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Chemanus River.

Looking upstream at proposed Site 0+273 m (Section D) dong the | eft bank of
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Looking upstream at proposed Site 0+438 m aong the right bank of Hadam Creek.
Looking upstream at proposed Site 0+575 m aong the left bank of Hadam Creek.
Looking downstream at proposed Site 0+600 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 0+686 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 0+768 m aong the right bank of Hadam Creek.
Looking upstream at proposed Site 0+830 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 1+049 m aong the right bank of Hadam Creek.
Looking upstream at proposed Site 1+125 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 1+289 m aong the right bank of Hadam Creek.
Looking downstream at proposed Site 1+946 m aong the right bank of Hadam Creek.
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Photo 83.
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Photo 85.

Photo 86.

Photo 87.

Photo 88.

Photo 89.

Photo 90.

Looking upstream at proposed Site 3+517 m aong the right bank of Hadam Creek.
Looking downstream at proposed Site 3+746 m aong the right bank of Hadam Creek.
Looking downstream at proposed Site 3+892 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 3+989 m aong the right bank of Hadam Creek.
Looking downstream at proposed Site 4+116 m aong the left bank of Hadam Creek.
Looking downstream at proposed Site 4+210 m aong the right bank of Hadam Creek.
Looking upstream at proposed Site 4+279 m aong the right bank of Hadam Creek.
Looking upstream at proposed Site 4+373 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 4+504 m aong the left bank of Hadam Creek.
Looking downstream at proposed Site 4+596 m aong the right bank of Hadam Creek.
Looking downstream at proposed Site 4+929 m aong the left bank of Hadam Creek.
Looking downstream at proposed Site 5+015 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 5+834 m aong the right bank of Hadam Creek.
Looking upstream at proposed Site 6+059 m aong the right bank of Hadam Creek.
Looking upstream at proposed Site 6+299 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 6+332 m aong the left bank of Hadam Creek.
Looking upstream at proposed Site 6+405 m aong the right bank of Hadam Creek.
Looking upstream at proposed Site 7+049 m aong the left bank of Hadam Creek.

Looking upstream at the outlet of an overflow channd located at 5+341 m on the right
bank of Haslam Creek.
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Photo 92.

Photo 93.

Photo 94.

Photo 95.

Photo 96.

Photo 97.

Photo 98.

Photo 99.

Photo 100.

Photo 101.

Photo 102.

Photo 103.

Photo 104.

Looking upstream at proposed Site 0+020 m on the right bank of the overflow channe
(5+341 m; RB) in Hadam Creek.

Looking upstream &t proposed Site 0+062 m on the left bank of the overflow channel
(5+341 m; RB) in Hadam Creek.

Looking upstream at proposed Site 0+095 m on the right bank of the overflow channe
(5+341 m; RB) in Hadam Creek.

Looking upstream &t proposed Site 0+189 m on the left bank of the overflow channel
(5+341 m; RB) in Hadam Creek.

Looking upstream at proposed Site 0+226 m on the right bank of the overflow channe
(5+341 m; RB) in Hadam Creek.

Looking upstream &t proposed Site 0+267 m on the left bank of the overflow channel
(5+341 m; RB) in Hadam Creek.

Looking downstream &t inlet to the overflow channel (5+341 m; RB) in Hadam Creek.
Inlet located at chainage 5+700 m on Hasdlam Creek.

Looking downstream at proposed Site 0+046 m on the | eft bank of the overflow
channd (5+515 m; LB) in Hadam Creek.

Looking upstream at proposed Site 0+081 m along the left bank of Deadwood Creek.
Looking upstream at proposed Site 0+096 m along the left bank of Deadwood Creek.

Looking upstream at proposed Site 0+100 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 0+180 m along the right bank of Deadwood
Creek.

Looking downstream at proposed Site 0+220 m aong the right bank of Deadwood
Creek.

Looking upstream at proposed Site 0+230 m along the right bank of Deadwood
Creek.
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Photo 105.

Photo 106.

Photo 107.

Photo 108.

Photo 109.

Photo 110.

Photo 111.

Photo 112.

Photo 113.

Photo 114.

Photo 115.

Photo 116.

Photo 117.

Photo 118.

Looking downstream at proposed Site 0+274 m along the left bank of Deadwood
Creek.

Looking downstream at proposed Site 0+309 m aong the right bank of Deadwood
Creek.

Looking downstream at proposed Site 0+356 m along the left bank of Deadwood
Creek.

Looking downstream at proposed Site 0+451 m aong the right bank of Deadwood
Creek.

Looking upstream at proposed Site 0+590 m along the left bank of Deadwood Creek.
Looking upstream at proposed Site 0+630 m along the left bank of Deadwood Creek.
Looking upstream at proposed Site 0+731 m along the left bank of Deadwood Creek.

Looking downstream at proposed Site 0+767 m aong the right bank of Deadwood
Creek.

Looking downstream at proposed Site 0+796 m aong the left bank of Deadwood
Creek.

Looking downstream at proposed Site 0+856 m aong the right bank of Deadwood
Creek.

Looking upstream at proposed Site 1+030 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 1+062 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 1+130 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 1+244 m along the left bank of Deadwood Creek.
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Photo 119.

Photo 120.

Photo 121.

Photo 122.

Photo 123.

Photo 124.

Photo 125.

Photo 126.

Photo 127.

Photo 128.

Photo 129.

Photo 130.

Photo 131.

Photo 132.

Photo 133.

Looking upstream at proposed Site 1+403 m along the left bank of Deadwood Creek.

Looking upstream at proposed Site 1+435 m along the right bank of Deadwood
Creek.

Looking downstream at proposed Site 1+515 m along the | eft bank of Deadwood
Creek.

Looking upstream at proposed Site 1+601 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 1+634 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 1+786 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 1+877 m along the left bank of Deadwood Creek.

Looking upstream at proposed Site 1+952 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 2+010 m along the left bank of Deadwood Creek.

Looking upstream at proposed Site 2+040 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 2+085 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 2+194 m |located mid-stream in Deadwood Creek.

Looking upstream at proposed Site 2+326 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 2+540 m along the left bank of Deadwood Creek.

Looking upstream at proposed Site 2+588 m along the right bank of Deadwood
Creek.
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Photo 134.

Photo 135.

Photo 136.

Photo 137.

Photo 138.

Photo 139.

Photo 140.

Photo 141.

Photo 142.

Photo 143.

Photo 144.

Photo 145.

Photo 146.

Photo 147.

Photo 148.

Looking upstream at proposed Site 2+666 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 2+715 m along the left bank of Deadwood Creek.
Looking upstream at proposed Site 3+004 m along the left bank of Deadwood Creek.

Looking upstream at proposed Site 3+059 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 3+185 m along the left bank of Deadwood Creek.
Looking upstream at proposed Site 3+267 m along the left bank of Deadwood Creek.
Looking upstream at proposed Site 3+393 m along the left bank of Deadwood Creek.

Looking downstream at proposed Site 3+431 m along the left bank of Deadwood
Creek.

Looking downstream at proposed Site 3+494 m aong the right bank of Deadwood
Creek.

Looking upstream at proposed Site 3+560 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 3+606 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 3+755 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 3+802 m along the left bank of Deadwood Creek.

Looking downstream at proposed Site 3+885 m aong the right bank of Deadwood
Creek.

Looking downstream at proposed Site 3+969 m along the left bank of Deadwood
Creek.
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Photo 149.

Photo 150.

Photo 151.

Photo 152.

Photo 153.

Photo 154.

Photo 155.

Photo 156.

Photo 157.

Photo 158.

Photo 159.

Photo 160.

Photo 161.

Looking downstream at proposed Site 4+042 m aong the right bank of Deadwood
Creek.

Looking upstream at proposed Site 4+056 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 4+130 m along the right bank of Deadwood
Creek.

Looking upstream at proposed Site 4+211 m along the left bank of Deadwood Creek.

Looking upstream at proposed Site 4+410 m along the right bank of Deadwood
Creek.

Looking downstream at proposed Site 4+520 m aong the right bank of Deadwood
Creek.

Looking downstream at proposed Site 4+712 m aong the right bank of Deadwood
Creek.

Looking downstream at proposed Site 4+835 m aong the right bank of Deadwood
Creek.

Looking downstream at proposed gravel placement site aong the right bank of
Nanaimo River, upstream of First Lake,

Looking upstream at proposed Site 0+040 m (Section A) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+118 m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+160 m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+300 m (Section A) dong the right bank of Little
Qudicum River.
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Photo 162.

Photo 163.

Photo 164.

Photo 165.

Photo 166.

Photo 167.

Photo 168.

Photo 169.

Photo 170.

Photo 171.

Photo 172.

Photo 173.

Photo 174.

Looking upstream at proposed Site 0+451 m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+515 m (Section A) adong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+608 m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+617 m (Section A) aong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+670 m (Section A) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+697 m (Section A) aong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+756 m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+800 m (Section A) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+867 m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+940 m (Section A) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+963 m (Section A) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 1+020 m (Section A) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 1+060 m (Section A) dong the left bank of Little
Qudicum River.
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Photo 175.

Photo 176.

Photo 177.

Photo 178.

Photo 179.

Photo 180.

Photo 181.

Photo 182.

Photo 183.

Photo 184.

Photo 185.

Photo 186.

Photo 187.

Looking upstream at proposed Site 1+080m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 1+105 m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 1+155 m (Section A) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 1+240 m (Section A) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 1+276 m (Section A) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+030 m (Section B) aong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+120 m (Section B) aong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+182 m (Section B) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+238 m (Section B) located mid-stream in Little
Qudicum River.

Looking upstream at proposed Site 0+295 m (Section B) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+360 m (Section B) in Little Qualicum River.

Looking upstream at proposed Site 0+380 m (Section B) aong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+400 m (Section B) aong the right bank of Little
Qudicum River.
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Photo 188.

Photo 189.

Photo 190.

Photo 191.

Photo 192.

Photo 193.

Photo 194.

Photo 195.

Photo 196.

Photo 197.

Photo 198.

Photo 199.

Photo 200.

Looking upstream at proposed Site 0+460 m (Section B) aong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+558 m (Section B) located mid-stream in Little
Qudicum River.

Looking upstream at proposed Site 0+111 m (Section C) aong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+207 m (Section C) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+240 m (Section C) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+307 m (Section C) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+330 m (Section C) dong the left bank of Little
Qudicum River.

Looking upstream at proposed acove Site 0+388 m (Section C) on the right bank of
Little Quaicum River.

Looking upstream at proposed Site 0+405 m (Section C) aong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+448 m (Section C) along the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+542 m (Section C) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+650 m (Section C) along the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+757 m (Section C) dong the left bank of Little
Qudicum River.
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Photo 201.

Photo 202.

Photo 203.

Photo 204.

Photo 205.

Photo 206.

Photo 207.

Photo 208.

Photo 209.

Photo 210.

Photo 211.

Photo 212.

Photo 213.

Looking upstream at proposed Site 0+800 m (Section C) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+870 m (Section C) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+934 m (Section C) located mid-stream in Little
Qudicum River.

Looking upstream & proposed Site 0+000 m (Section D) located mid-stream in Little
Qudicum River.

Looking upstream at proposed Site 0+020 m (Section D) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Sites 0+050 to 0+070 m (Section D) dong the left
bank of Little Qudicum River.

Looking upstream at proposed Site 0+109 m (Section D) dong the left bank of Little
Qudicum River.

Looking downstream at proposed Site 0+225 m (Section D) along the left bank of
Little Quaicum River.

Looking across at proposed Site 0+305 m (Section D) aong theright bank of Little
Qudicum River.

Looking upstream & proposed Site 0+370 m (Section D) located mid-stream in Little
Qudicum River.

Looking upstream at proposed Site 0+400 m (Section D) dong the right bank of Little
Qudicum River.

Looking at dcove Ste at 0+560 m (Section D) on the right bank of Little Qualicum
River.

Looking upstream at proposed Site 0+560 m (Section D) dong the left bank of Little
Qudicum River.
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Photo 214.

Photo 215.

Photo 216.

Photo 217.

Photo 218.

Photo 2109.

Photo 220.

Photo 221.

Photo 222.

Photo 223.

Photo 224.

Photo 225.

Photo 226.

Looking upstream at proposed Site 0+710 m (Section D) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Sites 0+940 and 0+950 m (Section D) aong the right
bank of Little Qudicum River.

Looking across a proposed Site 1+105 m (Section D) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 1+131 m (Section D) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 1+200 m (Section D) dong the right bank of Little
Qudicum River.

Looking at dcove Ste at 1+255 m (Section D) on the left bank of Little Quaicum
River.

Looking upstream at proposed Site 1+355 m (Section D) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+025 m (Section D) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+091 m (Section D) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+175 m (Section D) dong the right bank of Little
Qudicum River.

Looking upstream at proposed Site 0+349 m (Section D) dong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+370 m (Section D) aong the left bank of Little
Qudicum River.

