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Radiation Risk Management at DOE Accelerator Facilities* 

O h  van Dyck 

Los Alamos National Laboratory, Los Alamos, N.M. 

Abstract 

The DOE accelerator contractors have been discussing among themselves and with the 

Department how to improve radiation safety risk management. This activity-how to assure 

prevention of unplanned high exposures-is separate from normal exposure management, which 

historically has been quite successful. The ad-hoc Committee on the Accelerator Safety Order 

and Guidance [CASOG], formed by the Accelerator Section of the HPS,  has proposed a risk- 

based approach, which will be discussed. Concepts involved are risk quantification and 

comparison (including with non-radiation risk), passive and active (reacting) protection systems, 

and probabilistic analysis. Different models of risk management will be presented, and the 

changing regulatory environment will also be discussed.. 

Risk And Hazard 

The first of these two articles (van Dyck 1996) explored the conceptual difficulty that the 

DOE’S hazard-based safety oversight system places on accelerators. For large and complex 

facilities connected to the electrical power grid, determining the worst-case accident scenarios can 

be an endless exercise with little payoff seen in real safety. Probably everyone would be satisfied 

* Supported by the U.S. Department of Energy 
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Fig. 1. Shielding, radiation detectors, and access 
zones used in radiation safety systems. 

with risk-based management, if rational 

evaluation of risk were feasible. Absent 

such an evaluation, facilities appear to be 

driven to investment in a total shielding 

encasement that is unlikely to avert a 

single rem of exposure during the machine 

lifetime. The problem is illustrated in 

Fig. 1-should the accelerator be enclosed 

in shielding as thick as the target cell? 

Risk Quantification 

These discussions often end with the questions, how much risk is accepb le ,  and how can the 

risk be determined? Since both questions are to a degree answerable, this is a good place to start. 

Some guidance to both can be found in commonly-accepted policies and practices. In fact, 

standards for ordinary dose management are largely derived from risk considerations, as was done 

explicitly by the ICRP two decades ago (ICRP 1977) in setting the 5 rem annual dose limit for 

occupational radiation workers. In this line of reasoning, it is usually made explicit that the 

additional risk occupational workers incur is justified by the professional benefit they receive 

from working with radiation. 

(The numerical value of the limit and assumptions that go into deriving it-linearity of mortality 

with small doses, and the coefficient-are not relevant here; the point is that development of the 
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limit starts from acceptance of a “safe industry standard” of a small but finite annual 

occupational mortality expectation of <0.01%. Twenty years after this value was put forth by 

the ICRP, a suitable goal for DOE occupational fatalities exclusive of transportation and 

construction activities might be fewer than one per 100,000 worker-years.) 

Some guidance on the second question, how can risk be determined, can be found in the vast 

experience with safety systems everywhere in the modem world, as well as in our facilities. A 

key here is establishing comparability in terms of hazard and complexity. Comparability is a 

means of invoking experience as well as reliability analysis from a much larger world. 

Another comparison comes from the universal practice at large accelerators of employ ng 

interlocks and access control systems to subdivide the facility for local beam channel ntries 

during operation of other parts of the facility. This practice has two clear elements: limiting the 

population at risk, and providing adequate protection by technical means. These comparisons can 

help define a rational risk management policy. 

Hazard And At-Risk Popuiations 

Fig. 1 makes the point that the population with the highest hazard comprises the radiation 

workers, by virtue of their work near the machine and inside the shielding vault. Almost always, 

facility layout puts the nonradiation workers at some distance from the machine, at least during 

normal routines, and the public is farther away yet. If the risk is well-managed for the radiation 

worker, it may be found that the risks to the other populations fall into place. 
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The highest hazard to the radiation worker while the facility is operating is during entry into a 

beamline cave or tunnel. In a high-power machine, gigarad-megaradh levels are possible directly 

in the primary beam or adjacent to a target. Barriers to accidental exposure include only the 

access control system and personnel awareness. Awareness is one of the most compelling 

reasons for limiting access to trained personnel. 

