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Three bypothotical disrupted core models were analyzed for the
President’s Commission on the A@ci&ént &t:ThféefMiiéiisiépdiﬁéiij.
The analytical models and methods applied in this stu&&-dfe”déScfibcd
in a2 companion paper.* The purpose of this paper is to”prcvide a sum-—
mary of the results obtained from preliminary parametric studies and
from the analyses of the"disrﬁbigd Qbreiﬁé&éié.w”ﬁdrefhii§:7£he;;;;ii-
cations from these results are useful in planning ﬁiﬁn;ffééovery
operations. However, the scope of this ;t;&y §ia”ﬁd£ i;é1ﬁd;ia qqan—
titative determination of the probable condition of thewréﬁcfbf cer
or, on the other end, the devzloywznt of recommendations for sPecific
actions to assure the criticality safety of the plant. A detailed

description of this study is given in Ref. 2.

One—dimensiongl, discretefordinates analyses were performed to
study the reactivity effects of geometric changes in the fuel pins and

the interstitial coolant. The core disruptive mechanisms studied were:

1. Fuel pin lattice-pitch reducticn,

2. Fuel pin swelling, and

3. Conversion from pin cell geometry to homogeneous
U,0, + U0, + H,0 + B mixtures.




These geometry changes can be generally characterized as variations in
the water—to—fuel volume ratio. One limit to this variation is the

case of an infinite medium of dry U(2.96)0, which has a multiplication
W}factbr of 0.66. Thus, some content of water and its associated neuéfw

't:on:ﬂddéfat{on must be'present for the system to be critical..

Préssufiié&ﬂﬁéfér‘féactqrifuei‘is”ﬁdfﬁaiiy considered to be under-

moderated, th&tiiﬁ;.affiessitﬁﬁﬁf;h bﬁli&ﬁﬁ‘Q;f;f;;é;fﬁéiﬁﬁéiumé‘fétio
for maximum reactivity. ?Ung_ii‘a’f‘_mbaérat'ion ‘can be inferred for the
unborated water case shown in Fig. 1. Reducing the lattive pitch from
the design value lowers the multiplication factor. However, for the
"cold borated” situat ion, the opposite ;ffé'ct is observed. 7‘ The *m;;s;
e ARty S T STiResietTy T3S han thbdeslan, valits
Eventually, the negative reactivity due to'the loss of water overtakes
the positive reactivity due to the loss of boron and the system multi-

plication factor comes back down.

The same behavior was observed with fuel swelling and coolant dis—
placement by ZrQ,. The overall effect for the transition region of the
"Three iﬁthSIump" nodel w;§”+5:5% k/k;k;fwifﬁ Siighfljwmbfe théh half
of the positive reactivity being due to fuel swelling. An even larger
effect is seen in converting froﬁrthe pin'cgll,to the homogeneous fuel
geometry. The w#ter—to-fuel volume ratié’weni from 1;65 to 0.46 and
the reactivity increased by 8.2% k/k,k,. As a function of water—to-
fuel volume ratio, undermoderation sets in at a value less than 0.6 for

systems with 2400 wppm boron and at a value less than 0.4 for systems

with 3180 wppm.




The results of the multidimensional core analyses are summarized

in Table 1, Comparison of the multiplication factor for the cold-

shutdown, normal—core base case with those for the three disrupted core

nodels led to the following conclusions for this heavily borated sys—

tenm,

Positive reactivity insertions due to the various core
disruptive mechanisms increased the sytem multiplica-
tion factor from approximately 0.74 to 0.86.

To a first order approximation, the increase in reac—
tivity for the three models can be correlated with a
decrease in the borated water—to—fuel volume ratio.

The reactivity worths of the control rods and lumped
burnable poison rods are significantly reduced by the
high soluble boron content in the reactor.

Although the core disruptive mechanisms have intro-—
duced significant positive reactivity imnsertiomns, the

disrupted core is still shut down by a substantial
margin.
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Table 1, Summary of TMI-2 Multidimensional Core Analyses
Case Case Monte Carlo Multiplication
Model No. Description Code Factor

As-built, normal 1a Base configuration KENHO-1IV 0.737 £ 0,006
core at cold 1b Base configuration NORSE-SGC/S 0.752 = 0,007
shutdown with 2 Case 1 with control rods out NORSE~SGC/S 0.805 £ 0.006
3180 wppm lLoron 3 Case 1 with LBP rods removed MORSE--SGC/S 0.778 = 0,008
4 Contral and LBP rods ont MORSE-SGC/ S 0.819 = 0.007

"Three Jump 5 Base configuration?@ MORSE~SGC/S 0.862 = 0.006
Slump," Disrupted 6 Case 5 with control rods out MORSE-SGC/S 0.875 + 0.006
Core 7 Case 5 with LBP rods out MORSE-SGC/S 0.868 =:0,006
8 Control rods and boron? out MORSE-SGC/S 1.079 = 0.012

9 LBP rods and boron? out MORSE-SGC/S 1,043 = 0,010

10 Control rods in, borom” out MORSE-SGC/S 0.988 = 0,011

"pisplaced-Fuel 11 Base configuration® KENO-IV 0.845 170.006;
Slump,"” Disrupted 12 Case 11 with control rods out KENO-1V 0.870 + 0.006
Core 13 Case 11 with boron? out KENO-TV 1.080 + 0.006
"In-Place Fuel 14 25% swelling,9 clad OD=1.179 ecm  KENO-IV 0.807 = 0.006
Slump," Disrupted 15 50% swelling, clad 0D=1.273 cm 'KENO-1V 0.845 + 0,005:
Core 16 75% swelling, clad 0D=1,360 cm 'KENO-IV 0.840 = 0,006
17 100% swelling, clgd 0D=1,443'Cm KENO-IV 0.812 = 0,073

13.5% of upper middle core collapsed as UaOs—UOé—HzO'mixturé, Zr0; distributed inkcoélaﬁi
channels of lower core, fuel pins swollen by 30%,

bBoron remaining in homogeneous, fueled portions of reactor.

Chpper 50% of core collapsed as U;0,-U0,-H,0 mixture, upper portlons of control and LBP rods
missing, lower half of core normal,

dpyel height reduced to conserve fuel volume, clad volume constant,

Case 1A,

base configuration is




-
.

o
.

)

1

[ad)

O Unborated

0 Boraced (2400 wepM)

1 ] N ! {
~20 —10 0.0 10 20
Percentage Change in Lattice Pitch
(Design Pitch = 1.443 cm)
Fig. 1. TMI Infinite Lattice Pitch Variation




