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Slope =  −0.257 ± 0.018 mm/day
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r = 0.225 m
pipe

s (surface of flow)

d (depth)
A (cross sectional area)

P (wetted perimeter)
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Baseline study load

Main study load

Change in load due to change in flow

Change in load due to change
in TP concentration

Interaction term

AVERAGE DAILY LOAD:
           Baseline study  2.51 kg/day
           Main study      1.34 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to Change In:
       Flow        −0.75 ( ↓30%)
       TP conc.    −0.60 ( ↓24%)
       Interaction  0.18 (↑ 7%)
Total component change is:
                   −1.18 ( ↓47%)
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LOAD:
      Baseline study
      Main study    

LOAD COMPONENTS:
Change in Load Due To:
      Change in flow    
      Change in TP conc.
      Interaction term  
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Components of average Monday load change, Baseline study to Main study

Baseline study load

Main study load

Change in load due to change in flow

Change in load due to change
in TP concentration

Interaction term

AVERAGE MONDAY LOAD:
           Baseline study  2.61 kg/day
           Main study      1.38 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to change In:
       Flow        −0.90 ( ↓35%)
       TP conc.    −0.51 ( ↓20%)
       Interaction  0.19 (↑ 7%)
Total component change:
                   −1.23 ( ↓47%)
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Components of average Tuesday load change, Baseline study to Main study

Baseline study load

Main study load

Change in load due to change in flow

Change in load due to change
in TP concentration

Interaction term

AVERAGE TUESDAY LOAD:
           Baseline study  2.42 kg/day
           Main study      1.21 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to change In:
       Flow        −0.80 ( ↓33%)
       TP conc.    −0.60 ( ↓25%)
       Interaction  0.19 (↑ 8%)
Total component change:
                   −1.21 ( ↓50%)
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Components of average Wednesday load change, Baseline study to Main study

Baseline study load

Main study load

Change in load due to change in flow

Change in load due to change
in TP concentration

Interaction term

AVERAGE WEDNESDAY LOAD:
           Baseline study  2.66 kg/day
           Main study      1.30 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to change In:
       Flow        −0.81 ( ↓31%)
       TP conc.    −0.77 ( ↓29%)
       Interaction  0.22 (↑ 8%)
Total component change:
                   −1.36 ( ↓51%)
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Components of average Thursday load change, Baseline study to Main study

Baseline study load

Main study load

Change in load due to change in flow

Change in load due to change
in TP concentration

Interaction term

AVERAGE THURSDAY LOAD:
           Baseline study  2.27 kg/day
           Main study      1.22 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to change In:
       Flow        −0.72 ( ↓32%)
       TP conc.    −0.47 ( ↓21%)
       Interaction  0.15 (↑ 6%)
Total component change:
                   −1.05 ( ↓46%)
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Components of average Friday load change, Baseline study to Main study

Baseline study load

Main study load

Change in load due to change in flow

Change in load due to change
in TP concentration

Interaction term

AVERAGE FRIDAY LOAD:
           Baseline study  2.37 kg/day
           Main study      1.32 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to change In:
       Flow        −0.50 ( ↓21%)
       TP conc.    −0.68 ( ↓29%)
       Interaction  0.13 (↑ 5%)
Total component change:
                   −1.05 ( ↓44%)
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Components of average Saturday load change, Baseline study to Main study

Baseline study load

Main study load

Change in load due to change in flow
Change in load due to change
in TP concentration

Interaction term

AVERAGE SATURDAY LOAD:
           Baseline study  2.56 kg/day
           Main study      1.47 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to change In:
       Flow        −0.62 ( ↓24%)
       TP conc.    −0.62 ( ↓24%)
       Interaction  0.15 (↑ 6%)
Total component change:
                   −1.09 ( ↓42%)
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Components of average Sunday load change, Baseline study to Main study

Baseline study load

Main study load

Change in load due to change in flow

Change in load due to change
in TP concentration

Interaction term

AVERAGE SUNDAY LOAD:
           Baseline study  2.80 kg/day
           Main study      1.45 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to change In:
       Flow        −0.93 ( ↓33%)
       TP conc.    −0.66 ( ↓24%)
       Interaction  0.24 (↑ 9%)
Total component change:
                   −1.35 ( ↓48%)

��� ����� ���4� ��� ( ��� � ���+�'��� * ��� & ���'� &+��� 0/&���� 1 � �/&�0 �' &$����� � �/��- ����0%& 1�	 �)&+*,�'�������
*,�!�+0�1"� � �"&$���
*,� ��0�1

