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ABSTRACT

The U.S. Department of Energy's (DOE) Office of Health Physics and Industrial Hygiene
sponsored a study of Radiological Engineering Programs at selected DOE contractor facilities. This
study was conducted to review, evaluate, and summarize techniques and practices that should be
considered in the design phase that reduce dose and the spread of radioactive materials during
subsequent construction and operation of DOE radiological facilities. As in a previous study on
operational ALARA programs, a variety of "good-practice documents" will be generated. It is
envisioned that these documents will serve as a resource to assist radiological engineers in the process
of designing radiological facilities, and in performing radiological safety/ALARA design reviews.

This paper presents the features for three good-practice documents and related software
applications that are being developed based on the findings of this study. The proposed software
called "Radiological Assessment and Design System" (RADS) will be a menu-driven database and
spreadsheet program. It will be designed to provide easy, consistent, and effective implementation of
the methodologies described in the three good-practice documents. These documents and the
associated RADS software will provide the user with the following three functions: (1) enter dose
assessment information and data into computer worksheets and provide printed tables of the results
which can then be inserted into safety analysis reports or cost-benefit analyses, (2) perform a wide
variety of sorts of radiological design criteria from DOE Orders and produce a checklist of the
desired design criteria, and (3) enter cost/benefit data and qualitative ratings of attributes for various
design alternatives which reduce dose into computer worksheets and provide printed reports of cost-
effectiveness results.



Introduction

The DOE's Office of Health is responsible, in part, for developing radiation protection policy
and guidance for DOE and its contractors. In April 1988, DOE contracted with Brookhaven National
Laboratory to provide a center for exchanging information on reducing occupational dose. As an
adjunct to this effort, the Office of Health Physics and Industrial Hygiene (EH-41) sponsored a study
of radiological engineering programs at selected DOE Management and Operating (M&O) contractor
site. In October 1991, a series of visits were initiated to DOE contractor nuclear facilities to study
radiological engineering programs. The objective was to review, evaluate, and summarize techniques
and practices that should be considered in the design phase that reduce dose and the spread of
radioactive materials during subsequent construction and operation of the radiological facility. Based
on the findings in this study, this paper discusses some DOE requirements relating to radiological
engineering, obstacles and technical issues identified, and presents an initiative that is under
development to aid in reviewing the radiological safety of a proposed design.

Method

Three health physicists visited four M&O contractor sites to collect information on the
organization, roles and responsibilities, policies and procedures, as well as the implementation and
documentation of their radiological engineering programs. A fifth and final site will be visited during
the week of April 19-23, 1993. These sites were selected because they had workers receiving
exposures more than 1 rem/yr (10 mSv/yr) in 1991 or 1992 and were visited in the order shown in
the following list:

1. Westinghouse Hanford Company
2. Los Alamos National Laboratory
3. Westinghouse Savannah River Company
4. Martin Marietta's Oak Ridge National Laboratory, Y-12 Plant and K-2S Site
5. EG&G Idaho Inc. and Westinghouse Idaho Nuclear Co., Inc. (planned)

Prior to performing the first site visit, the requirements and guidelines for implementating a
radiological engineering program were identified from various DOE Orders and later from the DOE
Radiological Control Manual1. A questionnaire was developed to systematically collect the
information needed to evaluate the status of DOE contractors' radiological engineering programs.
Next, several of the design and radiological engineers at each site were interviewed and related
documentation was collected.

This paper describes some of the obstacles/issues identified and proposes some solutions to
performing radiological safety review of a design for a DOE radiological facility. The three major
elements of a radiological safety review that will be discussed are 1) dose assessments, 2) reviews of
radiological design criteria, and 3) cost-benefit/optimization evaluations (see Figure 1).
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Requirement

DOE Order 5480.23, "Nuclear Safety Analysis Reports,"2 requires that the Safety Analysis
Report (S AR) justify the adequacy of the safety basis for protecting the health and safety of the public
and workers. Therefore, an analysis must be performed of normal operations, maintenance activities,
and postulated abnormal events that may have adverse consequences such as those that might result
from exposure to radiation. Then, assessment of the radiological risk is used, in part, to support the
conclusion that the risks and consequences of operating a nuclear facility are acceptable by being
within DOE's design criteria and safety goals.

Status

Traditionally, during the design of a radiological facility, dose assessments were performed
mostly for postulated accidents. As a result of DOE Order 5480.23, issued in April 1992, dose
assessments now also must include dose to workers and collocated workers during routine operations
and maintenance activities in addition to dose from non-routine occurrences. Recently, several
examples of detailed dose assessments for routine operations have been performed in support of SARs
for DOE radiological facilities undergoing design and construction. These new requirements have
presented several problems for the radiological engineers and others who assess these doses.

