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Abstract 

The objective of Task 6 from the Äspö modeling Task Force exercise is to build a bridge 
between site characterization (SC) models and performance assessment (PA) models on the 
basis of the Äspö underground laboratory (Sweden). The first type of models are typically 
complex, incorporating detailed physical and geochemical properties and calibrated against 
short term and small scale in situ experiments. Performance assessment models are simpler, 
restrained to the main physical features, generally used to study a variety of possible 
configurations and apply to long time scales as well as larger spatial scales. 

We present here the main results for Task 6A and 6B modeling work. The focus is put for 
these sub tasks on a single fracture case, namely feature A, part of TRUE-1 (Tracer 
Retention Understanding Experiment). We study the transfer several tracers within this 
unit in different flow conditions: forced flow in pumping conditions and natural flow 
corresponding to post closure conditions. 

Even at the level of a single fracture, the uncertainties relative to the main flow and 
transport features remain large. Moreover, the complexity of the geometry of the system as 
well as the diversity of the materials constituting the fracture make it a difficult task to 
build a representative model of the transport behavior. Several items are of interest like the 
structure of the flow (one or multi-channeled) and its consequences on transport features, 
assessment of the influence of the uncertainties, and role played by the different diffusion 
zones in the retention of the plume. 

We focus here mainly on the influence of heterogeneity of matrix zones and the role they 
play at different regimes. We therefore generally limit the flow features to a single channel. 
This is nevertheless the situation expected for the cases involving tracer tests under 
pumping conditions (radial flow). 

We introduce several models, from simple to more complex geometries of matrix zones. 
These models are first calibrated against the experimental breakthrough curves for a series 
of none sorbing to moderately sorbing tracers. Then, we study the regimes of these systems 
for slow velocity cases (typical of PA time scale for radial and uniform flow conditions) 
stressing the major features that have to be retained in building the prediction for PA time 
scale. A procedure for moving from SC to PA models is proposed. Sensitivity of the 
predictions to uncertainties is examined and major parameter requirements are identified as 
well as the level of information provided by tracer tests. 

 



 

Sammanfattning 

Syftet med Task6 i Äspö Task Force är brygga över gapet mellan 
platsundersökningsmodeller (Site Characterisation Models, SC) och de modeller som 
används vid funktions- och säkerhetsanalyser (Performance Assessment Models, PA). The 
första typen av modeller karakteriseras av att de är komplexa och inkluderar detaljerade 
beskrivningar av fysikaliska och kemiska egenskaper samt att de kalibreras mot småskaliga 
fältförsök med kort varaktighet. Säkerhetsanalysmodeller är enklare och begränsade till att 
beskriva de huvudsakliga fysikaliska företeelserna. De används allmänt för att studera ett 
flertal möjliga konfigurationer och är tillämpliga på långsiktigare förlopp såväl som på mer 
storskaliga system. 

Här presenteras huvudresultaten av modelleringsarbetet i Task 6A och 6B. I dessa 
deluppgifter ligger fokus på en enskild spricka som i TRUE-1 (Tracer Retention 
Understanding Experiment) benämns Feature A. Vi har studerat transporten av flera 
spårämnen i denna spricka under olika flödesbetingelser: påtvingat flöde under pumpade 
förhållanden respektive naturligt flöde motsvarande förhållandena under slutförvarsskedet. 

De osäkerheter som hänger samman med beskrivningen av de väsentligaste flödes- och 
transportegenskaperna förblir stora även på nivån enskild spricka. Därtill kommer att 
komplexiteten av systemets geometri och den mångfald material som bygger upp sprickan 
försvårar uppgiften att bygga en representativ modell av transportprocesserna. Flera 
frågeställningar är av intresse såsom flödesstrukturen (en eller flera kanaler) och dess 
konsekvenser på transportegenskaperna, utvärdering av påverkan från osäkerheterna, och 
den roll som olika diffusionszoner spelar för fördröjningen av plymen. 

Här koncentrerar vi oss huvudsakligen på påverkan från matriszonernas heterogenitet och 
den roll dessa spelar under olika förhållanden. Vi har därför i allmänhet begränsat flödet till 
en enskild kanal. Detta är i vilket fall som helst den förväntade situationen under pumpade 
förhållanden (radiellt flöde). 

Vi introducerar flera modeller som spänner från enkla till mera komplexa geometrier för 
matriszonen. Dessa modeller kalibreras först mot genombrottskurvor för icke sorberande 
till svagt sorberande spårämnen. Därefter studerar vi hur dessa system fungerar för fall med 
små flödeshastigheter (typiska för de tidsskalor som är aktuella för säkerhetsanalyser och 
radiella och likformiga flödesbetingelser) med betoning på sådana företeelser som behöver 
inkluderas när man bygger förutsägelser för tidsskalor som är aktuella i säkerhetsanalyser. 
En procedur föreslås för att extrapolera från platsundersökningar till säkerhetsanalyser. 
Förutsägelsernas känslighet för osäkerheter undersöks och de viktigaste parameterkraven 
identifieras liksom den nivå av information som kan fås från spårämnesförsök. 
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t(s)

C/C0

  0.00   0.50   1.00   1.50   2.00

X1.E8

  0.00

  0.50

  1.00

  1.50

  2.00

  2.50

  3.00

X1.E−8

Compl. Syst.

Equiv.

\�7�_LËÚXT<)zT>

t(s)

C/C0

  0.00   1.00   2.00   3.00   4.00   5.00   6.00   7.00   8.00   9.00  10.00

X1.E7
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  3.00
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  6.00

X1.E−8

Compl. Syst.

Equiv.

\c��_¨5)687	9';=<)6=>?9'X�7	;=HJL)z
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t(s)

C/C0

  0.00   0.50   1.00   1.50   2.00

X1.E8

  0.00

  0.50

  1.00

  1.50

  2.00

  2.50

  3.00

  3.50

X1.E−8

Compl. Syst.

Equiv.
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time (y)

C/C0

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−17

1.E−16

1.E−15

1.E−14

1.E−13

1.E−12

1.E−11

1.E−10

1.E−9

1.E−8

1.E−7

1.E−6

1.E−5

1.E−4

1.E−3

1.E−2
MINIMUM :  0.8847E−16
MAXIMUM :  0.1773E−02

iodine

strontium

cobalt

technecium

americium

\�7T_�V�6=>N7BU�;=Q/6=XT<�z:QE9,</6=w�>Ú]"X:649,XTL)YÍ;87:L�;�<�L�H`;[Z�9,XTL)9,>,L�;B687	;=HJXTLEHkL)@�</;

time (y)

dC/dt

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−20

1.E−19

1.E−18

1.E−17

1.E−16

1.E−15

1.E−14

1.E−13

1.E−12

1.E−11

1.E−10
MINIMUM :  0.1003E−19
MAXIMUM :  0.4159E−10

iodine

strontium

cobalt

technecium

americium
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time (y)

C/C0

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−17

1.E−16

1.E−15

1.E−14

1.E−13

1.E−12

1.E−11

1.E−10

1.E−9

1.E−8

1.E−7

1.E−6

1.E−5

1.E−4

1.E−3

1.E−2
MINIMUM :  0.1909E−16
MAXIMUM :  0.1773E−02

iodine

strontium
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americium

id.

id.

id.

id.
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time (y)

dC/dt

1.E−3 1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−20

1.E−19

1.E−18

1.E−17

1.E−16

1.E−15

1.E−14

1.E−13
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1.E−11
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MINIMUM :  0.1001E−19
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technecium
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id.

id.

id.

id.
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time (y)

C/C0

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−17

1.E−16

1.E−15

1.E−14

1.E−13

1.E−12

1.E−11

1.E−10

1.E−9

1.E−8

1.E−7
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1.E−5

1.E−4

1.E−3

1.E−2
MINIMUM :  0.8843E−16
MAXIMUM :  0.1773E−02

iodine

strontium

cobalt

technecium

americium

id.

id.

id.

id.
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time (y)

dC/dt

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−20

1.E−19
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1.E−17

1.E−16

1.E−15

1.E−14

1.E−13

1.E−12

1.E−11

1.E−10
MINIMUM :  0.1002E−19
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�×�Ù1Ì�Ï²Î�ÛQÌýÎÐðØóÅ×�Ï:Í�ÕØÙKÏ�Í:ÎÐÙ�Í:ÎÐÙÚÌ�×�ôÚÏ:ð<õÒÖKðGð<Ì�Ý ô1Ó�öûõÒÍ:ÊÚÌýÓKðGôÚóÅÌ ð<×,Ô�Î�Í�Ì�ÝÕØÙ Í:Ê1Ì ï4ÛQÎÐÔ�Í:ô1Û:ÌÐì�ÉËÊ1Ì�Ï�Ì¢
�×�Ù1Ì�Ï�Ô�×�Ù�Í�ÛQÕØöKô1Í�Ì Í�× Í:Ê1Ì Í�×ÐÍ:ÎÐð�ÎÐÝ1ÜÐÌ�Ô�Í:Õ<ÜÐÌIÓ ×ÐÛ:×�Ï:Õ<ÍNõ ÎÐÙÚÝÇÔ�×�ÙûÍ�ÛQÕ<öKôÚÍ�ÌýÍ�×Û:Ì�Í:Î�ÛQÝÚÎ�Í:Õ<×�Ù�Ì)9 Ì�Ô�Í:Ï � Ï:ÕØÙÚò�ð<ÌúÓ ×ÐÛ:×�Ï:ÕØÍ�õßö Ì�ÊÚÎ0Ü*Õ<×ÐÛ)�Bì±3Kô1Û:Í:Ê1Ì�Û�
�×�Ù1Ì�ÏÅÎÐÔ�ÍÅÎÐÏ Í�ÛQÎÐÙÚÏ:ÕØÍ�×ÐÛ:õßÛ:Ì�Í�Ì�ÙûÍ:Õ<×�Ù

�×�Ù1Ì�Ï�/1óÅ×ÐÛ:Ì�Û:Ì�ÓÚÛ:Ì�Ï�Ì�ÙûÍ:Î�Í:Õ<ÜÐÌ�×Ðï¬ÝÚôÚÎÐðKÓ ×ÐÛ:×�Ï:Õ<ÍNõÅö.Ì�ÊKÎ�Ü,Õ<×ÐÛ � Û:Ì�ÝKôÚÔ�Ì�ÝDóúÎ�ÿ,ÕØó ôÚóùÎÐÙÚÝúÍ:ÎÐÕGðØÕØÙ1ò'Ì)9 Ì�Ô�Íï�×ÐÛ Í:Ê1Ì öÚÛ:Ì�Î�Ñ*Í:Ê1Û:×�ô1ò�Ê�Ô�ô1Û:ÜÐÌ�Ï��Bì²1 ÛQÎ�Í:Õ<×�ÙÚÎÐðØÌúö Ì�ÊÚÕØÙÚÝßÍ:Ê1ÌDö>ôÚÕØðØÝÚÕGÙ1òD×ÐïPÍ:Ê1Ì³®¯1^óÅ×,Ý1Ì�ð8Ï:Ê1×�ôÚðØÝÍ:Ê1Ì�Ùxö ÌÇÕØÙ � ���`Ï�Ì�ðØÌ�Ô�Í:ÕØÙ1òßÍ:Ê1Ì�ó`Î�Í�ÛQÕ ÿ\
�×�Ù1Ì�Ï Ô�×�Ù�Í�ÛBÕ<öKô1Í:ÕØÙÚò«Í�×�Ï:ÕGÙ1ò�ð<ÌÒÓ ×ÐÛ:×�Ï:Õ<ÍNõüö Ì�ÊÚÎ0Ü*ÕØ×ÐÛDÎÐÙÚÝÕØÝ1Ì�ÙûÍ:Õ<ï�õ,ÕØÙ1ò Í:Ê1ÌÇÛ:Ì�Ï:ôÚð<Í:ÕGÙ1ò Í�×ÐÍ:ÎÐðËÓ ×ÐÛ:×�Ï:Õ<ÍNõ ÎÐÙÚÝ � ���ÅÏ:Ì�ð<Ì�Ô�Í`Í:Ê1Ì�ó`Î�Í�ÛQÕ ÿ\
�×�Ù1Ì�ÏúÔ�×�ÙûÍ�ÛQÕ<ö>ô1Í:ÕØÙ1ò«Í�×ÝÚôÚÎÐð¬Ó ×ÐÛ:×�ÏQÕ<Í�õÒö Ì�ÊÚÎ0Ü*Õ<×ÐÛ�ÎÐÙÚÝþÓ.×�ÏQÏ:Õ<öKð<õ Ê1×�óÅ×ÐòÐÌ�ÙÚÕ�
�ÌýÍ:ÊÚÕGÏËö Ì�ÊÚÎ�Ü,Õ<×ÐÛ�ÕØÙ��DÔ�×ûÌ�´DÔ�Õ<Ì�Ù�Í:Ïs�kÓ ×ÐÛ:×�Ï:Õ<ÍNõ×Ðï8Í:Ê1Ì�
�×�ÙÚÌ4/�ÝÚÕM9�ôÚÏ:ÕØ×�ÙþÔ�×*Ì�´úÔ�Õ<Ì�ÙûÍ ÎÐÙÚÝ«Ý1Ì�ÓKÍ:Ê ×Ðï8Í:Ê1Ì`ôKÙÚÕ<Í�ìýÉPÊÚÕØÏ�ñ8×�ôKðØÝ«ð<Ì�ÎÐÝ Í�×ÇÎÒÏ:ÕGóÅÓKð<Ì�®¯1óÅ×*ÝÚÌ�ð�Ô�×�ÙÚÏ:ÕØÏ�Í:ÕGÙ1òÅ×ÐïY�

> 1µ� £ ôÚÙÚÕ<ï4×ÐÛQó ÷Ú×�ñ¤
�×�Ù1Ì � Í�ÛBÎÐÙÚÏ:ó`ÕØÏQÏ:Õ<Ü,Õ<Í�õPÎÐÙKÝ²÷Ú×0ñüÎ�Ó.Ì�ÛQÍ:ô1Û:ÌOÎÐÏ:Ï�×,Ô�ÕØÎ�Í�Ì�ÝT¶ÐðØÎ�ÛQòÐÌ�Û¬Í�ÛQÎÐÙÚÏ�Ó ×ÐÛ:ÍÍ�×ÐÍ:ÎÐð�Ó.×ÐÛQ×�Ï:Õ<Í�õDÌ	�ûôKÕ<Ü�ÎÐðØÌ�Ù�ÍÈÍ�×úÎ`Û:Ì�Í�Ì�Ù�Í:ÕØ×�Ù Í�Ì�ÛQó³�Bì
> 1\ÝÚÕØÏ�Ó Ì�ÛQÏQÕ<×�ÙIÔ�×ûÌ�´úÔ�ÕØÌ�Ù�Í¤Ê1×�óÅ×ÐòÐÌ�ÙÚÕ·
�ÕGÙ1ò'Î�Í©Í:Ê1ÌPÓÚÛ:×ÐÓ Ì�Û©Ï:Ô�ÎÐð<ÌPÍ:Ê1ÌËÌ)9 Ì�Ô�Í:Ï8×Ðï�Ê1Ì�Í�Ì�ÛQ×ÐòÐÌ�Ù1Ì�Õ<Í�õÕØÙ Í:Ê1Ì ï�ÛQÎÐÔ�Í:ôÚÛ:Ì²ÜÐÌ�ð<×,Ô�Õ<Í�õ ÖÚÌ�ðØÝ¬ì

¸ �
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> 1�Ùü×ÐÛQÍ:Ê1×ÐòÐ×�ÙÚÎÐðkÙ1×�÷Ú×0ñÆ
�×�Ù1ÌÒÔ�×ÐÛ:Û:Ì�Ï�Ó ×�ÙÚÝKÕØÙ1ò Í�× ó`Î�Í�ÛQÕ ÿ ÝKÕM9 ôKÏ:Õ<×�Ù«Ì)9 Ì�Ô�Í:Ï=�`Ì	�*ôÚÕ<Ü�ÎÐð<Ì�Ù�ÍÓKÎ�ÛQÎÐó`Ì�Í�Ì�ÛQÏPÎ�Û:ÌýÏ�Ì�ð<Ì�Ô�Í�Ì�ÝÇÎÐÏËñ8Ì�ðØð"ÎÐÏÈÓ Ì�Ù1Ì�Í�ÛQÎ�Í:Õ<×�Ù ÝÚÌ�ÓÚÍ:Ê�ì

