




 

















































 



 

 

 

APPENDIX B 
Water Well Records 
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TOWNSHIP 

CONCESSION (LOT)  UTM1 
DATE 2  

CNTR 3  

CASING 

DIA 4 

  

WATER5,6 
DETAIL 

STAT LVL/PUMP LVL7 

RATE8/TIME HR:MIN 

WATER 

USE9 

SCREEN 

INFO10 

WELL # (AUDIT#) WELL TAG # 

DEPTHS TO WHICH FORMATIONS EXTEND5,11 

NEWCASTLE TOWN (DARL 
BF (025) 
 

17 681539 
 4860251W 

1967/08 
 2615 

36 FR 0005 
 

007 /  
 002 / :0 
 

ST 
   
 

 1901119 ()  
BLCK LOAM 0001 BRWN CLAY 0005 BRWN 
CLAY GRVL 0023 BLUE CLAY 0025 

NEWCASTLE TOWN (DARL 
BF (026) 
 

17 680840 
 4860616L 

1997/11 
 2662 

06 06 FR 0104 
 

020 /  145 
     / 0:0 
 

CO 
 

 1913543 (180689)  
BRWN CLAY 0006 GREY CLAY STNS 0028 
BRWN SILT SAND 0035 GREY SILT CLAY 
0051 BRWN SILT SAND 0060 GREY CLAY 
0100 BRWN SILT SAND 0103 BLCK SHLE 
0104 BRWN LMSN 0145 

NEWCASTLE TOWN (DARL 
BF (026) 
 

17 680840 
 4860616L 

1999/01 
 2662 

06 FR 0053 
 

031 /  039 
 005 / 1:0 
 

DO 
 

 1914269 (198422)  
BRWN SAND GRVL CLAY 0041 BRWN SAND 
GRVL WBRG 0053 GREY LMSN 0055 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680695 
 4860303W 

1958/04 
 2615 

36 FR 0035 
 

034 /  
 / :0 
 

DO 
   
 

 1901121 ()  
LOAM GRVL 0002 CLAY STNS 0035 MSND 
0039 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680575 
 4860323W 

1957/08 
 2113 

06 FR 0106 
 

020 /  100 
 002 / 2:0 
 

ST 
DO 
 

 1901120 ()  
FILL 0001 GREY CLAY MSND 0060 BLUE 
CLAY 0106 LMSN 0107 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680600 
 4860103W 

2004/06 
 1413 

36     1917172 (Z06784)  
 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680489 
 4860083W 

2004/07 
 1413 

00  005 /  
 / :0 
 

NU 
 

 1917203 (Z06804)  
0015 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680405 
 4860037W 

2004/07 
 1413 

00  004 /  
 / :0 
 

NU 
 

 1917202 (Z06805)  
0020 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680544 
 4860078W 

2004/06 
 1413 

36 06     1917171 (Z06785)  
 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680446 
 4860521L 

2004/04 
 6874 

30 FR 0033 
 

031 /  
 / :0 
 

DO 
 

 1917081 (Z02874)  
UNKN 0042 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1997/11 
 1413 

11 06 FR 0037 
 

002 /  029 
 003 / 4:0 
 

IN 
 

0030 
 07 
 

1913507 (178140)  
BRWN CLAY HARD 0020 BRWN SAND GRVL 
LOOS 0037 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1997/03 
 1413 

06 FR 0036 
 

002 /  027 
 006 / 1:0 
 

IN 
 

0033 
 03 
 

1913174 (178049)  
BRWN CLAY HARD 0010 GREY CLAY STNS 
HARD 0032 GREY GRVL CGRD CLN 0036 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1997/03 
 1413 

06   IN 
 

 1913173 (178048)  
BRWN CLAY HARD 0010 GREY CLAY GRVL 
LOOS 0035 GREY CLAY STNS HARD 0060 
GREY CLAY DNSE 0075 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1997/03 
 1413 

06   IN 
 

 1913172 (178045)  
BRWN CLAY DNSE 0007 BRWN SILT SAND 
LOOS 0030 BRWN GRVL SILT CMTD 0037 
GREY CLAY STNS LYRD 0070 GREY SILT 
STNS SOFT 0071 GREY SAND SILT SOFT 
0073 GREY CLAY DNSE 0075 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1997/02 
 1413 

06 06   IN 
 

 1913170 (178043)  
BRWN CLAY SAND SOFT 0016 GREY CLAY 
STNS HPAN 0055 GREY CLAY DNSE 0108 
BLCK SHLE HARD 0117 
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TOWNSHIP 

CONCESSION (LOT)  UTM1 
DATE 2  

CNTR 3  

CASING 

DIA 4 

  

WATER5,6 
DETAIL 

STAT LVL/PUMP LVL7 

RATE8/TIME HR:MIN 

WATER 

USE9 

SCREEN 

INFO10 

WELL # (AUDIT#) WELL TAG # 

DEPTHS TO WHICH FORMATIONS EXTEND5,11 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680475 
 4860903W 

1978/01 
 2214 

30 FR 0031 
 

020 /  025 
 006 / 0:30 
 

CO 
   
 

 1905036 ()  
BRWN CLAY STNS PCKD 0015 BLUE CLAY 
STNS CMTD 0031 GRVL WBRG LOOS 0033 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680115 
 4861223W 

1978/06 
 2104 

06 FR 0043 
 

012 /  030 
 015 / 5:30 
 

DO 
   
 

0043 
 04 
 

1905057 ()  
BRWN CLAY STNS 0025 GREY CLAY GRVL 
0043 BRWN MSND GRVL 0046 GREY CLAY 
0047 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680055 
 4861203W 

