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The SPES Project and the Cyclotron

Cyclotron
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up to 40 kV
according to
mass

________________________________ Vvl W LN

RIB: Sn-
132*, |-
135*1 9
MeV/amu

RIB: Sn-132*",
[-135*", ...
up to 40 kV

985 Epdbn Sarven doms 31 2

Protons
, 40
MeV
200 pA




Stages of the SPES Project

Proton beam of 40
MeV and 200 uA

Direct fission on
Uc, target

lonization of the
fission products

Selection of the

beam of interest

=~ and increase of his
charge

Ri-acceleration of
the RIB

Convegno Nazionale AIRP 2017, L. Sarchiapone
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Nuclear safety and SPES




Why nuclear safety?

vhich we have to
oxic gases 1n the

on workers (for this we
of radiation through ducts

et, air, cooling water, walls




Why nuclear safety?




Nuclear safety objective

dents in nuclear facilities;
en into account in the
of very low probability,
any, would be minor;
] of severe accidents with serious
S is extremely small




How to implement it?

1sions in a way to
variety of transients,
nction of components,




Defence in depth

Safety and protection Normal operatin

systems, lengmeered systems perating General means of protection: conservative
?nd special safety design, quality assurance and safety culture
eatures

First level: Prevention of deviation from normal operation
Second level: Control of abnormal operation T\
Third level: Control of accidents in design basis ™\

Fourth level: Accident management including confinement protection ‘\

Fifth level: Off-site emergency response ~



Defence level

Defence level objective _________________how

Level 1 Prevention of abnormal operation Conservative design and high
and of malfunctions (Defense level) quality of construction and of
operation
Level 2 Control of abnormal operation and detection of  Control, limitation and protection
malfunctions (Defense level) systems and other surveillance
characteristics
Level 3 Control of accidents included Engineered safety systems and
in the Design Basis Accident accident procedures
Level 4 Control of the severe accident conditions of the  Additional measures and
plant, including the prevention of accident accident management in site

progression and mitigation
of consequences.

Level 5 Mitigation of the radiological External site emergency plan
consequences of significant
releases of radioactive products






FLUKA MONTE CARLO CODE

Dose(n) - sez. target
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FLUKA MONTE CARLO CODE
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Monitoring plan and instrumentation




Monitoring plan and instrumentation
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Monitoring plan and instrumentation

lonization chamber

“3=%"% Measuring range 100 nSv/h— 1 Sv/h
Energy range 30 keV — 7 MeV

Wide Extended Neutron
Detector Instrument

Measuring range 1 nSv/h —
100 mSv/h
Energy range 25 meV -5




Monitoring plan and instrumentation




Monitoring plan and instrumentation

Thermoluminescent
Dosimeter: provided for
maintenance on activated
parts of the cyclotron and
beam line




Monitoring plan and instrumentation

oncentration detection in air

otl Spettri 1 9 2016\SpettroMisura 1.9 2016 11 12 17.cnf [P

| Idle | VFS=64 | Channel: 130 - 532.0 (keV) Counts: 9  Preset: 300.0/300.0

entio 126 :5125keV
o +0.00%
e 580 a0

‘ Chiudi




Neutron ambient dose equivalent rate Preliminary evaluations

= / T Protons 40 MeV and 200
0 uA on target
. A
—— p . P

10°

10?

10 uA lost
across the
beam line

10

1 Sv/h

100

1 mSv/h

40 uA lost in beam
acceleration

Convegno Nazionale AIRP 2017, L. Sarchiapoe
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Misure in fase di commissioning

103
500 mSv/h calculated Commissioning

(465 mSv/h measured) of the beam line

10?

10 70 MeV proton
beam, 3 uA on

Isvh Cu Faraday Cup
210 W power

100

10

1 mSv/h

2 cm of light at
the shielding
door walls 100

10

80 uSv/h calculated : :
(10 uSv/h measured) beam line - e 1 uSv/h
shielded with PE e




_ Ambient dose equivalent rate of gamma radiation after 2 weeks of continuous proton il °
== beam on target
1 Sv/h

=
=
.

