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Paleoseismological assessment of the siting documents focused on the potential of surface
displacement by active geological faults. Such displacement may occur during strong
earthquakes (“capable faults”).

Hungarian Governmental Decree No. 118 of 2011 (VII.11.) on nuclear
safety requirements:

7.3.1.0800. “The potential occurrence of a permanent surface displacement
on the site shall be analysed and evaluated. The examination must be
sufficiently detailed to enable a substantive decision to be taken on the
question of the possibility of discarding the site by the occurrence of
permanent surface displacement.”

7.3.1.1100. “If the potential of occurrence of a permanent surface
displacement on the site cannot be reliably excluded by scientific evidences,
and the displacement may affect the nuclear facility, the site shall be
qualified as unsuitable.”

Can potential occurrences of permanent surface
displacements (capable faults) be reliably excluded?

Comparing the contents of the Geological Site Report
and the Site Safety Report
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Faults / fault segment penetrating to or near
the base of Quaternary formations

Faults on the pre-Cenozoic socket

Neotectonic fault zone

* Earthquake

Seismite

Observations during surface ex-
ploration / in a surface trench: faults
displacing Quaternary formations

Observations on shallow geophysical
measurements: faults displacing
Quaternary formations

Observations on shallow geophysical
measurements: possible faults
displacing Quaternary formations
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Tectonic map

Yellow polygon:
Paks 2 site

DHFZ : Dunaszentgyorgy-
Harta fault zone
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Figure: Geological Site Report
Acs et al., 2016, Fig. 426
Modified by adding
translation and fault names
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Corresponding figure in Site
Safety Report MVM Paks II
Zrt. 2016, Fig. 5.2.1.2.6-6
omits evidence for active

faulting
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Figure: Site Safety Report
MVM Paks Il Zrt. 2016, Fig.
5.2.1.2.6-6
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Comparing the contents of the Geological Site Report with the Site Safety Report

Kvartervetok: Szeizmit: Duna
M6 bevagas 9 paleomeder

Csengod
foldrengés
2015.11.23

Kvarter
vetdk:
Pa-22-8
szeizmikus
szelvény

Y Negyvenszallas
_ féldrengés
" 2013.07.21
foldrengés Depth:2km
2014.02.04 + X T M:1.7
Depth: 10 km
M: 0.9

Geological Site Report, Téth et al., 2016, Fig. 57 Site Safety Report, MVM Paks Il ZRT., 2016, Fig. 5.2.1.2.1-6

Data proofing active (Quaternary) deformation of the Dunaszentgyorgy-Harta fault zone summarized in
in the Geological Site Report are not fully reflected in the Site Safety Report.

Comparing the contents of the Geological Site Report with the Site Safety Report

Geological Site Report, Acs et al., 2016, Fig. 418 Site Safety Report, MVM Paks Il ZRT., 2016, Fig. 5.2.1.2.6-1

The fault zone indicated by Geological Site Report (left) extends farther North into the perimeter of the
new reactor blocks (indicated by broken yellow line).

05.07.2022
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Comparing the contents of the Geological Site Report with the Site Safety Report
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Wells & Coppersmith 1994 (Bull. Seismol. Soc. Am.)

(A) Location of the paleoseismological (B) Burried fault scarp with ca. (C) Empirical correlation between surface

outcrops along Highway M-6 (Magyari, 30 cm vertical offset of a red displacement and earthquake

2016). Background map: MVM Paks |1 paleosol developed in loess magnitude. Grey bar denotes the surface

Zrt., 2016b, Fig. 5.2.1.2.6-3. (green lines; Magyari, 2016, displacement of 30 cm inferred from (A).
Figure 5).

The paleoseismological results obtained from outcrops along Highway M-6 are not reported in MVM Paks II.
Zrt. (2016a).
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Comparing the contents of the Geological Site Report with the Site Safety Report
— Kuribayashi & Tatsuoka 1975 === Wakamatsu 1991
=== Liu & Xie1984 = Wakamatsu 1993
= Ambraseys 1988
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(A) Field photograph of liquefied Holocene (B) Empirical correlation between the epicentral distance
floodplain sediments of the Danube from and the surface-wave magnitude (Ms) necessary to cause
the harbour of Paks (from Magyari, 2016, liguefaction at the respective epicentral distance (modified
Fig. 17) from the Japanese Geotechnical Society, 1993).
The paleoseismological results obtained from the harbor of Paks are not reported in MVM Paks II. Zrt.
(2016a).
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Comparing the contents of the Geological Site Report with the Site Safety Report