1978/10 
 2104 

06 FR 0035 
 

015 /  025 
 020 / 4:30 
 

 
IN 
 

0034 
 04 
 

1905173 ()  
BRWN CLAY STNS 0015 GREY CLAY GRVL 
HARD 0035 BRWN SAND GRVL LOOS 0037 
GREY CLAY 0043 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680195 
 4861203W 

1982/04 
 1572 

06 UK 0170 
 

040 /  100 
 010 / 2:0 
 

IN 
   
 

 1906356 ()  
BRWN LOAM SOFT 0002 GREY CLAY BLDR 
HARD 0074 GREY CLAY HARD VERY 0110 
GREY STNS HARD VERY 0180 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680195 
 4861203W 

1983/08 
 2214 

30 FR 0020 
 

015 /  018 
 007 / 0:30 
 

IN 
   
 

 1906827 ()  
BRWN CLAY PCKD 0010 BLUE CLAY STNS 
PCKD 0020 BLUE CLAY SAND LYRD 0031 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680385 
 4861271W 

1986/09 
 2104 

06 UK 0109 
UK 0107 
 

035 /  090 
 008 / 4:0 
 

CO 
   
 

 1907908 ()  
BRWN CLAY STNS MGRD 0020 GREY CLAY 
GRVL MGRD 0107 BLCK SHLE LYRD 0109 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680380 
 4861273W 

1986/09 
 2104 

06   NU 
   
 

 1907909 ()  
GREY CLAY GRVL MGRD 0110 BLCK SHLE 
MGRD 0115 BRWN LMSN LYRD HARD 0143 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1988/09 
 3129 

30 FR 0032 
 

015 /  023 
 008 / 1:0 
 

 
DO 
 

 1909292 ()  
LOAM 0001 BRWN CLAY 0026 BLUE CLAY 
0043 GREY SAND GRVL 0045 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680278 
 4861213W 

1989/01 
 2104 

06 UK 0110 
 

040 /  119 
 001 / 21:0 
 

CO 
   
 

 1909578 ()  
BRWN CLAY MGRD 0030 GREY CLAY MGRD 
0108 BLCK LMSN MGRD 0120 BLCK LMSN 
MGRD 0135 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680033 
 4861102W 

1989/01 
 2104 

06 UK 0024 
 

005 /  025 
 003 / 2:0 
 

CO 
   
 

 1909579 ()  
BRWN CLAY MGRD 0008 BRWN CLAY GRVL 
MGRD 0020 GREY CLAY GRVL MGRD 0024 
BLCK SAND GRVL WBRG 0027 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1988/11 
 2214 

30 FR 0020 
FR 0028 
 

020 /  022 
 004 / 1:0 
 

DO 
   
 

 1909658 ()  
BLCK LOAM 0001 BRWN CLAY BLDR CMTD 
0015 GREY CLAY PCKD 0020 BLUE CLAY 
SNDY WBRG 0025 BLUE CLAY STNS CMTD 
0028 BRWN SAND GRVL WBRG 0035 BRWN 
SHST WBRG 0037 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680267 
 4861212W 

1989/05 
 1413 

    
CO 
 

 1909887 ()  
BRWN CLAY STNS SNDY 0011 BRWN CLAY 
GRVL LOOS 0019 GREY CLAY STNS SNDY 
0026 GREY CLAY STNS PCKD 0035 BRWN 
SAND GRVL PCKD 0046 GREY CLAY PCKD 
0109 BLCK SHLE HARD 0109 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680285 
 4861204W 

1989/05 
 1413 

    
CO 
 

 1909889 ()  
BRWN CLAY SAND LOOS 0005 BRWN CLAY 
GRVL LOOS 0019 BRWN SAND GRVL LOOS 
0031 GREY CLAY STNS SNDY 0045 GREY 
CLAY STNS PCKD 0060 
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TOWNSHIP 

CONCESSION (LOT)  UTM1 
DATE 2  

CNTR 3  

CASING 

DIA 4 

  

WATER5,6 
DETAIL 

STAT LVL/PUMP LVL7 

RATE8/TIME HR:MIN 

WATER 

USE9 

SCREEN 

INFO10 

WELL # (AUDIT#) WELL TAG # 

DEPTHS TO WHICH FORMATIONS EXTEND5,11 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680340 
 4861202W 

1989/07 
 2214 

18 FR 0026 
 

005 /  028 
 014 / 1:40 
 

CO 
   
 

 
 
 

1910026 ()  
BRWN CLAY STNS PCKD 0005 BRWN CLAY 
STNS CMTD 0015 GREY CLAY PCKD HARD 
0026 GREY SAND WBRG PCKD 0034 GREY 
CLAY STNS CMTD 0036 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680316 
 4861175W 

1989/07 
 2214 

30 FR 0039 
 

006 /  029 
 014 / 1:10 
 

CO 
   
 

 1910027 ()  
SAND GRVL PCKD 0010 SAND GRVL CMTD 
0018 GREY SAND SILT HARD 0023 GREY 
SILT SNDY PCKD 0028 GREY CLAY SILT 
PCKD 0042 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680326 
 4861212W 

1988/06 
 2214 

18 FR 0022 
 

007 /  027 
 / :0 
 

DO 
CO 
 

 
 
 

1910028 ()  
CLAY STNS PCKD 0005 BRWN CLAY STNS 
CMTD 0015 GREY CLAY STNS PCKD 0022 
GREY STNS WBRG PCKD 0034 BRWN CLAY 
STNS CMTD 0036 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680336 
 4861196W 

1989/07 
 2214 

30 FR 0030 
FR 0018 
 

011 /  028 
 014 / :45 
 

CO 
   
 

 1910029 ()  
BRWN CLAY PCKD 0008 BRWN CLAY SNDS 
CMTD 0022 BRWN CLAY SNDS LYRD 0030 
BRWN SAND WBRG 0035 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1991/08 
 2214 