- 100

10

\ 10

Convegno Nazionale AIRP 2017, L. Sarchiapon

L1 1 uSv/h






1 Sv/h

100

410

| 1 mSv/h

100

128 uSvin4 onths of
operation
(6 operators) 10







B+ (511 keV), 4'Ar (1293.64 keV) oot
Sensitivity, fZ(tsampiing): 0-1-0.5 Ba/gy;, ,+*
¢
L 2




Air activation: data inside the irradiation bunker

o Grafico Misure Egam

- Irradiation conditions: 70 MeV
| | Grafico Misuro Egam Id: Egam-2 and 500 microA, in BD located
in bunker of 180 m3 volume.

Misure Egam Id: Egam-2 - Misure Dal 01/09/2016 Al 01/09/2016

[[¥] == Atiivita Roi 1 [w] == Allivitd Roi 2 [] == Allivita Totale ||

210

= | Measured values: 160 Bq/g for beta emitters | | | |
% |and 35 Bq/g for Ar-41 ~ | Y | | ‘

170
160
150
140
130
:g 120
=10 I ] | ] ! ] | I i

<
a0

g
a0 | | | | | | | |
70 | | | | | | | I
40
a0
20
10

CAOB2016 08:08:34  O10H2016 094505 0UCH2016 11:42:58 /092016 13:42:03 011092016 15:35:58 O1G2016 17:30:06 01702016 19:24:11 01/09/2016 21:18:04 01092016 23:11:58




Air activation: data at the chimney

‘a Grafico Misure Egam - - e
| Grafico Misure Egam Id: Egam-1

Misure Egam Id: Egam-1 - Misure Dal 01/09/2016 Al 01/09/2016
[[¥] == Attivita Roi 1 [/] == Atlivitd Roi 2 [y/] == Attlvita Tatale ||

105 T
"
095 |
09
08s |
08

a7
065 |
;gﬂ.ﬁ
.Z 055 -
P

045 |-
04
035 |-
03

0,05 Pt ete estted LT tntietarpm 25
0102016 00:04:31  01/09/2016 02:39:50

01/0%2016 05:30:44 010942016 08:21:28 01/0%2016 11:112:28 01/0%2016 14:03:20 OVGH2016 16:54:15 01082016 19:45:09 017092016 22:41:12




Alir activation: comparison of calculated data and measured ones

LOOECC M T T TTT T T

1.00E+02 +

1.00E+01 +

1.00E+00 +

Activity concentration (Bg/g)

1.00E-01

| —betat —Ar-41

1.00E-02 - EEIEEEE
1 10 100 1000 10000 100000

Irradiation time (sec)




Activity concentration (Bq/g)

1.00E+03

1.00E+02

1.00E+01

1.00E+00

1.00E-01

1.00E-02

1.00E-03
1 10 100

1000

10000 100000
Irradiation time (sec)




Activity concentration (Bq/g)

1.00E+03

1.00E+02

1.00E+01 -+ T

1.00E+00 -+

1.00E-01

1.00E-02 —Dbeta+t —Ar-41

1.00E-03

1 10 100 1000 10000 100000
Irradiation time (sec)




Cooling water activation of the cyclotron probe

Real parameters of liquid circulation were
taken under account
3.00E+06

2.50E+06 @

2 00 Radioactivity of
1.50E+06 150, 13N, HC

1.00E+06

Bq/liter

5.00E+05

0.00E+00 ®-eole _ = !
0.00 10000.00 20000.00 30000.00 40000.00 50000.00 60000.00

Time of cooling(seconds)

on: Be-7 measured 830 Bqg/liter, calculated 50 Bqg/liter.
he removal, by the refrigerant fluid, of radionuclides



Cooling water activation of the cyclotron probe




i Faraday cups (500 W)
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Cyclotron commis

Fhkkkhkkhkkhkkhkhhkdkd sk ddrrrhdd b bk hdhhddhdrdrrhrdd bbbk ddbbkhddrddrrrrddrdd ks

el Nve ¥ INTERFERENCE CORRECTED REPORT R gk
gk kdedok ok okdhkok ke ok ko ko ke ok ko kk ko k ok kkh kR kR R Ak k ok kkk kA k ok ok ok kkh ok k kA Ak kA A K

