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ABSTRACT 

In recent years, U.S. Department of Energy (DOE) facilities commonly have been classified 
as reactor, non-reactor nuclear, or nuclear facilities. Safety analysis documentation was 
prepared for these facilities, with few exceptions, using the requirements in either DOE 
Order 5481. IB, Safety Analysis and Review System; or DOE Order 5480.23, Nuclear Safety 
Analysis Reports. Traditionally, this has been accomplished by development of an extensive 
Safety Analysis Report (SAR), which identifies hazards, assesses risks of facility operation, 
describes and analyzes adequacy of measures taken to control hazards, and evaluates potential 
accidents and their associated risks. This process is complicated by analysis of secondary 
hazards and adequacy of backup (redundant) systems. 

The traditional SAR process is advantageous for DOE facilities with appreciable hazards or 
operational risks. SAR preparation for a low-risk facility or process can be cost-prohibitive 
and quite challenging because conventional safety analysis protocols may not readily be 
applied to a low-risk facility. 

The DOE Office of Environmental Restoration and Waste Management (EM) recognized this 
potential disadvantage and issued an EM limited technical standard, No. 5502-94, Hazard 
Baseline Documentation. This standard can be used for developing documentation for a 
facility classified as radiological, including preparation of an auditable (defensible) safety 
analysis. 

In support of the radiological facility classification process, the Uranium Mill Tailings 
Remedial Action (UMTRA) Project has developed an auditable safety analysis document 
based upon the postulation criteria and hazards analysis techniques defined in DOE Order 
5480.23, Nuclear Safety Analysis Reports. The auditable safety analysis focuses on hazards 
and potential accidents associated with relocation of mill tailings at UMTRA sites. The 
majority of hazards related to UMTRA activities are construction hazards. These hazards are 
addressed in the auditable safety analysis. The auditable safety analysis also demonstrates 
the limited need for backup (redundant) systems at UMTRA sites. This, in rum, expedites 
preparation of the auditable safety analysis by greatly reducing the need for discussions 
regarding adequacy and sufficiency of redundant systems. 

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 responsi
bility 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. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 



INTRODUCTION 

Within the last 10 to 12 years, views have changed regarding safety analysis documentation 
required for U.S. Department of Energy (DOE) facilities, including what must be addressed, 
what is adequate, and what approvals are required. This new perspective is due, in part, to 
the publics' demands for assurance that DOE facilities are operated in a safe manner and not 
endangering the workers or the public. At the same time, assurance must also be given that 
the environment is protected. 

Partially in response to public demands, the DOE has issued two principal Orders pertaining 
to safety documentation: DOE Order 5480.23, Nuclear Safety Analysis Reports (Change 1, 
dated 10 March 1994)(1), and DOE Order 5481. IB, Safety and Analysis Review System 
(dated 23 September 1986)(2). DOE Order 5481. IB was the initial Order regarding 
development of Safety Analysis Reports (SAR). In the spring of 1992, DOE Order 5480.23 
was issued, defining additional elements to be included in the SAR and superseding DOE 
Order 5481. IB, SAR Requirements for Nuclear Facilities. By the end of 1992, all DOE 
nuclear facilities were required to prepare SARs in accordance with DOE Order 5480.23. 

Developing SARs at most DOE nuclear facilities was very time-consuming and costly. 
Different evolutions of the SAR document were required (Preliminary Safety Analysis Report 
[PSAR], Final Safety Analysis Report [FASR], and possibly a Safety Evaluation Report 
[SER]); backup (redundant) systems had to be identified so that critical safety systems could 
continue to function; and adequacy and sufficiency analyses were required for relevant 
structures, systems, and components (SSC) that were part of the facility operations or 
processes. 

DETERMINING ADEQUATE SAFETY DOCUMENTATION 

"Adequate" safety documentation continues to be a challenge at DOE facilities that have low 
hazards, have processes with the potential for only localized on-site consequences, and/or 
have a limited mission life. For example, the Uranium Mill Tailings Remedial Action 
(UMTRA) Project, based in Albuquerque, NM, is responsible for successful remediation of 
mill tailings (residual radioactive materials contained in sand or loose soil) generated during 
the processing of uranium ore. This DOE project includes 24 processing sites and over 5000 
vicinity properties located in 10 states and on 2 Indian reservations. Remediation of the mill 
tailings is necessary because of potential adverse health effects from prolonged exposure to 
residual radioactive materials. 

The remediation process is divided into two distinct tasks: 1) either encapsulation on-site or 
relocation of the mill tailings, and 2) verification of effective containment of the mill tailings 
through a ground water monitoring program. 