� �



��� ����	�� ����� � ����� 3 	��

����� ��� �"� ��� 	�� � � 
 � �  
 ���0� � � 	 � � �
wN4������>I�123A G40&8?(4�4%3K/2?�52"' #�<40&8?�5n40�2&-4�4<� I}"h523AI�&-�>?V&8?�5 Lo #"�� /�"'?�)$7 523AI�&-�>?n&8?2&-=�7A�<�t��&8 G"�)$3AI�1�=�"kq
I�"'?(40&8 #7^4%"$)$�2?�� �2/�"$�'YZ9M5252��4%��3A?2&-=X� ?(LN3A %I�&-4%��3A?PfF?�384�& Cg&-��=>&86�=�"Z�>?\3�?�"�523AI�&-�>?PfFI�& 7]6B"�"���40 %&-)$4%"$5
Lo #3AI 40��"�3(40��"' :523AI�&R� ?PY

0 2 4 6 8 10 12
0

0.02

0.04

0.06

0.08

Frequency (day−1)

Power spectral density of hourly load, Main study

P
ow

er

��� ������� �4��
 �������
	��'�)* �'� � �!� &$� 0$�'��* � � 1"�'��� �/&�0 	 �"&$���
*,�!�+0�1

E.3-+:"' ��01B"$)$40 %&-=252"'?��<�t4#7�1�=�384%�!/��%�>?�H,40��"�l\"$=�)$��&-=�H83A #��40�2I &R�F� I�1�=t"'I}"'?84%"$5��>?�`\&-4<= &(6�� ��z���HA?2&R=bE! G3-q
)$"$�%�%�>?�HZ��3�38=>623 �\U `\&-40��l\3� %_8�@<�C8CMW8&8WT+ "' G"�12"' yLN3A %I�"$5Z3�?Z&-=�=�5e&-40&,�%"$4%�s4%3���52"'?84<� LN7Z40��"[523AI}� ?2&(?84
Lo #"�� /�"'?�)$7^)$3AI�1B3A?�"'?84<�'Y:9 4#7 1���)'&-=F123-+:"' �52"'?��<�t4#7K1�=�384[���M�0��3-+j?Z�>?^OF��HA/2 #"]UBYE<�^2Y:����"
1�=�384[�k��3g+s�
&^�%"��2/�"'?�)$"K3-L;1B"'&8_(��+j��38�%"�Lo #"��2/�"'?�)$��"$� &8 G" <8Ya^M^2f ; YG^M^�F2Ya^M^K&8?�5 I YG^M^Z)$7�)$=�"$� 1B"' �5e& 7\+���40�n40��"
ab #�%4s4�+:3�Lo #"��2/�"'?�)$��"$�[523AI��>?2&-4%�>?�HeYM����"
&8I�1�=t��40/�52"�&8?�5�12�2&-�%",3-L�4k��"$�%"�523AI}� ?2&(?84sL� G"�� /�"'?�)$��"$��&8 #"
40&862/�=>&-4<"$5Z� ?Z�.&86�=�"BU2Y ; Y�w�4:�t�s�%"$"'?�L� G3AI 623840��40��"MaeHA/2 G";&8?�5Z4k��"j40&(6�=t"[4k�2&-4:�t4:����40��"[�<"'I�� qo52� /2 <?2&-=
)$3AI�1B3A?�"'?(4j40�2&R4 ���[523AI}� ?2&(?84'YTOF�tH�/2 #"]U2Y
<M<[���;&�12&8 #4%�>&-=u G"$)$3A?��%40 %/�)$4<�t3�?�3-L!40��"�I�&-�>? �%40/�527K12"' G�t3�5
=�3A&-5V/��<� ?�H^40��"�4#+ 3�523AI��>?2&8?(4[Lo #"��2/�"'?�)$��"$�}&(?�5]4k��"hI�"'&8?^3 !��%"$4'Y�����"�62&-�%��)��<40 %/�)$40/2 #"�3-LQ&8?^"$=�"kq
Cg&R4%"$5�feI�3A G"[� ?(4%"'?��%"8fPI�3A <?�� ?�H�12"'&8_Z&8?�5K&}=t"$�<�j523AI}� ?2&(?84M"$C8"'?��>?�H 1B"'&8_� #"$�0/�=�4�Lo #3AI 40��"�&-5252��4%��3A?
3-Lu4k��"$�%"j�<�tH�?2&-=��'f2�>?�52��)'&-4%�>?�Hh4k�2&-4!40��"M)$=>&-�%�%��)'&-=���5e&R�t=�7Z=�3A&-5Z12&-4%4<"' %?����:40��"M�0/2I 3-L�4#+:3��>?�52��CA��5e/2&-=
)$3AI�1B3A?�"'?(4%�'Y!����"�&R5252�t4<�t3�?K3RLu3840��"' :)$3�I�123A?�"'?(4%�����[ #"��2/��  G"$5K4%3h&R)*����"$C8" L�/�=�=u #"$)$3�?��%40 %/�)$4%��3A?PY