Obstacles/Issues

Some of the major obstacles and technical issues associated with performing dose assessment
that were identified by engineers during the site visits are:

1) Historical data and accurate projections of the radioactive source term, including
isotopic distribution, are difficult to obtain.

2) There is a lack of guidance on the formality of documentation and degree of
verification required for these calculations. This includes formal documentation of
methods used to verify, validate, and control the configuration of computer codes.



3) There is a lack of consistency on which neutron-quality factor methodology to
employ.

4) Historical data and accurate projections of person hours to perform routine and
abnormal operations, maintenance, production, inspections, construction, and research
are difficult to obtain. This includes estimates of occupancy factors, equipment usage
factors, process throughputs, equipment failure rates, etc.

5) The scope of radiological activities is not well known for new and unique facilities
and is difficult to quantify for similar facilities having historical data.

6) There is confusion as to what constitutes a non-continuously occupied area for
determining if the design objectives in DOE Order 5480. II3, "Radiation Protection
for Occupational Workers," and DOE Order 6430.1 A,4 "General Design Criteria,"
will be met.

7) There is a lack of guidance on some of the assumptions that are required, such as
degree of administrative controls, proximity of workers to sources, equipment use and
reliability factors, and extent of nonroutine maintenance and inspections.

8) There is, in some situations, an inability to accurately predict the effects of measures
to reduce exposure and changes in design.

9) There may be insufficient commitment of resources to document a detailed and
comprehensive dose assessment for a major nuclear facility.

Solutions

A good-practice document and an associated computer program are being developed by the
BNL ALARA Center for estimating collective dose, with special consideration given to their use
during die DOE design process The software will be an adaptation of that developed for the Nuclear
Management and Resource Council (NUMARC) by SC&A, Inc., McLean, Virginia.56 As far as
possible, the good-practice document and software will eliminate or reduce the obstacles and technical
issues listed above. In addition, data on dose assessments for normal operations collected during
recent visits will be examined for style of documentation and techniques. The software will be
designed to:

Handle simple to complex radiological tasks.
Be easy to learn and apply.
Require a minimum of time to input the data into the computer and get results.
Allow easy updates.
Incorporate adjustments for various dose-reduction measures.
Adequately document the bases for dose estimates, assumptions, and results for use in
Safety Analysis Reports.

Dose estimates will be developed by use of a menu-driven format that guides the user through
the assessment process using a series of checklist and worksheets. To initiate the estimate, the user
must categorize the radiological activity as either installation, maintenance, production or operation.



Four methods will be provided, each with separate worksheets, to estimate worker dose for each task
or subtask:

1) A historical method that uses actual collective dose data from an identical or similar
task with adjustment factors to compensate for differences.

2) A conventional method that uses estimates of dose rates and labor hours for each
identified task.

3) A radiation zone method that uses expected labor hours in various radiation zones and
the effective dose rates or dose rate interval expected in that zone.

4) A frequency method that is based on the exposure time per activity, the annual
frequency of that activity, and the effective dose rate for the activity.

Radiological Design Criteria Review

Requirement

DOE Order 6430.1 A,4 "General Design Criteria," DOE Order 5483.1 A, "Occupational Safety
and Health Program for DOE Contractor Employees at Government-Owned Contractor Operated
Facilities,"7 and several other DOE Orders require that all Department facilities are designed and
constructed to be consistent with health and safety requirements. To satisfy these Orders, the
numerous radiological safety requirements and goals enumerated in these and other DOE Orders and
related documents must be considered. Next, the nuclear facilities drawings, systems, and equipment
arrangement must be systematically reviewed against the applicable radiological design criteria and
safety goals. Changes in the design are recommended by the design engineer and radiological
engineer to satisfy the required DOE design criteria.

Status

Findings from the site visits showed that there was no systematic comprehensive mechanism
to ensure the incorporation of ail the radiological design criteria and safety goals. All sites had either
a checklist or design criteria manual which listed some of the DOE radiological design criteria. But
not one design or radiological engineer was convinced that all the DOE radiological design criteria
were included in their listing. In addition, no engineer admitted they were able to perform a
comprehensive review of their checklist or manual against the design for a major radiological facility.
Typically, radiological engineers would quickly review the preliminary drawings using engineering
judgment, and, for some facilities, using the previously mentioned design review checklist or their
facility's radiological design manual. The sheer volume and complexity of the DOE radiological
design criteria have presented several problems for design and radiological engineers who design and
perform safety reviews.