ÉËÊÚÕØÏ�ÕØÏ�ÎPÔ�ðØÎÐÏ:Ï:ÕØÔ�ÎÐð�óÅ×*ÝÚÌ�ð�ñPÊÚÕØÔBÊ²Ô�ÎÐÙ'ï�ô1Û:Í:Ê1Ì�Û�ö ÌOÏ:ÕØó`ÓKðØÕ<ÖÚÌ�Ý�Ô�×�ÙÚÏ:ÕØÝÚÌ�ÛQÕØÙ1ò%� £ ×ÐÛ:Í:Ê1×ÐòÐ×�ÙKÎÐð�ÝÚÕM9�ôÚÏ:ÕØ×�ÙÕØÙ�Í:Ê1ÌÅó`Î�Í�ÛQÕ ÿ²
�×�Ù1Ì�Ï�ì�31×ÐÛ'Í:ÊÚÕØÏ�óÅ×,Ý1Ì�ðZ/�ÎÐÙÚÎÐðØõûÍ:ÕØÔ�ÎÐðÀÏ:×�ðØô1Í:Õ<×�ÙÚÏ�ñ¤Ì�Û:ÌÅÓÚÛ:×�Ü*ÕØÝÚÌ�Ý�ÕGÙþÍ:ÊÚÌIðGÕ<Í�Ì�ÛQÎ�Í:ô1Û:Ì
� Ï�Ì�ÌDÞÈÇ(J�D6HÇâ�äYJ�á·L%É�ê�ëE�Bì

¦ Ì�ÜÐÌ�ÛQÍ:Ê1Ì�ð<Ì�Ï:Ï�/>Í:Ê1Ì'Û:×�ðØÌ²ÓKðØÎ�õÐÌ�ÝÇöûõ Í:Ê1ÌýÝÚÕM9 Ì�Û:Ì�Ù�Í|
�×�ÙÚÌ�ÏPÝ1Ì�Ó Ì�ÙÚÝÚÏÈôÚÓ.×�Ù Í:ÊÚÌ'÷Ú×0ñ ÜÐÌ�ð<×,Ô�Õ<Í�õÒÎÐÏñ8Ì�ðØð�ÎÐÏPÍ:Ê1Ì'ÍNõûÓ Ì²×Ðï�Í�ÛQÎÐÔ�Ì�Û�ôKÏ�Ì�Ý � Ï�×ÐÛ:ö>ÕØÙ1òI×ÐÛPÙ1×ÐÍPÏ:×ÐÛ:öKÕØÙ1ò6�BìOÉPÊ1Ì'ÎÐÔ�Ô�Ì�Ï:ÏËÍ�×úÍ:Ê1Ì ÝÚÕM9 Ì�Û:Ì�ÙûÍ|
�×�Ù1Ì�ÏÔ�ð<Ì�Î�ÛQð<õ Ý1Ì�Ó Ì�ÙÚÝKÏÈ×�ÙÇÍ:ÊÚÌýÔ�×�ÙûÍ:ÎÐÔ�Í²Í:ÕØóÅÌ ñ�Õ<Í:Ê Í:Ê1Ì ó`Î�Í�ÛQÕ ÿ+
�×�ÙÚÌ�Ï � ÕØÙûÜÐÌ�ÛQÏ�Ì�ðØõÒÍ�×D÷Ú×�ñ ÜÐÌ�ðØ×*Ô�Õ<ÍNõ&�PÎÐÏñ8Ì�ðØð©ÎÐÏ'Í:Ê1Ì ó`Î�Í�ÛQÕ ÿ±
�×�Ù1Ì�Ï Ý1Ì�ÓÚÍ:ÊßÎÐÙÚÝüÎ�ÓÚÓKÎ�Û:Ì�ÙûÍ ÝÚÕ·9 ôÚÏQÕ<Ü*ÕØÍ�õ � ÝÚÕ·9 ôÚÏQÕ<×�Ù«Ô�×ûÌ�´DÔ�Õ<Ì�Ù�Í ÝÚÕ<Ü,ÕØÝ1Ì�Ý�ö*õÛ:Ì�Í�Ì�Ù�Í:ÕØ×�Ù Ô�×*Ì�´úÔ�Õ<Ì�ÙûÍ��Bì�1�Ï'Î Ô�×�ÙÚÔ�ðGôÚÏ:Õ<×�ÙT/�Ï:ôÚÔQÊ Î óÅ×,Ý1Ì�ðOÕØÏ�×�ÙÚðØõþÜ�ÎÐðØÕØÝ ï4×ÐÛ ÎÒÓÚÛQÌ�Ô�ÕØÏ�ÌÅÛQÎÐÙ1òÐÌú×Ðï÷Ú×0ñ ÜÐÌ�ð<×*Ô�ÕØÍ:Õ<Ì�ÏÈÎÐÏËñ¤Ì�ðØð Í�ÛQÎÐÔ�Ì�Û�ÓKÎ�ÛQÎÐóÅÌ�Í�Ì�ÛBÏ�ì
� Ù�Í:Ê1Ì ï4×�ðØð<×0ñ�ÕØÙ1òÇñ¤Ì ÓÚÛ:Ì�ï4Ì�ÛIó`×*Ý1Ì�ðGÕØÙ1òÇóÅ×ÐÛQÌ Ý1Ì�Í:ÎÐÕGðØÏ ×Ðï�Í:Ê1Ì ó`Î�Í�ÛQÕ ÿ Ï�õ,Ï�Í�Ì�ó ÎÐÏ Ì�ÿ,ÓKðØÎÐÕØÙ1Ì�Ýö.Ì�ðØ×0ñ'ì î ÌÅÖÚÛQÏ:Í�Ï:ÊÚ×0ñmÍ:Ê1ÌIÛ:×�ð<Ì ÓKðØÎ0õÐÌ�Ýþö*õÇÍ:ÊÚÌ ÝÚÕ·9.Ì�Û:Ì�ÙûÍ�
�×�Ù1Ì�Ï²óÅ×,Ý1Ì�ð<Ì�Ý�ï�×ÐÛ²ÝÚÕ·9.Ì�Û:Ì�ÙûÍ�Í�ÛQÎÐÔ�Ì�ÛQÏ

� � ×*ÝÚÕGÙ1ÌýÎÐÙÚÝ�É�Ì�ÔQÊÚÙ1Ì�Ô�ÕGôÚóÒì î ÌÅÔ�×�ÙÚÏ:ÕØÝÚÌ�Û�Í:Ê1Ì ¸ ó`Î�Í�ÛQÕ<ÿ+
�×�Ù1Ì`óÅ×,Ý1Ì�ð"ÓKÛ:Ì�Ï�Ì�ÙûÍ�Ì�ÝþÓKÛ:Ì�Ü*ÕØ×�ôÚÏ:ð<õÒÎÐÏóÅ×*ÝÚÌ�ð<� � Ï�Ì�Ì'ÖÚò�ôÚÛ:Ì%$1ì ¸ 5�Î0�Bì
Ê Ù1Ì²ó`Î0õDÛ:Ì�ï4Ì�ÛËÍ�×ÅÖÚò�ôÚÛ:Ì�ÏP:*ì���Í�×úÏ�Ì�Ì²Í:Ê1Ì²Ì�ÜÐ×�ðGô1Í:Õ<×�Ù ×Ðï"Í:ÊÚÌ'ó`ÎÐÏ:Ï�Ì�ÏËÕGÙDÍ:ÊÚÌ²ñPÊ1×�ð<Ì�Ï�õ,Ï�Í�Ì�ó^ÎÐÏñ8Ì�ðØð"ÎÐÏPÎúó`×ÐÛ:Ì Ý1Ì�Í:ÎÐÕØðØÌ�ÝÒÜ*ÕØÌ�ñ ×ÐïÀÍ:Ê1Ì'Ì�ÜÐ×�ðØôÚÍ:Õ<×�Ù ×ÐïÀó`ÎÐÏ:Ï:Ì�ÏPÕØÙÒÍ:ÊÚÌ ÝÚÕM9 Ì�Û:Ì�ÙûÍËó`Î�Í�ÛQÕ ÿC
�×�Ù1Ì�Ï�ì î ÌÔ�×�ÙÚÏ:ÕØÝ1Ì�Û
Ê1Ì�Û:ÌkÎ £ Õ<ÛQÎÐÔ8ÓKôÚðGÏ�Ì©ÕØÙ�8�Ì�Ô�Í:Õ<×�Ù�ì
ÉËÊ1Ì8Í�×ÐÍ:ÎÐð*ÙÚ×ÐÛQó`ÎÐðØÕ·
�Ì�Ýýó`ÎÐÏ:Ï
Ý1Ì�Ô�ðØÕØÙÚÌ�Ï"ÕØÙ Í:Ê1Ì8Ï�õ,Ï�Í�Ì�ómÝÚô1ÌÍ�× ó`ÎÐÏQÏPÌ�ÿ1Õ<Í:ÕØÙ1òúÍ:Ê1ÌýÏ�õ,Ï�Í�Ì�óÒìËÉPÊ1Ìýó`ÎÐÏQÏPÕØÙÇÍ:Ê1Ì ï4ÛQÎÐÔ�Í:ô1Û:Ì Ý1Ì�Ô�Û:Ì�ÎÐÏ�Ì�Ï�ÛQÎ�Ó>ÕØÝÚð<õ ÎÐÏ�Î Ô�×�ÙÚÏ�Ì	�*ô1Ì�ÙÚÔ�Ì×Ðï�Í:Ê1Ì�ÎÐÝÚÜÐÌ�Ô�Í:Õ<×�Ù óÅÌ�ÔQÊÚÎÐÙKÕØÏ:óÒìËtþÎÐÏ:Ï8ÕGÏ8Ù1Ì�ÜÐÌ�ÛQÍ:Ê1Ì�ð<Ì�Ï:Ï¤ÕØÏ©Ï:Í�×ÐÛ:Ì�Ýúï4×ÐÛkÎ ñPÊKÕØð<ÌËÕØÙúÍ:Ê1Ì�ó`Î�Í�ÛBÕ ÿ�
�×�Ù1Ì�Ï

� ÕØÙÚÔ�Û:Ì�ÎÐÏ�Ì�ÎÐÙÚÝ`Ý1Ì�Ô�ÛQÌ�ÎÐÏ�ÌP×Ðï¬ó`ÎÐÏQÏ©ÕØÙÅÍ:ÊÚÌPó`Î�Í�ÛQÕ ÿ�
�×�Ù1Ì�Ï��BìOÉËÊ1ÌPÕØó`ÓKÎÐÔ�ÍO×Ðï�ó`Î�Í�ÛQÕ ÿ`ÝÚÕ·9 ôÚÏQÕ<×�ÙIÕØÙÅÍ:Ê1ÌÛ:Ì�Í�Ì�Ù�Í:ÕØ×�ÙÒÓÚÛ:×,Ô�Ì�Ï:ÏÈÕØÏkÊ1Ì�Û:Ì²ÕØó`Ó.×ÐÛQÍ:ÎÐÙ�Í�ìOÉËÊÚÌ�óÅ×ÐÛQÌ'Ý1Ì�Í:ÎÐÕØð<Ì�Ý Ü,Õ<Ì�ñn×Ðï"Í:Ê1Ì²Ì�ÜÐ×�ðGô1Í:Õ<×�Ù ×Ðï�óúÎÐÏ:Ï�Ì�ÏËÕØÙÍ:Ê1Ì�ó`Î�Í�ÛBÕ ÿ�
�×�Ù1Ì�ÏkÏ:Ê1×0ñ�ÏOÍ�ñ¤×IÑ*ÕGÙÚÝÚÏ�×Ðï�Ñ,ÕØÙ1Ì�Í:ÕØÔ%��Í:Ê1Ì�ÖÚÛQÏ�Í8ÕØÏOÜÐÌ�Û:õ`ÏQÕØó`ÕØðØÎ�Û©Í�× Í:Ê1Ì�ÛQÎ�ÓKÕØÝ`ÝÚÌ�Ô�Û:Ì�ÎÐÏ�Ì×Ðï�ó`ÎÐÏQÏI×ÐöKÏ�Ì�Û:ÜÐÌ�ÝxÕGÙüÍ:ÊÚÌÒï�ÛQÎÐÔ�Í:ôÚÛ:ÌÐì�ÉPÊÚÕØÏIÔ�×�ÙÚÔ�Ì�ÛQÙÚÏ`Í:Ê1Ì òÐ×�ô1òÐÌ4/kï�ÛQÎÐÔ�Í:ôÚÛ:ÌÒÔ�×�Î�Í:ÕØÙ1ò ÎÐÏÅñ¤Ì�ðØðkÎÐÏó õ,ð<×�ÙÚÕ<Í�ÌÐì
ÉËÊ1Ì�Ï�Ì²
�×�Ù1Ì�Ï Î�Û:Ì�ÖKðØð<Ì�Ý ô1Ó\ÎÐÙÚÝ§Ì�ó`ÓÚÍ:Õ<Ì�Ý ÎÐðØóÅ×�Ï�Í ÕØÙÚÏ�Í:ÎÐÙûÍ:ÎÐÙ1Ì�×�ôÚÏ:ðØõxÎÐÏ Ô�×�ó`ÓKÎ�Û:Ì�ÝñPÕ<Í:Ê Í:ÊÚÌ ï4ÛQÎÐÔ�Í:ô1Û:Ìý÷Ú×0ñ
ÜÐÌ�ð<×,Ô�Õ<Í�õÐì2tÇÎÐÏ:Ï�ÕØÏ�Ý1×�ó`ÕØÙKÎÐÙ�Í:ð<õ ÕØÙÇÍ:Ê1Ì òÐ×�ô1òÐÌÅÎÐÏ�Ô�×�óÅÓKÎ�Û:Ì�ÝþñPÕ<Í:ÊÇÍ:Ê1Ì�Ï�Ì×ÐÍ:Ê1Ì�Û�ôKÙÚÕ<Í:ÏPÝKô1Ì'Í�×DÕØÍ:ÏPÍ�×ÐÍ:ÎÐð
Ó ×ÐÛ:×�Ï:Õ<ÍNõÐìËÉËÊ1Ì ÎÐðØÍ�Ì�Û:Ì�ÝþÎÐÙKÝÇÙ1×�ÙþÎÐð<Í�Ì�Û:Ì�Ý�
�×�Ù1Ì�Ï�ÎÐÔ�Í�ÎÐÏ�Í�ÛQÎÐÙÚÏ:ÕØÍ�×ÐÛ:õÛ:Ì�Í�Ì�Ù�Í:ÕØ×�Ù�
�×�Ù1Ì�Ï8Í�õ*ÓKÕØÔ�ÎÐðK×Ðï�ó`Î�Í�ÛQÕ ÿ`ÝÚÕM9�ôÚÏ:ÕØ×�Ù�ì�ÉËÊÚÌPÎÐð<Í�Ì�Û:Ì�Ý�
�×�Ù1ÌPÓKðGÎ�õ,Ï©Ê1Ì�Û:ÌPÍ:Ê1Ì�ó`Îc8�×ÐÛ©ÛQ×�ð<ÌPÝÚô1ÌÍ�× Õ<Í:Ï©Ó ×�Ï:Õ<Í:Õ<×�ÙÅÎÐÏ8ñ8Ì�ðGðKÎÐÏ¤ÝÚÕM9�ôÚÏ:Õ<×�ÙIÓÚÛQ×ÐÓ.Ì�ÛQÍ:Õ<Ì�Ï�ìÌ1�ðØðÚÍ:Ê1Ì�Ï�Ì�
�×�ÙÚÌ�Ï©ÓKðGÎ�õ`Î'ÛQ×�ð<ÌPÎÐÙÚÝDÏ:Ê1×�ôÚðØÝúÕØÙÅ×�Ù1Ìñ¤Î0õ�×ÐÛ'ÎÐÙÚ×ÐÍ:Ê1Ì�Û'ö ÌÅÕØÙ�Í�ÛQ×*ÝÚôKÔ�Ì�Ý�ÕGÙ�Í�× Í:Ê1Ì`Ï�õ,Ï�Í�Ì�óÒìIÉËÊÚÕGÏ�ÕGÏ�ï4×ÐÛ ÕØÙKÏ�Í:ÎÐÙÚÔ�ÌIÍ:Ê1ÌÅÔ�ÎÐÏ�Ì`ï4×ÐÛ²Í:Ê1Ì`Ù1×�ÙÎÐð<Í�Ì�Û:Ì�ÝüÛ:×*ÔQÑ>ì�ÉËÊ1Ì ôÚÙÚÎÐð<Í�Ì�Û:Ì�Ý Û:×,Ô:ÑßÝ1Ì�ÓÚÍ:ÊüñkÎÐÏýÔBÊ1×�Ï�Ì�ÙbÊ1Ì�Û:Ì=���4Í�
 � Ï:ÎÐó`Ì ÎÐÏýï�×ÐÛ Í:Ê1Ì ÎÐð<Í�Ì�Û:Ì�Ý

