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ABSTRACT

The automated systems in support of the health and safety program
areas at the Tennessee Valley Authority (TVA) have evolved in the past
few years from data processing to Information management. Currently a
development effort Is underway to provide a decision support system
featuring a health and safety knowledge base. In order to provide
meaningful input to the decisions made regarding the performance of a
health and safety program, consideration should be given to the
systems approach to be utilized in the management of information.

Traditional performance measurements have monitored the incidence
rates related to injuries, illnesses, overexposures, etc. Health and
safety professionals may identify relationships between behavior and
performance in the health and safety environment through the effective
use of information. By identifying which activities are more likely
to have a positive effect on the prevention of accidents and utilizing
performance profiles, management may be able to direct available
resources to those areas which would produce the most significant
results.

THE ISSUE

TVA's Division of Occupational Health and Safety (OC H&S) has corporate
responsibility for formulating and interpreting policy and evaluating
and reporting on the performance of each organization's health and
safety effort. In 1985 OC H&S determined that an automated informa-
tion system should be developed in order to Incorporate, in a compre-
hensive manner, health and safety data and to enable the inclusion of
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more effective performance measurements within the health and safety
program at TVA. This system was to be known as TVA's Health and
Safety Information System (HSIS).

Integration

A basic concept of HSIS is the aspect of integrating information.
Over a period of years, OC H&S has developed and continues to maintain
computerized systems in support of its program areas. These systems
include the Work Injury and Illness System developed In 1979, the
Industrial Hygiene Automated Data System developed in 1981, the Safety
Recognition System developed In 1984, and the Motor Vehicle Incident
System developed in 1985.

In the past, health and safety data resided on several different
storage media: computer disk devices, technical library documents,
agency memorandums, and individual working papers. The need to
effectively integrate portions of this information into a common
repository was apparent. Some of the residual problems included
Inconsistent data values In the reporting process, the forwarding of
irrelevant or useless information, the untimely manner in which data
was collected from several sources, and the cost of maintaining
redundant data. The end product of the development of HSIS would
Include integrating accurate and necessary information from the
current systems and providing additional data regarding performance
measurement of the health and safety program at TVA.

Performance Measurement

HSIS has been conceived in an attempt to better define the relation-
ship between safety performance measurements and the effectiveness of
the ongoing accident prevention activities within the health and
safety program at TVA. HSIS is to serve as a tool by providing
management with an up-to-date profile of program performance and
permitting specific actions to be taken that have a high probability
of producing Improvements.

The system is based on the concept that workplace injuries, illnesses,
and property damage accidents as well as other events or consequences
that occur in the work environment are caused by some undesired
behavior that can be controlled through improved Implementation of one
or more elements of TVA's occupational health and safety program.
Proper implementation of the various elements of TVA's program will
lead to behavior modification improvements which, in turn, will result
in fewer undesired events.

Traditional performance measurements have monitored negative results,
i.e., an injury, illness, overexposure, employee complaint, etc. Data
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typically obtained for these occurrences provide insight into conse-
quences and causes with little information on controls; i.e., which
elements in the program failed to function properly and thus permitted
the existence of an unsafe act or condition that led to some undesired
consequence? By modifying these systems to ensure that their respec-
tive outputs are stated in terms of program deficiencies that allowed
a particular event to occur, it will be possible to identify common
controls necessary to improve performance.

THE SYSTEM

Drucker has stated that "One has to make a decision when a condition
is likely to degenerate if nothing is done. This also applies with
respect to opportunity. If the opportunity is important and is likely
to vanish unless one acts with dispatch, one acts — and one makes a
radical change." [1] An opportunity existed in 1985 for OC H&S to
begin a concerted effort to place health and safety information in an
online environment. This was to be a radical change from the existing
batch systems. Also, with the integration of these data came an
opportunity to provide a decision support mechanism to the health and
safety professionals and line management. This support function would
evolve around a performance measurement feature and enable TVA, in
effect, to determine at any time the overall effectiveness of the
agency's health and safety program.

Approach

The development of any application system undergoes five phases:
(1) problem definition and feasibility; (2) systems analysis; (3) pre-
liminary design; (4) detailed design; and (5) implementation, mainte-
nance, and evaluation. [2] At TVA a specific systems development life
cycle methodology is followed for applications placed in the online
environment on the mainframe computers at the central computer
processing facility in Chattanooga, Tennessee. During the first two
phases of systems development for HSIS, the requirements of the system
were identified. The general requirements included the following.

o Adherence to appropriate Federal regulations and TVA management
guidelines pertaining to TVA's health and safety program.

o Availability of health- and safety-related information to health and
safety professionals and line management in order to provide inputs
to decisions made regarding the performance of TVA's health and
safety program.
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o Provision of a central repository of health and safety information
for placement into health and safety profiles to be analyzed through
the use of performance models.

The following major components were included in the HSIS design.

o Material Safety Data Sheets

o Bulletin Board

o Serious Accident Reporting

o Training

o Employee Complaint Response

o Industrial Hygiene

o Work Injury and Illness

o Motor Vehicle Incident

o Safety Recognition

o Program Evaluation Tracking

o Program Performance

Specific requirements were identified for each component within the
system, including examples of online query screens and batch-generated
reports.

Since this system is for agency-wide use, certain concerns were also
expressed regarding the quality and control of information. The
problem of maintaining high-quality records in a system is magnified
in an interorganizational setting. Systems differ in terms of their
relationship to the public. Some systems Inform in decisions of
critical life importance, while others involve individual convenience.
Interorganizational systems which deal with matters of critical
importance should be structured as central libraries with strong
central management controls. [3] Toward this end HSIS is configured
as a series of central data base files into which other TVA organiza-
tions may inquire. Updating capabilities are centrally controlled,
and authorized users may only update records pertaining to their
organization, e.g., a supervisor updating his/her employees' training
records.

The system approach includes the following major features.



o Utilization of the TVA central computing site's communications
network. Currently the network has approximately 2,500 terminals.

o Utilization of the division's office automation equipment for
downloading of data to personal computers. Uploading of data from a
personal computer to the mainframe is not allowed due to data
synchronization problems.

o Utilization of the central site computing facility's teleprocessing
monitor, IBM's Customer Information Control System,

o Utilization of IBM's Resource Access Control Facility for security
controls of data and software. Security routines have been placed
within HSIS for controlling access to specific components and
features within a component, I.e., adding records to the Serious
Accident Reporting component or deleting records from the Training
component.

Components

In the Information environment there is a greater access to data and,
in particular, data relevant to decisionmaking. Most programmed
decisionmaking has been limited to routine jobs in an organization.
These types of tasks can be simplified and rationalized to maximize
outputs and minimize skill requirements. Information technology can
radically alter the methods used by employees In the work environment
and provide managers the opportunity to develop new approaches to
structuring activities. [4]

For many years health and safety professionals have argusd the merit
of existing performance measures. In fact, existing measures reflect
statistical results, e.g., frequency and severity rates, that at best
provide only a partial perspective of performance, reflect the failure
rather than the success of a given program, and exhibit a vague
relationship to the effectiveness of ongoing activities.

The true measurement of health and safety performance is difficult
since one is not dealing with hardware or some other generally
predictable entity but rather with human behavior. Individual atti-
tudes, as manifested through specific behaviors, appear to be shaped
by a variety of complex factors that influence health and safety
performance. Until the equation relating behavior and performance can
be defined more specifically, efforts to define and maintain effective
health and safety programs will continue to focus largely on reactions
to the crisis of the moment. In brief, health and safety programs
will continue to treat symptoms rather than underlying causes of
performance.

Earnest [5] stated the concept of relating behavior to performance and
graphically portrayed the relationships among consequences, causes,
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and controls. The concept conveys the idea that results of injuries,
illnesses, and other accidents as well as other events that occur in
the work environment are caused by some undesired behavior that can be
controlled through improved implementation of one or more elements of
the health and safety program. Earnest's diagram has been modified to
show these relationships relative to TVA's occupational health and
safety program and is shown in figure 1.

In order to affect the decisiontnaking processes of the health and
safety professionals at TVA, proper information must be provided in a
timely and coherent manner. HS1S is the means by which this informa-
tion will be distributed into the daily operating environment.

Following is a brief description of each component within HSIS and a
partial listing of some of the types of information stored.

o Material Safety Data Sheets

—• Description

- Retains data associated with the hazards and protective
measures relating to the use of chemicals as described on
material safety data sheets.

— Information

- Trade name
- Ingredients, percentages, threshold limit value, permissible
exposure limits

- Manufacturer's name, address, telephone number
- Hazardous Material Information System label information
- First aid, target organ, spill/recovery procedures

o Bulletin Board

— Description

- Disseminates information regarding health and safety matters,
e.g., program element definition/explanation, product recalls,
alerts to dangerous products or equipment, etc.

— Information

- Bulletin type, e.g., alert, health and safety information,
technical information, promotional items, etc.

- Intended audience
- Text of the bulletin
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MANAGING HEALTH AND SAFETY
Figure 1
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o Serious Accident Reporting

— Description

- Provides information on incidents which result in one or more
of the following occurrences: (1) fatality to a TVA employee,
(2) hospital confinement of five or more TVA employees, or
(3) accidental damage to TVA property with an estimated value
of $250,000 or more.

— Information

- Accident type, e.g., fatality, hospital confinement, property
damage, near-miss

- Accident location, date, time
- Narrative
- Injury information
- Reporting information
- Accident report Information
- Recommendations and status

o Employee Complaint Response

— Description

- Provides information on employee reports of unsafe and/or
unhealthful working conditions in TVA workplaces.

— Information

- Type, e.g., complaint, reprisal
- Complaint location, date, time
- Narrative
- Complainant and investigator information
- Complaint report information
- Recommendations and status

o Training

— Description

- Retains information on health and safety courses presented by
and for TVA employees.

— Information

- Training type, e.g., certification, development, hazard aware-
ness, etc.

- Course Information
- Attendee information
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- Job functions

- Attendee needs

o Industrial Hygiene

— Description

- Retains data associated with industrial hygiene monitoring.

— Information

- Industrial hygiene survey data

- Radiological survey data
- Sample personal data
- Sample area data
- Summary report information

o Work Injury and Illness

— Description

- Provides information on occupational injuries and illnesses of
TVA personnel resulting In (1) medical treatment other than
first aid, (2) an employee not being able to report for his/her
next regularly scheduled shift, and (3) a fatality.

— Information

- Injury type, e.g., fall, sprain, strain, etc.
- Injured employee Information
- Incidence rates
- Severity rates
- Classification

o Motor Vehicle Incident

— Description

- Retains information associated with incidents, i.e., accidents,
thefts, fires, and vandalism involving TVA vehicles.

— Information

- Accident information
- Mileage information
- Incidence rates
- Frequency rates
- Cost data
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o Safety Recognition

— Description

- Retains information associated with the accumulative number of
injury-free and vehicle accident-free years of service for
current TVA employees.

— Information

- Employee information
- Lost-time information
- Vehicle accident information

o Program Evaluation Tracking

— Description

- Provides information on a program of internal TVA evaluations
to determine the effectiveness of TVA's occupational health and
safety program.

— Information

- Program element evaluation information
- Recommendations and status
- Reporting information
- Organizational performance profile input
- Workplace performance profile input

o Program Performance

— Description

- Provides organizational and workplace profiles, detailed
program element definition, effectiveness factors for workplace
activities, and the performance model.

— Information

- Detailed program element breakdown
- Organization and workplace profiles
- Effectiveness factors for workplace activities
- Historical profiles associated with discrete events, i.e.,

serious accidents, performance above or below standard levels,
specific reporting periods, etc.

The Program Performance component is the core of the system as this
component stores the performance profiles and procedurally defines the
performance model. A key aspect of the model is the program element
breakdown where each of the ten program elements within TVA's health
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and safety program is further defined in detail. This concept is
illustrated for the goals and objectives element of TVA's program in
figure 2.

At level 1 each program element is assigned a weighting factor
according to staff judgment, operating experience, etc. These
elements are then divided into subelements in level 2 and ranked in
some order of importance. This process continues as necessary until
the activity level is reached. This level occurs when a specific
measurable action that can be taken by a manager is identified. Each
of these actions will not only be ranked in order of importance, but
also will be assigned an effectiveness factor, e.g., a scale of 1-10
with appropriate criteria to distinguish between various levels of
performance, thus forming a matrix that can be mathematically manipu-
lated to yield a rating for each activity. An overall program rating,
i.e., a level 1 summary, can then be computed from the individual
ratings. This method also allows identification of specific
activities that can be implemented to further improve an organiza-
tion's performance.

This approach yields a variety of activities that, in total or in
part, can assist in controlling hazards to an acceptable level.
Selection of the appropriate activities will be somewhat discretionary
since there are usually multiple strategies that can abate or mitigate
a hazard to an acceptable level. Consequently, supervisors and
employees should have more flexibility and freedom to choose the
activities they consider necessary to control hazards to an acceptable
level.

THE CHALLENGE

One of the major objectives oi any automated Information system should
be to provide timely and quality information to the business environ-
ment which the system supports. An attempt is being made in HSIS to
not only provide information regarding each system component, but to
actually enhance the decisionmaking processes related to the health
and safety program.

Future Direction

Through the integration of information, significant improvements have
been made in the timeliness of distributing needed health and safety
information to the line organizations. Online features within HSIS
have enabled access to this Information from remote locations. A
planned enhancement includes the use of a relational data base manage-
ment system. This approach would enable system users to dynamically
build relationships between data items. Thus, any user of HSIS would
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SAMPLE PROGRAM ELEMENT BREAKDOWN

Figure 2
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be able to inquire on a variety of data relationships in order to
acquire information for decisionmaking.

Another concept for future implementation is to Integrate other
systems with HSIS. One project which has already been identified is
to link HSIS with TVA's Materials Management System (MAMS), a system
for listing and tracking spare parts, supplies, and materials in
Inventory in our plants and warehouses. The ingredients of hazardous
chemical materials are stored on the Material Safety Data Sheets
within HSIS; the Inventories associated with these materials are
stored in MAMS. By coupling these two systems, TVA would be able to
comply with certain requirements in the Superfund Amendment and
Reauthorization Act of 1986. This integration would enable TVA to
take a step closer to the effective management of hazardous materials
during the complete life cycle of the material, i.e., procurement,
shipment, storage, safe use, and disposal.

Opportunity

TVA's overall mission Is to improve the quality of life for residents
of the Valley through unified resource development. An integral part
of realizing this mission is the protection of both human and physical
resources. The mechanism for systematically providing this protection
is the agency's occupational health and safety program. Effective and
efficient accomplishment of work is dependent on carrying out the
following standards of performance.

o Deflnlng/identlfing responsibilities in terms of activities that
each employee must carry out along with the expected results.

o Communication between supervisors and employees to ensure that
defined activities and expected results are understood.

o Monitoring behavior of employees against expected results.

o Providing feedback to employees on the achievement of expected
results by recognizing good performance, correcting bad performance,
and/or modifying expectation as necessary.

Traditionally, safety and health responsibilities have not always been
defined In specific and measurable terms. Translation of this program
concept Into action Is heavily dependent on identification, selection,
and assignment of detailed program activities. Likewise, achievement
of these program activities depends heavily upon management's applica-
tion of the standards of performance during Implementation. These two
requirements must be satisfied in order to ensure that program
elements will be carried out, thus allowing hazards to be controlled
to an acceptable level. With its human and physical resources
protected and available for maximum utilization, the agency will be in
a better position to realize achievement of Its overall mission.
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With the advent of recent legislation and heightened public concern, it
has become increasingly important to identify and evaluate materials that
pose potential hazards. Chemical hazard ratings have evolved from their
origin in the fire protection field. These ratings provide a mechanism
for consolidating hazard category information into meaningful color
coding and numbers. At a glance, employees are apprised of the potential
hazards associated with a particular material.

Chemicals are classified as to toxicity, flammability, and reactivity on
hazard indices of 0 (relatively harmless) through 4 (extremely hazardous).
Numeric hazard ratings can be used in conjunction with employee training,
in-house labeling programs, material tracking/inventory, MSDS systems,
and identification of areas of potential exposure concerns. Criteria for
assigning ndzarti ratings along with examples will be presented in three
categories: Health, Flamrnaoi1iiy, and Reactivity.
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CONSIDERATIONS IN THE DEVELOPMENT OF CHEMICAL HAZARD RATINGS, F. Kenneth
Edwards, Jr., Martin Marietta Energy Systems, Inc., Oak Ridge National
Laboratory, Oak Ridge, Tennessee

Introduction and Background

With growing concern for the hazards posed in handling of chemical
substances and the recent OSHA Hazard Communication Standard, state
worker "right-to-know", and the EPA community "right-to-know"
regulations, industries are devoting an increasing amount of time to
hazard evaluation and the means of effectively communicating hazard
information. An important aspect of hazard communication is the ability
to communicate risk in a manner that will evoke the desired risk
eliminating or reducing behavior. Through material labeling utilizing
uniform criteria for assigning degree-of-hazard designations for the
major hazardous characteristics, worker hazard awareness can be enhanced.

The goal is to provide a simplified way for individuals to readily
recognize the major hazards associated with a material. Statements of
hazards should be simple, direct, and concise. While detailed labels do
increase the amount of information available, they may also raise levels
of concern unnecessarily and reduce reader understanding and retention.

In developing a simplified strategy for rating and labeling an existing
system, the National Fire Protection Association (NFPA) Identification
System was used as a basis for the Oak Ridge National Laboratories
chemical rating and labeling plan. NFPA uses a well accepted color-keyed
symbol system with high recognition value. It identifies the category of
hazard by color and the degree of potential hazard by number. This
system permits an observer to quickly assess the hazardous nature of a
substance. The color-keyed system provides information on four hazard
categories, a color is assigned to each hazard - blue for health, red for
flammability, and yellow for reactivity. A fourth square is reserved for
special or unusual hazards.

To more fully understand rating and labeling systems it is useful to
consider concepts behind a hazard rating system, the application of this
system to single materials and mixtures, considerations in application of
the rating system, and reference sources that can serve as a guide to
development of a hazard rating system.

* Operated by Martin Marietta Energy Systems, Inc., for the U.S.
Department of Energy under Contract No. DE-AC05-840R21400.

"The submitted manuaenpt h M baen
authored by a contractor of the U.S.
Government undar contract No. DE-
AC05-B4OR21400. Accordngty, the U.S.
Government retains a nonexclusive,
royalty-free license to publish or reproduce
the published form of this contribution, or
alow others to do so. for U.S. Government
purposes."



24

Concept of a Hazard Rating System

The purpose and design of the rating system is to ensure that employers
and their employees are apprised and can quickly and easily assess the
hazards associated with a given material. Ideally this will evoke the
appropriate degree of caution and an appropriate behavior.

This strategy for rating chemicals provides for their classification as
to toxicity, flammability, and reactivity with hazard indices of 0
through 4. A zero denotes a minimal hazard, while a four indicates an
extreme hazard. The system, with its combination of color coding keyed
graphics, is simple and easy to understand with minimal training.
However it should be noted that assigning the numeric rating may not be
an easy task. Special problems are encountered in assigning ratings to
certain materials such as:

1. A mixture consisting of components with similar hazardous properties
in near equal proportions. In this case, the potential exists for
all hazardous properties to be exhibited and ths rating would be the
highest available for any one of the components.

2. A mixture containing a trace contaminant (e.g., a carcinogen) that
would result in a higher hazard rating due to the presence of the
contaminant.

3. A mixture containing a highly toxic component whose form results in a
lower hazard rating than expected

4. A material that has little or no hazard data. Where none of the
specific criteria can be identified, chemicals should be considered
hazardous and all appropriate precautions taken until information is
received and evaluated. Analogies may be drawn from materials with
similar structures* but extreme care should be taken in using
analogies.

The inherent chemical, physical, and biological properties of a chemical
must be understood before judgment can be rendered as to the appropriate
rating. The interaction of such variables as vapor pressure, physical
state, solubility, pH and flash point will have a bearing on hazard
potential presented by a material.

An approach to rating materials found in the industrial environment is
presented. These ratings should provide adequate information to identify
the existence of a potential hazardous material to the observer. It
should be noted that the approach taken in assigning ratings must be
tailored to provide the information necessary to protect your employees.
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Health

The system for ranking health hazards should include considerations of
the acute and chronic effects associated with exposure to a material.
The toxicity ratings are determined on the basis of the three most common
portals of entry to the body -- the skin, the respiratory tract, and the
gastrointestinal tract. The relative toxicity criteria based on TLV's
(threshold limit values) are shown in Table I. The American Conference
of Governmental Industrial Hygienists' (ACGIH) TLV's are used, if
available, in preference to other criteria such ac the use of the oral
LD50 for rats, the inhalation LC5Q for rats, or the skin LD50 for rabbits
presented in Table II, because the use of animal test results requires
extrapolation of observed effects in animals to humans.

TABLE I

Relative Toxicitv Criteria Based on TLV's

Health Rating
Designated in Blue Common Term TLV

4 Extremely Hazardous
3 Highly Hazardous
2 Moderately Hazardous
1 Slightly Hazardous
0 Relatively Harmless

In assigning the rating to a material that is a mixture of chemicals, any
information that can be obtained on the entire material is, of course,
the most valid and should be used in assignment of the hazard ratings.
Where none of the specific criteria can be identified, chemicals should
be classified using whatever toxicological data available. In such
cases, judgment is used and estimates made from similar data on analogous
materials. Care should be taken in using the toxicology of an analogous
material to arrive at a health rating, and the analogous material should
be referenced on the label.

Flaramabilitv

The flammability hazard rating gives an indication of the ease with which
materials can be ignited and continue to burn. There are various
criteria which have been developed to identify flammable materials.
Flash point has been selected as a good general measure of flanunability
and is often considered a primary estimator of flammability. It is the
most commonly available measure of flammability found in the literature.
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TABLE II

RELATIVE HEALTH HAZARD CRITERIA BASED ON LD 5 0 AND LC50 VALUES
DESIGNATED IN BLUE

Rating

4

3

2

1

0

Common Term

Extreme Health Hazard

High Health Hazard

Moderate Health Hazard

Slight Health Hazard

No Significant Health
Hazard

Acute

Exposure may be poten-
tially life threatening

Major temporary or
permanent injury may
threaten life

Minor temporary or
permanent injury**
(includes non-life
threatening substances
which sensitize the
ma.ioritv of exposed
workers)

Minor injury readily
reversible**

Chronic
Exposure may be poten-
:ially life threaten-
ing* (includes human
carcinogens, mutagens,
teratogens

Major oermanent injury
(includes other car-
cinogens, mutagens,
teratogens)

Minor temporary or
permanent injury

Minor injury readily
reversible

Asphyxiants

Materials which produce toxic effects only
under the most unusual conditions or by over-
whelming dosage

LD50
ngle Oral
Dose Rats
mg/kg

< 1

1.1 - 50

50.1 - 500

501 - 15000

>15000

LC 5 0Inhalation
4-h Vapor
Exposure
Rats R
ppm

< 10

11 - 100

101 - 1000

1001-10000

>100000

LD50
Skin
abbits
mg/kg

< 5

5.1 - 43

44 - 340

350-22600

>22600

*Includes substances which bear a significant relationship to the development of cancer in man
*"*AIlergens are rated according to their sensitizing potential rather than the severity of an allergic reaction
upon re-exposure to a substance by a sensitized worker.
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Other indices that can be used include ignition temperature, flammable
range, fire points, and flame propagation. These characteristics are
useful in that they provide a more complete description of the fire
hazard that may be posed by a material. A suggested criteria for
flanunability utilizing a combined flash point and boiling point
(indicator of volatility) is shown in Table III.

TABLE III

Relative Flammabilitv Criteria Designated in Red

Rating

4

3

2

1

0

Reactivity

Common Term

Extremely Flammable

Highly Flammable

Moderately Flammable

Slightly Flammable

Nonflammable

Flash
Decrees C,

Below 23

Below 23
23 - 38

38 - 93

Above 93

Point
(Degrees F)

(73)

(73)
(73 - 100)

(101 - 200)

(200)

Above 816 (1500)

Boiling
Degrees C.

Below 37.

Abov-; 37.

--

--

Point
(Degrees F)

8 (100)

8 (100)

Perhaps the most significant compilation of reactivity rating data is
presented in the NFPA 704 system. This system provides for rating of a
material's reactivity (i.e. the potential a material has for reacting
with environmental components in such a way as to release significant
energy). Additionally this classification rates materials which are
capable of rapid release of energy by themselves, either by
polymerization or self-reaction. It also includes water reactive
materials and chemicals which will react violently when in contact with
common materials. A suggested criteria summary is shown in Table IV.
Caution should be exercised in assigning a reactivity rating and if doubt
exists, a person experienced in handling and storage of the material
should be consulted.
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TABLE IV

Reactivity Hazard Designated in Yellow

Common Term

Extremely Reactive

Highly Reactive

Moderately Reactive

Slightly Reactive

Non-Reactive

Susceptibility to Release of Energy

Material readily capable of detonation
at ambient conditions

Material capable of detonation but
requires strong initiating source;
explosive reaction with water

Material readily undergoes violent
chemical change but does not detonate;
reacts with water violently

Material normally stable but unstable at
elevated temperature and pressure; may
react with water

Material is non-reactive

Application of Hazard Ratings

Assigning hazard rating or coding to materials can find wide application
in many areas of hazardous materials management and control. The ratings
provide a means of identifying and informing employers and employees of
the potential hazards associated with a material. They also can be used
as compliance tools for the federal OSHA, Hazard Communication Standard
(HCS) state worker's "right-to-know", and the new Environmental
Protection Agency's (EPA) Community "right-to-know" requirements.

The HCS requires employers to ensure that each container of hazardous
material in the workplace is labeled with the identity of the material
and an appropriate hazard warning that is legible and prominently
displayed. The HCS also requires information and training sessions on
hazardous materials in the workplace and lists be maintained of all
hazardous materials known to be present using a product name that can be
referenced to the appropriate Material Safety Data Sheet (MSDS).

By incorporating hazard ratings onto the MSDSs, the employee has access
to precautionary information necessary to complete a label in accordance
with the standard. The first place one can look for information to
perform a haz&rd evaluations is the material's own MSDS, which should
accompany every initial purchase. A well-designed and complete MSDS
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would provide all the information necessary for evaluating, the hazards
associated with a material. The MSDS must contain at least the following
information:

o The chemical and common name(s), CAS Number(s), and the identity used
on the label for all hazardous ingredients which comprise greater
than one (1) percent of the chemical or 0.1 percent for a known
carcinogen;

o Physical and chemical characteristics of the hazardous chemical (such
as vapor pressure, flash point);

o The physical hazards of the hazardous chemical, including the
potential for fire, explosion, and reactivity;

o Known acute and chronic health effects of exposure to the hazardous
chemical, including signs and symptoms of exposure, and medical
conditions which may be aggravated by exposure to the chemical;

o The primary route(s) of entry and permissible exposure limit (for
those hazardous chemicals for which OSHA and/or ACGIH has promulgated
an exposure limit);

o Emergency and first aid procedures;

o Precautions for safe handling and use, including appropriate hygienic
practices, procedures for decontaminating equipment prior to
performing repairs and maintenance, and procedures for clean-up of
leaks or spills;

o The date of preparation of the MSDS or the last change to it; and

o The name, address, and telephone number of the manufacturer preparing
the sheet.

Requiring the placement of hazard ratings on requisitions of hazardous
materials provides a mechanism to flag and review all hazardous purchases
prior to their delivery at your facility. It also provides a unique
record of such purchases, and it allows time to review the intended use
and prepare for appropriate monitoring programs and/or control measures,
if necessary. Monitoring hazardous material purchases facilitates waste
management planning activities by providing insight into the types and
quantities of wastes that might be expected to be generated.

Ratings, labels, and precautionary information are of little good to the
employee if they do not understand their meaning and function. Employees
must be informed and trained in the details of the hazard rating system,
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the proper procedures for completing purchase requisition, the labeling
program, and the MSDS system. When the hazard ratings appear on a
hazardous material document, at a glance, employees are apprised that the
material does possess a hazardous property and of the degree of hazards
associated with it.

Perception is the process which mediates between exposure to the label
and the resulting behavior of the observer. Attention or focus is often
on certain limited portions of the total information presented.
Legibility (characteristics that make it possible to read or increase
quickness of recognition and perception) and readability (characteristics
of printing or type which make it comfortable or easy to read) of a label
decrease as level of reading difficulty increases. Label content of
significantly high reading difficulty level could discourage the viewer
from completely reading the label or exceed the viewer's ability to
comprehend the label's warnings. In addition to reading level, a
language barrier should not stand in the way of communicating
precautionary information.

Whether or not to use color in the label is a major decision. A
proportion of people (approximately 8% of all men and 1% of all women)
have defective color vision. It is desirable to use color where color
may enhance visibility of or attention to required or desired
precautionary information related to the potential hazards associated
with the material.

Information Sources

Scientifically sound information is the key to decision-making with
respect to chemical hazard labeling and rating. Obtaining and managing
data of various types is the first step in the labeling process. The
hazards possessed by many chemical substances can be determined by using
published and computerized information sources. Attention must be given
to data quality, validity, and origin.

Often much of the scientific evidence necessary for a complete MSDS does
not exist or is not provided by the manufacturer. It may be necessary to
search the literature yourself to have adequate information to perform a
hazard evaluation. A bibliography of resources is provided that can
serve as a guide to the information available on chemical substances.

Suggested References

American Conference of Governmental Industrial Hygienists, Inc., TLV s
Threshold Limit Values and Biological Exposure Indices from 1987-1988.
Cincinnati, Ohio: American Conference of Governmental Hygienists, 1987.
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CHRIS - Hazardous Chemical Data., Manual Two, U.S. Coast Guard,
Department of Transportation, U.S. Government Printing Office,
Washington, D.C., June, 1985.

Clayton, G. D., and F. E. Clayton (eds.), Patty's Industrial Hygiene and
Toxicology: Vol. 2A. 2B. 2C: Toxicology. 3rd Ed., John Wiley & Sons,
New York, 1981-1982.

Encyclopedia of Chemical Technology. 3rd Ed. , Kirk Othmer, John Wiley &
Sons, New York, 1978.

Fire Protection Guide on Hazardous Materials. 9th Ed., National Fire
Protection Association, Quincy, Massachusetts, 1986.

GENE-TOX Program: Current Status of Bioassav in Genetic Toxicology, U.S.
Environmental Protection Agency, Office of Toxic Substances and
Pesticides, Washington, D.C. (For program information, contact
Environmental Mutagen Information Center, Oak Ridge National Laboratory,
P.O. Box Y, Oak Ridge, Tennessee 37831, 615-574-7871).

Gosselin, R. E., R. P. Smith, and H. C. Hodge, Clinical Toxicology of
Commercial products. 5th Ed., williams and Wilkins, Baltimore, 1984.

IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals
to Man. World Health Organization, International Agency for Research on
Cancer, 1972-1984.

Mackinson, F. W. , R. S. Stricoff, and L. J. Partridge, Jr. (eds.).
NIOSH/OSHA - Occupational Health Guidelines for Chemical Hazards. DHHS
(NIOSH) Publication No. 81-123, Government Printing Office, Washington,
D.C., Jan., 1981.

1984 Emergency Response Guidebook. Guidebook for Hazardous Materials
Incidents, Department of Transportation, DOT P 5800.3.

Registry of Toxic Effects of chemical Substances (RTECS). U.S.
Department of Health and Human Services, Public Health Service Center for
Disease Control, National Institute for Occupational Safety and Health,
National Library of Medicine's current MEDLARS file.

Sax, N. I. Dangerous Properties of Industrial Materials. 6th Ed., New
York, NY: Van Nostrand Reinhold, 1984.

Sax, N. I., and R. J. Lewis (eds.). Hawley's Condensed Chemical
Dictionary. 11th Ed., Van Nostrand Reinhold Company, New York, 1987.
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The Merck Index. 10th Ed., Merck & Company, Inc., Rahway, New Jersey,
1984.

U.S. Department of Health and Human Services, National Institute of
health. Hazardous Substances Data Bank (HSDB). National Library of
Medicine's current TOXNET file.

Weast, R. C , (ed.). Handbook of Chemistry and Physics. 67th Ed., Boca
Raton, FL: CRC Press Inc., 1986-1987.

In summary, the development of a hazard rating system offers an excellent
method of conveying in a simple, direct, and concise manner summary
information on potentially hazardous materials. The color-keyed system
is easily learned and has high recognition value. It represents a key
tool in achieving compliance with the OSHA Hazard Communication Standard,
state worker "Right-To-Know", and new EPA Community "Right-To-Know"
regulations. Beyond compliance, a uniform hazard rating system offers
the utility and flexibility to greatly enhance the effectiveness of a
hazardous material and/or waste management program. Ratings can provide
a common link between purchasing, training, HSDSs, labeling, and waste
management programs. The hazard rating should be considered as a major
element of a comprehensive approach to hazardous materials management and
control programs.
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ABSTRACT

The analysis of risks and assessment of safety in
transporting hazardous, including radioactive, materials
involves unique applications of risk analysis methods.
These applications include adaptations that permit
addressing non-fixed points of release and permit
accommodating differing measures of risk for different
kinds of hazards.

Traditional nuclear safety analyses focus on risks
associated with the release and subsequent human exposure
to radioactive materials. Based on accepted health physics
models these analyses estimate lifetime exposures to
ionizing radiation for population groups. The exposure
estimates are extended to estimates of latent cancer
fatalities (LCF) which is adopted as the risk measure. In
contrast, many hazardous materials transported in commerce
are not cancer causing agents. Models for health effects
resulting from exposure to these materials are, in many
cases, not well developed. In addition, the health effects
information that exists tends to be for chronic low level
exposures. This information is not easily used to analyze
transportation accidents. Nonetheless, we have assessed
risks associated with transporting a plethora of hazardous
materials at the DOE's Savannah River Plant. In our
judgment, hazardous material transportation at the SRP is a
very safe activity.
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Introduction

This paper is a product of the work conducted by SAIC to
prepare the safety analysis report for transportation of
hazardous materials at the DOE's Savannah River Plant.

In 1985 the E. I. du Pont de Nemours Company (du Pont),
under its prime contract to the U.S. Department of Energy
(DOE), asked SAIC to conduct an analysis of the safety of
hazardous materials transportation activities ongoing at
the DOE's Savannah River Plant (SRP). The request departed
from ones for prior safety analyses conducted for various
plant operations; this analysis of transportation safety
was to address the safety of activities involving non-
radioactive hazardous materials as well as radioactive
materials.

This departure was, and is, significant for several
reasons: radioactive materials were not being singled out
for exclusive treatment as though this particular class of
hazardous materials was unquestionably of greatest concern;
and, in the light of increased public interest, routinely
transported hazardous materials of all kinds were to be
addressed in a safety analysis conducted in conformance
with DOE orders originally written only to address nuclear
safety concerns.

The departure is significant for other reasons as well. To
conduct a safety analysis for the broad class of hazards
associated with the hazardous materials transported at the
SRP proved challenging. We were challenged to keep the
task in-bounds from a schedule and budget standpoint while
exercising reasonable and credible efforts to adequately
assess risk. And, we were challenged to develop an
approach to assessing risk that would allow at least
qualitative combination of the evaluated risks associated
with radioactive materials and non-radioactive materials.

The focus of the discussions presented here is on the
approaches and methods used in assessing risks; risk being
treated as the primary indicator of relative safety for the
public and for non-transportation workers.

Discussed are the approaches and methods used to assess
risks and consequences for accidents that may occur
anywhere along transport routes, those used to address
risks associated with acute exposures to hazardous
materials, and those used in accommodating different kinds
of hazards and therefore different kinds of risk measures.
The subject of risk measures is discussed first.
Risk Measures

Risk/consequence measures are the names of the scales along
which we choose to measure consequences and risks.
Measures of risk are simply measures of consequence



39

multiplied by the likelihood of incurring the consequence.
Familiar consequence measures include latent-cancer-
fatalities (LCF's), injuries, lost-work-hours, man-hours,
health-effects, and hospital-days. There are probably a
large number of measures that are indicators of adverse
effects to human health and safety. Many of the measures
are interrelated. For example, the measure man-rem is
used in estimates of LCF's for exposures to ionizing
radiation. These two measures are correlated through
established and accepted models of the response in the
human organism to exposures to ionizing radiation.

Conversely, many of the measures cannot be interrelated.
For example, there is no generally accepted method for
correlating the risk of an injury to the risk of accidental
death let alone for correlating risk of injury to risk of a
latent cancer fatality. Attempts at such correlations can
almost always be attacked on grounds that they are value
laden, which, of course, they are.

So then how does one develop an aggregate assessment of
risk for exposures to accidental releases of hazardous
materials some of which produce injury-type health effects
while others are potential cancer causing agents? To
further complicate the problem, what measures are to be
used to determine equivalency among different types of
injuries?

For the SRP on-site transportation safety analysis we chose
simplicity over attempts at elegance in addressing the
various risks. For accidental releases of radioactive
materials we followed established practice. We assessed
consequences and risks to the off-site population, maximum
exposed off-site individual, and on-site worker population
in terms of man-rem effective whole-body exposures. For
accidental releases of other toxic materials we assessed
consequences and risks to the off-site and on-site
populations in terms of exposures to concentrations of the
materials above toxic effect thresholds. Table 1 presents
an example of data for toxic effects of exposures to
chlorine gas.

Thus., for toxic materials we used a go, no-go (or binary)
measure of consequences. That is, we assumed that an
individual either suffers health effect consequences caused
by an accidental release of a material or he or she does
not. And, we made no attempt to grade these consequences.
This is certainly simple. But, we admit that it isn't very
satisfying to someone who would like to combine the
outcomes of risk assessments for different materials or to
someone who would prefer an absolute measure of risk.
Fortunately, for the non-radioactive hazardous materials
and for transportation accidents that might occur on the
SRP site, significant health effect consequences are
similar and are all associated with acute effects of
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respirations of vapors or gasses. Thus, for example, the
consequences of atmospheric releases of chlorine gas and of
spills of nitric acid are comparable. This permitted
adding-up of risks associated with these materials where
the risk measure is likelihood of exposure to a
concentration in excess of an established threshold. A
risk measure of annual lost-work-hours or annual hospital-
days would have required greater effort in our analysis.

We were then only left with the problem of comparing the
risks of transporting radioactive materials and non-
radioactive materials. We avoided these comparisons. To
make such comparisons the analyst would need to know the
value systems of the constituent population and the utility
to that population of different kinds of consequences. We
did not have this information and believe that, generally
speaking, it is unavailable.

Consequence and Risk Methods

For any analysis of risk associated with accidental
releases of hazardous materials seven quantities need to be
evaluated: the environmental transport characteristics of
the released material, the quantity of the material
released, the rate of release, the frequency (or
likelihood) of the release, the location of the release in
relation to the location of the population at risk, the
dispersion characteristics of the environmental transport
medium, and the characteristics of the health effects that
would result from exposures to the material.

Environmental Transport Analysis Methods

In our analysis of hazardous material transportation at the
SRP we employed the AXAIR (US NRC, 1979) atmospheric
pathway model that has been used for other safety analyses
for fixed SRP facilities.

The AXAIR program uses a Gaussian plume model for
atmospheric dispersion. Dispersion parameter data used in
this model are those developed based on meteorology data
collected at the SRP. Population distribution data for
areas surrounding the SRP are also used in AXAIR as are
ICRP (ICRP) dose models for radioactive materials. AXAIR
computation results may be expressed in terms of population
exposures or contaminant concentrations at specified grid
locations.

Our analyses using the AXAIR program assessed consequences
using the assumptions: 1. that the wind always blows in
the direction that would result in the greatest population
exposure or the highest site boundary dose, and 2. that
the atmospheric dispersion conditions prevalent at the time
of a release are ones for which plume concentrations would
not be exceeded 99.5% of the time. These are clearly
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conservative assumptions. They are consistent with
assumptions made for other safety analyses prepared for the
SRP.

Water pathways analyses were not conducted for SRP
hazardous materials transportation. The reasons were
several: either because of the relatively small amounts of
potential releases, or the expectation that releases onto
the ground would be mitigated or recovered, because there
are no toxicological endpoints for drinking water
contamination by some materials, or because of the low
likelihood of a release to surface waters.

Material Characteristics and Rate of Release

Prior to our analyses of the transport of contaminants from
the points of release we first gave consideration to the
dispersion characteristics of the contaminants themselves.
One of our concerns was to avoid applying a Gaussian plume
model to evaluate dispersion of a contaminant that resists
mixing and diffusion in the atmosphere but instead
disperses in some other manner, specifically as a high
concentration heavier-than-air cloud. We looked at
releases of volatile liquids that evolve heavier-than-air
gasses of concern. These liquids included chlorine,
gasoline and nitric acid. For releases of these on the
order of a thousand pounds over about an hour we found that
heavier-than-air effects are not important at short
distances (when compared to the distances of concern at the
SRP) from the point of release. Our analyses of dense gas
dispersions was based on theoretical worked reported by
Munger (1983) and experimental work by Blackmore (1984).

We were less rigorous, but conservative, in characterizing
the properties of other contaminants. For example, we
assumed that accidental releases of nitric, sulfuric or
phosphoric acids in a transport accident would result in
1000 pounds of liquid being sprayed into the atmosphere for
dispersion. For these acids the greatest concern to on-
site and off-site populations would be inhalation of the
corrosive vapors. Even with this extreme assumption the
risk analysis results did not give cause for concern.

Another example is that of our treatment of accidental
atmospheric releases of transuranic isotopes in the case of
an accident involving transport of TRU waste at the SRP.
We assumed that the contents of a drum having a maximum
complement of transuranics would catch fire and that a
significant fraction of the radionuclides would freely
disperse in the atmosphere.

Thus, the general approach, which was used in assessing the
dispersion characteristics of many of the contaminants of
concern, relied on the judgment of knowledgeable persons.
Our alternative, a costly one, would nave been to evaluate
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each contaminant on a case-by-case basis.

Quantities of Materials Released

In estimating the quantities of materials released in on-
site accidents that might occur at the SRP, we followed two
approaches:

1. For radioactive materials, whenever possible
information available from historic SRP records
were used to estimate the total quantity of
material available for release. Judgment based
on available site data or off-site reports (e.g.,
see Table 2) was then used to estimate release
quantities.

2. For non-radioactive hazardous materials, we used
SRP site data to determine typical shipment
payloads. We then consulted the Department of
Transportation's HAZMAT Data Base (US DOT) for
records of accidents involving this type or
similar payloads in order to develop estimates of
typical release quantities. This last step was
taken only for materials of greatest concern.
Table 3 presents a summary of probabilities for
releases of specified quantities of selected
hazardous materials transported on the SRP site.

