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ABSTRACT

The Savannah River Facilities for the most part were constructed and
maintained to standards that were developed by Du Pont and are not
rigorously in compliance with the current General Design Criteria
(GDC); DOE Order 6430.1 A requirements. In addition, many of the
facilities were built more than 30 years ago, well before DOE standards
for design were issued.

The Westinghouse Savannah River Company (WSRC) has developed a
program to address the evaluation of the Nuclear Material Processing
(NMP) facilities to GDC requirements. The program includes a facility
base-line review, assessment of areas that are not in compliance with
the GDC requirements, planned corrective actions or exemptions to
address the requirements, and a safety assessment. The authors from
their direct involvement with the Program, describe the program plan
for seismic qualification including other natural phenomena hazards, for
existing NMP facility structures to continue operation. Professionals
involved in similar effort at other DOE facilities may find the program.
useful.

BACKGROUND

The Savannah River Site (SRS) located at
Aiken, South Carolina, is a Department of
Energy (DOE) Nuclear Material
Processing facility vital to the National
Defense. The majority of the facility
structures were built in early fifties and
operated by Du Pont until 1988.
Westinghouse Savannah River Company

(WSRC) assessed the Nuclear Materials
Processing Division (NMPD) facilities as
part of the transition plan with Du Pont. A
major conclusion from that study was that
the facilities were currently safe to
operate, but significant improvements must
be made to bring them into compliance with
the current DOE requirements. In
addition, some of the facilities are aging

* The information in this article was developed during the course of work under
Contract No.DE-AC09-89SR18035 with the U.S. Department of Energy
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and will require upgrading or replacement
as a consequence of more than 30 years of
service.

The NMPD has developed a
Performance Improvement Plan (PIP)
which includes the following facilities:

1. The Raw Materials facilities -
which produces reactor fuel and
target components.

2. The Tritium facility - which
processes Reactor targets, spent
fuel and other isotope feedstocks,
separates, recovers and purifies
Plutonium, Uranium and other
isotopes as required.

3. The Waste Management
facilities • which recovers, purifies
and packages Tritium into weapons
components.

4. The Defense Waste Processing
facility - which minimizes and then
processes the radioactive waste.

Program Management Teams
(PMTs) at SRS have assessed
improvement issues and have developed
improvement plans for each facility. The
following principal sources that impact the
facility were considered in the development
of a Performance Improvement Plan (PIP)
for a facility.

• WSRC self assessment and
technical evaluation

• current DOE orders and
requirements

• equipment operating performance
• operating incidents
• experience from other DOE or

industry facility
• new or modified mission

Implementation of this plan will
enhance the Savannah River Site Mission

- To serve the national security interest of
the United States by safely producing
nuclear materials while protecting the
employee, public health, and the
environment.

As part of the Performance
Improvement Plan for the Nuclear Material
Processing (NMPD) facilities a Seismic
Qualification Program Plan (NSQP), ref.
[1] has been designed to define and
implement the criteria, methods and
procedures for seismic evaluation of the
Savannah River facilities. The evaluation
shall provide input to the safety analysis to
quantify the risk associated with a seismic
event and also due to other natural
phenomena hazards at the site.

PROGRAM OBJECTIVES:

The implementation of the Seismic
Qualification Program Plan (NSQP) for the
Nuclear Material Processing facilities at
SRS will achieve the following objectives:

• Establish confidence against the
seismic and other natural
phenomena hazards (wind, tornado,
flood etc) for the existing NMP-
facilities.

• Establish and implement an
efficient, manageable, and well
documented seismic program to
quantify the capability of the
existing facilities and provide for
seismic upgrades as required.

• The plan will help achieve functional
capabilities which will permit
operational excel lence and
compliance with applicable codes,
standards and industry guidance.
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PROGRAM GUIDELINES:

The program is designated to
identify all nuclear material processing
facilities on site where structural or
equipment failure compromises personnel
or public safety, environmental protection
or achievement of mission. The facilities
are categorized by hazard/risk potential in
accordance with the guidelines in UCRL-
15910, rcf. [2], and per Savannah River
Laboratory (SRL) inputs for the hazard
classification document. The Safety
Analysis Report (SAR) for a facility
includes the Hazard Analysis Document
(HAD) for the facility. Upon
establishment of the hazard classification
and its prioritization based on project
requirements, the specific structures and
equipment evaluation is performed
following the methodology discussed in
this paper.

