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Summary

SMART( System-integrated Modular Advanced ReacTor) is a space

saving integral type nuclear reactor with the thermal power of 330 MW. This

report provides general design guide and authority in NSSS designs for

SMART needed to maintain the occupational doses and doses to members of

public ALARA to meet the regulatory requirements.

Paragraph 20.1 of 10 CFR 20, "Standards for Protection Against

Radiation", states that licensee should make every reasonable effort to

maintain exposures to radiation as far below the limits specified in Part 20 as

is reasonably achievable. The ALARA (as low as is reasonably achievable)

principle is incorporated into Korean radiation protection law as paragraph one

of Article 97 of the Atomic Energy Act (Jan. 1995).

This ALARA Design Concept for SMART provides 1) description of the

organization and responsibilities needed for upper-level management support

and authority in order for the implementation of ALARA, 2) guidance and

procedures for design, review, and evaluation needed for SMART ALARA

program implementation, 3) general design guidelines for SMART NSSS and

BOP designers to implement ALARA principles in design stage, and 4)

training and instruction requirement of SMART NSSS and BOP designers for

the familiarization of ALARA principles to be implemented in NSSS designs.
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1. Introduction

Paragraph 20.1 of 10 CFR part 20(1), "Standards for Protection Against

Radiation", states that licensee should make every reasonable effort to

maintain exposures to radiation as far below the limits specified in Part 20 as

is reasonably achievable. Paragraph 20.1101 also states that the licensee shall

use to the extent practicable, procedures and engineering controls based upon

sound radiation protection principles to achieve the occupational doses and

doses to the members of the public that are as low as is reasonably

achievable (ALAR A). The ALAR A principle is also incorporated into Korean

radiation protection law as paragraph one of article 97 of the Atomic Energy

Act (Jan. 1995). Reg. Guide 8.8 provides technical guidance and useful

information related to the effort of maintaining occupational radiation

exposures (ORE) ALARA. This also suggests that the nuclear steam supply

system (NSSS) vendor, the designer, the architect-engineer (A/E), the

constructor, and the operator of the nuclear power facility each has

responsibilities in the achievement of the ALARA goal. Implementation of

ALARA program requires discussion and cooperation among all of the

organizations responsible for the design, manufacturing, operation, and

maintenance to maximize the ALARA benefit.

This guideline provides general design guide and authority in SMART

NSSS designs needed to maintain the occupational doses and doses to

members of the public ALARA to meet the regulatory requirements.

This ALARA guideline has been updated based on SMART design

criteria, adding current available information and technology.

1.1 Purpose

The purpose of this ALARA guideline is :

a) to describe the organization and responsibilities in view of the need

for upper-level management support and authority in order for the

implementation of ALARA,

b) to provide the guidance and procedures for design, review and

evaluation with a view to ALARA implementation,
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c) to provide the general design guidelines for SMART NSSS designers

to implement ALARA principles in design stage, and

d) to describe the training and instruction requirement of NSSS

designers for the familiarization of ALARA principles to be implemented in

NSSS designs.

1.2 Scope

The ALARA organization, responsibilities, design/review procedures, and

design guidelines shall be implemented in the overall nuclear system design,

to the extent practicable, for nuclear power plant(3X The implementation of

ALARA principles and its review in each disciplined area of NSSS design

shall be done in accordance with the guidelines and procedures specified in

the ALARA guideline.

1.3 Definitions

ALARA means making every reasonable effort to maintain exposures to

radiation as far below the regulatory dose limits as is practical consistent

with the purpose for which the licensed activity is undertaken, taking into

account the sate of technology, the economics of improvements in relation to

state of technology, the economics of improvements in relation to benefits to

the public health and safety, and other societal and socioeconomic

considerations, and in relation to utilization of nuclear energy and licensed

materials in the public interest.
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2. ALARA Organization, Responsibilities and Program

A management policy for, and commitment to, ensuring that the exposure

of station personnel to radiation will be ALARA should be established.

The policy and commitment should be reflected in written administrative

procedures and instructions for operations involving potential exposures of

personnel to radiation and should be reflected in design features. Instructions

to designers, constructors, vendors, and station personnel specifying or

reviewing features, systems or equipment should reflect the goals and

objectives to maintain occupational radiation exposures ALARA.

In view of the need for upper-level management support and authority,

the scope and responsibility for implementing the program to maintain

occupational radiation exposures ALARA are necessarily defined. As described

below, the organization is set up and the responsibilities are assigned to meet

the ALARA requirements for NSSS design of nuclear reactor (SMART).

