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levant for Personnel and Environment
Activation

\
Dose Rates & Shielding Design

f:ontamination Risk
(including Alpha Emitters)
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New Iargetl gvemniil asaLooling

AINLALOTICS

Project Phase

Calculations

Procedures

Measurements

New Target

Conceptual Design

- Feasibility

- Determination of
Technical Constraints

- Determination of
Safety Constraints

- Quality assurance

- Model Development &
Benchmark

Technical Design

- Design Calculation:

+ Engineering
0 malerial damage & laligue
o cooling
o handling

+ Facility
o shielding layoul
o activaton of water
o activaton of air

+ Safety (e.g., handling)
o 1esidual duse 1ales

- Operational Procedures
- Safety Procedures
- Handling Procedures

- Benchmark
(lesl measurements)

- Point-Zero

- Material damage and or
fatigue

Operation

- Refined calculations of 'as-is' situation
- Respective evaluation

- Manitoring

- Refinement of Intervention
Procedures

- Intervention Planning

- Commissioning

0 engineering parameters

o activation of cooling water

o activation of ar

o activation levels of the Tacility
- Monitaring of the above

Existing Targe

Dismantling & Disposal

t

- Final nuclide vector
- Residual dose rates
(based on real operation)

- Organisation of Disposal
+ handling
+ confainer
+ transport

- Dismantling of Facility

- Evaluation:
o residual dose rates
o contamination chack
0 GS o target (mobile)
0 GS of samples

June 15th 200
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nplementation

Design Options
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Target  pit filled
(concrete)

Beam Pipe

ConQr.gte
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omposition
cur lead (e.g., 19ppm Bi)
or steel:

adiation History
¢ *r accurately known
metr
W\ imple - detailed way

VvIC Calc

' “\ tensw ‘ er cluster), s

i’ 5\‘*‘ A s — Activat

k for Ic n-mass materials at CERF

u arlson for hi isotopes show a very good overall
agr
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Measurement
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Measured Dose Rate: ~15mSv/h

- -& - No Concrete Structure —@— Including Concrete Structure

(o2
o

ate /mSv/h

w
o

Residual D R
N
o

4 Con5|dered Cobald Content 0. 01%

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Cobalt Content / %
Il Il B BN &
-

1.0e-003 37e003 1.4e-002 52002 152001 72001 272100 1.0e+H101 3.7e+001 1.4e+002 5 2a-+H102

1.9e-003 7.2e-003 2.7e002 1.0e-001 3.7e-001 1.4e+000 5.2e+000 1.9e+001 7.2e-+001 2.7e+002
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etalled geometry
o

'Beam & Irradiation Parameters
| 6 months/year [2001-2004]
' 7x10%2 p/pulse - ~1 pulses/2.4s

real average: 1.3x10%° p/year
(maximum: 3.2x10%° p/year)

JActivation of target

1 991
“ ot
4 =
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ars of operations and 3 years of cooling: September 2007

Specific Activity (Bglg) Miltiple of LE

Z (cm) Z (cm)

Specific activity (Bg/g) Specific activity
L ") (Multiples of LE)

N




i
Z
=
B
=T
™
B
=

Total Activity / Decay Times

ML
lead —+—
stainless stesl
cooling water ---

concrete
markle

September 2007

100
Decay Times (months)
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after 4 years of operations and 3 years of cooling: September 2007

on o-emitting

Steel Support

Lead Target

Isotope

Halflife
(s)

Specific
Activity
(Bal/g)

Exemption
Limit LE
(Ba/g)

Multiples
of LE

Total
Activity
(Ba)

204T|

1.19E+08

2.27E+04

8.0

2841

9.05E+10

1.40E+10

3.02E+02

0.2

1509

1.20E+09

1.66E+08

3.21E+02

1.0

321

1.28E+09

3.89E+08

5.48E+04

200.0

274

2.18E+11

1.04E+09

1.82E+03

8.0

227

7.24E+09

5.79E+05

1.29E+03

8.0

161

5.12E+09

5.90E+07

1.27E+03

10.0

127

5.07E+09

Isotope

Halflife
(s)

Specific
Activity
(Ba/g)

Exemption
Limit LE
(Ba/g)

Multiples
of LE

Total
Activity
(Bq)

