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1. Blade damage

2. MU14 or 15
Failure

3. Vacuum leak

4. Beam
Instrumentation
failure

5. Drive system

6. Water leak on
cooling circuit

7. Other failure
modes??
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Intervention Scenarios TPS15
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Medium - Bad

Medium - Bad

Medium

Slide of Mike H

Replacement of complete
system

Removal (?) and
reinstallation of complete
system

Shielding dismantling +
Diagnostics

Dismantle roof shielding
or manual removal of
blade (Manivelle)

Manual removal of blade
(Manivelle)

Replace joint or cooling
hose, or isolate and run
Hhot”

27
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CONTROLLED AREA

General _
Approval Hp <2 mSv/imonth Trlgger

Procedure Hp < 6 mSviyear Levels
Entry/Exit Doses

cess requires no special request; H' <100 uSv/h

ily entry end exit doses are recorded ‘ Hc < 100 man-uSyv
try/Exit Control H; < 100 uSv

‘details according to respective
Sidual dose rates or expected individual
nd collective doses

Work Work
(WP and WPC) #
SO (WPC only) |ProCedure Permit

ccess requires formal approval by expert H'> 2 mSv/h
ieeting leading to a detailed and highly ‘ Hc > 10 man-mSy

)timized work plan.

H; > 1 mSv
Level 3 [P, RO, A8, Foreman... [INIRNGOMIMINGE] Design Change

VnrJ\-'I\J\Jllnllll.\-fl

H' <2 mSv/h
Hc < 10 man-mSyv

Hj <1 mSv
Machining

iritten request including different levels ‘

CERN design criterion: 2mSv/person/intervention

FLUKA simulations of 3-dim residual dose rate maps for different cooling times allow to

estimate and optimize individual and collective doses for possible intervention processes
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Detailed information on intervention processes and duration required

1 & 2, REPLACEMENT OF

COMPLETE SYSTEM

Time and distance

Comments

Venting of sector
Dismantling of shielding

Disconnection of upstream
and downstream flanges

Disconnect cabling,
compressed air, water
cooling, etc

Removal of tank assembly

Installation of spare

Reconnection of flanges

Reconnection of cables, air,
and water cooling.

Leak test
Installation of shielding

Testing
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TE-VSC
EN-HE-HH
TE-VSC

TE-ABT,
BE-BI, TE-
VSC

TE-ABT,
EN-HE-HH

TE-ABT,
EN-HE-HH

TE-VSC

TE-ABT
BE-BI
TE-VSC

TE-VSC
EN-HE-HH

10 mins, remote intervention

1 hour, distance >1m

5 mins, contact

10 mins, distance -contact

10 mins, distance 1m
2 persons, 2min/person —

contact, 8min/person - 1m
15 mins, contact

10-15 mins

10 mins

30 mins

1 hour

Slide of Mike Hourican TE-ABT

3 persons, 1h/person

2 persons, 2.5min/person

2 persons, 2.5min/person

1 person (TE-VSC), 5min/person

Includes removal of support
locking mechanisms

This spare is non radioactive
3 persons, 5min/person

2 persons, 7.5min/person

3 persons, 10min/person

1 person, 30min/person

3 persons, 1h/person



Transport of a Realistic Beam through SS15
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Dose Rates due to interactions within SS15

ISL beam: 0.47% loss CORE beam: 0.06% loss
iz . e W g@; T 10608
40 day i |

beam loss ~0.5% within SS15

for the same beam loss fractions
10000 within SS15 slightly higher dose for
the ISL compared to CORE beam

1006
dose rate level in the region of

SS15 due to additional beam losses
within SS16 very small

A
D
@,
Q
-
L
L
*
~—~
=
=)
~—
T
o))
<
~
=

Conservative approach:
consider 1% of ISL beam loss
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Residual Effective Dose Rates [mSv/h]

projections along y (horizontal) at the beam level
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Z-beam direction
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2-dim projections in x-y plane
averaged over Az=110cm
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Distance along x-axis (cm)

Residual Effective Dose Rates [mSv/h]

projections along y (horizontal) at the beam level
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(4-5 times higher rates in the gap towards external side of the machine)
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Residual Dose Rates [mSv/h] after a cooling time of 3 days
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Removal: top and middle part of downstream shielding
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-308

Residual Dose Rate [mSv/h] — top and downstream part
of the shielding dismantled
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Residual Dose Rate [mSv/h]

Projections along y at the beam level for
the z position of the downstream flange
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Residual Dose Rate after a cooling time of 3 days [mSv/h]