Task 1 ensures encapsulation of the mill tailings at a location that is considered to be 
geologically safe, either on-site or off-site. This geologically safe repository is referred to as 
a^disposal cell.* The relocation process commonly consists of loading the mill tailings into 
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large dump trucks, transporting them to and depositing them at the disposal site, shaping the 
deposited mill tailings into their final configuration using bulldozers and scrapers, and then 
placing a final cover of clay and rip rap rock over them. The majority of site activities 
relating to task 1 are those commonly encountered on a construction site using heavy 
equipment. 

This construction orientation is also reflected in the lack of redundant systems for UMTRA 
Project site activities. The SSCs at UMTRA sites are not required to provide continuous 
operational support, as would be expected at a moderate- to high-risk facility. For example, 
at a to moderate- to high-risk facility, HEPA filtration systems might be required to operate 
continuously. This would commonly include a standby diesel emergency power system to 
ensure that HEPA filtration can continue to function. SSCs used at UMTRA Project sites are 
not required to be operational to maintain system integrity. For example, if a haul truck or 
conveyor system has a failure, the equipment is replaced, operations continue without the 
component, or operations cease until repairs can be made. In addition, no system failure can 
result in an unacceptable worker exposure or environmental release. 

Task 2 site activities include regularly scheduled sampling of ground water from wells drilled 
adjacent to the disposal cell. While task 2 activities will continue well into the next century 
(2010), the personnel performing ground water sampling will not be exposed to any hazards 
other than those encountered in the general work place. 

The majority of UMTRA sites are located in the southwestern portion of the United States 
where mills have been closed. Because of the mill closures, most of the towns adjacent to 
UMTRA sites are quite small or nonexistent. It takes approximately 2 to 3 years to 
accomplish task 1 at each UMTRA Project site. Actual periods of operation during each 
year of task 1 may only be 9 to 10 months long because of inclement weather. 

When all of these factors are taken into consideration, it is readily evident that following the 
traditional PSAR/FSAR process for each UMTRA site would be cost prohibitive. In 
addition, the UMTRA site task 1 activities could conceivably be finished prior to receiving 
approval on the FSAR. Clearly, the UMTRA Project needed to have a more timely and 
cost-effective method of developing its safety analysis documentation. 

As the UMTRA Project reviewed its options regarding developing acceptable safety analysis 
documentation without placing unacceptable constraints on project dollars, DOE-STD-1027-
92, Hazard Categorization and Accident Analysis Techniques for Compliance with DOE 
Order 5480.23, Nuclear Safety Analysis Reports (3), was issued by the DOE in December of 
1992. This standard provides a consistent method for determining the hazard category of a 
DOE facility, based on an "unmitigated release" of radioactive material. After reviewing 
UMTRA Project sites against the criteria specified in DOE-STD-1027-92, Project personnel 
determined that UMTRA sites could be classified as "radiological" verses "nuclear." 

While this radiological facility determination relieved the UMTRA Project of having to 
develop a traditional SAR, the question of what would considered "acceptable" safety 
analysis documentation still remained. DOE Order 5480. IB does not apply to construction 



activities and it had insufficient depth and breadth to use for guidance in developing the 
safety documentation. 

AUDITABLE SAFETY ANALYSIS (ASA) STRATEGY 

In August 1994, while the UMTRA Project was evaluating guides to use for the safety 
analysis development process, the Office of Environmental Restoration and Waste 
Management (EM) issued a limited technical standard, DOE-EM-STD-5502-94, Hazard 
Baseline Documentation. In this standard, an auditable safety analysis (ASA) report is 
defined as the type of safety documentation required for a radiological facility. The ASA 
report must describe, in an auditable (defensible) manner, safety processes and programs 
used at the radiological facility. 

To meet this requirement, the UMTRA Project used the principal safety criteria and SAR 
elements defined in DOE Order 5480.23. DOE Order 5480.23 was chosen for several 
reasons: its volume of definitive safety analysis content and structure, its recognition by the 
DOE community as the definitive written article on SAR development; and its guidance 
regarding what site activities should be addressed, how the SAR report should be structured, 
and how to focus SAR report development. 

Because the UMTRA Project chose to use DOE Order 5480.23 and it was not mandated by 
the DOE Headquarters, sections of the Order that were not considered applicable to the 
UMTRA Project did not have to have substantial objective evidence generated to justify their 
nonapplicability. 

For example, Topic 8, "Inadvertent Criticality Protection," is clearly not applicable to the 
UMTRA Project. In a traditional SAR, this type of determination would require fairly 
extensive documentation to support it. In the ASA report prepared by the UMTRA Project, 
this section is simply not included. However, memorandums were generated for UMTRA 
DOE Project Office concurrence, documenting which elements of the Order would not be 
included in the ASA report. This approach allowed the ASA report to be focused on issues 
directly relevant to the UMTRA Project while still documenting all decisions made governing 
the report development process. 

Because most of the UMTRA sites have the same basic types of SSCs, the UMTRA Project 
Office elected to develop a programmatic ASA report that addressed remedial action 
activities used at all of the sites. This allowed development of a single ASA report rather 
than 24 site-specific ASA reports. 