9.12E+08

1.91E+01

04

48

7.59E+07

1.61E+07

1.56E+03

40.0

39

6.22E+09

3 99E+07

1.64E+02

50

31

6.13E+08

4.32E+07

1.01E+03

40.0

25

4.02E+09

EOCO

1.66E+08

1.31E+04

13149

4.31E+09

“Fe

8.64E+07

3.00E+05

9996

9.82E+10

2.11E+07

6.28E+01

3.0

21

2.50E+08

54Mn

2.70E+07

2.99E+03

299

9.79E+08

1.66E+12

1.58E+01

1.0

16

6.31E+07

SNj

3.16E+09

1.73E+04

247

5.67E+09

1.37E+05

3.02E+02

20.0

15

1.20E+09

1.04E+08

2.72E+02

20.0

14

1.08E+09

STCO

2.30E+07

7.69E+02

195

2.91E+08

54Mn

2.7T0E+07

1.2TE+02

10.0

13

5.08E+08

22Na

8.21E+07

1.95E+01

6

6.37E+06

193Pt

1.58E+09

3.48E+03

300.0

12

1.39E+10

°H

3.89E+08

6.30E+02

3

2.06E+08

1T9Ta

5.74E+07

2.02E+03

200.0

8.03E+09

4Ti

1.89E+09

5.29E+00

1.73E+06

“Fe

8.64E+07

2.76E+02

30.0

1.10E+09

49V

2.84E+07

1.11E+03

3.63E+08

106Ru

3.23E+07

9.19E+00

1.0

3.66E+07

SN

2.40E+12

1.46E+02

4.78E+07

1UERh

2.98E+01

9.19E+00

1.0

3.66E+07

45Ca

1.41E+07

1.95E+00

6.37E+05

13BBa

3.32E+08

6.11E+01

2.43E+08

44Sc

1.43E+04

5.29E+00

3
2
1
2
2

0.
0.

1.73E+06

134Cs

6.52E+07

2.97E+00

0.5

1.18E+07

TOTAL:

3.36E+05

1.10E+11

TOTAL:

9.30E+04

3.70E+11

June 15th 2007
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after 4 years of operations and 3 years of cooling: September 2007

PSI
reference value

~ 20kBag/g (<<ATA)

June 15th 2007

Lead Target

Isotope

Halflife
(s)

Specific
Activity
(Ba/g)

Exemption
Limit LE
(Ba/g)

Multiples
of LE

Total
Activity
(Ba)

148Gd

2.24E+09

2.95E+01

0.2

147

1.17E+08

ZDBPO

9.15E+07

6.97E-02

0.01

2.77E+05

21DPO

1.20E+07

8.10E-02

0.04

3.22E+05

145Pm

5.59E+08

7.32E+01

90

2.92E+08

ZDQPO

3.22E+09

1.04E-03

0.01

4 16E+03

151Gd

1.07E+07

3.13E+00

50

1.25E+07

1-45$m

3.25E+15

1.99E-05

0.2

7.92E+01

148Eu

4.71E+06

2.97E-05

8

1.18E+02

1904
-t

2 NEFE+10Q
L. UOCT IO

1 26EC_N7

[Ew L) B v ]

1
I

E 268E_N1

oL TW

14?Sm

3.35E+18

1.75E-08

0.2

6.98E-02

152Gd

3.41E+21

1.87E-11

0.2

7.46E-05

147Eu

2.08E+06

1.54E-11

20

6.15E-05

188Pt

8.81E+05

5.57E-29

10

2.22E-22

149Gd

8.02E+05

2.56E-33

20

1.02E-26

ZDBPO

7.60E+05

4.86E-39

1.94E-32

1540y

947E+13

8.92E-04

3.55E+03

15{]Gd

5.65E+13

1.04E-03

o|lolololo|o|o|o|olo|lol=]=|=]|n]|~N

4 15E+03

TOTAL:

1.06E+02

4.22E+08

nToF Review - RP FLUKA Calculations
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ars of operations and 3 years of cooling: September 2007

Dose Rate (uSvih) Dose Rate {uSvih)
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Existing Lead Target Dose Rate versus ooomg time at different places_

(i) Beam Entrance |

(2) Beam Exit -
3 Target Top % -

“Hotspots to be T
L shielded locally

| (~5cm Pb < 2mSv/h)

¥-

September 2007

Cooling Time (months)

I'
E ew




Raracterization of the nuclide vector

e detailed calculation and good statistics
e including alpha emitters (showing low levels)
e dose rate + gamma spectroscopy measurement
. e contamination measurement on Al, SS, Pb

\& Transport

e final activation levels are checked
. e hotspots of target can be shielded locally

e coordinated by RP & NAGRA, to be sent to

June 15th 2007 nToF Review - RP FLUKA Calculations
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Target Type Shape |Lateral Dimensions g Comments
Pb Cubic |80 x 80 cm 60 cm Existing Target
Pb Cubic |80 x 80 cm 60 cm New Cladded
Pb Cylindrical |53 cm @ 40 cm MiniPool Solution

Ta Cylindrical |30 cm @ 30 cm Sliced Ta Disks

Ta:20cm @ Ta: 25 cm
Pb:55cm @ Pb: 40 cm

Cyl + Cub Hybrid Solution

e EXisting target (or cladedd)
e Mini-pool solution to avoid
the direct contact between the target and the cooling water
. Tantalum

e Tantalum solution to withstand higher mechanical stresses and may
solve the contamination issue without need for cladding

Hybrid
e Combination between lead and tantalum .
June 15th 2007 nToF Review - RP FLUKA Calculations