2.1 Organization

The organization mainly comprises two separate groups, i.e. NSSS design

group and ALARA review group.

ALARA principles shall be implemented by NSSS design group in the

design stage. The proposed design will be reviewed by ALARA review

group, not involved in the originating design activity.

The nuclear steam supply system (NSSS) vendor, the designer, the

architect-engineer (A/E), the constructor, and the operator of the nuclear

reactor facility each have responsibilities related to the effort of maintaining

occupational radiation exposures ALARA. Thus, coordination and cooperation

are essential to achieving these goals and objectives of maintaining

occupational radiation exposures ALARA.

2.2 Responsibilities

In view of the responsibilities required to implement a program to

maintain occupational radiation exposures ALARA, the individual (or

committee) selected for this function might also be chosen to coordinate the
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effort among the several corporate functional groups (such as the operations,

maintenance, technical support, engineering, safety, and radiation protection

groups) and to represent the corporate interests in dealing with the NSSS

designer, vendor, A/E, and builder during the design and construction phases.

If the expertise for performing this function is not within the corporation

when the station is in the design stage, consultants who possess the required

expertise should be used. The utility should obtain assurance that available

data and experience obtained from similar nuclear power stations are

considered and reflected in the work of the NSSS designer, vendor, A/E, and

builder so as to provide features in the new station that permit an effective

ALARA program.

2.3 Programs

To attain the integrated effort needed to keep exposures of station

personnel ALARA, each applicant and licensee should develop an ALARA

program that reflects the efforts to be taken by the utility, nuclear steam

supply system vendor, and architect-engineer to maintain radiation exposure

ALARA in all phases of a station's life. This program should be in written

form and should contain sections that cover the generally applicable guidance

presented in this guide, as a minimum, and more specific guidance as

required to address the particular LWR that is the subject of the licensing

action. This program may be combined with the station's radiation protection

manual, safety analysis report, or other documents or submittals. It need not

be an independent document.

A management policy for, and commitment to, ensuring that the exposure

of station personnel to radiation will be ALARA should be established.

- 10 -



3. ALARA Design and Review Process

3.1 ALARA Implementation in NSSS Design

Since several groups within a utility (e.g,. maintenance, operations,

radiation protection, technical support, engineering, and safety groups) are

interested in station design and equipment selection, the utility should ensure

that these groups are adequately represented in the review of the design of

the facility and the selection of equipment. A coordinated effort by the

several functional groups within the utility is required to ensure that station

features will permit the goals and objectives of the ALARA program to be

achieved. Although the A/E and designers greatly influence station design

features, utilities should not delegate all responsibilities for station design

review and equipment selection to the NSSS designer, vendor, or A/E.

3.2 NSSS Design Review with a View to ALARA Implementation

Design concepts and station features should reflect consideration of the

activities of station personnel (such as maintenance, refueling, inservice

inspections, processing of radioactive wastes, decontamination, and

decommissioning) that might be anticipated and that might lead to personnel

exposure to substantial sources of radiation. Radiation protection aspects of

decommissioning should be factored into planning, designing, construction, and

modification activities. Station design features should be provided to reduce

the anticipated exposures of station personnel to these sources of radiation to

the extent practicable.

3.3 ALARA Evaluation by Independent ALARA Review

Specifications for equipment should reflect the objectives of the ALARA

program, including consideration of reliability, serviceability, limitations of

internal accumulations of radioactive material, and other features addressed in

this guide. Specifications for replacement equipment also should reflect

modifications based on experience gained from using the original equipment.
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4. NSSS Design Guidelines for Occupational Radiation Exposures (ORE)

ALARA

A major portion of the radiation exposure of station personnel is received

during maintenance, rad-waste handling, in-service inspection, refueling, and

nonroutine operations. The decommissioning process also has a potential for

substantial exposures to personnel. Effective design of facilities and selection

of equipment for systems that contain or could potentially contain, collect,

store, process, or transport radioactive material in any form will contribute to

the effort to maintain radiation doses to station personnel ALARA. The

expected repetitive jobs causing high doses to station workers for typical

PWR including SMART are shown in Table 1.

Important parameters in determining doses from external exposures are:

a) the length of time that the receptor (worker) remains in the radiation

field, and

b) the intensity of the radiation field, which is also dependent upon the

extent to which remote technology is utilized.

The concepts of time and distance are commonsense. When performing

an operational or maintenance activity, one should minimize the time spent in

the radiation area. Conversely, one should maximize the distance between the

personnel and the source of the radiation.

