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Abstract 
 
Recently, the Department of Energy (DOE) and its contractors have begun activities to improve 
the quality and consistency of chemical safety programs throughout the DOE Complex.  Several 
working groups have been formed to assemble a framework for systematically identifying and 
quantifying chemical hazards and managing chemical risks. At LANL, chemical safety program 
is implemented through Laboratory Implementation Requirements (LIRs), which are part of the 
Integrated Safety Management (ISM) plan that includes Safe Work Practices, emphasizing five 
core functions; define work, identify and analyze hazards, develop and implement controls, 
perform work safely, and ensure performance. Work is authorized in medium, low and minimal 
risk areas and not in high risk. Some chemical safety aspects are discussed in terms of chemical 
hazards and identification, screening, facility hazard categorization � Category A (high), 
Category B (moderate), and Category C (low), and their requirements in format and content in 
Authorization Safety Basis documents. 
 
 

Introduction 
 
Recently, the Department of Energy (DOE) has placed heavy emphasis on chemical safety, 
similar to nuclear safety. However, there is currently no DOE standard single document available 
that describes chemical hazards, identification, screening, categorization, hazard analysis, and 
accident consequences similar to nuclear facilities (DOE-STD-3009)1.  There is a limited 
information available on chemicals in a scattered form in some documents (e.g. DOE-STD-3011-
94 and DOE-STD-EM-5502)2,3, but still does not do justice to the degree of detailed information 
required for chemicals safety for workers and public. The recent 10 CFR 830 Rule, which is 
mostly meant for nuclear safety, casually mentions chemical safety. No tools are listed in Table 2 
of the Rule, as to how to perform chemical hazard and accident analysis. 
 
Under the leadership of DOE-HQ/EH, several Chemical Safety Technical Committee (CSTC) 
groups are working on different topics: 2001-A �Chemical User Safety and Health Requirements 
Roadmap�; 2001-B �Chemical Management Handbook Volume II�; 2001-C �Hazard 
Identification Toolbox and Hazard Analysis Integration�; and 2001-D �Identification of 
Chemical Hazard Risk Goals and Risk Data Sources�.  The output from these groups should 
yield useful information in some uniform fashion, where the DOE sites can follow and which 
may lend itself to the formulation of a DOE chemical standard in the future. 

Currently, various DOE sites over the years have adopted some form of chemical safety program 
suitable to their needs. However, there are no consistent guidelines to chemical safety by the 
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various DOE sites, as noted by Ingle Paik4.  Due to the lack of standard guidance, LANL has 
developed its own chemical safety program. Although, the program may somewhat differ among 
organizations, efforts are being made to streamline the process through the Laboratory 
Implementation Requirements (LIRs). This paper focuses on some chemical safety aspects at 
LANL in terms of the implementation, processes, and hazard identification and categorization 
(A, B, and C), and their requirements in Authorization Safety Basis documents. LANL�s 
chemical hazard and accident analysis shall be presented in a future EFCOG meeting. 

 
LANL�s Chemical Safety 

 
LANL has implemented its chemical safety program through Laboratory Implementation 
Requirements documents such as LIR-300-00-015, LIR-300-00-056, and LIR-300-00-077 for 
non-nuclear authorization basis (AB) development that involves a facility safety plan (FSP). 
These LIRs are part of the Integrated Safety Management (ISM) plan that also incorporates Safe 
Work Practices (SWP, LIR-300-00-01)5 and Facility Management Work Control (FWC, LIR-
230-03-01)8. There are other LIRs (e.g, for contractors), but SWP and FWC cover majority of 
the programs. The ISM is an integral part of the LANL Safety Policy. 
 
The Safe Work Practices in the ISM are defined in the following five steps, shown in Figure 1.   

• Define work 
• Identify and analyze hazards 
• Develop and implement controls 
• Perform work safely 
• Ensure performance and continuous improvement 

 
 

 
 
Figure 1.  Five Core Steps in Performing Work Safely. 
 
