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SK-Gd project

- Cross se:'ﬂylr
e 48.89kb
p
P \
2. 2|\/|evLLLL $ ra; Gd LLLLL,
b !
e

* Loading Gd to SK

- To significantly enhance detection capability

of neutrons from v interactions ?90...................7../
+ 0.02% Gd,(S0,), concentration for the 1st step T 75%

5 VN
« About 50% of neutron would be captured by Gd, 27

= 60
enhancing neutron tagging efficiency by 2-3 times. §5O I

* Planned gradual increasement of Gd
« Final target: 90% of neutron tagging
« Aiming at 75% with this Kakenhi

0 0 0.02 0.2
Gadolinium sulfate concentration [%]

2021.5.21 ugap2021



102

- Water detectors

Super-Kamiokande VI

 Ring imaging Gd-doped water Cherenkov detector

« 49468 tons of pure water with 5426kg of Gd
11129 50cm PMTs for Inner detector

« 1km (2700 mwe) underground in Kamioka

Cross-section (10 cm?)

 Most sensitive to . through inverse beta decay, and
the emitted neutron can be tagged with more than 50%
efficiency. 107

10 20 30 40 50 60 'ﬂ]e utri n%DE nerg%? {Me\A{I 0

1996 2002 2006 2008 2018 2019 2020

SK-1II SK-IV

Aug-2002
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Diffused Supernova Neutrino Backgrounds
Supernova Relic Neutrino

S Neutrinos produced from the
past SNe past SN bursts and diffused in
the current universe.

« ~ afew SN explosions every
second — 0(1018) SNe so far in
this universe

e Can study history of SN bursts
with neutrinos

dF, / AN, (E])
=c

R -
T8 sn(z)

dt
1 —d
J0 dE], (1+ z)dz ©

2021.5.21 ugap2021



DSN

B search in SK-|V

7.
\
o)

"N

Pure water, with neutron tagging
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SK-IV 2970 days, Observed 90% C.L. (This work)
SK-IV 2970 days, Expected 90% C.L. (This work)

SK-IV 960 days (Astropart Phys 60, 41, 2015)
SK-/II/I 2853 days (Phys Rev D 85, 052007, 2012)

}

}

KamLAND 2343 days (Astrophys J 745, 2012)

f

DSNB Theoretical Predictions

I

Preliminary

-
(=]

v. Energy [MeV]

2021.5.21 ugap2021

DSNB flux, vicm/s, E, > 17.3 MeV

Already touched the predicted region!

SK-I-lI-lll-IlV DSNB unbinned spectral fit

5
——  SK-I-lI-111 90% CL limit (2011)
—  SK-I-lI-1I-IV 90% CL limit (this work)
=== 90% Sensitivity
Predicted
4 — E = Best fit
Preliminary
3 —+ -
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3 Sea rCh I n S K— ‘V Pure water, with neutron tagging

> 40C -
% : —+— SK-VData § I ——f— SK-IV Data
-Ni 35— P re I i m i nar [ ]| Atmospheric-v (non-NCQE) o~ J’f'I' P re I Imina ry [ ] Atmospheric-v (non-NCQE)
0 L/ y [ Atmospheric-v (NCQE) n ﬂ%{ [ ] Atmospheric-v (NCQE)
b 30 [ spallation °Li 7 i I spallation °Li
Y I Reactor-v i I Reactor-y
[ ] Accidental coincidence 10 [ ] Accidental coincidence
25 =imimim SRN (Horiuchi+09 6-MeV, Maximum) C =imimi= SRN (Horiuchi+09 6-MeV, Maximum)
Z 7 =
1] E
20 ::% o
158
- = == o) 4, + <4
10 | 1}21
= T2 = H J:%:l: S
5| E =
E 1 + [ amf
= 1 1
_11 5 — L ;‘lllllllﬁui_llL]ll—l—J—.LJ_l lJl_l—LJ-.LJ_Il F|
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Erec [MeV] Erec [MeV]
Atmospheric neutrino 1-ing e-like sample 05
B e A B B ]
L B e B E 3
085 E goAs; - | DSNB 3
075 B i-ring;e-llke 3 g 04 B Atmospheric NCQE =
E 777 V 1-ring e-like E = 0351 3
0.6 = E S 0 35: g
05 3 s F ﬁs E
g 3 g 025K ) 3
04 0.5 GeV < E, < 0.7GeV = 5 o02- 0 d e E
0.3 b Assuming n-tag efficiency of 80%. — 2 015 ? J:frﬁ LHIg El
(capture eff.=90%, Gd-y det.eff.=~90%) B E= E € 3
U2 2?2/ E £ 0lf E
0.1 // = < 0.05F =
) f /./ 77 | (PR | 3 0_ 3
0 2 4 6 8 10 0 50 100 150 200 250 300