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (Bq /Unit) Uncertainty
NA-22 0.950 6.580418E+003 3.0180927E+002
NA-24 0.985 1.934522E+002 5.746823E+001
K-40 0.925 3.534547E+004 1.847160E+003
CR-51 1.000 1.395540E+004 1.603640E+003
MN-54 0.983 2.669283E+003 1.779944E+002
CO-56 0.875 3.220638BE+003 1.225419E+002
X| MN-56 0.615
CO-57 0.824 4.095547E+002 1.331209E+002
SLITTE.CNF CO-58 0.983 1.307472E+004 7.152301E+002
FE-59 0.802 1.430108E+003 1.409251E+002
A CO-60 0.994 4.438725E+002  6.368097E+001
H ZN-65 0.969 6.127894E+003 3.038467E+002
. SB-122 0.995 1.764763E+003 1.953311E+002
wl i { X| 1-124 0.624
s _ SB-124 0.417 3.502322E+002 4.988672E+001
L . i . BI-212 0.492 1.501580E+003  5.350967E+002
ol N PB-212 0.529 1.059770E+003  2.079446E+002
T N o3 s i .. BI-214 0.664 2.927439E+003 1.462062E+002
5 ‘}\w s 2o, PB-214 0.567 1.998471E+003  2.549193E+002
é ] B # i i a{ E- . f
Sy i ;““@%QW I : ? = Nuclide is part of an undetermined solution
| i ok 1f & X = Nuclide rejected by the interference analysis
; ) % ¥ @ = Nuclide contains energy lines not used in Weighted Mean Activity
104 [ ] ,ﬁ
? l Jg Errors quoted at 1.000 sigma
weltcdide oy !,[ tl é

1250
Energylkey)




Cyclotron commissioning tests from
Measures taken on March 5° 2019

Fr e ke ek T ok ke ok ko e ok ok ko ke ke b ok e ok ok ok T Sk ok e ok kS ok e ok ke ko e ok ok ok ek ek kb ke ko ke

e NUCLTITDE IDENTIFICATTION REPORT * Ak

R S R R RS EEEd R R e e e e e e e e e e e i

Sample Title: Slitte Linea 1 ciclotrone
Nuclide Library Used: C:\GENIEZK\CAMFILES\STDLIB.NLB

IDENTIFIED NUCLIDES

Nuclide d Energy Y o Activity Bctivity
Name Confidence (keV) 2 (Bgq /Unit) Uncertainty

0.¢ 1274 .54%* 1.737E+0086 6.975E+004
1.000 : . S 1.560E+005 8.141E+003
CO-57 0.808 0 .5 7.448E+004 9.093E+003

Co-60 0. ] . 1.479E+004
13: 1.539E+004




Proton

Current
Date energy (microA)
(MeV)
29-SET-17 40 110
40 200
e I 02-0TT-17 70 100
c !
- DUMD: 190X122=5X122’ 55 125
0 " — | : . 03-OTT-17 35 210
— la ;; Box diagnostica
e et . Z | 06-OTT-17 70 110
> - > | 22-NOV-
A IS SO W ’ 70 240
| % ) _
LY 23-NOV-
ry 70 220
A 17
~
| 27-NOV-
5 , 70 275
AR TR S 17
'-*&r.bvw)h'l\»b-bh“‘.hbhw{--bwﬁl-\w -’iWﬁ.b\\v’-IP’ .......... 70 330
28-NOV-
70 425
17
70 466
70 375
29-NOV-
70 480

417
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Prc ) Live Time :58868.230 sec
= 2000000 Real Tine :63587.980 sec
' - Start:  2: U.SEkeV}
Stop : 8191:1360.2(keV
Acq. Start :Mon Mar 04 15:47:44 2019
1750000--
8
1500000~
1250000~
vy
£ =
= 1000000+
7~ = -
=
5
750000~ =
&
500000~
SI @
2500001 = 8 = ¥
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02132019051112.CNF

counts

2500001~ Nuclide Id Energy Yield Activity Activity
Name Confidence (keV) (%) (Bg /Unit) Uncertainty
NA-22 0.952 1274 .54* 99.94 2.512E+005 1.006E+004
MN-54 0.997 834.83* 99,97 7.833E+003 4.035E+002
CO-57 0.818 122.06* 85.51 4,239E+002 5.010E+001
136.48 10.60
200000~ COo-60 0.945 1173.22* 100.00 7.679E+002 4.055E+001
1332.49* 100.00 8.343E+002 3.918E+001
ZN-65 0.979 1115.52* 50.75 ©.053E+002 6.884E+001
150000~
100000--
50000~ =
.....::::::::!:21:::::: ::: J__;k::'\i'.::s:l::l::“il:a:

00 200 300 400 500 600 700 80 900 1000 1100 1200 1300
Energy (keV)

| |
ROI Type: 1 ROI Type: 2



Localization of the activated beam
stopper inside the cyclotron.