Looking upstream at proposed Site 0+435 m (Section D) dong the left bank of Little
Qudicum River.
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Photo 227.

Photo 228.

Photo 229.

Photo 230.

Photo 231.

Photo 232.

Photo 233.

Photo 234.

Photo 235.

Photo 236.

Photo 237.

Photo 238.

Photo 239.

Looking upstream at proposed Site 0+201 m (Section B) dong the right bank of
Oyder River.

Looking upstream at proposed Site 0+456 m (Section B) dong the left bank of Oyster
River.

Looking upstream at proposed Site 0+825 m (Section B) aong the left bank of Oyster
River.

Looking upstream at proposed Site 1+005 m (Section B) dong the left bank of Oyster
River.

Looking upstream at proposed Site 1+205 m (Section B) dong the right bank of
Oydter River.

Looking upstream at proposed Site 1+461 m (Section B) aong the right bank of
Oyder River.

Looking upstream at proposed Site 1+563 m (Section B) dong the right bank of
Oydter River.

Looking upstream at proposed Site 1+731 m (Section B) dong the left bank of Oyster
River.

Looking upstream at proposed Site 1+842 m (Section B) aong the left bank of Oyster
River.

Looking upstream at proposed Site 1+937 m (Section B) dong the right bank of
Oyder River.

Looking upstream at proposed Site 2+111 m (Section B) dong the right bank of
Oydter River.

Looking upstream at proposed Site 2+390 m (Section B) dong the left bank of Oyster
River.

Looking upstream at proposed Sites 2+539 and 2+544 m (Section B) dong the right
bank of Oyster River.
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Photo 240.

Photo 241.

Photo 242.

Photo 243.

Photo 244.

Photo 245

Photo 246.

Photo 247.

Photo 248.

Photo 249.

Photo 250.

Photo 251.

Photo 252.

Looking upstream at proposed Site 2+720 m (Section B) dong the left bank of Oyster
River.

Looking upstream at proposed Sites 2+745 to 2+785 m (Section B) aong the left
bank of Oyder River.

Looking upstream at proposed Site 2+895 m (Section B) aong the left bank of Oyster
River.

Looking upstream at proposed Site 2+986 m (Section B) dong the right bank of
Oyder River.

Looking upstream at proposed Site 3+154 m (Section B) dong the right bank of
Oydter River.

Looking upstream at proposed Site 3+280 m (Section B) dong the right bank of
Oyder River.

Looking upstream at proposed Site 3+571 m (Section B) dong the right bank of
Oydter River.

Looking upstream at proposed Site 3+788 m (Section B) dong the left bank of Oyster
River.

Looking upstream at proposed Site 3+995 m (Section B) dong the right bank of
Oyder River.

Looking upstream at proposed Site 4+125 m (Section B) aong the right bank of
Oydter River.

Looking upstream at proposed Site 4+258 m (Section B) dong the right bank of
Oyder River.

Looking upstream at proposed Site 0+157 m (Section D) dong the left bank of Oyster
River.

Looking upstream at proposed Site 0+348 m (Section D) aong the right bank of
Oyder River.
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Photo 253.

Photo 254.

Photo 255.

Photo 256.

Photo 257.

Photo 258.

Photo 259.

Photo 260.

Photo 261.

Photo 262.

Photo 263.

Photo 264.

Photo 265.

Looking upstream at proposed Site 0+419 m (Section D) dong the left bank of Oyster
River.

Looking upstream at proposed Site 0+580 m (Section D) aong the right bank of
Oyder River.

Looking upstream at proposed Site 0+890 m (Section D) dong the left bank of Oyster
River.

Looking upstream at proposed Site 1+129 m (Section D) aong the right bank of
Oyder River.

Looking upstream at proposed Site 1+143 m (Section D) dong the left bank of Oyster
River.

Looking upstream at proposed Site 1+662 m (Section D) dong the left bank of Oyster
River.

Looking upstream at proposed Site 1+686 m (Section D) dong the left bank of Oyster
River.

Looking upstream at proposed Site 1+879 m (Section D) dong the left bank of Oyster
River.

Looking upstream at proposed Site 2+102 m (Section D) aong the right bank of
Oydter River.
Looking downstream at proposed Site 2+176 m (Section D) along the right bank of

Oydter River.

Looking downstream at proposed Site 0+209 m (Section C) dong the right bank of
Oyder River.

Looking downstream at proposed Site 0+379 m (Section C) aong the right bank of
Oydter River.

Looking downstream at proposed Sites 0+412 and 0+435 m (Section C) along the
right bank of Oyster River.
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Photo 266.

Photo 267.

Photo 268.

Photo 269.

Photo 270.

Photo 271.

Photo 272.

Photo 273.

Photo 274.

Photo 275.

Photo 276.

Photo 277.

Photo 278.

Looking downstream at proposed Site 0+453 m (Section C) adong the right bank of
Oyder River.

Looking downstream at proposed Site 0+659 m (Section C) aong the left bank of
Oyder River.

Looking downstream at proposed Site 0+749 m (Section C) aong the left bank of
Oyder River.

Looking downstream at proposed Site 0+797 m (Section C) aong the left bank of
Oyder River.

Looking downstream at proposed Site 0+960 m (Section C) aong the left bank of
Oydter River.

Looking downstream at proposed Site 1+191 m (Section C) aong the left bank of
Oyder River.

Looking downstream at proposed Site 1+378 m (Section C) aong the left bank of
Oydter River.

Looking downstream at proposed Site 2+522 m (Section C) aong the left bank of
Oyder River.

Looking upstream at proposed Site 0+165 m aong the right bank of Little Oyster
River.

Looking downstream at proposed Site 0+223 m aong the left bank of Little Oyster
River.

Looking downstream at proposed Site 0+354 m aong the right bank of Little Oyster
River.

Looking downstream at proposed Site 0+366 m aong the left bank of Little Oyster
River.

Looking downstream at proposed Site 0+400 m aong the right bank of Little Oyster
River.
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Photo 279.

Photo 280.

Photo 281.

Photo 282.

Photo 283.

Photo 284.

Photo 285.

Photo 286.

Photo 287.

Photo 288.

Photo 289.

Photo 290.

Photo 291.

Looking downstream at proposed Site 0+415 m aong the left bank of Little Oyster
River.

Looking downstream at proposed Site 0+474 m aong the right bank of Little Oyster
River.

Looking downstream at proposed Site 0+570 m aong the right bank of Little Oyster
River.

Looking downstream at proposed Site 0+604 m along the left bank of Little Oyster
River.

Looking downstream at proposed Site 0+783 m aong the right bank of Little Oyster
River.

Looking downstream at proposed Site 1+235 m aong the left bank of Little Oyster
River.

Looking downstream at proposed Site 1+292 m aong the right bank of Little Oyster
River.

Looking downstream at proposed Site 1+330 m aong the left bank of Little Oyster
River.

Looking downstream at proposed Site 1+430 m aong the left bank of Little Oyster
River.

Looking upstream at proposed Site 0+185 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 0+410 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 0+530 m (Section A) aong the left bank of
Quinsam River.

Looking upstream at proposed Site 0+746 m (Section A) aong the right bank of
Quinsam River.
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Photo 292.  Looking upstream at proposed Site 0+819 m (Section A) along the right bank of
Quinsam River.

Photo 293. Looking upstream at proposed Site 0+994 m (Section A) dong the left bank of
Quinsam River.

Photo 294.  Looking upstream at proposed Site 1+039 m (Section A) aong the left bank of
Quinsam River.

Photo 295.  Looking upstream at proposed Site 1+138 m (Section A) aong the right bank of
Quinsam River.

Photo 296.  Looking upstream at proposed Site 1+184 m (Section A) dong the left bank of
Quinsam River.

Photo 297.  Looking upstream at proposed Site 1+215 m (Section A) aong the right bank of
Quinsam River.

Photo 298.  Looking upstream at proposed Site 1+249 m (Section A) aong the left bank of
Quinsam River.

Photo 299.  Looking upstream at proposed Site 1+278 m (Section A) aong the right bank of
Quinsam River.

Photo 300.  Looking upstream at proposed Site 1+287 m (Section A) aong the left bank of
Quinsam River.

Photo 301. Looking upstream at proposed Site 1+364 m (Section A) dong the left bank of
Quinsam River.

Photo 302..  Looking upstream at proposed Site 1+428 m (Section A) along the right bank of
Quinsam River.

Photo 303. Looking upstream at proposed Site 1+479 m (Section A) aong the right bank of
Quinsam River.

Photo 304. Looking upstream at proposed Site 1+551 m (Section A) dong the left bank of
Quinsam River.

LGL Limited / BC Conservation Foundation Page xxix



Fish Habitat Restoration Designs EA 1491

Photo 305.

Photo 306.

Photo 307.

Photo 308.

Photo 309.

Photo 310.

Photo 311.

Photo 312.

Photo 313.

Photo 314.

Photo 315.

Photo 316.

Photo 317.

Looking upstream at proposed Site 1+638 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 1+836 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 1+935 m (Section A) aong the left bank of
Quinsam River.

Looking upstream at proposed Site 1+957 m (Section A) aong the left bank of
Quinsam River.

Looking upstream at proposed Site 2+028 m (Section A) dong the left bank of
Quinsam River.

Looking upstream at proposed Site 2+084 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 2+114 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 2+268 m (Section A) aong the left bank of
Quinsam River.

Looking upstream at proposed Site 2+411 m (Section A) dong the | eft bank of
Quinsam River.

Looking downstream at proposed Site 2+569 m (Section A) along the left bank of
Quinsam River.

Looking upstream at proposed Site 2+637 m (Section A) aong the left bank of
Quinsam River.

Looking upstream at proposed Site 2+718 m (Section A) aong the left bank of
Quinsam River.

Looking upstream at proposed Site 2+824 m (Section A) aong the right bank of
Quinsam River.
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Photo 318.

Photo 319.

Photo 320.

Photo 321.

Photo 322.

Photo 323.

Photo 324.

Photo 325.

Photo 326.

Photo 327.

Photo 328.

Photo 329.

Photo 330.

Photo 331.

Looking upstream at proposed Site 2+915 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 3+095 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 3+181 m (Section A) dong the | eft bank of
Quinsam River.

Looking upstream at proposed Site 3+371 m (Section A) aong the right bank of
Quinsam River.

Looking upstream at proposed Site 0+306 m (Section B) dong the right bank of
Quinsam River.

Looking upstream at proposed Site 0+680 m (Section B) dong the right bank of
Quinsam River.

Looking upstream at proposed Site 0+918 m (Section B) dong the right bank of
Quinsam River.

Looking upstream at proposed Site 0+970 m (Section B) dong the left bank of
Quinsam River.

Looking upstream at proposed Site 1+120 m (Section B) aong the left bank of
Quinsam River.

Looking across at proposed Site 1+248 m (Section B) dong the left bank of Quinsam
River.

Looking upstream at proposed Site 1+380 m (Section B) aong the left bank of
Quinsam River.

Looking upstream at proposed Site 1+564 m (Section B) aong the left bank of
Quinsam River.

Looking upstream at proposed Site 0+055 m aong the left bank of Cold Creek.

Looking upstream at proposed Site 0+103 m aong the left bank of Cold Creek.
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Photo 332.
Photo 333.

Photo 334.

Photo 335.

Photo 336.

Photo 337.

Photo 338.

Photo 339.

Photo 340.

Photo 341.

Photo 342.

Photo 343.

Looking upstream at proposed Site 0+120 m dong the right bank of Cold Creek.
Looking upstream at proposed Site 0+167 m dong the right bank of Cold Creek.

Looking upstream at proposed Site 0+202 m aong the left bank of Cold Creek.
Looking downstream at proposed Site 0+225 m dong the right bank of Cold Creek.
Looking upstream at proposed Site 0+240 m aong the left bank of Cold Creek.
Looking downstream at proposed Site 0+263 m aong the left bank of Cold Creek.
Looking downstream at proposed Site 0+306 m aong the left bank of Cold Creek.
Looking downstream at proposed Site 0+334 m dong the right bank of Cold Creek.
Looking upstream at proposed Site 0+350 m aong the left bank of Cold Creek.
Looking upstream at proposed Site 0+373 m dong the right bank of Cold Creek.
Looking upstream at proposed Site 0+550 m aong the left bank of Cold Creek.

Looking downstream at proposed Site 0+566 m aong the right bank of Cold Creek.
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ABSTRACT

Under the auspices of the BC Ministry of Water, Land and Air Protection, BC Conservation
Foundation and LGL Limited identified potential restoration Stesin five watersheds on east Vancouver
Idand including Chemainus, Nanaimo, Little Quaicum, Oygter, and Quinsam rivers. The report
provides instream restoration designs in the mainstems of the five mgor watersheds, aswell as
Deadwood Creek, Hadam Creek, Little Oyster River, and Cold Creek. The restoration designs target
al life stages of saimonids found within the proposed restoration sections of the five watersheds, but in
particular the holding and rearing habitats for those species that spend an extended period of time as
juvenilesin fresh water. A total of about 41 km of stream and 371 structures were prescribed for
indream restoration, with more than 4 km of off-channd habitat being identified for further surveys and
design. Boulder-balasted LWD diructures, riffle enhancement, and spawning gravel placement were
restoration treatments recommended. The estimated cost to implement restoration work at al 371
restoration sites was approximately $1,007,800.

