technique as a “time-line” of the accident.  (See Event Chart).  The major events are represented along a base line.  All contributing events, conditions, etc., are represented outside and parallel to the base line, and intersect it at appropriate points.  You may find it helpful to use Post-It notes on a large wall, or use a large piece of paper using a pencil, or a chalkboard to put together such a chart.  Your first attempt will be an initial trial, so you need to be able to change the chart easily.  Once the sequences of events are properly charted, a picture of what happened will start to develop.  This chart allows anyone viewing it to readily understand how the relevant facts tie together.   When presented in this way, the pertinent information can be easily discussed, and will help the investigators to focus upon critical elements of the accident.  
Step three-Drawing conclusions--This can be the most difficult part of the investigation.  You must remember that a conclusion is a demonstrable statement based upon two or more facts.  It can be tempting to draw conclusions from just one fact, but that is not scientifically acceptable.  Your conclusions must be based upon verifiable facts and not intuition, or any other technique.  If you cannot find at least two relevant facts that lead to a conclusion, then the conclusion is based upon insufficient evidence.  For instance, it might be a fact that a victim was not wearing any PPE at the time of an accident, and then concluded that his injury resulted because the victim was willfully not using appropriate PPE.  The conclusion that the injury occurred due to a lack of proper PPE use on the part of the victim may only be partially true. Why?  If the appropriate PPE was not provided, if the supervisor never trained the employee, or if the supervisor never enforced company policy, the conclusion may implicate the victim as totally responsible for his injury, when the real conclusion would include the other pertinent facts.  The conclusion would then be more realistically stated as “the victim was not wearing the required PPE at the time of the accident because he had neither been issued nor required to wear the appropriate PPE, nor properly trained in its use.
The number of conclusions formulated from the facts will eventually lead the investigators to the underlying root cause of the accident.  These will become evident once the list of conclusions is compiled.  Initial conclusions may indicate a need for additional facts.  It is usual for the root causes of an accident to become apparent only after a thorough review and discussion of the conclusions.  After this has been accomplished the final stage of the investigative process is possible.  Identifying the root cause(s) is needed to understand why the accident happened.  This gives the investigator the real information necessary to make valid recommendations that hopefully will prevent a recurrence of the accident.

Step four-Making Recommendations. After a thorough review of the conclusions, the investigators should be able to identify and address the root causes of the accident, and thus make recommendations.  Each recommendation should reference the appropriate conclusions listed.  Remember that a recommendation is a call for action on the part of management to address the root causes. If the investigation has proceeded according to the forgoing guidelines, the recommendations will be obvious, and essentially irrefutable by anyone reading the report. 

Documenting accident related expenses (optional)
Determining the total cost of the accident is an optional, yet vital task that is normally left to company personnel, such as accountants, rather than the investigation team.  The cost can be broken down into direct and indirect costs.  Estimating these costs can be difficult, and should really be compiled by qualified individuals.  It is essential that a company try to discern the costs associated with an accident. This will help validate any estimated costs resulting from recommendations made in the accident report.  Very few lead management officials are ever informed about the true costs of accidents.   Once this information is realistically presented, the safety focus of some management types may be altered, resulting in a more realistic approach to safety issues.
Writing the Report
Producing a well documented, easily understood written report is the final step of the investigative process.  While few of us are literary professionals, anyone can compile the necessary information in a logical manner.  Following a general outline will be of great help in organizing your data into manageable units.  Written reports are basically broken into several parts that describe: 

*What happened   “describes the events preceding and following the incident”
*Who was involved  “includes the victims, eyewitnesses, investigators”
*Where it occurred   “physical location, including maps, photos, etc.”
*When it happened   “time of day, date, weather, time of shift, etc.”
*How it happened   “description of the physical event, event chart, injuries”
*Why it happened   “discussion that includes facts and conclusions”
*Recommendations   “prioritized and backed by facts and conclusions”
*Cost analysis (optional)

The following outline can be used as a general guide to compose an accident investigation report:
Accident Investigation Report Outline

I.  Introduction

A.  General Information--Firm name, location, MSHA ID #
B.   Investigator(s) name and title

C.  Victim(s) name, address, Last 4 digits of Social Security Number

D.  Date of report

E.  Brief description of investigative activities--when informed, actions taken

II.  The Event-Presentation of Verifiable, Relevant Facts

A.  Personal information about victim(s)

B.  Physical factors--temperature, time of day, etc.

C.  Events preceding the accident

D.  Description of the accident

E.  Events immediately following the accident

III.  Analysis

A. Listing of Events (Event Chart) and relevant conditions--May include 
                measurements, documented eyewitness accounts, photos, etc.

B.  Discussion of relevant conditions, events, and facts, unknown factors 

C.  Listing of Conclusions based upon verifiable facts

D.  Listing of Recommendations based upon conclusions

IV.  Cost Analysis (optional, but important!)

A.  Direct costs (some may be insured, but they are still a cost)

1.  Property damage--parts and labor to repair

2.  Medical expense

3.  Extra wages paid to victim in addition to workman’s compensation

4.  Citations resulting from the accident

B.  Indirect costs

1.  Wages paid to workers not injured--for interviews, watching, unable to 

perform regular job because of damaged equipment, downtime, supervisors, etc.

2.  Loss of equipment use--cost of production by equipment downtime, rental 

      of replacement equipment, permanent loss of equipment and replacement 

      costs based upon depreciation

3.  Worker’s compensation payments to victim

4.  Extra overtime required, including extra production time, wages, etc.

5.  Cost of decreased output of worker after returning to work (restricted

     duty)

6.  Cost of hiring and training new worker, retraining injured worker

7.  Uninsured medical costs

8.  Cost of investigation--wages, lost productivity, clerical preparation, 

      consultants, lab work, etc.

9.  Net profit losses due to downtime or decreased production 

          10.  Miscellaneous--Lost contracts, liability, legal fees, loss of bonuses, etc.

          11. Non-physical damage--public relations, community image, effect on hiring, 

     potential cost of civil or criminal liability of company officials, etc.

          12.  Changes in insurance rates or modifiers


C.  Total costs--Direct plus indirect costs--Long term costs may not be available 

because of potential litigation expense because of  MSHA or individuals during       the Statute of Limitations.  Potential liability should be addressed.

V.  Summary

It is helpful if the results of the investigation are summarized.  The summary should include a discussion of the recommendations, and may include an overview of the events.  A time schedule for the implementation of recommendations, including a critical follow-up analysis should be suggested.  A schedule for long term monitoring of the corrective actions can also be included. 
After the investigation is over.....
Once the report is written, reviewed, and the corrective actions taken, it is essential to critique the investigation.  Since accidents are rare events, few of us will ever develop any real skill in conducting an investigation.  Therefore, it is beneficial to critically analyze how we performed as investigators.  We may have made a lot of goof-ups, and should realistically address them.  The investigative team, along with other competent advisors should review how the investigation was conducted, and what areas require improvement.  The need for new techniques, approaches, equipment, training, procedures, etc. may become evident after a good review of your efforts.   
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