Nearby the operating machine but outside of the shielding and personnel exclusion area the 

hazard is reduced by shielding and distance. A major issue among the accelerator contractors is 

the shielding requirement. Fig. 1 illustrates one choice-a thick target area shield and a thinner 

accelerator/beamline shield. 

Historically, the shielding requirement at some facilities has been based on the expected amount 

of beam power deposited along the facility coupled with the requirement to keep work areas 

habitable. This minimal standard could result in over a factor of lo3 less radiation attenuation 

around most of the facility compared to the full-power target station. (At LANSCE J&4MPF], 

beam losses during tuning are kept below 0.1-1 PA, while during normal operation, up to 1000 

pA or -1 M W  can be deposited in the beamstop.) 

A complicated facility may also have a mixture of beamlines for various beam powers, perhaps 

different by orders of magnitude. Should the shielding everywhere be designed for the highest 

facility power? And what is that power? (At LANSCE, primary beamline design currents cover 

the range of 30-1000 PA. The limiting machine capability is probably at least a factor of two 

higher than 1 M W . )  
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Shielding And Maximum Radiation 

Previous attempts at defining a shielding requirement included ANSI N43.1 (ANSI 1978) and 

that implied by the Accelerator Safety Order [ASO] Guidance Part 1.A (DOE 1993). These 

suggest shielding for the maximum possible radiation output of the facility. One finds however 

that that is very difficult to define. 

Factors which determine the maximum radiation output of the machine include the beam power 

and the targeted object. The beam power is set by the maximum attainable energy (probably the 

only really concrete parameter), and the beam current. The maximum beam current is set by the 

injector capability, machine acceptance, rfpower, and for some machines the duty factor, In 

conservatively-designed machines, each of these terms may have a reserve capability as well as a 

safety margin all of which multiply the worst-case accident. Although some engineering judgment 

can be brought to bear on the machine power term, the worst-case target is even less definable, 

especially when neutron-multiplying materials are considered-as in principle they must be 

unless some failure-proof means of excluding them is provided. How long the machine would run 

in this extreme condition is yet another dimension which is needed to complete the worst-case 

picture. The effect when all the terms are compounded to define the worst case inevitably strikes 

people as incredible, although each term is more or less credible separately. 

The result of these considerations should be recognition that pure hazard for these machines is 

not amenable to objective definition. The hazard to be contained by the protection systems is 
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already limited in all of its terms by active and passive systems, and the job of risk management 

is to optimize the protection by suitable choice of protection systems. 

Active and Passive Systems 

In past formulations (ANSI N43.1, A S 0  Guidance) of criteria for accelerator radiation protection 

systems, shielding is set forth as the primary line of protection. However, the argument made 

above is that this is not of critical benefit to the most at-risk workers, because of their risk 

exposure from beam area entries. 

Emphasis on shielding as the only credible defense may arise from the view that because it is 

passive,” it has zero undependability. This viewpoint is a bit of an overstatement, since high- L L  

power machines have the capability to bum through shielding, or-to take a case with known 

examples-moveable shielding might simply be missing from a beam delivery area due to human 

error. 

A more general view, recognized in SLAC-327 (SLAC 1988) and developed by CASOG, regards 

shielding just as part of the protection system employed at all modern accelerators. 

Implementation of the protection system would follow decisions made by facility management 

on minimizing risk cost-effectively. Elements of this decision include capital vs operating cost, as 

with fixed shielding vs radiation instrumentation, and requirements for access near the machine, as 

indicated in Fig. 1. A valuable contribution by the community of accelerator safety specialists 

would be establishment of sufficiently complete standards for “active” protection systems so 
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that a known high level of reliability would be attained and accepted without complicated 

analysis of the individual case. 