The siesmic qualification of the
NMP facilities are being performed
following DOE guidelines, rcf. [3], which
have been recommended for similar DOE
facilities. The evaluation guidelines
provide relatively straightforward
procedures to evaluate, modify, or upgrade
existing facilities. The guidelines are
intended also to control the level of
conservatism introduced in the
design/evaluation process such that
earthquake, wind/tornado, and flood
hazards are treated on a reasonably
consistent and uniform basis and that the
level of conservatism is appropriate for the
facility characteristics, such as importance,
cost, and hazards to on-site personnel, the
general public, and the environment.
These guidelines consist of:

1. Facility-use categories and facility
performance goals.

2. Hazard probability from which
facility loading is developed.

3. Recommended design and
evaluation procedures to evaluate
facility response and criteria to
assess whether the response is
permissible.

EVALUATION PHILOSOPHY:

The SRS Seismic Qualification
Program Plan is based on the philosophy
that a facility is adequate/adequately
constructed if there is acceptably low
likelihood of adverse behavior. The
likelihood of adverse behavior can be
expressed on a probabilistic basis in terms
of annual probability of exceedance of some
performance (such as release of
radioactive materials or significant
structural damage). The likelihood of
adverse behavior compared with numerical
values for annual probability of exceedance
is shown in Table-1.

TABLE 1

Annual Probability
of Exceedance

Likelihood of
Adverse Behavior

>10-2
10-4 to lO-2

10-6 t 0 10-4
<10-6

Anticipated (a)
Unlikely (b)
Extremely Unlikely (c)
Incredible (d)

(a) Incidents that may be expected to
occur once or more during the life of a
facility.

(b) Incidents that are not expected but
may occur sometime during the life of
a facility.

(c) Incidents that will probably not occur
during life of a facility.

(d) Incidents for which a reasonable
scenario is not conceivable.
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Design and evaluation of a hazards
facility for natural phenomena hazards is
considered only part of the process of
assessing overall risk as shown in Fig. 1.
The design or evaluation process
encompasses the first two steps of risk
assessment; characterization of the hazard
and structural evaluation The overall risk
is a combined function of the performance
goal to which the facility has been
designed and the factors associated with
the source term and dose calculation which
affect whether hazardous materials might
reach the public or the environment in the
event of significant structural damage.
Performance goals are expressed in terms
of annual probability of exceedance of

TABLE

structural or equipment damage (to the
extent that hazardous materials arc not
confined). These goals will facilitate the
design or evaluation process by separating
the assessment of risk into two parts:
Performance of buildings and equipment
subjected to natural phenomena hazards
and Dissemination of hazardous materials.

FACILITY-USE CATEGORIES:

Facility-use categories at SRS are
established per guidelines in UCRL-
15910 as shown in Table-2.

-2

Facility-Use
Category

G e n e r a l Use
Facilities

Important or Low
Hazard Facilities

Moderate Hazard
Facilities

High Hazard
Facilities

Description

Facilities which have a non-mission dependent purpose, such as
administration buildings, cafeterias, storage, maintenance, and repair
facilities.

Facilities which have mission dependent use (e.g., laboratories,
production facilities, and computer centers), and emergency handling
or hazard recovery facilities (e.g., hospitals, fire stations).

Facilities where confinement of content is necessary for public or
employee protection (e.g., uranium enrichment or other facilities
involving handling or storage of significant quantities of radioactive
and toxic materials).

Facilities where confinement of contents to assure public and
environment protection are of paramount importance (e.g., facilities
handling substantial quantities of in-process plutonium etc).
Facilities in this category represent hazards with potential long term
and widespread effects.
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PERFORMANCE GOALS:

The performance goal is a combined
function of the likelihood of a hazard
occurrence of significant size to produce
damage and the strength of the facility to
withstand the effects of earthquake, wind,
or flood. The likelihood of natural
phenomena hazards is expressed by a
hazard curve which relates annual
probability of exceedance to the maximum
ground acceleration, wind speed, or flood-
water depth. The strength of a facility to
withstand natural phenomena hazards

depends on sources of conservatism
introduced in the evaluation of the facility
response and in the specification of
acceptable response.

Performance goals for the different
facility-use category used at SRS are
presented in Table-3. The design and
evaluation guidelines for facilities
subjected to natural phenomena hazards
have been specified to meet these
performance goals.