Kvarter vetdk: e DeE Paleoseismological evidence for surface breaking faulting, T
M6 bevagas paleomeder Distance from Surface| Post quem| Ante quem
site (km) (after ky)| (before ky)
Szeizmit:Paks Teengbd M6 Gyapa-Cece, point 1 | 10 upto60cm|  7.7t11  5.5:1.1 Magyari, 2016, p. 89
Kikotobavites, M6 Gyapa-Cece, point 4 85 not quantified  14.3:2.7] 132619 Magyari, 2016, p. 12-13
Trench Pa-21-1l, event 2 <1 not quantified| 20.741.9| 19.3+15 Halész et al., 2016, p. 52
[Trench Pa-21-Il, event 1 <1 not quantified| 20.741.9| 19.3+1.5 Haldsz et al., 2016, p. 52
evidence for pal from seismites T
Distance from Post quem| Post quem
Kvarer | site (km) (after ky)| _(after ky),
vetok: Trench Pa-21-Il seismite 1 <1 207419 19.3tL5 Haldsz etal., 2016, p. 52
Pa-22- | [Trench Pa-21-1l seismite 2 | <1 20.741.9| 19.3tL5 Haldsz etal., 2016, p. 52
szelzmikus | Ipaks pseudo-3D seismic <1 MVM Paks II. Zrt., 2016a, p. 50
SZeWVENY /) oaks Danube harbour | 35 120 |Magyari, 2016, p. 18-20
Dunapataj-Ordas 1 111813 Acs etal., 2016, p. 713-714
Negyvenszallas™)  |szegres, event 4 23 22,405 193115 Acs etal,, 2016, p. 469-471
Zomba 7 AT bt Szedres, event 3 | 23 30,875, 22,65/ Acs et al., 2016, p. 469-471
foldrengés Depth: 2 km Szedres, event 2 23 22,815 22,315 Acs et al, 2016, p. 469-471
2014.02.04 M:1.7 Szedres, event 1 23 22,815 22315 Acs et al., 2016, p. 469-471
Depth: 10km [Recurrence interval for Szedresen seismites: c. 1.5 ky |Acs et al., 2016, p. 712
M: 09 Dunafoldvirs 25 Below younger Paks Loess Fm. Bada et al., 2005*
X . ; . Dunaegyhaza 31 185.5415.0|  11.1:0.4 Acs et al,, 2016, p. 463-471
Geological Site Report, Téth et al., 2016, Fig. 57 Siikosd | 3 15314 Acs etal., 2016, p. 713
Tolnanémedi 31 15.4¢12 |Acs et al., 2016, p. 471, 713
Bonyhad 39 Bada et al,, 2005*
Tamisi | a2 Bada et al,, 2005*
Decker & Hintersberger, 2021. Data compiled  |kismorigy 38 Bada et al., 2005*

from the Geological Site Report

* References in Acs et al., 2016

A summary of evidence for the past occurrence of strong earthquakes inferred from data compiled from
Acs et al. (2016) reveals a significant number of strong earthquakes that occurred in the last ca. 30.000
years. Such data is not reflected in the Site Safety Report.
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Comparing the contents of the Geological Site Report with the Site Safety Report

Kvarter veték: P Evidence for active faulting from Quaternary sediments | Distance from | Evidece Reference: Acs
M6 bevagas site (km) etal,, 2016
Increase of the thickness of the fluvial sediments of the | 10-15 Borehole correlation | pp. 325-326, 447,
Tsengsd Danube from 23-28 m near Paks to 60-90 m near Hajés- Tab. 75
foldrengés |  [Akaszto-Csdszartuhsz-Kalocsa
23 | |Late Pleistocene subsidence of the Paks-Mohacs basin Geological, p. 380

Kvarter
vetok:
Pa-22-8
szeizmikus
szelvény

Negyvenszallas
féldrengés
2013.07.21
Depth: 2km
M7

foldrengés -
2014.02.04

Geological Site Report, Toth et al., 2016, Fig. 57

Decker & Hintersberger, 2021. Data compiled
from the Geological Site Report

Sinuosity and channel orientation of the Danube 9
between Ordas and Harta above the Dunaszentgyérgy-
Harta fault zone

Fault-cotrolled erosion of the footwall of the 8
Dunaszentgyérgy-Harta fault zone, subsidence after

MIS6 (130 kyr)

sediments, Medina-Herc and Zomba
next to Németkér

next to Szedres
Linear fault scarps parallel to the D: Harta 9

110-120 m offset of Middle-Upper Pleistocene 2028
80-90 m vertical offset of Pleistocene sediments 16

