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4.(%/--:��#.&5/.�4./+/../,�)./�-5/).�+(.%/�1'B'$2�,/9'%/-�-#%5�)-�.(&(.�-&)&(.�-5/).�1'B/.-�(.�%(**(',�

1'**-:��5/�%/**#*(-/�0)-/,�+'0/.-�-#-4/$,/,�'$�6)&/.�)$,�&(�0/�53,.)&/,�)./�4./+/.)0*3�,'-4/$-/,�03�

)�-5/).'$2�+(.%/�1'B/.�+(.�D�-/%($,-�&(��H�1'$#&/-8�1(./�4./+/.)0*3�+(.��@�-/%($,-�&(�H�1'$#&/-8�)$,�

1(./�4./+/.)0*3�+(.�?@�-/%($,-�&(�D�1'$#&/-8�)&�)$3�&/14/.)&#./:�>'&5�&5/�53,.)&'($�4.(%/--/-8�

4).&')*�(.�%(14*/&/�5(.$'+'%)&'($�(+�%/**#*(-/�0)-/,�+'0/.-�%)$�)*-(�0/�4).&')**3�(.�%(14*/&/*3�

./9/.-/,:�


/&5(,�+(.�&/-&'$2�&5/�6)&/.�./&/$&'($�%)4)%'&3�)$,�&5/�53,.)&'($�9(*#1/:� �

�5/�6)&/.�./&/$&'($�%)4)%'&3�1)3�0/�,/&/.1'$/,�03�4.'(.�).&�1/&5(,-:��$�($/�(+�&5/�1/&5(,-8�6)&/.�

%($&/$&�'-�,/&/.1'$/,�03�-#-4/$-'($�(+�)�@:H�2�-)14*/�'$�H@�1*�(+�,'-&'**/,�6)&/.�'$�)��@@�1*�

�.*/$1/3/.�+*)-<:�
+&/.�)2'&)&'($�+(.���5(#.�)&�D@�e��8�&5/�+.//�6)&/.�45)-/�'-�./1(9/,�#-'$2�)��?�

2*)--�+.'&G�&(2/&5/.�6'&5�&5/�2*)--�+.'&8�&5/�-)14*/�1)&/.')*�'-�%/$&.'+#2/,�)&�D8@@@�B�2�+(.��H�1'$:��5/�

)1(#$&�(+�%/$&.'+#2/,�*'C#',�)$,�&5/�-)14*/�6/'25&�)./�,/&/.1'$/,:��5/�6)&/.�./&/$&'($�9)*#/�

E.)&'(F�E>		F�'-�%)*%#*)&/,�)%%(.,'$2�&(�&5/�+(**(6'$2�+(.1#*)�



WRR (%) — 
Sample well material mass— sample dry mass 

X 100 Sample dry mass 

HbHb�
�

�

�5/�53,.)&'($�9(*#1/�%)$�0/�,/&/.1'$/,�03�#-'$2�&5/�(0&)'$/,�,/%(14)%&/,�%/**#*(-/�0)-/,�+'0/.-�

E/:2:��@@�2�6'&5�)�6)&/.�%($&/$&�(+��@@\�03�6/'25&F�)$,�1'B'$2�'$�)�6)&/.�45)-/�6'&5�)�$/#&.)*�4��

)$,�)�9(*#1/�.)&'(�&(�&5/�-(*',�1)--�(+�&5/�+'0/.-�(+�_��8@@@a���#-'$2�)$�'$&/$-'9/�1'B/.�+(.�?�1'$#&/-�

)$,�&5/$�)**(6'$2�&5/�#$0(#$,�6)&/.�45)-/�&(�,.)'$�&5.(#25�)�-'/9/�6'&5�)�-'/9/�1/-5�-';/�(+�H@�

�1:�
+&/.���5(#.8�&5/�9(*#1/�(+�&5/�%/**#*(-/�0)-/,�+'0/.�1)--�'-�,/&/.1'$/,:��5'-�'-�+(**(6/,�03�

1/%5)$'%)*�,/6)&/.'$2�)$,�,.3'$2�(+�&5/�1)&/.')*�&(�)�./-',#)*�1('-&#./�%($&/$&�(+�J�@\�03�6/'25&:�

�5/$8�&5/�9(*#1/�'-�,/&/.1'$/,�)$,�&5/�9(*#1/�.)&'(�%)*%#*)&/,:


/&5(,-�+(.�-#.+)%/�&./)&1/$&�=�1(,'+'%)&'($�(+�%/**#*(-/�0)-/,�+'0/.-:��

�5/�%/**#*(-/�0)-/,�+'0/.-�)%%(.,'$2�&(�&5/�'$9/$&'($�%)$�0/�+#$%&'($)*';/,�6'&5�4.(%/--/-�+.(1�&5/�

4.'(.�).&�6'&5�+#$%&'($)*�%(14(#$,-�65'%5�)./�/*/%&.(-&)&'%)**3�)$,�=�(.�%(9)*/$&*3�0(#$,�&(�&5/�

%/**#*(-/�0)-/,�+'0/.-:��5/�/++/%&-�&5)&�%)$�0/�)%5'/9/,�6'&5�-#%5�)�+#$%&'($)*';)&'($�'$%*#,/8�)1($2�

(&5/.-8�-#.+)%/�/++/%&-�&5)&�1)3�0/�-#11).';/,�)-�)$&'�-&)&'%8�53,.(45'*'%8�53,.(45(0'%8�(*/(45'*'%8�

)145'45'*'%8�/*/%&.(-&)&'%�6'&5�)�4(-'&'9/�)$,�=�(.�$/2)&'9/�-#.+)%/�%5).2/8�532.(-%(4'%�)$,�=�(.�

%($,#%&'9/:��5/�/-&)0*'-51/$&�(+�1#*&'4*/�%(10'$)&'($-�(+�&5/�)+(./1/$&'($/,�-#.+)%/�4.(4/.&'/-�'-�

4(--'0*/:��5/�,/-'./,�-#.+)%/�4.(4/.&3�)$,�&5/�-/*/%&'($�(+�&5/�%(14(#$,-�65'%5�%)$�0/�#-/,�

,/4/$,�($�&5/�)44*'%)&'($�(+�&5/�+#$%&'($)*';/,�%/**#*(-/�0)-/,�+'0/.-:��./+/./$%/�'-�2'9/$�&(�

/*/%&.(-&)&'%0($,-�&(����2.(#4-8�+(.�/B)14*/�03�)*%(5(*-�(.�4(*3)*%(5(*-8�4(*39)*/$&�)*%(5(*-8�

)1'$(�)*%(5(*-8�+#.&5/.�)1'$/-8�/:2:�0/&)'$/8�+#.&5/.1(./�)1',/-8�'1',/-8�'1',);(*/-8�&.');(*/-8�

1/*)1'$/8�%./)&'$/8�%./)&'$'$/8�%).$'&'$/8�+#.&5/.1(./�(.2)$'%�)%',-8�-#%5�)-�)%/&'%�)%',8�&).&).'%�)%',8�

*)%&'%�)%',8�1)*'%�)%',8�1)$,/*'%�)%',8�2*#%($'%�)%',8�$'&.'*()%/&'%�)%',8�+#.&5/.1(./�+)&&3�)%',�/-&/.-8�

1($(�=�,'2*3%/.',/-8�45(-45(*'4',-8�2*3%(*'4',-8�2*3%/.(2*3%(*'4',-8�)1'$(�)%',-�E/-4/%')**3�).2'$'$/8�

*3-'$/�)$,�5'-&','$/�)-�6/**�)-�2*#&)1'$/�)$,�2*#&)1'%�)%',F8�1($(�8�,'�(.�4(*34/4&',/-�-#%5�)-�&5/�

	���4/4&',/:�

�#.&5/.1(./8�-#2).�%(14(#$,-8�-#%5�)-�,/B&.(-/�(.�+.#%&(-/8�0#&�)*-(�1)%.(1(*/%#*).�%(14(#$,-�

%)$�0/�#-/,�+(.�-#.+)%/�+#$%&'($)*';)&'($8�+(.�/B)14*/�4(*3-)%%5).',/-8�-#%5�)-�4(*3,/B&.'$-�(.�

-&).%5:��#.&5/.1(./8�%/**#*(-/�,/.'9)&'9/-%)$�0/�#-/,8�-#%5�)-�1/&53*�8�/&53*�(.�53,.(B3%/**#*(-/8�)-�

6/**�)-�%(10'$)&'($-�(+�&5/-/)./�4(--'0*/:

�(6/9/.8�-#.+)%/�+#$%&'($)*';)&'($�%)$�)*-(�0/�%)..'/,�(#&�03�),5/-'($�=�'$%(.4(.)&'($�(+�./)%&'9/�(.�

./)%&'($�4.(1(&'$2�%(14(#$,-�($&(�=�'$&(�&5/�%/**#*(-/�0)-/,�+'0/.-8�+(.�/B)14*/�6'&5�%).0($)&/-8�

-#%5�)-�-(,'#1�0'%).0($)&/�(.�-'*'%)&/-8�-#%5�)-�-(,'#1�1/&)-'*'%)&/:��#.&5/.�4./+/../,�'-�&5/�

),5/-'($�=�'$%(.4(.)&'($�(+�%(14(#$,-�($&(�=�'$&(�&5/�%/**#*(-/�0)-/,�+'0/.-�'$�&5/�+(.1�(+�1'%.(�=�

$)$(�/1#*-'($-:��).&'%#*).*3�4./+/../,�'-�&5/�#-/�(+�$)$(�/1#*-'($-�(+�%)&'($'%�)1'$(�)%',-�(.�

4/4&',/-8�-#%5�)-�).2'$'$/�(.�*3-'$/�6'&5�(.2)$'%�)%',-�-#%5�)-�*'$(*/$'%�)%',�(.�)-%(.0'%�)%',:

�5/�%(14(#$,-�#-/,�+(.�-#.+)%/�+#$%&'($)*';)&'($�)./�&(�0/�,'--(*9/,�'$�)�-#'&)0*/�-(*9/$&�E/:2:8�

6)&/.8�/&5)$(*�(.�)%/&($/F�)$,�'$�)$�),/C#)&/�%($%/$&.)&'($:

�+�$/%/--).38�4./&./)&1/$&�(+�&5/�-#.+)%/-8�+(.�/B)14*/�&(�'$%./)-/�&5/�./)%&'9'&38�%)$�0/�%)..'/,�(#&�

#-'$2�1/&5(,-�+.(1�&5/�4.'(.�).&8�-#%5�)-�+(.�/B)14*/�)$�)*%(5(*8�)$�(B',';'$2�(.�./,#%'$2�)2/$&8�

-#%5�)-�)$�)%',8�)$�)*<)*'�(.��D�D:��+�,/-'./,8�)�%(9)*/$&�%)..'/.�*)3/.�%)$�0/�),5/./,�=�

'$%(.4(.)&/,=%()&/,�6'&58�+(.�/B)14*/�03�)�-'*)$/8�-#%5�)-8�+(.�/B)14*/8�
��
�:

�$�4.'$%'4*/8�1('-&8�4).&*3�,.'/,�(.�,.3�%/**#*(-/�0)-/,�+'0/.-�%)$�0/�#-/,�+(.�-#.+)%/�%()&'$2:

�./+/./$%/�'-�2'9/$�&(�,.'/,�%/**#*(-/�0)-/,�+'0/.-:��5/�%/**#*(-/�0)-/,�+'0/.-�&(�0/�%()&/,�%)$�0/�

4*)%/,�'$�)�-(*#&'($�6'&5�%()&'$2�%(14(#$,-�%($&)'$/,�5/./'$�(.�4*)%/,�'$�)�,/9'%/�65/./�)�-(*#&'($�



Ĥ�
�

6'&5�%()&'$2�%(14(#$,-�%($&)'$/,�&5/./'$�+*(6-�&5.(#25�&5/1:��$�)�4./+/../,�/10(,'1/$&8�&5/�

-#.+)%/�%()&'$2�'-�%)..'/,�(#&�'$�)$�)#&(%*)9/�)&�)$�/*/9)&/,�&/14/.)&#./�)$,�4./--#./:��+�$/%/--).38�

'&�1)3�0/�$/%/--).3�&(�)44*3�5'25�/$/.23�.),')&'($�0/+(./�)$,�=�(.�)+&/.�-#.+)%/�+#$%&'($)*';)&'($�)$,�

=�(.�&(�/B4(-/�&5/�%/**#*(-/�0)-/,�+'0/.-�&(�)$�/*/9)&/,�&/14/.)&#./:�


/&5(,-�+(.�#-'$2�%/**#*(-/�0)-/,�+'0/.-:� �

�5/�%/**#*(-/�0)-/,�+'0/.-�)%%(.,'$2�&(�&5/�'$9/$&'($�%)$�0/�#-/,�'$�)�+./-5�+(.1�(.�)+&/.�-&(.)2/�)$,�

'$�1('-&�E&5)&�1/)$-�6'&5�)�4.(4(.&'($�(+�)�+.//�)$,�=�(.�0(#$,�6)&/.�45)-/F8�4).&*3�,.'/,�E&5)&�

1/)$-�)0-/$%/�(+�)�+.//�6)&/.�45)-/�'$�&5/�4./-/$%/�(+�)�0(#$,�6)&/.�%($&/$&F�(.�'$�,.3�+(.1�E&5)&�

1/)$-�)�./-',#)*�6)&/.�%($&/$&�(+�JH\�03�6/'25&F:��5/3�%)$�0/�#-/,�'$�&5/�+(.1-�,/-%.'0/,�)0(9/�'$�

'-(*)&/,�E-'$2#*)&/,F�+(.1�(.�)-�)�1)**/)0*/�1)--:��./+/./$%/�'-�2'9/$�&(�&5/�#-/�'$�)�+(.1�(+�)�1('-&8�

-4./),)0*/�)$,�1)**/)0*/�%(14(-'&'($�5)9'$2�)�4./+/../,�./-',#)*�1('-&#./�%($&/$&�(+�+.(1�D@�&(�

�@@\�03�6/'25&8�1(./�4./+/.)0*3�+.(1�?@�&(�bH\�03�6/'25&:�
�%/**#*(-/�0)-/,�+'0/.�1)--�4.(,#%/,�

03�)�4./+/../,�4.(%/--�'-�4./+/.)0*3�%(14*/&/*3�+.//�(+�2/.1-8�-4(./-�(.�1'%.((.2)$'-1-8�#$*/--�&5/3�

5)9/�0//$�),5/./,�=�'$%(.4(.)&/,�'$�($/�(+�&5/�4.(%/--�-&/4-:��5/./+(./8�1('-&�(.�4).&*3�,.'/,�

4./4).)&'($-�(+�&5/�%/**#*(-/�0)-/,�+'0/.-�)./�-&)0*/�E-5/*+�*'+/F�4./+/.)0*3�+(.�_�D�,)3-8�1(./�

4./+/.)0*3�+(.�_�H�,)3-8�1(./�4./+/.)0*3�+(.�_��D�,)3-�)$,�1(./�4./+/.)0*3�+(.�_�D��,)3-�)+&/.�&5/'.�

4./4).)&'($�(.�)+&/.�&5)6'$2�+.(1�)�+.(;/$�45)-/�)$,�#$,/.�%((*/,�%($,'&'($-�E/:2:�)&�d�e��F�)$,�%)$�

0/�#-/,�+(.�+((,-&#++-:��/**#*(-/�0)-/,�+'0/.-�%)$�0/�4./4)./,�)$,�#-/,�'$�)$3�(+�&5/�4./9'(#-*3�

,/-%.'0/,�+(.1-�'$�)�6/&�(.�4).&*3�,.'/,�-&)&/�)-�)�+./-5�4.(,#%&8�#$,/.�./+.'2/.)&/,�%($,'&'($-�E/:2:�

)&�de��F8�6'&5�(.�6'&5(#&�/9)%#)&'($�(+�)'.8�'$�-#'&)0*/�4)%<)2'$2�+(.�+((,�4./4).)&'($:��(.�#-/8�&5/�

4).&*3�,.'/,�(.�1('-&�%/**#*(-/�0)-/,�+'0/.-�)./�4./+/.)0*3�,'--(*9/,�'$�6)&/.�)&�)$�).0'&.).3�

&/14/.)&#./8�),1'B/,�&(�)$�)C#/(#-�4./4).)&'($8�(.�1'B/,�=�%($&)%&/,�6'&5�(&5/.�1)&/.')*-�+(.�+((,�

4./4).)&'($:�

�./+/./$%/�'-�+#.&5/.1(./�2'9/$�&(�-&(.)2/�)$,�#-/�'$�4(6,/./,�(.�4(#.)0*/�%($-'-&/$%38�6'&5�)�

./-',#)*�1('-&#./�+.(1�@�&(�D@\�03�6/'25&8�1(./�4./+/.)0*3�+.(1�H�&(��H\�03�6/'25&:��./4).)&'($-�

(+�%/**#*(-/�0)-/,�+'0/.-�4.(,#%/,�'$�&5'-�1)$$/.�%)$�0/�-&(./,�4.)%&'%)**3�'$,/+'$'&/*38�-'$%/�&5/./�'-�

$(�.'-<�(+�4/.'-5)0'*'&3�'$�,.3�-&(.)2/:��$�(.,/.�&(�/$-#./�&5/�.)4',�53,.)&'($�=�6)&/.�)0-(.4&'($�(+�&5/�

,.'/,�%/**#*(-/�0)-/,�+'0/.-8�'&�'-�),9)$&)2/(#-�&(�+'$/*3�2.'$,�&5/�,.'/,�%/**#*(-/�0)-/,�+'0/.-:�

�./+/./$%/�'-�2'9/$�&(�%#&&'$2�(.�2.'$,'$2�1'**-:��./+/.)0*38�&5/�,.'/,�%/**#*(-/�0)-/,�+'0/.-�)./�

4.(9',/,�'$�)�4(6,/./,�+(.18�6'&5�)�4).&'%*/�-';/�(+�4./+/.)0*3�J?@@��18�1(./�4./+/.)0*3�JD@@��1�

)$,�1(./�4./+/.)0*3�(+�J�@@��18�+(.�&5/�,'++/./$&�)44*'%)&'($-:��

�(.�#-/�'$�)44*'%)&'($-8�&5/�,.'/,�%/**#*(-/�0)-/,�+'0/.-�%)$�0/�#-/,�'$�&5/�,.'/,�+(.18�/:2:�+(.�#-/�)-�

0./),�%.#10-�(.�'$�)�45).1)%/#&'%)*�+(.1#*)&'($�(.�'$�)�53,.)&/,�+(.1:��$�&5/�*)&&/.�%)-/8�&5/�

53,.)&'($�%)$�0/�%)..'/,�(#&8�+(.�/B)14*/8�03�),,'$2�&5/�,.'/,�%/**#*(-/�0)-/,�+'0/.�4./4).)&'($�&(�

6)&/.8�%)#-'$2�'&�&(�-6/**G�&5/�-6(**/$�1)--�%)$�&5/$�0/�#-/,�+(.�&5/�)44*'%)&'($�)-�'&�'-�(.�'-�+.//,�(+�

&5/�+.//�*'C#',�45)-/�03�+'*&/.'$2�)$,�&5/$�#-'$2�'&:��$�&5/�(&5/.�5)$,8�53,.)&'($�&5)&�'-�'$,#%/,�65'*/�

0/'$2�'$�&5/�)C#/(#-�1/,'#1�(+�&5/�)44*'%)&'($�'-�)*-(�4(--'0*/:� �

�/**#*(-/�0)-/,�+'0/.-�)%%(.,'$2�&(�&5/�'$9/$&'($�%)$�0/�#-/,�'$�9).'(#-�+((,�4./4).)&'($-:��$�($/�

/10(,'1/$&8�%($9/$'/$%/�(.�'$-&)$&�4./4).)&'($-=�1'B&#./-�)./�4./4)./,�5/./6'&5:��5'-�%)$�0/�

,($/�03�0.'$2'$2�&(2/&5/.�)$,�1'B'$2�&5/�%/**#*(-/�0)-/,�+'0/.-�'$�($/�(+�&5/�)+(./1/$&'($/,�+(.1-�

6'&5�&5/�(&5/.�%(14($/$&-�(+�&5/�4./4).)&'($�'$�#$,'--(*9/,�)$,�=�(.�6)&/.�,'--(*9/,�+(.1:��-'$2�

&5/�+(.1�'$�65'%5�&5/�)+(./-)',�1'B&#./�5)-�0//$�(0&)'$/,8�&5)&�1/)$-�'$�,.38�4).&*3�,.'/,�(.�1('-&�

+(.18�&5/�1'B&#./�1)3�&5/$�0/�4)%<)2/,�(.�+(.1#*)&/,�(.�'-�0.(#25&�'$&(�)$(&5/.�+(.18�+(.�/B)14*/�

03�,.3'$2�03�1/)$-�(+�)�-&./)1�(+�6).1�)'.�)$,�-#0-/C#/$&�1/%5)$'%)*�%(11'$#&'($�&(�)�,/+'$/,�

4).&'%*/�-';/:�



d@�
�

ÛOOqN��PN�!M�

�5/�/10(,'1/$&-�(+�4.(%/--/-�)%%(.,'$2�&(�&5/�'$9/$&'($�%)$�'$�4.'$%'4*/�)44*'/,�&(�)**�4*)$&�0)-/,�

-&).&'$2�1)&/.')*-:��5/-/�1)3�0/�4./-/$&�'$�&5/�+(.1�(+�#$.'4/8�.'4/$'$28�.'4/$/,8�(9/..'4/8�)2/,�(.�

/9/$�,)1)2/,�4*)$&�0)-/,�-&).&'$2�1)&/.')*:��($&)1'$)&/,�(.�-4('*/,�4*)$&�0)-/,�-&).&'$2�1)&/.')*-�

%)$�)*-(�0/�#-/,�&(�4.(,#%/�%/**#*(-/�0)-/,�+'0/.-�)%%(.,'$2�&(�&5/�'$9/$&'($:��5/�4*)$&�0)-/,�

-&).&'$2�1)&/.')*�1)3�0/�+#**3�'$&)%&8�,)1)2/,8�%.#-5/,8�4//*/,8�4./--/,8�2.(#$,�(.�(&5/.6'-/�

,'-'$&/2.)&/,:��$�4).&'%#*).8�%().-/�1/)*�(.�+*(#.-�'-�-#'&)0*/:��$�4).&'%#*).8�%().-/�1/)*8�65'%5�).'-/�

+(.�/B)14*/�)+&/.�)�1/%5)$'%)*�/B&.)%&'($�(+�('*-8�-(�%)**/,�4./--�%)</8�'-�)*-(�-#'&)0*/:�
*-(�-#'&)0*/�

)./�4*)$&�0)-/,�-&).&'$2�1)&/.')*-�65'%5�5)9/�4./9'(#-*3�0//$�-#0A/%&/,�&(�)�&5/.1)*�)$,�=�(.�*'C#',�

/B&.)%&'($�4.(%/--8�/:2:�6'&5�)$�)*%(5(*�(.�)$�(.2)$'%�-(*9/$&�-#%5�)-�5/B)$/:�
*-(�4*)$&�0)-/,�

-&).&'$2�1)&/.')*-8�'$�65'%5�)�&5/.1)*�&./)&1/$&�5)-�0//$�%)..'/,�(#&8�)./�-#'&)0*/:��5'-�)*-(�'$%*#,/-�
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