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Appendix A: Modeling Parameters Selection 

 



Converting CN to CN* P = 101.8 mm

Burnt River - Using Haliburton 3 rain data standard I a  = 5 mm

Catchment CN CN S Ia Q S* CN* CN*

(AMC II) (AMC III) (mm) (AMC III) (AMC II)

100 60 78 72 14.4 47.9 98.7 72 53

200 62 79 68 13.6 49.8 91.3 74 55

300 53 72 99 19.8 37.1 155.4 62 42

400 42 62 156 31.2 22.0 329.2 44 26

500 64 81 60 12.0 53.8 77.3 77 59

600 66 82 56 11.2 56.0 70.6 78 60

700 73 87 38 7.6 67.1 42.8 86 72

800 74 88 35 7.0 69.2 38.5 87 73

900 73 87 38 7.6 67.1 42.8 86 72

1100 73 87 38 7.6 67.1 42.8 86 72

1200 75 88 35 7.0 69.2 38.5 87 73

1300 77 89 31 6.2 72.2 33.0 89 76

1400 73 87 38 7.6 67.1 42.8 86 72

1500 74 88 35 7.0 69.2 38.5 87 73

1600 74 88 35 7.0 69.2 38.5 87 73

1700 76 89 31 6.2 72.2 33.0 89 76

1800 75 88 35 7.0 69.2 38.5 87 73

1900 76 89 31 6.2 72.2 33.0 89 76

2000 76 89 31 6.2 72.2 33.0 89 76

2100 75 88 35 7.0 69.2 38.5 87 73

2200 78 90 28 5.6 74.5 29.0 90 78

2300 76 89 31 6.2 72.2 33.0 89 76

2400 74 88 35 7.0 69.2 38.5 87 73

2500 66 82 56 11.2 56.0 70.6 78 60

2600 66 82 56 11.2 56.0 70.6 78 60

2700 77 89 31 6.2 72.2 33.0 89 76

2800 74 88 35 7.0 69.2 38.5 87 73

2900 76 89 31 6.2 72.2 33.0 89 76

3000 78 90 28 5.6 74.5 29.0 90 78

101.8 mm is antecent rainfall for 100yr 6 hr storm

Procedure: 25400

(254 + S)

2 Ia =  0.2 * S, to give calculated I a

(P-Ia)
2

(P-Ia+S)

(P-Ia)
2

, Using Q from 3 above, and Ia = 5mm, determine S*

(P-Ia+S*)

25400

(254 + S*)

Note:this procedure is outlined in the VO 2  Reference Manual.

Manual checks were undertaken to ensure accuracy of GIS-derived product

CN (AMC II) =

Q = 

CN* (AMC III) = 

, to calculate S

3 Q = 

1

4

5
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Summary of values for Burnt - Land Use 

Catchment Area (Ha) C Tp (hr) CN (II) CN* (II) Ximp Timp

100 615.4 0.29 1.84 60 53 0.01 0.01

200 7004.9 0.26 5.07 62 55 0.01 0.02

300 300.7 0.20 1.10 53 42 0.01 0.01

400 364.2 0.14 1.23 42 26 0.03 0.01

500 12896.9 0.28 7.76 64 59 0.02 0.02

600 2951.6 0.29 4.75 66 60 0.01 0.01

700 5439.4 0.32 3.60 73 72 0.02 0.02

800 3125.5 0.30 5.00 74 73 0.02 0.03

900 1824.2 0.30 4.07 73 72 0.01 0.02

1100 3229.6 0.28 4.47 73 72 0.01 0.02

1200 2472.1 0.31 3.85 75 73 0.02 0.03

1300 6417.0 0.36 4.98 77 76 0.01 0.02

1400 698.1 0.28 2.27 73 72 0.02 0.03

1500 3641.7 0.31 4.20 74 73 0.03 0.03

1600 5488.9 0.29 4.28 74 73 0.02 0.03

1700 16794.7 0.34 6.46 76 76 0.02 0.03

1800 1008.7 0.28 2.61 75 73 0.03 0.04

1900 3249.4 0.37 3.71 77 76 0.03 0.03

2000 3268.3 0.34 1.41 76 76 0.02 0.03

2100 5333.5 0.33 4.38 75 73 0.02 0.02

2200 3089.2 0.40 3.32 78 78 0.01 0.01

2300 6277.0 0.36 4.59 76 76 0.01 0.01

2400 11213.0 0.30 4.14 74 73 0.02 0.02

2500 12059.3 0.37 4.82 66 60 0.01 0.01

2600 6847.7 0.38 4.15 66 60 0.01 0.01

2700 2465.8 0.37 3.16 77 76 0.01 0.01

2800 1188.8 0.27 2.39 74 73 0.01 0.02

2900 8136.8 0.33 2.28 76 76 0.01 0.02

3000 6379.7 0.40 3.42 78 78 0.01 0.01

Total Area 143,782.3 Ha
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Appendix B: Subcatchment Data 