����"[�%4k/�527h3-LF40��"[�>?�52��CA��5e/2&-=.de3-+ &(?�5Z)$3A?�)$"'?84k %&-4%��3A?�)$3AI�123A?�"'?(4%��3-L.=t3�&-5K����=�"$�%�M)$=�"'&8 $Y!�.&86�=�"]U2Y ;
�0��3-+��X40�2&-4!4k��"' #"j���:)$3A?��%���%4<"'?�)$7��>?�40��"j�k12"$)$40 %&R=e)$3A?(4%"'?(4!3-L�40��"M=�3A&-5Z&8?�5�de3-+��%��HA?2&-=���62"$4#+:"$"'?�40��"
62&-�%"$=��>?�"��%4k/�527�&8?�5�40��" I�&R� ?,�%4k/�527�12"' #��3�52�!62/�4F40��"!�01B"$)$40 %&-=�)$3A?(4%"'?(4u3-Lb12��3(�012��3A %/��.)$3A?�)$"'?(40 %&-4%��3A?
)$�2&8?�H8"$�'YM�������[�t��?�3(4�4%3�3h�0/2 <12 #���%�>?�HK&-�j4k��"
�>?(40 #3�5e/�)$4%��3A?^3-L 12��38�012��3� %/��#qNLo #"$"�=>&8/2?�5e #7^52"$4%"' #H8"'?(4%�
+:3A/�=�5hI�3�52� Li7h12��3(�012��3A %/��X)$3A?�)$"'?84k %&-4%��3A?�12&R4%4%"' %?��'Y.wN4X�t�:?�384%"$5�f���3g+:"$C8"' f-40�2&-4.de3-+ +�&-�!12 #�>I�&( #��=t7
I�3�52� ae"$5v� ?v&(I�1�=��t4k/�52"8f!"��2/���Cg&-=�"'?(4h4%3^)*�2&(?�H8�>?�H & C8"' <&-H8"�C83(= /2I}"8f! %&-40��"' 40�2&8?n687 )*�2&8?�H(� ?�H�40��"
Lo #"�� /�"'?�)$7Z)$3�?84%"'?(4�3-L.40��"��%��HA?2&R=iYX�������j���M)$3A?��%���%4%"'?(4�+���40� 40��"�&-523A1�4%��3A?�3RL �����
	��
������	;12 <&-)$4%��)$"$�'Y

wo?�I�/�)*� 40��"K�0&(I�"Z+�&'7n40�2&-4�40��"Z4%�>I�"��%"' #��"$�Z&8?2&-=�7A�<�t�ZI�3-C8"$5nLo #3AI & C8"' <&-H8"K #"$�0/�=�4%���>?84<3xI�3� #"
52"$40&-��=�"$5{&8?�5 �012"$)$� ae)�5e&-��=�7{&8?2&-=�7A�<�t��4%3v62 #�>?�HV3�/�4h52� !�"' #"'?�)$"$�K62"$4#+:"$"'?v4k��"K5e& 7A� f:)$3A?8C("'?84%��3A?2&R=
Lo #"�� /�"'?�)$7\&8?2&R=t7��%����I�&8_-"$�[+�& 7�LN3A M4%�>I�"�C-&8 #7�� ?�H^+�&'C("$=t"$4�&(?2&-=�7A�%���'Y�lV& C8"$=�"$4[52"$)$3AI�1B38�%��4%��3A? +Q&R�
12"' �Li3A <I�"$5�3A?^40��"�623840�^40��"�62&-�<"$=t�>?�"h&(?�5 I�&-�>?��%40/�527^5e&-40&��%"$4%�'Y 	s3g+:"$C8"' s��4[���
?�384[12 %&-)$4%��)'&-=F4<3
)$3AI�12&( #"�40��"�3A/�4%)$3AI�"$�M5e/�"�4%3�40��"�=��>I���4%"$5V&8I�3�/2?84M3-L 5e&R40&��>?�4k��"}62&R�%"$=�� ?�"��%"$4�&8?�5�40��"�?2&-40/2 %&R=
Cg&( #�>&-4%��3A?��M40�2&-4M�t4M)$3A?(40&-�>?��'Y:OF��HA/2 #"(U2YE< ; �t��&}4�721���)'&-=.3A/�4012/�4M3A6�40&-�>?�"$5K+s�t4k�K4k��"�`\&-4%=>&86�lV& C8"$=�"$4
� 3A38=>6B3 � Ui` &R40��l\3A %_(�\<�CMCMW(62W�/��%�>?�Hv40��"Z3A #4k��38H83A?2&-=sr�&8/262"$)$����"$� � �2C^+�& C8"$=�"$4h3A?v��3�/2 #=�7 =�3A&-52�

� �



��� ��� �1
 
 � 	/� � �

0 4 8 12 16 20
−0.05

0

0.05

0.1

0.15
Frequency components of load, Main study

Lo
ad

 (
kg

/h
r)

Time (hours)

Frequency components
Combined signal

��� ���������4� 
�
����/�������+�'� � 1�� ��� � ���+�'��� * �'� � �%&+0 	 �"&$���
*,� ��0�1 �

� &���� ���4��	���- � ����� � ��&$����*)�'� � �!� &$���'�'� � �%0$* ��� � �%&+0 	 ���
	 &$��0 � ��� � �'��� � &+�!� ���

z�4k/�527 1B"' #��3A5 ~P3A&-5 OF=�3-+ @:3A?�)$"'?(40 %&-4%��3A?
OP #"��2/�"'?�)$7 9[I�1�=���40/�52" EX�2&-�%" 9[I�1�=���40/�52" E!�2&R�%" 9[I�1�=��t4k/�52" E!�2&-�<"
Ui)$7A)$=�"$� 
-5e& 72W UN_(H�
8�2 <W U 52"$HA #"$"$�kW U `\~ 
(�2 %W U 52"$HA #"$"$�0W UN_8H 
8~�W Ui52"$HA #"$"$�0W
=:&-�<"$=t�>?�"��%40/�527
<(YG^ ^2YG^�I�< < [ Z ^2YG^8^MFMF <�W ; <8YG^8C q <2IMI
; YG^ ^2YG^8UMZ Z8F ^2YG^8^MU [ [ C q q
`\&-�>?��%4k/�527
<(YG^ ^2YG^_<�C < [ W ^2YG^8^ ; Z <�W ; <8YJIf^ q WM^
; YG^ ^2YG^8F3< C_< ^2YG^8^MFMU ZMU ^2YGW8Z <�WMC

Lo #3AI 4k��";I�&R� ?��<40/�527h12"' G�t3�5�Y:����"j=�"$C8"$= 3-L�40��"j52"$)$3�I�1238�<�t4<�t3�?Z����I�&-�>?�=�7h)$3A?(40 #3(=t=�"$5K6(7�40��"M=�"'?�H840�
3-L�40��"�5e&-40& �%"$4
&8?�5n40��"��>?(LN3A %I�&R4%��3A?\4k�2&-4���4�)$3�?840&R� ?�� YKwo?n40��"�)'&-�%"�3-L�OF�tH�/2 #" UBYE< ; 40��"�5e&R40&Z�>?
40��"�&81212 #3 ���>I�&-4%��3A?�12&8?�"$=Nf.9 [ fP�t� L�&R�  G=t7^db&-4 fe�>?�52��)'&-4%�>?�H\40�2&R4j52"$)$3AI�1238�%��4%��3A?n�2&-�� #"'&R)*��"$5\&Z?�"'&8 
)$3A?��%4k&8?84:r�@ =�"$C8"$=NY:���2&-4����'fB40��"��%��HA?2&R=u�2&-�j6B"$"'?Z�0&-4<�t�GL�&-)$4<3A #��=�7h52"$)$3AI�1238�%"$5�Y

