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1 INTRODUCTION

Aquatic and riparian habitat restoration withinthe upper Bulkley and upper Fraser (Francois
Lake) river watershedsis considered apre-requisitetothe long-term surviva and recovery of
Chinook, Coho and Sockey e salmon, as well as Sedhead, Rainbow and Bull trout. Stream and
riparian habitats within Wet’ suwet’ en First Nation (WFN) traditiond territory (Figure 1) have
been impacted by past forestry activitiesand linear corridor developments, and will beimpacted
in the future from liquefied naturd gas (LNG) pipelinedevelopment.

Through Fisheries and Oceans Canada' s (DFO’s) Fish Habitat and Restoration Initiative (FHRI),
Yinka Dene Economic Development Limited Partnership Inc. (YLP), in collaboration with LGL
Limited environmenta research associates (LGL), proposedtodevelop aquatic restoration
designs and implement restoration works between 2015 and 2019 at high-priority siteswithin
WEFN territory. Theobjective of theserestoration projectswasto recover high-valued stream
habitatsto proper functioning condition. Habitat restoration within the WFN traditiond territory
is required tore-establish salmon and trout abundances to levels which were prevaent in the
mid-20™ century .

In 2015/2016, YLP and LGL developed aguatic habitat restoration designs and on-farm cattle
management improvement plans for 16 high-priority siteswithin WFN territory (Figure 2). Ste-
specific construction drawings, implementation schedules, materid specifications and quantities,
and estimated construction costswere reported by Gaboury and Smith (2016).

The as-built report that follows describes physica worksundertaken at four of these sitesin 2016
(Tablel). Included in thisreport are the constructed materias summary, ballast caculations,
and photographic documentation of pre- and post-construction activities.

Table1l. Location of four aguatic rehabilitation sitescompletedin 2016.

Site Name Watershed Code | UTM Zone | Easting | Narthing |
Lower Maxan Cr 460-924300 A 636033 | 6029472
Bukley R - Groat Farm 460 V) 668061 | 6044360
| Bulklev R - McKilligan Rd - Upper 460 ] 669824 | 6036606
Bulkley R - McKilligan Rd - Lower 460 V) 668380 | 6035831

2 REHABILITATION OBJECTIVES

Rehabilitation objectives for each of thefour sites werethe same. Surviva during early
freshwater life stages is critica for the maintenance of Sedhead, Chinook and Coho samon
populations. Lack of stable complex habitat in the upper Bulkley River islikdy a limiting factor
in therecovery of these species. Consequently, the rehabilitation measures were constructedto
provide primarily high-quality salmonid summer rearing, overwintering and spawning habitat for
the targeted anadromous samonids in the Bulkley River drainage. Theseworks will aso reduce
sediment sources (downstream benefits) and improve land management practices by riparian
area landowners.
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Figure 1. Map of theWet’ suwet’ en First Nation (WFN) traditional territory which includesportions of the upper Bulkley and upper Fraser river
wat ersheds.
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Figure 2. Map of the Bulkley and Morice rivers showing the location of 15 potential restoration siteswithin the Wet’ suwet’ en First Nation
traditional territory that wereidentifiedin 2015/2016. Of these, instream workswere completed at four stesin 2016 (Lower Maxan Cr, Groot
Farm, McKilligan Rd — Upper, McKilligan Rd — L ower).
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For theconstructed rehabilitation works, the biologica objectives were to:

e providesignificant improvements in the useable area and function of spawning, rearing,
and overwintering habitatsfor native salmon, stedhead, trout and char; and

e increase fry-to-smolt survival and smolt production per spawning pair.
The structurd objectives a each of thefour rehabilitation siteswere to:

e stabilize chronic sediment sources (i.e., streambank erosion);

e improve holding and rearing habitat for sdmonids by increasing pool frequency and the
amount of functiond large woody debris (LWD) cover in pools; and

e re-establish a more stable channd with appropriatebankfull widths.

