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Analysis of fission products release into the
atmosphere as a result of LOCA accident
scenario in the MARIA research reactor.
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Premise of the safety analysis
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On March 31st, 2025, the 10-year operational license for MARIA
research reactor expired. During preparations for the renewal of
the operating license for MARIA RR, some of the safety
calculations included in the Operational Safety Report had to be
redone to align with the latest safety guidelines. One of these
calculations involved the analysis of fission products release into
the atmosphere as a result of LOCA accident scenario.
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MARIA reactor fuel

* dispersion UO, or U;Si, in Al

* 19.7% 23U

* 5 or 6 concentric tubes, 1 m high

e 2.0 mm thick, 2.5 mm gap

* each fuel assembly inside pressurized channel,1.7 MPa
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MARIA reactor fuel
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Calculations scheme
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1. Accident scenario

2. Core config.

4 4

3. RELAP

calculations

—
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4. Correction for fuel
melting

4

5. Level of core 6. Nuclides
damage content in fuel

7. Lit. review of
nuclide release
methods

N ﬂ%

8. NUCLIDE
RELEASE

9. Nuclide release
propagation
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1. Accident scenario

Activity Release path Accident phase

Primary cooling circuit
rupture in pumproom

Xep ()
Water flood to

pumproom

X ok (t)
Partial core meltdown,
release to primary

cooling sys.

Xnp (2) PUMPROOM -

Deposition, release to ;
. . 3. RELAP |:> 4. Correction for fuel
ventilation calculations melting
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CARBON FILTERS 5. Level of core 6. Nucldes

damage content in fuel

Remowal through N ﬂ %

\ 4
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Core total burnup, MWd

3600 4

3400 1

3200 1

3000 1

2800 1

2600 A
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2. Selection of representative core configuration (REBUS)

. selected operational cycle .
[ ] operational cycles after modernisation
. °* Fuel elements power
distribution from REBUS
. and feed to RELAP
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3. RELAP calculations

.,Non-real” temperature T(t), °C
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900 -

500 5

700 1
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400

300

nod 1
nod 2
nod 3
nod 4
nod 5
nod 6
nod 7
nod 8
nod 9
nod 10
nod 11

nod 12
nod 13
nod 14
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nod 17
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nod 21
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Results for one fuel

layer
| 1. Accident scenario I I 2. Core config |
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4. Correction for fuel
melting
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4. and 5. Corrections related to fuel elements melting

(Python), Level of core damage analysis (Python)

Rura 2 Rura3 Rurad4 Rura5 Rura 6 Rura2 Rura3 Rurad4 Rura 5 Rura 6 Rura2 Rura 3 Rurad4 Rura5 Rura6
1 399 401 402 402 402 1 399 401 402 402 402 1
2 476 698 485 583 454 2 476 698 485 583 454 2
3 601 884 860 889 550 3 601 884 860 889 550 3
4 791 885 a 791 933 933 1001 885 a Most loaded fuel
5 891 5 891 933 933 933 5
. N o . element, 1.97 MW
7 7 933 933 989 FLY 933 7
8 8 933 933 1011 933 8
9 9 933 933 943 9
10 10 933 933 946 10
11 11 933 933 942 11
12 12 933 933 933 12
13 13 933 933 933 13
14 14 933 933 933 14
15 15 924 933 933 972 933 15
16 16 876 933 933 933 924 16
17 Bll 898 B43 906 819 17 Bll 898 843 906 819 17
1. Accident scenario I |2.QQ[§COang
18 734 827 784 178 533 18 734 827 184 778 533 18
19 644 741 687 712 486 19 644 741 687 712 486 19
3. RELAP 4. Correction for fuel
20 453 624 564 510 426 20 453 624 564 510 426 20 calculations Nmelting. A
21 411 501 440 443 415 21 411 501 440 443 415 21
22 39 395 395 395 396 22 39 395 395 395 396 22 5 Loverof core oo [onsid
damage ‘content in fuel methods
(a) Temperatury RELAP, K b) Temperat korckeji, K Stopien uszkodzenia, %
peratury y cmperatury po korckejl, C opicn uszkodzenia, o
8. NUCLIDE 9. Nuclide release
RELEASE :> propagation
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Rura 2 Rura3 Rurad4 Rura5 Rura 6

