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SAFETY ANALYSIS
NONRADIOLOGICAL HAZARDOUS MATERIALS

Background

DOE Order 5481.1B requires preparation of appropriate safety analyses for each
DOE operation. This requirement includes the analysis of hazards associated
with non-radioactive hazardous materials in DOE facilities. No further
guidance is provided about the details of the analysis. Consequently, the PNL
approach to safety analysis for non-radioactive hazardous materials was
conceptualized and is developed below. For the purposes of this document,
safety analysis consists of two parts, 1) chemical hazard classification and
2) chemical hazard assessment.

The philosophical bases for the PNL approach for both chemical hazard
classification and chemical hazard assessment are listed below:

) Within the DOE community and in the public’s perception, the risk
of and consequences from radiological accidents greatly exceeds
that from chemical releases.

° Experience has shown that hazard classification and safety
analysis of radiological and chemical operations cannot be handled
in the same manner. Since the perception of the level of hazard
is dramatically different for the two types of operations, two
different models are needed to rank and to analyze the hazards.

® There are Occupational Safety and Health Administration (OSHA)
general industry standards, DOE orders and other national
consensus standards for hazardous chemical operations. These
standards focus on routine operations and emergencies such as
spills and adequately address the precautions (both engineering
and administrative) necessary for employee and property
protection.

) General industry standards, however, may not adequately address
the precautions necessary to prevent large uncontrolled releases
that could result in catastrophic consequences.

Processes handling highly hazardous chemicals present the potential for
accidents that could have catastrophic results. [Highly hazardous refers to
those materials which possess toxic, flammable, reactive, or explosive
properties.]

Therefore, the PNL approach for chemical safety analysis emphasizes the
management of hazards associated with highly hazardous chemicals.

Importantly, "management" includes taking credit for existing comprehensive
controls routinely in place. These include engineering and adminstrative
safeguards routinely in place in chemical process operations as required by
OSHA, chemical industry best management practices, and other safety and health
related codes.



CHEMICAL HAZARD CLASSIFICATION

Introduction

The PNL method for chemical hazard classification defines major hazards by
means of a list of hazardous substances (or chemical groups) with associated
trigger quantities. In addition, the functional characteristics of the
facility being classified is also be factored into the classification. In
this way, installations defined as major hazard will only be those which have
the potential for causing very serious incidents both on and off site.

Because of the diversity of operations involving chemicals, it may not be
possible to restrict major hazard facilities to certain types of operations.
However, this hazard classification method recognizes that in the industrial
sector major hazards are most commonly associated with activities involving
very large quantities of chemicals and inherently energetic processes. These
include operations like petrochemical plants, chemical production, LPG
storage, explosives manufacturing, and facilities which use chlorine, ammonia,
or other highly toxic gases in bulk quantities.

The basis for this methodology is derived from concepts used by OSHA in its
proposed chemical process safety standard, the Dow Fire and Explosion Index
Hazard Classification Guide, and the International Labor Office’s program on
chemical safety.

For the purpose of identifying major hazard facilities, this method uses two
sorting criteria, 1) facility function and processes and 2) quantity of
substances to identify facilities requiring classification. Then, a measure
of chemical energy potential (material factor) is used to identify high hazard
class facilities.

Objective

The objective of the PNL chemical hazard classfication methodology is to
provide a realistic basis for establishing uniform requirements for the
preparation and review of safety analyses for DOE operations involving the use
of chemicals.

Hazard Class Determination - Chemical Operations

Step 1

a. Offices, maintenance shops, paint shops and other facilites where
chemcials are used in quantities and in a manner that a consumer might
use them or are used for routine maintenance acitivites are routine
hazard class facilities.

b. Research laboratory facilities, analytical laboratory facilities (not
associated witin other chemical operations) or other operating facilities
in which chemicals are in small volume packages, containers and



allotments making a massive release unlikely are designated general
hazard class facilities.

The defintion of a laboratory is closely linked to the concept of
"laboratory scale" as defined by OSHA. "Laboratory scale"” means work
with substances in which the containers used for reactions, transfers,
and other handling of substances are designed to be easily and safely
manipulated by one person.