Circa 100 m vertical offset of Pleistocene sediments |17

|Borehole and outcrop

Borehole correlation

Borehole correlation

geomorphological and
geodetic data
Geomorphological and  p. 475
seismic reflection data

1p.394-395
data

Ip. 445, Fig. 228
IFig. 228

Borehole correlation |p. 445, Fig. 228

fault zone near Tengelic-5z616hegy-Dunaszentgydrgy

and |pp. 467-468, Fig.
seismic reflection data 236

hills

[Morphology and drainage of the Tolna and Szekszard 29

Geomorphological data p. 474, Fig. 243

Dunaféldvar

|Arheic sag ponds at the Németkér fault near 25

Geomorphological data p. 475, Fig. 244

Evidence for Pleistocene displacement of faults in the near-region of Paks Il derived from Pleistocene
sediments and tectonic geomorphology is not reflected in the Site Safety Report.
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Comparing the contents of the Geological Site Report with the Site Safety Report

Kvarter vetok: Szeizmit: Duna
M6 bevagas paleomeder
‘Szeizmit:Paks Csengdd

KikotGbavites, / foldrengés
<3

2015.11.23

Negyvenszalas
[

féldrengés
2014.02.04
Depth: 10km
M: 0.9

Geological Site Report, Téth et al., 2016, Fig. 57

MVM Paks Il. Zrt., 20164, conclusion on active
faults, chapter 5.8.2 p. 186):

“... The now extremely detailed data from the
Paks area suggest that the Dunaszentgydrgy -
Harta fault zone is a young and active tectonic
element of the area. ... At the same time, it
should be emphasized that even in this zone,
which can be classified as tectonically active,
no significant displacement has developed,
that is, no impact on quaternary formations
on site that are less than 100,000 years old in
the form of a significant displacement.”

The statement is not supported by data from the Geological Site Report. Data prove vertical
offsets of Quaternary strata reaching up to several tens and even 100 m in the near-region of
the site. The explicitly stated number of 100,000 years for the age of formations is not

substantiated by data.

13
Comparing the contents of the Geological Site Report with the Site Safety Report
M6 bevagas
T HAEA (G. Fichtinger), 2017 Para. 1.12,
KIKG16b Ovit t6ldrengés justification, paragraph 3 (“A rendelkezo
Rész 1.12 pontjahoz”, pp. 23-27):
“The complex investigations confirm that at
the investigated site and within at least 10
km of its surroundings, no fault segment
e exists that led to surface displacement by
s faulting in the last 100,000 years.”
Geological Site Report, Téth et al., 2016, Fig. 57
The statement is factually wrong. Data in the Geological Site Report prove four surface-breaking
earthquakes within a distance of 10 km from the site. Two events with M>6 with ages between
14,000 and 5,000 years were documented in outcrops along Highway M-6 (Magyari, 2016). Two
other paleoearthquake ruptures with ages between ca. 19,000 and 20,000 years were
documented in trench Pa-21-1l next to the site.
14
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Comparing the contents of the Geological Site Report
with the Site Safety Report

The evidence of active faulting in the site vicinity of Paks Il and the evidence of
capable faulting at the Dunaszentgy6rgy-Harta fault zone next to the Paks Il site is
not fully and not correctly reflected in the Site Safety Report compiled by MVM
Paks Il Zrt.

The Site Safety Report omits relevant data of the Geological Site Report such as
virtually all paleoseismological data obtained from the near region of the site.

The Site Safety Report shows a location and width of the Dunaszentgyorgy-Harta
fault zone at the site that differs from the data in the Geological Site Report.

The contradictions between the Site Safety Report on the one hand, and the
geological observations and the conclusions in the Geological Site Report, on the
other hand, is contrary to the principles of good scientific practice.

15
Detail and completeness of investigations of the DHFZ
on the Paks Il site
7.3.1.0800. “.... The examination must be sufficiently detailed to enable a
substantive decision to be taken on the question of the possibility of
discarding the site by the occurrence of permanent surface displacement.”

16
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Extent of the DHFZ
below the Paks site

Yellow polygon:
Paks 2 site

Figure: Geological Site
Report, Acs et al., 2016,
Fig. 418; outline of Paks
2 site added

Seismic profile Pa-22-S across part of the DHFZ (1500 m NE of the site)

The profile shows 16 individual faults (indicated by the red lines) that offset even the youngest s
the Danube. Fault sticks are shown to reach up to about 50 ms TWT (about 5 to 10 m below surf:
vs 200-400 m/s).

ediments of
ace assuming

g}

Time (ms)

Geological Site Report and Site Safety Report do not contain paleoseismological data from the
faults imaged by seismic (and resistivity) profiles.

site license application.

