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FDH Radiological Design Review Guidelines

PURPOSE

These guidelines discuss the radiological design review process used by the Project Hanford Management

Contractors as described in HNF-PRO-1622, Radiological Design Review Process. They are intended to

supplement the procedure by providing background information on the design review process and providing a

ready source of information to design reviewers. The guidelines are not intended to contain all the •

information in the procedure, but at points, in order to maintain continuity, they contain some of the same

information.

These guidelines are not a design manual in the sense of discussing in detail the response to radiological

design situations. There are so many possible combinations of influencing factors that it is impossible to

cover them all. Furthermore, there are many references with such details covered, although they are not

systematically organized.

These guidelines do not establish any new requirements in addition to those discussed in HNF-PRO-1622,

Radiological Design Review Process.

INTRODUCTION

Background

The radiological design review process was established to supplement the design process by providing an

independent review of facility and equipment designs. This is to add assurance that the completed design will

be such that subsequent radiation exposures during installation, maintenance, operations and

decommissioning will be as low as reasonably achievable. It is not intended that the process be carried out

independently of other reviews of the design. This process can and should be done in cooperation with any

other reviews being done for regulatory compliance, design quality, conventional safety, environmental

protection and so forth.

In order to understand the discussion in these guidelines, it is necessary to be clear on what is meant here by

the radiological design review process. The radiological design review process is a process that begins at the

earliest stage of design and ends at the post-construction review of effectiveness of the design. It is carried out

by competent personnel and reviews the design of equipment or facility at periodic points during the design

process to ensure that appropriate methods and considerations are being taken so that the radiation exposure

to installation, operation and maintenance personnel will be ALARA. It also is to ensure that the generation

of radioactive waste will be minimized and that appropriate consideration is being given to the requirements



HNF-3325, Rev. 0

for decommissioning the equipment or facility. Above a certain risk level, the process includes a radiological

engineer as part of the design team.

Characteristics and Elements of a Good Radiological Desizn Review Process

A good radiological design review process has certain characteristics that the process discussed below is

designed to embody. The reviewers should keep these characteristics in mind as they carry out a review. It

will tend to help keep the process focused and on track.

(1) It is an independent review that begins at the earliest stage of design so that radiological design

requirements and other health physics considerations (such as determining if a potential design is

radiologically justified or ensuring that sufficient funds are budgeted for radiological requirements)

can be properly taken into account.

(2) It works in close cooperation with the overall design process

(3) It works in close cooperation with the other safety aspects: environmental safety and physical safety

(4) It examines the design at several points during the development of design, particularly at major

design review points. The review must be frequent enough so that the design cannot progress pass

the point where it cannot be changed without excessive cost or schedule delay.

(5) It reviews the design process for use of ALARA decision-making methods for the evaluation of

ALARA alternatives, and for the presence of radiological design requirements and compliance with

the regulations.

(6) It can be implemented by personnel who are competent in the disciplines affected by the design

including installation and operational personnel. The radiological professional must have sufficient

experience and access to resources to guide and evaluate the design.

(7) It considers the ALARA aspects over the facility or modification life-cycle: installation, startup,

operations, maintenance, decommissioning

(8) It provides competent and timely advice to the designers at each stage of the design

(9) It includes the use of reminder lists of radiological requirements and good practices and other written

guidance.

(10) It considers the radiological dose due to installation, maintenance and operations.

(11) It considers waste minimization from the earliest design stage.
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(12) It considers decommissioning from the earliest design stage.

(13) It includes a post-construction review of radiological design effectiveness.

(14) It includes written reports of findings and recommendations at each stage of the review. (10 CFR

835.704[b] requires that actions taken to maintain occupational exposures ALARA, including

radiological design reviews, be documented.)

General Areas Examined bv a Radiological Design Review

The general areas listed below are to be examined during each radiological design review. It is necessary to

examine each of these areas to ensure that the requirements are met.

• Regulatory requirements for radiological design

• Other site and DOE requirements for radiological design

• State of Washington environmental requirements affecting design for occupational ALARA

Use of ALARA decision-making methods (see HNF-PRO-1621, ALARA Decision-Making Methods)

• Radiation exposure during installation, maintenance and operations

• Contamination control during installation, maintenance and operations

• Airborne radioactive material control during installation, maintenance and operations

• Radioactive waste minimization

• Provisions for decommissioning

• Documentation of radiological design

Potential Consequences of a Poor Radiological Design

There are many potential consequences of a poor radiological design. The most obvious consequence is that

the subsequent operating staff will suffer an unjustified increase in cancer risk, because the occupational

exposures are higher than justified. It is furthermore quite likely, that due to more difficult radiological

conditions, productivity of the facility will suffer. A contaminated facility with high radiation fields is more

difficult to run than a clean one with low fields; as the radiological conditions worsen, the planning and

control needed increases rapidly, as do the potential regulatory problems. Another problem is the potential
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for costly and time-consuming efforts needed to respond to regulatory violations, if the regulations are

violated during the design. Another problem which sometimes results is re-design, which is costly in both the

design effort and delays in the project. In summary, a poor radiological design will, for a variety of reasons,

result in higher costs and higher risks.

Some recent construction at Hanford offers examples of inadequate radiological design:

At one facility, Radiological Control reviewed the facility only after the design was finished. It was

necessary to add a decon room, which had to go into the same airspace as the gloveboxes. The

change area and portal monitor had to be jammed together so that only two people could get in, and

the exit from the glovebox room is laid out backwards (undress, monitor, airlock).

Radiological design review did not take place at another facility until the Operational Readiness

Review (ORR). The film dryer had a very poor design for controlling airborne radioactive material;

additionally, there were a large number of leaks from valves, pumps, and threaded instrument

connections.

A larger facility was designed without a proper radiological design review process. This resulted in
these shortcomings:

* Poor facility layout resulted in a delay and a redesign of change-room areas to correct the flow of
personnel in and out of the radiological areas.

* Poor assumptions of Ion Exchange Module (IXM) filtration capabilities resulted in a design that

would cause what material that was filtered, to be dumped into an unshielded filter with a

pressure change across the IXM. This resulted in an unshielded, unposted, and uncontrolled high

radiation area (HRA). Required redesign to shield filter.

* In an effort to make operating systems cheaper, the primary systems were designed on a skid.

This resulted in a very compact system, but will greatly increased the dose to workers performing

routine maintenance and operations due to the close proximity of high dose rate components.

* Systems were designed without proper supports to allow for installation of shielding, if needed.

* Poor assumptions led to the determination that no maintenance would be required on the systems

over the life of the project. With over 700 instruments in the systems, varying from temperature

indicators, flowmeters, pressure transmitters, etc., this is a poor assumption due to required

calibration frequencies for these type of instruments. This resulted in a design that had no

provisions for connecting test instruments to the system for these tests. These had to be

redesigned to allow for in-place testing. Since this assumption was made, no determination was

made of the radiation exposure required to perform these functions.
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*• Little or no documentation exists to support any ALARA activities in the design of this facility.
This will make it very difficult to show compliance with 10CFR835 and difficult to successfully
pass an ORR.

* The design reviews that were performed, generally, consisted of the very same personnel who
designed the systems. This resulted in a biased view of the design.

* The ventilation hood for process connections was poorly designed,, resulting in delay and costly •

redesign to correct deficiencies.

* There were little or no provisions made to access piping systems for cleaning, if required. With

the potential for buildup of high dose rate material, this is of considerable importance.

The following shortcomings resulted from inadequate radiological design at other facilities:

* Poor personnel flow into and out of radiological areas.

* Poor design and layout of radiological instrumentation led to very costly redesign of all systems.

* Poor documentation exists to support any ALARA activities in the design of this facility. This
will make it very difficult to show compliance with 10CFR835 and difficult to successfully pass
an ORR.

* Little or no documentation exists to support any ALARA activities in the design of these systems.

This will make it very difficult to show compliance with 10CFR835 and difficult to successfully

pass an ORR.

* A large number of special tools are required; these will require many people and a lot of time to
control and decontaminate.

For another new system for an existing facility, the following shortcomings resulted from inadequate
radiological design:

* Little or no documentation exists to support any ALARA activities in the design of this facility.
This will make it very difficult to show compliance with 10CFR835 and difficult to successfully
pass an ORR.

* Poor design led to a number of high radiation areas that were not controlled. This required the
redesign of some shielding and addition of access control systems.

* No provisions were made for extra shielding on high dose rate components. Requiring some
redesign and analysis.

* Shield walls around filter tanks were designed with straight-through penetrations. This resulted in
possible high radiation streaming through the penetrations. Penetrations need to be designed
properly to prevent this. Due to the advanced state of the design (close to installation), the
penetrations had to have less-than-optimum fixes applied. This will result in higher than
necessary dose rates at these locations.



HNF-3325, Rev. 0

There are many causes for poor radiological design. Some of the primary ones tend to be repetitive.

(1) Radiological design review late or not at all.

(2) Design engineers are often poorly trained in the requirements of ALARA and how to implement it.

(3) Design review teams often don't have any more operational and radiological experience than the

designers.

(4) No or inadequate budget for radiological needs.

(5) Inadequate information available at reviews.

(6) Inadequate time to do a review properly.

The process outlined below is designed to address as many of these problems as it can.

3. T H E ALARA PRINCIPLE AND ITS RELATIONSHIP TO DESIGN

In order to properly understand radiological design and the approach taken for radiological design review, it is

first necessary to understand the ALARA principle and its relationship to design. The ALARA principle is a

simple, but widely misunderstood idea, that plays the central role in most radiation protection activities,

including design.

3.1 Background on Radiation and its Effects

The health effects of radiation are generally classified in two categories: non-stochastic and stochastic. The

word stochastic means "arising from chance; involving probability; random." Thus, stochastic effects of

radiation are those that arise from chance; that is, given a certain exposure to radiation, they sometimes

happen and sometimes don't. The primary stochastic effect that concerns radiation protection is cancer. Non-

stochastic effects are those not related to chance; that is, given a certain radiation level, they will happen-

(given a certain natural variation in the sensitivity of people). There are many non-stochastic effects, for

instance skin reddening and vomiting.

Stochastic effects have in common these two characteristics: they occur, without a threshold, with some

probability that is a function of the radiation dose, and the severity of the effect is independent of the size of

the initiating dose. That is, any exposure to radiation is assumed to introduce some risk of an effect (cancer),

regardless of how small the dose is. Also, once you have cancer, you have it. It will not be more severe if the

initiating dose is larger. The primary stochastic effect is cancer.

Non-stochastic effects, in contrast, have these two common characteristics: they appear after a certain amount

of radiation is received (i.e., they have a threshold), and the severity of the effect is directly proportional to the

amount of radiation (i.e., the radiation dose) received. For example, if you receive an exposure large enough

to initiate the gastro-intestinal syndrome, you will get sick. And the higher the dose, the sicker you will get.

There are many non-stochastic effects, for example, skin reddening and the breakdown of the intestinal wall.
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3.2 Three Principles of Radiation Dose Limitation

Three simple principles have been developed to protect people from the harmful effects of ionizing radiation

while allowing the benefits of activities involving radiation. These three principles are each derived from the

two classes (stochastic and non-stochastic) of effects of ionizing radiation.

First Principle: Justification

The first principle is "No practice shall be adopted unless its introduction produces a net positive benefit."

This first principle is intended to avoid any effect, primarily cancer, when there is no justifying benefit. Why

run the risk of cancer, however small, when there is nothing to be gained from the activity which causes the

risk?

Justification is generally a societal decision, not a radiation protection decision. New facilities and substantial

modifications are generally justified at a senior management or even political level. For instance, money and

exposure involved in the Spent Nuclear Fuel Project is judged to be justified by the threat that the radioactive

material stored in the K-East and K-West fuel storage basins poses to the Columbia River. This justification

was established above the engineering level at a governmental or political level.

Second Principle: ALARA or Optimization of Radiation Protection

The second principle is "All exposures shall be kept as low as reasonably achievable, economic and social

factors being taken into account."

This second principle is based on the idea that since there is some stochastic risk for even low radiation doses,

and even though you may be obeying the limits, you still shouldn't take any more radiation dose than is

necessary to do the task; i.e., the exposures should be as low as is reasonable, commensurate with getting the

task done and with all legitimate considerations taken into account.

This is the principle that requires the optimization of radiation protection. This principle has become the

central principle of radiation protection and is the one that requires that radiological design and design

reviews be done. This principle is discussed further below.

Third Principle: Compliance with Radiological Limits

The third principle is "The dose equivalent to individuals shall not exceed the limits recommended for the

appropriate circumstances by the Commission."

This third principle prevents, in routine activities, radiation doses high enough to cause any non-stochastic

effect. These limits are also set so that the risk of death from cancer is similar to the risk of death in industries

that society normally considers safe.

This principle simply says that the basic radiation protection limits can't be exceeded.
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3.3 ALARA: Central Principle of Radiation Dose Limitation

Of the three principles, the ALARA principle has become the central principle of radiation dose limitation.

Processes and equipment to avoid exceeding dose limits are well established; this' is particularly true for DOE

where the de facto dose limits are considerably less that the legal ones. As far as justification is concerned,

this decision is usually a societal one, taking place at decision levels higher than radiation protection. Since

justification and dose limits have been generally attended to, emphasis has shifted to not only meeting the

limits, but reducing the risk of cancer to as low a level as is reasonable, commensurate with getting the task

accomplished.

The ALARA principle, in addition to being the central one of the three, is also, at this time, the most difficult

to implement. The problem lies in the broad and somewhat vague wording of this principle. Just exactly

what is "reasonable," and how does one take social and economic factors into account in a radiological

protection decision? What is considered reasonable varies with the one doing the reasoning, and this has

been the source of endless difficulties in its interpretation and implementation. These uncertainties have led

to a wide range of interpretations, many of them taking extreme positions. Some have argued that almost any

effort is reasonable to reduce human exposure, while others have ignored the principle. Both of these extreme

positions are wrong.

The ALARA principle, in its most basic form, seeks to instill a state of mind that constantly questions

whether all that could reasonably be done to reduce human exposure has been done. At a more organized

level, the ALARA principle is implemented by processes that seek to ensure that all that could reasonably be

done has been done. Examples of this include the radiological design review process discussed here and the

radiological work planning process. Another type of process that seeks to implement the ALARA principle in

the case of specific decision-making is that in the ALARA decision-making methods discussed below. These

methods seek to provide an approach to decision-making that leads to a demonstrably ALARA result. At the

most formal level, the principle has been incorporated into national regulations. For instance, the DOE

occupational radiation protection regulations (10 CFR 835) require that action be taken to ensure that

exposures are ALARA. Furthermore, these regulations contain specific ALARA requirements for such

aspects as design and documentation. Thus, the ALARA principle has broad application and is implemented

at several levels.

The objective of the ALARA principle needs some explanation. The objective is not to reach the minimum

exposure almost regardless of cost, but to reach the optimum exposure, taking into account the other

legitimate aspects of practical radiological work such as budgets, schedules, other regulatory requirements,

and so forth. The radiological design review process is one of those processes trying to reach this optimum.
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3.4 ALARA and Design

Full implementation of the ALARA principle requires that a facility or piece of equipment being designed for

radioactive service be designed so that the exposures are ALARA (optimum, not minimum) over the life of

the facility or equipment, not just one phase of the life. The only place where all these considerations can be

taken into account is during the design phase; in all other phases, it is too late.

The DOE recognized the special position of design in implementing the ALARA principle by including

requirements related to design in 10 CFR 835. These regulations require that the primary methods used to

achieve ALARA be "physical design features." (10 CFR 835.1001, see below) These regulations also include

a number of specific requirements for ALARA in design (see 10 CFR 835.1002 below). Of particular

importance is the requirement to use optimization methods to "assure that occupational exposure is

maintained ALARA in developing and justifying facility design and physical controls." (see Section 5 below)

Another requirement laid down by the DOE related to the larger business of radiological design is the

radiological design review process. This is formally part of the FDH Radiation Protection Program and

requires that the design review "ensure the integration of appropriate methods and considerations during the

design phase to maintain occupational exposure ALARA during the subsequent construction, modification,

and operation of the equipment and facility." Essentially, the task of the radiological design review is to

ensure that all reasonable "methods and considerations" have been integrated into the design so that the life-

cycle dose will be optimum. This will ensure that the additional cancer risk borne by subsequent workers will

be as low as it reasonably can be.

4. OCCUPATIONAL RADIATION PROTECTION REGULATORY AND OTHER REQUIREMENTS RELATED TO

DESIGN

4.1 Design

The basic requirements concerning the use of ALARA aspects in design are in 10 CFR 835, the FDH

Radiation Protection Program and the Hanford Site Radeon Manual, Rev.2. The design reviewers should

understand these requirements, so that they will know what the regulatory requirements for design are. The

specific requirements are listed below. In addition, appendix A lists specific parts of 10 CFR 835 related to

design; Appendix B lists documents that contain radiological design requirements; and appendix C lists some

specific requirements from the Hanford Site Radiological Control Manual and DOE Order 6430.1A, General

Design Criteria.

10 CFR 835 Occupational Radiation Protection

The highest level requirements specifically related to ALARA considerations in design are in 10 CFR 835.

They are listed in this section. Paragraphs (1) and (2) below are exact quotes from the regulations.
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(1) 10 CFR 835.1001 Design and control

(a) Measures shall be taken to maintain radiation exposure in controlled areas as low as is reasonably

achievable through facility and equipment design and administrative control. The primary methods

used shall be physical design features (e.g., confinement, ventilation, remote handling, and shielding).

Administrative controls and procedural requirements shall be employed only as supplemental

methods to control radiation exposure.

(b) For specific activities where use of physical design features are demonstrated to be impractical,

administrative controls and procedural requirements shall be used to maintain radiation exposures

ALARA.

(2) 10 CFR 835.1002 Facility design and modification

During the design of new facilities or modification of old facilities, the following objectives shall be

adopted:

(a) Optimization methods shall be used to assure that occupational exposure is maintained ALARA in

developing and justifying facility design and physical controls.

(b) The design objective for controlling personnel exposure from external sources of radiation in

areas of continuous occupational occupancy (2000 hours per year) shall be to maintain exposure

levels below an average of 0.5 mrem (5 microsieverts) per hour and as far below this average as is

reasonably achievable. The design objectives for exposure rates for potential exposure to a

radiological worker where occupancy differs from the above shall be ALARA and shall not exceed 20

percent of the applicable standards in Sec. 835.202.

(c) Regarding the control of airborne radioactive material, the design objective shall be, under normal

conditions, to avoid releases to the workplace atmosphere and in any situation, to control the

inhalation of such material by workers to levels that are ALARA; confinement and ventilation shall

normally be used.

(d) The design or modification of a facility and the selection of materials shall include features that

facilitate operations, maintenance, decontamination, and decommissioning.

FDH Radiation Protection Program

The FDH Radiation Protection Program requires that the ALARA program contain a minimum of 11

elements which constitute an acceptable occupational ALARA program. One of these elements is

Radiological Design Review:

10
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"Ensure the integration of appropriate methods and considerations during the design phase to

maintain occupational exposures ALARA during subsequent construction, modification, and

operation of the equipment and facility."

DOE Policy. HSRCM-1. Rev.2:

The Hanford Site Radiological Control Manual contains this policy statement concerning radiological design:

"Incorporate dose reduction, contamination reduction, and waste minimization features into the

design of new facilities and significant modifications to existing facilities in the earliest planning

stages."

Hanford Site Radiological Control Manual (HSRCM-1. Rev 2)

The Hanford Site Radiological Control Manual contains these requirements (exactly quoted below)

concerning radiological design considerations:

Article 128 Facility Modifications and Radiological Design Considerations

1. Radiological control performance is affected by human performance and engineered design

features. This Manual primarily addresses the way people operate and use existing facilities

and sites. General design criteria for new facilities and major modifications to existing

facilities are contained in 10 CFR 835 and DOE Order 6430.1A. In addition, the following

radiological control design criteria are provided for new facilities and major modifications to

existing facilities'.

a. Individual worker dose shall be ALARA and should be less than 500 mrem per year.

Note: The Hanford specific requirements stated in paragraph H128.1 of the HSRCM supercedes

article 128.1a. The following is the full statement of H128.1:

10 CFR 835.1002(b) states: The design objective for controlling personnel exposure from

external sources of radiation in areas of continuous occupational occupancy (2000 hours per

year) shall be to maintain exposure levels below an average of 0.5 mrem (5 microsieverts) per

hour and as far below this average as is reasonably achievable. The design objectives for

exposure rates for potential exposure to a radiological worker where occupancy differs from

the above shall be ALARA and shall not exceed 20 percent of the applicable standards in §

835.202. This requirement is less restrictive than the Article 128.1A of the DOE

Radiological Control Manual.

b. Discharges of radioactive liquid to the environment are covered by the provisions of DOE

5400.5 and should not degrade the groundwater
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c. Control of contamination should be achieved by containment of radioactive material

d. Efficiency of maintenance, decontamination, operations, and decommissioning shall be

maximized

e. Components should be selected to minimize the buildup of radioactivity

f. Support facilities shall be provided for donning and removal of protective clothing and for

personnel monitoring, when required

g. Neutron quality factor of 20 for conditions of unknown spectra (or doubling of the neutron

quality factor associated with known neutron energies) should be used for design purposes.

Design analyses based on these neutron quality factors are intended to be used to estimate the

additional construction cost that would result if the neutron quality factor was increased. The

results of these analyses should be used to ascertain the economic feasibility for incorporating

such modifications in the final design.

2. Facilities currently under construction should be evaluated and the above criteria applied

where practicable.

3. Existing facility designs that have office space and lunchrooms or eating areas within

Radiation Areas, High and Very High Radiation Areas, Contamination and High

Contamination Areas, Airborne Radioactivity Areas, Radioactive Material Areas and

Radiological Buffer Areas require priority attention. Generally:

a. Locating lunch rooms or eating areas, rest rooms, drinking fountains, showers and similar

facilities and devices is strongly discouraged within these areas

b. Locating office spaces within these areas is strongly discouraged; to the extent that such

space is essential to support radiological work, steps should be taken to preclude unnecessary

occupancy.

4.2 Radiological Design Review

The basic document requiring that radiological design reviews be performed is the FDH Radiation Protection

Program, which is required by 10 CFR 835, Occupational Radiation Protection. A DOE policy in the

Hanford Site Radiological Control Manual further defines the limits of ALARA in design and, therefore,

radiological design reviews.

12
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FDHSite Radiation Protection Program

The FDH Radiation Protection Program requires that the ALARA program incorporate a minimum of 11

elements which constitute an acceptable occupational ALARA program. One of these elements is

Radiological Design Review:

"Ensure the integration of appropriate methods and considerations during the design phase to

maintain occupational exposures ALARA during subsequent construction, modification, and

operation of the equipment and facility."

DOE Policy, HSRCM-1. Rev.2:

The Hanford Site Radiological Control Manual records this DOE policy related to design: "Incorporate dose

reduction, contamination reduction, and waste minimization features into the design of new facilities and

significant modifications to existing facilities in the earliest planning stages."

5. ALARA DECISION-MAKING M E T H O D S AND DESIGN

As mentioned above, one of the principle DOE regulatory requirements to implement radiological design is

the requirement to use "optimization methods" to ensure that occupational exposure is maintained ALARA in

developing and justifying facility design and physical controls. The methods described in HNF-PRO-1621,

ALARA Decision-Making Methods, are the PHMC's implementation of these "optimization methods." It is

clearly the responsibility of the design organization to meet this requirement, since it must be integrated into

the design process. On the other hand, it is the responsibility of the radiological design review to examine

design's implementation of the ALARA decision-making procedure to ensure that it is appropriate and

correct. The members of the radiological review team, particularly the team leader and the radiation

protection representative, need to thoroughly read and understand this procedure. In any case, some

background discussion is in order.

5.1 Definition and Purpose of ALARA Decision-Making Methods

An ALARA decision-making method is a structured, documented decision-making method which describes

how the factors affecting a design decision are assessed and used to compare detriment and benefit in order to

make a design decision which is ALARA.

ALARA decision-making methods were developed as a general framework for the practical implementation

of ALARA. The ALARA principle, since it requires an assessment of reasonableness and cannot easily be

represented by a fixed value, has proven difficult for some to implement. The ALARA decision-making

methods provide a process to implement the ALARA principle, therefore removing some of the uncertainty in

implementing the principle. Under the regulatory requirements of 10 CFR 835, ALARA decision-making

methods can be used to demonstrate that a design approach is ALARA.
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5.2 Three Methods Approved for Use

Three general ALARA decision-making methods were developed or chosen for use at Hanford. The three

methods are practical enough to be generally implemented at Hanford and cover the range of potential

decisions from the most general to the most specific.

Standard Decision-Making Method

The standard decision-making method is a general method of wide applicability. It is appropriate for those

problems where there are few potential solutions (designs or task alternatives), and the decision criteria are

diverse and cannot practically be converted into monetary equivalents so that cost-benefit analysis can be

used. It is also useful in situations (such as review of conceptual design options) where the use of cost-benefit

analysis is impractical, because the cost of developing the designs, so that they can be compared monetarily,

is too high

Cost-Benefit Analysis

Cost-benefit analysis is most appropriate for those cases where the value of the decision factors can be

represented as dollars. These are fairly well defined tasks such as the removal of a heat exchanger or

determining which type of filtration system to install. It is generally not appropriate for decisions with factors

that are difficult to quantify (such as choosing between conceptual design options) or for situations where

there are many small decisions to be made about a particular design or task. Appendix D discusses an

acceptable approach to determining the monetary value of collective dose for occupational exposures.

ALARA Decision Teams

Decision making with the use of ALARA Decision Teams involves appointing a group of knowledgeable and

experienced individuals capable of understanding all radiological and related aspects of the design or task to

be reviewed. Ordinarily, the team would consist of representatives, as appropriate, from these disciplines:

operations, maintenance, installation crafts, radiation protection, environmental, radwaste, design engineering

and so forth as required by the type of design or task. The team will be given a clear statement of the design

or task to be reviewed and charged with developing recommendations for improvement that they consider to

be justified under the ALARA principle. The team will then write down its recommendations and the

justification for them; they will also rank the recommendations by their value to ALARA. This ranking is

based on experience and can be by group of recommendations, if many small recommendations are involved

5.3 Application of the Three Methods

The method used must be an appropriate method for the type of task to be done. Some general requirements

on applicability are discussed below.

14



HNF-3325, Rev. 0

Appropriateness of the Method to the Task

• Designs, as they are developed, naturally progress from general requirements or an initial idea through stages

of increasing specificity until a final design is developed. The three decision-making methods discussed

above are designed to be generally applicable to different stages of increasing specificity as the plans develop.

The standard decision-making process is most likely applicable to the early stages of a design when there are

many factors which are difficult to quantify that must be accounted for. As the task progresses, the use of

cost-benefit analysis becomes more useful, since the problems become more circumscribed, and it is easier to

assign monetary values to the factors affecting a decision. During the final stages of a design, when there are

many small factors to take into account, the team approach is most useful. The use of all three methods is not

necessarily required for all tasks. For instance, for the selection of equipment, the logical first step might be a

cost-benefit analysis and the standard decision-making method would not be used at all. This idea is

represented in Figure 1, Schematic Representation of the Uses of ALARA Decision-Making Methods at

Progressive Stages of a Design or Work Plan.

