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DISCLAIMER

Th/s report was prepared as an account of work sponsored by an alpmcy of the Un/ted
Slatas (]ov_t. Na/th_ the United Slat_ Government nor any alp,lcy thereof,
nor any of thdr employem, nor any of the/r contmctom, subeontmctom, or their
employeu, mak_ any warranty, expre_ or implied, or auumm any lqal liability or
rNponoibil/ty for the accuracy, completenam, or uNfulm_ of any information,
apparatus, product, or _ d/scloasd, or repremmts that its mm would not infzinlff
privaWly ownod rishta. Re6n_nlce herein to any specific commercial produ.'t, process,
or service by trade name, trademark, manufacturer, or otherwhw, does not necmsarily
constitute or imply its endorsement, recommendation, or favor/hf by the United States
Government or any agency, contrsctor or subcontractor thereof. The views and
opinions of authors expressed herein do not nmarily stats or reflect those of the
United States Government or any agency, contractor or subcontractor thereof.
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EXECUTIVE SUMMAEY

The objectives of this task were to describe and evaluate selected existing
sources of information on occupational safety and health with emphasis on hazard

and exposure assessment, abatement, training, reporting, and control identifying

for exposure and outcome in preparation for developing DOE performance
benchmarks. Existing resources and methodologies were assessed for their

potential use as practical performance benchmarks. Strengths and limitations of
current data resources were identified. Guidelines were outlined for developing

new or improved performance factors, which then could become the basis for

selecting performance benchmarks. Data bases for non-DOE comparison populations
were identified so that DOE performance could be assessed relative to non-DOE

occupational and industrial groups. Systems approaches were described which can
be used to link hazards and exposure, event occurrence, and adverse outcome

factors, as needed to generate valid, reliable, and predictive performance
benchmarks.

Data bases were identified which contain information relevant to one or

more performance assessment categories (Figure ES-l). Data from the hazard-

exposure, occurrence and outcome categories can be used individually or combined
to create performance measurement factors (Figure ES-2). Where appropriate,

performance stratification factors can be selected to identify more specific risk

categories for such purposes as defining weighting factors for analytic models.
Potential candidates for the final benchmarks used to assess DOE performance

would be derived from selected performance measurement and assessment factors.

A list of 72 potential performance benchmarks was prepared to illustrate
the kinds of information that can be produced through a benchmark development

program. These benchmark examples are classified by appropriate assessment

categories, data sources, and benefit to the DOE system. The benchmarks are also
classified by the following groups: safety program implementation and

conformance, exposure, event occurrence, property loss, and occupational injury
and illness.

Current information resources which may be used to develop potential

performance benchmarks are limited. Certain performance measurement factors are
available for ali DOE facilities through SPMS or ORPS, although they would be

restricted in their use as performance benchmarks. Since CAIRS is now identical
to OSHA in its definition of reportable cases, the concerns of the National

Academy of Sciences (NAS) with respect to OSHA's measurement of occupational

injuries and illnesses also apply to CAIRS. Performance benchmarks should be
consistent with NAS recommendations and must meet established predefined criteria

for validity, reliability, and predictability.

There is need to develop an occupational safety and health information and

data system in DOE, which is capable of incorporating demonstrated and documented

performance benchmarks prior to, or concurrent with the development of hardware
and software. One approach would dovetail a centralized information system with
a distributed network, similar to a BNL technology transfer initiative with the

private industrial sector. A key to the success of this systems approach is

rigorous development and demonstration of performance benchmark equivalents to
users of such data before system hardware and software commitments are
institutionalized. Performance measurement efforts at DOE could be "jump

started" by implementing an Integrated Performance Benchmark Development Program,
as recommended in this report.
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I. INTRODUGTION

The Office of Environment, Safety and Health (EH) has identified a need

for an occupational safety and health information system with a focus on

performance measurement through exposure/occurrence/outcome (i.e.,

anticipation/risk/consequence) assessment and control. This system is

expected to serve a number of functions for DOE and DOE contractor management.

Two major functions are" (I) to serve as a management decision making tool for

preventing or minimizing human, vehicle/transportation or property damage and

(2) to determine how well line programs in hazard identification, abatement

and control are performing throughout the DOE contractor system.

Ensuring that a safe and healthy workplace ii: _:ro-_ided for ali DOE and

DOE contractor employees, collaborators and visitors is a primary objective of

EH. EH has identified the need to develop integrated performance benchmarks

(PB) derived from hazard-exposure/occurrence/outcome measurements to fulfill

their compliance and oversight responsibilities.

An integrated PB development program will enable EH to determine the

efficacy of facility and programmatic safety and health policies and practices

based on currently available data resources and to identify resources and

approaches needed to develop additional benchmarks. These PBs are required

to" I) provide a safe and healthy working environment; 2) assure protection of

the work environment; 3) protect the public safety and health; 4) protect

public and private property against loss and/or damage, and 5) assure that DOE

and its contractors are in compliance with applicable laws, orders, and

regulations related to protecting the environment and assuring worker and

public safety and health.



A..Overall _pose

The overall purpose of this project is to identify and classify

potential performance benchmarks to serve as "tools" for measuring

occupational safety and health compliance beginning at the facility and

program level with the capability to aggregate the data consistently across

sites and over time as needed for compliance and oversight by

area/regional/headquarters management. These "tools" (i.e., potential PBs) in

turn would be capable of assisting management at all levels, including line

i supervisor _ _t contractor facilities, to comply with orders and regulations.

i These PBs _d provide guidance in establishing new or modifying existing

i programmatic goals and objectives; setting new or modifying existing
priorities; identifying the type, frequency, and severity of hazardous

exposure; and ameliorating human, vehicle/transportatlon, and property damage

through integrated prevention, control, compliance, and oversight activities.

This will be accomplished by describing and evaluating exisclng sources of

information on occupational safety and health, categorized by exposure,

occurrence, and outcome, as needed to develop integrated DOE performance

benchmarks.

B. SDeclflc O_J@ctlves

The specific objectives of this task are to: (i) assess the adequacy of

existing methods, data bases, and analytic models for measuring
i|

4 exposure/occurrence/ outcomes for generating valid, reliable, and predictive
!
=

performance benchmarks" (2) outline the strengths and limitations of currenti|

,| data resources for use as performance measurement factors; (3) assist in

! Ue_LIXU_L _
a developing criteria and guidelines for new or improved performance ' _'....."-
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based on exposure/occurrence/outcome factors and measurements; (4) assist in

enhancing current and developing future performance benchmarks using

exposure/occurrence/outcome measurements which are representative of all DOE

contract workers (i.e., non-nuclear and nuclear); (5) identify data bases that

can provide comparable information on DOE and similar non-DOE worker

populations; and, (6) identify systems approaches that can link hazardous

exposures and event occurrence to adverse outcomes in preparation for

developing predictive performance benchmarks (Figure I).

C. To_ic Selectlon

Previous efforts to develop performance benchmarks and evaluate

performance have focused primarily on single event analysis, such as fault

tree analysis or clus_ter analysis of specific events (1,2). Presently, most

occupational safety and health monitoring systems in the U.S. utilize

information from the Occupational Safety and Health Administrations (OSHA)

reporting forms (3). Any industry or business employing more than I0 persons

is required by law to meet OSHA workplace reporting regulations, which

includes reporting events which fall within OSHA reporting requirements. DOE

through CAIRS must also comply with OSHA rules and regulations (4).

The topics discussed in this document have been selected based on the

collective experience of the Injury Prevention and Analysis Group (IPAG) at

Brookhaven National Laboratory (BNL) and its predecessor groups in designing,

developing, collecting, maintaining, and analyzing large scale complex data

bases from a systems perspective. The IPAG focus has been on examining the

correlation between hazards/exposures and damage factors, such as the

association between transportation hazards and their adverse effects with

_| 3
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emphasis on proactive strategies for intervention prior to event occurrence.

This document is not intended to be an exhaustive treatise of these topics;

instead it is designed to touch on a number of the important topics that can

influence system safety and health, mainly from a "bottom line" point of view.

For example, do current and proposed occupational safety and health program

components contribute to a reduction in human vehicle/transportation, and

property damage? Do they contribute equally? If not, which components are

most and least effective? Thus, the document is designed to provide DOE

management with an overall sense of current exposure/occurrence/outcome

information and additional factors needed to develop valid and reliable

"tools" for performance measurement with defined, documented and empirically

tested capabilities, prior to system-wide implementation. The ensuing

discussion addresses a broad range of topics, each one of which could be the

subject of a textbook length report.

II. RELATIONSHIP OF OCCUPATIONAL SAFETY AND HEALTH PROGRAM
TO PERFORMANCE BENCHMARKS

Draft Order 5483.XX establishes standards that are intended for all

contractors, irrespective of facility characteristics, such as size, type or

location (5).. Major elements of the program that have relevance to

performance measurement are reviewed below.

A. Malor Program Unlts

The DOE occupational safety and health program is organized in six major

program anits" assessment, hazard abatement, management training, record

keeping and reporting, risk prioritization and variances. The assessment

!

ii 4
I
m

i

I

_



program is designed to evaluate and control known or potential hazards mainly

through self and independent evaluative tasks. The hazard abatement and

management training programs are designed to collect, analyze and use hazard

related information to mitigate or eliminate a hazard with procedures

utilizing abatement logs and plans. The training program is an integral part

of the overall initiative required to implement an effective occupational

safety and health program, to develop an awareness of personal safety in a

work environment, to encourage communications among managers, supervisors and

employees in a constructive manner, and to promote involvement and

participation in safety and health activities at all organizational levels

within and among sites. Record keeping and reporting are the same or more

stringent than those meeting OSHA requirements; thus they are subject to

similar qualifications regarding operational definitions, especially those

related to occupational injury diagnoses and classification. The risk

assessment methodology provides a mechanism for measuring selected relative

risk factors quantitatively and for establishing abatement priorities based on

a probabilistic approach. These risk assessment guidelines provide a first

order framework for the development of outcome, "bottom-line" type measures of

performance and are important concepts to include in a performance benchmark

development process. The subject of variances will not be addressed in this

document.

B. Pro_ra,.mmaCic Objectives and Performance Measurement Needs

Performance benchmarks are needed by line management to carry out

conformance, compliance and oversight responsibilities. There is need to

assure objective performance criteria in preparation for: (a) selecting valid,

I
!
l
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reliable and predictable benchmarks, (b) conducting annual program reviews,

(c) establishing baseline information on work sites through routine

surveillance, (d) inspection and independent assessments, (e) monitoring

hazard abatement logs and plans, and (f) determining if correlations can be

demonstrated between logs, plans and corrective actions taken to mitigate or

eliminate identified hazards.

Program objectives related to performance measurement include developing

countermeasure plans to mitigate against incident/injury/illness by such

procedures as measuring trends and conformance or non-conformance. In

particular there is need to identify both negative and positive changes in

=rends with a view toward understanding the nature and magnitude of each. In

the past attention has been paid more to trends indicating an increase in

event occurrences or adverse outcomes, such as spills, fires or injuries.

Performance benchmarks are designed to identify outllers in both directions

because it is as important to identify and explain what is going right as well

as what is going wrong in an organization. Trend analysis for hazard

assessment, abatement, recordkeeping and reporting, employee and supervisor

training, and program performance are all important performance assessment

categories (PAC). Information for performance analysis and management

include: hazard identification; work site surveillance; root cause analysis;

tracking and reporting data on hazards and on human, vehicle/transportation

and property damage; prioritization by hazard severity; initiation of

corrective actions; and verification of corrective action effectiveness.

There is also a need to evaluate measurement methods that will allow

the identification of elevated and declining safety levels by measurement of

hazard occurrence and outcome factors. There is a particular need to

6
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demonstrate any direct correlation between hazard prevention and control and

event occurrence and adverse outcomes as defined by human, vehicle

/transportation and property damage. With regard to hazard prevention and

control there is need to detect, correct, and mitigate existing or potential

hazards, using engineering controls wherever a hazard is amenable to

engineering and technology intervention. This approach should be considered

prior to other abatement procedures, such as use of personal protective

equipment, administrative controls, or work procedure changes.

Perhaps the most important part of the overall occupational safety and

health initiative is the self-evaluation and verification component of the

assessment program at the site level, implementing a comprehensive self-

evaluation program is a complex logistical operation at a facility, which

4

| requires considerable planning if it is to be effective. Methodology for

i measuring performance is currently limited to process compliance (e.g., How

I many employees attended a fire hazard identification or safety training
course? Did these employees take a before-after test on course content? What

proportion passed the test?). However, self-evaluation must extend beyond

process compliance and address the measurement of outcome performance (e.g.,

change in the frequency of fires at a site before and after self-evaluation).

For example, data on reportable individual incidents and occupational

injury/illness are prepared for submission to SPMS on form 5484.XX. The data

!_ are usually prepared by safety personnel after investigation of an incident.

The employee's supervisor is now required to participate in the investigative

procedure. Supervisor involvement is potentially an optimal method of

i verifying data on a particular injury/illness event as prepared by safety

personnel, the involved employee and medical personnel. Therefore, it is an

7
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important aspect of any performance benchmark development program.

Documentation and consistency of reporting hazard assessments can vary

both within and among facilities. Consistency issues will be raised if common

protocols for data acquisition and maintenance are not developed for

implementation at the individual incident reporting level with verification at

the same level if at ali possible. Supervisor involvement has the potential

to solve this major issue in a constructive manner because it includes the

individuals who can most directly contribute to hazard identification,

assessment, and abatement. In this manner the concepts of anticipation and

pro-action can begin to replace reaction or incident response type approaches

to safety. The interchange between a supervisor and an injured employee, for

example, can be beneficial in preventing reoccurrence of damaging events,

though it can be difficult to quantify without systematic development of

performance benchmarks. Thus, coordination of data reporting and recording

functions at the individual and contractor level are needed to produce the

performance measurement factors required for comparative assessments among

facilities and through time.

III. PREVENTION, CONTROL, AND EVALUATION OF HAZARDS IN DOE CONTRACTOR WORK
ENVIRONMENTS

lt is important that DOE be aware of any exposures or occurrences that

could: (a) inadvertently affect the safety and health of DOE contractors and

the public; (b) have an adverse environmental effect; (c) impair operations of

DOE facilities; and/or (d) result in vehicle/transportation or property loss

or damage, lt is important that methodologies be developed, piloted and

evaluated which enable timely identification of all hazards and potential

8
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hazards in order to assess their significance and implement abatement and

control actions (5).