24 18 FR 0028 
FR 0043 
 

015 /  036 
 005 / 1:0 
 

 
DO 
 

 1911249 ()  
BLCK LOAM 0002 BRWN CLAY STNS 0020 
GREY CLAY STNS CMTD 0028 BLCK SAND 
WBRG 0029 GREY CLAY STNS CMTD 0042 
BLCK SAND GRVL WBRG 0045 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680492 
 4860935W 

1993/08 
 3129 

06 06 FR 0022 
GS 0108 
 

008 /  071 
 003 / 4:0 
 

 
CO 
 

0108 
 06 
 

1911762 ()  
BRWN LOAM 0005 GREY CLAY STNS 0022 
GREY CLAY SNDS WBRG 0034 GREY CLAY 
STNS HARD 0068 GREY CLAY STNS SOFT 
0106 GREY GRVL SNDY WBRG 0108 GREY 
STNS CLAY SNDY 0113 SHLE ROCK 0113 

NEWCASTLE TOWN (DARL 
BF (027) 
 

17 680449 
 4860521L 

1997/02 
 1413 

06   IN 
 

 1913169 (178042)  
BRWN CLAY DNSE HARD 0014 GREY CLAY 
SAND HARD 0057 GREY CLAY SAND LYRD 
0062 GREY CLAY DNSE 0075 

NEWCASTLE TOWN (DARL 
BF (028) 
 

17 679775 
 4860683W 

1963/05 
 2801 

07 FR 0032 
 

012 /  019 
 014 / 8:0 
 

DO 
   
 

0032 
 04 
 

1901122 ()  
LOAM 0001 CLAY GRVL 0014 GRVL CLAY 
0025 CLAY SILT GRVL 0032 MSND GRVL 
CLAY 0044 CLAY GRVL 0053 GRVL SHLE 
CLAY 0059 CLAY GRVL 0081 BLUE CLAY 
GRVL 0092 SHLE 0096 

NEWCASTLE TOWN (DARL 
BF (028) 
 

17 680029 
 4860455L 

1986/07 
 4814 

06 FR 0100 
 

005 /  094 
 004 / 10:0 
 

 
CO 
 

 1908319 ()  
BRWN CLAY STNS 0014 GREY CLAY STNS 
0038 GRVL SNDY 0046 GREY CLAY STNS 
SNDY 0060 GREY CLAY STNS 0068 GREY 
SHLE CLAY GRVL 0096 GREY CGVL CLYY 
0100 CGVL FGRD 0104 

NEWCASTLE TOWN (DARL 
BF (029) 
 

17 680055 
 4860693W 

1955/09 
 5454 

04 FR 0038 
 

020 /  032 
 002 / 4:0 
 

DO 
   
 

 1901123 ()  
LOAM MSND 0001 CLAY 0011 BLUE CLAY 
0022 BLUE CLAY GRVL 0038 CSND GRVL 
0040 

NEWCASTLE TOWN (DARL 
BF (029) 
 

17 679615 
 4860673W 

1963/05 
 2801 

   NU 
   
 

 1901125 ()  
LOAM 0001 BRWN CLAY BLDR GRVL 0006 
GREY CLAY GRVL 0030 CLAY GRVL 0037 
GRVL CLAY 0038 CLAY GRVL 0059 SHLE 
0067 
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TOWNSHIP 

CONCESSION (LOT)  UTM1 
DATE 2  

CNTR 3  

CASING 

DIA 4 

  

WATER5,6 
DETAIL 

STAT LVL/PUMP LVL7 

RATE8/TIME HR:MIN 

WATER 

USE9 

SCREEN 

INFO10 

WELL # (AUDIT#) WELL TAG # 

DEPTHS TO WHICH FORMATIONS EXTEND5,11 

NEWCASTLE TOWN (DARL 
BF (029) 
 

17 679595 
 4860963W 

1956/10 
 4107 

06 FR 0049 
 

015 /  036 
 008 / 2:0 
 

 
DO 
 

 1901124 ()  
PRDG 0034 BLUE CLAY 0038 MSND 0046 
GRVL 0049 

NEWCASTLE TOWN (DARL 
CON  01(026) 
 

17 679918 
 4861189W 

1989/07 
 1413 

06 FR 0052 
 

014 /  
 004 / 5:30 
 

DO 
   
 

0049 
 03 
 

1910033 ()  
BRWN CLAY STNS SNDY 0018 BRWN GRVL 
CLAY CGRD 0020 GREY CLAY STNS SOFT 
0028 BRWN GRVL CLAY CGRD 0034 GREY 
CLAY STNS SNDY 0040 BRWN GRVL SAND CLN 
0052 

NEWCASTLE TOWN (DARL 
CON  01(028) 
 

17 680257 
 4861218W 

1994/03 
 3136 

06 06 FR 0109 
 

032 /  150 
 003 / 1:0 
 

IN 
 

 1911949 (24160)  
BRWN LOAM 0002 GREY CLAY SAND STNS 
0025 GREY CLAY SAND SLTY 0109 BLCK 
ROCK LYRD 0157 

NEWCASTLE TOWN (DARL 
CON  01(028) 
 

17 679692 
 4861182W 

1957/11 
 2113 

06 06 FR 0039 
 

036 /  049 
 005 / 6:0 
 

DO 
ST 
 

0039 
 10 
 

1901183 ()  
PRDG 0038 GRVL MSND 0048 GREY CLAY 
MSND STNS 0071 GREY CLAY STNS 0102 
GREY CLAY 0112 

NEWCASTLE TOWN (DARL 
  01(006) 
 

17 680423 
 4860262W 

2007/10 
 4102 

  
 

/  
 / :0 
 

  
 
 

7053112 (Z67907)  
 