Frequency of Release

As is presented in Table 3, the annual frequency of release
for a hazardous material may be conditioned on the amount
released. This frequency also depends on the accident rate
per vehicle mile and the annual number of transport miles
for the commodity of interest. For the SRP hazardous
materials transportation safety analysis, we drew heavily
from national statistics. For accident rates we used
reported rates of 2.5x10 per vehicle-mile for trucking
and 1.5x10 per vehicle-mile for rail transport (Clark,
1976). For certain commodities these rates were modified to
account ior special administrative controls.

Estimates of likelihoods of release for radioactive
materials, conditioned on an accident event, were developed
using the classifications of accidents by severity
presented in SLA-74-0001 (Clark, 1976) and the relative
likelihood of an accident occurring in each severity class.
The relative like]ihoods we used are presented in Tables 4
and 5.

There is an important assumption that we have made in using
the reference data - namely, that the transportation
environment at the SRP is statistically similar to the
transport environment in general commerce from which the
data are derived. After reviewing the site conditions at
the SRP where
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o access is controlled

o highways and railroads are well maintained,
wide and straight and provide good visibility for
drivers

o highway and rail speeds are relatively low

o traffic is light

o and weather is generally good when compared to
national averages,

we concluded that our assumption of similarity provided for
additional conservatism in the analysis of risk.

Locations of Releases

Unlike risk analyses for fixed facilities, the analysis of
risks for transportation of hazardous materials must
consider that accidents can take place anywhere along a
transport route - a continuum of release points. Although
it would be possible to analyze consequences for the
release point continuum, the available methods did not
permit such an analysis. Consequently, we found it
necessary to divide the transport routes into a finite
number of intervals which encompassed assumed fixed release
points. In fact we divided each route at the SRP into two
intervals with the release points assumed to lie at the on-
site origin and destination of each shipment. This
selection of release points ensured conservative results
foe two reasons. First, shipment origins and destinations
are in the populated areas on the site; secondly, one of
selected points for the SRP site, is always the nearest
point to the site boundary for any of the on-site routes.
Thus, for shipments of hazardous materials arriving at the
SRP from off-site points of origin or for shipments to off-
site destinations, one of the release points is assumed to
be located at the point of site entry/exit.

For materials whose effects on human health have threshold
characteristics, we found that certain sections of routes
would not give rise to health and safety risks for on-site
and off-site populations except for passers-by and the
involved transport workers. This finding is a result of
the eventual down-wind dilution of contaminants to below
threshold levels. In general, we found that down-wind
locations greater than about one mile from a release point
are outside areas of concern for the nonradioactive
hazardous materials that contribute most to risks.
Therefore, for these materials the frequency of on-site
accidents contributing to population group risks is only
the frequency of accidents in the areas of concern, not the
total on-site accident frequency.
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For radioactive materials, which do not exhibit a toxic
effects threshold phenomena, accidents along all sections
of the on-site routes must be retained in the calculations
of risk.

Health Effects

Assumptions regarding health effects associated with
exposures to radioactive materials are well documented and
generally accepted. In short, the effects of greatest
concern for releases of these materials are the latent
cancers associated with biological damage resulting from
acute and continuing exposures to ionizing radiation. Most
models for exposures to radiation assume long-term chronic
exposure to low levels of the materials with biological
uptake. For transport accidents, which are expected to be
relatively infrequent and for which significant releases
are expected to be even more infrequent, models for
biological uptake in acute exposures to the materials are
needed. Lacking these acute exposure models, the
transportation risk assessments are forced to use the
chronic exposure models such as those presented in ICRP
26/30 (ICRP). The chronic exposure models yield
conservative results.

However, models of health effects resulting from exposures
to toxic agents are not nearly as well developed as are
models for exposure to radioactive materials. In fact,
most toxic agent health effects are estimated based on
animal experiments and limited human subject observations.
Table 6 presents a complete example of such toxicological
data for chlorine. Many health effects threshold data are
based on assumed workplace conditions, not short-term, open
environment exposures as would be the case for accidental
releases.

In addition, as may be observed for information presented
in Table 6, the nature of injuries resulting from exposures
to toxic materials are often presented in qualitative terms
not easily adapted into mathematical models. Thus,
consequences of short-term exposures to toxic agents are
almost forced into representation in binary terms - toxic
health effects will be or will not be experienced in an
exposed population.

Methods for Screening Hazards

On the basis of the foregoing discussion and with consider-
ation of the extent and diversity of SRP activities, it can
be seen that addressing all transportation risks associated
with the plethora of hazardous materials transported at the
SRP would be a large undertaking. We reduced the task
through application of screening methods that considered
the following:
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o relative toxicity of the material

o mobility of the material in the environmental
pathway

o the annual transport mileage

o the amount of the material estimated to be
released in an accident.

For radioactive materials we computed hazard indices based
on maximum permissible safe inhalation amounts, estimated
accident frequencies, and estimated amounts that would be
released to the environmental pathway (atmosphere) in an
accident.

We selected for further analysis those materials having the
highest resultant hazard index values. We selected cut off
values (those below which materials were not further
evaluated) about two orders of magnitude below the highest
values. We believe that this selection ensures that the
evaluated risks are representative of total risks for
transporting radioactive materials at the SRP.

For the non-radioactive hazardous materials we relied, by-
and-large, in the judgment of expert toxicologists in
selecting materials for further analysis. Not too
surprising were the selections of chlorine, nitric acid,
sulfuric acid, phosphoric acid, and sodium hydroxide which
are transported in large amounts on the SRP site.

Conclusions

The analysis of risks associated with transportation of
hazardous materials, as with any other risk analysis,
requires adaptations of general risk methods not
development of new methods.

The adaptations involve applications of screening methods
to reduce the magnitude of the analysis task and modeling
to adapt specific cases to general methods.

However, in evaluating the risks of transporting hazardous
materials it is necessary to employ measures that are
fitted to the consequences associated with accidents
involving releases of the varied kinds of materials that
may be involved. These measures may be unique for one or
more materials or for one or more health effects and
therefore may not permit quantitative aggregation of risk
components. Consequently, conclusions regarding total risk
associated with a mix of different types of risk incurring
activities may be developed only through qualitative means
involving value and utility judgments
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Improvements in the quality and usefulness of risks
analyses for transportation of hazardous materials will be
possible as better information and models for toxic agent
health effects are developed. Aggregations of mixed risks
into a unified assessment of risk seems to be beyond the
purview of the risk analyst. Proper unification of
disparate risks is analogous to beauty - it is in the eye
of the beholder.
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Table 1 Example Toxic Effects Data for Chlorine

Several studies have been conducted in which humans have
been exposed to various concentrations of chlorine gas.
The results are summarized in the following table- In
addition, Patty (1981) lists the lowest toxic concentration
(TC10) producing respiratory distress in man at 15 ppm.
The lowest concentration reported to cause death in humans
is 4 30 ppn> after a 30 minute exposure.

Study

Concen- Length of
tration Exposure
(ppm) (minutes) Effect

Matt 1.3

2.5

3.5-4

Rupp and Henschler 0.03

0.06

0.45

1.0

Beck 0.05

0.09

0.2

7 Unpleasant burning
of eyes and nose

5 Severe burning of
eyes, mouth and
throat

16 Nasal congestion
and coughing

Tickling of nose

Tickling of throat

— Burning of conjunc-
tivae

Headache, shortness
of breath

Uncomfortable to
all subjects

No effect

Tickling and sting-
ing of nose, weak
cough, dry throat

Slight sensation in
conjuctivae, itch-
ing nose within 4-
20 min.



Table 1 (Continued)

Study

Concen- Length of
tration Exposure
(ppm) (minutes) Effect

1.0

0.3

0.36

1.4

7/10 subjects had
symptoms including
headache, burning
and stinging eyes,
and cough. 1/10
had labored breath-
ing. This concen-
tration became
unbearable after 20
min.

Stinging in throat

Choking in 1
rubject

Irritation of
conjuctivae, slight
headache
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Table 2 Estimated damage to Packages and Consequences
for Accident Severity Categories

Accident
Severity
Category Damage to Package Consequences

Minor Minor damage to outside of
package; transport may
continue.

Moderate Outer container badly
damaged; some repairs re-
quired before transport
may continue.

Severe Slight damage to contain-
ment features and some
loss of shielding or fis-
sile materials spacing.

Extra Damage may include par-
Severe tial loss of containment,

a significant loss of
shielding, or spacing and
damage to heat transfer
media.

Extreme Damage may include loss
of containment loss of
most of the shielding, or
spacing and loss of heat
transfer media.

None

No loss of containment
or shielding features
of the package.

No significant loss of
contents but radiation
intensities may in-
crease. For spent
fuel shipments, small
release of gases or
coolant may result.

A small fraction of
the available contents
may be released. For
irradiated fuel ship-
ments, loss of most of
the free gases and
coolant may result.

Some of the available
contents, the percent-
age being a function
of the accident envi-
ronment and character-
istics of the contents,
may be released; high
radiation intensities
locally.

Source: SLA - 74 - 0001 (6)
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Table 3
Probability Distribution for Nonradioactive Material

Accident Releases

Quantity Quantitiies Released (Pounds or Gallons)
Material Unit 0 0-10 10-100 100-1000 1000 & up

Probability per Vehicle-Mile of Release

Chlorine
(truck)

Gasoline
(truck)

Aqueous
Hydrogen
Fluoride
(truck)

Nitric Acid
(truck)

Phosphoric
Acid
(truck)

Sodium
Hydroxide
(rail)

Sodium
Hydroxide
(Truck)

Sodium
Hypochlorite
(truck)

Sulfuric Acid
(rail)

Sulfuric Acid
(truck)

Trichloroethane
(rail)

Pounds 0.5 0.22 0.16 0.13

Gallons 0.38 0.33 0.21 0.06

Pounds 0.5 0.22 0.16 0.13

Gallons 0.31 0.39 0.11 0.1

Gallons 0.44 0.5 0.06 0.004

Gallons 0.32 0.41 0.26 0.01

Gallons 0.38 0.33 0.21 0.06

Gallons 0.44 0.46 0.05 0.04

Gallons 0.32 0.41 0.26 0.01

Gallons 0.31 0.39 0.11 0.1

Gallons 0.45 0.38 0.11 0.04

0.02

0.1

0.01

0.02

0.01

0.01

0. 1

0.03
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Table 4 Probabilities of Truck Accidents by
Severity Categories*

Accident Category
Probability Given
a Truck Accident

Minor

Moderate

Severe

Extra Severe

Extreme

0.977

0.018

0.0029

0.0014

0.0005

Source: SLA - 74 - 0001
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Table 5 Probabilities of Rail Accidents by
Severity Categories*

Accident Severity Category
Probability of

Category Given an Accident

Minor

Moderate

Severe

Extra Severe

Extreme

0.8

0.09

0.08

0.002

0.001

Source: SLA - 74 - 0001
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Table 6
Toxicological Data for Chlorine

Summary of Toxic Effects

Exposure can cause pulmonary effects (bronchitis, pneumonia,
emphysema), cardiac effects, gastrointestinal symptoms, and
neuroses. Acute exposure can result in pulmonary edema and
death. Chlorine is a primary irritant of the eye, nose,
throat and the entire lining of the respiratory tract.
Liquid chlorine is corrosive to the skin and eyes. Death
from exposure results from irritation of the respiratory
tract. There may be a delay of several hours between
exposure and onset of pulmonary effects.

Effects in Animals

Underhill (as cited in NIOSH 1976) exposed 4 dogs to varying
concentrations of chlorine gas for 30 minutes. The results
were as follows:

Concentration (ppm) Result (# dead/total exposed)

50 1/9 (11%)

400-500 5/17 (29%)

500-600 4/10 (40%)

600-700 14/21 (67%)

800 11/18 (61%)

900 not given (91%)

Barbour (as cited in NIOSH 1976) exposed 4 dogs to varying
concentrations of chlorine gas for 30 minutes. The results
were as follows:

Concentration (ppm) Effect

24-30 Irritation, lacrimation,

salivation, vomiting

180-200 Dyspena, depressed muscle activity

800-900 Death

Effects in Humans
Several studies have been conducted in which humans have
been exposed to various concentrations of chlorine gas. The
results are summarized in the following table. In addition,
Patty (1981) lists the lowest toxic concentration (TClo)
producing respiratory distress in man at 15 ppn. The lowest
concentration reported to cause death in humans is 4 30 ppm
after a 30 minute exposure.
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Study

Concen- Length of
tration Exposure
(ppm) (minutes) Effect

Matt

Rupp and Henschler

Beck

1.3

2.5

3.5-4

0.03

0.06

0.45

1.0

0.05

0.09

0.2

1.0

0.3

0.36

1.4

7 Unpleasant burning
of eyes and nose

5 Severe burning of
eyes, mouth and throat

16 Nasal congestion and
coughing

Tickling of nose

Tickling of throat

Burning of conjunctivae

Headache, shortness
of breath

Uncomfortable to all
subjects

No effect

Tickling and stinging
of nose, weak cough,
dry throat

-- Slight sensation in
conjuctivae, itching
nose within 4-20 min.

7/10 subjects had
symptoms including
headache, burning and
stinging eyes, and
cough. 1/10 had la-
bored breathing. This
concentration became
unbearable after 20 min.

Stinging in throat

— Choking in 1 subject

Irritation of conjuc-
tivae, slight headache
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Current Standards for Chlorine

ACGIH TLV and OSHA PEL = 1 . 0 ppm (3 mg/m3)

ACGIH STEL = 3 ppm (9 mg/m3)

NIOSH recommended standard = 0.5 ppxn (0.7 mg/m3)

Development of an Emergency Exposure Limit In Air

AL* MAL** LC10***

1 ppm 3 ppm 430 ppm

* = Allowable limit; this is the TLV.

** = Maximum allowable limit. This is the STEL. This
concentration is recommended as the maximum upper
exposure limit since exposure to 3 ppm may irritate
the eyes and respiratory tract.

*** = lowest lethal concentration.

Conclusions and Rationale

Although subjects in experimental studies experienced
unpleasant effects of chlorine exposure at levels of 1 ppm
and higher, 3 ppm (the STEL), should be tolerable for a
short period of time.

Development of an Emergency Exposure Level in Water

There are no Federal guidlines, criteria, or standards for
chlorine in water. Therefore, the emergency exposure limit
is based on the average acceptable daily intake for
chlorine. A tentative ADI (acceptable daily intake) for
chlorine is reported to be 0.3 mg/kg/day (Dourson 1985).
Assuming that a 70-kg person drinks 2 liters of water per
day, the intake of chlorine from drinking water would be
10.5 mg/l. Although it is recognized that this value is not
entirely appropriate for use in the evaluation of acute
exposure, no other data are available.
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DEVELOPMENT OF A COMPUTERIZED HAZARD CLASSIFICATION SYSTEM

Mike Ward, LynnBeth McCarn,
Science Applications International Corporation

and C. Yvonne Horton, Oak Ridge National Laboratory

Science Applications International Corporation (SAIC), under
contract to the New York. Power Authority (NYHA), has developed a
micro-computer based system using compiled dBASE III Plus for
managing and classifying hazardous materials information. The
database contains the chemical, physical, and toxicological
properties of approximately 4000 products, such as pesticides,
herbicides, etc. which are used at the power plants. This
system, called the Chemical Materials Management System (CMMS)
allows NYPA to develop performance evaluations and provides
specific information to regulatory agencies, management, and the
power plants.

paper will d&<scribe the CMMS which provides the user with
data entry and update capabilities, interactive queries of the
database, automated maintenance of the system, and generation of
customized system reports. Using the information in the
database, the system also provides a computerized methodology to
assist NYF'A Environmental Health Personnel in classifying
chemical materials according to the levels of environmental
concern associated with the products actual handling, storage,
use, and disposal.
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DEFINING AND IMPLEMENTING A COMPUTER SYSTEM FOR

MATERIAL SAFETY DATA SHEETS

Steve W. Parker

Tennessee Valley Authority, Muscle Shoals, Alabama

ABSTRACT

TVA has designed and implemented an automated data system which Is
used as a tool in managing Material Safety Data Sheets (MSDS). This
system continues to evolve in an attempt to meet the needs of TVA.

In addition, the regulations on hazardous materials management are
constantly changing and must be considered when designing or enhancing
a computer system for MSDSs.

History of TVA's MSDS Computer Systems

TVA became involved with MSDSs in 1981 when the Hazardous Materials
Management Unit (HMMU) was formed. The original ADP requirements were
to be able to track the MSDSs that were received within HMMU by a
sequential number that was assigned to each MSC3 as it was received.
The number of MSDSs at that time was about 200, and a desktop computer
was used to store the data.

Very shortly the desktop computer was unable to keep the data due to
the very limited storage space. This was before the PC revolution of
1982 and storage was limited to floppy diskettes. The MSDS data was
transferred to an IBM mainframe file in late 1982.

In 1985 the Division of Occupational Health and Safety began a project
to consolidate its automated data. This new system is known as the
Health and Safety Information System (HSIS". The first component of
this new system was MSDS, which was completed in April 1986. MSDS
information is now available through an online mainframe system, and
several features have been added to assist HMMU in their duties.

System Design Approaches Considered

As we began designing the MSDS component of HSIS, we considered three
possible approaches.
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o The first was to develop a system which would store all (or nearly
all) of each MSDS's contents. This was HMMU's first choice, for
obvious reasons. The primary reason was to eliminate the need to
keep track of the many MSDSs on paper. This paper avalanche had
grown to about 6,000 MSDSs by 1985 and has since exceeded 17,000.
After much discussion, we decided that storage of the entire MSDS
was not practical for the following reasons.

- The paper MSDSs could not be supplanted by the computer
records. OSHA Hazard Communication Standard (29 CFR 1910:1200)
specifies that MSDSs must be available to any employee at any
time. Since TVA cannot ensure that a computer terminal can be
available at every work location, paper MSDSs are still
necessary.

- The MSDSs are of such diverse formats that a translation of each
would be required to meet a standard format before the informa-
tion would be useful. We visited the Oak Ridge Laboratories to
observe their MSDS system. They reviewed each MSDS as part of
the development of their system. However, there was an exten-
sive amount of manpower used in the Oak Ridge project that was
unavailable to us in order to review 17,000 MSDSs.

- The costs involved in simply keypunching each MSDS even without
a technical review were prohibitive.

o The second approach was to develop a system which would store only
a very rudimentary computerized index of the paper MSDS files.
This would simplify the problems of data entry, standard for-
matting, and costs but would present the user with only basic
information necessary to identify whether an MSDS exists within
TVA. The key fields of an MSDS were identified as follows.

- Item name, also referred to as "trade name" or "chemical name."

- Manufacturer's name, address, emergency phone number.

- MSDS number used to reference the paper MSDS files.

o The third approach was accepted by HMMU. More than basic informa-
tion of each MSDS is stored in the data file but not the entire
contents. This includes:

- Item name, also referred to as the trade name or chemical name.

- Manufacturer's name, address, emergency phone number.

- MSDS number used to reference the paper MSDS files.

Label information (health, flammabi1ity, reactivity, and
personal protection).
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- Threshold limit value (TLV) information for the whole product.

Flash point.

Ingredient information including name, percent of product, TLV,
permissible exposure limit, units, and dust/fume Indicator.

TVA locations were asked to inventory those items that might need an
MSDS. This created a need for a file which contained an Inventory of
these Items. Thus, a second file was defined and called the location
file. This file contains the following fields.

- Location code.

- Item name.

- MSDS number.

- Date issued by the company (or date received by TVA if no
issuance date is available).

- Organization code.

Restrictions at TVA

As in any project, there were several restrictions over which we had
little control: (1) time, (2) money, (3) hardware, and (4) software
in the computing resources.

Time and money are not unusual restrictions but must still be con-
sidered. The lack of time and money helped dictate that the system
would exist as an index to the paper collection of MSDSs rather than
as a complete computerized copy of each MSDS.

Hardware and software restrictions at TVA forced two system develop-
ment decisions. The TVA mainframe data base software was in the
process of being replaced as we developed the MSDS component, which
prevented us from using a more flexible file management structure.
Because we did not want to build a system which would have to be
completely converted later, we chose to build all the files within
HSIS with VSAM file management. At some point in the future we do
anticipate conversion to a relational data base.

But the user needs a flexible file management package to analyze data
and perform ad hoc type queries. We decided to build into the MSDS
component the ability to download selected data to a personal computer
and then use the software on the PC to perform these analysis and ad
hoc queries. The user can download at his request the MSDS number,
item name, Ingredients, and manufacturer's name to his PC and then use
dBASE III to search the data. Likewise, the user has the ability to
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download the location code, item name, and MSDS number from the
location file.

Resulting System

The present MSDS component of HSIS has the following featuies.

1. Designed to relate to other health and safety data.

2. Two files - MSDS and location.

3. Online mainframe update, inquiry, batch selection.

4. Data downloading to the PC for analysis work and ad hoc queries.

5. System-wide security.

The MSDS data base has approximately 17,000 records and the location
file about 30,000. These data bases are related by the MSDS number in
each file. Since data inaccuracy has been the most severe problem to
date, HMMU is reviewing the data to ensure its validity.

Update, inquiry, delete, and report selection functions are all
performed through the mainframe online system. The system can
retrieve and update records by MSDS number and location code only.
Inquiry of the MSDS file records by item name is also possible. Any
terminal connected to the IBM mainframe within TVA can obtain access
to the MSDS component.

The user selects the generation of standard batch reports through the
online system. The MSDS online programs run under the control of the
telecommunications software CICS, which is available at TVA from
6 a.m. to 10 p.m. each day. At 10 p.m. CICS is removed from the
system to allow for maintenance jobs such as the backup of files and
generation of reports. These jobs, which run from 10 p.m. to 6 a.m.,
are referred to as the "offline cycle." The batch report selections
are recorded in a file and the reports generated during the offline
cycle.

Data downloading occurs through a departmental computer, a Wang
VS 100, which operates as a remote job entry station with the IBM
mainframe computer. When a data download is selected, the data is
pulled during the offline cycle of the system and routed to the Wang
VS 100 where the data resides on a disk pack until the user transfers
the data to the PC. Once on the PC, dBASE III software is used to
manipulate the data.

Security is very tightly controlled through HSIS. Each HSIS user must
receive training before being issued an ID and a password. These HSIS
IDs are associated with a security file which determines which files



and functions each ID can access. One ID may be able to inquire upon
the MSDS file only while another ID may be able to Inquire and update
the MSDS file and the location file but not delete any records. At
this time any HSIS ID can read the data in the MSDS component.

Improvements/Enhancements

The MSDS component has been revised several times since its implemen-
tation. The Superfund Amendments and Reauthorization Act of 1986
(SARA) of October 17, 1986, has created new reporting requirements.
The Environmental Protection Agency has produced a list of extremely
hazardous ingredients along with threshold limits. SARA requires
reporting the quantity and location of each item that contains an
extremely hazardous ingredient if the onsite quantity exceeds the
threshold.

At the present time the following enhancements are pending.

1. Revision of some files to include previously unidentified fields.

2. Addition of table-driven validation of the CAS number, manu-
facturer's name, location codes, and organization codes.

3. Interfacing the MSDS data with the Inventory information available
in the agency-wide Materials Management System to help meet SARA
requirements.

Considerations and Conclusions

In addition to the pending revisions to TVA's MSDS component of HSIS,
we also suggest the following considerations when developing or
revising any MSDS automated system.

1. Put formal quality assurance procedures into place before entering
the first MSDS record into an automated file.

2. Restrict data stored on your computer system to items most
important to your operations.

3. Consider the extremely dynamic nature of the regulations which
cover hazardous materials management. The new SARA requirements
make a PC-based MSDS system much less desirable. Don't back
yourself into a corner by putting all your information on a PC and
then realize that your inventory system is on the mainframe.

4. Learn from others. When TVA began this project, there was very
little history upon vjhich to draw. Obtain from the U.S.
Government Printing Office the Agriculture Requisition
No. 7-04056, titled Federal Hazard Communication Program (FHCP) by
Julius C. Jimeno, USDA.
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Hazard communication Training for Hazardous Waste Sites

The Superfund Amendments and Reauthorization Act (SARA)
specifies that workers receive 40 hours of training prior to
working at certain hazardous waste sites. The clear intent
of the rules promulgated by OSHA is to provide employees
with the knowledge necessary to perform hazardous waste site
operations with minimal risk to their safety and health.
Some firms will opt for an outside consultant to put on this
training while others will prepare a program in-house, which
may be more applicable to that firms needs. Hazard
communication training, from which hazardous waste site
employees are exempt, in a modified form can serve to help
achieve compliance with the SARA required training. An
overview of SARA and hazard communication training can be
applied to hazardous waste sites. The resulting training
program can provide an effective means of providing quality
training to employees who may be exposed to a variety of
hazardous materials.
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HAZARD COMMUNICATION TRAINING FOR HAZARDOUS WASTE SITES
RICHARD L. BOHRER, URS CORPORATION, SACRAMENTO, CA.

Background

The Superfund Amendments and Reauthorization Act (SARA)
specifies that workers receive 40 hours of training prior to
working at hazardous waste sites. The clear intent of the
rules promulgated by OSHA is to provide employees with the
knowledge necessary to perform hazardous waste site
activities with minimal risk to their safety and health-
The OSHA regulations pertaining to hazardous waste site
activities are in 29CFR1910.120(e).

This paper will describe the requirements for training in
29CFR1910.120(e) and show how hazard communication training
can be used as an important element of that required
training- Hazard communication training is currently
required by OSHA only for manufacturing operations, although
a broadening of the coverage is pending. Therefore, many in
the hazardous waste business may be unfamiliar with hazard
communication and unaware of a valuable source of
information. In fact, hazardous waste activities were
specifically exempted from the initial scope of coverage of
the hazard communication standard.

SARA Training Requirements

The training requirements under SARA have been placed in
OSHA regulations under the Department of Labor. These
regulations apply to hazardous substance response operations
under CERCLA (Superfund), major corrective actions taken in
clean up operations under RCRA post emergency response
operations, and hazardous waste operations designated for
clean up by local authorities. The amount of training is
shown in Table 1:

Table 1

QSHA Required Training Under SARA

Employee Group Amount of Training

CERCLA or local designated sites 40 hours initial, offsite
24 hours onsite
8 hours annual refresher

RCRA Sites 24 hours initial
8 hours annual refresher

Onsite Management and Supervisors 8 hours additional
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These rules were published as interim final rules and were
effective on March 16, 1987. Proposed rules were issued on
August 10, 1987 for the final requirements for the
protection of hazardous waste workers. Hopefully, most
people requiring training have already received it. The
items discussed in this paper can be applied to the eight
hour refresher training, or training for new employees.

The content of the 40 hours training is not specified in the
OSHA requirement; however, the minimum requirements are:

o Names of personnel and alternates responsible for
site safety and health;

o Safety, health and other hazards present on the
site;

o Use of personal protective equipment;

o Medical surveillance requirements;

o Certain sections of the site safety plan.

The remainder of the training is at the discretion of the
employer. That part of the mandated training can be
accomplished by utilizing a hazard communication approach.

ROLE OF INDUSTRIAL HYGIENE IN HAZARDOUS WASTE TRAINING

The OSHA regulations promulgated under SARA are really the
first regulatory recognition to worker health and safety in
the hazardous waste field. In fact it has only been in the
past few years that there has been any significant concern
in this area.

Industrial hygiene is defined as the recognition, evaluation
and control of workplace factors which may adversely affect
workers health. One cannot evaluate and control a hazard
without recognizing it first. The industrial hygienist,
usually spread quite thin, must rely upon field workers to
observe potential hazards. It is in this area that hazard
communication training is an effective way of providing
workers with sufficient information to increase the
likelihood of detecting any workplace hazards present.
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OSHA HAZARD COMMUNICATION STANDARD

Background

The OSHA hazard communication standard is found at
29CFR1900.1200. It was promulgated in November, 1983.
Labeling and Material Safety Data Sheets (MSDS) effective
dates were November, 1985. Training requirements were
effective in May, 1986. This 2 1/2 year lag time between
promulgation and effective dates allowed a whole new market
to develop, Hazard Communication Training. Even though the
initial scope of this regulation included only manufacturing
employees, this market for training programs was extremely
large. Consequently, a vast number of movies, video tapes,
literature and slide programs have been made available.

The 40 hours initial training required by SARA is pretty
generic, that is not usually site specific. Personnel from
various employees and sites can meet in a central location
to receive this training. Additionally, the 24 hours onsite
work serves to answer any site specific problems. A smaller
portion of hazard communication training is generic.
Manufacturing employees are required to receive specific
information regarding the hazardous materials present in the
workplace. The elements common to all hazard communication
programs - training, labeling and MSDS could be covered in
training programs suitable for marketing in audio visual
packages.

Elements of a Hazard Communication Program

As mentioned .previously, the major elements of a hazard
communication program are training, labeling and MSDS.
Training is divided into the general principle (worker
rights, label and MSDS contents and information sources) and
training regarding the specific hazardous materials present
in the workplace (One cannot simply hand out MSDS.) OSHA
specifies that employee training shall include the
following:

o Methods and observations that may be used to
detect the presence or release of hazardous
chemical in the work area;

o The physical and health hazards of the chemicals
in the work area;
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o The measures employees can take to protect
themselves from these hazards such as work
practices, emergency procedures and PPE;

o The details of the hazard communication program
developed by the employer.

If one substitutes the words site safety plan for the hazard
communication program in the last item of required training,
all of a sudden the hazard communication training looks much
lik^ the required training under SARA. Since such a large
amount of training material is commercially available, this
training can be easily adapted to either the 8 hour annual
refresher training or utilized as a portion of the 40 hour
initial training. Furthermore, if a company happens to have
manufacturing capabilities, the hazard communication program
is probably already established, and can be used to train
the workers involved with hazardous waste situations,
reducing the costs of providing the training even further.

Material Safety Data Sheets are the backbone of a hazard
communication program in the manufacturing sector. The OSHA
Form 174 has replaced the old OSHA Form 20 MSDS. Once an
employee has been trained in how to read and understand an
MSDS, a properly completed MSDS provides sufficient
information to allow employees to properly protect
themselves from the hazards. The sections of the MSDS
include:

o Identity, manufacturer;

o Hazardous ingredients;

o Physical/Chemical characteristics;

o Fire and explosion data;

o Reactivity data;

o Health hazard data;

o Precautions for safe handling and use;

o Control measures.

MSDS's have improved in quality immensely since the
promulgation of the hazard communication standard. Their
usefulness is probably somewhat limited in hazardous waste
operations as opposed to manufacturing. The application of
MSDS's in hazardous waste operations includes obtaining an
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MSPS for any chemicals used in the operation such as
solvents, analytical reagents or materials used in treatment
of wastes. Additionally, chemicals known or suspected to be
present at the site should have an MSDS available. These
MSDS can be presented to the employee during the 24 hours of
onsite supervised experience.

The labeling aspect of hazard communication probably plays
an increased role for hazardous waste workers. For
materials used by employees, containers are to be labeled
with the identity, appropriate health warnings, and the name
and address of the manufacturer or other responsible party.
Since MSDS may not be as readily available as in a
manufacturing setting, proper labeling becomes even more
important in the protection of workers. When a hazardous
material is transferred to another container, the new
container must be properly labeled unless the person
transferring the material uses it immediately. OSHA also
states that phrases like "harmful if inhaled" are not
appropriate health warnings. The use of target organ
warnings is required. Instead of "harmful if inhaled", the
proper warning might be "causes lung damage" or "causes
liver disease".

Other Labeling Systems

The issue of warning labels for materials used by hazardous
waste workers is straightforward and conscientious employers
will provide their employees the appropriate warning
information. Recall that the labeling requirements of
hazard communication have only been effective since
November, 1985. Containers of hazardous materials likely to
be encountered at a hazardous waste site most likely will
not have the detailed labeling required by the hazard
communication standard. Therefore, the paper will now turn
to another form of hazard communication, that is, other
labeling systems that may be required by regulation.

The Department of Transportation (DOT) regulations for
labeling of hazardous materials for transport are found in
49CFR. The labels required by DOT consist of the diamond
shape which are familiar to most of us. The labels, hazard
classes, definitions and CFR reference are summarized in
Table 2 and pictured in Figure 1.
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Figure 1
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Table 2

DOT HAZARDOUS MATERIALS WARNING LABELS
49CFR 172, 173

Label Color

Orange

Hazard Class

Class A
Explosive

DOT Reference
Section
49CFR

173.53

Definition

Detonating or othervise of maximum
hazard

Orange Class B
Explosive

173.88 Funcclon by rapid combustion rather
than detonation

Orange Class C
Explosive

173.100 Contains Class A & B, but in re-
stricted quantities. Fireworks

CO

Orange Blasting
Agent

173.114 A material found so Insensitive
that there is very little probabi-
lity of Initiation or transition to
detonation

Red Combustible
Liquid

173.115 A liquid having a flash point bet-
ween 100'F and 200*F

Blue Dangerous
when wee

171.8 Any solid material which, by Inter-
action with water, may become spon-
taneously flammable or give off toxic
gases



Label Color

White

White

Hazard Class

Poison B

Irritating
Material

DOT Reference
Section
49CFR"

173.343

173.381

Definition

Less dangerous poisons, which may
afford a hazard to health, or we
presumed toxic to man

Gives off dangerous or Intensely
irritating fumes

Etlologic
Agent

173.3,^6 A viable micro-organism which may
cause human disease

Yellow/
White

Radioactive
Material

173.400 Any material which spontaneously
emits ionizing radiation in excess
of 0.002 microcuries per gram

00

Red/White Flammable
Solid

173.150 A solid which is liable to cause
fires by friction or can be Ignited
readily and burn vigorously

Yellow

White/Rod

Organic
Peroxide

Spontaneously
Combustible

173.15

171.8

An organic compound containing
bivalent-o-o-structure and may be
considered a derivative of hydrogen
peroxide

A material which may undergo spon-
taneous heating or self-ignition
upon contact with the atmosphere



Label Color

White

Hatard Class

Corrosive
Material

DOT Reference
Section
49CFR

173.240

Definition

Causes visible destruction of human
skin or a liquid which severely cor-
rodes steel

Red Flammable
Liquid

173.115 A liquid having a flash point less
than 100°F

Red Flammable
Caa

173.300 Any compressed gas meeting require-
ments for criteria specified in 173-
300 such as LfL

Green Non Flammable
Gas Any compressed gas other than a

flammable gas

Co

Yellow

White

Oxldizer

Poison A

173.1S1

173.326

A substance that yields oxygen
readily to stimulate combustion of
organic matter

Extremely dangerous poisons such
that very small anount9 are danger-
ous to life
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In the case of a hazardous waste site that contains drums or
carboys, it is possible that the only readable labels may be
the DOT labels because of their size, color code and
symbols. Thus it is important that the DOT system be
included in the overall hazard communication training as
applied to hazardous waste site workers.

Also noted on many DOT labels is a 4 digit number. This is
a United Nations code number. The UN number identifies the
material either uniquely or as a class of compounds with
similar properties. Guidebooks, such as the DOT Hazardous
Material Emergency Response Guidebook will identify the
material based on the UN number, describe hazards associated
with the substance and even outline emergency procedures in
the event of a spill. This could be a particularly useful
document at a hazardous waste site.

The other popular labeling system which workers may come
across was created by the National Fire Protection
Association (NFPA). The NFPA label system uses a diamond
symbol like the DOT label, but is divided into 4 segments
representing health, flammable, reactive and any special
hazards. A scale of 0 - 4 is used to denote the magnitude
of the hazard, with 4 being worst. A description of the
NFPA system is shown in Figure 2.

Figure 2
EMERGENCY GUIDE FOR HAZARDOUS MATERIALS
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_ ._ NAT'ONAL FIRE PROTECTION ASSOCIATION
NFPA''

Colors: Health - Blue, Flammable - Red, Reactive - Yellow
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Conclusion

The DOT and NFPA labeling systems may be familiar to those
who have experience handling chemicals, but were presented
in this paper to demonstrate how they fit into a hazard
communication program for hazardous waste workers. The
hazard communication program as applied to manufacturing
operations is a source of useful and readily available
training to comply with OSHA regulations created through
SARA. Training hazardous waste employees in all of these
systems will serve to satisfy the requirement that employees
be trained in the safety and health hazards present on the
site. Furthermore, knowledge in these areas will help
enable the employee to recognize hazards not previously
considered. This kind of training can be beneficial not
only to the employee, but to the employer who now has a more
knowledgeable, capable employee.
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REGULATION AND TRENDS IN ASBESTOS

JAY PRIDE - SEG

A general overview of the history cf asbestos regulations
will be covered. Historical background of the EPA and
OSHA rules and regulations will be discussed. Key aspects
of EPA's Asbestos Hazards Emergency Response Act (AHERA),
the Workers Protection Rule, NESHAP's regulations, and
OSHA's construction standards will be covered.

Trends in the asbestos abatement area will be discussed
together with the unique problems associated with the
implementation of new and changing regulations. Elements
that owners and contractors should emphasize in their
qualification programs for subcontractors will be
addressed. A brief review of the major steps involved in
an asbestos removal project will be provided.
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A B S T R A C T

NEW STANDARDS FOR CONFINED SPACES ENTRY
AND THEIR APPLICATION ON THE HAZARDOUS WASTE SITE

R. B. Ogle, Environmental Compliance & Health Protection Division
Oak Ridge National Laboratory, Oak Ridge, Tennessee

The Occupational Safety and Health Administration (OSHA) has initiated

specific regulations governing hazardous waste operations and emergency

response activities through its interim final rule 29 CFR 1910.120.

This regulation requires that confined space entry procedures be

included in the comprehensive site safety and health plan.

There are currently no feder.il or consensus standards in the U.S. for

confined spaces entry. Although OSHA has been developing a standard for

"Permit Entry Confined Spaces" for several years, a final rule has not

yet been promulgated. The current American National Standard Institute

(ANSI) document governing confined space entry, "Safety Requirements for

Working in Tanks and Other Confined Spaces," ANSI Z.117, was published

ten years ago. Generally, such standards are updated or rewritten on a

ten-year frequency as a minimum. The current standard is presently

under revision, and a new ANSI standard should be forthcoming.

Based on a review of the current draft standards, good industrial

hygiene and safety practice considerations, and existing procedures,

recommendations for essential elements to be included in the confined

space entry procedures required in the OSHA 1910.120 regulation will be

presented.
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NEW STANDARDS FOR CONFINED SPACES ENTRY AND THEIR APPLICATION ON THE
HAZARDOUS WASTE SITE - Randall B. Ogle, Martin Marietta Energy Systems, Inc.,
Oak Ridge National Laboratory, Oak Ridge, Tennessee

Since accidents involving workers in confined spaces frequently result in
death or serious injury to one or more individuals, confined spaces are
viewed by safety and health professionals as one of the most dangerous
occupational hazards. The National Institute for Occupational Safety and
Health (NIOSH) investigated 26 accidents involving confined spaces between
January 1985 and March 1987. In these incidents, 42 workers died. The
frequency of occurrence of a confined space incident is difficult to
calculate since no records are maintained on actual number of entries into
confined spaces, but it is clear that when these events do occur, there is a
high probability of death or serious injury. In developing recommendations
for a confined spaces standard NIOSH summarizes a study conducted by Safety
Science Division of WSA, Inc., San Diego, California, which indicated that of
20,000 industrial accident reports reviewed, 276 were confined space events
with 234 deaths and 193 injuries. John B. Moran, Director of the NIOSK
Division of Safety Research estimates that approximately 300 deaths occur
annually resulting from confined space accidents. These numbers are
considered shocking since confined spaces are one of the most publicized
safety hazards and have received considerable attention for many years.

As is the case with most occupational health or safety hazards, the first
step in controlling the hazard is to recognize the conditions that would lead
to the occurrence of an incident. For confined spaces, the initial step in
recognition would be to clearly define the term confined space.

Perhaps the most detailed definition of confined space was offered by NIOSH
in its Criteria for a Recommended Standard -- Working in Confined Spaces. In
this document, NIOSH acted in its role as technical advisor to the
Occupational Safety and Health Administration (OSHA) and provided information
necessary for promulgation of an OSHA regulation for confined spaces. The
NIOSH definition described a confined space as one: which by design has
limited openings for entry and exit; unfavorable natural ventilation which
could contain or produce dangerous air contaminants, ind which is not
intended for continuous employee occupancy. Confined spaces include but are
not limited to storage tanks, compartments of ships, process vessels, pits,
silos, vats, degreasers, reaction vessels boilers, ventilation and exhaust
ducts, sewers, tunnels, underground utility vaults, and pipelines."^

"Tha aubmned rnanuecnpt te> been
authored by B contractor of the U.S.
Government undar contract No. D€
AC05-84OR21400. Accordingly, the U.S.
Government retain* a nonaxdueive.
royalty-fraa icaaaa In pubeah or raproduc*
the pubiehad form of ttw contrfcution. or
alow ottieri to do *o. for U.S. Govarnmant
purpoaaa*
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NIOSH also classified confined spaces based on environmental conditions.
This classification system has been adopted by numerous industries arid
professional groups. The NIOSH scheme presents 3 categories of confined
spaces A, B, and C. The most hazardous conditions exist in the Class A
atmosphere where one or more of the following conditions may be encountered:
an oxygen level of 16% oxygen or less, a flammability of 20% or greater of
the LHL (Lower Explosive Limit;, and a toxicity level at or above the
immediately dangerous to life or health (IDLH) level. The Cla.<3s B confined
space would have an atmosphere with oxygen levels between 16% and 19.!)%, a
f lammabili ty rating from 10-20% of the LEL, and a toxicity less than the
permissible exposure level (e.g., OSHA Permissible Exposure Limit). Finally
the area with the least initial atmospheric hazards would be the Class C
confined space which would have 19.5-21.4% oxygen, a flammabi1ity of less
than 10% of the LEL and air contaminants in levels that are less than the
permissible exposure limits.

Special considerations are to be given to confined spaces that have known
carcinogens, special physical hazards, oxygen enriched atmospheres and have
conditions that might be expected to change rapidly.

The OSHA draft standard for confined space entry, which has been evolving
over the past seven years, no longer directly defines a confined space but
refers to "permit entry confined spaces." The "permit entry confined space"
according to recent draft versions means a tank, vessel, silo, storage bin,
hopper, vault, pit, diked area, or any other enclosed space with limited
egress or entry, that is not designed for continuous employee occupancy, and
has either or both of the following characteristics:

o Contains an actually or potentially hazardous atmosphere or other
recognized safety or health hazard; or

o Contains the potential for engulfment by particulate matter or
by a liquid. •*

The current American National Standards Institute (ANSI) standard, "Safety
Requirements for Working in Tanks and Other Confined Spaces," ANSI Z 117.1-
1977 provides a similar description and listing of recognized confined
spaces. Included in the definition is a description of a confined space as
"open-topped spaces of more than four feet in depth...not subject to good
natural ventilation."'* The consensus derived ANSI standard then applies
experience and practical considerations to the description of confined space
and adds a physical measurement to the definition of confined space.
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In general, current publications on confined spaces provide a common
description of a confined space as areas with limited egress, poor natural
ventilation, and areas that are not designed for continuous human occupancy.
Each of these elements directly relate to the safety and health risks posed
by a confined space.

