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Radiation design targets

Skyshine evaluation

Proton beam line shield

Air and water activation and waste
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ltem Design target* Japanese Law

? 50 nbvlyear ? 250 nBv/3

Dose rate at Site boundar
y (? 35 nBvl/year for Phase-l) | months

Dose rate at General area ? 0.25 nsv/hour ? 20 nBv/iweek**

Dose rate at Radiation

controlled area |*** ? 12.5 mbv/hour ? 1 mSv/week

Radioactive concentration at

discharge 1/2 of Japanese law

? 5 mSv/hour for line loss

Ground water activation**** .
? 11mSv/hour for point loss

* . Design targets are smaller (1/2 ~ 1/20) than Japanese law.

** 1week = 40 hours

***. Registered radiation workers can enter freely any time.

**** - This corresponds to ?10n5v/y if one drinks ground water at site boundary for
one year.




General area : No color

- Dose rate is always

No-restricted radiation
controlled area : Blue

- Dose rate is always

- Radiation workers can freely enter any tlme
- There can exist radioactive contamination in the air or on the surface.

Restricted radiation
controlled area : Red

- Dose rate is always or occasionally

- Even radiation workers are restricted to enter.

- There can exist radioactive contamination in the air or on the surface.

Classification based on radiation design targel
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Neutron target
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Evaluation methods :
Dose : Moyer’'s model, NMTC/JAM, MCNPX2.1.5
Activation : NMTC/JAM and DCHAIN-SP
Evaluation accuracy --> Reports by Meigo and Kal
Evaluation margin :
Moyer’s model-->none (Moyer’s model overestimates)

Monte Carlo calculation --> Factor 2
(None for activation evaluation)

Evaluation Conditions

Proton beam operation time : 5000 h/year
(20 days/cycle, 12 cycles/year)

Proton beam power : 1 MW



Shield for neutrons and gammas : total dose
Bulk shield and Streaming
Neutron target-->presentation by Maekawa
Muon target -->presentation by Miyake
Collimator-->presentation by Miyake
Magnets [1W/m and 1kW]
Skyshine

Activation : air, water and apparatus
gamma dose in processing room for air and water
gamma dose at maintenance
radioactive concentration at discharge of air and water



Calculation code : MCNPX - Neutron
Calculation conditions Muon beam line
beam line

(Average dose rate on the outer
surface of shield)

neutron beam line : 2 nBv/h
muon beam line : 2 nBv/h

proton beam line : 6 nBv/h Muon
(including a margin of 2) beam line

Proton beam line

Neutron Proton

Neutron beam line

Vertical model Horizontal model



Skyshine Evaluation- (2)

T e MLF : 4nBvly
= " _Others : 17nBvly
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MLF : 7.6n8vly |~

Others : 16rTSV/yéj~.h Others : 12nSvly

« Source point

MLF : 9.4n8Vly -~
Others : 10nBv/iy> :
" MLF:9.4nsvy  MLF:7.4nBvly
Others : 8nSvly Others : 6.5nBvly
Skyshine dose from others is tentative.

. Skyshine evaluation point

Total skyshine dose will be less than 35 nbvly.



Calculation method : Moyer’s model

Tunnel : criteria is soil activation

(5

Sv/h).
ceiling : concrete 70cm
floor : concrete 130cm

Ight side (from upstream) :
concrete 105cm

eft side (from upstream) :
concrete 75cm

LF ; criteria is 12.5 nSv/h.
deiling;side : concrete 400cm

w_ w[C] B
o i i e
Lol g
- ——Hrt—— v9RH [T ™
L
= LA
/N 5 ANUN
7 AN N P || N o7 i
T 2
Il o]
BT - o
1 7
!
o || el 27 <>§< i
i | el %
I S — i “ ok g
T @ LS8
|| Heas o L o el %: )

Ee oI B—
o - 7> - R O
i '\‘ﬁ'l" 1 ’

5 iy,
{‘1 P I e TP PO
PUEEE S - R I = el
c ]

—>

75cm

105cm

Horizontal cross section in tunnel

(from upstream)

2
)
2
\

400cm

Horizontal cross section in MLF



B B
Beam loss at magnets is ~1kW.