Designers shall, therefore, make every reasonable effort to reduce the

Occupational Radiation Exposures (ORE) ALARA by employing the various

dose-reduction technologies pertinent to his design aspect which could reduce

either the time to be spent in the radiation field or the source terms to be

experienced by radiation workers during initial startup, power operation,

shutdown, plant outage, and decommissioning process.

The following gives the basic guidelines to help NSSS designers

implement the ALARA principles during the design stage. Although some of

these are directly related with and more or less belong to BOP design and/or

operational strategy by the utility, NSSS designers should make every efforts

to implement the ALARA recommendations in the form of interface

requirements, specifications, operating procedures, etc.
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4.1 Source Term Reduction

The crud (activated products of erosion or corrosion) activity gives main

potential contribution to radiation exposure of station personnel who service

equipment contaminated by crud. Specific radionuclides in crud that have been

identified and contribute substantially to the radiation sources are Co-58,

Co-60, Mn-54, Zr-95, Cr-51, and Fe-59. Approximately one-half to

three-quarters of all occupational exposures are reported to be related to

exposure to activated corrosion products. Radiation fields result primarily from

activated cobalt isotopes; the dose rate is determined by the amount of cobalt

used in valves and materials of construction, by the control of water

chemistry to limit transport and activation of the cobalt, by the condition of

out-of-core surfaces in the primary system, which determines how much

cobalt is deposited, and by the extent to which decontamination is utilized.

The following guidelines shall be implemented in NSSS design to reduce the

radioactive sources as practical as possible.

A new family of alloys, called NOREM, developed for the Electric Power

Research Institute (EPRI) provides manufacturers with an alternative to the

costly cobalt-based alloys used to resist wear. By eliminating the need for

cobalt, NOREM could reduce the cost of making equipment more

wear-resistant. Initial uses of the cobalt-free alloys will likely be in power

plant valves, where operating conditions most closely resemble those used in

the laboratory tests where the alloys first showed promise. In these and

many other uses, wear occurs when parts rub together and fluids at high

temperatures cause erosion. In nuclear reactor application, NOREM alloys will

not become activated, which will reduce worker exposure and maintenance

costs. To prevent component wear, NOREM is welded or sprayed to form a

layer over the surfaces to be protected.

Before development of these new, iron-based alloys, cobalt-rich alloys,

offered the best solutions for resisting wear. The new alloys were derived

from Nitronic 60 (trademark), one of the few types of stainless steels that

exhibit excellent resistance to wear. Researchers evaluated many different
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alloy combinations, subjecting each new composition to a punishing series of

tests. The main goal was to develop alloys with excellent resistance to

galling wear. Tests confirmed that the new alloys retained their

wear-resistant properties when produced as rods and powders, the most

common product forms used by welders.

Stoody Deloro Stellite, a subsidiary of Thermadyne Industries, ST, Louis,

MO, the world's largest producer of welding equipment and materials, was

granted the first license to market the alloys; a second license was granted

to ANVAL, the world's largest producer of gas-atomized metal powders.

Both licensees are working on marketing plans and are offering the different

product forms to interested parties. With NOREM alloys now in the

commercial domain, ongoing research and development is evaluating the

performance of prototype components protected by these alloys. In long-term

endurance tests being performed at Atomic Energy of Canada. Ltd., welders

were able to apply the NOREM alloys to power plant valves with an ease

and speed comparable to the standard cobalt-based alloys. In fact, the new

alloys showed an added benefit, allowing welders to avoid preheating the

valves. Interim examinations show that the new alloys are performing

somewhat better than the control valve coated with the cobalt-based

standard. Work is also underway to develop welding parameters for wire

form that are used to repair valves that previously have been coated with

wear-resistant alloys.

Wire products have been successfully fabricated and procedures developed

for machine and manual gas tungsten arc welding (GTAW) of the iron-base

NOREM hardfacing alloys. These developments enhance the attractiveness of

NOREM alloys both in replacement valves and in field repairs of installed

valves.

An earlier EPRI report described the results of the first attempts to

develop GTAW procedures for NOREM hardfacing alloys. However, utility

personnel reported some difficulty in independently qualifying these

procedures. Additional studies were therefore undertaken to see if more

flexible welding procedures could be identified for NOREM wire products.
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The project team obtained some 75 variants of metal-core NOR AM weld wire

from a source that used standard commercial practice in fabricating the wire.

They used the GTAW process to deposit these alloys on carbon and stainless

steel plate and piping. Welds were inspected in accordance with ASME

standards. For variants where sound deposits were obtained, the term used

the GTAW process to again deposit NOREM on pins and plates, which were

used to evaluate galling wear resistance. Plasma transferred arc welding

(PTAW) procedure were developed by two independent organizations.