With Gd n-tag,
Neutron multiplicity cuts a
nd topology cuts will reduce these BG

Gd:taggedineutrons True distance between v int. and z cap. vertices (cm)

SK-Gd sensitivity will cover many predictions !
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Technologies for Low Rl Gd,(SO,)-8H,0

ICP-MS Dif, AFEMR IKOITA
- Established the analysis of 238U, 232Th, and 226Ra at ppt level S.Ito, H.Ito, K. Ichimura et al.
Ge

« Sensitivity of ~0.2 mBqg/kg was achieved by increasing the sample weight
« Sensitivity of ~0.5 mBq/kg was achieved by applying the Ra disk analysis method.

Ra-disk method
PTEP |
093H02,2020

Ra captured

o resin disk

WM ofter Gd sulfate
&= solution passed

PTEP 2017 11 113H01
PTEP 2019 6 063403

Requirement for 0.1%Gd-loading

Another new Ge is under commissioning!

Radioactive chain ' 2t of the e Shelle

chain (mBag/kg) v(mBg/kg)

- ] <5 : 238() < 0.5 mBqg/kg —400 ppt
*°Ra - <05 232

o, oy _ — Th < 0.05 mBg/kg —13 ppt
228Th - < 0.05

235 2%y = <30 ,

U 2275 27T i <30 N.B. We don’t have methods to measure 0.05mBq/kg of 228Ra

2021.5.21 ugap2021



13tons of Gd,(SO,)-8H,0

« Ge detected Th-chain Rl ~1mBqg/kg level
in the latter half of the products.

o After Ra extraction measurement, it
turned out they are 228Ra i.e. 232Th itself
was removed during the production
process, but 228Ra remains.

« The quality of the feedstock fluctuated
greatly and could not be controlled.

e For the next Gd-loading, extra processes
will be applied to be independent from
the quality of feedstocks

=) The price of Gd,(SO,)-8H,0 gets increased

2021.5.21 ugap2021
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Gd-loading
procedure

&
systems 12m/h oAl

Weighing hopper

Circle feeder

Dissolving system

0 . 13% UV  AnionXcCation XTOC Return
0% water filter
\ 48m3/h
1 W SK 60m3/h
Sta rted On JUIy 14 water system
pump Cation X Anionx UV Temp. TGTE' control
() Tum UF control unit 4 uni 0.026%
. . LG I e
- 0.026% loading with 60 m3/h OO Sl e
TOC HE supply Membran %‘
+ID

. f_] pump degasifi
Takes 35 days | el 60m3/h s;tanki/ o

1umUV  UF
Toc HECationXAnionXu m bottom pumps .

2021.5.21 ugap2021



Gd-loading
procedure
&

systems 12m>/h

- a = . -1

Weighing hopper

Circle feeder

Dissolving system

Finished on Aug. 17

pump Cation X Anionx UV

O
« 0.026% loading with 60 m3/h el

« Takes 3b days [ m 3

UF

TOC HE 1umUV  UF

Cation X AnionX
2021.5.21 ugap2021

Temp.
control unit

supply
pump

60m3/h

Return
water filter
SK 60m3/h
water system
Temp. control
unit B
0.026%
HE
Membran
degasifi O
SK tank OB+ return
bottom pumps

12



b s e T P —— o
T

Weighing hopper

Circle feeder

N Dissolving system
N

Just after adding 8.2kg of Gd,(S0O,);8H,0
/ I

{

1 minutes later

Pictures

One sequence:
8.2kg(—8.7kg) of powder in 768L
30minues/cycle

2021.5.21 ugap2021



The record

On Aug 17

finished loading 13212 kg of
“Gd,(S0,);'8H,0+2.5% water”
=12884kg of Gd,(S0,);-8H,0

The water in the tank and the

water recirculation system
=49468000kg

| mean the pure water amount in the system, so
49468000m3. Anyway both 12884./49468000 and
12884./(49468000+12884) give you 0.000260.