Summary of values for Burnt - Land Use 

Catchment Area (Ha) C Tp (hr) CN (II) CN* (II) Ximp Timp

100 615.4 0.29 1.84 60 53 0.01 0.01

200 7004.9 0.26 5.07 62 55 0.01 0.02

300 300.7 0.20 1.10 53 42 0.01 0.01

400 364.2 0.14 1.23 42 26 0.03 0.01

500 12896.9 0.28 7.76 64 59 0.02 0.02

600 2951.6 0.29 4.75 66 60 0.01 0.01

700 5439.4 0.32 3.60 73 72 0.02 0.02

800 3125.5 0.30 5.00 74 73 0.02 0.03

900 1824.2 0.30 4.07 73 72 0.01 0.02

1100 3229.6 0.28 4.47 73 72 0.01 0.02

1200 2472.1 0.31 3.85 75 73 0.02 0.03

1300 6417.0 0.36 4.98 77 76 0.01 0.02

1400 698.1 0.28 2.27 73 72 0.02 0.03

1500 3641.7 0.31 4.20 74 73 0.03 0.03

1600 5488.9 0.29 4.28 74 73 0.02 0.03

1700 16794.7 0.34 6.46 76 76 0.02 0.03

1800 1008.7 0.28 2.61 75 73 0.03 0.04

1900 3249.4 0.37 3.71 77 76 0.03 0.03

2000 3268.3 0.34 1.41 76 76 0.02 0.03

2100 5333.5 0.33 4.38 75 73 0.02 0.02

2200 3089.2 0.40 3.32 78 78 0.01 0.01

2300 6277.0 0.36 4.59 76 76 0.01 0.01

2400 11213.0 0.30 4.14 74 73 0.02 0.02

2500 12059.3 0.37 4.82 66 60 0.01 0.01

2600 6847.7 0.38 4.15 66 60 0.01 0.01

2700 2465.8 0.37 3.16 77 76 0.01 0.01

2800 1188.8 0.27 2.39 74 73 0.01 0.02

2900 8136.8 0.33 2.28 76 76 0.01 0.02

3000 6379.7 0.40 3.42 78 78 0.01 0.01

Total Area 143,782.3 Ha
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Catchment Shape_Length FlowType FromNode ToNode