NEWCASTLE TOWN (DARL 
 () 
 

17 680115 
 4861148W 

2008/03 
 3030 

36 FR 0022 
   0030 
   0045 
 

017 /  
 004 / 1:0 
 

  
 
 

7103759 (Z68288) A072506 
BRWN CLAY FILL 0003 BRWN CLAY 0022 
GREY SILT STNS HARD 0030 GREY SILT 
SAND LYRD 0050 

BROCK TOWNSHIP (THOR 
CON  07(010) 
 

17 680405 
 4860036W 

2004/08 
 1413 

36  010 /  
 / :0 
 

  1917263 (Z06806)  
 

BOWMANVILLE TOWN 
 () 
 

17 681410 
 4860966W 

2008/03 
 6809 

     7104714 (M01171) A071803 
 

WHITBY TOWN 
  01(006) 
 

17 680505 
 4860297W 

2007/10 
 4102 

  
 

/  
 / :0 
 

  
 
 

7053102 (Z67906)  
 

MANVERS TOWNSHIP 
CON  08(024) 
 

17 680405 
 4860036W 

2004/07 
 1413 

06 FR 0062 
 

010 /  049 
 016 / 1:0 
 

DO 
 

0060 
 04 
 

6417757 (Z06802) A006672 
BRWN SAND 0040 BRWN SAND 0064 
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Notes:  
1. UTM in Zone, Easting, Northing and Datum is NAD83; L: UTM estimated from 

Centroid of Lot; W: UTM not from Lot Centroid 
2. Date Work Completed 
3. Well Contractor Licence Number 
4. Casing diameter in inches 
5. Unit of Depth in Feet 
6. See Table 4 for Meaning of Code 

7. STAT LVL: Static Water Level in Feet ;  PUMP LVL: Water 
Level After Pumping in Feet 

8. Pump Test Rate in GPM, Pump Test Duration in Hour : Minutes 
9. See Table 3 for Meaning of Code 
10. Screen Depth and Length in feet 
11. See Table 1 and 2 for Meaning of Code 
 

 
 
    

1. Core Material and Descriptive terms 

Code Description … Code Description  … Code Description  … Code Description  … Code Description  

BLDR BOULDERS  FCRD FRACTURED  IRFM 
IRON 

FORMATION 
 PORS POROUS  SOFT SOFT 

BSLT BASALT  FGRD FINE-GRAINED  LIMY LIMY  PRDG 
PREVIOUSLY 

DUG 
 SPST SOAPSTONE 

CGRD 
COARSE-
GRAINED 

 FGVL FINE GRAVEL  LMSN LIMESTONE  PRDR 
PREV. 
DRILLED 

 STKY STICKY 

CGVL 
COARSE 
GRAVEL 

 FILL FILL  LOAM TOPSOIL  QRTZ QUARTZITE  STNS STONES 

CHRT CHERT  FLDS FELDSPAR  LOOS LOOSE  QSND QUICKSAND  STNY STONEY 

CLAY CLAY  FLNT FLINT  LTCL 
LIGHT-
COLOURED 

 QTZ QUARTZ  THIK THICK 

CLN CLEAN  FOSS FOSILIFEROUS  LYRD LAYERED  ROCK ROCK  THIN THIN 

CLYY CLAYEY  FSND FINE SAND  MARL MARL  SAND SAND  TILL TILL 

CMTD CEMENTED  GNIS GNEISS  MGRD 
MEDIUM-
GRAINED 

 SHLE SHALE  UNKN 
UNKNOWN 
TYPE 

CONG CONGLOMERATE  GRNT GRANITE  MGVL 
MEDIUM 
GRAVEL 

 SHLY SHALY  VERY VERY 

CRYS CRYSTALLINE  GRSN GREENSTONE  MRBL MARBLE  SHRP SHARP  WBRG 
WATER-
BEARING 

CSND COARSE SAND  GRVL GRAVEL  MSND MEDIUM SAND  SHST SCHIST  WDFR 
WOOD 

FRAGMENTS 

DKCL 
DARK-

COLOURED 
 GRWK GREYWACKE  MUCK MUCK  SILT SILT  WTHD WEATHERED 

DLMT DOLOMITE  GVLY GRAVELLY  OBDN OVERBURDEN  SLTE SLATE    

DNSE DENSE  GYPS GYPSUM  PCKD PACKED  SLTY SILTY    

DRTY DIRTY  HARD HARD  PEAT PEAT  SNDS SANDSTONE    

DRY DRY  HPAN HARDPAN  PGVL PEA GRAVEL  SNDY SANDY     

2. Core Color 

Code Description  

WHIT WHITE 

GREY GREY 

BLUE BLUE 

GREN GREEN 

YLLW YELLOW 

BRWN BROWN 

RED RED 

BLCK BLACK 

BLGY BLUE-GREY 
 

3. Water Use 

Code Description  Code Description  

DO Domestic OT Other 

ST Livestock TH Test Hole 

IR Irrigation DE Dewatering 

IN Industrial MO Monitoring 

CO Commercial   

MN Municipal   

PS Public   

AC Cooling And 
A/C 

  

NU Not Used   

 
4. Water Detail 

Code Description  Code Description  

FR Fresh GS Gas 

SA Salty IR Iron 

SU Sulphur   

MN Mineral   

UK Unknown   
 

 
 



 



 

 

APPENDIX C 
Hydrological Modelling Data 

 



 



Appendix C 

10mm event 

 

25mm event 

 



 

2‐year event 

 

5‐year event 

 

 



 

10‐year event 

 

25‐year event 

 

 



 

50‐year event 

 

100‐year event 

 

 



 

Hurricane Hazel 

 

 



 
 