CaF!cuIation model (R-Z geometry) after muon target

\ Unit: m
< 25 >
Concrlete 1
7.25
3GeV proton 3GeV proton 3GeV proton
928.6W loss 461W loss 177.6W loss
QN2 QN3 QN4 v
1 [ [ +0.65 Yy 7

! \

A1

P Magnet (Iron)




Calculated dose rate on outer surface of shield with MCNPX

Dose rate [uSv/h]
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Calculation model

3GeV proton
4W loss —>
each magnet

s.1/Protonjbeam tunnel =

l—4 4

L9z5

e a
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magnet 1.9 magnet magnet

connection path

magnet  magne

Path of 4.5m high

Concrete
(Im thick)

and 3 m wide \L

Path of 4.5m high unit : m

and 4 m wide

Cable hole of 3m high
and 3m wide

|
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4.13 Magnet power room
(general area)

21.
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Calculated dose rate along path with MCNPX
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Distance from tunnel along path [m]
Dose rate at magnet power room (general area) Is
less than the design target of 0.25n5v/h.



Concrete wall thickness required for neutron and/or gamma shield

Wall thickness [mm] Wall thickness [mm]
1500 500
1100
‘ 1500
.
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Wall thickness [mm]
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Wall thickness [mm]

200
400 = >
500
1400
1500 .
1900 —_—
L
=)
( R
g Pag e
L e
® B
% 257
1
] > ga ==
g N
a
@ o .BT
® = .
g Ay
@ 7 @ ’?. i N 1FLarso |

5500

(100kg)

6500

® & ©@® ©

- L
g 237
E| HE
WJ

The second floor




Wall thickness [mm]
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L C —
Cover gas of mercury and water surge tanks will be batch-
processed.Tritium, rare noble gases, iodine, radioactive
mercury vapor will be included in cover gas.

Quantity of radioactive nuclides in cover gas is very large.
Tritium : 9.3 x 10%° Bqly

Xe-127 : 1.3 x 10%2 Bqly
--> Off gas process system will be required.

Radioactive Source Collection or separation Decontamination
emissions equipment factor
Tritium Tritium generated in mercury, HO, D,O, | Tritium collection system using 1000
structural material and air molecular-sieve
R bl ted Ar : Hollow-fiber membrane 50
are noble gases generated in mercury
Rare noble gases structural material S
Xe, Kr :Cryogenic distilation column 100

lodine generated in mercury
lodine (1/1000 of total amount of lodine was lodine absorption filter 2000
assumed to release from mercury)

Radiactive mercury

(1/1000 of total amount of mercury was |Mercury vapor collection system 10000
assumed to release)

Radioactive mercury
vapor




Concept of Off Gas Process System

| o vapor T, I, Hg vapor
a,bs?)r ti?)n T separation/ Xe, Kr collection
P vaporized collection '
Cold
Water 5 LN2 —196
T @ lﬁ T @ l

Molecular
-sieve

He

Cryogenic
distillation gas
absorption system

——
He

100cc/min)

-]

Copper-oxide
bed (200° C)

Filter

Filte
. .

—

(mercury cooling system)

X<

Buffer tank

Com-

Ar separation/collection

pressor’

Hollow-fiber

Com-
membrane

. pressor

Emission

O

to air

O

Emission
to air

Exhaust after

Decay tank
y 1 year decay

Emission
to air

This system will be installed for 1MW operation.