100 4088.02 Straightened Overland Flow tt 297.37 uu 254.84

200 14655.74 Straightened Overland Flow oo 312.35 pp 256.77

300 2085.05 Straightened Overland Flow dd 311.16 nn 259.28

400 2033.07 Straightened Overland Flow f 305.01 vv 262.19

500 29416.06 Straightened Overland Flow mm 342.96 ww 260.76

600 14411.50 Straightened Overland Flow kk 324.15 B' 265.10

700 8960.81 Straightened Overland Flow ii 310.04 ll 274.15

800 14674.48 Straightened Overland Flow m 336.91 jj 286.75

900 9878.79 Straightened Overland Flow gg 325.88 F' 291.34

1100 14153.00 Straightened Overland Flow k 355.91 zz 286.78

1200 13185.72 Straightened Overland Flow ee 376.37 ss 294.25

1300 20062.69 Straightened Overland Flow aa 382.94 v 294.29

1400 5850.89 Straightened Overland Flow C' 362.79 l 303.98

1500 13919.25 Straightened Overland Flow cc 363.80 ss 294.25

1600 14937.29 Straightened Overland Flow i 390.75 yy 303.27

1700 27735.46 Straightened Overland Flow c 417.76 h 319.77

1800 6350.65 Straightened Overland Flow D' 359.49 A' 312.20

1900 15247.15 Straightened Overland Flow y 407.26 z 303.77

2000 4727.72 Straightened Overland Flow G' 415.89 E' 299.55

2100 18290.56 Straightened Overland Flow e 447.85 j 331.52

2200 12430.73 Straightened Overland Flow g 407.80 j 331.52

2300 19137.64 Straightened Overland Flow w 429.63 n 329.06

2400 8395.51 Straightened Overland Flow qq 484.99 b 356.05

2500 24092.56 Straightened Overland Flow a 502.08 d 354.43

2600 16834.39 Straightened Overland Flow u 460.69 x 370.24

2700 10258.56 Straightened Overland Flow s 451.74 xx 389.83

2800 8395.51 Straightened Overland Flow qq 484.99 b 356.05

2900 7989.39 Straightened Overland Flow q 459.73 rr 355.68

3000 15800.25 Straightened Overland Flow o 507.92 t 380.45

Catchment Shape_Length FlowType FromNode ToNode

100 3421.46 Routing Channel flow pp 256.77 uu 254.84

200 9347.37 Routing Channel flow nn 259.28 pp 256.77

300 2095.59 Routing Channel flow ff 260.37 nn 259.28

300 517.83 Routing Channel flow ww 260.76 ff 260.37

300 450.56 Routing Channel flow vv 262.19 ff 260.37

400 4213.39 Routing Channel flow B' 265.10 vv 262.19



600 6105.99 Routing Channel flow ll 274.15 B' 265.10

700 8286.15 Routing Channel flow jj 286.83 ll 274.15

800 1004.01 Routing Channel flow l 303.98 zz 286.72

900 4985.99 Routing Channel flow ss 294.25 F' 286.83

1100 11455.93 Routing Channel flow l 303.98 F' 286.83

1100 218.98 Routing Channel flow yy 303.27 H' 300.68

1100 265.64 Routing Channel flow F' 286.83 zz 286.72

1200 6879.23 Routing Channel flow bb 299.85 ss 294.25

1300 2791.09 Routing Channel flow z 303.77 bb 299.85

1300 121.00 Routing Channel flow E' 299.55 I' 299.24

1400 1300.84 Routing Channel flow A' 312.20 H' 300.68

1600 11493.44 Routing Channel flow j 331.52 H' 300.68

1700 23867.44 Routing Channel flow d 354.43 h 319.77

1800 4657.29 Routing Channel flow h 319.77 A' 312.20

2000 10856.39 Routing Channel flow p 322.75 I' 299.24

2100 13948.55 Routing Channel flow x 370.24 j 331.52

2400 185.48 Routing Channel flow n 323.22 p 322.75

2400 25192.27 Routing Channel flow K' 354.59 p 322.75

2400 582.00 Routing Channel flow b 356.05 K' 354.59

2800 8984.58 Routing Channel flow xx 389.83 K' 354.59

2900 13708.02 Routing Channel flow t 380.45 K' 354.59

2400 151.29 Routing Channel flow rr 355.68 K' 354.59



Top Bottom

100 615.4 4088.02 tt uu 297.37 254.84 0.010 0.29 165.94 1.84

200 7004.9 14655.74 oo pp 312.35 256.77 0.004 0.26 456.52 5.07

300 301.0 2085.05 dd nn 311.16 259.28 0.025 0.20 99.17 1.10

400 364.2 2033.07 f vv 305.01 262.19 0.021 0.14 110.82 1.23

500 12896.9 29416.06 mm ww 342.96 260.76 0.003 0.28 698.32 7.76

600 2951.6 14411.50 kk B' 324.15 265.10 0.004 0.29 427.40 4.75

700 5439.4 8960.81 ii ll 310.04 274.15 0.004 0.32 324.29 3.60

800 3125.5 14674.48 m jj 336.91 286.75 0.003 0.30 450.23 5.00

900 1824.2 9878.79 gg F' 325.88 291.34 0.003 0.30 366.69 4.07

1100 3229.6 14153.00 k zz 355.91 286.78 0.005 0.28 402.51 4.47

1200 2472.1 13185.72 ee ss 376.37 294.25 0.006 0.31 346.62 3.85

1300 6417.0 20062.69 aa v 382.94 294.29 0.004 0.36 448.04 4.98

1400 698.1 5850.89 C' l 362.79 303.98 0.010 0.28 204.13 2.27

1500 3641.7 13919.25 cc ss 363.80 292.05 0.005 0.31 378.11 4.20

1600 5488.9 14937.29 i yy 390.75 303.27 0.006 0.29 385.06 4.28

1700 16794.7 24284.83 c M' 417.76 324.28 0.004 0.34 529.08 5.88

1800 1008.7 6350.65 D' A' 359.49 312.20 0.007 0.28 234.80 2.61

1900 3249.4 15247.15 y z 407.26 303.77 0.007 0.37 333.94 3.71

2000 3268.3 4727.72 G' E' 415.89 299.55 0.025 0.34 126.56 1.41

2100 5333.5 18290.56 e j 447.85 331.52 0.006 0.33 394.17 4.38

2200 3089.2 4625.24 g Q' 407.80 351.03 0.012 0.40 145.05 1.61

2300 6277.0 7972.52 w N' 429.63 372.52 0.007 0.36 240.47 2.67

2400 11213.0 16996.40 qq b 484.99 356.05 0.008 0.30 372.46 4.14

2500 12059.3 24092.56 a d 502.08 354.43 0.006 0.37 434.17 4.82

2600 6846.7 5970.18 u L' 460.69 394.35 0.011 0.38 175.16 1.95

2700 2465.8 10258.56 s xx 451.74 389.83 0.006 0.37 284.75 3.16

2800 1188.8 8395.51 qq b 484.99 356.05 0.015 0.27 215.19 2.39

2900 8136.8 7989.39 q rr 459.73 355.68 0.013 0.33 205.63 2.28

3000 6379.7 10223.35 o P' 507.92 383.79 0.012 0.40 216.42 2.40

From To From To

10100 127 128 pp uu 256.77 254.84 3421.46 0.06

10200 126 127 nn pp 259.28 256.77 9347.37 0.03

10300 125 126 ff nn 260.76 259.28 2095.59 0.07

83 500 125 ww ff 260.76 260.37 517.83 0.08

84 124 125 vv ff 262.19 260.37 450.56 0.40

10400 123 124 B' vv 265.10 262.19 4213.39 0.07

Slope 

m/m

Slope (%)

Runoff 

Coeff ToC (min) Tp (hr)

Route 

Channel VO Node To VO Node

GIS Node Elevation Length 

(m)

Catchment ID Area (ha)

Travel 

Length (m) From To

Elevation (m)



10600 122 123 ll B' 274.15 265.10 6105.99 0.15

10700 121 122 jj ll 286.83 274.15 8286.15 0.15

10800 120 121 l zz 303.98 286.72 1004.01 1.72

10900 118 119 ss F' 294.25 286.83 4985.99 0.15

101100 107 119 l F' 303.98 286.72 11455.93 0.15

92 1600 107 yy H' 303.27 300.68 218.98 1.18

91 119 120 F' zz 286.83 286.72 265.64 0.04

101200 116 118 bb ss 299.85 294.25 6879.23 0.08

101300 115 116 z bb 303.77 299.85 2791.09 0.14

94 2000 115 E' I' 299.55 299.24 121.00 0.26

101400 106 107 A' H' 312.20 300.68 1300.84 0.89

101600 104 107 j H' 331.52 300.68 11493.44 0.27

101700 1700 503 c M' 417.76 324.28 20415.74 0.46

93 2500 101 d h 354.43 319.77 20415.74 0.17

101800 101 102 h A' 319.77 312.20 4657.29 0.16

102000 113 115 p E' 322.75 299.24 10856.39 0.22

102100 2600 104 x j 370.24 331.52 13948.55 0.28

102300 12301 113 n p 323.22 322.75 185.48 0.25

102200 2200 505 g Q' 407.80 351.03 4625.24 1.23

102201 505 104 R' j 351.81 331.52 1302.44 1.56

102400 111 113 K' p 354.59 322.75 25192.27 0.13

102301 502 113 O' n 332.00 323.22 305.12 2.88

12601 504 104 J' x 403.16 370.24 3815.37 0.86

972400 2800 111 b K' 356.05 354.59 582.00 0.25

102800 2700 111 xx b 389.83 354.59 8402.58 0.42

102900 3000 111 t K' 380.45 354.59 13708.02 0.19

962400 2900 111 rr K' 355.68 354.59 151.29 0.72



Appendix C: Subcatchment Maps 



503 Drag-Canning

505 Koshlong Reservoir

504 Miskwabi-Long Lake Reservoir 501 Farquar-Pusey-Esson Reservoir

502 Gooderham-Little Glamour-BigGlamour-Contau-White-Salerno Reservoir
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Appendix D: VH Suite Output 



 



 



Appendix E: Hydrology Model Flow Summary 



=====================================================================================

====================== 

 

   

       V    V   I    SSSSS  U   U    A    L              (v 5.1.2004) 

       V    V   I    SS     U   U   A A   L 

        V  V    I     SS    U   U  AAAAA  L 

        V  V    I      SS   U   U  A   A  L 

         VV     I    SSSSS  UUUUU  A   A  LLLLL 

     

        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 

       O   O    T      T    H   H   Y Y   MM MM  O   O 

       O   O    T      T    H   H    Y    M   M  O   O     

        OOO     T      T    H   H    Y    M   M   OOO 

Developed and Distributed by Civica Infrastructure 

Copyright 2007 - 2013 Civica Infrastructure 

All rights reserved. 

