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The context

Romania is rich in natural deposits=
of salts, mainly encountered in the®
sub-Carpathian region which have ™
been exploited since ancient times
housing many active and in e
conservation salt mines. One of .
these is located in Slanic-Prahova. &
Slanic-Prahova is located in the=
outer Carpathians area (Prahova=""
County), 40 km NE of Ploiesti, usg,
about 100 km N from Bucharest ™
and 150 km SE from Brasov. The
town is placed in Slanic Rive
valley, tributary of Varbilau River.

Slanic is mainly a center for salt
Mountain which is unique in
town is surrounded by
treatment and various €
7000 inhabitants.
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The geology of salt massif

From geological point of view, the salt massif belongs to the post-tectogenetic cover of
Tarcau Nappe, one of the most important ones cropping out in the Eastern Carpathians.
It includes Cretaceous, Paleogene and lower Miocene sedimentary successions.
Towards Prahova County, this nappe ends on two main anticlines, Homoraci and Valeni,
separate by two synclines, Slanic and Drajna, both filled with Miocene molasse. The
post-tectogenetic sedimentary cover of Tarcau Nappe begun to accumulate in early

Miocene (23.7 Ma) and ended in Sarmatian (5.3 Ma).

The sedimentary environment in the region of actual
Slanic Prahova was dominated by the Middle Badenian
evaporitic condition, covering the interval from the last
stage of carbonates precipitation to halite, however,
without reaching the stage of K and Mg salt
precipitation.

During evaporitic condition, authigenic minerals such
as carbonates, sulfates and halite precipitated
simultaneously with a certain amount of sediments
from the adjacent areas whose presence can be
remarked as interbedded layers in the salt formation.
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: Ty
= - §
,ﬂﬂ. 8 . .“l- ."‘*‘-""4’ e ciai® 4
RAYR | R ERAFERN AT W
R B AR AT DE TR parsil.
; - ;
By peiel s " = T I -.,} e ﬁ"'j !
'!H. ot & “ o s FEY o i B
I P P ::' o L o é
R ,}i ol @ % PRE &0 B O Pp AW WS & .
OO T ST :';f: ¢t *¥P umaa #Fu5ra e *- i
am s @ # ~
o e * wu % ooy % ': v e el g .2
T o "3 t L L I e e
ﬂﬁ: L + Lol g ;;‘a;" ul.""lj # g
it LE Wl PSP o, we®™ v
& #'“’ % r.i} " ¥y PI:%' LT - ¥ u n, 4
¥ i.-,-,-‘:,.., su ***’pt-ﬂtﬁi .{. % 5
! ™ P E E " ¥ e
. & e, % o, 29 .;i 3 * i
* T e » L3
. 'g".m,-g : 208.m. f"-ﬁ 0 " ae
a ® o i % e g O T W wap ‘* o
r‘:w.l"i_‘i & %“.#il#& ud-'l,*.,.#
N v
El'u PR  a® oo v . el
& " » - e g owmn we o w0
] ‘ T #'l' | o &
Do e % T i%
- % % (i
6 U ¥ §e
#Q-# Ll P i Vg
e mling, T e -i'_"_#-_ e i, ol ..'*
. 1 i g ey WU e L o
y & - gy W » sl @ i

Existing mfrastructure
The Unirea salt min
networks. The e
From Slanic
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The Unirea salt mine environment:
12.0-13.0 °C
65-70 %

excavated volume: 2.9 milli

temperature:

humidity:

floor area:
average high:
width
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Underground laboratory realization stages:

. — conception, design, constructor selection,
Il. — material conditioning, transportation a

lll. — leveling the mine floor under lab
salt,

IV. — measurement systems p
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UNDERGROUND LABORATORY
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In 2005, the goal was the setting up of an underground laboratory
{o] & .

*high resolution gamma ray spectrometry

*whole body counter

-radiation metrology

other applications?