Successive Use of ALARA Decision-Makins Methods

The requirement to use ALARA decision-making methods during the design of major modifications to old

facilities and the design of new facilities, once invoked, applies both to the design taken as a whole and to

successive levels of the design, not just the initial level.

5.4 Precautions on the Use of the Methods

Due to the general nature of the decision-making methods, they are vulnerable to being misused. If they are

not used properly, the decisions made will not be defensibly ALARA. Some precautions on the use of these

methods that the radiological design review team should look out for are discussed below. •

Fractionation of Work to Avoid the Use of ALARA Decision-Makins Methods

ALARA decision-making methods are required to be used with any task with an expected change of TEDE of

1 person-rem or greater or a change of extremity collective dose by 10 person-rem. A task is intended to be

any collection of activities with the aim of accomplishing a single, independent purpose. It is possible that

someone might divide a task into smaller tasks, each with an exposure below the criteria, to avoid using

ALARA decision-making methods.

Pet Solutions

The standard decision-making method, because it relies heavily on judgement in developing criteria and

assigning values, is vulnerable to being rigged to select a pre-determined pet alternative. Such gaming will

result in a solution that is not ALARA and will be a violation of the regulations.
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Inappropriate Use ofALARA Decision Teams

The appropriate use of an ALARA Decision Team is near the end of design where there are many small '

ALARA decisions to be made. Teams are not to be used in situations where more structured techniques, such

as the standard decision-making method or cost-benefit, are called for.

Selection Of Team Members

Team members must be selected so that they cover all disciplines bearing on a task or design review, else the

decision, for lack of knowledge or experience in an area, will not be optimum. Furthermore, the individual

members must be knowledgeable and experienced in their areas for their decisions to be accepted.

Strict Adherence to the ALARA Decision-Makinz Method

Once a method is selected for a task or review, the participants must adhere strictly to the requirements of the

method. If latitude is granted, the implementation of the method will degenerate until it is no method at all.

The outcome will then unlikely be ALARA.

6. S O M E C O M M O N RADIOLOGICAL DESIGN PITFALLS

It is useful to review some of the radiological design pitfalls that have taken place at Hanford and elsewhere.

Those discussed below are mostly specific instances of radiological design problems that stand out in the

memories of people who have done radiological design reviews at Hanford. The problems discussed below

are varied and will give a design reviewer a feel for the type and range of issues that he should consider.

6.1 Ventilation & the Control of Airborne Contamination

Ventilation and the control of airborne radioactive material is a difficult aspect of radiological design.

Airborne problems are more difficult to foresee and make account for than, for example, problems with direct

radiation and surface contamination. For this reason, the control of potential airborne problems needs very

careful attention during the design review. Some examples which Hanford workers have noted are discussed

below.

Zones &Air Balances
One problem is the control of air balances in designs where the facility is divided into zones and the air flow

is intended to be from the areas of lesser contamination to areas of higher contamination. For instance, there

has been a case at Hanford where some of the walls that separated the zones were large structural walls that

were not sealed properly at the top. This problem would have been very costly to fix once it was discovered

and the facility ultimately just had to live with it. The review team needs to carefully question the design in

this aspect.

Locating Air Monitors

Locating air monitors so that the samples are representative of the air in the room has proved difficult at many

16



HNF-3325, Rev. 0

facilities. In one case, a monitor was located near a clean air supply vent and was essentially sampling the

clean air supply, not the air in the room. The team needs to ensure that good monitor locations are provided

for.

Desien Considerations for Changing Air Filter

Another common design deficiency is the failure to consider the radiological problems associated with

changing air filters. In order to control the contamination and the dose to ALARA levels, the method to

change the filters, including the needed space, must be part of the design.

6.2 Dose Assessments

There are dose objectives in the regulations and often additional dose objectives are used in designs. In order

to determine if the design is likely to meet the objectives, it is necessary to do dose assessments early in the

design. It is often difficult to get the necessary estimates from the engineering organization to do these

estimates. Efforts should be made to ensure that the needed estimates are done early when corrective actions,

if necessary, can be made with less cost.

6.3 Gaseous Effluent Monitoring Systems

Gaseous effluent monitoring systems have been a source of problems in many facilities. In particular, the

routing of the sample lines needs to be carefully considered in design. On a number of occasions these lines

have been found to be very long, contain many sharp bends and be made of a material that chemically

captures some of the materials being sampled. Care should be taken to ensure that the entire gaseous effluent

sampling system meets requirements.

6.4 Shielding

Desien of Heavy Shielding

(a) Early Review

Heavy shielding is often a part of the building structure and is very expensive to change once the

design has gone too far. For this reason, heavy shielding needs attention early in the design review

process. On one occasion at Hanford, a radiological design review uncovered that the designers had

misunderstood the regulations and designed far too heavy a shield wall; this review allowed the

designers to considerably reduce the size of the wall.
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(b) Spare Penetrations

It is often difficult and expensive to add additional penetrations through heavy shielding if they are

needed in the future. However, in the early design stage, it is inexpensive to add a reasonable number

of serpentine penetrations. A determination concerning spare penetrations needs to be made early in

the design.

Provisions for Temporary Shielding

When temporary shielding may be needed for maintenance or other purposes, provisions to support the

shielding need to be added in the original design. Hanging shielding on pipes and other equipment is often

impractical, because the stress analyses are prohibitively expense. This matter, as well as physical supports

for the shielding, can be easily added in the design stages.

6.5 Facility and Equipment Layout

Room for Maintenance

The design review team needs to pay close attention to the room available for maintenance which is likely to

result in significant dose. Room cost construction money, and those responsible for construction costs (not

operational costs) tend to stuff equipment together to save room. Early dose assessments should point the

way to equipment that requires particular attention.

Routing Small Piping

The routing of small piping is often not designed, but left to the construction crews to find the best available

routing. This can be a problem when the piping carries radioactive material. The design reviewers need to

make sure that the routing of even small piping that carries radioactive material is planned.

Routine and Emergency Access Control

Access control into a facility and between rooms of a facility needs to be carefully thought out as early as

practical in the design. The failure to leave adequate room for this function is common. Furthermore, some

thought needs to be given to how access control would be established if the facility suffered a radiological

accident.

6.6 Hot Cells

Hot cells, because they are intended to deal with highly radioactive material, often get a lot of design

attention. One aspect that causes radiological problems has been given too little attention in the past: how to

. get equipment and material in and out of the hot cells. This needs to be designed with the overall hot cell

design, and the review team needs to make sure that it is.
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6.7 Minor Maintenance in Hot Areas

The design review team must closely examine maintenance that will need to be done in particularly hot areas,

even simple maintenance. The case of the light bulb change that required enormous collective dose because

of the need to built scaffolding in a hot area is well known to most people. The lesson here is that the team

needs to carefully consider all foreseeable maintenance and see if there are practical ways to reduce the

potential exposures. The fixes are often very simple in design and very difficult in later operations.

6.8 Decontamination

Decontamination is often a chronic, time-consuming problem that affects both operations and

decommissioning. Two aspects have often been given short consideration:

Concrete Coatings

Raw concrete is easy to coat and difficult to deal with once it becomes contaminated. The team needs to

ensure that all the concrete that might become contaminated is coated and that the coating will stand up to the

intended use and decontamination techniques.

Remote Decon

Areas and equipment that must, by nature of the process to be used, become heavily contaminated need to be

consider for remote decontamination at the time of design. Such features can reduce operational dose and

costs as well as decommissioning dose and cost.

6.9 Ergonomics (Human Factors)

There are many aspects to the task of designing a facility or piece of equipment that is friendly to human

beings. Such considerations can often be overlooked. Two considerations deserve special attention: lighting

and communication.

Lighting

Good lighting for a task will reduce the time necessary to accomplish a task and, thereby, the collective dose.

The team needs to ensure that there is good lighting and/or convenient provisions for adequate temporary

lighting.

Communication

It has been shown that good communications between workers working on hot tasks can significantly reduce

the collective dose for the task. Worker communication needs to be considered at the design stage, so any

needed facilities can be added when they are relatively less expensive.
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6.10 Change Review

Design bases often change as designs progress. For instance, this includes such things as the concentration of

radioactive material that will be used in a system. The review team needs to be careful that some aspect of

the design basis has not changed between reviews and invalidated previous decisions. The team needs to

carefully question any changes in these bases during each review.

6.11 Integrated Safety Requirements

The design review team needs to be aware of non-radiological safety requirements that might potentially

conflict with radiological safety considerations. For instance, there has been a case where some good neutron

shielding material for plutonium turned out to be inflammable.

6.12 Documentation

Another aspect of radiological design that is often overlooked is documentation of actions taken to maintain

exposures ALARA. The excuse is often given "We did it, but we just didn't write it down." The excuse has

been used so often that it has worn very thin. The regulations (10 CFR 835) require that the actions be

documented. Note that this also true for the actions taken by the design review team.

7. FDH RADIOLOGICAL DESIGN REVIEW PROCESS

7.1 Overview of the Radiological Design Review Process

Situations to Which the Radiological Design Review Process Is Avvlicable

The requirements of HNF-PRO-1622, Radiological Design Review Process, are applicable to all designs

prepared by or for the PHMC that meet the definitions of either a major or minor modification, or a new

facility. The requirements apply to all designs whether they are done on or off the Hanford site, and whether

they are done by PHMC forces or by contract.

Discussion of the Overall Radiological Desisii Review Process

The overall design review process for the PHMC is graded to three levels:

(1) Minor modifications of existing facilities which are handled as part of the Radiological Work

Planning Process, HNF-PRO-1623. Minor modifications are physical changes to structures, set of

structures, or systems, including equipment, that meet the radiological design review screening

criteria (given in HNF-PRO-1622), but do not meet the definition of major modification (given

below).
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(2) Major modifications of existing facilities or new facilities that meet any of a set of lesser criteria will

undergo a structured, radiological design review process; and

(3) Major modifications of existing facilities and new facilities that meet any of a set of greater criteria

will undergo a structured, radiological design review process and have a radiological engineer

assigned as part of the design team.

This overall process is illustrated schematically in Figure 2, Schematic Representation of the Overall

Radiological Design Review Process. Appendix E lists some reference documents that might be useful

during the radiological design review process.

Review of Minor Equipment and Minor Facility Modifications

Minor modifications are not expected to result in significant personnel dose during installation, operation and

maintenance. Review of these designs may be accomplished as part of the normal radiological work planning

process as described in HNF-PRO-1623, Radiological Work Planning Process.

Review of Major Equipment Modifications, Major Facility Modifications and New Facilities

(1) Review in Accordance with the Process in 7.2 Below

A modification or new facility is required to undergo the radiological design review process described

in section 7.2 of these guidelines if it is either a major modification to an existing facility or a new

facility, defined as follows:

(a) • Major Modification to an Existing Facility

A physical change to a structure, set of structures or system(s) that could result in either a

change of collective radiation exposure due to installation, maintenance and operations of 1

person-rem TEDE or greater or a change in collective extremity dose of 10 person-rem or

greater over the life of the project.

(b) New Facility

A structure (or set of structures), being designed and built for a single purpose, that meets any

of these conditions: it contains, handles, uses or processes radioactive material in any way; it

intrudes (including excavation) into areas containing radioactive material; it is attached to a

structure(s) that contains or processes radioactive material; or it contains a non-medical

radiation generating machine. The facility includes the equipment within the structure(s).

This definition includes those facilities classified as non-reactor nuclear facilities, reactors,

and nuclear facilities in accordance with DOE 5480.23, Nuclear Safety Analysis Reports.
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(2) Radiological Engineer on the Design Team

In addition to undergoing the review process in section 7.2 below, a design team is required to have a

radiological engineer as the member of the design team if the new facility or modification of an old

facility meets any of these criteria:

• The whole body collective dose for installation, maintenance and operation of the facility or

modification might reasonably be expected to exceed 5 person-rem over the life of the

project.

• The collective extremity dose for installation, maintenance and operation of the facility or

modification might reasonably be expected to exceed 50 rem over the life of the facility.

• The facility or modification meets the criteria for a radiological design review, and the

radiological control manager feels that the facility or modification is sufficiently complex or

risky to warrant have a radiological engineer on the design team.

Phases of the Design Review Process for Major Modifications and New Facilities

The overall radiological design review process for major modifications and new facilities is divided into three

phases:

Phase 1: Preparatory Activities

The preparatory activities are to help the design process start on the right foot by giving the designers an up-

front assessment of the radiological problems that they might face, and to lay the foundation for the actual

design review by ensuring that the radiological aspects of the design, including the radiological design review

process, are budgeted for.

Phase 2: Actual Design Review

This phase is the actual step-by-step review of a specific design. It starts by determining the actual steps to be

included in the design process and setting a schedule. It ends when the specific design process ends.

Phase 3: Examination of Results and Feedback for Improvement

Any process, if it is to be useful, must have a way to audit its results and incorporate improvements in itself.

To do a radiological design and never look to see how successful it was and how it can be improved will

likely result in the same mistakes being made over and over again. So the idea for this phase is to examine

how well the design worked and recommend improvements in the design process or aspects of design.
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7.2 Discussion of the Radiological Design Review Process for Major Modifications and New Facilities

Stev-bv-stev Discussion of Important Items to Consider at Each Step

The following are the basic steps of the radiological design review process for use by the PHMC for new

facilities and major modifications of existing facilities. These steps are shown in Figure 3, Schematic

Representation of the Radiological Design Review Process for Major Modifications of Existing Facilities and

New Facilities. Appendix F gives a generic radiological design review checklist, and Appendix G gives the

table of contents for the WHC Radiological Design Guide.

(a) Preliminary Steps

Step 1: Initial Radiological Input to Early Project Conception

To start the radiological design review process, the person responsible for the design (design

decision authority) is to contact the radiological control manager during the earliest design

stages (before it has been decided how the design will be approached) to inform the

radiological control manager that the design is being undertaken and to get radiological •

controls initial assessment of the type of radiological problems that might be anticipated and

the control measures that might be necessary. This step establishes the initial contact

between the design decision authority and the radiological control organization that should be

maintained until the design is completed.

Based on the information available—which will be sketchy at that point—the radiological

control manager should provide advice in writing to the design decision authority concerning

these issues:

Potential contamination control problems.

Potential airborne contamination control problems.

Potential direct radiation control problems.

Any radwaste considerations.

Any D&D considerations.

Known issues from similar facilities.

Regulatory issues that may come into play.

The radiological design review process that the design organization should expect.

The correspondence should be maintained in a file which is established for this radiological

design review. Care should be taken to maintain the file well, since the design work might go

on for some time.
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Step 2: Budgeting

The design authority must contact the radiological control manager for his input on the cost

of the radiological design review process and other ALARA costs to include this in the

project budget along with other engineering and managerial costs. It is important that an

adequate amount of money is budgeted for the radiological design review (and other potential

ALARA costs) and that this money is specifically allocated for this purpose, not put into

some sort of general fund that will be raided if budgetary problems develop anywhere in the

project.

The radiological control manager should provide the design decision authority with budgetary

advice on these potential issues:

Radiological design review process

Use of ALARA decision-making methods

Potential physical design features needed

Radiological engineer (if needed)

It will be necessary to make general estimates of the size of the costs, but potential costs

should be clearly listed in writing.

A copy of the written budget recommendation needs to be maintained in the record files for

this radiological design review.

(b) Specific Design Steps

All the design steps below may not be used; step 3 selects the steps to be used for a particular design.

Step 3: Design Review Process and Schedule

The radiological control manager and the design decision authority are to meet early in the

design process, prior to the actual start of design, to determine how the design process and the

radiological design review process are to work together for the particular design at hand.

The design project, depending on the design and complexity, may be fairly straightforward,

or it may be long and difficult. Whatever the case, at this point, the process and schedule

needs to be established and agreed upon.

The process and schedule (which will be approximate) should consider, as appropriate for the

case at hand, these elements:
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The steps in the process at which review will take place. The review must be frequent

enough so that the design does not progress past the point that it can be practically corrected.

The time available for the review. It is important that the minimum times to do the various

steps in the review are established at this point. This is to avoid the possibility that someone

will drop a pile of books on your desk and ask for an answer in 2 days.

The resources that will be available for the review. It is important that the minimum

resources to carry out the steps of the review be established at this point. For instance, if a

shielding calculation is to be reviewed, then the results of the calculations and the assumption

used in the calculations must be available. As a further example, it is necessary to have laid

out drawings at the preliminary and final design stages, particularly the final; logical

drawings are not sufficient for an adequate radiological review. It is usually most efficient if

an engineer familiar with the design is available for a presentation and to answer questions.

Step 4: Functions and Requirements

The functions and requirements document lists and describes the basic functions the facility

or equipment to be designed must do, and it lists the basic requirements that the design must

meet. It is usually fundamental to the design process—it is usually necessary to show that the

design meets it—and as such it needs to contain the basic radiological requirements. It is best

if the requirements are in a section dedicated to radiological design issues.

The following should be considered for inclusion in the functions and requirements:

10 CFR 835, particularly sections 1001 & 1002 see Appendix A)

HNF-PRO-1621, ALARA Decision-Making Methods

HNF-PRO-1622, Radiological Design Review Process

Applicable sections of the HSRCM (see Appendix C)

Applicable DOE Orders (see Appendix B)

Washington Administrative Code

The radiological design review checklist (see Appendix F) should be reviewed, since it might

remind the team of requirements to consider.

A record of the comments on the functions and requirements as well as the functions and

requirements document reviewed needs to be kept in the rad design review files.
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Step 5: Process Flow Diagram or Other Description of Process

A process flow diagram is a schematic representation of the process that the equipment or

facility being designed is to perform. It is a step-by-step sequential summary of the activities

that will take place within the facility, usually represented using some sort of computerized

flow sheet software. A process flow diagram is an extremely useful tool for ALARA reviews

and should always be carefully examined by the design review team. First, it is a succinct

description of what the engineers are trying to accomplish. Second, a careful review of the

diagram will often point to places where the process can be improved from a radiological

perspective - such as changing the order in which something is done or changing the location

of a component. Third, it can serve as a basis of a dose estimate for the design. Since it is

broken down step-by-step, these same steps can be used to construct a step-by-step dose

estimate. This not only gives an estimate of the overall dose, but points out those steps with

the higher potential doses so the teams efforts can be focused on improving them. Fourth,

experience has shown that the diagram can serve as a basis for installation planning and

operational procedures. As the design progresses, the process flow diagram will become

more detailed and the associated dose estimate more precise.

While reviewing process flow diagrams (at various stages of the design development), the

team should keep the following in mind:

• Is the diagram as detailed and specific as it should be at that stage of the design?

• Are the steps broken down sufficiently that reasonable estimates of dose can be

made?

• Does the sequence of steps seem reasonable?

• What are the potential radiological problems associated with each step?

• What might be done at each step to minimize radwaste?

• What might be done at each step to prepare for D&D?

A record of the comments on the process flow diagrams as well as the process flow diagrams

reviewed needs to be kept in the rad design review files.

Step 6: Design Specification (or Criteria)

Design specifications or criteria are detailed design requirements that the designer is expected

to meet. It is assumed that if the designer satisfies the criteria, the design will be proper. The

radiological design review team needs to carefully review these criteria to make sure that they

are adequate to ensure that all radiological regulatory requirements are met and the

radiological issues will be soundly addressed.
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In reviewing the criteria, the team needs to keep in mind, at a minimum, the requirements of

these documents:

10 CFR 835 (see Appendix A)

HSRCM (see Appendix C)

HNF-PRO-1621, ALARA Decision-Making Methods

• DOE orders required by contract (Appendix B & Appendix C)

The team should also review the design review checklist for details that should be included in

the specifications. Also, it is a good idea to review WHC-SD-GN-DGS-30011, Radiological

Design Guide, for specifications that should be included. Careful attention should be paid to

the detailed requirements of DOE 6430.1A, particularly division 13 (see Appendix C). The

team needs to ensure that the design radioactive sources are clear and have good technical

bases.

Copies of the design specifications reviewed and all comments on the specifications should

be retained in the rad design review files.

Step 7: Documents for Sub-Contractors

It is very important that documents describing work to be done by private sub-contractors

fully and clearly describe the requirements for design. Being a private contractor does not

exempt them from meeting the regulations, the procedures established to meet the

regulations, and other site requirements. 10 CFR 835.101 requires that "a DOE activity shall

be conducted in compliance with a documented radiation protection program as approved by

the DOE." 10 CFR 835.2 defines a DOE activity as "an activity taken by or for the DOE that

has the potential to result in the occupational exposure of an individual to radiation or

radioactive material. The activity may be, but it is not limited to, design, construction,

operation, or decommissioning. To the extent appropriate, the activity may involve a single

DOE facility or operation or a combination of facilities and operations, possibly including an

entire site." Thus, a design for DOE facilities and equipment, the use of which may result in

occupational exposure, will be covered under the FDH RPP. The FDH RPP covers, among

other requirements, radiological design reviews and optimization methods; these two

requirements are implemented by HNF-PRO-1622 and HNF-PRO-1621, respectively.

The procurement documents for private contractors (bid specifications, statement of work and

so forth) need to include clear references to the requirements:
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10 CFR 835, particularly 1001, 1002 & 704(b).

HNF-PRO-1622, Radiological Design Review Process, or subcontractor's

equivalent.

HNF-PRO-1621, ALARA Decision-Making Methods, or subcontractor's

equivalent.

HNF-PRP-1633, ALARA Records, or subcontractor's equivalent.

Applicable portions of HSRCM (see Appendix C)

Applicable DOE Orders, particularly the requirements of 6430.1A

Washington Administrative Code

The team should also review the design review checklist (see Appendix F) and the WHC

Radiological Design Guide (see Appendix G).

Copies of the documents reviewed and the comments given should be kept in the rad design

review file.

Step 8: Conceptual Design

At the conceptual design stage, the design(s) will be reviewed by the radiological design

review team and the design decision authority will be provided with written comments on the

design(s).

Certain elements of the conceptual design should be closely examined. Does it look like it

will meet the functions and requirements and/or the design criteria? Have the design bases

changed since the functions and requirements were written? Are the regulatory requirements

for design being met? The ALARA decision-making method (HNF-PRO-1621) used to

select between conceptual options will need to be reviewed closely. The conceptual designs

proposed should be compared against the design review checklist. If at all practical, a dose

estimate needs to be done to see if the dose will be close to the design objectives.

Copies of documents and drawings reviewed, as well as the comments provided need to be

maintained in the files for the radiological design review. Copies of any tools used by the

team, such as the design review checklist should also be saved.

Step 9: Preliminary Design

If the preliminary design step is used, the design will be reviewed by the radiological design

review team, and the design decision authority will be provided with written comments on the

design; the comments will be more detailed than at the conceptual stage.
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Certain elements of the preliminary design should be closely examined. Does it look like it

will meet the functions and requirements and/or the design criteria? Have the design bases

changed since the functions and requirements were written? Are the regulatory requirements

for design being met? The ALARA decision-making method (HNF-PRO-1621) used to

select between conceptual options will need to be reviewed closely. The preliminary

designs proposed should be compared against the design review checklist. If at all practical,

a dose estimate needs to be done to see if the dose will be close to the design objectives.

Copies of documents and drawings reviewed, as well as the comments provided need to be

maintained in the files for the radiological design review. Copies of any tools used by the

team, such as the design review checklist should also be saved.

Step 10: Final Design

At the final design stage, the design will be reviewed by the radiological design review team

and written comments provided on the design; the comments will be more detailed than at the

conceptual or preliminary stage.

The design will be reviewed against regulatory and design requirements. An updated dose

estimate based on the refined process flow diagram and the detailed equipment and process

description provided in the final design review will be completed. The design should be

reviewed in detail against the design review checklist to ensure each item is covered properly.

The team should also investigate the degree to which previous recommendations have been

incorporated into the design.

Copies of documents and drawings reviewed, as well as the comments provided need to be

maintained in the files for the radiological design review. Copies of any tools used by the

team, such as the design review checklist should also be saved.

Step 11: Fabrication & Testing

During the fabrication and testing stage, the radiological design review team will review the

test plans, physically examine any mockup and make suggestions for improvement in the

mockup or the equipment design or the procedural controls. If an off-site vendor is used, the

equipment review should take place at the vendor's facility at the earliest practical stage.

Copies of documents and drawings reviewed, as well as the comments provided need to be

maintained in the files for the radiological design review. Copies of any tools used by the

team, such as the design review checklist should also be saved.

29



HNF-3325, Rev. 0

(c) Post Construction Steps

Step 12: Review of Effectiveness

After one year of operation of the equipment or facility for which a design was done, the

radiological control manager shall ensure that the effectiveness of the design radiological

measures is reviewed. A report on the effectiveness of the radiological design measures will

be written and made available for future design efforts by storing it on the RMIS (or other

retrievable location) and sending a copy to project direction's engineering organization. The

report will include a discussion of both aspects that were done well, as well as aspects that

need to be improved in future designs. Specific recommendations for future designs will be

made and entered into the radiological lessons learned system.

The following issues should be considered in the review,

(i) Review Radiological Conditions

In order to determine if an ALARA design and design review effort has been

successful, it is necessary to compare the actual radiological conditions with the

expected and explain any significant differences.

Do confirmatory surveys of actual dose rates, contamination levels and

airborne contamination levels.

Compare actual to expected dose rates, contamination levels and airborne

contamination levels.

Explain any significant differences between the expected and actual dose

rates, contamination levels, and airborne contamination levels.

(ii) Discuss any unexpected facility and/or equipment layout problems.

(iii) Discuss any unexpected construction, maintenance or operational problems with

radiological consequences.

(iv) Recommendations

Clear recommendations should be prepared for two cases:

Good practices from design or design review activities that went well and

should be duplicated in future designs.
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Design or design review practices that need to be improved in future designs.

(v) Records: Copies to design decision authority, ALARA files, project files, and central

retrievable repository.

U S E O F A RADIOLOGICAL DESIGN REVIEW CHECKLIST

A comprehensive, well-designed design review checklist is probably the most useful tool that a radiological

design review team can employ. It serves as a handy reminder of the things that should be considered in each

area of radiological protection. It also serves as a place where lessons learned by a user organization during

design reviews can be briefly noted so that they will be taken into account during the next design review.

Finally, with check blocks and a proper cover sheet, it is easily kept as part of the record for a particular step

of a radiological design review.

The radiological design review checklist should be used at each step of the radiological design review

process. It is also useful for steps in the process other than the review of actual design. For instance, it is a

good reminder list of what should be included in functions and requirements, bid specifications and design

criteria.

The development and use of a radiological design review checklist is required by HNF-PRO-1622,

Radiological Design Review Process. See appendix F for a generic radiological design review checklist.