Flow release options for Fourth Lake were examined to determine if water temperatures could
be increased to benefit trout rearing in the Nanaimo River downstream of the lake outlet pipe. From
the andysis, it was estimated that flow releases of 2 /s from afixed eevation invert a& 8 m below Fulll
Supply Leve will provide, on average, temperatures of 14 to 16 °C in the Nanaimo River below
Fourth Lake from 1 July to 30 September. Increasing summer temperatures from the existing range of
6.5-14 °C to an estimated range of 14-16 °C would affect at least 9 km of river or 180,000 n¥ of
habitat. Increasing the outlet discharges to between 2.5 and 3.2 m?/s would require alower elevation
invert and would probably result in lower temperatures in the Nanaimo River. However, lower
temperatures could be mitigated by the construction of an outlet structure that alows for water releases
over arange of lake eevations rather than from afixed eevation. The former structure would be more
effective for steelhead / rainbow trout production. Temperature and volume vaues should be refined
after awater balance for the reservoir has been completed.
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1.0 INTRODUCTION

The BC Minigtry of Water, Land and Air Protection (MWLAP), in cooperation with Fisheries
and Oceans Canada (DFO), Habitat Restoration Unit, South Coast Division, have proposed to
undertake fish habitat restoration work in five mgor watersheds on east Vancouver Idand. These
watershedsinclude: Chemainus River, Nanaimo River, Little Qualicum River, Oyser River, and
Quinsam River (Figure 1). The BC Conservation Foundation and LGL Limited were contracted to
identify potentia restoration sites and prepare Site-specific designs in these five watersheds.

To date there has been relatively few instream projects in the priority watersheds or projects
that focused on preparing instream habitat restoration designs (Wightman et a. 1998; Appendix 4).
DFO and MWLAP have investigated the enhancement potential of numerous off-channel stesin
Oyster and Nanaimo Rivers (Griffith 1992). DFO have dso constructed off-channd worksin the
Oyder River (four gtes), Quinsam River (Cold Creek modifications) and Chemainus River (Westholme
channd). DFO and/or MWLAP have improved fish passage in the mainstem or tributaries of Oyster
River (Woodhus Creek) and Little Qualicum (Whisky Creek). In addition, there have been
investigations of improving fish passage a Copper Canyon in the Chemainus River and &t the Bore
Hole and White Rapids in the Nanaimo River, but only limited work has been undertaken by DFO to
improve spring chinook passage at the Bore Hole (Wightman et a. 1998).

Biophysicd assessmentsin the five watersheds have dso been limited to date (Appendix 4).
Lirette et d. (1987) completed biophysica inventoriesin Chemainus, Nanaimo and Little Qualicum
Rivers. The primary objective of these inventories was to assess stedlhead habitat capability. A
summary of the habitat characterigtics for Quinsam River were described in a comprehengive literature
review by Burt (1999). BC Hydro aso contracted a biophysical assessment on the Quinsam River in
1999. Other assessments have been completed under the Urban Salmon Habitat Program including:
Hadam (Handlt 2001) and Thatcher creeksin the Nanaimo River, and severd tributaries of the Oyster
River.

The bulk of the land within the watershedsis privately owned, with Weyerhaeuser and
TimberWest being the largest land holders. For the most part, our restoration designs have focused on
mainstem habitats. However, in the Nanaimo River only a short section of mainstem was proposed for
gpawning enhancement, and two tributaries, Deadwood and Hadam creeks, had instream habitat
designs prepared. An assessment to determine storage rel ease options and benefits of providing near-
surface releases from Fourth Lake to the Nanaimo River was aso completed. Restoration designs
were aso prepared for other tributaries, including Little Oyster River and Cold Creek (Quinsam River).
Potentia off-channd steswereidentified in dl five watersheds but level surveys and desgns were not
undertaken in this project.
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This assessment and design project is afundamental step in habitat restoration as it provides
gte-gpecific fish habitat restoration designs and congtruction procedures that will be implemented in an
upcoming instream work window. The report provides indream restoration designs in the mainstems of
the five mgjor watersheds, aswell as Deadwood Creek, Hadam Creek, Little Oyster River, and Cold
Creek. A tota of about 41 km of stream and 371 structures were prescribed for instream restoration,
with more than 4 km of off-channd habitat being identified for further surveys and desgn. The
restoration designstarget dl life stages of saimonids found within the proposed restoration sections of
the five watersheds, but in particular the holding and rearing habitats for those species that spend an
extended period of time as juvenilesin fresh water. Therefore, the target speciesin this project include
coho salmon, steelhead (rainbow), cutthroat and Dolly Varden. Included are the maps, construction
drawings, materials summary, work plan, schedule and estimated costs for the proposed projects.

20 ASSESSMENT METHODS

Field reconnai ssance for the siting and design of restoration treatments was conducted between
13 July and 3 October 2001. Field information was collected for al stes and included:

. locating each proposed restoration Site by thalweg chainage;

. edimating right and |eft bank heights above present water leve;
. determining the availability of ballagt rock on site;

. determining the type of bed and bank substrates; and

. identification of specific factorsto restore locd fish habitat.

In addition, ground photographs of the proposed instream restoration Sites were taken.

Leve surveys were completed at the proposed spawning enhancement Site in the Nanaimo
River immediately upstream of First Lake to provide:

. a streambed and water surface profile, and channe cross sections; and
. ameasurement of gradient, bankfull width, bankfull height, and retoration Site length.

3.0 DESCRIPTION OF STUDY AREA
Our investigations were limited to sdlected reaches within the anadromous sections of the five

east Vancouver Idand watersheds. These reaches were identified through discussonswith C.
Wightman (MWLAP) and J. Craig (BCCF). Prioritization for reach selection was based on:
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. relative abundance of stedhead adults and juveniles being observed during snorkel surveys,

. high potentia or observed utilization by coho juveniles for summer rearing and overwintering;

. potentia to benefit other native resdent and anadromous samonids,

. relaively stable channes with alow to moderate likelihood that restoration works would be
negetively impacted by current watershed processes and conditions; and

. vehicular access to retoration sites to facilitate equipment and materia delivery during
congtruction.

The study watersheds ranged widely in size, from about 4.4 to 820 kn? in drainage area and
with known accessible lengths between 9.5 and 93.7 km (Table 1). Bankfull channd widths at the
restoration Stes averaged between 6.5 and 44 m. All of the stream reaches where restoration designs
were prepared had average gradients that were less than 1.7 %, with the mgjority averaging between
0.3 and 1% (Figures2t0 9). Riffle-pool morphology dominated the channd reaches that were
surveyed. In generd, dl the watersheds have had some riparian logging within the restoration sections
but in most cases this occurred more than 30 years ago. All channdls showed signs of impacts from
higtorica riparian logging. We observed evidence of aggradation in the form of large gravel/cobble bars
in some sections of al the streamsin the project. Also, Large Woody Debris (LWD) was limited or
absent from the channel in al streams, and when present, was oriented pardle with the banks indicating
channd perturbation.

3.1 Hydrology

Discharges have been gauged by Water Survey of Canada (1999) on dl of the mgor
watersheds within the sudy area (Table 2). Monthly flows in these coastal watersheds beginto risein
October in response to rainfal, peak in December, and decline through Spring with the lowest
discharges occurring typicaly in August or September. Based on the frequency analyss, unit flood
discharges with a return period of 50 years ranged between 758 and 1921 I/s’kn?. Mean annud flows
in the study streams ranged between 4 and 40 cms or 31 and 75 I/g/kn?.

The two year return period seven day low flow ranges from 0.11 to 8.84 I/skn? (Table 3).
Our observations and reports from members of the Oyster River Enhancement Society suggest that the
Little Oyster River frequently has extremdy low discharges during the summer. The flow anadysisfor
the Water Survey of Canada data dso indicates extremely low seven day minima but the period of
record is short a only six years. Chemainus River and Hadam Creek aso appear to have consderably
lower unit minimum discharges than the other east Vancouver |dand watersheds.
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3.2 Fisheries Resour ces

All species of Pacific sdmon have been observed in the five study watersheds over the past 40
years with sockeye generdly having the lowest abundance (Table 4; Appendix 5). Based on current
sdmon escapement averages, coho in Chemainus River appear to be below their long term averages,
while chinook, chum and pink appear to be a or above their long term averagesin dl the watersheds.
This may be partly due to hatchery augmentation, fry outplanting or artificid spawning channds, which
occurs for coho in Chemainus River, chinook and coho in the Nanaimo River, pink, coho and chinook
in the Quinsam River, chinook and chum in the Little Qualicum River, and pink and coho in the Oyster
River.

Winter steelhead are dso found in the five watersheds but stock statusis now considered as
moderate to high risk due to their low numbers since the mid-1990's (Wightman et d. 1998; MWLAP
unpubl. data; Appendix 6). The ditribution of steelhead and the more abundant salmon species are
shown on Maps 1 to 5. Other species such as cutthroat, rainbow and Dolly Varden are numerousin
the watersheds but their distributions are not shown on the maps.

33 Habitat Limitations

In pristine watersheds, riparian vegetation, particularly large conifers, provides much of the
future supplies of LWD for instream fish habitat. A climax riparian community aso contributes to the
crestion and maintenance of overwintering areas such as overflow channels and off-channe ponds, and
Sabilizes the streambanks to prevent dramatic changes in channd morphology. Optimum rearing
habitat for salmonids requires cover, and historicdly in these coasta streams LWD provided instream
cover for fish rearing in degper pools. LWD dso provides afunctiond influence on channel
morphology in streams with bankfull widths less than 38 m or gradients <8% (Anonymous 1996).

Forest practices and other land uses have accel erated the rate of occurrence of some types of
disturbance (i.e., mgjor floods, debris torrents, riparian and channel changes) (Cederholm et a. 2000).
Levy et d. (1996) identified the negative impacts of past forest harvesting on fish habitat. He attributed
the impacts to channel morphology changes, dtered flood hydrographs, increased sediment delivery,
and areduction in LWD recruitment.

We observed evidence of channel morphology changes in the study watersheds, as indicated
by channd widening, extensve gravel bars, poal-infilling, reduced pool frequency, and alack of
functiond instream LWD. Higtoric logging practices in the study watersheds often removed most of the
conifers from the riparian area of mainstem and tributary channels. Theloss of large conifer recruitment
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from the riparian areas to the stream channels has impacted both instream and off-channd summer and
winter rearing habitat in these watersheds. This has

particularly impacted juvenile sdimon and trout that rear and overwinter in freshwater. In addition, it
has affected adult fish that require suitable holding pools for migration and spawning.

Similar changes to channel morphology and watershed processes, and consequently fish
habitat, can occur as a consequence of agricultura or residentia developments. Within our project
aren, these impacts have occurred primarily in the lower reaches of Hadam Creek and Chemainus,
Oyster and Quinsam rivers.

40 RESTORATION OBJECTIVES

The projects described below will mitigate habitat impacts that have occurred higtoricaly within
the watersheds. In the proposed restoration works, the biological objectives include;

improving overwintering and rearing habitat for native sdmon, steelheead, trout and char;

. increasing juvenile fish access to overwintering habitats;

. increasing spawning area for resdent and anadromous trout;

. increasing fry dendtiesin LWD complexed sites to 0.9 coho fry/n? and 0.3 trout fry/n?; and
. increasing trout parr densitiesin LWD and boul der-complexed sitesto 0.2 to 0.3 parr/m?.

The proposed restoration activities to meet Ste-leve objectivesinclude:

. congtructing LWD structures in mainstem and tributary Sites to provide cover and promote pool
scour;

. placing large diameter bouldersin runs and on the downstream face and scour pools of existing
riffles to diversfy hydraulic habitets for juvenile fish; and

. placing spawning gravel in salected |ocations to increase preferred spawning area.

5.0 FISH HABITAT REHABILITATION
51 LWD Structures

LWD structures will be built at specific stesin the five watersheds (Maps 6 to 11; Tables5to
28; Photos 1 to 343). Each proposed LWD structure will be comprised of 1 to 6 logs (Figures 10 to
22). ltisanticipated that the logs with rootwads will have an average dbh of 0.5 to 0.7 m and be
goproximately 4 to 15 m long. Although some LWD is available currently at the proposed Sites, it is
assumed in the materids summary tables that al structure materias will be imported.
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LWD cover gtructures will be pogtioned preferentidly in atriangular manner or with members
anchored to bank trees, sumps or ‘“Manta anchors to ensure greater stability for the structures.
Alternatively, the tops of the LWD will be buried in the streambank (e.g., Figure 15).