The ASA report addresses site activities including those related to operation of heavy 
equipment, conveyor systems, and decontamination facilities. Site programs addressed in the 
ASA report include operations, training, maintenance, fire protection, quality assurance, 
decontamination, and emergency response. Project issues addressed in the ASA report 
include hazard analysis and facility classification, organization and administration, and 
derivation of technical safety requirements. 



The ASA report includes an executive summary, a description of the process for 
development of the ASA report, a discussion of applicable elements of DOE Order 5480.23, 
a listing of applicable regulatory documents, and references. In addition, an integral element 
of the ASA report is a description of site hazards in sufficient detail to determine if existing 
controls used to limit target exposures are adequate. 

In addition to the guidance provided in DOE Order 5480.23, the UMTRA Project also used 
the safety system analysis techniques contained in the Management and Oversight Risk Tree 
(MORT) fault tree process. The combination of these two types of review approaches 
allowed identification of appropriate hazards, review of existing barriers to control target 
exposure to the hazards, and a determination of the adequacy and sufficiency of the barriers. 
This same logic is used throughout the ASA report to provide a consistent technical baseline 
for the review process. It also allowed hazards relating to SSCs and programmatic elements 
to be discussed. 

For example, SSCs of a area used for storage and dispensing of fuels (referred to on the 
UMTRA Project as a "fuel farm") are discussed as follows: 

FIRE PROTECTION: The quantities and types of fire protection equipment required 
to support UMTRA activities are based upon the fire hazard analysis techniques as 
defined in DOE Order 5480.7 and National Fire Protection Association (NFPA) 101. 
While each site hazard characteristics may vary slightly, all sites have potential fire 
hazards and use fire protection equipment as described below: 

Fuel Farm: Most of the UMTRA sites have a fuel farm area used for storage and 
dispensing of gasoline, diesel fuel, motor oils, and lubrication products. The fuel 
farm area is also used for storage of used motor oils for subsequent removal by an off 
site vendor. 

Hazards: 

Controls: 

Explosion and combustible fire hazards due to large volumes 
of flammable and combustible liquids stored in close 
proximity to each other. 

Administrative controls include placing no-smoking placards 
at all fuel farms, developing site procedures, and training site 
personnel regarding the prohibition of parking construction 
equipment within 50 feet of fuel farm areas. Fuel farm 
storage tanks containing gasoline and/or diesel fuel are 
grounded in accordance with the requirements of NFPA 30, 
and dispensing containers are bonded in accordance with 29 
Code of Federal Regulations (CFR) 1926.152. 



Barriers: Earthen berms around perimeter of fuel farm; metal 
stanchions at fuel farm dispensing areas; and placement 
of fuel farms at remote locations. 

Equipment: All fuel farms are provided with portable fire 
extinguishers (hand-held and/or wheeled). Sizes and 
quantity of the fire extinguishers are based upon volumes 
of flammable and combustible liquids stored. In 
addition, portable fire extinguishers (hand-held and/or 
wheeled) are placed in accordance with the spacing 
requirements defined in NFPA 10 and NFPA 30. 

Governing Documents: Construction Environmental Safety and Health 
(ES&H) Management Plan, Training Plan, Site-
specific Health and Safety and Hazard 
Communication Plans, Fuel Farm Operations 
Procedure, and Site Worker Course. 

While this technique allows potential operational and/or process hazards to be readily 
identified and evaluated, programmatic elements (e.g., maintenance, operations, quality 
assurance, and training) need a slightly different approach. Programmatic elements 
commonly do not present hazards. Ideally, the level of detail developed for a programmatic 
element should be balanced with the type of work activity involved. For example, an overtly 
constrictive maintenance program for a low-hazard-level activity (e.g., changing light bulbs 
in a laboratory) is not desirable nor is it cost effective. 

To determine what programmatic elements should be included in the ASA review process, 
the UMTRA Project used the functional area approach, as defined in the Environment, Safety 
and Health Configuration Guide (5), issued by the DOE in July 1993. The ES&H 
Configuration Guide provides uniform architecture for identifying and defining major ES&H 
topics, or "functional areas," based upon required activity. The UMTRA Project personnel 
determined that the following functional areas effectively control site activities or processes: 
configuration management; engineering, design, and construction; emergency preparedness; 
operational readiness review; environmental protection; fire protection; maintenance; 
management systems; occupational safety and health; operations; packing and transportation; 
quality assurance; radiological protection; safeguards and security; training; environmental 
restoration and waste management; and personnel. 