Each of the five steps are further elaborated into several sub steps in order to provide sufficient 
details so as to well define the work scope, hazards involved, controls developed, process, and 
responsibility of those that are involved in each step.  
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Safety is high priority in the Laboratory performance measures and is highly endorsed by senior 
management. Workers and line managers/supervisors are committed and responsible to ensure 
the success of five core functions for both nuclear and non-nuclear (chemical) operations. 
 
 
Worker�s Risk 
 
Work performance is associated with some level of risk � high, medium, low, and minimal. 
Emergency plans are usually developed in the event of a system failure or accident. Table 1 
represents a model of worker�s risk as a function of likelihood (frequency) and severity 
(consequence). The likelihood categories represent a continuous gradation from Frequent�
Probable�Occasional�Improbable -- to Remote (left to right), whereas, the severity categories 
represent a continuous gradation from Catastrophic�Critical�Moderate -- to negligible (top to 
bottom). Minimal and low risks are considered as low as are reasonably achievable and are 
acceptable risks. High and moderate risks require thorough evaluation and/or additional controls 
to reduce the risk, if possible. Prior to performing any work in nuclear or non-nuclear area, 
hazards are identified and evaluated, and controls are developed and implements to ensure that 
the worker operational risk, in case of any accident, falls mostly in the low or minimal risk. 
 
Table 1.  Worker�s Risk Determination; Severity vs. Likelihood 
 

Severity Likelihood 
 Frequent 

usual occurrence 
to 

likely occurrence, 
reasonably expected 

 

Probable 
likely occurrence 

to 
irregular occurrence, 

infrequent 

Occasional 
irregular occurrence, 

infrequent 
to 

slight chance of 
occurrence 

Improbable 
slight chance of 

occurrence 
to 

highly unlikely 
occurrence 

Remote 
highly unlikely 

occurrence 
to 

extremely unlikely 
occurrence 

Catastrophic 
death, severe 
injury/occupational 
illness, severe 
environmental harm or 
liability, or severe 
property damage 

 
 

High 

 
 

High 

 
 

High 

 
 

Medium 

 
 

Low 

Critical 
major injury/ chronic 
impairment or 
occupational illness, 
major environmental 
harm or liability, or 
major property damage 

 
 

High 

 
 

High 

 
 

Medium 

 
 

Low 

 
 

Minimal 

Moderate 
minor injury/ temporary  
impairment or 
occupational illness, 
minor environmental 
harm or liability, or 
minor property damage 

 
 

High 

 
 

Medium 

 
 

Low 

 
 

Minimal 

 
 

Minimal 

Negligible 
less-than-minor injury or 
occupational illness, 
less-than-minor 
environmental harm or 
liability, or less-than-
minor property damage 

 
 

Low 

 
 

Minimal 

 
 

Minimal 

 
 

Minimal 

 
 

Minimal 

* References: Safe Work Practices-LIR-300-00-01[5] 
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Authorization of Work: The defined work must be authorized by the appropriate line 
manager/supervisor. The work authorization is based on the residual risk, which includes 
reliability and certainty of controls to maintain an acceptable level of risk, the consequences and 
likelihood of control failure, and adequacy of the controls to meet institutional, facility, and 
activity requirements. Based on the residual risk in Table 1: 

• If the residual risk is high, the work will not be authorized or performed   
• Medium risk is authorized by a Division Director (or equivalent) 
• Low risk is authorized by a Group leader (or equivalent) 
• Minimal risk level is authorized by a supervisor.  

 
Controls are periodically reviewed for continuous improvement and to reduce risk of the 
operations. 
 

Chemical Hazards  
 
The information on chemicals (solid, liquid, gas), their properties (corrosivity, reactivity, 
ignitability, and toxicity) through MSDS, associated hazards (e.g., carcinogen, irritant, 
flammable, sensitizer, etc), labeling of hazards (using NFPA rating), and storage requirements 
(compatible vs. incompatible chemicals) are provided in detail in the Chemical Management 
document of LANL (LIR-402-510-01)9.  These chemicals are managed under the Chemical 
Hygiene Plan and Hazard Communication Plan, with each plan having several subset plans for 
safe handling and operation of chemicals. 
 