~0.0260% Gd,(SO,);-8H,0

=0.0210% Gd,(S0,);
=0.0110% Gd

14000

12000

10000

8000
6000 - 5
Aug. 4 é

y g Switched System2 — System3
4000 e .............................................. ..... " ................................. T OnebatchSZkgH87kg ....................................... —
2000 | |

| Goal

/ fitted - - -

0 = | [ | I T R N N N | I [ I R TR RN R B
07/16 07/23 07/30 08/06 08/13

Added “Gd2(804)3 8H20+2 5% water” amount in kg

Aug 16

One batch 8 7kg ﬁg e S

08/20
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(Gd concentration checked by Conductivity

Water sampled directly from various positions in the tank by insertion of tube Ll.Marti

1000 —F— 17-Aug

Inner Detector = 16-Aug
e 14-AUg
= 13-Alg
—te— 12-Alg
=S 11-Aug
= 10-Aug
== 09-Aug

100

e 07-Aug

=
o

— 06-Aug
—t— 05-Aug
== 04-Aug
=—¥— 03-Aug
== 02-Aug
—t— 01-Aug
e 31-Jull

=

e 30-Jul

Conductivity [uS/cm]

e 29-Jull

e
=

e 23-Jull

e 22-Jul
—— 21-Jul
e 20-Jul
e 19-Jul

0.01
-16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20

TYRTYYYY 365636634

SK-V
SK-V ¢ water
water

jl 0.02@% I

i 0.026%
Gd2(804)38H20 > Z

0.026%
Gd2(504)3'8H20

Observed the bottom-up accumulation

.

’1
—_————



Direct concentration measurement after loading

Atomic Absorption Spectrometer LI.Marti

Gd,(SO,)," 8 H,0 [ppm]

50

After the Gd-loading, the concentration was getting uniform

Inner Detector

—F—23-Oct

—t—08-Sep

28-Aug

—e— 25-Aug

Ine: , —e— 21-Aug
Nsigea the o ali

bl‘atio

20-Aug

-=-@=-=:19-Aug

-16 -14 -12 -10 -8 -6 - -2 0 2 < 6 8 10 12 14 16 18 20

2021.5.21 ugap2021

16



(3d concentration and Neutron capture time

i T.Yano
Number of captures in 4¢ T 220
3. = : : :
adN (ZL) o 200 G (s S b e
= + Geant4.9.6p02 and G4NDLA4.2
L AZL oCc - (ﬂ6d06d+/7pgp)l/nl|l‘/\/n(l‘) SEEL Y e e - P . '
at O S T — Fitted approx. function
8 140 %_, . ..................................... . ..................................... ~ .........................
N.(t)  :number of neutron =S B S R S
v, : neutron velocity E 100 f_ ........................................................................................................................................
> i
nGO/ np : number Of nuclei in unit Volume -lg 80 E_.- . .. .........................
3} 60__ ...... e reem e Hen e e e nrarn e e deearn e naan ... .........................
04 O, capture cross section of Gd S 40F—- from the record N . R —
-§ 20 E_ ...........................................................
= = R T .
Once neutrons are thermalized, v, becomes ~ constant 0.001 0.01 01 o]
Gd concentration [% weight]
N, (t) o exp (- (/’IGO/ T 6o, T t) Approx. function
8.19 |
1 Cog ~0.0371 ) x — X 100 [ % ]
T T ps] 310

Gd concentration



Am/Be + BGO neutron source

« The trigger is the scintillation of 4.4 MeV y emitted from the
@m Am/Be source Am/Be source simultaneously with the neutrons in the BGO
100~200 neutrons/s crystal. (SHE trigger threshold 64 hits in 200ns).

