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IMPLEMENTATION STRATEGIES 
FOR 

U.S. DOE ORDER 5480.28 
NATURAL PHENOMENA HAZARDS MITIGATION 

T. J. Conrads 
Westinghouse Hanford Company 

ABSTRACT 
This paper describes the strategies used by 

Westinghouse Hanford Company for implementing a new 
U.S. Department of Energy Orqer 5480.28, Natural 
Phenomena Hazards Mitieation. The'order requires that all 
new and existing structures, systems, and components be 
designed and evaluated for the effects of natural phenomena 
(seismic, wind, flood, and volcano) applicable at a given 
site. It also requires that instrumentation be available to 
record the expected seismic events and that procedures be 
available to inspect facilities for damage following a natural 
phenomena event. This order requires that probabilistic 
hazards studies be conducted for the applicable natural 
phenomena to determine appropriate loads to be applied in 
a graded approach to structures, systems, and components 
important to safety. 

This paper discusses the processes, tasks, and 
methods used to implement this directive, which altered the 
standard design basis for new and existing structures, 
systems, and components at the Hanford Site. It also 
addresses a correlation between the performance category 
nomenclature of DOE Order 5480.28 and the safety 
classification described in DOE Order 5480.23, Nuclear 
Safetv Analvsis Reports. This correlation was deemed to 
be a prerequisite for the cost-effective implementation of 
the new DOE Order on natural phenomena hazards 
mitigation. 

INTRODUCTION 
In January 1993, the U.S. Department of Energy 

(DOE) issued a new order, 5480.28, Natural Phenomena 
Hazards Mitigation. This order as& its five applicable 
standards, STD-1020 through -1024, provide requirements 
both for the design of new structures, systems, and 
components (SSC) and for the evaluation of existing SSC 
to potential natural phenomena loading. It requires that 
instrumentation be available to record expected seismic 
events and that procedures be in place for inspecting 
facilities for damage following such an event. The order 
also requires that probabilistic hazards studies be conducted 
for applicable natural phenomena to determine approprhte 
loads to be applied to SSC and that a graded approach, 
based on the item's importance to safety, be applied to the 
design and evaluation of SSC. The new order will apply 
to new SSC on issuance of the last applicable standard. It 
requires that an implementation plan for existing SSC be 
issued for approval by DOE within one year following the 
issuance of the last applicable standard. 

This order, together with its applicable standards, 
adds a new dimension to structural designin an aging DOE 
complex. Recent experience with the Tank Seismic 
Experts Panel's PSEP) Guidance for the Seismic Design 
and Evaluation of Underground Storage Tanks (#52361, 
BNL 1993) indicates that observing the requirements of the 
new DOE standard 1020 could lead to the use of peak 
ground accelerations approximately twice those required by 
its predecessor, UCRL-15910 (1990): 

Moreover, implementation of this new order for 
existing SSC is complicated by the fact that original design 
media for most of the non-nuclear facilities are not readily 
available. Thus a significant amount of structural 
evaluationmay have to be completed before the impact of 
this order can be assessed. The implications are even 
greater when one considers that most sites in the DOE 
complex are in transition from production to restoration 
and remediation. Accommodating the new order under 
current contractual agreements without formal 
implementation plans is not feasible. 

DISCUSSION 
Although the Order 5480.28 and four of the Eve 

applicable standards have been issued, a contractual 
agreement behveen Westinghouse Hanford Company 
(WHC) and DOE'S Richland Operations Office (RL) delays 
implementation until all applicable standards have been 
issued. Table 1 lists the order, the standards, and their 
status as of January 1995. 

Considerable controversy has developed throughout 
the DOE complex over the statistical approach to 
determining loads from potential natural phenomena events. 
As a result, some of the standards have undergone major 
changes during the review and comment stage. Both good 
business practice and cost effectiveness dictate that full 
implementation of the order be delayed until methods for 
site characterization and evaluation gain consensus. 
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Table 1. Status of Natural Phenomena Hazards (NPH) 
Order and Applicable Standards. 