Obstacles/Issues

The major obstacles or technical issues associated with the review of a design against the
applicable radiological criteria that were identified by engineers during the site visits are:



1) The number of DOE Orders (greater than 10) and the number of radiological deign
criteria (greater than 500) precludes a thorough review.

2) The wording of the criteria is typically vague and can be interpreted several ways.

3) On occasion, drawings are provided to the radiological engineer for review just before
their approval for construction, i.e., Title II.

4) The radiological safety requirements in the DOE Orders are constantly being revised
and improved, so it is difficult to remain current with the requirements.

5) There is no formal mechanism for making the radiological engineer aware of all the
DOE radiological design criteria.

6) On occasion, changes suggested by radiological engineers are not resolved nor do the
design engineering personnel respond.

7) There may be insufficient commitment of resources to document a detailed
comprehensive review of radiological design criteria.

Solution

Again, a good-practice document and an associated computer program are being developed to
systematically select and list the applicable radiological design criteria. The design criteria will be
selected from the database by the use of keywords. There are currently 3 categories of keywords for
defining facility type, component, and radiological category, e.g., shielding, containment, etc. The
system will generate two categories of reports: user-defined and routine reports. For user-defined
reports, the user will be able to define any number of facility types, components, and radiological
categories up to all. There will be two basic types of routine reports: the first is all criteria for a
selected facility type sorted by each component or radiological category; the second is all criteria for
each component and for each radiological category for those criteria that apply to all facility types.
As far as possible, the obstacles and technical issues listed above will be eliminated or reduced. The
software will provide the radiological engineer with checklists that will:

• Properly characterize the design by component, radiological category, and nuclear
facility type.

• Fully document that the applicable DOE design criteria were satisfied.
• Identify and document any design changes needed to meet the design criteria.
• Provide documentation to be included in the design package to show that the review

of the design criteria was of high quality, consistent, and comprehensive.

Cost-Benefit (C/BVOptimization Evaluations

Requirement

DOE Order 5480.11, "Radiation Protection for Occupational Workers3, DOE Order 5400.5,
"Radiation Protection of the Public and the Environment,"1 and DOE Order 5480.23, "Nuclear Safety
Analysis Reports,"2 require that cost-benefits are evaluated to determine if the protective measures are



reasonable. Therefore, the costs and the benefits must be estimated for a design change that will
reduce dose, including the dollar value of the expected dose avoided.

Status

Although each facility had an approved methodology for evaluating cost-benefit/optimization,
only a couple of examples of documented C/B evaluations were collected. The explanation provided
for the lack of documented C/B evaluations was that the decision of whether or not to implement a
protective measure, in practice, is decided upon using engineering judgment. However, it was
recognized that with the increase in the economic constraints facing DOE, it is expected that
documented C/B evaluations will increase. This, in turn, will ensure that resources used to protect
workers in new facilities, and during modifications to existing facilities, will be used to the best
advantage.

Such factors as cost, availability of equipment, impact on schedule, probability for success,
and effect on public relations were cited as all weighing heavily in the decision-making process.
However, as a result of DOE nuclear facilities coming under high public and government scrutiny,
together with the increasing need to justify the expenditure of resources, it is expected that
documented cost-benefit/optimization evaluations will become more widely used.

Obstacles/Issues

Some of the major obstacles or technical issues associated with performing cost-benefit
evaluations that were identified by engineers during site visits are:

1) Evaluations seem to be a subjective process, which often involves estimates or
projections of savings and costs. Their reliability is questionable and their outcome
can be manipulated.

2) There are difficulties in quantifying the costs and weightings for the various socio-
political factors.

3) Evaluations can be a complicated and difficult process, which requires a knowledge of
engineering economics and, on occasion, sensitivity analysis.

4) Management is not familiar with the methodology of converting dose savings to cost
savings and, therefore, is not willing to endorse or promote a methodology.

5) There is a lack of guidance on performing cost/benefit analysis and on selecting an
appropriate monetary value for the radiation detriment or dose avoided, i.e., dollar
per person-rein.

6) There are no clear requirements nor criteria for when a cost/benefit should be
performed.

7) A formal cost/benefit evaluation can be costly and time consuming to perform and
document.



