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CRITICALITY OF UP30-,0-Do0 SYSTEMS IN CYLINDRICAL GEOMETRY

Summary
The problem of safely storing lerge quastities of eariched fuel

solution in the HRT dump tenks hes motivated criticality studies of long
right circular cylinders where the méder&tmr is Hpx0, Dp0, or varions mixtures
of the two. Sinece the tank may be fi,ooded on the outside during maintenance
work, the pipes are c::msiderea to haVe an infisite Hy0 reflector. Also,

the effec’c; of ceamng 'the pipes with a poison far therpal neu‘bmns , B8y
cadmium, has also been ccnmdere«i., %e linear concentrabion in ¥Kg w235 per
linear foot has been adopbed bere asé a useful wnit of comcentration. This
has the adventage of remaining constant in a heriéontal pipe for a given
charge of uranimn, independent of the gquantity of solvent.

The results indicé“be that for any mixtures of Hp0O and Dg0, there is &
éie.metér for which the. linesr concentrsbion is & minimum. As the mole frac-
tion of }326 in the moderstor is increased, the minimam linear @:canc@ntra’sion
decreases and occurs at larger diameters. These minima are suﬁm&rizaﬁ in

Pable I.

Table I. Minimum Linear Concentration of U=
Infinite H,0 Reflector, 20°¢
Mole Fractiom No Cadmium Cadmium Coated ‘
O in Diameter Cone, of U‘i&*’ Diameter Conc. of 023’
Solvent Inches Kg/ft Inches Ke/ft
1 9.5 0.65 | 12 0.82
5 135 .58 | 7 .75
.25 18 o m2 | P2 T3
.125 21 T 29 .68
* ' : ; * *
o oh ugs* 32 ; .62
k-3

Phis is the value for the largest aiamete,r calculabed here; the minimum
was not reached. ,




Sinee criticality experiments ﬁi’bh Hp0 mederator and no cadmium indi~
cated a minimum in linear comncentration 10 pereenﬁ lower, the results obtained
here by means of the two-group diffusi@n model are apparently wot conserve-
té’.ve.. The problem should therefore be treated again by more rigorous methods
based on a nulti~group xixo&el , and it ig alsgo recoﬁmaﬁnded that & progran ’
of cri'ticaiity messurements be gtartéé. a5 & ches::kkon thege caleulations. The
problem will become more urgent in 't;he design of large scale homogeneous
reactors and asacciated chemical plants.

Veathod of Calculsation

Since the systems gain reactlivity with decreasing ten@erétwe, the
celewlations were performed for QOOGi, the lowest ﬁem_perature céntemple.ted for
the dump tanks. The only method found switeble for caleulating the eriticality
of the two-region configwration ever% the requiredy range of pipé diemeters k
and mole rétios of Hp® to Do0 is that based on two-group diffusion theory. |
Although ’qhis model imp‘lies that the neubron sloving down funeﬁ:‘ion is a ’
Tukawa, the actual function snd the second moment for mixtures of HpC and
Dy0 has never been messured. In faét » it is known that the slowing down in
pure Dol is best represented by a convolution of ‘a Gaussian mid & Yukawa.

The second moments of the synthetic Yukawa slowing down kernel for the
mixtures were derived from mul.‘bi»gréup cal.culatiéns of the eritical buekling
of bare sﬁheres.(l’e) To minimize the computationel labor, the Feynmsn-
Welton ap?ro:dmationufb') to the two-group method was used as shpwn in A;apén-

dix A.
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(4) ORHL 53-5-119, M. ¢. Bdlund, “A Two-Group Two-Region Approximation For
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Wo-&}roup Congtants

The constants for the mpderator and reflector are summarized in the

following table.