1 398
2 424
3 425
4 425
5 232
6 571
7 592
8 581
9 678
10 592
11 683
12 710
13 698
14 682
15 663
16 638
17 608
18 576
19 534
20 416
21 412
22 402

407
425
427
434
441
767
816
839
848
850
422
666
775
771
750
722
688
651
600
538
423
113

412
427
437
445
486
740
825
856
871
881
873
845
577
428
435
592
657
620
424
420
414
410

415
435
442
452
729
870
920
962

1010
931
864
786
454
705
416
627
560
414
413
407

401
426
425
436
445
458
489
503
527
564
553
549
534
425
422
434
428
424
420
410
405
387

(a) Temperatury RELAP, K

NARDDOWE
CENTRUM
BADAN
JADROWYCH
SWIERK

Rura2 Rura3 Rurad4 Rura5 Rura6

398
424
425

L= - T - L
un
w
%)

571

592

581

678
10 592
11 683
12 710
13 698
14 682
15 663
16 638
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(b) Temperatury po korckeji, K

407
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933
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705
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414
413
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4. and 5. Corrections related to fuel elements melting

(Python), Level of core damage analysis (Python)
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6. Individual nuclides content in damaged fuel (FISPACT)

Ag-110
Ag-110m
Ag-111
Am-241
Ba-137m
Ba-139
Ba-140
Ba-141
Br-82
Br-83
Br-84
C-11
Je-141
Je-143
Je-144
Cf-252
om-242
Jm-243
Jm-244
Co-H8
Co-60
Cr-51
Cs-134
os-134m

Cs-135m
s-136
0s-137
08-138
Ju-64

Eu-154
Eu-155
Eu-156
F-18
Fe-59
1-129
1-130
1-131
1-132
1-133
1-134
1-135
Ir-192

Kr-83m
Kr-85

Kr-86m
Kr-87
Kr-88

La-140

La-141
La-142
Mn-54
Mn-56
Mo-99
N-13
Na-24
Nb-95
Nb-95m
Nb-97
Nd-147
Nd-149
Np-238
Np-239
Pd-109
Pm-147
Pm-148
Pm-148m
Pm-149
Pm-151
Po-210
Pr-142
Pr-143
Pr-144

Pr-144m
Pu-238
Pu-239
Pu-240
Pu-241
Ra-226

Rb-86
Rb-88
Rb-89

Rh-103m
Rh-105
Rh-106
Ru-103
Ru-105
Ru-106
Sb-122
Sh-124
Sb-125
Sb-126
Sbh-127
Sb-128
Sb-129
Sb-131

Se-75

Sm-153
Sn-121
Sn-123
Sn-125
Sn-127
Sn-128
Sr-89
Sr-90
Sr-91
Sr-92
Th-160
Tc-99m
Te-125m
Te-127
Te-127m
Te-129
Te-129m
Te-131
Te-131m
Te-132
Te-133
Te-133m
Te-134
U-234

U-235
U-237
U-238
W-185
W-187
Xe-131m
Xe-133
Xe-133m
Xe-135
Xe-135m
Xe-138
Y-90
Y-91
Y-91m
Y-92
Y-93
Yb-169
Zn-65
Zr-95
Zr-97

7

The analysis was limited to 140
nuclides included in the libraries of
the post-nuclear accident decision
support system JRODOS. In red:
nuclides not occurring in the spent
fuel composition from FISPACT
code calculations.