3 GENERAL REHABILITATION DESIGN

The objectives of the 2016 aguatic rehabilitation project were to stabilize thestream bank, reduce
therate of meander migration, and provide stabilized complex instream holding, spawning, and
rearing fish habitat. Constructedworksincluded LWD structures consisting of five logs each (3
withrootwads, 2 without rootwads) and rock groins (Figure 3 and Figure 4). Sructureswere
spaced approximately 1020 m gpart. The short spacing between thestructuresensured that the
river's energy was deflected away from the eroding stream bank. Fencing aong theriparian
corridor of therehabilitation sites wasaso instaled to restrict livestock access and protect
planted vegetation. Nativeriparian vegetation will be plantedin the spring of 2017 dong the
entire length of the reconstructed banks to provide shading, bank stability, and food and nutrients
todownstream fish habitats.

Constructedworksat each site generdly followed structura designs and specifications as per
Gaboury and Smith (2016). Although thetota number of each structurety peconstructed was
the same as in thedesign, thelocations for theconstructed LWD structuresand rock groins were
adjusted in thefield as a consequence of thewater depths of the existing habitat aong the
restoration section and theanticipated functiona benefit of each structuretypeat each designated
instream site. LWD structureswere placed in existing deep poolswhere instream cover would
be most beneficid torearing, overwintering and holding habitats. Rock groins were placed in
shalower riffle habitatswhere boulder cover would be most beneficia torearing salmonids,
such as Stechead parr.

Structures were constructed from shore so no equipment entered the wetted perimeter of the
stream. Trenching and placement of rootwads and boulders was done with excavators (site-
specific modds listed below). All logs withrootwads attached used in the LWD structureswere
from localy obtained sprucetrees. LWD structureswere balasted by cabling logs tooversized
boulders using epoxy (Red Head Epcon Ceramic 6+). The epoxy-cabling attachment technique
is described by M dville (1997). Boulders weredrilled using 15.9 mm (5/8 in.) diameter bitsto
accommodate 12.7 mm (1/2 in.) diameter galvanized cable. An environmental monitor was on
siteduring al periodsof instream construction. Particular care wastaken to minimize
disturbanceto theriparian area. Containment equipment was kept on sitein theevent of a fud
or oil spill. Thesiteswere fenced following construction.
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Construction Notes:

1) Construct low height triangular riprap groin with 3:1 or shallower slope face.
2) Class 250 kg riprap: 0.3 to 0.8 m diameter with a D,, of 0.6 m.
3) Riprap gradation for Class 250 kg riprap: 85% larger than 25 kg (0.3 m);

50% larger than 250 kg (0.6 m); and 15% larger than 750 kg (0.8 m)
(Northwest Hydraulic Consultants Ltd. 2000)

4) Minimum thickness of riprap equal to 1.2 m, or 2 times the median diameter (D,,) of the riprap. Typlcal Rlprap Groin SFructure
5) Riprap at the streambank should extend vertically to a minimum elevation equal to Plan & Cross Section
bankfull discharge.

LGL Limited

Scale : Not to Scale

Figure 3. Typical plan and cross-section views of ariprap groin structure.
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Figure 4. Typica plan and cross-section views of alarge woody debris (LWD) structure, DJ-5.
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Ballast requirements for the LWD structureswere determined during the design phase following
quidelines provided in D’ Aoust and Millar (1999). Itisimportant tonotethat the balast
estimate calculation assumed amultiple-LWD structurewithdl logs being cut logs. The
cdculation aso assumed that the structureswere anchored tolive trees on the streambank witha
factor of safety for buoyancy of 1.5, and adesign vdocity of 2.5 m/s (D'Aoust and M illar 1999).
All of the LWD a the 2016 siteswas buried in trenches in the streambank as no large riparian
trees existed proximd tothe structures. Also, three of thefive treesin each LWD structurehad
rootwadsattached. The boulder balast providedto anchor the structureswasin al cases more
than theminimum required as specified through thecaculations. Boulder ballast that was
attached tothe LWD in thetrenches was subsequently buried. The balast provided, which
gppearstobein excess of that required, therefore accounts for rootwad drag, buoyancy, and
potentid differences between anchoring LWD tolive trees versusbeing balasted and buried in
the bank.