In addition, "laboratory" means a facility where small quantities of
chemicals are use on a non-production basis. Pilot scale operations
wou}d not be included in this defintion of "laboratory" or "laboratory
scale." -

c. Facilites or operations where explosives activities are performed and
controlled according to the requirements established in the DOE
Explosives Safety Manual (DOE/EV/06194) are designated general hazard
class facilities.

If the explosives activities cannot comply with the requirements in the
DOE Explosives Safety Manual (DOE/EV/06194) or if the donor
facility/operation is not designed to contain the effects of an
explosion on a threshold quantity of chemical either within the donor
facility or in an adjacent facility, these facilities are designated
major hazard class facilities.

Step 2

For the selection of major hazard class chemical operations, a list of
substances and threshold quantities is provided in Appendix A. When the
quantity of any substance present exceeds the given threshold quantity, then a
contributing hazard factor related to chemical process safety is evaluated.

A measure of chemical energy potential (material factor) is determined. The
material factor is determined using only two properties of the substance,
flammability and reactivity. Appendix B lists material factors for some
common industrial chemicals. If a material factor is not listed for a
substance, use the matrix in Table 1 to determine one. The material factor is
obtained from the matrix by using the substance’s National Fire Protection
Association (NFPA) ratings for flammability (N.) and reactivity (N). If the
substance has not been rated by the NFPA, use Ehe combination of the adiabatic
decomposition temerpature and the flash point for the substance to determine
the flammability and reactivity ratings.

Note: The quantities present in Appendix A relate to operations in each
facility or group of facilities belonging to the same contractor where
the distance between the facilities is not sufficient to avoid, in
foreseeable circumstances, any aggravation of major accident hazards.
For the purposes of this methodology, a chemical operation is defined as
the aggregate of operations in all facilities within a distance of 500
meters of each other and belonging to the same contractor.



Step 3

Go to Table 2 to identify major hazard class facilities.

Table 1 - Determination of Material Factor

Adiabatic !
decomposition| <830 830- 935- { 1010- |>l080 .
temp. Td K 935 1010 | 1080
reactivity
Flash Nr 0 1 2 3 4
point Nf
oc V
None ) 0 0 14 24 29 40
> 100 > 1 4 14 24 29 40 :
40 - 100 ‘é 2 10 14 24 29 40
=2
.20 - +40 > 3 16 16 28 29 40
¢ -20 4 21 21 24 29 | 40
Material Factor MF

Table # - Determination of Hazard Class

MF MF
> 21 < 21
Quantity
Present
> TQ major general
hazard class hazard class
< TQ general routine
hazard class hazard class

CHEMICAL HAZARD ASSESSMENT

Introduction

A chemical hazird assessment is performed on all facilties identifed as major
hazard class facilites. Like chemical hazard classification, the chemical
hazard assessment relies upon the substance/quantity definition as the method
of defining a major chemical hazard requiring additional analysis.
Importantly, the concept of a "major hazard" for both chemical hazard
classification and chemical hazard assessment is an operation requiring
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controls over and above those applied in normal operations, in order to
provide an enhanced level of protection to workers and the public.

Furthermore, because of the inherent difficulty of defining appropriate
chemical risk criteria, chemical hazard assessment relies upon a consequence
based approach to perform the analysis.

Objective

Major hazard class facilities must be operated to a standard of safety which
ensures that major hazards can be successfully controlled during normal and
upset conditions. In order to control a major hazard, certain questions must
be answered. These include:

a. Do toxic, flammable or explosive materials in a facility constitute a
major hazard?

b. Which accidents or failures can lead to a catastrophic release?

c. If a catastrophic release occurs, what are the consequences for
employees and the public?

d. What is being (or can be) done to mitigate the release or to reduce the

consequences of a release?
The objectives of the chemical hazard assessment are to provide answers to the
above questions, to define the chemical related safe operating envelop, and to
assure that the major hazard facility can be operated safely.

Chemical Hazard Assessment: Chemical Facilities

A chemical hazard assessment shall be performed on facilities classified as
major hazard class facilities. The analysis shall evaluate both process
equipment and hazard control systems, considering the quantity of materials at
or above the threshold quantities, the toxicity of the materials and special
process parameters which may increase the likelihood of a catastrophic release
or increase the consequences of a release. These parameters include but are
not limited to flammability, reactivity, explosivity, process pressure,
process temperature, and operations in or near the flammable range.