The initial work

Dose rate measurement in the laboratory ar

Measurement of radiation background
gamma detectors

Testing the whole body count



Total counts versus time
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Background spectra collected with a CANBERRA GeHP
detector with 22.8% rel. efficiency
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Background spectra collected with an ORTEC GeHP detector
with 33% rel. efficiency
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The Slanic-Prahova (ROMANIA) underground low-background
radiation laboratory

R. Margineanu?, C. Simion?, S. Bercea?, 0.G. Duliu®*, D. Gheorghiu ?, A. Stochioiu ?, M. Matei©

# Horia Hulubei National Institute of Physics and Nuclear Engineering, PO. Box MG-06, 077125 Magurele (llfov), Romania
b Department of Atomic and Nuclear Physics, University of Bucharest, P.O. Box MG-11, 077125 Magurele (Ilfov), Romania
© SALROM RA, 220 Calea Victoriei, 010099 Bucharest, Romania

ARTICLE INFO ABSTRACT
Article history: A low-background radiation laboratory was constructed and fully commissioned in 2006 in the former
Received 24 October 2007 Unirea (Slanic-Prahova) salt mine at 208 m below surface (estimated to 560m water equivalent).

Received in revised form
19 March 2008
Accepted 1 April 2008

Preliminary measurements showed a global reduction of the absorbed dose due to natural factors of
about 39 times compared to level on the surface, reaching inside the mine 1.17+0.14nGy/h. The total
gamma background spectrum between 40KeV and 3 MeV was 100 times smaller at laboratory level
with respect to the same spectrum recorder at surface, in open field. All these experimental facts
recommend the Slanic-Prahova low-background radiation laboratory, at present time fully operational,
as very suitable for various measurements needing a low background.

@ 2008 Elsevier Ltd. All rights reserved.

Keywords:

Underground laboratory
Low-level dosimetry

Low-level gamma spectrometry
Low-level radiation metrology
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Background spectra collected with a CANBERRA GeHP
detector with 22.8% rel. efficiency
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Radiochim. Acta 97, 333-337 (2009) / DOI 10.1524/ract.2009.1622
© by Oldenbourg Wissenschaftsverlag. Munchen

Epithermal neutrons activation analysis, radiochemical and
radiometric investigations of evaporitic deposits of Slanic-Prahova
(Romania) salt mine

By C. Cristache!, C. A. Simion', R. M. Margineanu!, O. A. Culicov’*, M. V. Frontasyeva’, M. Mater’ and O. G. Duliu**

! National Institute of Research and Development for Physics and Nuclear Engineering “Horia — Hulubei”, P.O. Box MG-6,
077125 Magurele (Ilfov), Romania

% Joint Institute of Nuclear Research, 6, Joliot Curie str.. 141980 Dubna, Russia

* National Society of Salt SALROM SA, 220 Calea Victorie1, 010099 Bucharest, Romania

- University of Bucharest, Department of Atomic and Nuclear Physics, PO. Box MG-11, 077125 Magurele (Ilfov), Romania

(Recerved May 11, 2008; accepted in revised form December 28, 2008)

Activation analvsis / Halite / Trace element / cess potassium chloride as well as other heavy metals salts
Natural radioactivity / Underground laboratory are substantially removed and the presence of natural ra-
dionuclides is considerably diminished [11]. This makes salt
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External dose rate in Unirea salt mine, Slanic-Prahova, Romania

R.M. Margineanu?, AM. Apostu?, O.G. Duliu®*, S. Bercea?, C.M. Gomoiu?, C.I. Cristache ?

* National Institute of Research and Development for Physics and Nuclear Engineering “Horia-Hulubei”, P.O. Box MG-6, 077125 Magurele (lifov), Romania
Y University of Bucharest, Department of Atomic and Nuclear Physics, PO. Box MG-11, 077152 Magurele (Ilfov), Romania

ARTICLE INFO ABSTRACT

The distribution of the external dose rate within the former Unirea salt mine, host of the Low-Level

Keywords: Background Laboratory was determined and compared with calculated values based on the
Low-level background laboratory experimentally determined content of natural radioactive elements in the mine walls. The average
External dose rate external dose rate was found to be 1.3+0.3nSvh~!, close to calculated one of 1.44+0.2nSvh~".