1-hr AES Distribution Stormwater Modelling Results 

Watershed Parameter 2yr/ 1hr 5yr/ 1hr 10yr/ 1hr 25yr/ 1hr 50yr/ 1hr 100yr/ 1hr 

Existing 
Conditions 

Peak Discharge 
(m3/s) 0.07 0.14 0.19 0.27 0.33 0.39 

Runoff Volume 
(m3) 275 497 674 931 1140 1365 

Post-Development 
(140,000 tpy) 

Peak Discharge 
(m3/s) 0.43 0.63 0.76 0.94 1.08 1.22 

Runoff Volume 
(m3) 1404 2026 2462 3041 3479 3926 

Post-Development 
(400,000 tpy) 

Peak Discharge 
(m3/s) 0.53 0.76 0.92 1.12 1.27 1.43 

Runoff Volume 
(m3) 1660 2364 2849 3487 3964 4449 

 
 
24hr SCS Type II Distribution Stormwater Modelling Results 

Watershed Parameter 2yr/ 
24hr 

5yr/ 
24hr 

10yr/ 
24hr 

25yr/ 
24hr 

50yr/ 
24hr 

100yr/ 
24hr 

Existing 
Conditions 

Peak Discharge 
(m3/s) 0.14 0.22 0.28 0.37 0.43 0.50 

Runoff Volume 
(m3) 1101 1712 2174 2800 3295 3822 

Post-Development 
(140,000 tpy) 

Peak Discharge 
(m3/s) 0.47 0.64 0.76 0.91 1.02 1.14 

Runoff Volume 
(m3) 3398 4508 5399 6444 7231 8038 

Post-Development 
(400,000 tpy) 

Peak Discharge 
(m3/s) 0.55 0.74 0.87 1.03 1.15 1.28 

Runoff Volume 
(m3) 3877 5153 6027 7132 7959 8803 

 



 

 

APPENDIX D 
400,000 tpy Scenario Upgrade Requirements  
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1.0 INTRODUCTION 
The Proposed Thermal Treatment Facility (the Facility) in the Clarington Energy Business Park 
has an initial design capacity of 140,000 tonnes per year (tpy). If approved, construction of this 
Facility is scheduled to occur between 2010 and 2013. It is anticipated that waste production 
may continue to increase in the future and that this Facility may be expanded to a projected 
maximum design capacity of 400,000 tpy.  

This technical appendix has been prepared to address the likely effects of the increased 
capacity Facility on water resources. The optional expansion/upgrade would affect the water 
supply requirements, wastewater discharge volumes and stormwater management features 
located both on- and offsite. As these upgrades may be constrained by future area restrictions 
and may include sub-surface activities, it may be prudent to consider integrating some of the 
recommended measures or incorporating contingency planning into the initial design capacity of 
140,000 tpy (140,000 tpy scenario) Facility design.    

2.0 STORMWATER MANAGEMENT 
In order for the increased capacity Facility to accommodate a projected maximum design 
capacity of 400,000 tpy (400,000 tpy scenario), access roads, refuse storage areas and the 
number of waste processing buildings would need to be increased from the current 140,000 tpy 
scenario (See Figure 2-1 for the 400,000 tpy scenario Facility Site plan and Figure 4-1 in the 
Main Report for the 140,000 tpy scenario Facility Site plan). The addition of these Facility 
upgrades would lead to an increase in impervious area which in turn would necessitate an 
upgrade to the stormwater management features onsite. This section provides the results from 
the 400,000 tpy scenario stormwater runoff modeling and subsequently makes stormwater 
management recommendations necessary to mitigate the effects of upgrading the 140,000 tpy 
scenario Facility.    

2.1 Post-Development Stormwater Runoff Modelling 

A 400,000 tpy scenario hydrologic model was developed using similar methodologies as 
outlined in Section 3.4.3 of the Report. The 400,000 tpy scenario conditions were simulated by 
increasing the SCS curve number and percent imperviousness from the 140,000 tpy scenario. 
These changes subsequently influence the average Time of Concentration, storage coefficient 
and ultimately runoff coefficients. The same suite of storm events used for the pre-development 
and 140,000 tpy scenarios were used in this model. In addition, as part of the requirements of 
CLOCA (2007), the 1-hr AES and 24-hr SCS Type II storm distributions were modelled. Results 
for these addition storms are included in Appendix C of the Report. 

The increased capacity Facility would include the paved access roads, an aggregate top 
dressing over storage areas and the introduction of additional permanent building structures. It 
is assumed that the development would best be represented by a SCS curve number of 86 for a 
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hydrological soil group B with an industrial setting introducing impervious conditions over 55% of 
a 12.4 ha developed area. The percent impervious was determined through assessment of the 
400,000 tpy scenario Facility Site plan (Figure 2-1) and represents an increase in site 
imperviousness of 10% from the 45% imperviousness of the 140,000 tpy scenario.  

According to the preferred vendor’s increased capacity Site drawing (Figure 2-1), the entire 
12.4 ha would contain some type of development and therefore would require stormwater 
management. It is assumed that the slope would remain similar to that of existing conditions. A 
similar slope incorporating increased imperviousness would cause a decrease in Time of 
Concentration values used in the hydrological model. However, the storage coefficient would 
not be affected by above grade activities. 

A summary of increased capacity post-development hydrologic input parameters are included in 
Table 2-1.  

Table 2-1 - Post-Development Model Input Parameters 
Parameter Post-Development 

Area (ha) 12.4 

Hydraulic Length (m) 390 

Average Slope % 1.9 

Hydrologic Soil Group B 

Time of Concentration (hr) 0.38 

Storage Coefficient (hr) 0.49 

% Imperviousness 55 

SCS Curve # 86 

Initial Abstraction (mm) 3 

As a result of Facility upgrades, runoff volumes onsite would increase, which would also cause 
an increase in peak discharges when compared to the 140,000 tpy scenario. Table 2-2 provides 
a summary of the 400,000 tpy scenario post-development runoff volumes and peak discharges 
for all of the design events. Subsequent stormwater mitigation options would be designed to 
reduce these peak discharges to pre-development levels and attenuate flows. 

