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Figure 1. Accumulative volumeof water added through filters (left scale) and reported 
accumulative volume of total added water (right scale).
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Figure 2. Graphical view of the volumes discussed in the text.
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Figure 3. Element mesh and property areas of the 2D model. The model is axial symmetric 
around the left boundary.
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Figure 4. Modelled (red line) and measured (blue line) water inflow into the CRT test hole.
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Figure 5. Modelled (red line) and measured (blue line) water inflow into the CRT test hole
and the modelled inflow adjusted for the insufficient water supply (yellow).
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-

5E'= S6= '4X2=5';652( '4 6 072:=5/(8A <E2 72=/15= =E%S2( 5E65 5E272 '= 64 '4P1/24&2 %4 5E2 S6527 /056D2 
7652 %P 5E2 ?/PP27I ?/5 '5 '= 765E27 =3611 '4 &%3067'=%4 S'5E 'P 5E2 245'72 =/7P6&2 S6= &%X272( S'5E P'1527 
V#K7;2==%4 25 61A )cccWA N (2&726=2 '4 ('=564&2 ?25S224 5E2 ). &3 S'(2 =57'0= P7%3 5E2 6&5/61 BY &3 
5% , &3 72(/&2( 5E2 5'32 5% =65/765'%4 S'5E +:).eA <E272 '= 5E/= 64 %X272=5'365'%4 '4 5E2 3%(2112( 
S6527 /056D2 7652 S'5E 6?%/5 )+e (/2 5% 5E2 =57'0 2PP2&5A Q4 6(('5'%4 5% 5E'= 2PP2&5I 5E2 72=57'&52( S6527 
=/0018 (/7'4; 5E2 P'7=5 Y,. (68= S6= 4%5 '4&1/(2( '4 5E2 3%(21A QP 5E'= 72=57'&5'%4 E6( ?224 '4&1/(2( '4 
5E2 3%(211'4; 5E2 072('&52( S6527 '4P1%S S%/1( E6X2 ?224 1%S27 6= =E%S4 '4 ^';/72 +A Q5 '= 5E/= 
07%?6?12 5E65 5E2 3%(21 /4(272=5'3652= 5E2 S6527 /056D2 7652 %P 5E2 ?/PP27A <E'= &%4&1/='%4 '= 61=% 
=/00%752( ?8 5E2 326=/72( '4P1%S 7652I SE'&E 65 5E2 24( %P 5E2 S6527 =/0018 027'%( V6P527 )Y.. (68=W 
'= E';E27 5E64 5E2 3%(2112( ='4&2 5E2 '4&1'465'%4 dV/dt '= 167;27A

!/33'4; /0 611 5E2 '4P%7365'%4 ;'X24 6?%X2 5E2 &%4&1/='%4 '= 5E65 5E2 S6527 /056D2 3%(21= =223 5% 
=1';E518 /4(272=5'3652 5E2 S6527 /056D2 7652 %P 5E2 ?/PP27 64( 5E65 5E272 '= 4% '4('&65'%4 %P 648 ?/PP27 
07%&2==2= 4%5 56D24 '45% 6&&%/45 ?8 5E2 3%(21= 5E65 (2168 5E2 S6527 =65/765'%4 7652A
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,

I J&(&.&*)&5

K&*$'8 L> M&+)#%(& J> N#+5'* E> #*/ K'*/ 3> ,@!,; !9:!'52 Q4(2024(245 @%(211'4; %P 
O4;'42272( #677'27 OX%1/5'%4 64( F%/012( <M@Ff F%457'?/5'%4 5% 5E2 Q4'5'61 92X'2S dE6=2A !S2('=E 
96('65'%4 !6P258 N/5E%7'58I 920%75 4%A B.)Bf),I Q!!T B...:.*+YA

KO.=&55'* P> B'7#**&55'* PQR> L#*/S* "> !TTT; $]/0PK7X67=52D4'DA F64'=527 9257'2X61 <2=5A 
"%4=5;]%7( ?2Xk54'4; 6X ?/PP27524A !"# <$:cc:+.I !X24=D "k74?7k4=12E64527'4; N#A