����"�52"$4k&-��=t��12&8?�"$=��X3-L�OF�tH�/2 #" U2YE< ; f'r6<:4<3[r [ f8�0��3-+v40��"�����HA�}L� G"�� /�"'?�)$7��%��HA?2&-=P&-4F"'&-)$���%40&RH8":3-Lb40��"
52"$)$3AI�1B38�%��4%��3A?PYKEF&(?�"$=Fr6<8fu12&8 G4%��)'/�= &( #=�7V62"$4#+:"$"'?�"'123�)$���'W8^M^Z&8?�5,ZM^8^2f��0��3-+���&^����HA�^Lo #"�� /�"'?�)$7
�%��HA?2&-=. #"'12"'&-4<� ?�H�3A?^&�5e&-��=�7]62&-�%���'Y:EF&8?�"$=��Mr ; &8?�5ZrBF��0��3-+{4k��"�52"$40&-��=��M)$3AI�123�?�"'?84M3-LF40��"[�%��HA?2&-=
&-��I�3� #"�3-L 40��"����tH���"' MLo #"�� /�"'?�)$7��%��HA?2&R=!���
&-)$)$3�/2?84%"$5 Li3A Y
EF&8?�"$=Fr@IZ52���01�=>& 7���40��"�52"$4k&-��=t�,�%��HA?2&-=
+j����)$�����!?�3g+  G"'12 #"$�%"'?(4%"$5�687�&[ #"$=>&-4%��C8"$=�7�)$=t"'&(?Pf85e&-��=�7KU ; I���3A/2 %W �%��HA?2&-=NY!�s���t�F�<�tH�?2&-=2��� 12&8 #4<�t)'/�=>&8 G=t7
)$=�"'&8?�&8?�5h/2?�� Li3� %I 6B"$4�+:"$"'?�"'123�)*��� ; ^M^[&8?�5\ZM^M^Bf8&[12"' #��3�5KI�3A #":40�2&8?}40�2 #"$"�+:"$"'_(�'fA��3-+:"$C8"' .40��"' #"
&8 #"�)$=t"'&( �4k %&8?��%��4%��3A?���&8 #3A/2?�5\"'1B3A)$���\< [ UZ&8?�5 ZMUM^BYhwN4,���
&-=��%3�4%3K6B" ?�384<"$5\40�2&-4,40��"' #"�����&��%)'&-=�"
62"$4#+:"$"'?ZEF&8?�"$=���rBF2f(r@I�&8?�5ZrBU2YF�������������>?�=�� ?�",+���40��40��"[&8623-C8"M52���%)'/��%�%��3A? +j����)*� �>?�52�t)'&R4%"$5K40�2&R4
40��"�&8I�1�=���40/�52"�3RL!40��"��%"'I}� qo52�>/2 %?2&R=!�%��HA?2&-=Nf )$3A?84k&-�>?�"$5]�>?�EF&8?�"$=.rBF2f �t�[=>&8 GH8"' M40�2&8? 52� /2 <?2&-=F�%��HA?2&-=
3-L�EF&(?�"$=br@I Y�EF&(?�"$=erBU2f212&8 #4<�t)'/�=>&8 G=t7K6B"$4#+ "$"'?�"'123�)$��� ; ^M^�&8?�5\WM^M^2f��0��3-+��:&,)$=t"'&( :4#+ 3,5e& 7��%��HA?2&-=
+j����)$�K�k/212123A #4<�[40��"�4%�>I�"�523AI�&-�>?K52���%)'/��<�%��3A?^LN3A ��./�"$�%5e& 7]&8?�5^3840��"' s�%�>I���= &( �12 #3-ae=�"�=�3-+ =>&8/2?�5e #7
+�&-�0���>?�H�5e& 7��j&-�j12 #"$�<"'?84%"$5Z�>?^40��"[5e&-��=�7K #"$�0/�=�4%�M�%"$)$4%��3A?nUNz�"$)$4%��3A?\U2Y
<8Y ; W$Y

� �



��� ����	�� ����� � ����� 3 	��

0 200 400 600 800 1000 1200
0

0.05

0.1

A
7

Epoch (hours)

0 200 400 600 800 1000 1200
−0.02

0

0.02

D
7

Epoch (hours)

0 200 400 600 800 1000 1200
−0.02

0

0.02

D
6

0 200 400 600 800 1000 1200
−0.05

0

0.05

D
5

0 200 400 600 800 1000 1200
−0.1

0

0.1

D
4

0 200 400 600 800 1000 1200
−0.2

0

0.2

D
3

0 200 400 600 800 1000 1200
−0.2

0

0.2

D
2

Wavelet decomposition of load, Main study

0 200 400 600 800 1000 1200
0

0.2

0.4

S
ig

na
l

0 200 400 600 800 1000 1200
−0.1

0

0.1

D
1

Epoch (hours)