Front view

e Length: 40 cm
e Diameter: 53 cm

20

2 x0.5cm
Mini-pool thickness

20 2 24 26 28 330 32 34
X (cm)

k. June 15th 200 _ ] oF Review - RP FLU
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-20

-30

30 0 10 20 30
Z (cm)

¥ 'j-I: ‘. H 'I,
VLAY w"’?f

thic
. June 15th 2

Fro'Fnt ViIEW

e Length: 30 cm
e® Diameter: 30 cm




Intro Waste | '-778 =177 Santil SESCooin

SIiC

Front view

— Tantalum:

e Length: 25 cm
® Diameter: 20 cm

Jl}ue 1E'> I




SO LS New Target

after 4 years of operations and 3 years of cooling: September 2007

Lead Target Solution

Tantalum Target Solution

Isotope

Halflife
(s)

Specific
Activity
(Ba/g)

Total
Activity
(Bq)

Isotope

Halflife
()

Specific
Activity
(Bd/g)

Total
Activity
(Bq)

1.19E+08

2.27E+04

9.05E+10

—
1T2Lu

5. 79E+05

4.18E+05

1.48E+11

1.40E+10

3.02E+02

1.20E+09

Tq

9.89E+06

3.02E+05

1.07E+11

1.66E+08

3.21E+02

1.28E+09

5.90E+07

4.14E+05

1.46E+11

3.89E+08

5.48E+04

2.18E+11

2.24E+09

3.29E+03

1.16E+09

1.04E+09

1.82E+03

7.24E+09

5.74E+07

2.43E+06

8.59E+11

5.79E+05

1.28E+03

5.12E+09

4.32E+07

4.49E+05

1.59E+11

5.90E+07

1.27E+03

5.07E+09

3.89E+08

5.64E+05

1.99E+11

factor of 4 higher total activity

.

June 15th 2007 nToF Review - RP FLUKA Calculations




after 4 years of operations and 3 years of cooling: September 2007

Total Specific

tritium content Lelios fo b el Activity | Activity
(Bag) | (Bag) |

Existing Lead Target JB1E+09 | 4 51E+03

\ up to a Lead cylinder with Mini-Pool | 5.29E+09 | 6.61E+03

. factor three

1 Sliced Tantalum Cylinder
e with Aluminum Cladding

s Small Tantalum Cylinder )
‘ hyb Il d Surrounded by Lead BN b Sl

solution the increase Is Sliced Tantalum Cylinder

Surrounded by Lead with | 5.21E+09 | 6.51E+03

, | IESS than a faCtor Of tWO Cooling Water Passages

wash-out of isotopes
& not considered

. captured in the ﬁ |

June 15th 2007 nToF Review - RP FLUKA Calculations
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0V ELi-: New: Tanget
Faul- -80S0
F D |

| perations and 3 years of cooling: September 2007
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-

Z (cm)

solution results in

A possibl% ,:'é,, leads to

e
h

£ }I- | . .
The 5( could be easily covered with a
as so"gn as the target is removed

neonzorl

the exit s
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Dose rates at the exit of the beam for the different targets

_cooling times!

- Very bad at short

; Existing Lead Target
Location (3) Lead cylinder with Mini-pool
Sliced Tantalum cylinder with Aluminum Cladding
Small Tantalum cylinder surrounded by Lead

liced Ta cylinder + Pb with Cooling Water Passages

September 2007

I
—_—

¥
*
O

Cooling Time (months)

Revie




vicings

OGS

Total Activity Specific Activity
(Bq) (Ba/g)

Most Abundant Isotope
(Multiple of LE, Total and
Specific Activity)

Dose Rate (@10cm) for
three different locations

Target Configuration (mSv/h)

Lead

Tantalum

Lead

Tantalum

Lead

Tantalum

Proton
Beam

Entrance

Exit
Proton
Beam

Target
Top

Existing Lead Target

3.7x10"
a- 4.2x10°

9.3x10*
a: 1.0x107

2411 1284117
9.0x10" Bq
2.3x10* Bq/g

~ 20

~20

Lead cylinder with Mini-Pool

33x10"
a- 1.6x10°

3.3x10°
o 1.6x10°

2047) 1 10308.37
8.3x10" Bq
&8.2x10° Bg/g

Sliced Tantalum Cylinder
with Aluminum Cladding

1.6x10"

4 5x10°

172) w1 52263 77
1.4E+11 Bqg
4 2E+05 Bg/g

Small Tantalum Cylinder
Surrounded by Lead

2. 1x10"
a: 7.9x10°

7.4x10"M

2.0x10°
o 7.7x107

9 4x108

20411/ 7628.22
6.2x10" Bg
6.0x10* Bg/g

72) u/109693.7
6.5x10" Bq
8.7x10° Ba/lg

Sliced Tantalum Cylinder
Surrounded by Lead with
Cooling Water Passages

1.0x10"
a: 2.7x10°

1.1x10"