   

   

                   *****  S U M M A R Y   O U T P U T  ***** 

 

 

  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 5.1\VO2\voin.dat                                                                   

  Output  filename: C:\Users\nparacha\AppData\Local\Civica\VH5\26d0da80-2810-4509-ab0a-

c453ed50a310\e470f204-8579-4c73-8117-a03904a48428\sce 

  Summary filename: C:\Users\nparacha\AppData\Local\Civica\VH5\26d0da80-2810-4509-ab0a-

c453ed50a310\e470f204-8579-4c73-8117-a03904a48428\sce 

 

 

DATE: 05-14-2019                           TIME: 03:03:08        



 

USER:                                                    

 

 

COMMENTS: ____________________________________________________________ 

 

   

  ************************************************ 

  ** SIMULATION : Timmins(66)                   ** 

  ************************************************ 

   

  W/E COMMAND             HYD ID   DT    AREA  ' Qpeak Tpeak   R.V. R.C.   Qbase 

                                  min     ha   '  cms   hrs     mm          cms 

 

      START @  0.00 hrs 

      -------------------- 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         3000  1  1.0 6379.70   68.65 15.48  25.40 0.20   0.000 

    [CN=64.0         ] 

    [ N = 3.0:Tp 7.20] 

* 

    RESRVR [ 2:  3000]   0501  1  1.0 6379.70    0.38 33.32   0.33  n/a   0.000 

      {ST=347.51 ha.m } 

* 



    CHANNEL[ 2:  0501] 102900  1  1.0 6379.70    0.36 33.32   0.26  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2900  1  1.0 8136.80   97.78 15.12  29.23 0.23   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp 6.84] 

* 

    CHANNEL[ 2:  2900] 962400  1  1.0 8136.80   97.78 15.15  59.16  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2700  1  1.0 2465.80   20.68 16.63  16.95 0.13   0.000 

    [CN=64.0         ] 

    [ N = 3.0:Tp 9.48] 

* 

    CHANNEL[ 2:  2700] 102800  1  1.0 2465.80   20.22 19.48  49.22  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 



    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2800  1  1.0 1188.80   15.35 15.37  31.15 0.24   0.000 

    [CN=72.0         ] 

    [ N = 3.0:Tp 7.17] 

* 

    CHANNEL[ 2:  2800] 972400  1  1.0 1188.80   15.34 15.48  65.69  n/a   0.000 

* 

    ADD [102800+102900]  0111  3  1.0 8845.50   20.39 19.53  13.91  n/a   0.000 

* 

    ADD [  0111+962400]  0111  1  1.0 *******  114.31 15.65  35.59  n/a   0.000 

* 

    ADD [  0111+972400]  0111  3  1.0 *******  129.64 15.63  37.56  n/a   0.000 

* 

    CHANNEL[ 2:  0111] 102400  1  1.0 *******   87.63 20.70  28.90  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2400  1  1.0 *******   71.17 16.63  11.40 0.09   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp12.42] 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 



    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2300  1  1.0 6277.00   61.71 16.23  21.94 0.17   0.000 

    [CN=64.0         ] 

    [ N = 3.0:Tp 8.01] 

* 

    RESRVR [ 2:  2300]   0502  1  1.0 6277.00    0.56 33.32   0.47  n/a   0.000 

      {ST=333.99 ha.m } 

* 

    CHANNEL[ 2:  0502] 102301  1  1.0 6277.00    0.56 33.32   0.47  n/a   0.000 

* 

    CHANNEL[ 2:102301] 102300  1  1.0 6277.00    0.56 33.32   0.47  n/a   0.000 

* 

    ADD [102300+102400]  0113  3  1.0 *******   87.99 20.70  21.60  n/a   0.000 

* 

    ADD [  0113+  2400]  0113  1  1.0 *******  167.42 20.60  29.62  n/a   0.000 

* 

    CHANNEL[ 2:  0113] 102000  1  1.0 *******  164.07 22.12  27.71  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2000  1  1.0 3268.30   55.51 12.83  46.28 0.36   0.000 

    [CN=67.0         ] 



    [ N = 3.0:Tp 4.23] 

* 

    CHANNEL[ 2:  2000]   0094  1  1.0 3268.30   55.51 12.83  60.48  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1900  1  1.0 3249.40   24.07 16.63  13.93 0.11   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp11.13] 

* 

    ADD [102000+  1900]  0115  3  1.0 *******  188.28 21.77  29.62  n/a   0.000 

* 

    ADD [  0115+  0094]  0115  1  1.0 *******  199.01 20.53  32.01  n/a   0.000 

* 

    CHANNEL[ 2:  0115] 101300  1  1.0 *******  198.72 20.78  31.50  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1300  1  1.0 6417.00   28.14 16.63   7.32 0.06   0.000 

    [CN=64.0         ] 

    [ N = 3.0:Tp14.94] 



* 

    ADD [101300+  1300]  0116  3  1.0 *******  233.77 21.13  32.30  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1200  1  1.0 2472.10   17.42 16.63  13.04 0.10   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp11.55] 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1500  1  1.0 3641.70   22.62 16.63  11.09 0.09   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp12.60] 

* 

    ADD [  0116+  1200]  0118  3  1.0 *******  252.23 21.03  33.13  n/a   0.000 

* 

    ADD [  0118+  1500]  0118  1  1.0 *******  277.66 20.98  34.03  n/a   0.000 

* 

    CHANNEL[ 2:  0118]  10900  1  1.0 *******  276.62 21.63  33.01  n/a   0.000 

* 



    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2500  1  1.0 *******   37.89 16.63   5.17 0.04   0.000 

    [CN=49.0         ] 

    [ N = 3.0:Tp14.46] 

* 

    CHANNEL[ 2:  2500]   0093  1  1.0 *******   39.72 29.27  18.38  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1700  1  1.0 *******   58.56 16.63   5.58 0.04   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp17.64] 

* 

    CHANNEL[ 2:  1700] 101700  1  1.0 *******   83.99 27.68  30.37  n/a   0.000 

* 

    ADD [101700+  0093]  0101  3  1.0 *******  123.48 28.23  25.36  n/a   0.000 

* 

    RESRVR [ 2:  0101]   0503  1  1.0 *******    0.81 33.32   0.09  n/a   0.000 

      {ST=729.10 ha.m } 

* 



    CHANNEL[ 2:  0503] 101800  1  1.0 *******    0.67 33.32   0.07  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1800  1  1.0 1008.70   12.09 15.97  27.67 0.22   0.000 