This practical definition of confined space can be applied to conditions
existing on hazardous waste sites. Obvious confined spaces encountered on a
hazardous waste site would include tanks, vaults, silos, storage bins, and
pits. In addition to easily defined situations, operations conducted on the
hazardous wa^te site may give rise to confined spaces. In addition to the
significant risks that are posed by excavation operations (e.g., trench cave-
ins), these operations can create conditions that would meet the definition
of confined spaces. A significant risk is posed when the conditions of
limited egress, poor natural ventilation, a space not designed for continuous
occupancy, and the potential for hazardous atmospheres (oxygen deficient,
toxic, and/or flammable/explosive) are added to the construction hazards
normal to a hazardous waste site.

In addition to safety hazards posed by the construction-related activities on
a hazardous waste site, critical acute safety and health accidents would be
associated with atmospheres that are immediately dangerous to life or health
(IDLH). In the multiple federal agency guidance manual on occupational
safety and health on hazardous waste sites, a significant discussion is given
on IDLH conditions. A tc.ble is included which provides obvious conditions
which may present an IDLH situation:

Visible Indicators of Potential IDLH
and Other Dangerous Conditions— _

o Large containers or tanks that must be entered.

o Enclosed spaces such as buildings or renches that
must be entered.

o Potentially explosive or flammable situations
(indicated by bulging drums, effervescence, gas
generation, or instrument readings/.

o Extremely hazardous materials (such as cyanide,
phosgene, or radiation sources).

o Visible vapor clouds.

o Areas where biological indicators (such as dead
animals or vegetation) are located.
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Since natural ventilation is generally significant on a hazardous waste site
except where confined spaces exist, IDLH conditions are most likely found in
conjunction with the presence of an enclosed or confined space.

Those individuals performing the initial site characterization and initial
walk-through investigations are the persons most likely to encounter and
recognize pre-existing confined spaces. As conditions change with remedial
actions, those employees engaged in day-to-day cleanup activities may also
encounter enclosed conditions.

As pointed out previously, the consequences of failure to recognize and react
properly to the hazards posed by confined spaces are frequently serious.
Unlike the normal occupational setting, it is more likely that those
individuals encountering confined spaces on a hazardous waste site will be
equipped with significant personal protective devices, as well as
environmental monitoring equipment. Since the presence of a confined space
can mean a significant change in oxygen, toxic gases or flammable gases
present, zones requiring "level C" protection may border on zones requiring a
higher level of protection. An employee must be aware of the boundaries
since adequate protection would not be afforded by "level C" protection in
the confined space. The same serious or lethal outcome could result
regardless of the use of protective equipment if the protective equipment is
not intended for an IDLH atmosphere. Since confined spaces present
difficulty of egress, additional hazards are posed to those on the waste site
due to reduced mobility. This is especially true if immediate evacuation is
necessary. Such situations were addressed by NIOSH et al^ in the recommenda-
tions made for special case problems:

For tanks and vaults, which are often found on hazardous waste sites, the
following procedures are recommended:

o In general, when opening a tank or vault follow the
same procedures as for a sealed drum. If necessary,
vent excess prescvre if volatile substances are stored.
Place deflecting shields between workers and the opening
to prevent direct contamination of workers by materials
forced out by pressure when the tank is opened.

o Guard manholes or access portals to prevent personnel
from falling into the tank.

o Identify the contents through sampling and analysis.
If characterization indicates that the contents can be
safely moved with the available equipment, vacuum them
Into a trailer for transportation to a disposal or
recycling facility.
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o Empty and decontaminate the tank or vault before disposal.

o If it is necessary to enter a tank or vault (i.e.,
confined spaces) for any reason (e.g., to clean off solid
materials or sludges on the bottom or sides of the tank or
vault), the following precautions should be taken :

Ventilate thoroughly prior to entry.

Disconnect connecting pipelines.

Prior to entry, take air samples to prove the
absence of flammable or other hazardous vapors
and to demonstrate that adequate levels of
oxygen exist.

Equip the entry team with appropriate respiratory
protection, protective clothing, safety harnesses,
and ropes.

Equip a safety observer with appropriate respira-
tory protection, protective clothing, a safety
harness, and

Establish lifeline signals prior to entry so that
the worker and safety observer can communicate
by tugs on the rope.

Have an additional person available in the
immediate vicinity to assist the safety observer
if needed.

Instruct the safety observer not to enter the
space until additional personnel are on scene.

In recognition of the special hazards associated with health and safety as
applied to hazardous waste operations and confined spaces, OSHA is requiring
that consideration be given to these special hazards in the current
regulation 29 CFR 1910.120, Hazardous Waste Operations and Emergency
Response; Interim Final Rule. Additionally; similar provisions are now made
in the OSHA Notice of Proposed Rulemaking on Hazardous Waste Operations (52
FR 29620, August 10, 1987).

In the interim standard as a part of the site safety and health plan, OSHA
requires that the plan address confined space entry procedures [29 CFR
1910.12C i, 2, (i), (k)]. Additionally, in paragraph j, specific
requirements for confined space entry procedures related to tanks and vaults
are given.
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In general terms, the interim standard contains requirements that would
impact on potentially dangerous enclosed spaces. Sections addressing site
characterization and analysis point out the need for identification of all
suspected conditions that are IDLH and use confined spaces as an example of
such conditions. If confined spaces are identified in the site
characterization then specific training, monitoring, emergency response and
personal protection would be required in the site safety and health program
to satisfy confined spaces worker protection requirements.

As stated previously, similar requirements are included in the proposed OSHA
regulation 29 CFR 1910.120. This proposal clearly requires a safety and
health program which "identifies, evaluates, and controls safety and health
hazards and provides for emergency response for hazardous waste operations."
As a component of the safety and health program, the site-specific safety and
health plan must contain provisions for confined space entry. Similar
requirements exist for adequate site characterization and analysis.

To assist OSHA compliance officers in application of 29 CFR 1910.120
regulations to hazardous waste site OSHA published NOTICE CPL 2 on July 8,
1987. OSKA hazardous waste site inspections are to include a review
of management programs. OSHA indicates that permit systems would be included
in this review which specifically address confined space: (1) work
authorization systems, (2) entry permit, (3) isolation-blanking, zero
mechanical state, lock-out, (4) atmospheric testing (oxygen, flammables,
toxics), (5) stand-by personnel, and (6) emergency rescue. Clearly, confined
space programs will be reviewed by OSHA during on-site inspections.

Finally, the OSHA hazardous waste site regulation includes the requirement
for compliance with the existing OSHA construction standard 29 CFR 1926. The
section addressing safety training and education, 1926.21, requires that "all
employees required to enter into confined or enclosed spaces shall be
instructed ar to the nature of the hazards involved, the necessary
precautions to be taken, and in the use of protective and emergency equipment
required. The employer shall comply with any specific regulations that apply
to work in dangerous or potentially dangerous areas." OSHA then redefines
confined or enclose spaces in a similar manner to that given by ANSI Z117.1-
1977.

In mandating the inclusion of confined spaces entry procedures and programs
in general hazardous waste site safety and health plans, OSHA has not
delineated the specific components of an acceptable program. This would
leave the format of such a procedure open to each company as long as the
program is effective in performance.
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Ideally, the confined spaces program format and content developed by a
company would be one that would be compatible with existing standards such as
ANSI Z117.1-1977 and would also meet future regulations. Specifically
considerations should be given to meeting future OSHA regulations and
consensus standards (i.e., ANSI Z 117.1, now in committee). Although OSHA
has made several attempts at developing a final confined space entry rule
over the past 15 years, present efforts are nov. nearing completion. OSHA was
scheduled to take its proposed confined spaces regulation to the Department
of Labor Review Board in June 1987, but has been delayed by agency debate
over the standards application to all industry sectors. The submission of
this document to the Review Board is the last step before the standard is
reviewed by the Office of Management and Budget (OMB). These actions
indicate that OSHA is attempting to promulgate this standard at least by 1988
as they had previously scheduled.

Similarly, vhe "updating" of the ANSI standard appears to be nearing
completion. This standard is being assembled by a consensus of interested
groups and associations which is being coordinated by the American Society of
Safety Engineers. The present time frame for completion of this standard is
by the end of the calendar year of 1987.

Adequate consideration of the provisions of the new regulations and standards
would allow for development of existing confined space programs that are up
to date and will need less modification when the new rules are completed.
Additionally, beyond regulations, an attempt at being far-sighted can help
assure a program that provides optimal worker protection.

The significant provisions of the OSHA draft regulation would include: the
requirement for establishment of a permit entry system, preclassification and
characterization of confined spaces, development of entry checklists,
multiple training requirements, specification of duties of attendants, duties
of the person authorizing entry, requirements for rescue teams, and
provisions for special "hot work permits" (i.e., work involving production of
a source of ignition). Although this draft rule has specific requirements,
it can be described as a performance standard in that the exact details of
compliance are not mandated. It is likely that this regulation will
encourage the use of OSHA permissible exposure limits and American Conference
of Governmental Hygienists (ACGIH) Threshold Limit Values (TLVs) as levels
that should not be exceeded at any time while employees are in confined
spaces. This is a notable change in the use of these air level "limits."

Similar provisions will likely exist in the updated ANSI standard.
Significant consideration will be given to training requirements.
Specifically general training programs should be established for:
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o Atmospheric monitoring personnel

o Entry personnel

o Attendants, and

o Emergency response personnel

Training programs would include "tests of competency" of those trained. This
would require demonstration of the ability to perform required activities.
In addition to periodic generic training, specific location/site specific
entry training should be provided prior to entry into a new confined space.
This site specific training would address and underscore the hazards
anticipated in the confined space and would ensure that all procedures are
clearly understood. Additionally, site specific training will allow for a
review and preparation of entry equipment.

"Acceptable Atmospheric Conditions" for entry would include: oxygen levels
19.5%-22%, flammabi]ity less than 10% of the lower explosive limit (LEL), and
toxicity less than the OSHA PEL and ACGIH TLV. When conditions are
encountered that do not meet the above criteria engineering controls (e.g.
powered ventilation) must be utilized prior to entry.

As with most comprehensive documents on confined space entry techniques,
the ANSI Standard will address hazards other than atmospheric and egress
related. Such hazards would include those related to: mechanical,
electrical, temperature, radiation (nonionizing and ionizing), noise,
vibration, hot work (ignition sources), use of flammable liquids, biological,
engulfment hazards, etc. Special sections of the standard will consider
isolation measures (e.g., blocking fluid lines), lock-out procedures,
attendant/communication requirements, cleaning/decontamination procedures,
personal protective equipment, retrieval equipment, emergency response
planning, labeling/warning of confined spaces, contractor notification, and
inerting procedures.

While many components of the ANSI Standard and the OSHA Regulation will not
require significant modification of existing procedures and in some cases
apply only to fixed locations (e.g., in-plant confined spaces), items
applicable to safe confined space entry on hazardous waste sites are given.
Attention should be applied to development of specialized training programs,
use of specially adapted personal protective equipment that will provide for
the inherent problems associated with limited egress, obtaining emergency
retrieval equipment that can accommodate the hazardous waste site worker and
his often bulky and heavy gear, and special systems for identifying confined
spaces to those involved in hazardous waste site operations.
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Several examples of successful confined spaces entry programs exist and may
be found in the attached reference listing. The successful programs have
common elements that include:

o A strong, clear written program

o Effective training components for all job classifications involved

o A mechanism for recognition of confined spaces

o A well-developed permit to be completed prior to entry

o A system for defining and ensuring protection against nonatmospheric
hazards

o A method of maintaining continuous communications with those
employees working in confined spaces

o An effective emergency rescue procedure

o Periodic program review

A list of existing standards and guidelines is included for use in
formulating a hazardous waste site confined spaces entry program and
procedure.

Related Standards and References:

Occupational Safety and Health Administration, (OSHA), U. S. Department of
Labor: Federal Code 29 CFR 1910, 1915, 1916, 1917, 1918, 1926, and 1928,
Occupational Safety and Health Standards.

Selected Occupational Fatalities Related to Fire and/or Explosion in Confined
Spaces as Found in Reports of OSHA Fatality/Catastrophe Investigations, U. S.
Dept. of Labor, April 1982.

National Institute for Occupational Safety and Health (NIOSH), U. S.
Department of Health, Education and Welfare. Criteria for a recommended
standard . . . Working in Confined Spaces. Publication No. 80-106, Dec.
1979.

Blower and Exhaust System, ANSI/NFPA 91-1983-

Safety in Welding and Cutting ANSI Z49.1-1983.

Flammable and Combustible Liquid Tank Vehicles, ANSI/NEPA 385-1985.

Standard for the Control of Gaj Hazards on Vessels, NFPA 306-1984.

Threshold Limit Values & Biological Exposure Indices-ACGIH-Current Edition.
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Practice for Occupational and Educational Eye and Face Protection ^NSI Z87.1-
1979.

Protective Headwear for Industrial Workers, ANSI Z89.2-1986.

California: Confined Spaces, Reprint of General Industry Safety Orders,
Article 108, Title 8, California Administrative Code, September, 1985,
Department of Industrial Relations, Sacramento.

Michigan: General Industry Safety Standards Commission, Safety Standards,
Part I, General Rules, May 17, 1983. Proposed Departments of Labor and
Public Health Safety and Health standard, (Draft), NIOSH Part 90, Confined
Space Entry, 1986, Department of Labor, Lansing.

Virginia: Virginia Confined Space Standard, August 2, 1985, Department of
Labor and Industry, Richmond.

In summary, with the recognition that confined spaces are likely to be
encountered on hazardous waste sites, actions should be taken to ensure that
control of the potential hazards is achieved. The likelihood that all
enclosed spaces are identified and classified will be enhanced through an
active site safety and health program which includes a written procedure for
confined spaces control. It is strongly recommended that those developing
new programs or updating old programs look to the new standards that are
being finalized for the "state-of-the-art" in confined spaces control
techniques.
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The "Superfund Amendments and Reauthorization Act of 1986" (SARA) was
enacted in October 1986 thus reflecting the level of Congressional
concern regarding the potential risk of chemical releases from
industrial facilities located in our nations communities. While SARA
addresses a variety of subjects such as increased penalties for
violations, OSHA standards for waste site cleanup workers, underground
storage tank cleanup, R&D pro.iects, and revenue sources, the
provisions that will have the most significant impact are those that
pertain to emergency planning and community right to know. The Act
provides for establishment of emergency plans at the community level
based on hazardous material data from facilities located in that area,
for reporting of hazardous materials stored at these facilities and
for Local Emergency Planning Committee determination of how to handle
a situation in the case of a hazardous material release. This paper
will discuss implementation of the Superfund Amendments and
Reauthorization Act and the associated reporting requirements.
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IMPLEMENTATION OF THE SUPERFUND AMENDMENTS AND REAUTHORIZAT1ON ACT - Joe D.
Sherrod, Environmental Compliance and Health Protection Division, Oak Ridge
National Laboratory, Martin Marietta Energy Systems Inc.

INTRODUCTION

The Superfund Amendment and Reauthorization Act (SARA) of 1986 is in reality
an extension of the Comprehensive Environmental Response, Compensation and
Liability Act of 1980 commonly known as "Superfund" enacted for cleanup of
hazardous waste sites and response to releases of hazardous substances. SARA,
which was born in the aftermath of the accident in Bhopal, India, and the
incident at Institute, West Virginia, creates new directions for community
right to-know reporting and emergency planning and preparedness. Title III of
SARA has two specific objectives: (1) increase community knowledge and access
to information on presence of hazardous chemicals in their communities, and
(2) to prepare states and communities for dealing with potential chemical
accidents.

The enactment of SARA has significantly impacted industry, employees, and the
public. As the five title sections of SARA are reviewed, this impact wiJl
become evident. Because the greatest impact is contained in Title III, Titles
I, II, IV, and V will only be summarized with the most direct impacts
highlighted. The following narrative represents the authors interpretations
of the laws as derived from federal and state publications, discussions with
EPA representatives, and a variety of independent sources.

Title I - PROVISIONS RELATING PRIMARILY TO RESPONSE AND LIABILITY

Title I contains 27 sections, many of which are amending the existing CERCLA
language and several which are entirely new. The highlights of Title I are as
follows:

o Increased penalties for violations
o Increased public participation in remedial programs
o Annual budget reviews for remedial actions
o Annual progress reports to Congress
o Funding for Hanford site RD&D activities
o Full federal facility applicability
o Worker protection standards for hazardous waste operation

*0perated by Martin Marietta Energy Systems, Inc., for the U.S. Department
of Energy under Contract No. DE-AC05-840R21400.
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The most direct impact is the worker protection standards for hazardous
waste operations section which requires implementation through the
Occupational Safety and Health Act (OSHA) provisions. These requirements
have been promulgated through OSHA 29 CFR 1910.120 and cover workers
involved in the following hazardous waste activities:

o Operating facilities which store, treat, or dispose of hazardous
wastes.

o Cleanup of waste dump/storage sites,
o Response to hazardous waste releases including non -CERCLA and

non -RCRA sites.

Any employer with workers involved in any of the preceding activities
must prepare a written safety and health program which includes as a
minimum the following provisions:

o Site Analysis
o Training
o Medical Surveillance
o Protective Equipment
o Engineering Controls
o Maximum Exposure Limits
o Informational Programs
o Handling
o New Technology Program
o Decontamination Procedures
o Emergency Response

Title II - MISCELLANEOUS PROVISIONS

Title II contains numerous sections which amend CERCLA language but have
little or no impact on the purpose of this paper. The highlights of this
section are contained in provisions for:

o Underground Storage Tank Cleanup
o Citizens' Suits
o Research Development and Demonstrations

Title III - EMERGENCY PLANNING AND COMMUNITY RIGHT-TO-KNOW

Title III of SARA has more far-reaching impact on industry and the public
than all of the other sections of the Act combined. When passing Title
III of SARA, Congress fully recognized public concern for health hazards
and answered this concern with a program which requires emergency
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planning with state and local groups working with industry and wide
dissemination of hazardous material information. Title III is composed
of three subtitles which include:

A - Emergency Planning and Notification
B - Reporting Requirements
C - General Provisions

Subtitles A and 8 create the greatest impact on industry and the
community and will receive the greatest emphasis in the following
discussion.

Subtitle A Emergency Planning and Notification

Establishment of State Commissions, Planning Districts, and Local
Committees As required by the Act, the Governor of the State of
Tennessee established the Emergency Response Commission made up of the
following agencies: the Tennessee Emergency Management Agency (1EMA) as
the lead agency. The other two agencies are the Department of Labor and
the Department of Health and Environment. The commission has the
responsibility for designating emergency planning districts, appointing
local planning committees, and for supervising and coordinating the
activities of the local communities. The commission must also establish
procedures for receiving and processing requests for information from the
public. The Tennessee Commission decided to utilize counties as the
boundary for districts for the purpose of implementing this Act.

Local planning committees shall include at a minimum representatives of
the following groups or organizations:

o State and Local Officials
o Law Enforcement
o Civil Defense
o Hrefighting
o First Aid
o Health
o Local Environmental
o Hospital and Transportation
o Broadcast and Print Media
o Community Groups
o Owners and Operators of Facilities

Subject to Requirements of this Subtitle

The local committee will establish governing rules which include
notification of committee activities, public meetings to discuss the
emergency plan, public comments, response to such comments by the
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committee and distribution of the emergency plan. The committees will
also establish procedures for receiving and processing requests from the
public for information available under Title III including hazardous
material quantities and locations at a specified facility.

Substance and Facilities Covered and Notification - This section
identifies two sources of hazardous materials for inclusion under the
Act. The first list are those materials identified in OSHA, Hazard
Communication Standard 29 CFR 1910.1200, and the other is a list of
approximately 400 extremely hazardous substances (EHS) which could cause
serious irreversible health effects from accidental releases.

The Act made provisions for the establishment of threshhold planning
quantity (TPQ) levels below which reporting is not necessary, and the
ability to revise TPQs as appropriate. The Final TPQ levels were set
early in the year. There is strong indications from the EPA that the
levels will be revised. The anticipated levels are to be as follows:

YEAR
LIST 1987 1988 1989

OSHA 1200 List 10,000 lbs 10,000 lbs 500 lbs permanent
Extremely Hazardous Substances 500 lbs or TPQ whichever is less

Facilities are covered under this section if a substance on the list is
present at the facility in excess of the TPQ established for the
substance. The owner or operator of facilities subject to the
requirements of this subtitle were required to notify the State Emergency
Response Commission by March 17, 1987. Additionally, any changes to the
lists or newly acquired inventories must also be reported to the State
Emergency Response Commission within 60 days.

Emergency Training and Review of Emergency Systems - This section
provides federal program support for training and education of federal,
state, and local personnel in hazard mitigation, emergency preparedness,
fire prevention and control, disaster response, long-term disaster
recovery, national security, technological and natural hazards, and
emergency processes. Such programs shall provide special emphasis for
such training and education with respect to hazardous chemicals.

The Act requires review of emergency systems for monitoring, detecting,
and preventing releases of extremely hazardous substances from
representative facilities that produce, use, or store extremely hazardous
substances.
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Subtitle 8 - Reporting Requirements

Owners or operators of facilities who are subject to the provisions of
this act, facilities with inventories of listed hazardous materials over
TPQs, must provide information described in the following sections.

Material Safety Data Sheets (MSDS) or List - By October 17, 1987, and as
conditions change thereafter, either a MSDS or list must be supplied to
the following:

(A) The appropriate local emergency planning committees
(B) The State emergency response commission
(C) The fire department with jurisdiction over the facility

A list of submissions shall include each of the following:

o All chemicals on OSHA 1910.1200 list and list of Extremely
Hazardous Substances identified in this Act.

o Chemical name or common name as shown on the MSDS.
o Any hazardous component of each chemical provided on the

MSDS.
o A grouping by hazard categories.

Reporting of hazardous mixtures may meet the requirement of the Act by
one of the following methods:

o Submitting a MSDS for or identifying on a list each element
or compound in the mixture which is a hazardous chemical.
(If more than one mixture has the same element or compound,
only one MSDS or one listing of the element or compound is
necessary.)

o Submitting a MSDS or identifying on a list the mixture
itself.

Where owners or operators of a facility submit a list of hazardous
materials, they must upon request of the emergency planning committee
submit a MSDS for any chemical on the list. Upon request from a person,
the local planning committee shall make available to the person a MSDS.
Where a MSDS is not available, the planning committee shall request from
the facility owner or operator.

Emergency and Hazardous Material Inventory Forms - By March 7, 7 988, and
annually thereafter, the owner and operator of any facility required
under this Act to submit MSDS or a list must submit an emergency and
hazardous chemical inventory form (inventory form). This form shall
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contain Tier 1 information in aggregate terms for hazardous chemicals in
categories of health and physical hazards and which include the following
data:

o An estimate (in ranges) of the maximum amount of hazardous
chemicals in each category present at this facility at any
time during the preceding calendar year,

o An estimate (in ranges) of the average daily amount of
hazardous chemicals in each category at the facility during
the calendar year,

o General location of hazardous chemicals in each category.

A Tier II inventory form shall provide the following additional
information and be available upon request. This form may be submitted in
lieu of the Tier I form.

o The chemical or common name of the chemical as provided on
the MSDS or list,

o An estimate (in ranges) of the maximum amount of the
hazardous chemical present at the facility at any time
during the preceding calendar year,

o An estimate (in ranges) of the average daily amount of the
hazardous chemical present at the facility during the
preceding year,

o A brief description of the manner of storage of the
hazardous chemical.

o The location at the facility of the hazardous chemical,
o An indication of whether the owner elects to withhold

location information of a specific hazardous chemical from
disclosure to the public.

Toxic Chemical Release Forms - By July 1, 1988, and annually thereafter,
the owner and operator of facilities subject to the requirements of this
section shall complete and submit to the Environmental Protection Agency
and the State a toxic chemical release form for each toxic chemical
listed in the Act that was manufactured, processed or otherwise used in
quantities exceeding the following toxic chemical threshhold quantity.

o 10,000 pounds of toxic chemical used at a facility per year,
o Toxic chemical manufactured or processed at a facility per

year threshhold quantity is
July 1, 1988 - 75,000 lbs.
July 2, 1989 - 50,000 lbs.
July 1, 1990 and thereafter - 25,000 lbs.

Owners and operators of facilities are defined as those that have 10 or
more full-time employees in standard industrial classification codes
20-39 that manufacture, process, or otherwise use a listed toxic chemical
in excess of listed threshhold quantities. The administrator may by his
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own action or at the request of a state governor apply the requirements
of this section to owners and operators of any particular facility.

Information required for submission on the toxic chemical release form
includes the following: '

o Name and location of and principal business activities at
the facility,

o An appropriate certification signed by a senior official
with management responsibility for the person or persons
completing the report regarding the accuracy and
completeness,

o Information for each listed toxic chemical:
A. Whether the toxic chemical is manufactured, processed

or otherwise used and the general category or
categories of use of the chemical.

B. An estimate of the maximum amount (in ranges) of the
toxic chemical present at the facility at any time
during the preceding calendar year.

C. For each waste stream, the waste treatment or disposal
methods employed, and an estimate of the treatment
efficiency typically achieved.

D. The annual quantity of the toxic chemical entering
each environmental medium.

'iubtitle C - General Provisions

Included in this subtitle are the following topics:

o Relationship to other laws
o Trade Secrets
o Provisions of information to health professionals, doctors,

and nurses
o Public availability of plans, data sheets, forms and

followup notices
o Enforcement
o Civil Actions
o Exemptions
o Regulations
o Definitions
o Authorization of appropriations

Title IV - RADON GAS AND INDOOR AIR QUALITIES RESEARCH

This section is devoted entirely to indoor air quality research. The
research program must include pollutant monitoring, health effects
research, control technologies research, demonstration of control
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measures and dissemination of information to the public. The section
also requires within two years of enactment a report describing:

o State of knowledge concerning risks to human health of
indoor air pollutants,

o Locations and amounts of of indoor air pollutants in
structures throughout the country,

o Suggested existing standards for indoor air pollutants and
the risk to health associated with such standards,

o Research needs and the relative priority of these needs,
o Effectiveness of possible government actions to mitigate

health risks associated with indoor air quality problems.

Title V - AMENDMENTS OF THE INTERNAL REVIEW CODE OF 1986

Several parts of this title deal with revisions to the internal revenue
code to assure financing of superfund activities and will not be
addressed in this presentation.

SUMMARY

Facilities subject to the requirements of SARA have a great deal to
accomplish to meet full compliance. For hazardous and extremely
hazardous materials, the need for cradle to grave tracking of inventories
by quantities and location appears to present the greatest challenge.
For toxic chemical release inventory reporting, treatment efficiency and
annual quantities entering each environmental medium appear to be the
greatest challenge. SARA, when fully implemented, should indeed meet the
objectives for informing communities of nearby hazardous and toxic
chemicals, for establishing emergency response plans, and for bringing
facility operators and the community closer together in a mutual concern
for protection of human health.
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ABSTRACT

NQA-1 Techniques Applied to Health Physics Dosimetry Procurement*
D. L. Chumbler, Paducah Gaseous Diffusion Plant* Paducah,
Kentucky

Formal integration of quality assurance and risk management
into the environmental, health, and safety arenas is now
receiving high management emphasis. Mechanisms for assessing the
wide range of ES & H effects in the scientific community are now
being established.

A multisite engineering project is under way to procure and
set in place a common personnel radiation dosimeter system that
will meet DOELAP accreditation. Quality assurance risk
assessments are being used to aid in planning for this project.
NQA-1 elements are being selectively applied to critical phases
of the project. Brainstorming sessions with multidisciplined
personnel have been beneficially used in systematically assessing
the action phases and identifying additional actions to avoid or
mitigate failures.

*Prepared by the Paducah Gaseous Diffusion Plant* Paducah,
Kentucky 42002, operated by MARTIN MARIETTA ENERGY SYSTEMS,
INCORPORATED, for the U. S. DEPARTMENT OF ENERGY, Under Contract
No. DE-ACO5-84OR214OO.

By acceptance of this article, the publishner and/or recipient
acknowledges the U. S. Government's right to retain a
nonexclusive, royalty-free license 1n and to any copyright
covering this report (article).
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NQA-1 Techniques Applied to Health Physics Dosimetry Procurement*,
D. L. Chumbler, Paducah Gaseous Diffusion Plant, Paducah, Kentucky.

DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United
States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions
of authors expressed therein do not necessarily state or reflect
those of the United States Government or any agency thereof.



127

NQA-1 TECHNIQUES APPLIED TO

HEAHD3 FHX5ICS

D. I*.
HEAUffl HBCSICS EEPARDfENT

GASEOUS DIFFUBICN PIAHT

QRK RIDGE MXEL GCNFBSNCE

OCK«ER 13-16, 1937

Prepared by the
Paducah Gaseous Diffusion Plant

Paducah, RentucAy
Operated i y

MARTIN MAREETIA BiB)GY SX5IEK5, SKXRPCBKIB)
far the

U. S. Department of Bierqy
Under Contract K?. DE-ACD5-84CR21400



128

A NEW PERSONNEL RADIATION DOSIMETER SYSTEM IS NEEDED FOR MARTIN

MARIETTA ENERGY SYSTEMS, INC.

DRAFT DOE ORDER 5480.11, "RADIATION PROTECTION," REQUIRES

OPERATING CONTRACTORS TO HAVE A SYSTEM WHICH MEETS THE

STANDARDS (DOE/EH-0027) IN THE NEW DRAFT DOE ORDER 5483*,

"DOE LABORATORY ACCREDITATION PROGRAM (DOELAP) FOR PERSONNEL

DOSIMETRY."

* IN 1986 THE EXISTING DOSIMETERS USED AT ORGDP, ORNL, PGDP

AND Y-12 DID NOT PASS IN ALL CATEGORIES TESTED.

* THE DOELAP ORDER 5483 IS TO BE ISSUED BY DOE IN THE FALL

1987. REQUIREMENTS ARE FOR ALL DOE CONTRACTORS TO BE DOELAP

ACCREDITED WITHIN TWO YEARS OF THE EFFECTIVE DATE OF THIS

ORDER.
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GIVEN THE NEW ORDERS AND THE TEST RESULTS, THE DOSIMETRY TASK

FORCE OF THE ENERGY SYSTEMS RADIOLOGICAL PROTECTION COMMITTEE

MADE THE FOLLOWING RECOMMENDATIONS:

* REPLACE THE EXISTING SYSTEM WITH ONE WHICH WILL BE ABLE TO

MEET THE DOELAP CRITERIA.

* DEVELOP AN IN-HOUSE CAPABILITY USING COMMERCIALLY AVAILABLE

HARDWARE.

* ESTABLISH TWO DOSIMETER PROCESSING CENTERS, ONE AT ORNL AND

ONE AT Y-12.

* PROVIDE ALL ENERGY SYSTEMS EMPLOYEES, NON-EMPLOYEE RADIATION

WORKERS, AND VISITORS WITH RADIATION DOSIMETERS.

* EXCHANGE DOSIMETERS ON AT LEAST A QUARTERLY BASIS.
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THE PERSONNEL DOSIMETRY SYSTEM BEING SPECIFIED WILL BE A STATE OF

THE ART, FULLY AUTOMATED THERMOLUMINESCENT DOSIMETRY (TLD)

SYSTEM. THE BASIC "CORPORATE" TL ELEMENTS AND PROCESSING SYSTEM

WILL MEET THE DOELAP CRITERIA FOR MONITORING IN THE FOLLOWING 1JL

RADIATION CATEGORIES:

I LOW ENERGY PHOTONS, HIGH DOSE

II HIGH ENERGY PHOTONS, HIGH DOSE

IIIA LOW ENERGY PHOTONS (X-RAY), LOW DOSE

IV HIGH ENERGY PHOTONS, LOW DOSE

VA BETA PARTICLES, GENERAL, POINT GEOMETRY

VB BETA PARTICLES, SPECIAL, URANIUM SLAB

VII MIXTURE CATEGORIES:

IIIA AND IV

IIIA AND VA

IIIA AND VB

IV AND VA

IV AND VB
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TO HELP ASSURE MISSION SUCCESS, QA TOOLS ARE BEING APPLIED PER

ENGINEERING PROCEDURES AND NQA-1 REQUIREMENTS.

* 17 ACTION PHASES OF THE PROJECT ARE BEING ASSESSED FOR

POTENTIAL PROBLEMS.

* 12 NQA-1 ELEMENTS ARE BEING SELECTIVELY APPLIED TO VARIOUS

ACTION PHASES.

* THE QA RISK COVERING THE FIRST 7 ACTION PHASES (TECHNICAL

SPECIFICATIONS THROUGH ACCEPTANCE TESTING OF EQUIPMENT

DOSIMETERS) HAS BEEN COMPLETED.

* A PROJECT QUALITY PLAN IS BEING PREPARED IDENTIFYING THOSE

QUALITY SYSTEMS AND ACTIONS THAT MUST BE IN PLACE TO ASSURE

SUCCESS.

* ANOTHER QA RISK ASSESSMENT HAS BEEN INITIATED DURING FOURTH

QUARTER, FY 1987, COVERING X-10/Y-12 SITE CALIBRATIONS/

OPERATIONS.

* FINAL PHASE OF THE RISK ASSESSMENT (TO BE COMPLETED APRIL

1988) WILL COVER A PILOT PROGRAM, PRE-DOELAP QA AUDITS, MASS

EXCHANGES, AND DOELAP ACCREDITATION.
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RISK ASSESSMENTS ARE BEING CONDUCTED TO IDENTIFY POTENTIAL

PROBLEMS IN ALL ACTION PHASES OF THE PROJECT. EVALUATIONS

PINPOINTED APPLICABLE NQA-1 ELEMENTS FOR EACH ACTION PHASE.

NQA-1
ELEMENT NO.

A- Preparation, Approval, and Issuance of Equipment 4
Specification - Incorporation into Purchase
Requisition

B. Selection of Seller 7

C. Preproduction - Manufacturing 7

D. Vendor Factory Testing 7

E. Shipping 7

F. Receipt of Equipment and Initial Quantities of 10
Dosimeters

G. Installation and Acceptance Testing 11

H. On-Site Training —

I. User Familiarization 14

J. Calibration of Equipment/Dosimeters 11, 12

1. Verification of Irradiator Source
2. Calibration of Readers
3. Calibration of Site Reference Dosimeters
4. Characterization of Field Dosimeters

K. Preparation of Procedures and Training of 5

Technicians

L. PC/VAX Interfacing

M. Verification of Algorithms

N. Conducting Pilot Program —

O. Pre-DOELAP Internal Audits 2, 17, 18

P. Mass Exchanges 8, 12, 13

Q. DOELAP Certification 2, 17
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RISK ASSESSMENTS FORCE A SYSTEMATIC THOUGHT REVIEW TO EVALUATE

RISK ACCEPTABILITY OF POTENTIAL PROBLEMS.

DESCXXBE JOB ELEMENTS
OR

ACTIOK PLAN STEPS

i
DESCRIBE MOST LIKELY POTENTIAL

QUALITY PROBLEM OR FAILURE MODE

i
DESCRIBE THE EFFECT(S)

OF EACH PROBLEM

INSIGNIFICANT EVALUATE
CONSEQUENCE OF EACH

PROBLEM

ACCEPTABLE

EVALUATE
PROBABILITY OF EACH

CAUSE OCCURRING

PROVIDE
RATIONALE

SIGUFICAMT

OS SEVERE1
LIST P0SS1BL

CAUS£(S)

UGH 01

.DESIGNATE AS
UNACCEPTABLE

RISK

PROBLEMS WITH AN EXTREMELY
SEVERE CONSEQUENCE, REQUIRING
PREVENTIVE ACTION, EVEN THOUGH
PROBABILITY IS LOU.

PROVIDE:

1 . PREVENTIVE ACTIONS
2 . RESPONSIBILITY
3 . SCHEDULE



LOW

UNKNOWN lit
RISK I U )

NO. K/G-I4-30I

UNACCEPTABLE' ACCEPTABLE

UNACCEPTABLE' UNACCEPTABLE* 7
z ACCEPTABLE

ACCEPTABLE 7
7

/ HIGH / < £ / UNACCEPTABLE* / UNACCEPTABLE' / ACCEPTABLE /

PROGRAMMATIC LOSS

(e.g., PROGRAM OBJECTIVES,
MAINTAINABILITY, TECHNOL-
OGY OR DATA LOSS, OR
SCHEDULE DELAY)

HEALTH, SAFETY, AND

ENVIRONMENTAL IMPACT

FAILURE CONSEQUENCE

CATASTROPHIC

LOSS>S100,000

WASTED EFFORT>4.000
HOURS.

PREVENTS ATTAINMENT OF
MAJOR PROGRAM GOAL.

FATALITY, DISABLING.
OR SERIOUS INJURY.

OFF-SITE RELEASE OF
RADIOACTIVE OR TOXIC
POLLUTANTS.

OAMAGE TO PUBLIC
PROPERTY, NATIONAL
SECURITY OR ADVERSE
PUBLIC REACTION.

SIGNIFICANT

LOSS BETWEEN 55,000 - S100.000

WASTED EFFORT BETWEEN
100-4,000 HOURS.

SERIOUS DELAY OF MAJOR GOAL
ATTAINMENT.

MINOR INJURY

ONSITE RELEASE OF RADIOACTIVE
OR TOXIC POLLUTANTS INTERNAL
OR EXTERNAL TO CONTAINMENT
STRUCTURE.

INSIGNIFICANT

LOSS UNDER S5.000

WASTEO EFFORT UNDER
100 HOURS.

LITTLE EFFECT ON
PROGRAM.

NO INJURY

NO REPORTABLE
EFFECTON
ENVIRONMENT.

CO

'PREVENTIVE ACTIONS MUST BE PLANNED FOR PO TENTIA L PROBL EMS HA VINC
"UNACCEPTABLE" RISK.

Table A-1 . G*n»ral auid*Hn«« for •valuating risk
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TWELVE NQA-1 ELEMENTS ARE BEING SELECTIVELY APPLIED TO VARIOUS

PHASES OF THE PROJECT

NQA-1
Element No.

A. Quality Assurance Program 2

B. Procurement Document Control 4

C. Instruction, Procedures, and Drawings 5

D. Control of Purchased Items and Services 7

E. Identification and Control of Items 8

F. Inspection 10

G. Test Control 11

H. Control of Measuring and Test Equipment 12

I. Handling, Storage, and Shipping 13

J. Inspection, Test, and Operating Status 14

K. Quality Assurance Records 17

L. Audits 18
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USE OF BRAINSTORMING SESSIONS ALLOW INPUT INTO QA RISK ASSESSMENT

BY NUMEROUS DISCIPLINES.

* ENGINEERING PROJECT MANAGEMENT (2)

* PROCUREMENT (1)

* VENDOR SURVEILLANCE (1)

* HEALTH PHYSICS PROFESSIONALS (4)

* QA PROFESSIONALS

X-10 SITE QA MANAGER AND STAFF (2)

MMES ENGINEERING QA MANAGER

ES&H QA COORDINATORS

EX-QAC FROM PGDP
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CHECKLISTS ALSO USED TO ASSURE APPROPRIATE CONSIDERATION OF EACH

ELEMENT FOR NQA-1 REQUIREMENTS

* BASIC REQUIREMENTS.

* SUPPLEMENTARY REQUIREMENTS.

* CHECKLISTS FOR ALL 18 NQA-1 ELEMENTS CAN BE OBTAINED FROM

MMES QUALITY ASSURANCE CENTRAL STAFF.
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PREVENTIVE ACTIONS FOR POTENTIAL SIGNIFICANT QUALITY PROBLEMS

IDENTIFIED HAVE BEEN/ARE BEING ADDRESSED.

* TECHNICAL SPECIFICATIONS

* PURCHASE REQUISITION

* QUALITY PLAN

* QA RISK ASSESSMENTS/PLANS
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Information Products Used to Support

Regulatory Decisions

Presented by:

P. Y. Lu, ORNL



INFORMATION PRODUCTS USED TO SUPPORT REGULATORY DECISIONS

P. Y. Lu, R. H. Ross, and M. W. Francis
Oak Ridge National Laboratory*
Oak Ridge, Tennessee 37831
Telephone: (615) 574-7587

ABSTRACT

Environmental contamination by toxic/hazardous substances can result in
increased human cancer mortality, deteriorated environmental quality,
and toxicity to plant and animal species. Host contamination by
pollutants is the result of (1) use of chemicals in the industrial,
agricultural, and military operations or (2) accidental release of
chemicals during the manufacturing or transportation processes.

To ensure that the health and environmental impact of chemicals
released to the environment is minimal, regulatory agencies required
by congressional mandates, have promulgated and enforced various
environmental laws and regulations. A variety of information products
that assist in the promulgation and enforcement process will be
discussed. Selected examples such as Toxicological Profiles, Chemical
Hazard Information Profiles, Tier-1 Health Effects Assessment Reports,
and Hazardous Substances Data Bank records will be illustrated in their
respective roles toward regulatory decisions.

•Operated by Martin Marietta Energy Systems, Inc., for the U.S.
Department of Energy under Contract No. DE-AC05-840R21400.
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INFORMATION PRODUCTS USED TO SUPPORT REGULATORY DECISIONS

P. Y. Lu, R. H. Ross, and M. W. Francis
Oak Ridge National Laboratory*
Oak Ridge, Tennessee 37831

To be presented at:
Oak Ridge Model Conference

Oak Ridge, Tennessee
October 13-16, 1987

By acsaptanca of ttVn article, th*
publithar or racipiant acknowladgas
tha U.S. Govarnmwit't right to
ratain a nonaxclutiva, royalty fraa
Meant* in and to any copyright
covaring tha articla.

•Operated by Martin Marietta Energy Systems, Inc., for the U.S.
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LAWS FOR CONTROLLING CHEMICALS FROM
MANUFACTURE TO DISPOSAL
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FDCA

FIFRA

FHSA

NEPA

PPPA

OSHA

CAA

PWSA

ESA

FtfFCA

MPRSA

CPSA

FEPCA

SDVA

HMTA

RCRA

TSCA

SMCRA

UMTCA

CERCLA

HCS

SARA

EXPLANATION OF ACRONYMS

Federal Drug and Cosmetics Act

Federal Insecticide, Fungicide, and Rodenticide Act

Federal Hazardous Substances Act

National Environmental Policy Act

Poisonous Packaging Prevention Act

Occupational Safety and Health Act

Clean Air Act

Ports and Waterways Safety Act

Endangered Species Act

Federal Water Pollution Control (now Clean Water)
Act

Marine Protection, Research, and Sanctuaries Act

Consumer Product Safety Act

Federal Environmental Pollution Control Acv.