DOE Draft Order 5483.XX describes hazard identification, evaluation and

mitigation as a line management responsibility. However, training of managers

and supervisors needs to be done in such a way that courses and materials are

standardized within and among facilities. Failure of managers and supervisors

to be aware of hazards and their adverse effects is a sign that occupational

safety and health (OSH) training, policies and/or practices as directed

through line management involvement are out of compliance.

A comprehensive OSH program should be able to identify existing OSH

hazards, anticipate potential hazards, and implement hazard abatement policies

in a timely and effective manner. Hazard elimination or mitigation can be

, accomplished through the application of (a) engineering control techniques;

(b) safe work practices and procedures; (c) safety communications and training

of all employees; (d) appropriate use of personal protective equipment; (e)

administrative controls such as reducing exposure to hazards; and, (f) various

combinations of man-machine/equipment/work/environment linkages (6,7). Tools

needed to develop efficacious PBs to measure the effectiveness of these

programs are discussed in this report.

DOE occupational safety programs are based on comprehensive and

coordinated efforts which include "fire protectlon/prevention, life safety,

. industrial safety, construction safety, pressure vessel safety, electrical

I safety, explosives safety, firearms safety, mine and tunnel safety,

I performance assessment, and safety analysis" (5). DOE occupational health

programs are bRsed on comprehensive and coordinated efforts which include

"industrial hygiene, occupational medicine, worker health surveillance, and

9



epidemiology" (5). The primary focus of this report is occupational safety

although the investigators fully recognize the complementary nature of the

safety and health components of comprehensive programs.

A. Evaluation and Control Issues

A first step in the evaluative process is related to clearly defining

all activities in a safety and health program which require management input

in order to assist in implementing safe work practices. These include hiring

and selection, standardized training of supervisors and other staff, safety

meetings, job analysis, job observation, and engineering controls. The next

step is to develop methods and procedures to quantify the level of management

effort required, such as standardized testing and consistency in

documentation. For example, to comply with DOE orders and regulations on

hazard abatement and control, DOE has requested that line supervisors fill out

a report on all injury/illnessproducing events. By checking all first

encounter cases for occupational injury/illness and comparing those with

supervisor investigation reports, it can be determined if the investigation

rate equals the occurrence rate and what if any discrepancies in rates are

identified. This would enable DOE management to determine the effectiveness

of a proactive program with emphasis on llne management and supervisor

responsibility in hazard assessment, abatement and training.

B. Hazard Assessment and Abatement

A major objective of the DOE program is to convert the DOE contractor

culture to a proactive, anticipatory approach from a reactive, incident

response approach. Thus, the emphasis on hazard assessment and abatement must

I0
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be on risk prevention or amelioration prior to the occurrence of an event that

can cause adverse outcomes (i.e. Pre-Event Phase).

I. Pre-Event Phase

DOE contractor facilities may have numerous hazards which have a

potential for personal harm and/or property damage. For example, equipment

wears out with time, even under the best of circumstances (6). Therefore,

hazardous conditions need to be regularly identified and rectified. A

preventive maintenance program aimed at negating equipment problems can only

be accomplished by a hazard abatement program which includes systematic

inspection, documentation, and preventive or ameliorative planning. The

program should include: routine inspections and documentation on pressurized

equipment (e.g., boilers, pipes), storage containers, flammable and toxic

materials, building and structural integrity, atmospheric conditions (e.g.,

dust, gases, fumes), electrical apparatus, mechanical equipment, power and

hand tools, safety equipment (e.g., fire extinguisher, sprinkler systems),

structural openings, vehicles, and personal protective equipment. Such an

inspection process is essential to identify potential hazards, mitigate known

hazards, and to rectify problems prior to human, vehicle/transportation, and

property damage.

Assessment and abatement activities are generally documented through the

use of hard copy logs maintained on a regular basis. However, there is need

to computerize the entire process of abatement log maintenance to (a) assure

systematic documentation, preferably on a regular basis, so that the

information can used to document abatement plan compliance and (b) link with

other safety and health program components (e.g., training and event
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occurrence reporting). Based on IPAG discussions with safety coordinators,

computerization would allow coordinators in research, production, maintenance

or other areas to perform their jobs much more effectively by allowing them to

organize, maintain and analyze local data promptly and to follow-up on

abatement compliance systematically.

One essential tool for identification, assessment, and abatement of

hazards in the workplace is "job and job safety analysis" (6). This is

accomplished by determining the specific job to be anal_zed, breaking down the

job into sequential steps, determining key factors related to each step, and

performing an "efficiency" check. Initiating engineering controls,

establishing regular maintenance and reviewiDg and updating safety analyses

are important aspects of such an initiative. Most hazardous conditions can be

predicted or anticipated when developing work standards for facility

operations using engineering controls. Inadequate guards and devices,

inadequate warning systems, fire and explosion hazards, projection hazards,

congestion and close clearances, hazardous atmospheric conditions, inadequate

illumination and excessive noise are examples of common causes of human and

property damage that can be prevented by effective engineering interventions.

Safety and health personnel can assist in the control of hazards by monitoring

for programmatic compliance and by conducting periodic audits with

documentation of job standards (7).

2. Event Occurrence Phase

Safety and line/operations management specialists must be constantly

alert to the needs of workers and applications of a number of principles

including deflection, dilution, reinforcement, surface modifications,
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segregation, barricading protection, absorption, and shielding during the

event phase (6). While many of these are provided by effective engineering

control at the pre-event phase, some may escape system design criteria. In

addition, normal wear and tear and abnormal use requires periodic repair and

replacement of materials, structures, and equipment. The use of proper

personal protective equipment also affords safety countermeasures during the

event stage. However, to be effective, the equipment has to be appropriate

for the situation and fit the employee correctly; the employee has to be

properly instructed in its use; standards for equipment type and use need to

be enforced; and a system has to be in place for equipment sanitation and

maintenance (6,7).

Caution must be exercised in relying on personal protective equipment as

a primary means of achieving employee safety. Personal protective equipment

should be recognized as an important secondary approach to worker safety.

Identifying and eliminating hazardous exposures, as accomplished using

engineering controls and technology should be the primary focus of any

effective safety and health program.

3. Post-Event/Adverse Outcome Phase

Severity of losses involving human or property damage can be minimized

by applying specific countermeasures. These include definitive and immediate

medical care for injured or iii employees and prompt repairs of defective

equipment responsible for a damage producing event. In addition, prompt

investigation and reconstruction of all circumstances associated with the

event, including root cause analysis, is necessary to prevent future damage.

13



C. Performance Measurements

The effectiveness of safety and health programs can be measured by cause

(e.g., conditions or behaviors), consequence (e.g., actual or potential loss

rates), and controls (e.g., training, Job analysis, engineering controls).

Frequency and severity rates or ratios need to be generated for all cause-

specific events, regardless of classification or type, for efficacious

prevention and control. A continual effort is needed to broaden the

statistical data bases to include ali events related to injury/illness,

property damage, environmental releases, and "near-miss" events.

D. DescriDtlon_ of Property/Tr-nspor_ation Damage Proble_

By DOE criteria, reportable property loss is defined as vehicle damage

greater than $i000, and fire and non fire losses which result in $1000 or more

in property damage. Events with losses less than these amounts do not have to

be reported (2). Yet, damage cost estimates can vary within and between

facilities because of such factors as regional costs and age of equipment. In

order to understand the true magnitude and cumulative effects of the

vehicle/transportation and property damage problem, there is need to consider

measuring all vehicle/transportation and property loss/damage events

regardless of cost with appropriate adjustments for regional differences.

E. Description of Overall Occupational Injury and Illness Problem

i. Definitions of .gccupational Injuries and Illnesses

Occupational injury or illness determinations are made by the nature of

the original event, or by the exposure causing the injury/illness and not by

the resultant condition. By OSHA definitions occupational injuries result
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from "instantaneous events" in the work environment. "Cases resulting from

anything other than instantaneous events are considered illnesses .. including

acute illnesses which result from exposures of relatively short duration" (8).

It is important to note that repetitive trauma disorders are classified as

occupational illnesses rather than injuries and that nearly half of the

reported occupational illnesses reported in 1990 were labeled as disorders

associated with repetitive trauma (9).

The OSHA definitions and classifications are not universally accepted

within the scientific, public health, medical, engineering, statistical, or

insurance communities. OSHA definitions are not always consistent with

etiologic based approaches, especially with respect to acute and repetitive

trauma. One concern in particular is the administrative classification of an

occupational injury by "first aid" or "medical" treatment. These

classifications have been used to measure relative risk among organizations

and regions, and have become a defacto performance measurement factor. This

has resulted in a significant underreporting of the true magnitude of the

occupational injury problem because OSHA reporting requirements exclude a

significant number of injuries classified _ "first aid" (I0,ii,12). CAIRS

has the same deficiencies since its reporting requirements are patterned after

OSHA.

2. MaKnltude and Severity of Occupational Injury and Illness Problem

a. U.S. Overall

In the United States, injuries, as distinguished from illness and

disease, are the leading cause of lost person-years of productivity for

persons between the ages of 18-64 (9). Productivity losses resulting from
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injuries are twice those of heart disease, cancer (9), or AIDS (13). Injuries

account for approximately 200 million days of work lost annually, accounting

for about 1/3 of annual sick leave taken for all reasons (14).

Premature mortality and morbidity resul_ing from occupational exposures

and hazards continue to be an important public safety and health problem (15).

While fatalities associated with occupacional injuries and illness have

continued to decline, nonfatal injuries/illnesses "appear to be increasing".

In 1989, reported work related injuries accounted for over 10,000 deaths and

an eJtimated 1.7 million disabling injuries (9). The number or non-disabling

injuries is conservatively estimated at over 13 million annually (10).

In fiscal year 1990 injured federal workers received more than 1 billion

dollars in compensation for lost wages under the Federal Employees

Compensation Act (FECA) (16). _ne NSC estimated that 1.8 million work related

disabling injuries occurred nationally in 1990 and that work related injury

costs based on lost wages, medical expenses, insurance administration costs,

and other related indirect costs amounted to over 64 billion dollars (9).

These estimates exclude non-disabllng, medically attended injuries which are

estimated to be at least eight times higher than the nationally reported rate

(10). In sharp contrast, according to the National Safety Council (9) only

284,000 occupational i11nesses were reported during the same time period. Irl

a recent survey conducted by the RAND Institute for Civil Justice, it was

determined that 48 percent of strain/spraln/pull injuries nationally are work

related and that 36 percent of injured adults take sick leave because of a

work related injury. Persons who miss work as a result of a work incurred

injury lo_t an average of 32 days from work (14). These observations

_! demonstrate that the magnitude o£ _'LLL=..........u__,_'--'_ i_j',_y__. proh1_m_.____ar
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surpasses that of occupational illness, lt should be noted that one of the

few worker representative estimates of occupational non-disabling injuries,

including all injury cases classified as either "first aid" or medical, is

from a DOE sponsored surveillance project (I0).

The inadequacy of occupational injury/illness statistics is so serious

that a panel was formed by the National Academy of Sciences (NAS) to address

the problem and to make appropriate recommendations to Congress (17). In

particular, they expressed concerns about the validity and reliability of
=

i reported nonfatal occupational injury/illness statistics. The two major

conclusions on the NAS panel were' (i) employers were not collecting ali

required occupational injury and illness data and (2) "no adequate evaluation

i of the extent of the underreportlng has been conducted". The panel made no
attempt to estimate the magnitude of the um.d_reporting of incidence because

such data were not available. On occupational illnesses they wrote that "no

reliable national estimates exist today, with the exception of a limited

number of substance-speclflc studies (such as asbestos), on the level of

occupational disease, cancer, disability, or deaths". They go on to say the

"current systems cannot provide data that are useful for measuring the

occurrence of most occupational illnesses".

b. Department of Ener2v

i Based on the initial findings of a representative sample of occupational

injuries in i0 facilities in the DOE system, conducted by Brookhaven National

Laboratory's (BNL) Injury Prevention and Analysis Group (IPAG), it was

ii estimated that in CY 1984 occupational injuries were underreported in

| OSHA/CAIRS statistics by a factor of eight (I0) (Figure 2). In other words

,!
.m

!



OSHA/CAIRS "recordable" injuries identified only about one injury for every

eight injuries that occurred, even though participating organizations were in

compliance with OSHA/CAIRS requirements. It should be noted that first aid

and non-medically attended injuries which are not OSHA/CAIRS "reportable"

constituted a significant proportion of all lost productivity from

occupational injuries. The study demonstrated that productive time lost from

work for non-LWD occupational injuries nearly equalled the LWD rate, if it is

assumed that the average length of time away from work as a result of an

injury was approximately 40 minutes (Figure 3). Anecdotal information

indicates this is a conservative estimate.

Since the participating DOE contractors represented a diverse group of

industrial corporations, these observations may very well be typical of other

similar corporations throughout the United States. Thus, current DOE

interests in performance measurement could be beneficial, not only to DOE but

to the U.S. as a whole if this analytic technology (as distinguished from

hardware) is transferred to U.S. industry.

It is interesting to note the concerns expressed by DOE management in

1983 that led to the decision to initiate the task with IPAG in 1984. The DOE

system-wide lost work day incidence rate for 1983 was 16% greater than in 1982

(18). DOE was concerned about whether this 16% increase reflected: (a)

changes in reporting procedures introduced in 1983, (b) an actual increase in

incidence, or (c) unidentified potential confounding factors. For example,

such an increase could have been due to a single change in reporting from a

large contractor or a complex mix of small and/or large contractors.

Differences in the dates of these changes also could have further influenced

the r_sult.

|
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c. Brookhaven National. La.borator7 Studies

BNL has conducted two facility wide occupational injury studies that are

of direct relevance to the development of integrated performance benchmarks.

A retrospective cross-ssc_ional "surveillance" of occupational injuries at BNL

for 1984 was followed by a longitudinal analysis of injuries for 1985-1989 in

order to determine the magnitude of the occupational injury problem at BNL.