Each of these functional areas was examined for potential applicability to the ASA report, 
and appropriate programmatic functions were included. For example, the maintenance 
management program is discussed as follows: 

INITIAL TESTING, IN-SERVICE SURVEILLANCE, AND 
MAINTENANCE 

The UMTRA Project has developed a maintenance management program 
using the graded approach criteria defined in DOE Order 4330.4B, 
Maintenance Management Program. The program has been implemented at 
the site level to ensure that equipment and components can operate dependably 
without excessive down time. While each site's maintenance management 
program can vary, depending on actual SSCs used, most of the maintenance 
programs have the following elements in place: 

Organization: UMTRA subcontractors are responsible for the day-to
day maintenance activities of all subcontractor equipment, including 
preventive, predictive, and corrective duties. The site maintenance 
group commonly consists of a supervisor and two to six support 
personnel. 

Training: UMTRA maintenance personnel are trained by having new 
personnel work with experienced site staff. All training is 
performance-based to ensure that site personnel have been effectively 
trained prior to preforming tasks independent of direct supervision. 
Training records for maintenance personnel are retained at the site until 
completion of the contract. 

Testing: All equipment, systems, and processes are tested in 
accordance with manufacturers' specifications and with site procedures. 

Facility condition assessment surveys: Site management and 
subcontractor personnel perform daily and weekly walk-around 
inspections to verify condition of equipment and components. Selected 
pieces of equipment (haul trucks, scrapers, conveyors, rock separators, 
etc.) are subjected to a walk-around inspection prior to each use or 
daily start-up. 



Work order system: Each site subcontractor is responsible for 
developing a work control system suitable for the equipment being 
serviced. As a minimum, all work order system(s) meet the applicable 
requirements of DOE Order 4330.4B and 49 CFR 396. 

Maintenance procedures: Each site subcontractor is responsible for 
determining the depth and breadth of procedures required to support 
maintenance activities. All maintenance procedures are reviewed for 
adequacy and sufficiency by DOE Project Office personnel or a 
designee. 

Preventive maintenance: Each subcontractor establishes a preventive 
maintenance program to ensure that all pieces of construction 
equipment, including haul trucks and supporting components, are 
effectively maintained. 

Seasonal facility preservation: The majority of UMTRA sites have a 
winter shut-down program in place due to inclement weather. All 
heavy equipment is either removed from the site or winterized to 
prevent damage due to freezing temperatures. 

Equipment repair history: All subcontractor maintenance programs are 
required to maintain relevant records of repairs to equipment. As a 
minimum, site programs meet the applicable requirements of DOE 
Orders 1324.2A and 4330.4B and 49 CFR 396. 

Governing Documents: ES&H Management Plan, Standard Operating 
Practices (SOP) Manual, Maintenance Management Program Plan, and 
site- specific procedures. 

All elements of the ASA report analyzing hazards and/or programs follow this same logic 
and all determinations of acceptability are supported by reference to adherence or 
implementing plans and/or procedures. 

APPROACH TO THE DEFENSIBLE REQUIREMENT 

As discussed previously in this paper, one of the requirements established by DOE-STD-
5502-94 is that the ASA report be defensible. To meet this requirement, the UMTRA 
Project included in the ASA report a reference to the actual plan or procedure prepared to 
control site hazards or address programmatic issues. In addition, all plans and procedures 
referred to in the ASA report were reviewed for adequacy and sufficiency in controlling the 



site hazard or governing the site program. This feature of the UMTRA ASA report also 
provides a convenient reference when procedures need to be revised or updated. 

ASA REPORT RESULTS 

The completed ASA report is approximately 75 pages long and is currently at the DOE 
UMTRA Project Office for final review and approval. Costs to the UMTRA Project have 
been minimal. Personnel responsible for development of the ASA report had previous 
experience in generation of SARs ,and the ASA report was generated over a period of 
months while other Project tasks were performed. This is significant because development 
and approval of a traditional SAR can take years. 

The completed ASA report is already being used to orient new personnel or subcontractors to 
the unique aspects of UMTRA Project activities. It also allows site-specific activities or 
issues to be identified. 

The ASA report will be reviewed on a yearly basis to ensure that all relevant safety 
processes are still identified. This yearly review also allows equipment or processes no 
longer used for UMTRA activities to be deleted from the report. This review process 
ensures that the ASA report reflects only current site activities. 

CONCLUSIONS OF THE ASA REPORT PROCESS 
• The ASA report process has allowed the UMTRA Project to demonstrate that site 

processes are being conducted in a safe and defensible manner without placing undue 
constraints on budgets or site schedules. 

• By generating a Project-wide ASA report, individual sites with like processes can be 
addressed in a single document. 

• The ASA report can be used to identify potential equipment and procedure 
requirements for new UMTRA sites being started. 

• Because the ASA report is reviewed on a yearly basis, new processes or activities can 
be readily identified. In addition, processes no longer used can be readily deleted. 

• Due to the structure established for the ASA report, revisions can be accomplished in 
a timely and cost-effective manner. 
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