





Table 1. Nuclide compositions in burned Batch-3 Fuel
{other than UO,)*

Nuchde Composition (atoms/barn-cm)
Pu-238 8.913-9°
Pu-239 3.527-5
Pu-240 1.761-6
Pu-241 2.188.7
Pu-242 5.145-9
Sm-147 1.066-6
Sm-148 3.866-8
Sm-149 1.006-7
Sm-150 6.288-7
Sm-151 1.788-7
Sm-152 2.865-7
Sm-154 6H.014-8
La-139 3.975-6
Ce-140 3.877-6
Ce-142 3.598-6
Ce- 144 1.810-8
Eu-151 S.202-9
Eu-152 3.959-11
fFu-153 1.318-7
Eu-154 4.506-9
Eu-155 6.124-9
Pm-147 2.936-7
Nd-143 3.543-6
Nd-145 2.389.-6
Nd-146 1.881-6
Nd- 148 1.072-6
Pr-141 3.598-6

‘L'(Z.(ﬁ;(): at 103 g_cm“

"SOI13E-9 = 8913 x 107
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residual fuel contribution from Zone 9 is 58.7 kg.

Please note that although Zone 9 is the area where loose fuel is nonmechanistically
assumed to accumulate, the accident criticality calculations prove that no criticality would
occur, even considering extremely conservative assumptions. Therefore, contrary to the
statement contained in this question (i.c., "...the bottom head region where the criticality
is most likely to occur.”), criticality will pot occur in the bottom head region (or
anywhere else for that matter) of the TMI-2 reactor vessel.

Therefore, the total quantity of loose fuel that is assumed to relocate to the lower head
is about 620 kg, detailed as follows:

ne Loose Fuel (kg)

10
225
150
99
45
28.8
&8 2.6
58.7
619.1 kg
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af zarticles up to & cm 1n gilameter, it is clear that the boron was
incerporated into the cedbris guring the accident and was not surface
ieposited boron. Therefore. the boron content can be considered an
'ntegral part of the cebris. [t should be noted that these observations
are based cn the sampies examined which are not a statistically
representative sampiing of the debris bed. :

If you nave any gquestions piease contact me at (208) 526-6118.

Very truly yours,

=
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Dougias w. Akers
Nuclear Sciences

e
'
£
(h]
. |

1
4]

|
e
i
wy
w
P
(1%
(el
m
‘3

.-







L LIS ST LT I3 [T {08 ]
MOV K </ JorAtY'Y
R 2 /v formol’y
ML /e @RSy
ety 7+ Jovmas
L1200 SRV LT 1) T
L fe e
S I SO T TR
mi4) i LITE
e

£1 Jo § ubey
6Ll ‘21 494wenad
0 “Aoy "ol Wl

[LLRIAT N
ot
10 Mdre’

(LI 41
[L-AF 31 4
[LLF. 141
(L0 1%, ]
1000504

211)

Voode 2000080
T e Zorum)
I ~de 0%\

ol ORI
K Ao MOl
Tl WNwE

§ofe 0edv0
B =fe Poclig'?

e

"l sy

LTS o

UL T S
0O« NI 2 /e
ol -/
0 MVL Y /e
QKM § -/
L8 11 Sy
0000 | /e
0O YO [ -Fe

YT e

AL B %Y

ormm 'y
el ¢
weniv
iNioe
v’y
1oLl
oot
(L]

LIS

(1]
1]
e
1o
1
(1]
1]
1o

Ht'
i
uiy
ne
nie Y
UL N
mie

mar)

i

I
-de
I

“fe
de
fe
fe

10« MYt
10N
10eniry
10Mll )
1904 §
10 Dede ¢
L T
1N

10w /7
10 MA2'§ fe
10 M0t § /e
(LR L SR
00« hwg @ -/
0O SV L Je
0 Ky /v
DO« xQ 0 /e

o) ie

wms

DO V9L Y

oRiIr Yy

00+ ML ¢
o=

0O ILIE"8

10:Kir e

P01 -mELY

(R2UMIN) SovA e wv il Ve 98 MO1IVI0) SIBEIC Fm) VN (W)

W RWY -/
10 Mya's -/
0 RiL'e i
10 N4 /e
10 /e
19- R /e
19 /e
(LR 1T ¢ BT L

»Mii) wfe

o9 o2

oocirvi‘e
10+ 000 1L
0o 19y L
0O IveY @
o0+ Y
LTI IR N
LIRS J
ooviti'®

LITE

"
"
"
L1

L8

(¢861 ‘1 (12dy vo b6/52)4n30454w)

Sagders 9 ¥ ayy a0y 1U31u0) 437y Aey

ruar) 2-v a1qe] xjpuaddy

w
”
”
”
"
”
”
e



T8 89-12, Rev. O
Decemper 12, 1989
Page 6 of 13

Attachment B
LOWER VESSEL DEBRIS ANALYSIS RESULTS

fxamination of data from the lower vessei loose debris and the hard
material agjacent to the lower head have been completed. The following
jata are included in this attachment:

Table 2-1 - Density and particle size of the lower vessel debris
Table B-2 - Uranium enrichment and content for the lower vessel debris
Table B-3 - Gamma ray emitter content for the lower vessel loose debris

solid sampies

The uncertainties associated with the various analyses differ based on
the anaiytical method used. The weight and density data have
uncertainties ranging from 2-5%. However, the enrichment and uranium
content data have uncertainties of 10-15% due to uncertainties in the
-gasurement and calibration adata for the delayed neutron measurement
system. Other uncertainties associated with the uranium content and
snrichment measurements are aadressed in the footnote to Table B-2.