241Am — 237Np + @ o All the PMT hits from -5 to 535 u s before and after the trigger
L 13 ) are stored and searched for neutron signals. (sub trigger

Bera = BTN (6 MeY) threshold 30 hits)

13C* — 12C + ¥ (4.43 MeV) T.Yano

%900 ;—J[ ---------------- Fit Function | N€érmalization Capture BG
5cm 8 BGO Crystals = - dt dr
= ob o[- (g2 e (-2
"%' H Wl 4.3 us T
t 5 700 :_ .............................................................................................. - '
—5us 0 +35 us " 4535 us us — Fit Results:
i SiE ; —* f + 600 — Capture constant -------------- a:946.0 * 13.4
& 119.9+2. 69[/.13] b:384 £ 3.0
2 500:_ ......................................................................................... r:1199 + 269 |
400 : ’
300 ......
y / \ 200} '
Prompt signal Delayed signal 'I:ime 100 — S .......................... +
from prompt ¥ from neutron capture —P re I Im | n a ry : : :
(SCiﬂtiHatiOﬂ light) (Cherenkov light) 0 Coo ooy P T T A A R T SR S | L1 1 1 | |

0 100 200 300 400 500 .
2021.5.21 ugap2021 Time [us]



Gd monltorlng by Am/ Be overy 2 weeks

33.8m

////’—— —“\\\\A
/.

/=+12m

/=0m

Weve

200

180

160

Capture Time Constant [us]
N
o

120

100

= 115.6+0.6 us

\

h1
Entries 21
Mean 115.5
Std Dev  2.772

After September * \
all Z positions >
006708 110 11z T4 e 8 120 iz 124

TYano

............................ " Z12m
. 7 0m Preliminary

e . 2 19

1 Neutron capture time constant in pure water
_—?.....i}.. 202_6i3_7us .
ki SRR L A 16 W SRR S S RS ST I
SRS SR A
I A R R A S SR AR SR

26/Jul/20 09/Aug/20 23/Aug/20 06/Sep/20 20/Sep/20 04/Oct/20 18/Oct/20 01/Nov/20 15/Nov/20

Gd Loading in mixing  uniform Gd concentration

Derived Gd concentration
- 109.1+1.2 ppm

consistent with the record

Capture Time [ns]  2(071.5.21 ugap2021
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Spallation neutron by muon

« Event selection

Timing selection
Ops 35 us
ROI

535 s

A

v
[ ]

U

N5, selection
Y. Rl events etc

N
—

10

Events (normalized)

—h
S,
a

0 10 20 30 40 50 60

70 80 90 100

List of spallation products

Isotope  Half-life (s)

Decay mode

Yield (total)
(%10 "p g tem?)

Yield (E > 3.5 MeV)
(%10 " ‘g tem?)

Primary process

— n 2030
0.624 A= 0.02 0.01 ¥0(n,p)
4.173 B8n 0.59 0.02 ¥0(n,n+p)
7.13 87 (66%), 8~ (28%) 18 18 (n,p)
o] 0.747 8°n 0.02 0.003 (7~ ,n+p)
150 2.449 gy (63%), 8~ (37%) 0.82 0.28 (n,2p)
] 0.0138 By 0.02 0.02 (n,3p)
s : 150 0.0086 8+ 0.26 0.24 (0~ p+2otp +m)
M - S h I n O kI g 0.0174 8- 1.9 1.6 (7~ ,2p+n)
2N 0.0110 iag 1.3 1.1 (m*,2p+2n)
2B 0.0202 8- 12 9.8 (n,a+4p)
12Be 0.0236 8- 0.10 0.08 (7~ ,a+p+n)
HRe 13.8 A7 (55%), 87 (31%) 0.81 0.54 (n,042p)
M 0.0085 87 n 0.01 0.01 (7t 5p+r +n°)
] 0.127 ar 0.89 0.69 (n,a+4n)
. 9Li 0.178 A n (51%), 8~ (49%) 19 L5 (™ ,a+2p+n)
Michel decay-e ~2.2us W om (r ey 2]
SLi 0.838 B8~ 13 11 (7™ ,ee+*H+p-+n)
Neutron thermalization ~4.3us Mo OUO SuGDSaoh ok (= i)
. H 150y 351 (7,n)
15N 773 (1,p)
PMT after pulses 10~20us (nan)
YN 295 (v.n+p)
e 64 (n,n+2p)
LN 19 (7,*H)
e 225 (n,2H+p+n)
2o 792 (1ex)
e 105 (m,0c+2n)
g 174 (n,ae4-p+n)
- - e 7.6 (n,a+3n)
Distance to p track selection 77 (i
Be 24 (n,a+2p+n)
38 (n2a)