��� �����	��

����������������� ���������� �!#"$ &%'� �(�  �)* ,+-�  .����/�01���2)3%4�(���&5

6�7



��� � 2 �43�3 � ����������	/� � �

����",� ?(LN3A %I�&-4%��3A?^�>?KEF&8?�"$=��[rBW�&8?�5�r [ ���[52"' #��C8"$5^Lo #3AI�I�/�)$�Z=�3-+:"' j&8I�1�=t��40/�52"��%��HA?2&R=t�[4k�2&8?Z40��"
)$3AI�1B3A?�"'?(4;12 #"$�<"'?84M�>?]EF&(?�"$=urBU2Y��s��"}&(I�1�=��t4k/�52"$��&8 #"
&(623A/�4[�2&-= L 40��3(�%"�3-L!EF&8?�"$=.rBUh&(?�5]��"'?�)$"
�>?�52��CA��5e/2&-=�)$3�?840 G� 62/�4<�t3�?��
4<3K40��"�4<3840&-=!1B3g+:"' [&8 G"h& �2/2&8 #4%"' Y �s��"h12"' #��3�5v3-L 4k��"h�%��HA?2&R=!�>?VEF&(?�"$=
rBW,���j?�"$��40��"' :+:"$=�=�52"kab?�"$5]?�3A X�%4k&86�=�"8Y!����"[Cg&( #�>&-4%��3A?����>?Z&8I�1�=���40/�52"�&-=>I�38�%4:)$"' #40&R� ?�=�7K #"$�k/�=t4QL� #3�I
&nI�� �A�>?�Hv3-L[40�����Z�%��HA?2&-=M+���40� &(?�3840��"' �=t3-+ L� G"�� /�"'?�)$7��%��HA?2&-=M+j��38�%"�12"' #��3�5J�2&R� ?�384Z62"$"'? Lo/�=�=t7
�0&8I�1�=t"$5�Y{�s���t�����h�>? )$3A?84k %&-�%4�4%3VEF&(?�"$=�r [ +j����)$�v"��2��� 6���4%�K&n %&-4k��"' �+:"$=�=[62"'�2& C8"$5 &(?�5 �%40&(6�=t"
+:"$"'_8=�7Z)$�2&8 %&-)$4<"' #���%4%��)8f�<�WMZ,"'1B3A)$���'f +j����)*� �t�[_�?�3g+M?�4%3�62"
12 G"$�%"'?84s� ? 40��"[5e&-40&}5e/�"�4%3�40��",+ "$"'_(=�7
)$7�)$=t��)$��4#7K3-LF=>&8/2?�5e #7K&8?�5Z+�&-4<"' /��k&-H8"�12&-4%4<"' %?��'Y

� � � � ��� ��� �
�
 �� �1-  ,+*2

����"KI�/�=�4%� q�12&8 #4�4%�>I�"Z�%"' G�t"$��&81212 #3A&-)$�n/��%"$5v3A? 40��" I�&-�>?n�%40/�527\5e&-4k&K�<"$4
+�&-��&-=��%3\/��%"$5v3�?\40��"
�0��3A G4%"' sLi3(=t=�3-+:q�/21��<40/�527�5e&-40&��%"$4'Y�����/��[40��"��0&(I�",aeC8"�40 %&R)$"�aeH�/2 #"$�[LN3A M62&-�%"$=��>?�"K&8?�5^Li38=�=�3-+:q�/21
5e&-40&,&8 #"�H("'?�"' %&-4%"$5Z&8?�5�52�t�k1�= & 78"$5K&R�!�>?Zz�"$)$4%��3A?0U2YE<8f(�0& C8"�40�2&-4X40��"jI�&R� ?��<40/�527��t�M #"'1�=>&-)$"$5 6(7�40��"
LN38=�=t3-+:q�/21 �%40/�5278Y