    [CN=72.0         ] 

    [ N = 3.0:Tp 7.83] 

* 

    ADD [101800+  1800]  0102  3  1.0 *******   12.13 16.00   2.25  n/a   0.000 

* 

    CHANNEL[ 2:  0102] 101400  1  1.0 *******   12.13 16.15   2.25  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2600  1  1.0 6847.70   60.00 14.40  21.87 0.17   0.000 

    [CN=49.0         ] 

    [ N = 3.0:Tp 5.85] 

* 

    RESRVR [ 2:  2600]   0504  1  1.0 6847.70    0.42 33.32   0.38  n/a   0.000 

      {ST=260.19 ha.m } 

* 



    CHANNEL[ 2:  0504] 102601  1  1.0 6847.70    0.42 33.32   0.37  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2100  1  1.0 5333.50   31.06 16.63  10.23 0.08   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp13.14] 

* 

    CHANNEL[ 2:  2100] 102100  1  1.0 5333.50   33.55 24.48  38.52  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         2200  1  1.0 3089.20   45.06 13.37  38.96 0.31   0.000 

    [CN=64.0         ] 

    [ N = 3.0:Tp 4.83] 

* 

    CHANNEL[ 2:  2200] 102200  1  1.0 3089.20   44.72 13.85  56.32  n/a   0.000 

* 

    RESRVR [ 2:102200]   0505  1  1.0 3089.20    0.42 33.30   0.89  n/a   0.000 

      {ST=171.25 ha.m } 

* 



    CHANNEL[ 2:  0505] 102201  1  1.0 3089.20    0.42 33.32   0.88  n/a   0.000 

* 

    ADD [102100+102201]  0104  3  1.0 8422.70   33.95 24.52  24.71  n/a   0.000 

* 

    ADD [  0104+102601]  0104  1  1.0 *******   34.34 24.53  13.80  n/a   0.000 

* 

    CHANNEL[ 2:  0104] 101600  1  1.0 *******   33.19 27.32  12.08  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1600  1  1.0 5488.90   33.92 16.63  10.98 0.09   0.000 

    [CN=68.0         ] 

    [ N = 3.0:Tp12.84] 

* 

    CHANNEL[ 2:  1600]   0092  1  1.0 5488.90   38.56 20.82  46.98  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1400  1  1.0  698.10    8.61 15.08  30.13 0.24   0.000 

    [CN=68.0         ] 

    [ N = 3.0:Tp 6.81] 



* 

    ADD [101400+101600]  0107  3  1.0 *******   38.40 25.22   5.57  n/a   0.000 

* 

    ADD [  0107+  1400]  0107  1  1.0 *******   41.71 23.28   6.41  n/a   0.000 

* 

    ADD [  0107+  0092]  0107  3  1.0 *******   79.72 21.87  10.75  n/a   0.000 

* 

    CHANNEL[ 2:  0107] 101100  1  1.0 *******   77.83 24.05   9.75  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         0900  1  1.0 1824.20   11.87 16.63  11.77 0.09   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp12.21] 

* 

    ADD [101100+ 10900]  0119  3  1.0 *******  352.73 22.17  21.75  n/a   0.000 

* 

    ADD [  0119+  0900]  0119  1  1.0 *******  365.57 22.17  22.19  n/a   0.000 

* 

    CHANNEL[ 2:  0119]   0091  1  1.0 *******  365.44 22.33  22.00  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 



    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         1100  1  1.0 3229.60   18.22 16.63   9.84 0.08   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp13.41] 

* 

    ADD [  1100+  0091]  0120  3  1.0 *******  386.63 22.28  22.65  n/a   0.000 

* 

    CHANNEL[ 2:  0120]  10800  1  1.0 *******  386.63 22.35  22.61  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         0800  1  1.0 3125.50   14.64 16.63   7.86 0.06   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp15.00] 

* 

    ADD [ 10800+  0800]  0121  3  1.0 *******  405.13 22.37  23.09  n/a   0.000 

* 

    CHANNEL[ 2:  0121]  10700  1  1.0 *******  402.29 23.37  21.75  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          



* 

 ** CALIB NASHYD         0700  1  1.0 5439.40   41.92 16.63  14.69 0.12   0.000 

    [CN=67.0         ] 

    [ N = 3.0:Tp10.80] 

* 

    ADD [ 10700+  0700]  0122  3  1.0 *******  441.16 22.87  23.10  n/a   0.000 

* 

    CHANNEL[ 2:  0122]  10600  1  1.0 *******  438.90 23.73  22.03  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         0600  1  1.0 2951.60   12.71 16.63   7.25 0.06   0.000 

    [CN=60.0         ] 

    [ N = 3.0:Tp14.25] 

* 

    ADD [ 10600+  0600]  0123  3  1.0 *******  454.35 23.68  22.36  n/a   0.000 

* 

    CHANNEL[ 2:  0123]  10400  1  1.0 *******  452.43 24.37  21.52  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 



 ** CALIB NASHYD         0400  1  1.0  364.20    2.00 12.67  14.39 0.11   0.000 

    [CN=26.0         ] 

    [ N = 3.0:Tp 3.69] 

* 

    ADD [ 10400+  0400]  0124  3  1.0 *******  452.50 24.35  21.51  n/a   0.000 

* 

    CHANNEL[ 2:  0124]   0084  1  1.0 *******  452.50 24.37  21.47  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         0500  1  1.0 *******   19.84 16.63   2.27 0.02   0.000 

    [CN=57.0         ] 

    [ N = 3.0:Tp23.27] 

* 

    CHANNEL[ 2:  0500]   0083  1  1.0 *******   39.37 31.15  17.87  n/a   0.000 

* 

    ADD [  0083+  0084]  0125  3  1.0 *******  488.00 24.68  21.13  n/a   0.000 

* 

    CHANNEL[ 2:  0125]  10300  1  1.0 *******  487.89 24.72  20.81  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          