Salt mine @ 2009 Elsevier Ltd. All rights reserved.




Neutron activation analyses of salt from UNIREA salt mine

Element Neutron activation analyses
Uranium <lppm
Kalium ND
Thorium ND

Neutron activation analyses of salt impuritie

Element

Neutron activation an

Uranium

Kalium

Thorium
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Elevator Cafeteria

1.123
1.296

1.469
1.642
1.816
1.989
2.162

2.335

\
LB Laboratory




DOSE RATE
The measurement of external dose rate gave:

«in different places in Unirea salt mine - 1.1 + 2.3 nSv/h, average 1.3 nSv/h

*in underground laboratory - 1.6 £ 0.3 nSv/h.
The external dose rate was measured with an EBERLINE FH40G-L10 calib
producer.

The separation walls from laboratory, filled with salt, contain 1mg/k
K4[Fe(CN)6]3H20.
In this condition the external dose rate due to K4[Fe(CN)6]3

calculated dose

Radionuclide

K40
Th 232 series
Ra 236 series
Total

Crakow Epiphany



Radon concentration in Unirea salt mine gallery

Detector N tracks | density corrected Rn conc.
[tracks/mm?] density [Ba/m3]*

A112 53 1,132 0,817

A439 48 1,026 0,711

*uncertainty ~40%

Other measurements are in progress, especi
correction

minimum = 0,09 mm-2 and maximum:

Measureme

Crakow Epiphany
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Dose rate vs. depth

y = 100,2x70-6905
R? = 0,9695

100,00

o
o
o
o

N

60,00 -

40,00 -

dose arte (nSv/h)

20,00 -

0,00

Crakow




Applied Radiation and Isotopes 67 (2009) 961-963

E— Agolied Radialion and
L

Contents lists available at ScienceDirect

Applied Radiation and Isotopes

£

Bl

SEVIER journal homepage: www.elsevier.com/locate/apradiso s

Activity measurements of technically enhanced naturally occurring
radionuclides (TENORM) in phosphogypsum

A. Luca™, R Margineanu, M. Sahagia, A.C. Wdtjen

Horia Hulubei National Institute of Physics and Nuclear Engineering (IFIN-HH), 407 Atomistilor Street, PO. Box MG-6, Postcode 077125, Magurele, Ilfov County, Romania

ARTICLE INFO ABSTRACT

Phosphogypsum is a by-product of the phosphoric acid based fertilizer industry; it can be used in

Keywords: agriculture and to make building materials. Phosphogypsum is radioactive due to the presence of
Phosphogypsum technically enhanced naturally occurring radionuclides (TENORM) and its environmental impact is a
TENORM major concern of the public authorities. The Radionuclide Metrology Laboratory from IFIN-HH
Gamma-ray spectrometry participated at the [AEA-CU-2007-06-CCRI(II}-S5 Supplementary Comparison for the Determination of
Activity TENORM in phosphogypsum. The measurement procedures and the discussion of results and problems

encountered are presented.
© 2009 Elsevier Ltd. All rights reserved.

Results expressed in relative values (to the **Ra activity) obtained for the IAEA-CU-2007-06-CCRI{11)-55 Supplementary Comparison for the Determination of TENORM in

phosphogy psum.
Radionuclide Individual activity determinations dry mass (relative to *°Ra) (%) Estimates
Sample 1 Unc.1? Sample 2 Unc2? Sample 3 Unc.3 # Average value (%) Total Unc® at 1a level
210pp 150 19 = = = = 150 19
H4pp 72 10 73 10 71 10 72 10
214p; 44 5 42 5 424 4.9 42.8 49
226Ra 100 13 - - - - 100 13
234Th 46 7 = = 48 12 47 7
35y 2.86 0.46 = = = = 2.86 0.46

2 Standard uncertainty of individual determination expressed in % (for example, in the case of sample 1, the activity ratio between #*Pb and #®Rais (72 +10)%).
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Slanic laboratory in LAGUNA project

Due to the depth of Unirea salt
could be considered to be in
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GLACIER