Image captured in order to plan a
maintenance on the vacuum chamber
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Beam dump polyethilene shielding:
the gamma imaging spot identifies
the point with higher dose rate at
contact, compared to the background
level out of the red square.




Code GENII-FRAMES ver. 2.0

GENII ver.2.0 is an environmental radiation
dosimetry package which runs within the
FRAMES Framework for Risk Analysis in
Multimedia Enviromental Systems.

Has been developed by the Pacific Northwest
National Laboratory, for the Enviromental
Protection Agency (EPA), Office of Radiation
and Indoor Air, with subsequent revisions for
the US DOE and US NRC.

PURPOSE: to provide the capability to perform dose and risk assessments of environmental releases of radionuclides.



Code GENII-FRAMES ver. 2.0 (1)

The code was used to calculate effective doses due to release of

chronic and acute releases of radioactive gases due to SPES
operation.

In particular:

1) Chronic releases of radioactive air from SPES bunkers

2) Acute release of all radioactive material in a volatile state and

radioactive gases from the UC, source at the End Of
Bombardment (EOB)



Code GENII/FRAMES ver. 2.0 (2)
Chronic release of radioactive air products

1) 7 radionuclides considered: #'Ar, 'Be, 11C, 14C, 3H, 13N, 1°0, 3°S
2) Activity released up to 1.1x10%3 Bq

3) Evaluation in a year of the effective dose received by all the ways of
irradiation included the introduction of radioactive material in the

body considering all possible ways
4) Two age groups of population considered: 7-12 and 17-70 years

5) Without and with plume rise (gas exit velocity 10 m/s)



Code GENII/FRAMES ver. 2.0 (3)
Chronic release of radioactive air products

Data from the file: CA\FRAMES\SPESB.HIF

-7.04

Data from the file: C\FRAMES\SPESB.HIF v
7-0" d Totals
i 1.4E-9
8.0 1.3E-9-
4.0- |
¥ 1.2E-9
3.0-
2.0- 1.0E-9
1.0
= ] =8.7E-10
X 0.0 L2
> ] @ ]
-1.0 87.2E-10-“
2.0 ]
3 5.8E-1 0—_
-3.01 3
-4.0- 4.3E-10
-5.0 |
] 2.9E-10-
-6.0 :
‘ 1.4E-10-

0.0 1.0 2.0 30 4.0 5.0
X (Km)

Ring 5, Sector 14, Location (-0.7 km, 0.7 km) Current max. 1.3x10° Sv



Data from the file: C\FRAMES\SPESB.HIF

Code GENII/FRAMES ver. 2.0 (4)
Chronic release of radioactive air products

5.0E-6]

4.5E-6-

4.0E-61

3.5E—6i

Totals

Data from the file: C:\FRAMES\SPESB.HIF

5.0E-6]

4.5E-6
4.0E-6-
3.5E-6

a 3.0E-6
5 ]
8 2.5E-6
=] ]
]

2.0E-6
1.5E-6
1.0E-61

5.0E-7

Ai

Eggs

Fruit

Grain

Ground

Leafy vegetables

Pathway

Meat

Totals

Milk
Poultry]

Root vegetablesl

Soil]




Code GENII/FRAMES ver. 2.0 (5)
Chronic release of radioactive air products

Data from the file: C\FRAMES\SPESB.HIF

Dose (Sv)

4.6 E—G—f
4.1 E—6-f
3.7E-6-f
3.2E—6—i
2.8E—6—f
2.3E-6
1 .8E—6—f
1.4E-6]
9.2 E-7j_

4.6E-7-

AR41

BE7

C11

Cc14 H3 N13
Constituent

Totals

o115

OBT S35

Max. effective dose at 700 m from the release point: 1.1 uSv,
for the group 7-12 years old, mainly due to external exposure
to the plume (0.79 uSv (0.14 uSv for inhalation and 0.16 uSv
for ingestion).

Max. effective dose at 700 m from the release point: 1 uSv, for
the group 12-70 years old.

WITH PLUME RISE: Max. effective dose at 1100 m from the
release point: 0.13 uSv for the group 7-12 years old and 0.10
uSv for the group 12-70 years old.