Solution

Again, a good-practice document and an associated computer program are being developed to
provide a quick, systematic method of deciding if an ALARA protective measure (APM) is cost-
effective or considered reasonable to implement. The methodologies that are being considered are 1)
the cost-benefit analysis used at Westinghouse Hanford Company,910 2) the radiation-detriment values
and cost-benefit worksheets developed at Brookhaven National Laboratory11-12, and 3) a corrective-
action prioritization process developed at Los Alamos National Laboratory. The good-practice
document and software will present the user with worksheet screens to enter data and information on
costs, benefits, and dose savings, as well as weighting factors on such attributes as worker risk,
public risk, public relations, environmental impacts and regulatory compliance impacts. The software
will then store the entered data in a retrievable spreadsheet and perform the necessary mathematical
functions. The completed worksheets and associated results will be displayed on screen, saved on
disk, and printed on paper. The software will provide the radiological engineer with menu-driven
worksheets that will:

1) Describe the protective measure or measures being considered, along with a definition
of the radiological safety problem.

2) Determine if an overriding factor necessitates the implementation or rejection of the
protective measure.

3) Calculate the cost of the protective measure.

4) Calculate the dollar value of the benefits of the protective measure including, the dose
to be avoided.

5) Perform a multi-attribute analysis of the qualitative factors such as worker health and
safety risks, environmental impacts, community concerns, public health and safety
risks, and regulatory compliance impacts.

Conclusion

A survey was made of current practices in performing design reviews of the radiological
safety for proposed modifications to existing or new DOE radiological facilities. A computerized
system is being developed which combines the best features of several methodologies being employed
so as to overcome, as best as possible, the major obstacles and technological issues. When
completed, the proposed Radiological Assessment and Design System (RADS), shown in Figure 1,
will be tested by selected users in industry and subsequently revised to optimize its function and
operation.

When used by DOE contractors and their architect engineering firms during the design of
future nuclear facilities, RADS will aid in analyzing trade-offs associated with the adverse impacts of
exposure to radiation. The appropriate distribution of future nuclear facility construction dollars, in a
deficit- constrained environment, will result in safer and more cost-effective research machines,
reconfigured nuclear weapons complex, and nuclear waste disposal facilities. This is important in
light of the increased scrutiny by the federal government and public, as well as the national policy



towards environmental protection. RADS will also aid in meeting the design challenges imposed by
the downward trends in radiation dose limits and industrial accidents.
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PROPERTIES AND DISCHARGE KINETICS OF AN ACTIVATED
Pd0.85Ni0.15 HYDRIDE ELECTRODE

W.Luo, J. R. Johnson,
S. W. Feldberg and J. J. Reilly
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Brookhaven National Laboratory

Upton NY, 11973

The replacement of the cadmium electrode by a metal
hydride electrode in secondary batteries has effected a
renewed interest in the properties of alloy hydrides. One
area which has received little attention is the
decomposition of a metal hydride phase under a strong
electrochemical driving force. We have chosen to study the
alloy hydride PPdo.85NiO.15Hx because its high physical and
chemical stability eliminates some experimental constraints
required with non-noble metal hydride electrodes. The
system is also notable for its lack of hysteresis(1).

A wire electrode was prepared weighing 3xlO~3 g, 2.0
cm long with a diameter of 2xlO~3 cm. The electrode surface
was activated by the electrochemical deposition of a layer
of Pd. The cell was of the conventional H design. One
compartment contained the working electrode and a H
reference electrode; the other contained a Pt counter
electrode. The electrolyte was 1 N KOH. The working
electrode was subjected to «40 hydriding/dehydriding cycles
by alternate charging at -200 mv (RHE) and discharging at
+200 mv to assure reproducible behavior. The reaction at
the Pd.85Ni.15 electrode is as follows;

Pd#95Ni,i5+xH2O+xe" O 3Pd#g5Ni>15Hx+ xOH" [1]

The electrode is charged cathodically with hydrogen to a
composition of the single phase hydride, 3Pd.85Ni.i5H>.4.
Conversely the hydride phase is decomposed by discharge at
a potential more positive than the equilibrium potential,
E r. The activity of H2 at the electrode surface (as
pressure in atmospheres) can be calculated via the Nernst
equation,

E r - -(RT/nF)ln(PH2)
1/2 [2].

At 298K E r for the phase conversion is -15 mv. The Pd/H
system is similar, but the hydride phase is more stable;



4 [4]

where a is the fraction reacted,£j are the roots of a zero
order Bcssel function, D is the diffusion constant and r is
the cylinder diameter. A plot of a versus log t is shown in
figure 3. Note that r is a constant and D is an adjustable
parameter. Using a value of 2xlO~7 cm^/s for D the
agreement between theory and data is reasonable after the
initial stages of the reaction; other processes may be rate
limiting in the early stages. Further refinement of the
model is currently underway.
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