Table 2-2 – 400,000 tpy Scenario Post-Development Runoff Model Results 

Watershed Parameter 
10mm
/4hr 

25mm/
4hr 

2yr/4
hr 

5yr/
4hr 

10yr/
4hr 

25yr/1
2hr 

50yr/2
4hr 

100yr/2
4hr Hazel 

400,000 tpy 
Scenario 

Post-
Development 

Peak 
Discharge 
(m3/s) 0.11  0.31  0.39  0.54  0.66  1.18  1.15  1.28  1.56 
Runoff 
Volume 
(m3) 739  2131  2641  3703  4471  6355  7960  8803  24047 

The results presented in Table 2-2 show an increase in runoff volume which infers a decrease in 
ET and infiltration volumes. When compared to the 140,000 tpy post-development runoff 
modeling, these results suggest an increase of 128 m3 for the 10 mm event and a 311 m3 
increase for the 25 mm event. 
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The objective of the following sections is to indicate the stormwater management features that 
will require upgrades in order to transition from the 140,000 to 400,000 tpy scenarios. 
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2.2 Construction Phase Stormwater Management 

Since construction of the 400,000 tpy scenario upgrades would take place on previously 
developed lands it is not anticipated that site grubbing or subsurface disruption would be as 
extensive as the initial 140,000 tpy scenario construction phase.  

Construction of the requisite buildings and access roads would occur mainly on the west side of 
the property. It is anticipated that the western side of the property required for infrastructure 
upgrades, presumably greenspace during 140,000 tpy scenario Facility operation, would be 
sequentially cleared, graded and developed in a similar fashion to the 140,000 tpy scenario 
construction. The main southern access route, central building complex and northern perimeter 
roads would remain relatively untouched during 400,000 tpy scenario Facility upgrades.   

The following is a list of lot level mitigation measures recommended for the construction of 
400,000 tpy scenario Facility upgrades. 

 All cleared areas not required for equipment storage, building construction or vehicle access 
should be seeded as soon as possible to avoid excess soil loss; 

 Sediment traps should be installed within flow paths, slope toes and surrounding drains to 
minimize the amount of sediment deposited in conveyance networks and detention ponds; 

 Silt fencing should be installed around the perimeter of all laydown areas, disturbed working 
areas and the boundary of the construction Site; and, 

 All laydown areas, storage areas and access roads should receive a top dressing of gravel 
as soon as possible after upgrade initiation. 

The installation, design, material and maintenance recommendations for the above noted 
mitigation options are described in full within Section 5.1.1 of the Report. 

It is anticipated that construction phase stormwater conveyance will be accommodated through 
a combination of swales and catchbasin/stormsewer infrastructure. If temporary conveyance 
swales are to be used, they should be located adjacent to access roads running north to south 
to effectively convey stormwater runoff to the SWM pond in the southwest corner of the 
property. For swale design guidelines refer to Section 5.1.2 of the Report. Swales running the 
western length of the development property should have rock check dams installed to control 
runoff velocities and encourage sediment retention prior to SWM pond discharge. 

If additional catchbasins and stormsewers are to be installed, it is assumed that they would be 
constructed during the initial stages of the 400,000 tpy scenario construction. The number, 
location and route of sub-surface stormsewers would be determined during the detailed design 
of the upgrade components. 

Similar to the 140,000 tpy scenario construction phase conveyance capacity, it is recommended 
that the five-year storm be used as the sizing criteria for any temporary conveyance 
infrastructure. Stormsewers or swales planned for permanent conveyance should be sized 
according to SWM sizing criteria described below. Conveyance infrastructure represents the 
minor SWM system and it is assumed that the major system (grading controlled) will have been 
designed and implemented during the construction of the 140,000 tpy scenario Facility. 
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The 140,000 tpy scenario SWM pond located in the southwest corner of the property is 
expected to serve as the ESC pond during upgrade construction. Since only a small area of the 
12.4 ha property will be included in the upgrade construction, the existing SWM pond should 
provide adequate stormwater retention and drawdown requirements. However it is 
recommended that pond capacity expansion discussed below in Section 2.3 is undertaken in 
the early stages of the 400,000 tpy scenario expansion construction. 

2.3 Operational Phase Stormwater Management 

Once fully upgraded, the 400,000 tpy scenario Facility Site will comprise approximately 55% 
imperviousness. This is up 10% from the 140,000 tpy scenario and will therefore require 
conveyance and retention/detention upgrades to SWM features. Sections 2.3.1 through 2.3.4 of 
this appendix address the SWM upgrades necessary given the 400,000 tpy scenario.    

2.3.1 Lot Level and Conveyance Controls 

The 10% increase in imperviousness means that onsite infiltration will be further reduced and 
runoff volumes and rates will be further increased in addition to the influence the original 
140,000 tpy scenario Facility had on the subject property. To offset these effects lot level and 
conveyance level SWM features are recommended accordingly to detain the volume and 
reduce the flow rate of runoff at the lot level before stormwater enters and as it routes through 
the conveyance system. Detention of runoff at the lot level through depression storage and 
reduced runoff flow rates would act to encourage ET and infiltration. 

According to the existing conditions assessment in Section 2 of the Report, onsite infiltration is 
minimal and therefore promoting depression storage and running rooftop leaders to open 
greenspace should be adequate to ensure the 400,000 tpy scenario Facility maintains the Site’s 
infiltration balance. Slowing runoff waters is also encouraged as it will act to increase ET and 
infiltration.   