IK)E-STO-lOZZ IlPH S i t e  Characterization 

On the Hanford Site, design criteria for both new and 
existing SSC are included in Hanford Plant Standards, 
Standard Arch-Civil Design Criteria. Design Loads for 

. Facilities (HPS-SDC 4.1). Originally developed in 1957, 
this document was upgraded substantially in 1989 following 
the release of DOE Order 6430.1A, General Design 
Criteria, which referenced UCRL-15910, Design and 
Evaluation Guidelines for DeDartment of Energy Facilities 
Subiected to Natural Phenomena Hazards, for structural 
design. The latter document, which required statistical 
hazards analyses as a basis for determining loads from 
potential natural phenomena events and prescribed a graded 
approach to design, initiated a new era in structural 
analysis across the DOE complex. 

Figure 1 elaborates on how DOE design criteria are 
implemented for projects at WHC. HPSSDC 4.1 
represents the site-specific version of the generic criteria in 
the DOE Order, and the letter of instruction or functional 
design criteria documents represent the project-specific 
requirements. 

DOE Order 5480.28 includes a number of new 
requirements for DOE contractors: 

e 

e 

m 

e 

e 

Probabilistic NPH assessments in accordance with 
DOE-STD-1022, -1023, and -1024 

Implementation of a graded approach for application 
of loads and degree of rigor in accordance with a 
system of performance categorization specified in 
DOE-STD-1021 

Structural design and evaluation in accordance with 
D OE-STD-1020 

Earthquake detection through a site network of 
strong-motion instrumentation 

Procedures for post-NPH response and damage 
inspection. 

To assess the effects of new requirements and 
develop a strategy for implementation, a Hanford Site 
Implementation team was formed. This team comprises 
multi-contractor, multi-disciplined staff. 

Westinghouse also has formed a number of technical 
committees from among its subsidiaries that, as Integrating 
Government Contractors operate DOE sites. These 
committees in turn have established ad hoc subcommittees 
of technical everts charged with developing consensus 
strategies or solutions for issues commonto the government 
contractors. One such group is the NPHSubcommittee 
repoaing to the Engineering Committee. Because the 
implementation of DOE Order 5480.28 poses a challenge 
for all DOE contractors, the NPH Subcommittee decided 
that its principal focus for CY-94 should be to share 
information regarding each site’s strategy for order 
implementation and to develop common approaches to 
resolving common issues and problems. 

A number of meetings by both committees 
determined that the major obstacle to implementing Order 
5480.28 was the lack of correlation between the graded 
approach to safety class promulgated in DOE Order 
5480.23 and its standards and the graded approach to 
performance category (NPH design) being prescribed in 
Order 5480.28 and its corresponding standards. The 
absence of a link between these systems precluded 
assurance that an adequate amount of robustness would be 
designed into SSCs to preserve their intended safety 
function during a potential NPH event. Moreover, 
experience has demonstrated that if safety analysis results 
are not employed as primary determinants in selecting the 
function and designing the anchorage of SSCs, too much 
redundancy and robustness results. Excessive redundancy 
and robustness canincrease costs substantially, but may not 
reduce the perceived risk. 

WestinghouseHanford Company ’ssafety organization 
developed a draft correlation based on the intent and 
definitions contained in both DOE orders. The 
Westinghouse Nuclear Facility Safety Committee selected 
safety analysts from the various sites to work with the NPH 
subcommittee to develop more l l l y  the correlation, shown 
in Figure 2. Once the safety function of an SSC has been 
determined, and it is decided that this function needs to be 
preserved during an NPH event, Figure 2 can be used to 
define the minimum performance category and therefore 
NPH designloads. If a more robust designis required for 
other reasons, the performance category can be 
appropriately increased. 

