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ABSTRACT

The American National Standard ANS1/ANS-8.3- 1986, Criticality Accident Mum
Systcm [1], provides guidance for tie establishment and maintename of an alarm system to
initiate personnel evacuation in tie event of inadvencnt criticality. In addition to identifying the
physical features of the components of the systcm, the c~tcristics of accidents of concern am
carefully delineated. Unfom.natelv, this ANSI Standard has M to considerable confusion in
intcrpmumicm, and there is evidence that the “minimum accident of concern” may not b
appropriate. Funhumcwc, although intended as a guide, the provisions of the sumdml arc being
rigorously applied, sometimes wilh inlqmatkms that am N comiI@nL Although the slandard
isclcar intheuw ofabsofkddosc in fmeairof 20mLatlewN onehtstallahn hasintcrpretv’
the requirement to apply to dose in soft Lissue. The standmd is also clear in specifying tie
responseto both neutrons mid gamma rays. An atucmbly of uranyl fluoride enriched to 5% ~~U
was opraled to simulate a potential ,Wcidcnt, The dose, ckllvemd in a & run excursion 2 m
from the surf=e of the vcwel, was grcntcf than SW) rad, wh!mut ever excealing a rate of 20
mdmin, which is the set ‘Pint for activating m alarmthntin- the aandad. ‘f’he ~nce of
an alarm system would not hAve pmventcd any of the five majcw accidcnra [2] In chemical
qmmtions nor is it absolutely ccrtnin that the akms wem solely reqmnsiblc for reducing
pcmomel exposures following the accident. Nevulheless, criticality akn systems am now dte
subj=~ of greateffort and expense.

INTRODUCTION

‘fleru xm two types of safety-relmed equipment for usc by prxmnel: the ~mt is effective in pmvcnting
injury from wcum’ng; the second Is effcctivc in documenting in@y to aid in tmmment or to mitigate the
effects of subwquen! lltAgatlon,

Safety shoesam effective in reducing injury to the fea Safety glusscsIuve a demonstrated mzord of
pmvcnting injury to the eyes. !%[ bcltx for automobiles uc mcogni.zd for saving lives in accidents. Lead
aprons and gloves for x-my tachnicinns have a bcneflcid Impmcl on health by mdudng the exposure m
ionizln8 mdlatAon, Rcdiation signs in the wcwkpkc ~rve as effectlvc fcmlnckrn in reducing radiation
exposure, (had on tools, beh protect.lonfor rotatin~ m~hlncry, and regulations thsl require I_loor-moun!cd
mmhks bc sccurd from upset contribute to safe opemtion. The std-wunlng in aircraft rcduccs the
possibiluy of an irmlvertcnt stall. All of lhcsc arc effective mc.aaurcsin prvcnt.ing injury from occurritlg,



By contrast, personnel dosimeters have no impact on radiation exposure — they merely d~umenL some
m~ttre of that expw.re. Material Safety Data Sheets (MSDS) do not prevent exposure II haardous
chemicals — hey memly indicate the extent of the hazard. The warning placard for maximum airspeed
allowed by stmctutal considetmions does not, of itself, prevent the pilot from exceeding that limitation. And
unlike a guardrail, a line painted on the floor is merely a guide to assist in preventing incursions into a
haardous situation. These measuresare simply tools in dmumendng injl~.

AN of the situations indicated above, and many more, are covered by regulations involving safety-
related quipmem or location and type of warning signs to ensure, to the fullest extent possible, protection of
life and limb, However, the situation is considembly different for accidental criticality dam systems. These
systemsdo not prevent rhe accident from occurring, and they are generally not effective in documenting the
extent of the KCldent. Nevertheless, they are subject to rhe same type of regulation and status in law as those
things Lh.atare directly effective.

What follows is a criticism of several aspecrsof accidental criticality alarm systemsand a suggestionto
alleviate the concerns.

MINIMUM ACCIDENT OF CONCERN

Section 3 of ANSI/ANS.8.3- 1986 defines the “minimum accident of concern” as “the smallest accident
a criticality alarm system is required to detect.” It is just a bit amuaing that the smallest accident of concern
bears no relationship to the potential conw-qtences! Appendix A of the same document (not a pm of the
Stsndard by definition) goes on to elaborate on the characteristics of this non-~cident. On the basis of
“considenuion of accident mechanisms,” it is slated that the minimum accident is that “which will result in a
dose of 20 rad in the fit minute at a distance of 2 m from W reacting materinl.” It further goes on to
obsetw that “liberation of little energy over a long time would rquire control of such delicacy that it is not
expected in processaccidents.”

Consider now the following wertario. A small leak devebps in a pipe in a process tank and allows
ttranyl fluoride entiched to 5% in zWJ to collect — a drop of two at a time. By detinirion, this is nol a
carefully controlled pncess, In the absenceof any sourcesexcept the weak alpha-n on fluorine from daay of
ttrnnium and the occasional cosmic ray, the sysum could tmcorne very slightly su~nxitical at near zero
power, Indeal, this is just the scenatio that waa simulatd with SHEBA [3], Tho system was allowed to
increase in power without human introvemlon or control. Afler about an hour, heating from fissions caused
sufficient thermal expanaion to render fhe system sukritlcal. The pak power wu abut 1,5 kW (S x 101~
fl~ions/s), resulting in a pk doee rate 2 m from the sttrke of the vessel of about 7(KI rati, Howev=, the
delivered * wda about 600 d in free air! The peak dom mta never exceeded the 20 mds in one minute
specified in the standard.