Code GENII/FRAMES ver. 2.0 (6)
Chronic release of radioactive air products

LARAMED-TEMP

Protons of 70 MeV, 200 pA on #Rb for 82Sr production
(p,4n) reaction.

Irradiation profile given by BEST Company.

No plume rise

Max. effective dose at 700 m from the release point: 1.4 uSv,
for the group 7-12 years old, mainly due to external exposure
to the plume.

Max. effective dose at 700 m from the release point: 1.3 uSv,
for the group 12-70 years old.

WITH PLUME RISE: Max. effective dose at 1100 m from the
release point: 0.19 uSv for the group 12-70 years old.

MAX. TOTAL EFFECTIVE DOSE IN A YEAR, DUE TO THE RELEASE OF THE
RADIOACTIVE AIR GASES PRODUCED FROM BUNKER AIR ACTIVATION, GROUP 7-

12 YEARS OLD 2.5 1Sv



HotSpot ver. 3.02
(Livermore U.S.A.)

Radionuclides production in air in ISOL bunker 1 due to the
interaction of 40 MeV protons, 200 uA on UCx SPES tgt;

Radionuclides production taken into account: 4*Ar, ’Be, 11C, 14C,
3H, 13N, 150’ 355

. . = S 7 1 TN iR R .,—_':i. -
Chronic continous annual release, total: : . J.%——--—__.__ o
' 3 1y ——

1.1x10%3 Bg




Radionuclides mixture

/| CEl IyFile CO note

File Modifica Formato Misualizza 2
40 MeV protons-200 microA on UCx tgt

Mixture Scale Factor 1. 0000E+00
Nuclide [01] : H-3 1.2320E+01 vy
Halflife (¥Years): 1.2320E+01
Inhalation 50-wvr CEDE (sv/Bq): 0.0000E+00
Submersion (sv-m3)/(Bg-sec): 0.0000E+00
Ground Shine (sv-m2)/(Bg-sec): 0.0000E+00
Total Activity Released (Bq) : 7.8000E+07
Airborne Fraction 1.0000E+00
Respirable Fraction 1.0000E+00
Respirable Deposition Velocity (cm/sec) 3.0000E-01
Non-resp. Deposition Velocity (cm/sec) 8. 0000E+00
Nuclide [02] : Be-7 F 53.3d
Halflife (vears) 1.4603E-01
Inhalation 50-yr CEDE (sv/Bq) 3.7600E-11
submersion (sv-m3)/(Bg-sec) 2.2100E-15
Ground Sshine (sv-m2)/(Bg-sec) 4.7600E-17
Total Activity Released (Bq) 3.6000E+09
Airborne Fraction 1.0000E+00
Respirable Fraction 1.0000E+00
Respirable Deposition Velocity (cm/sec) 3.0000E-01
Non-resp. Deposition Velocity (cm/sec) 8. 0000E+00
Nuclide [03] : Cc-11 F 20.38m
Halflife (vears) 3.8775E-05
Inhalation 50-yr CEDE (sv/Bq) 1.0800E-11
Submersion (sv-m3) /(Bg-sec) 4.5600E-14
Ground Shine (5v-m2) /(Bg-sec) 1.0000E-15
Total Activity Released (Bq) 3.9000E+12
Airborne Fraction 1.0000E+00
Respirable Fraction 1.0000E+00
Respirable Deposition velocity (cm/sec) 3.0000E-01
Non-resp. Deposition Velocity (cm/sec) 8. 0000E+00
Nuclide [04] : C-14 F 5730y
Halflife (vears) 5.7300E+03
Inhalation 50-yvr CEDE (sv/Bq) 2.0300E-10
Submersion (sv-m3)/(Bg-sec) 2.6000E-18
Ground shine (sv-m2) /(Bg-sec) 1.2800E-20
Total Activity Released (Bq) 1.6000E+08
Airborne Fraction 1.0000E+00
Respirable Fraction 1.0000E+00
Respirable Deposition Velocity (cm/sec) 3.0000E-01
Non-resp. Deposition Velocity (cm/sec) 8.0000E+00
Nuclide [05] : N-13 9.9650E+00 m
Halflife (years) 1.8959E-05
Inhalation 50-yr CEDE (sv/Bq) 0. 0000E+00
Submersion (sv-m3) /(Bg-sec) 4.5700E-14
llGround shine (sv-m2)/(Bg-sec) 1.0300E-15
Total Activity Released (Bq) 3.2000E+12

b - I ——




) Hotspot Table Gutput - Biocco note I

File Modifica Formato Misualizza

otSpot Version 3.0.2 General Plume

ug 22, 2015 04:34

Source Term

Physical Stack Height
sStack Exit velocity
Stack Diameter

Stack Effluent Temp.
Air Temperature
Effective Release Height
wind Speed (h=10 m)
wind Speed (h=H-eff)
Stability Class
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate
Distance Coordinates