Giant Liquid Argon Charge Imaging ExpeRiment
possibly up to 100 kton

Electronic crates
e

{ gt
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A. Rubbia hep-ph/0402110
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The muon flux measurement in underground

CANTACUZINO MINE ~ UNIREA MINE
w VICTORIA MINE

|
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The mobile muon detector
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5.0 cm

Detection system

— Al box

photomultiplier 1.5

478 =478 cm

scintilator sheets

1244 <

wonvelenght shiftfer

photomultiplier

plasic cowver
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GEANT simulation of the detector

Detection Module

Scintillator plate
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GEANT simulation of the detector
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Deposited energy by muons in scintilators (GEANT)
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Mesuremenst of the muon intensity in underground

Place
UNIREA MINE
CANTACUZINO Oriz. 8
CANTACUZINO Ori
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Tank construction alternatives

For the underground infrastructures and engineering, for GL
three situations were investigated:

» A crown type detector placed around one of the pil
with a volume of about 80500m3,

» 3 smaller tanks placed at the cross of differ
about 81000 ms.

« excavation of a new gallery able to
37 m height

Crakow Epi



In the existing galleries we have two options, namely:
Option 1 - 1 tank of 80.000 m? Crown detector with: R=54m, r=37,6m, h=26m height
Option 2 - 3 tanks of 26.000 m? each with R=22 m, h = 25 m height

Crakow Epiphany




OPTION#1

CROWN DETECTOR
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Crown detector dimensions

Crakow Epiphany Conference, January 6-&




OPTION#2 - 3 smaller detectors

Crakow Epi




Tank dimensions for the second option

Crakow Epiphany Conference, January 6-8, 2010




Option#3

Excavation of a new gallery about 100 m below the present excav

CANTACUZINO MINE UNIREA MINE m\
w VICTORIA MINE

i

The calculations w
University of P
and Industri



GEOMECHANICAL CHARACTERIZATION OF THE SALT FROM SLANIC-
PRAHOVA

The measurement of geomechanical characteristics in labora

The important physical properties for the stability of the undergrou
determined are: specific density (y), volumetric density, (y,) an

The relevant mechanical properties for the stability of th

are: uni-axial compressive strength, traction strengt
internal friction strength

Crakow Epiph



Geomechanical characteristics of salt in massif

Along with direct measurement of salt parameters in laboratory, for simulating the
salt behavior in Slanic-Prahova massif, software for geotechniques based on Hoek-
Brown crack criterion was used. Hoek-Brown crack criterion is generally accep
and it is world wide applied giving accepted engineering results.

The engineering practice offers the possibility to choose for the s
considering the geological structure, a GSI ranging from 98 to 87, na
structure with few discontinuities zones.

Simulations for GSI=98 have been performed, namely the salt
well structured by internal bonds, consisting from cubic
discontinuities.

For the salt rocks from Slanic, knowing the geo-morp
literature recommendations, the structural index
+ 2). Simulations for m=10 and m.=8 have be
massif occurs at m=10.

Crakow Epiphany Conference, J



A specialized computer code RocLab was
used, the parameters and properties of
rock salt from Slanic Prahova were given in
input.

The code generates tables and charts for
estimating uni-axial compression stress of
intact rock, (o), material parameters m,
and GSI index.

Characteristics values of the massif and
those determined for the critical stress for
samples from Slanic Prahova salt
determined in the laboratory are presented
in next table.

Crakow Epiphany Confere

parameter

MU.

Avera

e value

mi=8

m

compression
strength, o
(lab)

MPa

28,868

compression
strength in
massif

MPa

traction strength

in massif




Major and minor principal strength dependency for m = 10
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: Mohr-Coulomb Fit
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Rock Mass Parameters

tenzile strength = -2.150 MPa
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Analysis by finite element method of stresses and strains developed around an
excavation in salt massif in Slanic Prahova

Regarding the FEM, several computer codes for analyzing structures by finite element
method have occurred. The CESAR code, whose development began in 1981, is the
successor of ROSALIE code developed by the Central Laboratory of Bridges and Roads
in Paris. CESAR is a general computer code that is based on finite element method,
which addresses the following areas: structures, soil and rock mechanics, heat transfer,
hydrogeology.