Safe Drinking Water Act

Hazardous Materials Transportation Act

Resource Conservation and Recovery Act

Toxic Substance Control Act

Surface Mine Control and Reclamation Act

Uranium Mill Tailings Control Act

Comprehensive Environmental Response, Compensation,
and Liability Act

Hazard Communication Standard Act

Superfund Amendment Reauthorization Act
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MAJOR LAWS REGULATING PESTICIDES

MANUFACTURE:

CAA

CWA

ESA

USE:

FEPCA

FIFRA

DISPOSAL:

CERCLA

HPRSA

RCRA

FWPCA

TSCA

KEPA

TSCA

SARA

SDVA
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DOCUMENTS PRODUCED BY THE

OFFICE OF HEALTH AND ENVIRONMENTAL ASSESSMENT

U.S. ENVIRONMENTAL PROTECTION AGENCY

Health Assessment Documents

Air Quality Criteria Docunents

Ambient Water Quality Documents

Drinking Water Criteria Documents

Health and Environmental Effects Profiles

Risk Assessment Documents

Exposure Assessments

Reportable Quantities Profiles



SECURING, EVALUATING AND ANALYZING
SPECIALIZED TECHNICAL INFORMATION

KMMCBS

NUMERIC AND BBUOGRAPHJC DATA

PRIMARY

SPECIALIZED SUBJECT JOURNALS
AND REPORTS

HARD COPY REPRINTS

PROCEEDINGS OF MEETINGS

UNPUBUSHEO LITERATURE

SECONDARY

COMMERCIALLY AVAILABLE
COMPUTERIZED DATABASES

PREVIOUSLY GENERATED

SPEC1AUZEO OATABASES

STANDARD REFERENCES

N
T
E
L
L
E
C
T
U
A
L

F
I
L
T
E
R

VALUg AOOCD PRODUCTS

EVALUATED OATABASES (NUMERIC AND

BBUOGRAJPHC) AND DATA SYSTEMS

QUERY RESPONSES

ANNOTATED BBUOGRAPHES

NUMERIC DATA HANDBOOKS

DOCUMENT COLLECTIONS

WORKSHOPS AND SYMPOSIA

REVEWS

EXPERT CONSULTATION

ASSESSMENT REPORTS

NEWSLETTERS

-ft.
00
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LITERATURE SEARCHES

I. SELECTED ONLINE DATABASES:

Aquatic Information Retrieval (AQUIRE)
Bibliographic Environmental Fate Data Base (DATALOG)
Environmental Fate Data Value File (CHEMFATE)
Bibliographic Microbial Biodegradation File (BIOLOG)
Chemical Activity Status Report (CASR)
Chemical Carcinogenesis Research Information

System (CCRIS)
Environmental Fate Data Value File (CHEMFATE)
Chemical Dictionary Online (CHEMLINE)
Hazardous Substances Data Bank (HSDB) (FORMERLY TDB)
Environmental Mutagen Information Center (EMIC)
Environmental Teratology Information Center (ETIC)
Environmental Carcinogen Information Center (ECIC)
MEDLARS Online (MEDLINE and backfiles)
Registry of Toxic Effects of Chemical Substances (RTECS)
Structure and Nomenclature Search Systeu (SANSS)
Toxicology Information Online (TOXLINE and backfiles)
Toxic Substances Control Act Test Submissions (TSCATS)

Chemical Abstracts Online (CAS ONLINE)
BioScience Information Service (BIOSIS)
DIALOG Information Service, Inc.
Bibliographic Retrieval Service (BRS)
Others



150

II. MANUAL SEARCHES:

HANDBOOKS, REFERENCE BOOKS

FUGITIVE INFORMATION:

INTERAGENCY TESTING COMMITTEE (ITC)
OFFICE OF PESTICIDE PROGRAMS (OPP)
OFFICE OF DRINKING WATER (ODW)
OFFICE OF AIR AND RADIATION (OAR)
OFFICE OF RESEARCH AND DEVELOPMENT (ORD)
NATIONAL TOXICOLOGY PROGRAM (NTP)
OFFICE OF TOXIC SUBSTANCES (OTS)
NATIONAL INSTITUTE OF OCCDPATIONAL SAFETY & HEALTH

(NIOSH)
INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY (IPCS)
INTERNATIONAL REGISTRY OF POTENTIALLY TOXIC
CHEMICALS (IRPTC)
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LITERATURE ANALYSIS AND EVALUATION

CHEMICAL VERIFICATION

TOXICITY VALUES:

DOSE, ANIMAL SPECIES, STRAIN, SEX, AGE, ROUTE,
DURATION

TOXICITY EXPERIMENTAL STUDIES:

VERIFIED DOSE, ANIMAL SPECIES, STRAIN, SEX, AGE,
ROUTE, DURATION, AND COMPARED TO CONTROL STUDY

TERMINOLOGY:

NARCOSIS

FITS

ACCUMULATION

VS

VS

VS

CNS DEPRESSENT

CONVULSIONS

BIOCONCENTRATION

LIQUID-WATER
INTERFACIAL
TENSION VS SURFACE TENSION

DDT-RESIDUES VS TOTAL DDT-RESIDUES
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INFORMATION QUALITY ASSURANCE

--INTERNAL REVIEW

--OUTSIDE EXPERT REVIEW

AD HOC COMMITTEE

FRE-DETERMINED RULES WORK PANEL
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SELECTED INFORMATION PRODUCTS

CHEMICAL HAZARD INFORMATION PROFILE (CHIP)

TIER-I HEALTH ASSESSMENT REPORT

TOXICOLOGICAL PROFILE

HAZARDOUS SUBSTANCES DATA BANK

MATERIAL SAFETY DATA SHEET
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CHEMICAL HAZARD INFORMATION PROFILE (CHIP)

Applicable Law: Toxic Substances Control Act (TSCA)
Sections 4 and 8

Purpose: The existing Chemical Assessment
Division, a part of the Office of Toxic
Substances of the U.S. Environmental
Protection Agency (EPA), collects and
assesses data on chemical substances
identified to the EPA pursuant to the
requirements of TSCA. A CHIP assists this
Division by summarizing the available
exposure, health and environmental data
on a chemical or chemical class so that
EPA can better assess the potential for
adverse health and environmental impacts
of the subject chemical(s).

Contents: Table of Contents is attached.
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TABLE OF CONTENTS

Chemical Hazard Information Profile

Title of CHIP

EXECUTIVE SUMMARY

I. Summary of Available Data

A. Chemical Identity

B. Physical and Cemical Properties

C. Exposure

1. Worker Exposure
2. Consumer Exposure

3. Environmental Exposure

D. Health Effects

1. Lethality

2. Pharmacokinetics
3. Carcinogenicity
4. Genotoxicity
5. Teratogenicity/Reproductive Effects
6. Other Effects

E. Environmental Effects

1. Lethality
2. Pharmacokinetics
3. Reproduction
4. Behavior
5. Growth
6. Population Effects
7. Abiotic Effects
8. Other Effects

F. Existing Standards, Regulations, and Recommendations

G. Other Relevant Information

II. References

A. Literature Cited

B. Supplemental Information
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TIER-I ASSESSMENT DOCUMENT

Applicable Law: Clean Air Act of 1970 and its Amendment
of 1977

Purpose: The Environmental Criteria and
Assessment Office (ECAO), a component of
the Office of Research and Development of
the U.S. Environmental Protection Agency
(EPA), plays a vital role within EPA to
implement the Clean Air Act of 1970 and
its Amendment of 1977. The Tier-I
Assessment Documents are an initial
investigation of a chemical's adverse
health effects and help to determine
whether further assessment (Tier-II and
Tier III) is needed toward regulation.

Contents: Table of Contents is attached.
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TABLE OF CONTENTS

1. SUMMARY AND CONCLUSIONS

2. INTRODUCTION
2.1 Historical Background
2.2 Physical and Chemical Properties .
2.3 Analysis
2.4 Manufacture and Use
2.5 Disposal of Cyanide Waste
2.6 Recommended Exposure Limits

3. AIR QUALITY AND ENVIRONMENTAL FATE
3.1 Sources
3.2 Environmental Fate
3.3 Ambient Levels

4. PHARMACOKINETICS AND TOXICOKINETICS

5. MUTAGENICITY AND CARCINOGENICITY
5.1 Mutagenicity
5.2 Carcinogenicity

6. DEVELOPMENTAL AND REPRODUCTIVE TOXICITY

7. OTHER TOXIC EFFECTS
7.1 Acute and Subacute Toxicity
7.2 Subchronic and Chronic Toxicity ...
7.3 Toxicant Interactions

8. REFERENCES
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TOXICOLOGICAL PROFILE

Applicable Law: Superfund Amendments and Reauthorizatlon
Act, 1986 (SARA), Section 110, anends
Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA),
Section 104(1)(3).

Purpose: Under SARA, the Agency for Toxic
Substances and Disease Registry (ATSDR)
is directed to prepare toxicological
profiles for the 100 most significant
hazardous substances that are most
commonly found at facilities? on the
CERCLA National Priorities List and which
pose the most significant threat to human
health. The Profiles are to be used
primarily by health professionals at the
Federal, State, and local levels.

Contents: Toxicological Profiles include --

Examination, summary and
interpretation of available
toxicological Information and
epidemlological evaluations.

Ascertainment of levels of significant
human exposure and associated health
effects.

Determination of adequacy of
information of health effects for
preparation of the Profile.

Identification of toxicological
testing needs to improve the ability
of defining significant human
exposure levels.

Sample of the Benzene Toxicological
Profile is attached.
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TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

FORWARD

I. PUBLIC HEALTH STATEMENT

A. What is benzene?
B. How might I be exposed to benzene?
C. How dose benzene get into my body?
D. How can benzene affect my health?
E. Is there a medical test to determine

whether I have been exposed to benzene? ..
F. How much benzene is harmful?
G. What recommendation has the federal

government made to protect human health? .

II. HEALTH EFFECTS SUMMARY

A. Introduction
B. Levels of Significant Exposure

1. Key studies and graphs
a. Lethality
b. Systemic/target organ toxicity
c. Developmental toxicity
d. Reproductive toxicity
e. Cancer

2. Biological monitoring as a
measure of exposure and effect

a. Monitoring exposure
b. Monitoring effects

3. Environmental levels as
indicators of exposure and effect

a. Levels found in the environment
b. Human exposure potential

C. Adequacy of data base
1. Introduction
2. Adequacy of data base

for health effect endpoints
a. Introduction and graphic summary
b. Descriptions of highlights of graphs
c. Summary of ongoing research
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TABLE OF CONTENTS (cont'd)

3. Adequacy of data base for
other information needed for risk assessment

a. Pharmacokinetics
b. Monitoring of human biological samples
c. Environmental considerations

Ill CHEMICAL AND PHYSICAL INFORMATION

A. Chemical Identity

B. Physical and Chemical Properties

IV TOXICOLOGICAL DATA

A. Toxicokinetics

1. Overview

2. Absorption
a. Inhalation
b. Oral
c. Dermal

3. Distribution

a. Inhalation

b. Other Routes of Exposure

4. Metabolism

5. Excretion
a. Inhalation
b. Oral
c. Dermal

B. Toxicity

1. Lethality and decreased longevity
a. Overview
b. Inhalation
c. Oral
d. Dermal

2. Systematic/target organ toxicity .
a. Hematotoxicity
b. Immunotoxicity
c. Neurotoxicity
e. Dermal Toxicity
d. Ocular Toxicity
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TABLE OF CONTENTS (cont'd)

V TOXICOLOGICAL DATA (cont'd)

B. Toxicity (cont'd)
3. Developmental toxicity

a. Overview
b. Inhalation
c. Oral
d. Dermal
e. Injection
f. General discussion

4. Reproductive toxicity
a. Overview
b. Inhalation
c. Oral
d. Dermal
e. Inj ection
f. General discussion

5. Genotoxicity
a. Overview
b. Human
c. Animal
d. In Vitro
e. General discussion

6. Carcinogenicity
a. Overview
b. Inhalation
c. Oral
d. Dermal
e. General discussion

VI MANUFACTURE, IMPORT, USE AND DISPOSAL

A. Overview

B. Production

C. Import

D. Use

E. Disposal

VII ENVIRONMENTAL FATE

A. Overview

B. Releases to the environment

C. Environmental fate
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TABLE OF CONTENTS (cont'd)

VIII POTENTIAL FOR HUMAN EXPOSURE

A. Overview

B. Levels monitored or estimated in the environment

1. Air

2. Water

3. Soil

4. Other products

C. Occupational exposures

D. Populations at high risk

IX ANALYTICAL METHODS

A. Environmental media

1. Air

2. Water

3. Soil

4. Food

B. Biomedical samples .

1. Fluids/exudates

2. Tissues

REGULATORY AND ADVISORY STATUS

A. International

B. National

1. Regulations

2. Advisory guidance

3. Data analysis
a. Reference dose
b. Carcinogenic potency

State

1. Regulations

2. Advisory guidance

XI REFERENCES
Literature Cited ..
Databases Searched

XII GLOSSARY
Appendixes
A. Peer Review Process
B. Federal Register Announcement
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HAZARDOUS SUBSTANCES DATA BANK (HSDB)

Applicable Law:

Purpose:

Contents:

Availability:

SARA, 1986

HSDB provides a comprehensive factual and
numeric information data catalog for
potentially toxic/hazardous substances.
The Project was established in 1974 by
the National Library of Medicine (NLH).
More than 4000 completed records have
been prepared on substances such as
pesticides, food additives, industrial
chemicals, drugs, metals, and metal
salts. Each HSDB record provides data
extracted and referenced from monographs,
handbooks, textbooks and criteria
documents and is supplemented with
information from the journal literature
as well as online databases.

Each individual record is prepared with
more than 140 data fields (attached) and
is reviewed by a scientific review panel
of experts. The HSDB gives regulatory
agencies a detailed overview of a
substance, including the
chemical/physical characteristics, the
uses (or former uses), the environmental
fate, the toxicological effects, and the
regulatory status.

Available through the NLM's TOXNET system
and can be searched on-line for specific
information elements, or for the entire
record.
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HSDB UNIT RECORD

0 ADMINISTRATIVE INFORMATION

1 ID SUBSTANCE IDENTIFICATION

2 MANF MANUFACTURING/USE INFORMATION

3 CPP CHEMICAL & PHYSICAL PROPERTIES

4 SAFE SAFETY & HANDLING

5 TOXB TOXICITY/BIOMEDICAL EFFECTS

6 PHCY PHARMACOLOGY

7 ENEX ENVIRONMENTAL FATE/

EXPOSURE POTENTIAL

8 EXSR EXPOSURE STANDARDS & REGULATIONS

9 MAM MONITORING AND ANALYSIS METHODS

10 REFS ADDITIONAL REFERENCES

11 EXP EXPRESS DATA
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THE HSDB UNIT RECORD
• • ADMINISTRATIVE INFORMATION

HSN Hazardous Substances Databank Number
DATE Last Revision Date
RLEN Record Length
RVDT Review Date

ID • • SUBSTANCE IDENTIFICATION

NAME Substance Name
RN CAS Registry Number
RELT Related HSDB Records
SY Synonyms
MF Molecular Formula
WLN Wiswesser Line Notation
RTEC RTECS Number
OHMN OHMTADS Number
SHPN Shipping Name/Number
STCC Std. Transport** Number
HAZN EPA Hazardous Wastes No.
ASCH Associated Chemicals

2. MANF • • M A N U F A C T U R I N G / U S E INFORMATION

MMFG Methods of Manufacturing
IMP Impurities
FORM Formulations/Preparations
MFS Manufacturers
OMIN Other Manufacturing Information
USE Major Uses
CPAT Consumption Patterns
PROD U S . Production
IMPT U.S. Imports
EXPT U.S. Exports

3. CPP •* CHEMICAL & PHYSICAL PROPERTIES

COFO Color/Form
ODOR Odor
TAST Taste
BP Boiling Point
MP Melting/Freezing Point
MW Molecular Weight
CORR Corrosivity
CTP Critical Temperature & Pressure
DEN Density/Specific Gravity
DSC Dissociation Constants
HTC Heat of Combustion
HTV Heat of Vaporization
OWPC Octanol/Water Partition Coeff.
PH pH
SOL Solubilities
SPEC Spectral Properties

SURF Surface Tension
VAPD Vapor Density
VAP Vapor Pressure
EVAP Relative Evaporation Rate
VISC Viscosity
OCPP Other Chemical/Physical Prop.

4 SAFE •• SAFETY & HANDLING

HAZS Hazards Summary
DOT DOT Emergency Guidelines

FLAM ' Flammable Properties
FPOT Fire Potential
NFPA NFPA Hazard Classification
FLMT Flammable Limits
FLPT Flash Point
AUTO Autoignition Temperature

FIRE * Fire Fighting Information
FIRP Fire Fighting Procedures
INTH Intensity of Heat
TOXC Toxic Combustion Products
OFHZ Other Firefighting Hazards

EXPL Explosive Limits A Potential

HAZR * Hazardous Reactions
REAC Reactivities A Incompatibilities
DCMP Decomposition
POLY Polymerization
OHAZ Other Hazardous Reactions

WRNP * Warning Properties
ODRT Odor Threshold
SERI Skin, Eye A Respiratory Irritations

PRVN * Preventive Measures
EQUP Protective Equipment A Clothing
OPRM Other Preventive Measures

SSL Stability/Shelf-life
SHIP Shipment Methods A Regulations
STRG Storage Conditions
CLUP Cleanup Methods
DISP Disposal Methods
RADL Radiation Limits A Potential

5. TOXB ** TOXICITY/BIOMEDICAL EFFECTS

TOXS Toxicity Summary
TXHR Toxic Hazard Rating
PPOT Poisoning Potential
ANTR Antidote A Emergency Treatment
MEDS Medical Surveillance
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TOX * Toxicity Excerpts
HTOX Human Toxicity Excerpts
NTOX Non-human Toxicity Excerpts

TOXV • Toxicily Values
HTXV Human Toxicily Values
NTXV Non-human Toxicity Values
ETXV Ecotoxicity Values

NTP National Toxicology Program Reports
IARC IARC Summary and Evaluation
MINF Minimum Fatal Dose Level
POPL Populations at Special Risk

PHMK * Pharmacokinetics
ADE Absorption, Distribution

A Execretion
METB Metabolism/Metabolites
BHL Biological Half-Life
ACTN Mechanism of Action
INTC Interactions

6. PHCY •* PHARMACOLOGY

BION Bionecessity
THER Therapeutic Uses
WARN Drug Warnings
IDIO Drug Idiosyncracies
TOLR Drug Tolerance
MXDD Maximum Drug Dose

7. ENEX " ENVIRONMENTAL FATE/
EXPOSURE POTENTIAL

ENVS Environmental Fate/Exposure Summary

POLL * Pollution Sources
NATS Naturally Occurring Sources
ARTS Artificial Sources

FATE Environmental Fate
(Atmospheric, Terrestrial, A Aquatic)

ENVT * Environmental Transformations
BIOD Biodegndation
ABIO Abiotic Degradation

ENTP * Environmental Transport
BIOC Bioconcentrition
K.OC Soil Adsorption/Mobility
VWS Volatilization from Water/Soil

ENVC * Environmental Concentrations
WATC Water Concentration
EFFL Effluent Concentrations

SEDS Sediment/Soil Concentrations
ATMC Atmospheric Concentrations
FOOD Food Survey Values
PLNT Plant Concentrations
FISH Fish/Seafood Concentrations
ANML Animal Concentrations
MILK Milk Concentrations
OEVC Other Environmental Concentrations

HUEX ' Human Exposure
RTEX Probable Routes of Human Exposure
AVDJ Average Daily Intake
PBEX Probable Exposures
BODY Body Burden

8. EXSR •• EXPOSURE STANDARDS A REGULATIONS

IDLH Immediately Dangerous to Life or Health
ADI Acceptable Daily Intake*
ATOL Allowable Tolerances

OPL * Occupational Permissible Level*
OSHA OSHA Standards
NREC NIOSH Recommendations
TLV Threshold Limil V»Jue
OOPL Other Occupational Permissible Levels

OREG * Other Standards and Regulations
WSTD Water Standards
ASTD Atmospheric Standards
SSTD Soil Standards

CERC CERCLA Report able Quantities
TSCA TSCA Requirements
RCRA RCRA Requirements
FIFR FIFRA Requirements
FDA FDA Requirements

9 MAM *• MONITORING AND ANALYSIS METHODS

SAMP Sampling Procedures
A LAB Analytic Procedures
CLAB Clinical Laboratory Methods

10. REFS *• ADDITIONAL REFERENCES

RPTS Special Reports
DB On-line Databases
TEST Test Status
HIST Prior History of Accidents

II EXP '* EXPRESS DATA
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MATERIAL SAFETY DATA SHEET (MSDS)

Applicable Law:

Purpose:

Contents:

Occupational Safety and Health Agency,
Hazard Communication Standard, 1983, 29
CFR 1910,1200.

The Hazard Conuunication Standard
requires all employers included under
Standard Industrial Classification codes
20-39 to assess and coanunicate to
employees information concerning
hazardous substances in the workplace. A
part of this responsibility is to provide
employees with ready accessibility to
MSDS.

MSDS contains Information on
physical/chemical properties, potential
health hazards, handling procedures,
protective measures and emergency
response.

Example data elements are attached.
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1. Substance Identification

- Record ID
- Name
- Synonyms
- CAS Registry Number
- Stores number
- RTECS number
- Formula
- Health hazard rating
- Fire hazard rating
- Reactivity rating
- General classification (label)
- Use
- Additional remarks

2. Physical Data

- Description
- Boiling point
- Specific gravity
- Vapor density
- Vapor pressure
- Melting/freezing point
- Volatility %
- Solubility
- Evaporation rate

3. Ingredients

- Name
- CAS Registry Number
- RTECS number
- Percentage
- Hazard evaluation data

4. Fire and Explosion Hazard Data

- Flash point (method)
- Autoignition temperature
- Upper flammability limit
- Lower flammability limit
- Extinguishing media
- Fire fighting procedures
- Fire and explosion hazard



5. Reactivity Data 1 6 9

- Stability
- Condition to avoid
- Incompatability
- Hazardous polymerization

6. Health Hazard Data:

- OSHA
- ACGIH, TLV
- NIOSH
- Immediate dangers to life and health
- Acute inhalation
- Acute swallowing
- Acute skin absorption
- Acute skin contact
- Acute eye contact
- Chronic effect
- Carcinogenicity, mutagenicity, and

teratogenicity status
- Target organs/systems
- Treatment of inhalation emergency
- Treatment of swallowing emergency
- Treatment of skin contact emergency
- Treatment of contact emergency
- Physician's note
- Aggravated conditions

7. Spill, Leak, and Disposal Information

- Spill or leak emergency

- Disposal procedure

8. Special Protection Information

- Respirators

- Ventilation
- Gloves
- Eye protection

- Other protective equipment

9. Special Handling, Storing, and Packaging

10. Transportation Data

- DOT name

- DOT class
- DOT label
- DOT number
- EPA number
- Reportable quantity
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COBCUOSION

"Information is Power" is only trie when the raw data are properly
evaluated and results are presented in a useable manner. One example of this
exercise is the preparation of supporting documents or databases for use when
making regulatory decisions. Let's utilize this power most effectively and
efficiently to protect human health and our environment.
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ABSTRACT

Martin Marietta Energy Systems, Inc.
Emergency Preparedness (On- and Off-site)

The five sites operated by Martin Marietta Energy
Systems, Inc. for the Department of Energy have had
established emergency preparedness programs for many
years. Revisions to DOE Orders regarding emergency
preparedness, new guidance from the DOE Oak Ridge
Operations Office, and the Emergency Planning and
Community Right-to-Know Act have required expansion of
the existing site emergency preparedness programs.
Emergency planning and response capabilities are being
improved, especially in regard to potential offsite
impacts from site operations. Interface with the
surrounding communities and the local and state emergency
management agencies has expanded. Documented off-site
emergency plans are being developed and off-site alerting
and notification systems are being installed.
Large-scale tests of on- and off-site emergency response
capabilities are planned within the next two years.
Comprehensive emergency preparedness management plans
have been developed to identify the schedules and
resources required for expansion of the site emergency
preparedness programs.
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MARTIN MARIETTA ENERGY SYSTEMS, INC. EMERGENCY PREPAREDNESS
(ON- AND OFF-SITE) - Michael W. Knazovich, Martin Marietta
Energy Systems, Inc., Oak Ridge, TN.

Martin Marietta Energy Systems, Inc. (Energy Systems)
operates five major energy-related production and research
facilities for the U. S. Department of Energy (DOE):

Gaseous diffusion plants in Oak Ridge, Tennessee;
Paducah, Kentucky; and Portsmouth, Ohio, which provide
uranium enriched in the fissile U-235 isotope. (The Oak
Ridge diffusion capability is currently in standby.)

The Oak Ridge Y-12 Plant, a sophisticated
manufacturing and developmental engineering organization.
This plant produces components for various nuclear weapons
systems vital to national defense.

The Oak Ridge National Laboratory, one of the
world's largest and most diverse research and development
centers. The Laboratory's major efforts are in the fields
of nuclear and engineering technologies, advanced energy
systems, biomedical and environmental sciences, physical
sciences, and reactor systems.

Each of these five major facilities have had established
emergency preparedness programs in place for many years.
These programs are based on the assessment of potential
credible emergencies at each site. As a result, specific
approaches have been developed for handling a variety of
types of emergencies. Plans, procedures, personnel,
equipment, and facilities have been identified and put in
place to deal with potential credible emergencies.
Personnel have been trained in the use of these resources
and have been tested during drills and exercises. The
facility emergency preparedness programs have been evaluated
by internal, corporate, and DOE audits and appraisals.
Until the past few years, these emergency preparedness
programs have been directed primarily towards on-site
considerations.

The philosophy of emergency management at each site is based
around a continuously staffed position [Plant Shift
Superintendent (PSS) or Laboratory Shift Supervisor (LSS)]
which provides overall coordination of emergency response to
any type of incident. The PSS and LSS have at their
disposal the resources of the facility (security, fire,
medical, environmental, safety, health, maintenance,
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operations, etc.) to respond and successfully deal with an
emergency incident. Should the incident escalate to a more
serious level, the PSS or LSS can activate the site
Emergency Management Center and emergency staff and involve
site management personnel, technical teams, support staff,
mutual aid resources, and other DOE or DOE-coordinated
response capabilities as required.

There have been several recent occurrences that have
influenced the emergency preparedness programs at the Energy
Systems' facilities. The tragic deaths due to the toxic
chemical release at Bhopal, India, and the reactor accident
at Chernobyl, USSR, have heightened awareness of the
potential off-site consequences of a serious accident. The
DOE Orders outlining the program requirements for emergency
preparedness are undergoing significant revision and
expansion. These Orders direct the program efforts of DOE
operating contractors, including Martin Marietta Energy
Systems, Inc. More recently, the new legislation under
Title III of the Superfund Amendments and Reauthorization
Act (SARA) of 1986, called the Emergency Planning and
Community Right-tc-Know Act, directs the development of
State and local government•s emergency response and
preparedness capabilities. This legislation will also help
to increase the public's knowledge and access to information
on the presence of hazardous chemicals in their communities.
All of these influences have caused a greater emphasis on
emergency preparedness and provided a focus on expanded
off-site emergency preparedness programs.

As a result of individual Energy Systems site initiatives
and the above mentioned external influences, some aspects of
the existing off-site emergency preparedness programs were
expanded and in other cases new programs were started.
These increased efforts have been primarily in the areas of
off-site interactions, off-site emergency plans, alerting
and notification systems for the public, off-site emergency
exercises, and hazardous materials release measurement and
modeling.

All Energy Systems sites have existing mutual aid agreements
and/or memoranda of understanding for emergency response
services from the local area for capabilities such as fire
fighting, ambulance, and law enforcement. Over a number of
years working relationships have been developed with local
emergency response personnel. A variety of drills and
exercises involving Energy Systems site and local emergency
response personnel have taken place. In the last two years,
more effort has been expended to increase contacts with
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off-site emergency response and preparedness personnel on a
local and State level. Briefings and plant tours have been
provided to local and State level government and emergency
preparedness officials. These contacts have improved
established working relationships and facilitated the
development of off-site emergency plans for the DOE-owned,
Energy Systems-operated facilities.

Over two years ago the DOE Oak Ridge Operations (0R0) Office
established a subcontract with the Management Systems
Laboratories (MSL) of Virginia Polytechnic Institute and
State University to provide emergency management support
services. Included was assistance in the development of
emergency plans for each 0R0 major site (including the five
operated by Energy Systems) to cover incidents occurring at
the site with off-site impact. An interim plan was
completed for the Portsmouth plant in August 1986. A final
plan was completed and approved for the Paducah plant in
April 1987. An interim plan is scheduled to be completed
for the City of Oak Ridge in late 1987. Energy Systems is
now establishing subcontracts with MSL to complete the
existing interim emergency plans and to develop appendices
for four Tennessee county emergency plans starting in
October 1987 with completion scheduled for May 1988.

The off-site emergency plans for each site include
provisions for alerting and notification systems for the
general public who may be affected by an incident
originating at an Energy Systems facility. The primary
component of these systems is a warning siren system. The
off-site emergency plans identify an area approximately two
miles in radius around each site that has been designated as
the immediate notification zone. The alerting and
notification system is designed to alert off-site personnel
who may be outdoors in the immediate notification zone to
take shelter indoors, close doors and windows, turn off
ventilation sources, etc. and turn on a radio or television
set for further instructions from the Emergency Broadcast
System (EBS). Prompt sheltering will provide early
protection for the types of incidents with off-site
impact, identified in potential credible emergencies for
Energy Systems sites. A warning siren system has been
installed and is operational at the Paducah facility. A
warning siren system has been designed, is under
construction, and should be operational at the Portsmouth
facility by December 1987. An interim warning system is
planned to be installed in the populated portion of the
immediate notification zone for the Oak Ridge Y-12 site by
the end of 1987 with a permanent system for the entire zone
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scheduled for completion by September 1988. Alerting and
notification system requirements for the Oak Ridge Gaseous
Diffusion Plant and the Oak Ridge National Laboratory are
under review.

Once the off-site emergency plans for each site have been
developed, alerting and notification systems installed, and
appropriate training has taken place, a full-scale exercise
will be conducted using a simulated credible emergency
scenario applicable to the site. The exercise will be
designed to performance test the plans, procedures, and
coordinated emergency response capabilities of the site,
DOE-Oak Ridge Operations, local emergency response
organizations, and State emergency agencies. Full-scale
exercises are scheduled to be conducted at the Paducah
facility in April 1988; at the Portsmouth facility in July
1988; and at the Oak Ridge site in early 1989. Further
full-scale exercises will be conducted on a frequency
determined by DOE and the appropriate State emergency
agency. Subcontractor support from Virginia Polytechnic
Institute will also be used in preparation for and conduct
of the full-scale exercises.

Efforts are under way to improve each site capability to
detect and model off-site releases of hazardous materials.
Emergency preparedness efforts have dealt primarily with
development of atmospheric modeling and river release
modeling capabilities. Initial efforts have been directed
at establishing a minimum puff/plume atmospheric dispersion
modeling capability at each site. This initial minimum
capability is defined as having one meteorological tower
with appropriate instrumentation and a Personal
Computer-based Class A dispersion model capable of being
used by the PSS or LSS for initial decision making. Further
development of meteorological monitoring capability would be
based on the recommendations resulting from individual site
surveys to be conducted by the National Oceanic and
Atmospheric Administration's (NOAA) staff. Upgrades in the
PC-based modeling capability are also planned.

The Oak Ridge National Laboratory (ORNL) has been working
closely with the Tennessee Valley Authority's (TVA)
Engineering Laboratory to develop the capability to model
potential waterborne releases of hazardous materials into
the adjacent Clinch River. ORNL now has this modeling
capability and procedures for interfacing with TVA on
modeling and mitigation of river releases are being
finalized.



In early 1987, DOE Oak Ridge Operations established an
Emergency Preparedness Task Force. The Task Force reviewed
the existing and proposed DOE Orders governing emergency
preparedness program activities and developed guidance for
the structure and content of emergency preparedness
management plans. The emergency preparedness management
plan establishes an overall program for the implementation
of policies and requirements for an emergency management
system. This system provides for the development,
coordination, and direction of emergency planning,
preparedness, response, recovery, and readiness assurance
to deal with potential credible emergencies. Each site
developed a management plan that identified the existing
needs and planned actions to assure that: (1) an overall
emergency organizational structure is in place, (2) credible
emergencies and the emergency plans and procedures to
respond to them are identified and documented, (3) adequate
resources are available for emergency preparedness,
emergency response, and required recovery activities, and
(4) that a system is in place to assure the continued
readiness of the emergency preparedness program. For each
need specified in the emergency preparedness management
plan, a scheduled action has been identified with a proposed
means of correction that includes an estimate of the
resources required. The identified needs in the areas of
Documentation, Preparedness/Response/Recovery, and Readiness
Assurance have been ranked as high, medium, and low. They
have been summarized in order with the highest priority
first. Site management has approved the emergency
preparedness management plans and transmitted them to DOE
Oak Ridge Operations management for concurrence.

The overall objective of these efforts has been to improve
the on- and off-site emergency preparedness programs
throughout the Martin Marietta Energy Systems, Inc.
operations. Our goal is to put in place, maintain, and
performance test, an emergency preparedness program that
meets regulatory requirements and satisfies management
expectations.
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CONTINGENCY PLANNING FOR HAZARDOUS MATERIALS EMERGENCIES:
THE LOCAL PERSPECTIVE

William D. Harris, Fire Chief
City of Oak Ridge, Tennessee

In some states there exist statutory and even local
ordinance requirements for government response to, and planning
for, the variety of disasters that might occur within local
communities. In addition, recent federal legislation (SARA Title
III) imposes new mandates on state and local governments
regarding their responsibilities in the event of an emergency
involving hazardous materials and chemicals.

Mandated planning requirements for local level governments
under this new emphasis include: formation of planning
committees, evaluation of community activity regarding emergency
preparedness, review of existing plans, conducting hazards
analyses and capability assessments, and preparing updated
response plans. Given the magnitude of these requirements and
the recent shift in emphasis to the hazardous materials type of
emergency, the public resources needed to satisfy these mandates
are not likely to be immediately available.

With very high probability, local governments will see this
new demand on public resources as competing with other community
needs when public funds and resources are allocated. Such
competition for resources is inevitable and should be recognized
for its potential to raise controversy in the effective managing
of local government operations.
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PLANNING FOR ACCIDENTS AT DOE FACILITIES - A CITY OF OAK RIDGE

PERSPECTIVE - William D. Harris, Fire Chief, Oak Ridge Fire

Department, Oak Ridge, Tennessee

Typically, local governments have the first responsibility

for handling the actual operations of emergency management

in a disaster.1 Historically, emergency management at the

local level was considered a function for only law enforcement

agencies and fire departments with support from other related

agencies such as public works, public health, and civil

defense organizations.^ This tradition prevailed as long as

the concerns for managing emergencies involved general pro-

tection of the pubic's safety: i.e. mass civil disturbance

or conflagrations. This approach applied in many cases to the

response to, and management of, natural disasters as well.

The role of civil defense organizations, more often, was to

plan and prepare for an attack from a hostile foreign enemy.

However, the complexities related to the high technology of

today's society have created new challenges for the tradi-

tional models of planning, preparing and responding to emer-

1 McLoughlin, David; "A Framework for Integrated Emergency
Management"; Public Administration Review; Vol. 45, Special
Issue; January 1985; p. 165

2 Petak, William J.; "Emergency Management: A Challenge
for Public Administration"; IBID; p. 3



186

gencies of disastrous proportions. During the past three

decades, the emphasis in emergency planning has shifted from

concerns about enemy attacks (particularly, nuclear weapons)

to natural disasters and, more recently, to a focus on the

technological dangers associated with the use, storage and

transportation of hazardous materials. Until very recently,

this shift in emphasis had been a gradual one.

A New Emphasis in Emergency Planning

Last year, new federal legislation and administrative rule

making actions have served to place this emphasis on hazardous

materials emergencies on a "fast track". The principal

elements driving the changes are the Superfund Amendments

and Reauthorization Act of 1986 (SARA) and the Department of

Labor's Occupational Safety and Health Administration's

(OSHA) newly issued regulations governing hazardous waste

operations and emergency response. These represent significant

direct impacts on emergency management responsibilities, and

therefore many local governments. It is clear that the OSHA

regulations will apply to all contract, private and industrial

fire, rescue and emergency medical service (EMS) departments

that respond to hazardous materials incidents. In the case

of public fire, rescue and EMS departments, those which are

in states that have formal agreements with OSHA will be

governed by state regulations that are as stringent as the
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OSHA hazardous materials standard. In states which are not

OSHA agreement states, public fire, rescue, and EMS depart-

ments will be covered by a new standard due to be issued by

the Environmental Protection Agency (EPA). The EPA standard

will be identical to the OSHA regulations.3

Furthermore, SARA requires that local plans identify local

facilities and transportation routes where extremely hazardous

substances are found; establish emergency response procedures

on or off-site; designate community and facility coordinators

charged with implementing the plans; set emergency notification

procedures; define means for determining what constitutes an

emergency release and affected areas; describe community and

industry resources; establish evacuation plans; plan and

schedule training for emergency response personnel; and

schedule and conduct emergency response exercises.^ The

local plan must be reviewed by the state commission and must

be reviewed locally each year.

Additionally, Title III of SARA requires that representatives

from facilities subject to emergency planning requirements

be included in planning groups. The following figure repre-

3 Campbell, Colin A.; "The OSHA Hazmat Regulations";
Fire Chief Magazine; July, 1987; p. 60

4 Thomas, Jan; "Washington Report"; Fire Chief Magazine;
August 1987; p. 24
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sents the planning relationships between the various levels

of government and local industries as they are structured

within Title III of SARA.

PLANNING FRAMEWORK.5

SARA Title III Program

LOCAL

INDUSTRY

FEDERAL GOVERNMENT

STATE RESPONSE COMMISSION

LOCAL EMERGENCY
PLANNING COMMITTEES

Emergency Planning for DOE Facilities in Oak Ridge, Tennessee

For the City of Oak Ridge, the change in emergency planning

emphasis has been most visible through the initiation of

meetings nearly two years ago between the Department of

Energy (DOE), emergency coordinators from Martin Marietta

Energy Systems, Inc.,6 technical consultants from Virginia

5 Tennessee Emergency Management Agency; Guidance Document
for Title III of the Superfund Amendments and Reauthorization
Act of 1986; May 1987.

6 Martin Marietta Energy Systems, Inc. is the operating
contractor for the three major DOE facilities in Oak Ridge.
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Polytechnic Institute and State University (VPI>, and the local

fire chief. The latter serving in the role of emergency

planning coordinator for the city.

The purpose of the meetings and work sessions has been to

develop and coordinate plans for handling hazardous materials

emergencies that might begin at any one of the DOE facilities

and which additionally have the potential of hazardous condi-

tions migrating off-site and into the local community. Ini-

tially plans for the Oak Ridge facilities were modeled after

those developed by VPI for DOE plants in Ohio and Kentucky.

Unlike the plans developed by the technical consultants for

the Ohio and Kentucky sites, which were based on county

emergency planning approaches, the plans for the Oak Ridge

facilities have preliminarily focussed on coordination with

the local municipal government agencies. The essential

difference between these approaches is that the county plans

developed for the Ohio and Kentucky plants are stand-alone

plans and the Oak Ridge plan is not. The county plans are

discrete from the overall disaster plans of the respective

communities while the approach taken in the case of the Oak

Ridge effort has been to develop the document as an annex to

the city's overall emergency management plan.

The methodology used in developing the plan for the Oak Ridge
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facilities has been to formulate interim plans that will be

circulated to the surrounding counties and communities for

comment and suggestions. The first drafts of the plan have

already been provided to the Tennessee Emergency Management

Agency (TEMA) for comment and recommendations. In fact, as

a result of this state involvement, the decision to develop

the Oak Ridge plan as an annex to the city's basic plan was

made. The TEMA review iidicated that to create a stand

alone plan would produce unnecessary duplication between a

basic emergency management plan and a separate plan for the

federal facilities.

Mid-October is the target for distribution of the interim

plan to TEMA and emergency management agencies in the counties

surrounding Oak Ridge. After the drafts have been reviewed

by these agencies and any modifications have been made, the

plan is to be presented to the policy decision making bodies

of the respective political jurisdictions for formal adoption.

The final goal is have the plans developed for handling off-

site hazardous materials emergencies at DOE facilities fully

integrated into the overall emergency plans of the city and

surrounding counties.

Local Governments and Emergency Planning

One of the most challenging aspects of the shift, in focus
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for emergency planning from the traditional concerns of

enemy attack and natural disasters is the difference in the

types of resources required to address the problems associated

with technological hazards. Much of the equipment, and

nearly all of the training, required for adequate response

to, and control of, technological incidents is specialized.

This translates into a marked change from the manner in

which emergencies were handled historically. In the past,

disasters were basically managed through a mass redirection

of the equipment and techniques routinely used to provide

everyday services to the community. They were, of course,

allocated on a much larger scale in disaster situations.

In the case of many local governments, this transition of needs

has been almost imperceptible. Moreover, the gradual manner

in which this transition has taken place (prior to the arrival

of SARA and OSHA rules) has served to influence the way in

which decisions have been made regarding acquisition of much

needed resources. This has been problematic for local offici-

als charged with emergency management coordination.

The problem, in many cases, has taken the form of tendencies

on the part of local policy makers to defer decisions on imple-

menting needed programs and acquiring necessary resources.

This condition is of an institutional nature and can be viewed
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within the context of the following general characteristics

of local governments:7

o Policy makers view other problems and

needs of the community as more important

when making decisions about allocating

funds.

o The costs to implement emergency management

programs are perceived as disproportionate

to the benefits derived from solving the

problems.

o The technical capacities of local govern-

ments are limited in dealing with the

complexities of the problem.

o Groups that support a hazards management

approach have been unsuccessful at present-

ing compelling arguments at the local

level.

7 IBID; p.5
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Essentially, the need for coordinating the planning for, and

managing of, large scale hazardous materials incidents has

not been perceived at the local government level as a large

enough problem.

William Petak describes the difficult decisions faced by

policy makers when determining the appropriate actions as

"dilemmas for policy makers".8 Public projects intended to

provide an engineered reduction in the future magnitude of

hazardous events may involve greater economic costs than

monetarily calculable benefits. Another aspect of making

some decisions about allocating what are perceived as scarce

funds for emergency management programs is the concern on

the part of local policy makers that the program may extend

benefits to one group but impose costs on still other groups.