These analyses were performed for all injuries irrespective of OSHA/CAIRS

reporting status. The results of the cross-sectional analysis, compared to

the DOE analysis, indicated that while the incidence and Lost Work Day (LWD)

experience at BNL was higher at BNL than at DOE overall, the anatomic severity

of injuries at BNL was less than that observed for DOE overall. This

discrepancy between outcome measures (LWD and anatomic injury severity) will

have important implications when it is time to choose the appropriate

performance benchmarks. Also, differences in the causes and types of injuries

sustained between BNL and the DOE sample indicate the importance of

stratification by important factors such as job type, age and sex. The

longitudinal analysis indicated that since 1984 there has been a decrease in

occupational injuries overall at BNL, as well as improvements in lost

productivity as measured by LWD. Another important feature of these studies

was the organization and presentation of the findings in a graphical process

control format as distinguished from more traditional presentations of

scientific information. Thus, clinical time-trend data were presented in a

format well recognized and understood by engineers, quality assurance

specialists, managers and others with professional backgrounds outside of the

health sciences. These studies represented a first step in the process of
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establishing overall safety and health performance benchmarks by integrating

safety/engineering and medical/health measurement methodologies (Figure 4).

IV. ISSUES IN PERFORMANCE MEASUREMENT

Defining and measuring ideal performance benchmarks to assess EH and

line management performance is a primary objective of this document. In order

for performance benchmarks to be valid and reliable, parameters must be

selected which can be accurately measured and which represent the performance

attribute of interest. Specific problems in the use of current data bases to

obtain valid and reliable performance measurements which can qualify as

performance benchmarks include: (I) the need for sources of accurate and

reliable data; (2) the inappropriate use of some measurements as surrogates

for others; (3) discrepancies in measurements between data bases which

purportedly are measuring the same thing; (4) data not currently available;

_5) lack of comparable data for DOE and non-DOE facilities; and (6)

development of evaluative technology that assures consistency of information

and data from site-to-site and through time.

A. Op.eratlonal Def_nlt_ons

Integrated performance benchmarks should consist of a selected set of

performance measurement factors which are shown to fully characterize the

safety and health environment of DOE and its contractor facilities.

Performance measurement factors are obtained as the values, counts or

rates/ratios of Performance Assessment Factors (PAFs) from the exposure,

occurrence and outcome Performance Assessment Categories (PACs). The exposure

PAC consists of those PAFs which measure the usual exposure of workers in
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their normal workplace environment. The occurrence PAC consists of those

measures which identify damaging or potentially damaging events to workers,

vehicle/transportation, property, the public or the environment. The outcome

PAC includes measures of the amount of damage sustained, either in terms of

costs (e.g., property damage loss, workers compensation payments), anatomic

damage to people (e.g., number and severity of injuries) or environmental

damage (e.g., frequency of spills).

Performance Measurement Factors (PMFs) should consist of frequencies

(counts) or ratios of data from one or two of the PACs. To obtain a ratio

PMF, two types of data are required, numerator and denominator data. The

numerator of the ratio PMF is usually an occurrence or outcome measure, and is

defined in terms of number events of interest (e.g., number of motor vehicle

collisions, spills, or persons injured) or can be in terms of costs (e.g.,

estimated total property damage value).

Denominator data can be defined in terms of exposure (e.g., number of

hours worked, number of employees, number of miles traveled) or can be a

measure from the occurrence or outcome PAF. For example, property damage cost

per fire event is a ratio of outcome with occurrence data, and case-fatality

ratios (number of injuries resulting in death as a proportion of all injuries)

is a ratio of two outcome PMFs.

B. Need for Accurate Data

Most data sources concentrate on obtaining numerator data that describe

occurrences or outcomes. Denominator (hazard or exposure) data is usually but

not exclusively obtained from separate sources. Unless a database is being

developed for a specific purpose, emphasis placed on obtaining numerator data
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is usually greater than that placed on obtaining denominator data. Inaccuracy

or bias in either the numerator or denominator data will invalidate the PMF.

Table I contains a list of potential performance benchmarks which are

based on PMFs from the PACs exposure, occurrence or outcome, or combinations

of PMFs from two of the PACs. Some of the data needed to calculate the

proposed performance benchmarks exist in either SPMS or ORPS (e.g., recordable

injury counts, occupational radiation exposure), or can be obtained with

relative ease from individual DOE facilities (e.g., worker population

characteristics from personnel department records).

C. InaDDro_riat e Interpretat,ion of Measurements

Other data are available at the facility level but are subject to data

gathering and storage procedures at each facility; therefore, obtaining these

data for use as performance benchmarks will be more difficult under the

present information system. For example, air and water quality measurements

may be collected using different measurement techniques within different time

frames, and the parameters measured may be different from site to site.

Injury/illness data may be obtained for all medical visits from clinics at

each facility, rather than only recordable incidents, but this could be a

time-consuming task if medical records are not computerized. Data on workers

compensation costs will vary from facility to facility based on individual

state laws and procedures, making inter-facility and regional comparisons

difficult at best.

A further impedance to the derivation of worthwhile integrated

performance benchmarks is the fact that the data bases are not known to have

been validated or tested for reliability across facilities/sites or over time.
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Criteria for validation and consistency are needed using field and empirical

testing prior to or parallel with the development of a new or enhanced DOE

safety information system.

D. Dis crepancles in In_urT/Illness Measurements

The broad discrepancies in fundamental medical and surveillance

measurements of nonfatal and fatal occupational injuries indicate that the

nature, magnitude and consequences of these injuries and the injury producing

events are inadequately understood (II,17). To a lesser degree these

observations are applicable to occupational illnesses. Over the last decade,

a number of prominent investigators have voiced their concern over the paucity

of scientific information on work related morbidity and mortality (19-24).

Similar concerns were expressed in the Office of Technology Assessment review

of injuries and illnesses in the workplace (17). Most of these investigators

have addressed the critical need for conducting safety and health surveillance

to define occupational injury/illness morbidity both cross-sectionally and

longitudinally. One of them pointed out that a shift in focus from mortality

to morbidity was relatively recent (25). This first major population-based

study to measure injury incidence, severity, and other outcomes concluded that

mortality data cannot be used to predict morbidity (25).

Present occupational injury/illness surveillance and data collection

systems are severely limited, particularly for those occupational illnesses

with long latency periods, according to the Public Health Service Report

"Promoting Health/Preventing Disease: Year 2000 Objectives" (15). The report

goes on to say that underreporting of work related injuries and illnesses is a

common problem among all data bases. There is no common definition for what
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constitutes a fatal occupational injury/illness. For example, a heart attack

or cancer may result from single or multiple exposures in an occupational

environment; yet these events may not be designated'as being work related. On

the other hand, an exposure may have occurred in a non-work environment, but

may be attributed to a work environment. There is general agreement that the

number of fatalities from occupational injuries/illness is underestimated in

currently available data bases, but the extent of the undercount is unknown.

There are even larger discrepancies for nonfatal occupational

injuries/illnesses. This is particularly true for injuries since the various

data base_ have varying operational definitions of what constitutes a

"recordable" occupational injury. There are sharp differences in injury risk

estimates between the available data bases from BLS, NCHS, and NSC. Nonfatal

occupational injury risk estimates from BLS and NHIS differ by a factor of

two. NSC and BLS estimates on fatal occupation injuries also differ by a

factor of two.

NHIS estimates are based on relatively small sample sizes (26). The

Office of Hazardous Materials Transportation requires that the carrier only

report those injuries which in the "judgement" of the carrier resulted from

the release of hazardous substances. In the aggregate, these variations and

differences in data bases can materially affect the design of valid, reliable,

and predictable performance benchmarks.

At present there is no single source of valid and reliable information

on all fatal and nonfatal occupational injuries in the United States from

which national, regional, or state-to-state extrapolations can be made. In a

study of work related deaths in a midwestern state,.underreporting of

occupational fatalities from death certificates was 24 percent, from workers
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compensation records 43 percent, and from OSHA reports 65 percent (20).

Therefore, caution must be exercised in the analysis and interpretation of

information from currently available data bases and statistics on occupational
-

injuries.

Where occupational injury and illness surveillance has been limited to

that required for OSHA recordkeeping purposes, illness/disease problems have

received far more recognition and attention than injury, even though the most

important, persistent, and widespread problem is injury. This observation can

be seen in the breakdown of injury and illnesses by "type". All injuries are

lumped together into a single category while illnesses and diseases are

classified in far more detail (e.g., cancer, skin disorders, dust disease of

lung). Thus, the opportunity to understand the cause(s) and nature of
/

injuries and to identify potential intervention strategies is extremely

limited when compared to the potential opportunities from illness/disease data

bases.

The finding by IPAG that occupational injury incidence rates are

underreported by a factor of eight suggested the need to obtain data on all

occupational injuries, not just those meeting OSHA/CAIRS recordability

requirements (10). In particular, the study further demonstrated that

information obtained from OSHA/CAIRS was not worker representative and did not

provide adequate information for exposure/outcome measurements. A task is

needed to validate CAIRS using stringent, scientific and quality standards and

to examine CAIRS potential to provide some performance benchmarks.

E. Incentives for Underreporting/Overreportlng

I NAS stated that the various recording requirements and incentives for
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underreporting (i.e., penalties for high injury rates) create an atmosphere in

which occupational injuries are underrepresented. The report concluded that

there is an urgent need for establishing standardized data on all occupational

injuries/illnesses and which can measure risk among and within industries and

occupations, by such basic factors as age, sex, or experience (17).

Incentives for overreporting exist primarily in the private sector as a

means of avoiding the possibility of an OSHA fine for underreporting when

management is concerned about misinterpreting OSHA recordkeeping guidelines.

DOE needs to develop performance benchmarks that minimize or eliminate both

underreporing and overreporting effects.

F. Va_at_ons in Interpretation of Occupatlona_ Injury/Illness Data from

OSHA/CAIRS and Other Data Bases

For nonfatal occupational injuries/illnesses, there are wide variations

in exposure/outcome estimates primarily because the data bases have varying

operational definitions for what constitutes an occupational or work related

injury. Generally, occupational injury (and illness/dlsease) monitoring

systems utilize information obtained from the OSHA reporting forms. However,

these data are based on specific types of injuries (or injury outcomes)

defined by OSHA in terms that are subject to variable interpretation. Because

of this situation, caution must be exercised in the analysis and

interpretation of occupational injury statistics based on OSHA (or CAIRS)

recordability status. In particular, important factors on injury, such as

anatomic location and severity, are often inadequate for performance

measurement purposes. The same type of injury (e.g., laceration) may result

in lost time from work for one person, but not for another. This may be

26



dependent on performance related factors such as job type (or job

description), workplace regulations, insurance coverage, and workers

compensation regulations, all of which may vary from state-to-state and one

time period to another. At the facility level two sources of variation merit

additional comment: written documentation of changes in data collection and

maintenance procedures and lack of standardized job titles and descriptions.

Therefore, important factors needed to adequately define the nature and extent

of the occupational injury problem, either cross-sectionally or

longitudinally, are often inadequate for such analytic purposes as developing

performance benchmarks. Differences in interpretation of a "recordable"

occupational injury event can result in considerable variation in frequency,

severity, and outcome estimates.

G. Comparable Data for DOE Contractor and Non-DOE Facilities

Selected performance benchmarks should be used to develop a composite

profile of safety and health at each of the DOE contractor facilities in order

to promote meaningful inter-facility comparisons within DOE and between DOE

and the private sector. These profiles can be developed using stratification

factors to develop characteristlc-speclfic benchmarks (e.g., age- and sex-

specific injury rates, training levels by facility type) or can be used to

develop weighted summary measures (e.g., age-adjusted injury or illness

rates). Of particular importance is the development of a consistent

classification scheme (such as the Standard Industrial Classification (SIC)

codes) across facilities for defining job descriptions (27) so that legitimate

comparisons can be made between homogeneous worker populations, using either

stratification or weighting for the selected safety and health performance
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benchmarks. Currently, each DOE contractor facility has its own

classification scheme for defining job titles which may or may not have a job

description which is consistent with similar job titles at other facilities or

at non-DOE sites. Without appropriate adjustments of performance benchmarks

using stratification methods, benchmark comparisons would be compromised. The

most important stratification factors (Table 2) are those which describe

worker population characteristics, time factors, worker job characteristics

and work site and environment. In addition, some of these stratification

factors can also be used to define facility hazard or exposure benchmarks.

V. DATA BASE AVAILABILITY

i A variety of data bases are available which have potential to provide

i information on hazard-exposure/occurrence/outcome and/or performance for

occupational and public exposure resulting from DOE and contractor activities

I oth on and off site; these include (but are not limited to) transportation,

| high and low level radioactive materials, waste removal and management, fire,

explosive or other toxic materials (Appendix Table I). Some of these are

specific to DOE and/or DOE contractors (such as CAIRS (2) and ORPS (28)),

while others such as OSHA can be used for measurement and analyses of public

safety and health risk resulting from DOE contractor activities or comparisons

of DOE contractor performance with that of the private sector. Two studies

• (the Brookhaven cross-sectional and longitudinal analysis studies) can be used

to compare the BNL occupational injury experience with other occupations and

industries on Long Island (or elsewhere in New York State) having similar

characteristics in order to measure relative performance. Appendix Table i

contains a list of selected data bases which have the potential to provide the

28
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kinds of information needed to develop integrated performance benchmarks for

DOE and its contractors, for comparisons with other occupational groups and

public health assessment purposes.

The data bases in Appendix Table i have been categorized by the three

Performance Assessment Categories: hazard-exposure, occurrence or outcome.

Some of these data bases have data from two or all three PACs. Data bases

which are in the occurrence and/or outcome PACs contain information on

Performance Assessment Factors which can be used as, or to compute,

Performance Measurement Factors. Data bases categorized as hazard-exposure

usually have one of three types of information (Figure 5):

- data on exposure in terms of populations at risk, e.g., number of people

in an industry (or an equivalent such as hours worked or person-years

worked) or number of people in a specific age group (a stratification

factor);

- data on exposures other than population-related, such as explosion or

spill abatements, miles traveled for transportation performance

assessment, or levels of radiation for radiological riJk:

- citation or informational data which provides up-to-date information on

the adverse effects (e.g., carcinogenic, mutagenic, or teratogenic) of

specific hazardous or toxic substances.