CESAR-LCPC code 2D and 3D version 4, which is composed of processor Cleo2D
respectively Cleo3D completed the Option CO (linear and nonlinear static Mechanics &
Diffusion)

The goal of modeling with FEM using CESAR-LCPC 3D computer code is an excavation
located at an average depth of approx. H = 300m, measured from its upper surface. The
excavation consists of a lower part vertical cylinder of diameter d = 74m and horizontal
height h = 25m and an upper hand in the form of spherical caps height h1 = 20m and
radius of approx. R = 44m, stabile for more than 50 years

Crakow Epiphany Conference, January 6-8, 2010
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The calculation base

Geomechanical characteristics considered the criterion elastic-plastic Mohr-
Coulomb type without hardening

Geomechanical
characteristics

U.M

Rock
salt

Surrounding
rocks

Apparent specific
density, ya

[N/m?®]

22000

25000

Young’s modulus,
E

[kN/m?]

3000000

Poisson's
coefficient, u

Cohesion, C

Angle of internal
friction, @
Expantion a

Crakow Epiphany




Results

Variation of horizontal u and v and vertical w displacements, [mm]

displacements [mm]
u Vv W
+94+-127 +94 +-12,7 + 115 +-78
strains [%]
gl Ev Ew

0,0000343+0,000254 | 0,0000343+0,000254 0,000254+

Variation of stresses

Stresses, [kN/m?]

Oxx Oyy =
+2260+--8330 [+2260+-8330

O1
+2290+-5250
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Displacements

u[mm]/1.E1

7 v [mm]/1.E1

w [mm]/ 1.E2

Bl 094 B 115
I 0.50-0.72 o2 B 0.96
[ 0.28-0.50 I 047 [ 0.74
[ ]0.06-028 oz [ ]o052
[ ] -0.16-0.08 I 0.03 0.30
[ -0.38--0.16 I 029 I 0.07
[ -0.60--0.38 0.54 -0.15
[ -0.82--0.60 B -0.79 [ -0.37
-1.04 --0.82 Hl -1.04 Il -0.59

I -1.27 --1.04

2z | ; 078

Horizontal displacement

u, in mm
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sxx [kN/m2] / 1.E3
B 1.20-227
B 0.15-1.20
[ 0.91-0.15
[ -1.97--091
[ -3.03--1.97
I -4.09--3.03
I -5.15--4.09
I -6.21--5.15
7.27--6.21
Bl 834--7.27

Horizontal stresses c,,,
in KN/m?2

Crakow Epipha

Stresses

syy [kN/'m2]  1.E3 szz [kN/m2]/ 1.E4

Bl 1.20-2.27 Il 0.05
I 0.15-1.20 Il 013
] -091-015 [ -0.33
[ 1-1.97--091 [ ]-053
] -3.03--147 ] -073
[ 4.09--3.03 [ -0.93
I -5.15--4.08 -1.13
] 6.21-5.15 I -1.33
[ -7.27--6.21 Hl -1.53

I 534--727 170



sxy [kN/m2] / 1.E3
B 1.07-1.38
B 0.76-1.07
[ 0.44-0.76
[ 0.13-0.44
[ 0.18-0.13
I -0.49--0.18
I -0.81--0.49
o -1.12--0.81

syz [kN/m2]/ 1.E3
Il 4.49-5.66
[ 3.34-4.49
[ 2.18-3.34
[]1.03-218
[ -0.12-1.03
[ -1.28--0.12
[ -243--1.28
[ -3.58--2.43
-4.74 --3.58
Il -5.90--4.74

szx [kN/m2] / 1.E3
I 4.49-5.66
I 3.34-4.49
] 218-3.34
[11.03-2.18
[ -0.12-1.03
I -1.28--0.12
[ -243--1.28
[ -3.58--2.43
-4.74 - -3.58
Il -5.90--4.74
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1 [kNim2] / 1.E3
220
B 152
[ 067
[ 019
[ -1.05
I -1.82
o 278
Bl 564
Il -4.50
Bl 525