The solid sample gamma ray spectrometry data listed in Table B-3 are
not correctec for mass attenuation by the sampie mass. Therefore, the
5110 sample Gata are approximate and the resuits are most accurate for
*nose sampies whose ragionuciide content 1s calcuiated using gamma ray
2nergies greater than 1.0 MeV {primarily Co-60 ana Pr-144). Mass
attenuation corrections can be applied to obtain better information for
the low energy gamma ray emitters (i.e., Ru-106, Sb-125, Cs-134, and
Cs-137). These gamma spectrometry data have associated uncertainties of

20-30% for the nigh energy camma ray emtters.




Table B-1

Tm

r
.
=

i

weignted
~verage
Jensities

Parti
ssC-i-2

wn
.
4 un

6.3

ie <12

SSe-1-3

i

-4
-3

1.9

a. Densities telow a particle size of 710 micron
0% because of the small amount of material measured.
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- PARTICLE SIZE AND DENSITY FOR THE LOWER VESSEL DEBRIS

ns

SSC-1-7

il

have uncertainties of
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Table 8-1 cont‘d

Sampie 1.0, Qensity (g/cm=)
ssC 1-8 Y |
SSC 1-3 9.4
SsC 1-10 6.9
SSC 1-11 8.6
SSC 1-12 8.2

a. Densities basea on tne analysis of severai gram samples.
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Table B-2 - URANIUM CONTENT AND ENRICHMENT FOR THE LOWER VESSEL DEBRIS?

_Uranium content (%)/[Enrichment %)

Particle SSC-1-2 SSC-1-3 55C-1-5 SSC-1-7
$11¢8
>4 mm £8 52 73 69
{(2.4) (2.6) (2.7) (2.4)
2-4 mm 48 i5 - 64
(2.8) {2.8) - (2.6)
1-2 =m i9 22 33 85
{--b) (T {(2.7) (2.8)
710-100048 47 23 50 g
Ticron (2.6) (2.6) (2.5) (2.5)
300-710 i g3 51 t8
micron (2.39) (2.4) (2.8) (2.6)
150-330 - 53 S =
micran (2.6) (2.8) {2.4)
30-130 =0 83 54 Y
=1cron 2.€) 2.4) (2.5) (2.8)
33-.90 41 £4 52 a4
micron (2:3) {2.8) (2.5) (2.4)
<38 micron 46 -- -- 1)

(--b) s =3 (2.5)
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Table 8-2 cont‘c

Sampl : Uramyum content(%)® farichment (%
SSC 1-8 &5 2.6
gsC 1-9 27 2.3
SSC 1-10 48 2.7
SSC=1=11 70 2.4
sSC 1-12 €2 el

a. Uncertainties are 10-15% for both uranwum content and enrichment data.
Alsa. 1t should be noted that the presence of control materials and other
Fissile material (e.g.., Pu-239) can affect the uranium content ang
enrichment data. The effect of control material wouid be to reduce the
~easured enrichment for the samples by a smail amount uniess large amounts
of control material were present. (Elemental analysis of the original
lower head samples suggests that little control material is present). The
plutonium content has been calculated to be insignificant relative to the
11.235 content for the burnup of the TMI-2 core.

5. Measured enrichments higher than the 2.98% maximum in the core are
indicated for these sampies. However within a 2 sigma uncertainty, the
3ata are within acceptable limits. A review of these data was performed
+5 assess possible errors in the calculations or measurements. No errors
~ere founa.
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CRITICALITY ANALYSIS FOR THE TMI-.2 REMOVAL

SCALE
CRIVER
| AND
| SAS2
Q i———-{_ \
i - =
! — IONAMLS
| |
i ST NITAWL-S
| | NEUTRONICS DEPLETION
| Bl DR
* “SDRNPM. PRODUCIN LL TIME-
{ ————— 'S0 g DEPENDENT CROSS
! SECTIONS ON ORIGEN S
l LIBRARIES
. SOUPLE .
Rt SRR
H 1 CRIGEN-S
! ]
| SURNUP AND DECAY
! ANALYSIS, PRODUCING
| AR e, JRIGEN-S SPENT FUEL SOURCES
i
] ] AONAMIS
|
{ UNIT CELL AN:ELYSIS.
~ : Ly ! FOR CELL-WEIGHTED
| e ey ITAWL-S CROSS SECTIONS IN
| FUEL ZONE OF THE
| SHIPPING CASK
| ——r—=  «soAnPmMsS |
l
l : |
| T RORAMS
|
| BT e SHIPPING CASK
; ! nTawes | SHIELDING ANALYSIS
' |
XSDRANPM-S i
1
DOSE RATES COMPUTED
END e xSDOSE FOR SHIPPING CASK

Fig. 1. Computational aralvsis scheme used by SAS2.