3 days
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Estimation of Individual and Collective
Doses for the Intervention Scenarios 1&2,

l.e. Replacement of Complete System

Venting of sector TE-VSC 10 mins, remote intervention
Dismantling of shielding EN-HE-HH 1 hour, distance >1m

Disconnection of upstream TE-VSC 5 mins, contact
and downstream flanges

Disconnect cabling, TE-ABT, 10 mins, distance -contact
compressed air, water BE-BI, TE-
cooling, etc VSC

Removal of tank assembly TE-ABT, 10 mins, distance 1m Includes removal of support
EN-HE-HH locking mechanisms

Installation of spare TE-ABT, 15 mins, contact This spare is non radioactive
EN-HE-HH

Reconnection of flanges TE-VSC 10-15 mins

Reconnection of cables, air, TE-ABT 10 mins
and water cooling. BE-BI
TE-VSC

Leak test TE-VSC 30 mins

Installation of shielding EN-HE-HH 1 hour

Testing
S. Damjanovic, CERN




Intervention Scenario 1&2; Action - Dismantling of shielding

3 persons (EN-HE-HH specialists) involved: time/person = 1 h, distance >1m

projections along y (horizontal) at the level
of fnn shielding
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Intervention Scenario 1&2; Action — Dismantling of shielding

3 persons (EN-HE-HH specialists) involved: time/person = 1 h, distance >1m
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-1160

<Dose Rate>=0.22 mSv/h

-1140
distance along z-axis [cm]

-1120

-projections along z (longitudinal) at the

beam level and at 1m horizontal (y) distance
. cooling time 3 days

at 1m distance
90<y<100cm

beam level

-1100 -1080 -1060

position of 18t person:
10 min: x=85 cm, <z>=-1140cm, <y>=0
50 min: x=0, <z>-1140 cm, y=100cm

accumulated dose by 15t person:

0.1mSv/hx10min = 0.02 mSv
0.22mSv/hx50min = 0.18 mSyv
Total 0.2 mSv

positions of 2"d and 3" persons:
x=0 cm, <z>=-1140cm , y=100cm

accumulated dose by 2"d person:
0.22 mSv/hx60min = 0.22 mSv

accumulated dose by 3 person:
0.22 mSv/hx60min = 0.22 mSv

Total collective dose: 0.64 mSv
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Intervention Scenario 1&2; Action - Disconnection of upstream and
downstream flanges
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S Danﬂgﬁlagiéi@/gpﬂream and upstream flanges

2 persons (TE-VSC specialists) involved,
time/person = 2.5 min, contact

example - cooling time 3 days

position of 15t person: x=25 cm, z=-1075cm
3 different y-options considered:
1) y=20 cm; 2) y=30cm; y=40cm

accumulated dose by 15t person:

1) 1.9mSv/hx2.5min = 0.08 mSv
2) 1.0mSv/hx2.5min = 0.042 mSv
3) 0.86mSv/hx2.5min = 0.036 mSv

position of 2" person: x=25 cm, z=-1185cm
1) y=20 cm; 2) y=30cm; y=40cm

accumulated dose by 2"d person:

1) 2.3mSv/hx2.5min = 0.1 mSyv
2) 0.8mSv/hx2.5min = 0.033 mSyv
3) 0.3mSv/hx2.5min =0.013 mSv

1) Total collective dose: 0.18 mSv
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Residual Dose Rate [mSv/h]

S.

Intervention Scenario 1&2
Action — Disconnect cabling, compressed air, water cooling, etc.

3 persons involved, total time 10 min, contact

1St TE-ABT specialist: time/person = 2.5 min, contact
2"d BE-BI specialist: time/person = 2.5 min, contact
3'd TE-VSC specialist: time/person =5 min, contact

example - cooling time 3 days persons positions: x=25 cm, <z>=-1150cm

3 different y-options considered:
10° = cooling time 3 days 1) y=20 cm; 2) y=30cm; y=40cm
= ,' v middle of septum tank
- MRS -1170<z<-1130 cm t d .
10 25 cm s th beam el ", e (blade position) accumulated dose by 15t and 2" person:
- beam level vk 1) 3.0mSv/h x2.5min = 0.125 mSv
1 W k% 2) 0.95mSv/hx2.5min =0.04 mSv
- » ]
- 4 3) 0.4mSv/h x2.5min = 0.017 mSyv
'w" ortey
10 Wh;w """M
- accumulated dose by 3" person:
| | lezal shialding jeeptum task | 3 |ocal shiekding |