il

&1 [kN/m2]/ 1.E3
Bl 153-229

B 0.72-1.53

] 0.02-0.78

_1-073-0.02
] -148--0.73
o 224--1.48
T 299--224
] 375--259
] 450--375
Bl 526--4.50
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£2 [KN/m2] 1 1.E3
Bl 139-227
I c.51-1.39
71 -0.36-051
] -124-0.36
] 211-1.24
] 299-211
| -3.87--2.99
] 4.74--3.87
I 562--4.74
Bl 6.50- 562

82 [kN/m2] / 1E3
Bl 226
139
[ n.29




$3 [kN/m2] / 1.E4
B 0.16-0.04
I -0.36--0.16
7] -0.56--0.36
] -0.76--0.56
7] -0.95--0.76
I 1.15--0.95
] -1.35--1.15
I -1.55--1.35
] 1.75--1.55
Bl 1.95--1.75

s3 [kN/m2] / 1.E4
B 0.04
Bl -0.16
I -0.39
] -0.61
-0.84
Bl -1.07
-1.30
Bl 152
Bl -1.75
Bl -1.95
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shearMax [kN/m2] / 1.E3

B 792
Bl 7.13
[ 6.22
[ ]532
4.41
3.51
[ 280
B 1.70
Hl 0.79
Il 0.00

shearMax [kNm2] / 1.E3

B 7.13-7.93
I 6.33-7.13
[ 5.54-6.33
[ ]475-554
[ ]396-4.75
[ 3.17-3.96
[ 2.38-3.17
1.5¢-2.38
[ 0.79- 159
Bl 0.00-0.79
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compr [kN/m2] / 1.E4
I 0.00

Bl .19
I -0.42
[ ] -0.84
[ -0.88
] -1.09
-1.31
B -1.53
Bl 175
B 195

compr [kN/mn2] / 1.E4
B -0.19-0.C0

[ 0.39--0.19
] -p.58--039
| -078--0.58
] -087--0.78
[ 1.17--097
[ 1.36--1.17
[ 1.56--1386
-1.75--1.56
Bl -195--1.75




Stability analysis
Excavation walls are subjected to compression stresses, which increases from the
vault (-14819 kN/m?) to the floor (-19308 kN/m?), the compression strength value of
salt rock (28876 kN/m?). In the walls major shear stresses are developed with
highest values near the corners of the vault and the floor, ranging from 7130 to
7930 kN/m2, less than the breaking strength of shear salt which is 10500 kN/m?&.
Note that the maximum compression stresses -19308 kN/m?, are lower than |
term strength limit, which is 19800 kN/m2. Also maximum traction stress i
kKN/m2, lower than long-term traction strength limit of 11460 kN/m?.

Permanent reinforcement

Permanent reinforcement of the cavern from Slanic
fiberglass anchors with a diameter of 18-20 mm or iro
with synthetic resins, geo-synthetic net for fixin
shotcrete for consolidation to avoid the advers
microclimate (air and moisture).
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Conclusions

Any salt mine could be a suitable place for an underground laboratory |
radiation background.

The price of the construction without equipments is from thousa
thousands of euros.

By its natural conditions, the Slanic underground laboratory |
other underground laboratories. The measurements sho
the absorbed dose due to natural factors of up to 80 ti
of 1.2 + 1.3 nGy/h, comparable with similar labor
The integral gamma spectrum between 40 an
1600 times lower compared with the spectr
At the same time, the gamma spectro
similar laboratories will need a care
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Conclusions (continued)

All experimental facts recommend the Slanic-Prahova laboratory,
time fully operational, as very suitable for various measurem
low-radiation background.

Experimentally, the water equivalent depth of Slanic Mi
at:

- ~ 600 mwe (Unirea Mine)

- ~ 750 mwe (Cantacuzino Mine — horizon
The new cavern 100 m below the present
of about 1000 mwe.

The Slanic site is feasible for L
mine or in a new cavern 100 m