In addition to containing the data bases and PAC, Appendix Table 1 also

provides information on the availability and utility of the data contained in

each of the data bases. For example, CAIRS can provide exposure/occurrence

/outcome information within the DOE system. When CAIRS data are coupled with

personnel data from DOE and DOE contractors, performance measurement factor_

can be produced down to the job-specific or department/division-specific level

_-
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within a contractor facility, assuming the data have been found to be valid

and reliable for the intended use. Comparison groups for occupational

injuries/illnesses from the private sector can be obtained using OSHA or state

data resources. [Note that these data bases have only limited utility since

they are both based on "reportable" events; however, they are now identical in

their definition of a reportable event for occupational injuries and

illnesses.] For the DOE contractors, radiological information by worker is

available through the Radiation Exposure Module (REM), which can be used to

obtain levels of exposure to workers.

Caution is needed in distinguishing that which is labelled safety or

health. If an exposure results in an acute toxic effect, it is classified i_

the Internacicnal Classification o_ Diseases (ICD) as a toxi_ effect (29), and

programmatically may be defined as a health problem rather than a safety

problem. This is particularly evident with respect to chemical exposures,.

A. sPMs

DOE's Safety Performance Measurement System (SPMS) is designed to: (i)

provide "Accident/Incident" information; (2) "furnish trend and causal factor

analysis"; (3) "assist in risk assessments"; and, (4) "provide technical

information and communication throughout DOE" (2). CAIRS (Computerized

Accldent/Investigation Reporting System) is the module wlthi_1SPMS which

contains laJury/illness, property, and vehicle loss information for all DOE

and DOE contractor organizations. The CAIRS data base is divided into two

major groups" (I) age, sex and job classification, and (2) narrative data

including event sequence, activities, and corrective action (2,30). Narrative

_i data are encoded using the "FRASE" (Factor Relationship and Sequence of

i
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Events) dictionary. FRASE includes categories for: preexisting conditions,

precipitating events, injury producing events, actions taken by employees,

activities, hazardous conditions, co-worker involvement, identification of

objects, tools, vehicles, equipment, substances, and their characteristics,

location, and environmenti factors, and corrective actions initiated.

CAIRS has the potential to provide DOE with important information on the

cause and prevention on occupational injuries. However, CAIRS criteria for

. reporting occupational injuries/illnesses are based primarily on OSHA

i_ recordabi_ity criteria and are subject to the same constraints.

As a data base, CAIRS has the potential to provide DOE with previously

unavailable information on hazard-exposure/occurrence/outcome. However, there

is need to provide assurance that data from all reporting units within DOE can

be (a) aggregated _c produce comparable system-wlde information (e.g., age,

sex, and cause,-speclfi=, occurrence rates and human and property damage outcome

rates or ratios) i (b) disaggregated using multivariate techniques to

understand complex interrelationships among possible causal factors

contributing to safety and health performance; and (c) validated for intended

use.

CAIRS has the potential to address a broad range of occupational safety

and health questions including: what is the root cause of human, vehicle

/transportation, and property damage producing events; what methods can be

implemented to prevent human, vehicle/transportatlon, and property damage

I events from occurring; and/or what steps can be taken to reduce consequential

1!_ human, vehicle/transportation, and property damage during or after an event?

,i
_ Many factors can influence measurements of incidence and severity (31).

A data base must have the capability to evaluate multiple diagnostic, causal,
,i
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and potential confounding factors concurrently and through time (32,33).

For example, while CAIRS (and OSHA) data bases provide some information on

human, vehicle/transportation, and property damage, they do not provide

information on ali events, as needed to understand factors that contribute to

the overall safety and health problem and their sequelae, nor do they provide

information on injury severity and its implications. Most importantly, at

present they cannot provide systematic data essential for measuring

performance and evaluating intervention programs through pre-defined,

validated and demonstrated performance benchmarks, which are requisites for

compliance and oversight review.

| B. ORPS
|

DOE's Occurrence Reporting and Processing System (ORPS), which hasreplaced the Unusual Occurrence Reporting (UOR) Module in SPMS, provides "a

centralized data base for the collection, distribution, updating, analysis,
|

-'- and sign off of information in the occurrence reports" (28). Some examples of

unusual occurrences are radiation release, personal contamination, classified

material loss, selected occupational injuries/illness outcomes (e.g., cases

requiring hospltalization, injury producing events involving more than one

person), and vehlcular/transportation "accidents". lt should be noted that

some of the parameters in ORPS overlap with SPMS modules.

J At present ORPS and SPMS are "stand alone" data bases, each with unique

information on event occurrence and outcome. For these data bases to reach

their full potential it is essential to develop additional PMFs and data from
i|

ii each of these should have the capability to be combined and aggregated for
II

i generating hazard-exposure/occurrence/outcome estimates.
,II
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C. Other Selected Data Bases

i. NHIS

The National Health Interview Survey (NHIS) provides national estimates

on the number of occupational injury and illness cases and incidence rates.

These estimates are based on household interviews and cover a representative

survey of all workers. The NHIS defines a "recordable" case as one which was

"medically attended" (including those for which a respondent contacted a

physician by phone) and those resulting in "more than half a day of restricted

activity". A lost-workday case is defined as one causing a respondent to miss

"more than half a day from a job or business" (26).

2. NSC an_,BLS

Several agencies provide national estimates on occupational fatalities.

The National Safety Council (NSC), has consistently provided the highest

estimates on fatalities. Generally, NSC estimates are twice those published

in the BLS Annual Survey, which generally produces the lowest estimates.

However, BLS estimates are based only on death occurring in establishments

with Ii or more employees, therefore, some differences are expected. In

addition, definitions of what constitutes an occupational fatality vary; for

example, BLS excludes heart attacks when estimating the total number of

fatalities (20).

3. NEISS

The National Electronic Injury Surveillance System (NEISS) provides

national estimates for the number of injury cases treated in hospital

i 2 ."
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emergency departments. Data elements include age, sex, the most "severe"

diagnosis, body part affected, case disposition, and product(s) causing

injury. In some cases, information on occupation and related factors has been

collected. However, since most occupational injuries are not treated in

hospitals, this data base is not representative of occupational injuries as a

whole (34).

4. SEER

The Surveillance, Epidemiology, and End Results Prograla (SEERS) is a

data base maintained by the National Cancer Institute. lt contains

information about the demographic characteristics, treatment types, and

outcomes for persons with cancer. Data are collected from a sample of

selected states and metropolitan regions from hospital records, tumor

registries, and death certificates (35). While SEERS data are useful for

overall cancer incidence, information regarding occupation and occupational

exposures is extremely limited. In order to understand the hazard-

exposure/cancer relationship exposure/cancer a data base needs to be developed

that has the capability of linking various exposure categories (e.g.,

occupation, smoking history, occupational and other exposures).

5. Other Data Resou_,ces

In a Maryland study of fatal occupational injuries, Baker and colleagues

identified occupational deaths from four different sources "because no single

source of data permits identification of all cases" (36). Only one source,

medical examiner records, "identified more than two-thirds of all the cases"

that Baker eventually identified. In a Wisconsin study, Baker found that of



the 161 occupational injury deaths "identified from review of death

certificates and workers' compensation records, only 76% of the total could be

identified from death certificates alone, only 57% from workers' compensation

records". Most striking was that only 35% were reported to the Occupational

Safety and Health Administration (36).

6. Informational Sources for Stratification and Wei_htin_

There are a number of sources of information that can be used to

identify and select data for defining performance stratification and/or

weighting factors. This is particularly important information for filling in

gaps with first order estimates when developing analytic models for

performance measurement.

VI. VALIDATION AND ERROR MEASUREMENT

Currently available occupational safety and health monitoring systems

lack adequate information on a number of important factors needed to define

the nature and extent of the occupational safety and health problems either

cross-sectionally or longitudinally (37,38). For occupational injuries in

particular, information on injury cause, dlagnosis,.and anatomic location and

severity is often inadequate or missing altogether.

To date there is no common protocol for the federal agencies that

collect various data on occupational safety and health. There is a need to

assess the adequacy of existing methodologies and data bases for measuring

hazard-exposure/occurrence/outcome to all workers and for all events and to

determine how DOE is addressing the broad range of occupational safety and

health issues in the DOE and DOE contractor system.
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A. Reportable/Recordable Occurrence Compared to All Occurrences

By OSHA/CAIRS criteria all occupational illnesses must be reported, but

only a subset of events causing property damage or occupational injuries are

defined as reportable. Eeportable property loss occurrences include vehicle

proper'cy losses with greater than $1,000 in damage, and fire and non-fire

losses which incur $I000 or more in property loss. Eeportable injuries are:

(I) any injury resulting in a fatality regardless of the time between the

injury and death; (2) any injury resulting in day lost from work; (3) any

injury which results in transfer to another job, or termination of employment;

(4) any injury which results in loss of consciousness, fracture, or

restriction of work; and, (5) any injury which requires medical treatment

(4,8). Medical treatment is defined as "treatment administered by a physician

or registered professional under standing orders from a physician". Medical

treatment does not include "first aid", one time treatment and subsequent

observation of minor scratches, lacerations, burns, splinters, etc., which do

not "ordinarily" require medical care, even though rendered by a physician or

health care professional.

Differences in interpretation of these definitions and criteria can lead

to wide variations in reporting. Differences in accounting systems, training,

or line supervisor oversight between two facilities can cause essentially

equivalent event occurrences to be reported at one facility but not at the

other. Injury cases classified as "first aid" are specifically exempt from

being reportable unless the injury results in work days lost. By OSHA/CAIRS

definitions an injury is "reportable" only if the injury results in: fatality,

lost or restricted workdays, job transfer, job termination; in loss of

consciousness or required "medical treatment". NHIS defines a reportable
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injury case as one which was medically attended, causes one or more full days

of restricted activity, or confines a person to bed for more than 1/2 of the

daylight hours on the day of or following an injury (26).

B. Lost and Restricted Workdays

Lost (LWD) and/or restricted (RWD) workdays are often used as a

surrogate for anatomic (or physiologic) injury severity, even though there may

be no correlation between the anatomic damage and the number of days lost or

restricted from work. For injury risk and consequence modeling, there is also

need to measure injury occurrence and severity and the direct and indirect

impacts of injury producing events. The measurement techniques must use

stringent analytic/scientific approaches which incorporate accepted

injury/illness classification systems for characterizing the cause, nature,

and severity of anatomic injuries, such as the ICD and the Abbreviated Injury

Scale (ALS) (39).

Both OSHA and DOE measure occupational injury/illness severity primarily

by fatalities and/or work days lost, not by severity of illness/injury or for

that matter, type of injury/illness. An occupational Injury/illness that

leads to a LWD for one person may not for another. Lost work case and day

rates have been shown to vary by such factors as the type of work and the

injury incurred. For example, a typist/data entry technician with a simple

hand laceration may lose time from work because no alternate work can be found

and he/she is unable to perform the job. Yet, someone whose skills do not

require use of the hand could have the identical injury and not lose time from

work. By OSHA/CAIRS definition the first case would be recordable, the second

would not.
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A gystematic al,proach is needed which would allow investigators to

address an issue of primary importance in occupational injury/illness

prevention and control: Is work days lost a valid surrogate for anatomic

injury/illness severity?

C. Policy Related Issues

LWD may vary for the same cause-specific injury/illness because of such

differences as state workers compensation laws and administrative procedures,

and employer policies on restricted duty. In addition it has been shown that

LWD from occupational injuries/illnesses tend to vary directly with worker

compensation payments (40).

i. Workers Compensation (Wt) Issues

State statutes typically limit compensation coverage to ali work-related

diseases and personal injury caused by "accidents" arising out of and in the

course of employment. The attribute of causality for an injury or illness

claim is necessary in most cases because "injury or disease must be traceable

to a particular job so that the proper employer and insurance carrier can be

held responsible" (41).

State program benefits are funded through insurance premium and self-

insurance paid by employers. Each state sets its own insurance requirements

(42,43). There are five types of insurance claims common to workers

compensation. Medical claims are claims for medical and hospital costs only.

Death benefits, permanent total disability, permanent partial disability, and

temporary total disability are claims for indemnity benefits, that is, cash

payment for workdays lost beyond a specified waiting period. These claims may
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also include medical, hospital, and rehabilitative care. Private insurance

carriers paid about 54% of all benefits in 1984; state and federal fund and

self-insured payments comprised 27 and 18 percent respectively (41).

A number of studies have been conducted to determine if the frequency

and duration of occupational injury/illness claims are sensitive to the level

of structure of social insurance benefits provided to compensate workers

(44,45,46). In "Some Lessons Learned from the Workers Compensation Program",

Worrall and Butler state, "...people respond to incentives. If social

insurance benefits increase, applications for beneficiary status will

increase" (47). The evidence from the WC program indicates that applications

(claim filing), and perhaps risk bearing and injuries, are quite sensitive to

changes in the level of benefits. Not only is claim frequency responsive to

benefit levels, but what evidence there is indicates that the duration of

nonwork intervals associated with the receipt of WC indemnity benefits is a

function of the level of those benefits.

In addition, the waiting period for indemnity, beneflts affects initial

claim filing. The longer the waiting period, the lower the claim rate (42).

In a study conducted by Worrall and Appel it was found that "benefits affect

the duration of a low back claim in a statistically significant way. The less

costly it is to stay on a claim and away from the workplace, the longer time

on a claim and in a nonwork status" (48).

Therefore, caution must be exercised in the analysis of data based on

workers compensation records and reports. Differences within and among states

are more likely to be a related to specific WC rules and regulations for

filing and collecting compensation, rather than in actual injury/illness

rates. These observations need to be taken into account when developing and
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validating potential performance benchmarks.

D. Industrial and Occupational Classifications

The Bureau of Labor Statistics (BLS) began conducting the Annual Survey

of occupational injuries and illnesses in 1972. This survey provides national

estimates on the number and incidence rates for fatal and nonfatal injury and

illness cases for most private sector industries in the U.S. Industry groups

are defined by the U.S. Department of Census Standard Industrial

Classification Codes (SLC) (27). However, the survey does not provide

d_tailed information regarding specific occupations, nor does it provide

information on other factors such as injury type and cause. For the states

participating in the survey (49), statewide representative samples are drawn

to determine incidence rates and number of cases. Approximately 280,000 units

in private industry with II or more employees are selected for the survey

annually. Information from the OSHA 200 log and Summary of Occupational

Injuries and Illnesses provides the information needed for calculating the

numbers and rates.