Figure 3 shows a relationship between safety class 
and design codes and standards. This information was 
made available by members of the Westinghouse Nuclear 
Safety/Engineering Subcommittee. Figure 3 provides 
design guidance for two safety classes only: safety class 
and general services. Existing consensus 
engineeringhuilding codes and standards can be divided 



into two groups: those that ensure the structural adequacy 
of SSC in the commercial nuclear industry and those that 
focus on basic life safety in the general contracting 
industry. For the intermediate safety-significant category, 
the codes and standards appropriate for the general-services 
category should be complemented by specific requirements 
from the safety-class category to form a hybrid group that 
ensures the safety function for the specific hazards 
predicted. 

Therefore, Figures 2 and 3 provide guidance for 
selecting both NPH loads and desigdbuilding codes and 
standards for preserving SSC safety function. Performance 
category also dictates structural analysis methodology. If 
the design process follows the flow chart shown in Figure 
4, which calls for a preliminary safety evaluation to be 
completed early in the design (followed by preliminary 
safety analysis and final safety analysis and the results used 
in conjunction with Figures 2 and 3). the design will 
ensure, in a way that is cost effective, that the SSC safety 

* function is preserved during natural phenomena events. . 

Another task that the Westinghouse teams felt was 
essential was that if DOE were to be successful in 
developing new orders for safety and design analyses, then 
good communication links between the authors of the 
orders and the government contractor staff were 
imperative. Because DOE has been very proactive in 
soliciting comments on these directives, Westinghouseused 
the committees as forums for review and comment. These 
reviews provided an opportunity for all of the 
Westinghouse committees to comment but reduced the 
volume of comments submitted to DOE through the 
consolidation mechanism afforded by the subcommittees. 

Each site is in the process of developing strategies to 
address the new DOE orders. Westinghouse Hanford 
Company has prepared a listing of tasks for order 
implementation, shown in Figure 5. The timeline uses the 
principles of the Price Anderson Amendments Act for rule 
implementation. Although Order 5480.28 was issued in 
January 1993, it will not be considered in force until the 
last applicable standard has been issued. The DOE will 
allow its sites 30 days for review of the entire 
orderlstandard package and submission of an 
implementation strategy and schedule. Another six months 
has been proposed for development of Implementation Plan 
I. This phase of implementation is for new SSC. It will 
be followed by another six-month phase for completion of 
Implementation Plan II. This second phase also will allow 
time for finalizing the implementation plan for existing 
SSC. Both implementation plans will be submitted to DOE 
for approval. This approval process for each is expected 
to require at least 30 days. 

Figure 5 depicts a number of tasks that should be 
completed during Phase I. These tasks involve developing 
criteria, loads, and methods for incorporating the 
requirements of Order 5480.28 into site procedures for the 

design of new SSC. Brief descriptions of these tasks are 
given below. 

COMPLIANCE ISSUE RESOLUTION/ 
COMPLIANCE MATRICES 

The review of the order and its standards uncovered 
a number of terms that required definitions, e.g.. "new" 
versus "existing" SSC. Therefore, a major task will 
involve identifying issues that may complicate compliance, 
determining methods of resolution, and reaching closure 
with DOE. The vehicle for documenting this process is a 
compliance matrix. Such matrices normally are used at 
WHC for DOE orders, but because the standards 
supporting Order 5480.28 are somewhat controversial and 
very prescriptive, it was decided to complete a compliance 
matrk for each of the standards. This activity ensures the 
documentation of the decisions made during the 
development of the implementation plan. The 
implementationplanis the contract for compliance between 
the integrating contractor and DOE. It consists of 
providing references to all of the requirements stated in 
both the order and its standards. If exception is taken to 
any requirement. justification is provided in a waiver 
request. 

NPH CONSULTANT CONTRACT 
As a result of working on the correlation between the 

safety classification established by Order 5480.23 and the 
performance categorization of Order 5480.28, staff agreed 
on the need to convene a panel of staff and consultants 
from both the Safety and NPH design disciplines. The 
primary objective of the panel is to ensure that concepts 
and quantitative relationships promulgated in both orders 
are well understood and useful to both disciplines. This 
panel has developed an agenda and submitted proposals for 
tasks brought to light during the review of the orders and 
standards. It is seeking funding for this activity in CY-95. 