Conclusion

The recent emphasis in the field of emergency management

that has resulted from new federal legislation and admin-

istrative rules making, and the growing concerns within

society for the potential dangers of hazardous materials

accidents, has changed from a gradual transition of focus to

an imposed mandate on public policy decision makers. Further-

Petak; Opcit; p.5.
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more, when one considers the wide variation of form and

style which exists at the local level of government in this

nation -- particularly as it influences decisions about

allocating resource -- it is not likely that local level

emergency planning efforts will likely be immediately avail-

able.

With very high probability, local governments will view the

new demands on public resources as competing with other needs

in the community. (The point that these other needs are

arguably more important is the essence of the problem.) Such

competition for resources can be seen as inevitable when the

frameworks in which local governments allocate scarce resources

are understood. What needs to be recognized is that decisions

related to the fulfillment of newly mandated responsibilities

will be controversial and will unquestionably influence the

effective discharge of the mandated responsibilities.
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Robert C. Ricks, Ph.D.

ROLE OF THE RADIATION EMERGENCY ASSISTANCE CENTER TRAINING SITE
(REAC/TS)

The Radiation Emergency Assistance Center/Training Site (REAC/TS)

was established in 1975 and has a multiphasic purpose including: (a)

direct or cumulative medical/health physics assistance for radiation

accidents, (b) conducting radiation accident management training

courses, (c) developing and refining cytogenetic techniques for

biological dose assessment, (d) providing forensic medical consulta-

tion in compensation cases where radiation is alleged to be causally

related to subsequent disease, (e) maintaining a registry of radiation

accidents, and (f) serving as the Western Hemisphere Collaboration

Center for radiation accident management as designated by the World

Health Organization (WHO). REAC/TS is operated by Oak Ridge

Associated Universities for the U.S. Department of Energy. This

presentation will describe the operational experience of the program

including selected case histories, training courses and participant

summaries, status of the registry system, and assistance to WHO. The

involvement by REAC/TS in the 1986 Russian reactor accident will be

discussed. The REAC/TS program also supports DOE needs for disposal

of defense related radioactive waste (Waste Isolation Pilot

Project-WIPP) through developing and delivering of training courses

for law enforcement, fire service, and emergency medical responders

called upon to respond to radioactive waste transport accidents. The

WIPP related activities will also be reviewed.
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Keeping Safety and Health Up Front:

Training for Project Planning and Implementation

Presented by:

Edith Jones, ORNL
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K E E P I N G S A F E T Y A N D H E A L T H U P F R O N T : T R A I N I N G F O R P R O J E C T
P L A N N I N G A N D I M P L E M E N T A T I O N - E d i t h J o n e s a n d D . A l l e n
W h i t e , T e c h n i c a l R e s o u r c e s a n d T r a i n i n g G r o u p ,
E n v i r o n m e n t a l C o m p l i a n c e and ^ H e a l t h P r o t e c t i o n D i v i s i o n ,
O a k R i d g e N a t i o n a l L a b o r a t o r y , O a k R i d g e , T e n n e s s e e 3 7 8 3 1

A B S T R A C T

S a f e t y a n d h e a l t h i s s u e s a r e r e c o g n i . e d as k e y c o m p o n e n t s
o f a n y p r o j e c t or p r o g r a m at O a k R i d g e N a t i o n a l L a b o r a t o r y .
To p r o v i d e b e t t e r c o n t i n u i t y t h r o u g h o u t t h e l i f e o f
p r o j e c t s , t r a i n i n g on p r o j e c t p l a n n i n g a n d i m p l e m e n t a t i o n
s p e c i f i c t o t h e t y p e s o f p r o j e c t s b e i n g u n d e r t a k e n is b e i n g
i n c l u d e d in e a c h of t h e E n v i r o n m e n t a l S a f e t y a n d H e a l t h
( E S H ) m a n a g e m e n t t r a i n i n g c o u r s e s o n g o i n g at O R N L .

T h i s t r a i n i n g f o c u s e s u p o n t h e i m p o r t a n c e o f p o t e n t i a l
p r o b l e m a n a l y s i s as w e l l as E S H r e s o u r c e s a v a i l a b l e f o r
a s s i s t i n g p r o j e c t m a n a g e r s t h r o u g h o u t t h e m a n y p h a s e s o f a
p r o j e c t : c o n c e p t u a l , b u d g e t / p r o j e c t p l a n n i n g , d e s i g n ,
c o n s t r u c t i o n o r s e t u p , p r e - o p e r a t i o n a l , o p e r a t i o n a l , a n d
c l o s u r e . T h e i m p o r t a n c e o f a d d r e s s i n g E S H i s s u e s as e a r l y
a s t h e c o n c e p t u a l a n d d e s i g n p h a s e s is s t r e s s e d ,
p a r t i c u l a r l y w i t h r e g a r d to b u i l d i n g in s a f e g u a r d s a n d
c o n t i n g e n c y m e a s u r e s .

I N T R O D U C T I O N

M a n y o f t h e t e c h n o l o g i e s w i t h w h i c h w e r o u t i n e l y d e a l h a v e
i d e n t i f i a b l e r i s k s as d e f i n e d by P e r r o w * a n d o t h e r s .
B e c a u s e t h e s e h i g h - t e c h n o l o g y a c t i v i t i e s a r e h e a v i l y
i n t e r a c t i v e a n d , in m a n y i n s t a n c e s , a r e t i g h t l y c o u p l e d
s y s t e m s s u b j e c t t o s y s t e m b r e a k d o w n , it is n e c e s s a r y t o
b e t t e r u n d e r s t a n d t h e n a t u r e o f t h e r i s k s i n v o l v e d . T h o u g h
n o t a p a n a c e a , t r a i n i n g , c o u p l e d w i t h s a f e r d e s i g n s a n d
m o r e q u a l i t y c o n t r o l s , m a y be a b l e to r e d u c e t h e r i s k s o f
h i g h t e c h n o l o g y a c t i v i t i e s .

T R A I N I N G R A T I O N A L E A N D D E V E L O P M E N T

A t O R N L w e c o m b i n e m a n y h i g h - t e c h n o l o g y s y s t e m s to p e r f o r m
e x c i t i n g n e w r e s e a r c h a s w e l l as to m a i n t a i n t h e
L a b o r a t o r y ' s c o m p l e x d a i l y o p e r a t i o n s in r e a c t o r o p e r a t i o n ,
i s o t o p e p r o d u c t i o n , w a s t e m a n a g e m e n t , c o n s t r u c t i o n a n d

* 0 p e r a t e d by M a r t i n M a r i e t t a E n e r g y S y s t e m s , I n c . , f o r
the U . S . D e p a r t m e n t of Energy u n d e r C o n t r a c t No. DE-AC05-840R2140G.

^ C h a r l e s P e r r o w , N o r m a l A c c i d e n t s , N e w Y o r k , B a s i c
B o o k s , I n c . , i 9 8 4 .

"Tha vitmmmJ manuacnpt haa baan
authored by a contractor of tha US
Govarnmant undar contract No DE-
AC0S-840R21400 Accordngry. tha US
Govtmmant rataxs a nonaxduarva.
royafty-fraa feanaa to pubaah or raproduca
tha publiahad form of tha contribution, or
•low othara lo do ao. for U.S. Govarnmanl
purpoaaa."
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d e c o m m i s s i o n i n g . S a f e t y and h e a l t h i s s u e s are r e c o g n i z e d
as key c o m p o n e n t s of t h e s e p r o j e c t s . To p r o v i d e a
m e c h a n i s m for the i n c l u s i o n of e n v i r o n m e n t , s a f e t y and
h e a l t h (ESH) p e r s o n n e l in all s t a g e s of a p r o j e c t , we are
n o w p r o v i d i n g t r a i n i n g on p r o j e c t p l a n n i n g and
i m p l e m e n t a t i o n in each of the ESH m a n a g e m e n t t r a i n i n g
c o u r s e s o n g o i n g at O R N L .

T h r o u g h o u t the p r o j e c t p h a s e s , t h e r e are b a s i c t e n e t s of
e f f e c t i v e p r o g r a m p l a n n i n g that are u n i v e r s a l l y a p p l i c a b l e .
E f f e c t i v e p r o j e c t p l a n n i n g r e q u i r e s c e r t a i n a c t i v i t i e s such
as the d e v e l o p m e n t of a q u a l i t y a s s u r a n c e a s s e s s m e n t plan
or s o m e o t h e r t e c h n i q u e t h a t e n a b l e s t h e m a n a g e r
s y s t e m a t i c a l l y (1) to a n t i c i p a t e w h a t e v e r r i s k s the f u t u r e
may hold and (2) to p r e v e n t or m i n i m i z e t h e m a c c o r d i n g l y .
The m a n a g e r must be a b l e to p r e d i c t -- and m i n i m i z e -- an
i m p a c t u p o n t h e o p e r a t i o n c a u s e d by c h a n g e s in
c i r c u m s t a n c e s b e y o n d o n e ' s d i r e c t c o n t r o l . The m a n a g e r
must a l s o be a b l e to i n c r e a s e the o d d s that the f u t u r e will
not hold too m a n y s u r p r i s e s . ' T h i s e a r l y e f f o r t to d e t e c t
p o t e n t i a l p r o b l e m s will a l l o w the m a n a g e r t o :

i d e n t i f y v u l n e r a b l e a r e a s of an u n d e r t a k i n g , p r o j e c t ,
o p e r a t i o n , e v e n t , or plan

i d e n t i f y s p e c i f i c p o t e n t i a l p r o b l e m s w i t h i n t h e s e
v u l n e r a b l e a r e a s t h a t c o u l d h a v e s u f f i c i e n t n e g a t i v e
e f f e c t on the o p e r a t i o n to m e r i t t a k i n g a c t i o n now

i d e n t i f y t h e l i k e l y c a u s e s of t h e s e p o t e n t i a l
p r o b l e m s and i d e n t i f y a c t i o n s to p r e v e n t t h e m from
o c c u r r i n g

i d e n t i f y c o n t i n g e n t a c t i o n s that c o u l d be t a k e n if
p r e v e n t i v e a c t i o n s f a i l , or w h e r e no p r e v e n t i v e
a c t i o n is p o s s i b l e 3

In the ESH t r a i n i n g that the T e c h n i c a l R e s o u r c e s and
T r a i n i n g G r o u p has d e v e l o p e d for ORNL p r o j e c t m a n a g e r s , the
ESH a c t i v i t i e s a v a i l a b l e for i n t e r f a c e t h r o u g h o u t all
p h a s e s of a p l a n n e d p r o j e c t h a v e been o u t l i n e d . The p h a s e s
i n c l u d e :

p r o j e c t c o n c e p t u a l i z a t i o n

^ C h a r l e s H. K e p n e r and B e n j a m i n B. T r e g o e , P r o b l e m
A n a l y s i s and D e c i s i o n M a k i n g . New J e r s e y , P r i n c e t o n , 1 9 7 9 .

3 C h a r 1 e s H. K e p n e r and B e n j a m i n B. T r e g o e , The New
R a t i o n a l M a n a g e r , New J e r s e y , P r i n c e t o n , 1 9 8 1 .
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b u d g e t / p r o j e c t p l a n n i n g

p r o j e c t d e s i g n

c o n s t r u c t i o n o r s e t u p

p r e - o p e r a t i o n a l s t a t u s

o p e r a t i o n a l s t a t u s

p r o j e c t c l o s u r e

T h e p u r p o s e o f t h i s t r a i n i n g is to i n c r e a s e t h e m a n a g e r ' s
a w a r e n e s s of t h e E S H s e r v i c e s o f f e r e d at O R N L , m a n y o f
w h i c h a r e m a n d a t o r y , a n d to a s s i s t t h e m a n a g e r in
i d e n t i f i c a t i o n o f p o t e n t i a l E S H p r o b l e m s . T h e m a t e r i a l is
p r e s e n t e d h e r e as a g e n e r a l m o d e l a p p l i c a b l e t o a n y l a r g e
s c a l e p r o j e c t , p a r t i c u l a r l y t h o s e i n v o l v i n g c o n s t r u c t i o n
a c t i v i t i e s . W i t h s i m p l e m o d i f i c a t i o n , a p p l i c a t i o n c a n be
f o u n d f o r s m a l l e r o p e r a t i o n s and a c t i v i t i e s .

Pro.iect C o n c e p t u a l i z a t i o n

G i v i n g c o n s i d e r a t i o n t o E S H i s s u e s m u s t b e g i n in t h e
e a r l i e s t p h a s e o f a p r o j e c t , t h e c o n c e p t u a l or " s t u d y a n d
e s t i m a t i o n " p h a s e . E S H r e s o u r c e s t a f f c a n m a k e
e n v i r o n m e n t a l s u r v e y s and c h a r a c t e r i z e t h e s i t e c o n d i t i o n s
to p r o v i d e a c l e a r p i c t u r e o f t h e e n v i r o n m e n t a l s e t t i n g in
w h i c h t h e p r o j e c t w i l l t a k e p l a c e . M e t e o r o l o g i c a l and
h y d r o l o g i c a l o b s e r v a t i o n s m a y be n e e d e d f o r a p e r i o d o f o n e
y e a r or l o n g e r , in o r d e r to e s t a b l i s h e n v i r o n m e n t a l
p a t h w a y s a n d m a k e n e e d e d c a l c u l a t i o n s . ^

In a d d i t i o n to t h e p r o p o s e d p r o j e c t a c t i o n , v i a b l e a c t i o n s
or a l t e r n a t i v e s f o r a c c o m p l i s h i n g t h e o b j e c t i v e s o f t h e
p r o p o s e d p r o j e c t s h o u l d be r e v i e w e d w i t h c o n s i d e r a t i o n
g i v e n to t h e i m p a c t o f e a c h on t h e e n v i r o n m e n t a n d h u m a n
h e a l t h o r s a f e t y . A s s e s s m e n t o f t h e p o t e n t i a l
e n v i r o n m e n t a l c o n s e q u e n c e s o f all p h a s e s o f t h e p r o p o s e d
a c t i o n , f r o m t h e i n i t i a l g r o u n d b r e a k i n g to t h e f i n a l
d e c o m m i s s i o n i n g , s h o u l d be p e r f o r m e d and d o c u m e n t e d . It is
at t h i s p h a s e o f a p r o j e c t t h a t E S H s t a f f s h o u l d s p e c i f y
t h e m e a s u r e s t h a t w i l l b e t a k e n d u r i n g b o t h t h e
c o n s t r u c t i o n a n d o p e r a t i o n a l p h a s e s to e n s u r e t h e
p r o t e c t i o n of t h e e n v i r o n m e n t . T h e f l o w o f all p r o p o s e d
w a s t e s t r e a m s , g a s e o u s , l i q u i d and s o l i d , s h o u l d be t r a c e d
to t h e f i n a l d i s c h a r g e or d i s p o s a l p o i n t . A p e r m i t r e v i e w
s h o u l d be c o n d u c t e d d e t a i l i n g t h e n e e d f o r e f f l u e n t

^ M e r r i l E i s e n b u d , E n v i r o n m e n t a l R a d i o a c t i v i t y , N e w
Y o r k , A c a d e m i c P r e s s , 1 9 7 3 .
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d i s c h a r g e or air e m i s s i o n s p e r m i t s and e v a l u a t i n g the
p o s s i b l e effect of the o p e r a t i o n a l phase of the p r o p o s e d
p r o j e c t on all e x i s t i n g d i s c h a r g e p e r m i t s . D e t e r m i n a t i o n
of what g o v e r n m e n t a l r e g u l a t i o n s are a p p l i c a b l e to the
p r o p o s e d p r o j e c t should be m a d e to e n s u r e that all
p r o v i s i o n s will be m e t . C o n s i d e r a t i o n should be g i v e n to
the sort of site c o m m i t m e n t r e q u i r e d for the p r o j e c t and
w h e t h e r or not the site will be r e s t o r a b l e to its o r i g i n a l
c o n d i t i o n after p r o j e c t c l o s u r e .

The e n v i r o n m e n t a l p r o t e c t i o n m e a s u r e s taken d u r i n g the
p l a n n i n g s t a g e s of a p r o j e c t are i m p o r t a n t . At O R N L ,
r e q u i r e d d o c u m e n t a t i o n called the A c t i o n D e s c r i p t i o n
M e m o r a n d u m (ADM) serves the p u r p o s e of a d d r e s s i n g the
p o i n t s d i s c u s s e d above and o t h e r r e l a t e d c o n c e r n s for
p r o j e c t s w h i c h i n v o l v e c o n s t r u c t i o n a c t i v i t i e s . 5 The ADM
is a r e g u l a t o r y d o c u m e n t b e i n g t r a n s m i t t e d to the
D e p a r t m e n t of E n e r g y in partial f u l f i l l m e n t of that
a g e n c y ' s c o m p l i a n c e o b l i g a t i o n s u n d e r t h e N a t i o n a l
E n v i r o n m e n t a l P o l i c y A c t . It b e c o m e s a p e r m a n e n t
e n v i r o n m e n t a l record of the p r o j e c t to be adhered to not
only by those r e s p o n s i b l e for c o n s t r u c t i o n at the o u t s e t of
the p r o j e c t , but also by those r e s p o n s i b l e for o p e r a t i o n s
long a f t e r the c o n s t r u c t i o n is c o m p l e t e d .

The ADM is one of the m e t h o d s of i m p l e m e n t i n g the
E n v i r o n m e n t a l ALARA (As Low As R e a s o n a b l y A c h i e v a b l e )
P r o g r a m e s t a b l i s h e d d u r i n g the fiscal y e a r 1986 at O R N L .
T h e c o n c e p t of ALARA i m p l i e s that r e l e a s e s of all
p o t e n t i a l l y h a z a r d o u s e f f l u e n t s be c o n t r o l l e d to l e v e l s as
low as r e a s o n a b l y a c h i e v a b l e . This c o n c e p t must be an
integral part of each p h a s e of a p r o j e c t , but p e r h a p s most
i m p o r t a n t l y , d u r i n g the e a r l i e s t p l a n n i n g p h a s e s .

Budqet/Pro.iect P l a n n i n g

D u r i n g the b u d g e t / p r o j e c t p l a n n i n g p h a s e , the e n v i r o n m e n t a l
impact a s s e s s m e n t a c t i v i t i e s s h o u l d c o n t i n u e as n e e d e d .
A d d i t i o n a l l y ESH s t a f f can r e v i e w p l a n s and w o r k sites for
p e r s o n n e l s a f e t y and h e a l t h h a z a r d s r e c o m m e n d i n g
a p p r o p r i a t e s a f e g u a r d s . The d e v e l o p m e n t of q u a l i t y
a s s u r a n c e plans may be aided by input from ESH p e r s o n n e l .

P r o j e c t D e s i g n

D u r i n g the d e s i g n p h a s e , ESH s t a f f can r e v i e w the d e s i g n
p l a n s and comment on the a d e q u a c y of the s a f e g u a r d s that
h a v e been i d e n t i f i e d . E n v i r o n m e n t a l s u r v e y and site

5 O R N L E n v i r o n m e n t a l P r o t e c t i o n M a n u a l . O a k R i d g e
N a t i o n a l L a b o r a t o r y , Oak R i d g e , T e n n e s s e e .



207

c h a r a c t e r i z a t i o n m a y c o n t i n u e as n e e d e d . S p e c i a l E S H
p r o c e d u r e s m a y be i d e n t i f i e d as a p p r o p r i a t e to p a r t i c u l a r
p r o j e c t s ; e n g i n e e r s w i l l n e e d c o n s u l t a t i o n f r o m E S H s t a f f
so t h a t a f a c i l i t a t i n g d e s i g n m a y be d e v e l o p e d f o r t h e s e
p r o c e d u r e s . E n v i r o n m e n t a l a n d p e r s o n n e l m o n i t o r i n g
r e q u i r e m e n t s m a y be e s t a b l i s h e d at t h i s t i m e b o t h f o r
c o n s t r u c t i o n and o p e r a t i o n a l p h a s e s of t h e p r o j e c t . E S H
p r o f e s s i o n a l s k n o w l e d g e a b l e in c o m p l i a n c e d o c u m e n t a t i o n
s h o u l d a s s e s s and r e p o r t c o m p l i a n c e n e e d s . T h e f u t u r e
n e e d s f o r t r a i n i n g p r o g r a m s , e s p e c i a l l y f o r t h o s e i n v o l v e d
in p r e - o p e r a t i o n a l p h a s e s of t h e p r o j e c t , m a y be a s s e s s e d
and m a t e r i a l f o r t h e s e p r o g r a m s m a y be d e v e l o p e d . It is
d u r i n g t h i s p r o j e c t p h a s e t h a t t S H s t a f f s h o u l d s u b m i t to
r e g u l a t o r y a g e n c i e s t h e r e q u i r e d e n v i r o n m e n t a l p e r m i t
a p p l i c a t i o n s .

C o n s t r u c t i o n or S e t u p

D u r i n g c o n s t r u c t i o n , ESH s t a f f c a n a s s i s t w i t h t h e
p r e p a r a t i o n o f j o b i n s t r u c t i o n s and p a r t i c i p a t e in
p r e c o n s t r u c t i or. m e e t i n g s . E n v i r o n m e n t a l and o c c u p a t i o n a l
h e a l t h t r a i n i n g m a y be p r o v i d e d to c o n t r a c t p e r s o n n e l to
i n c r e a s e t h e i r a w a r e n e s s of t h e s e c o n c e r n s b e f o r e t h e y
b e g i n w o r k o n - s i t e . E S H s t a f f s h o u l d s u r v e y t h e
c o n s t r u c t i o n s i t e a c t i v i t i e s to e n s u r e c o m p l i a n c e w i t h t h e
o r g a n i z a t i o n ' s s t a t e d e n v i r o n m e n t a l p o l i c y and to o f f e r
f u r t h e r a d v i c e and c o n s u l t a t i o n on s u c h m a t t e r s . E S H
i n d u s t r i a l h y g i e n e and h e a l t h p h y s i c s s t a f f , p r o v i d i n g
c o n t i n u o u s s u r v e i l l a n c e of t h e c o n s t r u c t i o n s i t e as n e e d e d ,
s h o u l d s p e c i f y a n d p r o v i d e w o r k p l a c e and p e r s o n n e l
m o n i t o r i n g . E n v i r o n m e n t a l m o n i t o r i n g and c h a r a c t e r i z a t i o n
s h o u l d c o n t i n u e to d e t e c t any n e g a t i v e i m p a c t a s s o c i a t e d
w i t h t h e c o n s t r u c t i o n a c t i v i t i e s .

P r e - o p e r a t i o n a l S t a t u s

A c t i v i t i e s by ESH s t a f f d u r i n g t h e p r e - o p e r a t i o n a l p h a s e
s h o u l d i n c l u d e c o m p r e h e n s i v e s u r v e i l l a n c e d e s i g n e d to
p r o v i d e b a s e l i n e i n f o r m a t i o n a g a i n s t w h i c h a n y c h a n g e s
c a u s e d by a p a r t i c u l a r p r o j e c t a c t i v i t y can be a s c e r t a i n e d .
By t h i s s t a g e of t h e p r o j e c t d e v e l o p m e n t , t h e p h y s i c a l and
c h e m i c a l i d e n t i t y of any p l a n n e d r e l e a s e to t h e e n v i r o n m e n t
as w e l l as any p o t e n t i a l l y u n p l a n n e d r e l e a s e s s h o u l d h a v e
b e e n s t u d i e d . At t h i s p o i n t , e n o u g h i n f o r m a t i o n s h o u l d
h a v e b e e n o b t a i n e d in t h e p r e o p e r a t i o n a l s u r v e y s to
i d e n t i f y t h e p a t h w a y s by w h i c h h u m a n s m a y be e x p o s e d to a n y
e f f l u e n t s or w a s t e s f r o m t h e p r o j e c t . E S H s t a f f s h o u l d s e e
t h a t e n v i r o n m e n t a l and p e r s o n n e l m o n i t o r i n g e q u i p m e n t and
p r o c e d u r e s a r e in p l a c e p r i o r to s t a r t - u p o f t h e p r o j e c t
o p e r a t i o n . E n v i r o n m e n t a l h e a l t h and s a f e t y t r a i n i n g f o r
p e r s o n n e l i n v o l v e d in p r o j e c t o p e r a t i o n in m a n y c a s e s is an
i m p o r t a n t j o b r e q u i r e m e n t , and m a y be g i v e n d i r e c t l y by



208

c o m p a n y s t a f f k n o w l e d g e a b l e in t h e s e f i e l d s r a t h e r t h a n by
r e l i a n c e o n o u t s i d e s o u r c e s s u c h a s v i d e o t a p e p r o g r a m s . In
t h i s w a y , t h e w o r k e r s r e c e i v e t r a i n i n g t h a t is s i t e -
s p e c i f i c a n d a p p l i c a b l e t o t h e i r o w n e x p e r i e n c e s . A l s o ,
d u r i n g t h i s p r o j e c t p h a s e , it is i m p o r t a n t t h e E S H s t a f f b e
i n v o l v e d in t h e f i n a l w a l k - t h r o u g h a n d p r o j e c t a c c e p t a n c e .

A p l a n s p e c i f y i n g p r o c e d u r e s t o b e f o l l o w e d a n d a c t i o n s t o
b e t a k e n in t h e e v e n t o f p o t e n t i a l e m e r g e n c i e s s h o u l d b e
d e v e l o p e d p r i o r t o p r o j e c t o p e r a t i o n . A n i m p o r t a n t p a r t o f
t h i s p l a n is l i a i s o n w i t h s u p p o r t E S H s t a f f , m a n y o f w h o m
w o u l d r e s p o n d t o s u c h a n e m e r g e n c y a s p a r t o f t h e i r j o b
f u n c t i o n .

O p e r a t i o n a l S t a t u s

In t h e o p e r a t i o n a l p h a s e , e n v i r o n m e n t a l s u r v e i l l a n c e b y E S H
s t a f f s h o u l d c o n t i n u e . T h e p r i m a r y o b j e c t i v e f o r
s u r v e i l l a n c e a t t h i s t i m e is t o d e t e r m i n e i f r e l e v a n t
g o v e r n m e n t a l r e g u l a t i o n s a n d c o m p a n y p o l i c i e s a r e b e i n g
o b s e r v e d . I n - h o u s e a u d i t s m a y b e p e r f o r m e d t o e n s u r e
r e g u l a t o r y c o m p l i a n c e . I n d u s t r i a l h y g i e n e , h e a l t h p h y s i c s ,
i n d u s t r i a l s a f e t y , m e d i c a l s u r v e i l l a n c e , a n d o t h e r r e l a t e d
p r o g r a m s s h o u l d b e f u n c t i o n i n g t o p r o t e c t t h e h e a l t h o f t h e
w o r k e r s . E n v i r o n m e n t a l h e a l t h a n d s a f e t y t r a i n i n g s h o u l d
c o n t i n u e , o f f e r e d a s t r a i n i n g f o r n e w e m p l o y e e s a n d a s
r e f r e s h e r c o u r s e s f o r t h o s e a l r e a d y o n - s i t e . E S H s t a f f m a y
a s s i s t in t h e c o n t r o l o f e f f l u e n t s a n d a d v i s e o n t h e
d i s p o s a l o f h a z a r d o u s m a t e r i a l s g e n e r a t e d i n t h e
o p e r a t i o n s .

P r o j e c t c l o s u r e

D u r i n g t h e c l o s u r e p h a s e , E S H c a n a s s i s t in t h e t r e a t m e n t
a n d d i s p o s a l o f a n y p o t e n t i a l h a z a r d s a s s o c i a t e d w i t h t h e
d e m o l i t i o n o r d e c o m m i s s i o n i n g o f t h e p r o j e c t , a g a i n
m o n i t o r i n g f o r i n s u l t s t o t h e e n v i r o n m e n t o r h u m a n h e a l t h .
C o m p l i a n c e w i t h a l l r e g u l a t o r y g u i d a n c e f o r c l o s u r e w i l l
n e e d t o b e d o c u m e n t e d b y E S H s t a f f , w h o m a y a u d i t t h e
c l e a n u p o p e r a t i o n s . W o r k e r s i n v o l v e d in t h e a c t u a l c l e a n u p
o p e r a t i o n s s h o u l d b e t r a i n e d i n r e c o g n i t i o n o f
e n v i r o n m e n t a l a n d h e a l t h h a z a r d s a n d t h e i r p r e v e n t i o n .

S U M M A R Y

E n v i r o n m e n t a l , s a f e t y a n d h e a l t h i s s u e s a r e s u c h a n
i n t e g r a l p a r t o f a l l L a b o r a t o r y p r o j e c t s t h a t i t i s v i t a l
t h a t t h e a p p r o p r i a t e E S H p e r s o n n e l b e i n c l u d e d a t e a c h
s t a g e o f p r o j e c t p l a n n i n g a n d d e v e l o p m e n t i n a c c o r d a n c e
w i t h t h e c o n c e p t o f E n v i r o n m e n t a l A L A R A . C a r e f u l
c o n s i d e r a t i o n o f E n v i r o n m e n t a l A L A R A in a l l p h a s e s o f t h e
p r o j e c t m a y r e s o l v e o r a m e l i o r a t e m a n y o f t h e p o t e n t i a l
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p r o b l e m s a s s o c i a t e d w i t h h i g h - t e c h n o l o g y a c t i v i t i e s a t
O R N L . O u r E S H m a n a g e m e n t t r a i n i n g c o u r s e s a i d t h e m a n a g e r
i n i d e n t i f y i n g t h e s e p o t e n t i a l p r o b l e m s a n d t h e
c a p a b i l i t i e s a n d r e s o u r c e s h e o r s h e h a s a v a i l a b l e t o m e e t
t h e s e n e e d s .
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PREPARING THE RADIATION PROTECTION WORKER TO MEET MULTIFILE
NEEDS - J. Steven Abercrombie and B. C. (Jean) Thorpe,
Technical Resources and Training Group, Environmental
Compliance and Health Protection Division, Oak Ridge
National Laboratory,* Oak Ridge, Tennessee 37831

ABSTRACT

At the Oak Ridge National Laboratory the radiation
protection worker serves a vital role in protecting
personnel and their surrounding environment from the
hazards of radiation. These individuals rely on their
technical knowledge, skills, and abilities to survey and
monitor various project-related activities. In addition to
performing surveillance tasks they must also provide
guidance in project design, development, and
implementation. These combined efforts assure that
protective measures are taken in accordance with applicable
standards.

A crucial element that enhances the skills of the worker is
the ORNL performance-based training program (ORNL/TM-
10119). The program incorporates job-specific information
on the diverse facilities and activities monitored with
basic fundamentals of radiation protection. Successful
completion of this program includes pissing both a
qualification exaa and an on-the-job skills review. This
paper details the structure of such a program and explains
the strategies taken to reach the program's goals.

INTRODUCTION

Radiation protection at the Oak Ridge National Laboratory
is accomplished through a variety of activities. From day-
to-day routine surveillance, to specific job-site
monitoring (as in construction activities), to personnel
monitoring, the radiation protection personnel must perform
skill-based tasks that vary as his or her duties might
vary. Additional regulatory requirements have placed
further demands on the radiation protection personnel. The
skills necessary to perform the associated tasks reflect
the varied elements of the health physicist's daily job

*Operated by Marti n Marietta Energy Systems, Inc., for
the U. S. Department olC Energy under Contract No. DE-ACO5-
84OR21400.

~T>» aubrranad manuacrpt has baar
auttiorad by l contractor ol 0a b.S
Govammant undar contract No 06-
*CO5-«*OB!l«O0. AccorAngtv. tha U.S.
Gova/nmam ratara a nowduan*.
royalty-frae feanaa to pubWt or raproduca
the putaahad form ol tha contribution, or
alow othars to dn to. lot US Govarnmant
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assignments. Those needs, although not totally inclusive,
are outlined in Table 1.

RADIATION PROTECTION MULTIPLE NEEDS

TRAINING PROGRAM

Individual maintenance of the skills supporting those needs
is accomplished through the formal training program as
established at ORNL (ORNL/TM-10119).x The program is
performance-oriented in that it is based upon occupational
relevancy which accounts for the skills required to perform
the various job tasks. Its central characteristics include
(a) a specialized means for determining whether performance
meets criterion levels, (b) provisions for modes of
training instruction pertinent to organizational and
individual objectives, (c) assessments of the learning
experiences, both classroom and on-the-job, in terms of
competency criteria, (d) qualification and certification of
the radiation protection technicians and professional staff
employees to pelform job assignments, and (e) documentation
of the training program components.

As Cember2 defines health physics, or radiological health,
it is "the area of environmental health that deals with the
protection of the individual and of population groups
against the harmful effects of ionizing radiation.*1

Subsequently, the radiation protection worker at ORNL must
possess knowledge in a great many different areas.
Demonstration of such knowledge is reflected in successful
performance of the radiation protection program. Table 2
lists a majority of the technical elements (knowledge
subject domains) which are included in the program.3

Program Structure

The structure of the radiation protection training program
is entitled "Technical Qualification Requirements and
Training Programs for Radiation Protection Personnel at
ORNL." This document deals with the policies and practices
in regard to selection, training, qualification, and
requalification of the radiation protection staff assigned
to bcth reactor and nonreactor nuclear facilities.
Separated into six major sections the publication details
the department position requirements, qualification
requirements, the training program, skills objectives, both
reactor and nonreactor training requirements, and
references pertinent to the subject. Its guidance provides
the user both technical material and operational procedures
necessary for effective training and development.*
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A contributing element to this cornerstone document is the
procedure taken in administering the training
program. A performance-based systems approach to the
training is illustrated in Table 3.

TRAINING ADMINISTRATION PROCEDURE

Based on the initial job task analysis, a determination is
made as to what needs exist in achieving the goals of the
organization. Those needs might center on personnel,
equipment, procedures, environmental concerns, and other
areas. The training is directed toward whether the tasks
are performed in a satisfactory fashion, whether marginal
performances are due to inadequate equipment, and whether
the established procedures provide the guidance necessary
in the workplace.

An important concern is whether environmental factors
provide the basics to train employees. This factor alone
serves as a dynamic stimulus for training. With a constant
increase in regulations, the training arena serves as the
forum to educate the employees in reference to particular
concerns.

Should the information gained in the initial needs analysis
step reveal a training requirement, the training
coordinator can begin design of instruction. In a
performance-oriented system, this phase provides the
necessary framework for planning and organizing the
learning objectives or performance levels. Provisions
might need to be made for more than one node of
instruction, such as classroom and on-the-job, through
which learning activities take place.

Training is delivered after Instructional Design is
complete. The instructional delivery system here
incorporates learning modules as the basic components.
Being objective driven, the material content of the modules
are directed toward the training goals. These modules are
components of six major sections of ORNI/s formal training
program. Table 4 shows these sections.

TRAINING PROGRAM MAJOR SECTIONS

The purpose of the formal training program is to qualify
radiation protection employees to work at the various ORNL
reactor and nonreactor nuclear facilities. The
qualification procedure can be separated into two major
categories, that being (1) professional staff, and (2)
technician staff. Many of the professional staff positions
are filled by individuals with academic training and/or
specialized degrees in health physics. These professional
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staff members are evaluated before assignment, and are not
subject to the Technician Training Program unless it is
deemed that they can benefit from review of one or more
sections of the training.

Qualification of technicians is based on successful
completion of the formal training program and written and
operating examinations administered by the department
training coordinator, though many of them may also have
academic training or specialized degrees in health physics.
Training credentials are reviewed by the Department Head
and then submitted to the Division Director in order to
evaluate the individual and finalize the necessary
gualification documentation. Qualification is for a two-
year time period and applies only to a specific work area.

With the qualification expiring after a two-year period
from the date of authorization, a requalification program
exists. Individuals must complete a continuing retraining
program during the two years his/her qualification was in
effect or pass a requalification examination.

In order to determine whether the goals and content of the
training program are compatible with the missions of the
organization, an effective evaluation system exists.
Assessments based on Kirkpatrick's four levels of
evaluations4 are made at the following points:

1. Reaction - Were participants pleased with the
program?

2. Learning - What did the participants learn in the
program?

3. Behavior - Did participants change behavior based
on the program?

4. Results - Did change positively affect the
organization?

This final section of the administrative element involves
evaluation of the strengths and weaknesses of the radiation
protection training program. Serving as a feedback loop,
weaknesses and failures are identified and corrected by
negative evaluations. Strengths and successes are
identified and amplified by positive evaluations.

CONCLUSION

In conclusion, radiation protection at the Oak Ridge
National Laboratory is enhanced by a formal training
program. Based on the multiple needs of the workplace and
the varied elements of radiological health, employees are
qualified to perform tasks associated with thodr job
specific duties. This plays a critical part in assuring
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that the appropriate level of protection for Laboratory
employees and their surrounding environment is maintained.
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Table 1. Radiation Protection Needs at ORNL

A. SURVEILLANCE TASKS

1. Routine Surveys
2. Job-Site Monitoring
3. Personnel Monitoring

B. ADMINISTRATIVE TASKS

1. Equipment Clearances
2. Zoning Determinations
3. Shielding Calculations

C. OPERATIONAL SUPPORT TASKS

1. Laboratory Operations
2. Radiation Level Determinations
3. Plant Emergencies
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Table 2. Training Program Technical Elements

Basic Mathematics
Basic Nuclear Physics
Radiation Protection Standards, Guides and Limits
National/International Organizations (ICRP, NCRP)
Biological Effects of Radiation
Basic Units and Terminology
Fundamentals of Detection
Respirator Use
Protective Clothing
Personnel Contamination Assessment
Air Sampling
Radioactive Source Control
Shielding
Personnel Dosimetry
Plant Procedures
Emergency Preparedness
Criticality Safety
As Low As Reasonably Achievable
Waste Management
Decontamination Procedures
Communication Skills

Table 3. Performance-Based Approach to Training

Job Task Analysis Qualifications

Needs Analysis Evaluations

Instructional Design/Delivery

Table 4. ORNL Training Modules

Section 1 Fundamental Mathematics and Sciences

Section 2 Health Physics Theory

Section 3 General Principles and
Administration

Section 4 Radiation Survey

Section 5 Radiation Contamination Control

Section 6 Radioactive Material Control
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ONE APPROACH TO ACHIEVING COMPLIANCE WITH THE NEW OSHA
TRAINING REQUIREMENTS FOR HAZARDOUS WASTE OPERATIONS -
Martin O'Neill, Roy F. Weston, Inc., West Chester,
Pennsylvania; George M. Crawford, Jr., Roy F. Weston,
Inc., West Chester, Pennsylvania.

ABSTRACT

The Superfund Ammendments Reauthorization Act (SARA)
stipulated that the Occupational Safety and Health
Administration (OSHA) would establish a standard for
personnel involved with activities at Hazardous waste
sites. As a result, OSHA published an Interim Final Rule
covering Hazardous Waste Operations and Emergency Response
(Dec. 19, 1986). Publication of <;he proposed rule was
completed 10 August 1987.

The Standard details fifteen (15) requirements for
employers involved in hazardous waste operations. Of
those requirements, personnel training has had dramatic
effect on the hazardous waste site assessment and reme-
diation industry.

Prior to promulgation of this Standard, training and
documentation of personnel training were required for
contracts administered by large federal agencies such as
the Environmental Protection Agency (EPA). State,
municipal and industrial contracts had little or no
specific training requirements. Training generally
consisted of site specific sessions which lasted 1 - 4
hours. The void in training requirements allowed for
inadequately prepared personnel to be assigned to
activities involving hazardous materials and emergency
response operations.

The new OSHA Standard defines personnel training requirements
for employers. The training must consist of an initial 40
hour pre-assignment instruction and an additional 24 hours of
on-site supervision. An annual 8 hour refresher training
requirement is also mandated by the Standard. Supervisors and
on-site managers require an additional 8 hours of training
specific to managing hazardous waste operations and related
Health and Safety aspects.
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In response to these new training requirements, Roy F. Weston,
Inc. has expanded it's introductory training course, and added
two additional training sessions to it's program. The
expansion has fulfilled the pre-assignment training
requirements as well as necessary annual refresher
training, and additional site managers training. An added
extra of the expansion has been the ability to implement
and provide an internal testing and certification program
for Site Health and Safety Coordinators. WESTON has also
adopted a formal "grandfathering" policy with respect to
previous experience and a mechanism to document previous
on-site time.
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INTRODUCTION

With the signing of the Superfund Amendments and

Reauthorization Act (SARA) by President Reagan on 17

October 1986, Congress mandated the promulgation of health

and safety standards for workers involved in hazardous

waste operations. Section 126(a) of SARA tasked the

Secretary of Labor to issue an interim final standard

within 60 days after the date of enactment. SARA intended

the new standard to meet minimum requirements as outlined

by the Environmental Protection Agency's (EPA) document:

"Health and Safety Requirements for Employees Engaged in

Field Activities (1981)." Section 126(b) of SARA further

defines the minimum protection requirements to include the

following: site analysis, training, medical monitoring,

personal protective equipment, engineering controls,

maximum exposure limits, information programs, materials

handling, new technology programs, decontamination proce-

dures, and emergency response. The interim final rule was

published on 19 December 1986, and the proposed rule was

published on 10 August 1987.
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The scope of the proposed standard and the requirements

defined therein apply to the following:

o Sites or activities conducted under the authoriza-

tion of the Comprehensive Environmental Response,

Compensation and Liability Act (CERCLA). Included

are preliminary or initial assessments at sites

which have not been previously identified as

hazardous.

o Clean-up activities or major corrective actions

being performed under the Resource Conservation

and Recovery Act (RCRA).

o Clean-up activities at hazardous sites as desig-

nated by state or local governments.

o Paragraphs (L), "Emergency Response" and (0),

"Activities at RCRA Facilities," are specific to

hazardous waste operations at treatment, storage,

and disposal (TSD) facilities as regulated under

40 CFR parts 264 and 265 (RCRA).
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o Emergency response activities.

It is anticipated that the application of coverage in-

cludes clean-up contractors, engineering and technical

firms, RCRA regulated TSD facilities, RCRA regulated

hazardous waste generators, fire departments, hazmat

response teams, and manufacturers equalling approximately

100,000 organizations.

Roy F. Weston, Inc. falls into the first two categories,

clean-up contractors, and engineering/technical firms.

Currently, WESTON provides environmental consulting and

engineering expertise to industrial clients, state and

local governments, and federal agencies such as EPA, the

Department of Defense (DOD), and the Department of Energy

(DOE). The scope of services WESTON provides varies from

emergency response support in the U.S. EPA Technical

Assistance Team Contract, to remedial investigation/site

assessment activities for the U.S. DOE Comprehensive

Environmental Assessment and Response Program (CEARP).

With few exceptions, WESTON field programs at hazardous

work locations must comply with all of the requirements of

the OS HA proposed standard. One of
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those requirements, training has necessitated an expansion

of WESTON's internal Health and Safety Training programs.