0500 50 00 S0 o0 s 10 10 20 1) 3.0mSv/h x5.0min =0.25 mSv
distance along y-axis [cm] )

2) 0.95mSv/hx5.0min =0.08 mSyv

projections along y (horizontal) for z averaged .

over the blade length (-1170cm<z<-1130 cm), 3) 0.4mSv/h x5.0min = 0.033mSv

and for 2 different heights: beam level and

+25 cm above the beam (~side shielding height)
Damjanovic, CERN

1) Total collective dose= 0.5 mSv



Intervention Scenario 1&2
Action — Removal of tank assembly

2 persons involved, total time 10 min
15t TE-ABT specialist: time/person = 2 min-contact, 8min-distance 1m
2"d EN-HE-HH specialist: time/person = 2 min-contact, 8min-distance 1m

example - cooling time 3 days persons positions: x=25 cm, <z>=-1155cm

Residual Dose Rate [mSv/h]

b mtmmsan ||, L] S0 3 differentyoptions considered
C v -1190<z<-1120 cm ! !
10 725 cm above the beam oy ,':-W::;:1 accumulated dose by 1st and 2"d person:
" A contact:
1f_ F;::" "'i' 1) 3.0mSv/hx2min  =0.1 mSv
1 ———— ) 2) 0.9MSV/hx2min = 0.03 MSv
i | 3) 0.4mSv/hx2min = 0.013 mSv
1060~ 150100 B0 0 50 100150 200 _
distance along y-axis [cm] distance 1m:

0.15%x8 min = 0.02 mSv

projections along y (horizontal) for z averaged
over the septum tank length (-1190cm<z<-1120
cm), and for 2 different heights: beam level and

+25 cm above the beam (~side shielding height)
S. Damjanovic, CERN 16

1) Total collective dose= 0.24 mSv



Intervention Scenario 1&2
Action — Installation of spare tank

3 persons involved, total time 15 min
1st and 2"d TE-ABT specialist: time/person = 5 min-contact
3'd EN-HE-HH specialist: time/person = 5 min-contact

example - cooling time 3 days

102

or

veraged over the septum tank length
-1190<z<-1120 cm

cooling time 3 days

10 =25 cm above the heam leyel  ~
— beam level

Residual Dose Rate [mSv/h]

part of shielding ) 3 5 5,
+septum removed . mw" M
' ' ' ' ' ' L T T R R— 50 100 150 200
0o -200 -188 a 168 200 300 401 distance along y-axis [cm]
2-dim projections in x-y plane, averaged projections along y (horizontal) for z averaged
over Az=110cm (-1190<z<-1080cm) with over the septum tank length (-1190cm<z<-1120
the septum tank and the top part of the cm), and for 2 different heights: beam level and

shielding removed

Removal: dummy septum tank and top and

middle part of downstream shielding
S. Damjanovic, CERN 17

+25 cm above the beam (~side shielding height)



Intervention Scenario 1&2
Action — Installation of spare tank

3 persons involved, total time 15 min
1st and 2"d TE-ABT specialist: time/person = 5 min-contact
3'd EN-HE-HH specialist: time/person = 5 min-contact

example - cooling time 3 days persons positions: x=25 cm, <z>=-1155cm

g . 3 different y-options considered:
E ling ti 3d v averaged over the septum tank length _ . _ N —

g - coleimenas T T vt om 1) y=20 cm; 2) y=30cm; y=40cm

o A

E 10f 25 cm above the beam level v { '“‘::v1

g Pl LA accumulated dose by 1st,2"d and 3" person:

(m)] [ LA Ty

= 1 .3 .

R p " 1) 0.6mSv/h x5min =0.05 mSyv

@ — y :"W'\' A

o] i .

@y .| 2) 0.4mSv/h x5min = 0.03 mSv
B M 3) 0.26mSv/hx5min  =0.02 mSv

10500 2150 <100 -50 0 50 100 150 200

distance along y-axis [cm]

L . 1) Total collective dose= 0.15 mSv
projections along y (horizontal) for z averaged

over the septum tank length (-1190cm<z<-1120
cm), and for 2 different heights: beam level and
+25 cm above the beam (~side shielding height)

S. Damjanovic, CERN
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Residual Dose Rate [mSv/h]

Residual Dose Rate [mSv/h]

Intervention Scenario 1&2; Action — Reconnection of flanges

10° = cooling time 3 days
E at downstream flang position
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projections along y for the z positions
of the downstream and upstream flanges
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2 persons (TE-VSC specialists) involved,

time/person = 7.5 min, contact

example - cooling time 3 days

position of 15t person: x=25 cm, z=-1075cm
3 different y-options considered:
1) y=20 cm; 2) y=30cm; y=40cm

accumulated dose by 15t person:

1) 1.5mSv/hx7.5min = 0.19 mSv
2) 1.0mSv/hx7.5min = 0.13 mSv
3) 0.8mSv/hx7.5min =0.1 mSv

position of 2" person: x=25 cm, z=-1185cm
1) y=20 cm; 2) y=30cm; y=40cm

accumulated dose by 2"d person:

1) 0.4mSv/hx7.5min = 0.05 mSv
2) 0.25mSv/hx7.5min = 0.03 mSyv
3) 0.2mSv/hx7.5min = 0.025 mSv

1) Total collective dose: 0.24 mSv
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Intervention Scenario 1&2

Action — Reconnection of cables, compressed air, water cooling, etc.

3 persons involved, total time 30 min, contact

1St TE-ABT specialist: time/person = 10 min, contact
2"d BE-BI specialist: time/person = 10 min, contact
3'd TE-VSC specialist: time/person = 10 min, contact

example - cooling time 3 days persons positions: x=25 cm, <z>=-1130cm

= 3 different y-options considered:
(?) 10 ; cooling time 3 days averaged over z from the upstream 1) y:20 cm; 2) y:SOcm; y:4OCm
é toithe downstream flange
5 e accumulated dose by 1st, 2"d and 3
' 10 =25 cm above the beam leyel ’
o beam level s 1 persons:
S N Vi 2
o R 1 4
- N 1) 0.9mSv/hx10min = 0.15 mSv
ke’ - o Mo :
8 m—" MM 2) 0.5mSv/hx10min = 0.08 mSv
107 :
- 3) 0.4mSv/hx10min = 0.07 mSv
10%0 50 400 B0 0 50 100 150 200
distance along y-axis [cm]
projections along y (horizontal) for z averaged 1) Total collective dose= 0.45 mSv

from the upstream to the downstream flange,
and for 2 different heights: beam level and

+25 cm above the beam (~side shielding height)
S. Damjanovic, CERN
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Intervention Scenario 1&2
Action — Leek Test

1 person involved, total time 30 min
TE-VSC specialist: time/person = 30 min-contact

example - cooling time 3 days person position: x=25 cm, <z>=-1130cm

{% 10° :;cooling time 3 days v averaged over the septum tank length i diﬁerent y.-opticins COIleiEiel‘edZ

2 0 1160<221120 o ) y=20 cm; 2) y=30cm; y=40cm

§ 10 =25 cm above the beam level vm”

;"03 p eamieve ' s accumulated dose by the person:

3 B 1) 0.9mSv/hx30min = 0.45 mSv

€ e 2) 0.5MSV/hx30min = 0.25 mSv
B o 3) 0.4mSv/hx30min  =0.2 mSv

20 L [ | L L L | I
0500 <150  -100  -50 0 50 700 150 200
distance along y-axis [cm]

projections along y (horizontal) for z averaged

from the upstream to the downstream flange, _
and for 2 different heights: beam level and 1) Total collective dose= 0.45 mSv

+25 cm above the beam (~side shielding height)

S. Damjanovic, CERN



Intervention Scenario 1&2; Action — Installation of shielding

=
S 10° = cooling time 3 days
w =
é - at 1m distance
[0} N 90<y<100cm
© 10 =
o = beam level
% r <DoseRate>=0.2 mSv/h
0 b
9 1=
C:,U =
:g : — i — " — g
% B o o *
rARTUS S
2 local shielding =~ |
Q200 1180 -1160 -1140 1120 -1100  -1080  -1060

3 persons (EN-HE-HH specialists) involved:
time/person = 1 h, distance >1m

distance along z-axis [cm]

projections along z (longitudinal) at the
beam level and at 1m horizontal (y) distance

S. Damjanovic, CERN

positions of 1st, 2"d and 3" persons:
60 min: x=0, <z>-1140 cm, y=100cm

accumulated dose by 1st person:
0.22 mSv/hx60min = 0.22 mSv

accumulated dose by 2"d person:
0.22 mSv/hx60min = 0.22 mSv

accumulated dose by 3 person:
0.22 mSv/hx60min = 0.22 mSv

Total collective dose: 0.64 mSv
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Dose per person and intervention accumulated during the ‘Replacement of
the complete system’ at PS SS15 after cooling time of 3 days