Researchers successfully used GTAW processes to deposit sound weld

overlays on SA-516 carbon steel and TYPE 304 stainless steel piping without

any preheating. Metal-core wire using prealloyed gas-atomized powder as

filler material and featuring a lower nitrogen content than earlier investigated

consistently provided sound welds and greater flexibility to the welder and

could be used to perform a local weld repair. Powder with the high nitrogen

content was successfully deposited by two other organizations using PTAW

with a modest preheat of 200°F. Such a moderate preheat will remove

residual moisture and help maintain consistent cooling rates. Preheat should

be considered anytime hardfacing is applied to carbon steel substrates. Wear

measurements showed that changes in alloy composition of the wire did not

adversely affect the galling wear resistance of NOREM alloys.

Loop tests under simulated reactor operating conditions and laboratory

evaluations of small valves hardfaced with NOREM show that its

performance matches or exceeds that of the long-established cobalt-base

Stellites. Because valve with NOREM hardfacing have been purchased or

installed by some 25 nuclear utilities, a NOREM product from and welding

procedures suitable for field applications were needed. This study resulted in

a NOREM chemistry that can be developed more easily and more consistently

using the GTAW process than the previously identified composition. In

addition to its "welder friendly" status, the NOREM alloy also exhibits wear

resistance equivalent to that of cobalt-base hardfacing alloys. Additional

welding procedures and lessons learned from plant experience will be

incorporated into revision of these guidelines to be issued later.
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4.1.1 Material Selection

Design features of the primary coolant system, the selection of

construction materials that will be in contact with the primary coolant, and

features of equipment that treat primary coolant should reflect considerations

that will reduce the production and accumulation of crud in stations where it

can cause high exposure levels.

The past experiences with PWR's show that reactor shutdown radiation

fields are primarily the result of cobalt isotopes 58 and 60 which constitute

substantial radiation sources in crud. The dominant source Co-60 is formed

by neutron capture of naturally occurring Co-59 which is found throughout

PWR materials as impurities. Nickel is a major component of Inconel alloy

(widely used for steam generator tube material), and becomes Co-58, which

is second most important exposure source, when activated from (n,p) reaction

with Ni-58, which constitutes about 70% of naturally occurring nickel. These

elements are released to the primary coolant by wear and corrosion processes.

As the coolant is transported into the core by the primary coolant flow, the

elements are activated and then deposited throughout the reactor coolant

system.

Production of Co-60 and Co-58, formed by a neutron capture reaction of

a Co-59 particle and an (n, p) reaction by a nickle-58 (Ni-58) particle, should

be reduced, to the extent practicable, by specifying the low-nickel and free or

low-cobalt bearing materials for primary coolant piping, tubing, vessel internal

surfaces, steam generators, wear materials such as valve seats, tanks, and

other components that are in contact with the primary coolant. This

consideration of material selection is, however, done in such way as to

maintain the overall reliability and safety by taking into account of the

potential increase of service/repair requirements. The free or low cobalt

efforts are also made by taking into account of the current technology and its

cost effectiveness as well.

The nickel and antimony content should also be restricted although the

effects are as not dominant as the cobalt activities. Antimony content in

reactor coolant pump journal bearing should be minimized to reduce the
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content of radioactive material. The nickel impurities of the equipment surface

contacting primary coolant should be minimized to reduce the radioactive

crud. It should be noted that SMART steam generator tube material uses

Titanium Alloy PT-7M which does not contain nickel that is a major

contributor for activated Co-58 source (n,p).

Significant efforts should also be made to exclude materials such as

prohibited chemicals, debris and loose parts from the primary system. Small

parts such as welding rods, screws and nuts can be transported through the

system, damaging components or the fuel. Such material which get caught in

the fuel for a period of time and then is released can become a significant

hazard due to activation of that material. Not only the efforts for the

reduction of the debris, but also the efforts to strain out the small parts

should be made, i.e., development of debris resistance fuel.

The following criteria have been provided and should be consulted when

nuclear reactor and associated equipment material ( steam generator tubings)

selections are required:

NOREM

Many of the wear and corrosion attributes of the NOREM iron-base

hardfacing alloys match or exceed those of long-established cobalt-base and

nickel-base hardfacing alloys. These "welder-friendly" alloys are seeing

increasing use in a wide range of applications. Consider NOREM as an

alternative to costly cobalt-base alloys when you need a high performance

wear-resistant coating to meet demanding service conditions.