1.7x10°
a: 4.8x10°

8.4x10°

24T / 8656.9
3.9x10"° Bq
6.8x10% Ba/g

) u/98623.7
1.0x10" Bq
7.8x10° Bg/g

Tantalum leads to significant higher isotope production
‘Tantalum shows Important residual dose rates at both the proton beam

ntry and exit

e latter can be overcome by a hybrid solution

Both, the existing and the hybrid target seem to be a |

June 15th 2007

nToF Review - RP FLUKA Calculations







June 15th 200 | nToF Review - RP FLUKA Calculations




6 months
600m?3
120m?3
e No dilution

o long-term
dose conversion factors (P. Vojtyla)

o direct
exposure (conversion factors from the Swiss and
French legislation)

Possible Ventilation System:
L) o 5000m?3/h
o ces .1 day

June 15th 2007 nToF Review - RP FLUKA Calculations 7 sl




FUKA simulations Isotope
oduction yield
‘Exposure of personnel (access to nToF area)
@ Dose conversion coefficients

.I_ﬁ

k .\

\
|

8 ‘Dose to the public (outside CERN)

dose conversion coefficients (P. Vojtyla)

Different ventilation scenarios

I\
| C I _,
L IC Il mixino

June 15th 2007 r' v nToF Review - RP FLUKA Calculations




¥ B
Lif-1104"

Isotope production term is “transported” according
to the assumed ventilation scenario
. m Assumptions for exposure:
e personnel: direct (full) exposure at the pit
e critical group: specific dose conversion factors

. m Continuous ventilation system
e laminar flow to the pit

ENNND m3/h
Uy

e ventilation speed of 50
m Enclosed ventilation system

e full mixing In the cavern

e one day waiting time before flush (before access)

e ventilation speed of 5000 m3/h

e direct exposure happens during full air exchange
s .

&

June 15th 2007 nToF Review - RP FLUKA Calculations



Personnel Public

Maximum Maximum Most Abundant Maximum Most Abundant
Dose Rate | Total Dose Isotopes Annual Dose Isotopes

~45% N™ (~10 minutes) ~30% €' (~20 minutes)
Continuous ~90 uSv/h |not applicable [~40% O'® (~2 minuts) 1.2uSv  |~40% N' (~10 minutes)
~10% Ar*' (~2 hours) ~20% Ar*! (~2 hours)

~10% Be’ (~53 days)
~80% P*? (~14 days)

‘= All calculations consider strict conservative assumptions

‘m Continuous ventilation leads to a maximum annual dose to the
: puhlin of ~1 !JVSV

An enclosed scenario with flush before access would reduce
the dose to the public by a factor of 100 with a maximum

exposure of personnel up to a total dose of ~15 uSv (however
under unrealistic assumptions)

The continuous ventilation scenario is highly depending on
the chosen ventilation speed
(main contributing isotopes)

June 15th 2007 nToF Review - RP FLUKA Calculations

Ventilation
Scenario

Enclosed + Flush |~120 uSv/h 0.01 uSv [~90% Be’ (~53 days)







L
acts/Hypotheses
° Many Hypotheses
° estimated, deposits
N dose rate measured
;: ° contained or soluble?

.m Options
§ é\. accept contamination

|

|

&b o uparade
1 =9

Ve decontamination/replacement
. Foreseen Measurements
“ Visual inspection (partly remote)

e Contamination sample
- o Pictures & Macro-Pictures

i’

June 15th 2007 nToF Review - RP FLUKA Calculations




Planned (individual/collective dose)

e Sand removal (~20 uSv)

e Taking of pictures (~20 uSv)

e Taking of samples (~80 uSv)

“m Corrosion Inspection (Endoscopy)

"~ e Previous visual inspection and detailed intervention planning
e Person needs to be lowered into the target shaft

e Attached to the crane with safety passage

e Mock-up training and time optimization

m |If major Corrosion is observed bl
. Replacement of Pipes inside the Shielding
e Dismantling of most of the shielding

e Localized residual dose rates (hotspots) as well as generally high
values with respect to the needed long intervention

e Estimated time for full intervention: 6 months, 3 persons
.

June 15th 2007 nToF Review - RP FLUKA Calculations




D residual dose rate
aps

| ;“ nemallzed 2-step IEmmmmm=
,‘ pp roach |

W\

‘ \\ Hotspots

‘\ "‘) . T

1.0e-003 379 003 1.4e-002 5.2e002 19001 7.2e-001 2.7e+000 1.0e+001 3.7e+001 1.4e+I02 5 2e+002
June 15th 20
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Preliminary estimates

e Average dose rate in the shaft: ~50 uSv/h

e Expected hot spots: ~250 uSv/h

e Intervention time in the shaft: 5 minutes

e Intervention time close to hot spots: 2 minutes

e Needed minimum safety factor: 2 (Time) x 2 (Dose Rates)
e Estimated maximum individual dose: ~50 uSv