* 

 ** CALIB NASHYD         0300  1  1.0  300.70    2.83 12.27  24.85 0.20   0.000 

    [CN=39.0         ] 

    [ N = 3.0:Tp 3.31] 

* 

    ADD [ 10300+  0300]  0126  3  1.0 *******  487.93 24.72  20.82  n/a   0.000 

* 

    CHANNEL[ 2:  0126]  10200  1  1.0 *******  475.63 26.47  18.77  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 

 ** CALIB NASHYD         0200  1  1.0 7004.90   22.49 16.63   5.23 0.04   0.000 

    [CN=53.0         ] 

    [ N = 3.0:Tp15.21] 

* 

    ADD [ 10200+  0200]  0127  3  1.0 *******  503.73 26.47  19.23  n/a   0.000 

* 

    CHANNEL[ 2:  0127]  10100  1  1.0 *******  499.09 27.05  18.01  n/a   0.000 

* 

    READ STORM                 10.0 

    [ Ptot=127.38 mm ] 

    fname : C:\Users\nparacha\AppData\Local\Temp\40726d39-d6ac-4129-a484-

52e453d5e9d8\91faaf18-1069-4793-858c-be 

    remark: Timmins(66)                                                                                          

* 



 ** CALIB NASHYD         0100  1  1.0  615.40    6.26 14.08  25.97 0.20   0.000 

    [CN=53.0         ] 

    [ N = 3.0:Tp 5.52] 

* 

    ADD [  0100+ 10100]  0128  3  1.0 *******  499.77 27.05  18.12  n/a   0.000 

* 

 FINISH 

   

=====================================================================================

====================== 

 

 



Appendix F: Official & Secondary Plan Maps 











Appendix G: Cross-section Photo Inventory

(Upon Request)



Appendix H: Structure Photo Inventory Record

(Upon Request)



Appendix I: Manning’s n Values 







Appendix J: Digital Elevation Model and Orthoimagery Data 

Accuracy Assessment Report 



 

 

Digital Elevation Model and Orthoimagery 

Data Accuracy Assessment Report 

 

Flood Plain Mapping Study – Burnt River 
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1.0  Objective 

The objective of this report is to assess and report the positional accuracy of the bare earth Base digital 

elevation model (Base DEM) and orthoimagery data for Burnt River flood plain mapping study. 

 

2.0  Assessment Procedures 
2.1 Test Data 

All test data was acquired by Kawartha Conservation staff in the following datums and projection: 

Horizontal datum: NAD83 (CSRS) 
Vertical datum: CGVD28 
Projection: UTM Zone 17N 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

2.1.1 Checkpoints – Burnt River 

Kawartha Conservation field staff captured checkpoints using Real-Time Kinematic Global Navigation 

Satellite System (RTK GNSS) survey equipment within the project area. 

 

Figure 1 All RTK GNSS survey checkpoints shown over orthoimagery for Burnt River project area 

 



 

 

2.1.2 Base DEM – Burnt River 

 

Figure 2 Vertical checkpoints shown over Base DEM for Burnt River project area (yellow = non-vegetated vertical accuracy 
(NVA), blue = vegetated vertical accuracy (VVA) 

 

 

 

 



 

 

2.1.3 Orthoimagery – Burnt River 

 

Figure 3 Horizontal checkpoints (orange) shown over orthoimagery for Burnt River project area 

 

 

 

 



 

 

3.0  Results 
3.1 Base DEM – Burnt River Accuracy Reporting Statement 

This dataset was tested to meet ASPRS Positional Accuracy Standards for Geospatial Data (2014) for a 

33.3 (cm) RMSEz Vertical Accuracy Class. Actual NVA accuracy was found to be +/- 39.8 cm at the 95th 

percentile. Actual VVA accuracy was found to be +/- 33.5 cm at the 95th percentile. 

3.2 Orthoimagery – Burnt River Accuracy Reporting Statement 

This data set was tested to meet ASPRS Positional Accuracy Standards for Digital Geospatial Data (2014) 

for a 30.0 (cm) RMSEx/RMSEy Horizontal Accuracy Class. Actual positional accuracy was found to be 

RMSEx = 17.0 cm and RMSEy = 16.5 cm which equates to Positional Horizontal Accuracy = +/- 41.0 cm at 

a 95% confidence level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix A: Non-vegetated Vertical Accuracy Statistics – Base DEM – Burnt 

River 

  Map-Derived Values Survey Checkpoint Values Residuals (Errors) 

Point Elevation (H) Elevation (H) ∆z Elevation (H) 

ID metres metres metres 

1 
261.8599854 261.862 0.002015 

2 
261.1000061 261.108 0.007994 

3 
261.5700073 261.579 0.008993 

4 
258.3299866 258.3 -0.02999 

5 
261.1499939 261.117 -0.03299 

6 
258.0299988 258.077 0.047001 

7 
259.019989 259.07 0.050011 

8 
259.0100098 259.063 0.05299 

9 
261.6300049 261.697 0.066995 

10 
261.0799866 261.147 0.067013 

11 
261 261.091 0.091 

12 
259.7399902 259.856 0.11601 

13 
258.6499939 258.768 0.118006 

14 
262.0799866 262.198 0.118013 

15 
260.8399963 260.975 0.135004 

16 
257.1799927 257.328 0.148007 

17 
260.9899902 261.139 0.14901 

18 
258.0700073 258.229 0.158993 

19 
259.3099976 259.145 -0.165 

20 
257.0700073 257.237 0.166993 

21 
257.7600098 257.928 0.16799 



 

 

22 
261.019989 261.192 0.172011 

23 
259.1499939 259.324 0.174006 

24 
257.7000122 257.875 0.174988 

25 
258.4299927 258.608 0.178007 

26 
259.019989 259.213 0.193011 

27 
258.0100098 258.244 0.23399 

28 
258.3999939 258.636 0.236006 

29 
257.6300049 257.875 0.244995 

30 
257.1900024 257.439 0.248998 

31 
257.6400146 257.932 0.291985 

32 
261.019989 261.313 0.293011 

33 
257.9400024 258.242 0.301998 

34 
260.0400085 259.725 -0.31501 

35 
259.4200134 259.764 0.343987 

36 
257.8800049 258.246 0.365995 

37 
260.9299927 260.552 -0.37799 

38 
258.6700134 259.062 0.391987 

39 
260.4700012 260.867 0.396999 

40 
258.1199951 258.541 0.421005 

41 
258.480011 258.943 0.462989 

42 
260.9299927 260.379 -0.55099 

43 
261.1099854 260.465 -0.64499 

Number of Checkpoints   43 

Mean Error (m)   0.046 

Percentile Rank   40.9 

Percentile (Qp) 0.398 

 