Bounding accidents, credible release scenarios and modeling should be used to
develop realistic release amounts and to determine airborne concentrations.
Since the toxicity of many chemicals has been established in the literature,
the assessment should rely on a determination of the consequences of the
release to evaluate the operating safety of the facility.

The consequences may be presented as text or in tabular form. The discussion
should include a description of the expected impacts to workers and to the
public. In addition, the assessment should address the potential for the
release to incapacitate personnel both within the facility and in adjacent
major hazard class facilities (chemical facilities) and high hazard class
facilities (nuclear facilities). The assessment also should include an
anlysis of the possibility for subsequent releases of either radiological or
chemical sources caused by operator incapacitation.



An example of the consequence based assessment approach is presented in
Appendix C.

Safety Analysis: Nuclear Facilities

DOE nuclear operations require safety analysis reports (SARs), technical
safety requirements (TSRs) and evlauation of unreviewed safety questions
(USQs) according to the 5480 series of orders. The requirements in this
series of orders are presented as applying to nuclear operations only.
Currently, there is no DOE guidance for applying comparable requirements to
nonnuclear operations.

Consequently, PNL SARs for nuclear facilities will include an analysis of
chemicals in the facility only as they have the potential to impact the
radiological source terms. Most frequently, this evaluation will examine the
two most important aspects of large radiological and large chemical sources in
the same facility. Namely, 1) the potential for chemicals to provide an
energy source for the release of radionuclides and 2) the potertial for a
chemical release within the facility to incapacitate operations personnel such
that a radiological hazard would be created or the consequences of a
radiological incident would be increased.
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APPENDIX A
THRESHOLD QUANTITY DETERMINATION

This appendix contains a listing of toxic and reactive chemicals and
their associated threshold quantities (TQs). It is believed that these
chemicals present a potential for a catastrophic event at or above the
threshold quantity. This list is not intended to be all inclusive but
represents many of the highly hazardous chemicals routinely used in
large amounts in industrial operations.

If a TQ has not been determined for a chemical, use the scheme presented
below to establish a TQ for the purpose of performing a hazard
classification.
a. If the chemical is determined to be highly toxic, use 100 pounds.
For this hazard classification method, highly toxic is defined as:
LD50 < 5 mg/kg oral or

LDS0

In

1 mg/kg skin or

LC50 < 10 ppm  inhalation

<
< 0.1 mg/1
b. If the chemical is determined to be toxic, use 1000 pounds.
For this hazard classification method, toxic is defined as:
LD50 5 < 50 mg/kg oral or
LD50 1 < 200 mg/kg skin or

LC50 10 < 200 ppm inhalation
0.1 < 2 mg/1

c. If a chemical is determined to be moderately toxic, use 5000

pounds.

For this hazard classification method, moderately toxic is defined
as:

LD50 50 < 500 mg/kg oral or

LD50 200 < 1000 mg/kg skin or
LC50 200 < 2000 ppm inhalation
2 < 20 mg/1



d. [f a chemical is determined to be low toxicity, use 10,000 pounds.
For this hazard classification method, low toxicity is defined as:
LD50 > 500 mg/kg oral or
LD50 > 1000 ng/kg skin or