�×�Ù1Ìc�BìYÎPÌ�ï�Ì�ÛËÍ�×úÍ:Î�öKð<Ì'ö Ì�ð<×�ñnï�×ÐÛËÍ:ÊÚÌ'ÓKÎ�ÛQÎÐóÅÌ�Í�Ì�Û�ÝÚÎ�Í:Î�öKÎÐÏ�ÌýÔ�×�ÙÚÏ:ÕØÝ1Ì�ÛQÌ�Ý�ì

31×ÐÛ8Î²ó`×ÐÛ:ÌÈÏ�×ÐÛ:öKÕØÙÚò�Í�ÛBÎÐÔ�Ì�Û	/�Í:Ê1ÌËÏ:ÕØÍ:ôÚÎ�Í:Õ<×�ÙÅÕØÏ�Ï:ÕØóúÕØðØÎ�Û
Ì�ÿ,Ô�Ì�ÓÚÍ©Í:ÊÚÎ�ÍOó`Î�Í�ÛQÕ ÿIÝÚÕM9�ôÚÏ:Õ<×�Ùýö Ì�Ô�×�óÅÌ�ÏÏ�Í�Û:×�Ù1ò�ð<õDÝ1×�ó`ÕØÙÚÎÐÙûÍ¤×0ÜÐÌ�ÛËï4ÛQÎÐÔ�Í:ô1Û:Ì�Í�ÛQÎÐÙÚÏ:Ó.×ÐÛQÍ¤ÎÐÏÈÔ�ÎÐÙ ö Ì�Ï�Ì�Ì�Ù ï�Û:×�ó ÖÚò�ôÚÛ:Ì�Ï|:*ìr�*ì©ÉËÊ1Ì�ÔQÊÚÎ�ÛBÎÐÔ�Í�Ì�Û�5ÕØÏ�Í:ÕØÔ�Í:ÕØóÅÌ�ï�×ÐÛkÍ:Ê1Ì�Í�ÛQÎÐÙÚÏ:Ó.×ÐÛQÍ¤ÕØÏ8ï�Î�ÛkÏQð<×0ñ¤Ì�ÛÈÍ:ÊÚÎÐÙ Í:Ê1Ì�ï�ÛQÎÐÔ�Í:ôÚÛ:Ì²ÎÐÝ1ÜÐÌ�Ô�Í:Õ<ÜÐÌ²Í:ÕØóÅÌÐìOÉPÊ1ÌPÛ:×�ðØÌ�ÓKðGÎ�õÐÌ�ÝöûõÒÍ:Ê1Ì Ï�Ì�Ô�×�ÙÚÝ�ÝÚÕM9�ôÚÏ:Õ<×�Ù=
�×�ÙÚÌ � Ù1×�Ù�ÎÐð<Í�Ì�Û:Ì�ÝþÛ:×,Ô:Ñ~�ÈÎÐÏ�Ô�×�óÅÓKÎ�Û:Ì�ÝþñPÕ<Í:ÊÇÍ:Ê1Ì ÖKÛQÏ�ÍPÝÚÕ·9 ôÚÏQÕ<×�ÙC
�×�Ù1Ì
� ÎÐð<Í�Ì�Û:Ì�Ý Û:×,Ô:Ñ~��ÕØÏ�Ê1Ì�Û:ÌÅÝ1×�ó`ÕGÙÚÎÐÙ�Í�ï4×ÐÛ�Í:ÊÚÌIðØ×�Ù1ò Í:ÕØóÅÌ Í:ÎÐÕØðØÕØÙ1ò Ì)9 Ì�Ô�Í:Ï²ñPÊ1Ì�Û:Ì�ÎÐÏ�Í:ÊKÕØÏ�
�×�ÙÚÌ�Ï²ÓKðØÎ0õ*ÏóÅ×ÐÛ:Ì²×ÐïÀÎÅÔ�×ÐÛ:Û:Ì�Ô�Í:Õ<ÜÐÌ Û:×�ð<Ì²ï4×ÐÛPÎÅÙ1×�Ù Ï�×ÐÛQöKÕØÙ1òIÍ�ÛQÎÐÔ�Ì�Û�ì8ÉËÊ1Ì²ÖÚò�ô1ÛQÌ�ÏÈÔ�×ÐÛ:Û:Ì�Ï�Ó ×�ÙÚÝ Í�×�vk×ÐöKÎÐð<Í�ìOÉËÊ1ÌÏ:Õ<Í:ôÚÎ�Í:Õ<×�Ù ï4×ÐÛ2�,Í�Û:×�Ù�Í:ÕGôÚóC/1É"Ì�ÔBÊÚÙ1Ì�Ô�ÕØôKó^ÎÐÙÚÝ+1�óÅÌ�ÛQÕØÔ�ÕGôÚó ÕØÏÈÏ:ÕØó`ÕGðØÎ�Û�ì

¸ �



x)y z|{~}�z|�Gz�x	}��0�G}�����}������ ��� �	���6���c�����	�	���K�����&�)���Y��������x	���&���	�����T�����c�C�Z���	�A�

t(s)

Norm. Mass

  0.00   1.00   2.00   3.00   4.00   5.00   6.00   7.00   8.00   9.00

X1.E9

  0.00

  0.20

  0.40

  0.60

  0.80

  1.00
MINIMUM :  0.1693E−03
MAXIMUM :   1.000

Total

in Matrix

in Frature

Ï�Ð�ÑTÒ2Ð�ÓZÓZÔAÓVÕ¿ÖØ×ÈÙ�ÔÂÓIÚ�ÓI×ÈÔAÛ

time (s)

Norm. Mass

  0.00   1.00   2.00   3.00   4.00   5.00   6.00   7.00   8.00   9.00

X1.E9

  0.00

  0.05

  0.10

  0.15

  0.20

  0.25

  0.30

  0.35

  0.40
MINIMUM :   0.000
MAXIMUM :  0.3689

Mass in gouge

Mass in coating

Mass in mylonite

Mass in alt. zone

Mass non alt.

Ï·Ü4ÑTÒ2Ð�ÓZÓZÔAÓVÕ¿Ö�×ÈÙcÔÌÛPÐ�×ZÝÈÕ¼Þ�ßAà�Ö�ÔAÓ

3
ÕØò�ô1Û:Ì°:*ì���� � ×,ÝÚÕØÙ1ÌÀï4×ÐÛ
Ï:Ì�Ô�×�ÙÚÝýó`×*Ý1Ì�ð�òÐÌ�×�óÅÌ�Í�Û:õ � Ï�Ì�Ì8ÖKò�ô1Û:ÌË$1ì ¸ �"Í�ÛQÎÐÔ�Ì�ÛÀó`ÎÐÏQÏ�Ì�Ï�ÕGÙ'Í:Ê1Ì¤ÝÚÕM9 Ì�Û:Ì�Ù�ÍôKÙÚÕ<Í:Ï�×Ðï©Í:Ê1ÌÅÏ�õ,Ï�Í�Ì�óÒì � Î0��É�×ÐÍ:ÎÐðZ/¬ÕØÙ�ï4ÛQÎÐÔ�Í:ô1Û:ÌIÎÐÙÚÝ ó`Î�Í�ÛQÕ ÿ�
�×�Ù1Ì�Ï�ì � ��� î Õ<Í:ÊÚÕØÙþÍ:Ê1ÌóúÎ�Í�ÛQÕ ÿ=
�×�Ù1Ì�Ï%�OòÐ×�ô1òÐÌ4/>ï�ÛBÎÐÔ�Í:ô1Û:Ì'Ô�×�Î�Í:ÕØÙ1ò&/.ÎÐð<Í�Ì�Û:Ì�Ý ÝKÕ<×ÐÛQÕ<Í�Ì4/1ôÚÙÚÎÐðØÍ�Ì�Û:Ì�ÝÒÛ:×,Ô:Ñ.ì
¸ �



�&¹	�	º�»¼�)���½���¾� ������»¿���)»¿��À��ÂÁ·�4���IÃ���Ä#��Å x)y z|{~}�z|�Gz�x	}��0�G}�����}������

time (s)

Norm. Mass

  0.00   0.50   1.00   1.50   2.00   2.50

X1.E12

  0.00

  0.20

  0.40

  0.60

  0.80

  1.00
MINIMUM :  0.9251E−04
MAXIMUM :   1.000

Total

in Matrix

in Frature

Ï�Ð�ÑTÒ2Ð�ÓZÓZÔAÓVÕ¿ÖØ×ÈÙ�ÔÂÓIÚ�ÓI×ÈÔAÛ

time (s)

Norm. Mass

  0.00   0.50   1.00   1.50   2.00   2.50

X1.E12

 −0.10

  0.00

  0.10

  0.20

  0.30

  0.40

  0.50

  0.60

  0.70

  0.80

  0.90
MINIMUM : −0.4390E−03
MAXIMUM :  0.8812

Mass in gouge

Mass in coating

Mass in mylonite

Mass in alt. zone

Mass non alt.

Ï·Ü4ÑTÒ2Ð�ÓZÓZÔAÓVÕ¿Ö�×ÈÙcÔÌÛPÐ�×ZÝÈÕ¼Þ�ßAà�Ö�ÔAÓ

3
ÕØò�ô1Û:Ì°:*ìr� �½vk×ÐöKÎÐð<Í�ï4×ÐÛ"Ï�Ì�Ô�×�ÙÚÝýóÅ×*ÝÚÌ�ð�òÐÌ�×�óÅÌ�Í�Û:õ � Ï�Ì�ÌOÖKò�ô1Û:ÌÂ$1ì ¸ ��Í�ÛBÎÐÔ�Ì�Û�ó`ÎÐÏ:Ï:Ì�Ï"ÕØÙ�Í:Ê1Ì8ÝÚÕM9 Ì�Û:Ì�Ù�ÍôKÙÚÕ<Í:Ï�×Ðï©Í:Ê1ÌÅÏ�õ,Ï�Í�Ì�óÒì � Î0��É�×ÐÍ:ÎÐðZ/¬ÕØÙ�ï4ÛQÎÐÔ�Í:ô1Û:ÌIÎÐÙÚÝ ó`Î�Í�ÛQÕ ÿ�
�×�Ù1Ì�Ï�ì � ��� î Õ<Í:ÊÚÕØÙþÍ:Ê1ÌóúÎ�Í�ÛQÕ ÿ=
�×�Ù1Ì�Ï%�OòÐ×�ô1òÐÌ4/>ï�ÛBÎÐÔ�Í:ô1Û:Ì'Ô�×�Î�Í:ÕØÙ1ò&/.ÎÐð<Í�Ì�Û:Ì�Ý ÝKÕ<×ÐÛQÕ<Í�Ì4/1ôÚÙÚÎÐðØÍ�Ì�Û:Ì�ÝÒÛ:×,Ô:Ñ.ì
¸ �



x)y z|{~}�z|�Gz�x	}��0�G}�����}������ ��� á	�¾�#���I�	�Z���¯���	�|�Pâ¯»¼���	�K»¼À	º��	�

ã¯ä�å�æ çcè½é ê ÝëÐ�ìí×ÈîcÝÈÔ ïoà�îcð�Ô ê Ý�ñ(òGà�Ð�×ÈÕ¿Ö�ð ÒØÚ�órà�Ö�Õ¼×ÈÔ ôeó¼×ÈÔíÝÈÔ�õØöeà�ìë÷ øoà�Ö%ôVó¼×�ñ~öËñ
ù Þ	×ÈÔAÖ�× ú�û�û ü�û�û ý�þ ü�û�û ú�ÿ`û ú�ý�ÿíû ú�ý�ÿíû
� à�ÝÈà�ÓZÕ¼×EÚ � ��ü�� ü�� ��� ý	þ ��� ý	þ ���

� Õ
	�îcÓZÕ¿à�Ö�ìíà�Ô��|ìAÕ¿ÔAÖ�×Vû�
���� ��ý���� �	þ��Aý������ ú	þ
��ý������ ��ý������ ��þ
�Aý������ ü�þ��Aý������
� ×ZÝÈà�Ö�×ÈÕ¿î�Û! #"�$&%('*)�+, #-.$/%(021�3�4�' ü	þ
��ý���5 6	þ
����ý��75 ú�þ ����ý���5 ��þ 6��Aý��98 ��þ
��ý��98 �	þ��Aý���8

� ×ZÝÈà�Ö�×ÈÕrîcÛ;:<"Kà�Ý<: - ��þ ü ����þ � ��ú	þ � ����ý ú���þ � ü��	þ �
òGà�Ü�Ð�ó¼×= #"�$/%('?>@ #-.$/% 0 1�3�4�' ��þ
��ý � 0 �	þ��Aý �75 ��þ
��ý ��5 ��þ
��ý ��5 ��þ
��ý ��5 �	þ��Aý �75

òGà�Ü�Ð�ó¼×=: " à�Ý<: - A ���	þ ú B)ú ú.��ü ��ü�� 6����
C Ôíì`ÙcÖ�ÔAìAÕ¿îcÛD " $/%E'F>� - $/% 0 1�3�4�' ý�þ ú ý	þ ú ý	þ ú ý�þ ú ý�þ ú ý�þ ú

C ÔAìëÙ�Ö�ÔíìAÕ¿î�Û;:G"½à�Ý<: - ú�ý�� ��ý���� ��ý�ú���� ü��HB���� � A B���ý ��þ ����ý�8
ôeÛ|ÔíÝÈÕ¿ìAÕ¿î�Û! #"�$/%E'F>� #-.$&%I0H1�3�4�' ý�þ ü ý	þ ü ý	þ ü ý�þ ü ý�þ ü ý�þ ü

ôVÛ|ÔíÝÈÕ¿ìAÕ¿îcÛJ:<"Kà�Ý<: - ü�ý�� 6��)ü.� ú�üH�)ü�� ��þ ���Aý�8 ú	þ ú.��ý�8 B�þ ü.��ý�8
� ÕrÓ?K4Ô`ÝÈÓZÕ�L	Õ¼×EÚ¢Ï·ó¿à�Öcð�Õ¼×�ñ Ñ ü�ý�ÿ`û
� ÕrÓ?K4Ô`ÝÈÓZÕ�L	Õ¼×EÚ¢ÏM×ZÝëÐ�ÖcÓ?L4ñ Ñ ü�ý�ÿ`û