Welding product specifications and welding procedure guidelines have

been developed for gas tungsten arc welding(GTAW), plasma transfer arc

welding(PTAW), shielded metal arc welding(SMAW), and submerged arc

welding(SAW). Sound two or three layers can be deposited on wrought and

cast carbon, stainless and low alloy steel substrates with little or no need for

preheating. Repair welding procedures have been developed; NOREM can be

used to repair cobalt-base Stellite 6. Praxair surface Technologies deposited

NOREM using their spray Super D-Gun technology. TurboCare has
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successfully thermal sprayed chromium carbide over a NOREM weld overly.

NOREM is available as metal-core and homogeneous welding rod,

welding wire, coated electrodes, strip cladding, and powder for use in

standard welding and thermal spray equipment. Powder can be readily

consolidated by hot isostatic pressing. NOREM is also available as master

melt and as investment castings.

NOREM products are available from the following organizations licensed

by EPRI: Arval, Cor-Met, Euroweld. Mitsubishi, Polvmet.

Thermadvne(Stoodv). and Weartech.

Flow Control Valves

Hardfacing alloys are not needed in flow control valves or in the seats of

check valves. Field data show that a number of stainless steels perform

satisfactorily in these applications.

Low Contact Stress Valves

A variety of nickel-base alloys are adequate for use in the pivot

bushings of check valves and in globe or gate valves where contact stresses

are less than 15 psi.

LOW-COBALT NICKEL FOR BRAZING OF GRIDS

Based on the above experience, it is clear that any utility using fuel with

brazed Inconel grids should ensure that low-cobalt nickel is used in any

brazing operations involved in grid fabrication.

In addition, low-cobalt levels should be specified for the Inconel (e.g., 0.02%

maximum).

Similarly, the industry has been moving towards use of Zircaloy fuel

assembly grids in PWR designs instead of grids containing Inconel parts and

nickel braze material.

Steam Generates Tubing

EPRI recommends that Alloy 600 and 690 tubing maintain the cobalt level
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of less than 0.020% for PWR's. SMART steam generator tube material uses

Titanium Alloy PT-7M which does not contain nickel that is a major

contributor for activated Co-58 source (n, p).

Low-Cobalt Stainless Steel

The maximum cobalt concentration of 0.05% (0.02% achieved) is

recommended for any stainless steel including 304 used in the core area

where the neutron flux is present.

4.1.2 Primary Water Chemistry Control

Water chemistry control has an indirect, multi-faceted and important

impact on radiation exposures to workers. Good water chemistry is the key

to minimizing the formation and release of corrosion products into reactor

water. For SMART, optimum pH control is crucial to minimize the shutdown

radiation fields due to the crud activities. Ammonia is normally added to

increase pH of the primary coolant. It is reported that the higher the coolant

pH can be maintained, the lower corrosion product release and transport rates

will be.

During SMART plant shutdown, coolant chemistry can also be controlled

to enhance radioactivity release and removal. Without doing so, the release

would occur when the vessel head is removed, leading to increased dose

rates during refueling operations. Reactor coolant and purification system

initiated only during scheduled shutdown is used to enhance corrosion product

removal at this stage. The primary purification system is not used during

normal operation. The detailed information concerning the primary water

chemistry can be obtained from SMART Chemistry Procedure to be issued

later.

4.1.3 Filtration and Decontamination

A substantial fraction of the debris exists as submicron particles in the

reactor coolant. The use of fine mesh filters in primary coolant purification

system, i.e., the upstream of demineralizers, and in filtration of seal water for
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the reactor coolant pump can reduce reactor coolant radioactivity and radiation

levels in primary piping. The use of fine mesh filter is recommended to

handle particulate bursts during start-up and shutdown.

Efforts should be made to adopt the enhanced design features which will

facilitate the easy and effective decontamination by draining and flushing in

the design stage. Equipment such as reactor coolant pumps, system

generators, ion exchangers, tanks, which potentially contain the radioactive

material shall be designed, to the extent practicable, for complete drainage

and/or flushing.

4.1.4 Surface Treatment

Crevices in the wetted surface of the reactor coolant system and related

safety system provide shelter for the radioactive cruds to accumulate which

cause the substantial radiation fields during shutdown. Special treatment

(electro-polishing) should be made to the equipment surfaces contacting the

reactor coolant in order to maintain crevice-free wet surfaces.

The external surfaces of equipment should be either corrosion resistant

material of coated with non-porous, tightly adherent coatings to allow easy

and thorough decontamination.

4.1.5 Fuel Assembly

Leakage of fuel rod cladding accounts for the remaining one-quarter to

one-half of sources of PWR occupational exposure. Efforts for improved fuel

rod performance should be made to minimize the fuel leakage.