 

 

Appendix B: Vegetated Vertical Accuracy Assessment Statistics – Base DEM – 

Burnt River 

  
Map-Derived 
Values Survey Checkpoint Values Residuals (Errors) 

Point Elevation (H) Elevation (H) ∆z Elevation (H) 

ID metres metres metres 

1 
258.7099915 259.084 0.374009 

2 
258.5599976 258.869 0.309002 

3 
258.8699951 258.977 0.107005 

4 
257.7999878 257.872 0.072012 

5 
257.6499939 257.772 0.122006 

6 
260.3599854 260.329 -0.03099 

7 
258.0700073 258.075 0.004993 

8 
258.1400146 258.272 0.131985 

9 
258.0799866 257.69 -0.38999 

10 
257.7900085 257.746 -0.04401 

11 
257.3599854 257.272 -0.08799 

12 
258.269989 258.356 0.086011 

13 
257.0299988 257.035 0.005001 

14 
258.1499939 258.088 -0.06199 

15 
258.0599976 258.008 -0.052 

16 
258.3099976 258.301 -0.009 

17 
258.519989 258.424 -0.09599 

18 
257.6700134 257.71 0.039987 

19 
258.7600098 258.847 0.08699 

20 
258.6900024 258.663 -0.027 



 

 

21 
258.230011 258.248 0.017989 

22 
258.6499939 258.786 0.136006 

23 
258.0599976 258.036 -0.024 

24 
258.3500061 258.464 0.113994 

25 
257.7900085 257.94 0.149991 

26 
257.8200073 258.005 0.184993 

27 
258.4599915 258.315 -0.14499 

28 
258.3299866 258.095 -0.23499 

29 
257.7200012 257.855 0.134999 

30 
257.7000122 257.771 0.070988 

31 
257.8500061 257.518 -0.33201 

32 
257.7999878 257.394 -0.40599 

33 
257.25 257.444 0.194 

34 
257.0899963 257.268 0.178004 

35 
257.6499939 257.551 -0.09899 

Number of Checkpoints   35 

Mean Error (m)   0.339 

Percentile Rank   33.3 

Percentile (Qp)   0.335 

 

 

 

 

 

 

 



 

 

Appendix C: Horizontal Accuracy Assessment Statistics – Orthoimagery – Burnt 

River 

  Map-derived values Survey Check Point Values Residuals (Errors) 

Point Easting (E) Northing (N) Easting (E) Northing (N) ∆x Easting (E) ∆y Northing (N) 

ID metres metres metres metres metres metres 

1 
680809.0797 4940581.782 680808.852 4940581.8 0.227706 0.05185 

2 
681819.5442 4946119.572 681819.553 4946119.526 -0.00879 7.72E-05 

3 
682405.8775 4946544.728 682405.771 4946544.415 0.106478 0.011338 

4 
683226.0975 4947740.2 683226.015 4947740.398 0.082524 0.00681 

5 
683229.315 4947746.147 683229.193 4947746.393 0.122039 0.014894 

6 
682734.7937 4948539.375 682734.576 4948539.435 0.217709 0.047397 

7 
682556.494 4949055.92 682556.458 4949056.235 0.035981 0.001295 

8 
682527.6352 4949181.755 682527.652 4949181.651 -0.01681 0.000283 

9 
682501.8547 4949221.036 682502.014 4949221.147 -0.15933 0.025386 

10 
682507.7913 4949244.008 682507.729 4949244.008 0.06235 0.003888 

11 
682497.5655 4949274.973 682497.626 4949274.893 -0.06047 0.003657 

12 
682489.4083 4949298.649 682489.328 4949298.79 0.080343 0.006455 

13 
682428.4899 4949479.672 682428.447 4949479.445 0.042868 0.001838 

14 
682362.0289 4949678.812 682362.185 4949678.937 -0.15615 0.024382 

15 
682337.276 4949720.412 682337.221 4949720.362 0.055029 0.003028 

16 
682323.2428 4949755.548 682323.543 4949755.353 -0.30023 0.090136 

17 
682321.389 4949761.485 682321.586 4949761.235 -0.19701 0.038814 

18 
682306.4384 4949807.499 682306.256 4949807.506 0.182352 0.033252 

19 
682249.3164 4949804.94 682249.387 4949804.806 -0.0706 0.004985 

20 
682843.5491 4947022.23 682844.005 4947022.167 -0.45587 0.207817 

Number of checkpoints       20 20 

Mean Error (m)       0.289 0.027 



 

 

Standard Deviation (m)       0.174 0.169 

RMSE (m)       0.170 0.164 

RMSEr (m)        0.237 

NSSDA Horizontal Accuracyr (ACCr) at 95% Confidence Level (m)   0.410 

 



 Appendix K: Excerpts of Previous Studies 



























































Appendix L:  Terms of Reference for Digital Elevation and 

Orthoimagery Data Quality Control 
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Digital Elevation and Orthoimagery Data Quality Control  
 
 
It is important that the accuracy of the digital elevation models (DEM) and orthoimagery 
datasets be tested in order to understand the confidence that can be placed on the 
hydraulic model and flood maps. 
 
A LiDAR and orthoimagery full-suite remote sensing data delivery was acquired by the 
City of Kawartha Lakes in 2012.  The acquisition included orthophotos, LiDAR-derived 
point cloud data, elevation raster tiles, and other geospatial/non-geospatial datasets 
produced by the vendor.  At the time of the acquisition, the 2009 Ontario Imagery and 
Elevation Guidelines (herein referred to as the 2009 Ontario Guidelines) was the 
technical document that set geospatial data acquisition specifications in Ontario and 
defined geospatial data accuracy targets based on levels or risk. 
 