Permanent stormwater conveyance necessary for the western side of the property (area of 
Facility upgrades) should be designed to minimize runoff velocity and therefore reduce sediment 
transport to end-of-pipe facilities. Located within the Clarington Energy Business Park, the 
400,000 tpy scenario Facility stormwater conveyance network should be designed to convey the 
5-year precipitation event (Aecom, 2009).  

It is unknown whether upgraded Facility area stormwater runoff would be routed to stormsewer 
infrastructure within the 140,000 tpy scenario Facility footprint. As such, it may be prudent to 
consider designing the 140,000 tpy scenario stormsewer infrastructure to the 400,000 scenario 
tpy 5-year precipitation event runoff. This pro-active design component is unlikely to bear 
significant financial burden yet may prevent conveyance capacity problems if the Facility were to 
be upgraded in the future. 

2.3.2 End-of-Pipe Facilities 

The increased capacity scenario would require a SWM pond with a larger storage capacity then 
that required for the 140,000 tpy scenario. All the minimum sizing and length to width ratios 
stated in Section 5.2.2.2 of the Report should still be followed under the 400,000 tpy scenario. 



7 
 

The SWM pond will also still need to provide at a minimum, 24 hours of drawdown to the 25 mm 
storm and ensure outlet discharges are below those derived from pre-development modeling in 
Section 3.4.3 of the Report. 

For a site with approximately 55% imperviousness, the minimum permanent pool volume for a 
wet pond with an enhanced level of protection is 150 m3/ha of drainage area. Similarly, the 
minimum extended storage volume for enhanced level of protection is 40 m3/ha (MOE, 2003). 

For the 12.4 ha Site, the minimum required extended detention storage is 496 m3 which is 
considerably less than the 2131 m3 of 400,000 tpy scenario post-development runoff generated 
during the 25 mm event. For this reason, the extended detention component of the SWM pond 
is expected to be sized to approximately 2131 m3 or 172 m3/ha. The recommended extended 
detention volume for the 140,000 tpy scenario was 1820 m3 or 147 m3/ha. 

A conservative approach to designing the flood control volume for the stormwater pond is to 
assume full volumetric containment of the 100-year storm runoff event. Some stormwater above 
the permanent pool storage capacity would be discharged during the inflow of the flood control 
volume.  However, to employ the above conservative approach, the total 100-year precipitation 
event volume was used. Based on the HEC-HMS model developed for this assessment, the 
400,000 tpy scenario post-development total runoff volume for the 100-yr event was 8803 m3. A 
summary of required stormwater pond storage volumes is provided in Table 2-3. 

Table 2-3 - Required Pond Volumes for an Enhanced Level of Protection in a Wet Pond 

Pond Volumes 

Enhanced Level of Protection 

Required Pond 
Volumes (m3/ha) 

Development Site 
Pond Volume (m3) 

Quality Control Criteria 80% SS removal na 

Permanent Pool 150 1860 

Extended Storage*  25 mm event runoff 2131 

Flood Control Volume 100 yr event runoff 6672 (8803-2131) 

Total Stormwater Pond Volume  na 10663 

*40 m3/ha is the minimum required extended detention storage volume (MOE, 2003). The extended detention volume should ensure 
a minimum 24 hours of drawdown to the 25 mm precipitation event. 

The 400,000 tpy scenario Facility Site plan (Figure 2-1) suggests that the 400,000 tpy scenario 
SWM pond will occupy approximately 2100 m2. A pond with a total storage capacity in excess of 
10,000 m3 and minimum side wall slopes of 3 and 5 to 1 (See Section 5.2.2.2) would require a 
depth of over 10 m. It is recommended that the SWM pond be re-designed during detailed 
design to provide adequate length to width ratio and limit the overall pond depth to <3 m. 

SWM ponds are regulated by the MOE through the C of A process. Any alterations to the 
140,000 tpy scenario SWM pond will require that an amendment to the C of A be acquired. 
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2.3.3 SWM Facility Outlet 

The 400,000 tpy scenario SWM end-of-pipe facility outlet would serve a similar roll to that in the 
140,000 tpy scenario and therefore should be designed according to the same regulatory 
criteria. This suggests that a similar outlet structure, with altered elevation profile can be 
employed in the 400,000 tpy scenario design. This will ensure the minimum drawdown times 
and runoff retention capacities are maintained. 

Similar to the 140,000 tpy scenario, the primary pond outlet structure is presented conceptually 
as a bottom-draw hickenbottom riser to discharge the extended detention volume estimated at 
2131 m³. The orifice opening configuration of the riser would ensure that stormwater receives at 
least a 24-hour drawdown period. The riser would inlet below the elevation of the permanent 
pool to reduce thermal impacts associated with discharging water from pond surfaces. The riser 
would also connect to a reversed slope pipe which would have an outlet invert at the elevation 
of the permanent pool. As such, the reversed slope pipe outlet would control discharge and 
ensure that the permanent pool elevation is maintained. The hickenbottom riser should be 
located 150 mm below the maximum expected ice depth to ensure continued functionality 
during winter conditions and 30 cm below the permanent pool elevation is the recommended 
riser height. 

Subsequently, storage volumes exceeding the extended detention volume up to the flood 
control volume may be discharged additionally by a weir structure. The total flood control 
volume includes the 100-year event (8803 m3). The combination of a primary hickenbottom riser 
and weir discharges must never exceed 0.5 m3/s which equates to the pre-development peak 
discharge for the 100-year event.  

In summary, the 400,000 tpy scenario SWM pond and outlet structures would be designed to 
ensure that post-development peak discharges would not exceed pre-development peak 
discharges for similar sized precipitation events. In addition, the SWM facility would provide at 
least 24-hours of drawdown to the 25 mm precipitation event. The final SWM pond and outlet 
configuration would be provided during detailed design of the 400,000 tpy scenario upgrades. 