However, the identification of chemical hazards, screening criteria, hazard analysis, and 
consequence analysis are performed using some guidelines from 29 CFR 1910.11910 (Process 
Safety Management of Highly Hazardous Chemicals), 40 CFR 68.13011 (Chemical Accident 
Prevention), threshold reportable quantity (RQ) from 40 CFR 302.412, and total planning 
quantity (TPQ) from 40 CFR 35513 (Emergency Planning and Notification). 
 
Potential Hazard Identification: Table 2 lists various potential hazard categories that mostly 
deal with chemicals and various items under each category. Failure of an item/action can result 
in an accident that can lead to a minor to a major consequence.  Potential failure categories are as 
follows:  

• Chemical Reaction 
• Electrical 
• Flammability and Fires 
• Heat and Temperature 
• Pressure 
• Explosion 
• Radiation 
• Toxicity 
• Leak of Material 
• Human Error 
• Equipment Failure 
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Table 2 provides an example of various hazards identified under each category and thus is not a 
complete list. Depending on the hazards applicability and physical or chemical process involved, 
the concerned event can be further defined and analyzed in a qualitative manner by a  
�What-If/Checklist Worksheet�, shown in Table 3.  Table 3 lists an example of a potential event 
(What-if..), cause, consequence, hazard, control and any comment or action taken to reduce the 
risk.  Implementation of the controls that result from this exercise can minimizes or prevents any 
potential accident from happening. 
 

Table 2.  Potential Hazard Identification Categories 

Chemical Reaction     Radiation 
 Exothermic dissociation     Ionizing radiation 
 Improper mixing, reagent, water    Ultraviolet light 
 Combination-new product     High-intensity visible light 
 Corrosion, rust, etc     Infrared radiation 
 Spill, consequence     Electromagnetic radiation 
 Decontamination      Laser radiation 
 
Electrical       Toxicity 

Loss, surge, grounding     Gas or liquid or solid   
 Shock, burns, overheating     Asphyxiate, irritant 

Ignition of combustibles     Systemic poison 
Inadvertent activation     Carcinogen 

 Explosion, electrical  Mutagen   
 
Flammability and Fires     Leak of material  
 Presence of fuel-solid, liquid, gas    Flammable  
 Presence of strong oxidizer    Toxic 
 Presence of pyrophoric     Corrosive 
 Presence of strong ignition source    Slippery 
 
Heat & Temperature     Human Error 
 Heat source, nonelectrical     Wrong sequence 
 Hot surface burns      Wrong setting 
 Increased gas pressure by heat    Lack of oversight 
 Increased volatility by heat    Fail to identify problem 
 
Pressure      Equipment failure 
 Compressed gas      Piping, valves 
 Compressed air tool     Pumps 

Pressure system exhaust     Interlocks 
 Accidental release of chemical    Disks rupture 
 Object propelled by pressure    Pipe plugging 
 Overflow of material     Wrong material added   
 
Explosion 
 Commercial explosive 
 Explosive gas 
 Explosive liquid 
 Explosive dust 
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Table 3.  What-If/Checklist Worksheet 
 

Item Event 
(What-if..) 

Cause Consequence Hazard Control Comment or 
Action 

1 Chemical 
Reaction 

Pyrophoric 
(strong  oxidizer) 

Explosion Chemical 
(reagent) 

Inert 
atmosphere 

Provide shield 
or hood 

2 Acid spill Glass bottle crack Floor damage Chemical 
(acid) 

Double 
container 

Store in acid 
cabinet 

3       

 
 
Screening Criteria:  The Environmental Protection Agency (EPA) has produced a 
comprehensive list of chemicals (element or compound) as hazard substance under 40 CFR 
302.412. Depending on the hazard characteristic, each chemical is assigned a threshold value 
(reportable quantity, RQ). If a spill or release exceeds the RQ value, which requires notification 
to the National Response Center. For extremely hazard substance, RQ is one pound. The 40 
CFR, 35513 deals with a total planning quantity (TPQ) of an extremely hazardous substance. If a 
facility exceeds the TPQ value of a chemical, it requires development of an emergency planning 
and notification to the State. At LANL, an arbitrary value of 10% above the RQ or TPQ value is 
chosen as a screening criteria. The chemicals that do not screen out are further considered for 
evaluation for hazard and accident analysis. 
 