Dose/person Dose/person | Dose/person Dose/person Dose/person [
i Dep/Grp (EN-HE- ] St ] ndy | (TE-ABT- i collective
Work description (Task) (executing) | HH_12n/31) (TE[\r;SSC\;]_l ) | (TE [\;185?/]_2 ) 1520 ([?nEsS]I) Dose
[MmSvV] [MmSvV] [MmSv]
Actions 3.51
VVenting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH 0.2/0.22/0.22 0.64
Disconnection of downstream.l_ENSC 0.08 0.1 10.18
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water Bl TE-VSC 0.25 0.125/0 0.125 +0.5
cooling, etc.
Removal of tank assembly TE-ABT, EN- 0.12/0/0 0.12/0 +0.24
HE-HH
Installation of spare TE-ABT, EN- 0.05/0/0 0.05/0.05 +0.15
HE-HH
Reconnection of downstream TENSC 0.19 0.05 +0.24
and upstream flanges
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 0.15 0.15/0 0.15 045
Leak test TE-VSC 0.45 +0.45
Installation of shielding EN-HE-HH 0.22/0.22/0.22 +0.66
0.59/0.44/0.44 _ 0.15 0.45/0.05 0.275 3.51
S. Damjanovic, CERN 23



o

-t

10}_ «cooling ime 1h - 4monl W7
I | middie of septum ta = cooling time 1h -4 months
i - -1170<z<-1120 cn E
10 |25 cm above the beam level (blade position)

Residual Dose Rate [mSw/h]
=3

Residual Dose Rate [mSwih]

=
@ —
E | ocmotme thosmonrs e o -
g 101 WarcHidem son = 2.8 minutes
& E [
a D 14 < el
E] T : T
3 === - —
3 = 2 2l
T g posion {z=.1t45m]
B T T R T R T R T R T
distance along z-axis [cm]
= tmaiperson 2 min contact |8 AT = L
g 1
3 =
2 n
§ '
H .
B ol e g e 7 04
E B <Ham rowa =
3 o y= 30 e cstance
3 contnct: e et ad
i by saed . gL
C 0 ' 0 W [T
~ cooling time (]

10 [ cooling time 1h - dmonths.

10 |25 < above the baam kel
£ toam vel

K-
E
£
{4
i
&

BT I ] 100
distance along y-axis [cm]

10° = cooling time 1h - 4menths

105—25cmabmmbe{%

flang ¢
{z=-1075em)

i% - § _i
‘ Residual Dose Rate [mSvit

meniiged e B necium Lk gt
-tz 1120 em

Rasidual

distance along y-axis [em]
"o o com @
06
' [
04!
N o P 0.2
s ot
1 n 1w 1] w 1

|
|

cooling time 1h - 4months
at downstream flang position

25 cm above the beam level (z=-1075cm)

Residual Dosl-_

[ r—

.- —_— . -

| 1 L
w -100 -50 0 50 100 150 200
] distance a%y—axis [cm]
OY . .
18 cosling time 1h - dmonths: o8 ctream Nanvge poslion B iy
s @ e
0 zsemmowretsamim | | | ] ey

0

distance along y-axis

TTw W w
g ‘coobng sme fh]
& 1% cooling time 1h - 4 months
= (2=-11B5em)
P [
P Rkin
@ 10| 25cmabovethebeam leyel NI
2
Y o
o L
] w::rvﬂcw-.«: -
@ r___,,,.,w.,.|w-‘r‘-<'r<"a--m— Th e
: o it i
) L T
A ) |
..n-:"::q:. ot | A -ﬂT:(::’
gt M) [t | [ |t | (il
200 150 -0 50 [ 50 100 150 200

Aictanma alanm u_avie feml

" - 40 dnys
12 e fang posson (2= Hbam| - - -
W Wom Acson: o ”
" ' .
et dmiance
1 § 0 tmdalae i
% oom . 1 - &
: -
o o . O
NS w et
04 * cadun
e ——— tay
- e o
Pl -
——t .
== b et
" ! w0 0 G
kg time [h]




Individual and Collective Doses Estimated for the Intervention
-Replacement of the complete system- at PS SS15

cooling time

Specialist from

Dep/Grp executing Accumulated Dose / Person [mSv/person]
1h 8h lday | 3days 1 week 2 weeks 1 month 40 days 4 months