This paper will focus on those new training programs, and

discuss one technique available to document previous

on-site experience.

Pre-Assiqnment or Initial Training

"(e) Training. Initial or review training meeting the re-
quirements of this paragraph shall be provided to employ-
ees before they are permitted to engage in hazardous waste
operations that could expose them to hazardous substances,
safety, or health hazards....(2) All employees shall at
the time of job assignment receive a minimum of 40 hours
of initial instruction off the site, and a minimum of
three days of actual field experience under the direct
supervision of a trained, experienced supervisor."

WESTON's introductory training program, titled "Hazardous

Materials Response Operations Course," is a requirement

for all employees prior to assignment to a field program.

This 40 hour, 5 day, training course introduces potential

chemical and physical hazards, defines protection programs

in general, and specifically provides an orientation to

WESTON's Health and Safety program. It is modeled after

the U.S. EPA-Environmental Response Team's (ERT)

introductory training session, and as such, integrates

classroom style lectures with hands-on exercises. The
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exercises, including two mock hazardous waste site

scenarios requiring level B dress-out, are very effective

in producing long lasting impressions. The primary

objective of the introductory course is to develop an

individual's capability to recognize, evaluate, and

control hazards. It is not intended to teach the

technical "how-to" processes, such as sample collection or

inspection techniques. These techniques are covered

thoroughly and adequately during on-the job training

experiences where junior level personnel are matched with

senior level personnel.

Following successful completion of the 40 hour training

program which includes a mandatory homework assignment and

a passing grade on a test, the new employee must be

supervised in the field for a minimum of 24 additional

hours. Tracking and documenting that field experience is

completed through two mechanisms. First, a monthly

exposure/injury reporting system requires the identifica-

tion of hours on-site in specific levels of protection.

This report is signed by the employee and verified by

divisional and/or regional Health and Safety representa-

tives. This information is compiled and tracked through
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for work at hazardous sites to commence, an experienced

site supervisor and in most cases a site Health and Safety

Coordinator, must be appointed and certified. The minimum

requirements for certification of a site supervisor

includes 24 hours of on-site experience. Site supervisor

certification and training will be discussed later.

"GRANDFATHERING" EXPERIENCE

"(9) Employers who can show that an employee's work
experience and/or training has resulted in initial train-
ing equivalent to that training required in paragraphs
(e)(l), (e)(2), and (e)(3) of this section shall not be
required to provide the initial training requirements of
those paragraphs. Equivalent training includes the
training that existing employees might have already
received from actual site work experience."

The OSHA standard clearly defines the capability of an

employer to grandfather previous experience. This is

particularly vital to WESTON since the internal training

programs given previously included a 24 hour training

program (1982-1986) and a 32 hour training program

(1986-1987). WESTON has adopted a formal "grandfather"

policy which equates various forms of previous on-site

experience with specific training requirements. Verifica-
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tion of previous experience is the responsibility of

Regional and/or Divisional Managers, or Project Directors.

WESTON's Health and Safety Director makes the final

decision on the applicability of the specific on-the-job

training and accepts or denies the experience documenta-

tion. WESTON equates 40 hours of general on-site

experience and 16 hours of activity in specific levels of

protection with an 8 hour training session. The

documentation of experience is maintained in the

individual's health and safety training files.

REFRESHER TRAINING

"(8) Employees specified in paragraph (e) (1), and managers
and supervisors specified in paragraph (e) (3) of this
section shall receive eight hours of refresher training
annually on the items specified in paragraph (e) (1) and/or
(e) (3) of this section and other relevant topics."

The standard clearly calls for annual refresher training

for all field personnel. In this 8 hour training course,

the primary objective is to review respiratory protection

devices, correct use of monitoring instrumentation, and

current Health and Safety issues. WESTON also emphasizes

the preparation of site safety plans through a series of

information source exercises, and culminates the training
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session with a mock field scenario. When all personnel

are current with respect to refresher training, the 8 hour

course will be given monthly at WESTON's main office, and

periodically during the year at regional locations-

Refresher training also provides an opportunity to perform

fit tests and serves as a vehicle for employee feedback

pertaining to Health and Safety issues.

SITE MANAGEMENT/SUPERVISOR TRAINING

"(3) On-site management and supervisors directly responsi-
ble for, or who supervise employees engaged in hazardous
waste operations shall receive training as provided in
paragraph (e) (1) and (e) (2) of this section and at least
eight additional hours of specialized training at the time
of job assignment on such topics as but not limited to,
the employer's safety and health program and the associat-
ed employee training program, personal protective equip-
ment program, spill containment program, and health hazard
monitoring techniques."

The standard calls for an additional level of training for

employees directly responsible for site personnel. WESTON

has developed and initiated two separate training programs

in order to comply with this requirement. First, let us

look at the supervisory personnel on-site; the site

manager or field manager, and the site Health and Safety

Coordinator (SHSC). These two individuals have distinct
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and different roles on a site, particularly if the site

contains a complexity of hazards. A WESTON requirement

for any site considered hazardous is the designation of a

dedicated SHSC. On less complex sites, or sites posing

low hazard potential, the SHSC may be a member of the

scientific field team (i.e. geologist, engineer, scien-

tist) . It is always best however, to ensure that the SHSC

is separated from the production element of the project in

order to limit the potential to compromise site specific

safety programs. A specific SHSC course was developed in

order to ensure that the SHSC's are qualified to make site

health and safety decisions. This course emphasizes the

specific responsibilities of the SHSC and how he/she can

become more effective in that role. The course covers

areas such as instrumentation selection, subcontractor

qualification, site specific training programs, site

safety plan preparation, and problem solving. The course

culminates with a discussion of a homework problem and

certification test. Prerequisites for course attendance

are as follows:

o Six months employment with WESTON.
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o Twenty-four hours of documented field experience.

o Successful completion of at least one WESTON ap-

proved Safety Plan.

o Permission from regional and/or divisional Health

and Safety representatives.

o WESTON's Health and Safety Department approval.

The attendees arrive at the training session with a

certification form documenting previous experience and

training sessions. Since the course depends upon interac-

tive class participants, previous on-site experience is

crucial. One unique feature of the course is the manual

provided to all attendees which is designed to be a field

document and contains instrument reference material,

protective clothing information, and example work permits.

This course has provided WESTON's Health and Safety

Department the ability to certify, approve and ensure the

overall performance of individual SHSC's.
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The SHSC course is also required for WESTON's on-site

supervisors or field managers. Individuals placed in the

role of a field supervisor needs to be aware of health and

safety considerations and limitations of instruments,

protective clothing, etc. It is also important for the

field manager to be familiar with and recognize the

responsibilities and authority of the SHSC.

WESTON has developed another training course for manage-

ment personnel who will not provide on-site supervision

but who are responsible for overall project management.

This course emphasizes the planning process and budgetary

constraints of successful site health and safety manage-

ment. A major component of the "Health and Safety for

Project Manager Course, is a discussion concerning the

impacts of recent regulatory and WESTON Health and Safety

standards on the project planning process. Another

session explores the realities of hazardous waste site

work including the potential risks, the physical stresses

of working in protective clothing, and how to minimize the

effect of "Murphys Law." One interesting exercise splits

the group into two teams and allows team A to budget for a

field effort the wrong or "un-safe" way, while the team B



234

prepares a budget with Health and Safety as a primary

consideration. The overall effect of this exercise is a

realization of costs associated with protection programs.

WESTON concludes the exercise with a discussion of poten-

tial and real risks associated with the short-cuts taken

by Team A. This course is an attempt to provide project

managers with the knowledge that is required to make field

efforts safer and more efficient.

ADDITIONAL CONSIDERATIONS

In paragraph (e)(1) of the standard, OSHA calls for

training requirements pertaining to site-specific

information. This complements the Information Program

(paragraph i) requirements and emphasizes the need to

inform all site personnel, including subcontractors and

visitors, of the hazards present and protective program in

place. The requirements outlined in paragraph (e)(1)

include the following:

o Names of personnel responsible for site safety

o Safety, health and other hazards on-site
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o Use of protective equipment

o Work practices by which employees can minimize

risks from hazards

o Use of engineering controls

o Medical surveillance requirements and symptoms of

overexposure to hazards

o Specific elements of the Health and Safety Plan

WESTON's Health and Safety Department ensures that site

work which requires subcontractor personnel will not

commence until a formal site safety briefing is given.

The agenda for that briefing is defined in the site

specific Health and Safety Plan and either the SHSC or a

representative of the Health and Safety Department

presents the session. The potential liability risks

associated with subcontractor personnel or visitors

necessitates that they be well informed of the hazards

on-site and what mechanisms are in place to protect them.
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It is crucial to keep in mind that subcontractors roust

also maintain compliance with the training requirements.

As the prime contractor, WESTON can also be found in

violation of OSHA regulations if subcontractor personnel

are permitted to work in hazardous locations without

meeting specified requirements. WESTON therefore requires

that subcontractors supply written verification of

personnel status with respect to training, medical

monitoring, respiratory fit tests, and experience.

SUMMARY

Although the training requirements defined in the new OSHA

Standard covering Hazardous Waste Operations appear

insurmountable at times, they are manageable. The use of

defined procedures for documenting previous experience,

and computer databases for tracking training status can

alleviate some of the strain on a Health and Safety

Program.
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By providing interesting and interactive training

sessions, personnel will develop into individuals who

can make sound site health and safety decisions, and

manage field programs with safety as a primary

consideration.
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The Occupational Health Information System (OHIS
and Environmental Information System (EIS) at

Martin Marietta Energy Systems, Inc.

An integral part of an effective health, safety, and environmental program involves
generating and maintaining accurate and complete records of workplace and employee
monitoring, hazardous materials purchases, use of personal protective equipment, medical
records, and employee job classifications, as well as results of air, water, soil, and
biological monitoring. Such data is typically generated and maintained by several
independent disciplines within a large organization. The Occupational Health Information
(OHIS) and Environmental Information System (EIS) concept being employed by Martin
Marietta Energy Systems, Inc. maintains all health, safety, and environmental records in
one database in order to integrate information where applicable. For example, the health
professional is interested in an employees state of health as well as understanding
workplace conditions which may affect health. OHIS will maintain a complete record of
employee's work assignments and potential exposures in addition to individual medical
records. Other significant benefits of the OHIS/EIS include assisting full compliance
with regulatory requirements for data management and accessibility, providing the
capability to respond to third-party requests for information, and allowing health,
safety, and environmental professionals to more effectively manage their respective
efforts.
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Overview of the Occupational Health Information System (OHIS)
and

Environmental Information System (EIS)

1. What is OHIS?

2. System Design

3. Project Leaders

4. Types of Data

5. Project Schedule

6. Benefits
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OHIS/EIS is:

1) A data management system for all Energy Systems Industrial
Hygiene, Health Physics, Safety,"Medical, and Environmental
functions.

2) A system to meet the needs of the user.

3) A means of "integrating" health, safety, and environmental
information.

4) A tool for management of health, safety, and environmental
issues.

en



THE OCCUPATIONAL HEALTH INFORMATION SYSTEM (OHIS)
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THE ENVIRONMENTAL INFORMATION SYSTEM (EIS)
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OHIS PROJECT LEADERS
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Types of Data on OHIS Include:

1) Medical Records

2) Industrial Hygiene Records

3) Health Physics Records

4) Safety Records

5) Environmental Records

Laboratory, Exam Findings

Air Sampling Results,
W a l k - T h r u S u r v e y
F i n d i n g s , N o i s e
Measurements

TLD Readings, Urinalysis
Results, Pocket Meters,
Air Samples

Rll, First-Aids, LWC

Discharge Monitoring, Air
M o n i t o r i n g , P C B
Inventories



OHIS Project Phases

1) Initial Planning and System Design - Complete

2) Development of Project Team and Goals - Complete

3) Software/Hardware Evaluation and Selection - Complete
s

4) System Development and Modification - In Progress

5) Implementation - In Progress

6) Operating

7) Maintaining and System Upgrading
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AN INTEGRATED OHIS PROVIDES SEVERAL

SIGNIFICANT BENEFITS

* Assists in compliance with regulatory requirements.

* Provides capability to respond to third-party requests for
information about materials used in the facilities,
potential exposures, etc.

* Allows health professionals to more effectively manage the
health protection effort.
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SPACE-TIME CLUSTERS OF ADVERSE HEALTH EVENTS AS A MEANS OF EARLY
DETECTION OF DEPARTURE FROM PLANNED CONTAINMENT* - T. E. Aldrich and
C. E. Easterly, Health Effects and Epidemiology Group. Health and Safety
Research Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee
37831-6101

ABSTRACT
Studies of rare health events offer a novel means for assessing
community health impacts from excursions of hazardous contaminants into
the ambient environment. Clusters of these infrequent, adverse health
occurrences provide sentinel phenomena to epidemiologists for the
purpose of formulating preventive strategies and decision rules. The
goal of early identification and interpretation of these case clusters
has led to the development of a variety of statistical methods. This
presentation provides an overview of these techniques, many of which
assume infectious disease processes that may reasonably be translated as
a common source exposure (i.e., appropriate for environmental
epidemiology). Population-based disease registries are substantial
sources of data for conducting studies of small area case clusters near
contaminated waste sites. The strategy of population surveillance has
found initial acceptance as a means of directing environmental health
actions and providing a safeguard for public health. The methods
discussed are possible choices for analyses directed to cancer or birth
defect data in order to identify possible case clusters of rare events.
Suggestions are offered for interpreting case clusters of disease and a
model, semiquantitative decision process is proposed for use in
determining public health action or policy.

INTRODUCTION
The fundamental tenet of epidemiology is the departure of observed
disease experience from the expected occurrence (1). It is also a basic
premise of public health research that disease is not a random process
(i.e., there are high risk factors and hypersensitive subgroups).
Currently many of the challenges in environmental epidemiology are
taxing the conventional epidemiologic methods, and the time has come to
consider implementing new strategies for studying disease occurrence in
human populations (1). One new approach would rely on population-based
disease surveillance and prospective ascertainment of rare event
aggregates as sentinels of possible environmental health "hot spots."

Research sponsored by the Assistant Secretary for Conservation and
Renewable Energy, Office of Energy Storage and Distribution, Electric
Energy Systems Program, U.S Department of Energy, under contract DE-
AC05-OR21400 with Martin Marietta Energy Systems, Inc.

-The submtt«d n « M O » t «— bmn
authored by • contractor of tt» U.S.
Govwnmant <«»•» contrKI No DE
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DISCUSSION
Descriptions of disease occurrence traditionally have been organized
around the determinants of person, place and time (1-4). For
population-based reporting, place and time have been preeminent, and a
set of basic demographic variables have served most often for personal
variables (i.e., age, race, sex). Cancer surveillance often utilizes
simple techniques such as the standardized mortality ratio to perform
the basic observed-vs-expected calculation for detecting increased
disease occurrence within a population (4). These straightforward
methods quickly become tenuous when small numbers of incidents are to be
studied, and when the intent is to study disease patterns over time.

Birth defect registries have used a variety of modifications to conduct
surveillance for evidence of temporal disease clustering (5-7). Hardy
et al. have developed a surveillance system using standardized mortality
ratios for a specified population unit (8). This is a sequential method
for detecting a significant increase in disease occurrence; included is
a system to provide protection from false positives (8). An advantage
of these sequential, disease surveillance techniques is that they permit
"alert" and "action" levels to be identified (i.e., intermediate
evidence of disease aggregation deserving follow-up) (8-10).

POTENTIAL LIMITATIONS WITH POPULATION SURVEILLANCE
Several fundamental controversies have persisted with population-based
surveillance. For exposure classification, there is the issue of
assigning persons to categories on the basis of place of residence:
(1) the person may not have the direct contact implicit in his place of
residence (e.g., he may drink bottled water), or (2) there may be
individual variation in the residence-specific exposures (e.g., radon,
for geological reasons). There is a substantial problem with estimates
of disease latency when one is calculating from the date of diagnosis
or, even worse, from date of death. Next, on the basis of endpoints,
there are two broad potential difficulties: (1) diagnostic
misclassification by the data collection system, and (2) conducting a
community investigation where a group of cases has already been
recognized as constituting a disease cluster. This situation is
contrary to the independence of measurement needed for statistical
testing and is therefore questionable (11).

Lastly, the selection of appropriate tests, their constraints, and the
assumptions used deserves comment. Various techniques for space-time
analyses utilize (N)(N-l)/2 pairs (where N is the number of subjects).
The number of case pairs rapidly becomes unwieldy (requiring large
computer support); thus, rare disease experience is most expedient for
clustering studies (9,12). Rare diseases (by virtue of their being
rare) are less likely to be influenced by extraneous factors (e.g.,
lifestyle characteristics). They are also more likely to be
attributable to a common source exposure (i.e., one factor) than are
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more common diseases. Some of the statistical tests for evidence of
disease clustering have unusual data requirements (e.g., information on
patterns of movement) that can be a deterrent to their selection.
Extensive data collection on many cases, then, is a pragmatic
justification for attention being given to rare diseases, and indicates
one of the bases for decisions to perform more conventional (e.g.,
case-control) studies (1,9,12).

Population-based disease registries are substantial sources of data for
conducting studies of small area disease aggregates. The methods
discussed above are possible choices that might be used for directed
analyses of cancer or birth defect data. These techniques represent a
conceptual judgment about possible disease processes (9,10). Many of
the techniques have an implication of infectivity-- this may be
translated as a common source exposure that is appropriate for
environmental investigations. These cluster analyses of small area
disease aggregates may offer guidance for decisions related to
determining if a departure has occurred from planned containment of
hazardous materials within a defined geographic location (9,10).

AN EXAMPLE
Using sample data from a Florida cancer cluster, seven of these
statistical methods were applied to data from an actual cluster
investigation (9,13-19) (Table 1). The rare cancer involved vith this
sample cluster is Endodermal Sinus Tumor, an ovarian/nephronic neoplasm
of embryonal origin (19). This case aggregate was reported as a case
series documenting environmental factors associated with the cluster
cases (19) .

The model sequential analysis presented here uses basic demographic
descriptions of the cases (e.g., age, race, sex, county of
residence) (9). This model process uses the descriptive characteristics
common to the cases to lead the researcher to a small box within the
larger one (Fig. 1); the test statistic for this heuristic model is a
simple binomial solution (9,20). Direct interpretation of the
statistical significance of this method is discouraged in favor of
reasoned inspection of the data to support the findings of other
techniques (9). The small box represents the identification of a high
risk population (e.g., reasoning with person, place and time
characteristics to identify a subgroup experiencing disease clustering)
that may then be investigated further for possible evidence of departure
from planned containment of environmental contaminants of significance
(9-11,21-23).

This model sequential process was compared with seven of the techniques
discussed above. Four of the methods indicated [weak to strong]
statistical significance for this disease aggregate, one was suggestive
and two tests missed it entirely (p <0.1 - Table 1) (9,19).



258

CONCLUSIONS
The analytical approach simulated above is a prototype for rare event
decision processes. Several clustering methods may be used serially to
test population-based disease data for evidence of disease aggregation.
Such a system could augment many state or community programs for
identifying and/or addressing localized environmental health concerns.
The Knox, Barton and David, and Chen, Mantel and Isacson methods are
particularly recommended (17,18,24). The model sequential method
previously discussed (using simple demographic data) may supplement the
other tests for detecting evidence of disease clustering. This method
with the other techniques that use sequential evaluation of the data are
especially appropriate for surveillance systems because of their
capability of detecting or directing attention to communities or
population groups of concern (5-9,18,25). Tests to detect disease
clustering, while not designed to estimate disease risk, may be used to
alert agencies and to assist in decision making (26).

Tests for disease clusters could alert public education programs to a
need for information dissemination or these methods could direct
fact-finding efforts to support marginal statistical evidence. Also,
use of such population-based reasoning is an excellent device for
providing explanations to the public in environmental controversies.

There are also several good discussions available concerning the general
phenomena of disease clusters (26-31). These narratives are useful
compendia of the essential controversy and the mystique that surrounds
disease clustering, from both a public and a scientific perspective.
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Fig. 1. Schematic diagram of a multidimensional matrix. The sample
dimensions shown are age (vertical), race/sex (horizontal) and the county
of residence (depth). More elaborate dimensionality is possible (e.g.,
time attributes).
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Table 1. Comparison of seven statistical techniques for studying
case-clustering of disease and model, sequential method

Test Finding Comment

Pinkel and Nefzger (13)

Knox (15,24)

p = 0.141
[suggestive]

0.10 < p < 0.05
[weak evidence]

Ederer, Myers and Mantel (16) 0.10 < p < 0.05
[weak evidence]

Barton and David (17)

Mantel (14)

"Scan" statistic (25)

p < 0.05
[strong evidence]

p < 0.50
[no evidence]

p < 0.995
[no evidence

Chen, Mantel and Isacson (18) p < 0.05
[strong evidence]

Model, sequential method (9) p < 0.01
[strong evidence]

67 county cells,
ten 1-year periods

4 cases observed/
2 cases expected

Five 2-year intervals
chi square = 2.875

Q = 0.733 Var. = 0.776
F = 9.33 (4,3 d.f.)

t-test = 0.4354 (20 d.f.)
lack of adequate contrast
in case data; too sparse

11 cases in 8 time (year)
periods, 3 case maximum,
smaller intervals (e.g.,
months) may have been more
sensitive, but a plausible
interpretation would have
been difficult for cancers

9 of 11 cases met criteria
for being "close"

5 of 11 cases in 1 of 640
cells
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PRESENT AND PROJECTED METHODS FOR ASSESSING THE HAZARD REPRESENTED BY
COMPLEX MIXTURES* - Larry R. Glass (University of Texas School of Public
Health, Houston, Texas), C. E. Easterly, ani T. D. Jones, Health Effects
and Epidemiology Group, Health and Safety Research Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee 38931-6101

ABSTRACT
Current methods for the toxicologic evaluation of "complex mixtures"
tend to approach the problem from the perspective of effects which can
be attributed to the interaction of the individual chemicals
constituting the mixture. This approach is based on the theory that
complex mixtures produce health effects which can be additive,
antagonistic, or synergistic relative to the components acting alone.
While the implicit assumption of interactions is useful in the study of
the mechanisms of action, it is virtually impossible to apply (or
validate) this approach to every variation that mixtures can assume.

Since "real world" exposures are limited to mixtures, it is imperative
that alternative toxicologic methods be developed. One option available
for this assessment is to conceptually approach the complex mixture as a
unique chemical. In turn, the evaluation of that mixture would proceed
in a similar fashion to that of any empirical toxicologic analysis.
Obviously the use of in vivo (whole animal) test systems for the
analysis of every mixture would not be cost effective. A project is
underway to develop a framework for the use of in vitro (short-term)
assays to assist in this type of evaluation.

INTRODUCTION
Traditionally toxicologic evaluations have tended to emphasize the
analysis of single compounds using highly controlled and well
characterized experimental settings. Strict experimental protocols are
employed as a means to characterize the capacity of a compound (at the
appropriate dose and for the necessary time) and/or it's metabolite to
be absorbed and distributed to the physiologic sites necessary for the
production of the toxic effect. Thus, evaluation of the toxicity of an
agent usually includes, for example, information on the compound's
chemical and physical parameters, the description of the effect
(qualitatively and quantitatively), and the dose needed to produce this
effect. Complete characterization of a compound also includes
information on the factors which can influence the observed effect
(e.g., route, frequency and duration of the exposure) (Klaassen 1986).

*Research sponsored by the Office of Health and Environmental
Research, U.S. Department of Energy under contract DE-AC05-840R21400
with Martin Marietta Energy Systems, Inc.
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Most occupational and environmental standards for Individual compounds
(particularly those producing acute health effects) have been derived
from these types of observations. Lacking experience to support
alternative approaches, assessments of complex mixtures tend to be based
on evaluations of their individual components. While the attendant
philosophy cannot be disputed (the protection of the public health), it
must be recognized that the application of this type of approach to
complex mixtures is fraught with uncertainty3 (for review see Murphy
1983) . The uncertainty derives from the combination of the dynamics of
the exposure (long term, low level), the nature of the exposure (complex
mixture), and the characteristics of the resulting disease (chronic).

TRADITIONAL VERSUS THE "NEW" TOXICOLOGY
In the context of the "traditional paradigm," toxicologic compounds and
effects are assumed to have discrete characteristics. These properties
are listed in Table 1. It should be noted that these features are
usually attributable to exposures which produce acute effects and have
an obvious causal agent.

However, most of the current concerns regarding environmental agents are
focused on the chronic effects associated with long-term, low-level
exposure to an agent. Generally, these efforts concentrate on the
capacity of a compound to act as a carcinogen. In contrast to the
better characterized "classical" forms of toxicity, these effects are of
insidious onset, and can appear long after exposure to the given agent
has ceased (this lag time is defined as the induction time or latency
period). Other problems in characterizing these chronic effects is that
there are no known early indicators of the exposure, the endpoint is not
seen in all individuals exposed to the agent, and the intensity of the
response (number of tumors per individual) appears to be independent of
dose (OSTP 1985).

It is generally agreed that carcinogens act to alter molecular control
mechanisms in target cells such that these cells give rise to a progeny
of permanently altered cells. The growth of this progeny is what is
observed as the toxic event. The significance is that the observation
occurs at the morphological level, does not derive from the same cells
that were exposed to the toxic agent, and is recognized only by the
proliferation of a new population of altered cells (IRLG, 1979; OSTP,
1985).

a Historically, complex mixtures are conceptually approached as
representing a "soup" of individual agents which can act in concert to
modify the outcome associated with exposure (i.e.- produce additive,
antagonistic, or synergistic effects) relative to the components acting
alone.
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While a number of agents have been identified as human and animal
carcinogens, the relationship between environmental exposures and
human carcinogenesis remains poorly understood. In brief, this can be
attributed to the lack of evidence which would justify the use of
toxicologic data as a predictor of human risk and the inherent
limitations of epidemiologic tools in the evaluation of chronic disease
(Glass and Easterly 1987a; Ames et al. 1987). Also a variety of
enhancing and/or modulating agents (e.g., age, viruses, diet, stress)
are known to affect the probability of developing the disease by
affecting the susceptibility of the host organism (Gori 1980; OSTP
1985) . These issues clearly distinguish the diseases of cancer from
that of other pathologies. A summary of these properties is seen in
Table 2.

As a result of these issues chemical carcinogens have an aura, and have
produced a societal concern, that is absent from other types of
toxicants and the effects they produce. This appears to be related to
the nature of the disease and the hypothesized mechanisms responsible
for its appearance. In response to these concerns, and in an attempt to
identify compounds which may present a hazard if a human is chronically
exposed to them, chemical carcinogenicity and mutagenicity studies (as a
surrogate for carcinogenicity) have become a standard activity. The
theoretical and pragmatic basis for these toxicologic bioassays are
reviewed in Table 3.

SINGLE COMPOUNDS VS COMPLEX MIXTURES
At the present time, regulatory standards and exposure/hazard
assessments tend to be based on the results of experiments using single
compounds. This approach is of unquestionable utility in the regulation
of compounds known to produce acute effects, especially when humans are
exposed to "high" doses. However, there are a number of limitations in
using data generated on single chemicals as a means of assessing human
hazard from exposure to a variety of chemical agents. These include:
(1) the uncertainties associated with the analytic chemistry (e.g., the
problems of identifying all compounds in the correct proportions),
(2) the uncertainties in using the information generated on single
compounds to project the health effect associated with complex mixtures,
and (3) the variations in the amount of data for individual chemicals
(some have had extensive documents published on their toxicity whereas
others lack any specific information). Given these facts, it is
apparent that approaches which focus on the evaluation of single
chemicals will probably not provide the type of guidance best suited for
decisions regarding the health assessments of low-level exposures to
complex mixtures.

As an alternative, it is suggested that the most informative results
will be obtained by treating the complex mixture as a unique chemical.
This type of an approach would use modifications of existing bioassays
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(currently used to characterize the toxicity of single agents) to obtain
information on the hazard represented by complex mixtures. In order to
be cost effective, this evaluation would have to focus on results
generated by batteries of in vitro test systems (NTP 1984; ILSI 1984).
Despite wide-spread interest in this type of analysis, methods for the
use of in vitro test systems for the analysis of complex mixtures remain
underdeveloped.

Implementation of this approach would, of course, require novel means of
evaluating toxicologic test data. More precisely, the method would have
to allow for a demonstration of the capacity of the in vitro test
systems to predict the results generated using the more expensive (and
currently more conclusive) in vivo test systems. One such framework has
been developed and is currently being explored (Glass and Easterly
1987b; Jones et al. 1987).

The basis of the approach, a relative potency framework, allows for the
transformation of data to a common scale, and thereby allows for the
comparison of different types of measures. This type of analysis may
ultimately allow for the integration of data generated using different
types of study designs (e.g., in vitro and in vivo toxicity bioassays
and epidemiologic study designs). Using this framework for the
integration of data generated to evaluate the potential for human health
hazard may ultimately allow for the calibration of the data generated
using simple test systems against standards generated from epidemiologic
studies. In turn, data generated de novo (as would necessarily be the
case with most complex mixtures) could provide a comparatively
inexpensive, rapid, and scientifically defensible method to assess
potential human health hazards.

CONCLUSIONS
The dilemma of using data generated on single compounds for human health
hazard assessments is that humans, as a free-living species, are exposed
to a wide variety of compounds. Hence, the issue is confounded by both
the nature of the exposures (long-term, low-level exposures to complex
mixtures) and the potential to develop a poorly understood disease
(cancer). The complexity of the human exposure/response scenario is so
great that it can be rationally argued that, given the ubiquity of
low-level contaminants, it is inappropriate to attempt to link health
effects with exposure to single compounds. These issues make it
extremely difficult to correlate any given etiologic agent with the
development of chronic disease. Additional complexity is imposed by the
many chemicals which lack any type of specific information regarding
their toxicity

It is apparent that a need exits for alternative methods of analysis of
potential health hazards, especially with regard to exposures to complex
mixtures and their possible relation to the development of chronic
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health effects. Human health hazard assessment is more complicated than
simply generating dose calculations on individual chemicals. To address
these concerns, it is recommended that "neat mixtures" be tested in in
vitro test systems (i.e., treating the complex mixture as a single or
unique chemical). The laboratory protocol for this type of an approach
would entail modifications of existing techniques (currently used to
assess the toxicity of single agents) to obtain information on the
hazard represented by complex mixtures. Given the appropriate data
analysis (i.e. calibrating data obtained using different study designs),
this approach could be of extraordinary utility in health hazard
assessments attempting to evaluate exposure to complex mixtures.
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Table 1. Proterties of "classical toxins"

• The rapid appearance of che effects

• A clear correlation between the intensity of the pathology and the
magnitude of the exposure

• A manifestation of toxicity that can be corroborated with altered
functional products, degenerative changes, or death of the target
cells

• A dose below which no harmful effects are observed (i.e., a
threshold)

• Observations indicating that the damage is reversible

• Observations suggesting that the intensity of the response over
time is a reflection of the organism's capacity to reduce the
effective concentration of the chemical at the site where the
effect is observed

aSafotti 1977.
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Table 2. Properties of chemical carcinogens

Delayed expression (e.g., latency period between the exposure and
the observation of the effect

The frequency of the expression of the injory (number of
individuals with tumors) in the exposed population appears to be
dose dependent

The intensity or severity of the injury (number of tumors per
individual) appears to be independent of dose

The manufestation of toxicity is observed as a proliferation of a
new (unexposed) altered cell population

The actual critical moledular injury may be very limited (i.e.,
limited to a few cells or molecules) and is usually not detectable
using available methods

aSafotti 1977.

The "observation of the effect" refers to the growth of the
neoplastic tissue, not necessarily an absence of a "signature" of the
exposure (e.g., unmeasured moledular events), hence, a critical feature
of this distinction is that "latency" may actually represent a failing
of diagnosis, both experimentally and clinically.
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Table 3. Basis

Thoretical

for toxlcologlc »creen» for potential

In vitro bloassays

Pragmatic

human carcinogens

Limitations

Cancers are believed to
develop from lesions
(mutations) In DNA

All species appear to
have a basic similarity
In their DNA

Good correlation between
nutagenicity and
carclno£eniclty

Inexpensive

Comparatively easy to
perform

Good reproduclblllty
(when Investigators
carefully follow the
sane protocol)

Attempts at validation
of these test systems
have been charged as
being biased

Effects observed occur
at the nolecular,
cellular, or multi-
cellular level and are
of unknown relevance in
terns of the production

In vivo bloassays

Thoretical Pragmatic Limitations

Cancer is a disease of
the whole organism

In contrast to
epidemiologic
Investigations, test
species can be studied
in isolation of
confounding variables

Humans probably respond
in a manner similar to
the test species

Not ethical to use
humans for carcinogen
bioassays

Lack of avallibiUty of
epidemiologic evidence

Lack of information
utility of In vitro
test systems

Methods lacking to
Justify quantitative
extrapolation of risk
beoynd the realm of
experimental
verification

Extremely expensive and
very time consuming
(approximately one
Billion dollars and two
years to evaluate each
compound)
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RAPID SCREENING OF HAZARD (RASH) BASED ON MAXIMUM USE OF BIOLOGICAL DATA
AND MINIMUM USE OF EXTRAPOLATION MODELS* - Troyce D. Jones,
Larry R. Glass (University of Texas School of Public Health, Houston,
Texas), Clay E. Easterly, and Bruce A. Owen, Health Effects and
Epidemiology Group, Health and Safety Research Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee 37831-6101

ABSTRACT
Traditional methods for evaluation of human health effects are based on:
(1) identification of the toxic agent, (2) selection of a toxicological
study judged to be a suitable analogue for man, (3) analysis of the
experimental dose response, (4) incorporation of safety factors, and
(5) scaling of the dose and response values (from the analysis) to be
predictive for humans exposed to untested pollutants or under untested
conditions. This method of "absolute" decision making derives from
expert committees ard regulatory standards for protection of human
health. The process is slow, subjective, and expensive, and as a
consequence is always in a response mode to environmental contaminants.

This work will describe how new "relative" methods can be used to
supplement "absolute" methods used by the Environmental Protection
Agency (EPA) to set regulatory standards and performance guidelines.
"Relative" decision making, as described in this presentation, uses many
potency comparisons between various biological tests and minimizes the
use of mathematical models commonly used to extrapolate dose and
response metrics from past experience to future concerns. Because the
RASH niethod is "data intensive" and "model spare," prediction of new
and/or changing regulation standards can be made objectively, quickly,
and inexpensively to aid current management of radionuclear and chemical
wastes or contaminated sites.

INTRODUCTION
The traditional approach to hazard regulation as used by regulatory
bodies is illustrated in Fig. 1. This mode of decision making is
"absolute" in that guidelines are based only on some subset of the
toxicity data available for the hazard of concern. Those toxicity data
are then analyzed in a "model incensive" methodology in order to scale
the test data from the biological test model to man and to scale from
test doses associated with a high level of pathologically observable
toxicity to environmental exposures to man. Those environmental
exposures may not be toxic or may result in nonmeasurable and
nonobservable toxicity. Thus, it is a very uncertain and potentially an

^Research sponsored by the Office of Health and Environmental
Research, U.S. Department of Energy, under contract DE-AC05-84OR21400
with Martin Marietta Energy Systems, Inc.

"The submmed manuac/pt has b w n
authored bv a contractor of the U S
Government under contract No DE
ACO5 84OR21400 Accordngry the U S
Government retains & nonexclusive
royerrv free license to pubtsri or reproduce
the pubkshed form of this contrAution or
alow others to do so for U S Government
purposes *
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inaccurate process to use "data sparse" and "model intensive"
mathematical techniques in order to set environmental quality criteria
for drinking water or air.

CURRENT REGULATORY (EPA) METHOD
The traditional approach to hazard quantification and setting of
guidance levels is illustrated in Fig. 2. The so] id dots in Fig. 2
represent dose - response data from a biological assay--usual]y a rodent
study. The function is a representative mathematical moat] such as the-
multistage model used by the EPA Carcinogen Assessment Group CCAG) which
serves as the current foundation for control of exposures to chemical
carcinogens (Anderson 1983). The test data ark limited by experimental
design and statistical theory to a relatively narrow dose range which
lies immediately below the maximum tolerated dose. The maximum
tolerated dose is some dose just below doses that induce pathologically
significant levels of acute toxicity.

The mathematical models must be extrapolated far below the region where
biological data are available. Therefore it is not possible to compare
theory with reality. This region of the curve (Fig. 2) is shown in
dashes. Because the biological test model is a human analogue of
unknown accuracy, margins of safety and upper-limit assumptions are
incorporated to ensure safety when data gaps are present. Thus, the
CAG-based methodology relies on the upper 95% confidence limit described
as Q^ in the low dose range. All of the usual probability models become
linear at environmental exposures so the expert committees estimate low-
dose risk according to Risk = Q^ as shown in Fig. 2. Because each
chemical hazard of concern has its own domain of toxicological test data
(and the margin of safety varies from chemical to chemical), relative
comparisons of guidelines or quality criteria are grossly inaccurate.
Thus, accurate hierarchial ranking of pollution hazards is not possible
based on existing EPA standards. Two chemicals will be used to
illustrate this problem, chromium and PCBs (EPA 1984; EPA 1985).

The EPA-CAG analysis of chromium uses epidemiological data collected by
Mancuso (1975). In the Mancuso study 332 white males were exposed in a
chromate plant from (1931-1937) to 1975. That experience resulted in 35
deaths from lung cancer and estimates of total chromium concentration
per cubic meter were calculated for each worker. For this study the
mathematical models used by CAG treated age-specific incidence and took
into account competing causes of death. The Q* value derived was
41 (mg/kg/d) '*- so that from the equation of Risk = Q^D a permissible
concentration of 0.85 mg/W could be calculated for a level of lifetime
risk of 10 "^ per person.

If the absorption efficiency of chromium is taken at 0.25 for inhalation
and 0.05 for ingestion (Owen 1987) then simple calculations indicate
that the corresponding body-burden concentration in drinking water
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should be 0.042 n.g/L based on per rar,\ta consumption of two liters per
day. Obviously, different primary pathological sites would be
associated for the different routes of contact with the pollutant.

The CAG analysis of PCBs is based on a study by Kimbrough et al. (1975).
In that study, female Sherman rats were fed 4.42 mg of PCB Aroclor 1260
per kilogram body weight per day for 645 days. The study found that the
incidence of hepatocellular carcinomas in the treated group was 26 in
184 rats at risk and one in 173 in untreated control animals.
Subcarcinogenic neoplastic nodules were also counted at the rate of
144/184 in the treated animals and 0/173 in controls. Incidence of
nodules and carcinomas were combined so that the incidence of
pathologically abnormal livers (not cancers) was 170/184 at 4.42
(mg/kg/d). From this one treated group the Q* value of 4.34 (mg/kg/d) "*•
was derived and the current EPA health assessment concentration in water
of 0.08 mg/L was derived (EPA 1985).

Thus, based on the Q* from the CAG models, chromium would appear only
tenfold more toxic then PCB. However, it should be remembered that the
analysis of the chromium study is realistic whereas the PCB analysis is
without the benefit of reliable human data and is plagued by major
uncertainties in data interpretation. The ORNL method to be described
below finds chromium to be 1000-fold more toxic than PCB.

ORNL METHOD
Because of this dilemma in data interpretation, we have realized a need
for a new methodology that is "data intensive" and mathematically "model
sparse," and which allows for accurate relative comparisons of
biological test data instead of comparing the estimates derived from
mathematical models.

The new Rapid Screening of Hazard methodology (RASH) has been tasted and
documented extensively (Jones et al. 1983; Jones et al. 1987). Space
and time do not permit a detailed discussion of the RASH method
Briefly described, the RASH method uses rapidly available toxicity data
from the Registry of Toxic Effects of Chemical Substances (RTECS) (Lewis
and Sweet 1985) and the relative potency concept defined by RP =
^B(a)P/^test • £*B(a)P ^s t^ie dose of the reference chemical [i.e.,
benzo(a)pyrene] required to produce a specific level of effect in a
biological test model and Dtest is the dose of the chemical of interest
required to produce the same level of effect in the same or an
equivalent biological test model. In this methodology, all chemicals of
interest can be transformed into a toxicologically equivalent dose of
the reference chemical chosen [i.e., B(a)P in this discussion].

Sample relative potency values for ethylene dibromide are shown in
Table 1. The biological tests listed in Table 1 are described in RTECS
(Lewis and Sweet 1985). As indicated in Table 1, the median
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toxicological comparison indicates that EDB is ^6% <-is toxic an K < n) V.
This is in excellent agreement with the relative comparison from CAO
values of 37% (which is derived from oral administration of EDB to test
animals) also shown in Table I. The interquartile range as shown in
Table 1 suggests that 50% of the biological test results would indicate-
that the EDB toxicity would likely range from 0.074 to 70-fold more
toxic than B(a)P.

These wide ranges are to be expected in toxicological test data be"aur-.
one is analyzing very uncertain processes reflected by the interaciion
of a certain chemical species with a highly complex biological test
organism under often exotic and complex test conditions. A sample of
how the RASH predictions compare with CAG estimates and EPA water
criteria are shown in Table 2 (Jones et al. 1987).

Regulatory standards change according to the results of toxicological
tests especially as "weight of evidence" as to carcinogenicity changes
(IARC 1982). It is common to experience: a 10-fold lower regulatory
standard when an "animal carcinogen" is reclassified to a "human
carcinogen"; a 1000-fold lower standard when a "noncarcinogen" is
reclassified to a "human carcinogen", and 100-fold when a
"noncarcinogen" becomes an "animal carcinogen". Even more drastic is
the example of when a chemical that does not have an EPA regulatory
standard in drinking water becomes identified as a potential human
carcinogen. Such reclassifications are constantly in motion. As
examples: 2,4-D, propylene dichloride, dinoseb, Arochlor, 1,3-
dichloropropene, trichlorobutylene oxide, epibromohydrin, and
hexafluoropropylene oxide were listed as "suspected" as potential
carcinogens in December 1986 and January 1987. By this move, the EPA
puts these chemicals closer to where RASH would predict.

Thus, the RASH model can be used to anticipate forthcoming regulations.
Four examples (i.e. dichlorobenzenes , tetrachloroethylene,
trichloroethylene, and methyl cellosolve) were analyzed by RASH and
comparisons were made. Regulatory values used several years ago are in
Column 2 of Table 3. These values have recently been modified downward
(Column 4) . The RASH predictions in Column 5 are more closely aligned
with more recent regulatory guidance than that which was previously
offered.

Table 4 gives RASH derived relative potency values for compounds of
concern to the Oak Ridge National Laboratory (ORNL) reservation. Table
5 is a tentative example as to how risk coefficients for example
compounds from Table 4 will be derived. Based on the RASH comparisons,
it would appear that the PCB standard, based on CAG models, may have a
margin of safety of roughly 1000-fold greater than that of chromium.