LC50 > 2000 ppm inhalation
> 20 mg/1

3. TQ for flammable 1iquids and gases use 10,000 pounds.

4. TQs for individual chemicals, see list below.




APPENDIX B
NFPA CLASSIFICATIONS AND MATERIAL FACTORS
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qy. wiphid 3 ) 0 2 Propylene cichlonde 2 3 0 16
ydrogen sulphice 4 Propyiene giyeol 0 1 0 4
Iscbutane 1 4 0 21 Propylene oxade 2 4 2 24
: .
isobueyl alcanol ! 3 0 16 Sodium dichromate 1 0 1 14
[sopentane 1 4 0 21 s
- Stearic ac:2 1 1 0 4
Isopropanol 1 3 Q 16
: I \ 3 0 16 Styrene 2 3 2 24
.sop:opyf a'cetacfa 1 Sulohur 2 1 0 4
Isopropyi chlonide 2 4 0 21 R
Suiphur dioxace 2 0 0 0
Isopropyl ether 2 3 1 16 .
A Tcluene 2 3 0 16
Jet fuel : 3 0 16 1.2.3Trchiorccenzene 2 1 0 4
Lauroyl cercxide o] 2 3 29 1.1.1Trcxicrcetnane 3 1 0 4
Tnchoesviens 2 1 0 4
Maleic anhydride 3 1 1 14 .nc.?oe : en < .
Tnethanclamine 2 1 1 :
Magnesium 0 1 2 24 o o .
g ” Tnethyiens givec 1 : 0
Methane 1 4 0 21 ooty e 3 3 3
Methanol 1 3 0 16 LSy ST ﬁ
nyi ~ THisepuTii alwmunmum 3 3 3
Methyi acetate 1 3 0 16 , .
) " TrusopriTandi amune 2 : 4]
Methyl acetyvlene 2 4 2 24 "'ns*;"" | nensena 2 5 0
Methyl amune 3 4 0 21 - :’-TLJ.-::“:: ) : 3
Methyl chlonde 2 4 0] 21 Tﬂma;‘:«; ar::e“_... : : ;
Methyl chloracetate 2 2 1 14 ,,_"OZ:_”: 3 . 0
Methyl cyclohexane 2 3 0 16 +7pagy.2Ts-S =
Methyiene chlonde 2 0 0 0 Vinyl acatate 2 3 3
Methyl ether 2 4 0 21 Vinyi scatyisne < 3
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APPENDIX C
EXAMPLES OF CONSEQUENCE PRESENTATION FOR CHEMICAL HAZARD ASSESSMENT

Example 1: Chlorine Release - Discussion of Consequences

Chlorine can be dangerous to human health at concentrations of 10-20 narts per
million (ppm) for an exposure of 30 minutes. The gas becomes fatal ...
concentrations of 100-150 ppm with exposure durations of 5-10 minutes.
Exposure to chlorine for much shorter periods can be fatal at concentrations
of 1000 ppm. In addition, The American Industrial Hygiene Association's
Emergency Response Planning Guidelines (ERPG) for chlorine are:

ERPG-~1: 1 ppm
The maximum airborne concentration below which it is celieved that
nearly all individuals could be exposed for up to one hour without
experiencing cther than mild, transient adverse health effects or
without perceiving a clearly defined cbjectionable odor.

ERPG-2: 3 ppm
The maximum airborne concentration below which it is believed that
nearly all individuals could be exposed for up to one hour without
experiencing or developing irreversible or other serious health
effects or symptoms which could impair an individual's ability to
take protective action.

ERPG-3: 20 ppm
The maximum airborne concentration below which it is believed that
nearly all individuals could be exposed for up to one hour without
experiencing or developing life-threatening health effects.

Conclusion

The bounding accident analysis of the chlorine release for this facility
showed that the peak airborne concentration of chlorine at the site boundary
would be approximately 3 ppm. This concentration would be transient and would
disperse to non-detectable levels within 5-10 minutes. Recent human test data
have demonstrated that exposure to 1 ppm chlorine for up to one hour resulted
in no more than 31ight transient effects. Consequently, based upon chlorine's
toxicology, the acute, short-term exposure to chlorine experienced from this
release would cause no more than transient irritation in exposed individuals.



Example 2: Chlorine Release - Tabular Presentation of Consequences

Airborne
Ccncentration(ppm) Duration(min) Effect
60 min slight transient irritation

10-20 30 min possible adverse health effects

100-150 5-10 fatal

1000 <5 fatal

1 ) up to 60 ERPG-1: mild, transient health
effects

3 up to 60 ERPG-2: no irreversible health
effects

20 up to 60 ERPG-3: no life-threatening health
effects

Conclusion

The bounding accident analysis of the chlorine release for this facility
showed that the peak airborne concentration of chlorine at the site boundary
would be approximately 3 ppm. This concentration would be transient and would
disperse to non-detectable levels within 5-10 minutes. Consequently, based
upon chlorine's toxicology, the acute, short-term exposure to chlorine
experienced from this release would cause no more than transient irritation in

exposed individuals.