One of the tasks that is of primary importance is the 
development of general fragility curves for all ground- 
motion levels in the standards. These will be expressed as 
multiples of the design-basis earthquake and will be used in 
simple probabilistic analyses to establish design criteria for 
each structure, system and component. 

NPH INTERIM DESIGN LOADS 
Site characterization, the preparation of NPH curves, 

and development of corresponding loads usually take years 
to complete and move through the review/ comment 
process. 

Because WHC has been following the guidance in the 
draft standards for site characterization and completion of 
seismic hazards studies for a major project, it is felt that an 
addendum to HPSSDC 4.1 could be completed in six 
months to include interim loads applicable for new SSCs. 



Table 2 compares the zero-period accelerationvalues 
contained in SDC 4.1 to preliminary values resulting from 
implementing the requirement in the new order and its 
supporting standards for the 200 East Area. Note that the 
maximum zero period acceleration currently predicted for 
the site has almost doubled compared to that predicted with 
previous guidance from UCRL-15910. This is primarily 
due to the latest DOE guidance for implementing the 
results of the hazards curves to determine loads rather than 
changes in the hazard curves themselves. 

But, as this unusually high groundmotion is reserved 
for category A reactors or nonreactor structures so 
designated by the DOE program secretarial officer, it 
should not represent a significant requirements for the 
design of new non-reactor SSCs. 

Table 2. 

sc - Hlgh Hazard (Reactor)  0.259 pc-J 0.379. 

SC-1 - Hlgh Hazard 0.209 PC-3 0.199 

SC-2 = Hod. Hazard 0.129 PC-2 0.139 

SC-3 - LOW Hazard/IHP 0.129 PC-2 0.139 
SC-4 - General Use 

NPH DETECTION MONITORING PLAN 
Order 5480.28 requires that sites have strong ground- 

motion instrumentation to detect earthquakes. During 
Phase I, a plan will be developed for the selection, 
location, and numbers of instruments recommended to 
detect and record earthquakes to determine ground motion 
at site-specific strategic locations. Specifications for the 
procurement of these items will also be prepared. 

POST-NPH RESPONSE PLAN 
This new NPH order also requires that all DOE sites 

have a post-NPH response plan. It is envisioned that the 
site emergency response plan will be complemented with 
more detail regarding response to NPH events, eg., 
procedures for establishing the basis for re-entry and start- 
up, along with those for evaluating damage, and the 
necessary training and credentials for those staff completing 
the assessments. 

PRIORITIZATION PLAN 
The process of developing a strategy for the 

preparation of.the 5480.28 implementation plan determined 
that some of the activities that had to be completed before 
Phase 11 would take longer tpan six months. The decision 
was to undertake such activities during Phase I. These 
activities include the development of a prioritization plan 

and the pilot implementation of this plan at four different 
facilities. These four facilities would be selected to be 
somewhat representative of all site facilities. 

The prioritization plan is directed at existing 
facilities. Time and funding constraints and programmatic 
mission considerations necessitate a strategy to set priorities 
for the evaluationand future potentialupgrading of existing 
facilities to the requirements of Order 5480.28. 
Implementation of this strategy will direct resources to 
facilities life and that are of the greatest importance to 
safety and mission and having a remaining life. 

A screening program is envisioned to enable 
relatively rapid and cost-effective initial evaluations so that 
facilities of greatest vulnerability to NPH effects can be 
identified and their vulnerabfity addressed. Facilities with 
SSCs that might not be vulnerable to .NPH effects because 
of their inherent ruggedness can be identified with 
minimum expenditure of resources and eliminated from 
further consideration. 

Figure 6 describes a preliminary process by which 
WHC may set its priorities. It uses numerical values to 
determine existing facilities which will be evaluated to the 
requirements in Order 5480.28. The results of a planned 
pilot effort may lead to modifications to the method for 
setting priorities. 