Bdlast requirements for LWD designs, eg., LT-3, LT-6, and DJ-5, have been determined
using design charts that assume atriangular structure and a safety buoyancy factor of 1.5 (D’ Aoust and
Millar 1999; Saney et d. 1997). Asan example, for a0.5 m diameter log with attached rootwad, the
total balast required per metre of effective length would then be 130 kg/m, with safety factors of >1.5
for buoyancy and diding (D’ Aoust and Millar 1999). Effective length refersto the length of log
projecting into the stream.

In Stuations where the LWD structure is not congtructed in atriangular manner, ballast
requirements should be determined assuming that each log isa‘single-log laterd jam’ (e.g., LO-3
gructure) (D’ Aoust and Millar 1999; Slaney et d. 1997). In order to determine the ballast
requirements for this type of structure, a design velocity estimate using the formula V=20(HS)* is
required. Channe gradient (S) is<1% at the locations where these structures are proposed. An
average floodplain height (H) of about 2 m was assumed in the cdculations. The design velocities were
caculated as 2.8 m/sec. For 0.5 m diameter logs, the minimum ballast required per metre of effective
length would then be 280 kg/m, with a safety factor againg diding of 2 (D’ Aoust and Millar 1999).
Effective length refers to the length of log projecting into the stream.

The ballast requirement for logs with rootwads attached would require conversion of the
dimengions of the rootwad into an equivaent diameter and length of alog of equa mass. The tota
balast requirement for the log with rootwad would be the sum of the individua balast requirements
determined for the bole and rootwad.

For typicd triangular log structures, we recommend anchors of 0.8 m in diameter, based on a
typicd log diameter of 0.5 m. Except where noted, sufficient quantities of rock required to balast the
LWD structures are not available on site and would need to be brought to the proposed locations. The
size or number of boulders can be reduced where along stem lies on the stream bank, as its weight will
prevent movement of the rootwad end that isin the stream. Similarly, fewer boulders would be
required if the tops of the LWD are buried into the streambank about 2 to 3 m horizontally and 1 m
verticaly (Figure 15). We recommend that boulder ballasting be concentrated away from the channel
thalweg and preferably on the streambanks. Cedar log piles should be considered as another
dternative to boulder ballasting. The piles should be 0.5 m in diameter and buried 2.5 to 3 m below the
exiging thaweg devation.

LWD that are ballasted with boulders will be anchored by drilling 9/16-5/8" holes in the rock
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and using Epcon Ceramic 6 epoxy or equivaent and %2 inch galvanized cable (Figure 23). Two options
for cabling of LWD to boulders are provided. The second option in Figure 23 provides a more natura
gppearance by minimizing exposure of the cable.

When fagtening cable around live trees, the cable will be as close to the ground as possible or
buried approximately 10 cm into the ground and wrapped around the base of atree. Also, the cable
will be wrapped in natural 1ooking nylon or rubber materia to protect theliving tree. Asan dternative
to cabling to live trees, duckbill anchors or deadman anchors may be placed in the ground on the bank.

At the time of condruction, determining the best location for the LWD structures will require a
visud examination of the thalweg profile and plan view of the channd. Typicaly, the LWD sructure
will be located a the degpest point in the thalweg profile and upstream of ariffle
or shalowest point on the thaweg profile (Figure 24). At dl stes LWD structures will:

. be stuated in the thaweg and as close to the bank as possible;

. have a projection width above bankfull depth of less than 30% of the design bankfull width; or
conversaly

. have at least 70% of the design bankfull width unobstructed by LWD.

5.2 Boulder Placements

Boulder placements to increase hydraulic diversity in runs and on the downstream face and
scour pools of riffles are proposed for four watercourses, including Chemainus River, Hadam Creek,
Little Quaicum River and Oydter River (Tables 5, 8, 14 and 17). Boulderswill be configured into a
cluster when placed in scour pools of riffles or in run habitats. Construction of boulder clusters follows
atypicd design template (Figure 25). Larger diameter boulders should be randomly spaced on the
downstream face of the riffles gpproximately 50 to 70 cm gpart to provide greater hydraulic and habitat
diversty.

The boulders are selected to be stable at flood stage. An approximation of the maximum size
required may be obtained by analyzing the tractive force on the face of the riffle or for the run habitat,
and gpplying guiddines for selecting riprap materias (Newbury and Gaboury 1994). Thetractive force
T (kg/n?) may be estimated as T = 1000 x Flow Depth (D in meters) x Siope of the Downstream Face
of the Riffle or Run (Sin m/m) or:

T=1000xDxS  (Chow 1959)

Studies of stable channdls, summarized by Lane (1955), indicate that the relationship between
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the tractive force and bed materid diameter at incipient motion for pebble-size and larger materidsis T
(kg/m?) = diameter (¢ cm). A safety factor of 1.5 x ¢ cm is recommended for selecting stable rock
diameters (U.S. Federa Highway Administration 1988).

A conservetive depth of flow of 2 m and ariffle dope of 2.5% was selected in the tractive force
caculations where boulders are placed on the downstream face of theriffle. Average channd gradients
obtained from the long profiles (Figures 2 to 9) were used in the caculations for determining stable rock
sizesfor boulder clusters. Stable rock sizes based on the tractive force equation were 0.2 to 0.3 m for
boulder clusters, and 0.8 m for riffles (Table 29). However, the minimum sizes we recommend for
boulder dugters range from 0.5 to 0.7 m, while the minimum for riffle enhancement is0.8 m. The
recommended rock sizes will maximize hydraulic diversity and provide optima habitat conditions for
steelhead and rainbow parr in particular.

5.3  Spawning Enhancement

An opportunity exists to improve spawning habitet for rainbow trout in the Nanaimo River
immediately upsiream of First Lake (Map 8). Levd surveys of the site found that the water surface
gradient from the lake upstream to the bridge was 0.4%, with alocdized gradient over the proposed
spawning areaof 0.1%. The average velocity at the time of the survey (3 October 2001) was 0.3 m/s
near the right bank and 0.4 m/s mid-stream. The proposed site had awater depth of lessthan 1.4 m at
3 October 2001 flows (Figure 26). The proposed site extends over a distance of 20 m and a width of
7 m for apotentiad spawning area of about 140 m?. The gravel should be placed dong the right bank,
extending out from the water’ sedge about 7 ma a25to 1 or 0.4% dope. The stream-side edge of
the gravel placement will have a2 to 1 or 50% dope and larger diameter boulders (0.5-0.6 m) should
be placed a the base of the dope to reduce doughing. A gravel sze between 6 and 80 mmis
recommended to provide opportunities for both stedlhead and rainbow trout at the spawning ste. The
gravel gradation should be: 20% from 6 to 20 mm, 20% from 20 to 40 mm, 40% from 40 to 60 mm
and 20% from 60 to 80 mm. It is estimated that about 70 ¥ of gravel and 40 m® of 0.5-0.6 m
diameter boulderswill be required.

The tractive force a the spawning site ranges between 2.5 and 4.0 kg/n?, assuming a depth of
flow of 2t0 2.5 m and adope of 0.1to 0.2%. As discussed above, the relationship between the
tractive force and bed materia diameter a incipient motion for pebble-size and larger materiasis T
(kg/n?) = diameter (¢ cm) (Lane 1955). Therefore, some displacement of the spawning gravel less
than 40 mm in sze will occur over time. Monitoring of the stability of the spawning grave should be
undertaken annually to determine the possible need for replenishment.

LGL Limited / BC Conservation Foundation Page 8



Fish Habitat Restoration Designs EA 1491

54  Flow Release Optionsfor Fourth Lake

The Fourth Lake reservoir was constructed in the early 1950's by H.R. MacMillan Export Co.
Ltd., Pulp Division, Nanaimo. It is currently owned and operated by Pope and Talbot Ltd., Harmac
Pulp Operations, Nanaimo. The reservoir has alive storage capacity of 38.6 million cubic metres
(Anonymous 1993; Figure 27). Flow releases from the reservoir compensate for withdrawals made
downstream near TCH 1 for use a Harmac Pulp Operations and to maintain minimum flows for fish.
Migration of fal spawning chinook is particularly difficult if flows are less than 1.4 m®/s within the reach
downstream of the Harmac intakes (Anonymous 1993). Following established rule curves and
operationd guiddines, coordinated flow releases between the Greater Nanaimo Water Didtrict that
operates Jump Lake reservoir and Harmac Pulp Operations ensures aminimum 1.4 m®/s residud flow
is maintained below the Harmac intake. Actua flow releases from Fourth Lake between 1996 and
2001 have typicaly averaged less than 2 m?/sin July and August, ranging between 0.57 and 3.4 m?/s
on adaily basis (Figure 28; Appendix 7). A pulse flow release of about 14 m?/s has occurred regularly
in late September or early October to stimulate the chinook spawning migration. With recent plant
upgrading that now incorporates water recycling and effluent trestment, Harmac has, since 1994/95,
reduced the amount of water it requires. Therefore, the average daily discharge released from Fourth
Lakeisless now than prior to 1994 (D. Groeneveld, Pope and Talbot Ltd., Harmac Pulp Operations,
pers. comm.).

Since 1985, there have been documented concerns within the BC Ministry of Water, Land and
Air Protection that cold water releases from Fourth Lake were having a negative impact on trout
growth and production in the Nanaimo River for some distance downstream of the outlet pipe (BC
MWLAP library, Nanaimo unpubl. information). Thetunne invert islocated at the bottom of the lake
at 285.3 m, so water temperature of the release flows are usually between 6 and 9 °C (Figures 27, 29
and 30). The Minigtry undertook abrief study in 1986 to determineif asgnificant problem exigsasa
result of cold water releases from Fourth Lake (BC MWLAP library, Nanaimo 1986 unpubl. report).
The study found that cold water rel eases affected water temperatures as far downstream as Second
Lake, potentidly causing a38% lossin steehead fry usable habitat within the first 6 km downstream of
the outlet pipe. Water temperatures were measured in the Nanaimo River, above and below the
Fourth Lake outlet pipe in July, August and September, 1986 (Figure 29). Water temperaturesin the
Nanaimo River above the outlet pipe averaged 17.4 °C during this period whereas outlet rel eases
averaged 7 °C.

Flow release options for Fourth Lake were examined to determine if water temperatures could
be increased to benefit trout rearing in the Nanaimo River downstream of the lake outlet pipe. Various
scenarios were undertaken to examine the resultant discharges and water temperatures under various
flow release options (Table 30). Inthisandyss, temperature of releases from Fourth Lake from
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various fixed elevation pipes is based on a 1979 lake survey by MWLAP (Nanaimo library, unpubl.
data) (Figure 30). An estimate of Nanaimo River flows at Rockyrun Creek were used to gpproximate
naturd river flows upstream of the outlet pipe (Table 2). The water volume available at various invert
depths (i.e., 4 to 14 m) and time period of discharge determines the Fourth Lake outlet releases.
Water temperatures are estimated from the relative volume contributions from the two sources.
Evaporation or natura inputs to the reservoir have not been consdered in this andysis, nor has awater
balance been calculated to determine the annual reservoir recharge. Also, the analysis does not
consder the potentid increase in outlet flow temperature from afixed devation invert with reservoir
drawdown through the summer. As historical records have shown, it was assumed in this analyss that
the reservoir was a Full Supply Levd (FSL) of 319.7 m at the beginning of the discharges (Figure 27,
Appendix 7). Since 1996, except for pulse flows, discharges released from the Fourth Lake outlet
have been between 0.57 and 3.4 m*/s (Pope and Tabot Ltd., Harmac Pulp Operations unpubl. data;
Figure 28; Appendix 7). Consequently, the release options examined scenarios between 2 and 3.2
m?/sthat provided arange of discharges Similar to current operations. However, additional scenarios
with Fourth Lake discharges of less than 2 m?/s were cdculated solely to demonstrate temperature
effects of ahigher invert devation.

The precision of this anayss was eva uated using measured water temperatures and discharges
from 1986 (Table 30). The water temperatures shown for the Nanaimo River were recorded 1.5 km
downstream of the Fourth Lake outlet and discharges from the outlet pipe were measured by Harmac
Pulp Operations. Unfortunately, average upper Nanaimo River dischargesin Table 30 are based on
edimates (Table 2). In thisevduation, stream temperature in the Nanaimo River was overestimated,
probably as a consequence of the annud variability in upper Nanaimo River discharges. Neverthdess,
the analysis does provide an indication of the temperature increases from a surface invert under average
upper Nanaimo River discharges.

