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MEMORANDUM FOR: Richard A. Weller, leader 
Safety and EnvfroolmCntal Review Section 
Three Hfle Island Pro9ram Office 
Office of Nuclear Reactor Regulation 

HIRU: Charles r. MacDonald, Chief ~~~/} 
Transportation Certification Branch ( )/ l 
Division of Fuel Cycle and ~~tcrial Safety 
Office of tluclear Material Safety and Safeguards 

FROH: Charles R. ~tarotta, Senior Crt t lea llty 
and Shielding F.ngfneer 

Transportation Certification Rranch 
Division of Fuel Cycle and Material Safety 
Office of Pluclear ~taterfal Safetv and Safeguo~rds 

StJSJECT: CRITICALITY SArHY EVALUATIDrl OF A LOADED CMIISTER 
DROPPING ITS CONTEtlTS OliTfJ A Sll:llAJt LOADF.O CAUl STER 
Ill ,, MAXHIU:~ VOLUI~E STORAGE utiiT 

1. lntroductlon and Sumnary 

As aqree<l in our conference phone ca 11 wl th Phil r.rant and John lhOI!Ias 
on friday, October 18, 1985, I h~ve analyzed lhe critlcdllly aspects 
or the accidental dropping of the contents of a loaded canister 
onto a si1111lar loaded ~lored canister. The analysis tndlcittes lhdt 
for the loading limitat. ions per canister, maxi•!lt.l:n stor.1ge voluOlC 
per C•lnister c~vai I able dnd 4350 ppr.t boron in water, sucll an accident 
coseo; no criticality hazard and under very conservative .JSSur•ptlons 
(di scussed b~low), the keff shutdown ranac Is between 32~ (m<~x) to 
13t (e~in). A total of sh KEtiO 1-lonte Cdrlo (123 9PS) . cdses were 
analyzed and form the basis of the above conclusion. Results arc 
given in T~ble 2. The computer input-output fa•· these cases are on 
file in Transportation Certlftcatfon Branch, r:t-ISS. 

2. Prohlem Qcflnltfon 

The concern of the subject dCcident scen.Jrlo Is the criticality 
state of a stored loaded canislct· when surroundP.rl by thn dropped 
contents of a similar canister . The storert Cdnlster reside~ In a 
para I \eliplped bor.slcd (.,JSO ppm) water r<:glon of dlren-.fons Ill inches 
by If! lnrlu~s by 14 feet - a volume of 1\92,000 cc. · 
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3. rroblcm Solution: Assumption~ J'nrl r-tctho~ 

The approach in solving the above proble;•t ... ls to assun~e ·lll canister 
contents to hi!VC a lllc)JdfllUm pilyload of tlry 900 kg 11(3)1)

7 
po~lletor; -

this nominal value Is 4-1/21: hi9hcr ll~<ln the greates t ~ayload {r.61 
kg- total ) for a knock-out canister. 

To understand the detailed dJiproar.h t.J~P.rl (t1escribed l>elOOot) in 
solvinq the problem. the following cdth:alitv observations are 
reviewed. They were established in J•r~viouor; studies. 

a. The as - built pellet is th~ fom .snd geonetry of the fut>l to 
affect the optimum Vol fuel to VQl w,Hcr ratio ('lr/'1,,) both 
for unborated w<~ter and borated watt•r. " 

b. Unborated water~ ~~~f~um reactivi ty Pxists for fuel as pellet 
for '1r/V11 • 30/70. water is more important th~n fuel . 

c. llorated water; r.axiru:n reactivity fot· fuel pellet shift~ to 
Vr1V11 "' 60/40 over the boration of Z!IQO ppcs to 4~00 Jll:t:l boron. 
Fuel is more important thiln th(• bcw.lted t~at€.'r . llut the ratio 
goe!> fr0111 58/42 to 62/38 ov~r the bnr<~tion ran'.)e shO'...,in; t he 
srna 11 dependence on ppm; l:t: l~osv l! thu \ .1ssumcd an aver"ll<!!! v" l1.c 
of 60/40. · 

.J. Since the above ratios {30/70 an•! 60/4C\) represent optii'!Um 
values and further lncrt!olSe of fuel into the systen would 
decrease reactivity. srull ur.lniu,, \lurry volu'l!e .lnt1/or uraniuf"l 
fines in the mocerator re~ion 'live ,, C"rude-first approxiNtion 
of rei\ctivity reductio, . lids is not f!xactly corn•r.t sine~:! 
introducing fuel in the I:IOd!!r.llol" '"l!•lion ~hifts the c:pti~:~Um 
value. Th1s has been neqlectc•.l .tnrl 1s considered a s<>cond 
order effect on the assu:"'ntion thP sy'itt>~~J soectru!!l rt~""''"" 
constant and the shift is s~a ll. 