TE-VSC-1* 0.81 0.68 0.57 0.52 0.33
TE-VSC-2" 0.68 0.49 0.29 0.15 0.1 0.09 0.07 0.07 0.04
EN-HE-HH-1* 0.59 0.45 0.39 0.3 0.27 0.15
EN-HE-HH-2" 0.44 0.34 0.29 0.22 0.19 0.12
EN-HE-HH-3" 0.87 0.44 0.34 0.29 0.22 0.19 0.12
TE-ABT-1% 0.95 0.45 0.33 0.28 0.22 0.2 0.125
TE-ABT-2" 0.17 0.05 0.033 0.028 0.025 0.023 0.017
BE-BI 1.0 0.58 0.28 0.2 0.17 0.13 0.13 0.08
Collective Dose ) 126 | 7.4 3.5 2.6 2.2 1.8 1.6 1.0
[mSv] — ‘8 persons

Minimum waiting time of at least 3 days required



‘N

Individual and Collective Doses Estimated for the Intervention
-Replacement of the complete system- at PS SS15

g Specialist from Dep/Grp executing:
= 10 |- g
'6' - TE-VSC-1st m
br7) L EN-HE-HH-1st — .
o EN-HE-HH-2nd ™ ===
()] L EN-HE-HH-3rd W
— TE-ABT-1st N
C:U 1 BE-BI " _
© = . _
‘S — TEVSCond B o o]
S [ TE-ABT-Znd w S e a
£ = g ey - ™
1h - -..‘T‘“=-‘:-.\§§‘._““-
"'-l._‘__‘__ ""‘:'.?:'
107 = = e
s =
e £
3days g e
- Aweek l"."m,__“ =
2weeks 40 days ™
10—2 11l I| 1 1 1 1 1 I| 1 1 ;Irlnpnth 4Im0'nths
10" 1 10 102 10° 10*
Z I i
E | | G — ©
[ S— 10 _q__*'m.‘ i . 3
= 1h s
m -~
8 I o » ."'"‘--\
a 1day "»,‘__5__‘__ E
fih) 3days ‘L""*-.,_* @
> 1week iy A P
') 1E 2weeks T
o 1month
e 40 days
Q 4months
4 2
107 & ]
—_—
- I 1 Lol Ll |
10°
10" 1 10 10° 10° 10*

cooling time [h]

Minimum waiting time of at least 3
days required

For waiting times between 3 days
and 1 week no need for ALARA
committee
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Annex

Accumulated Dose per Person and Intervention during the ‘Replacement
of the complete system’ at PS SS15 for different cooling times

S. Damjanovic, CERN
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Accumulated Dose per person and intervention during the ‘Replacement
of the complete system’ at PS SS15 after cooling time of 1 hour

S. Damjanovic, CERN

Dose/person | Dose/person| Dose/person |Dose/person|Dose/person| Total
- Dep/Grp (EN-HE- (TE-VSC_1%) | (TE-VSC_2") | (TE-ABT- ( BE-BI) |[collective
Work description (Task) (executing) | HH_15Y2"9/3™) 152 dose
[MmSvV] [MmSvV] [mSv] [MmSv] [MSvV] [mSv]
Actions 18.2
Venting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH 1.06/1.1/1.1 3.26
Disconnection of downstream TENSC 0.28 0.27 4055
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water BI, TE-VSC 0.8 0.4/0 0.4 +1.6
cooling, etc.
Removal of tank assembly TE-ABT, EN- 0.42/0/0 0.42/0 +0.84
HE-HH
Installation of spare TE-ABT, EN- 0.44/0/0 0.44/0.44 +1.32
HE-HH
Reconnection of downstream
TE/VSC 0.78 0.41 +1.19
and upstream flanges
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 1.0 1.0/0 1.0 3.0
Leak test TE-VSC | 30 | +3.0
Installation of shielding EN-HE-HH 1.14/1.14/1.14 +3.42
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Accumulated Dose per Person and Intervention during the ‘Replacement
of the complete system’ at PS SS15 after cooling time of 8 hour

Dose/person | Dose/person| Dose/person |Dose/person|Dose/person| Total
- Dep/Grp (EN-HE- (TE-VSC_1%) | (TE-VSC_2") | (TE-ABT- ( BE-BI) |[collective
Work description (Task) (executing) | HH_15Y2"9/3™) 152 dose
[MmSvV] [MmSvV] [mSv] [MmSv] [MSvV] [mSv]
Actions 12.6
Venting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH 0.7/0.71/0.71 2.12
Disconnection of downstreamTE/VSC 0.2 0.2 104
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water BI, TE-VSC 0.6 0.3/0 0.3 +1.2
cooling, etc.
Removal of tank assembly TE-ABT, EN- 0.3/0/0 0.3/0 +0.6
HE-HH
Installation of spare TE-ABT, EN- 0.32/0/0 0.32/0.32 +0.96
HE-HH
Reconnection of downstream
TE/VSC 0.56 0.29 +0.85
and upstream
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 0.7 0.7/0 0.7 2.l
Leak test TE-VSC 21| +2.1
Installation of shielding EN-HE-HH 0.76/0.76/0.76 +2.28
S. Damjanovic, CERN 29