����" Li38=�=�3-+:q�/21^�%40/�527K #"$�k/�=t4<�;&8 G"�H8��C8"'?^�>?ZOF��HA/2 #"6U2Y
<�F2Y:��������aeHA/2 G"
�k��3g+s��40��"
12��3(�012��3A %/��[/��0&-H8"
3-L�40��"j�s�A/2 #H(3A3A?2&M)$3�I�I�/2?��t4#7�"$��HA�(4!+:"$"'_8�:& LN4%"' .40��"j12��38�k12��3A %/��#qNLo #"$"M52"$4%"' #H8"'?(4!40 G� &R=2)$"'&-�%"$5�Y!����"
)$�2&8?�H8"��>?\12��38�k12��3A %/���=�3A&R5�L� G3AIc40��"�52"$4%"' %I��>?�"$5v62&-�%"$=��>?�"hC-&-=>/�"h3RL ; YGU_<�_8H�
R5e&'7Z4<3K&�Li38=�=�3-+:q�/21
12"' G�t3�5�Cg&-=>/�",3-L ; YGUMZ�_8H 
-5e& 78fe&�)$�2&8?�H8"[3-L F � f2���[?�384�)$3A?��<�t52"' G"$5]�<�tH�?�� ae)'&(?84'Y:�������MCg&-=>/�"��>?�)$= /�52"$�
623(40��40��"�)$3�I�123A?�"'?(4!5e/�"M4%3Mde3-+ &8?�5�40��"�)$3AI�123A?�"'?(4!5e/�"�4<3�)$3A?�)$"'?(40 %&-4<�t3�?
&(?�5h�%3� G"'12 #"$�%"'?(4%�!40��"
/21212"' s=��>I���4'Y �s��"[=t3-+:"' :=��>I���4'f 40��"[=�3A&-5Z)$�2&8?�H8"[40�2&-4:���M5e/�"�3A?�=�7�4%3�)$3A?�)$"'?84k %&-4%��3A?Pf2���[&� #"$5e/�)$4%��3A?
3-LXq ^2Y ; W�_8H 
-5e& 7K3A (<�^ � Y
�s��"h12��38�012��3A </���)$3A?�)$"'?(40 %&-4<�t3�?K=�"$C8"$=��� #"'I�&R� ?�"$5 52"'12 #"$�%�%"$5v #"$=>&-4%��C8"�4<3
40��"h62&R�%"$=�� ?�"Z�<40/�527�� ?�52��)'&-4<� ?�H 40�2&-4�&K12 G3A123A G4%��3A?Pf�I1F � f�3-L:40 #�>&-=:12&8 #4%��)$�>12&8?(4%�
�2& C8"�)$3�?84%�>?�/�"$5V4<3
/��%"�12��38�012��3A %/��GqNL� #"$"[52"$4<"' #H8"'?(4%�'Y

����"M4#+ 3�I}38�%4!�<40 #�>_8�>?�H�LN"'&-40/2 G"$�!3-L�OF��HA/2 #"@U2YE<�F,&8 #"�4k��"j�%�>I���=>&8 #��4#7Z62"$4#+:"$"'?�40��"[62&-�%"$=��>?�"�=�3A&R5h+���40�
40��"�Li3(=t=�3-+:q�/21n=�3A&-5 &(?�5v40��"  G"'12&8 #4%��4%��3A?��>?�H\3-LM40��"h=�3A&R5 &-��� ?�52��)'&-4<"$5 6(7\40��"Z)$3AI�1B3A?�"'?(4%� � � � �
&8?�5 � � � � &8?�5 40��"^�>?84%"' <&-)$4%��3A?v4<"' %IZY ����"ZaeHA/2 G"K�0��3-+���4k�2&-4�40��"^)*�2&8?�H("K�>? de3g+ )$3AI�123�?�"'?84
523AI��>?2&-4<"$�[40��"�)*�2&8?�H("��>?�)$3A?�)$"'?(40 %&-4<�t3�?Z)$3AI�1B3A?�"'?(4'Y�z�"$)$4%��3A?�F2YE<(Y ; 52���%)'/��%�%"$�,40��"�12 #3A6�=�"'I��[40�2&R4
+:"' #"�"��212"' #��"'?�)$"$5^� ?Z G"$5e/�)$� ?�H�40��"�5e&-40& �%"$4:�>?�40�����:�%40/�527�12"' #��3�5K&8?�5�40��"[/2?�)$"' #40&-�>?(4%��"$�j&-�%�<3A)$�>&-4%"$5
+���40�� G"'1�= &R)$� ?�H�40��":=�38H8H("' F&8?�5�)'&-=��>62 %&-4%�>?�H�40��"�?�"$+ =�38H(H8"' .4%3�&M)$3A?��%4k&8?84F)$3�I�I�/2?��t4#7�/��0&-H8"8YF����"$�%"
12 #3A6�=�"'I��:�0/�H(H8"$�%4!4k�2&-4F�%��HA?�� ae)'&8?(4:de3-+ 6�� &R�%"$�� #"'I�&-�>?�� ?�&-=�=P40�2 #"$"�5e&R40&[�%"$4<� &8?�5�4k�2&-4!40��"s� ?�)' G"'&-�%"
�>? de3-+ �%"$"'?v��"' #"Z����&-��12 #3A62&(6�=t"K&R��40��"Z52"$)' #"'&R�%"h52���%)'/��<�%"$5 �>?n40��"Z #"$�0/�=�4%��&-�%�<3A)$�>&-4%"$5v+s�t4k�\40��"
I�&-�>? �%40/�527Z12"' #��3�5�Y