Maximum Dose Distance
Maximum TED

Inner <Contour
Middle Contour
outer Contour
Exceeds Inner
Exceeds Middle
Exceeds Outer

Dose
Dose
Dose
Dose
Dose
Dose

out To
out To
out To

Include Plume

EOBSPESS.mix (Mixture Scale Factor =
eob5

16.0 m

10.00 m/s

15.0 m

20.0 deg C

20.0 deg C

16 m
1.50
1.94

1.0000E+00)

m/s
m/s

F

1.5 m

None

10.000 min

2.61E-04 m3/sec

All distances are on the Plume Centerline

0.80 km

3.62E-05
0.010 sv
5.00E-05 swv

1.00E-05 Sv

Not Exceeded
Not Exceeded
2.8 km

S5V

Passage Inhalation and Submersion

Exposure Window: (Start: 0.00 days; Duration: 365.00 days) [100% stay time].
RESPIRABLE
DISTANCE E .IX TIME-INTEGRATED ARRIVAL TIME
ATR CONCENTRATION
kkm (sv) (Bg-sec)/m3 Chour:min)
0.030 0.0E+00 0. 0E+00 <00:01
0.100 0.0E+00 3.0E-09 <00:01
0.200 6.5E-09 6. 0E+04 00:01
0.300 1.6E-06 1.3E+07 00:02
0.400 1.0E-05 7. 3E+07 00:03
0.500 2_2E-05 1_.5E+08 00:04
0.600 3_1E-05 2_.0E+08 00:05
0.700 3_5E-05 2.2E+08 00:06
0.800 3_6E-05 2.2E+08 00:06
0.900 3.6E-05 2.1E+08 00:07
1.000 3_4E-05 2.0E+08 00:08
2.000 1.6E-05 8. 2E+07 0o0:17
4.000 5.9E-06 2. 3E+07 00:34
6.000 3.2E-06 1_1E+07 00:51
8.000 2.2E-06 6.1E+06 01:08
10.000 1.6E-06 4_1E+06 01:25
20.000 6.3E-07 1.2E+06 02:51
40.000 2_.1E-07 3. 3E+05 05:43

S



HotSpot Version 3.0.2 Gemeral Plume _lug 22, 2015 04:38
Plume Centerline TED {(Sv), as a function of Dﬂwnwlnd Distance

1E-04

1E-05

1E-06

1E-07
5w

1E-08

1E-09

1E-10

1E-11

0.01 0.1 10 100

Source Material :EQOBSPESS .mix

Eff. Release Helght :16 m

Wind Speed (b=10 m) :1.50 m/s u {(h=16 m} :1.94 m/s
Stability Class :F {Sample Time: 10_.00 min)

Receptor Height 1.5 m Inversion Layer Height :None
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Different results based on class stability
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Confronto HotSpot — GENII/FRAMES

Air Activation Release

1. HotSpot
Max. Effective dose: 36 uSv at 800 m, 100% presence outside
Model used (Pasquille/Gifford) Class stability F (Moderately stable)

2. GENII/FRAMES
Max. Effective dose: 1 uSv at 700 m
100% presence outside
Different Model used (Brigg’s Open Country)
Same Class stability F
Fraction of time spent indoors 0.7
Fraction of time spent outdoors 0.3
Days/y exposed to contaminated ground



Code GENII/FRAMES
Acute Plume at the End Of Bombardment di SPES (1)

1) 110 radionuclides, without any filtration are released in air for 1
hour

2) Activity released up to 1x10%3 Bq

3) Evaluation of the effective dose received from the plume in 1
hour

4) Evaluation in a year of the effective dose received by all the ways
of irradiation included the introduction of radioactive material

in the body considering all possible ways
5) Age of population considered: 17-70 years