281

Thus, the method presented here is a rapid inexpensive methodology that
can be used to prioritize environmental concerns, derive guidance for
currently unregulated chemicals, predict how existing guidance may
change as additional bioassay or epidemiological data become available,
and to test the level of inconsistency between existing environmental
standards.

SUMMARY
In summary, the advantages of the RASH method include: the methodology
makes no assumptions of biological mechanisms; RASH considers
potentiation of chronic diseases through the general toxicological
profile of a compound; RASH uses all test data; the method avoids
classification of whether a chemical causes cancer or not and as to the
level of carcinogen based on weight of evidence (IARC 1982). The method
avoids modeling and extrapolations from test results to man and the
comparisons are rapid, requiring hours per chemical rather than years.
Finally, the conclusions from the RASH analysis mimics conclusions from
expert committees as reliably as one expert committee reflects the
actions of a different expert committee.
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Identify chemical/agent of concern

Choose epidemiological or animal data

Analyze dose-response

Incorporate margins for safety

Evaluate dose vs risk to man

Evaluate potential
for individual and

population exposures

Set limits for voluntary,
involuntary, population,

and/or occupational exposures

Hazard acceptable Reduce exposures

Fig. 1. Simplified schematic of historical process
for analysis and management of a specific hazard
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Table 1. Ethylene dibromide data from RTECS

Test

see-ham:

mma-sat

msc-mus:

orl-rat

dnd-mam:

ipr-mus

mmo-sat

dnd-m>'

:lng

lym

TD

lym

^ 5 0

orl

dnd-mus-ipr

dnd-rat-ipr

dnd-esc

sce-hmn:lym

RASH:

CAG:

1

0

0.

0.

0.

0.

0.

1.

10

130

2700

6700

Mean

RP to B(a)P

.1 x 10"5

.0012

.067

.080

.13

,23

89

6

-0.56

< — P25% = 0.074

< — median - 0,56

<--- P75% - 70.0

Interquartile range - 0.074 to 70
o

Spread - 10

Potency - 0.37
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Table 2. Examples: Permissible concentrations of well-Known
chemicals In drinking water (mg/L)

Chemical

Benzene

Tetrachloroethylene

Trichloroethylene

Toluene

Vinyl chloride

RASH

6

25

38

8

97

CAG

7

8

27

-

20

EPA-Water

15

2

21

12

520
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Table 3. Examples of how RASH can be predictive
of changing regulations

„, - T Previous . ., . _ Current ..,„
Chemical . , Authority , , RASH

level 3 level

Dichlorobenzenes

Tetrachloroethylene

Trichloroethylene

Methyl cellosolve

230

670

535

120

Mg/L

mg/m

mg/m

mg/m

EPA H_0

ACG1H

ACGIH

ACGIH

0.1 (CAG)

335

270

16

3

170

260

3
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Table 4. RASH scores for

Chemical

Barium chloride
Barium, (II) nitrate (1:2)
Chloroform
Chromium
Chromium VI
Cresol
m-cresol
o-cresol
p-cresol

2,4-dimethylphenol
Ethylbenzene
Lead
Mercury, organic

(aceto)phenyl
chloroethyl
chloro(2-methoxyethyl)
chloromethyl
chlorophenyl
(3 -cyanoguanidino)methyl
diethyl
diphenyl

Mercury, inorganic
(I) chloride
(II) chloride
(I) sulfate
(II) sulfate

Methylene chloride
Naphthalene
Nickel
PCBs
PCBs (tumor data only)
Toluene
Xylene
m-xylene
o-xylene
p-xylene

potential

Relative

Median

0.051
0.0086
0.0050
3.6

44.
0.015
0.0094
0.03S
0.020
0.0058
0.0023
0.092
-

0.23
0.083
0.083
0.16
0.076
0.068
0.19
0.067
-

0.010
0.48
0.00041
0.071
0.0022
0.0048
0.13
0.0033
0.041
0.0038
0.0035
0.0036
0.0016
0.0038

site contaminants

potency from RTECS

Low

0.026
0.00010
0.0036
2.0
19.
0.0041
0.00020
0.00037
0.0024
0.0020
0.0016
0.036

-
0.00056
0.030
0.046
0.11
0.032
0.055
-

0.046
-

0.0044
0.37
-

0.0067
0.00033
0.0019
0.026
0.0014
0.00032
0.0013
0.0014
0.0012
0.00096
0.0012

High

0.11
0.028
0.0065
13.

1900.
0.027
0.045
0.088
0.081
0.029
0.0092
0.51
-

0.88
0.23
0.21
0.19
0.14
2.5
-

0.13
-

0.025
1.1
-

0.15
0.012
0.010
0.67
0.0076
2.3
0.0072
0.0049
0.011
0.024
0.014
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Table 5. Tentative risk coefficients and risk-based drinking water
concentrations for chromium, cresol, ethyl benzene, nickel, and PCBs.
Risk levels are 10"^ (person-lifetime)"^ and differential absorption
factors are included. The values are "tentative" because chromium was
arbitrarily selected as the reference standard. Future work will assess
the accuracy of the chromium-based standard.

_, . n Oral absorption Risk coefficient Concentration in
Chemical _ . ., ... I ,

factor (mg/kg/d) ••• water (pg/L)

8.4 0.042

3.5 0.50

0.095 3.7

0.29 1.2

0.15 2.4

1.8 0.19

Exposure dose in mg in drinking water per kg body weight per day
are quantities used to compute risk from these coefficients.

All classes of test data.

Tumor data only.

Chromium

Cresol

Ethyl benzene

Nickel

PCBsb

PCBsC

0.05

1.0

0.90

0.05

0.95

0.95
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Descriptions of Uranium Whole-Body Counting

Presented by:

Jack Buddenbaum, Y-12
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DESCRIPTIONS OF URANIUM WHOLE-BODY COUNTING. J.E. Buddenbaum
(Oak Ridge Y-12 Plant, P.O. Box Y, Bldg. 9711-1, Oak Ridge,
Tennessee 37831)

Radiation safety programs at the Y-12 Plant for the industrial
processing of radioactive or otherwise hazardous materials
include environmental monitoring of the process areas to
ensure that contamination levels are held at or below the
permissible levels and the monitoring of personnel involved in
these processes. Radiation workers at the Y-12 Plant are
routinely monitored for internal contamination of uranium
compounds and other radioactive materials through the use of
the whole-body counting facility. "Whole-body counting"
refers to a measurement of radioactive materials in the entire
body. The term can also be used to describe any measurement
of radioactivity in the body, even for specific organs such as
lung or bone. Whole-body counting is an accepted method for
monitoring the effectiveness of contamination control efforts,
as well as determining the magnitude of an accidental intake
of radionuclides by workers. Recently at Y-12, a new whole-
body counting facility was put into operation and will offer
improved capabilities through the use of a state-of-the-art
detection system which utilizes high purity germanium
crystals. This type of detection system will increase the
sensitivty and accuracy of the monitoring facility for uranium
compounds and other radioactive materials.
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DEFINITION OF WHOLE BODY COUNTING

Whole Body Counting is a bioassay measurement used to determine the kind, quantity,

location and/or retention of radionuclides in the body by direct c±n v

measurement.
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HAZARD ASSESSMENT

* Physical Properties

* Total Quantities

* Concentrations

* Containment

* Training and Experience

* Radiation Monitoring Systems

« Surface Contamination

* AirDorne Contamination §

* Exposure Duration



ENTRY ROUTES FOR INTERNAL EXPOSURE

« Inhalation

* Ingestion

* Adsorption

« Injection

* Incision



MONI TORING REQUIREMENTS

"Monitoring is required wnere the potentiai exists for the individual to receive

a dose or dose commitment in any calendar quarter in excess of 10 percent of the

quarterly standards . . ."
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STANDARDS AND REGULATIONS

* NCRP Report No, 87

NCRP Report No. 84

Draf t ANSI Standard N13.30

DOE Order 5480.1, Chapter XI

* NRC 10 CFR 20

« NRC Regulatory Guides

* ANSI/IEEE

* ICRP 26 and 30

o
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WHOM DO WE C O U N T ?

« Contractor Employees

* SuDcontractor Employees

* Public



TYPES OF COUNTING

* Baseline Evaluation

« Routine Evaluation

* Diagnostic Evaluation
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CHARACTERISTICS OF WHOLE BODY COUNTERS

» High Detector Sensitivity

» Aaequate Shielding

* On-Site Computer Analysis Capabilities

CO
o
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Y - 1 2 WHOLE BODY C O U N T I N G E X P E R I E N C E

* 30 Years of Continuous Service

« Variety of Detection Systems

* Exposure Case Studies

O



FUTURE DEVELOPMENTS

Improved Equipment Capabilities

Increased Demand for Throughput

New STANDARDS and REGULATIONS

in
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Monitoring of Radionuciide Migration and

Exposure Rates from the

American Nuclear Corporation Plant Site

Presented by:

L. F. Miller, University of Tennessee
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MONITORING OF RADIONUCLIDE MIGRATION AND EXPOSURE RATES
FROM THE AMERICAN NUCLEAR CORPORATION PLANT SITE

Personnel associated with ORNL noted abnormally high radioactivity In
a 1968 water sample from the Clinch River. The source of this radio-
activity was traced to Braden Branch Creek (BBC) and to the American
Nuclear Corporation. The monitoring of this release has been con-
ducted by ORNL, the State of Tennessee Division of Public Health (TO),
TVA, and others. This paper presents historical data collected by TVA
and TN and contains recent data obtained by TN and the University of
Tennessee. Exposure rate data and contamination levels show de-
creasing trends. Initial readings by TVA on BBC near a small spring
were 120 mr/hr but dropped to 15 mr/hr after several months. A
March 24, 1987 reading obtained by TVA near this spring was 1 mr/hr.
Other areas near the creek and embayment generally have dose rates
that are less than 0.1 mr/hr. Contamination levels of radioactive
cobalt and cesium currently range froQ several hundred plcocuries per
gram to nondetectable with cesium generally lower than cobalt by a
factor of ten. Core sediment sample results obtained on an eighty-
foot grid in the embayment area show that the radioactive material
is predominately near the surface and that flow patterns may influence
the surface spatial distribution.
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ABSTRACT

Personnel associated with ORNL noted abnormally high radioactivity in a
1968 water sample from the Clinch River. The source of this
radioactivity was traced to Braden Branch Creek (BBC) and to the American
Nuclear Corporation. The monitoring of this release has been conducted
by ORNL, the State of Tennessee Division of Radiological Health (TN),
TVA, and others. This paper presents historical data collected by TVA
and TN and contains recent data obtained by TN and The University of
Tennessee. Exposure rate data and contamination levels show decreasing
trends. Initial readings by TVA on BBC near a small spring were 120
mR/hr but dropped to 15 mR/hr after several months. A March 24, 1987
reading obtained by TVA near this spring was 1 mR/hr. Other areas near
the creek and embayment generally have dose rates that are less than 0.1
mR/hr. Contamination levels of radioactive cobalt and cesium currently
range from several hundred picocuries per gram to nondetectable with
cesium generally lower than cobalt by a factor of ten. Core sediment
sample results obtained on an eighty-foot grid in the embayment area show
that the radioactive material is predominantly near the surface and that
flow patterns may influence the spatial distribution.

1. INTRODUCTION

The American Nuclear Corporation (ANC) Plant, abandoned in 1970, is
located in Anderson County near Clinton, Tennessee, and the vicinity is
routinely monitored by the Division of Radiological Health of the State
of Tennessee Department of Health and Environment and by the Tennessee
Valley Authority. Dosimeters are continuously posted at several
locations, water samples are periodically analyzed and radiation surveys
on the plant site are made annually. The project described herein
primarily represents a joint effort between the Nuclear Engineering
Division of the Waste Management Institute (NEDWMI) and the State of
Tennessee Division of Radiological Health (TN) with TVA providing some
data and interpretation of this information. Historical data included in
the report are obtained from the State of Tennessee records and TVA
records. Recent efforts between TN and NEDWMI represent work for the
purpose of accurately determining the distribution of radionuclides in
the Melton Hill Lake Embayment and Branch Creek (which are at lower
hydrological potentials than the ANC plant). These data are useful for
assessing the migration of the radionuclides and for determining the
total accumulation of these nuclides.

The ANC began operation in 1962 under the jurisdiction of the U. S.
Atomic Energy Commission and operated with AEC licenses until the State
of Tennessee became a signatory state in 1965. Since 1965 the State of
Tennessee has had jurisdiction over the ANC site. In February cf 1969 a
significant incident became evident. Radiation surveys on- and off-site
obtained exposure rates in the mR/hr range to R/hr range at selected
contact points of contamination.
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The Energy Research and Development Administration (ERDA) issued a report
on August 26, 1975 which detailed cleanup efforts that occurred at the
plant site. Debris from the hot cells, and from the storage well below
the hot cells, was removed and shipped to designated burial grounds. The
solar evaporator was filled with concrete and covered with asphalt, and
dirt was mounded over the area. Radiation survey readings in the plant
site area are generally less than 1 mR/hr. This is probably not
acceptable for continuous occupancy, but it does not present a
significant health hazard.

This paper presents some interesting historical data from several types
of measurements and several organizations. The Tennessee Valley
Authority (Muscle Shoals, AL) provides approximately 15 years of
thermoluninescent dosimeter (TLD) data at several locations. TVA also
occasionally obtains radiation survey data, water analyses, and analyses
of sediment. The Division of Radiological Health of the Tennessee
Department of Health and Environment obtains monthly radiation surveys in
the area and thorough annual measurements near the building site. In
March of 1987 core samples of the sediment in the BBC and associated
embayment were obtained by TN and NEDWMI. Together, these data provide a
good assessment of the radiological contamination of the area.

2. DISCUSSION OF DATA AND ANALYSES

TLD data, supplied by TVA, is listed in Table 1 and the behavior at three
locations is illustrated by Figure 1. Note that the initial reduction in
the exposure rate is significantly faster than what has been observed
recently. These measurements indicate that most of the contamination
has been largely removed by natural mechanisms ( i.e. radioactive decay
and ground and surface water transport) and that a fixed (continuously
resupplied or long lived) constituent has maintained a relatively
constant exposure rate two to three times background for the pasr several
years.

Results from the analyses of water samples, provided by TVA, are listed
in Tables 2 and 3. Although analyses of recent water samples are not
available, it is unlikely that present concentrations are greater than
values specified by Table II, Appendix B of 10CFR20.

Results from the analyses of sediment samples are provided by Tables 4
through 12. Data listed in Tables 4 and 5 are provided by TVA, and those
listed in Tables 6 through 12 are obtained from samples taken in March of
1987 by the State of Tennessee and the Department of Nuclear Engineering
at The University of Tennessee. The location of the latter sediment
samples are shown in Figure 2. This is a sketch provided by the
surveyor, Jess Weaver, and depicts the location of the stakes for tha
embayment grid and for the stream (BBC). The values listed in Tables 6
through 9 correspond to the embayment grid points. Results from the
stream samples are listed in Tables 10 and 11. An estimate of the total
is listed in Table 12. Note that the top interval contains about twice
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the radioactive material as does the lower interval. Over most of the
erabayment the concentration near the surface is more pronounced. The
strong exceptions noted at embayment locations eight and nine (on the
grid) are in an area of very high silting rate. An individual walking in
this area will sink approximately one and one-half to two feet whereas
most areas one will sink only one-half to one foot. Thus, the data
indicate that the contamination may migrate to the surface. However, one
would need to study the silting rate relative to radioactive decay and
transport mechanisms in order to have a significant level of confidence
in this observation.

General radiation survey results from the State of Tennessee are listed
in Table 13. The large decrease in the latter 1986 readings at the small
spring are apparently due to a change in the measurement location that
corresponded to a change in personnel. Note from Table 1 that a 1 mR/hr
reading was obtained near the small spring by TVA personnel in March of
1987.

3. CONCLUSIONS

There is a sizable area (approximately 50 acres) near the ANC plant site
that is periodically monitored, and protection from intrusion is
provided. The area is fenced and general warning signs are posted. The
radiation exposure rate in the area is significantly lower than it was 15
years ago, and it appears to be stabilized. Thus, the periodic
monitoring effort, markings and the type of intrusion barrier should be
evaluated relative to present standards for release and for public
exposure. Continued monitoring may be prudent to assure that no
significant changes occur, but the data listed herein indicate that the
need for continued surveillance is marginal.
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Figure 1. Exposure rates (mR/hr) meaisured at three TLD stations
located near the small spring, the large spring, and the
embayment. The data begin in April of 1972 and are
provided by TVA.
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Figure 2. Schematic representation of the embayment grid and of
stream sampling locations.
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Table 1. TLD data near the ANC site at 6 locations.
The values listed for 4/72 through 4/79 have
units of mR/yr for the top value and mR/hr for the
bottom value (based on 8766 hrs/yr). The values
listed for 3/20/80 through 9/25/86 have units
of mR/yr. The two values are from two TLD's at
each location. The last entry for 3/24/87 is
obtained from a survey meter.

DATE SMALL LARGE ABOVE BELOW EMBAY- MET
PL./RM. TIME SPRING SPRING BRIDGE BRIDGE MENT STAT.
MM/DD/YY MONTHS 1 2 3 4 5 6

V--/72
6/--/72*
2/--/74
6/--/74*
6/--/74
9/--/74*
9/--/74
1/--/75*
V--/75
7/--/75*
7/-V75
2/--/76*
2/--/76
8/--/76*
S/--/76
3/--/77*
3/--/77
8/--/7 7*
S/--/77
2/--/78*
8/--/7S
4/--/79*

0

24

27

31

37

50

57

62

68

82

3462.6
0.395
1297.4
0.148
1832.1
0.209
1341.2
0.153
1358.7
0.155
1016.9
0.116
1069.4
0.122
1279.8
0.146
1043.2
0.119
832.8
0.095
937.9
0.107

14025.
1.600
1463.9
0.167
1402.6
0.160
1376.3
0.157
1130.8
0.129
1297.4
0.148
990.6
0.113
1060.7
0.121
797.7
0.091
753.8
0.086
637.5
0.075

Two readings are provided from
for the following data

3/20/80
9/11/80
9/11/80
3/16/81
3/16/81

99

105

488.1
532.5
422.0
425.1
493

477.2
409.4
306.9
301.8
230

6

6881.3
0.785
8748.5
0.998
6644.6
0.758
5724.2
0.653
6714.8
0.766
5548.9
0.633
4593.4
0.524
4304.1
0.491
3409.9
0.389

two TLD'

1270.0
1206.5
823.7
863.9
793

2051.2
0.234

1534.1
0.175
1726.9
0.197
1726.9
0.197
1595.4
0.182
1534.1
0.175
1314.9
0.150
1227.2
0.140
1148.3
0.131

2016.2
0.230
1542.8
0.176
1884.7
0.215
1893.5
0.216
1612.9
0.184
1612.9
0.184
1402.6
0.160
1227.2
0.140
1069.5
0.122
973.0
0.111
937.9
0.107

87.7
0.010
87.7
0.010
87.7
0.010
87.7
0.011
87.7
0.010
105.2
0.012
105.2
0.012
61.4
0.007
52.6
0.006
52.6
0.006
52.3
0.006

s at each station

965.8
926.7
783.4
753.4
851

744.4
814.8
735.2
779.2
672

56.3
57.1
63.7

9/15/81 111 463 246 818 892 609 64.6
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Table 1. (continued)

DATE
PL./RM.
MM/DD/YY

9/15/81
3/24/82
3/24/82
9/21/82
9/21/82
3/16/83
3/16/83
9/29/83
9/27/83
4/18/84
4/18/84
10/4/84
10/4/84
3/21/85
3/27/86
9/25/86

3/24/87+

TIME
SMALL
SPRING

MONTHS 1

117

123

129

135

142

148

153

171

177

289.
283.
338.
325.
291.
286.
257.
257.
246.
250.
250.
251.
260.
259.
260.
256.

8766
1.0

.4

.8
5
9
3
2
7
7
0
8
4
1
1
5
1
9

.0

LARGE
SPRING
2

158
158
165
177
151.
158.
145.
143.
139.
140.
151.
151.
142.
137.
141.
142.

.3

.3

.5

.2

.8

.0

.6
0
8
9
1
7
5
8
5
0

ABOVE
BRIDGE
3

453.6
433.2
787.9
808.7
831.4
874.9
1016.1
1038.1
895.9
951.9
1373.5
1410.1
1240.3
1350.7
835.4
884.4

BELOW
BRIDGE
4

585
598
606
616
506
524.
523.
507
468.
443.
454.
477.
434.
<••!(>.

381.
370.

.2

.7

.8

.9

.5

.7

.5
9
.9
0
1
1
1
5
1
1

EMBAY-
MENT

5

492
488
467
464
466
470
372
366
428
419.
434.
414.
407.
405.
272.
275.

.6

.8

.2

.0

.8

.4

.7

.7

.4

.1
9
6
5
0
1
4

MET
STAT

53
56
57
56
57
57
61
61
56
55

70
66
69
71

6

.0

.9

.9

.5
S
.5
.2
.8
.4
.6

.0

.3

.2

.0

* AVERAGED DATA (mR/hr), VALUE ABOVE BASED ON 8766 HRS/YR
+ MEASURED WITH A SURVEY METER

Table 2. Specific activities of water samples (pCi/1) obtained by
the Tennessee Valley Authority.

Control Tailrace Braden Branch Embayment
DATE First Bridge Small Spring Second Bridge Entrance

(mm/dd/yy) Co-60 Cs-137 Co-60 Cs-137 Co-60 Cs-137 Co-60 Cs-137

8/13/70
12/16/70
3/25/71
7/1/71
10/21/71
12/16/71
12/8/72

150
4.82
74
280
20
42

0
3.
3.
6.
0
0.

91
78
99

062

5090
1690
2360
2950
1930
1393
84.2

0
0
0
12.5
0
0
8.3

3980
1400
1330
1550
1360
680

0
0
11.5
0.63
0
0

3700
1010
2330
1090
710
46
127.9

0
0
10
11.9
0
0
30.1

Watercress Area (Co-60) 30.2 pCi/1 (12/8/72)
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Table 3. Specific activities of Co-60 and Cs-137 in water samples
obtained from Braden Branch Creek, and Melton Hill Lake
on August 4, 1977 by the Tennessee Valley Authority.

LOCATION
Station #1
Mouth of Small Spring
Station #2
Mouth of Large Spring
Station #3
25 Feet Above Culvert
Station #4
25 Feet Below Culvert
Station #5
Embayment Entrance
Control
125 Feet Above Mouth of
Small Spring

Activity (pCi/1)

Co-60 Cs-137

247.1 *

220.2 4.77

247.0 *

175.8 5.02

189.3 *

6.23 5.21

Melton Hill Lake Samples

At Railroad and Braden
Branch Embavment
500 Feet North of
Mile 50, 49.5 and 51.2

22.85

0.0

2.62

*

Table 4. Specific activities of Co-60 and Cs-137 in sediment samples
obtained from Braden Branch Creek, embayment, and Melton
Hill Lake on August 4, 1977 by TVA.

Activity (pCi/gm)

LOCATION
Station #1
Mouth of Small Spring
Station #2
Mouth of Large Spring
Station #3
25 Feet Above Culvert
Station #4
25 Feet Below Culvert
Station #5
Embayment Entrance
Control
125 Feet Above Mouth of
Small Spring

Co-60

735.3

367.9

1101.0

300.8

1287.0

Cs-137

12.94

9.67

2.53

7.69

10.1

32.6 1.211
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Table 4. (continued)
Activity (pCi/gm)

14.98
0.04
0.09
0.11
0.36
0.0
0.67

0.2
0.06
0.13
0.08
0.14
*
0.17

LOCATION Co-60 Cs-137

Lake Samples

At Railroad and

Braden Branch Embayment
500 feet north of mile 50
Mile 49.5
Mile 50
Mile 50.4
Mile 51.2
Mile 50.7

Embayment Samples

Braden Br. Embayraent
at Rail Road
300 Feet Inward From
Rail Road
500 Feet Inward From
Rail Road
750 Feet Inward From
Rail Road

Table 5. Vegetation and sediment specific activity measurements

(pCi/gm) for CO-60 and CS-137 collected on 24 March 1987

SAMPLE CO-60 ACTIVITY CS-137 ACTIVITY

8.32

1.40
140.7
17.93
8.21
0.43
4.31
2.83
2.44

123.

195.

158.

189.

3

9

1

0

0.

1.

1.

1.

99

94

32

59

Vegetation, small spring
Vegetation, weep area
Sediment,
Sudiment,
Srdiment,
Sediment,
Sediment,
Sediment,
Sediment,

small spring
weep area
#1
#2
#3
#4
#5

16.70
8.13
415.4
196.2
26.12
1.81
31.37
28.29
27.95
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Table 6. Embayment Samples, Interval A (0-6")
Specific Activity of Cesium-137 (pCi/gra)
(Locations in the table directly correspond to
the grid locations illustrated in Figure 2.)

-
-
-
-
0
0
0
0
1

.134

.299

.154

.844

.08

—
—
2.38
1.94
3.59
2.98
2.42

6.07

2.65
1.78
2.96
2.79
2.21
2.43
1.52
2.55
3.41

0.681
0.570
1.71
2.85
1.40
1.89
0.66
1.57
2.12
1.34

Table 7. Embaytnent Samples, Interval B (6-12")
Specific Activity of Cesium 137 (pCi/gra)
(Locations in the table directly correspond to
the grid locations illustrated in Figure 2.)

0.113
0.566 0.00

0.00 0.742 0.450 0.167
0.0825 0.798 0.163

0.183 0.00
0.06 0.114 0.155 0.067
0.889 0.0877 0.00 0.00
0.111 0.1243 0.158 1.99

0.416 0.00 3.06
0.00

Table 8. Embayment Samples, Interval A (0-6")
Specific Activity of Cobalt 60 (pCi/grc)
(Locations in the table directly correspond to
the grid locations illustrated in Figure 2.)

1.
1.
0.
21
12

-
-
-
-
40
94
458
.7
.5

4.16
75.1
99.9
72.9
60.4

152.0

42.8
36.1
40.9
33.9
60.1
88.5
21.0
29.0
141.0

13.1
3.37
12.4
13.7
49.6
54.2
11.8
36.6
39.9
10.3
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Table 9. Embayment Samples, Interval B (6-12")
Specific Activity of Cobalt 60 (pCi/gm)
(Locations in the table directly correspond to
the grid locations illustrated in Figure 2.)

2.

0.
54
0.

-
-
72

025
.6
034

—
—
59.4
0.514
....

0.566
0.195
1.86
11.1

—
23.1
23.2
5.60
0.988
0.343
0.00
0.841
2.72

1.17
0.358
0.629
1.76
0.06
2.13
0.299
163.0
383.0

Table 10. Specific activities (pCi/gm) of stream samples
for interval A (0-6").

Sample Name

STRA100A
STRB35A
STRCO
STRC72A
STRD100A
STRE70A
STRF74
STRG30
STRI54
STRL152
STRM69
STRM97
STRNO

Cs-137

0.11
1.6
0.28
3.90
2.77
1.88
4.52
3.62
3.13
0.56
3.57
110.0
2.49

Co-60

0.39
58.9
12.9
36.3
7.61
28.4
34.8
31.3
26.1
1.14
13.4
268.0
15.3

Table 11. Specific activities (pCi/gm) of stream samples
for interval B (6-12").

Sample Name

STRA100B
STRC72B
STRD100B

Cs-137

0.0
0.81
0.08

Co-60

0.17
34.6
2.84
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Table 12. Gross Activity of Each Interval. The gross
activity of each interval in the embayment
area is calculated based on a 240' by 880'
square grid (3 X 11 embayment squares). The
soil density is assumed to be that of clay
at 2.0 g/cc which is multiplied by the total
mass of the 6-inch interval and then by the
average, specific activities of Cesium, Cobalt
and total activity. The resulting gross, activities
are listed below in this table.

Interval

A
B

Cesium
(Ci)
0.012
0.003

Cobalt
(Ci)

0.254
0.139

Total
(Ci)

0.255
0.143

Table 13. Radiation survey data collected by the State of Tennessee
Division of Radiological Health near the American Nuclear
Corporation plant site.

DOSE RATE BY LOCATION (mR/hr)

DATE

MM/DD/YY

1/25/83
2/21/83
3/18/83
4/25/83
5/17/83
6/28/83
7/20/83
9/14/83
10/27/83
11/28/83
1/12/84
1/2/84
2/24/84
4/5/84
5/3/84
5/16/84
6/13/84
8/1/84
8/29/84
9/25/84

BLDG.

1.30
1.30
1.45
1.40
1.60
1.80
1.77
1.50
1.52
1.53
1.10
1.30
l.z?
0.80
1.20
1.20
0.50
1.10
0.90
0.90

SMALL
SPRING

0
0
0
0
1
0
0

c
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

.80

.80

.70

.80

.00

.70

.80
90
.30
.45
52
62
55
70
10
30
26
26
40
50

CULVERT

0.050
0.056
0.055
0.042
0.070
0.045
0.080
0.090
0.080
0.042
0.062
0.070
0.045
0.029
0.020
0.030
0.040
0.020
0.020
0.023
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Table 13.

DATE

MM/DD/YY

11/5/84
12/28/84
1/30/85
3/1/85
3/18/85
4/2/85
5/30/85
6/21/85
7/31/85
9/20/85
11/1/85
12/9/85
1/16/86
2/19/86
4/18/86
5/29/86
6/26/86
7/24/86
8/19/86
9/23/86
10/21/86
12/10/86
1/21/87
2/25/87
3/24/87
4/21/87
5/19/87
6/23/87

(continued)

DOSE RATE

BLDG.

0.90
0.90
0.60
1.00
0.80
0.70
1.00
1.00
0.8G
0.80
0.90
0.80
1.00
0.80
1.00
0.70
0.50
0.90
0.70
0.45
0.45
1.00
0.35
0.70
0.70
0.67
0.80
0.50

BY LOCATION

SMALL
SPRING

0.50
0.50
0.35
0.36
0.40
0.12
0.40
0.40
0.35
0.40
0.40
0.30
0.40
0.24
0.050
0.034
0.070
0.060
0.060
0.090
0.10
0.090
0.060
0.050
0.070
0.058
0.065
0.13

(mR/hr)

CULVERT

0.025
0.022
0.018
0.019
0.020
0.016
0.024
0.014
0.024
0.026
0.030
0.024
0.026
0.022
0.022
0.021
0.030
0.022
0.040
0.025
0.022
0.015
0.018
0.016
0.021
0.051
0.022
0.02
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HAZARD CONTROL FOR HAZARDOUS CHEMICAL

REMEDIATION PROJECT

H. W. Dickson and M. J. Adams
Bechtel National, Inc.
Oak Ridge, Tennessee

This paper summarizes the health and safety program for a
major remedial action involving hazardous chemical waste.
The involved site was included on the EPA - CERCLA priority
list. The project involved the closure of eight treatment
lagoons and construction of three solid waste closure cells.
At the project onset, the lagoons contained a variety of
liquid, solid, and semi-solid waste containing an OSHA
regulated carcinogen, several suspected carcinogens, and
inorganic mercury.

Successful implementation of the hazard control program
depended on the application of traditional construction
safety and industrial hygiene principles in a unique blend
which has been identified as environmental hygiene.

Some of the more significant components of the hazard control
program were: Health and Safety Plans and Procedures;
Medical Surveillance; Site Specific Training; Workplace Air
Monitoring; and Exposure Control

Up front planning resulted in a site specific Health and
Safety Plan and proceiures tailored to the job. The medical
screening program detected pre-existing health problems which
decreased the related liability risk. Although the project
predated the new OSHA training requirements, site specific
training was a major contributor to a successful health and
safety program.

Air monitoring constituted a major H&S activity since
contaminant levels approached IDLH conditions. The project
used traditional sorbent tube sampling with laboratory gas
chromatographic analysis, and real-time monitoring with
organic vapor analyzers, and oxygen and combustible gas
indicators.

Exposure control was affected by a combination of good work
practices administrative controls anc: judicious use of PPE.
The project is about 90% complete and health effects have
been limited to minor acute trauma cases which can be
expected on any similar construction project.
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HAZARD CONTROL FOR A HAZARDOUS CHEMICAL REMEDIATION PROJECT
- Howard W. Dickson, Michael J. Adams, Bechtel National,
Inc., Oak Ridge, Tennessee

INTRODUCTION

PROJECT SUMMARY

The scope of work for this project included construction,
procurement, engineering, and all necessary support for
remedial action on eight treatment lagoons. At the onset of
the project, the lagoons contained a variety of liquid,
solid, and semi-solid waste containing a variety of
contaminants. Hazardous components of the waste included
aromatic and halogenated hydrocarbons and inorganic
mercury. Mixtures of the waste included several recognized
and suspected carcinogens.

Four of the existing treatment lagoons were renovated to
construct lined closure cells. High-density polyethylene
was used as the liner material for the cells. Over one
quarter of a million square yards of liner, drainage net,
and geotextile fabric were used in the construction of the
cells. The double lining was installed in each cell. The
secondary liner consisted of the clay layer that formed the
bottom of the cells overlain by a synthetic membrane and an
open-weave synthetic leachate collection layer. A synthetic
membrane primary liner and a granular leachate collection
system completed the initial construction. After the waste
was placed in the cells, engineered caps were placed over
it. These caps incorporated a clay and synthetic membrane
barrier overlain by a granular drainage layer and vegetative
topsoil overburden.

The hazard control program for this project was developed to
meet the usual goals of worker health and environmental
protection, regulatory compliance, and liability
minimization. These goals were met through the application
of traditional construction safety and industrial hygiene
principles in a unique blend that has been identified as
environmental hygiene.

The major elements of the environmental hygiene program
included:

o Health and Safety Plans
o Health and Safety Procedures
o Medical Surveillance Program
o Site-Specific Training
o Workplace Air Monitoring
o Exposure Control Program
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These elements are discussed individually in the remainder
of this paper.

HEALTH AND SAFETY PLANS

Up-front planning and site reconnaissance resulted in a
site-specific health and safety plan that proved to be
sufficiently comprehensive and effective that major
modifications were not required during the course of the
project. Early project work included experimental-scale
tests of the dewatering procedure. The testing process
allowed a detailed hazard assessment of the proposed project
methods.

The health and safety (H&S) plan covered the following
principal elements:

o Organization and Responsibilities
o Medical Screening Program
o Emergency Actions
o Personal Protective Apparel and Equipment
o Personnel Training
o Site Operations

In addition the H&S plan included information about
hazardous materials on the site (e.g., material safety data
sheets) and the client's safety instructions.

Although most of these topics are self-explanatory, the
element of site operations needs some elaboration. This
included:

o Forbidden Practices
o Hazard Control Measures
o On-site Communications
o Personnel Protection Plan
o Air Monitoring
o Applied Safety

The traditional safety element of the environmental hygiene
program was further described in a site-specific safety
action plan. This document dealt with safety orientation,
safety meetings, safe work practices, acute trauma response,
accident investigations, and fire prevention and protection.

HEALTH AND SAFETY PROCEDURES

Although the H&S plan was comprehensive, several
environmental hygiene procedures were required to provide
definitive project instructions. In addition to two general
management procedures on project organization and
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responsibilities and project communications, specific
environmental hygiene procedures were established for:

o Hazard Control Training
o Sampling and Analysis of Hazardous Substances
o Vehicle, Equipment, and Personnel Decontamination
o Vinyl Chloride Exposure Control
o Inorganic Mercury Exposure Control
o Respiratory Protection Program

The sampling and analysis procedure provided a basis for
workplace monitoring of hazardous substances. Both direct
and indirect measurements were made and these are discussed
in the air surveillance section of this paper.

A hazardous waste operation such as the project described
here requires detailed attention to decontamination efforts
involving personnel and equipment. A decontamination
station was established for personnel leaving the restricted
work areas. Additionally, protective apparel and
respirators were cleaned for reuse. In some cases, large
equipment required decontamination. Some heavy equipment
was dedicated to use at the site for the duration of the
project while other equipment was decontaminated frequently.

Due to the hazards associated with vinyl chloride and
inorganic mercury, and the stringent regulations pertaining
to these chemical agents, definitive exposure control
procedures were implemented.

Respiratory protection became the key factor in providing
worker protection for most site operations. Although
attempts were made to provide engineered control measures,
the nature of operations rendered engineered controls
unfeasible in some cases. Consequently, a great deal of
reliance was placed on respiratory protection. The
respiratory protection program was defined in a separate
procedure.

MEDICAL SURVEILLANCE

A medical surveillance program was established for the
project that addressed:

o Assessing the health status of personnel prior to
beginning work

o Monitoring personnel for evidence of adverse health
effects
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o Determining suitability of personnel for assignment
to future hazardous chemical operations

A baseline health assessment was conducted on each worker
prior to his involvement in actual hazardous waste
operations at the site.

This baseline assessment included:

o Medical History
o Screening Physical Exam
o Basic Blood and Urine Laboratory Tests
o Pulmonary Function Test
o Physician's Evaluation

Physicians performing the evaluations were provided with
specific details on the nature of the work and the chemical
species likely to be encountered.

The medical surveillance program also provided for follow-up
and post-employment medical evaluations based upon need.
Personnel were required to submit to annual re-examinations
as a minimum requirement. Evidence of a significant intake
of a hazardous substance on the job would trigger a
supplemental examination or bioassay to verify body uptake
and/or health effect.

PERSONNEL HAZARD CONTROL TRAINING

A comprehensive training program was established to address
all environmental hygiene issues on this project. Although
training for operational activities was an important part of
the project, this section will deal only with H&S related
training. The content of the hazard control training
program included:

o Site Operations
o Client H&S Requirements
o Site Access Control
o H&S Organization Responsibilities and Authority
o Biological Effects
o Hazards Communication
o Hazardous Substances Control
o First Aid
o Prohibited Practices
o Emergency Procedures

All workers involved in hazardous waste operations were
required to complete the full training program. Visitors to
the site received orientation sessions that were an
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abbreviated version of the program described above. For
those people remaining on site over an extended period, an
annual refresher training program was required.

AIR SURVEILLANCE

Air surveillance of project operations was carried out using
traditional pump and sorbent tubes accompanied by laboratory
analysis and by using direct-reading instruments. Daily
surveys were made with direct-reading vapor analyzers that
utilized photoionization and flame ionization detection
principles. Work operations that indicated exposure
potential were sampled and analyzed following NIOSH Method
1501.(1)

Work in Lagoon 1A was of particular concern because the
volatile and semi-volatile content in the raw sludge was in
the 2 to 5 percent level. Personal sample results for heavy
equipment operators during excavation efforts are summarized
in Figures 1 and 2. A total of 22 personal samples were
obtained. The sample results were log normally distributed
as indicated by Figure 1. Results for ethylene dichloride
(EDC) levels ranged from 21.5 to 850.5 ppm. The geometric
mean (GM) for EDC results was 128.7 ppm. Vinyl chloride
(VC) levels ranged from 1.3 to 55.2 ppm. The geometric mean
for VC was 9.1 ppm.

EXPOSURE CONTROL PROGRAM

Exposure control efforts relied upon personal protective
equipment, training, and administrative procedures. Levels
of protection were similar to those outlined by EPA (2) for
hazardous waste operations. Because of the variability in
exposure conditions an action level requiring the use of air
purifying respirators was established at 10 percent of the
threshold limit value (TLV). Atmosphere supplying
respirators were required for work operations with exposure
potential above the most restrictive of the permissible
exposure limit or TLV. In addition, whole-body protection
was required in work operations with possible waste contact
(ievei B or level A).

Training efforts stressed the proper use of personal
protective equipment and work practices that lessened
exposure potential, such as staying upwind of equipment
being used to move waste. Automatic dewatering systems were
utilized where possible to lessen exposure of workers to
contaminated liquids.
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DISCUSSION

Sample results indicate that bulk analysis of waste material
that displays percent levels of volatile compounds may
result in the production of atmospheres that approach levels
considered to be Immediately Dangerous to Life oc Health
(IDLH). Suitable protection levels should be utilized in
this situation, including full body protection and
atmosphere-supplying respirators equipped with an escape
provision.

Incidents of acute overexposure to volatile materials did
not occur during work operations. Accidents that did occur
were limited to minor acute trauma. Measurement of the
effectiveness of the health and safety programs from the
perspective of chronic disease prevention was not possible.
Data were collected to allow future study of chronic illness
from a historical perspective.

The health and safety program was considered a success by
the project and client management. The immediate benefit of
worker trust and improved client relations, although
difficult to quantify, was apparent as a direct result of a
sincere health and safety improvement effort.

REFERENCES

•̂National Institute for Occupational Safety and Health
(NIOSH). NIOSH Manual of Analytical Methods. DHHS (NIOSH)
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2"Occupational Safety and Health Guidance Manual for
Hazardous Waste Site Activities," National Institute for
Occupational Safety and Health (NIOSH), Occupational Safety
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Protection of the Fertile Female in the Workplace
from Physical and Chemical Stresses

The profile of women in the work force is changing on
a daily basis. Not only has the number of working
women increased, but more females are now working in
typically "male" occupations. Approximately 50
percent of the work force are women. Nearly half of
the working women are less than 35 years of age and
even a greater number are capable of bearing children.
At least 60 percent of the women who work and choose
to have families continue working at least part of
their pregnancy. As a result, many unborn infants,
during the most crucial phases of development, are
exposed to the conditions of their mothers'
employment.

As industrial hygienists, certain issues regarding
protection of the fertile female should be explored.
What are the factors that focus the attention on the
"fertile female" versus the "fertile male"? Are we
sufficiently protecting the unborn infant if we
differentiate between the fertile female and the
pregnant female? Is it appropriate to require
personal protective equipment for fertile females when
others in that same area are not protected? Is the
right to work in a specific area a personal decision?
Are the existing TLV guidelines acceptable for
protection of the embryo-fetus? Are personal habits
more detrimental than those work area conditions? All
of these issues should be addressed in a comprehensive
health protection program.
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PROTECTION OF THE FERTILE FEMAIE
Vickie H. Tharpe

Oak Ridge Gaseous Diffusion Plant
Operated by Martin Marietta Energy Systems, Inc.
for the U.S. Department of Energy
under Contract No. DE-AC05-84OK21400

The profile of women in the work force is changing on a daily basis. Not
only has the number of working wonen increased, but more females are now
working in typically "male" occupations. Approximately 50 percent of the
work force are women. Nearly half of the working wcroen are less than 35
years of age and even a greater percentage are capable of bearing
children. At least 60 percent of the women who work and choose to have
families continue working at least part of their pregnancy. As a result,
many unborn infants, during the most crucial phases of development, are
exposed to the conditions of their mothers' employment.