É�Î�öKðØÌ°:*ì����Y®�Î�ÛQÎÐóÅÌ�Í�Ì�Û`Ï�Ì�Í ï4×ÐÛýÍ:Ê1Ì Í:ÎÐÏ�Ñ&:�;|��ÓÚÛ:Ì�ÝÚÕØÔ�Í:ÕØ×�ÙÚÏ � ï4ÛQÎÐÔ�Í:ô1Û:Ì ÎÐÙÚÝüÍ:Ê1Ì=�þóÅ×�Ï�ÍIÝÚÕM9�ôÚÏ:ÕØÜÐÌ

�×�Ù1Ì�Ï%�ÀòÐ×�ôÚòÐÌ4/Úï�ÛBÎÐÔ�Í:ô1Û:Ì²Ô�×�Î�Í:ÕØÙ1ò&/Úóýõ*ðØ×�ÙÚÕ<Í�Ì²ÎÐÙÚÝ Ô�Î�Í:ÎÐÔ�ðØÎÐÏ:Õ<Í�Ìc�BìkÉËÊ1Ì�ÓKÎ�ÛQÎÐó`Ì�Í�Ì�ÛQÏËÎ�Û:ÌÍ:Ê1Ì ×�ÙÚÌ�Ï`ÓÚÛ:×�Ü*ÕGÝ1Ì�Ý ÕØÙ ÞA@CBEDGFQâ�ãIH â�äKJÐáML'é�N�ëPÎÐÙÚÝ
Þæå.â�áæã¡ç0ç�èÅâ�ä
àkáØâ�ã�äÈéÐê ëPÌ�ÿ1Ô�Ì�ÓÚÍDï�×ÐÛÍ:Ê1ÌDòÐ×�ô1òÐÌ óúÎ�Í�Ì�ÛQÕØÎÐðOñ�Ê1Ì�Û:Ì`Í:Ê1ÌD×ÐÛQÕ<ò�ÕØÙKÎÐðOÝÚÎ�Í:ÎÇÏ:Ì�ÍýÔ�×�ÙÚÏ:ÕGÝ1Ì�Û:Ì�Ý ÎÇÓ ×ÐÛ:×�Ï:Õ<ÍNõ�ö*õ¤���0�ÎÐÙÚÝ ÎÅÝKÕM9 ôKÏ:Õ<×�Ù Ô�×ûÌ�´DÔ�Õ<Ì�Ù�ÍPöûõ+� ����� !NMPO 
 * ,�-

§²±�Q R µO¶¯©ÅÆ¡·.¶m»�º�´ ¸TS ¹:´�¸È¿^¹HUWV�©ý·

ÎËÌ�Ï:ôÚðØÍ:Ï²Î�Û:ÌIÓÚÛ:×0Ü,ÕØÝ1Ì�Ý�×�Ù«ÖKò�ô1Û:Ì�Ï%:*ìr�*ìÅÉËÊ1ÌÅÏ:ÎÐóÅÌÅ×ÐÛQÝÚÌ�Û�ÕGÙþÍ:ÊÚÌ`Î�Û:ÛQÕ<Ü�ÎÐð
Í:ÕØóÅÌ�Ï�×Ðï©Í:ÊÚÌ`ÝÚÕM9 Ì�Û:Ì�Ù�ÍÍ�ÛQÎÐÔ�Ì�ÛQÏ ÕGÏ²×ÐöKÏ�Ì�Û:ÜÐÌ�ÝüÎÐÏ'ï4×ÐÛ ÓÚÛQÌ�Ü*Õ<×�ôKÏ²É�ÎÐÏ�Ñ&:�;2��ì ÉPÊ1ÌúÔQÊKÎ�ÛQÎÐÔ�Í�Ì�ÛQÕØÏ�Í:ÕGÔÅÍ:ÕØóÅÌ`×Ðï¤Í:Ê1Ì`Í�ÛBÎÐÙÚÏ�Ó ×ÐÛ:Í'ÕØÏÊ1Ì�Û:Ì²Ù1Ì�ÜÐÌ�Û:Í:Ê1Ì�ðØÌ�Ï:ÏÈð<×�Ù1òÐÌ�ÛËÏ:ÕGÙÚÔ�Ì�÷Ú×0ñ ÕØÏkÊ1Ì�ÛQÌ�ÏQð<×0ñ¤Ì�Û�ìYX�Ì�Û:Ì4/KÎÐðØð ôÚÙÚÕØÍ:Ï©×Ðï
Í:Ê1Ì²Ï�õ,Ï�Í�Ì�ó ÓKðØÎ0õDÎIÛ:×�ð<ÌÕØÙ�Í:Ê1Ì Í�ÛQÎÐÙÚÏ�Ó ×ÐÛ:Í ñPÊ1Ì�Û:Ì�ÎÐÏIï4×ÐÛ`óÅ×ÐÛ:ÌÒÏ�×ÐÛQöKÕØÙ1òþÍ�ÛQÎÐÔ�Ì�ÛQÏ�/¤ÕØÙbÔ�×�ÙÚÝÚÕ<Í:Õ<×�ÙKÏ ×Ðï�É�ÎÐÏ�Ñ&:�;2��/¤ôKÙÚÎÐð<Í�Ì�Û:Ì�ÝÛ:×*ÔQÑÒôÚÙÚÕ<Í:ÏkÓKðGÎ�õÐÌ�Ý Î`óúÕØÙ1×ÐÛÈÛ:×�ð<ÌÐì
1PÛQÛQÕ<Ü�ÎÐð>Í:ÕGóÅÌ�ÏÈÎÐÙÚÝ Ü�ÎÐðØô1Ì�Ïkï4×ÐÛËÓ Ì�Î�ÑDó`Î�ÿ1ÕØó ôÚó Î�Û:Ì²ÓÚÛ:×�Ü*ÕGÝ1Ì�Ý ÕØÙ ÔQÊÚÎ�ÓÚÍ�Ì�Û ¸ ï�×ÐÛËÎÅôKÙÚÕ<Íkó`ÎÐÏ:Ï

£ ÕØÛQÎÐÔ'ÎÐÙÚÝÒÔ�×�ÙûÍ:ÕØÙ*ô1×�ôÚÏ � ��Z\[�]4,@^~�ÈÕGÙ�8¡Ì�Ô�Í:ÕØ×�ÙÒÕØÙ Í:Ê1Ì'ï4×ÐÛQó`Î�ÍËÛQÌ	�ûôÚÕØÛ:Ì�Ý�ì

§²±`_ « µaUI¶ ¹¡· ¹�ªý¹¡·cb ¸dUI¸ËÆ�b ¶ ¹:¶

�*Ì�ÙÚÏ:Õ<Í:ÕØÜ*Õ<ÍNõx×ÐïIÍ:Ê1ÌßÏ�õ,Ï�Í�Ì�óÃÍ�×§ÝKÕM9.Ì�ÛQÌ�Ù�ÍÒÓKÎ�ÛBÎÐóÅÌ�Í�Ì�ÛQÏÒñkÎÐÏÇÏ�Í:ôKÝÚÕ<Ì�Ý ÓÚÛ:Ì�Ü,Õ<×�ôÚÏ:ðØõ§ÕØÙ\Í:Ê1Ì«ï4ÛQÎÐóÅÌ×Ðï�É
ÎÐÏ�Ñ�:�;2��ì\ÎËÌ�Ï:ôKð<Í:ÏIÏ:Ê1×0ñ¤Ì�ÝbÍ:ÊÚÎ�ÍÅÍ:Ê1ÌÒÏ�õ,Ï�Í�Ì�ó ÕØÏIÏ�Í�ÛQ×�Ù1ò�ð<õ Ï�Ì�ÙKÏ:Õ<Í:Õ<ÜÐÌ Í�×«Í:Ê1Ì Í�×ÐÍ:ÎÐðÈÓ ×ÐÛ:×�Ï:Õ<ÍNõÎÐÏ:Ï�×,Ô�ÕØÎ�Í�Ì�Ý Í�×ÅÍ:Ê1Ì²óÅ×�Ï�ÍÈÝÚÕM9�ôÚÏ:ÕØÜÐÌPó`Î�Í�ÛQÕ ÿ ôÚÙÚÕ<Í:ÏkÕØÙDÍ:Ê1Ì�Ü*ÕGÔ�ÕØÙÚÕ<ÍNõÅ×Ðï"Í:Ê1Ì�ï4ÛQÎÐÔ�Í:ô1Û:ÌÐì £ ÕM9 Ì�Û:Ì�ÙÚÔ�Ì�ÏÈÕØÙÓ.×ÐÛQ×�Ï:Õ<Í�õ ðØÌ�ÎÐÝÇÍ�× Ý1Ì�ðØÎ0õ ÕØÙ Í:Ê1ÌIÎ�Û:ÛQÕØÜ�ÎÐð"Í:ÕØóÅÌ�Ï�×ÐïÀÍ:Ê1ÌýöKÛ:Ì�Î�ÑûÍ:ÊÚÛ:×�ô1ò�Ê�Ô�ô1Û:ÜÐÌ�Ï�ìPÉPÊ1Ì ×ÐÍ:Ê1Ì�Û²ó`Î�Í�ÛBÕ ÿôÚÙÚÕ<Í:Ï�Ó>ðØÎ�õ²ÎPðØÌ�Ï:Ï"ÕØó`Ó.×ÐÛQÍ:ÎÐÙ�Í¬ÛQ×�ð<Ì©ÕØÙ'ÝÚÌ�ðØÎ�õ,ÕØÙ1òËÍ:ÊÚÌ©Ó Ì�Î�Ñ�×Ðï1Í:Ê1ÌOöÚÛ:Ì�Î�Ñ*Í:Ê1Û:×�ôÚò�Ê Ô�ô1Û:ÜÐÌ�Ï�öKô1Í"Û:Ì�ÝÚôÚÔ�Ì�ÏÍ:Ê1Ì ð<Ì�ÜÐÌ�ð�×Ðï
Í:Ê1Ì'Ó Ì�Î�Ñ ÎÐÙÚÝ ÕØÙKÔ�Û:Ì�ÎÐÏ�Ì²Í:ÎÐÕØðØÕGÙ1òIÌ)9.Ì�Ô�Í�×Ðï�Í:Ê1Ìýó`ÎÐÏ:Ï�ì
¸ $



�&¹	�	º�»¼�)���½���¾� ������»¿���)»¿��À��ÂÁ·�4���IÃ���Ä#��Å x)y z|{~}�z|�Gz�x	}��0�G}�����}������

time (y)

Conc.

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−19

1.E−18

1.E−17

1.E−16

1.E−15

1.E−14

1.E−13

1.E−12

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

4

4

4

4

4

4

4

6

6

6

6

6

6

6

MINIMUM :  0.3801E−18
MAXIMUM :  0.5653E−12

iodine

strontium

cobalt

technecium

americium

Ï�Ð�Ñ C à�×ëÐ�ófe�î�Þ�Ð�×<×ÈÙ�ÔÌà�îc×Èó¿Ôí×hgMà�Ý � Õ¿ÝëÐ�ìÂÕ¿ÖiK�î�×

time (y)

Cum. Mass

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−8

1.E−7

1.E−6

1.E−5

1.E−4

1.E−3

1.E−2

1.E−1

1.E0
MINIMUM :  0.5720E−07
MAXIMUM :  0.9988

iodine

strontium

cobalt

technecium

americium

Ï·Ü�ÑTòGî�ÛKîcórÐ�×ÈÕ
L)ÔoÛPÐ�ÓZÓ

3�Õ<ò�ôÚÛ:Ì�:*ìr� �KtÇ×*Ý1Ì�ðj� / � Ï�Ì�Ì'ÖÚò�ôÚÛ:Ì%$1ì ¸ �2� Ê ôÚÍ�ÓKô1ÍÈï4×ÐÛPÎ £ Õ<ÛQÎÐÔ'ÕØÙÚÓKô1Í

¸ �



x)y z|{~}�z|�Gz�x	}��0�G}�����}������ ��� j	�Æx���À��I»¼�)» ��»¼��k��	À	���Fkc�I»¿�

l U�hemci b�i�meijb�k!n#h<n#Wjk<m�iEm�b�QpoÌQ�qrm(U�WEQTp0ijb�k
î Ì�Ô�×�ÙÚÝKôÚÔ�ÍDÊ1Ì�ÛQÌþÎ Ï:Ì�ÙÚÏ:Õ<Í:Õ<Ü,Õ<ÍNõ�ÎÐÙÚÎÐðØõ*Ï:ÕGÏÅ×�Ù ÎÐÙÚ×ÐÍ:Ê1Ì�Û ÝÚÌ�òÐÛ:Ì�Ìþ×Ðï²ï4Û:Ì�Ì�Ý1×�ól� Í:Ê1ÌÇÜÐÌ�ð<×,Ô�Õ<ÍNõ ×ÐïÍ:Ê1Ìú÷Ú×�ñ ÕGÙßÍ:Ê1ÌDï�ÛQÎÐÔ�Í:ôÚÛ:Ì � ×ÐÛ Ì	�*ôÚÕ<Ü�ÎÐð<Ì�Ù�Í:ðØõ�Í:ÊÚÌú×0ÜÐÌ�ÛBÎÐðØð8ÊÚÌ�ÎÐÝ òÐÛQÎÐÝKÕ<Ì�Ù�Í��Bì î Ì Ô�×�ÙÚÏQÕØÝ1Ì�ÛýÕGÙßÍ:Ê1Ìï�×�ðØðØ×0ñPÕØÙÚò'Í:Ê1Ì�ÓÚÛ:Ì�Ü,Õ<×�ôÚÏOÜÐÌ�ðØ×*Ô�Õ<ÍNõ � ×ÐÛÈÊ1Ì�ÎÐÝDòÐÛQÎÐÝÚÕ<Ì�ÙûÍ��©ÎÐÏ8ñ¤Ì�ðØð.ÎÐÏ¤Í�ñ¤× ×ÐÍ:ÊÚÌ�Û¤Ü�ÎÐðØô1Ì�Ï¤Î�Û:×�ôÚÙKÝ?��Í:Ê1ÌÏ:ÎÐóÅÌDÝKÕ<Ü*ÕGÝ1Ì�Ý«ÎÐÙÚÝ ó ôÚð<Í:ÕØÓKðØÕ<Ì�Ý�ö*õ ÎÇï4ÎÐÔ�Í�×ÐÛ ×Ðï��*ì ÉËÊÚÕGÏ²Ï�Í:ôÚÝ1õ«ÕØÏ'ÙÚ×ÐÍ Ì	�*ôÚÕ<Ü�ÎÐð<Ì�Ù�Í Í�×þÔQÊKÎÐÙ1ò�ÕØÙ1òÍ:Ê1ÌIÍ�ÛQÎÐÙÚÏ:ó`ÕGÏ:Ï:Õ<Ü,Õ<Í�õ Ü�ÎÐðØô1Ì�Ï�Ï:ÕØÙKÔ�ÌýÍ:Ê1ÌIï4ÛQÎÐÔ�Í:ô1Û:ÌIÎ�Ó Ì�Û:Í:ô1Û:ÌIÏ:Ê1×�ôKðØÝÇö ÌIÔQÊÚÎÐÙÚòÐÌ�Ý«Ô�×ÐÛ:Û:Ì�ðØÎ�Í:Õ<ÜÐÌ�ðØõ4/�ï�×ÐÛÕØÙÚÏ�Í:ÎÐÙÚÔ�Ì²×�ÙÚÌ Ô�×�ôÚðØÝÒÔ�×�ÙÚÏQÕØÝ1Ì�ÛPÎÅÔ�ðØÎÐÏQÏ:ÕØÔ�ÎÐð¬Ô�ô1ö>ÕØÔ�ðØÎ�ñ ï4×ÐÛËÍ:Ê1Ì Í�ÛQÎÐÙÚÏ:ó`ÕGÏ:Ï:Õ<Ü,Õ<Í�õÐì