From the andlysis, it is estimated that flow releases of 2 m*/s from afixed devation invert & 8 m
below FSL will provide, on average, temperatures of 14 to 16 °C in the Nanaimo River below Fourth
Lake from 1 July to 30 September (Table 30). In the 1986 survey, July 30 temperaturesroseto 14 °C
at about 9 km downstream of the outlet pipe (Figure 29). In August and September 1986,
temperatures in the Nanaimo River reached 14 °C at Second Lake, approximately 15 km downstream
of Fourth Lake. Increasing the outlet discharges to between 2.5 and 3.2 m*/s would require a lower
elevation invert and would probably result in lower temperatures in the Nanaimo River. However,
these temperature and volume values could be refined if awater balance for the reservoir was
completed.

With temperatures between 12 and 18 °C considered optimal for rainbow trout growth
(Raleigh et d. 1984), increasing summer temperatures from the exigting range of 6.5-14 °C to an
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estimated range of 14-16 °C over at least 9 km of habitat would be considered sgnificant. With an
average wetted channd width of 20 m, the total habitat area over the 9 km would equa about 180,000
n?. Thisandysis suggests that water releases should be taken over arange of devationsto be most
effective for steelhead / rainbow trout production. It is recommended that a detailed feasibility
assessment with estimated cogts for an outlet structure should be solicited from acivil engineer. The
engineer should consider a multi-port structure with valved inverts at arange of devations (e.g., 6, 10
and 14 m) that would take advantage of the warmer surface watersin the lake over the withdrawal

period.
55  Off-channe Opportunities

Seventeen off-channe development opportunities were identified in the five watersheds (Table
31). Thetotd length of the off-channd Stesis estimated at over 4 km. All of the Stes require further
ground truthing after which those selected as high priorities should undergo groundwater monitoring and
level or totd dtation surveys. These investigations and surveys should be coordinated with M. Sheng a
DFO Habitat Restoration Unit, South Coast Division.

Prior to channd congtruction at the high priority Sites, groundwater standpipes should be
indalled and water levels monitored monthly for oneyear. A staff gauge should dso be ingdled in the
adjacent mainstem and water leve readings should be taken on the same day as the standpipe
elevations. A small track excavator can be used to ingtal the standpipes on the floodplain adjacent to
the wetted channd. It is preferable that the ingtalations occur when the floodplain is“dry’ to minimize
riparian areaimpacts. Approva from private landowners will be required to access the floodplain
aong most of these watersheds.

If initid groundwater levels are such that channe congtruction gppears feasible, alevd or tota
dation survey of the proposed channe dignment should be undertaken. The survey should include
elevations of the channd streambed, water surface, sreambank and floodplain. The survey should also
tie into the groundwater standpipe eevations, and the streambed and water surface of the adjacent river
or creek at three locations aong the length of the proposed channd. Based on the outcome of a
feasbility assessment that follows standpipe monitoring and the eevation survey, a decison on whether
or not to prepare a detailed design for the groundwater or side channel should be made.

6.0 PROJECT IMPLEMENTATION
6.1  Access, Logistics, Materialsand Labour

Accessfor ddivery of materids to the proposed restoration sitesis generdly good. In most
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cases, permanent and deactivated logging roads or private landowner roads pass within 300 m of the
retoration Sites. Some minima improvements would need to be made to the abandoned roads to
alow truck access. Short accesstrails off the logging roads would need to be created to access
individua LWD dgites. It is recommended that a salf-loading logging truck move the LWD to suitable
staging aress near the project sites. Similarly, adump truck should bring boulders to these locations.
An excavator or forwarder should then move materials from these drop-off locations to each
restoration Site.

An excavator should be used to congtruct the LWD and boulder structures. Drilling, cabling
and gluing of the bouldersto the LWD should be done by the labour crew. The required crew and
machinery will be a crew supervisor, an excavator operator, several swampers, and an environmental
monitor. Continued professond input from a biologist/hydrologist thet is familiar with LWD and riffle
structure construction is recommended.

The materids required to congtruct the prescriptions as outlined include:

. Largelogs, preferably with branches and rootwads attached: 6-15 m long by 0.5-0.8 m
average diameter;

. Rootwads only: >1.5 m diameter root plates,

. Boulders (0.8 m diameter) for balasting the LWD,;

. Gravel (6-80 mm diameter) for spawning areg;

. Boulders (0.1-0.6 m diameter) for boulder clusters, riffles and spawning areg;

. Gavanized cable, Y2’ or larger; and

. Galvanized wood staples and cable clamps.

Specid equipment required:

. Excavator (e.g., Hitachi 200, Spyder or Cat E70B) for instream complexing);
. Dump and sdf-loading logging trucks;

. Forwarder;
. Rock and wood drill equipment, and epoxy for fastening cable in rock; and
. Chainsaw winchesto pull LWD into place (optiond).
Labour required:
. Ground crew;
. Excavator operator;
. Crew supervisor; and

. Technical support.
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The estimated costs for implementing the proposed works are summarized separatdy for the
nine project areasin Table 32. To implement restoration work at al 371 restoration Sites, the cost is
estimated at approximately $1,007,800. The estimates are based on the work being done as
independent projects.

6.2  Fish Habitat Congruction Timing Windows

The following table summarizes recommended timing windows for instream congtruction in
Region 1 from the Department of Fisheries and Oceans Land Development Guiddines (Chilibeck
1992).

Species Construction Window
Chinook salmon 15 Jul - 15 Sep
Coho samon 15 Jdun - 15 Sep
Pink sdmon 1May - 15 Aug
Chum salmon 15 May - 15 Sep
Sockeye salmon 1 Jun - 15 Sep
Kokanee 15 Jun - 31 Jul
Steelhead 1 Aug - 15 Nov
Rainbow trout (resident) 15 Aug - 15 Nov
Cutthroat trout (resident) 1Aug- 30 Sep
Dolly Varden (resdent) 1 Jun- 15 Sep
Available Window (pinks present) 15Aug - 15 Aug
Available Window (no pinks) 15Aug- 15 Sep

These dates refer to the period when there are no fish eggs or devins present in the substrates

of theriver or creek. Please note that specific speciestimingswill change from year to year with
vaiationsin spawner run timings and other environmenta conditions. Actud permissible windows will
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be determined by both federal and provincid fisheries saff. 1n cases where congtruction activities will
be conducted entirely “in-the-dry”, extensions to these construction windows may be granted by
agency dtaff. Notethat if rainbow trout are not present in the project area, then the construction
window commences on 1 August in Region 1.

6.3  Timingof Works, Prioritiesand Scheduling

A ‘Noatification for Proposed Works and Changes In and About a Stream under Water Act
Regulation 204/88' for the proposed projects should be prepared for signature once specific Sites have
been confirmed for implementation (Appendix 8). It isanticipated that construction of the proposed
restoration works in a portion of one watershed would proceed during the fisheries work window in
one season. Depending on the emergence of trout fry and the presence of pink salmon in the target
watershed, congtruction is recommended during August. Little Quaicum, Chemainus, and Oyster
rivers would be considered the highest priorities for restoration work, followed by the Nanaimo River
gravel placement, Quinsam River, Cold Creek, Deadwood Creek, and Hadam Creek. Ingtalation of
the standpipes in the potentid high priority off-channe development sites should occur by late spring in
order to capture the low flow period in the summer.

6.4 Environmental Controls

A qudified environmenta monitor must be on gte a al times during congtruction to ensure that
al potentia impactsto fish habitat are mitigated. This person will be responsible for ensuring that
sediment control procedures are followed as per the DFO Land Development Guidelines (Chilibeck
1992) and that fish salvage operations are conducted, as necessary. Appendices 1-3 contain excerpts
from the DFO Land Devel opment Guidelines on a variety of issues related to work in and around
greams. All congtruction personned should be familiar with these guidelines prior to commencing work
onthe ste. Four guiding principles are worthy of note here:

. the naturd riparian vegetation and stream banks should be protected and/or rehabilitated during
and after congtruction;

. prevent the introduction of pollutants and deleterious substances by controlling construction
activities and dte conditions;

. prevent the generation of sediment by utilizing proper indream congruction controls and
supervison; and

. conduct fish salvage as required to remove fish from the area of impact (usng minnow traps,

beach saines, or ladtly, dectrofishing).
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Table 1. General characteristics of the East Vancouver Island watersheds investigated in this project.
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Chemainus River 359 | 636 28 (21-34) _0.0077 (0.0008-0.0186) 230
Nanaimo River 820 | 937 | 335(33-34) [0.0033 507
Haslam Creek 122 | 137 | 44(2475 [0.0065(0.0031-0.0105) 40
Deadwood Creek 63 : 16 (12-28) _|0.0103 (0.0047-0.025) 20
Litle Qualicum River| 248 | 95 21 (18-24) __|0.0071 (0.0048-0.0116) %4
Oyster River 300 | 463 | 40(25:54)  |0.0086 (0.0063-0.0124) 61
Little Oyster River 40 : 145(9-20) _|0.009 (0.015-0.002) 12
Quinsam River 280 36 28 (18-42) _0.007 (0.0049-0.0091) 122
Cold Creek 44 : 6.5 0.0167 2




Table 2. Summary of return period maximum daily discharges for the East Vancouver Island study streams.

Gauge Station Name No. of| Area Unit Discharge (I/s/km?) Average Monthly Discharge (I/s/km?)
Years Years| (km?) Mean
Annual 2yr 10yr 25yr 50yr Max [[|January February March April May June July August September October November December
1914-17, 1952-
08HA001* |Chemainus River near Westholme 99 52 355 54 642 1088 | 1287 | 1426 | 1513 101 90 72 63 42 20 8 3 5 35 97 116
08HBO041* [ Jump Creek at the Mouth * 1970-94 25 62.2 75 951 1431 | 1540 | 1590 | 1752 119 129 95 64 64 39 21 19 19 56 135 143
1914-15, 1949-
08HBO003* [Haslam Creek near Cassidy * 62, 1993-98 22 95.6 44 325 633 717 758 681 75 76 51 62 39 15 5 3 5 35 75 85
1913-27, 1948-
08HBO005* [Nanaimo River near Extension 64 32 645 63 693 1281 | 1634 | 1921 | 1938 101 99 60 71 61 37 15 7 15 58 102 125
08HB034* [Nanaimo River near Cassidy 1965-1999 35 684 58 618 1041 | 1215 | 1329 | 1146 104 95 79 58 49 29 13 9 12 44 98 113
08HB029* [Little Qualicum River near Qualicum Beach | 1960-1986 27 237 51 379 732 911 | 1043 | 1084 87 77 60 47 49 35 18 9 12 40 78 94
08HDO011*|Oyster River below Woodhus Creek 1973-1999 27 298 47 409 693 787 841 872 59 52 44 52 71 64 32 14 11 36 73 60
08HDO0O05* |Quinsam River near Campbell River 1956-1999 44 280 31 217 408 513 595 779 53 50 42 28 22 16 10 8 11 24 49 61
08HDO023 [Little Oyster River at Y orke Road 1994-1999 6 38 - - - - - - - - 16 21 11 3 3 0 3 - - -
08HBO033 [Nanaimo River above Rockyrun Creek 1963-64 2 75.6 - - - - - - - - - - - 42 48 41 44 208 - -
Mean of All * Gauges Above 53 529 913 | 1075 | 1188 | 1221 87 84 63 56 50 32 15 9 11 41 88 99
Mean of * Stations Above 60 638 1032 | 1128 | 1174 | 1217 97 102 73 63 52 27 13 11 12 45 105 114
Gauge Station Name No. of| Area Discharge (m°/s) Average Monthly Discharge (m*/s)
Years Years| (kmd) Mean
Annual 2yr 10yr | 25yr | 50yr | Max [[|January February March April May June July August September October November December
1914-17, 1952-
08HA001* |Chemainus River near Westholme 99 52 355 19 228 386 457 506 537 35.7 | 321 254 | 224 | 150 | 7.1 2.7 1.2 1.8 12.5 34.3 41.1
08HB041* [ Jump Creek at the Mouth * 1970-94 25 62.2 5 59 89 96 99 109 7.4 8.0 5.9 4.0 4.0 2.4 1.3 1.2 1.2 3.5 8.4 8.9
1914-15, 1949-
08HBO003* [Haslam Creek near Cassidy * 62, 1993-98 22 95.6 4 31 60 69 73 65 7.2 7.3 4.9 5.9 3.7 14 0.5 0.3 0.5 3.3 7.2 8.1
1913-27, 1948-
08HBO005* [Nanaimo River near Extension 64 32 645 40 447 827 | 1054 | 1239 | 1250 649 | 63.9 390 | 460 | 395 | 240 | 94 4.2 9.6 37.7 65.9 80.8
08HB034* [Nanaimo River near Cassidy 1965-1999 35 684 40 422 712 831 909 784 709 | 65.2 541 | 395 | 334 | 195 | 89 6.0 8.3 29.8 67.2 77.0
08HB029* [Little Qualicum River near Qualicum Beach | 1960-1986 27 237 12 90 174 216 247 257 20.6 18.2 143 | 112 | 11.7 | 84 4.3 2.1 2.9 9.4 18.4 22.2
08HDO011*|Oyster River below Woodhus Creek 1973-1999 27 298 14 122 207 235 251 260 17.5 15.4 132 | 154 | 21.1 | 190 | 9.6 4.3 34 10.6 21.8 17.8
08HDO005* |Quinsam River near Campbell River 1956-1999 44 280 9 61 114 144 167 218 14.8 14.0 11.7 7.8 6.1 4.4 2.8 2.3 3.2 6.6 13.6 17.0
08HDO023 [Little Oyster River at Y orke Road 1994-1999 6 38 - - - - - - - - 0.6 0.8 0.4 0.1 0.1 0.0 0.1 - - -
08HBO033 [Nanaimo River above Rockyrun Creek 1963-64 2 75.6 - - - - - - - - - - - 3.2 3.6 3.1 3.3 15.7 - -
Estimate for Nanaimo River at Rockyrun
Creek (based on * stations) 75.6 4.5 48.2 780 | 853 | 888 | 920 7.3 7.7 5.5 4.8 3.9 2.0 1.0 0.8 0.9 3.4 8.0 8.6