Accumulated Dose per Person and Intervention during the ‘Replacement
of the complete system’ at PS SS15 after cooling time of 1 day

S. Damjanovic, CERN

Dose/person | Dose/person| Dose/person |Dose/person|Dose/person| Total
- Dep/Grp (EN-HE- (TE-VSC_1%) | (TE-VSC_2") | (TE-ABT- ( BE-BI) |[collective
Work description (Task) (executing) | HH_15Y2"9/3™) 152 dose
[MmSvV] [MmSvV] [mSv] [MmSv] [MSvV] [mSv]
Actions 7.36
Venting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH 0.4/0.42/0.42 1.24
Disconnection of downstreamTE/VSC 013 0.14 +0.27
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water BI, TE-VSC 0.4 0.2/0 0.2 +0.8
cooling, etc.
Removal of tank assembly TE-ABT, EN- 0.2/0/0 0.2/0 +0.4
HE-HH
Installation of spare TE-ABT, EN- 0.17/0/0 0.17/0.17 +0.51
HE-HH
Reconnection of downstream TENSC 0.35 015 105
and upstream flanges
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 038 0.38/0 0.38 +1.14
Leak test TE-VSC 1.15 +1.15
Installation of shielding EN-HE-HH 0.45/0.45/0.45 +1.35
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Accumulated Dose per Person and Intervention during the ‘Replacement

of the complete system’ at PS SS15 after cooling time of 1 week

Dose/person | Dose/person| Dose/person |Dose/person|Dose/person| Total
- Dep/Grp (EN-HE- (TE-VSC_1%) | (TE-VSC_2") | (TE-ABT- ( BE-BI) |[collective
Work description (Task) (executing) | HH_15Y2"9/3™) 152 dose
[MmSvV] [MmSvV] [mSv] [MmSv] [MSvV] [mSv]
Venting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH 0.15/0.17/0.17 0.49
Disconnection of downstream TENSC 0.07 0.07 +0.14
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water BI, TE-VSC 0.2 0.1/0 0.1 +0.4
cooling, etc.
Removal of tank assembly LEQ;B—IT EN- 0.095/0/0 0.095/0 +0.19
Installation of spare TE-ABT, EN- 0.033/0/0 0.033/0.033 +0.1
HE-HH
Reconnection of downstream
TE/VSC 0.14 0.03 +0.17
and upstream flanges
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 0.1 0.1/0 0.1 0.3
Leak test TE-VSC 0.3 +0.3
Installation of shielding EN-HE-HH 0.17/0.17/0.17 +0.51
0.45/0.34/0.34 0.81 0.10 0.33/0.033 0.2 2.6

S. Damjanovic, CERN
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Accumulated Dose per Person and Intervention during the ‘Replacement
of the complete system’ at PS SS15 after cooling time of 2 weeks

Dose/person | Dose/person| Dose/person |Dose/person|Dose/person| Total
- Dep/Grp (EN-HE- (TE-VSC_1%) | (TE-VSC_2") | (TE-ABT- ( BE-BI) |[collective
Work description (Task) (executing) | HH_15Y2"9/3™) 152 dose
[MmSvV] [MmSvV] [mSv] [MmSv] [MSvV] [mSv]
Venting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH 0.13/0.14/0.14 0.41
Disconnection of downstream TENSC 0.054 0.067 +0.12
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water BI, TE-VSC 0.18 0.09/0 0.09 +0.36
cooling, etc.
Removal of tank assembly TE-ABT, EN- 0.08/0/0 0.08/0 +0.16
HE-HH
Installation of spare LE’_ﬁ'E:IT’ EN- 0.028/0/0 0.028/0.028 +0.084
Reconnection of downstream TENSC 0.12 0.025 +0.145
and upstream flanges
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 0.08 0.08/0 0.08 +0.24
Leak test TE-VSC 0.25 +0.25
Installation of shielding EN-HE-HH 0.15/0.15/0.15 +0.45
0.39/0.29/0.29 0.68 0.09 0.28/0.028 0.17 2.2

S. Damjanovic, CERN
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Accumulated Dose per Person and Intervention during the ‘Replacement
of the complete system’ at PS SS15 after cooling time of 1 month