Neutron capture occurs near the muon track “Be

3015

50

T 1 5
N 1 L, < 500 cm
© L i
E H —21=N,, =70
=}
£ 08 _ i e 24 <N, =70
2 s 26 = N = 70
Q i
>
o 0.6
0.4+
02— %
L ll. : \
— ‘!fal.-:..
L1 \“[""'\"Mf""i""\"-'-lL e[ e e e st e T T E ST LT
0 500 1000 1500 2000 2500 _ 3000
2021°5.21 ugap2021 L,[cm

S.Liand J.Beacom, Phys. Rev. C 89, 045801 (2014)
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M.Shinoki

Neutron event rates vs. Gd-loading

= 8000 T | | | : | ]

% 7000 - Spallation neutron Gd(n, y) candidates E |

) : —}— Observed event : I |

] 6000 — ==mm=s  Start of Gadolinium injection + +,.|._|E +4 + |

Q ~ (July 14th, 2020 10:54 AM) e &+ 1 —

Q — =1 =1 =1 End of Gadolinium injection E ]

'E' 5000 — (August 17th, 2020 14:54 PM) - _

- L ——— Gd,(SO,) 8H,0 : —

e — - —

S 4000— Target of Gd,(SO ) 8H,0 : 5

(<)) — : . |

> ~ . | : |

L L ' - —

3000 — . : —

2000 [— : : —

___________!:_ull — . : —
i Fiducialt — E E 7]
i P 1000 : Preliminary : |
T i o v =] [ | | L: I |

07/05 o711 07/19 /26 08/02 08/ 08/16 8/23
2020 20 2020 020 2020 2020 2020 20

z(m)

Jul.19, 2020 (Run #085015)

Jul.26, 2020 (Run #085075)

Aug.02, 2020 (Run #085110)

|
100

L
150 200

150 200 250
R* (m’)

z(m)

Aug.09, 2020 (Run #085142)

14000  pu—

L —
12000 Q
N

10000

8000

6000

4000

2000

z(m)

(o))
-

10%

10

Muons (area normalized)
—h

8H

Fiducial
p—

Added Gd,(SO

Aug.16, 2020 (Run #085171)

z(m)

Neutron multiplicity
per muon

0

10 20 30 40 50 60 70 80 90 100

Observed Gd(n,y) candidates

Neutron yields in water is under
calculation

N,

n

Y, =
]Vy Lu P Vcorr

* Nn :The number of neutrons
produced by cosmic-ray muons
* N, :The number of selected muons
e L, :The average path length of muons
* p :The density of Gd water

* Veorr: Fiducial volume / Full volume

Aug.23, 2020 (Run #085197)

21
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(Gd monitoring by spallation neutron

20
Z [m]
15

10
5
0
-5
-10

-15

... Preliminary.

SJUaA]

—200

— 150

—100

50

100 150

200

Area 1
t=114.9=13us
Goq= 1102 2.6 ppm

Area 2
t=1158=13us
oo = 109.4 = 2.6 ppm

200f-
¢
T60f-

Cog=

T=1152=14us

Area 8

109.6 = 2.7 ppm

0 500
dt (us)

0 500
dt (us)

Area 4
T=1187=15us
gy = 112.728.0 ppm

Area5
1=116.0=15us
Ggg =108.122.9 ppm

T=1166=16us
Cgs=106.8=3.1 ppm

Area 6

gy =108.8=27 ppm

ge=99.6=2.8 ppm

0 500 500 0 500
dt (us) dt (us) dt (us)
Area7 oo Area 8 Area 9
T=118.25 14ps 20 T=1205= 1508 T= 11822 1608

Gao = 108.9 = 8.0 ppm

250 0
r2 [m?2]

i
o

M.Shinoki

. Area2 |
Areab

. Aréa1
m Area4d
Area7

w
o

N
o

o -y
o o
T T | T T ‘ T T | T T | T T ‘ T T

Corresponding Gd conc. [ppm

do]
o

- ‘Area8

=

" Preliminary |

Areé3
= Areab
A Areag

Am/Be (average)

e
8%9/17 10/01 1015 10/29 11712 11/26 12/10 12/24

The position dependence has been decreased.

The Gd concentration has become uniform throughout the tank.