E. Workforce Representation

The BLS survey estimates have a number of limitations. First, according

to the Office of Technology Assessment (OTA) "depending on the type of case,

they cover only two-thirds to three-fourths of the U.S. workforce" (17).

Second, except for requiring "a brief description of the object or event which

caused a fatality" (4 half lines are provided on the survey form), the survey

does not collect data on the nature and characteristics of occupational

injuries and illnesses. Third, although all illnesses are recordable, only a
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subset of ali injuries are "recordable".

OSHA has found questionable recordkeeping practices in a variety of

industries (50). NIOSH researchers in collecting information for the National

Occupational Exposure Survey found that maintenance of OSHA logs varied among

plants and that many logs were incomplete or not maintained at all.

VII. PERFORMANCE ASSESSMENT

A. Conceptual Models

i. Host-Agent-Environment Model

The modern field of injury/illness assessment, abatement and control is

based on scientific concepts derived from the general "host-agent-environment"

model (51). The "agent" causing the injury is defined as energy transfer to

the human host beyond whole body, body'region, or anatomical site damage

thresholds. The various forms of energy are mechanical, chemical, thermal,

electrical, and radiation. Exposure to energy as an agent is analogous to

exposure to a carcinogenic substance or pathogenic microorganism in chronic

and infectious disease. A sudden release of steam in a confined space exposes

a worker to the risk of a burn. Deceleration in a vehicular crash can cause

excess kinetic energy transfer to a vehicle occupant, which in turn can cause

varying degrees of anatomic and physiologic damage. The injury producing

event usually occurs in a period of time measured in a fraction of a second,

as when a head crashes into a windshield or when a finger is hit with a

hammer. In contrast, the time needed to cause disease is generally measured

in days, weeks, months, years or decades. Thus, the difference between a

disease and an injury is primarily dose and time. For example, the single

quick contact with the hammer may cause a contusion, whereas prolonged use can
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result in carpal tunnel syndrome.

lt is important to note that the same etiologic agent can cause either

injury or disease (52). Arsenic ingested at high doses can cause fatal

intoxication in a matter of minutes or hours, while chronic low doses can

cause cancer after d_cmdes of exposure (32). Similarly, lifting a heavy

object can cause immediate injury such as a muscle tear or dislocated disc,

while chronic lifting can be associated with degenerative musculoskeletal

disease, such as osteoarthritis of the spine.

2. Time-Phase-Categorization Model

Empirical hazard-exposure/occurrence outcome models in occupational

injury/illness are all based on the general host-agent-environment model.

Clinical, biostatistical, and engineering principles have been applied to

injury/illness prevention using an expanded version of the "host-agent-

environment" model. The methods based on this model require systematic and

meticulous classification and analysis of the events occurring before, during,

and after an injury/illness event. Each phase of the event sequence is

further classified and evaluated in terms of three major categories: (I) human

factors; (2) vectors of energy transfer (e.g., substances, equipment), and (3)

physical, chemical, biological, and socioeconomic environment (Figure 6). The

matrix formed by these phases and categories serves as a conceptual model for

identifying and selecting those elements in the system most likely to reduce

the risk of, or damage from, the injury/illness (53). Use of this model

enables safety investigators, supervisors and managers, who are responsible

for conformance, compliance, and oversight, to select the most effective

options for identifying, evaluating and controlling a hazard and for reducing
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the frequency and/or severity of injury/illness based on analyses of ali

elements in the system (54). Is also assists in avoiding the classical

pitfall of selecting one element, such as human factors in the pre-event

phase, to the exclusion of other elements in the system.

One classical pitfall is related to a noteworthy misconception about the

relationship between accidents and injuries. Historically, the cultural

notion of an "accident" and a related concern for "personal responsibility" to

avoid hazards, were considered the primary causes of injuries. Until

recently, this notion dominated the field of injury prevention and control and

partially limited the introduction of new concepts and programs, based on the

time-phase model (55,56). Yet, an injured (or an ill) person may have little

direct control over the sequence of events leading to an injury (or illness).

There is need to provide assurance that data from various operating

units can be (a) aggregated to producecomparable system-wlde information

(e.g., age,. sex, and cause-specific incident rates and human property damage

outcomes) and (b) disaggregated using multivariate techniques to understand

complex interrelationships among possible causual factors that contribute to

injuries. Many factors can influence measurements of injury/illness

occurrence and severity and subsequent analyses of relative and attributable

risk (31). A data base that addresses risk management must have the

capability to evaluate multiple diagnostic, etiologic, and potential

confounding factors concurrently at the contractor, program office and

oversight levels of the DOE system (32,33).
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3. Probab_listic Approach

This approach requires isolating and defining a set of key factors

(i.e., parameters, variables, data elements> derived from data bases

containing valid and reliable worker representative information which can be

used to develop specific exposure/occurrence/outcome models (sometimes

referred to as a time phase/host-agent-environment matrix). In turn, the data

from this model can be related to task performance models (i.e., work related

task demands versus human task performance capabilities) (Figure 7). These

two major models, in turn, can be used to provide information for a model for

developing hazard abatement strategies aimed at eliminating or mitigating

occupational safety and health hazards, which can serve as a basis for risk

countermeasure programs and for compliance and oversight monitoring.

B. per_o_ce Measvrement Fa_t_$ and _erfol_ance Benchmarks_

Performance measurement factors are obtained by combining performance

assessment factor data in a meaningful way. For the purpose of performance

measurement and benchmark evaluation, performance assessment factor data are

classified into one of three categories: Hazard-Exposure, Occurr(_nce, and

Outcome (Figure 5).

Hazard and exposure date can be defined in any of several ways, i.e., in

terms of a population at risk (e.g., the number of workers), in terms of a

quantitative measurement of the extent of work performed (e.g., hours worked,

vehicle miles traveled), or in terms of an exposure to a hazard, eitlher over a

long period of time (e.g., radiation badge levels) or an acute exposure (e.g.,

toxic waste spills or fumes).

. ., number of spillsOccurrence data are counts of adverse events (e g ,
9
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fires, motor vehicle collisions, or injuries). Outcome data are measures of

the severity of events, and include such measures as fatalities, number of LWD

or KWl), injury severity scales, dlsability/impairment scales, property damage,

and costs.

Performance measurement factors can be obtained directly from

occurrence/outcome da_a, or occurrence/outcome data can be combined with

hazard or exposure data to produce a PMF (Figure I). The three types of

performance measurement factors of primary concern are counts (or

I distributions of counts), rates and ratios.

Counts are useful for determining an overall performance measurement; in

i addition, breakdown of counts into distributions are also highly informative.

For example, the distribution of cases by type may indicate a specific hazard

present in the workplace. Likewise, breakdown or malfunction of equipment may

indicate the lack of adequate maintenance or monitoring procedures. This type

of PMF does not usually utilize exposure data.

Rates are obtained by calculating the ratio of a count to another count,

both of which are in the same units, where the denominator is usually an

exposure. For example, the occupational injury rate for a facility is

calculated as the number of workers who sustained an occupational injury

divided by the number of workers; in this case, both of the PAF units are

defined in terms of people.

Ratios are also obtained by dividing a count to an exposure, although

_i for ratios the numerator and denominator are in different units. The number
m
:i

|_ of transportation mishaps with or without injuries sustained per I00 000 miles

,!
_ traveled is an example of a ratio PMF.
,|--
i

Any of the -_*--____..__.... m_-_,,_m_n_________..,factors can be obtained for different
i

i
i
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levels of specificity of either population or exposure by using performance

stratification factors (PSF). Simple examples of PSFs are age-specific rates

of occupational injury, where the injured persons (Occurrence PAF) and the

worker population (Exposure PAF) are stratified into mutually exclusive age

groups and the injury rate (PMF) is calculated for each of the strata. PSFs

can be combined to create multi-level stratifications, such as age-/sex-/job-

specific PMFs. Other PSFs include time, cause of injury, event type, or

place.

Performance benchmarks will be that set of PMFs, obtained from valid and

reliable data, which accurately measure line program occupational safety and

health performance. The benchmarks also must be well-defined in terms of what

they measure, and they will preferably have equivalent counterparts in private

sector data (or equivalents that can be derived from private sector data) so

that direct comparisons between DOE and private sector performance can be

achieved.

C. ImDllcatlons for DOE and the Na.tlon

The implications stemming from inadequate data on occupational safety

and health have widespread implications. Without valid and reliable

performance benchmarks for occupational safety and health, resources cannot be

allocated in equitable and effective ways. For example, a state with workers'

compensation data indicating low levels of occupational injuries/illnesses may

receive fewer resources than one with data apparently indicating high rates.

Or, conversely, inappropriate fines may be applied to organizations with high

injury/illness rates. Discrepancies may be attributed to diverse reporting

requirements, different criteria for indemnity payments, benefit levels, or
_q
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other factors related to employer or worker compensation policies rather than

to actual differences in rates. However, these differences may not be taken

into account when establishing policies to reduce or prevent occupational

injuries/illnesses. Inadequate and inappropriate data can lead to inaccurate

assessment of attributable risk and inappropriate policies and programs being

funded and put into effect.

High quality surveillance data are needed to reduce/prevent injuries and

illnesses effectively in the workplace (57). In a 1988 study conducted by

Brewer, et al., 99 percent of the cases coming through five outpatient

occupational medical clinics in the outpatient
Chicago region required only

i (primarily first aid) care (12). In this study of 14,984 work related

injurles/lllnesses, 78 percent of the cases clustered around a few injury

i categories - lacerations, sprains/stralns, and contusions. The distribution
I of the hazards associated with the injuries included metal items (22%),

machines (I0%), and nonpowered hand tools (5.5%). The leading injury cause

was struck by (36%), followed by overexertion (18%). In IPAG's population

representative study of injuries in the DOE system the leading cause of injury

was struck by/caught between (27%), followed by cutting/piercing (17%). The

leading types of injuries were lacerations (29%) and contusions (21%).

VIII. SCIENTIFIC APPROACHES TO PERFORMANCE ASSESSMENT

_J Various approaches to risk assessment need to be evaluated. Decisions
need to be made regarding applying predictive model assessment systems,

!m
probabilistic model assessment systems, or a combination of both. Predictive

l!

_ model assessment systems are used primarily to describe risks and consequences

i of rare events for which there is little if any probabilistic or empirical
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data available or anticipated. Probabilistic approaches are used for non-rare

events in which sufficient empirical or historical data are available.

However, the data collected may have been for purposes other than risk

assessment. Assumptions that these large empirical data bases provide large

quantities of data potentially useful for exposure/outcome assessment may be

erroneous. The quality of available data and its potential usefulness to

performance assessment and measurement and to injury prevention and control

are subject to question.

A. DOE Proposed Risk Assessment Code (RAC) Methodology

Recently the Draft Order 5483.XX was issued by the U.S. Department of

Energy defining guidelines for a comprehensive occupational safety and health

program to be implemented for line managers (5). The purpose of this program

is to ensure that "safe and healthful working conditions" are provided for

DOE/DOE contractor employees. This in part can be accomplished by "gathering

and analyzing data for the early identification of safety and health trends".

One approach recommended in 5483.XX is the PAC methodology (5). This is

a method of calculating the relative risk associated with occupational

injuries/illnesses to determine priorities for rlskabatement activity. These

risk assessment codes (RACs) are determined using severity indices based on 4

outcome parameters and on the probability that an event will occur. The 4

hazard severity categories are (I) catastrophic - injuries/illnesses resulting

in permanent total disability, chronic or irreversible illnesses, or death;

(2) Critical - injuries/illnesses resulting in permanent partial disability or

temporary total disability in excess of 3 months; (3) Marginal -

injuries/illnesses causing hospitalization or temporary, reversible illnesses
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with a variable but limited time period of disability of less than 3 months;

and; (4) Negligible - injuries/illnesses not resulting in hospitalization, or

temporary, reversible illnesses requiring only minor supportive treatment.

The probability code is related to the likelihood that an event will occur.

The four probability codes are (A) Frequent - likely to occur immediately or

within a short period of time; (B) Probable - probably will occur in time; (C)

Occasional - may occur in time, and: (D) Remote - unlikely to occur. The RAC

is an expression of risk which "combines the severity and the probability of

occurrence code". However, an assessment of this RAC approach is necessary to

determine its usefulness as a performance benchmark or to determine whether it

needs modification prior to its being implemented as a PB.

This RAC approach has the potential for providing useful information on

relative risk. However, to reach full potential as a hazard abatement tool

all human and property damaging (e.g., "near miss") events, not just those

meeting OSHA recording requirements, need to be incorporated into the matrix

to obtain a valid and reliable estimate of risk parameters.

Hazard assessment methodologies, such as the PAC approach, are not

consistent with empirical analyses of data from i0 DOE facilities discussed

elsewhere in this report and illustrated in Figures 2-4. They are also not

consistent with findings from the BNL cross-sectional and longitudinal

studies.

B. S_ystems Approach

A systems approach requires isolating and defining key factors (i.e.,

parameters, variables, data elements) derived from data bases containing valid

and reliable population representative data which can be used to develop
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indices for incorporation into exposure/occurrence/outcome models (Figure 8).

These models, in turn, can be related to task performance models (i.e., work

related task demands versus human task performance capability). The two

models can than be used to provide information for developing abatement or

injury intervention strategies which can serve as a basis for risk

countermeasure programs.

At present, methodological gaps in safety and health data bases limit

their utility for current and long-term risk consequence assessment. Accurate

and reliable population and facility/system-wide representative data are

needed to provide useful hazard-exposure/outcome estimates.

C. Overall Apvroach

There is need to (I) obtain descriptive data on all safety and health

related adverse or "near miss" events, not Just those meeting recordability

requirements; (2) establish valid and reliable prospective data bases based

on worker, facility, and DOE system-wide representative data; (3) provide the

capability to develop and implement intervention strategies to reduce/prevent

human, vehicle/transportation, and property damage both on and off site; and

(4) provide the capability to demonstrate the efficacy of selected

intervention strategies.

IX. DISCUSSION

For the occupational safety and health program to be effective, it is

necessary that the performance measurement data be valid and rigorously

evaluated before their implementation as performance benchmarks. Self

evaluation of data, small scale evaluation of performance benchmarks and
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setting research priorities are elements of the OSH system which will ensure a

valid and reliable system for measuring safety and line performance.