KO.=&55'* P> U:&55'* M> V.15+&*55'* W> D0&): 3> X&.*&%1*/ B> ,@!2; O#! <^ : <M@ 3%(211'4;A 
#@ B g J67;2 =&612 P'21( 52=5=A !"# <9:)R:.-I !X24=D "k74?7k4=12E64527'4; N#A

B'7#**&55'* PQR> ,@@C; l=0K M67( 9%&D J6?%765%78I F64'=527 9257'2X61 <2=5I $'=36451'4; 64( 
=6301'4; %P 5E2 ?/PP27 64( (25273'465'%4 %P (24='58 64( S6527 765'%A !"# Qd9:.-:)YI !X24=D 
"k74?7k4=12E64527'4; N#A

"7'.5#=&. Y;> KO.=&55'* P> B'7#**&55'* PQR> L#*/S* "> ,@@,; l=0K M67( 9%&D J6?%765%78I 
F64'=527 9257'2X61 <2=5I 920%75 %4 '4=561165'%4A !"# Qd9:.B:R.I !X24=D "k74?7k4=12E64527'4; N#A

U:&55'* M> V.15+&*55'* W> KO.=&55'* P> D0&): 3> X&.*&%1*/ B> ,@!@; <M@ 3%(21'4; %P ?/PP27I 
?6&DP'11 64( %5E27 =8=523 &%30%4245=I F7'5'&61 07%&2==2= 64( =&2467'%=A !"# <9:).:))I !X24=D 
"k74?7k4=12E64527'4; N#A
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!"#$%& '( )*)+,-.

N:)

399&*/1F 3 Z'%06& )#%)0%#+1'*5
P')#+1'*[ [N(3'4'=5765'X6 (%D/3245 %4[f m d7%]2D5m !9:!'52 !!@:
P7n;%7m(656m3%(21127m<6=D_)ABmC6527_X%1/32mp

@65EF6(:(%&/3245
qO=5'3652 %P S6527 '4 F9< BAG3&(r

OG&21:(%&/3245= p '4 J%&65'%4 ;'X24 6?%X2
q!63364=5 FBAG1=r m#1%&D FB
q!63364=5 FRAG1=r m#1%&D FR
q!63364=5 F*AG1=r m#1%&D F*
q!63364=5 9YAG1=r m#1%&D FY
q!63364=5 F-AG1=r m#1%&D F-
q!63364=5 F,AG1=r m#1%&D F,
q!63364=5 FcAG1=r m#1%&D Fc
q!63364=5 F).AG1=r m#1%&D F).
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N:B

Calculate initial water volume

�S )...�� 7%
)AY*

B
�� 7'

)A.-
B

�� �7 .A.Y)��

Cylinders MF .A+.*�� �F )cc)�� SF .A)-B��

Rings M9 .A+).�� �9 B.,-�� S9 .A)-)��

Bricks M# .A)BR�� �# ),,R�� S# .A)Y+��

Pellet slot Md * MF� ). M9���� �d )).)�� Sd .A)��

US_'4'5_&81'4(27= MF 7%
B� �� )

)
)

SF
�

�
�F

�S
���

US_'4'5_7'4;= M9 7%
B 7'

B��� ��� �� )

)
)

S9
�

�
�9

�S
���

US_'4'5_?7'&D= M# 7'
B� �� )

)
)

S#
�

�
�#

�S
���

US_'4'5_021125 Md 7% �7�� �B
7%

B��� ��� �� )

)
)

Sd
�

�
�d

�S
���

US_'4'5 * US_'4'5_&81'4(27=� ). US_'4'5_7'4;=�� US_'4'5_?7'&D=� US_'4'5_021125���

US_'4'5 RARcB�
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N:R

Program calculating water volume from density and water content data

X%1 $N<N �73'4� M�� � =/3 .�
7%S .�
] .�

7=5675 ]
$N<N7%S .��

724(]
7=5675 ]

�

� ] .�

S] .�

' .�

724(]
$N<N7%S .��

� ] � ] $N<N7%S R���

S] S] $N<N7%S B���

' ' )��
7%S 7%S )��

7%S 7%S= $N<NV W )�� $N<N7%S .� 7=5675 ]
� �73'4��SE'12

� ]
� ]

'
�

S]

S]

'
�

=/3 =/3
� ]

)
)
S]

�

724(]

)...