\-lith the above as background. iablt• 1 ca n he constructed shO"Iflrt!J 
how Nn.Y canister-full contents can ht: accon':T'Odlll('tl in th" ... ater 
storaye parallelipl!d of 892.000 cc total volume. The canister 
contents arc assumed to ·be 901l kg uo, dt density 10 gralll'>/cc. No 
canister structural material or canister pot~on ~t€.'rial is considered 
present in the storage volume. 
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TAOL[ I 

Number of Canister 
Contents in Storage Volume uo6 Vo lurne Vo1u~ 112 vrlvw 

-
I 90,000 cc IJO 

noz,ooo cc u.,O 
<. 

. 11 2 

2 180,000 cc UO., 
712,000 cc 11?0 .. . 2S3 

J 270,000 cc uo 
622,000 cc 11.,0 .434~~ · .428) 

-
~ JliO .':oo cc uo

0 s3z .ooo cc H2 
.E78 

5 4SO,OOO cc UO., 1. (120 447 .ooo cc lt70 

6 540,000 cc 1106 
~s2 ,ooo cc u2 

l.SJ8z¥o("l .SOO) 

This Table 1 shows that it wi 11 take .tbout sfx canf<>ter contents to 
approach the optimum G0/40 ratio for borated systems and about only 
t hree canister contents to approach the optimum 30/70 for unborated 
systems. 

The criticality analysis of the cases spP.clficd In Table 2 were 
modeled as cells as a discrete pellet reulon surrounded by Its 
associated moderator close-fitting Into the Ja• x 1s• cross-sectional 
area . This gave a uo, mass loading of 2764 kg (vs 2700 = J x 900) 
for the 30/70 ratio and 5678 kg UQ (vs 5400 ., 6 x 900) for the 
61>/40 ratio due to the ar1thmetic<li rtfscrepencles of fitting prescrihed 
volume tractions Into a flxt~d rt.'glon. The 30/70 case Is very 
slightly non-conservative , wherc~s. the 60/40 Is quite conservative 
since more fuel Is a more reactive situation here. 
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4. Discussion of Results and Conservatisms 

Comparison of Cases 1 and 4 show that keff will dccre.1sc by 0.14 
for the unborated case by increasing the fuel by a factor of 2 in 
line with n~ximum reactivity for the 30/70 mixture. For the borated 
cases. a comparison of Cases 7. and 5 .1nd Cases 3 and 6. an increase 
in keff of 0.14 and 0. 19 results respectively by incre~sin9 the 
fuel by a r.1ctor of 2 in line with m.uimum reactivity for the 60/40 
mixture. 

Case G represents approxin~tely six canister-fulls filling the 
storage volume at the most reactive mixture 60/40 for 4350 ppm 
horon in the storage water . If one considers the canister poisons 
and structural materials as well as the core (canister contents} 
material to contain control-rod poisons. fixed poisons. core structure 
~tcrial. fission products and lower average core enrichment. all 
the tabulated keffs or Table 2 can be decreased by at least 0.10. 
Since only 2 canister contents represent the accident conditions. 
subcriticali ty is assured by a large ~rgin. 

In addition. Case 7 represents a 14 foot deep infinite slab of 
Case 6 contents with a resulting keff of 1.085. 

Case 3 of Tabl~ 2 rerun a:; an infinite :..vstCtn in the X-Y-Z direction. 
gav~ a k00 of 0.3021. 

Case 7 of Table 2 rerun as an infinite system in the X-Y-Z direction, 
gave a koo of 1.095. 
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KENO 

TABLE 2 

KENO k t~s for an 18 inch x 18 inch x 14 feet Parallelepipe~ Canfst~r 
~ Or.Jge Volume Conta lnlng Most Re.1ctive U(J)O -lti'O IHxture 

(for boron concentrations of zero, 3000 ppm .snd 4fs'O ppm in water) 

---------

Case I' I'll Vfuel 
kcff(a)(h) 

Contents of Stora~s VoluMe (c) 
( 1J3Kx1 BMlt l(;(l"•Jl. 'ift •IJ.92xlo5cr~3 ) llo. Boron vwati!r 

.. --- . -- --····. ·- ----·-···-
I uM kg ,rc:no2 ~ 61A l:q n2o-
i 
I 

1 I n "!U//0 1.239 zero gms horon 
I .. 

I 
3000 J0/70 o.nr; 1893 ;ns t:oron '-

3 ~:sa 30/70 0.677 274fi 9115 boron 

. I 5678 kll II( Jf~z I<CJ 11:'0 
' ' t ; 4 I (1 I GO/~C 1.099 zero Q•1S boron 

I s I ' 3000 ' 60/40 0.918 1113 lJr.IS boron 
I 

I I 

t 6 
t.J!iO 60/-10 0.871 1614 gns boron 

--~rnr·k91Jrjw;:-~yr-! IC-Hl~lli-T ) 

; 7 •l3!i0 t 60/40 1.085 
(d) 

1614 IJnls boron 
I I 

(~)to within •Q.POJ for 1 std. rlev. 

(b)dll case~ CP.~cept No. 7) reflected by 1 foot all around appropriate 
borated-water reflector. 

(c)storage volume does not contain .sny structural (Internal anrt external} 
c.snlster mJterlals or canister poisons. 

(d)reflccted top and bott~n. ~direction by 1 foot of borated wat~r. 

, .. 
41 • ... 

Charles R. Marotta 
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