“m Requirements (details to be refined)

e \Work in contaminated area

 protection clothing, respiratory mask (filter), preparation of mobile
SAS

~ e Careful intervention planning, optimization, mock-up
training
e Monitoring during the intervention with pre-defined
thresholds to stop the work

June 15th 2007 nToF Review - RP FLUKA Calculations




oreliminary estimates

e Average dose rate in the area: ~5 - 10 uSv/h

e Average dose rate close to the tank: ~50 - 100 uSv/h
e Expected hot spots: ~0.5 - 1 mSv/h

e Estimated individual dose (preliminary): ~1 mSyv

e Estimated collective dose (preliminary): ~3 mSv

'®m Requirements

e long intervention asking for detailed optimization even for
parts with low residual dose rates

e many requirements see partly before

June 15th 2007 nToF Review - RP FLUKA Calculations






eeded Iinput for existing  w \entilation requirements
arget disposal
o

e delay: no e delay: no

N
.
: ® resources: no ® resources: no

' Existing target handling m Cooling System &

0 Implications
*_ o
".,_ [
[

|

" e delay: no
e resources: 0.5 FTE month e delay: 1-2 weeks

‘ ﬁew Target design e resources: 0.5 FTE month

[
nh e delay: 2+ months

° , e resources: 2+ FT

L
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Waste New Target ‘
if\ 7~ t 7~ ~ l’

1 A GeV 208Pb + p reactlons Nucl. Phys A 686 (2001) 481- 524

i 4 L e
I'—I_‘I'I'I'I'I'I'I'I'I'I'I'I'I'II

e Data
« FLUKA
e FLUKA only where exp data exist
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of operations and 3 years of cooling: September 2007

Specific Activity (Ba/g) Specific Activity (Balg)
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Intro Waste |’
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e Length: 30 cm
® Diameter: 30 cm




—» Tantalum:

e Length: 15 cm
e Diameter: 20 cm
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fntro Waste INEWITATGet = Wy [T T ATHEACONED

DirecDespdsuraliRer®onicahgliaogghe Air)