COMPOSITION AND FUNCTIONING OF THE RADIOLOGICAL DESIGN REVIEW TEAM

The composition and functioning of the design review team is clearly important to success of the review and

the quality of the review done.

Composition

In order to do its work, the team must be composed of individuals who are collectively competent in all the

disciplines necessary to do a thorough review of those aspects which affect radiological matters. Ordinarily,

this would include individuals competent in maintenance, operations, engineering, radiation protection,

environmental protection, and waste management. It might also require individuals competent in industrial

safety, security, criticality and other specialists. This is consistent with the definition given in HNF-PRO-

1622.

It is to be emphasized that the individuals doing the reviews need to be competent and experienced so that

their work will be done well and the recommendations will have some weight.

As required by HNF-PRO-1622, the team and the team leader are appointed by the facility radiological

control manager.
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The team can function with other groups involved in design review, but it must remain independent in its

judgements and actions, so that it can provide quality, independent recommendations. Under no

circumstances can it be controlled by the design organization; to maintain its independence, it is appointed by

the radiological control manager.

It is the team leader's job to keep the team moving, coordinate with the designers and break any deadlock in

the team's decision making.

The team itself must give its best effort to do the review thoroughly and assist the team leader in meeting the

schedule and preparing the documentation.

10. RESPONSIBILITIES

In order for the design review process to work properly, both the radiation protection organization and the

design organization have responsibilities that they must discharge. This review process works best when it is

a cooperative process and both sides work to assist the other side in their duties.

Responsibilities under this procedure are discussed below.

Design Decision Authority

The design decision authority is the name given in HNF-PRO-1622 to the member of the design organization

who has the authority to make decisions. This could be a different position at various points in the design

process and for different designs.

The design decision authority has these responsibilities:

(1) For any proposed modification or new facility which meets the design review screening criteria,

inform the radiological control manager at the earliest stage of design, or, at the radiological control

manager's discretion, inform him of all proposed modifications or new facilities at the earliest stage

of design.

(2) Solicit the radiological control manager's input concerning the potential radiological consequences of

a proposed modification or new facility.

(3) Ensure that radiological requirements (including radiological design reviews, the use of ALARA-

decision making methods, needed physical controls and a radiological engineer, if required) are

accounted for in the budgeting process, including preliminary budget estimates, by providing

sufficient funds specifically allocated for these purposes.
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(4) Ensure that ALARA decision-making methods (HNF-PRO-1621) are used when required and that

their use is documented.

(5) Ensure that all design documentation and other information necessary for a thorough radiological

design review are available to the radiological design review team at the time of the reviews.

(6) Ensure that the requirements and recommendations provided by the radiological design review team

are incorporated into the designs, as appropriate.

(7) Appoint, if required, the radiological engineer to the design team at the time the team is formed.

(8) Ensure that all radiological design requirements are met during the design, including the regulatory

requirements of 10 CFR 835 Subpart K.

Radiological Control Manager

The radiological control manager has these responsibilities:

(1) Establish procedures for his organization, consistent with this procedure, governing the use of

radiological design reviews. This includes determining whether all proposed modifications and new

facilities are to be reported to him or whether only those meeting the screening criteria are reported.

(2) Appoint radiological design review teams and team leaders. The team leader shall not be the

individual directly responsible for the development of the design.

(3) Approve the selection of the radiological engineer who will serve on the design team (if one is

required).

(4) Provide initial radiological input to the early project conception, including a discussion of likely

radiological consequences of potential alternatives-including D&D, collective dose, likelihood of

release and so forth, as appropriate.

(5) Provide radiological control participation in developing budget and in developing a detailed

radiological design review process and schedule for the design under consideration.

(6) Ensure that there is a post-construction review of radiological design effectiveness for each design

reviewed.

(7) Develop a comprehensive design review checklist for his organization. Appendix E contains a basic

radiological design review checklist which can be used to develop a site-specific checklist. A site-
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specific checklist may not contain all of what is in Appendix E (it may not apply), and it may contain

other material specific to that site. -

(8) Ensure that any environmental assessments or safety analysis reports developed or being developed

for facilities under review are reviewed to ensure that there are no conflicts in the radiological

requirements.

Radiological Design Review Team Leader

The radiological design review team leader has these responsibilities:

(1) Ensure that the design review takes place according to the process and schedule.

(2) Schedule review meetings.

(3) Ensure adequate documentation of all aspects of the review.

(4) Ensure the distribution of reports to the design decision authority, the radiological control manager

and the radiological design review team members.

(5) Make any required decision that the team cannot reach consensus on.

Radiological Design Review Team

The radiological design review team has these responsibilities:

(1) Conduct the design review as scheduled by the team leader.

(2) Determine by consensus the level of effort and detail necessary to adequately review the design at

each step of the radiological design review process.

(3) Develop specific findings and recommendations for each step of the radiological design review

process.

(4) Determine by consensus the extent and detail of the documentation required to adequately record the

team's findings and recommendations.

(5) Assist the team leader in preparation of the documentation.

Radiological Engineer on a Design Team

The radiological engineer on a design team has these responsibilities:
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(1) Serve as an integral part of the design team.

(2) Review all radiological aspects of the design and provide solutions for radiological design problems.

(3) Keep the radiological design review team informed of all aspects of the design.

(4) Assist the design decision authority in arranging reviews by the radiological design review team.

(5) Consult members of the radiological design review team on matters requiring their particular

expertise.

(6) Assist in the development of the decontamination and decommissioning aspects of the design.

1 1 . DOCUMENTATION

10 CFR 835.704(b) requires that actions taken to maintain occupational exposure as low as reasonably

achievable be documented. Since the radiological design reviews are such actions, they must be documented.

Therefore, records shall be kept of each step of the design reviews. The extent of documentation should be

commensurate with the extent of the design review. However, at each step, the review done will be described

and the recommendations recorded.

12. REFERENCES

10 CFR 835, Occupational Radiation Protection

HSRCM-l,Rev. 2, HanfordSite Radiological Control Manual

HNF-PRO-1621, ALARA Decision-Making Methods

HNF-PRO-1622, Radiological Design Review Process

HNF-PRO-1623, Radiological Work Planning Process

• HNF-SP-1145, Rev.2, Fluor Daniel Hanford Radiation Protection Program, Implementation of Title

JO, Code of Federal Regulations, Part 835, March 1997

35



HNF-3325, Rev. 0

Figure 1.

Schematic Representation of the Uses of ALARA Decision-Making Methods at Progressive Stages of a Design
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Figure 3

Schematic Representation of the Radiological Design Review Process for Major
Modifications of Existing Facilities and New Facilities
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Appendix A

PART 835-OCCUPATIONL RADIATION PROTECTION
Parts Pertinent to Radiological Design

Subpart A—General Provisions

835.1 Scope.
835.2 Definitions.

835.3 General rule.

Subpart B—Radiation Protection Programs

835.101 Radiation protection programs.

Subpart C—Standards for Internal and External Exposure

835.202 Occupational exposure limits for general employees.
835.208 Limits for Members of the Public Entering a Controlled Area

Subpart E—Monitoring in the Workplace

835.401 General requirements.
835.403 Area monitoring.
835.404 Radioactive contamination control and monitoring.

Subpart F-Entrv Control Program

835.501 Radiological areas.
835.502 High and very high radiation areas.

835.701 General provisions.
835.704 Administrative records.

Subpart K—Design and Control

835.1001 Design and control.
835.1002 Facility design and modifications.

835.1003 Control procedures.

Subpart A—General Provisions

Sec. 835.1 Scope.

(a) General. The rules in this part establish radiation protection standards, limits, and program requirements
for protecting individuals from ionizing radiation resulting from the conduct of DOE activities.
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Sec. 835.2 Definitions.

(a) As used in this part:

ALARA means "As Low As is Reasonably Achievable," which is the approach to radiation protection to
manage and control exposures (both individual and collective) to the work force and to the general public
to as low as is reasonable, taking into account social, technical, economic, practical, and public policy
considerations. As used in this part, ALARA is not a dose limit but a process which has the objective of
attaining doses as far below the applicable limits of this part as is reasonably achievable.

High radiation area means any area, accessible to individuals, in which radiation levels could result in an
individual receiving a deep dose equivalent in excess of 0.1 rem (0.001 sievert) in 1 hour at 30
centimeters from the radiation source or from any surface that the radiation penetrates.

Monitoring means actions intended to detect and quantify radiological conditions.

Very high radiation area means any area accessible to individuals in which radiation levels could result
• in an individual receiving an absorbed dose in excess of 500 rads (5 grays) in one hour at 1 meter from a

radiation source or from any surface that the radiation penetrates.

Sec. 835.3 General rule.

(a) No person or DOE personnel shall take or cause to be taken any action inconsistent with the
requirements of:

(1) This part; or
(2) Any program, plan, schedule, or other process established by this part.

(b) With respect to a particular DOE activity, contractor management shall be responsible for compliance
with the requirements of this part.

Subpart B—Radiation Protection Programs

Sec. 835.101 Radiation protection programs.

(a) A DOE activity shall be conducted in compliance with a documented radiation protection program (RPP)
as approved by the DOE.

(c) The content of each RPP shall be commensurate with the nature of the activities performed and shall
include formal plans and measures for applying the as low as reasonably achievable (ALARA) process to
occupational exposure.

Subpart C—Standards for Internal and External Exposure

Sec. 835.202 Occupational exposure limits for general employees.

(a) The occupational exposure to general employees resulting from DOE activities, other than planned
special exposures under Sec. 835.204 and emergency exposure situations under Sec. 835.1302, shall be
controlled so the following annual limits are not exceeded:

(1) A total effective dose equivalent of 5 rems (0.05 sievert);
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(2) The sum of the deep dose equivalent for external exposures and the committed dose equivalent
to any organ or tissue other than the lens of the eye of 50 rems (0.5 sievert);

(3) A lens of the eye dose equivalent of 15 rems (0.15 sievert); and

(4) A shallow dose equivalent of 50 rems (0.5 sievert) to the skin or to any extremity.

Sec. 835.208 Limitsfor members of the public entering a controlled area

Any member of the pubiic exposed to radiation and/or radioactive material during direct on-site access at a DOE
site or facility shall not exceed 0.1 rem (0.001 sievert) total effective dose equivalent in one year.

Subpart E—Monitoring in the Workplace

Sec. 835.401 General requirements.

(a) Monitoring of individuals and areas shall be performed to:

(1) Demonstrate compliance with the reguiations in this part;

(2) Document radiological conditions in the workplace;
(3) Detect changes in radiological conditions;
(4) Detect the gradual buildup of radioactive material in the workplace; and
(5) Verify the effectiveness of engineering and process controls in containing radioactive material

and reducing radiation exposure.

(b) Area monitoring in the workplace shall be routinely performed, as necessary, to identify and control
potential sources of personnel exposure to radiation and/or radioactive material.

(c) Instruments used for monitoring and contamination control shall be:

(1) Periodically maintained and calibrated on an established frequency of at least once per year;
(2) Appropriate for the type(s), levels, and energies of the radiation(s) encountered;
(3) Appropriate for existing environmental conditions; and
(4) Routinely tested for operability.

Sec. 835.403 Area monitoring.

(b) Monitoring of radiation in the workplace shall be performed using stationary (area) or portable radiation
instruments, or a combination thereof. The instruments shall be readily available and shall be capable of
measuring ambient radiation dose rates for the purpose of controlling radiation exposures.

Sec. 835.404 Radioactive contamination control and monitoring.

(b) Appropriate controls shall be maintained and verified which prevent the inadvertent transfer of
removable contamination to locations outside of radiological areas under normal operating conditions.

(f) Appropriate monitoring to detect and prevent the spread of contamination shall be performed by
individuals exiting radiological areas established to control removable contamination and/or airborne
radioactivity.
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Subpart F—Entry Control Program

Sec. 835.501 Radiological areas.

(a) Personnel entry control shall be maintained for each radiological area.

(b) The degree of control shall be commensurate with existing and potential radiological hazards within the
area.

(e) No control(s) shall be installed at any radiological area exit that would prevent rapid evacuation of
personnel under emergency conditions.

Sec. 835.502 High and very high radiation areas.

(a) High radiation areas. One or more of the following features shall be used for each entrance or access
point to a high radiation area where radiation levels exist such that an individual could exceed a deep
dose equivalent to the whole body of 1 rem (0.01 sievert) in any one hour at 30 centimeters from the
source or from any surface that the radiation penetrates:

(1) A control device that prevents entry to the area when high radiation levels exist or upon entry
causes the radiation level to be reduced below that level defining a high radiation area;

(2) A device that functions automatically to prevent use or operation of the radiation source or field
while personnel are in the area;

(3) A control device that energizes a conspicuous visible or audible alarm signal so that the
individual entering the high radiation area and the supervisor of the activity are made aware of
the entry;

(4) Entryways that are locked. During periods when access to the area is required, positive control
over each entry is maintained;

(5) Continuous direct or electronic surveillance that is capable of preventing unauthorized entry;

(6) A control device that will automatically generate audible and visual alarm signals to alert
personnel in the area before use or operation of the radiation source and in sufficient time to
permit evacuation of the area or activation of a secondary control device that will prevent use or
operation of the source.

(b) Very high radiation areas. In addition to the above requirements, additional measures shall be
implemented to ensure individuals are not able to gain access to very high radiation areas when dose
rates are in excess of the posting requirements of Sec. 835.603(c).

(c) No control(s) shall be established in a high or very high radiation area that would prevent rapid
evacuation of personnel.
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Sec. 835.701 General provisions.

(a) Records shall be maintained to document compliance with this part and with radiation protection
programs required by Sec. 835.101.

(b) Unless otherwise specified in this subpart, records shall be retained until final disposition is authorized
by DOE.

Sec. 835.704 Administrative records.

(b) Actions taken to maintain occupational exposures as low as reasonably achievable, including the actions
required for this purpose by Sec. 835.101, as well as facility design and control actions required by Sees.
835.1001, 835.1002, and 835.1003, shall be documented.

Subpart K—Design and Control

Sec. 835.1001 Design and control.

(a) Measures shall be taken to maintain radiation exposure in controlled areas as low as is reasonably
achievable through facility and equipment design and administrative control. The primary methods used
shall be physical design features (e.g., confinement, ventilation, remote handling, and shielding).
Administrative controls and procedural requirements shall be employed only as supplemental methods to
control radiation exposure.

(b) For specific activities where use of physical design features are demonstrated to be impractical,
administrative controls and procedural requirements shall be used to maintain radiation exposures
ALARA.

Sec. 835.1002 Facility design and modifications.

During the design of new facilities or modification of old facilities, the following objectives shall be adopted:

(a) Optimization methods shall be used to assure that occupational exposure is maintained ALARA in
developing and justifying facility design and physical controls.

(b) The design objective for controlling personnel exposure from external sources of radiation in areas of
continuous occupational occupancy (2000 hours per year) shall be to maintain exposure levels below an
average of 0.5 mrem (5 microsieverts) per hour and as far below this average as is reasonably achievable.
The design objectives for exposure rates for potential exposure to a radiological worker where occupancy
differs from the above shail be ALARA and shall not exceed 20 percent of the applicable standards in
Sec. 835.202.

(c) Regarding the control of airborne radioactive material, the design objective shall be, under normal
conditions, to avoid releases to the workplace atmosphere and in any situation, to control the inhalation
of such material by workers to levels that are ALARA; confinement and ventilation shall normally be
used.
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(d) The design or modification of a facility and the selection of materials shall include features that facilitate
operations, maintenance, decontamination, and decommissioning.

Sec. 835.1003 Control procedures.

(a) During routine operations, the combination of design features and administrative control procedures shall
provide that:

(1) The anticipated magnitude of the total effective dose equivalent shall not exceed 5 rems (0.05
sievert) in a year;

(2) The anticipated magnitude of the committed dose equivalent to any organ or tissue, plus any
deep dose equivalent from external exposure, shall not exceed 50 rems (0.5 sievert) in a year;
and

(3) Exposure levels are as low as reasonably achievable.

(b) Compliance with the requirements in paragraph (a) of this section shall be demonstrated by appropriate
monitoring pursuant to the provisions of subpart E of this part.
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Appendix B

List of Documents Containing Radiological Design Requirements

The following list of documents contain radiological design requirements which might be applicable to a given
design. The current list of DOE directives can be found at this URL:

http: / / www.explorer.doe.gov: 1776 /htmls /currentdir.html

The DOE orders listed are those that are listed in the DOE ALARA implementation guide as possibly containing
radiological design requirements and also listed in the DOE orders cited in the FDH contract with DOE:

http: / /www.hanford.gov/phmc/contract/seci.htm#c

(1) 10 CFR 835, Occupational Radiation Protection (DOE, 1993a)

(2) HNF-SP-1145, Rev.2, FDH Radiation Protection Program

(3) Hanford Site Radiological Control Manual (HSRCM-l,Rev. 2),

(4) DOE Order 6430.1A, General Design Criteria (DOE, 1989) The table of contents for division 13 of
this order is given below.

(5) DOE Order 5400.5, Radiation Protection of the Public and the Environment (DOE, 1990a) The
table, of contents for this order is given below.

(6) DOE Order 5820.22A, Radioactive Waste Management (DOE, 1988c) The table of contents for
this order is given below.

(7) DOE Order 5400.1, General Environmental Protection (DOE, 1988b) The table of contents for this
order is given below.

(8) DOE Order 5480.6, Safety of Department of Energy-Owned Nuclear Reactors (DOE, 1986b)

(9) DOE Notice N5480.8, Radiological Health and Safety Policy (DOE, 1993c)

(10) DOE Order 5480.22, Technical Safety Requirements (DOE, 1992f)

(11) DOE Order 5480.23, Nuclear Safety Analysis Reports (DOE, 1992g)

(12) DOE Order 5480.24, Nuclear Criticality Safety (DOE, 1992h)

(13) DOE Order 5480.25, Safety of Accelerator Facilities (DOE, 1992i)

(14) DOE Order 5480.30, Nuclear Reactor Safety Design Criteria (DOE, 1993e)

(15) Washington Administrative Code
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DOE 5400.5

Radiation Protection of the Public and the Environment

TABLE OF CONTENTS

CHAPTER I-GENERAL

1. Background

2. Dose Standards and Terminology

a. International Commission on Radiological Protection

b. Other Sources of Regulations and Guidance

3. Dose Limit Selection

4. As Low As Reasonably Achievable

5. Liquid Wastes and Effluents

a. Protection of Resources

b. Treatment of Liquid Radioactive Waste Streams

6. Environmental Protection

7. Discharges to Sanitary Sewerage

8. Effluent Monitoring and Environmental Surveillance
a. Demonstration of Compliance •

b. Monitoring and Surveillance Requirements

9. Residual Radioactive Material

10. Dose Evaluations

a. Standard Methods
b. Supplemental Documents
c. EPA Models

11. Reporting
CHAPTER II - REQUIREMENTS FOR RADIATION PROTECTION OF THE PUBLIC AND THE
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3. Management and Control of Radioactive Materials in Liquid Discharges and Phaseout of Soil Columns
a. Discharges of Liquid Waste to Surface Waters
b. Discharges of Liquid Waste to Aquifers and Phaseout of Soil Columns
c. Management of Soil Columns, Natural Draining Systems, and Ground Water at Inactive Sites Previously
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d. Discharges of Liquid Waste to Sanitary Sewerage
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c. Release of Materials and Equipment
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1. Purpose

2. Basis

a. Exposure Conditions for Ingestion of Water and Inhalation
b. Exposure Conditions for Air Immersion
c. Application to Mixtures of Radionuclides

3. Limitations

Figure III-l - Derived Concentration Guides for Members of the Public from Ingested Water and
Inhalation Resulting in 100 mrem/yr

Figure III-2 - Alternative Absorption Factors and Lung Retention Classes for Specific Compounds

Figure III-3 - Derived Concentration Guides for Members of the Public from External Exposure During
Immersion in a Contaminated Atmospheric Cloud
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CHAPTER IV - RESIDUAL RADIOACTIVE MATERIAL
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2. Implementation
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c. Guideline
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3. Basic Dose Limits
a. Defining and Determining Dose Limits
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Figure IV-1 - Surface Contamination Guidelines
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DOE 5400.1

General Environmental Protection

TABLE OF CONTENTS

CHAPTER I - ENVIRONMENTAL PROTECTION STANDARDS

1. Purpose

2. Environmental Protection Standard

3. Standards

4. Exemption Procedures

a. From Federal, State and Local Regulations
b. From Internal DOE Environmental Standards
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CHAPTER II - NOTIFICATION AND REPORTS
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3. Office of Management and Budget Circular A-106
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CHAPTER HI - ENVIRONMENTAL PROTECTION PROGRAM PLANS
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2. Implementation
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4. Special Program Planning Requirements
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CHAPTER IV - ENVIRONMENTAL MONITORING REQUIREMENTS
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3. Pre-operational Monitoring of Facilities, Sites, and Operations

4. Environmental Monitoring Plans
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DOE Order SS20.22A

Radioactive Waste Management

TABLE OF CONTENTS

CHAPTER I HIGH-LEVEL WASTE

1. PURPOSE
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a. Design
b. Storage Operations - Doubly Contained Systems
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g. Shipment
h. Long Term Storage
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DOE Order 6430.1A

General Design Criteria

Division 13
Special Facilities

Table of Contents

1300 General Requirements
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1300-6.8
1300-6.9

1300-7
1300-7.1
1300-7.2
1300-7.3
1300-7.4

1300-8
1300-8.1
1300-8.2
1300-8.3
1300-8.4
1300-8.5
1300-8.6

Change Rooms
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Confinement Systems
Objectives
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Waste Management
General
Hazardous Waste Requirements
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Spill Prevention and Control
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1300-9 Effluent Control and Monitoring
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1300-11.2 Decommissioning
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1300-12.4 General Human Factors Implementation Criteria and Considerations

1300-12.4.1 General
1300.12.4.2 Human Dimension Considerations
1300-12.4.3 Environmental Considerations
1300-12.4.4 Component Arrangement
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1300-12.4.8 Warning and Annunciator Systems
1300-12.4.9 Communication Systems
1300-12.4.10 Maintainability
1300-12.4.11 Labels
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1304 Plutonium Processing and Handling Facilities
1304-1 Coverage
1304-2 Objectives
1304-3 Nuclear Criticality Safety
1304-4 Radiation Protection
1304-5 Special Design Features
1304-6 Confinement Systems

1304-6.1 General
1304-6.2 Primary Confinement System
1304-6.3 Secondary Confinement System
1304-6.4 Tertiary Confinement System

1304-7 Effluent Control and Monitoring
1304-7.1 Radioactive Solid Waste
1304-7.2 Radioactive Liquid Waste
1304-7.3 Effluents

1304-7.3.1 Airborne Effluents
1304-8 Decontamination and Decommissioning

1305 Plutonium Storage Facilities
1305-1 Coverage
1305-2 Objectives
1305-3 Nuclear Criticality Safety
1305-4 Special Design Features
1305-5 Confinement Systems

1305-5.1 General
1305-5.2 Primary Confinement System
1305-5.3 Secondary Confinement System
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1306 Unirradiated Enriched Uranium Storage Facilities
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1306-3 Nuclear Criticality Safety
1306-4 Radiation Protection
1306-5 Special Design Features
1306-6 Confinement Systems

1306-6.1 General
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1306-6.3 Secondary Confinement System
1306-6.4 Tertiary Confinement System

1306-7 Waste Management
1306-8 Effluent Control and Monitoring

1306-8.1 Radioactive Solid Waste
1306-8.2 Radioactive Liquid Waste

1306-8.2.1 Process Wastes
1306-8.3 Effluents

1306-8.3.1 Airborne Effluents

1307 Explosives Facilities
1307-1 Coverage

1307-1.1 General
1307-1.2 Applicability
1307-1.3 Nonapplicability

1307-2 Objectives
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1307-4 Special Design Features
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1307-4.1.3 Design Basis
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1307-4.2 Facility Criteria
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1307-4.2.3 Joint Explosives-Plutonium Bays/Facilities
1307-4.2.4 Explosives Design Basis
1307-4.2.5 Utilities

1307-5 Decontamination and Decommissioning
1307-6 Physical Protection and Material Safeguards
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1318-2 Objectives
1318-3 Nuclear Criticality Safety
1318-4 Special Design Features

1318-4.1 General
1318-4.2 UF6 Cylinder Handling Areas
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1318-5 Confinement Systems
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1318-5.3 Secondary Confinement System

1318-6 Effluent Control and Monitoring
1318-6.1 Radioactive Solid Waste
1318-6.2 Radioactive Liquid Waste

1318-6.2.1 Process Wastes
1318-6.3 Effluents

1318-6.3.1 Airborne Effluents
1318-7 Storage Facilities

1319 Uranium Processing and Handling Facilities
1319-1 Coverage
1319-2 Objectives
1319-3 Nuclear Criticality Safety
1319-4 Special Design Features
1319-5 Confinement Systems

1319-5.1 General
1319-5.2 Primary Confinement System
1319-5.3 Secondary Confinement System

1319-6 Effluent Control and Monitoring
1319-6.1 Radioactive Solid Waste
1319-6.2 Radioactive Liquid Waste
1319-6.3 Effluents

1319-6.3.1 Airborne Effluents
1319-7 Decontamination and Decommissioning
1319-8 Storage Facilities

1320 Irradiated Fissile Material Storage Facilities
1320-1 Coverage
1320-2 Objectives
1320-3 Nuclear Criticality Safety
1320-4 Special Design Features
1320-5 Confinement Systems

1320-5.1 General
1320-5.2 Primary Confinement System
1320-5.3 Secondary Confinement System
1320-5.4 Structural Considerations

1320-6 Effluent Control and Monitoring
1320-6.1 Radioactive Solid Waste
1320-6.2 Radioactive Liquid Waste

1320-6.2.1 Process Wastes
1320-6.3 Effluents

1320-6.3.1 Airborne Effluents
1320-7 Decontamination and Decommissioning

1321
1321-1
1321-2
1321-3
1321-4

Reprocessing Facilities
Coverage
Objectives
Nuclear Criticality Safety
Special Design Features
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1321-5 Confinement Systems

1321-5.1 General
1321-5.2 Primary Confinement System
1321-5.3 Secondary Confinement System
1321-5.4 Tertiary Confinement System

1321-5.4.1 General
1321-5.4.2 Penetrations

1321-6 Effluent Control and Monitoring
1321-6.1 Radioactive Solid Waste
1321-6.2 Radioactive Liquid Waste

1321-6.2.1 Process Wastes
1321-6.3 Effluents

1321-6.3.1 Airborne Effluents
1321-7 Decontamination and Decommissioning

1322 Uranium Conversion and Recovery Facilities
1322-1 Coverage
1322-2 Objectives
1322-3 Nuclear Criticality Safety
1322-4 Special Design Features

1322-4.1 General
1322-4.2 Uranium Conversion Facilities
1322-4.3 Uranium Recovery Facilities

1322-5 Confinement Systems
1322.5.1 General
1322.5.2 Primary Confinement System
1322-5.3 Secondary Confinement System