Table 3. Summary of return period seven day moving average minimum discharges for the East Vancouver Island

study streams.
Gauge Station Name No. of | Area Unit Discharge (I/g/kr
Years Years| (km®) 2yr 10yr 25yr
1914-17, 1952-
08HA001*|Chemainus River near Westholme 99 52 355 1.23 | 0.61 | 0.52
08HBO041*|Jump Creek at the Mouth * 1970-94 25 62.2 884 | 3.01| 161
1914-15, 1949-
08HB003*|Haslam Creek near Cassidy * 62, 1993-98 22 95.6 158 | 0.66 -
1913-27, 1948-
08HBO005*[Nanaimo River near Extension 64 32 645 305 | 1.81 | 146
08HBO034*[Nanaimo River near Cassidy 1965-1999 35 684 553 | 3.81 | 2.92
08HB029*[Little Qualicum River near Qualicum Beach | 1960-1986 27 237 495 | 3.65| 3.31
08HDO011*|Oyster River below Woodhus Creek 1973-1999 26 298 438 | 209 | 1.78
08HDO005*|Quinsam River near Campbell River 1956-1999 44 280 6.39 | 4.65 | 3.68
08HDO023 [Little Oyster River at Y orke Road 1994-1999 6 38 0.11 - -
08HBO033 [Nanaimo River above Rockyrun Creek 1963-64 2 75.6 - - -
Mean of All * Gauges Above 449 | 254 -
Mean of * Stations Above 521 | 1.83 -
Gauge Station Name No. of | Area Discharge (m®/s)
Years Years| (km?) 2yr | 10yr | 25yr
1914-17, 1952-
08HA001*|Chemainus River near Westholme 99 52 355 044 | 0.22 | 0.18
08HB041*|Jump Creek at the Mouth * 1970-94 25 62.2 055 | 0.19 | 0.10
1914-15, 1949-
08HB003*[Haslam Creek near Cassidy * 62, 1993-98 22 95.6 0.15 | 0.06 -
1913-27, 1948-
08HBO005* [Nanaimo River near Extension 64 32 645 197 | 117 | 0.94
08HBO034*[Nanaimo River near Cassidy 1965-1999 35 684 3.78 | 261 | 2.00
08HB029*[Little Qualicum River near Qualicum Beach | 1960-1986 27 237 1.17 | 0.87 | 0.79
08HDO011*|Oyster River below Woodhus Creek 1973-1999 26 298 1.30 | 0.62 | 0.53
08HDO005*|Quinsam River near Campbell River 1956-1999 44 280 179 | 1.30 | 1.03
08HDO023 [Little Oyster River at Y orke Road 1994-1999 6 38 0.004 - -
08HBO033 [Nanaimo River above Rockyrun Creek 1963-64 2 75.6 - - -
Estimate for Nanaimo River at Rockyrun
Creek (based on * stations) 75.6 0.39 | 0.14 -




Table 4. Fish species present in the five study watersheds. Source: Fish Wizard web site.
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Sockeye Salmon

Pink Salmon

Chum Salmon

Chinook Salmon

Coho Salmon

Steelhead

XX XXX |X[X

Resident Rainbow Trout

Anadromous Cutthroat Trout

Resident Cutthroat Trout

x

XX XXX |X|X[X[X]|X
XX XXX |X|X[X][X

Dolly Varden

x

XX XXX |X[X[X]|X]|X]|X

K okanee

Brown Trout

XX [X[X|X[X|X|X|X[X|X]|X[X]

Smallmouth Bass

Slimy Sculpin X

Prickly Sculpin X

Longnose Dace X

Aleutian Sculpin X

Pumpkinseed X




Table 5. Construction notes for specific restoration sites in Chemainus River and Chipman Creek.

Chainageto  Site  Structure Type Right or

Restoration Objectives and Construction Notes

Locate upstream end of structure at base of existing riffle; four boulders >1 m diameter on the left

L ocate structure in existing pool; 10 boulders of 0.8-1.2 m diameter on the right bank at 0+332 m.
L ocate structure in existing pool; incorporate existing LWD in structure; boulder ballast unavailable
Campsite and good road access to river for machines and materia delivery

L ocate structure in existing pool; boulder ballast unavailable on site.

L ocate structure at base of existing riffle; boulder ballast unavailable on site.

L ocate structure at base of existing riffle; boulder ballast unavailable on site.

Structure  Number Left
(m) Bank
Section E - 0+000 m starting from Hell's Gate and progressing downstream to Island Hwy
0+255 1 LO-3 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1
bank.
0+306 2 DJ5 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1
0+430 3 DJ5 Right Rest. Obj. To provide pool with LWD cover near right bank.
1
on site.
0+480 Left
0+512 4 DJ5 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1
0+650 Left Access road to river.
1+102 5 LT-6 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1
1+180 6 LT-5 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1
1+222 7 LO-1 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1

Two LO-1 structures; locate one structure at base of existing riffle; locate other structure about 5 m
downstream; one 1.2 m diameter boulder on site; additiona boulder ballast required.

Section F - 0+000 m starting at Centra Gas Pipeline and progressing downstream

0+150

0+978

8

9

LO-3

LT-5

Left

Right

Rest. Obj.
1

Rest. Obj.
1

To provide pool with LWD cover near left bank.

Anchor boles to bedrock and place rootwad ends in the pool; adequate number of 0.8-0.9 m boulder
ballast at 0+188 m; excellent road access to site on right bank.

To provide pool with LWD cover near right bank.

Anchor boles to bedrock and place rootwad ends in the pool; anchor rootwads with boulders;
adequate number of 1.2-1.4 m boulder ballast immediately upstream; difficult access to structure
Site.

Section A - 0+000 starting upstream of Humbird Creek and Park Access and progressing downstream

0+008

0+022

10

11

LO-3

LSP-5

Right

Left

Rest. Obj.
1
Rest. Obj.

To provide pool with LWD cover near right bank.
Locate in deeper thalweg between bank and central cobble bar.
To act as a spur and deflector at the head of the vegetated bar.
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Chainageto  Site  Structure Type Right or Restoration Objectives and Construction Notes
Structure  Number Left
(m) Bank
1 Cable and anchor existing debris; spur should project from bar to end of rootwad that J.Craig is
standing on.
0+046 12 LO-3 Right Rest. Obj. To provide pool with LWD cover near right bank.
1 Locatein 0.7 m deep pool.
0+096 13 DJ5 Right Rest. Obj. To provide pool with LWD cover near right bank.

1 Two debris jam structures; anchor to fractured (fair quality) bedrock at downstream end of 1.5 m

deep pool.
0+350 14 LO-3 Left  Rest. Obj. To provide pool with LWD cover near left bank.

1 Place and anchor boles of LO-3 on bank rather then in water; locate structure adjacent to undercut
bank; increase scour pool depth by re-locating >0.6 m boulders from channel to increase crest
elevation of riffle at 0+367 m.

0+411 15 DJ5 Left  Rest. Obj. To provide pool with LWD cover near left bank.

1 Locate in scour pool (2 m deep) at base of existing riffle.

0+528 16 LO-3 Right Rest. Obj. To provide pool with LWD cover near right bank.

1 L ocate upstream end of structure at base of existing riffle; excavate streambed to create along
narrow pool (2 m wide x 10 m long) with residual water depth of 0.7 m prior to constructing LWD
structure; adequate boulder ballast on site.

0+921 17 LSP-5 Left  Rest. Obj. To deflect flow towards DJ-5 structure at 0+942; to narrow the channel width.

1 Construct as debris catcher with logs running almost parallel to the flow and sloping at a 30° angle
to the streambed; use 10-12 m long logs to project structure ~8 m from left bank.

0+942 18 DJ5 Right Rest. Obj. To provide pool with LWD cover near right bank.

1 L ocate upstream end of structure at base of existing riffle; excavate streambed to create along
narrow pool (2 m wide x 10 m long) with residual water depth of 0.7 m prior to constructing LWD
structure; some boulder ballast on site.

1+270 19 DJ5 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1 Locatein 2 m deep pool; adequate boulder ballast on site.
1+796 20 LO-3 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1 L ocate upstream end of structure at base of existing riffle; anchor to bedrock and boulder ballast on

Site; six additional boulders required.
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Chainageto  Site  Structure Type Right or Restoration Objectives and Construction Notes
Structure  Number Left

(m) Bank
Section B - 0+000 m starting at confluence with Chipman Creek and progressing downstream
0+021 21 DJ5 & Riffle  Left  Rest. Obj. To provide pool with LWD cover near left bank; to diversify hydraulic habitat on the downstream
Enhancement face of the exigting riffle; to increase the area of high quality summer rearing habitat for steelhead
parr.
1 Two debris jam structures; five boulders for ballasting available on bank and in the channel; add 6-1
m diameter bouldersto riffle at 0+033 m.
0+090 22  Boulder Cluster Mid- Rest. Obj. To provide boulder cover on riffle toe; to improve steelhead parr rearing habitat.
stream
1 Arrange 12 - 1-1.2 m diameter bouldersin clusters of four at downstream toe of riffle; create 0.4-0.5
m deep backwater pool downstream of largest boulder by grouping three other bouldersin a semi-
circle about 1 m downstream of largest boulder; largest boulder placed with longest axis
perpendicular to the flow.
0+210 23 LO-2 Left  Rest. Obj. To provide pool with LWD cover near left bank.
Section C - 0+000 m starting upstream of Chipman Creek confluence and progressing downstream
0+020 24 LO-2 Left Rest. Obj. To provide pool with LWD cover along left bank.
1 Anchor to fractured bedrock by drilling vertical holes for cable. Pool depth = 1.2 m.
2 A sufficient number and size of rock do not exist on site to ballast LWD structure. Additional
ballast rock will need to be brought to the site.
0+065 25 LO-1 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1 Remove large boulders upstream of two anchor boulders (1.1 and 2 m diameter) and place towards
the right side to narrow the flow through a dot aong the LO-1.
2 L O-1 should include branches and rootwad. No additional boulder ballast required.
0+155 26 LO-3 Left  Rest. Obj. To provide pool with LWD cover near left bank.
1 Remove large boulder (>2 m diameter) upstream and place towards the right side to narrow the flow
through a dot along the LO-3.
0+380 27 LSP-5 Right Rest. Obj. To deflect flow away from right bank; to provide pool with LWD cover.
1 L ocate structure at base of exigting riffle and near upstream end of eroding bank.
2 Project spur into channel at least 1/3 of bankfull width.
0+465 28 DJ5 Left  Rest. Obj. To provide pool with LWD cover along left bank.
1 Incorporate existing LWD into structure; pull out downstream end and attach a brace to recreate a
triangular structure.
0+615 29 LT-3 Left  Rest. Obj. To provide pool with LWD cover along left bank.
1 Locate structure at base of existing riffle.
0+638 30 LT-3 Left  Rest. Obj. To provide pool with LWD cover along left bank.
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Chainageto  Site  Structure Type Right or Restoration Objectives and Construction Notes
Structure  Number Left

(m) Bank
1 L ocate structure at base of existing riffle; cable existing rootwad to structure.
0+937 31 DJ5 Right Rest. Obj. To provide pool with LWD cover aong right bank.
1 Include 1 x 12 m cedar slab, and place at water surface and parallel with bank.
2 Extend rootwads on logs into base of riffle and perpendicular to flow; anchor to bedrock.
1+116 32 LO-3 Right Rest. Obj. To provide pool with LWD cover aong right bank.
1 Anchor to 2.4 m diameter boulder on site; move smaller diameter boulder upstream of siteto
position opposite first rootwad to concentrate flow along structure.
1+611 33 DJ5 Right Rest. Obj. To provide pool with LWD cover aong right bank.
1 Anchor to large diameter boulders on site; no additional ballast required.
2 Move smaller diameter boulders upstream of site to position opposite of structure to concentrate
flow at structure.
1+832 34 LT-3 Left  Rest. Obj. To provide pool with LWD cover aong right bank.
1 L ocate structure at base of existing riffle; excavate streambed to create along narrow pool (2 m wide
X 6 mlong) with residual water depth of 0.6 m prior to constructing LWD structure.
2 Anchor LWD to large cottowood.
1+893 35 DJ5 Left  Rest. Obj. To provide pool with LWD cover along left bank.
1 Incorporate existing LWD into structure.
1+957 36 LO-3 Right Rest. Obj. To provide pool with LWD cover aong right bank.