In 2014, the American Society of Photogrammetry and Remote Sensing (ASPRS) 
published updated standards for quantifying, testing, and reporting accuracy of 
geospatial data, titled “ASPRS Positional Accuracy Standards for Digital Geospatial 
Data (2014)” (herein referred to as the 2014 ASPRS Standards).  The 2014 ASPRS 
Standards provides a more up-to-date and robust way of measuring and communicating 
the accuracy of geospatial data for the purposes of quality control (QC).  
 
In summary, the original project data accuracy requirements established using the 2009 
Ontario Guidelines will be fully maintained with only reporting statistics following the 
2014 ASPRS Standards format. 
 
Steps to carry out Quality Control: 

1. At the initiation of each project the project engineer and the remote sensing (RS) 

technician will direct the KRCA survey team where to collect QC survey control 

points for testing accuracy of both digital elevation and orthoimagery data to be 

used to produce flood plain maps. 

2. At the completion of the survey, the survey team will provide the project engineer 

and the RS technician with the QC survey data.  The engineer and RS technician 

will review the survey data collected for survey completeness.  If required, they 

will direct the KRCA survey team where additional survey is needed for the QC 

check. 

3. Once all survey data has been collected, the RS technician will complete the QC 

analysis.  The result of the analysis will be provided to the project engineer in the 

QC report.  

Vertical Accuracy Goal – Elevation Data 
The 2009 Ontario Guidelines states the minimum vertical geospatial data accuracy to 
be used for the risk level defined as “…densely to moderately populated urban areas 
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that may or may not fall within the Regulated Flood Line” shall be mapped to an 
accuracy of +/- 0.25 m Linear Map Accuracy Standard (LMAS). This LMAS minimum 
accuracy level converts to +/- 0.30 m at the 95% confidence level, in accordance with 
the 2014 ASPRS Standards. This implies that 38 of 40 checkpoints must be within +/- 
0.30 m of their true elevation. 
 
Vertical Accuracy Checking - Elevation Data 
In accordance with the 2014 ASPRS Standards, a minimum of 70 checkpoints (survey 
points) will need to be collected using RTK GNSS survey equipment for each project 
area. To confirm optimal equipment performance in the field, a Precise Point Positioning 
(PPP) monument should be established at KRCA Main Office to allow for easy 
equipment performance checks as survey crews enter the field and return to the office. 
The terrain from which the checkpoints are acquired should be either flat or, if sloped, 
be of uniform slope not exceeding 20%.  The checkpoints should consist of: 

 A minimum of 40 checkpoints for non-vegetated terrain 

 A minimum of 30 checkpoints for vegetated terrain 
 
 “Non-vegetated” is defined by the 2014 ASPRS Standards as being open terrain (bare 
soil, sand, rocks, and short grass) and elevation errors can be assumed to follow a 
normal distribution. Accuracy statistics can be represented as Non-vegetated Vertical 
Accuracy (NVA) at a 95% confidence interval. 
 
“Vegetated” is defined by the 2014 ASPRS Standards as being non-open terrain (tall 
weeds and crops, brush lands, and fully forested areas). The vertical error in vegetated 
areas cannot be assumed to follow a normal distribution.  Therefore, accuracy statistics 
must be reported as Vegetated Vertical Accuracy (VVA) at the 95th percentile of the 
absolute value of vertical errors. 
 
Horizontal Accuracy Goal - Orthoimagery 
The 2009 Ontario Guidelines states the minimum horizontal geospatial data accuracy to 
be used for the risk level defined as “…densely to moderately populated urban areas 
that may or may not fall within the Regulated Flood Line” shall be mapped to an 
accuracy of +/- 0.25 m Circular Map Accuracy Standard (CMAS). This CMAS minimum 
accuracy level converts to +/- 0.29 m at the 95% confidence level, in accordance with 
the 2014 ASPRS Standards. This implies that 38 of 40 checkpoints must be within +/- 
0.29 m of their true elevation. 
 
Horizontal Accuracy Checking - Orthoimagery 
A minimum of 20 checkpoints will need to be collected using RTK GNSS survey 
equipment for each project area.  
The checkpoints should be of clearly defined, readily identifiable features within each 
project area that are not elevated with respect to the surrounding terrain. The 
checkpoints should consist of: 

 A minimum of 20 checkpoints for photo-identifiable objects, randomly distributed  
 
 



C:\PointsAndLines\Working\Projects\CKL\PROJECT_MGMT\DEMandOrtho_QC_FINAL.docx 

Q/C Report 
The report should include: 

 Detailed list of test datasets used for quality control analysis 

 Confirmation that datums and projections are consistent across all tested 
datasets 

 Table comparing the field surveyed spot elevations with DEM spot elevations 

 Table comparing the field surveyed photo-identifiable objects with orthoimagery 
test points 

 Orthomap with labelled survey locations for all checkpoints used in the QC 
analysis 

 Vertical Accuracy Reporting Statement consistent with the 2014 ASPRS 
Standards 

 Horizontal Accuracy Reporting Statement consistent with the 2014 ASPRS 
Standards 
 

 
The ASPRS Vertical Accuracy Reporting Statement should follow the 2014 ASPRS 
Standards format: 
 
“This data was tested to meet ASPRS Positional Accuracy Standards for Digital 

Geospatial Data (2014) for an X cm RMSEz Vertical Accuracy Class.  Actual NVA 

accuracy was found to be RMSEz = X cm, equating to +/- X cm at 95% confidence 

level.   Actual VVA accuracy was found to be +/- X  cm at the 95th percentile.” 

The Horizontal Accuracy Reporting Statement should follow the 2014 ASPRS 

Standards format: 

“This data set was tested to meet ASPRS Positional Accuracy Standards for Digital 

Geospatial Data (2014) for a X cm RMSEx/RMSEy Horizontal Accuracy Class. Actual 

positional accuracy was found to be RMSEx = X cm and RMSEy = X cm which equates 

to Positional Horizontal Accuracy = +/- X cm at a 95% confidence level.” 
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