Table II. Two-Group Constants for Moderator snd Reflector ab 20%

Macroseopice ‘
_ 8low Absorp. Slow Sguare of Fast '
Mole = Cross-Section  Diffusion  Diffusion Diffusion Yukaws
Préiction cm™t Constant, Length Constant, Ags
Bal ~ X10“2 IR cm® em
0 | 0.00806 0.843 10460 1.25 161
125 .2513 .550 218.8 1.2h 100
25 495 ko8 82.4 1.22 73
50 .986 .269 27.3 1.19 49
1.0 1.956 L160 8.18 1.1% 33.8

The necessary constants for 0235 were obtained from BNL-170B.

Results and Discussion :

The critical linesr concentration of 3235 for right circular cylindeis
of mfm:z:be length reflected by Hei):is plotted iz?. Figure 1 &8s :a function of
diameter.; In Figure éa:ra similar plo*bs for the ‘case of the pipe cosated with
& black péiscn for thermal neubrons.

The:reliability of the ealculations can only be assessed for the puré
H0 moderator with no cedmium by comparison with experimental results and
with caleulstions by the variationai method m:mg four sl»:ming down groupsjs)
This comparison is shown in Figure 3 vhere the e#perimental points represeﬁt

extrapola’bions(é) to infinite length of dsbts for Tinite cylinders(?) with &

(5) LA—-399 }1 Bugene Greuling, "‘meory of water«»Tamped Water Boiler", September
27, 19 5

{6) K-905, R. L. Macklin, "Cylindrical Reactor Bimnsions“ May §, 1952

{7) ¥-343, €. K. Beck, A. D. Callihan, J. W. %m‘fltt; R. L. Murray, "cmmcal
Mass Stuﬁz.es, Part III", April 19, 1oke




wall of 1/16" stainless steel. For fi:,he smaller pipe dismeters, bthe method
of calx:ulation used here tends o be non-couservabive; the minimum in the k
linesr concentration being 10 percent lower then calewlated. This dis-
erepancy is probably due to two ca.useav first, as the dismeter deereases R
the calcula:t;ed neubron leakage Trom the pipe 'becomes more sensitive to the ’
assumed slowing down characteristics of the medium; second, the approxi- |
mations made in the ealeulatimn of the probability of absorption in the
core of a neutron which is “&hezmliieﬁ in the reflector alsc become more
important wi*th decreaging diameter. '

One would expect *t:hat the reliability would lmprove for the pipes
with cadmium coabting since there is no return to the core of neutrons ther-
malized m the reflector; and furthermore, criticality is reached in large |
dismeter g}ipes s, minixdeing the ﬁfqaoﬁrance of the slowing down model, Thus ,:
there is & considersble advantage in the use of the coating on the pipe ‘
arising not only from the higher fuel storape permitied, but ’f}he increased
confidence in the calculations as wéll‘ | |

‘me:ezwelopes $o the curves in Figures 1 and 2 define the minimum
linesr conmcentration for criticalitj for each piye -gize. If the pressnce |
of Ho0 and Dy0 in any ratio is possible, then the envelppes dictate the safe
mel‘concén'bration, Furthermore, s.i.nee the minimum represented by the en-
velope inére.«ases as the pipe diame"tér decreases, a horizontal pipe will not
become eriticael if the moderator alone is removed, say by eveporstion, if
one conseimtively congiders the remsining solution constrained in a cimuiar

cylinder of decresasing dlameter. This argument cbviously leads to




e

conservatism since the actual configuration in a partially Filled horizontal
cylinder has & greater leakage than a circular cylimder of the same cross-
sectional'area.

Recomm@ﬁdﬁticns

In %iaw of the uﬁcerﬁaimty of the magnitude of the error in these
results, they should be used with considerable caution and with as large e
safety Tactor as can be tolerated. This is espeéially true fdr the pipes
with no cedmiuwm covering containing Dp0 or DEO—HQC mixtures as moderator.

It is stromgly recommended thet multi-group caleulations should be progreymed
Tor the computing machines as an improved approach to the problem. PFurther-
more, this should be supported by cfitiea:&.ity experiments at lesst with pure
Da0 msaerétor to check the relisbility of the caleculations. The problem af
safe containers for the conditions &iscusaed,here will most probably arise
even more frequently as larger scale homogeneous reactors and:aﬁaoﬂiated
chemical plants ere designed.