OF��HA/2 #" UBYE<�Fs�0��3-+��F40�2&-4F)$�2&8?�H8"$�X5e/�"�4%3[40��"j12��3(�012��3A %/��X)$3A?�)$"'?84k %&-4%��3A?�&( #":=t�>I���4%"$5Z4<3�&8 #3A/2?�56Z2YG^8^
&2Y I Y�+j��"'?�I�38�<4j=>&8/2?�5e #7�&-)$4%��C��t4#7^40&8_-"$�[1�=>&-)$"8Y[����"' #"'& LN4%"' M40��"' #",���[=t��4%4<=t"�)*�2&8?�H("}&(?�5]��"'?�)$"�40��"
�>?84<"' %&-)$4%��3A? 4%"' %I ��� �$"' #3eY:�������[�%40 #"'?�H84k��"'?���40��"
�(72123840��"$�<�t�M40�2&-4M&h12 #3�123A #4<�t3�?�3-L�4k��"�)$3AI�I�/2?���4#7
LN3A/2?�5x12��3(�012��3A %/��#qNLo #"$"�=>&8/2?�5e G7\52"$4%"' #H8"'?(4%�,�0&-4%���#Lo&-)$4%3A G7ZLN3A [40��"$�> = &(/2?�5e #7V?�"$"$52��&8?�5v��"'?�)$"h52��5
?�384j G"$C8"' #4M4%3h12��38�012��3� %/��;62&R�%"$5]12 #3�5e/�)$4%��& LN4%"' :4k��"
I�&-�>? �%40/�5278Y�����",)$3AI�123�?�"'?84M5e/�"�4%3�de3-+ ���
�%40 G3A?�H8=�7\1238�%��4%��C8"��>?�40��"\Z2YG^M^�&2Y I Y�4%3R<�^BYG^M^Z&2Y I Y�&8?�5,W2YG^8^Z1PY IZY�4<3 Z2YG^M^Z1PY I Yh12"' G�t3�52��+���40�\&
I��>?��>I�/2IZfb?�"'&( �$"' G3efe62"$4#+:"$"'?�<�^2Ya^M^�&2Y IZYF&8?�5\IeYG^M^�1PY I Y!����"�I�&-H�?��t4k/�52"[3-Lu40��"[)$3AI�123A?�"'?(4�5e/�"
4%3�de3-+{���[�%�>I���=>&8 M4%3�40�2&-4��0��3-+j?��>?^OF��HA/2 #"(U2YE<8Y:wo? 40������aeHA/2 G"�40��",)$3AI�123�?�"'?84M5e/�"�4%3�de3-+ 12"'&(_8�
�0��3A G4%=�7K& Li4<"' QZ2YG^M^�&2Y IZY &R4:q ^2YE< ; _8H�
(�2 �&8?�5K4k��"'? �%/��%4;&gLi4%"' �C2YG^M^�1PY IZY:&-4:q ^BYG^MU�_(H�
8�2 $Y:�������M�t�[4<3
62"M)$3AI�12&( #"$5�+���40��1238�<�t4<�tC(";1B"'&8_8�:3-L�^2YE<�F,_8H 
8�2 .�0��3A #4<=t7�& LN4%"' Z2YG^M^[&2Y IZYu&8?�5\^2YGZ[_(HeY �2 �G/��<4 62"kLN3A #"
Z2YG^8^
1PY IZYF�������j�0/�H(H8"$�%4%�:40�2&-4sCg&8 #�>&-4<�t3�?����>?�de3-+�fe12 #3�62&86�=�7h)$3A?��<40&8?(4j6��>&-��=�"$C8"$=��'f �%4%��=�=u"������%4��>?Z40��"
de3-+{5e&-40&�&8?�5^40��/���)'&8 #"�I�/��%4�62"�I�&-52"[�>?Z�>?(4%"' %12 #"$4<� ?�H�40��"� #"$�0/�=�4%�'Y

�	#



��� ����	�� ����� � ����� 3 	��

0 4 8 12 16 20 24

−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5
Components of average daily load change, Baseline study to Follow−up study

Time (hours)
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 (
kg

/h
r)

Baseline study load

Follow−up study load

Change in load due to change in flow

Change in load due to change
in TP concentration

Interaction term

AVERAGE DAILY LOAD:
          Baseline study   2.51 kg/day
          Follow−up study  2.58 kg/day

LOAD COMPONENTS: (kg/day)
Change in Load Due to Change In:
       Flow         0.37 (↑15%)
       TP conc.    −0.26 ( ↓10%)
       Interaction −0.04 ( ↓ 2%)
Total component change is:
                    0.07 (↑ 3%)
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