Dose/person | Dose/person| Dose/person |Dose/person|Dose/person| Total
- Dep/Grp (EN-HE- (TE-VSC_1%) | (TE-VSC_2") | (TE-ABT- ( BE-BI) |[collective
Work description (Task) (executing) | HH_15Y2"9/3™) 152 dose
[MmSvV] [MmSvV] [mSv] [MmSv] [MSvV] [mSv]
Actions 1.76
Venting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH 0.1/0.11/0.11 0.32
Disconnection of downstream TENSC 0.038 0.05 +0.088
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water BI, TE-VSC 0.13 0.065/0 0.065 +0.26
cooling, etc.
Removal of tank assembly TE-ABT, EN- 0.06/0/0 0.06/0 +0.12
HE-HH
Installation of spare LE’_ﬁ'E:IT’ EN- 0.025/0/0 0.025/0.025 +0.075
Reconnection of downstream TENSC 011 0.022 +0.132
and upstream flanges
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 0.07 0.07/0 0.07 021
Leak test TE-VSC 0.22 +0.22
Installation of shielding EN-HE-HH 0.11/0.11/0.11 +0.33
0.3/0.22/0.22 0.57 0.072 0.22/0.025 0.135 1.76

S. Damjanovic, CERN
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Accumulated Dose per Person and Intervention during the ‘Replacement
of the complete system’ at PS SS15 after cooling time of 40 days

Dose/person | Dose/person| Dose/person |Dose/person|Dose/person| Total
- Dep/Grp (EN-HE- (TE-VSC_1%) | (TE-VSC_2") | (TE-ABT- ( BE-BI) |[collective
Work description (Task) (executing) | HH_15Y2"9/3™) 152 dose
[MmSvV] [MmSvV] [mSv] [MmSv] [MSvV] [mSv]
Venting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH  |0.09/0.095/0.095 0.28
Disconnection of downstream TENSC 0.033 0.046 +0.079
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water BI, TE-VSC 0.12 0.06/0 0.06 +0.24
cooling, etc.
Removal of tank assembly LEQ;B—IT EN- 0.055/0/0 0.055/0 +0.11
Installation of spare LE’_ﬁ'E:IT’ EN- 0.023/0/0 0.023/0.023 +0.069
Reconnection of downstream TENSC 0.1 0021 +0.121
and upstream flanges
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 0.067 0.067/0 0.067 0.2
Leak test TE-VSC 0.2 +0.2
Installation of shielding EN-HE-HH 0.1/0.1/0.1 +0.3
0.27/0.195/0.195 0.52 0.067 0.2/0.023 0.127 1.6

S. Damjanovic, CERN
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Accumulated Dose per Person and Intervention during the ‘Replacement
of the complete system’ at PS SS15 after cooling time of 4 months

Dose/person | Dose/person| Dose/person |Dose/person|Dose/person| Total
- Dep/Grp (EN-HE- (TE-VSC_1%) | (TE-VSC_2") | (TE-ABT- ( BE-BI) |[collective
Work description (Task) (executing) | HH_15Y2"9/3™) 152 dose
[MmSvV] [MmSvV] [mSv] [MmSv] [MSvV] [mSv]
Venting of sector TE-VSC remote
Dismantling of shielding EN-HE-HH  |0.05/0.056/0.056 0.162
Disconnection of downstream TENSC 0.02 0.023 +0.043
and upstream flanges
Disconnect cabling
: ' TE-ABT, BE-
compressed air, water BI, TE-VSC 0.07 0.035/0 0.035 +0.14
cooling, etc.
Removal of tank assembly LEQ;B—IT EN- 0.028/0/0 0.028/0 +0.056
Installation of spare tank LEﬁ?—IT EN- 0.017/0/0 0.017/0.017 +0.051
Reconnection of downstream TENSC 0.06 0.015 +0.075
and upstream flanges
Reconnection of cables, air, [TE-ABT/BE-
and water cooling BI/TE-VSC 0.045 0.045/0 0.045 +0.135
Leak test TE-VSC 0.135 +0.135
Installation of shielding EN-HE-HH 0.06/0.06/0.06 +0.18
0.15/0.12/0.12 0.33 0.038 0.125/0.017 0.08 1.0

S. Damjanovic, CERN
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Real Action — exchange of PE.SMH16 in 2009

Description: Preventive removal of SMH16.1 and reinstallation of spare SMH16.2 in PS SS16
PE.SMH16 _exchange.xlsx

S. Damjanovic, CERN
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