1 L ocate upstream end of structure at base of existing riffle; provide adequate boulder ballast as no
trees or stumps are in close proximity.
2+022 37 LO-1 Right Rest. Obj. To provide pool with LWD cover aong right bank.
1 L ocate rootwad of existing log at base of existing riffle and anchor bole on the left side of existing
boulder; bring in additional boulder ballast.
Section D - 0+000 m starting downstream of Meade Creek mouth and progressing downstream
0+000 38 DJ5 Left  Rest. Obj. To provide pool with LWD cover along left bank.
1 L ocate upstream end of structure at base of existing riffle; provide adequate boulder ballast as
bedrock appears unsuitable for anchoring.
0+072 39 LS1 Left  Rest. Obj. To provide plunge pool aong left bank.
1 Install log with a dope, top of log should be 0.3 m higher on the left bank than at the gravel bar.
2 At right end of log, bury top of log flush with top of gravel bar.
0+100 40 LT-6 Right Rest. Obj. To provide pool with LWD cover aong right bank.
1 Incorporate existing LWD into structure.
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Chainageto  Site  Structure Type Right or Restoration Objectives and Construction Notes
Structure  Number Left

(m) Bank
0+153 41 LSP-5 Left  Rest. Obj. To promote bar top aggradation; to enhance riparian vegetation growth and to narrow the channel.

1 L ocate structure at existing willows at upstream end of gravel bar; anchor using boulders or buried
deadmen.

2 Structure should be about 10 m wide and should leave a channel opening of 17 m to right bank.

0+193 42 LO-4 Right Rest. Obj. To provide pool with LWD cover aong right bank.

1 L ocate upstream end of structure at base of existing riffle; excavate streambed to create along
narrow pool (2.5 m wide x 15 m long) with residual water depth of 0.6 m prior to constructing LWD
structure.

2 Remove potential blowdown and use other logs on site in structure;

0+221 43 DJ5 Right Rest. Obj. To provide pool with LWD cover aong right bank.
1 Incorporate existing LWD into structure.
0+269 44 LSP-5 Right Rest. Obj. To promote bar top aggradation; to enhance riparian vegetation growth and to narrow the channel.

1 L ocate structure off right bank at upstream end of gravel bar; anchor using boulders or buried
deadmen.

2 Structure should be about 10 m wide and should leave a channel opening of 15 m to left bank.

0+273 45 LSP-5 Left  Rest. Obj. To provide pool with LWD cover dong left bank.
0+283 46 LO-4 Left  Rest. Obj. To provide pool with LWD cover dong left bank.

1 L ocate upstream end of structure at head of eroding bank; excavate streambed to create along
narrow pool (2.5 m wide x 15 m long) with residual water depth of 0.6 m prior to constructing LWD
structure.

0+370 47 LO-3 Left  Rest. Obj. To provide pool with LWD cover dong left bank.

1 L ocate upstream end of structure at base of riffle; excavate streambed to create along narrow pool
(2.5 mwide x 15 m long) with residual water depth of 0.6 m prior to constructing LWD structure.

0+454 48 LO-3 Left  Rest. Obj. To provide pool with LWD cover dong left bank.

1 L ocate upstream end of structure at base of riffle; incorporated existing LWD and rootwad into
structure.

1+010 49 DJ5 Right Rest. Obj. To provide pool with LWD cover aong right bank.
1 No appropriate riparian vegetation for anchoring.
1+317 50 LT-6 Left  Rest. Obj. To provide pool with LWD cover aong right bank.
1 Locate upstream end of structure at base of riffle; incorporate existing LWD into structure.
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Chainageto  Site  Structure Type Right or Restoration Objectives and Construction Notes

Structure  Number Left
(m) Bank
1+468 51 LO-3 Right Rest. Obj. To provide pool with LWD cover aong right bank.

1 L ocate upstream end of structure at base of existing riffle; anchor to bedrock and other large
diameter boulders on site.
0+000 m starting at Chipman Creek and progressing upstream in Chipman Creek
0+070 52 LWD Left & Rest. Obj. To provide pool with LWD cover.
Center

1 Anchor two logs with rootwads to bedrock on left bank - logs to be 0.6-0.7 m diameter x 10-12 m
long with ~2 m diameter rootwads; place rootwad of upstream log in gap in bedrock; anchor al to
bedrock.

2 Anchor one log with rootwad and branches in center of channel - log to be 0.8 m diameter x 10-12 m
long with 2-3 m diameter rootwad; anchor to boulders.

Note: Unless stated otherwisg, it is assumed that:

1 - A sufficient number and size of rock do not exist on site to ballast LWD structure. Additional ballast rock will need to be brought to the site.
2 - Anchor LWD to live trees or stumps on streambank with diameter >20 cm. Alternatively, embed tops of logs 2-3 m horizontally and 1 m
vertically into the bank. Backfill trench with spoil from excavation.
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Table 6. Summary of materials required for LWD and boulder structures in Chemainus River and Chipman Creek.

LWD Ballast Riffle Boulders
Site | Chainage | Structure Type | Rightor | LWD | LWD Size | Boulders| Diameter || Diameter|Volume Comments
(m) Left Bank | Required (m) Required| (m) (m) (m)
Section E - 0+000 m starting from Hell's Gate and progressing downstream to Island Hwy

1 0+255 LO-3 Left 3 0.5x6 2 0.8 With rootwads; 4-1 m boulders onsite
2 0+306 DJ5 Left 5 0.5x 8-10 0 0.8 Two logs with rootwads, three without
3 0+430 DJ5 Right 5 0.5x 8-10 7 0.8 Two logs with rootwads, three without
4 0+512 DJ5 Left 5 0.5x 8-10 7 0.8 Two logs with rootwads, three without
5 1+102 LT-6 Left 6 0.5x 8-10 12 0.8 With rootwads
6 1+180 LT-5 Left 5 0.5x 8-10 10 0.8 With rootwads
7 1+222 LO-1 Left 2 05x6 5 0.8 With rootwads; 1-1.2 m boulder
onsite

Section F - 0+000 m starting at Centra Gas Pipéline and progressing downstream
8 0+150 LO-3 Left 3 0.8x6 0 0.8 With rootwads; anchor to bedrock
9 0+978 LT-5 Right 5 0.5x 8-10 10 0.8 With rootwads

Section A - 0+000 starting upstream of Humbird Creek and Park Access and progressing downstream
10 0+008 LO-3 Right 3 0.5x6 10 0.8 With rootwads
11 0+022 LSP-5 Left 5 0.5x 8-10 6 0.8 Without rootwads
12 0+046 LO-3 Right 3 0.5x6 10 0.8 With rootwads
13 0+096 DJ5 Right 10 0.5x6 15 0.8 Four logs with rootwads, 6 without
14 0+350 LO-3 Left 3 0.5x 10 10 0.8 With rootwads
15 0+411 DJ5 Left 5 0.5x 8-10 7 0.8 Two logs with rootwads, three without
16 0+528 LO-3 Right 3 0.5x6 0 0.8 With rootwads
17 0+921 LSP-5 Left 3 0.5x 10-12 3 0.8 Without rootwads
18 0+942 DJ5 Right 5 0.5x 8-10 4 0.8 Two logs with rootwads, three without
19 1+270 DJ5 Left 5 0.5x 8-10 0 0.8 Two logs with rootwads, three without
20 1+796 LO-3 Left 3 05x6 6 0.8 With rootwads
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LWD Ballast Riffle Boulders
Site | Chainage | Structure Type | Rightor | LWD | LWD Size | Boulders| Diameter || Diameter | Volume Comments
(m) Left Bank | Required (m) Required| (m) (m) (m)

Section B - 0+000 m starting at confluence with Chipman Creek and progressing downstream

21 0+021 DJ5 & Riffle Left 10 0.5x 8-10 8 0.8 1.0 Six 1 m diameter boulders for riffle;

Enhancement four logs with rootwads, six without

22 0+090 Boulder Cluster Mid- 0.8-1.2 12 boulders available on right & left

23 0+210 LO-2 Left 2 0.5x10-12 7 0.8 2.3 m diameter boulder on site
Section C - 0+000 m starting upstream of Chipman Creek confluence and progressing downstream

24 0+020 LO-2 Left 2 0.5x6 7 0.8 With rootwads

25 0+065 LO-1 Left 1 0.5x6 1.1 and 2 m boulders on-site

26 0+155 LO-3 Left 3 0.5x6 10 0.8 With rootwads

27 0+380 LSP-5 Right 5 0.5x 8-10 6 0.8 Without rootwads

28 0+465 DJ5 Left 10 0.5x 8-10 15 0.8 Four logs with rootwads, 6 without

29 0+615 LT-3 Left 3 0.5x 8-10 6 0.8 With rootwads

30 0+638 LT-3 Left 3 0.5x 8-10 6 0.8 With rootwads

31 0+937 DJ5 Right 5 0.5x 8-10 7 0.8 Two logs with rootwads, three without

32 1+116 LO-3 Right 3 0.5x6 10 0.8 One 2.4 m diam. boulder on-site

33 1+611 DJ5 Right 5 0.5x 8-10 0 Two logs with rootwads, three without

34 1+832 LT-3 Left 3 0.5x 8-10 6 0.8 With rootwads

35 1+893 DJ5 Left 5 0.5x 8-10 7 0.8 Two logs with rootwads, three without

36 1+957 LO-3 Right 3 0.5x6 10 0.8 With rootwads

37 2+022 LO-1 Right 0 0.5x 22 6 0.8 Log on site with 4 m rootwad
Section D - 0+000 m starting downstream of Meade Creek mouth and progressing downstream

38 0+000 DJ5 Left 5 0.5x 8-10 7 0.8 Two logs with rootwads, three without

39 0+072 LS1 Left 3 0.8x 15 6 0.8 Without rootwad

40 0+100 LT-6 Right 3 0.5x 8-10 6 0.8 With rootwads

41 0+153 LSP-5 Right 5 0.5x 8-10 6 0.8 Without rootwads

42 0+193 LO-4 Right 4 0.5x6 13 0.8 With rootwads

43 0+221 DJ5 Right 5 0.5x 8-10 7 0.8 Two logs with rootwads, three without

44 0+269 LSP-5 Right 5 0.5x 8-10 6 0.8 Without rootwads

45 0+273 LSP-5 Left 5 0.5x 8-10 6 0.8 Without rootwads

46 0+283 LO-4 Left 4 0.5x6 13 0.8 With rootwads

47 0+370 LO-3 Left 3 0.5x6 10 0.8 With rootwads

Page 2 of 3




LWD Ballast Riffle Boulders
Site | Chainage | Structure Type | Rightor | LWD | LWD Size | Boulders| Diameter || Diameter | Volume Comments
(m) Left Bank | Required (m) Required| (m) (m) (m)

48 0+454 LO-3 Left 3 0.5x6 10 0.8 With rootwads

49 1+010 DJ5 Right 5 0.5x 8-10 7 0.8 Two logs with rootwads, three without

50 1+317 LT-6 Left 6 0.5x 8-10 12 0.8 With rootwads

51 1+468 LO-3 Right 3 0.5x6 10 0.8 With rootwads
0+000 m starting at Chipman Creek confluence and progressing upstream in Chipman Creek

52 0+070 LWD Left & 3 0.6-08x10{ 21 0.8 With branches & rootwads

Center 12

Total 212 375
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Table 7. Ballast requirements and boulder size options for the LWD structures in Chemainus River and Chipman Creek.
Buoyancy and diding safety factors > 1.5; ballast factor = 1; and specific gravity of LWD (S) = 0.5.

Modified after D'Aoust and Millar (1999).