ERPG:  The Emergency Response Planning Guideline values (ERPG-1 < ERPG-2 < ERPG-3) 
are used to provide estimates of concentrations where one reasonably might anticipate observing 
adverse effects of hazards chemicals. For example, ERPG-3 of a chemical is defined as  
�the maximum airborne concentration below which it is believed that nearly all individuals could 
be exposed for up to 1 hr without experiencing or developing life-threatening health effects�.   
The ERPG-1, ERPG-2 and ERPG-3 values are used as criteria for selection of safety class or 
safety significant or administrative control to prevent or mitigate chemical hazards.  For 
chemical, where ERPG values are not available, DOE has approved the use of Temporary 
Emergency Exposure Limits (TEELs) for about 1,200 chemicals. 

 
Facility Hazard Categorization 

 
The ERPG-3 values are used as a guide for hazard categorization (HC) of a facility, based on 
unmitigated consequence of the chemical hazards (LIR 300-00-05)6. It is based on graded 
approach. For example; 
 

• A facility is classed as Category A (High hazard) if the chemical concentration would 
exceed the ERPG-3 level at the site boundary (off-site consequence). This is equivalent to 
Category 1 in a nuclear facility.  

• A facility is classed as Category B (Moderate hazard) if the ERPG-3 concentration would 
exceed onsite. On-site is considered a laboratory property (e.g., 100m), but not associated 
with local activities. Category B is equivalent to Category 2 of a nuclear facility.   
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• A facility is defined as Category C (Low hazard) if the hazard and unmitigated 
consequence of ERPG-3 are only significant in the local area (immediate worker).  This 
is equivalent to Category 3 of a nuclear facility.  

 
There are number of non-nuclear facilities at LANL, and most of them are Category C and thus 
do not present hazards that threaten large number of people or workers beyond those directly 
involved in the work. For hazards from such facilities, workers in the local area are protected by 
the ISM programs consisting of Safe Work Practices (LIR-300-00-01)5 and Facility Management 
Work Control (LIR-230-03-01)8, and the Facility Safety Plan (FSP, LPR-240-01-00)14.   
 
Facilities that have both nuclear and nonnuclear hazards, the nuclear hazard category shall have 
precedence (HC-1,2 or 3), and the nonnuclear hazards shall be analyzed as part of the nuclear 
facility Safety Basis. For a Radiological facility, it shall be categorized according to its 
nonnuclear hazard, Category A, B, or C. Radiological facilities shall be authorized in a manner 
required for the nonnuclear hazard category of the facility. 
 

 
Requirements for Authorization Safety Basis 

 
Office of Authorization Basis (OAB):  LANL has recently established an Office of 
Authorization Basis (OAB) for both nuclear and nonnuclear authorization safety basis 
documents. The OAB serves as the office of institutional co-ordination (OIC) and institutional 
liaison between the Laboratory facilities and the DOE-Field office for safety basis issues. It 
provides institutional interpretations, technical assistance, and independent review through 
competent personnel.  The OAB plays an important function in the safety basis processes. 
 
Safety Basis (SB) Requirements 
 
The authorization basis for a chemical facility has different requirements for Category A (High-
hazard), Category B (Moderate-hazard), and Category C (Low-hazard) non-nuclear facilities 
(LIR-300-00-07)7, as shown in Table 4. For each category, authorization involves the first three 
core functions of Figure 1: define work, identify and analyze hazards, and establish controls. 
Level of details of analysis and controls depend on the potential hazards and category type, 
which is explained as follows. 
 
Category C (Low hazard):  Activities and consequences are germane to immediate workers in 
the local area. Authorization consists of ISM process consisting of Safe Work practices (LIR 
300-00-01)5 and Facility management Work Control (LIR-230-03-01)8 to provide protection to 
workers. Authorization consists of Facility Safety Plan (FSP, LPR-240-01-00)14 and Facility 
Tenant Agreements (FTA, LIR-250-02-02)15.  Approval authority lies with the Owning Division 
Director (ODD) of the facility.  
 