4.2 Maintenance and Inspection

The personnel radiation exposure can be decreased by reducing the time

spent performing the activities for maintenance and in-service inspection. The

exposure time can be affected from two different factors, i.e, the time

consumed during radiation work and the distance where the workers are

exposed. Time related factors are plant and equipment reliability, ease of

maintenance, operation inspection and access. Under distance, the factors are
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system layout, remote operation and robotics, etc. Additional exposure

reductions can result from separation of equipment and shielding.

4.2.1 Plant and Equipment Reliability

In order to minimize the necessity and frequency of inspection and/or

maintenance it is essential that equipment, components and parts of Nuclear

Steam Supply System shall be reliable. Previous operating experience with

the same or similar equipment should be considered in the equipment

selection process. System designers should question critically the need for

valves and instrumentation on their system and balance the loss of some

flexibility and information against the increased reliability and reduced

maintenance that may be achieved.

The exposure of radiation workers can also be reduced by making efforts

to reduce the number and length of welds, especially for reactor pressure

vessel. The use of longitudinal welds in reactor vessel should be eliminated

through ring forging. Seamless piping in another consideration to be utilized

in the Reactor Coolant System and related safety system to minimize the

number of welds requiring in service inspection. By doing this, the inspection

time will be reduced, thereby, resulting in lower exposure.

The equipment design should make more use of standardized and

modular components which can be easily replaced or removed to a low

radiation area for repair.

4.2.2 System Equipment Layout

Appropriate station layout and design features should be provided to

reduce the potential doses to personnel who must operate, service, or inspect

station instrumentation and controls. The following considerations should be

reflected in NSSS designs associated with above.

The instrumentation must satisfy functional requirements, but the

exposure of personnel can be reduced if the instruments are designed,

selected, specified, and located with consideration of long service life, ease

and low frequency of maintenance and calibration, and low crud accumulation.
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Operating experience of similar plants should be evaluated and reflected in

this design.

Adequate rigging and lifting equipment should be provided, where needed,

to assist in equipment removal and replacement for the inspection and

maintenance. This could also be used for the installation of temporary

shielding.

One of the areas where dose reduction can be realized is scaffolding

erection and dismantlement, a task which is both labor intensive and time

consuming. The different types of scaffolding available were evaluated and

the required labor effort and time associated with each type were evaluated.

This evaluation indicates a significant radiation exposure savings realized

through pro-active scaffolding program management and utilization of modular

systems type scaffolding versus the standard tube and clamp predominant in

the industry today. The obvious advantage of modular systems scaffolding is

less labor and time for all projects requiring scaffolding. Of far greater

importance to the nuclear industry is the impact of reduced personnel

exposure and achieving ALARA. With any reduction in the number of people

required and a reduction in the amount of time required in a radiation area,

ALARA is enhanced. Utilizing the modular systems scaffolding instead of

tube and clamp can result in a man-rem reduction of 30-50%

In addition to evaluating the actual erection and dismantling time factors,

it became obvious that the type and extent of pre-planning also had an

impact on labor, time, and thus ALARA. The standard method of designing a

scaffold and calculating the scaffold pieces required for a particular project

involved a walk-down of the area, manual sketching the scaffold, and

figuring the quantity of pieces required from the sketch. In some cases,

redundant scaffolding requirements were not identified, making it necessary to

start from scratch each time an outage occurred. This approach is time

consuming and does not provide an easy-to-read drawing or accurate

materials list. Both the drawing and materials list have an obvious direct

impact on erection time and personnel radiation exposure. Computer

programs exist which will design a scaffold of any configuration to be OSHA
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compliant and provide an accurate list of materials required. This program

provides for maintenance of a recoverable record of historic scaffold

requirements used each outage.

Additional advantages of the systems scaffolding concept include:

- 20—25% lighter than tube and clamp (reduced handling and

shipments)

- Safer (all connections are fail-safe)

- 60-65% fewer pieces required(reduced handling)

- Visual confirmation of locked connection(no wrench or torque

wrench required)

- Adaptable with tube and clamp

- Neater final scaffold (no overhangs-safer)

The NSSS design feature to facilitate accessibility to plant equipment,

adequate work and space lay down should be provided around components for

maintenance purposes. The permanent platforms around major equipment such

as the steam generators and reactor coolant pumps should be provided for

maintenance and inspection, which eliminate the need to erect temporary

framework around these components for maintenance and inspection.