Early legislation did little to protect the fertile female, much less the
developing embryo-fetus. Most of these early laws resulted from social
legislation which involved the basic issues of women's rights and
society's general perception of the role and limitations of females. In
the late 19th and early 20th centuries, certain laws were passed
regarding the maximum hours which a female might work. Not until the
mid-20th century did we find a major emphasis placed upon protection of
the fertile female and the embryo-fetus. Much of the legislation of the
20th century, such as the Equal Pay Act of 1963, Title VII of the Civil
Rights Act of 1964 and the Occupational Safety and Health Act (OSHA) of
1970, not only removed the distinction among workers based on sex, but
also began placing emphasis on the protection of the unborn.

The occurrence of several major health incidents served to alert the
scientific crmnunity of the recognition that exogenous factors might
contribute to fetal death and congenital malformations. The Rubella
Incident of 1941 and a latter epidemic in the United States in 1964
resulted in either death, deafness, or blindness to more than 20,000
infants. In 1961, there were more than 7,000 infants born with
malformations attributed to the fact that all mothers had taken the drug
thalidomide during pregnancy. Again in 1970 in the Yusho PCB Incident
infants suffered malformations due to the exposure of the mother. Vfcmen
in the area had eaten fish which had been prepared in cooking oil
contaminated with PCB. With the realization of such large numbers of
occurrences it was obvious that maternal exposure to substances during
pregnancy warranted greater attention.

It appears that we may establish the cause of only 20-30% of all birth
defects. Maternal infections, viruses, metabolic imbalances, and
chromosomal abberations account for some and drugs, alcohol, and
environmental chemicals are said to account for about 3%. The cause for
the remaining 70-80% are unknown.

The submitted manuscript has been
authored by a contractor of the U.S.
Government under Contract No. DE-
AC05-84OR21400. Accordingly, the
U.S. Government retains a nonexclusive,
royalty-free license to publish or repro
duce the published form of this contri-
bution, or allow others to do so, for
U S. Government purposes.



How then in our roles as Industrial Hygienists must we protect the
fertile female and the embryo/fetus? How can we attribute the other 70-
80% of the causes of birth defects in infants? Is it possible some of
these are present in our work places or may be attributed to personal
habits of the individual? Because the most sensitive period for the
fetus is the early stages of organ differentiation, when neither the
fertile female nor the Industrial Hygienist may be aware of pregnancy,
one must take extra precautions to protect the fertile female during this
"unknown" time or more explicitly protect the embryo-fetus at all times.

At this point the differentiation, not discrimination between the
"fertile" female and male is made. Based on adherence to existing
standards, exposure guidelines or threshold limit values (TLVs) and plant
ALARA (As Low As Reasonably Achievable) programs, both the male and the
female are personally protected in the work force. Although males and
females may both be potentially exposed to materials which might in some
way harm the reproductive cells, it must also be recognized that the male
is less likely to encounter long-term mutagenic effects (i.e., the sperm
cells are replenished) while the number of egg cells of the female
remains constant from birth. Any damaged egg cell may be present and
potentially may be fertilized. This along with the fact that the female
possesses the child-bearing capability, results in this emphasis of the
fertile female vs. the fertile male. Granted both the male and female
play a vital role in the creation of a new life. However, after
conception, the male is not directly involved with the development of the
fetus; and it is the female who must nurture this new life from
conception until birth. Therefore, we must protect the work environment
of the fertile female in order to adequately protect the developing
fetus.

How do we do this?

There exist certain policies which serve as guidelines in administering a
fertile female or better yet, an embryo-fetus protection program. They
are as follows:

The Oak Ridge Gaseous Diffusion Plant (ORGDP) policy is stated below.

"It is ORGDP policy to establish and maintain a program which will
minimize the risks and exposure of fertile females to substances which
may have adverse effects on a developing embryo-fetus. Also, this
standard will advise fertile females of the precautions to be taken when
working with those materials which have been designated as teratogens or
suspect teratogens.*

In addition, the Martin Marietta Energy Systems, Inc. policy states that

"In the conduct of the company's normal business, there is the potential
for employees to be exposed to hazardous materials. Exposure standards
that have been established ar--? set at levels to protect employees from
the adverse effects of exposure to these hazardous materials. However,
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there is medical/toxj.cological evidence which shews that a developing
embryo-fetus is more sensitive to biological effects from certain
materials (i.e., teratogens, radiation, and anoxic agents) than adults.
Additional protective measures aiid care may be advisable
for a pregnant employee working in an area where hazardous materials are
present. This procedure is directed toward the protection of the embryo-
fetus."

In order to ensure adequate protection of the developing embryo-fetus,
one must take steps to protect the fertile female, the pregnant female,
and the lactating mother.

The following approach is taken at ORGDP to ensure protection of the
fertile female. First, we must identify those chemicals in the workplace
which ar considered to have potential teratogenic effects. This
identification is based on all available information on chemicals. The
most common teratogenic agents we encounter include radiation, lead, and
some of the chlorinated solvents.

The second step involves identification of those females who may be
potentially exposed to any of these materials. A list is compiled which
includes employee name, employee number, job title, work location,
teratogenic materials to which thera is a potential exposure, estimated
quantity used on an annual basis, work application, and the immediate
supervisor. After identification of those females, the females are
grouped either in Category I or Category II. Category I - designates
those females who have direct contact with the material. Category II -
designates a minimal potential for exposure, which may be attributed to
the state in which the material is handled (such as packaged, sealed
materials received in stores areas).

This categorization is used to determine the surveillance and monitoring
frequency in the given work locations. The sampling data which is
obtained is used to determine: (1) problem areas, (2) necessity for
added protective measures, such as added ventilation or exhaust hoods,
use of protective equipment (i.e., respirators, gloves, etc.) or (3) the
necessity for removal of a female from a given work area or task.

It is requested that supervisors who have teratogenic materials present
in their work area inform the Industrial Hygiene department if: (1) a
female leaves that work area, (2) a female either begins or discontinues
use of a teratogenic material, or (3) a new female enters the work area.
On an annual basis, an update is conducted to assure exactness of the
listing.

The ORGDP approach to protecting the pregnant female is in essence a
continuation of the fertile female protection program.

Each female employee is required to report a suspected pregnancy as soon
as possible to the Medical Department. Upon notification of pregnancy
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the Medical Department notifies the Industrial Hygiene/Health Fhysics
Department. This department in turn investigates the work area of the
pregnant female in order to: (1) identify specific work locations, (2)
identify all chemicals in use, specifically potential teratogens, (3)
acquire sampling data if necessary, (4) evaluate for any physical or
safety hazard which might exist.

Recommendations regarding the work area of the pregnant female are based
on the work site evaluation. The recommenda' ions may vary from no change
in the work area to the use of designated protective equipment,
discontinuation of the use of designated materials, or removal from that
work area.

A '^•Jt'csr which includes these recommendations is sent to the immediate
supervisor, the employee and the Medical Department.

It is requested that the Industrial Hygiene/Health Fhysics Department be
notified immediately should work-related conditions significantly change
during the course of the female's pregnancy.

In 1982, a new dimension was added to our Fertile Female Protection
Program, that of protecting the lactating mother. It is also known that
many potentially harmful materials may be transferred via the mother's
milk to the nursing infant. Therefore, the lactating female program was
initiated.

Our approach to protecting the nursing mother is as follows:

Upon return to work, Medical notifies the Industrial Hygiene/Health
Ehysics Department of a mother's intent to nurse her infant. Upon
notification of a nursing mother returning to work, a reevaluation of the
workplace is conducted. (Some common chemicals of concern include PCBs,
heavy metals and highly chlorinated compounds.} Recommendations are made
regarding the general work area. If the mother chooses to collect and
store the milk while at work, additional consideration must be taken.

There is confidence in this approach of protecting the embryo-fetus due
to characteristic strengths.

Strengths

1. Embryo-fetus is offered protection prior to conception and after
delivery. (Should work play a role in his/her well-being)

2. All employees, both male and female are made aware of the plant
program.

3. There is a creation of an overall awareness of chemical usage (both
at work and at home).
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4. Freedom of ccnnnunication with employees regarding protection of the
unborn

Obstacles

1. Sufficient information is not always available on new materials

2. Problem of multiple exposure (synergistic efffect)

3. Personal habits of the employee (which may include use of tobacco,
alcohol or drugs (both over-the-counter and non-oontrolled substances)
may present more reason for concern than workplace exposure potential

4. Is the right to work in a specific area a personal decision?
(When benefits, pay or job title might be affected)

5. Dependent on employee cooperation in prcnptly reporting pregnancy

6. Problems may also arise in education and awareness. What is the best
method to handle the subject matter, so as to avoid becoming too
technical

One must continue to improve and place more emphasis on the existing
program. In addition, documentation with regard to sampling, records,
workplace information, and correspondence must be improved and put to
better use. Continued efforts to protect the fertile female will
continue to be a challenging aspect of our careers as Industrial
Hygienists as we strive to provide a comprehensive health protection
program.
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ABSTRACT

ALARA In Asbestos Exposure Control* L. D. Payne, Paducah Gaseous
Diffusion Plant, Paducah, Kentucky.

Striving to maintain employee exposure to radioactive
materials to As Low As Reasonably Achievable (ALARA) ib a
philosophy that has been practiced by health physics
professionals for many years. This philosophy has naturally
spilled over into the industrial hygiene profession and is now
being applied to the broad spectrum of chemicals found in today's
industry and to other physical stressors such as noise.

The level to which employees mey be exposed, legally, to
asbestos has been steadily decreasing since the Occupational
Safety and Health Act (OSHA) of 1970. The most recent amendment
to the OSHA Asbestos Standard has brought this level to a new low
of 0.2 asbestos fibers per cubic centimeter of sampled air. This
poses new questions which the industrial hygienist has to face.
For example, Is this new standard low enough that further
protection at even lower levels is not "reasonable"?; Is it
possible for an employee to receive unacceptable exposure to
asbestos and still maintain a Time Weighted Average (TWA) below
the new standard limits?; May the TWA concept be ethically
applied to asbestos exposure since it is a recognized human
carcinogen?

This presentation will approach these challenging questions
and offer some possible answers.

*Prepared by the Paducah Gaseous Diffusion Plant, Paducah»
Kentucky 42002, operated by MARTIN MARIETTA ENERGY SYSTEMS,
INCORPORATED, for the U. S. DEPARTMENT OF ENERGY, Under Contract
No. DE-AC05-840R21400.

By acceptance of this article, the publisher and/or recipient
acknowledges the U. S. Government's right to retain a
nonexclusive, royalty-free license in and to any copyright
covering this report (article).
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ALARA In Asbestos Exposure Control* L. D. Payne, Paducah Gaseous
Diffusion Plant, Paducah, Kentucky.

DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United
States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any
legal l iability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions
of authors expressed therein do not necessarily state or reflect
those of the United States Government or any agency thereof.
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AS LOW AS REASONABLY ACHIEVABLE



THE ALARA PHILOSOPHY, AS IT APPLIES TO PERSONNEL
EXPOSURE. HAS BEEN WITH US FOR A LONG TIME.

• ORIGINALLY USED EXCLUSIVELY FOR RADIATION PROTECTION

• HAS ALWAYS REFERRED TO MINIMIZING PERSONNEL EXPOSURES

• TERMINOLOGY HAS SUFFERED THROUGH VARIOUS TRANSLATIONS AND
ORGANIZATIONS
- MANHATTAN PROJECT - SETTING OF "TOLERANCE DOSES"
- ORNL (CLINTON LABORATORIES) - "LOWEST POSSIBLE DAILY S

TOTAL EXPOSURE"
- NATIONAL COMMITTEE ON RADIATION PROTECTION (1954) - "LOWEST

PRACTICAL LEVEL"
- INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION (1959) -

"LOWEST PRACTICAL LEVEL"
- ATOMIC ENERGY COMMISSION/ENERGY RESEARCH AND DEVELOPMENT

ADMINISTRATION/DEPARTMENT OF ENERGY - "AS-LOW-AS-PRACTICAL"

- 10 CFR 50 APPENDIX 1

• MAJOR CONTRACTORS BEGAN TO FORMALIZE POLICIES (I960)

LDP3



AS A RESULT OF THE EARLY AND CONTINUAL EFFORTS
OF DOE AND ITS CONTRACTORS. BOTH INDIVIDUAL AND
COLLECTIVE EXPOSURES HAVE SHOWN A STEADY DECLINE
SINCE ABOUT 1966

IDENTIFICATION AND RESOLUTION OF SPECIFIC
PROBLEMS

PHASING OUT AND UPGRADING OLD FACILITIES AND
PROGRAMS

ADOPTING MORE RIGID REQUIREMENTS FOR THE DESIGN
OF NEW FACILITIES

en
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THE FUNDAMENTAL OBJECTIVE OF ANY ALARA PROGRAM
IS TO ACHIEVE AN ABSOLUTE BALANCE BETWEEN
DETRIMENT AND BENEFIT

BENEFIT > COST + RISK

UNFORTUNATELY, MANY UNKNOWNS AND SUBJECTIVE FACTORS.
BOTH PSYCHOLOGICAL AND SOCIETAL. PRECLUDE THE USE OF
A SIMPLE MATHEMATICAL RELATIONSHIP.

CO

in
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THE ALARA PHILOSOPHY BASICALLY DEVOLVES TO BUT
ONE OBJECTIVE:

TO REDUCE PERSONNEL AND ENVIRONMENTAL EXPOSURES
TO THE LOWEST LEVELS COMMENSURATE WITH SOUND
ECONOMICS AND OPERATING PROCEDURES

IMPLICIT IN ALARA IS COMPLIANCE WITH BOTH THE
LETTER AND SPIRIT OF APPLICABLE LAWS AND REGULATIONS
AND. MORE IMPORTANTLY. COMMITMENT TO THE PHILOSOPHY
OF ELIMINATING ALL UNNECESSARY EXPOSURES

to
en
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ALARA HAS NATURALLY SPILLED OVER INTO THE INDUSTRIAL
HYGIENE DISCIPLINE

• APPLIED TO PHYSICAL STRESSORS
- NOISE
- TEMPERATURE EXTREMES

• APPLIED TO CHEMICAL CONTAMINATION/EXPOSURE
- BERYLLIUM
- CARCINOGENS

OTHER AREAS MAY BE MORE INVOLVED WITH ALARA IN THE
FUTURE

LDP7
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ASBESTOS IS RECOGNIZED AS HAVING CONFIRMED HEALTH
EFFECTS AND AS BEING A POTENT CANCER CAUSING AGENT

- ASBESTOSIS

- MESOLTHELIOMA

- LUNG CANCER

- OTHER CANCER;
GASTROINTESTINAL

- OTHER LUNG EFFECTS

• ••;, "<*••" *.'•
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LEGAL LIMITS FOR ASBESTOS EXPOSURE HAVE BEEN
STEADILY DECREASING

1906 - RECOGNIZED AS A POTENTIAL HEALTH
HAZARD

1971 - OSHA ESTABLISHED LIMIT OF
12 FIBERS/CUBIC CENTIMETER OF AIR

1971 - OSHA LOWERED LIMIT TO 5 F/CC
1976 - OSHA LOWERED LIMIT TO 2 F/CC
1986 - OSHA LOWERED LIMIT TO 0.2 F/CC

REQUIREMENTS MUCH MORE RESTRICTIVE -
INTENT AND STRA6EGY OF REGULATIONS
MORE APPARENT

ASBESTOS IS ALSO REGULATED BY THE ENVIRONMENTAL
PROTECTION AGENCY

LDP10
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INDUSTRIAL HYGIENISTS NOW FIND THEMSELVES
CAUGHT BETWEEN THESE TWO MAJOR ISSUES

CO

ro
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"LEGALLY". PROTECTION BELOW TH\ 0.2f/cc LEVEL-
BASED ON AN 8-HOUR TIME-WEIGHTEO AVERAGE (TWA) —
IS NOT REQUIRED

THIS RAISES SOME QUESTIONS FOR THE INDUSTRIAL
HYGIENIST WHEN "ETHICALLY" CONSIDERING EXPOSURES
TO ASBESTOS AND ATTEMPTING TO IMPLEMENT THE ALARA
PHILOSOPHY.

CO

CO
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WHAT ABOUT THE AUTO MECHANIC WHO IS EXPOSED TO
6 F/CC FOR 15 MINUTES WHILE REMOVING BRAKE LININGS?

TWA =0.19 f/cc
PROTECTION NOT REQUIRED

WHAT ABOUT THE PLUMBER WHO IS EXPOSED TO 0.2 f/cc
FOR 2 HOURS WHILE REMOVING INSULATION FROM WATER
LINES?

TWA =0.05 f/cc
PROTECTION NOT REQUIRED

WHAT ABOUT THE EMPLOYEE WHO IS EXPOSED TO 0.1 f/cc
FOR 8 HOURS?

TWA =0.1 f/cc
PROTECTION NOT REQUIRED

LDP14



CONSIDER

AN AVERAGE EMPLOYEE MAY INHALE 10 LITERS OF AIR
PER MINUTE WITH ONLY MINIMAL ACTIVITY

THE ASBESTOS LEVEL IN HIS WORK AREA IS 0.1 f/cc
FOR AN 8-HOUR WORKDAY

THIS EMPLOYEE WOULD HAVE INHALED ABOUT 480. 000
FIBERS BY THE END OF THE DAY

CO
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IT APPEARS FEASIBLE THAT PROTECTION

SHOULD BE PROVIDED AT THE ACTION

LEVEL OF O.I f/cc EVEN IF THE EXPOSURE

IS OF A SHORT DURATION

LDP16



PROTECTION CAN BE PROVIDED—EVEN ECONOMICALLY—
FOR LEVELS BELOW THE TWA

ENGINEERING CONTROLS; LOCAL VENTILATION

REMOVAL

ENCAPSULATION

RESPIRATORY PROTECTION

GO
01
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THE FUNDAMENTAL OBJECTIVE OF ANY ALARA PROGRAM
IS TO ACHIEVE AN ABSOLUTE BALANCE BETWEEN
DETRIMENT AND BENEFIT

BENEFIT > COST + RISK

Co

CO
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ABSTRACT

CONFIGURATION MANAGEMENT FOR PRODUCTION OPERATIONS:

A SYSTEM APPROACH TO MITIGATING SAFETY CONCERNS

Configurat ion Management (CM) Is the management d i sc i p l i ne tha t provides
the required cont ro ls t o assure I d e n t i f i c a t i o n of the conf igurat ion of any
selected system and I t s associated documentation a t any point In I t s l i f e
cyc le . The systems normally selected t o be placed under conf igurat ion control
are those systems considered t o be c r i t i c a l t o the process or required fo r
the safe operation of the system.

CM 1s a system approach tha t mi t igates safety concerns by reducing potent ia l
r isks and safety problems 1n a production operations environment. Typical
examples of problems encountered by not Imposing a formal CM system are
presented as fo l lows : (1) New construct ion f requent ly resu l ts 1n numerous
changes t o the I n i t i a l l y approved con f igu ra t ion . Without the requirement t o
process these changes through a formal review and approval process, changes
are frequent ly found t o be Inappropr iate. (2) Changes t o ex i s t i ng systems
by maintenance to Improve or continue operations without requi r ing a formal
process review and approval 1n many cases has resul ted 1n dangerous operations
or accidents.

Appl icat ion of a formal system of Conf igurat ion Management/Change Control
provides assurance tha t a l l appropriate analyses and r i sk assessments are
performed p r i o r to approval of a system conf igura t ion or change to a system.
In addi t ion* 1t provides assurance tha t Safety Analyses, Risk Assessment and
Operational Safety Reviews are performed using documentation t ha t accurately
re f l ec t s the physical system con f igura t ion .
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CONFIGURATION MANAGEMENT FOR PRODUCTION OPERATIONS: A
SYSTEM APPROACH TO MITIGATING SAFETY CONCERNS - B. E.
Henderson, Science Applications International Corporation,
Houston, Texas.

CONFIGURATION MANAGEMENT

Configuration Management has been in existence in the

production of hardware systems in one form or another for

literally hundreds of years. A form of Configuration Man-

agement was utilized by the Romans and Greeks during

shipbuilding operations as early as 200 - 600 A. D. The

approach to Configuration Management in today's industry

varies over a wide and divergent range, basically from very

limited control to highly structured and sophisticated

systems. Therefore, to assure that all readers have a

common basis for understanding Configuration Management as

discussed herein, and as applied to a production facility,

it is necessary to define the terms.

DEFINITION OF TERMS

Configuration Management (CM) is the management discipline

that provides the required controls to assure identification

of the configuration of any selected system and its

associated documentation at any point in its life cycle.

Classically, configuration management is composed of three

primary elements.

These are:

(a) Configuration Baseline Identification

A system's configuration is baselined (i.e., the system
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design with a l l i t s appl icable documentation i s

formally approved) at a given point in time and placed

under control, and a l l changes to the system and i t s

associated documentation are formally controlled from

that point in time.

(b) Configuration Change Control

Configuration Change Control is the formal process

required to review, analyze, approve and document any

proposed change to a system and/or its documentation

that has been placed under configuration control.

(c) Configuration Audit and Reporting

Configuration Audit and Reporting is the periodic

physical review of controlled systems and their

documentation to confirm compliance with the approved

system configuration. Periodic reports are prepared

providing the status of all controlled systems

configuration and their current change status.

CONFIGURATION ADMINISTRATION

Classically, on large projects a central organization is

identified for the purpose of administering the CM function.

This organization establishes and maintains a manual or

automated central data base that provides the historical

data, traceability and detailed change information, in

addition to assuring that all changes are processed in

accordance with predefined procedures. The organization

performs in support of the Site Engineering Organization,
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Quality Assurance and Safety Organizations, as well as

supporting the review process with the various level change

control boards.

CONFIGURATION MANAGEMENT APPLICATION

Analyses of design and production requirements (normally

performed by the Design/Engineering, Production Operation,

Safety, and Quality Assurance Organizations) is performed on

all production systems. The results of these analyses are

used to identify all systems critical to attaining the

production design goals while assuring acceptable safe

operations. Those systems identified are then placed under

configuration control. From the point in time that a system

is placed under configuration control until its removal from

inventory, all proposed changes to the system and its

associated documentation must be processed through a pre-

established formal review, analysis and approval process.

No changes to the approved configuration may be made without

being submitted to this process.

It should be recognized that many existing production

facilities were placed in operation several years ago

without the benefit of formal configuration control. As a

result, in many of these facilities there is inadequate or

inaccurate documentation reflecting the systems' physical

configuration. Therefore, it is imperative that the plant

operator provide mandatory requirements to assure that all

existing system documentation be reviewed and compared
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against the system "as is" configuration to assure an

accurate reflection of the physical configuration by the

approved documentation. To achieve this, it is necessary to

address configuration management concepts in two specific

(although interrelated) areas, i.e., (a) new projects, and

(b) existing operating systems.

(a) New Projects

New projects must be baselined and placed under

configuration control upon approval of the Design

Criteria and Project Master Plan/Schedule and

continuing through release of Title II (CFC) design

package and approval of the Title III design.

(b) Existing Operating Systems

A list of critical production and safety systems must

be developed (through review and analysis) identifying

the existing operating systems to be placed under

configuration control. An organizational element

should then be identified which will be responsible for

conducting a physical verification of the existing

systems1 configuration. The organization is also

responsible for developing any additional technical

documentation required to accurately reflect the

system(s) configuration. These developed data packages

will then be released through the normal configuration

change process.
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After systems have been identified and placed under con-

figuration control, changes may be identified by any

organization. The proposed change will be defined utilizing

a pre-established form and submitted through the central

Configuration Management Function to be processed through

the normal review, analysis and approval cycles. This

approach assures all changes are subjected to appropriate

reviews and analyses reflecting current accurate physical

configuration. The changes are entered into a data base and

are tracked throughout their approval and implementation

process. Historical files are then maintained in a central

data base reflecting all change history and configuration

status.

Periodic audits are conducted jointly with the CMF and

Quality Assurance Organization comparing the configuration

documentation against the physical configuration of selected

systems. Reports are then prepared and issued for

management and client review reflecting the status of the

configuration status.

CONFIGURATION MANAGEMENT BENEFITS

Frequent accidents and incidents are reported every year in

major production operations/facilities. In many of these

cases, the resultant investigations reveal the lack of

accurate configuration documentation and subsequent

knowledge of the system(s) physical configuration was the

direct contributing cause.
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Typically, new construction frequently results in numerous

changes to the planned baseline configuration. Without the

requirement to process these changes through a formal review

and approval process (other than cost and schedule), changes

are frequently l a te r found to be inappropriate. In

addition, changes to existing systems by maintenance to

improve or continue operations without formal technical

analysis reviews and approval which are imposed by a CM

system have frequently resulted in dangerous operations or

accidents. This is particularly true in older facilities

where "corporate knowledge" is los t due to personnel

retirement or change in operating contractor or contractor

management. When CM is imposed on an "older faci l i ty," to

be effective i t must be imposed on those systems that are

retained in operation, as well as new systems or system

upgrades.

By administering the CM system through a centralized or

inst i tut ional function for major projects or production

fac i l i t i e s , the project is provided a uniform approach to

al l baseline configuration management and configuration

change control. The centralized configuration management

also provides assurance that a l l change ac t iv i t y is

subjected to the appropriate levels of review and analysis

including systems engineering, safety analyses, operational

safety reviews and risk assessments. The system also

assures that the analyses are performed or applied to an

approved "as is" system configuration.



379

One of the primary purposes of a CM system is to reduce the

poten t ia l for unacceptable r isks and safety related

problems. With an adequate CM system imposed, the project

can be assured of appropriate systems analyses on a l l

systems1 configuration. It should be recognized that

implementation of a comprehensive CM system on large

production facilities/projects costs dollars. However, i t

can be guaranteed, almost without exception, that the lack

of such a system will inevitably cost more - in risk to

personnel and equipment, production schedules, and finally,

in dollars.
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A B S T R A C T

PROTECTING SUBCONTRACTOR PERSONNEL
DURING HAZARDOUS WASTE SITE CHARACTERIZATION

B. R. Lankford
Industrial Hygiene Department

Environmental Compliance and Health Protection Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

Well-drilling activities in support of the ORNL environmental program
began in December 1985. At that time it was recognized that
subcontractor personnel involved in the Laboratory's characterization
effort might encounter hazardous materials that could result in
significant levels of exposure. A program was established to provide
for categorization of health hazard protection for those individuals
involved in the characterization effort. This presentation will address
the steps that were taken to evaluate proposed sites for subcontractor
activity, assumptions used to categorize the level of health risk, and
the procedures establisned for assignment of appropriate protective
equipment. An overview of the contribution of the industrial hygiene
organization to the comprehensive worker protection program will be
presented. Techniques for evaluating and controlling personnel exposure
are examined based upon the experience of the past two years.

Prepared by the
OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37331

operated by
MARTIN MARIETTA ENERGY SYSTEMS, IMC.

for the
U.S. DEPARTMENT OF ENERGY

under Contract No. DE-AC05-840R21400

"The submitted manuscript has been authored by a
contractor of the U.S. Government under contract
DE-AC05-840R21400. Accordingly, the U.S. Govern-
ment retains a nonexclusive, royalty-free license
to publish or reproduce the published form of this
contribution, or allow others to do so, for U.S.
Government purposes."
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PROTECTING SUBCONTRACTOR PERSONNEL DURING HAZARDOUS WASTE SITE
CHARACTERIZATION - B. Roger Lankforo, Martin Marietta Energy Systems,
Inc., Oak Ridge National Laboratory, Oak Ridge, Tennessee

Background

Oak Ridge National Laboratory (ORNL) is a research and development
institution operated for the United States Department of Energy (DOE) by
Martin Marietta Energy Systems, Inc. Current activities range from basic
research in physical sciences through such diverse programs as energy and
renewable resources, nuclear fission, magnetic fusion, and biological and
environmental research. Such a wide variety of programs has resulted in
an equally varied array of waste products.

During the previous decade, an increased awareness of the environmental
impact of past waste disposal practices has resulted in the enactment of
legislation to control environmental pollution. The approach is two-
fold: control current pollution sources and clean-up previous disposal
sites. To this end, ORNL has established the Environmental Restoration
and Facilities Upgrade (ERFU) Program. One element of the ERFU Program
is the Remedial Action Program (RAP), designed to identify, characterize,
assess, and correct situations at hazardous waste sites.

The preliminary Site Characterization Program, a sub-program of the RAP,
began in late 19S5. These preliminary investigations are to provide
baseline data for future phases. The primary component is a groundwater
monitoring network of water quality wells, but it also includes deep
boreholes, shallow exploratory auger holes, and occasionally, surface
trenches. With the development of the program came the need for a health
protection program for workers involved in these site characterization
activities.

This paper will cover Industrial Hygiene involvement in the Site
Characterization Program, focusing on the field oversight
responsibilities. It will also discuss the different types and levels of
protective equipment, give an example of the type of situation that can
arise from field characterization efforts, and give a brief summary of
health protection program elements.

^Operated by Martin Marietta Energy Systems, Inc., for the United States
Department of Energy under Contract No. DE-AC05-840R21400.

'The submitted manuscript has been
authored by a contractor of the U.S.
Government under contract No. DE-
AC05-84OR214O0. Accordingly, the U.S.
Government retains a nonexclusive,
royalty-free license to publish or reproduce
!he published form of this contribution, or
aHow others to do so. for U.S. Government
purposes."
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Planning

The Site Characterization Program is designed as a project team concept.
The Program Coordinator is an environmental scientist with an academic
background in hydrology and research expertise in aspects of subterranean
waste disposal. This individual receives input and guidance from a
technical advisory group consisting of representatives from Geology,
Environmental Compliance, Operational Safety, Remedial Actions, Waste
Management, and Purchasing (see Figure 1). A coordinator is selected to
oversee well installation projects, and becomes the focal point for
Industrial Hygiene input.

Based on professional knowledge and experience, and on counsel of these
technical advisors, the Program Coordinator selects areas to be
characterized. After well locations have been decided upon, the sites
are surveyed and staked by the field survey team. The engineer in charge
of survey coordination then contacts Industrial Hygiene so that an
Industrial Hygiene classification number can be assigned to each well.
The classification number is a numerical ranking of the sites based on
the probability of encountering hazardous materials. A site with a
projected low probability of encountering such materials is classified as
an Industrial Hygiene Category 1 site; a moderate probability is a
Category 2, and if a high probability exists, the well is listed as
Category 3. Health Physics also reviews the sites and assigns a rating
based on the alternate probability that radioactive materials will be
present. This means that each well carries a dual rating, one for
Industrial Hygiene concerns and the other for radiation concerns.
Whenever the two ratings are different values, the higher rating takes
precedence insofar as health protection measures are concerned. These
numbers are then used as operational guidelines.

Several mechanisms are used to establish these operational guidelines.
First of all, maps exist for outlining the waste trenches at many of the
solid waste storage sites. These maps are particularly accurate for the
newer burial grounds. Secondly, certain individuals may have knowledge
of areas which can be useful. Various other information utilized in
assigning a category number includes the proximity of the site to known
waste handling areas, the composition of nearby waste, and the
elevational location of the site relative to known waste sites. If other
wells have been drilled nearby, the experiences encountered there are
considered. When soil or water samples have been analyzed from nearby
sites, this information is consulted and taken into consideration.
Finally, a visit to the proposed site is useful if there are questions
about the terrain or other factors. These visits may involve only visual
inspection, or they may involve use of a scanning device, such as a
photoionization instrument.

When the Industrial Hygiene rating has been assigned, it must be entered
on a special form and a signature is required of the Hygienist who makes
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the determination (see Figure 2 ) . This form is a "Construction
Excavation/Penetration Permit," Note that Industrial Hygiene is one of
several departments that must sign off before excavation begins. The
other groups check to make sure that electrical utilities, water and
drain lines, and natural gas lines are not encountered.

A kick-off meeting is held shortly before each phase of a drilling
project begins. The scope and time-frame of the project are covered, and
Industrial Hyyiene has the opportunity to provide last-minute input at
this point. Field liaison/communication channels d.re identified, and the
contractor is advised of functional responsibilities of the different
groups.

Prior to starting work on-site at ORNL, all well-drilling personnel must
receive training in radiation safety, industrial hygiene, and
environmental regulations. The degree and detail of training has been
affected by the recent OSHA Standard for Hazardous Waste Operations and
Emergency Response, 29 CFR 1910.120, which in turn was mandated by
section 126(b) of the Superfund Amendments and Reauthorization Act of
1986 (SARA). Although ORNL has had elements of the required program in
place since the inception of the Remedial Action Program, other items,
such as the provision for training certification, have been incorporated
into our current program.

weekly, or routine, project status meetings are held by the well-
installation coordinator to maintain communication among the diverse
group of individuals involved with each project. Discussion of problems,
concerns, schedules, individual well status, and upcoming work is held
among the participants.

Protective Equipment

One of the key program elements which was in place early in the site
characterization effort is the Industrial Hygiene respiratory protection
program. This program assures that individuals are medically qualified
and trained in the proper selection, use, maintenance, and care of
respiratory protective equipment, and are properly tested and fitted for
the correct size respirator. It is a written program which is in
compliance with current DOE guidelines. Each sub-contractor must send
all of his employees who will be on-site during drilling operations
through this program. Only individuals who are medically qualified to
wear a respirator will be tested and fitted.

Personal protective equipment (PPE) will be selected to protect personnel
against known or anticipated chemical hazards (see Table 1 ) . The
selection is based on the initial classification of the site and on
subsequent information. If no chemical hazards are encountered during
the drilling of a well, the site becomes a Category 1 well for purposes
of follow-up activities such as screening, grouting, etc.
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TABLE 1

PERSONAL PROTECTIVE EQUIPMENT

Category 1:

Required:

Recommended:

Optional:

Low Probability
Of Encountering Chemical Contamination

+ Normal work clothes
+ Work gloves

+ Eye protection
+ Hearing protection near drilling rig

+ Dust mask (for protection against nuisance dust
and pollen)

Category 2:

Required:

Recommended:

Moderate Probability
Of Encountering Chemical Contamination

+ Cotton overalls
+ Work gloves
+ Eye protection
+ Respiratory protection on standby, i.e., half-

face respirator, combination cartridge to be
readily accessible

+ Hearing protection near drilling rig
+ TYVEK suit

Category 3:

Required:

Recommended:

High Probability
Of Encountering Chemical Contamination

+ TYVEK suit over cotton coveralls
+ TYVEK head cover
+ Half-face respirator with comu >.,..;.ion cartridge

and splash goggles or full-face respirator with
combination cartridge

+ Leather gloves, rubber liner
+ Shoe covers

+ Special gloves, depending on specific chemical
suspected

+ SCBA on standby
+ Hearing protection near drilling rig
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Whenever chemical contamination is encountered, Industrial Hygiene field
measurements will determine required protective equipment. Samples will
be taken for on-site real-time analysis whenever possible and for rapid
laboratory determination otherwise. A discussion of sampling methods is
provided in the following section.

Whenever excavation into known burial trenches or sites becomes a
reality, personnel may be required to fully dress out in chemical
resistant suits and self-contained breathing apparatus (SCBA). Likewise,
any work involving penetration of asbestos disposal trenches will require
that an asbestos monitoring, protection, and record-keeping program be in
place. This program is a written Industrial Hygiene procedure that meets
current requirements cited in the OSHA Standard for Occupational Exposure
to Asbestos, 29 CFR 1910.1001.

Drilling equipment does generate a certain amount of noise, and the sound
levels will differ somewhat from rig to rig. Typical sound level
measurements are shown in Table 2. Based on time spent in the various
zones, as well as the often intermittent nature of the work, these levels
should not present a problem, especially since rig operators and
assistants are so mobile with regard to task flexibility. It is
recommended that hearing protection be worn.

Table 2

Typical Noise Levels
Generated by Air-Rotary Drill

Distance from Drill d_BA

89
92
97
88 (idling)

Measurements taken with Quest Model 215 (Type II) SLM

When work begins on Category 3 sites, closer attention must be given to
worker compliance with recommendations fo>" the wearing of personal
protective equipment. However, increasing the level of protection is not
done without a penalty. Most workers on site are used to normal outside
work, and are fully acclimatized to summer weather conditions, but the
added heat load of full protective clothing may create heat stress if

±
±
±
±

18
12

6
6

f t
f t
f t
f t
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conditions are not closely monitored. A greater level of protective
clothing may also produce potential problems due to a more limited range
of vision, a reduction in worker postural flexibility, and a condition of
altered physical balance. Depending on the specific PPE, communication
may become impaired. While these are not specific industrial hygiene
problems, they are of concern from the overall view of worker protection.

Survei1 lance

Industrial Hygiene will visit sites after work is underway, although in
the case of Category 1 wells, it is optional unless there is a specific
request or concern. Industrial Hygiene's presence at Category 2 sites is
desirable at least during initial ground penetration and drilling of the
first several feet of soil. Since there is, by definition, a moderate
probability of encountering chemical contamination, a p p r o p r i a t e
monitoring instruments need to be on-site. The Hygienist also needs to
be prepared with respiratory protection, etc. When Category 3 wells are
drilled, an Industrial Hygienist will be required to be on-site, and will
be prepared to dress out and monitor the area, until the well is proven
to be uncontaminated.

In the event there is concern about a specific well or site, regardless
of how it is categorized, the designated field liaison gets in touch with
Industrial Hygiene. This person is usually the Construction Engineer
assigned to follow the project. The liaison also advises Industrial
Hygiene of imminent Category Z work, since he is also in daily contact
with the drillers. If anything out of the ordinary occurs on site, such
as an unusual odor or unusual debris in the well cuttings, the field
liaison has instructions to immediately contact Industrial Hygiene.

For o n - s i t e , real-time analysis of chemical contaminants, the
instrumentation now available is less than ideal. Satisfactory state-of-
the-art equipment for hazardous waste monitoring is still a thing of the
future. The more common methods used are shown in Table 3, along with
their limitations. No one method has the capability to supply all the
answers. The question then becomes what to do to compensate for the lack
of a comprehensive field analytical tool.

In the absense of a mobile field laboratory, the best approach is to
utilize a combination of available techniques. The crux is knowinc what
instrument will give the best results within the time frame allowed.
Generally speaking, this becomes a matter of experience. There are means
of narrowing the field of candidates. There may be historical data to
identify chemicals by site. There may be previous analytical data from
adjacent or nearby sites. The odor may be unique enough to identify the
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TABLE 3

COMMON MONITORING METHODS USEFUL
IN HAZARDOUS WASTE SITE EVALUATIONS

Method

Infra-Red

Photoionization

Detector Tubes

Air Sampling

Example

Miran 1-B

TIP

Draeger

Charcoal
Silica Gel

Comments

1. Must know specific chemical
suspected

2. Pathlength mirrors can be mis-
aligned by vibrat'.on/shock

3. Subject to cross-interferences,
i.e., false-positive readings

4. High concentrations can damage
analyzer optics, as can dust

1. Non-specific; measures "total"
pollutant burden

2. Measures only those compounds
having an ionization potential
of less than 10.6 eV

3. Variable Response

1. Questionable sensitivity

2. Subject to cross-interferences

3. Semiquantitative

1. Slow analytical turnaround

2. Affected by high humidity

3. Multiple media sampling may be
necessary

4. Can become expensive
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compound or family of compounds. If it can't be identified and if the
situation is critical, work at the site must be suspended until
laboratory analysis of an air sample is performed.

Site characterization work differs from site clean-up significantly by
having a relatively small point source, the well opening. Once drilling
is completed, there is very little opportunity for the contaminant to
become airborne, even though it may be present in environmental water
samples. Permissible exposure levels are based only on airborne
concentrations, so extrapolation from such environmental data is
meaningless, although, as mentioned earlier, it may serve as a screening
tool.

Operating Experiences

Much of the initial site characterization effort to date has involved the
solid waste storage areas at ORNL. Odors have frequently been the
trigger for employee concerns. Although in no instance has the measured
level been significant from an exposure standpoint, one particular
occasion strongly demonstrates the role of industrial hygiene in health
protection. Predictably, it started with a call for Industrial Hygiene
to investigate an unusual odor near one of the drilling sites.

The well in question had been partially drilled several days earlier. An
interruption in the work schedule had necessitated that the driller move
to another site. There was no indication of anything unusual during the
initial drilling activities. When drilling resumed, it was discovered
that water had seeped into trie well, and needed to be removed. Due to
regulatory concerns, all water, sludge, and cuttings coming from a well
must be pumped into a containment tank for holding. Samples are taken of
the contents, analysis is made for both radiological and chemical
content, and the mode of disposal is determined.

The containment unit consists of a 200-gallon tank, and an exhaust stack
with a set of demisters to remove large airborne particles and water
droplets, a set of HEPA filters, and a rain cap (see Figure 3 ) . A high-
pressure rubber hose runs into the tank from a diverter assembly
positioned around the drill shaft.

An initial survey of the area was made with a photoionization instrument.
There was no significant difference from background readings. An odor
was detected, but it was reportedly stronger when the drill had been
operating. It was decided that a measurement of levels in the exhaust
air would be useful for comparison, so the drill was again put in
operation. As air began to be forced from the exhaust, measured levels
began to increase, although not dramatically.
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It was subsequently discovered that the well was located within a few
feet of a group of solvent wells. It was also discovered that the
removable top half of the containment tank had been reversed daring a
prior inspection, in effect positioning the drain valve directly beneath
the exhaust. The early detection and communication of a suspicious odor
brought about an examination of the tank configuration and an adjustment
of that tank configuration to minimize any potential for exposure to the
workforce. The situation provided an excellent learning experience on
the benefits of proactive application of industrial hygiene procedures.
An additional measure was taken to preclude possible skin exposure by
replacing the rupture-prone high-pressure rubber hose with a flexible
stainless steel hose.

Summary

It is essential that contractor health concerns be addressed in all
stages of site characterization projects. Planning should address
project team structures so as to establish channels of communication
between various health and safety disciplines and workers. One effective
means of doing this is by assigning a field engineer as a liaison. This
person should be someone who is in constant contact with the site
workers. Such an arrangement is advantageous in that it expedites
information flow to project management.

Selection of field monitoring instruments should include state-of-the-art
equipment as well as traditional methods. Work-site evaluation is
complicated, and equipment selection may not be easy. Deciding on
appropriate equipment may be facilitated by utilizing available
environmental data to determine potential contaminants. It should be
noted, however, that the existence of a chemical in soil or water samples
does not mean it will be detectable in air samples, much lees in similar
quantities or proportions.

An Industrial Hygiene program should be developed as soon as the project
scope is determined. Such a program should include a method of assessing
and categorizing each specific site for the potential it has for exposing
workers to hazardous substances. It should address the requirements
necessary for workers to be considered qualified to work on the project.
It should list the types and levels of personal protective equipment for
each category. Finally, the program should outline the responsibilities
of each group in the project team in relation to contractor health
protection.
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