�
�
�

�
�
�

B 7=5675 ]

)...

�
�
�

�
�
�

B

�
��
��

��
��

���

] ] )��
7%S 7%S )�� 7%S 7%S= $N<NV W )��'P

7%S 7%S= $N<NV W )��SE'12

X%1/32
=/3 M� ��

�S
�

X%1/32

7=5675

724(

�
S

�
�
�
�
�
�
�

�
�
�
�
�
�
�

��

PD
F 

re
nd

er
in

g:
 D

ok
um

en
tID

 1
41

58
70

, V
er

si
on

 1
.0

, S
ta

tu
s 

G
od

kä
nt

, S
ek

re
te

ss
kl

as
s 

Ö
pp

en



N:*

Calculate final water volume

F*_=%1 X%1 F* +.� MF�� ��� F*_=%1. .A+.B�

FR_=%1 X%1 FR Y.� MF�� ��� FR_=%1. .A*c)�

FB_=%1 X%1 FB Y+� MF�� ��� FB_=%1. .A+)B�

9)._=%1 X%1 9). +.� M9�� ��� 9)._=%1. .A*c+�

9c_=%1 X%1 9c Y.� M9�� ��� 9c_=%1. .ARBB�

9,_=%1 X%1 9, Y.� M9�� ��� 9,_=%1. .ARBR�

9-_=%1 X%1 9- +.� M9�� ��� 9-_=%1. .ARB*�

9Y_=%1 X%1 9Y ++� M9�� ��� 9Y_=%1. .ARB*�

US_P'461 F*_=%1. FR_=%1.� B FB_=%1.�� 9)._=%1.� 9c_=%1.� 9,_=%1.� 9-_=%1.� Y 9Y_=%1.��� ���

US_P'461 +A*B,�

Calculate added water volume and compare with measurement

�US_&61& US_P'461 US_'4'5�� ��� �US_&61& BA.RY�

�US_326=/72( )AYB.��

�US_&61& �US_326=/72(� .A*)Y�

�US_&61& �US_326=/72(�

�US_326=/72(
.AB+-�

PD
F 

re
nd

er
in

g:
 D

ok
um

en
tID

 1
41

58
70

, V
er

si
on

 1
.0

, S
ta

tu
s 

G
od

kä
nt

, S
ek

re
te

ss
kl

as
s 

Ö
pp

en



N:+

Calculate initial avaliable pore volume

M=S211 .A.R*��Cylinders 2F .AYRY��

�7=1%5 .A.)��Rings 29 .A+Y��

Bricks 2# .A-B��

Pellet slot 2d )A--,��

U6X_'4'5_&81'4(27= MF 7%
B� ��

2F

) 2F�
� )

�=

�S

SF

2F
��

�
�
�

�
�
�

���

U6X_'4'5_7'4;= M9 7%
B 7'

B��� ��� ��
29

) 29�
� )

�=

�S

S9

29
��

�
�
�

�
�
�

���

U6X_'4'5_?7'&D= M# 7'
B� ��

2#

) 2#�
� )

�=

�S

S#

2#
��

�
�
�

�
�
�

���

U6X_'4'5_021125 Md 7% �7021125=�� �B
7%

B��� ��� ��
2d

) 2d�
� )

�=

�S

Sd

2d
��

�
�
�

�
�
�

���

U6X_'4'5_=1%5 ). M9� M#�� � 7'
B 7' �7=1%5�� �B��� ��� ����

U6X_'4'5_=S211 M=S211 7% �7021125=�� �B� ����

U6X_'4'5 * U6X_'4'5_&81'4(27=� ). U6X_'4'5_7'4;=�� U6X_'4'5_?7'&D=� U6X_'4'5_021125���

U6X_'4'5 U6X_'4'5 U6X_'4'5_=1%5� U6X_'4'5_=S211���

U6X_'4'5 BABY*�
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N:Y

Calculate estimate of water volume added at installation

Sd_S25 .A+-B��

�U'4'5_021125_S25 Md 7% �7021125=�� �B
7%

B��� ��� ��
2d

) 2d�
�

�=

�S

Sd_S25

2d
�

�=

�S

Sd

2d
��

�
�
�

�
�
�

���

�U'4'5_021125_S25 )A.cY�

U6X_'4'5_=1%5 .A)YY�

�U'4'5_021125_S25 U6X_'4'5_=1%5� )ABY)�
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N:-

Density - radius 

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
)-+.