Safety basis change control shall maintain operations of the facility through LIRs within the 
approved ISM documents. 
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Category B (Moderate hazard):  It requires more extensive analysis. Authorization basis is 
safety basis (SB) for nonnuclear facilities. The SB document consists of the facility safety 
analysis (FSA) and operational safety requirements (OSRs). The SB document shall include the 
following chapters: 
 

1. Site Description 
2. Description of Facility and Operations 
3. Hazard Analysis (HA): The FSA shall include a comprehensive HA of the facility 

activities. The HA shall include the effects of natural phenomena and external events. 
4. Identification of Important Controls: The highest consequence accident must be evaluated 

to determine the controls that are most important. These controls shall be nonnuclear 
safety significant (SS). Other controls can be �defense in depth� and administrative. 

5. Safety Management Program (SMP) 
6. Operational Safety requirements (OSR): OSR shall include commitments to engineered 

systems, nonnuclear safety significant, defense in depth and administrative controls. 
 
The ODD shall approve the SB documentation (FSA + OSRs) and then submit to the OAB for 
institutional independent review. After review and resolution of comments, the OAB shall 
recommend approval to the ALD (Associate Lab Director) or DLD (Deputy Lab Director) within 
the facility line management. Copies shall be also forwarded to DOE-Field office for 
concurrence.  
 
SB change control shall address the maintenance of operation within the SB. In every two years 
cycle, the ODD shall perform a full SB review for an update as required, to include authorized 
changes made within the SB change control program.  
 
Category A (High hazard):  The SB document (FSA + OSRs) shall be more extensive than 
required for Category B. Additional requirements are that the SB shall include: 
 

• Hazard and Accident Analysis: In addition to qualitative HA, a quantitative accident 
analysis is required for those hazards ad accidents with the highest potential 
consequences to the public, to determine the bounding, unmitigated consequences. 

• Identification of Important Controls: Additional rigor controls shall be added. For 
example, any control that is deemed necessary to prevent permanent or life threatening 
injury to the public shall be classified as nonnuclear safety class (SC). 

 
The ODD shall have the approval authority of the SB document and then submit to the OAB for 
institutional independent review. After review and resolution of comments, the OAB shall 
recommend approval to the ALD (Associate Lab Director) or DLD (Deputy Lab Director) within 
the facility line management. The SB document shall be submitted to DOE-Field office for 
approval, which may require additional comment resolution (concurrence for Category B). 
 
As in Category B, the SB change control shall address the maintenance of operation within the 
SB. In every two years cycle, the ODD shall perform a full SB review for an update as required. 
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Table 4. Summary of Authorization Safety Basis (SB) Requirements* 
 

Steps Category A 

(High hazard) 

Category B 

(Moderate hazard) 

Category C 

(Low hazard) 

Safety Basis (SB) 
document 

SB= Extensive FSA & OSRs 

 

SB= Graded FSA & OSRs 

 

Facility Safety Plan & 
Facility Tenant Agreements

Approval 
Authority 

ODD and DOE-Field office 

ODD sends SB to OAB 

Lab ODD 

ODD sends SB to OAB 

Lab Owning Division 
Director (ODD) 

OAB Function Independent review and 
comment resolution 

Independent review and 
comment resolution 

None 

OAB Recommends 
Approval to 

Associate Lab Director or 
Deputy Lab Director 

Associate Lab Director or 
Deputy Lab Director 

None 

OAB Forward 
Copies to 

DOE-Field office for 
approval 

DOE-Field office for 
concurrence 

None 

SB Change Control Maintenance of controls and 
full SB review by ODD every 
2 yrs  

Maintenance of controls 
and full SB review by 
ODD every 2 yrs  

LIRs within approved ISM 
documents 

* For explosives and accelerator facilities, DOE O 440.1 �Explosive Safety Manual�, and DOE O 420.2 �Safety of Accelerator 
Facilities� may require Safety Assessment document (SAD). 
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