B
Nuclide T?;fatltl'-.\lrni/ (;g'g)rry l?aeé:tcc))r:t(aDnlll)ngﬁan Annual emission corl?égir?tsriaotri]on* Li(r%iﬁ]g;rlirrr;itsigir?n corlf(:rgﬁtsr'la?[?on /
operation Relaese rate (RR) Limit
*H 9.3 x 10* Bqly DF: 1C¢ 9.3 x 10* Bgly 1.2 x 10" Bg/cn? | 5.0 x 10° Bg/cn? 0.024
“Ar 3.7 x 10% Bqgly DF:5x 10 7.4x10* Bgly |[9.6x10°Bg/cnt| 7.0 x 102 Bg/cm?® 1.4x107
Ar SAr 7.7 x 10° Bgly 1.5 x 10° Bgly 2.0 x 107 Bg/cn? | 2.0 x 10* Bg/cm? 1.0x10°
“Ar 5.6 x 10° Bgly 1.2x10°Bgly [ 1.6x 107 Bg/cn?| 2.0 x 10* Bg/cn? 8.0 x 107
24 2.3 x 10% Bgly DF:2x 10 1.2 x 10°Bgly 1.6 x 10° Bg/cn? | 9.0 x 10° Bg/cn? 1.8 x 10"
I 129 1.5 x 10* Bgly RR : 1/1000 7.5x10°Bgly |9.8x10°Bg/cm*| 1 x 10° Bg/cn? 9.8 x 10*
129 9.0 x 10" Bgly 45x 10°Bgly [5.9x10* Bg/cnt| 5.0 x 10° Bg/cm? 1.2 x10*
27X 1.3 x 10* Boly DF : 1¢? 1.3x 10" Bgly | 1.7 x 10* Bg/cn? | 3.0 x 10° Bg/cny 0.057
BKr 1.2 x 10" Bgly DF :1¢ 1.2x10°Bgly |1.6 x 10™ Bg/cnt| 1.0 x 10* Bg/cn? 1.6 x 10°
“ sKr 2.3 x 10" Bgly 2.3x10°Bgly |3.0x 10" Bg/cnm?*| 1.0 x 10* Bg/cne 3.0x 10°
*Hg 3.4 x 10" Bgly DF :10° 3.4x10'Bgly [4.4 x 10" Bg/cn?| 3.0 x 10° Bg/cn? 1.5x10°
*Hg 2.1 x 10* Bqgly RR : 1/1000 2.1x10" Bgly |2.7 x10° Bg/cn? | 9.0 x 10* Bg/cn? 3.0x10*
"o "Hg 1.8 x 10* Bqgly 1.8 x 10° Bgly 2.3 x107 Bg/cn? | 3.0 x 10®° Bg/cm? 7.7x10°
23Hqg 2.3 x 10" Bgly 2.3x10°Bgly |3.0x 10" Bg/cn? | 2.0 x 10° Bg/cnt 0.015
Total 0.096 **

* . Total air volume released from MLF stack for one year is assumed to be 7.7 x 10 cm? (tentative).

** - Exclude contribution from 3NBT.
Annual emission of radioactive nuclides from MLF stack is smaller than
Japanese law and design target.




E—— C —
Most dominant radioactive nuclide generated in coolant
water is tritium ( > 99%).

Light water : 5.4 x 10"'Bg/year, 1.1 x 10”°Bg/30year
Heavy water : 6.8 x 10"'Bg/year, 1.3 x 10°Bq/30year

Coolant inventory : ~10m’

Concentration of tritium in light water will be over that (?1.2 x 10° Bg/cc)
transferable to JAERI waste processing facility.

Light water can not be discharged and transferred. If
tritium concentration is too high, it is replaced and stocked
iIn MLF.

Heavy water is assumed to be used for a life time of the
facility. If tritium concentration is too high, it is replaced
and stocked in MLF.

Mercury will be used for a life time of the facility, and will
not be replaced.



Shielding design has been finished.
Skyshine
Proton beam line shield
Air and water activation

The structure of MLF is almost fixed.
Future work

Accident analysis
Off gas process system