1322-6 Effluent Control and Monitoring
1322-6.1 Radioactive Solid Waste
1322-6.2 Radioactive Liquid Waste
1322-6.3 Effluents

1322-6.3.1 Airborne Effluents
1322-7 Decontamination and Decommissioning
1322-8 Storage Facilities

1323 Radioactive Liquid Waste Facilities
1323-1 Coverage
1323-2 Objectives
1323-3 Nuclear Criticality Safety
1323-4 Special Design Features

1323.4.1 General
1323-4.2 Collection Systems
1323-4.3 Storage and Transfer Systems
1323-4.4 Treatment Systems

1323-5 Confinement Systems
1323-5.1 General
1323-5.2 High-Level Liquid Waste Confinement
1323-5.3 Low-level Liquid Waste Confinement
1323-5.4 Transuranic-Contaminated Liquid Waste Confinement

1323-6 Effluent Control and Monitoring
1323-6.1 Contaminated Solid Waste
1323-6.2 Contaminated Liquid Waste
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1323.6.2.1 Process Wastes

1323-6.3 Effluents
1323-6.3.1 Airborne Effluents

1324 Radioactive Solid Waste Facilities
1324-1 Coverage
1324-2 Objectives

1324-2.1 General
1324-2.2 Siting Design Dose Objectives for Normal Operations and Anticipated Operational

Occurrences
1324-2.2.1 Disposal (Permanent Isolation) Facilities
1324-2.2.2 Waste Management and Storage Facilities (Not to Include Disposal)

1324-3 Nuclear Criticality Safety
1324-4 Radiation Protection
1324-5 Special Design Features

1324-5.1 General
1324-5.2 . High-Level Waste Disposal Facility Confinement
1324-5.3 Low-level Waste Disposal Facility Confinement

1324-6 Confinement Systems
1324-6.1 General
1324-6.2 Primary Confinement System
1324-6.3 Secondary Confinement System
1324-6.4 Tertiary Confinement System

1324-7 Effluent Control and Monitoring
1324-7.1 Radioactive Solid Waste
1324-7.2 Radioactive Liquid Waste

1324-7.2.1 Process Wastes
1324-7.3 Effluents

1324-7.3.1 Airborne Effluents

1325 Laboratory Facilities (Including Hot Laboratories)
1325-1 Coverage
1325-2 Objectives
1325-3 Nuclear Criticality Safety
1325-4 Confinement Systems

1325-4.1 General
1325-4.2 Primary Confinement System
1325-4.3 Secondary Confinement System
1325-4.4 Tertiary Confinement System

1325-5 Effluent Control and Monitoring
1325-5.1 Radioactive Solid Waste
1325-5.2 Radioactive Liquid Waste

1325-5.2.1 Process Wastes
1325-5.3 Effluents

1325-5.3.1 Airborne Effluents
1325-6 Decontamination and Decommissioning

1326
1326-1
1326-2
1326-3
1326-4

Tritium Facilities
Coverage
Objectives
Nuclear Criticality Safety
Source and Special Nuclear Material
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1326-5 Radiation Protection

1326-5.1 Design Features
1326-5.2 Radiation Monitoring Systems

1326-6 Special Design Features
1326-7 Confinement Systems

1326-7.1 General
1326-7.2 Primary Confinement System
1326-7.3 Secondary Confinement System

1326-8 Effluent Control and Monitoring
1326-8.1 General
1326-8.2 Contaminated Solid Waste
1326-8.3 Contaminated Liquid Waste
1326-8.4 Effluents

1326-8.4.1 Airborne Effluents
1326-9 Decontamination and Decommissioning
1326-10 Storage Facilities
1326-11 Physical Protection and Material Safeguards

1328 Fusion Test Facilities
1328-1 Coverage
1328-2 Objectives
1328-3 Nuclear Criticality Safety
1328-4 Source and Special Nuclear Material
1328-5 Radiation Protection

1328-5.1 Design Features
1328-5.2 Radiation Monitoring Systems

1328-6 Special Design Features
1328-7 Confinement Systems

1328-7.1 General
1328-7.2 Primary Confinement System
1328-7.3 Secondary Confinement System

1328-7.3.1 General
1328-7.3.2 Fusion Machine Building
1328-7.3.3 Auxiliary Systems Located Outside the Fusion Machine Building

1328-8 Effluent Control and Monitoring Radioactive Solid Waste
1328-8.1 Radioactive Liquid Waste
1328-8.3 Effluents

1328-8.3.1 Airborne Effluents
1328-9 Decontamination and Decommissioning
1328-10 Storage Facilities
1328-11 Physical Protection and Material Safeguards
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Appendix C

Some Radiological Design Requirements in the Hanford Site Radiological Control Manual
and the DOE General Design Criteria (DOE Order 6430.1A)

The appendix contains a selection requirements pertinent to radiological design in the Hanford Site Radiological
Control Manual and DOE Order 6430.1A. The list of requirements contained in this appendix is not comprehensive,
but are the primary ones generally related to radiological design.
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HSRCM-1 Revision 2

Hanford Site Radiological Control Manual

Parts Pertinent to Radiological Design

**********

DOE Radiological Health and Safety Policy

It is the policy of DOE to conduct its radiological operations in a manner that ensures the health and safety of all its
employees, contractors, and the general public. In achieving this objective, DOE shall ensure that radiation exposures
to its workers and the public and releases of radioactivity to the environment are maintained below regulatory limits
and deliberate efforts are taken to further reduce exposures and releases in accordance with a process that seeks to
make any such exposures or releases as low as reasonably achievable. The DOE is fully committed to implementing a
radiological control program of the highest quality that consistently reflects this policy. .

In meeting this policy, DOE shall:

7. Incorporate dose reduction, contamination reduction, and waste minimization features into the design of new
facilities and significant modifications to existing facilities in the earliest planning stages. Wherever possible,
facility design features shall be directed towards controlling contamination at the source, eliminating airborne
radioactivity, maintaining personnel exposure and effluent releases below regulatory limits and utilizing a
process that seeks exposure levels and releases as low as reasonably achievable. Radiological design criteria
shall reflect appropriate consensus recommendations of national and international standards setting groups.

128 Facility Modifications and Radiological Design Considerations

1. Radiological control performance is affected by human performance and engineered design features.
This Manual primarily addresses the way people operate and use existing facilities and sites. General
design criteria for new facilities and major modifications to existing facilities are contained in 10 CFR
835 and DOE Order 6430.1A. In addition, the following radiological control design criteria are
provided for new facilities and major modifications to existing facilities:

a. Individual worker dose shall be ALARA and should be less than 500 mrem per year
b. Discharges of radioactive liquid to the environment are covered by the provisions of DOE 5400.5.

and should not degrade the groundwater
c. Control of contamination should be achieved by containment of radioactive material
d. Efficiency of maintenance, decontamination, operations, and decommissioning shall be

maximized
e. Components should be selected to minimize the buildup of radioactivity
f. Support facilities shall be provided for donning and removal of protective clothing and for

personnel monitoring, when required
g. Neutron quality factor of 20 for conditions of unknown spectra (or doubling of the neutron

quality factor associated with known neutron energies) should be used for design purposes.
Design analyses based on these neutron quality factors are intended to be used to estimate the
additional construction cost that would result if the neutron quality factor was increased. The
results of these analyses should be used to ascertain the economic feasibility for incorporating
such modifications in the final design.
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H128.1 HanfordSite

10 CFR 835.1002(b) states: The design objective for controlling personnel exposure from external sources
of radiation in areas of continuous occupational occupancy (2000 hours per year) shall be to maintain
exposure levels below an average of 0.5 mrem (5 microsieverts) per hour and as far below this average as
is reasonably achievable. The design objectives for exposure rates for potential exposure to a radiological
worker where occupancy differs from the above shall be ALARA and shall not exceed 20 percent of the
applicable standards in n 835.202. This requirement is less restrictive than the Article 128.1 A of the DOE
Radiological Control Manual.

The 10 CFR 835 requirement takes precedence over the DOE Radiological Control Manual requirement.

2. Facilities currently under construction should be evaluated and the above criteria applied where
practicable.

3. Existing facility designs that have office space and lunchrooms or eating areas within Radiation Areas,
High and Very High Radiation Areas, Contamination and High Contamination Areas, Airborne
Radioactivity Areas, Radioactive Material Areas and Radiological Buffer Areas require priority
attention. Generally:

a. Locating lunch rooms or eating areas, restrooms, drinking fountains, showers and similar
facilities and devices is strongly discouraged within these areas

b. Locating office spaces within these areas is strongly discouraged; to the extent that such space is
essential to support radiological work, steps should be taken to preclude unnecessary occupancy.

137 Neutron Exposures

Neutron exposures have the following characteristics which require attention:

. • The specific biological effects of neutrons are not as well understood as the effects of gammas.

• Neutron dose equivalent is more difficult to assess than gamma dose equivalent.

As a result, those sites and facilities with neutron radiation should focus particular attention on minimizing collective
neutron dose through setting aggressive goals (Article 131).

**********

PART 1 Planning Radiological Work

311 Requirements

Technical requirements for the conduct of work, including construction, modifications, operations, maintenance and
decommissioning, shall incorporate radiological criteria to ensure safety and maintain radiation exposures ALARA.
The primary methods used to maintain exposures ALARA shall be facility and equipment design features. These
features may be augmented by administrative and procedural requirements. To accomplish this, the design and
planning processes should incorporate radiological considerations in the early planning stages. The checklist in
Appendix 3A is helpful in reducing occupational radiation exposure.
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312 Planning for Maintenance, Operations and Modifications

1. Maintenance and modification plans and procedures shall be reviewed to identify and incorporate
radiological requirements, such as engineering controls and dose and contamination reduction
considerations. Performance of this review is the responsibility of line management, with support and
concurrence from the Radiological Control Organization.

2. For routine tasks, such as surveillance, tours and minor nonradiological maintenance, performance of the
above review and documentation of identified radiological requirements may be conducted as part of
the Radiological Work Permit process (see Article 321).

3. The Site-Specific Radiological Control Manual shall establish trigger levels requiring formal radiological
review of nonroutine or complex work activities. These appropriate trigger levels should include:

a. Estimated individual or collective dose greater than pre-established values
b. Predicted airborne radioactivity concentrations in excess of pre-established values
c. Work area removable contamination greater than 100 times the values in Table 2-2
d. Entry into areas where dose rates exceed 1 rem/hour
e. Potential radioactive releases to the environment.

H312.3 HanfordSite

The Hartford Site trigger levels that shall require formal radiological review of nonroutine or complex work activities
are:

• estimated individual or collective dose for a task projected to exceed 1000 person-mrem

• predicted airborne radioactivity concentrations in excess of the DAC or an integrated exposure of 200
DAC-hours

• work area removable contamination greater than 100 times the values in Table 2-2

• entry into areas where whole body dose rates exceed 1 rem/h in a work area

• potential releases of radioactive material to the environment that meet or exceed DOE 5000.3B
reporting requirements.

4. Tasks with the potential to exceed the above trigger levels shall undergo a formal, documented
radiological or ALARA review. At a minimum, this review should consider the following:

a. Inclusion of Radiological Control Hold Points in the technical work documents
b. Elimination or reduction of radioactivity through line, flushing and decontamination
c. Use of work processes and special tooling to reduce time in the work area
d. Use of engineered controls to minimize the spread of contamination and generation of airborne

radioactivity
e. Specification of special radiological training or monitoring requirements
f. Use of mock-ups for high exposure or complex tasks
g. Engineering, design and use of temporary shielding to reduce radiation levels
h. Walkdown or dry-run of the activity using applicable procedures
i. Staging and preparation of necessary materials and special tools
j . Maximization of prefabrication and shop work
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k. Review of abnormal and emergency procedures and plans
1. Identification of points where signatures and second party or independent verifications are

required
m. Establishment of success or completion criteria, with contingency plans to anticipate difficulties
n. Development of a pre-job estimate of collective dose to be incurred for the job
o. Provisions for waste minimization and disposal.

5. Radiological requirements identified as part of the above radiological review should be documented in the
job plans, procedures or work packages.

6. Radiological work anticipated to exceed individual or collective dose criteria established in the Site-
Specific Radiological Control Manual should be reviewed and approved by the ALARA Committee.

7. Optimization techniques, including cost-benefit analysis, represent a fundamental part of radiological
design analysis and work review. For review of minor activities with low associated doses, a cost-benefit
evaluation is an intrinsic part of the engineering review process and a detailed evaluation is not necessary.
For review and planning of major tasks involving higher collective dose expenditures, a detailed and
documented evaluation shall be performed.

313 Infrequent or First-Time Activities

At those facilities with routine, recurring process operations, special management attention should be directed to
radiological activities that are infrequently conducted or represent first-time operations. Planning for such activities
should include:

1. Formal radiological review in accordance with Article 312.4

2. Senior management review directed toward anticipation of concerns and emphasis and specification of

protective measures

3. Review and approval by the ALARA Committee

4. Enhanced line and Radiological Control management oversight during the initiation and conduct of the

work.

314 Temporary Shielding

1. The installation, use and removal of temporary shielding should be controlled by procedure.

2. The effects of the additional weight of temporary shielding on systems and components should be
evaluated and established to be within the design basis prior to installation.

3. Installed temporary shielding should be periodically inspected and surveyed to verify effectiveness and
integrity.

4. Radiation surveys should be performed during the alteration or removal of installed temporary shielding.

5 Installed temporary shielding should be visibly marked or labeled with the following or equivalent
wording: "Temporary Shielding - Do Not Remove Without Permission from Radiological Control."
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6. Installed temporary shielding should be periodically evaluated to assess the need for its removal or
replacement with permanent shielding.

7. Site procedures may identify specific shielding applications, such as the shielding of low activity sources
or samples, that fall outside the recommendations of this Article.

316 Minimization of Internal Exposure

The minimization and control of internal exposure as discussed in Article 136 should be conducted in accordance with
the following hierarchy of controls:

1. Engineering controls, including containment of radioactive material at the source wherever practicable,
should be the primary method of minimizing airborne radioactivity and internal exposure to workers.

2 .Administrative controls, including access restrictions and the use of specific work practices designed to
minimize airborne contamination, should be used as the secondary method to minimize worker internal
exposure.

3. When engineering and administrative controls have been applied and the potential for airborne
radioactivity still exists, respiratory protection should be used to limit internal exposures. Use of
respiratory protection should be considered under the following conditions:

a. Entry into posted Airborne Radioactivity Areas
b. During breach of contaminated systems or components
c. Work in areas or on equipment with removable contamination levels greater than 100 times the

values in Table 2-2
d. During work on contaminated or activated surfaces with the potential to generate airborne

radioactivity.

4. The selection of respiratory protection equipment should include consideration of worker safety, comfort
and efficiency. The use of positive pressure respiratory protection devices is recommended wherever
practicable to alleviate fatigue and increase comfort.

5. In specific situations the use of respiratory protection may be contraindicated due to physical limitations
or the potential for significantly increased external exposure. In such situations, written authorization
should be obtained from the line organization manager and the Radiological Control Manager prior to
incurring internal exposure. Specific justification of the need to accept the exposure, including a
description of measures taken to mitigate the airborne radioactivity, should be documented as part of
the authorization process.

6. The following controls are applicable for activities authorized in accordance with the above:

a. Stay time controls to limit intake should be established for the entry
b. Evaluation of workplace airborne radioactivity levels should be provided through the use of

continuous air monitors or air-samplers with expedited assessment and analysis of results.

334 High Radiation and Very High Radiation Areas

2. Physical controls to prevent inadvertent and unauthorized access to High and Very High Radiation Areas
shall be maintained in accordance with Appendix 3B.
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**********

Appendix 3B Physical Access Controls for High and Very High Radiation Areas

1. One or more of the following features should be used for each entrance or access point to a High
Radiation Area and shall be used for each entrance or access point to a High Radiation Area where
radiation levels exist such that a person could exceed a whole body dose of 1 rem in any one hour:

a. A control device that prevents entry to the area when high radiation levels exist or upon entry
causes the high radiation level to be reduced below that level defining a High Radiation Area.

b. A device that functions automatically to prevent use or operation of the radiation source or field
while personnel are in the area.

c. A control device that energizes a conspicuous visible or audible signal so that the person entering
the High Radiation Area and the supervisor of the activity are made aware of the entry.

d. Entryways that are locked, except during periods that access to the area are required, with
positive control over each entry.

e. Continuous direct or electronic surveillance that is capable of preventing unauthorized entry.
f. A control device that automatically generates audible or visual alarm signals to alert personnel in

the area before use or operation of the radiation source and in sufficient time to permit evacuation
of the area or activation of a secondary control device that will prevent use or operation of the
source.

2. In addition to the above requirements, additional measures shall be implemented to ensure personnel are
not able to gain access to Very High Radiation areas when dose rates are in excess of the posting
requirements of Table 2-3.(>500 rad/h at 100 cm.)

3. Physical access controls over High and Very High Radiation Areas shall be established in such a way that
does not prevent a person from leaving the area.

337 Controlling the Spread of Contamination

The following measures should be used to prevent the spread of contamination across the boundary of Contamination
Areas, High Contamination Areas and Airborne Radioactivity Areas:

1. Use solid barriers to enclose areas wherever practicable.
3. Control and direct airflow from areas of lesser to greater removable contamination.
4. Use engineering control and containment devices such as glovebags, gloveboxes and tents.

**********

PART 5 Control of Radioactive Liquids and Airborne Radioactivity

451 Minimization and Control of Radioactive Liquid Wastes

1. DOE 5820.2A provides criteria for minimizing the generation of radioactive liquid waste. Minimization
should include evaluating operational requirements to reduce liquid usage and maximize recycling
activities.

2. A water management program should be maintained to identify, trend and eliminate unnecessary sources
of radioactive liquid waste and liquid mixed waste. This program should include aggressive measures
to identify and repair leaks,
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3. Activities that produce radioactive liquid waste shall be suspended unless sufficient processing, collection
and storage capacity is available to accommodate the waste.

4 DOE 5400.5 provides radioactive liquid waste discharge requirements.

5. Radioactive liquid waste discharges should be controlled on a batch basis to enhance monitoring
capability and to reduce the potential for inadvertent release.

6. Radioactive liquid waste discharges should be analyzed prior to release, monitored during release and the
release terminated before exceeding predetermined limits.

7. Radioactive liquid waste that cannot be discharged shall be solidified and disposed of as solid radioactive
waste.

452 Control of Radioactive Drains

Radioactive drain systems are designed to transport radioactive liquids. Improper use may cause an environmental
release.

1. Radioactive drain systems should not discharge to the environment nor be used for the disposal of
nonradioactive liquids.

H452.1 HanfordSite

At Hanford, radioactive drains that discharge to the environment are controlled by the Hanford Federal Facility
Agreement and Consent Order commonly referred to as the Tri-Party Agreement (TPA). The elimination of
radioactive liquid discharges is addressed in the TPA.

2. Existing radioactive drains should be evaluated to ensure the following:

a. Verification of the existing radioactive drain piping configuration
b. Installation of flow-indicating devices in leak-off lines
c. Use of plugs to prevent nonradioactive input
d. Consideration of alternative work controls before systems are drained for maintenance
e. Controls prohibiting unauthorized use of drains.

3. Modifications to the design or operation of existing radioactive drain systems should be controlled to
include:

a. Design considerations that prevent nonradioactive drain connections into radioactive drains
b. Procedural and design controls to prevent cross-connections of radioactive drains with

nonradioactive systems
c. Management review of subsequent changes to the design of radioactive drain systems or

radioactive drain controls

d. Management controls to restrict the introduction of hazardous wastes into radioactive drain
systems.
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453 Control of Airborne Radioactivity

1. Processes and activities with the potential for producing airborne radioactivity shall include engineering

controls to limit releases whenever appropriate. The requirements of 40 CFR 61 shall be included in
the evaluation.

2. The Radiological Control Organization shall be notified when engineering controls that prevent worker
exposure to airborne radioactivity, such as barriers, gloveboxes and glovebags, are compromised. An
evaluation should be made of continuing operations with compromised engineering controls. The use
of respiratory protection to continue activities under these conditions is discouraged. Implementation of
short-term engineering modifications that provide a commensurate level of worker protection is the
preferred alternative.

3. Preventive maintenance and surveillance procedures shall be established to ensure equipment controls are
maintained in an operable condition for containment of airborne radioactivity.

**********

652 Technical Support Personnel

Appropriate technical support personnel (engineers, schedulers, procedure writers) should be trained in the principles
of ALARA, basin ALARA techniques and dose reduction techniques. They should also participate in selected
portions of job-specific and specialized training, particularly in situations involving mock-ups.

**********

742 ALARA Records

Records of the ALARA plans and goals shall be maintained to demonstrate the adequacy of the ALARA program.
These records should include the minutes of ALARA committees and other committees where radiological safety
issues are formally discussed.
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0110-99 SPECIAL FACILITIES

0110-99.0 Nonreactor Nuclear Facilities-General

0110-99.0.1 General

Whenever feasible, special facilities shall be planned and layout developed on the basis of repetitive or discrete
processing steps, grouped according to facilities services (HVAC requirements, functional disciplines, and
operating hazards) and shall be contained in individual process rooms or cells to the extent practical. Unless there are
specific requirements for providing office areas within the special facilities, they shall be located with other offices
and common-use facilities (e.g., data computation and processing, word processing) in a centralized location. The
design professional shall consider the need for safe normal and emergency access, egress, and internal traffic flow.
Support areas such as the health physics laboratory/office shall be located near the exit from the process area. The
exit areas shall have adequate space for personnel circulation and egress and monitoring equipment. All normal
routes of egress shall be directed through exits that contain monitoring stations.

The type and level of hazard shall be determined for each functional area of the special facility, the attendant degree
of risk established, and the possibility of cross-contamination considered. Radioactive and hazardous materials
(chemicals, feed wastes, etc.) shall be segregated from each other to minimize the generation of mixed waste.
Wherever possible, areas for work with radioactive or other hazardous contaminants shall be located together to
simplify solutions to problems of air supply and exhaust, waste disposal, decontamination, and cross-contamination.
In addition, areas where radioactive materials are used shall be designed for ease of decontamination during building
usage and also for decommissioning after the building life cycle.

Energy conservation shall be given particular attention in the planning and design of special facilities. See Section
0110-12, Energy Conservation. For many special facilities, HVAC loadings and other special ventilation
requirements are of sufficient magnitude to require particular attention to the potentials for energy conservation;
however, air-to-air heat exchangers are not recommended for energy conservation with untreated air between, for
example, laboratory hood exhausts or other local exhaust systems for hazardous materials and the comfort air systems.
Cascading air from low contamination potential zones (such as comfort zones) as a supply to higher contamination
potential zones may be considered providing backflow protection is incorporated. Recirculation of air within a single
zone with appropriate filtering and conditioning is also acceptable. Significant energy savings for heating and cooling
may be realized, based on LCC effectiveness of energy conservation features; however, any such features shall only
be incorporated where they do not compromise the safety and health of personnel. Commonalities among similar
DOE special facilities' requirements offer an opportunity for improved design of new special facilities or major
alterations or additions to existing ones. Where similar types of special facilities exist or are being planned, maximum
use shall be made of the design and construction approaches taken, construction and operating economies achieved to
take advantage of new or innovative techniques and to avoid repeating less than successful experiences. Efforts shall
be made during the planning phase to obtain information about recently constructed special facilities experiences at
other DOE sites.

0110-99.0.2 Building Services and Distribution

Special facilities services and building utilities shall be planned to achieve maximum flexibility and ease of access.
Vertical and horizontal headers shall be specifically located as planning and preliminary design progresses.

Priority shall be given to gravity-flow piped services and utilities and large air distribution and exhaust duct headers
when analyzing the following:

o Establishment of zones (space) in vertical and horizontal service chases
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o Determination of service header sizes

o Assignment of spaces

Vertical chases shall be provided with fire cutoffs, preferably at each floor level and at the enclosing partitions,
consistent with the building construction code classification. Suitable access doors or removable panels shall be
provided in service chases for access to valves, dampers, and so forth. To maintain the necessary degree of protection
required by the particular building code classification, equipment selections shall be made from products listed by UL
or other approved testing organization.

To ensure both the safety of personnel and the effective administration and control of special facilities, access to
hazardous areas (e.g., hazardous gas storage locations and electrical power and distribution panels) shall be
controlled by locked gates, doors, power panels, or other physical barriers. Compressed gas cylinders shall be
isolated outside of the special facilities building or housed in a special hazardous materials storage room, exhausted
gas cabinets, or similar types of containment.

Where continuous services are required, service headers shall be looped and appropriately valved to maintain such
services during routine maintenance or system alterations.

Special facilities services shali extend from horizontal service headers. Services shall be located to avoid penetration
of adjacent facility walls and floors in those cases where routine maintenance or alterations of these services would
result in undesirable curtailment or interruption of operations in the adjacent special or other facilities. All piping
shall be located outside hazardous areas whenever possible to reduce personnel exposure during maintenance.

0110-99.0.3 Utilization Schedule

A special facilities utilization schedule shall be developed to show the intended schedule of operations of energy-
using systems and equipment. These schedules shall be used in performing computerized or other energy-use
analyses to develop energy-efficient special facility design. Particular care shall be taken to identify the use
requirements of such large energy consumers as secondary confinement ventilation systems and other high volume
air-using equipment to ensure that such equipment is properly designed. Operating control features shall allow
reduced equipment air flows during periods of nonuse, if personnel health and safety and environmental protection
will not be adversely affected.

0110-99.0.4 Building Layout

The design of the facility shall include controlled access to areas of potential hazards within the facility. The facility
layout shall provide for the segregation of administrative and other support personnel from operations and process
activities and areas. The arrangement and location of process equipment and its maintenance provisions shall ensure
that exposure to radiation and other hazardous materials is within the requirements of DOE 5480.11 and DOE
5480.10, respectively. In addition, exposures shall be maintained ALARA. The design shall protect workers
sufficiently from hazards to ensure that workers can perform actions required during normal operations, anticipated
operational occurrences, and postulated DBAs. The design shall ensure prompt, safe shutdown in emergencies, and
allow ready access to areas where manual corrective actions are required and to areas that contain radiation
monitoring equipment.

A minimum number of entrances shall be provided for security areas. However, exits shall comply with NFPA 101.
Some exits shall be provided for emergency use only, and equipped with alarm devices and seals. At least two
exits shall be provided in rooms where hazardous materials are handled. (Exceptions for explosives facilities appear
in Chapter II, Section 2.2, of DOE/EV 06194.)
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In those areas where an accidental breach of a primary confinement system could expose personnel to radioactive
material, a distance of 75 feet as measured by the method in the NFPA 101 shall.be the maximum travel distance
to ensure that personnel can exit through the next confinement barrier. This barrier is the partition separating two
different air zones, the area of refuge being on the upstream side of the barrier. The assured airflow through the
barrier shall be in the direction opposite of exit travel. The facility design shall provide space to accommodate all
planned activities, operations, and maintenance (e.g., processing, research and development, scrap and waste
handling, sample analysis, shipping and receiving, and material staging required for equipment installation and
modifications). The design shall minimize the hazard of handling flammable and other hazardous materials. In
addition to the usual industrial safety features required in a nuclear facility, the design shall also include the
following safety features as appropriate:

o Layout of the facility shall provide specific control and isolation, if possible, of quantities of flammable,
toxic, and explosive gases, chemicals, and other hazardous materials admitted to the facility.

o The provision of additional space shall be considered for temporary shielding or for additional shielding in the
event radiation levels are higher than anticipated.