The writers Wishkto scknowledge the very helpful discussions with

M‘ C - Ed}-lmdd
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FEYNMAN-WELTON APPROXIMATION
Appendix A
For the comcentrations cmﬁsidéred.her@, the resonance*é&ca@e proba-

bility, p,: can be taken as wmiby. ﬁenoﬁing the fast growp by :"i:;he subgcript

1 snd the siow group by 2, the uncoupled diffusion equations are:

| S

(1) Dlévaﬁ‘lc + (kl~l} Z}.cﬁlc .0 fast, core
5 , : :
(2) DV g - 21p 1B =0 - fast, reflector
: ’v2 X | .
(3) DoaV ®on + (k;,:l.} oedne = O slow, core
, g2 Z ot
(1) Dop VY 8o - on ®on =0 slow, blanket

In eylindrical co@rdmé.tes , these become

2 . ‘
o1, 1 801 Y 1c |
- + = + L1} == = 0
2 _ ;
Bpry 1 Ay Xip .o
; el & =
(2*) ar2 o dr i 1B
2, |
4@ 1 a8 ZQG
, + = =% 4 (kp-l) &= & = 0
(39 a2 t 7 Ta TUEP S fe 7
o |
o T, 1 aPop . 228 -0
(') arl T dr bop :

The usual boundary conditions hold.

() oslt) = op(®

el a91p
(6) =-Py, dr Jr=a - -Dyg dr

|

¥
#
B




(7) ‘Bec(a‘) = @23(8‘)
(8) Dy T Jr=8a 7 -»DQB“’&f‘“r=a
(9} @m(w) =0 ; ®pa) = o0,

The solutibns are glven. in terms of Begsel funchions:

B

(10)  @1c = Ay Jo(Bir) 5 ®13 = By Ko6r)

#

%20 = iy To(Ber) 3 dop = Bp KWor)

where the following su'bstitutions have been made;

2 Lic G2 1 _ 21
By = (klﬂl) Pie )‘(1 =TB "~ Diyp

2 Too o_ 1 . 228
By = (k2~l) Doe *Jee ; I“OE B Doy

I’o is the diffusion length in H0.

From the boundary conditions (5), (8), (7}, and (8},

J1(B1a)  Dip L ke

(2 BeRGE T R T10 R@W
B JuBea) Do gy, Ka¥lps)

(13) "2 ; T ) e 28 | TR 7.5

which are solved for B and Bo.
¥rom comsiderations of neubron balance, there is obtained the criti-

cality eguations:




(14) %g ‘7; 1+ (s egp

where Pio is the probsbility that =2 neutran whic}i is themallzed in the
blanket is sbsorbed in the core. In terms of 2 , the ratioc in the core of
wranium bo moderator macroscopic cross-section, (1) becomes

L+ L7 ByP |

lf_?_f_ﬁl -1 where
14+ %8

(15) Z =

2o '
¢ = Pocto ére) 8,%02 [ rar 3 (Byr) Jo(Bar) frar T (Bir) Jo(Bpr

DQBLog(reflector) ; core - reflector

where Ay and A, are normalization constants {over the core).
Tn the case of the cedwiwm covered pipes, C is zero and J,(Bya) is
made to vanish at an extrapolation distance, & , bveyond the pipe radius. Thus,

By = 2.505/(a +e ).




LINEAR CONCENTRATION (kg U-235/f1)
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LINEAR CONCENTRATION (kg U-235/f1)
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1.5

5.4
O EXTRAPOLATION OF EXPERIMENTAL DATA
FOR CYLINDERS OF FINITE LENGTH
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Fig. 3. Comparison of Calculations and Experiment for Criticality of Cyhnders of Infinite Length HZO Moderated
And Reflected, 20°C , o :