Setting priorities is the frst phase of a three-phase 
compliance strategy for NPH qualification and, if required, 
for upgrading existing facilities and SSCs. 

Phase I. Prioritization. On the basis of design data, 
facilities are initially sorted by their greatest vulnerability 
to NPH effects. Inherently rugged facilities are eliminated 
from further consideration. Remaining facilities are ranked 
according to their importance in terms of safety, mission, 
remaining life, and the potential cost of upgrades. The cost 
and schedule for evaluating vulnerable facilities for NPH 
effects are estimated. A prioritized schedule for evaluation 
of vulnerable existing facilities will be included in the 
implementation plan. 

Phase II. NPH Evaluation. Subject to DOE approval of 
the implementation plan, designated facilities/SSCs will be 
evaluated for NPH effects. Where deficiencies are 
identified, backfit analyses in accordance with DOE 
Notice 5480.5 will be conducted. Evaluations, bacMit 
analyses and recommendations for upgrade will be 
submitted to DOE for approval. 

Phase III. Upgrade. Subject to DOE approval, designated 
facilitieslSSCs will be upgraded. 

Phase 11 of the implementation plan focuses on 
completing tasks that support the order requirements for 
existing SSC. These include completing the probabilistic 
NPH assessments, updating the site NPH design and 



evaluation procedures, and documenting the priority for 
bringing existing SSC into compliance with Order 5480.28. 

SUMMARY 
The implementation of this new order represents a 

considerable investment in an aging complex. It cannot be 
done on a haphazard basis. This document has briefly 
describedthe tasks that WHC believes to be crucial to cost- 
effective implementation. Two tasks not described in the 
applicable standards have been explained in detail. The 
correlation of Order 5480.23 SSC safety classification to 
Order 5480.28 SSC performancecategory should determine 
as adequate level of robustness to ensure the survival of the 
safety function during the NF’H event. A method for 
prioritiziig the assessments and potential backfits to 
existing SSCs is invaluable in guaranteeing that significant 
safety issues and missionneeds receive the highest priority. 



Hanford Design Criteria Hierarchy 

DOE Order 6430.18 

DOE Order 5480.28 

SDC 4.1 

1 Project Criteria 

0 
0 

/ 

Figure 1 



Figure 2. NPH Performance Category Correlation with 
SSC Safety Classifications 
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Figure 3. Guidance for the Use of Codes and Standards in a Graded 
Approach for Design of Non-Reactor Systems, Structures 
and Components 
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Figure 3. Guidance for the Use of Codes and Standards in a Graded 
cont. Approach for Design of Non-Reactor Systems, Structures 

and Components 
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Figure 4. Integration of Safety Analysis and Design Processes 
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Figure 5 

DOE ORDER 5480.28 AND SUPPORTING STANDARDS 
Imp1 ementa t i on T ime 1 ine 

ORDER IN FORCE EFFECTIVE IMPLEMENTATION DOE IP-I IMPLEMENTATION DOE IP-I1 
ISSUED DATE DATE PLAN I (IP-I) APPROVAL PLAN I1 (IP-11) APPROVAL 
1-15-93 

) - T T T T 7 T T 

Day - - - - 0 30 210 360 

PHASE I PHASE I1 

Compl i ance i ssue resolution 
NPH consultant contract 
NPH PC/SSC correl ati on 
NPH interim design loads 
NPH detection monitoring plan 
Post NPH response plan 
Waiver requests 
SDC-4.1 addendum 
Compl iance matrix (order) 
Compl i ance matrices (standards) 

Priori ti zati on pl an 
Exist. fac. pilot evaluations 

*Revise WHC procedures 
*Probabilistic NPH assessments 
*NPH detection installation 
*Post NPH response procedures 
(* indicates task continues) 
Issue SDC-4.1 addendum 

Exist. fac. Implementation Plan 

Note: In-force date is when last standard is reported as published 
by the DOE Office of Scientific and Technical Information 
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Figure 6. DOE Order 5480.28 Natural Phenomena Hazards Prioritizaiton Worksheet 
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