Although thh exnmple is hypothetical, at least one accidentd criticality alaml system that had bcsn
achtally empkod failed completely to respond to this “accident” - hardly a concdation for someone
receiving a lJD 50! Itmust also be pointed OUIthat this excursion was k from violent, There WM no blue
flash; there wan no boiling; and, except for the countem, there was no indication Utat art excursion was taking
place.

Can anyone prove that an nccident such M this has never taka plxe’)

Can anyone prove that such an accidm could m-x tie plnce? The only consolation is that the
consensusstandard identifies this as an accitlenl that in below the Icvel of concern!



DETECTION CRITERION

Wagraph 5.6 of the standard M&s that “(T)he alarm signal shall activate promptly when the dose rate
at the detectors quals or exceeds a value quivalcnt to 20 md/min at 2 m from the meting material,”[ 1]
Now, the rad is a very convenient and well-defrnai unit. It is defined as an energy deposition of 1(M3ergs/g,
baaed on an ionization potential of 34.0 electron vohs per ion pair. However, here the simplicity stops. At
the distances in question, the fission process is accompanied by both gamma mys and neuuons. Interactions
of both gamma rays and neutrons with air are energy dependent. However, the ANSUANS-8.3- 1986 does no[
addresseither the neutron/gamma ratio or the specua. Relegated to Appendix B (not a P of the Standard) is
that a neutron-to-gamma-ray dose ratio of 12 is assumed for an unmohated metal assembly. By contrast,
the ratio for a moderated assembly is 0.3. Throughout the Deparunent c. Energy (DOE) complex, conuactors
have been held to qualily control on the instrumemntion for detection of accidental criticality. Accurate
measurements of neutron and gamma-ray response are made, sometimes at great expense. In fact, on
eccasion, accurate measurementsare rquired, and instruments are rejected because they fail the 20 rad/min
quiva.lency tat by a few percentage points.

COVERAGE

Paragraph 4.2.1 of ANSUANS-8.3- 1986 states that “(T)he need for criticality alarm systems shall be
evaluated for all activities in which the inventory of fissionabk mataiais in individual unrelated areas
exceeds 700 g of ~JU, 520 g of ~lU, or 450 g of ~Wu or 450 g of any combination of these thm isotopes.’’[l]
This is both reasonable artd proper. The guideline is clear, and the reaulta of the intelligent evaluation
determine whether or not an expensive systrm neat be installed, However, the approwh of United Stafes
IXpattment of Energy Regulators was to paraphrasein DOE Order 5480.5 the statement horn the standard a+
“Criticality alarm systemsshall be rquired fa all activities in which the inventory of fissionable materials in
individual unrelated areas exceed 7CM3g of u~U, 520 g of WJ, or 450 g of ZMFUor 450 g of any combination
of these three iaotops. ” The difference is dramatic! Now the requirement no longer results from an
evaluation of rduct.ion of risk, but it is m absolute — and deviation is a violation of the law.

DETECTION

Thermal neutrons are aay to detect, and several ucidental criticality alarm systems have been
developd to utilize thermal neutrons. Howov~, A.NSl/ANS-8.3. 1986 rqtd.rea that the system be able to
i@r the neumonplus gamma-ray energy dqmsidon rate in dry air 2 m from the ~tionm For ISlarge facility,
the relationship Mwcmt thermal neutron flux at detectm Iocadcmsnnd energy deposition in air from mixed
neutrort and gamma-my fields may vary highly and may bB most difficult to calculate. h may be qui[e
approptite to use thermal neutron detectors, but it b difficult to impossible to prove that such a system meets
the requi.rementaof the standard,

CONCLUSION

To justify the designation as a “standard,” ANSUANS-R.3- 1986 should be re-wriuen to rccognizc (hc
problems, s~ifically:

1. The minimum nccidcnt of conucm should be defined on the basis of total dose dclivcrcd 10 [how
pwcntidly cxpm!c-d. onc way 10measure this loud dose is u recording gamma-ray meter,



2. Rather than wrestle with an ill-defined neutron/gamma-ray ratio, the standard could be written
about either. Little would be lost in accuracy, and nothing would be lost in safety, to specify the dose rate
and delivered dose for gamma rays alone. The flux-to-dose conversions are well defined, and the spectra of
gamma rays from fission and fission products redly doesn’t change that much for various systems. Finally,
gamma rays are much easier to calculate in the complex geometries of processing plants.

3. The standard itself should contain a disclaimer to prevent well-intentioned, but poorly-informed,
bureaucrats {mm incorporating changes. Specifically, the requirement for an evacuation of the need for a
criticality alarm system is quite appropriate, particularly when coupled with the intelligent approach that
systemsshall be provided wherever it is deemed that they will resdi in a reduction in total risk, including the
hazards that result from false alarms. It is entirely inappropriate to make the requirement for incorporation of
a system an absolute independent of an evaluation of the risks and hazards.
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