Auxiliary space allotments shall be held to a minimum consistent with operational efficiency. For office space, space
allowances for planning purposes shall comply with Section 0110-11, Work Space Management Standards. Storage
areas (or vaults) shall be located in light of the hazards of materials stored (e.g., radiation and criticality of nuclear
materials), fire-fighting capabilities, and contamination control. Storage areas having heavy floor loadings shall be
placed on grade or compacted fill.

Where practical, storage buildings shall be rectangular and windowless. The layout shall provide for efficient
cleaning, maintenance, and ease of inspection. The storage building shall be designed to receive, ship, expedite
identification of, inventory, place, store, and retrieve unirradiated and/or irradiated fissile material or other material
capable of sustaining a chain reaction. Storage buildings shall be designed as dry and/or wet storage facilities as
required.

Storage facilities shall be physically separated from process operations, areas for the storage of nonnuclear materials
or equipment, and functions not directly required for storage operations. Where floor storage is operationally
required, layout of floor areas and access areas shall take into consideration the requirements for secure location of
storage containers, traffic control, and segregation. Physical protection of stored SNM shall comply with the DOE
5632 series.

Suitable physical compartmentalization shall be provided, as determined from the safety analysis, to limit the
quantities of stored materials in each compartment to safe levels; ensure the necessary access features and controls;
and satisfy the loss limitation criteria in Section 0110-99.0.7, Loss Limitations.

Story height shall be held to a minimum consistent with the structural framing system, required equipment height, and
building utility systems. Generally, a clear height of 9 feet shall be adequate, with floor-to-floor height not exceeding
12 feet except where specific functions require special ventilation systems or where high-bay space is required for
engineering development, semiworks, other equipment, or similar functional use.

Where economical, suspended ceilings shall be used to reduce HVAC loads and energy costs, to provide required
acoustical properties, and to facilitate the maintenance of acceptable levels of cleanliness. Where the use of
suspended ceilings is justified, floor-to-floor heights and space above the suspended ceilings shall be held to the
minimum required to accommodate concealed piping, ducts, structural framing, and so forth.
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Where an acceptable working environment can be provided by careful layout of exposed framing, piping, and ducts,
the roof or overhead floor construction shall be designed to eliminate the need for ceiling finish (other than painting)
or applied or integral acoustical treatment.

Corridor width(s) can be a controlling factor in the overall building size, and corridors shall be no wider then required
for facility functions. All corridors and door openings shall meet NFPA 101 or more stringent requirements based on
the hazards of materials to be handled or operations to be performed, as established by the cognizant DOE health and
safety authority. The size and arrangement of interior corridors shall accommodate the following:

o Personnel traffic flow patterns

o Safety of building occupants

o Movement of equipment (including initial equipment installation, facility operations, and future replacement
or removal)

o Ultimate decontamination and decommissioning of the facility, including equipment required during
decontamination

Where room doors open into corridors, frames shall be recessed to prevent the open doors from encroaching on clear
corridor spaces.

Equipment recessed in corridors, such as firehose racks or cabinets, drinking fountains, and pay telephones, shall be
grouped together to the maximum extent possible.

0110-99.0.5 Interior Walls and Partitions

Fixed partitions shall be provided for corridors and office space unless movable partitions are functionally and
economically justified and satisfy fire safety and other health and safety requirements. Where movable partitions are
used, module dimensions shall be selected from commercial stock sizes. Where appropriate, the use of partial-height
partitions extending from the top of mutual-use pipe chases to the ceiling or slab above shall be considered to
maximize consolidation of pipe runs, and flexibility in operations, and construction economics.

0110-99.0.6 Fire Resistance

Development of the DBF shall include consideration of conditions that may exist during normal operations and
special situations (e.g., during periods of decontamination, renovation, modification, repair, and maintenance). The
structural shell surrounding the critical areas and their supporting members shall remain standing and continue to act
as a confinement structure during the DBF under conditions of failure of any fire suppression system not designed as
a safety class item. Fire resistance of this shell shall be attained by an integral part of the structure (concrete slabs,
walls, beams, and columns) and not by a composite assembly (membrane fireproofing). In no event shall the fire
resistance rating be less than two hours under conditions of failure of any fire suppression system not designed as a
safety class item. Penetrations in this shell shall incorporate, as a minimum, protection against DBF exposures unless
greater protection is required by other sections of these criteria.

0110-99.0.7 Loss Limitations

The design shall provide sufficient structural integrity, fire resistance, compartmentalization, detection, and
extinguishing systems and alarms (plus other engineered safety systems where required) to generally limit property
loss from any single DBA (excluding earthquake and tornadoes) to less than Slmillion for those special facilities in
which safety systems are provided and function properly, and to less than $25 million where safety systems do
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not function properly. See Section 0110-6.3, Fire Resistance Ratings, and DOE 5480.7 for maximum possible fire
loss criteria.

0110-99,0.8. Personnel and Public Safety

The design of special facilities shall reduce the consequences of normal and DBA events by incorporating ALARA
design concepts. Occupancy time, spacing, remote handling equipment, and shielding shall be considered. Automatic
monitoring and alarm devices shall be provided (where required by the form and potential hazard of the material
being handled or stored) to detect the presence of significant levels or increases of radioactivity and, if feasible, any
other hazardous materials, either released in the special facility or escaping from it. (Where monitoring devices are
not available for specific contaminants, sampling devices shall be substituted and be evaluated on a frequency
sufficient to detect release levels of interest.) Cautionary systems or interlocks shall prevent inadvertent entry into
hazardous areas. All safety alarm systems shall annunciate inside of the special facility so as to identify hazardous
areas. The need for visual alarm devices within the special facility, in addition to audible alarm devices, shall be
considered. Where alarms can preclude or minimize exposures outside of the facility, they shall be provided (such as
criticality alarms or evacuation alarms).

DOE 5480.5 contains requirements for safety of nuclear facilities. In addition to its requirements, personnel exposure
levels shall comply with Section 1300-6.2, Shielding Design, and exposure of the public shall comply with Section
1300-1.4, Guidance on Limiting Exposure of the Public.

Proper consideration shall also be given to chemical toxicity protection, as well as radiation protection. As an
example, for unirradiated enriched uranium, under postulated accident conditions, chemical toxicity exposure
will often be the controlling factor.
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SPECIAL FACILITIES

1300 GENERAL REQUIREMENTS

1300-1 COVERAGE AND OBJECTIVES

1300-1.1 Coverage

Special facilities as used in Division 13 include the following:

o Nuclear facilities as defined in the Glossary and in DOE 5480.5

o Explosives facilities

The criteria in this section of Division 13 (Section 1300, General Requirements) apply to all nonreactor nuclear
facilities and to explosives facilities. Subsequent sections provide additional criteria that are applicable to specific
types of nonreactor nuclear facilities and to explosives facilities. (Reactors and their safety systems shall be sited
and designed according to DOE 5480.6.)

There may be some facilities for which these criteria are not sufficient and for which additional criteria must be
satisfied in the interest of safety. Also, some criteria may be determined by safety analysis to be unnecessary
or inappropriate for a specific facility. For facilities such as these, departures from the criteria shall be identified and
justified. See Section 0101-2, Criteria Deviations.

1300-1.2 Using Division 13

The other divisions of these criteria correspond to the CSIMASTERFORMAT organization, which reflects the major
building systems and design specialties. Criteria for special facilities in those divisions appear under a "-99" system.
For example, Division 15, Mechanical, contains mechanical criteria that apply to all DOE facilities, both non-special
and special. Mechanical criteria for all facilities are numbered 15xx. In addition, mechanical criteria that apply only
to special facilities are numbered 15xx-99.

Within the -99 sections in the various divisions, facility types are designated by the following numbers:

o 99.0, Nonreactor Nuclear Facilities—General

o 99.1, Laboratory Facilities (Including Hot Laboratories)

o 99.2, Emergency Preparedness Facilities

o 99.3, Plutonium Processing and Handling Facilities

o 99.4, Explosives Facilities

o 99.5, Unirradiated Enriched Uranium Storage Facilities

o 99.6, Plutonium Storage Facilities

o 99.7, Occupational Health Facilities
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o 99.8, Telecommunications, Alarm, and ADP Centers and Radio Repeater Stations

o 99.9, Vaults and Vault-Type Rooms for Storage of Classified Matter

o 99.10, Secure Conference Rooms

o 99.11, Secure Offices -

o 99.12, Uranium Enrichment Facilities

o 99.13, Uranium Processing and Handling Facilities

o 99.14, Irradiated Fissile Material Storage Facilities

o 99.15, Reprocessing Facilities

o 99.16, Uranium Conversion and Recovery Facilities

o 99.17, Radioactive Liquid Waste Facilities

o 99.18, Radioactive Solid Waste Facilities

o 99.19, Tritium Facilities

o 99.20, Fusion Facilities

The remaining sections of Division 13 cover nonreactor nuclear facilities (which as used here includes laboratory
facilities/hot laboratories) and explosives facilities criteria that do not relate to the major building systems or other
design specialties covered in the other divisions. When designing these facilities, Division 13 criteria shall be applied
in addition to applicable criteria in other divisions.

Design criteria for nonreactor nuclear facilities and explosives facilities thus appear in three places:

o In the conventional sections of the other criteria divisions—e.g., Section 1550 provides criteria on HVAC
systems that apply to all DOE facilities.

o In the -99.0, -99.1, and -99.4 sections of the non-Division 13 divisions-e.g., Sections 1550-99.0 and 1550-
99.4 provide additional criteria on HVAC systems that apply only to nonreactor nuclear facilities and
explosives facilities, respectively.

o In Division 13—e.g., special criteria that do not relate to the building systems and design specialties covered in
the other criteria divisions

See Section 0101-3, Organization and Use of These Criteria.
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1300-1.1 Objectives

The design of special facilities shall:

o Protect the pubiic and facility personnel from hazards associated with the use of radioactive and other

hazardous materials as a result of normal operations, anticipated operational occurrences, and DBA
conditions, including the effects of natural phenomena pertinent to the site, and maintain these effects
ALARA

o Ensure compliance with DOE policies regarding nuclear safety, criticaiity safety, radiation safety, explosives
safety, industrial safety, fire protection, environmental protection, and Safeguards and Security (S&S)
protection for special nuclear material

o Protect government property and essential operations from the effects of potential accidents

o Minimize exposures of personnel and the general public to hazardous materials by emphasizing ALARA
concerns during all design, construction, and operational phases of special facilities

The design of new or modification of existing special facilities shall address the health hazards represented by all
hazardous materials in enclosures, general work areas, and noncontaminated areas.

The release of hazardous materials under normal operating conditions and anticipated operational upset occurrences
shall be designed to be less than release guideline limits contained in applicable orders, regulations, and requirements.
In addition, to the extent practical, such releases shall be maintained ALARA.

Consideration shall be given to the frequency of occurrence and the effects of DBAs in the design features of special
facilities. The depth of the risk analysis involved in this consideration should be in some measure proportional to the
level of risk at the facility under consideration.

Protection of employees within the facility and at nearby facilities shall be a requirement in all aspects of the design.
Protection shall be provided for normal operation and for those accidents that can be anticipated as occurring during
the facility lifetime such as radioactive material spills and small fires controlled by the facility fire suppression
system. Occupational exposure to radiation shall be limited according to DOE 5480.11. Design goals shall be
established to maintain radiation exposure of employees ALARA. The nature of the hazardous materials in the
facility, including radionuclides, shall be considered in the assessment of potential employee exposure.

For mixed-use facilities, such as those combining PPHFs and PSFs, the design of either part of that facility shall not
jeopardize the safety requirements of the other.

1300-1.4 Guidance on Limiting Exposure of the Public

1300-1.4.1 General

The confinement of hazardous materials produced, processed, or stored in special facilities shall be designed to
minimize dose to a maximally exposed member of the public.

1300-1.4.2 Accidental Releases

Releases of hazardous materials postulated to occur as a result of DBAs shall be limited by designing facilities such
that at least one confinement system remains fully functional following any credible DBA (i.e., unfiltered/unmitigated
releases of hazardous levels of such materials shall not be allowed following such accidents). Facility design shall
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provide attenuation features for postulated accidents (up to and including DBAs) that preclude offsite releases that
would cause doses in excess of the DOE 5400 series limits for public exposure. To the extent practical, ALARA
concepts shall be applied when designing special facilities to mitigate post-DBA releases of hazardous materials. For
facilities whose hazard potential is determined to be extremely low, deviations from the criteria of this section may be
considered in accordance with Section 0101-2, Criteria Deviations.

1300-1.4.3 Routine Releases

The annual dose resulting from postulated, planned, or expected releases from the proposed facility shall be
considered in combination with the annual doses resulting from planned or expected releases from other facilities at
the same site. The sum of the doses from the site shall be limited according to DOE Radiation Standards of Protection
of the Public in the Vicinity of DOE Facilities or subsequent guidance included in the directive on Radiation
Protection of the Public and the Environment in the DOE 5400 series.

1300-1.4.4 Monitoring of Releases

Releases shall be monitored in accordance with the directive on Radiological Effluent Monitoring and Environmental
Surveillance in the DOE 5400 series.

1300-2 SAFETY ANALYSIS

Safety analysis shall comply with DOE 5481. IB. See also Section 0110-5.2, Safety Analysis.

1300-3 SAFETY CLASS CRITERIA

1300-3.1 General

Special facility components, systems, and structures shall be designed, fabricated, erected, and tested to standards and
quality commensurate with the hazards and potential consequences associated with both the facility and the role of
each component, system, and structure in mitigating the consequences of DBAs.

13 00-3.2 Safety Class Items

Safety class items are systems, components, and structures, including portions of process systems, whose failure could
adversely affect the environment or the safety and health of the public. Specifically, safety class items are those
systems, components, and structures with the following characteristics:

o Those whose failure would produce exposure consequences that would exceed the guidelines in Section 1300-
1.4, Guidance on Limiting Exposure of the Public, at the site boundary or nearest point of public access

o Those required to maintain operating parameters within the safety limits specified in the OSRs during normal

operations and anticipated operational occurrences

o Those required for nuclear criticality safety

o Those required to monitor the release of radioactive materials to the environment during and after a DBA

o Those required to achieve and maintain the facility in a safe shutdown condition

o Those that control the safety class items described above
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DOE/TIC 11603, Rev. 1, presents examples of safety classification of plant systems, structures, and components in its
appendixes; however, for comparable sections in DOE/TIC 11603, Rev. 1, and DOE 6430.1A, the design criteria in
DOE 6430.1A shall govern.

Safety class items shall be subject to appropriately higher-quality design, fabrication, and industrial test standards and
codes such as those specified in Section 0106, Regulatory Requirements, and Section 0109, Reference Standards and
Guides, to increase the reliability of the item and allow credit to be taken for its capabilities in a safety analysis.
Safety class items shall be designed to the ASME Boiler and Pressure Vessel Code (Section III, Class II) or to other
comparable safety-related codes and standards that are appropriate for the system being designed.

Safety class and non-safety class items shall comply with Section 0140, Quality Assurance. The design of systems,
components and structures that are not safety class items shall, as a minimum, be subject to conventional industrial
design standards, codes, and quality standards. Failure of these items shall not adversely affect the environment or the
safety and health of the public. In addition, their failure shall not prevent safety class items from performing their
required functions.

1300-3.3 Single Failure Criterion and Redundancy

The design shall ensure that a single failure (see Glossary) does not result in the loss of capability of a safety class
system to accomplish its required safety functions. To protect against single failures, the design shall include
appropriate redundancy and shall consider diversity to minimize the possibility of concurrent common-mode failures
of redundant items.

1300-3.4 Equipment Environment Considerations

1300-3.4.1 General

Safety class items shall be designed to withstand the effects of, and be compatible with, the environmental conditions
associated with operation, maintenance, shutdown, testing, and accidents. The environmental capability of equipment
shall be demonstrated by appropriate testing, analysis, and operating experience, or other methods that can be
supported by auditable documentation, or a combination of these methods.

1300-3.4.2 Environmental Qualification of Equipment

Equipment qualification shall provide assurance that safety class items will be capable of performing required safety
functions under DBA conditions. The qualification shall demonstrate that the equipment can at least perform for the
period of time that its safety functions are required. Subsequent equipment failure, after its safety function is no
longer required, may be allowable.

Temperature, pressure, and humidity environments shall be based on the most severe postulated accident affecting the
particular item. The postulated environment shall reflect an environment that considers both radiological composition
(e.g., elements, isotopics, total radioactivity) and chemical composition (e.g., abrasives, acids, smoke, caustic vapors)
of all material physical forms likely to affect the equipment.

1300-3.4.3 Equipment Operability Qualification

Testing or a combination of testing and analysis shall be the preferred method of demonstrating the operability of
fluid system components, mechanical equipment, instrumentation, and electrical equipment that are required to
operate during and following a DBE. Seismic experience data may be used as an alternative to testing or dynamic
analysis where such data have been documented and validated. See Section 0111-99.0, Nonreactor Nuclear Facilities-
-General.
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1300-3.5 Maintenance

The design shall consider the maintainability factors peculiar to the specific equipment to be used in the facility.
Facility design shall provide for routine maintenance, repair, or replacement of equipment subject to failure.

Safety class items shall be designed to allow inspection, maintenance, and testing to ensure their continued
functioning, readiness for operation, and accuracy. Ancillary equipment, such as pumps, blowers, motors,
compressors, gear trains, and controls, shall be located in an area least likely to be contaminated.

The design of equipment that must be located within confinement systems shall allow for in-place maintenance or
replacement.

The capability shall be provided for the maintenance of contaminated equipment that cannot be repaired in place.
This capability shall include the necessary provisions for confinement, ventilation, and waste control.

The design of all process equipment shall include features to minimize self-contamination of the equipment, piping,
and confinement areas. The design of process equipment shall also include features to minimize the spread of
contamination out of local areas.

1300-3.6 Testing

The design shall include provisions for periodic testing of monitoring, surveillance, and alarm systems. In addition,
the design shall provide the capability to test periodically, under simulated emergency conditions, safety class items
that are required to function under emergency conditions.

All systems for which credit is taken to meet the criteria of Section 1300-1.4.2, Accidental Releases, shall be in-place
testable in terms of pressure, filtration or removal efficiency, alarm capability, leak resistance, and the like. Safety
class items shall be designed to be testable on a regular schedule.

The facility design shall allow for routine in-place testing of HEP A filtration systems as outlined by ASME N510.

1300-4 NUCLEAR CRITICALITY SAFETY

An assessment of a design shall be made as early as practical to determine if the potential for nuclear criticality exists.
When such potential exists, the design of nuclear criticality control provisions, including equipment and procedures,
shall meet, as a minimum, the requirements of DOE 5480.5 and the ANS 8 series on Nuclear Criticality Safety.

Nuclear criticality safety shall be achieved by exercising control over both the quantity and distribution of all fissile
materials and other materials capable of sustaining a chain reaction, and over the quantities, distributions, and nuclear
properties of all other materials with which the fissile materials and other materials capable of sustaining a chain
reaction are associated. Design considerations for establishing such controls shall be mass, density, geometry,
moderation, reflection, enrichment, interaction, material types, and nuclear poison.

The design shall ensure that material shall not be displaced or allowed to accumulate to form a critical mass in the
event of an internal or external accident. The design shall emphasize geometrically favorable compartments or
spacing to minimize reliance on administrative control, and shall prevent the unsafe accumulation of moderator or
reflection materials (e.g., water from a fire sprinkler system). Also, heating or cooling jackets in the safe dimension
of geometrically safe vessels shall preclude a leak in the jacket that causes an increase in the system's reactivity.
Process designs shali incorporate sufficient factors of safety so that at least two unlikely and independent concurrent
changes must occur in process conditions before a criticality accident is possible.
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Structures, systems, and components that provide nuclear criticality safety shall be designed as safety class systems
and be capable of performing their criticality safety functions during and following design basis accidents and events.
A criticality monitoring and alarm system (gamma and/or neutron) shall be provided where necessary to meet the
requirements of DOE 5480.5 and ANS 8.3.

Nuclear criticality safety shall be controlled, in decreasing priority, by geometric spacing, density and/or mass
limitation, fixed neutron absorber, soluble neutron absorber, and administrative control. The design of the facility
shall emphasize engineered safeguards and shall not rely strictly on administrative controls.

Process systems shall be designed to prevent the carryover of fissile material and other material capable of sustaining
a chain reaction from geometrically favorable portions of the facility to other areas.

A system of positive control arid backfiow prevention, such as air gaps (siphon breakers) shall be used to prevent
inadvertent transfer of fissile material and other material capable of sustaining a chain reaction from geometrically
favorable or. poisoned containers to unsafe containers.

Locations where a potential critical mass could occur in the event of accidental flooding by water from fire protection
systems shall be protected by geometrically favorable curbed areas or collection systems.

Where frequency estimates for a specific operation at a specific location shows the frequency of a criticality accident
to exceed 10-6 per year, the combination of shield design and facility layout shall minimize radiation doses to
adjacent work stations and exit routes. Egress routes shall be provided that take into account the locations where
postulated criticality accidents would normally be expected to occur. The design objective should be to provide
escape routes that have the lowest potential for radiation exposure to exiting personnel. For facilities where the
design cannot avoid evacuation through areas of potentially high exposure, the use of additional shielding in such
areas shall be considered. All barriers along egress routes shall be designed to allow crash exiting of evacuating
personnel (i.e., operator safety should take priority over security concerns).

1300-5 SOURCE AND SPECIAL NUCLEAR MATERIAL

When the safety analysis identifies the source and SNM that will be handled, the criteria for the most hazardous
material shall be applied to the design. The criteria of ANSI N16.1 shall apply. In-process source or SNM shall be
stored in storage containers to be approved by facility management, and simple physical barriers shall be used to
segregate materials and provide a level of confinement and safety consistent with the hazard of the material. See also
Section 1300-10, Physical Protection, Material Safeguards, and Storage of Special Nuclear Material.

1300-6 RADIATION PROTECTION

1300-6.1 General

Special facilities shall be designed to minimize personnel exposures to external and internal radiological hazards,
provide adequate radiation monitoring and alarm systems, and provide adequate space for health physics activities.
Primary radiation protection shall be provided by the use of engineered controls (e.g., confinement, ventilation,
remote handling, equipment layout, and shielding); secondary radiation protection shall be provided by administrative
control. ALARA concepts shall be applied to minimize exposures where cost-effective.

1300-6.2 Shielding Design

The shielding design basis shall be to limit the maximum exposure to an individual worker to one-fifth of the annual
occupational external exposure limits specified in DOE 5480.11. Within this design basis, personnel exposures shall
be maintained ALARA. Specifically, the shielding shall be designed with the objective of limiting the total EDE to
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less than 1 rem per year to workers, based on their predicted exposure time in the normally occupied area. The EDE
shall be the sum of all contributing external penetrating radiation (gamma and neutron). In addition, appropriate
shielding shall be installed, if necessary, to minimize nonpenetrating external radiation exposures to the skin and lens
of the eye of the worker. In most cases, the confinement barrier or process equipment provides this
shielding.

Shielding and other radiation protection measures shall be provided for areas requiring intermittent access, such as for
preventive maintenance, component changes, adjustment of systems and equipment, and so forth. The projected dose •
rates based on occupancy, time, and frequency of exposure shall not exceed 1 rem/y.

Concrete radiation shielding design shall comply with ANS 6.4 and ACI349 and shall consider the material
specifications of ANS 6.4.2 where it provides a critical confinement or structural function. For other shields, ACI 318
is appropriate and provides adequate strength for DBE loads.

Straight-line penetration of shield walls shall be avoided to prevent radiation streaming.

1300-6.3 Hand and Forearm Protection

Remote shielded operation (i.e., with remote handling equipment such as remote manipulators) shall be considered
where it is anticipated that exposures to hands and forearms would otherwise approach the dose guidance in 5480.11
or where contaminated puncture wounds could occur.

1300-6.4 Internal Radiation Exposure

The design shall ensure that occupied operating areas do not exceed the airborne concentration limits of the DOE
5480 series for normal operating conditions. In addition, to the extent practical, the concept of ALARA shall be used
when designing confinement and ventilation systems to limit airborne contamination levels. The design shall ensure
that respirators are not required to meet the dose limits for normal operations. Engineered controls and features shall
also be provided to minimize potential inhalation of radioactive and other hazardous materials under all
conditions.

1300-6.5 Monitoring, Warning, and Alarm Systems

1300-6.5.1 General

All monitoring systems shall be calibrated annually with appropriate national standards to ensure validity of reported
values. Environmental monitoring is discussed in Section 1300-9, Effluent Control and Monitoring. All radiation
monitoring, alarm, and warning systems that are required to function during a loss of normal power shall be provided
with an emergency UPS (internal or external on-line) unless it is demonstrated that they can tolerate a temporary loss
of function without losing needed data and they are provided with standby or emergency (switched) power.
Determination of the power supply type and quality shall be based on the safety classification of the monitoring
system or device. The sampling motivation (vacuum) shall be installed to the same requirement.

1300-6.5:2 Air Monitoring and Warning Systems

Air monitoring and warning systems shall be installed in work areas where hazardous materials are stored or handled
and where hazardous airborne particles or vapors may be present. Air sampling heads shall be located to provide a
representative sample of potential airborne radioactive materials being breathed. Air monitoring systems shall
comply with ANSI N13.1.
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1300-6.5.3 Personnel Monitoring and Warning Devices

Use of devices to warn personnel of possible contamination or other hazardous materials shall be evaluated and such
devices shall be provided in accordance with this evaluation. Provisions shall be made for personnel monitoring
devices, such as hand and foot counters, in the vicinity of work stations. Installed monitors (supplemented with
personal monitoring methods if necessary) shall be used to monitor personnel exiting an operating area through access
ways. CAMSs shall be provided to detect and to alarm at prescribed airborne radioactivity levels.

1300-6.5.4 Ionizing Radiation Monitoring System

Where ionizing radiation is present (due to process material, equipment, or operations), an area radiation monitoring
and alarm system shall be provided to alert personnel of unexpected increases in ionizing radiation levels.

1300-6.5.5 Warning and Alarm System Features

Warning and alarm systems shall be designed, installed, and tested to ensure that they can be heard in the ambient
conditions of the area they are intended to cover. Evacuation alarm systems shall comply with ANSI N2.3.

1300-6.5.6 Nuclear Accident Dosimetry

Where there is the potential for a criticality excursion causing personnel exposures, nuclear accident dosimeters shall
be provided with performance features and placement consistent with DOE 5480.11.