Standards For Active Systems 

Extant standards for active systems (meaning systems that react to terminate an out-of-tolerance 

condition) largely are intended to apply to the interlocks for access controls and include 

SLAG327 and the AS0 Guidance Part I.F. Most laboratories also have local standards, such as 

LS107-01 at Los AIamos &os AIamos 1993). These standards universally recognize the virtue of 

system multiplicity or “redundancy.” 

An expansion of the use of active systems for protection of personnel outside of beam delivery 

areas has been made at LANSCE, based on extrapolation of requirements for the usual access 

control interlocks: namely, limitation of access based on necessity for access and qualification of 

the worker, and employment of access-control-level radiation interlocks, e.g., double systems 

meeting high quality standards. This is shown in Fig. 1, where a limited access boundary is 

defined by a level of access controls, and radiation interlocks supplement less-than-perfect 

shielding for severe errant beam conditions. Under the design-basis accident (which is less than 

the worst-imaginable case), the area could be a High but not Very High Radiation Area (<500 

radsh - 5000 remh) and meets 10CFR835 criteria. At this writing, this de-facto shielding policy 

is under review by the DOE. Use of this policy avoids shielding retrofits nearly impossible 

within the buiiding confines, or alternatively, access restrictions that could prove fatal to the 

research program. 
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Standards which could be developed and that would be useful in accepting this practice on an 

established rather than ad-hoc basis would largely be updates of SLAC-327 and the AS0  

Guidance Part LF, in sufficient detail that system engineers have an adequate specification. 

Critical elements of the specification include more thought on the topic of fail-safe design. 

Considerable effort was expended at Los Alamos on developing a sophisticated spec on fail-safe 

design, and then designing circuits accordingly. In the end, it was not clear whether the resulting 

circuit complication brought more reliability than proIiferation of simpler devices. 

Another vital area in multiple system design is technical diversity, recognized in SLAC-327 as a 

virtue in avoiding common-mode failure mechanisms. Jefferson Lab (CEBAF) makes this a 

requirement in beam-shutoff safety systems. At LANSCE, the investment in fail-safe design has 

caused identical second systems to be favored over diverse second systems, perhaps a drawback. 

System testing is another area critical to performance assurance. Adequate testing must be done 

but not overdone. In a theoretical reliability model of part of the LANSCE safety system, the 

dominant contributor to system failure was found to be introduced by human error during testing. 

On the other hand, the testing frequency of a critical part of the present system was recently 

increased to compensate for a radiation-induced error found in certain FET switches-a good 

example of a potential common-mode failure mechanism. Self-supervised circuits are used at 

many labs, including Fermilab and PSI, and could be considered in standards development. The 

standard could require a beam-interruption feature as part of the self-checking routine for 
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systems used in critical applications. At most facilities, this could be done on a virtually 

transparent basis to the users. 

Finally, one should not lose sight of a quality assurance tool that is inexpensive but very 

powerful: tracking of radiation doses in occupiable areas. This method is based on a simple model 

that low-consequence accidents are more frequent than high-consequence accidents. The model 

would appear to fit the situation of using active systems as part of the external radiation 

protection envelope, because there are several factors in the typical accident sequence, each of 

which separately can have a measurable effect. Thus a good monitoring plant and good records- 

both normally found in any case at large facilities-should be part of the quality standard for use 

of active systems for radiation protection. 

Summary 

Protection from prompt radiation at accelerator facilities can be accomplished optimally by a 

wide variety of means including shielding and active systems. Wider use and acceptance of active 

systems in safety applications would be promoted by further development of standards for their 

construction and implementation. An outline of suitable elements for a standard might include 

requirements for multiplicity, technological diversity, self-checking, and independent verification. 

Standards for shielding and interlocks should be combined. Since the DOE has in place pilot 

programs for development of “Necessary and Sufficient Standards” for the safety and quality of 

its operations and recognizes the value of standards developed by the affected community, the 

time is right for forward movement. 
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