<tandard ENDF/B-1V library is necessary for depletion
anaivses and for criticality analyses where fission prod-
ucts are considered. The 27-group library has a P,
scattering expansion order and treats thermal upscat-
ter to 3 ¢V, Validation of the librarv has been per-
rormed through calculation of critical experiments
containing the fuel, structural materials, and neutron
absorbers commonly found in cask and storage pool
designs. '+

662

A summary of the performance of the SCALE
27-group ENDF/B-1V library in the analysis of low-
enriched, water-moderated svstems is given in Table I.
The systems are ordered, left 1o right, on the basis of
increasing moderation. Two aspects of the experiments
should be noted and discussed. The UO; pin lattices
were designed to simulate a 3 x | array of fuel assem-
blies separated by water gaps and absorber plates.
Also, the uranium metal pin lattice experiments were
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TABLE VIII

Resuits o1 TMI-2 Lower Vessel Rubble Studies

CRITICALITY ANALYSIS FOR THE TMI-2 REMOVAL

4

{ 20" 1 and 2 mclit,

i burned, 3 outside

N{153.5))

Type 304 stainless steel (173.85)

| I !
' { Soluble I i
i Matenal Code Sequence* l Boron | |
! i {outer radius or half-height, Level | Analvsis ! Muluplication
Case | Model Descripuon | radius o1 curvature (cmjj | {wppmy | Code i Factor, A"
I | Fig. §. L ONISLAIS 15T [ 3% | KENOVa  0.9646 = 0.0017
design-nasis case I Gil16.754,217.678) ; i ;
{ Type 304 stamiess steel (237.998) | i
| = |
= haFipt N0 31 3350 | NSDRNPALS | 09671
spnerical equivalent CGiIS30d) "
o1 desien-basis case Tupe 303 stainiess stegi (1743
Fig. . case 1 OUS1. 413,151,777 4200 i RENO V.2 (1.9688 = 0.0016
at fower boron Hil16.784.217.678) | {
Trpe 304 stauniess steei (237 ! l
i Fig 4. Oo7 24 1200 | NSDRNPMSS | 09720
sphencal equivaient Hil34.04) ' ?
of case 3 Tipe 304 stndess steed (174 !
Fig. 3, Jdse 4 BeloT 31 42040 NSDRNPM-S | P H8RS
with tresn datch 3 fuel Hiisd sy
Tape 304 stiuniess s1eet (1743, 30
i
o T I L7 MTO GG 13T 3750 AENO V. 9520 = 0.0018
it mgner coron FIl13.673.217.47T8)
Tupe 304 stainiess steel (237.998) |
z Fie. . NMiiie, 26y 1T50 NSDRNPM-S | 11.9537
spherical cquis ajent Fi:32.4m P KENO V (19548 = 00,0016
it Jdse b Tvpe 304 staniess steed (172,
2 Fie, 8, dase 6 NG9 9565151777 T30 KENO V. 0.9658F + 0.0020 |
wih fresn batch 3 fuet FE14.A73,. 217 6750 i
Fype 303 srimiess steel 237 '
Fie 4 A 106, 26) 4750 NSDRNPALS 19716 !
phencal equiviaient Fels2 4m RENO VO 09723 = 0001 |
T ease 8 Tyre 304 stainfess steed (172
{0 d-zone spnere. - HST.TE, N(11S.60) | 4350 NSDRNPAMLS 0.9690
207 core meedt. fresh | GI1E3.28) i !
i Type 303 stuniess steel (173.60) |
i 1 1 y
It 4-zone sphere, P CCI87.75), N118.600 ‘I 4350 ; XNSDRNPALS 01,9624
20%s core meit, burned | G(133.78) ! : |
[ Tipe 304 staniess steel (173.60) | ‘ -
3 [ : i T : i
I3 Cased ks i CCUI00.45), N(123.34) | 4350 | NSDRNPM.S | .9618
' 0% core melt | G(152.88) ! { ;
Tyvpe 3 stanless sreel (173,200 ! i E
! )
t ¢ | {
13 | 3-rone sphere, . AATHAD, N(119.02y 1 4350 | XSDRNPM-S | 0.9576
20%s | and 2 melt. Gi153.53) l | |
burned | Type 304 stainless steel (173.85) l t
.14 | d.70me sphere, | AA(T6.44), GUI33.S1) i 4350 | XSDRNPM-S | 09385
| |
1

b—

iSee Table 111 for tuel matenal codes.
“Four decimal places are miven tor comparnson. The basic precision is only one figure in the third decimal place or 0.1% Ak.
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