A. Self-Evaluatlon

An initiative is needed to evaluate the potential for providing

consistent and high quality data, especially at the supervisor-employee level,

that can be aggregated into facility level grouped data in preparation for

relative performance evaluations among facilities.

Risk based hazard abatement for DOE contractor work site and related

activities needs to be initiated because of the broad range of work

environments from site-to-site in the DOE contractor organization. Self

evaluation at the supervisor-employee level, as previously described, could

become a strong foundation for obtaining valid and reliable data. Self

evaluation is essentially self-guiding with positive incentives to verify

written documentation of hazards, exposures, event occurrences and adverse

outcomes. Positive reinforcement can be accomplished if the supervisor-

employee interchange is for the purpose of discussion and verification,

starting with a view of the completed incident report, and is designed

specifically to avoid the need for additional new documentation. The time

spent in this process needs to focus on cause and prevention. If these

principles are adhered to rigorously, many if not most of the concerns

regarding incident data validation can be addressed at or near the time of the

incident, which is the time when the most accurate information can be

collected. Such a protocol should be considered for pilot testing and

evaluation within the DOE contractor organization.
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B. Additional Benchmarks

One objective of this project is to develop a set of criteria which can

be used to determine if hazard abatement programs used within DOE are

effective. Performance benchmarks are the tools which will be used to measure

compliance with DOE policies and programmatic performance objectives[ In

particular, performance benchmarks used for hazard abatement measures signify

a transformation in safety and health evaluation from that of a reaction to an

event occurrence to on_ of pro-action, i.e., hazard assessment and abatement

prior to the occurrence of a damaging or potentially damaging event.

Unfortunately, hazard assessment and abatement performance measures are

not as well understated as those used for occurrence or outcome. Most programs

do not have a set of criteria for their evaluation as performance benchmarks.

If hazard assessment and abatement initiatives continue without strong

evaluative components that are scientifically defensible and that allow

comparisons within and among sites, then the pro-action approach as embodied

by the occupational safety and health program will be compromised. At the

present time the techniques used for event occurrence and outcome measurements

have the potential for becoming performance benchmarks in their own right

prior to those used for systematic hazard abatement measurement.

Scientifically defensible methods need to be employed in the development of

hazard and exposure performance benchmarks that can be used for decision

making during oversight procedures by DOE management. The risk assessment

methodology and codes are expected to contribute to pro-active approaches.

Methods and procedures used to determine occurrence and outcome measurements

need to be applied to hazard abatement programs to produce equally rigorous

PAFs that eventually can qualify as performance benchmarks.
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lt is vital that the use of hazard assessment and abatement performance

measurement factors be evaluated on a small scale prior to their consideration

as performance benchmarks, so that validity and reliability of the measure can

be ascertained. This step in the process of developing and designating

benchmarks is usually overlooked, but is necessary if the performance

benchmarks are to have a useful impact on the evaluation of DOE contractor

performance at all stages from self-evaluation to oversight review.

Occupational safety and health performance benchmarks need to be

identified through a systematic surveillance system, both cross-sectionally

and longitudinally, that represents al! DOE/DOE contractor organizations.

This systematic, ongoing approach is needed for understanding hazard-

exposure/occurrence/outcome and for measuring the performance of line

supervisors and managers, the state of the DOE system (including its

performance relative to private industry), and the efficacy of safety and

health intervention programs. One approach might be to create risk/outcome

matrices such as the one developed by Kramer, et. al (58) to enable safety and

health decision makers in DOE to readily focus on assessment and abatement in

specific problem areas and focus on known or potential adverse outcomes.

In a June 1991 GAO report "Health Promotion in DOD the Challenges

Ahead", it was stated that DOD needs to collect information about the health

status, behaviors, and risks of its population (59). The report further

stated "that implementing, monitoring, and evaluating such a program would be

difficult and costly" since it would necessitate valid studies on incidence,

require recommendations of appropriate interventions, and evaluate the

efficacy of those interventions. However, implementing such a program

throughout the DOE contractor system would also enable such organizations as
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DOD to utilize the pooled generic data for cost-effective interventions

targeted at specific occupational groups or populations. An occupational

safety and health information system, an expanded version of the

injury/illness information system such as the one developed by IPAG, would

address DOD's concerns and provide DOE with comprehensive population

representative and cost-effective data on work related safety and health.

This information system uses well established scientific methodology which

cuts across a wide range of occupational and industrial groups involved in

research, engineering, production, construction, and service activities.

C. Eesearch Priorities

In order to improve occupational safety and health, a number of research

priorities as identified in the Year 2000 Objectives for the Nation need to be

addressed, which can be extrapolated to encompass a broader outlook than

simply occupational injuries and illnesses. They are as follows: (I) rigorous

testing and validation of control technologies (e.g., monitoring, safeguards,

lockouts) and administrative techniques (e.g., training, work procedures,

policies) need to be conducted; and, (2) valid methodologies that define the

scope of the problem, identify various causal factors, and evaluate the

efficacy of interventions must be implemented (15). However, in order to

accomplish this, scientifically rigorous methodology must be put into place

which first measures the incidence, cause, anatomic damage and other adverse

outcomes of all work related injuries/illnesses, as a basis for developing

safety performance benchmarks. Standardized surveillance procedures that cut

across all facilities and utilize nationally accepted coding systems such .as

ICD and AIS are needed to identify cause-specific injuries/illnesses which

54

J|



should be targeted for intervention strategies. Similar surveillance systems

are needed for "hazards" and property damage which can link with human/worker

factors when applicable.
7

In the aggregate, performance benchmarks need to be linked to a

centralized information system and a distributed data platform with satellite

information systems throughout the DOE organization: Potential performance

benchmarks need to be tested for validity, reliability and predictability in

accordance with standardized criteria prior to being designated official

performance benchmarks. Preferably, the performance benchmarks should reside

in a central repository on a distributed network in order to maximize the

availability of information to the broad range of users throughout the DOE

system. Further, there is need to recognize that individual facilltles/sites

may require additional performance benchmarks that dovetail with those

contained in the central repository and also satisfy facility/site-specific

programmatic needs, as distinguished from area-wide or overall DOE needs.

X. CONCLUSIONS AND RECOMMENDATIONS

When adopted, Draft Order 5483.XX will be one of the most comprehensive

research-industrial safety and health initiatives with broad compliance and

oversight features of any U.S. government agency. The Draft Order requires

contractor conformance with standards, program office review of contractor

compliance, and headquarters oversight of the entire program. However, the

order needs to incorporate explicit provisions for coordination of tasks,

projects, and functions to assure the accuracy and consistency of contractor

generated data across sites. The lack of data consistency across sites is

viewed as a primary impediment in designating performance benchmarks at this
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time. Because of its many elements and complexity, there is need to introduce

an integrated performance benchmark development and. demonstration program that

will allow DOE llne management and DOE contractors to quickly and efficiently

implement this DOE order when promulgated in its final form.

There is need to demonstrate that the various conformance, compliance

and oversight elements can work efficiently and together in one of the most

complex mixes of research-industrial activities managed by any entity, public

or private worldwide. To that end, pilot testing of PB development program

measurement factors on a small scale is urgently needed prior to system-wide

deployment. Such a demonstration will provide DOE management with the

information needed to encourage prompt and enthusiastic acceptance of this new

program right from the start.

The risk assessment methodology and risk assessment codes designed to

quantify selective relative risk factors needed for performance measurements

represent a first step in the process, but are not known to have been tested

for validity, reliability and predictability using empirical data currently

available from selected DOE contractor facilities. Other methodologies for

measuring the effect of the adverse outcomes are also available for these

purposes. One, the AIS, is a well established quantitative method for

measuring the anatomic damage from injury and merits consideration for

performance measurement.

IPAG views the introduction of an integrated performance benchmark

development program as being analogous to technology transfer from a

research/analytical mode to full scale implementation. To accomplish the

transfer, it is necessary to take analytical information from research

laboratories and rigorously demonstrate and evaluate it before full scale
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industrial implementation. There is need to emphasize the importance of going

through the necessary development and demonstration phase (Figure 9). lt is

the omission of the development-pilot testing-demonstration stage that often

distinguishes effective public/private initiatives from others.

DOE has the opportunity at this point to introduce performance

benchmarks at the development/demonstration/piloting stage and benefit from

likely enthusiastic acceptance and support for the compliance and oversight

aspects of the overall occupational safety and health programs. By doing so

line management can be in a position to show which programs are effective and

beneficial to the organizations involved. This approach is the basis for the

occupational safety and health technology transfer initiative, sponsored by

the UAW-Ford National Joint Committee on Health and Safety, that is presently

being completed by IPAG.

An important concern of DOE contractors at this point is the need to

assure accuracy and consistency of information through time and across

facilities and sites in preparation for DOE compliance and oversight review.

To accomplish this an integrated performance benchmark development program is

recommended. The program should include generic, facility/site level

information that can: (a) cut across contractor and programmatic lines; (b)

produce accurate and consistent data using uniform operational definitions;

(c) reside mainly in machine readable formats; (d) provide user friendly

computer hardware/software and input/output through a distributed network

(Figure I0); (e) encourage supervisor-employee participation in self analysis

and evaluation with optimal efficiency; (f) provide a mechanism for

documenting compliance with DOE orders and other regulations; and (g) provide

information and data for DOE program office compliance and headquarters
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oversight responsibilities through the use of integrated perfo1:mance

benchmarks.

The Integrated Performance Benchmark Development Program is viewed as a

means of providing practicable and analytical "tools" needed to demonstrate

the effectiveness of the DOE comprehensive occupational safety and health

program to all employees and llne managers and supervisors in DOE and DOE

contractor organizations. IPAG anticipates that scientifically developed

performance benchmarks with demonstrated validity, reliability and

predictability will encourage employee, supervisor, and management: involvement

in this safety and health initiative.

Specific recommendations for developing an integrated perfoz._ance

benchmark measurement program should include:

• Computerized abatement logs and a related tracking system which can

become the basis for documenting prevention or amelioration tasks and

for developing new or modifying existing PBs.

• A strong focus on standardized information as distinguished fr,m

standardized hardware and software for electronic data interchange.

i • Pilot evaluation of all program components at selected sites.
• Emphasis on immediate supervisor interaction with an injured (or

i involved) employee, as soon as practicable post-event, as a primary
e

mechanism for training, sensitizing, and reaching virtually all

i employees in a facility within a three year cycle (as opposed to the
five year cycle discussed in the draft order document).

k

• Emphasis on continual improvement of the quality and integration of

performance measurement data.
4_
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• Emphasis on validity, reliability, and predictability of performance

assessment and measurement factors.

• Assurance of usability at the contractor, program office, and
-

headquarter levels of the DOE system.

• Availability of ali data and information in computerized format on

generic platforms in the work environment, as necessary to measure

performance and establish benchmarks.

• Consideration of "fuzzy logic" modeling techniques for event

anticipation and/or reconstruction to reduce the effects of variation in

factual data specificity and completeness from event-to-event and site-

to-site, especially with respect to existing data sources.

|
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Table 1

List of Selected Potential Performance Benchmarks

Potential Performance

Performance Assessment

Benchmark Category Source Comments Benefits .

OCCUPATIONAL SAFETY PROGRAM IMPLEMENTATION AND CONFORMANCE BENCHMARKS

Training Frequent 7 Exposure Facility E.g., fire safety 1,3,17,18

5y Type of Hazard training 21

No. of Newly Exposure Facility 1,3,17,18,

Implemenred Trainin E 21

Programs for

Occuparional Safety

Efficacy of Trainin E Exposure Facility Requires beforeafter 1,3,17,18,

Programs resting for each 19,21

program

No. of Newly Exposure Facility 1,3,4,5,

Implemented 15,21

Engineering Controls
for Hazard AbaremenC

Rare of Compliance Exposure Facility 1,17,19

wirh Safety Reportoi_ _

Requirements

Completeness and Exposure Facility 1,17,19
Timeliness of

Required Reports

No. and Type of New Exposure Facility 1,3,4,21

Safety Intervention

Programs

Rate of Employee Exposure Facility 1,4,6,13,

Compliance with 1_,18

Safe_y Regulations

No. of Job Safety Exposure Facility 1,3,17,18,

Analyses IniCiaced 19

and Implemented

Supervisor Training Exposure Facility 1,17,18
in Incident

Investigation



Table I (conc'd_

List of Selected Potential Performance Benchmarks

Po CenCial Performance
Performanc e Ass essmen C

Benchmark CaceEory Source Comments Benefits

EXPOSURE BENCHMARKS

Avg. Occupational Exposure REM 1,2,17,18,
Radiation Exposure 19

Hours Worked Exposure Facility 16

Worker Population Exposure Facility E.g., age, sex; 16
Characteristics also used for

stratification (see

Table 2)

Worker Job Exposure Facillcy D_fferences _n job 16,17,18,
Characteristics descrlpclons among 19,20

fac_llCles; also used
for scrariflcacion

(see Table 2)

1,2,17,18,
Noise Level Exposure Facility 19

Air Quality Exposure Facility Workplace and 1,2,4,5,15,
Measurements environment 17,18,19,21

Water Quality Exposure Facility Workplace and 1,2,4,5,15,
Measurements environment 17,18,19,21

Characterization of Exposure Facility Rad_ologic and ocher 1,2,4,5,15,

Dump Sires coxlc substance data 17,18,19,
bases being developed 21

EVENT OCCURRENCE BENCHMARKS

(Including stratification by PSFs, Table 2, especially came factors)

Frequency of Occurrence ORPS UOR for possible 1,2,4,5,15,
Releases historical comparison 17,18,19,

if validity demon- 21
sCraced

Frequency of Occurrence ORPS " 1,2,4,5,15,

Spills/DischarEe s 17,18,19,21

|



Table i (conr' d)

List of Selected Potential Performance Benchmarks

Potential Performance

Performanc e As ses smen c

Benchmark Ca ceEory Source Commen Cs B en ef ics =

EVENT OCCURRENCE BENCHMARKS (cone' d)