Critical
Production ai Inhalation Dose Rate Total Group Dose to
[#Of_lsotopes per Specific | Conversion Maximal . Release Conversion | 'Critical
total Volume and Activity |Coefficients svih ) B Coefficients | Group'
second] Bgma) | [sveq | SV [Ba] EXIT 3 [usv]
[SviBal
H-3 12.35y | 4.20E+08[+/-|0.40 5.3T7E-01 TBOE-11] _1.16E-05] 0.00] 1.16E+07 1.82E-19] 2.11E-D§
IBE-T 53.3d 1.40E+08| +/- 1.52E+01 4 80E-11 8.75E-04 . 3.28E+08| TATE-17| 2.45E-02
Ee-10 1.6E6 y 1.80E+08|+/- [ 0. 1.8?E—Di_5 3.20@ . _ 4 04E+01 4 53E-16] 1.83E-08]
20.38 m | 3.20E+08|+/- | 0. 1.12E+05 2 52E-11 922 42E+12) 1.42E-19] 3.44E-01
(U0 Y [ 2 (UC+H]][+- R 44U 0. ZUC-12 . 1.62E+07 g feC-1/] 4. 4UE-Ud
9.965m | 4 50E+08[+/- | 0. 2 67E+D5 1.19E-10] 3.81E+01) 44. 5. T6E+12] 8.32E-20| 4.79E-O01
i1.0s 2 TUE+D A +H-T 1. T.48E+04 U.U0E+00 _ 3.20E+11 TA01E-20] 4.17E-09
122.24 5 2.60E+08[+/- [ 0.90[% | Z241Et00 1T.19E-10[  3.45E+01 875.21E+12] 9. 33E-21] 4.86E-D2]
r-LnE] ToUETOR| T | 1. 2. r2CT00 T O0E T00) 5_BBE+0O7 D22 o -
109.77 m | 3. 40E+05[+/- | 1. 2 49E+01 9.30E-11 2.78E-03 5_38E+08| 2.63E-18] 1.41E-03
28.0s J.B0E+D4|+- | 1. 1.25E+01 0.00E+00 .00} 2.71E+08)  2.315E-22| 6.27E-0§
3.38 m 8.00E+03|+/- | 1. T.67TE+DD 0.00E+00] : 1.66E+08] 1.108E-20| 1.84E-08|
2.602y 1.20E+05|+- | 1. 7.30E-04 2.00E-09| 1.75E-08 1.58E+04 3.16E-14| 4.98E-04
15.0 h 1.80E+05[+/- | 0. 1.66E+00 530E-10| 1.05E-03 .00] 3.58E+07| 6.78E-17| 2.43E-D3|
60.0s 6.90E+04|+/- | 1. 4 14E+01 0.00E+00 5. 95E+08] 1.606E-21| 1.44E-D6
9.5m 1.00E+05|+- | 1. 6.13E+01 0.00E+00)] 1.32E+09 2.29E-18| 3.04E-03
2091 h 3.90E+04|+/- | 0. 2.59E-01 1.70E-09| 5.28E-04 5_59E+06] 5.78E-17| 3.23E-04
7.2E5y | 1.70E+D5|+-|0. 3.69E-09 1.80E-08] 7.97E-11 7.9TE-02 3.77E-13| 3.00E-D§|
2.24m 4 60E+D5|+/- | 0. 4 35E+02 1.39E-09| 7.26E-01 9_40E+09| 3.21E-19| 3.02E-03
6.6m 2 10E+05|+/- | 0. 1.61E+02 0.00E+00)] 3. 48E+09| 1.133E-19| 3.94E-04
157.3 m | 2. 90E+05[+/- | 0. 1.51E+01 1.10E-10] 1.99E-03 3.25E+08 6.41E-19)| 2.08E-D4]
4500y | 1.7O0E+D5|+/-|0. 1.867E-05 278E-07| 5.24E-06] 0.00) 3.39E+02 §.99E-16| 3.05E-07|
2.499m | 1.30E+D5[+/- | 0. 1.26E+02 0.00E+00f 0.00f 2.71E+09 3.43E-20| 9.30E-05)
14.29d 1.60E+06|+- | 0. 6.65E-01 3.20E-08| 2.55E-02] 0.03) 1.44E+07| 9.56E-17| 1.37E-03
254d 2 GOE+06|+/- | 0. 590E-01 140E-09] 991E-04) 0.00] 1.27E+D7| 2 06E-17| 2.62E-D4
474 s 2 20E+05|+/-| 0. 1.02E+02 0.00E+00f 0.00f 2.21E+09 2.20E-19| 4.85E-D4
87.44d 2 60E+D6|+/- | 0. 1.71E-01 1.10E-10] 2.25E-05] 0.00) 3.69E+D6 1.97E-17| 7.25E-05
5.06 m 7.60E+05|+/- | 0. 6.55E+02 0.00E+00f 0.00§ 1.41E+10] 1.373E-19| 1.94E-D3
2.87T h 4 90E+05| +- 2.39E+01 0.00E+00f 0.00§ 5.17E+08 5.36E-18| 2.77E-D3
32.0m 8.20E+04| +/- 6.26E-16 0.00E+00f 0.00f 1.35E-08] 0| 0.00E+00
3.0E5y 6.50E+06| +/- 341E-07 6.90E-09| 2.83E-09] 0.00) 7.-38E+0D0| 1.36E-14| 1.00E-07]
37.21m_ | 5.20E+06|+/-|0.40 1.07E+03 T.30E-11| 940E-02) 0.11) 2.32E+10| 133181 _3.08F-02
55.6 m 8. 70E+D6(+/- | 0.40 1.24E+03 T7.60E-11 T.13E-01) 0.13] 2.67E+10] 1.85E-18| 4.93E-02
1.4m 1.40E+06[+/- | 0.60 1.09E+03 0.00E+00f 0.00f 2.35E+10| 2.306E-20[ 5.41E-D4
35.02d | 2.00E+07|+-|0.30 3.33E+00 142E-16| 5.68E-10] 0.00§ 7.19E+07 4 69E-25| 3.37E-11
2690y [ 3.30E+07|+/-11.10 1.94E-03 38213 6.88E-100 0.0084.19E+04) _1.782E-21| T.46E-11|
1.827 h 5.90E+08[+/- | 0.40 4. 32E+04 1.84E-10( 9.54E+00f 11.04Q9 34E+11 2.338E-19] 2.18E-01
T-BoB T | L oueToa| T | 200 TaTeToT T b ooy 9.53E+08] o_soc-19) 7 .98E-04]
1.3E9y | 3.00E+05[+/-|2.90 3.72E-12 3.00E-09| 1.34E-14] 0.00] &03E-D5 4 09E-14| 3.29E-12]

|IL 633293.33| 86.490uSv/h § 1 _48E+13 1.219
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Isotope




W1 Ventil. & Cooling, |1:11))7, ')

Dlreth‘a)spdsuma KRersoniaahgliogghe Air)

Critical Group

Dose Rate] rel. Total Conversion |Dose to 'Criticalf] rel.
Maximal JContr.] Release | Coefficients Group' Contr.
[1Sv/h] [%] [Bq] EXIT3 [uSv] [%]

Production Inhalation
[#Of_Isotopes per Spe c|r ic | Conversion
total Volume and Activity | Coefficients

second] [Bg/m3] [SviBq)]