1. Accident scenario | |2.991§_cgr_1ﬁg |

3. RELAP
calculations

:> 4. Correction for fuel

melting

4

5. Level of core

7. Lit. review of
nuclide release

6. Nuclides
content in fuel
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8. NUCLIDE 9. Nuclide release
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/. Literature review of nuclide release methods

1A
1 1mm
1 H
Hydrogan 2 1A
3 ae41 4 0122
2 Li Be
Lithium Beryllium
12 24805
3 Mg
Magnesivm

41VB

4T 8ET

5VB

23 50.942

6 VIB

24 51956

7VIB

25 34.538

8 VilIB

26 33,5843

g VIIIB

27 36,933

1o viiB

28 56,693

11B

28 63,546

14 IVA
6 1201

C
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14 28,086
Si
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a2 7264

15 VA
7 007

N

Nitrogen
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16 VIA
5 1599
0]
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2 4003
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15998 10 20180
F Ne
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17 35453 18 0948

Cl Ar
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like Tellurmum

metalloids, chalcogens. pnictogens

transition metals like Ruthenium

Chlorine Argon
. . % . 3. . i 34 TE.96
4 K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se
Potassium Caleium Seandium Titanium Vanadi Chromi M Iron Cobalt Wickel Copper Zine Gallium Germanium Arsenic Selenium

rare earth elements 1% release
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I metale alknliczoe Y . ario 2. Core config
matale sloin allalicanyeh :
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r P, ; w, o B melting
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7. Lit. review of
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cznrny: neturalny damage uel MEeNodas
Symbol | i et Ac Th Pa U Np Pu A\ T Es T Md No it
Nazwa Artinium Tharium Protactinium Uranium Neptunium Plutenium Americium Curium = Fermium o et T % ﬂ
8. NUCLIDE 9. Nuclide release
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8. Mathematical model of nuclide release (Python)

CENTRUM
nnnnn
ananananan

SSSSSS

dX.,. (T
;() (A+R(t:pr; Lpi")) XL]J’.'( )
dt
dX (1)
dt - R(tﬁpf‘"? Tﬁi’»‘:‘") ) XLP T'( ) (}‘ + )‘n‘p) ) Xﬂk(t)
dX, (i
:12( ) = Xw * }"'ﬂ.}.'.i . Xuk(t) - (}"‘ + )\a.s + )\w) . th(t)
dX
km’i’i( ) — n) Xh,p( ) A X."rwm(t)
di ﬂ
X ()] [A 0 0 0] [Xepr(2)
d | X(t) | |B C 0 0f | Xe(t)
dt th(f) o 0O D E 0 th(t)
_kara( )_ U {J F G. -X‘Gmﬁ-(t)-

CH

P

A= (A‘|‘R(f~:p?‘: L:ﬂf))
B:R(tLpr} Lpf)
R
DZX '}‘np
E=—(A+ Xos + Aw)
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a—

1. Accident scenario | | 2. Core config |

3. RELAP |:> 4. Correction for fuel
calculations melti
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@ 7. Lit. review f
5. Level of core 6. Nuclid uclide release
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8. NUCLIDE 9. Nuclide release
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8. Mathematical model of nuclide release (Python)

For fuel elements’ given layer ch . (t) — Xﬁp . []BAL

B " Xﬁp!r'l'n

At
ac

Ct)

For water in primary cooling circuit ng(t) = — e

At _EL ct  _Et
For air in pumproom X, ( ) _ D-B Xfipﬂ'sﬂ € € o € €
) —
P A-C A—F C—-F
For reactor’s chimney to AL _ Gt Bt Gt Ol _ .Gt Bl _ Gt
tmosphere F-D-B-X ) = : J T TEC
a Xiom(t) = ep,ry) A—G E-G__C-G E-G
kom\t) — A - (-1 A - E G o E
-
Finally, the releases at time t at the Lottt sconwi JuEETE
chimney will be equal 5 e | oy [+ coreson o
calculations melting
E.Af-_l {i.l'::t_l {i{?t_l {i.l'::t-_l ﬂ . 7. Lit. review of
V() = T2 B Xapro (5=~ 5 o — 55 o | [ | | e
at\l)] — Y o Y
A (‘_J A E (j E 8. NUCLIDE 9. Nuclide release
RELEASE propagation
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9. Nuclide release propagation (JRODOS)

N
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