Frequency of Occurrence ORPS " 1,2,11,12
Shu Cdowns

Motor Vehicle Occurrence ORPS Off-sire, on-si_e 1,2,6,9,

Collision Races and overall 18,21

Total Transportation Occurrence ORPS i ,2,6,9,
18,21

Incident Races

Frequency of Fire Occurrence ORPS 1,2,6,9,

Incidents 18,21

PROPERTY LOSS BENCHMARKS

(Including stratification by PSFs, Table 2 especially time factors)

Total Property Outcome CAIRS Subject Co 1,9,18

Damage ($) reporcabiliCy
requiremen Cs

Av E. Property Coso Outcome CAIRS Subject co 1,9

per Even C Occurrence reporcab i1icy
requiremen rs

Total Property Outcome CAIRS Subject Co 1,7,9

DamaEe , Vehicular reporcabilicy
Events ($) requirements

AvE. Property Gosc Occurrence CAIRS Subject co I, 7,9

per Vehicular Even_ Outcome repor_abilicy
requiremen rs

Total Property Loss Outcome ORPS Subject Co 1,9
In Fire Events reporcabilicy

requiremen rs

Property Loss per Occurrence UOR/ORPS Subject co 1,9
Fire Event Outcome reporcabili cy

requirements

i
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-l



Table 1 (conc" d)

List of Selected Potential Performance Benchmarks

Po cen Cia1 Performance

Performanc e Ass es smen t

Benchmark Ca teEory Source Commen cs Benefi ts

OCCUPATIONAL INJURY BENCHMARKS

(Including stratifications by PSFs, Table 2)

No. and Race of Ali Outcome Facility Includes cases which 9,11,12,13,

New Occupational Exposure are noC CAIRS 1_, 19,20,

Injury Cases (first reportable 21

aid, medical, ocher)

Reportable Injury Outcome CAIRS Subject to i, 9, ii, 12,

Rates Exposure reporrabili ty 13, lC

requiremen ts

Cause of Injury Occurrence - No_ currently 2,6,17,18,
available 20,21

Mortality Races Outcome CAIRS 1,6,8,20

Exposure

Case-Fatality Ratio Outcome CAIRS Denominator subject i, 8,20

co reporcability

requirements

LWC Race for Injuries Outcome CAIRS Subject co definition 1,10,11,12

Exposure of II4G

II4D Race for Injuries Outcome CAIRS Subject to definition 1,10,11,12

_" Exposure of LWD

RWD RaCe for injuries Outcome CAIRS Subject co definition 1,11,12

Exposure of RWD

Injury Ra_e per Outcome CAIRS Vehicular events only 1,2,6,7

Mk ie Traveled Exposure 21

Hospitalization Outcome CAIRS 8,20
Rare

Case-Admission Outcome CAIRS 8,20

RaTio

Frequency of Injury Outcome - Noc currently 17,18,20

by Type available

Workers romp. Case Outcome Facility 8,9, i0, ii,

Rare Exposure 12

-i



Table 1 (cont' d)

List of Selected Potential Performance Benchmarks

Po _en_ial Perf ormanc e
Performance Assessment

Benchmark Ca _egory Source Commen cs Benef iEs "

OCCUPATIONAL INJURY BENCHMARKS (conr" d)

Workers Comp. Costs Outcome Faciliry 9,10

T_cal Medical Costs Outcome Facility 9,10

(D iz./[nd )

Anatomic Location Outcome - Not currently 8,16,17.18,

of Injury available 20

Anatomic Severity Outcome - Nor currently 8,16,17,18,

of Injury available 20

AnaComic SeverlCy OuCcome - NoC currenCly 2,8,20 -
Races available

RepeaCer RaCe Outcome CAIRS Only repeated 2,17,18
reportable cases

Percent WDL Cases Outcome - NoC currently 8,9,10,17,

wi rh Musculoskeletal available 18,19,20

Condi rions

Cases with 1 or Outcome - Nor currently 8,10,17,18,

More Musculoskeletal available 19,20

Condition (N710- 739,

N830- 848)

Ratio of OSHA Outcome - Nor currenriy 8,17,18,19,
Recordable Cases available 20

ro Total Cases

Ratio of DOE Co Outcome CAIRS/ Only for reportable 1,17

non-DOE Injury Cases OSHA cases

OCCUPATIONAL ILLNESS BENCHMARKS

(Including stratifications by PSFs, Table 2)

No of Case Visits Outcome CAIRS 1,8,9,11,
• 12,i3,14,

for Occupational 21
Illness

• m



Table i (conE"d)

List of Selected PoCenCial Performance Benchmarks

Po cen cial Performance

Performanc e Ass essmen C

Benchmark Cacegory Source Commencs Benef ics

OCCUPATIONAL ILLNESS BENCHFL4RKS (conc'd)

Illness races Outcome CAIRS I,8,9, ii,
12,13,1_,

Exposure 21

Cause of Illness Occurrence - Noc currencly 2,6,17,18,
available 20,21

Morrali cT Races Outcome CAIRS i,6,8,20
Exposure

Gase-FacaliCy RaCio Outcome CAIRS Denominator subjecC 1,8,20

Co reporcabillcyrequ_remenCs

ZInCRace for OuCcome CAIRS SubjecC Co def. i,I0,11,12

Illnesses Exposure of LWC] LWD Race for Outcome CAIRS Subject co def. 1,10,11,12
Illnesses Exposure of LWD

RWD Race for OuCcome CAIRS SubjecC Co def. 1,11,12

I1inesses Exposure of RWD

Hospi callzaCion Outcome CAIRS 8,20
RaCe

Case.Admlsslon RaClo Outcome CAIRS 8,20

Frequency of Illness Outcome - NoC currenCiy 17,18,20

by Type available

Workers Comp. Gase OuCcome FacfliCy 8,9,10,11,
: Race Exposure 12

Workers Comp. Costs Ouccome Facility 9,10

Total Medical Costs Ouccome Fac:il£Cy 9,10

(Dir/Ind)

ii Anacomic Location Outcome - Not currently 8,16,17,18,

of Illness available 20
i

i
:i
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Table I (con_'d)
List of Selected Potential Performance Benchmarks

Potential Performance

Performance Assessment

Benchmark GateEory Source Commen_s Benefits _-

OCCUPATIONAL ILLNESS BENCHHARKS (toni'd)

Repeater Rate Outcome CAIRS Only repeated 2,17,18

reportable cases

Percent WDL Cases Outcome - Not currently 8,9,10,17,
with Musculoskeletal available 18,19,20

Illness

Cases with i or More Outcome - Not currently 8,10,17,18,
Musculoskelecal available 19,20
Illness

Raclo of DOE Co Outcome GAIRS/ Only for reportable 1,17
non-DOE Illness Cases OSHA cases

List of /3ene£_t': ....

1. Compliance wi_h current DOE orders or other federal reEulations

2. Hazard identification andor evaluation

3. Safety incervenclon/hazard abatement proEram benchmark
4. Reduced occupational exposure

5. Reduced public exposure

6. Reduced occupational occurrence
7. Reduced public occurrence
8. Reduced adverse outcome

9. Reduced costs to DOE or DOE contractor

10. Reduced workers compensation outlays
II. Improved productivity aC a facillcy/site

12. Improved productivity ac DOE overall

13. Improved work quallcy ac a facilicy/site
i_. Improved work quali_v ac DOE overall
15. Reduced environmental hazards

16. Improves predictive capabillcy of a performance factor

17. Improves capability for operational manaEement decision makin E
18. Improves capability of line supervisors to prevent or reduce

property damage or occupational injuryIllness producin E events

19. Improves capability of safety and health manaEemenc at facilicy/area
off iceheadquarters to determine chances in trends

20. ConsisTent with HAS recommendations

21. Consistent with U.S. nacional safety and health coals for the year 2000

|
i

|
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Table 2

IllusEraced Performance Stratification Factors Thac

Can Be Used for Performance Benchmarks

Performance

SCraclficacion
Fac eor Commen cs

WORKER POPULATION CHARACTERISTICS

Age
Sex
Education Level

Marital SCacus

Smoking History

Medical HAs tory

WORKER JOB GHARACTERISTIGS

Job Title Needs co be scandardlzed beEween DOE facillcies and

wlch private sector

Work Site Exposures

Equipment Used

Training Level

TIME FACTORS

Time of Day

Day of Week

DaCe of Incident Used co develop weekly, monthly or ocher periodic
measures of safecy/healch performance using control
chart form, ac











FIGURE4

EXAMPLES OF TWO TYPES OF BNL/IPAG
PROCESS CONTROL CHARTS FOR DISPLAYING

THE SAME TIME TRENDED DATA
STANDARD u CHART

OCCUPATIONAL INJURY INCIDENCE RATE
(No. of Cases per 100 Person-Months)
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RGURE 8

IPAG'S ACTION PLAN APPROACH TO
. MEASURE PERFORMANCE OF

COMPLEX INDUSTRIAL SYSTEMS

CONTROL APPROACHES

• DEVELOP NEW PRODUCT, PROCESS AND GUALITY
CONTROL STRATEGY

• IDENTIFY SENTINEL HUMAN, WORK ENVIRONMENT, AND
AGENT/ENERGY FACTORS

RRELATE HAZARDOUS EXPOSURES WITH HUMAN
• ICN_uRY/ILLNESS & PROPERTY/MATERIAL DAMAGE

OUTCOMES

• CONVERT EXPOSURE-OUTCOME DATA TO FIT. PRODUCT
GUALITY, PROCESS CONTROL AND SYSTEMS MODELS

• SELECT KEY FACTORS FROM ESTABLISHED MODELS

LINK AND APPLY DEMING AND HADDON PRINCIPLES TO
• IMPACT EXTERNALLY ON SYSTEM

• • TEST, DEMONSTRATE AND FINE TUNE AT CAREFULLY
SELECTED FACILITIES/SITES BEFORE FULL SCALE

IMPLEMENTATION

• PROVIDE COMMUNICATIONS & FEEDBACK THROUGOUT
EACH PHASE OF PROJECTri'ASK DEVELOPMENT &
DEMONSTRATION

• EMPHASIZE THE "BOTTOM LINE': PRODUCTIVITY, GUALITY

_.--- . AND COMPETITIVENESS ; "
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A-I. CLASSIYICATION OF INJURY DIAGNOSES

Classification of injury diagnoses is a complex procedure requiring the

use of standardized systems which would allow valid and reliable comparisons

within and among various data bases. The International Classificaclon of

Diseases is a well established and accepted system for coding the cause and

nature of injury and illnesses (28), while the Abbreviated Injury Scale (AIS)

is a well recognized system for classifying severity of injury (39). For

surveillance and intervention purposes ic is impor:anc =hac chs capabili_/

exists to classify injuries/illnesses by cause, _-ype,anatomic sire, anatomic

severity, and outcome.

While OSHA/CAIES do provide some our:ems paramecers (e.g., L_D/R_O, loss

of consciousness, sutures) there is no systematic way, particularly for

injuries, to determine cause, _--ype,and anatomic location and severity. Using

such standardized systems as :he ICD and :he 1985 Abbreviated Injury Scale

wi_h Epidemiologic Modifications enables (60,61) identification of specific

cause (e.g., mine shaft/_u_nel collapse, consuruccion vehicle collision, fall

from loading dock), _/pe (fractured skull,hand laceration), and anatomic

severity of cause specific injury. In acklicion ICD enables codin_ the nature

of an illness co far greater speciflci_y than thac allowed in OSHA and CAIES

• definitions.

Presently ICD-9-CM (International Classification of Diseases. 9_h

revision with Clinical Modifications) is _he most widely recoEni:ed and

utilized system for coding the na:ure of illness and injury, cause of injury,

and medical procedures performed (e.g., suture, incision and drainage,

surEical repair of hernia). ICD codes are required on all Medicare forms and

on mos;c private insurance forms (20).
y -"
• • ,.
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AIS 85 is a system that classifies injuries by body region injured and

organ or specific anatomic site within the body region (39), For each injury

dlagnosis a six digit numeric code is assigned. The firsu digit of that code

identifies the overall body region (e.g, head, upper exuremit3r), the second

t_o dlgiCs identify specific site wit/tin a body region (e.g., hand), and the

fourr.h and flf_h di_i=s denote the progression of severity wi=hin the specific

site (e.g., Rib frac_e (rx) NFS, 1 rib rx, 2 ribs stable chest). The

excep=ion to _his codin_ suruct_re is the AIS body region desi_ated

"external". In uhis ca=e_or_r, any injury :hat occurs to cho e.x=ernai par: of

r/tabody is classified to the "external" region (e.g., contusions, abrasions,

lacera=ions, burns). The sixth digit for bc_h ana=omlc site specific and

external desisxmces _he severity of the specific injury. The severi=7 levels

are as follows: l-minor, 2-moderate, 3-serious, _-severe, 5-cri=ical, and

6-mmximum injury, virt_;ally unsurvivable (Figure A-I).

AIS 85-EH (epidemiologic modifications) was developed by IPAG =o improve

upon and expand the capabili=ies of AIS 85 primarily _o meet surveillance,

research, and evalua=ion needs (60,61). AIS 85 does not enable cho coding of

_'ex=ernal" injuries co a body region, nor does i= allow for codin_ statement

such as body contact ("_ bumped against...") or pain to a body region. Ye=,

". these descriptors are often the only statement in the medical record regardin_

the outcome of an injury (e.g, "my back hur=s", "I bumped my head"). IPAG

developed AIS 85-EM co enable coding of this =ype of information which is

rou=ine_y available on medical records, buu could not be coded usin_ _he

standard AIS 85 codin_ system. A rouen= IPAG modificauion co AIS was the

development o_" a separate code to denote whether a burn was chermai or

chemical of origin. This is an importan= distinction for evalua=in_ exposure

cause and effect in an occupational setting.



A-II. I_AG 0CCU_ATIONAL SAFETY AND _tLTH INFORNATION SYSTEM

IPAG has desiEned selected components needed for perfotuance _uurement

usin_ system safety approaches which draw on the combined screner.hs of safety

and systems engineering, "accident" analysis techniques (SA), blos_acls_ics,

and clinical medicine. The overall objective is uo develop and evaluate

capabilities for exposure/occurrence/outcome assessment. To dace limited

available resources have been used co development r/leoccurrence/outcome phase

of _he system. The development work has been completed in such a way _hat iu

can be linked co the exposure/occurrence data wi_h validity and reliability/.