Figure: Geological Site Report, Acs et al., 2016, Fig. 422

Figure and data are not shown in the MVM Paks Il Site Safety Report that formed the basis of the

Jime (ms)
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Extent of the DHFZ
below the Paks site

Yellow polygon:
Paks 2 site

Figure: Geological Site

Report, Acs et al., 2016,

¥ Fig. 418; outline of Paks
| 2 site added
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Eov Y

Seismic profile Pa-22-S across part of the DHFZ (1500 m NE of the site)

Geological profile derived from 7 shallow boreholes (Pa-21-A-G) and seismic section Pa-21-S-
Geomega showing the vertical offset of the Tengelice Red Clay Fm. (Early Pleistocene, 1-2 Ma).
The vertical offset of the base of the formation is about 20 m in the strike-slip environment of the
Dunaszentgyorgy-Harta fault zone.

¢

Pa-21-E1 Pa-21-A Pa218 Pa-21-D1  Pa21-C Pa-21-F3 Pa-21-G4
Proposed research site Proposed research site
2m Tengelice Red Clay Fm. (PI-Qp2, reduced) 84m  Tengelice Red Clay Fm. (PI-Qp2, reduced) o

ﬁ 'EY
Upper Pleistocene - Holocen river sediments (gravel, sand) fee
= == — _ — = 70
Tengelici Vérosagyag i e — | n
Formacié (Pl-Qp2, oxlden) g - - - I 50
30
NE'J"‘:"‘"; 5 . ) Ujfalui Homokkd Formcio (felsd-pannoniai s.l.) 30
i L jfalui Homokkd Formacio (fels6-pannoniai s.l.) J Vol Sand Fon, (URpacPannonian ) 2

| |

0 50 100 150 200 250m

Figure: Geological Site Report, Halasz et al., 2016, Fig. 9

Geological Site Report and Site Safety Report do not contain paleoseismological data from the fault(s)
truncating the Tengelice Red Clay Fm. to the NW.

Figure and data are also shown in the MVM Paks |1 Site Safety Report (Figure 5.2.1.2.6-8.).

20
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Seismic profile Pa-21-S across part of the DHFZ (700 m SE of the existing NPP Paks)

The profile shows 10 individual faults (indicated by the red lines) that offset even the youngest
sediments of the Danube. These faults are shown to reach up to the surface.

=mmmm  Coverage of next slide
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Figure: Geological Site Report,
» Acs et al., 2016, Fig. 420

R ]
Time (ms)

Early Q-Holocen Holocen of
Tengelice Fm. sediments sediments the Danube

21

Detail and completeness of investigations of the DHFZ
on the Paks Il site

7.3.1.0800. “.... The examination must be sufficiently detailed to enable a
substantive decision to be taken on the question of the possibility of
discarding the site by the occurrence of permanent surface displacement.”

Geological and geophysical data documented in the Geological Site Report
and the Site Safety Report are not sufficient to reliably exclude the
potential of a permanent surface displacement.

The 85 m long paleoseismological trench is regarded insufficient for a
comprehensive assessment of the 1 km wide active fault zone that extends
in the subsurface of the existing NPP as well as large parts of the Paks Il
site.

22
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Evidence from the paleoseismological trench Pa-21-I1

7.3.1.1100. “If the potential of occurrence of a permanent surface
displacement on the site cannot be reliably excluded by scientific
evidences, and the displacement may affect the nuclear facility, the site
shall be qualified as unsuitable.”

23

Paleoseismological assessment of a branch fault of the DHFZ in a 82 m long / 2.8 m deep excavation:

Trench Pa21-ll ca. 700 m SE of the existing NPP

Figure: Geological Site Report,
Halasz et al., 2016, Fig. 11 and 12

24
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Paleoseismological assessment of a branch fault of the DHFZ in a 82 m long / 2.8 m deep excavation:

Trench Pa21-ll ca. 700 m SE of the existing NPP

320° Pa-21-ll 140°
(btszoros magasitas)

[P 1 oy ey 1y : .

% 0 £

B soil Bioturbated sand mixed with soil [] Horizontally laminated sand
=] wavy laminated sand |=™  Seismite layer == well traceable marker horizons

I Seismotectoic elements mapped on NE wall / projected from SW wall /

Figure modified from Geological Site Report,
Halasz et al., 2016, Fig. 250

The trench exposes a series of 12 faults that ruptured the surface in two distinct earthquakes about 19.000 to 20.000
years before present.
25

Paleoseismological assessment of a branch fault of the DHFZ in a 82 m long / 2.8 m deep excavation:

Trench Pa21-ll ca. 700 m SE of the existing NPP

(A) and (B) depict surface breaking faults that disrupt and offset about 19.000 to 20.000 years old
flood sediments of the Danube.