),..

),+.

)c..

)c+.

B...

B.+.

F* R��

01%5'5 F*_=%1V W)

F* .��
01%5'5 F*_=%1V W.�

Water content - radius

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
.A)

.AB

.AR

.A*

.A+

F* B��

01%5'5 F*_=%1V WB

F* .��
01%5'5 F*_=%1V W.�
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N:,

Density - radius 

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
)-+.

),..

),+.

)c..

)c+.

B...

B.+.

FR R��

01%5'5 FR_=%1V W)

FR .��
01%5'5 FR_=%1V W.�

Water content - radius

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
.A)

.AB

.AR

.A*

.A+

FR B��

01%5'5 FR_=%1V WB

FR .��
01%5'5 FR_=%1V W.�
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N:c

Density - radius 

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
)-+.

),..

),+.

)c..

)c+.

B...

B.+.

FB R��

01%5'5 FB_=%1V W)

FB .��
01%5'5 FB_=%1V W.�

Water content - radius

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
.A)

.AB

.AR

.A*

.A+

FB B��

01%5'5 FB_=%1V WB

FB .��
01%5'5 FB_=%1V W.�
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N:).

Density - radius 

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
)-+.

),..

),+.

)c..

)c+.

B...

B.+.

9). R��

01%5'5 9)._=%1V W)

9). .��
01%5'5 9)._=%1V W.�

Water content - radius

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
.A)

.AB

.AR

.A*

.A+

9). B��

01%5'5 9)._=%1V WB

9). .��
01%5'5 9)._=%1V W.�
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N:))

Density - radius 

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
)-+.

),..

),+.

)c..

)c+.

B...

B.+.

9c R��

01%5'5 9c_=%1V W)

9c .��
01%5'5 9c_=%1V W.�

Water content - radius

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
.A)

.AB

.AR

.A*

.A+

9c B��

01%5'5 9c_=%1V WB

9c .��
01%5'5 9c_=%1V W.�

PD
F 

re
nd

er
in

g:
 D

ok
um

en
tID

 1
41

58
70

, V
er

si
on

 1
.0

, S
ta

tu
s 

G
od

kä
nt

, S
ek

re
te

ss
kl

as
s 

Ö
pp

en



N:)B

Density - radius 

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
)-+.

),..

),+.

)c..

)c+.

B...

B.+.

9, R��

01%5'5 9,_=%1V W)

9, .��
01%5'5 9,_=%1V W.�

Water content - radius

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
.A)

.AB

.AR

.A*

.A+

9, B��

01%5'5 9,_=%1V WB

9, .��
01%5'5 9,_=%1V W.�
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N:)R

Density - radius 

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
)-+.

),..

),+.

)c..

)c+.

B...

B.+.

9- R��

01%5'5 9-_=%1V W)

9- .��
01%5'5 9-_=%1V W.�

Water content - radius

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
.A)

.AB

.AR

.A*

.A+

9- B��

01%5'5 9-_=%1V WB

9- .��
01%5'5 9-_=%1V W.�
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N:)*

Density - radius 

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
)-+.

),..

),+.

)c..

)c+.

B...

B.+.

9Y R��

01%5'5 9Y_=%1V W)

9Y .��
01%5'5 9Y_=%1V W.�

Water content - radius

. ).. B.. R.. *.. +.. Y.. -.. ,.. c..
.A)

.AB

.AR

.A*

.A+

9Y B��

01%5'5 9Y_=%1V WB

9Y .��
01%5'5 9Y_=%1V W.�
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