1235y | 4 20E 08+ 040 101E+04| 1 AROE-11] 4 12E-01 0.35]] T.14E+07 n m
53.3d 1.40E+08| +/- | 0.50|% 2.08E+05 4.80E-11] 1.20E+01Q 10.17)§1.25E+08 TATE-1T 9.33E-03] 89.03
T-CEC W J=lv|madn (] s RV R ERE = [t ne v ] et mc e e MR EE 4.D4E+D1|- famene] ey 1) TESESUEy O
20.38 m 3.20E+08|+/- | 0.60|% 1.13E-16 2 52E-11] 3.42E-21] o0.00] 6.78E-14] 1.42E-19 9.62E-27] 0.00
57300y 2.70E+11|+-|0.40 2.69E+D4 6.20E-12| 2.00E-01] 0.17] 1.62E+07 2.72E-17 4 4DE-04) 4.20
9.965m 4. 50E+08 0.40|% 3. 36E-38 1.19E-10] 4.80E-42] 0.00] 2.02E-35 8.32E-20 1.68E-48] 0.00)
71.0s 2.10E+07 1.20 0.00E+00 0.00E+00f 0.00] 0.00E+O0 1.301E-20 0.00E+00f 0.00
122.24 s 2.60E+08|+/- | 0.50|% 7.86E-212 J19E-10] 1.12E-2158  0.00] 4.71E-204 9.33E-21 4.40E-223] 0.00]
27.1s 1.50E+D4 1.50 0.00E+00 0.00E+00y 0.00] 0.00E+00 6.7E-22 0.00E+00f 0.00
109.77 m 3A0E+05|+/- | 1.10|% 6.49E-02 9.30E-11| 7.25E-06] 0.00] 3.90E+01 2.63E-18 1.02E-10§ 0.00]
28.0s 3.80E+D4 1.30 0.00E+00 0.00E+00f 0.00] 0.00E+0O0 2.315E-22 0.00E+00f 0.00
3.38 m 8.00E+D3 1.40 1.20E-129 0.00E+00f 0.00] 7.21E-127 1.108F-20 o9 1418 000
2.602y 1.20E+05[+/- | 1.00|% 2.46E+M 2.00E-09] 591E-02Q 0.05] 1.48E+D4 J.16E-14 4 6FTE-04) 4435
15.0 h 1.80E+05|+/- | 0.90]% 9.90E+D1 5.30E-10| 6.29E-02Q 0.05] 5.94E+04 R T0

60.0s 6.90E+D4 1.10 0.00E+00 0.00E+00f 0.00] 0.00E+0O0 1.606E-21 0.00 E+OOI 0. DO
8.5m 1.00E+D5 1.00 3.91E-44 0.00E+00f 0.00] 2.35E-41 2.29E-18 5.3BE- 53' 0.00
20391h 3.90E+04|+/- | 0.70|% 293E+M 1.70E-09] S597E-02§ 0.05] 1.76E+D4| 9.7BE-17 1.01E-06] 0.01
T.2E5y 1. 70E+05| +/- | 0.90|% 1.33E-04 1.80E-08| 287VE-06] 0.00] 7.97E-0Z 3.77E-13 3.00E-08] 0.00
2.24 m 4 E0E+05| + . o 6.54E-198 1.39E-09| 1.09E-200Q 0.00] 3.92E-195 3.21E-19 1.26E-207] 0.00
B.6m 2.10E+05 0.80 7.15E-65 0.0DE+00f 0.00] 4.29E-62 1.133E-19 4.86E-750 0.00
167.3 m 2.90E+05| +/- | 0.50|% 8.27TE-M 1.10E-10] 1.09E-D4] 0.00] 4.96E+D2 6.41E-19 3.18E-10Q 0.00
450.0y 1.70E+05|+ . o 5.65E-01 2.78E-07| 1.88E-01] 0.15] 3.359E+02 8.99E-16 2.05E-07] 0.00
2.499 m 1.30E+05 . 8.76E-172 0.00E+00f 0.00] 5.26E-169 3A3E-20 1. 80E-1820 000
14.29 d 1.60E+06[+/- | 0. o 2.54E+03 3.20E-08] 9.74E+D1) 62.64Q 1.52E+06 9.86E-17 1.45E-04f 1.39
254d 2 60E+D6| + y o 4 19E+03 1.40E-09| 7.03E+00f 5.97J 2.51E+06] Ae = (B te] )
4745 2 20E+05] + . U.00E+00 0.00E+00F  0.00] 0.00E+00| 2.20E-19 0.00E+00f 0.00]
87.44d 2 E0E+08| + - o 3.26E+03 1.10E-10] 4.30E-01} 0.36] 1.96E+06) 1.97E-17 2.84E-050 0.37
5.06 m 7.60E+D3 . 2.95E-84 0.0DE+00§ 0.00] 1.53E-81 1.373E-19 2.10E-94) 0.00
2.87Th 490E+05 - 2.05E+00 0.00E+00f 0.00] 1.23E+03 5.36E-18 5.58E-090 0.00
32.0 m 8.20E+D4 . 0.00E+00 0.00E+00f 0.00] 0.00E+O0 0 0.00E+00f 0.00
3.0E5y 5.50E+08|+/- | 0. 1.23E-02 6.90E-09| 1.02E-04f 0.00] 7.38E+00) 1.36E-14 1.00E-07] 0.00
37.21m 5. 20E+08|+ - o 1.30E-08 7.30E-11]  1.14E-12] 0.00] 7.83E-06 1.33E-18 1.04E-17] 0.00
55.6 m 8. 7TOE+06| + A0|% 1.90E-04 7.60E-11] 174E-08] 0.00] 1.14E-01 1.85E-18 2. 11E-13] 0.00
1.4m 1.40E+0D6 . 0.00E+00 0.00E+00f 0.00] 0.00E+O0 2.206E-20 0.00E+00f 0.00
35.02d 2.00E+07|+- | 0. 3.18E+04 1.42E-16] 543E-06] 0.00] 1.91E+07| 4.69E-25 8.94E-12) 0.00
269.0y 3.30E+07 10|% 5.97E+MM 3.82E-13| 3.19E-05] 0.00] 4.18E+D4 1.782E-21 7.45E-11) 0.00
1.827 h 5 90E+08| + o 1.13E+D02 1.84E-10] 249E-02) 0.02] 6.76E+04 2.338E-19 1.58E-08] 0.00
7.636m 6. 30E+04| + - o 3.02E-55 1.19E-10] 4.31E-55) 0.00] 1.81E-52 8.38E-19 1.52E-64] 0.00]
1.3E9 y 3 00E+05[+ . o 1.35E-07 3.00E-09 4.85E-1 []| 0.00] 8.08E-D§ 4.09E-14 3.31E-12) 0.00