Figure: Geological Site Report,
Halasz et al., 2016, Fig. 27 and 35

26
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Paleoseismological assessment of a branch fault of the DHFZ in a 82 m long / 2.8 m deep excavation:

Trench Pa21-ll ca. 700 m SE of the existing NPP

Link to photographs:

Surface ruptures caused by the 2010
Darfield Earthquake (New Zealand)

Modern structures are look-alikes of the
structure recovered by the trench Pa-21-II
(figure left)

https://sciblogs.co.nz/app/uploads/2020/09/New-
Zealand-earthquake-rips-a-new-fault-line-across-the-
world...-moving-one-side-of-the-earth-11ft-to-the-

right-1.jpg
(A) depicts a surface breaking fault that disrupts and offsets (B) Surface rupture of the 2010 Darfield
about 19.000 to 20.000 years old flood sediments of the Earthquake (New Zealand)

Danube.

Figure: Geological Site Report,
Halasz et al., 2016, Fig. 27 and 35

27
Paleoseismological assessment of a branch fault of the DHFZ in a 82 m long / 2.8 m deep excavation:
Trench Pa21-ll ca. 700 m SE of the existing NPP
% emmmm=— -
.._-_----"“"'/D%
L '%- -
—mm—— ——
B
(A) Sediment filled en-échelon tension gashes (B) schematic sketch of a sinistral shear zone with en-
erroneously interpreted to record sinistral slipand 2.5  échelon tension gashes showing that the measurement
cm horizontal displacement (from Haldsz et al., 2016, in (A) measures the horizontal spacing of the sediment-
Fig. 32; Frank Horvath for scale). filled tension gashes. The amount of sinistral
displacement remains undetermined and may exceed
the stated value significantly.
Figure: Geological Site Report, Figure: Decker & Hintersberger, 2021, Fig. 24
Halasz et al., 2016, Fig. 32 28
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Paleoseismological assessment of a branch fault of the DHFZ in a 82 m long / 2.8 m deep excavation:

Trench Pa21-ll ca. 700 m SE of the existing NPP

Flower structure
after slip event

Fill of the slipped
il

er structure
2

Cross-section
area of flower
=011 m? Post-tectonic fill of the
% slipped flower structure

Pre-tectonic sediments

W Width of flower structure

Flower structure

prior to slip Ag,,, Cross-section area of flower
N L,  Length prior slip
Vg Volume of post-tectonic fill
E‘ AL Slip distance
(A) Negative flower structure at 43.7 m of the trench (B) Schematic shoebox model illustrating the geometry
Pa-21-1l, interpretation by Decker & Hintersberger, of a negative flower structure. A slip distance of 0.3-0.4
2021. The continuous white line indicates the m is calculated from the dimension of the trenched
boundary faults of the flower structure; the broken structure (cross-section area 0.03 to 0.035 m?; minimum
line delimits sediments of the post-tectonic fill. length 1.3 m; minimum volume of sediment fill 0.039 to
0.046 m3).
Background photo: Halasz et al., Figure: Decker & Hintersberger, 2021, Fig. 24
2016, Fig. 35 29
Evidence from the paleoseismological trench Pa-21-Il
7.3.1.1100. “If the potential of occurrence of a permanent surface
displacement on the site cannot be reliably excluded by scientific
evidences, and the displacement may affect the nuclear facility, the site
shall be qualified as unsuitable.”
MVM Paks Il Zrt. 2016, Site Safety Report: “Seismic events occurring in the research area
... are not able to significantly displace the surface, i.e., the fault planes cannot be
considered capable.”
The statement by MVM Paks Il Zrt. is not in line with geological evidence described
in the Geological Site Report. Interpreting the structures excavated in trench Pa-21-I|
as proofs of repetitive strong earthquakes with significant surface displacement is, at
least, in the range of reasonable and scientifically defendable interpretations.
The occurrence of a permanent surface displacement can therefore not be reliably
excluded by scientific evidences.
30
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Links to photographs:

Evidence of surface ruptures caused by the 2010
Darfield Earthquake (New Zealand)

Modern structures are look-alikes of the fractures
recovered by the paleoseismological trench Pa-21-11
next to the Paks site

https://static.dw.com/image/36379768_303.jpg https://sciblogs.co.nz/app/uploads/2020/09/New-Zealand-
earthquake-rips-a-new-fault-line-across-the-world...-moving-one-
side-of-the-earth-11ft-to-the-right-1.jpg
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