2.3.4 Offsite Stormwater Conveyance 

The conveyance swale located immediately south of the Site alongside the CN Rail tracks will 
act as the receiver for all discharged stormwater from the Facility. Hydraulic modeling of the 
proximal reach of the CN Rail swale conducted in Section 3.4.3.1 of the Report indicated that 
the conveyance capacity of the watercourse was approximately 0.14 m3/s. It was determined 
through existing condition stormwater runoff modeling that this was equivalent to the peak 
discharge of approximately the 5-yr precipitation event and that channel upgrades/widening may 
be necessary.  

Future development of the Clarington Energy Business Park is expected to include 
centralization of SWM ponds (classified as phase II) and increased conveyance requirements 
for existing stormwater routing channels (Aecom, 2009). One of the facets of this centralized 
SWM system would be a large magnitude conveyance swale located in approximately the same 
CN Rail easement as the small vegetated swale described above. This centralized SWM swale 
would route stormwater from many developed properties to a large SWM pond south of the CN 
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Rail corridor. According to Aecom (2009), as development proceeds, SWM upgrades would be 
conducted as necessary. It is anticipated that this centralized SWM swale would be constructed 
prior to the 400,000 tpy scenario. This suggests that channel upgrades may not need to be 
addressed in this 400,000 tpy scenario assessment. 

3.0 WATER SUPPLY AND WASTEWATER DISCHARGE 

3.1 Water Supply Requirements 

The maximum annual water demand for the 140,000 tpy scenario is estimated to be 
42,000 m3/yr or, assuming a continuous 365 day operation, 115,068 L/day or 1.3 L/s. Since 
precise technical specifications for the 400,000 tpy scenario are not currently available, a 
proration approach will be used to estimate the 400,000 tpy scenario water needs. Using a ratio 
of 2.86 (400,000 / 140,000) it was determined that the maximum annual water demand for the 
400,000 tpy scenario would be approximately 120,120 m3/yr or, assuming a continuous 365 day 
operation, 329,096 L/day or 3.8 L/s. The water needs of the 400,000 tpy scenario Facility would 
likely be less than a linear extrapolation from the 140,000 tpy scenario and therefore this 
assumption provides a conservative estimate. 

Preliminary assessments (Jacques Whitford and Genivar, 2007a) assumed that a similar Facility 
processing up to 250,000 tpy would require approximately 100 L/s. The prorated 400,000 tpy 
scenario water demand is only 3.8 L/s or 3.8% of this estimated value suggesting that the 
Facility is considerably more water efficient than first anticipated. This study (Jacques Whitford 
and Genivar, 2007a) assumed that the 250,000 tpy Facility’s water demand could be met by the 
exclusive use of one 300 mm watermain. Currently, there is a 300 mm watermain running 
alongside Osbourne Road that can be accessed for Facility water demands.  

Considering the 400,000 tpy scenario Facility’s water demand is relatively low, it is anticipated 
that water supply needs could be met through connection to the existing Osbourne Road 
watermain. A full hydraulic assessment should be carried out during detailed design to ensure 
the firewater and facility demands can be met. If water demands for the 400,000 tpy scenario 
Facility cannot be met through connection to the Osbourne Road watermain, a secondary 
connection to a 300 mm watermain approximately 3.5 km away would be necessary (Jacques 
Whitford and Genivar, 2007a). 

Online firewater demand would be determined during the detailed design phase for the 
400,000 tpy scenario upgrades. 

3.2 Wastewater Discharge 

The maximum annual wastewater discharge for the 140,000 tpy scenario Facility is proposed to 
be 3,000 m3/yr or, assuming a continuous 365 day operation, 8219 L/day (0.1 L/s). This value 
represents almost exclusively sanitary discharge as there is expected to be very minimal to no 
industrial wastewater discharge from this Facility. The 140,000 tpy scenario Facility is proposed 
to have 33 full-time employees (Jacques Whitford, 2009). According to MMAH (1997) the 
average full-time employee (8-hour shifts, 5 days/week) generates approximately 125 L/day of 
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sanitary wastewater which for 33 employees equals 4125 L/day. However, the 140,000 tpy 
Facility will receive refuse up to 6 days a week and a number of employee types will work 12 
hour shifts (Jacques Whitford, 2009). These caveats would bring the total yearly wastewater 
discharge to approximately 3,000 m3/yr. 

It is anticipated that the advances in automation, expected to occur between the construction of 
the 140,000 tpy scenario and the 400,000 tpy scenario Facility’s, would allow the 400,000 tpy 
scenario Facility to operate without requiring addition staff beyond the 33 necessary for the 
140,000 tpy scenario. As a result, wastewater discharges for the 400,000 tpy scenario could be 
as low at those for the 140,000 tpy scenario.  However, to provide a conservative estimate, a 
prorated maximum wastewater discharge was calculated. Using the proration factor of 2.86 
(400,000/140,000) a maximum annual wastewater discharge of 8580 m3/yr was estimated or, 
assuming a continuous 365 day operation, 23,507 L/day (0.27 L/s).  

A preliminary assessment (Jacques Whitford and Genivar, 2007a) concluded that connecting a 
450 mm gravity drain to the existing 1800 mm municipal sewer located north of the CN Rail 
tracks on Osbourne Road would be capable of conveying 63 L/s to the Courtice Water Pollution 
Control Plant located south of the proposed development. This capacity would be more than 
adequate to handle even the conservative case scenario for wastewater discharges from the 
400,000 tpy scenario Facility. 



 

 

APPENDIX E 
Sample Erosion and Sediment Control Plan Checklist  

 
 



 



 

 

 

 

 



 

 

 

Source: GGHACA, 2006. 