ÎËÌ�Ï:ôKð<Í:ÏýÎ�ÛQÌúÓÚÛ:×�Ü*ÕGÝ1Ì�Ýß×�ÙüÖÚò�ô1Û:Ì�Ï�:*ì¼$1ì�3Ú×ÐÛ Ì�ÎÐÔBÊ�Í�ÛQÎÐÔ�Ì�Û	/ÀÍ:Ê1Ì ðØÎ�Í�Ì�ÛIÎ�Û:ÛQÕ<Ü�ÎÐð©Ô�×ÐÛ:ÛQÌ�Ï�Ó ×�ÙÚÝßÍ�×Í:Ê1Ì ðØ×0ñ¤Ì�Û�ÜÐÌ�ðØ×*Ô�Õ<ÍNõÇÜ�ÎÐðØô1ÌÐì�ÉËÊ1Ìý×�ô1Í�ÓKô1Í�÷Kô,ÿ,Ì�Ï�Î�ÛQÌ Ï�Ì�ÙKÏ:Õ<Í:Õ<ÜÐÌýÍ�× Í:ÊÚÌýÜÐÌ�ð<×,Ô�Õ<ÍNõþÎÐð<Í:Ê1×�ôÚò�Êþó`Î�Í�ÛBÕ ÿÝÚÕM9�ôÚÏ:Õ<×�Ù Ì)9 Ì�Ô�Í:ÏPÓKðGÎ�õ ÎÐÙÇÕØóÅÓ ×ÐÛ:Í:ÎÐÙûÍkÛ:×�ð<Ì ÕGÙ Í:Ê1Ì�Ï�Ì Ï�õ,Ï�Í�Ì�ó`Ï�ì©ÉËÊ1Ì'Ý1Ì�ðGÎ�õÒÕØÙ Í:Ê1Ì'Ó Ì�Î�Ñ Í:ÕØóÅÌ�ÏPï�×ÐÛÍ:Ê1ÌDÝÚÕ·9.Ì�Û:Ì�ÙûÍ Ô�ÎÐÏ�Ì�Ï Û:×�ôÚò�ÊÚð<õ Ô�×ÐÛ:Û:Ì�Ï�Ó ×�ÙÚÝÚÏ Í�×ÇÍ:Ê1ÌDÜÐÌ�ð<×,Ô�Õ<Í�õßÛBÎ�Í:Õ<×�Ï�ìC1�Ù�Î�ÓÚÓKÎ�ÛQÌ�Ù�Í:ð<õ«Ï:ôÚÛ:ÓÚÛQÕØÏQÕØÙ1òÓ.×�ÕGÙ�Í�Û:Ì�ðØÕØÌ�Ï²ÕØÙ�Í:Ê1Ì`ï�ÎÐÔ�Í²Í:ÊÚÎ�Í'Í:ÎÐÕØðØÕGÙ1òDÌ)9 Ì�Ô�Í:Ï Î�ÓÚÓ Ì�Î�Û'ÕØÙ«Ï�×�óÅÌ`Ô�ÎÐÏ�Ì�Ïýð<Ì�Ï:Ï²ÕØó`Ó.×ÐÛQÍ:ÎÐÙ�Í�ï4×ÐÛ ð<×0ñ¤Ì�ÛÍ�ÛQÎÐÙÚÏ:ó`ÕGÏ:Ï:Õ<Ü,Õ<Í�õÇÜ�ÎÐðØôÚÌ�Ï�ìúÉËÊÚÕGÏ�ÕGÏ'ÝÚô1ÌÅÍ�× Í:ÊÚÌ`ï4ÎÐÔ�Í Í:ÊÚÎ�Í'Í:Ê1ÌúóúÎ�Í�ÛQÕ ÿ«ÝÚÕM9�ôÚÏ:Õ<×�Ù�ÕØÏ'ðØÕGó`Õ<Í�Ì�Ý ÕØÙ Í:Ê1ÌÎÐð<Í�Ì�Û:Ì�ÝÒÎÐÙÚÝ Ù1×�Ù ÎÐð<Í�Ì�Û:Ì�Ý�
�×�Ù1Ì�Ï � Ì�ÿ,Í�Ì�ÙÚÏ:ÕØ×�ÙÒðØÕØó`Õ<Í�Ì�ÝúÍ�×����4Í�
øï4×ÐÛkö ×ÐÍ:Ê ôKÙÚÕ<Í:Ï¤ÕØÙú×�ôÚÛkÔ�ÎÐÏ:Ìc�Bì8ÉËÊ1Ìó`Î�ÿ,ÕGó`ÎÐð Û:Ì�Í�Ì�ÙûÍ:Õ<×�ÙÇÔ�Î�ÓKÎÐÔ�ÕØÍ�õ ÕØÏÈÊ1Ì�ÛQÌ²×ÐöÚÍ:ÎÐÕØÙ1Ì�Ý�ì
1�Ï¤Î Ô�×�ÙKÔ�ðØôÚÏ:Õ<×�Ù</�Ï�Ó Ì�Ô�ÕØÎÐðÚÔ�Î�Û:Ì�Ï:Ê1×�ôÚðGÝIö.ÌPÓKô1Í©ÕØÙûÍ�×'Í:Ê1Ì�Ì�Ï�Í:ÕØó`Î�Í:ÕØ×�Ù`×Ðï�Í:Ê1ÌË÷K×0ñ ÜÐÌ�ð<×*Ô�ÕØÍ�õ`ÎÐÙÚÝÍ�×ÐÍ:ÎÐð Ó.×ÐÛQ×�Ï:Õ<Í�õÅ×Ðï�Í:ÊÚÌ�óÅ×�Ï:Í¤ÝÚÕ·9 ôÚÏQÕ<ÜÐÌP
�×�Ù1Ì�ÏkÕØÙúÍ:Ê1Ì�Ü,ÕØÔ�ÕØÙKÕ<Í�õI×Ðï¬Í:Ê1Ì�ï4ÛQÎÐÔ�Í:ô1Û:ÌÐìOÉËÊÚÌ�Ï�ÌPÓKÎ�ÛBÎÐóÅÌ�Í�Ì�ÛQÏÎ�Û:Ì ÕGóÅÓ ×ÐÛ:Í:ÎÐÙ�Í ï�×ÐÛ Í:Ê1ÌDÎ�ÛQÛQÕ<Ü�ÎÐðOÍ:ÕØóÅÌD×ÐïÈÍ:Ê1Ì ó`Î�ÿ,ÕGóýôÚó}Û:Ì�ð<Ì�ÎÐÏ�ÌDÛQÎ�Í�ÌÐì²tÇ×ÐÛ:Ì ÕØÙ ÝÚÌ�ÓÚÍ:Ê ó`Î�Í�ÛBÕ ÿ


�×�Ù1Ì�ÏPÎ�Û:Ì'ó`×�Ï�Í:ð<õ Û:Ì�Ï�Ó ×�ÙÚÏ:Õ<ö>ð<ÌPï4×ÐÛËÍ:ÎÐÕØðØÕGÙ1òIÌ)9.Ì�Ô�Í:Ï�ÊÚÎ�Ü,ÕØÙ1ò`ÎÅó`ÕGÙ1×ÐÛËÕØóÅÓKÎÐÔ�ÍÈ×�Ù Í:Ê1Ì²Ó Ì�Î�Ñ Î�Û:ÛBÕ<Ü�ÎÐðÍ:ÕØóÅÌ'ÎÐÙÚÝ ÎÐó`ÓKðØÕ<Í:ôÚÝÚÌ�ÎÐÏ�Ï:Ê1×0ñ�ÙÒö Ì�ð<×0ñ'ì
l U�hemci b�i�meijb�k!n#h<n#Wjk<m�iEm�b�Qtstn&b�a�ivu SVU�web�d
� ÙIÍ:Ê1ÌPï�×ÐÛQó`Ì�ÛOÏ�Ì�Ô�Í:Õ<×�ÙT/ûÍ:Ê1ÌËÕØóÅÓKÎÐÔ�Í�×Ðï�Ý1Ì�Ì�Ó Ì�ÛOó`Î�Í�ÛQÕ<ÿ¢
�×�Ù1Ì�Ï©×�ÙÅöÚÛ:Ì�Î�Ñ*Í:Ê1Û:×�ô1ò�ÊÅÔ�ôÚÛ:ÜÐÌ�ÏOÎ�ÓÚÓ Ì�Î�Û:Ì�ÝðØÕØó`Õ<Í�Ì�ÝýÎÐÏ�Ô�×�óÅÓKÎ�Û:Ì�Ý ñPÕ<Í:ÊýÍ:Ê1ÌkÛ:×�ð<Ì8ÓKðØÎ0õÐÌ�Ýýö*õ'×ÐÍ:Ê1Ì�ÛOóúÎ�Í�ÛQÕ ÿ�
�×�Ù1Ì�ÏÀÔ�ð<×�Ï:Ì�Û
Í�×�Í:Ê1Ì¤ï4ÛQÎÐÔ�Í:ô1Û:ÌÐì ¦ Ì�Ü05Ì�Û:Í:Ê1Ì�ð<Ì�Ï:Ï	/�Í:Ê1ÌËó`Î�Í�ÛQÕ<ÿ¢
�×�Ù1Ì�ÏÀÓKÛ:×0Ü,ÕØÝ1ÌkÍ:Ê1ÌËðØÎ�ÛQòÐÌ�ÛOÏ�Í�×ÐÛQÎ�òÐÌËÜÐ×�ðØôKóÅÌÈï�×ÐÛÀÍ:ÊÚÌÈÓKðØôÚóÅÌ��
Ó.×ÐÛQ×�Ï:Õ<Í:Õ<Ì�Ï�Î�Û:ÌÛQÎ�Í:Ê1Ì�ÛËð<×�ñ � ���r��� ï�×ÐÛËôKÙÚÎÐð<Í�Ì�Û:Ì�Ý Û:×,Ô:Ñ~�8öKô1ÍkðØÎ�Û:òÐÌ²ÜÐ×�ðØôKóÅÌ�Ï¤×Ðï�Û:×,Ô:Ñ Î�Û:Ì'Î�Ü�ÎÐÕØðØÎ�ö>ð<Ì�ï4×ÐÛÈÛ:Ì�Í�Ì�ÙûÍ:Õ<×�Ù�ìÉËÊ1ÌP�*ô1Ì�Ï�Í:Õ<×�ÙÅÛBÎ�Í:Ê1Ì�Û8Ô�×�ÙÚÔ�Ì�ÛBÙÚÏOÍ:Ê1Ì�ÎÐÔ�Ô�Ì�Ï:Ï:Õ<öKÕGðØÕ<Í�õý×Ðï Í:Ê1Ì�Ï�ÌPÏ�Í�×ÐÛBÎ�òÐÌ�
�×�Ù1Ì�Ï�ìOÉPÊ1ÌËó`ÎÐÕØÙÅÓ>Î�ÛQÎÐóÅÌ�Í�Ì�ÛÍ�×'ö ÌkÔ�×�ÙKÏ:ÕØÝ1Ì�Û:Ì�ÝÅÕGÏÀÍ:Ê1ÌÈÌ�ÿ1ÔQÊÚÎÐÙ1òÐÌPÍ:ÕØóÅÌÈ×Ðï Í:Ê1ÌÈÓKðØôKóÅÌ8ñ�Õ<Í:ÊIÍ:Ê1ÌËó`Î�Í�ÛQÕ<ÿs
�×�Ù1Ì�Ï�ì�ÉPÊ1ÌËóÅÌ�ÔQÊKÎÐÙÚÕØÏ:óÔ�×�ÙÚÏ:ÕØÝ1Ì�ÛQÌ�ÝúÊ1Ì�Û:Ì�ï�×ÐÛ8Í�ÛQÎÐÙÚÏ�Ó ×ÐÛ:Í8ÕØÙ�Í�×ýÍ:Ê1Ì�óúÎ�Í�ÛQÕ ÿ�
�×�Ù1Ì�Ï¤ÕØÏ©ÕGÙÚÝ1Ì�Ì�ÝúÝKÕM9 ôKÏ:Õ<×�Ù � Ô�×ÐÛ:Û:Ì�Ô�Í�Ì�Ý ö*õ`ðØÕØÙ1Ì�Î�ÛÏ�×ÐÛ:ÓÚÍ:Õ<×�ÙúÌ)9.Ì�Ô�Í:Ï8ï4×ÐÛ¤Ï�×ÐÛQöKÕØÙ1ò²Í�ÛQÎÐÔ�Ì�ÛBÏ��Bì Ê Ù1ÌPóúÎ�õ`Û:Ì�Ó ×ÐÛ:ÍÀÍ�× ÖÚò�ô1ÛQÌØ:*ìr�²ñPÊÚÌ�Û:ÌËñ¤Ì�Ï:Ê1×�ñ Í:ÊÚÌPÍ�×ÐÍ:ÎÐð÷Kô,ÿ,Ì�ÏËÔ�×ÐÛ:Û:Ì�Ï�Ó ×�ÙÚÝKÕØÙ1ò Í�×úÝÚÕM9 Ì�Û:Ì�ÙûÍËÙ1×�Ù ÎÐð<Í�Ì�Û:Ì�Ý+
�×�Ù1Ì Ý1Ì�ÓÚÍ:ÊKÏ�ì î Ì ÊÚÎ0ÜÐÌ��

> Í:Ê1Ì'ö>ÎÐÏ�Ì'Ô�ÎÐÏ�ÌýÔ�×�ÙKÏ:ÕØÝ1Ì�Û:Ì�Ý ÓKÛ:Ì�Ü*ÕØ×�ôÚÏ:ð<õ4/1Ù1×�Ù ÎÐðØÍ�Ì�Û:Ì�ÝC
�×�Ù1Ì'ö*õC���4Í�
 ÕØÙ ï�ôÚðØð ðØÕØÙ1Ì4/
> Í:Ê1Ì ÏQÎÐóÅÌ Ô�ÎÐÏ�Ì'ñ�Õ<Í:Ê1×�ô1ÍËÙ1×�ÙÒÎÐðØÍ�Ì�Û:Ì�Ý+
�×�Ù1Ì � Ý1Ì�ÓÚÍ:Ê+�4Í�
���/KÕØÙÒðØ×�Ù1ò`Ý1×ÐÍ:Ï�/
> Í:Ê1Ì ÏQÎÐóÅÌ Ô�ÎÐÏ�Ì'ñ�Õ<Í:ÊÒð<×�Ù1òÐÌ�ÛPÙÚ×�Ù ÎÐð<Í�Ì�Û:Ì�ÝC
�×�ÙÚÌ'öûõ��)
�/ÚÕØÙÒÏQÊ1×ÐÛ:ÍPÝ1×ÐÍ:Ï�ì

1�ÏýÔ�ÎÐÙßö Ì`Ï�Ì�Ì�Ùß×�Ù ð<×Ðò�5�ð<×ÐòÇÏ:Ô�ÎÐðØÌ4/�Í:Ê1ÌDÔ�ô1Û:ÜÐÌ�Ï'Ó ×*×ÐÛQð<õ�ÝÚÕM9 Ì�Û²ï�Û:×�óÄÌ�ÎÐÔQÊü×ÐÍ:Ê1Ì�Û	/�Ï:Ê1×0ñ�ÕØÙ1ò Í:ÊÚÎ�Í�/ï�×ÐÛ�Í:Ê1Ì'÷Ú×�ñ ÜÐÌ�ð<×,Ô�Õ<Í�õÒÔ�×�ÙÚÏQÕØÝ1Ì�Û:Ì�ÝT/ÚóúÎ�Í�ÛQÕ ÿÒÝÚÕM9�ôÚÏ:Õ<×�Ù Ý1×*Ì�ÏPÙ1×ÐÍPÓKðØÎ�õ Î`Ý1×�óúÕØÙÚÎÐÙûÍÈÛ:×�ð<ÌÐìIX�Ì�Û:Ìýï�×ÐÛÕØÙÚÏ�Í:ÎÐÙÚÔ�Ì4/�Ì�ÜÐÌ�Ù�ÕØÙßÍ:ÊÚÌDÔ�ÎÐÏ�Ì ×ÐïÈÍ:Ê1Ì��)
qÝ1Ì�Ì�Ó¤
�×�ÙÚÌ4/ÀÍ:Ê1ÌDÙ1×�ÙüÎÐð<Í�Ì�Û:Ì�Ý 
�×�Ù1ÌDÔ�×�ÙûÍ�Û:×�ðØÏ ð<Ì�Ï:ÏýÍ:ÊÚÎÐÙ
���0� ×Ðï�Í:Ê1Ì²Í�×ÐÍ:ÎÐð"ÕGÙÚÕ<Í:ÕØÎÐðØðØõ`ó`ÎÐÏ:ÏÈÓÚÛQÌ�Ï�Ì�Ù�Í�ÕØÙ Í:Ê1Ì'Ï�õ,Ï�Í�Ì�óÒì