TABLE-3

Facility-
Use
Category

General Use

Important or
Low Hazard

Moderate
Hazard

High
Hazard

Performance Goal
Description

Maintain Occupant
Safety

Occupant Safety,
Continued Operation
with Minimal
Interruption

Occupant Safety,
Continued Function,
Hazard Confinement

Occupant Safety,
Continued Function,
V e r y H i g h
Confidence of
Hazard Confinement

Performance Goal Annual
Probability of Exceedance

10-3 of the onset of major structural damage to the
extent that occupants are endangered

5x10-4 of facility damage to the extent that the facility
cannot perform its function

10-4 of facility damage to the extent that the facility
cannot perform its function

10-5 of facility damage to the extent that the facility
cannot perform its function
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EVALUATION OF EXISTING
FACILITIES AT SRS:

The guidelines and procedures
typically followed at SRS for evaluation,
modification, or upgrade of existing
facilities are shown in the form of a flow
chart, Fig. 2. While new facilities must be
designed in accordance with the set
guidelines, existing facilities may or may
not meet die recommended guidelines. If
an existing facility does not meet the
required guidelines, the options as listed
below are considered.

1. Conduct a more rigorous evaluation
to reduce excess conservatism.
Alternatively a probabilistic
assessment could be undertaken to
demonstrate that the performance
goals for the facility can be met.

2. The facility could be strengthened
such that its resistance to hazard
effects is sufficiently increased to
meet the guidelines.

3. The usage of the facility could be
changed such that it falls within a
less hazardous facility-use
category.

Deficiencies which can be easily
remedied should generally be upgraded
without considering the other options
indicated above. It is often more cost-
effective to implement minor upgrades than
to conduct further analytical studies.

If an existing facility is close to
meeting the guidelines, a slight increase in
the annual risk to natural phenomena
hazards as recommended by UCRL-15910,
[2], can be allowed because of the difficulty
in upgrading an existing facility and also
because existing facilities may have a
shorter remaining life than a new facility.
As a result some relief in the guidelines for
earthquake and wind/tornado evaluations

can be allowed by performing the
evaluation using a hazard exceedance
probability of twice the recommended
value. For example, if the hazard annual
probability of exceedance for the facility
under consideration is 1(M, it would be
acceptable to reconsider the facility at a
hazard annual probability of exceedance of
2x10-4. This would have the effect of
slightly reducing the seismic and wind
loads due to these natural phenomena
hazards in the facility evaluation. No relief
in the guidelines is permitted for flood
evaluation. No potential flooding problem
has been identified at SRS.

The evaluation of existing facilities
differs from the design of new facilities in
that the as-built and as-is condition of the
existing facility must be assessed. At
SRS this assessment is accomplished by
reviewing drawings and conducting site
visits to determine deviations from the
drawings and any in-service deterioration.
In-place strength of the materials are used
when available. Corrosive action and other
aging processes which may have had
deteriorating effects on the strength of the
facility have been considered. A program
for programmatic testing of concrete
strength of the SRS facility structures have
been implemented. The purpose of the
program is to monitor if there is any
adverse effect on the strength of concrete
due to chemicals and radioactivity over the
period of time in future and thus monitor
the validity of the qualification evaluation.

Evaluations are conducted in order
of priority, with highest priority given to
those areas identified as weak links by
preliminary investigations and to areas
which are most important to personnel
safety and operations with hazardous
materials.
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The equipment which are identified
for seismic evaluation/qualification is
evaluated using Seismic Qualification
Utility Group (SQUG) qualification
methodology per NUREG-1211, ref. [7].
This approach utilizes walkdown and
evaluation of equipment by similarity to an
experience data base. The Equipment
Qualification Data Bank (EQDB) provided
by NUS Corporation is also used as an
available source to qualify equipment
based on the test data in the EQDB.

TECHNICAL PROGRAM
DESCRIPTION:

The program involves a number of tasks,
which can be described as:

1. Site Specific
relative to SRS

general tasks

2, Facility Specific - tasks relative to
a facility

Site Specifics:

Regional Seismic Studies
Regional seismic studies have been done
for the SRS reactor facilities. These
studies are reviewed to determine if any
special activity is required to extend the
studies to NMP facilities. This effort
includes the determination to use the
existing site specific response spectra or
to use USNRC Regulatory Guide 1.60
based spectra. Damping per USNRC
Regulatory Guide 1.61 is used.

Site Soil Parameters
The site soil studies for the NMP facilities
are being conducted in parallel with the
comparable studies for reactor facilities.
The soil test results along with the
existing site soils data will be reviewed to
establish the site soil parameters to be
used in the analysis of each facility.