2021.5.21 ugap2021
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Dark noise issue

Jul.12.2020

A DR(Run82912-82911): Start Sun Jul 12 12:39:49 2020 2021-03-22 00:12:44

4000—

2000 —

2000 —

-4000 —

Sep.30.2020

A DR(Run85309-82911): Start Wed Sep 30 16:57:51 2020

2021-03-22 00:15:14

Nov.26.2020

A DR(Run85466-82911): Start Thu Nov 26 15:56:04 2020

2021-03-22 00:17:19

4000 —

2000 —

-2000 —

-4000 —

1 1
2000

[ZH¥ ]9384 BSI0oU pasealdu|

6.6

dark rate [kHz]

: * LTLL P T Y
R T T R Sy ® % et ten 0000 ""! cestree, |

ey

K

° poiege

Gd loa

‘e IILh
. ety _Pes 08
...,.’." ge ve® )

I
Average Dark rate

6 | \ \
04/01 05/01

06/01

07/01
2021.5.21 ugap2021

08/01

09/01

10/01

11/01

12/01
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Water stagnation and flow change

« Water stagnation may cause the noise

« Forced water replacement by changing ID/OD flow
balance and lowering supply water temperature

3 oD top
120m3/h oot ///_\
OD barrel top 7
OD bottom Isst/h

Y.Kanemura

To see the effect ~10Bq Rn injected before and after the change

ID bottom I I — LU A 2020.11.7 : 1st Rn injection
OD barrel bottom f o= ¥ Tt | loun 2020.11.27: Change the water flow
16t/h 2020.12.8: 2nd Rn injection
| 4 saun™ 377 15 bsun
L ex) 2" Injection
Aug.18 2020 th
120m3/h §15°°

OD top e C
ID top 7 b 1000
88 Igarrel top 7 >_ C
ottom C
ID bottom L. 157t/h 500

OD barrel bottom t_t‘ - mp— _1— C
) =1 laot/n ob 1
1 27tn :
13.50 -
t]. t67th 1" |t [oth N
NOV.27 2020 f :7t/hf o -1500-1500 ~1000 -500 0 500 1000 1500 ) 0 20 40 60 80 100120140160180200

2021.5.21 ugap2021

X[em]

center

r2[m2]
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Flow in Z direction B
© 1600
™ 1400
Y.Kanemura 12—t
Before 1000
800 —
120m3/h  ootr—ry 600 |-
|Do:>§§§1§mop 400 ; _—
op barelbottom I ¥ oot | Otrh 200F Z‘_‘1‘0m
0 5 10 15 20 25 30 35 40 45 50
t 134tlh1%,55081 6t/h rrrrprrrrprTrrpT T T YT T T T YT Y prrrryrrrryrrryTTrl
E 1800 %2/ ndf 3.803/2
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Flow in r and
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The results of the flow change

Nov.26.2020 Dec.25.2020 Mar.1.2021

A DR(Run85466-82911): Start Thu Nov 26 15:56:04 2020 2021-03-22 00:17:19 A DR(Run85529-82911): Start Fri Dec 25 08:29:19 2020 2021-03-23 00:18:04 A DR(Run85763-82911): Start Mon Mar 1 09:04:57 2021 2021-03-23 00:20:07
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Flow change effect on the convection/
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VIABLE PARTICLE COUNTER™

Bacteria and dark rate in SK-V|
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The bacteria: Phyllobacterium myrsinacearum

Prof. Yoshizawa AORI, UTokyo

« Single species dominates the Tank Prot. Nomura Univ. of Tsukuba

« Phyllobacterium myrsinacearum can live in pH 4 condition

¢ T e StS I n E G A D S Darknoise for ch. 162 (Last month)

» SK rates: 1 x 10 photon/sell/sec £ = Biue dots: bacteria deployment
» 1012 cells deployed in 200ton tank s :
a5 . . e
4_,;: *,*** RSy - -, *3':!"':;
3
2.5:* 2021 2021 2021 2021
oo My 11 1102504115 04/22 04/29 05/06

So far, no evidence of light emission
Too many parameters:--
ex) Temperature/nutrition/growing phases etc
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Planning to dissolve up to ~26 tons of additional Gd,(SO,);-8H,0 in 2021-2022
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Preparation for Gd-removal in Lab-H & |

e Lab-I1(? 4£20=) is under preparation for the storage of additional
153000L of cation exchange resin to collect Gd from SK-Gd T1.5
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Lab-H Gd removal system
for SK-VI1(0.01%Gd)
76000L of resin
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