ÉËÊÚÕØÏÈÔ�×�ôKðØÝÒÙ1Ì�ÜÐÌ�Û:Í:Ê1Ì�ðØÌ�Ï:ÏÈö Ì'ÝÚÕM9 Ì�Û:Ì�ÙûÍÈï�×ÐÛPÏQð<×0ñ¤Ì�ÛËÜÐÌ�ð<×,Ô�Õ<Í�õ Û:Ì�ò�ÕGóÅÌ�ÏÈï4×ÐÛËñPÊÚÕØÔBÊ Í:Ê1Ì²Ó Ì�Ù1Ì�Í�ÛQÎ�5Í:Õ<×�Ù Ý1Ì�ÓÚÍ:Ê�ñ8×�ôKðØÝ ÕØÙÚÔ�Û:Ì�ÎÐÏ�ÌÐì��*×DÍ:ÊÚÌIÎ�ö ×�ÜÐÌ`Ô�×�ÙÚÔ�ðØôÚÏ:ÕØ×�Ù�ÏQÊ1×�ôÚðØÝþÙ1×ÐÍ�ö.ÌIÌ�ÿ,Í�ÛQÎ�Ó ×�ðØÎ�Í�Ì�Ý Í�× ×ÐÍ:Ê1Ì�Û
¸ :



�&¹	�	º�»¼�)���½���¾� ������»¿���)»¿��À��ÂÁ·�4���IÃ���Ä#��Å x)y z|{~}�z|�Gz�x	}��0�G}�����}������

time (y)

Total Flux

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−20

1.E−19

1.E−18

1.E−17

1.E−16

1.E−15

1.E−14

1.E−13

1.E−12

1.E−11
MINIMUM :  0.1078E−19
MAXIMUM :  0.4276E−11

iodine

strontium

cobalt

technecium

americium

id

id

id

id

Ï�Ð�Ñ C à�×ëÐ�ófe�î�Þ�Ð�×<×ÈÙ�ÔÌà�îc×Èó¿Ôí×hgMà�Ý � Õ¿ÝëÐ�ìÂÕ¿ÖiK�î�×

time (y)

Norm. Cum. Mass exiting

1.E−2 1.E−1 1.E0 1.E1 1.E2 1.E3 1.E4 1.E5 1.E6 1.E7 1.E8

1.E−10

1.E−9

1.E−8

1.E−7

1.E−6

1.E−5

1.E−4

1.E−3

1.E−2

1.E−1

1.E0
MINIMUM :  0.1278E−09
MAXIMUM :  0.9988

iodine

strontium

cobalt

technecium

americium

id

id

id

id

Ï·Ü�ÑTòGî�ÛKîcórÐ�×ÈÕ
L)ÔoÛPÐ�ÓZÓ

3
ÕØò�ô1Û:Ì°:*ì¼$&�½�,Ì�ÙÚÏ:Õ<Í:Õ<Ü,Õ<ÍNõ Í�×ÒÍ:Ê1ÌÅÍ�ÛQÎÐÙÚÏQó`ÕØÏ:Ï:ÕØÜ*Õ<ÍNõÒÜ�ÎÐðGô1Ì=�yx M{z � ����� !}| 
 * ,�-0/Nx *~z $&����� !#. 
 * ,�-ÎÐÙKÝ�x 7dz � ����� !('�
+*�,�-�ì

¸4¸



x)y z|{~}�z|�Gz�x	}��0�G}�����}������ ��� j	�Æx���À��I»¼�)» ��»¼��k��	À	���Fkc�I»¿�

Ï�õ*Ï:Í�Ì�ó`ÏÀÕØÙûÜÐ×�ð<Ü*ÕGÙ1ò�ÏQô&´úÔ�Õ<Ì�ÙûÍ
ÕGó`óÅ×ÐöKÕØðØÌ 
�×�Ù1ÌkÜÐ×�ðØôÚó`ÌkÎÐÙKÝ ÏQð<×0ñ¤Ì�ÛÀ÷Ú×0ñ ÖKÌ�ðØÝ�ìË�,ôÚÔQÊIÎ�Ï:ð<×�ñ8Ì�ÛÀ÷K×0ñÖÚÌ�ðØÝ Ô�ÎÐÙþö Ì'×ÐöÚÍ:ÎÐÕØÙ1Ì�ÝÇÎÐÏPÍ:Ê1Ì Ô�×�ÙÚÏ�Ì	�*ô1Ì�ÙÚÔ�Ìý×ÐïOÎ`ð<×0ñ¤Ì�Û�Ê1Ì�ÎÐÝ òÐÛQÎÐÝKÕ<Ì�Ù�Í�×ÐÛ�ÎÐÏ�ñ8Ì�ðGð�ï�×ÐÛ�ï�ÛBÎÐÔ�Í:ô1Û:Ì�ÏÏ:Ê1×0ñ�ÕØÙ1ò`Ï:ó`ÎÐðGð<Ì�ÛÈÎ�Ó.Ì�ÛQÍ:ô1Û:Ì � Ï:ó`ÎÐðGð<Ì�ÛÈÍ�ÛQÎÐÙÚÏ:óúÕØÏ:Ï:Õ<Ü,Õ<ÍNõ&�Bì
1�ÏIÎ�Ô�×�ÙÚÏ�Ì	�*ô1Ì�ÙÚÔ�Ì4/OÍ:ÊÚÌDÓÚÛQÌ�Ï�Ì�Ù�ÍýÛ:Ì�Ï:ôÚðØÍ:ÏýÔ�ÎÐÙ�ö ÌDÔ�×�ÙÚÏQÕØÝ1Ì�Û:Ì�Ý�ÎÐÏ Ó.Ì�ÏQÏ:ÕØó`ÕØÏ:Í:ÕØÔÅÎÐÏ Í�×�ó`Î�Í�ÛBÕ ÿÝÚÕM9�ôÚÏ:Õ<×�ÙÅÕØó`Ó.×ÐÛQÍ:ÎÐÙÚÔ�ÌÐìÀÉËÊ1ÌËÓKÕGÔ�Í:ô1Û:ÌÈÓÚÛ:×�Ü*ÕGÝ1Ì�ÝúÕØÙ`Í:Ê1ÌPÛ:Ì�Ô�Ì�ÙûÍ²ÞA@CBjD¯FQâ�ãZH â�äKJ�á·L é�N¬ë.Û:Ì�Ó ×ÐÛ:Í©Ï:ÊÚ×0ñPÏÍ:ÊÚÎ�Í ï�ÎÐôÚð<Í¢
�×�Ù1Ì�ÏýÎ�Í  1�Ï:Ó  ×þÔ�ÎÐÙ�ÝÚÕM9 Ì�Û ï4Û:×�óÄÍ:ÊÚÌúÓÚÛ:Ì�Ï:Ì�Ù�ÍýÛ:Ì�ÓÚÛ:Ì�Ï�Ì�ÙûÍ:Î�Í:Õ<×�Ù�ÝÚô1Ì`Í�×þÍ:Ê1ÌúÓKÛ:Ì�Ï�Ì�ÙÚÔ�Ì×Ðï�óúÕØÙ1×ÐÛ`Ï:ô1öKÓKÎ�ÛQÎÐðØð<Ì�ð¤ï4ÛQÎÐÔ�Í:ô1Û:Ì�Ï � Í�õ*Ó Ì����Bì ÉPÊ1Ì�Ï�ÌÒÓÚÛ:×�Ü*ÕGÝ1Ì Ï:ð<×�ñ^ÜÐÌ�ð<×,Ô�Õ<Í�õxÔBÊÚÎÐÙÚÙ1Ì�ðØÏ`Í:ÊÚÎ�ÍúÎ�Û:ÌÕØóÅÓ ×ÐÛ:Í:ÎÐÙûÍ ÓKÎ�Í:Êûñ¤Î0õ*Ï`Í�×0ñkÎ�ÛQÝbÍ:Ê1Ì ó`Î�Í�ÛQÕ ÿ¤
�×�ÙÚÌ�Ï�ìßÉËÊ1Ì�Ï�Ì ÕØÙ�Ï�×�óÅÌÒÏ�Ì�ÙÚÏ�Ì Õ<Û:ÛBÕ<ò�Î�Í�ÌDÍ:ÊÚÌ ó`Î�Í�ÛBÕ ÿ
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1.E−20

1.E−19
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iodine

strontium
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technecium
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�×�Ù1Ì�ÏOÏ:Ê1×�ôKðØÝ ö ÌÈÕØÝ1Ì�ÙûÍ:Õ<ÖÚÌ�Ý¬ì

£ ôÚÌPÍ�× Í:Ê1Ì�Ô�×�óÅÓ>ð<Ì�ÿ,ÕØÍ�õÅ×Ðï�Í:Ê1Ì�Ï�õ*Ï:Í�Ì�óC/ûñ¤ÌPÓKÛ:×*Ô�Ì�Ì�ÝÚÌ�ÝDÊ1Ì�ÛQÌËöûõ`Ù*ôÚóÅÌ�ÛBÕØÔ�ÎÐðKÏ:ÕGóýôÚðGÎ�Í:Õ<×�ÙIÍ�× ÎÐÏQÏ�Ì�Ï:ÏÍ:Ê1ÌúÛ:×�ðØÌú×ÐïÈÌ�ÎÐÔQÊ\
�×�ÙÚÌúï4×ÐÛýÌ�ÎÐÔBÊü÷K×0ñ Û:Ì�ò�ÕØóÅÌÐì � ÍýÎ�ÓKÓ.Ì�Î�ÛQÌ�Ý ï4×ÐÛ Í:Ê1Ì ÷Ú×�ñùÛ:Ì�ò�ÕGóÅÌ�ÏýÔ�×�ÙKÏ:ÕØÝ1Ì�Û:Ì�ÝÎÐÏ²ñ8Ì�ðGð
ÎÐÏ�Í:ÊÚÌÅòÐÌ�×�óÅÌ�Í�ÛQÕØÔ�ÎÐðÀï4Ì�Î�Í:ô1Û:Ì�Ï ÎÐÙÚÝ�Í�ÛQÎÐÙÚÏ�Ó ×ÐÛ:Í�ÓKÎ�ÛQÎÐó`Ì�Í�Ì�Û²ÓÚÛ:×0Ü,ÕØÝ1Ì�Ý�Í:ÊÚÎ�Í²Í:ÊÚÌ`ÕØó`óÅ×ÐöKÕGð<Ì
�4w
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�×�Ù1Ì�ÏËï4Ì�ðØð�ÕØÙ ÍNñ8× Ô�Î�Í�Ì�òÐ×ÐÛQÕ<Ì�Ï¢�
> ÉËÊ1Ì ÕØó`ó`×ÐöKÕØð<ÌC
�×�Ù1Ì�ÏÒÔ�ðØ×�Ï�ÌþÍ�×bÍ:Ê1Ì�ï4ÛQÎÐÔ�Í:ô1Û:Ì�ÓÚÛ:×�Ü*ÕØÝKÕØÙ1ò ðØÎ�ÛQòÐÌ�Û ÝÚÕ·9 ôÚÏQÕ<Ü*ÕØÍ:Õ<Ì�Ï`ÎÐÙÚÝ ð<×0ñ¤Ì�ÛÝ1Ì�ÓÚÍ:Ê¥�OòÐ×�ô1òÐÌ ó`Î�Í�Ì�ÛBÕØÎÐðZ/1ï4ÛQÎÐÔ�Í:ô1Û:Ì Ô�×�Î�Í:ÕGÙ1ò&/Kóýõ*ð<×�ÙKÕ<Í�ÌÐì
> ÉËÊ1Ì ÕØó`óÅ×Ðö>ÕØð<Ì%
�×�Ù1Ì�Ï�óÅ×ÐÛ:ÌIÕØÙÇÍ:Ê1Ì ÝÚÌ�ÓÚÍ:Ê ×ÐïOÍ:ÊÚÌ ó`Î�Í�ÛBÕ ÿÒöKð<×,Ô�Ï�ðØÕØÑÐÌ ÎÐð<Í�Ì�Û:Ì�Ý�Û:×,Ô:Ñ ×ÐÛ�Ù1×�ÙÎÐð<Í�Ì�Û:Ì�ÝÇÛ:×,Ô:Ñ.ì

ÉËÊ1Ì�ÖÚÛQÏ�Í¤Í�õ*Ó Ì�×Ðïe
�×�Ù1Ì²×�ÙÚðØõúÕØÏ¤Û:Ì�ð<Ì�Ü�ÎÐÙ�Íkï4×ÐÛÈÌ�ÿ*Ó Ì�ÛQÕGóÅÌ�Ù�Í:ÎÐð.Í�ÛQÎÐÔ�Ì�ÛPÍ�Ì�Ï�Í:ÏÈöKô1Í¤ÓKðØÎ0õ*ÏkÎIöKô&9.Ì�ÛkÛ:×�ð<Ìï�×ÐÛ²Í:Ê1Ì�®¯1ùÍ:ÕØóÅÌÅÏ:Ô�ÎÐð<ÌÅÔ�×�ÙÚÏ:ÕGÝ1Ì�Û:Ì�Ý ÎÐÙÚÝ«Ô�ÎÐÙ ö ÌIÛ:Ì�ÓKðØÎÐÔ�Ì�Ý ö*õþÎ Û:Ì�Í�Ì�ÙûÍ:Õ<×�Ù«ï�ÎÐÔ�Í�×ÐÛ�ìIÉËÊ1ÌIÏ�Ì�Ô�×�ÙÚÝÍ�õ*Ó.Ì ×ÐïV
�×�Ù1ÌýÎÐÔ�Í:Ï�ÎÐÏËÎúÝÚôÚÎÐð Ó ×ÐÛ:×�Ï:Õ<ÍNõ³
�×�ÙÚÌ'ï�×ÐÛØ®G1
Í:ÕØó`Ì'Ï:Ô�ÎÐð<ÌÐì
;¤ÎÐÏ:Ì�Ýb×�ÙbÍ:ÊÚÕØÏ ÎÐÙÚÎÐð<õ,Ï:ÕØÏ Î�ÏQÕØóÅÓKð<Ì�®¯1ZóÅ×,Ý1Ì�ð¤Ô�ÎÐÙbö.Ì ÓÚÛ:×ÐÓ ×�Ï�Ì�Ý�ÎÐÙÚÝbôÚÏ�Ì�Ý�ï4×ÐÛ�®G1ZÓKô1Û:Ó ×�Ï�Ì�Ï�ì
� Í ÕØÙÚÔ�ðØôÚÝÚÌ�Ï²ÎÇÏ:ÕØÙÚò�ð<Ì`÷Ú×�ñùÔQÊKÎÐÙÚÙ1Ì�ðOñ�Õ<Í:Êß×ÐÛ:Í:ÊÚ×ÐòÐ×�ÙÚÎÐð8ÝKÕM9 ôKÏ:Õ<×�Ù«ÕØÙßÎÐÙüÌ	�*ôÚÕ<Ü�ÎÐð<Ì�Ù�Íýó`Î�Í�ÛQÕ ÿ�
�×�Ù1Ì
� Ï�Ì�Ô�×�ÙÚÝ�
�×�Ù1Ìc��ñPÊ1Ì�Û:Ì�ÎÐÏ�Í:Ê1ÌÈÓKÛ:Ì�Ï�Ì�ÙÚÔ�Ìk×Ðï.Í:Ê1ÌÈ×ÐÍ:Ê1Ì�Û©ó`Î�Í�ÛBÕ ÿ°
�×�Ù1Ì�Ï � ÖKÛQÏ�ÍÂ
�×�Ù1Ìc�
Ô�ÎÐÙÅö ÌÈÎÐÔ�Ô�×�ôÚÙûÍ�Ì�Ýï�×ÐÛ'ö*õ Î Û:Ì�Í:Î�ÛQÝÚÎ�Í:Õ<×�Ùßï4ÎÐÔ�Í�×ÐÛ�ì³1�ÙÚÎÐðØõûÍ:ÕØÔ�ÎÐðÀÏ:×�ðØô1Í:Õ<×�ÙÚÏ�ï4×ÐÛ'Ï:ôÚÔBÊßÎ óÅ×,Ý1Ì�ð
Ì�ÿ1ÕØÏ�Í'ÕØÙ Í:Ê1Ì`ðGÕ<Í�Ì�ÛQÎ�Í:ô1Û:Ì
� Ï�Ì�ÌIÞÈÇ(J�D6Hþâ�äYJÐáML%Éûê ë>×ÐÛ'Þ
È¤J�á ç�è�É0â.Ê�èHË�B¤â�äIÌhÍ#FQâ�ã�ÉfÎ ë ï�×ÐÛkÕØÙÚÏ:Í:ÎÐÙÚÔ�Ìc�Bì � Í¤Ï:Ê1×�ôÚðGÝ`ö ÌPÙ1Ì�ÜÐÌ�Û:Í:ÊÚÌ�ð<Ì�Ï:Ïö.Ì�Ï�Í�Û:Ì�Ï:Ï:Ì�ÝDÍ:ÊKÎ�Í8ï4×ÐÛkòÐÌ�Ù1Ì�ÛQÎÐð.Ô�ÎÐÏ�Ì�Ï�/1Í:Ê1Ì�Ý1×�ó`ÎÐÕØÙú×Ðï¬Ü�ÎÐðØÕØÝÚÕ<ÍNõÅÊÚÎÐÏ¤Í�×ýö Ì�ÕØÝ1Ì�ÙûÍ:Õ<ÖÚÌ�Ý`Ý1Ì�Ó Ì�ÙÚÝKÕØÙ1ò ÕØÙÓKÎ�Û:Í:ÕØÔ�ôÚðGÎ�ÛÈ×�ÙÒÍ:Ê1Ì'÷Ú×�ñ Û:Ì�ò�ÕØó`Ì'Ô�×�ÙÚÏ:ÕØÝ1Ì�ÛQÌ�ÝÒÎÐÏPÝ1Ì�ÜÐÌ�ð<×ÐÓ Ì�ÝÒö Ì�ð<×�ñ'ì