4.2.3 Equipment Design Considerations

The building and system designs have also been significantly reviewed to

reduce operator dose uptake. The following system improvements should be

considered:

a) The reactor pressure vesseKRPV) cavity should be made smaller to

reduce dose rates at the RPV flange during refueling work.

b) A permanent RPV cavity seal should be included to remove the dose

uptake received when fitting the temporary seal.

c) An integrated head package should be included which reduces the

preparation time for head removal.

d) The RPV O-ring seals should be designed so as to be quickly

removed and replaced.
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Remote Equipment Provisions:

a) A multi-stud tensioner will be used to detension and remove RPV

studs.

b) Automatic equipment will be used for RPV flange stud hole cleaning.

c) All RPV and nozzle volumetric in-service inspection will be carried

out by a submersible robot.

d) All volumetric inspection of welds on high dose-rate systems will be

carried out by automatic equipment.

RCP arrangement should allow access to all gasketed auxiliary

connections that require service so that gaskets can be changed without

requiring pump disassembly.

All reactor coolant pump parts wetted by primary coolant should be

compatible with the decontamination methods selected.

Pumps will be designed with flanged connections to facilitate removal and

replacement of auxiliary components. Pumps in radiation areas will have

long-life bearings and permanent type lubrication where practicable. Pumps in

nuclear service will be provided with drain and flush connections to facilitate

decontamination.

All tanks will be designed to prevent the unintended retention of

particulate materials by the incorporation of following features '

a) grinding of internal welds to minimize crud traps

b) tank flushing, lancing and chemical cleaning capability

c) man ways shaped to avoid retention of particulates and liquids

d) upper and lower manways for ventilation

The space and arrangement inside the S/G secondary channel head should

facilitate inspection and repair, including plugging, sleeving, and unplugging of

all S/G tubes.

Standardized techniques for filter handling will be used throughout the

plant to minimize dose during filter maintenance and change out. Bag filter

housings will be designed for ease of removal. Ion exchangers will have

downstream resin traps to prevent the escape of resins in the event of failure
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of an internal screen in the ion exchanger. These resin traps will be located

outside the ion exchange enclosure(in a low radiation area)and will be

provided with remote backwash capability to permit the resin traps to be

cleaned remotely.

It is recommended that major reactor coolant system equipment supports

permit access for in-service inspection and maintenance of components.

Quick-removal type insulation designed for reuse shall be utilized on

locations in the reactor coolant system and related safety system as well as

non-safety auxiliary systems piping and equipment where external access is

required for in-service inspection. Quick-removal insulation should be

reflective-metal type for fiberglass with quick release fasteners. The piping

arrangement should provide adequate lay down storage space for removed

insulation.

The arrangement of sensing instrumentation and impulse lines shall

assure that the sensor(transmitter) is located in a low radiation and accessible

area to minimize personnel radiation exposure during calibration and/or

maintenance operation. Isolation valves for each pressure sensor should be

located outside high radiation areas to allow double insulation of the pressure

transmitter without entering high radiation area.

4.2.4 Robotics and Remote Handling

Robotics has become a key technology in nuclear power plants and

electric utilities are realizing significant cost savings. Further reduction in

allowable radiation dose exposure will only accelerate the trend to increase

use of robots.

Four factors are motivation the accelerating trend to robotic applications:

o Increasingly stricter health/radiation exposure limits and general plant

environmental and human safety standards, o The need to reduce increasing

O&M costs, o Economic pressures for higher availability and capacity

factors, o Necessary extension of useful plant lifetimes. With its application,

robotics technology can: o Remove humans from potentially hazardous areas

within the plant, o Reduce outage time and improve plant availability o
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Facilitate on-line plant maintenance, o Provide for inspection of areas not

previously able to be inspected, o Perform work faster and more efficiently o

Gather valuable plant life extension/management data.

Many robots can perform inspection, surveillance and monitoring tasks

currently. Tomorrow's more sophisticated robotic devices will incorporate

artificial intelligence, improved sensor, and on-board intelligence, and will

perform nuclear plant operation and maintenance tasks.

Robotics technology is rapidly progressing to the point where it can and

should be integrated into future power plant design. This technology has

been proven to be very economic even in its early stages.