1300-6.5.7 Central Radiation Monitoring and Alarm Readout

In addition to a local station alarm, radiation monitoring systems (criticality alarms, CAMSs, alarms associated with
stack monitoring systems, and so on) shall have central (i.e., control room or radiation monitoring office) readout and
alarm panels that are accessible after a DBA to evaluate internal conditions.

1300-6.6 Decontamination of Personnel

Design shall provide for personnel decontamination facilities close to areas that represent sources of potential
contamination.

1300-6.7 Meteorological Equipment

Meteorological equipment shall be provided to measure and record wind speed and direction. Consideration shall be
given to the need for additional equipment to provide meteorological parameters such as humidity data and wind
direction frequencies for heights related to the estimated heights at which stack effluents and cooling tower moisture
will be dispersed. As necessary, special equipment for stack effluent dispersal and tracking shall be considered for
installation. Central site meteorological monitoring capability shall be considered as a substitute for individual
facility monitoring.

1300-6.8 Change Rooms

Men's and women's change rooms shall be provided for changing into and from protective clothing. These areas shall
be adjacent to shower facilities. Change rooms shall be designed to ensure that clean clothing (e.g., personal
clothing) and protective clothing are segregated. The design shall ensure that storage of contaminated protective
clothing will control contamination so that it does not spread beyond the storage container. The change room exhaust
air shall be HEPA-filtered if dispersible radionuclides are handled in the process areas it serves.
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1300-6.9 Breathing Air System

Operation and maintenance of special facilities may lead to situations (e.g., accidents, special maintenance, spill
recovery) where air-supplied respiratory protection is required. Breathing air supply systems shall comply with ANSI
Z88.2 and 29 CFR 1910.134.

1300-7 CONFINEMENT SYSTEMS

1300-7.1 Objectives

Confinement systems shall accomplish the following:

o Minimize the spread of radioactive and other hazardous materials within the unoccupied process areas

o Prevent, if possible, or else minimize the spread of radioactive and other hazardous materials to occupied
areas

o Minimize the release of radioactive and other hazardous materials in facility effluents during normal
operation and anticipated operational occurrences

o Limit the release of radioactive and other hazardous materials resulting from DBAs including severe natural
phenomena and man-made events in compliance with the guidelines contained in Section 1300-1.4.2,
Accidental Releases.

1300-7.2 General

Confinement capabilities, including confinement barriers and associated ventilation systems, shall maintain a
controlled, continuous airflow pattern from the environment into the confinement building, and then from
noncontaminated areas of the building to potentially contaminated areas, and then to normally contaminated areas.

For a specific nuclear facility, the number and arrangement of confinement barriers and their required design features
and characteristics shall be determined on a case-by-case basis. Typical factors that affect confinement system design
are the type, quantity, form, and conditions for dispersing the hazardous material, including the type and severity of
DBAs. If, addition, alternative process and facility designs may reduce the potential hazards and the requirements for
confinement system design. Engineering evaluations, trade-offs, and experience shall be used to develop a practical
design that achieves confinement system objectives.

The number of confinement systems required in different locations of a facility may vary depending on the potential
consequences from hazards during normal operation, anticipated operational occurrences, and DBAs. Although
individual confinement systems are not required to withstand the effects of every accident, they shall effectively
perform their required functions for the DBAs they are required to withstand. Sufficient redundancy shall be provided
in the unlikely event of a confinement system failure. At least one of the confinement systems shall be designed to
ensure that it can withstand the effects of severe natural phenomena and man-made events (see Section 0111-99.0,
Nonreactor Nuclear Facilities-General), including the postulated DBAs and DBF initiated by these events, and remain
functional to the extent that the guidelines of Section 1300-1.4.2, Accidental Releases, are not violated. The adequacy
of the design of these confinement systems to effectively perform their required functions shall be demonstrated by
the safety analysis. To the extent practical, the ALARA concept shall be applied to the design of all confinement
systems to minimize exposures to hazardous materials.

Because the number and arrangement of confinement systems that shall be required for a specific nuclear facility
design cannot be predicted, these general criteria describe a conservative confinement design that uses three
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principal confinement systems. In general, the primary confinement system consists of the process enclosures and
their ventilation system. In special cases where the processes require the use of corrosive, or noxious materials, the
process system shall be totally enclosed (i.e., pipes and vessels) and provided with its own ventilation and off-gas
cleanup system. In such cases, the process system shall be treated as the primary confinement system. The secondary
confinement system consists of the barriers that enclose the areas that house the primary confinement and the system
that ventilates those areas. These areas may be referred to as operating areas or operating area compartments. The
tertiary or final confinement system is the building structure and its ventilation system.

The secondary and tertiary barriers may exist in common such as a single structural envelope (e.g., walls, roof slab,
floor slab), provided the barrier can withstand the effects of man-made events and DBAs including the DBE, and does
not contain access ways that allow the routine transfer of personnel, equipment, or materials directly from the exterior
of the facility. Access ways into the interior of the single structural envelope are allowed, provided that entrance into
the access way is gained from another level of confinement.

The confinement system requirements specified for the various types of nuclear facilities in the facility-specific
sections that follow are typical for that type of nuclear facility. The actual confinement system design requirements
shall be determined as described in this section.

Design of confinement areas shall provide adequate means for decontamination of the areas prior to entry or
breaching for maintenance and repair purposes.

Confinement system ventilation and off-gas system requirements are provided in Section 1550-99, Special Facilities.
For enclosure of radioactive and other hazardous materials, see Section 1161, Enclosures.

1300-7.3 Access Ways

Special features (e.g., air locks, enclosed vestibules) shall be considered for access through confinement barriers to
minimize the impact of facility access requirements on the ventilation system and to prevent the release of radioactive
airborne materials. Provision for normal and emergency equipment shall be provided in or adjacent to the access
ways. Consideration shall be given to emergency lighting, paging systems, automatic access door switches, hand and
foot monitors, storage for clothing and emergency equipment, warning lights, air sampling, and breathing air outlets.

1300-7.4 Transfer Pipes and Encasements

Double-walled pipes or pipes within a secondary confinement structure encasement shall be used in all areas where
the primary pipe leaves the facility. In areas within the facility, the use of double-walled pipe shall be considered.
Leakage monitoring shall be provided to detect leakage into the space between the primary pipe and the secondary
confinement barrier.

1300-8 WASTE MANAGEMENT

1300-8.1 General

Wastes from special facilities may include both radioactive and nonradioactive materials and may be in the form of
liquid or airborne effluents, or solids. For SNM declared to be waste, the term "wastes" shall be defined in
accordance with the DOE 5632 series. The process systems shall minimize the production of wastes at the sources
and minimize the mixing of radioactive and nonradioactive hazardous wastes. The waste management systems shall
provide facilities and equipment (or incorporate existing facilities and equipment) to handle those wastes safely and
effectively. Volume reduction equipment for both liquid and solid wastes shall be required where feasible and shall be
designed for process capability and capacity commensurate with the types and quantities of wastes expected. Waste
handling areas shall comply with the standards of confinement and ventilation requirements commensurate with the
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potential for spreading contamination by the waste packages/forms handled. Specific DOE design and operating
requirements for radioactive wastes (HLW, LLW, and TRU) appear in DOE 5820.2A.

See also Section 0273, Water Pollution Controls; Section 0275, Industrial Wastewater Treatment; Section 0285, Solid
Waste Systems; Section 1540, Plumbing and Service Piping; and Section 1589, Air Pollution Control.

1300-8.2 Hazardous Waste Requirements

Hazardous waste requirements appear in the directive in DOE 5480.IB, Chapter 2. Additionally, the RCRA, as
amended, 40 CFR 264 and 40 CFR 265, contain specific design and operating requirements and standards for owners
and operators of hazardous waste TSD facilities. Part 267 of RCRA contains interim standards for owners and
operators of new hazardous waste iand disposal facilities. Part 268 of RCRA contains land disposal restrictions
and treatment standards for hazardous waste.

1300-8.3 Mixed Waste

Radioactive mixed waste, i.e., waste containing radioactive materials and other hazardous waste, shall be avoided
where practicable. Mixed waste that cannot be avoided shall be identified and considered in the design at the earliest
possible time. Mixed waste shall be segregated and handled separately from other types of waste in accordance with
DOE 5400.3.

1300-8.4 Waste Segregation

Facility design shall provide for the segregation of hazardous wastes into compatible groups for storage in accordance
with the DOE 5400 series and DOE 5480 series. Suggested compatibility groups are acids, caustics, flammable
materials, and organic materials.

1300-8.5 Spill Prevention and Control

Spill prevention and control shall be considered iii the design stage of the facility to minimize the possibility of
accidentally releasing hazardous waste to the environment.

1300-8.6 Approvals and Permits

The construction of a new facility or modification of an existing facility that either releases hazardous wastes
(including airborne radioactive effluents (see 40 CFR 61, Subpart H) to the environment or manages hazardous
wastes shall in most cases be approved by the EPA or authorized State agency prior to the beginning of construction.
In addition to obtaining approval for construction or modification of a facility, operating permits shall also be
obtained for facilities that manage hazardous wastes as specified in RCRA.

Environmental discharges of any effluent, including hazardous and nonhazardous wastes, shall meet applicable
Federal and State laws and regulations and DOE orders. The limits specified in discharge permits for these effluents
shall be considered during the design of the facility.

1300-9 . EFFLUENT CONTROL AND MONITORING

Routine wastes from special facilities will normally be in the form of solids, liquids, and gases. The waste
management systems shall provide facilities and equipment to handle these wastes safely, effectively, and in an
environmentally responsible manner.
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Hazardous effluents released to the environment (radioactive and nonradioactive) shall not exceed the limits
referenced in DOE 5400.1 and the directive on Radiation Protection of the Public and the Environment in the DOE
5400 series. Emphasis shall be placed on reducing effluents released to the environment to ALARA levels using the
best technology economically available at the time of design. Effluents shall comply with all applicable Federal,
State, and local laws and regulations. State and local laws and regulations shall be carefully consulted, as they may
provide more restrictive limits than Federal laws and regulations.

During, normal operations, the effluent concentrations of radionuclides measured at the site boundary shall not exceed
the DCGs specified in the directive on Radiation Protection of the Public and the Environment in the DOE 5400
series. At the point of discharge of the facility, i.e., stack or equivalent, the effluent concentration shall not exceed the
DCGs specified in DOE 5480.11. The guidance on radiation protection referenced in Section 1300-1.4.3, Routine
Releases, shall also apply to effluent treatment and discharge systems.

All effluent streams shall be sampled or monitored in accordance with the requirements of 5400.1, the directive on
Radiation Protection of the Public and the Environment in the DOE 5400 series, and the directive on Radiological
Effluent Monitoring and Environmental Surveillance in the DOE 5400 series. Sampling and monitoring shall ensure
adequate and accurate measurements under normal operations, anticipated operational occurrences, and DBA
conditions.

The design of the facility shall include appropriate groundwater monitoring unless a site-wide program is provided.
This monitoring shall be designed to detect releases of contaminants to the ground or ground water. Groundwater
protection programs shall comply with DOE 5400.1, DOE 5400.3, and the directive on Radiation Protection of the
Public and the Environment in the DOE 5400 series.

See also Section 0273, Water Pollution Controls; Section 0275, Industrial Wastewater Treatment; Section 1540,
Plumbing and Service Piping; and Section 1589, Air Pollution Control.

1300-11 DECONTAMINATION AND DECOMMISSIONING

1300-11.1 Decontamination

Design of the areas in a facility that may become contaminated with radioactive or other hazardous materials under
normal or abnormal operating conditions shall incorporate measures to simplify future decontamination. Such items
as service piping, conduits, and ductwork shall be kept to a minimum in these areas and shall be arranged to facilitate
decontamination. Filters shall be positioned in ventilation systems in locations that minimize contamination of
ductwork. Walls, ceilings, and floors shall be finished with washable or strippable coverings. In some areas, metal
liners shall be required. If necessary all cracks, crevices, and joints shall be caulked or sealed and finished smooth to
prevent contaminated material accumulation in inaccessible areas. Finishes shall comply with Section 0900-99,
Special Facilities.

1300-11.2 Decommissioning

Designs consistent with the program requirements of DOE 5820.2A shall be developed during the planning and
design phases based on a proposed decommissioning method or a conversion method leading to other uses.

Decommissioning of special facilities is of utmost importance. The facility design shall include features that will
facilitate decontamination for future decommissioning, increase the potential for other uses, or both. In addition to the
requirements of Section 0205, Demolition, Decontamination, and Decommissioning, the following design principles
shall be considered for facilities handling radioactive and other hazardous materials:
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o Use of modular, separable confinements for radioactive and other hazardous materials to preclude
contamination of fixed portions of the structure

o Use of localized liquid transfer systems that avoid long runs of buried contaminated piping; emphasis on
localized batch solidification of liquid waste. Special provisions should be included in the design to ensure
the integrity of joints in buried pipelines.

o Location of exhaust filtration components of the ventilation systems at or near individual enclosures so as to
minimize long runs of internally contaminated ductwork

o Equipment, including effluent decontamination equipment, that precludes, to the extent practicable, the
accumulation of radioactive or other hazardous materials in relatively inaccessible areas including curves and
turns in piping and ductwork. Accessible, removable inspection covers are encouraged to allow visual
inspection.

o Materials that reduce the amount of radioactive and other hazardous materials requiring disposal and that are
easily decontaminated

o Designs that ease cut-up, dismantlement, removal and packaging of contaminated equipment from the facility
(e.g., removal and dismantlement of gloveboxes, air filtration equipment, large tanks, vessels, equipment and
ductwork)

o Use of modular radiation shielding, in lieu of or in addition to monolithic shielding walls

o Use of lifting lugs on large tanks and equipment

o Fully drainable piping systems that carry contaminated or potentially contaminated liquids

1300-12 HUMAN FACTORS ENGINEERING

1300-12.1 Coverage

It is DOE policy to ensure that appropriate human factors technology is considered in the design, operation, and
maintenance of Departmental nonreactor nuclear facilities. The criteria and requirements provided in this section are
applicable to the design of the work environment and human-machine systems at DOE facilities. These criteria shall
apply to new construction and to retrofitting of existing facilities. These criteria shall be considered for upgrading
existing facilities where cost-benefit or risk-tradeoff analyses indicate justification for such expenditures.

This section outlines a general criteria for incorporating human factors engineering into the system design process. In
addition, it provides human factors engineering considerations for system and component displays, controls, alarms,
labeling, and.communications that are generally applicable to a wide range of human-machine systems, and for the
work environment for personnel, including such matters as ventilation, lighting, noise control, work space layout, and
equipment design and layout.

1300-12.2 Objectives

The primary objective of human factors engineering is to improve human performance through enhancements in the
work environment and human-machine interfaces. To achieve this objective, human factors engineering
considerations shall be included during the conceptual, preliminary, and design phases of a project.
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Enhancements to the work environment and human-machine interfaces will reduce human error and its consequences
and lead to increased productivity, lower costs, better product quality, decreased equipment and property damage,
improved program schedules, personal job satisfaction, and, perhaps more important, to further improvements in the
safe operation and maintenance of DOE facilities.

1300-12.3 System Development

1300-12.3.1 General

The integration of human factors engineering into system development shall begin at the point when the detailed
system goals and objectives have been defined. This integration into the system development process shall proceed
through four phases: planning, requirements analysis, system design, and system test and evaluation.

Throughout this process, it is important to provide a mechanism that incorporates the knowledge and input of the
personnel who have used or will be using the types of equipment, systems, or facilities being designed. Their input
shall be systematically developed and applied from the beginning of the requirements analysis phase.

1300-12.3.2 Planning the Human Factors Engineering Role in System Development

A human factors engineering program plan appropriate to the level of importance of a facility or system shall be
developed during the system development process (i.e., as an integral part of the conceptual design phase). The plan
shall detail the kinds of human factors engineering analyses and evaluations necessary for the design and shall reflect
the integration of the human factors engineering effort with the other disciplines having design input. The
information inputs include a description of system objectives, applicable standards and specifications, and other
project-specific information.

1300-12.3.3 Requirements Analyses

A systems requirements analysis appropriate to the level of importance of the system and the level of risk associated
with system failure shall be performed as an integral part of the design process and shall include human factors
engineering considerations.

The needs and requirements of the system user or operator shall be systematically examined as an integral part of the
design process. Appropriate requirements shall be selected and analyses performed for systems that are important to
safety to ensure that the public, the facility, and facility personnel risks are minimized. These analyses shall be
directed primarily to the areas of human-machine function allocation and task analysis. A variety of human factors
engineering analysis techniques are discussed in NUREG CR-3331 and Meister and Rabideau, Human Factors
Evaluation in System Development.

Decisions concerning which system functions to allocate to the human versus the machine shall be determined by
analyses of system functions required, impact of error or no action on safety, and a comparison of human capabilities
and equipment capabilities for the separate system functions. Factors that shall be considered during the function
allocation decision process include system performance criteria, safety, cost, maintainability, scheduling, and training.

For functions allocated to an operator, there shall be a systematic analysis of those vital activity tasks that must be
performed by the operator to satisfactorily complete the function, given a proposed system design. This task analysis
shall develop a list of operator needs and requirements necessary for successful task completion. The list shall
include not only information and control requirements, but also the number and types of staff required by the various
functions, knowledge requirements and special skills, operator aids, decisions to be made by the operator,
communication requirements, necessary operator interactions, and any potential safety hazards.

C-29



HNF-3325, Rev. 0

In the development of operator requirements, task conditions associated with high work load features, concurrent
emergency conditions and those tasks that must be performed concurrently, to a high degree of accuracy, without
error, in short time periods, and/or with a high degree of skill shall be considered for proper function allocation.

1300-12.3.4 Process System Design Interfaces

The design or the selection of equipment to be operated and maintained by personnel shall include the application of
human factors engineering criteria together with other appropriate design criteria.

These criteria shall include the list of information and control requirements developed from the task analysis. More
generic human factors engineering criteria pertaining to desirable equipment characteristics, available in the form of
checklists or text descriptions, shall also be consulted. Studies performed to examine special features of the system
design shall be considered.

Human factors engineering data, requirements, or other input to be incorporated into the design shall be made
available at the very beginning of the design process. Human factors engineering input to the system design
process shall be presented as specific and quantitative design requirements where possible.

The system design process consists of numerous decision points at which choices between options and alternatives are
necessary. To the extent possible, these decision points shall be anticipated and the appropriate human factors
engineering criteria shall be made available, particularly where safety factors or other important functional features
are involved. As the design evolves from the preliminary concept through the detailed states, there will be
modifications in earlier basic decisions and assumptions made by the design team. Human factors engineering
requirements shall be refined and design recommendations made more specific during the system design solution.

Design teams and design review teams shall include or have resource support available from persons knowledgeable
in human factors engineering. Human factors personnel shall also be included in the system validation process.

1300-12.3.5 Test and Evaluation

The test and evaluation phase shall focus on verifying that the system can be operated and maintained by the intended
user personnel under the conditions for which it was designed. The system shall meet applicable human factors
engineering design criteria.

Human factors engineering evaluation and testing shall preferably begin early during the design development and
shall be a continuing activity throughout design and construction.

Tests shall be planned to observe the system in simulation or in actual use based on normal and abnormal procedures
and scenarios.

Any findings from these tests and evaluations shall be incorporated into the system design and into a final testing
phase after completion of system development. Discrepancies between desired and observed system performance
shall be documented together with proposed corrections.

1300-12.4 General Human Factors Implementation Criteria and Considerations

1300-12.4.1 General

This section provides generic human factors engineering considerations. Facility- or system-specific human factors
engineering requirements shall be generated through the requirements analysis discussed in Section 1300-12.3,
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System Development. The generic considerations in this section shall be combined with the requirements analysis
results to ensure that all appropriate human factors considerations have been identified and addressed.

Human factors engineering principles and criteria shall be integrated into the design of systems and the facilities that
house and support these systems.

The organization of operator movements and the arrangement and accessibility of equipment and controls in the work
area shall facilitate convenient access to each system component for operation and maintenance.

1300-12.4.2 Human Dimension Considerations

Equipment that is to be used by personnel shall be designed or selected to accommodate their body dimensions. This
equipment includes control panels, work tables and counters, enclosures, seating, storage, special clothing, and any
other equipment designed for an operator. The design of equipment for personnel shall accommodate a wide variety
of body dimensions. Generally, it is recommended that equipment dimensions accommodate the fifth to ninety-fifth
percentile of the user population. For recommended data representing these percentiles (from military studies), see
NUREG 0700, Section 6.1, and MIL-STD-1472C, Section 5.6. These references also provide recommended
dimensions and other guidance for stand-up and sit-down consoles and other work stations, for accessibility of
equipment and instrumentation, for furniture and equipment layout, and for traffic flow.

1300-12.4.3 Environmental Considerations

Temperature and Humidity

An effective climate control system shall maintain temperature and humidity at an acceptable level between the
human and the environment. Temperature and humidity tolerance limits for recommended comfort zones are
provided in NUREG 0700, Section 6.1, and UCRL 15673, Section 3.2.4.5.

Ventilation

See Section 1550-1.5, Ventilation-Exhaust Systems Design Requirements.

Lighting

Adequate light levels are necessary to ensure optimum performance in all work areas. Glare and shadowing shall be
avoided. For recommended control room illumination levels, luminance ratios, reflectance levels and further
lighting considerations, see Section 1655, Interior Lighting, and NUREG 0700, Section 6.1.

Lighting design shall consider environmental degradation effects (such as dust or radiation on viewing ports) to
ensure adequate lighting intensities can be provided on a long-term basis.

Emergency Lighting

Emergency lighting systems shall be provided as required by NFPA 101. A control room emergency lighting system
shall be automatically activated and immediately available for a stated minimum length of time on failure of the
normal lighting system. The emergency lighting system for vital areas shall be an electrically independent system that
is not degraded by failure of the normal lighting system. Control room emergency lighting levels shall be in
accordance with NUREG 0700, Section 6.1.5.4.
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Noise

Acoustic design shall:

o Minimize noise levels where practical and ensure that the limits of DOE 5450.10 are not exceeded

o Ensure that verbal communications are not impaired

o Ensure that auditory signals are readily detectable

o Minimize auditory distraction and irritation that can cause operator fatigue

For further noise level and protection considerations, see NUREG 0700, Section 6, and UCRL 15673, Section 3.2.4.2.

Vibration

Vibration shall be reduced to the extent practical to minimize operator irritation and distraction. Vibration
considerations shall include equipment and tool design, potential effects of vertical and horizontal vibrations on seated
and standing operators, and use of appropriate protective devices (e.g., isolation, damping materials). For
recommended vibration level limits and further considerations see UCRL 15673, Section 3.2.4.3.

Aesthetics

Cosmetic and aesthetic design considerations shall be reviewed for compatibility with the work area.

1300-12.4.4 Component Arrangement

The arrangement of controls and displays on a control panel shall promote efficient use of task-related components,
rapid location of any given component, and maximum operator awareness of plant conditions. EPRINP-3659,
Chapter 4, and NUREG 0700, Sections 6.8 and 6.9, discuss these concerns and related items.

Components shall be grouped together on the basis of specific criteria appropriate for the required task or tasks.
Useful grouping alternatives to be considered include grouping by system membership, which allows subgrouping
and mimic methods, and grouping by task relationships such as sequence of use or frequency of use. The groupings
shall be emphasized and defined by consistently applied graphic-spatial methods such as demarcation and spacing of
components, particularly when there are many components.

Components shall not be hidden within component groupings. Unbroken strings of similar components on the panel
shall be avoided. Matrices of components shall have labeled axes to identify any component in the grid. Recurring
component subsystems (e.g., Loop A, Loop B , . . . ) shall each be arranged as consistently as possible. Mirror image
arrangements of components shall be avoided.

Component arrangement shall promote easy association of related controls and displays or other related components.
Displays are usually placed above and relatively close to the related control.

Component arrangement conventions shall also be considered, particularly when mimic displays are not used. For
instance, when several components related by flow direction (e.g., valve-pump-valve) are placed in sequence,
the direction of the sequence (e.g., top-to-bottom, left-to-right) shall be consistent for each similar situation.
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1300-12.4.5 Protective Equipment

Personnel who work in a hazardous environment (e.g., an environment subject to radiation, gas, airborne particles) or
who may be temporarily exposed to such hazards shall have convenient access to the appropriate protective
equipment including, proper garments, equipment such as emergency showers and eyewashes, and any other
protective equipment necessary for the successful and safe completion of their work.

Provisions shall be made for access and maintenance of protective equipment. Protective equipment shall be
periodically checked and shall be maintained in good condition. Storage spaces shall be provided and shall be easily
accessible to required personnel.

Persona! protection equipment such as garments and breathing apparatus shall be compatible with the body sizes of
personnel performing their tasks. There shall be sufficient quantity of this equipment in the proper sizes for
the required number of users. Equipment and garments of different sizes shall have permanent size labels located
where they are easy to read. There shall be provisions for an adequate supply of personal protective equipment
expendables, such as filters, that are stored with the related protective equipment. Guidance is presented in NUREG
0700, Section 6.1.4.

The design or selection of protective equipment shall be such that it minimizes the impairment of operational and
maintenance performance. It shall provide adequate tactile sensitivity and provide the ability to see, reach, move,
communicate, and hear. Other considerations include operability and accessibility of equipment by users of
protective equipment, provision of an adequate level of safety for the user, and user comfort while working.

1300-12.4.6 Display Devices

Operator task analysis results shall be the basis for establishing operator information needs. Displays shall provide
only the information about system status and parameter values that is needed to meet task requirements in normal,
abnormal and emergency situations. Status, rather than demand information, shall be displayed for important
parameters. Displays shall indicate whether they reflect demand or actual status.

Each display device, including meters, CRTs, LCDs, consoles, and other electronic or mechanical media shall be
formatted and designed to ensure that both the display and display content are readable, understandable, and
accessible.

Variables important to the adequacyxof displays include letter size, font, contrast, viewing distance and angle, lighting,
color, and complexity of the task. For additional information see NUREG 0700, Section 6.5, and MIL-STD-1472C,
Section 5.2.

Failure of a display of any type shall be easily recognized and shall not affect equipment or system performance.

Where CRTs are used, rapid, error-free access to the information required for the task shall be accomplished by
ensuring that system response to any query is less than 2 seconds and that user feedback to control action is less than
0.2 seconds or faster wherever possible. More specific information is contained in NUREG CR-2496. The use of
CRT displays also allows removing hardwired displays except those that are essential for various backup functions.
Analyses shall be performed to determine where hardwired displays are required and where those displays shall be
located relative to the corresponding controls and to CRT displays.

1300-12.4.7 System Controls

The equipment used by an operator to control a complex system is often a composite of many systems. A control
panel operator shall be able to rapidly locate each component on a panel. To achieve this, the design shall
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take full advantage of several techniques of control display integration including various component grouping
techniques, system mimics, system demarcation, and hierarchical labeling.