ÉËÊ1Ì ðGÎÐÏ�ÍËÓ ×�ÕØÙûÍÈÍ�×úö Ì óÅÌ�ÙûÍ:Õ<×�Ù1Ì�ÝþÕØÏÈÍ:Ê1Ìýñ¤Î0õÒÍ�×DÔ�×�óÅÌýÍ�×úÍ:Ê1Ì ÕØÙ1ï4×ÐÛQó`Î�Í:Õ<×�ÙÒÎ�ö ×�ô1ÍËÍ:ÊÚÌ òÐÌ�×�5óÅÌ�Í�ÛQÕØÔ�ÎÐð1ï4Ì�Î�Í:ô1Û:Ì�Ï©×Ðï Í:Ê1ÌP
�×�Ù1Ì�Ï8ÎÐÏOñ¤Ì�ðØðÚÎÐÏOÍ:ÊÚÌ�Õ<ÛÀÓKÎ�ÛQÎÐóÅÌ�Í�Ì�Û8Ü�ÎÐðGô1Ì�Ï�ìÀÉËÊ1ÌÈÖÚÛBÏ�ÍÀÍ�õ*Ó ÌË×Ðï�ÕØó`óÅ×ÐöKÕGð<Ì

�×�Ù1Ì�Ï�Ô�ð<×�Ï�Ì Í�× Í:Ê1Ìýï�ÛQÎÐÔ�Í:ôÚÛ:ÌýÎ�Û:ÌIÎÐÔ�Ô�Ì�Ï:Ï�Ì�Ý�ö*õÒÍ�ÛQÎÐÔ�Ì�Û�Í�Ì�Ï�Í:Ï�ìÐÏ�Ù1ï4×ÐÛ:Í:ôÚÙÚÎ�Í�Ì�ðØõ4/.ÕØÙûÍ�Ì�òÐÛQÎ�Í:Õ<×�Ùþ×ÐïÀÍ:Ê1ÌÕØÙ1ï4×ÐÛQó`Î�Í:Õ<×�Ù Ô�×�ÙûÍ:ÎÐÕØÙ1Ì�Ý ÕGÙþÍ:ÊÚÌ`öÚÛ:Ì�Î�Ñ*Í:Ê1Û:×�ô1ò�Ê«Ô�ôÚÛ:ÜÐÌ�Ï'óÅÌ�ÎÐÏ:ôÚÛ:Ì�ÝßÝ1×*Ì�Ï²Ù1×ÐÍ Ï�Í�ÛQ×�Ù1ò�ð<õþÔ�×�ÙKÏ�Í�ÛQÎÐÕØÙÍ:Ê1ÌúÏ�õ,Ï�Í�Ì�óC/"ðØÌ�Î�Ü,ÕØÙ1òÒÍ:Ê1ÌúÏ:ÓKÎÐÔ�ÌÅï�×ÐÛýðØÎ�Û:òÐÌúôÚÙKÔ�Ì�Û:Í:ÎÐÕØÙûÍ:Õ<Ì�Ï�ìÅÉËÊÚÕØÏ²ÕGÏ�Í�ÛQô1ÌÅï4×ÐÛ'Í:Ê1ÌÅï�Î�ÜÐ×ÐÛQÎ�öKðØÌúÔ�ÎÐÏ�ÌñPÊ1Ì�Û:Ì ÎúÛ:Ì�ðØÎ�Í:Õ<×�ÙþÔ�ÎÐÙÇö Ì'öKÛ:×�ô1ò�ÊûÍPö Ì�Í�ñ¤Ì�Ì�ÙþóúÎ�Í�ÛQÕ ÿ ÝÚÕM9�ôÚÏ:Õ<×�ÙÒÔ�×*Ì�´úÔ�Õ<Ì�ÙûÍ�/.Ó.×ÐÛQ×�Ï:Õ<Í�õÒÎÐÙÚÝÇÛ:Ì�Í�Ì�Ù�5Í:Õ<×�Ù Ô�×*Ì�´úÔ�Õ<Ì�ÙûÍýð<Ì�Î0Ü*ÕGÙ1ò Í:Ê1Ì ó`Î�Í�ÛQÕ ÿ«ÝÚÕM9�ôÚÏ:Õ<×�Ù«Ô�×*Ì�´úÔ�Õ<Ì�ÙûÍ ÖKÌ�ðØÝßÎÐÏ'Í:ÊÚÌú×�ÙÚð<õ�ÓKÎ�ÛQÎÐó`Ì�Í�Ì�ÛýÍ�×þö.ÌÌ�Ï�Í:ÕØó`Î�Í�Ì�Ý�ì=;kô1Í'ï4×ÐÛ Í:Ê1ÌDòÐÌ�Ù1Ì�ÛQÎÐð8Ô�ÎÐÏ�Ì4/�Í:ÊÚÌDÝÚÎ�Í:ÎÒÛQÌ	�ûôÚÕØÛ:Ì�óÅÌ�ÙûÍ:Ï'ï4×ÐÛ'Í:Ê1Ì³®¯1 Í:ÕØóÅÌDÏ:Ô�ÎÐð<ÌúÏ:ÕGóýô�5ðØÎ�Í:Õ<×�ÙÚÏ�Î�Û:ÌÅÙ1×ÐÍ²óÅÌ�Í�ì � ÙÚÝÚÌ�Ì�ÝT/ Í:Ê1ÌIÍ�ÛQÎÐÔ�Ì�Û'Í�Ì�Ï�Í:Ï�ÓÚÛQ×0Ü,ÕØÝ1ÌIÕØÙ1ï4×ÐÛQó`Î�Í:Õ<×�Ù Î�ö ×�ô1Í�Í:Ê1Ì�Ï�Ì�
�×�Ù1Ì�Ï'ÎÐÏ²ÎÝÚôÚÎÐð Ó ×ÐÛ:×�Ï:Õ<ÍNõDÏ�õ,Ï�Í�Ì�ó �À×�ÙÚÌ ó`Î�õ ÕØÝ1Ì�ÙûÍ:Õ<ï4õúÎÅÓKÎ�ÛBÎÐóÅÌ�Í�Ì�ÛËòÐÛ:×�ô1ÓÒï�ôÚÙÚÔ�Í:ÕØ×�Ù ×Ðï�Ó ×ÐÛ:×�Ï:ÕØÍ�õ4/ÚÝÚÕM9�ôÚÏ:ÕØ×�ÙÔ�×ûÌ�´úÔ�ÕØÌ�Ù�Í�/Úï4ÛQÎÐÔ�Í:ô1ÛQÌ�Î�Ó Ì�Û:Í:ôÚÛ:Ì²ÎÐÙÚÝ Û:Ì�Í:Î�ÛQÝÚÎ�Í:ÕØ×�Ù ï4ÎÐÔ�Í�×ÐÛ�ìY31×ÐÛØ®¯1 Í:ÕGóÅÌ²Ï:Ô�ÎÐð<Ì4/ÚÍ:Ê1Ì�Ï:Ì�
�×�ÙÚÌ�ÏËÝ1×�ÙNÇ ÍÎÐÔ�ÍPÎÐÏËÎIÍ�ÛQÎÐÙÚÏQÕ<Í�×ÐÛ:õúÛQÌ�Í�Ì�Ù�Í:Õ<×�Ù?
�×�Ù1Ì²öKô1Íkï4×ÐÛËÍ:Ê1Ì²Í:ÕØó`Ì�ÏQÔ�ÎÐð<Ì'Ô�×�ÙÚÏ:ÕØÝÚÌ�Û:Ì�ÝÒÎÐÔ�ÍPÎÐÏËÎÐÙÒÌ�ÿ,Í�Ì�ÙÚÏ:ÕØ×�Ù ×ÐïÍ:Ê1ÌÈï�ÛBÎÐÔ�Í:ô1Û:Ì4/ûÔ�×�ÙûÍ�ÛQÕ<ö>ô1Í�ÌkÍ�×'Í:Ê1ÌÈÛ:Ì�Í:Î�ÛQÝKÎ�Í:Õ<×�ÙÅï�ÎÐÔ�Í�×ÐÛ�ìOÉËÊ1ÌkÓKÎ�ÛQÎÐó`Ì�Í�Ì�Û©Û:Ì	�*ôÚÕ<Û:Ì�ÝIÕØÏÀÊÚÌ�Û:ÌkÍ:Ê1ÌËÍ�×ÐÍ:ÎÐðÓ.×ÐÛQ×�Ï:Õ<Í�õ � ÕØÙ�ÜÐ×�ðØÜ*ÕØÙÚò'Û:Ì�Í�Ì�ÙûÍ:Õ<×�Ù ï4ÎÐÔ�Í�×ÐÛÈï4×ÐÛÈÏ�×ÐÛ:öKÕGÙ1ò'Í�ÛQÎÐÔ�Ì�ÛQÏ��Bì©ÉËÊÚÕØÏ©ÓKÎ�ÛQÎÐóÅÌ�Í�Ì�ÛËÔ�ÎÐÙhÇ Í¤ö Ì�Ý1Ì�ÝÚôÚÔ�Ì�Ýï�Û:×�ó Í�ÛQÎÐÔ�Ì�ÛÅÍ�Ì�Ï:Í:Ï�ì �*×&/Oï4×ÐÛIÓÚÛ:Ì�ÝÚÕØÔ�Í:ÕØ×�ÙT/�×�Ù1Ì ÏQÊ1×�ôÚðØÝüÛ:Ì�ð<õßô1Ó ×�Ù�ÕØÙÚÝ1Ì�Ó Ì�ÙÚÝÚÌ�Ù�Í ó`Ì�ÎÐÏ:ô1Û:Ì�óÅÌ�ÙûÍ:Ï�ìÉËÊÚÕØÏ'ÕGÏ²Í�ÛQô1ÌDï�×ÐÛýÍ:Ê1Ì�Ï�ÌDÊKÕ<ò�Ê«Ó ×ÐÛ:×�Ï:Õ<ÍNõ±
�×�Ù1Ì�ÏýÎÐÏ ñ8Ì�ðGð©ÎÐÏ'ï4×ÐÛ Í:Ê1ÌúÝ1Ì�Ì�Ó Ì�Û°
�×�ÙÚÌ�Ï ñPÊKÕØÔQÊßÎ�ÛQÌDÙ1×ÐÍÎÐÔ�Ô�Ì�Ï:Ï�Ì�Ý�Î�ÍPÎÐðØð ö*õDÍ�ÛQÎÐÔ�Ì�Û�Í�Ì�Ï�Í:Ï�ì
£ Ì�Í:ÎÐÕGð<Ì�ÝÅÔQÊÚÎ�ÛBÎÐÔ�Í�Ì�ÛQÕ·
�Î�Í:Õ<×�Ùú×ÐïKÍ:Ê1ÌËÏ�õ,Ï�Í�Ì�ó Ô�×�ôÚðGÝIö.ÌkÝ1×�Ù1ÌÈ×�ÙÅÎ�òÐÌ�×�ð<×Ðò�ÕGÔ�ÎÐðÚÎÐÙÚÎÐð<×ÐòÐ×�ôÚÏ©Î�ÍOÎÐÙ1×ÐÍ:Ê1Ì�Ûð<×*Ô�Î�Í:ÕØ×�ÙÇ×ÐïOÍ:ÊÚÌ Ï�õ,Ï�Í�Ì�óÒì%vkÊÚÎ�ÛQÎÐÔ�Í�Ì�ÛBÕ·
�Î�Í:Õ<×�Ù�×ÐïÀÍ:Ê1ÌIÊ1Ì�Í�Ì�Û:×ÐòÐÌ�Ù1Ì�Õ<ÍNõÇ×ÐïOÍ:ÊÚÌýó`Î�Í�ÛQÕ<ÿ+
�×�Ù1Ì�Ï�Ï:Ê1×�ôÚðØÝö.Ì�Ý1×�Ù1Ì�ÕØÙÚÔ�ðGôÚÝÚÕØÙ1ò�Í:Ê1Ì²Ï�Ó>Î�Í:ÕØÎÐð>Ï:Í:Î�Í:ÕØÏ�Í:ÕØÔ�ÎÐð Ï�Í�ÛQôKÔ�Í:ô1Û:ÌP×Ðï�Í:Ê1Ì�óÅ×ÐÛ:Ì�Ó.×ÐÛQ×�ôÚÏ 
�×�ÙÚÌ�ÏÈÕØÙúÍ:ÊÚÌ�Ü,ÕØÔ�ÕØÙÚÕØÍ�õ×ÐïÀÍ:Ê1Ì'ï4ÛQÎÐÔ�Í:ô1Û:ÌÐìkÉËÊ1Ì'Ü�Î�ÛQÕØÎ�ö>ÕØðØÕ<ÍNõú×Ðï�Í:ÊÚÕØÏ�óÅ×ÐÛ:Ì ÝÚÕ·9 ôÚÏQÕ<ÜÐÌ2
�×�Ù1ÌýÕØÏPï�×ÐÛ�®¯1 Í:ÕGóÅÌ Ï:Ô�ÎÐð<ÌýÍ:Ê1Ì ó`Îc8�×ÐÛÕØÙ1ï4×ÐÛQó`Î�Í:Õ<×�Ù�Í�×Òö ÌI×ÐöÚÍ:ÎÐÕØÙ1Ì�ÝT/"Í:Ê1ÌÅÜ�Î�ÛBÕØÎ�öKÕØðØÕØÍ�õÒ×Ðï¤Í:Ê1ÌÅï�ÛBÎÐÔ�Í:ô1Û:ÌÅÎ�Ó Ì�Û:Í:ô1Û:ÌIÓKðØÎ0õ*ÕGÙ1òÒÎÒó`ÕØÙ1×ÐÛ�Û:×�ð<ÌÝÚô1Ì²Í�×úÕ<Í:ÏPðØÕØó`Õ<Í�Ì�Ý Í�×ÐÍ:ÎÐð"ÜÐ×�ðØôÚóÅÌÐì