Qualification Methods. Criteria and
Procedure Development
This task includes preparation of additional
specific guidelines (if required) to
implement the program. It will include the
preparation of simple examples to
demonstrate application of the
deterministic evaluation and fragility
analysis approaches. It will also address
critical issues applicable to SRS facilities
raised from reviews of existing analyses,
such as procedures for estimating the
ductility of reinforced concrete structures.

Structures and Equipment Classification
Facilities and Structures are classified
according to their use as shown in Table-1.
Systems or equipment within the facilities
required for mission, public or employee
safety or environmental protection are
identified in the facility SAR.

Retrieval of Seismic Analysis Back-up
Documentation
This task covert the retrieval of back-up
documentation (rum each of the consultants
who performed the seismic analyses
described in the lummary reports reviewed
in reference (K|. <c g . URS/Blume, EDAC,
Agbabian AIMK )

Facility Spccifki

Identification and Dcwnption of Structures
This task will define the baseline
information for each NMP structure. It will
include identification of structural
drawings, existing calculations and reports
related to the seismic and other natural
phenomena hazards. It will also include a
description of the function of the facility and
information on the consequences of
structural failure or damage. Where
function of the facility is critical, additional
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seismic levels (e.g., earthquake levels
corresponding to a reoccurrence probability
of 1 in 100 years) will be evaluated in order
to investigate continued operation in the
event of a lower magnitude earthquake.

Review of Existing Seismic Qualification
Documentation
The baseline information as identified
under the above task will be reviewed to
determine if it is sufficient for performing
the analysis as outlined in Figure 4.
Additional analyses may be identified as
necessary from this task depending on the
adequacy of the documentation retrieved.

Evaluation of Seismic Capacity
The seismic capacity of the structures will
be calculated and evaluated to determine
its adequacy. Additional analyses will be
performed where required. As necessary,
information defining the fragility
characteristics of the structure will be input
into a risk assessment analysis. The risk
evaluation will be performed as required to
assist in the decision process as to the
need of pursuing potential design
modifications. Fragility data associated
with the structure with and without design
modifications would be developed and
provided for the risk analysis.

Equipment Seismic Capabilities
The safety class equipment will be
identified in the facility SAR. The seismic
adequacy of the equipment will be
evaluated following the evaluation process
as outlined in Figure 4. Design
modifications will be recommended, if
necessary, and the fragility data will be
provided for a risk assessment analysis.

Seismic Qualification Report and SAR
Input
This task involves preparation of the
seismic qualification report and the SAR
summary for the structures, the safety

class equipment, and filing of all pertinent
back-up documentation in the SRS
permanent files.

Senior Seismic Review Committee
The program requires an onsite review
committee with outside consultants, as
required, to perform a peer review of the
seismic studies for verification and
acceptance.

DQE Review
The seismic qualification reports will be
submitted to DOE for review and
acceptance. These reports will include any
revisions necessary to address all
comments resulting from the Senior
Seismic Review.

DESIGN CONTROLS AND PROGRAM
MANAGEMENT

The scope, criteria, and methods of
the seismic qualification program for the
NMP facilities shall be consistent with the
requirements prescribed in the facility
SAR. Seismic analysis procedures and
criteria shall be in place to assure that the
criteria and the methods are applied
consistently by all WSRC personnel and
subcontractors, for all facilities. These
procedures and criteria will be peer
reviewed and submitted for DOE approval.

Management of the seismic
program will include the activities
necessary to periodically report progress,
track completion/resolution of open items,
perform internal and third party reviews
and audits, control and update design and
analysis documents, and provide training
and feed back during the program
implementation.
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SCHEDULE

Near term and long term schedules
are established based on the prioritization
considering the project needs and
availability of resources to meet the over
all site operations schedule.

CONCLUSION

The seismic qualification program
plan implemented at SRS provides a
programmatic seismic, other natural
phenomena hazard evaluation, and
qualification of the nuclear material
processing facilities and the related safety
class equipment. The program provides
adequate and consistent qualification
quidelines for all the NMP facilities across
the site In the development of the
program, the available industry and DOE
evaluation guidelines for similar facilities
have been considered. The successful
implementation of the program plan will
justify and provide the required confidence
level to continue operation at existing SRS
facilities.
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Figure 1.
Flow Diaeram for Earthouake Risk Assessment
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Figure 2.
Existing Facility Evaluation Ar>Droach
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