Spurious or ancillary information and data may contribute to operator information overload. Prioritized coding,
organization of data by system and subsystem, demarcation of system and subsystem components, and removal or
relocation of marginally useful data shall be used to reduce operator information overload. For additional
information, see EPRINP 3659, Chapter 4; NUREG 0700, Sections 6.1, 6.3, 6.7, and 6.9; and Van Cott and Kincade,
Human Engineering Guide to Equipment Design, Chapter 9.

Component Controls

Each control device shall provide the appropriate control capability, range, and sensitivity for necessary control
settings and manipulations. Control operating characteristics shall conform with operator expectations. Control
components shall be durable, compatible with nontypical apparel where required, and not prone to accidental
activation.

Selection of a control device shall fulfill any control requirements described in the task analysis of system functions.
In addition, selection shall consider whether a discrete or continuous function is present, and the compatibility
relationship between the control and any corresponding displays, the ease with which the function of the control can
be identified, the ease of identifying the control actuation mode provided by the control (e.g., on, off, auto), the force
necessary to activate the control, and the tactile feedback provided by control actuation.

Selection of controls shall consider the use of coding methods. Coding methods include location, size, shape, and
color. For coding guidelines, see NUREG 0700, Section 6.4.

Specific criteria shall be applied to various types of common controls such as rotary controls, toggle switches, push
buttons, rocker switches, and linear switches. NUREG 0700, Section 6.4; MIL-STD-1472C, Section 5.4; and Van
Cott and Kincade, Chapter 8; describe these criteria. The latter reference also discusses conditions requiring
unconventional controls.

1300-12.4.8 Warning and Annunciator Systems

An effective warning system shall alert personnel to a problem or abnormal condition and shall provide sufficient
time to respond appropriately to the problem. General warning guidelines are found in MIL-STD-1472C, Section
5.3. For the special case of control room annunciators, see NUREG 0700, Section 6.3. For auditory signals
guidelines, see NUREG 0700, Section 6.2.

To provide an effective alerting stimulus, it is first necessary to determine whether both auditory and visual stimuli
shall be used or just one. Guidelines for determining stimulus modality are provided in Van Cott and Kincade,
Chapter 4. For instance, a visual signal shall be used if the message is complex, long, or has to be referred to later.
An auditory stimulus is usually provided for warnings requiring rapid response, especially with a mobile operator in
an information-rich environment.

Each stimulus shall be easily distinguishable from other stimuli in the same modality but it shall not be a distraction.
If an alarm can be one of many similar alarms that may occur simultaneously, it shall be easy to locate.

Any specific stimulus shall have only one meaning. It can either designate one problem or it can be a signal to look at
a particular place to define the alarm further. When there are many annunciator alarms, priority coding such as "first
in/out" shall be used to assist in determining message significance. False alarms and nuisance alarms shall be
removed. Set point determination shall allow sufficient response time to the operator.
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Provision shall be made for active acknowledgment and for silencing of auditory alarms after they have been
acknowledged.

Provision shall be made for maintaining personnel awareness of alarm conditions until they have been corrected of
"cleared." Clearing of the alarm shall require a positive response from the assigned personnel.

Visual alarm tiles shall be grouped by function or system within panels having horizontal and vertical alphanumeric
labeling for ready coordinate designation, of individual tiles. Legends shall be unambiguous and address specific
conditions. Viewing distance to operator, legend contrast, type style, and letter dimension and spacing shall be
considered.

It shall be possible to test the warning system periodically.

1300-12.4.9 Communication Systems

A communication system shall allow the users to transmit and receive information accurately and conveniently with
minimum distraction from the user's other tasks. A user requirements analysis shall be performed to determine which
of the various types of communication systems is most appropriate for the user conditions and what characteristics the
selected system shall have.

Factors to be addressed in the requirements analysis shall include the number of intended recipients, the need for
private conversations, mode of information transmittal (e.g., visual, aural, tactile), locations and levels of noise or
other interference, and the necessity for recording the message. Any special needs of the users (e.g., necessity to keep
the hands free, inability to be at a constant location, classification of data) shall be considered.

General criteria that shall be satisfied by most auditory systems include a minimum frequency response, feedback,
sufficient dynamic range and gain to handle instantaneous pressures characteristic of speech, and sufficient speech
intelligibility. The system shall have provisions for periodic maintenance tests, instructions for the use of each system
used, and procedures for handling emergency communications where applicable.

Specific criteria shall be applied to each type of communications system. For instance, public announcing systems
shall have carefully planned loudspeaker locations to eliminate dead spots. Headsets for sound-powered telephones
shall leave the hands free. Switching mechanisms in conventional telephones shall minimize delay in making
connections. These criteria are discussed extensively in MIL-STD-1472C; Van Cott and Kincade, Chapter 5; and
NUREG 0700, Section 6.2.

1300-12.4.10 Maintainability

The design of equipment shall incorporate the objective of efficient maintainability. The surveillance, testing, and
maintenance of a system and its restoration to operational effectiveness shall be achieved at minimum cost with a
minimum level of support services. UCRL 15673 shall be considered for system design.

1300-12.4.11 Labels

Equipment and any parts of that equipment to be used by personnel shall be identified with appropriate labels.
Equipment and equipment parts include, but are not limited to, system and subsystem component groupings,
individual components, control positions or modes, display markings, instructions, procedure manuals, storage spaces,
access panels, and tools.
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The label shall indicate clearly and concisely the function and purpose of the item being labeled. Unnecessary
information (e.g., information used only for manufacturing purposes) shall not be included. Hierarchical labeling also
shall be used to facilitate component location on control panels.

The label information shall be easy to understand. Words, symbols, and other markings in a label or instruction shall
be unambiguous and accurate. The terminology used shall have commonly accepted meaning for all users.

Label design shall be consistent. The use of abbreviations and acronyms shall be minimized.

Various equipment labels placed on the same or similar pieces of equipment and serving similar functions shall use
the same material, color, font type, relative location to component, general format, and other configuration features to
promote simplicity and avoid clutter.

The terminology used for equipment, procedures, and training materials shall be the same for each case.

Permanent labels shall be attached to the specific component or equipment in such a manner that environmental
conditions or usage by personnel will not remove or destroy the label.

Temporary labels shall be used only when necessary and shall be controlled administratively. They shall not obscure
other information or equipment, and they shall be attached securely. If a temporary label is to designate a device that
is out of service, the label shall be applied so that it prevents the use of that device. Other label criteria described in
this section shall apply to temporary labels.

Labeling shall be legible and conform to human visual capabilities and limitations in regard to physical characteristics
such as letter and symbol size, contrast, font simplicity, spacing and stroke width.

Properly designed mimic displays shall be used to improve the users understanding of the system.

Specific guidelines for addressing labeling considerations are contained in NUREG 0700, Section 6.6.; and MIL-
STD-1472C, Section 5.5. .

See Section 1040, Identifying Devices.

1300-13 ACCESSIBILITY AND USABILITY BY THE PHYSICALLY HANDICAPPED

Although special facilities may not generally offer opportunities for employment of physically handicapped persons
within hazardous areas, consideration shall be given to employment opportunities in such areas as offices and other
administrative or support areas. Suitable provisions shall be made in these areas where such opportunities exist and
where handicapped persons would not be subjected to undue risk because of the need for rapid evacuation in the event
of fire, explosion, or radiological or other hazards.

1320 IRRADIATED FISSILE MATERIAL STORAGE FACILITIES

1320-1 COVERAGE

Section 1300, General Requirements, shall apply. These requirements are in addition to the requirements of that
section and other applicable sections of these criteria, particularly those sections numbered -99.0, Nonreactor Nuclear
Facilities—General.

IFMSFs are self-contained installations for storage of highly radioactive fissile material (e.g., spent fuel and target
elements) that has been exposed to a neutron fluence usually in a nuclear reactor. The irradiated material is properly
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clad or canned when received such that leakage from the assemblies is minimized and remains within specified limits.
The IFMSF stores the material in a manner that ensures the integrity of the cladding or canning. The stored material
is shipped to facilities such as a reprocessing facility, hot laboratory, or high-level solid radioactive waste facility.

This section applies to a water pool type or dry type of storage facility. Spent fuel storage facilities that are part of a
reactor facility are not covered by this section. They are covered by DOE 5480.6.

These criteria shall be applied in the planning and design of new or modification of existing IFMSFs to contain IFM.
They do not apply to in-process or in-use materials.

1320-2 OBJECTIVES

The design objective shall be to ensure that conservatively estimated consequences of normal operations and credible
accidents are limited in accordance with the guidelines contained in Section 13 00-1.4, Guidance on Limiting
Exposure of the Public.

1320-3 NUCLEAR CRITICALITY SAFETY

Favorable geometry, as implemented by storage rack design, is the preferred method of implementing nuclear
criticality safety. When fixed neutron absorbers are used, the rack design shall include provisions to verify the
absorber's continual efficacy and to prevent their inadvertent removal by mechanical or chemical action. Storage
racks shall be designed as safety class items and shall their integrity during and following a DBA.

1320-4 SPECIAL DESIGN FEATURES

To ensure that adequate water is available to cool and shield the stored IFM, the pool shall be designed as a safety
class structure and structural integrity ensured following a DBE.

The cooling water system for a water pool type IFMSF shall perform its required functions during normal and
anticipated operating conditions, and shall be capable of limiting the maximum pool temperature to 110 degrees F.

For a water pool type facility, the cooling water system shall be designed as a safety class system unless there is a -
safety class emergency source of makeup water for the storage pool and it can be demonstrated that, under emergency
conditions, the pool structure can withstand the stresses imposed by the loss of cooling (i.e., boiling of pool water)
and the integrity of the stored IFM is not affected. If the emergency makeup system is no.t permanently installed, the
time required to implement its operation shall be less than the time required to lower the pool water level to the
minimum allowable depth or raise the pool temperature to boiling.

A pool water cleanup system shall be provided to maintain water clarity, ensure long-term cladding integrity, ensure
structural integrity of the storage racks and other submerged structures, and maintain exposure rates and airborne
contamination levels on the operating floor within the guidelines specified in DOE 5480.11. In addition, to the extent
practical, the design of this system shall use ALARA principles to minimize overall exposures and contamination
levels.

The piping configuration for the pool cooling water and cleanup system shall be designed to eliminate the possibility
of siphoning the pool water to a level below the minimum depth required for shielding and/or cooling.

To the extent practicable, passive cooling means shall be used at dry type storage facilities. If a cooling water jacket
or air system is provided to ensure an acceptable temperature of the stored material within the dry type storage
facility, it shall be designed as a safety class system.
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The design professional shall consider the following:

o Filters capable of being either remotely backflushed or designed so that cartridges can be removed directly

into a shielded container

o Instrumentation for periodic functional testing of the pool water cleanup system performance

o Instrumentation for periodic functional testing of the heat exchangers).

A system shall be incorporated into the design that can detect leakage from stored IFM in the event of a cladding or
canning failure that could allow the escape of fission products and other radioactive material greater than specified
limits. This system shall include the following:

o The system shall allow for the sampling of coolant such that an individual leaking assembly can be identified.

o System components, piping, and instrumentation shall be appropriately shielded to maintain operator
exposures within the guidelines specified in DOE 5480.11 and shall use ALARA design principles to
minimize overall exposures.

o The storage facility shall contain provisions that allow the temporary storage of a leaky assembly. These
provisions shall limit the spread of contamination by a leaky assembly and provide adequate cooling and
shielding of the assembly.

o The design professional of the IFMSF shall consider provisions that allow for the interim canning of leaking
assemblies until disposal.

The design professional shall consider the criteria provided in 10 CFR 72 and the following guides for applicability to
IFMSFs:

o R.G.3.49

o R.G. 3.54

1320-5 CONFINEMENT SYSTEMS

1320-5.1 General

The following provisions are typical for a IFMSF confinement system. The actual confinement system requirements
for a specific IFMSF shall be determined on a case-by-case basis.

In general, the primary confinement shall be the IFM cladding or canning. Secondary confinement shall be established
by the facility buildings that enclose the dry storage area and/or the storage pool and auxiliary systems.

1320-5.2 Primary Confinement System

The IFM cladding or cans, as appropriate, shall provide primary confinement during normal and anticipated
operational occurrences.

The IFM cladding or canning shall be designed to provide a corrosion-resistant confinement for the IFM material to
prevent an uncontrolled release of radioactive material.
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. Special design features shall be considered to ensure safe loading, removal, and handling of IFM. These systems and
equipment shall be designed as safety class items and shall protect against the dropping of shipping casks, IFM
assemblies, and other items on the stored IFM. In water pool type facilities, damage to the pool during loading and
unloading operations shall not allow the pool level to drop below the minimum allowable depth. Consideration shall
be given to features that will prevent breaching the pool integrity if a shipping cask is dropped.

1320-5.3 Secondary Confinement System

The facility building, and ventilation make up the secondary confinement system.

The secondary confinement system shall be designed to function during normal operations and anticipated operational
occurrences. It shall also be capable of performing its necessary safety functions during and following the DBAs it is
required to withstand.

Penetrations of the secondary confinement barrier shall have positive seals to prevent the migration of contamination.
The use of positive seals shall be considered for penetration of enclosures within the facility building to ensure the
proper ventilation flow paths and prevent the uncontrolled migration of contamination.

Ventilation systems shall provide for inlet air filtration (roughing filters) for the main storage building to prevent dust
accumulation, thus reducing the load on other filters in the facility. Recirculated air in the main storage building shall
be filtered through a HEPA filter to reduce the buildup of radioactive material in the air. Areas with higher potential
airborne radioactive contamination (e.g., pool water purification and waste treatment system areas) shall use only
once-through air flow. Supply air to these facilities shall be drawn from the main storage building if such design is
feasible. Exhaust air shall be HEPA filtered prior to release. If safety analysis indicates that the guidelines specified
in Section 1300-1.4.2, Accidental Releases, could credibly be violated due to a release of radioiodine from a DBA,
radioiodine absorber units shall be installed in the exhaust ventilation system. These units shall be capable of
reducing the radioiodine concentration in the effluent to the extent that these siting dose guidelines are not exceeded.
Acceptable criteria for the design of these units are found in ERDA 76-21.

Air flow shall be from areas of lower contamination to higher contamination and areas of higher potential airborne
contamination shall be kept less than atmospheric pressure.

1320-5.4 Structural Considerations

Generally, the IFMSF building for a water pool type facility need not be protected from tornado missiles or missiles
from other external sources (e.g., explosions on nearby transportation routes), but shall be designed to prevent
massive collapse of building structures or the dropping of heavy objects onto the stored IFM as a result of building
structural failures.

1320-6 EFFLUENT CONTROL AND MONITORING

1320-6.1 Radioactive Solid Waste

The solid radioactive wastes typically associated with IFMSFs that shall be considered during the design include but
are not limited to loose pieces of cladding and/or fuel element components, gloves, rags, and mops. Nuclear
criticality safety shall be considered in the design of the radioactive solid waste processing facility.
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1320-6.2 Radioactive Liquid Waste

1320-6.2.1 Process Wastes

The liquid radioactive wastes typically associated with IFMSFs that shall be considered during the design include but
are not limited to cask wash down liquids and fuel pool water accumulated from equipment maintenance and leaks.
Nuclear criticality safety shall be considered in the design of the liquid radioactive waste processing facility.

1320-6.3 Effluents

1320-6.3.1 Airborne Effluents

The airborne radioactive wastes typically associated with IFMSFs that shall be considered during the design include
but are not limited to the airborne releases associated with the venting of transport casks and storage vessels.
Cladding or canning failure during long-term wet or dry storage is also a source of airborne radioactive wastes.
All exhaust outlets that may contain transuranics or fission products shall be provided with two monitoring systems.
These monitoring systems shall comply with Section 1589-99.0.1, Radioactive Airborne Effluents.

1320-7 DECONTAMINATION AND DECOMMISSIONING

Decommissioning of the IFMSF is of utmost importance. The facility design shall include features that will facilitate
decontamination for future decommissioning.

For water pool type facilities, the design professional shall consider providing the pool liner with a leakage collection
system that will allow leakage detection and limit absorption of contaminated pool water by concrete structures.
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Appendix D

An Acceptable Approach to Determining the
Monetary Value of Collective Dose for Occupational Exposures

This appendix contains a method considered acceptable to determine the monetary value of collective dose for
occupational exposure. It is not the only possible approach that would be acceptable, and it is not a required method.
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An Acceptable Approach to Determining the
Monetary Value of Collective Dose for Occupational Exposures

1. Background

A common technique used to determine which of several potential approaches to a radiological problem is best
is cost-benefit analysis. Cost-benefit analysis seeks to determine the option with the minimum total cost where
total cost is the sum of the monetary cost of the option and the monetary value of the collective dose. This
requires that a monetary value of a unit of collective dose be established.

There are a number of problems associated with developing a monetary value of a unit of collective dose. One
is that it requires establishing a value that is equivalent to establishing a monetary value for a human life, a
complex and subjective undertaking that has not been satisfactorily addressed (and, perhaps, never will be).
Another problem is accounting for the aversion that people have to the increased risk as the doses increase.
Also, it is necessary to account for the non-health related detriment to an organization as the allowed exposure
of their employees is used. For these reasons, there is no "right" answer to this problem; there is not even a
consensus answer on how to approach the problem on calculating the monetary value of collective dose. At
best there are answers that are defensible in that no one can think of a better way to do it. Therefore, the
approach discussed below is an acceptable approach to determining a monetary value of unit collective dose,
but is not a required approach.

The general approach taken to develop the monetary value of collective dose is to divide the problem into two
parts and to approach each part separately. The two parts are the detriment related to potential health effects
and the detriment not related to health. For flexibility of operations, a formula is developed for a single worker
category, and a formula is developed for a value that would be appropriate for a group consisting of workers
from several categories.

The development discussed in this review makes the resultant values appropriate for occupational exposure, and
• they may not be appropriate for exposures involving member of the public.

2. Acceptable Approach

This section prevents the formulae to be used in calculating the monetary value of collective dose without
explanation. A discussion of the bases for the formulate is given in section 3.

2.1 For a Category of Worker

For a single category of worker (for example, HPTs), an acceptable approach to determining the
monetary value of collective dose (in dollars per man-rem) is to use the sum of $4,000 and 2/3's of the
average replacement cost for that category of workers. That is,

VUCD (category) = $4,000 + (2/3) K,s-<:x

where, . '

VUCD (category) = value of unit collective dose for a category (dollars/man-rem)

replacement cost in dollars for a member of an organizational category
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For example, if it cost $39,000 to replace an HPT, the value of HPTs would be $4,000 + 2/3($39,000)
or $30,000/man-rem.

It is up to the implementing organization to determine the average replacement cost for a category of
worker. Ordinarily, this cost should include a consideration of the training cost and the cost of salary
during the training period. , •

2.2 For an Organization with Several Categories of Workers

An acceptable approach for determining the monetary value of unit collective dose ($/man-rem) is to
use the sum of $4,000 and two-thirds of the dose-weighted replacement cost for plant staff members.
This dose-weighted replacement cost is calculated by first determining the fraction of the total
organizational dose received by worker category for those categories that received significant exposure,
and then multiplying these fractions by the average expected replacement cost for workers in each
category, and then summing the products.

VU0d = $4,000 + 2/3 2^W^--t/?org-cat
org—cat

where

VUCD = monetary value of collective dose ($/man-rem)

org-cat = categories of workers receiving significant dose (for example, operators and HPTs)

w otg.rat = ratio of collective dose received by a category to the total collective dose for all categories
used in the calculation

R OTg.c, = replacement cost for a worker in a given category

The value, once obtained, is to be applied to all individuals who do work for the organization,
including contractors.

Example:

Suppose that almost all of an organization's collective dose is received by three departments:
operations, maintenance and radiation protection. Assume that over a period of time long enough to
damp out any short term anomalies that operations received 4.53 man-rem,'maintenance received 5.11
man-rem and radiation protection received 3.50 man-rem, for atotal of 13.14 man-rem The weighting
factor operations is then 0.34 (i.e., 4.53/13.14); for maintenance, 0.39; and for radiation protection,
0.27. Assume that the expected average replacement cost of individuals within the three organizations
are $70,000 for operations, $18,000 for maintenance, and $40,000 for radiation protection. The dose-
weighted replacement cost is then (0.34)(70,000)+(0.39)(18,000)+(0.27)(40,000). Taking 2/3's of this
value and adding it to $4,000 yields $31,747 or rounded to $30,000 / man-rem.
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3. Discussion

3.1 General Approach Taken

The genera! approach taken to determine the monetary value of collective dose is to divide the value
into two parts: a part representing the health related detriment and a part representing the non-health
related detriment. This is the basic approach recommended by PNL-6577, Health Physics Manual of
Good Practice for Reducing Radiation Exposure to Levels that are As Low As Reasonably Achievable
(see reference 1). As used here, the health related detriment is calculated using the so-called "human
capital" approach adjusted for risk aversion due to higher doses; that is, people's increasing reluctance
to accept additional risk (dose) as their level of risk (dose) increases. The non-health related detriment
is based on the replacement cost for a worker if he can no longer do his job due to having a dose
approaching the de facto limit (1.5 rem/year).

3.2 Detriment Associated with Potential Health Effects

The approach taken to determine the detriment associated with potential health effects is a modified
form of the approach taken by Hardemann et al of the Belgian Nuclear Research Centre as described in
reference 2. The Belgian approach is a further development of an approach developed by the French at
their Nuclear Protection Evaluation Centre. The reader can study the method in detail by referring to
this paper.

As used here, the expression describing the health related detriment has this form

where

GDP = U.S. gross domestic product for 1997 which was
$7,636 x 10 ' r

ACE = U.S. average civilian employment for 1997 which was 129,558,000

LUCD = expected lost work time due to health effects of 1 man-rem of collective dose which is about
0.01 year
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HD-cat = Hanford dose categories, which are ranges of individual doses into which the Hanford
workers in 1997 fall. For this expression, these categories are

1-100 mrem: 727 people: 0.65 of total
101-200 mrem: 140 people: 0.13 of total
201-500 mrem: 172 people: 0.15 of total
501-1000 mrem: 72 people: 0.06 of total

w HD-cat= fraction of the total exposure of the Hanford population in the Hanford dose category

D HD-cai= the upper limit of a range of a Hanford dose category

Do = the upper limit of the range of doses for which there is no risk aversion, 100 mrem

a = an exponent used to express the aversion to risk as the doses increase. The value is chosen to be
1.35 which is the value used by the Belgians in reference 2; this value is midway in the value range
suggested by the French, 1.2 to 1.5.

The ratio GDP/ACE gives the average output per U.S. worker for the year 1997; the value was $58,900
or about $60,000. In the "human capital approach" (see below), this is the value of a human life. If this
is multiplied by the statistical time lost due to death per man-rem (0.01 year), then this value, $600, is
the value of the health effects per man-rem, that is, the value of productivity lost due to death per man-
rem of exposure. To determine a health related value for Hanford, this basic value is adjusted for the
exposure pattern for Hanford workers for the year 1997. Plugging in the values into the summed term
above, the resultant value is 3.64. The adjusted value for a man-rem, based on the 1997 exposures at
Hanford, is then $2,184 or about $2,000 per man-rem. This value, $2,000 per man-rem, includes terms
only for the economic value of life adjusted for risk aversion as the site doses increase. No account is
taken for the other, less tangible, cost resulting from radiation induced death such as pain, medical
costs, hardship on dependents. To take some account of these other factors', the value is doubled (this
accounts for the factor of 2 in the expression) so that the final value for the Hanford site for the health-
related component is $4,000 per man-rem.

Note that spending $4,000 per man-rem is equivalent to spending $10,000,000 to prevent a death. This
follows from ICRP 60 paragraph 83 where the nominal lifetime fatality coefficient for a worker is given
as4xlO"2Sv-' .

Note: Two methods have been used to determine the monetary value of a human life in an attempt to
obtain a value for collective dose: the "human capital" approach and the "willingness-to-pay" approach.
The human capital approach says that a persons worth is equal to his contribution to the gross domestic
product (or lost wages). In fact, the base value is usually determined by dividing the gross domestic
product by the national population. This is obviously a low value since it ignores other relevant factors
such as medical costs, hardship on others, suffering and the value most people place on life. The
willingness-to-pay approach is based on the amount people are willing to pay to reduce the probability
of premature death. This is a slippery idea, and one major effort to determine it yielded vaiues that
varied by a factor of 160. Neither of these approaches provides a good answer. Nevertheless, the
human capital approach is used due to the lack of anything better. Both approaches are discussed in
reference 3
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3.3 Non-Health Related Detriment

The expressions determining the non-health related detriment are shown in sections 2.1 and 2.2 above
for both a worker from an individual worker category (for instance, a maintenance worker) and for an
average worker in an organization. The implementing organization's decision whether to use one or the
other in a particular case is discussed in 3.5 below.

The non-health related detriment used here is just the replacement cost per man-rem if a worker's
services are lost due to reaching the de facto limit of 1.5 rem for a year. Therefore, the replacement
cost or the weighted replacement cost is multiplied by a factor of 2/3 (1 rem/1.5 rem) to reduce the cost
for 1.5 man-rem to the cost per man-rem.

Note that no attempt has been made to account for the potential cost of future legal actions taken by
people who have diseases that they attribute to radiation exposure at Hanford.

3.4 Total Monetary Value of Collective Dose

The total value for a unit of collective dose, in accordance with the approach used here, is described by
this expression:

J(G£P_)ryw,_(£my\+l
\LUCD / j WHD-cal\ ~Z +T

HD-cal V M> 1 J c

where the factors in the expression are described above.

3.5 Use of Values for a Category of Workers and for an Organization with Several Categories of Workers

It is for the implementing organization to decide if, in a particular case, it is appropriate to use values
for a category of workers or a general value for an organization comprising several categories. If, for a
particular case, the dose is to be shared by several categories, a general value may be appropriate.
However, if most of the dose is to be taken by a single group, particularly a category with high
replacement cost, it is probably in the interest of the implementing organization to use the value for the
exposed worker category.
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(1) G-10 CFR 835/B2 - Rev.l Occupational ALARA Program Implementation Guide. Section IV.H.,

Radiological Design Review.

(2) ICRP Publication 55, Optimization and Decision Making in Radiological Protection, sections
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Appendix F

Generic Radiological Design Review Checklist
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20.0 State of Washington Environmental Requirements Affecting Design for Occupationai ALARA

21.0 Environmental Assessments

22.0 Safety Analysis Report
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Basic Design Review Checklist

This checklist is not intended to be a checklist for any specific sub-contractor or facility. It is intended as a general

list out of which site-specific checklists can be developed. Many of the items listed may not apply to specific

facilities. On the other hand, particular facilities may needed to add items specific to their facility.

1.0 Design Process Regulatory Requirements (10 CFR 835)

1.1 What plan do the designers have or what actions have they already taken to ensure that doses will be

ALARA through the combined use of facility and equipment design and administrative control?

(835.1001(a)) [Recall documentation 835.704(b)]

1.2 How are designers implementing the requirement that physical design features be the primary methods

used to maintain exposures ALARA (e.g., confinements, ventilation, remote handling, & shielding)?

