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SELF LIMITING FE4TURE> W ACCIOENT,AL

CR ITIC.4LI TY IN .% SOLUTION SYSTEM

Kwhard d. .Malenfant
Director’s Slai~

Los Alamos Na[mnal la bor~tory
P.O t3CX 1663, Mall 5cop A-1u3
Los ,Alamos, New .Mexico 87545
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Experience wiih the !5tlE13A solution critical assembly during valldarlon resting ot
accidental crlr:c-alicy alarm decertors provided several msighcs into th~ character of
potential accidental excursions. Two observations w~re of particular interest. First, II
IS nearly impossibl~ to mainldin d SO1l.ltlt?;l sysrem, particularly one employlng
low-enrichment nutterial, In ~ coIIstant stdte. If super-critical, the sysrem will heat up,
expand (or form bubbles), r~rurn to d %ub-cr ,tlcal state, and %hut down of Its nwn
~ccord without going mto %hort ~rmd OSCllldtlOfIS. Second, a vmy slow ch~nge in the
syst~m rould prochre a Icq “pulse” re%ultln~ In lengthy ●xposure.; , a high dose, but ~

low dose rate. The exptvlmtwri drama tlcally contrddicred the popul~r ronrenrlon that
arrldental Crltlcalitv IS rhdracrtvlzcd by a blue fldsh, a clap of Ihundw, and vioient
~xpulsion ot m~terldl.
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The purpose of a Critical’cy accident alarm system is, w #rould be, 10 reduce the
risk assacla red with fisslle Imrerlal operarmns [1 ] . In order 10 fulflll this purpo%e, rhe

accldenr alarm sysrem musr be caret ullv designed ro promptiy and accur~rely respond
ro rhe class or likely arclaenrs while minimizing false dlarms. The clas$ of potenrlal
accidents WIII be addressed, and then rhe possible rharacrerisrrs of turh dccidents WIII
be descrlbea.

The Radiation Emergency Anslstance Cenr~r/1 ralnlng Site (I? E.+ C!T5) dr Oak
Ridge ,Assctclated Univer$lries [2J malntalns a complete data bdse cm serious radmrion
dCCld(YIt S throughout the world. “.tiajor” rddlalion dccldents Include those which dellver
25 rads whole body ru ar least one of rhose expasrd. The tabuiat Ion from the 1987
reporr IS Indlcared on Table 1. Of the 29CJ acrldenrs included for the 43 y Jr per Iod,
only 19 are defined as accidental “rrltlcalitles. ” These are furrhcr dlvi !, d Into 5
Crlrlcal dssemblles, 9 reactors, and 5 chernlcal opera tl~ns. R=uirs for all ma]or
rddbdrlt)n acclaenrs are plotted as a hlsrogram function of rime m Fig. 1. 4> a flrsr
~bserva[lon, rhe lnclchr~ of ~rrldenral crlrlc~llrles 1> dwdrft?d by rhe orhcr serious
.m-laenrsm
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W Lth information provided by S.nn Sipe of the DOE/i? EAC/T5, these accidental

crlricalicies are further broktw down b~ clme as indicated In Table 2, and as plotted cm
Fig. 2. As a second observat Ion. the accidental crlticalities are brwdly grouped by
time and tvp~ of accident. In The flrsr 20 years, the dornindnt type of arcldent was In
a rritral assembly. Major acrlcients In chemical processes domlnared The middle years,
and major accidents In reactors gener~llv dominate the later years. However, the wale
of CoCdl acrldents is hardly ove+rwhelrnlng:

dt most five mjor d~rldeIl!% In a flVe v~ar period (1955 -1~59):
only two Imajor accldencj in the las I 21 years:
no rmlor accident> III crl!lcal assemblies In the last 30 years;
●ght of the last 14 major acridenr~ In reactors;
and only one major arcldemr In rearrors In em-h of the last two five yedr
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CHAR+ CTtd15TiCS OF SOL LJTIW4 EXCIIF.3[ONS

Thp SHEW Solution ~ritical + ssmnbly [3,41 was desigrml 10 ●raluate accidental
crlticallrv alarm der~ctors. In dle explments m the early 1980’s, it kame apparent
that the bend VIOr of 5ti Et3+ in some excursions rompltwl y cent radicted the common
Iorc cd an accidental mmt. A ! LOS Alamw, we had accumuIared a wealth of
experience with bdr~ mm~l f~5: bur~r machines. G Ith inltlal reactivity o! 6C ($0.06)
above dela; mlclcal (DC). rapid ●xpdnsm of rhe metal system would produce a “crack”
Ilke ~ rifle she:, the rhump of rh~ rugged stand on the concrete floor, and the
tremendous stress of rherm~l expansion that could dlstwt the steel clamps n=essary to
hold the system rugcther. In d Iypicdl Godiva IV lWrSt of 4x10exp16 fissions (-1 lb of
high ●xploslve equivalent), 5U USK (pedk ~icfth dt hall maximum], the te~~ra cure

&i)uid Increase abouf 2X4-C. CmnpleIP shutdown was ●ffected by m~hdfllcdl dmsembly
of the machine. 13use rares near the device •tc~eded lfJexp8 rads/s, and the integrated

CH.AR+CTE141STlc~ GODIVA lVa.—.
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SHEBA, however, was vastly dlffercnt (Tabl~ 3A [n fart, It berame ~ rhdllcnge

to run the “bursts” so slowly that ~rrldentdl ~rltl~allty alarm detec Iors dewgrwd co
det=t a fast Iranslenl ~ould be \pooYed into non-rc%ponse. Control row operations
during a typical slow “rrdnw?nr” hdd 311 [h? ●XCICWTtWtC Oi gidCier Warr+llng. Whereds
the burst of radiation from Grxflva IV would blank ~rt of one line In the rasler of Chp
T.v. monitor. the slow bur>t of 3HEt)A [5] (Table 4, Fig. 3) gdve ~Molu!ely no
Indication th~t anylhlng al dll was h~ppenlng. Th@ real surprise was that shutdown, w

quench of the reactmn, r~sulted from temperature lnt-re~ses of the order of 2-3

*grees C. Expansion - lnilnire~llnal. A Ichough many predicted th~t the $y%re”,l would
oscillarq th~re was absol~tely r o renckncy to do so. Posr analysis Ildlrated that wlch
only 2-3 degrees delta T Deth ●m rhr solution and the outside dir, roupl~d with
differences of heat capacity be- ween une two nwd~a, Iha I the soluflon would probably
evaporat~ &fore d rerrltlcality would orrurm Itiecd, the rharartcrlst,r~ of SHEtM
were sr.rh that most any rhange to the sysle’n (Including lass of ~oderatw) would
redure r~ctlvlty. The only devitatlon from fhIs cunservarlwrt wd% that WlE13A was the
classical short f~t cyllnder - rh~t I%, tree surf are ●xpansion would tend to produre d
fnore favorable geunetry.
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The conclusions to this disrusslon are nor all new. Sune are repeated from [4] .

1. Is the ge,.cral Inrerprcrarion of the ANSI Standard adequate 10 ensure the
intended response to an accldenldl crltmallty?

z!. Are the conceprs of arcldenr srenarios sufficiently broad co include the
class of slightly supercritical systems~

3. Could accidents similar m those simulated orcur without der=tion?

4. Could acrldenfs slmllar to KhOSe simulated orcur without detecrlon untd
routine doslmeter readout, and would the results of the dosimetry be dismissed as
unllkely?

5. Does the rerenc lncldenr~ of major crlcicality accidents indicate too murh
concern for the problem?
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