Some typical robots applications desired for the nuclear plant of the

future are:

o Valve diagnosis, disassembly and repair

o Radwaste handling

o Remote handling

o Heavy lift tasks

o Moving lead shielding

o Reactor vessel surface conditioning/repair

o Drywell inspection

o Routine security/surveillance

o Fight fires

o Retrieval of loose parts form the reactor vessel

o Service water system inspection and repair

o Tool transport o Handling of hazardous materials /chemicals

o Repair leaking pipes, valves, equipments, steam leaks

o Handle emergencies

The characteristics of the robot of the future are:

o Modular in design and capable of reconfiguration for a variety of

useful applications.

o Easy to decontaminate

o Highly mobile and able to contend with a wide variety of plant

obstacles and terrain types
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(1000 hrs+)

o Must fail safe and be capable of rescue by other robots

o Must be able to interact with and operate upon various pieces of

equipment. Robots will play a very important role in the nuclear plants

of the future

Valves, sampling equipment, inspection ports, monitoring instrumentation

and other operational equipment located in substantial radiation fields should

have the capability to be remotely. Remotely operated valves are preferred

for high radiation locations. Mechanical extensions which pass through

shielding may be used. Sampling lines should be run to low-dose rate

locations. Inspection ports and monitoring instrumentation can be viewed by

appropriately located video cameras.

The exposure of personnel who must manually operated valves or

controls can be reduced using reach rods or remotely operated valves or

controls. The lubrication and maintenance requirements to this device,

however, should also be taken into consideration in selection the design

features.

Provisions should be made in the design stage for remotely operated

vehicles for carrying out some required inspections. System designers must

consider the possible routine application of such systems during plant

operation, especially with respect to in-service testing and design for ease of

access and use.

4.3 Refueling Operation

Previous experience has shown that in operating LWRs, a large amount

of personnel radiation exposure is associated with refueling operations.

Several of the operation required to refuel reactor require personnel to work

in relatively high radiation environment. Such operations include removing

and installing the reactor head, removing and installing reactor vessel

internals, preparing the LWR fuel transfer equipment for operation, and

refueling pool wall decontamination.

The use of permanent seal is recommended between the reactor pressure
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vessel and the surrounding refueling canal floor to permit flooding above the

vessel during refueling. The refueling cavity seal will be designed to maintain

seal integrity within a specified maximum permissible leak rate for the given

service life. The seal assembly is recommended to be welded and easily

repairable.

The provision should be made to reduce the time spent and man power

requirements during refueling operation. The use of multi-stud tensioner and

the automated refueling bridge will produce lower personnel doses and less

manpower requirements in reactor head removal and replacement process

during refueling. Any required disconnects should be of reliable,

quick-disconnect type.

Efforts should be made that fuel handling procedure or work procedure

needed during the refueling activities be simplified as practicable as possible.
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5. Training and Instruction

The actual implementation of ALARA principles is done by the designers

that are involved in the design activities. One of the most important factors

is the engineers' mind being devoted to the goal of ORE ALARA, without

adverse effects on the functional, and safety requirements. NSSS designers

should always keep in mind the importance of ALARA, and should make

every effort for implementation of ALARA principles in the design stage.

The system designers should be familiar with the ALARA principles,

and guidelines prior to the involvement with their specific design activities.

The appropriate ALARA training and instruction shall be executed under the

responsibility of a designated Engineering ALARA coordinator(a Group).

The ALARA instruction and training program should include, as a

minimum, the folio wings:

a) The ALARA principles specified in 10 CFR Part 20,

b) The information and guidelines given in Regulatory Guide 8.8,

associated with the ALARA implementation,

c) ALARA organization, responsibilities, and programs..

d) ALARA design and review procedure,

e) ALARA design guidelines applicable to the specific design activities,

and

f) ALARA design and review checklists to be provided later.
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Table 1. Repetitive High-Dose Jobs* for SMART

Steam Generator Tube Plugging

Reactor Disassembly/Assembly

Snubber, Hanger, Anchor Bolt Inspection and Repair

Steam Generator Eddy Current Testing

In-Service Inspection

Plant Decontamination

Operation-Surveillance, Routines, and Valve Lineups

Primary Valve Maintenance and Repair

Secondary Side of the Steam Generator Inspection and Repair

Instrumentation Repair and Calibration

Insulation Removal/Replacement

Pressurizer Valve Inspection, Testing, and Repair and Maintenance

Reactor Cavity Decontamination

Scaffold Installation/Removal

* In the order of amount of collective dose received.
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6. Conclusion

This ALARA Design Concept for SMART provides 1) description of the

organization and responsibilities needed for upper-level management support

and authority in order for the implementation of ALARA, 2) guidance and

procedures for design, review, and evaluation needed for SMART ALARA

program implementation, 3) general design guidelines for SMART NSSS and

BOP designers to implement ALARA principles in design stage, and 4)

training and instruction requirement of SMART NSSS and BOP designers for

the familiarization of ALARA principles to be implemented in NSSS designs.
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