Isotope

Total: 117.87juSv/h 1.?BE+EIBI 0.010QusSv
| Integrated (tot. Volume): 14.14Jusv

0 O mmwevs n coefficients (P. Vojtyiay review - RP FLUKA Calculations



Direct Exposure at "Pit" Release to Critical Group
Maximum Dose Rate Maximum Total Total Dose

[uSvih] Total Dose | Release [usv]
Be7 [%] | N13 [%] | 015 [%] | P32 [%] | Ard1 [%] [usv] [BAl |Total] Be7 [%]] C11 [%]| N13 [%] | Ard1 [%]
No additional shielding Laminar Fiow 0.0 44.0 44 6 0.0 54 5.79E+13] 4.447 26 33.8 407 9.2
No additional shielding Enclosed 10.1 0.0 0.0 83.0 0.0 67 7.37E+08J0.049 90.3 0.0 0.0 0.0
Additional Shielding 1 Laminar Flow 86 0.0 44 1 399 0.0 11.0 148E+13]1.219 20 282 393 17.9
Additional Shielding 1 Enclosed 10.2 0.0 0.0 82 6 0.0 14 1.78E+08]0.010 89.0 0.0 0.0 0.0
Additional Shielding 2 Laminar Flow 66 0.0 438 38.4 0.0 13.1 1.11E+13]0.938 1.8 26.3 38.6 20.9
Additional Shielding 2 Enclosed 82 104 0.0 0.0 82.0 0.0 10 1.33E+08] 0.007 88.4 0.0 0.0 0.0

Configuration

Parameters for Laminar Flow
i T2 T2 Parameters for Enclosed Case
I: 60 200 A 12
Active Length: 50 50 I 200

Standard Vtot: 720.0 720 Active Length: 50
L ‘s . Vdecay: 120.0 120.0 Ik 2400.0 2400
ventulation Virr: 600.0 500 Virr: 600.0 600
v 5000.00 150 v 2000.00 500

T irr; 432.0 432 T irr;| 15552000.0| 15552000

T d: 86.4 a6 4 T d 86400.0 3600

Oper. Time: 4320.0 4320 Oper. Time: 0.1 4320
A Vrate: 1.2 m3/h A-Vrate: 1.2

m Dose to public: ~1 uSv (laminar), <0.1 uSv (enclosed)

m Dose to personnel:
~86 uSv/h (laminar flow, continuous ventilation)

~15 uSv (enclosed configuration, per flush) — P32, BM
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3D residual dose rate
maps
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‘ 1.0e-003 3.7e-003 1.4e-002 5.2e-002 1.89e001 7.2e-001 2.7e+100 1.0e+101 3.7e+001 1.48+102 5.2e-+102

1.9e-003 7.2e-003 2.7e002 1.0e-001 3.7e-001 1.4e+100 5.Ze+100 1.9e+001 7. 2e+101 2.7 e+H102
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June 15th 200

:

Préparation de I'intervention avant I'ouverture du puit (dernier bouchon)

e alimentation électrique

s aspirateur avec bac et filtre neufs

* tenue complete contamination niveau XXX (procédure a référencer)
Levage de la cible jusqu’au niveau du sol de |la galerie de service
La position de la personne est assumeée comme 100 cm au dessus du niveau
de couvercle avec une distance de 150cm par rapport le centre de 'accroche.
Estimation de débit de dose (FLUKA): 200 pSv/h
Temps estime nécessaire pour le nettoyage : ~5min
Dose individuel et collective : ~20 uSv

1 ToF Review - RP FLU
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