The IPAG information system incorporates the Deming (Figure A-2) and

Haddon (Figure A-3) stTa=eeies _o an acclon oriented approach (62,63) aimed at

hazard abacemen=. The IPAG sys=em focuses on informazion, as dis=Inguished

from computer hardware and solid,are. This informaclon approach is suitable

and adap=abie co virt_ally any computer system, though the emphasis has been

on linking a distributed network with a central da_a repository as needed.

The IPAG system recoEnizes the need _o approach prevention and control issues

from a complex systems perspective (Figure A-A). The system links analyuic

models from human factors, en_ineerlng, medicine, and statistics, and

addresses the need _o develop minimum deca se_s ra_her than maximum data sets

• in order _o provide managers of large complex systems with usable data

evaluation for decision makin E. lc utilizes es_abllshed scientific

abstracting and coding protocols co document cause, mechanism, nature,

severity (for injury) of and adverse outcomes of hazardous events, regardless

of OSHA recordability status. Thus, for example the initial encounter (such

as the first visit co an occupational medicine clinic) becomes the basis for

the case ascertainment, occurrence measurement, and outcome assessment. I_ is

designed Co be adaptable co a broad range of orEanizational types and seccings



and uses source doc_encs (e.g., medical records, incident repot=s) and _ca

bases _o establish i_o_nacion represenca=ive of _e orgaxL_zacion (Ft_e A-

S). I: is capable of generating specific information appropriaue co various

levels of supervision, management, and administration.

The IPAG system components include (a)characterizin_ events

systematically by measuring the incidence and outcome of cause-specific

(injuries illnesses); (b) establishing a worker representative data base; (c)

usin_ this data base to set priorities for hazard abatement by appivin_

findings from exposure/outcome, countermeasure, and rela_ed models" (d)

ascertainin8 _he feasibility of 4aveloping and imglementin_ interven=ion

s_-:acesies for hazaxd abacemsnc; (e) damous=ra=inS _he effectiveness of

selected ince_ncion strategies before full scale imglementation; and (f)

utilizing this information or engineering control for policy and programmatic

decision making to improve quali_/, produc:ivicy, and com_eci=iveness.

The initial pre.am designed and conducted by IPAG established a valid

and reliable baseline of information on all occupauional injuries occurrin_ in

i0 DOE contractor facilities employing over A6,000 full time equivalent (FTE)

workers, representing a wide ran_e of occupational and industrial groups.

Comgrisin_ this work gorce are groups involved in research, engineering, Each of

". production, construction, and service activities in these facilities.

the l0 facili:ies has individual methods and procedures for documentin_

occuvational tnjuries/illnesses which needed to be converted to s_andardized

injury exposure, occurrence, and outcome codes. These facilities are located

in nine states, each with different administrative procedures for handlin_

workers compensation cases. An abscracu of the initial findings is presented

in the Appendix.



A-III. KEY SELECT _gJU_Y/ILL_ESS ISSUES

A. _unulacive T_a_una Disorders

Cumulative trauma disorders such as low back pain, carpal/r_arsal tlumel

syndrome, _endinitis, bursitis, epicondyli_is are becoming major problems in

_he workplace (15). Cumulative trauma disorders duro co _he performance of

repe_iulve casks account for over 50% of occupational illnesses in the US

(6A). Thompson and 2helps called these disorders the "epidemic of the 1990's"

(65). Repetitive motion related illnesses may initially manifest as

occupational injuries (e.g., strains/sprains) or as nonspecific sympcoma_o_o_/

(e.g., backache). Ye_, these type of injuries and complaints are nec

considered =recordable" unless nhey result in lost or restricted work days, or

require "medical _reament=.

Low back pain is the complaint rela=ed co nea_ly 1/_ of all workers

compensation cases and approximauely 50 percent of workers' compensation costs

(66). Surveillance sys=ems _ha= have _he capability co focus on even=s

leading co back pain (e.g., lifting, fall) would enable early iden=ifica=ion

of factors in the environment thac could be concrolled. Pickett, ec al. found

a high prevalence of physical complaints among deca entry operators using

video display terminals (67). Yec, ocher than _he IPAG information system, no

other current system exists which can crack workers who "present" with
..

complaincs of pain when no definitive trea_nenc or restriction is given.

Surveillance systems are needed :o identify early potential manifestations of

physical and psychological trauma in order to identify po=encial problems

before they meec "recordabilicy" _equiremencs, _hereby enabling intervention

measures prior to long term adverse health effects. However, ac present no

baseline deca exisus for cumulative trauma disorders and their causes.

• .' ,.
p



Therefore, _here is ao baseline from which uo determine the efficacy of

In:ervention stra:egies •

B. _¢ise Induced _earin= Loss_

An estima=ed 8 million workers in US manufac_in8 are exposed to work

place noise levels of 80 d5 or more daily; nearly one-third of these workers

will even_ally develop some level of hearinK impairment (68). Yeu, these

workers exposed to industrial noise may not manifest the hearing loss

initially. It:may cake as lonK as 10 years for initial onset of sympuoms,

since _he destruction of _he sensory cells in the ear is a gradual process

(8). %_i18 OSHA new requires tha_ audiomatric tests be administered to noise

exposed woElr_JEs, results of these tests need :::0 be collected over time to

assess ..he scope of the problem and to dete:u.tne the efficacy of selected

in=ervencion strategies.

C. Qcc_ational Lun_ Diseas_

A number of chronic funs diseases are associated with occupational

exposures. Among these are asbestosis, berylliosis, silicosis (exposure of

persons in mininK, sand and gravel opera,ions, foundries, glass manufactn_rine,

•. etc., to silica), byssinosis (primarily effectinS cotuon workers), and coal

workers pneumoconiosis (68). Host of these, particularly asbestosis, have

long latency periods, which can be 15 or more years. Cancers associated wi_h

asbescosis may not manifesu unuil 20-A0 years after the exposure. Confounding

the issue is _he interrelationship of o_her _ac_ors, such as smoking. A_

presen_ there is no reliable da_a regarding exposure _n _he wor_lace, o_her

concurrent exposures or po._encial early manifestation of symptoms chat could

be predict{re of la_er respiratory diseases (15)



D. Ionlzln= Radla_on "

Ionizing radiauion can dlreculy disrupt cell nuclear material (DNA and

RNA). This in =urn can disru_.t, perma._ently or temporarily (dependent on

dose) _he normal cell functioning (58). The largest man-made source of human

irrad/atlon is in _he field of medical diagnosis and treatment. Other sources

of radlaclon include exposure to radon (e.g, from burning of coal and natn_al

gas and emanation from building materials).

Nuclear enerEy technologies produce radioacnive substances normally

_ound in nauure au infinitesimally small levels. Persons in occupational

cateEories related t_o the producuion of nuclear fission, nuclear research, xe

ray technoloKlr, o._ high altlt_ flying are a_ly exposed to rad/a=ion

above natural background levels. Various exposure llmics exlsc for cho

8Choral public and for those occupational groups routinely working wir.h or

exposed _o ionizing radiation in =he work enviroroNnu.

_Thile acuue effects of laroge doses of rad/a_ion are well documented

(e.g., blood dyscrasia, loss of hair), effects duroco low levels of exposure

are not known. Presently ic is impossible co determine what _he effects (if

any) are of very low dose levels (I rem or below). Of primary concern is the

long range cumulative effects on various organ systems (e.g., tlunor formation,

leukemia) and the genetic effects which would manifesu in offspring of exposed
"o

individuals.

Effective occupational injury/illness surveillance systems need to have

_he capability _o crack worker populations over periods measured in decades in

order to determine if =here are an_y long cerro e.Tposure health effecus.



E. _ 1: on ec_:

Nonionizing radla=ion includes electromagnetic waves a= lower

frequencies such as microwaves, radio frequency transmission, and. radiauion

from elec=rical dis=ribution networks (58). While a number of researchers

have expressed concern over _he long term effecLs of nonionizing radiation

(Wer_heimer, etc), no defini=ive da=a to da_e has subs=antlered any direc=

correlation of nonionizin8 radiation and adverse health effects.

F. Se_ec= Toxic Effecus

A number of chemicals used in indus=ry have been shown =o impair

reproductive funcuion. Various s_adies (primarily conducted on animals) have

implicated heavy mo=als such as lead and cadmium, volatile or8 an°chl°=ines'

pesticides, and organic solvents to adverse reproductive effects (58,68).

Chromosomal abnormalities and increases in spontaneous aboruions have been

=epor_ed amonK wives of workers exposed to vinyl chloride (58).

O_her chemicals and com_.ounds have known carcinoK enic effec=s. Benzene

and polycyclic aroma=lc hydrocarbons (PAH) are examples of such chemicals.

Benzene has been linked wi_h an increased incidence of leukemia, and

anthracene (a PAH), a derivative of coal tar has been shown to produce skin

and scro_al cancers. Hetallic compounds such as nickel have caused an

'" increased risk of nasal cavity and lunK cancers in workers who are heavily

exposed to crude nickel ore dus=, and arsenic e.Tposure has been s=ronKlY

associated with skin and lun_ cancer (58).

In addition, there are a number of chemicals that have been related =o

various other toxic effects. For example, acid gases, phenols, and various

•: "-: alcohols are powerful skin irritants. Carbon monoxide (CO), formaldehyde, and

select nitroaromatics have shown _o effect _he central nervous sys=em.

, , . rl , lr ,, i ,t lr rt ,,, ,|



Chronic low ambient air levels of carbon monoxide have been demonst-caced co

effec= psychomouor performance, visual perception, and concenura_ion (58).

While _he overall effecu of toxic subs=ants exposure in the workplace is

unknown; various s_udies to dace have linked workplace exposure to various

physiological and psychological effects. Occupational InjuryIllness

information _ys=ems need to address the confounding factor of toxic exposures

(including exposures within accepued _hreshold limits.) when developing

exposure/outcome measuremenus.

G. _Ocor Vehicle Injuries

i Motor vehicle injuries are _he leading cause of work relaced faualicies.

In 1990, 35 percent of all work related deaths, and 3 percent of all work

rela_ed injuries involving dlsabili_y, were attributed to motor vehicles (9).

DOE's focus on the safety and _ransporuation of waste and hazardous materials

have failed to address _he most fundamental problem inherent to this issue,

thau of injuries/death resul=anc from crash events.

H. Leadtn= Work Related Injuries and their Causes

Based on a s_udy cf_nducted by IPAG the leadlng types of work related

• injury are lacerations an_ con_tsions. Leading causes of injuries were

s=ruck/caugh= and cu=ting/piercing. However, _he leading cause of work day

losu injuries was overexeruiou/s_renuous movement (I0). According to _he

Bureau of Labor statistics nearly 31 percen_ of all disabling work injuries in

ii 1988 resul_ed from overexeruion, 24 percen_ from being suruck by or againsu an
objec=, and 17 petten= from falls (9).
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FIGUREA-1

AlS 85-EM "

\ eDDY REGIONS

HEAD,

/

NECK

THORAX

O.EN,,V'C
1

LOWER EXTREMITIES

EXTERNAL

I

! t

SEVERITY CODES 0 NO INJURY
1 MINOR 7 PAIN
2 MODERATE 8 RULE OUT
3 SERIOUS 9 CONTACT
4 SEVERE

CRITICAL: -MAXIMUM INJURY, VIRTUALLY UNSURVWABLE



RGUREA-2 • •

• .,w. .

p

• CREATE CONSTANCY OF PURPOSE-_ "

• ADOPTTHE NEW PHILOSOPHYI

• CEASE DEPENDENCE ON MA SS_INSPEC_ON _

• cONSTANTLY AND FOREVER IMPROVE_THE_SYSTEM
I

• REMOVE BARRIERS

• DRIVE OUT FEAR

• BREAK DOWN BARRIERS BETWEEN DEPARTMENTS_

• ELIMINATE NUMERICAL GOALS

• ELIMINATE WORK STANDARDS

• INSTITUTE MODERN METHODS OF SUPERVISION

• INSTITUTE MODERN METHODS OF TRAINING

• INSTITUTE A PROGRAM OF EDUCATION AND
RETRAINING

• END THE PRACTICE OF AWARDING BUSINESS ON
PRICETAG

,= PUT EVERYBODY TO WORK TO AccOMPLISH THE
TRANSFORMATION
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FIGUREA-3

CRITERIA FOR PERFORMANCE

BENCHMARKS* "

IN THE FIRST PLACE

• REDUCE THE'AMOUNT OF THE HAZARD
BROUGHTINTO BEING

• PREVENT THE RELEASE OF THE HAZARD
THAT ALREADY EXISTS

• MODIFY THE RATE OR sPATIAL DISTRIBUTION
OF RELEASE OF THE HAZARD FROM ITS SOURCE

• SEPARATE, IN TIME OR SPACE, THE HAZARD
AND THAT WHICH IS TO BE pROTECTED

RATE THE HAZARD AND THAT WHICH IS
e. SEPA ___.....__,, =,v INTERPOSITION OF A

TO BE PROTP.t;I =u -,
MATERIAL BARRIER

• MODIFY RELEVANT BASIC QUALITIES OF
THE HAZARD

MAKE WHAT IS TO BE PROTECTED MORE
• RESISTANT TO DAMAGE FROM THE HAZARD

"6

• BEGIN TO COUNTER THE DAMAGE ALREADY
DONE BY THE ENVIRONMENTAL HAZARD

• STABILIZE, REPAIR, AND REHABILITATE

• ADAPTED FROM HADDON S 10 FACTOR INTERVENTION
STRATEGY
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RGURE A-4.

PPROACHESTO OBTAIN DATARNATIVEA LEX SYSTEMSALTE_ NG IN COMP -
FOR I_ECISION MAKI

Maxtmum Data Sets.

Engineering .Focus Medical Focus.-

i CAUSALSEQUENCE ADVERSEEFFECT"
•acMdent" Mvestlgat_on • trauma registries• • act.lte caro

• event reconstruction . antecedent factors
• prec:ursor:

"cd Data on Limited Number of EventsDetaii_ _ . ..,__ r.,, n Events
n LoW proD/nly- ...nS-T

Tendency to Focus.o . ..__.J..,,,. Caoability
Corlcsrrl$ aBOLI]_ I"ruuL_,,, "" r

Mm:mum Data Set
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