ÉËÊ1ÌkÓÚÛ:Ì�Ï:Ì�Ù�ÍÀÎ�ÓÚÓÚÛQ×�ÎÐÔQÊIñkÎÐÏOÝ1Ì�ÜÐ×ÐÍ�Ì�ÝÅÍ�×'ÎÐÙÚÎÐðØõ*Ï:ÕGÏ"×Ðï>Í:Ê1ÌËÕØóÅÓKÎÐÔ�Í
×Ðï>ÊÚÌ�Í�Ì�Û:×ÐòÐÌ�Ù1Ì�×�ôÚÏ8ÕØó`óÅ×ÐöKÕGð<Ì

�×�Ù1Ì�Ïk×�Ù Í:Ê1Ì�Í�ÛQÎÐÙÚÏ�ï4Ì�Û8Ó>Î�Í�Í�Ì�ÛQÙÚÏ�ìOÉËÊKÕØÏ8Î�ÓKÓÚÛ:×�ÎÐÔQÊ ñkÎÐÏÈðØÕØó`ÕØÍ�Ì�Ý`Í�×ÅÎIÏ:ÕØÙ1ò�ð<Ì�ÔQÊÚÎÐÙKÙ1Ì�ð>Ô�ÎÐÏ:Ì � Õ<Í8ñkÎÐÏÕØÙÚÝ1Ì�Ì�Ý'ÕGóÅÓKðØÕØÔ�ÕØÍ:ð<õËÍ:Ê1Ì©Ô�ÎÐÏ:Ì8ï4×ÐÛ�É
ÎÐÏ�Ñ&:�;½��Ï:ÕØÙKÔ�Ì©Ù1×PÊ1Ì�Í�Ì�ÛQ×ÐòÐÌ�Ù1Ì�Õ<Í�õ ñ¤ÎÐÏ
Ô�×�ÙÚÏ:ÕØÝÚÌ�Û:Ì�Ý'ÕØÙ Í:Ê1ÌOï4ÛQÎÐÔ�Í:ô1Û:ÌÓKðØÎÐÙ1Ìc�BìË®
Ì�ÛQÏ�Ó Ì�Ô�Í:Õ<ÜÐÌ�ÏËï�×ÐÛÈÍ:Ê1Ì�ÓÚÛQÌ�Ï�Ì�Ù�ÍËÎ�ÓKÓÚÛ:×�ÎÐÔQÊÒÏQÊ1×�ôÚðØÝ ÕØÙÚÔ�ðGôÚÝ1Ì�Ô�×�ÙKÏ:ÕØÝ1Ì�ÛQÎ�Í:ÕØ×�ÙD×Ðï�Ï�Ì�ÜÐÌ�ÛQÎÐð ÷K×0ñÔQÊÚÎÐÙÚÙÚÌ�ðØÏÈ×ÐÛPóÅ×ÐÛQÌ²òÐÌ�Ù1Ì�ÛQÎÐðØð<õ ï4ÛQÎÐÔ�Í:ô1Û:Ì�Ï|
�×�ÙÚÌ�ÏPÔ�×�ÙÚÏ:ÕGÏ�Í:ÕØÙ1òI×Ðï�Ü�Î�ÛBÕ<×�ôÚÏÈÙ*ôÚó ö Ì�ÛÈ×Ðï
ï�ÛBÎÐÔ�Í:ô1Û:Ì�ÏË×Ðï�ÎÐÏ

w��
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Questionnaire_Task6.xls

Questionnaire  ver 1.0 Alternatives ANDRA / CEA
C. Grenier
Revised

Question
1. Geometry
1.1 Single fracture vs Fracture Network
1-1) Are you modeling the Feature A as a 
single fracture or fracture network?

- single fracture, 2D plane, 
flow tube modelled for T6A 

1.2 Microscale Geometry
1.2.1) Are you modeling advective pore space 
as: 

-a single flow porosity 

1.2.2)Are you modeling in-plane heterogeneity 
of aperture?

- No

1.2.3)If yes, what kind of heterogeneity are 
you assuming? 

- Deterministic and 
stochastical matrix diffusion 
heterogeneity is modelled but 
not fracture aperture 
heterogeneity

1.2.4)Are you modeling anisotropy, and if so 
what parameters are treated as anisotropy

- No

1.2.5)Are you modeling correlation, and if so 
which parameters are correlated 

- No for models 1 and 2
- Yes for model 3 and limited 
to matrix diffusion and matrix 
porosities

1.3 Diffusive Pore Space
1.3.1)Are you modeling the effect of stagnant 
pool/dead-end pores within the fracture 
plane? 

- Yes, in model 3
- No, not in models 1 and 2

1.3.2)Are you modeling gouge and/or breccia 
materials?

- Implicitely in model 1
- Explicitly in models 2 and 3

1.3.3)Are you modeling effect of fracture 
coating minerals which potentially limit the 
diffusion?

Implicitely in model 3, not in 
models 1 and 2

1.4 Rock Matrix
1.4.1)Which porosities in matrix are you 
modeling?

For model 2, all provided in 
task6d specifications. The 
same is implicitely true for 
model3
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Questionnaire_Task6.xls

Questionnaire  ver 1.0 Alternatives ANDRA / CEAé é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é é ééé éé éé éé
1.4.2)How thick will each porosity be? fracture coating 0,5mm- 

Fault gouge 5mm- mylonite 
20mm, 
- altered rock 200mm, 
- intact block

2 Processes
2.1)Please make a simple sketch showing the 
geometry and processes you are considering 
(see Figure 1 below as an example)

refer to 3 sketches showing 
the 3 geometries considered 
: from simple homogeneeous 
matrix zones to   complex 
heterogeneous matrix zones, 
deterministic and stochastic 
approaches

2.2)Which processes are you modeling? - Advection, 
- Dispersion, 
- Surface sorption, 
- Matrix diffusion, 
- Hydrodynamic dispersion, 
- Matrix bulk sorption

2.3)How do you evaluate the relative 
importance between different retention 
processes? 

contained in exchange terms 
with apparent diffusivities vs. 
matrix zones total porosity 
offered

2.4)The advective velocity in the STT-1b is 
much higher than at the PA scale.  Will you 
consider changes in mass-transfer processes 
or dispersion due to change in velocity? (ê�ë~ìîíï

) 

Yes. Dispersivity is constant 
so that dispersion coefficient 
is dispersivity*velocity field 
(radial here). Contact time of 
the plume with the matrix 
zones is higher leading to 
increased transfers and 
retention in the matrix. 
Nevertheless only linear 
sorption phenomena are 
considered here (Kd).

2.5)How is dispersion treated in your analysis  
?

-  constant dispersivity 
tensor (radial flow field) : 
Dispersion = 
dispersivity*Velocity(radius)
- multirate diffusion, ie 
heterogeneous diffusion 
coefficient field leads to 
spreading of the plume

3 Parameters
3.1 Porosities/Diffusivities
3.1.1)Provide the porosity values for each 
pore space? 

model 2 : - gouge 20%
- fracture coating 5%
- mylonite 1%
- altered rock 0,6%
- intact rock 0,3%

3.1.2)Provide the effective water diffusivity De 
for each pore space? (m2/s for model 2, for 
model 3 gaussian variable within stochastic 
modeling

- gouge, 1,D-10
- fracture coating, 1,D-11
- mylonite, 1,D-12
- altered rim, 4,8E-13
- intact rock, 1,5E-13

3.2 Advection and Dispersion
3.2.1) What is the mean advective velocity t50 
for Task 6A and Task 6B in your modeling?

- t50 6A (hours)
- t50 6B (hours)

3.2.2)What are the effective (apparent) 
longitudinal and transverse dispersion 
observed in your model for 6A and 6B . 
Fracture dispersivities provided here, radial 
flow patterns

- longitudinal 6A:  0,25 (m)
- longitudinal 6B: 0,25 (m)
- transverse 6A:  0,05 (m)
- transverse 6B:  0,05 (m)

3.3 Matrix and Surface Sorption Kd and Ka
3.3.1)Do you change Kd values for each pore 
space? (êñðóòîôsí ï No) See Table 1. 

- Yes
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3.3.2)How do you relate surface sorption Ka 
to matrix sorption Kd:
How are Kd and Ka values derived from 
measurements for each porosity: 

Provided in Task Force 
documentation, mainly T6A 
and T6D reports

3.3.3)Describe any treatment of correlations 
of immobile zone properties, sorption 
properties such as Kd, and advective 
properties such as transmissivity: 

limited to model3. Gaussian 
Dp fields are generated, 
mean=, standard deviation= , 
correlation length=. Porosity 
as well as Kd are deduced 
by linear interpolation 
through the database 
involving the different matrix 
zones parametersets 
provided.

3.4 Flow Wetted Surface 
3.4.1)Is flow wetted surface a direct input into 
your model or is it back calculated from 
geometric and transport parameters ?. 

- direct, considering provided 
range and arrival time for 
Iodine

3.4.2)If flow wetted surface area is a direct 
input, provide the range of values specified.  
Otherwise, calculate the flow wetted surface 
as reactive surface area per unit volume of all 
immobile zones.  Specify as a range or 
distribution if possible: _______________ 

Fracture opening is 2 mm, 
flow tube by 5,03 meter is 
modelled, one opening 
enclosing the input well 

3.4.3) Is F-ratio or ÷ -parameter a direct input 
into your model or is it back calculated from 
geometric and transport parameters ?. 

3.4.4) If F-ratio or ÷ -parameter are direct 
inputs, provide the range of values specified.  
Otherwise, calculate the ÷ -parameter 
according to the definition of Cvetkovic 
(2001). Specify as a range or distribution if 
possible:.
3.4.5) Describe any treatment of 
heterogeneity of immobile zones and surface 
minerals:

For model 3, stochastic 
modeling (longitudinal and 
transverse), for models 1 
and 2 deterministic treatment 
and only transverse 
heterogeneity for model 2. 
See figures below

4. Numerical Model
4.1 Flow Model
4.1.1)What flow code do you use: - Mixed Hybrid Finite 

Element: CAST3M
4.1.2)What is the flow model dimensionality For Task 6A and B1, 1D 

radial flow tube. No flow in 
the matrix zones

4.1.3)What is the level of discretization of the 
model (

- Largest element size: 0,1 
(m)
- Smallest element size: 1,E-
3 (m)
- Number of elements. 

4.1.4)What is the CPU time for a single flow 
solution:

scale of few seconds, 
permanent calculation

4.1.5)What is the accuracy of the flow 
solution:  

excellent as compared with 
Moench solutions

4.1.6)How does the numerical model deal 
with out-of plane flow and boundary 
conditions:

- no out of plane flow
- flow tube with constant flow 
rate

4.2 Transport Model
4.2.1)What transport code do you use: - Mixed Hybrid Finite 

Element: CAST3M
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4.2.2)What is the transport model 
dimensionality 

- 3-D

4.2.3)What is the level of discretization of the 
model 

- Largest element size: 0,1 
(m)
- Smallest element size: 1,D-
3 (m)
- Number of elements. 

4.2.4)What is the CPU time for the transport 
solution: .

level of minutes to few hours

4.2.5)What is the accuracy of the transport 
solution:   

globally estimated below 15% for breakthrough curves

4.2.6)How does the numerical model deal 
with multiple transport pathways: 

- none

4.3 Integration
4.3.1)How are flow and transport linked: - through velocity field
4.3.2)How is uncertainty addressed: .   - sensitivity (2*5 cases for 

model 1), 
- Monte Carlo (1000-100 
runs)

Basis for number of cases or runs: 10 to 20 for the deterministic model2, 1000 for Monte Carlo model3 case

5 Conceptual Issues
5.1)What were the most significant technical 
issues in achieving Task 6A:

multiple calibration, identify 
role played by different 
diffusion zones

5.2) What were the most significant technical 
issues in achieving Task 6B: 

Sensitivity analysis, role played by different matrix diffusion zones

5.3) What were the primary differences in 
transport processes observed between Task 
6A and 6B: 

(1) deeper matrix zones are 
at stake for retention, (2) 
others in the vicinity of the 
fracture contribute to 
retardation coefficient. Type 
of measurements provided 
by calibration vs. required for 
prediction

5.4) If sensitivity studies were carried out, 
what were most important sensitive 
assumptions for Task 6A and Task 6B: 

Total porosity of the first 
matrix zones met by the 
plume in the matrix block

5.5) Does your modeling and analysis support 
the use of the conventional advection-
dispersion-diffusion (ADD) approach, or do 
you feel that an alternative formulation is 
necessary to explain and extrapolate from 
observed breakthrough:  support the use of 
the conventional advection-dispersion-
diffusion (ADD) approach .

Yes. But further modeling 
steps including several 
similar channels were 
contemplated but not done 
due to time constraints
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Table 1a Sorption and diffusivity data for tracers in fracture for model2 and Task 6a and 6b.

Tracer Surface sorption coefficient
Ka (m)
Task 6a Task 6b

I 0 id
Sr 5,00E-04 id
Co 8,00E-03 id
Tc 0,2 id
Am 0,2 id

Table 1b Sorption and diffusivity data for tracers in gouge for model2 and Task 6a and 6b.

Tracer Matrix sorption coefficient Effective matrix diffusivity
Kd (m3/kg) De (m2/s)
Task 6a Task 6b Task 6a Task 6b

I 0 0 1,00E-10 1,00E-10
Sr 7,10E-04 id id id
Co 8,00E-04 id id id
Tc 0,2 id id id
Am 0,5 id id id

Table 1c Sorption and diffusivity data for tracers in fracture coating for model2 and Task6a & 6b.

Tracer Matrix sorption coefficient Effective matrix diffusivity
Kd (m3/kg) De (m2/s)
Task 6a Task 6b Task 6a Task 6b

I 0 id 1,00E-11 1,00E-11
Sr 2,30E-04 id id id
Co 8,00E-04 id id id
Tc 0,2 id id id
Am 0,5 id id id

Table 1d Sorption and diffusivity data for tracers in mylonite for model2 and Task 6a and 6b.

Tracer Matrix sorption coefficient Effective matrix diffusivity
Kd (m3/kg) De (m2/s)
Task 6a Task 6b Task 6a Task 6b

I 0 id 1,00E-12 1,00E-12
Sr 6,70E-04 id id id
Co 8,00E-04 id id id
Tc 0,2 id id id
Am 0,5 id id id

Table 1e Sorption and diffusivity data for tracers in altered rock for model2 and Task 6a and 6b.

Tracer Matrix sorption coefficient Effective matrix diffusivity
Kd (m3/kg) De (m2/s)
Task 6a Task 6b Task 6a Task 6b

I 0 id 5,00E-13 5,00E-13
Sr 6,00E-05 id id id
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Co 8,00E-04 id id id
Tc 0,2 id id id
Am 0,5 id id id

Table 1f Sorption and diffusivity data for tracers in non altered rock for model2 and Task6a & 6b.

Tracer Matrix sorption coefficient Effective matrix diffusivity
Kd (m3/kg) De (m2/s)
Task 6a Task 6b Task 6a Task 6b

I 0 id 1,50E-13 1,50E-13
Sr 6,00E-05 id id id
Co 8,00E-04 id id id
Tc 0,2 id id id
Am 0,5 id id id

Model 1

Model 1 : Basic case considered and maximal level of simplification expected for PA model

Model 2

Model2 : Base case model for performance measures. Show pertinent simplifications for PA scale
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Model 3

Model3 : Model to address (i) the inverse problem (ii) the consequences on PA scale predictions.
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