(835.1001(a)) [Recall documentation 835.704(b)]

1.3 For cases where administrative controls are to be used, how were design features demonstrated to be

impractical so that administrative controls are justified? (835.1001(b)) [Recall documentation

835.704(b)]

1.4 How are the designers ensuring that administrative controls can be practically implemented in cases

where design features are demonstrated to be impractical? (835.1001(b)) [Recall documentation

835.704(b)]

1.5 For design of new facilities and modifications of old facilities, how do the designers plan to use or how

are they using optimization methods (ALARA decision-making methods) to assure that occupational

exposure is maintained ALARA in developing and justifying the facility design and physical controls? .

(835.1002(a)) [Recall documentation 835.704(b)]

1.6 For design of new facilities and modifications of old facilities, how do the designers plan to meet or

how are they meeting the design objective to maintain exposure levels ALARA and below an average

of 0.5 mrem/h in continuously occupied areas (2000 hours/year)? (835.1002(b)) [Recall

documentation 835.704(b)]

1.7 For design of new facilities and modifications of old facilities, how do the designers plan to meet or

how are they meeting the design objective to maintain exposure levels ALARA and below 20% of the

applicable standard in 835.202 in areas not continuously occupied (less than 2000 hours/year)?

(835.1002(b)) [Recall documentation 835.704(b)]

F-2



HNF-3325, Rev. 0

1.8 For design of new facilities and modifications of old facilities, how do the designers plan to meet or

how are they meeting the design objective to avoid, under normal conditions, releases of airborne

radioactive material to the workplace atmosphere? (835.1002(c)) [Recall documentation 835.704(b)]

1.9 For design of new facilities and modifications of old facilities, how do the designers plan to meet or

how are they meeting the design objective to control, in any situation, the inhalation of radioactive •

material by workers to levels that are ALARA? (835.1002(c)) [Recall documentation 835.704(b)]

1.10 How do the designers plan to meet or how are they meeting the objective that the design or

modification of the facility and the selection of materials include features that facilitate operations?

(835.1002(d)) [Recall documentation 835.704(b)]

1.11 How do the designers plan to meet or how are they meeting the objective that the design or

modification of the facility and the selection of materials include features that facilitate maintenance?

(835.1002(d)) [Recall documentation 835.704(b)]

1.12 How do the designers plan to meet or how are they meeting the objective that the design or

modification of the facility and the selection of materials include features that facilitate

decontamination? (835.1002(d)) [Recall documentation 835.704(b)]

1.13 How do the designers plan to meet or how are they meeting the objective that the design or

modification of the facility and the selection of materials include features that facilitate

decommissioning? (835.1002(d)) [Recall documentation 835.704(b)]

1.14 What is the plan to use monitoring, during routine operations, to demonstrate that exposure levels are

as low as reasonably achievable? (83S.1003(b)) [Recall documentation 835.704(b)]

2.0 Facility Layout

2.1 Review the general configuration of the facility, considering traffic patterns, location of the radiation

areas, location and size of the changing rooms, adequacy of personnel decontamination facilities,

location of the fixed survey equipment, and adequacy of space for anticipated operations, maintenance,

production, research, and decommissioning. Facility design and selection of materials shall include

features that facilitate operation and maintenance, decontamination, and decommissioning (10 CFR

835.1002(d) and RCM 128.1).

2.2 Verify that the design shall be able to maintain personnel entry control for each radiological area,

commensurate with existing or potential radiological hazards within the area, by using one or more of

the methods listed in 10 CFR 835.501.
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2.3 Verify that the entrance of each access point to high and very high radiation areas shall have the

control features required by 10 CFR 835.502

2.4 Equipment and controls are located for accessibility and to minimize radiological exposure to

personnel during normal operations, shutdown, maintenance, anticipated operational transients, and

postulated accident conditions.

2.5 Develop facility layout and personnel traffic routes to minimize radiological exposures to personnel.

2.6 Accessibility requirements for the maintenance, inspection, removal, or replacement of equipment

consider potential radiological exposure to personnel.

2.7 Doorways and labyrinths are wide enough to permit personnel, component and equipment passage.

2.8 Evaluate and confirm the adequacy of specific control devices for reducing occupational exposures,

including shielding, hoods, glove boxes, containments, interlocks, barricades, shielded cells,

decontamination features, and remote operations.

2.9 Are areas of the facility which exhibit high occupancy, or are presently uncontrolled, adequately

protected from new or increased radiation sources?

2.10 Is maximum distance provided between serviceable components and any substantial radiation sources

in the area?

2.11 Does the design change protect the public and facility personnel from hazards associated with the use

of radioactive and other hazardous materials as a result of normal operations, anticipated operational

occurrences, and Design Basis Accidents (DBA) conditions, including the effects of natural

phenomena pertinent to the site, and maintain these effects ALARA?

2.12 Does the project protect government property and essential operations from the effects of potential

accidents?

3.0 Installation Considerations

3.1 Modular components or other design considerations are utilized to reduce the duration of construction

or installation activities in the area.

3.2 Bolted rather than welded flanges are used for quick removal where appropriate.

3.3 Build-in rigging provided for ease of installation.
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3.4. Is the equipment ready for service as received?

3.5 Does the equipment require modification prior to installation? If so, is the modification reflected in

. applicable documents, and can the modification be performed in a non-radiologically controlled area?

3.6 Have the radiological conditions in areas not routinely accessed been adequately characterized? Are

any assumptions made about them valid?

3. 7 For tasks which have historical dose data, has this data been reviewed?

4.0 Maintenance and Operations

4.1 Permanent platforms, walkways, stairs, or ladders are provided to permit accessibility

4.2 Serviceable components are capable of being isolated and drained

4.3 Flange components are provided for quick removal of high maintenance components

4.4 Installation design provides for rapid removal

4.5 Surveillance can be performed from outside a high radiation area through the use of TV camera,

viewing port, or remote readout

4.6 Built-in rigging is provided to facilitate component handling

4.7 Components are designed to facilitate flushing and decontamination

4.8 Components are designed and selected with consideration for long service life, ease of removal, and

frequency of maintenance

4.9 Serviceable components are easily accessible with adequate work space, laydown areas, and lighting

4.10 Design features prevent personnel from inadvertently entering high radiation areas

4.11 Special provisions are made for ease of maintenance and operation of equipment

4.12 Equipment cover plates are hinged or captive quick-opening fasteners are used to facilitate routine

personnel access or maintenance access.

F-5



HNF-3325, Rev. 0

4.13 Life expectancy and reliability of the chosen equipment for their selection and location are considered

to minimize personnel access in the area.

4.14 Electrical, mechanical, or hydraulic quick release mechanisms are used where possible for insulation,

sample bombs, electrical connections, and even entire skids.

4.15 Remote operators or robotics are considered for use in high radiation areas.

4.16 Equipment has been selected to ensure their functionality in the radiological environment as required

for normal, upset and accident conditions.

5.0 Shielding

5.1 Shielding analysis has been performed

5.2 Entrances to high radiation areas are adequately shielded (e.g., labyrinth)

5.3 Radioactive equipment is separated by shielding from non-radioactive equipment (to minimize

exposure to personnel in adjacent areas)

5.4 Shield penetrations are minimized in size and number

5.5 Shield penetrations are located high on the wall and in a corner to avoid line-of-sight streaming

5.6 If the answer to 5.5 is "No", are the penetrations adequately shielded or sealed (e.g., use of high

density sealant or equivalent)?

5.7 Permanent shielding is employed, to the degree feasible, to avoid the need for temporary shielding

5.8 If permanent shielding is not feasible, provisions are made to allow temporary shielding during

maintenance activities

5.9 Is shielding placed between serviceable components and any substantial radiation source in the area?

5.10 Are shields employed to prevent streaming of radiation through doors, pipes, and duct penetrations

(e.g., labyrinths or shadow shields)?

5.11 Is an adequate safety margin applied to seismic load analysis to accommodate the additional load from

temporary shielding?
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5.12 Has shielding calculations and design been verified to meet ALARA requirements?

5.13 Have the shielding calculations, including the basic assumptions, been reviewed by an independent,

competent reviewer?

6.0 Contamination Control

6.1 Corrosion-resistant material is used for piping and equipment

6.2 Low-cobalt material is used for piping and equipment in contact with primary reactor coolant

6.3 Curbs are provided to control spread of liquid spills Can containment be established to reduce the

spread of contamination, i.e., cribs, catch pans, drip pans, or cofferdams?

6.4 Radioactive floor drains are inside the curbs

6.5 Floors slope toward the drains

6.6 Easily decontaminable coatings have been specified

6.7 Ventilation is provided to control airborne radioactivity

6.8 Drain lines are sloped continuously and backflooding is prevented

6.9 Surfaces which could be contaminated are made non-porous or sealed for ease of decontamination.

Are rough surface finishes such as crevices, hole, notches, recesses, socket-head cap screws, and

knurled finishes avoided?

6.10 Consider design measures to minimize potential releases of solids, liquids, or gases to reduce

contamination when the design requires the breaching of a system which may contain radioactive

material.

6.11 Where material might become activated, materials with low activation potential and corrosion-resistant

materials are used as much as possible.

6.12 Where material might become activated, proper chemical and flow control is used to minimize erosion

and corrosion.

6.13 Preclude by design cross-connections of radioactive drains with non-radioactive drains.
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6.14. Does the design incorporate features that will reduce the likelihood of cross-contamination of ciean

systems and unmonitored release pathways?

7.0 Liquid Systems — Tanks, Pumps, and Sumps

7.1 Pumps are located apart from tanks they serve (so exposure rates from tanks don't increase

maintenance exposures)

7.2 Pumps are fitted with catch basins that are properly drained

7.3 Pump casings are provided with equipment drains

7.4 Pump seals are covered to prevent contaminated liquids from being projected from the pump

7.5 Vents are provided

7.6 Pumps requiring frequent maintenance are equipped with flanged connections for easy removal

7.7 Canned pumps or mechanical seals are employed instead of standard packing glands

7.8 Tanks and sumps are provided with a mechanism for flushing and decontamination

7.9 Vents and relief tail pipes are routed to drains

7.10 Components are designed to facilitate draining, flushing, and cleaning by chemical or mechanical

means.

7.11 Agitators or other devices are provided in tanks or other vessels to ensure adequate mixing and to

minimize localized radioactivity buildup.

7.12 Tanks and other vessels are designed with conical or dished bottoms with a central drain and spargers

to remove radioactive sediment.

8.0 Liquid Systems — Valves

8.1 Valves are located away from tanks, filters, demineralizers, etc., where practical

8.2 Process valves are remotely operated where needed

8.3 Valves are mounted with the stem facing up where practical
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8.4 Platforms are provided for valve maintenance

8.5 There is sufficient space around the valve for efficient maintenance

8.6 Valve designs minimize cavities and crevices

8.7 The design eliminates the use of cobalt-containing materials for parts or components (e.g., valve trim,

seats, pins, etc.) that could be in a flow path leading to a reactor core

8.8 The design maximizes the removal of cobalt particulates from systems that can interface with reactor

coolant systems

8.9 Valves can be installed or removed without cutting or welding

8.10 Manual valve operators are used only for infrequently operated valves.

9.0 Piping

9.1 Crud traps are minimized and stagnant legs avoided

9.2 Socket welds are avoided

9.3 All sections of piping can be adequately drained

9.4 Vents are provided and piping can be flushed or hyrdolased

9.5 Piping run is in a shielded pipe case where needed

9.6 Piping run lengths and horizontal runs are minimized

9.7 Field joins are minimized

9.8 Piping that potentially contains radioactive contaminants is physically separated from non-radioactive

piping

9.10 Use of field-run piping is avoided

9.11 System piping is designed to eliminate or minimize dead legs, standpipes, or low points.

9.12 Drains are provided at unavoidable low points and dead legs to flush out radioactive residues.
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9.13 All piping or tubing connections for tritium processes are inside a ventilated hood or glove box and

positive sealing connections are used.

10.0 Slurry Systems

In addition to considerations for liquid systems, systems containing slurries should also meet the criteria

below.

10.1 Sharp bends in pipes are avoided (5 x diameter or greater bends are acceptable)

10.2 Check valves or strainers are provided at interfaces with liquid systems

10.3 Backflush connections and/or hydrolasing ports are provided

10.4 Spent resin or slurry piping are designed with full-ported valves and without screwed connections and

orifices.

10.5 Spent resin or slurry piping are sloped downward and designed to maintain turbulent flow and to

minimize pipe connections and fittings.

10.6 Piping tees in resin or slurry piping are designed to ensure that the normal flow is through the straight

portion and the branch line is located above the run.

11.0 Instrumentation

11.1 Instrument readouts are located in the lowest radiation area feasible

11.2 Instrument taps on liquid systems are located above the piping midplane

11.3 Existing radiation monitors are appropriate in terms of types and locations. (If "No", indicate how

existing radiation monitoring systems should be modified or new systems that will be required)

11.4 Instruments and controls are grouped functionally to minimize time spent in the area

11.5 Instruments are selected and specified for long service life and low maintenance requirements

11.6 Provisions are made for remote calibration

11.7 Instruments can be flushed to reduce crud accumulation
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11.8 Assess the adequacy of planned radiation monitoring (10 CFR 835.403) and nuclear criticality safety

instrumentation (10 CFR 835.1304(b)), including whether the proposed instrumentation is appropriate

for the expected types and intensities of radiation, and whether it has sufficient redundancy and

capability for operation under normal operating conditions and in emergencies (10.CFR 835.401(c)).

11.9 Readouts or control points for instruments and controllers are located outside of radiation areas.

11.10 Radiation monitoring systems (RMS) channels have both local and remote readouts and alarms, with a

readout in a central location if appropriate.

11.11 RMS have circuitry indicating component failure and built with fail-safe capabilities.

11.12 Instruments using radioactive or contaminated working fluid contain a minimum quantity of working

fluid.

11.13 Effluent airborne, and off-line process monitor lines and sampler lines are as short as possible and

heat-traced and insulated, as necessary, to minimize line loss, water condensation and radioactivity

build-up.

12.0 Ventilation

12.1 Provisions are made for ventilating the area

12.2 The flow of air is from areas of lesser contamination to areas of greater contamination

12.3 Filter banks are readily accessible for maintenance

12.4 Filter banks are separated or shielded from each other to permit working on one with the other

operating

12.5 The ventilation system (exclusive of filters) is designed to minimize radioactivity buildup

12.6 Ventilation ducts have cleanout ports for decontamination

12.7 Verify that the design of the confinement and ventilation systems provide the required level of

protection from airborne contamination, giving particular attention to patterns of air flow and to the

locations of air inlets, penetrations, and exhausts. Releases of radioactive material to the workplace

atmosphere shall be avoided under normal operating conditions and inhalation of such materials by

workers shall be controlled to the extent reasonably achievable (10 CFR 835.1002(c)).
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12.8 Direction of ventilation flow is maintained from areas of lower potential airborne radioactivity to areas

of higher potential airborne radioactivity.

12.9 Ducts carrying clean air are located to eliminate, where possible, the passing through of radiologically

controlled areas and are at positive pressure where they pass through areas of potential airborne

radioactivity.

12.10 All process fittings, valves, and equipment for tritium processes are inside a ventilated hood or glove

box.

12.11 Ducts containing potentially contaminated air are at negative pressure if they pass through clean areas.

12.12 The number of direction changes in ductwork containing potentially contaminated air is minimized.

12.13 Fans or blowers in ventilation systems containing potentially contaminated air are located downstream

of filters.

12.14 Air hoods or glove box openings have sufficient linear air velocity for their service conditions.

13.0 Filters and Demineralizers

13.1 Vents and relief valve tail pipes are routed to drains

13.2 Filters and demineralizers have been assessed as radiation sources

13.3 Multiple filters or demineralizers are housed in separate cubicles to permit maintenance with the

system operating

13.4 Filter cartridge sizes are common to other filters already in use at the plant

13.5 Filters are designed to minimize servicing frequency

13.6 Filters are designed for efficient removal

!3.7 Filters are located in low occupancy and low traffic areas

13.8 Filters are provided for remote or shielded methods of filter removal

13.9 Submicron filters are employed as applicable

F-12



HNF-3325, Rev. 0

13.10 System filters are provided upstream of heat exchangers or demineralizers.

14.0 Implementation Requirements

14.1 Temporary shielding

14.2 Additional or temporary ventilation

14.3 Temporary containments

14.4 Decontamination of systems, components, and/or work areas

14.5 System flushing

14.6 Tool list

14.7 Special installation .

14.S QA/QC inspection/hold points

14.9 Support work (scaffolding, etc.)

14.10 Special training (mock-up, classroom)

14.1 Safety

15.0 Breathing Air &Cooling Systems

15.1 Are breathing air and cooling systems being planned if needed?

15.2 Are the system specifications adequate?

16.0 Waste Minimization

16.1 The volume of radioactive waste generated is minimized by operation of the system or equipment (e.g.

minimize the quantity or volume of consumables, use high capacity filter elements, use mechanical

seals rather than packings on rotating equipment).

16.2 Non-radioactive waste (e.g. oil, refrigerant) is segregated from potential contamination to preclude the

generation of mixed waste.
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17.0 Post Construction Review of Effectiveness

17.1 Are there plans for a post-construction review of effectiveness of engineering features to reduce dose

and the spread of radioactive materials to provide feedback to the design engineers and help refine the

design process?

18.0 Decommissioning Considerations

18.1 Use modular, separable confinements for radioactive materials to preclude contamination of fixed

portions of the structure.

18.2 Long runs of buried contaminated piping will be avoided and provisions will be included in the design

to ensure the integrity of joints in buried pipelines.

18.3 Designs that ease cut-up, dismantlement, removal, and packaging of contaminated equipment from the

facility (e.g., gloveboxes, filtration equipment, ductwork, etc.).

18.4 Use of modular shielding, in lieu of monolith shielding walls.

18.5 Use of lifting lugs on equipment.

18.6 Fully drainable piping systems that carry contaminated products.

19.0 DOE Regulations, Orders & Notices

Verify that radiological design criteria are consistent with applicable federal/state regulations, recognized

standards and guides, and with the following DOE directives relating to radiological safety in design : •

19.1 10 CFR835, Occupational Radiation Protection (DOE, 1993a);

19.2 DOE Order 5400.1, General Environmental Protection (DOE, 1988c);

19.3 DOE Order 5400.5, Radiation Protection of the Public and the Environment (DOE, 1990a);

19.4 DOE Order 5480.6, Safety of Department of Energy-Owned Nuclear Reactors (DOE, 1986b);

19.5 DOE Notice N5480.8, Radiological Health and Safety Policy (DOE, 1993c);

19.6 DOE Order 5480.22, Technical Safety Requirements (DOE, 1992f);
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19.7 DOE Order 5480.23, Nuclear Safety Analysis Reports (DOE, 1992g);

19.8 DOE Order 5480.24, Nuclear Criticality Safety (DOE, 1992h);

19.9 DOE Order 5480.25, Safety of Accelerator Facilities (DOE, 1992i);

19.10 DOE Order 5480.30, Nuclear Reactor Safety Design Criteria (DOE, 1993e);

19.11 DOE Order 6430.1A, General Design Criteria (DOE, 1989);

19.12 DOE Order 5820.2A, Radioactive Waste Management (DOE, 1988d), and

19.13 DOE Radiological Control Manual.

20.0 State of Washington Environmental Requirements Affecting Design for Occupational ALARA

20.1 WAC 246-247, Section 060 requires permits for new construction and modifications of existing

sources. These permits should be review to ensure that there are no conflicts with occupational

radiation protection.

20.2 WAC 246-247, Section 040 contains standards; differing standards apply based on the potential release

from the unit and whether it is a new construction or modification. All new construction must meet

BARCT (Best Available Radionuclide Control Technology) standards. These standards should be

review to ensure that there are no conflicts with occupational radiation protection.

21.0 Environmental Assessments

21.1 Review any associated environmental assessments to ensure that there are no conflicts with

occupational radiological protection.

22.0 Safety Analysis Reports

22.1 Review any associated safety analysis reports to ensure that there are no conflicts with occupational

radiological protection.

23.0 Design Documentation

23.1 Statement of purpose of the design

23.2 Statement of scope of the design
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23.3 Radiological input to the budget for the design

23.4 Copies of radiological surveys used as reference in the design

23.5 Process flow diagram or other record of the step-by-step approach

23.6 Records of all ALARA decision-making methods used (HNF-PRO-1621)

23.7 Radiological review and input into functions and requirements

23.8 Radiological review and input into procurement documents

23.9 Radiological review and input into design specifications

23.10 Descriptions of the design concepts considered including a description of the advantages and

disadvantages of each

23.11 ALARA Review Meeting Minutes

23.12 Dose estimates made a various stages

23.13 Failure analysis of critical components affecting ALARA and mitigating plans

23.14 Summary of the ALARA features of the design

23.15 Description of how the various regulations concerning radiological design are met

23.16 ALARA initiatives to aid in decommissioning

23.17 Records of any shielding calculations done and the verification of the shielding calculations

23.18 Radiological reviews of mockups

23.19 Radiological reviews of fabrication and testing

23.20 Records of the post-construction review of ALARA design effectiveness
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Optimization

Reliability and Human Factors
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2.0 Facility Layout

2.1 Layout

2.2 Uncontrolled Area (See Glossary)

2.3 Controlled Area

2.4 Radiation Area

2.5 High Radiation Area

2.6 Corridors and Normal Traffic Patters

3.0 Contamination Control

3.1 Introduction

3.2 General

3.3 Architectural and Structural
3.3.1 Layout
3.3.2 Exit Points
3.3.3 Operational Health Physics Laboratory Office
3.3.4 Equipment Decontamination and Maintenance
3.3.5 Personnel Decontamination
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3.3.7 Laboratory
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3.4.3 Maintenance
3.4.4 Decontamination and Decommissioning

4.0 Ventilation

4.1 Objective

4.2 General Ventilation Design Criteria

4.3 Ventilation Confinement Zones
4.3.1 Primary Confinement Zone
4.3.2 Secondary Confinement Zone
4.3.3 Tertiary Confinement Zone

4.4 Airflow Patterns and Pressure Differential Requirements
4.4.1 Building Airflow Pattern
4.4.2 Building Pressure Gradients
4.4.3 Air Changes
4.4.4 , Fume Hood Airflow Requirements

4.5 Nuclear Facility Ventilation Compartmentalization Requirements
4.5.1 Primary Confinement
4.5.2 Primary and Secondary Confinement Isolation
4.5.3 Specific Airlock Ventilation Standards

4.6 Ventilation Control System Requirements

4.7 Instrumentation and Control Requirements

4.8 Requirements for Ventilation Air Supply Systems

4.9 Functional Requirements for Ventilation Exhaust Systems

4.10 Ventilation System Filtration Requirements
4.10.1 HEPA Filters
4.10.2 In-Place Filter Testing
4.10.3 Filter Specifying

4.10.4 Release Paraments

4.11 Ventilation Duct Routing Requirements

4.12 Requirements for Use of Gaseous Absorbers

• 4.13 Requirements for Locating Filter Units

4.14 Filtration Testing Requirements

4.15 Recirculating Air System Requirements

4.16 Requirements for Emergency Considerations
4.16.1 Single Component Failure
4.16.2 Safety Class Components
4.16.3 Special Power Supplies
4.16.4 Non-Safety Class Components

4.17 Fire Protection Requirements for Ventilation Systems

4.18 ALARA Applications

5.0 Gloveboxes

5.1 Introduction

5.2 General Considerations
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5.3 Specific Considerations
5.3.1
5.3.2
5.3.3
5.3.4
5.3.5
5.3.6
5.3.7
5.3.8
5.3.9
5.3.10
5.3.11
5.3.12
5.3.13

6.0 Hot Cells

6.1
6.2

Location
Confinement
Materials
Windows
Ports
Insertion/Removal Systems
Lighting
Shielding
Ventilation

Services/Utilities
Waste Systems
Monitoring and Alarm Systems
Decontamination and Decommissioning

Introduction

Design Criteria for Hot Cells
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.2.7
6.2.8
6.2.9
6.2.10
6.2.11

• 6.2.12
6.2.13

7.0 Shielding

7.1
7.2
7.3
7.4

General Principles
Ventilation
Confinement
Location
Human Factors
Construction Materials
Shielding
Windows
Visibility

Access Ports
Penetrations
Waste Systems
Decontamination and Decommissioning

Introduction

Preliminary Criteria

Specific Considerations

Final Shielding Design Criteria

8.0 Radiation Generating Device

8.1 Introduction

8.2 General Considerations
8.2.1 Radiation Monitoring Systems

8.3 Considerations for Specific Types of Installations
8.3.1 X-Ray & Sealed Gamma-Ray Source Installations
8.3.2 X-Ray Diffraction/Fluorescence Analysis Equipment
8.3.3 Particle Accelerators
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9.0 Sampling and Monitoring

9.1 Air Sampling and Monitoring
9.1.1 Introduction
9.1.2 General Considerations
9.1.3 Breathing Zone Sampling to Measure Airborne Contamination Level
9.1.5 Air Samples To Detect Contamination System Failure
9.1.6 Warning of Significant Airborne Contamination

9.2 Area Radiation Monitoring Systems

9.3 Air Effluent Sampling and Monitoring
9.3.1 General Considerations
9.3.2 Effluent Sampling Systems
9.3.3 Effluent Monitoring Systems

9.4 Liquid Effluent Sampling and Monitoring
9.4.1 Sampling Systems
9.4.2 Monitoring and Diversion Systems

9.5 Criticality Alarm Systems

9.6 Personnel Contamination Monitors

10.0 Waste Handling, Storage and Disposal

10.1 Introduction

10.2 Solid Radioactive Waste Handling and Storage

10.3 Solid Waste Disposal

10.4 Liquid Radioactive Waste Systems
10.4.1 General Considerations
10.4.2 Collection System
10.4.3 Piping
10.4.4 Liquid Waste Loadout Stations
10.4.5 Valve and Cleanout Pits
10.4.6 Instrumentation and Control
10.4.7 Annunciation
10.4.8 Maintenance
10.4.9 Surveillance and Inspection

10.4.10 Sampling Stations

10.7 Liquid Waste Sites

Appendix A: Human Factors Considerations

1.0 General Requirements
1.1 Objectives
1.2 Human Engineering Design
1.3 Simplicity in Design
1.4 Safety

2.0 Anthropometry
2.1 General
2.2 Anthropometric Data
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2.3 Use of Anthropometric Data
2.3.1 Data Limitations
2.3.2 Clearance Dimensions
2.3.3 Limiting Dimensions
2.3.4 Adjustable Dimensions

2.4 Specific Glovebox Considerations
2.4.1 Windows
2.4.2 Ports
2.4.3 Accessibility

Table A-1 Standing Body Dimensions
Table A-2 Seated Body Dimensions
Table A-3 Depth and Breadth Dimensions
Table A-4 Hand and Foot Dimensions
Table A-5 Anthropometric Date for Common Working Positions
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