Log Rootwad | Alternative Quantities for Each Boulder Diameter (m)
Site Chainage Structure Type No.of| Average 05@ |0.8@| 660 Total |05@|06@(0.7@|08@|09@| 1@
(m) Logs | Submerged | 130or [430o0r| kg/llog | Massof [190kg|300kg| 480 | 700 | 1000 | 1400
Lengthof |280kg/m| 500 |(0.5x2x3| Ballast kg kg kg | kg
Each Log (m) kg/m m) Required
(ka)
Section E - 0+000 m starting from Hell's Gate and progressing downstream to |land Hwy
1 0+255 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
2 0+306 DJ-5 5 6 3900 0 1320 5220 27 17 11 7 5 4
3 0+430 DJ-5 5 6 3900 0 1320 5220 27 17 11 7 5 4
4 0+512 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
5 1+102 LT-6 6 6 4680 0 3960 8640 45 29 18 12 9 6
6 1+180 LT-5 5 6 3900 0 3300 7200 38 24 15 10 7 5
7 1+222 LO-1 2 6 3360 0 1320 4680 25 16 10 7 5 3
Section F - 0+000 m starting at Centra Gas Pipeline and progressing downstream
8 0+150 LO-3 3 6 0 9000 | 1980 10980 58 37 23 16 | 11 | 8
9 0+978 LT-5 5 6 3900 0 3300 7200 38 24 15 10 7 5
Section A - 0+000 starting upstream of Humbird Creek and Park Access and progressing downstream
10 0+008 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
11 0+022 LSP-5 5 6 3900 0 0 3900 21 13 8 6 4 3
12 0+046 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
13 0+096 DJ-5 10 6 7800 0 2640 10440 55 35 22 15 | 10 | 7
14 0+350 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
15 0+411 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
16 0+528 LO-3 3 6 5040 0 0 5040 27 17 11 7 5 4
17 0+921 LSP-5 3 6 2340 0 0 2340 12 8 5 3 2 2
18 0+942 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
19 1+270 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
20 1+796 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
Section B - 0+000 m starting at confluence with Chipman Creek and progressing downstream
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Log Rootwad | Alternative Quantities for Each Boulder Diameter (m)

Site Chainage Structure Type No.of| Average 05@ |0.8@| 660 Total |05@|06@(0.7@|08@|09@| 1@

(m) Logs | Submerged | 1300or |4300r| kgllog | Massof |190 kg|300 kg| 480 | 700 | 1000|1400

Lengthof |280kg/m| 500 |(0.5x2x3| Ballast kg kg kg | kg

Each Log (m) kg/m m) Required
(kg)
21 0+021 DJ5 & Riffle 10 6 7800 0 2640 10440 55 35 22 15 | 10 | 7
Enhancement
22 0+090 Boulder Cluster 0 0 0 0 0 0 0 0 0 0 0 0
23 0+210 LO-2 2 6 3360 0 1320 4680 25 16 10 7 5 3
Section C - 0+000 m starting upstream of Chipman Creek confluence and progressing downstream
24 0+020 LO-2 2 6 3360 0 1320 4680 25 16 10 7 5 3
25 0+065 LO-1 1 6 1680 0 660 2340 12 8 5 3 2 2
26 0+155 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
27 0+380 LSP-5 5 6 3900 0 0 3900 21 13 8 6 4 3
28 0+465 DJ5 10 6 7800 0 2640 10440 55 35 22 15 | 10 | 7
29 0+615 LT-3 3 6 2340 0 1980 4320 23 14 9 6 4 3
30 0+638 LT-3 3 6 2340 0 1980 4320 23 14 9 6 4 3
31 0+937 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
32 1+116 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
33 1+611 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
34 1+832 LT-3 3 6 2340 0 1980 4320 23 14 9 6 4 3
35 1+893 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
36 1+957 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
37 2+022 LO-1 1 12 3360 0 660 4020 21 13 8 6 4 3
Section D - 0+000 m starting downstream of Meade Creek mouth and progressing downstream

38 0+000 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
39 0+072 LS1 3 6 2340 0 1980 4320 23 14 9 6 4 3
40 0+100 LT-6 3 6 2340 0 1980 4320 23 14 9 6 4 3
41 0+153 LSP-5 5 6 3900 0 0 3900 21 13 8 6 4 3
42 0+193 LO-4 4 6 6720 0 2640 9360 49 31 20 13 9 7
43 0+221 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
44 0+269 LSP-5 5 6 3900 0 0 3900 21 13 8 6 4 3
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Log Rootwad | Alternative Quantities for Each Boulder Diameter (m)
Site Chainage Structure Type No.of| Average 05@ |0.8@| 660 Total |05@|06@(0.7@|08@|09@| 1@
(m) Logs | Submerged | 130or [430o0r| kg/llog | Massof [190Kkg|300kg| 480 | 700 | 1000 | 1400
Lengthof |280kg/m| 500 |(0.5x2x3| Ballast kg kg kg | kg
Each Log (m) kg/m m) Required
(kg)
45 0+273 LSP-5 5 6 3900 0 0 3900 21 13 8 6 4 3
46 0+283 LO-4 4 6 6720 0 2640 9360 49 31 20 13 9 7
47 0+370 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
48 0+454 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
49 1+010 DJ5 5 6 3900 0 1320 5220 27 17 11 7 5 4
50 1+317 LT-6 6 6 4680 0 3960 8640 45 29 18 12 9 6
51 1+468 LO-3 3 6 5040 0 1980 7020 37 23 15 10 7 5
0+000 m starting at Chipman Creek confluence and progressing upstream in Chipman Creek
52 0+070 LWD 3 10 0 12900 1980 14880 78 50 31 21 15 | 11
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Appendix 1

Guiddinesfor Instream Work
(Chilibeck 1992)
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SECTION 5INSTREAM WORK
Objective

It isrecognized that at timesit may be necessary to perform instream work as part of the process of
developing land. The objective of the instream work guidelinesis to promote careful planning and
congruction practices to limit the potentid for impacts on the aguatic environment. Insream work is
any work performed below the high water mark, either within or above the wetted perimeter, of any
feature within the Fisheries Sengtive Zone (FSZ). Prior to commencement of any instream work and
with sufficient lead time, proponents should consult with DFO/MOELP for information regarding FSZ
gpecies timing windows and congtruction methods. Because instream work has the potentia to be
extremely destructive to fish habitat, methods and procedures to minimize instream activities should be
considered during the planning and design stages of a project. The procedures should be specifically
designed to achieve the following objectives throughout the project.

. Protect the natural stream conditions and structure to promote stability of bank and bed
gructures, and retain riparian vegetation.

. Provide the ingtream conditions required for unhindered fish passage upstream and
downstream.

. Prevent introduction of pollutants and deleterious substances by controlling congtruction
activities and Ste conditions.

. Prevent generation of sediment, impacting fish and aguatic habitat, by utilizing the

proper instream congiruction technique and supervision.
Guiddinesfor Instream Work

General guidelinesfor instream work include:

. Consult with local DFO/MOELP staff regarding presence, distribution and timing of
migrations of fish speciesin the stream or watercourse, and FSZ window (Appendices
2 and 3).

. Pan ingream work for periods within the confirmed FSZ window that will minimize
disturbance and impact on fish and fish habitat.

. Plan instream work for periods of suitable stream and environmenta conditions,
determined in consultation with DFO/MOELP.

. Minimize the duration of the ingtream activities

. All materia placed within the wetted perimeter must be coarse, non-erodible, and

non-toxic to fish. Do not remove gravels, rock or debris from any stream without the
approva of DFO/MOELP.
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. Minimize disturbance to stream banks where equipment enters and leaves the
watercourse.

. Reconstruct and revegetate stream banks to their origina condition as soon as activity
has finished (see Section 2 in Chilibeck 1992).

. Use the proper equipment for the proposed construction activity. Avoid damage
caused by stuck equipment or delays because of insufficient capacity for proposed
work.

. Ensure that dl congtruction equipment is mechanicaly sound to avoid lesks of ail,

gasoline, hydraulic fluids and grease. Consider steam cleaning and check-up of
congtruction equipment prior to use instream.
. Require the use of biodegradable hydraulic fluids for machinery used for instream work.

Timing of Instream Work

It must dways be assumed that fish are present in a watercourse since the utilization and residency
times for different species vary widdy in accordance with their spawning and rearing

cycle requirements. The windows of alowable times when instream work can be tolerated are often
based on the reduced sengtivity of the fish to disturbances rather than the absence of fish

during these times. The work should be coordinated and timed so that conflict with the fish populations
isminimized. Appendix 2 contains information on the species-Specific freshweter

FSZ timing windows. The utilization of various habitats (freshwater lakes, rivers, estuarine and

marine environments) by both resident and anadromous fish populations place restrictions on instream
work. Timing windows of allowable instream work should always be confirmed with

DFO/M OEL P personné responsible for the local area in which the proposed development is
located. Site specific differences exist and DFO/MOELP staff should be consulted early as possblein
the planning process.

Sediment and Erosion Control during Instream Work

Sediment Control

The temporary containment and removal of sediment-laden water will probably be necessary
during ingtream work, even when isolation techniques are used. Contaminated water within the
work site must be pumped onto aland site where it will not re-enter the creek, or will do so only
after filtration and settling has taken place.

I nstream Machine Crossings

Where no aternate access to the opposite Side of awatercourse exists, where it isimpossible to

do certain instream work from the banks, or whereit is not feasible to isolate a worksite during
congtruction, it may be necessary to take machinery and/or equipment into or through aflowing
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gream. In such Stuations, the locd fisheries agencies must be consulted beforehand. Access
should be arranged for the period of flow with the least impact to fish and fish habitat. All
vehicles and equipment must be clean and in good repair to avoid leakage of petroleum products.
Access by fording should be restricted to one crossing location, and traffic should be limited.
Instream control measures and engineered roads using clean fill materiads may be necessary.

The access Site must be chosen with care, where banks are low, the stream substrate is suitable,
and the water shalow. Upon completion, the banks should be restored, restabilized and
revegetated to prevent erosion.

Erosion Control and Streambank Rehabilitation

Any time abank or the channd bottom is disturbed, restorative action should be taken to prevent
erosion, sltation and to replace lost fish habitat. |f adequate Site selection and careful

congruction techniques are implemented, minima disturbance and rehabilitation should be

required to the riparian zone and the stream.  Each Site needs to be assessed individudly at the
planning stage to determine what rehabilitation will be needed. Erosion control materias should

not encroach into the stream'’s cross-sectional width. Encroachment can create backwatering
(flooding) and increase stream velocities that may cause scouring and erosion. It may be
possible to reuse excavated materids. In some cases, however, they may have to be totally
replaced with materias more suitable for fish habitat (i.e. using washed, slt-free grave as

backfill). Acceptable bank eroson control methods include hand seeding, hydroseeding, silt
blankets, rock riprap and revegetation using plantings. Scalping exiging ingtream materid, like
gravel bars or large rocks, will not be permitted. The top of banks and the riparian zone may aso need
to be stabilized, commonly by planting trees, shrubs, and various bushy types of vegetation. Native
species should be used for al revegetation projects.

M aintenance of | nstream Structures

Wl designed and constructed instream structures should reguire minimum maintenance.
Freguent inspections, particularly during high runoff periods, are very important. Improper
functioning of a structure during or after amagor storm event may indicate the need for minor
repairs or modifications. It is advisable to perform such minor repairs immediately in order to
prevent the need for major repairs later, and to ensure safety and reduce the environmental
impact. Generd maintenance should be carried out according to an agreed schedule of works
and agency contact procedure. If emergency measures are required, only justifiable essentia
preventative actions should be taken to protect life and major losses of property. If time alows,
contact the fisheries agencies before carrying out emergency repairs.
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Appendix 2

Fishery Construction Windows for BC
(Chilibeck 1992)
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Appendix 3

Guiddinesfor Construction Practices within the Fisheries Sensitive Zone
(Chilibeck 1992)
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Guiddinesfor Construction Practices within the Fisheries Sendtive Zone

The following provisons are steps intended to protect leave strips and maintain a hedthy
functiond riparian zone.

Planning and Minimizing Impacted Area

Streambank characterigtics and vegetation should be taken into account when planning
development activitiesin and around rivers and streams.

During development of the land, there should be no unauthorized work or disturbance
into the FSZ.

Where encroachment into aleave grip is required, specific plans must be prepared and
approved by DFO/MOELP in advance.

Requests for permission to encroach will only be considered for mgor vehicle or
footbridge crossings, utility crossings, and sormwater discharge outfalls.

The plans for such encroachments should include details including the extent of work
aress, plansfor the control of water discharged from the work area; the timing of work;
and the details for restoration after construction.

Carefully select access points to streambank through the riparian zone, minimize the size
and duration of disturbance, and preserve streamside vegetation and undergrowth
wherever possible.

Limit machinery and equipment access and direct disturbance to streambank aress.

Stabilizing Impacted Area

Physica stabilization of eroding or eroded banks may be required to promote bank
stability and regeneration of riparian vegetation.

Design and congtruction of stabilization works should prevent their subsequent erosion.
Remove disturbed, ungtable debris from the riparian zone to prevent it from being
swept away during high water.

Retain stable large organic debris (LOD) which does not impede flows and fish
migration, or promote bank erosion.

Revegetating | mpacted Area

Revegetate disturbed areas immediately following completion of work in riparian zones.
Establish ground cover to prevent surface erosion and deegper rooted plants and shrubs
to prevent streambank erosion.

Cedar, vine maple, dder, cottonwood, willow, salmonberry and red osier dogwood are
common native plants used to augment brush and large plant formation.

Large tree species will provide long-term sources of LOD.
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Appendix 8

Notification for Proposed Worksand Changesin
and About a Stream under Water Act Regulation 204/88.