4 CONSTRUCTED WORKS

4.1 Lower Maxan Creek

The Lower M axan Creek project site was located gpproximately 1 km upstreamfrom the mouth
of M axan Creek approximately 35 km northwest of Burns Lake, BC (Table 1; Figure 2).
Constructed worksinvolved seven LWD structuresinstalled dong a 95-m reach (Figure 5) and
1.5 km of barbed-wire fence instaled aong theleft bank of thecreek. Acquisition and
transportingof construction materials to thesite was initiated on 9 August 2016 (Photo 1 to
Photo 3). Constructionof theinstream structuresbegan on 11 August and was completed by 16
August 2016 (Photo4 toPhoto 10). Twotypesof excavators were used a thissite (Volvo
EC330CL and Komatsu PC200LC). Bdlast requirements for the LWD structures as determined
during the design phase are shown in Table 2. The quantity of materias used in construction
was compared tothe design requirements for ballast in Table 3. The fence was constructed from
16-19 August and 14-16 September 2016.

4.2 Bulkley River at Groot Farm

The Groot Farm project site was located on the upper Bulkley River approximately 22 km
northeast of Houston, BC (Table 1; Figure 2). Constructedworksinvolved six LWD structures
instaled dong a 75-mreach (Figure 6) and 130 m of barbed-wire fence instaled adong the right
bank of theriver. Acquisition and transportingof construction materids to thesite was initiated
on 5 September 2016, and construction of the instream structures occurred from 7—13 September
2016 (Photo 11 toPhoto 16). A Caterpillar 322B excavator was used at this site. Bdlast
requirements for theLWD structuresasdetermined during thedesign phaseare shownin Table
4. Thequantity of materials used in construction was compared tothe design requirements for
balast in Tableb.
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Figure 5. As-built plan view of rehabilitation worksat the lower Maxan Creek ste.
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Table2. Sructurelocationsandquantitiesof materialsat the Lower Maxan Creek rehabilitation ste as
estimated during the design phase.

LWD Ballast
LWD
Right or| Required

Ste|Structure] Left | (no.of | LWD Sz | Bouders| Dia.
(m| Type | Bank | logs) (m) Required| (m) Comments

0 | DJ-5 | Right 5 05x 10-12 9 0.8 | Logs with rootwads
20 | DJ-5 | Right 5 05x 10-12 9 0.8 | Logs with rootwads
40 | DJ-5 | Right 5 05x 10-12 9 0.8 | Logs with rootwads
55| DJ-5 | Right 5 05x 10-12 9 0.8 | Logs with rootwads
75| DJ-5 | Right 5 05x 10-12 9 0.8 | Logs with rootwads
95| DJ5 | Right 5 05x 10-12 9 0.8 | Logs with rootwads
105| DJ-5 | Right 5 05x 10-12 9 0.8 | Logs with rootwads

Total 3H5 63

Note:

1.Groinriprap - gradation for Class 250kg riprap: 85% larger than 25 kg (0.3m); 50% larger than 250
kg (0.6 m); and 15% larger than 750 kg (0.8 m) (Northwest Hydraulic Consultants Ltd. 2000).
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Table 3. Quantities of materialsused in LWD structure construction at the Lower Maxan Creek
rehabilitation ste.

| arge Woody Debris Estimated _ poy|der Balast Provided |
Log Type - Total Mass Total Mass
Rootwad (RW), Buried Potentialy —©fBalast  Number Mean  of Ballast
Structure Typeof Diameter NoRootwad Length Submerged Requw::d of Diameter  Provided
Number Structure (m) (NRW) (m) __ Length (m) (k9) Boulders (m (kq)

0+000 DJ-5 035 RW 6 6

0.5 NRW 6 6

03 RW 6 6

0.5 NRW 6 6

0.5 RW 6 6 6550 8 103 17,920
0+035 DJ-5 0.60 RW 6 6

0.6 NRW 6 6

030 RW 6 6

0.50 NRW 4.5 6

0.40 RW 6 6 6550 10 04 8,660
0+065 DJ-5 0.45 RW 6 6

0.65 NRW 5 6

0.40 RW 6 6

0.50 RW 6 6

0.65 NRW 6 6 6550 9 100 15,700
0+075 DJ-5 0.45 RW 6 6

0.45 NRW 6 6

0.3% RwW 6 6

0.70 RW 4 6

065 NRW 6 6 6550 10 089 10,180
0+095 DJ-5 0.50 RW 6 6

0.6 NRW 6 6

0.45 RW 6 6

0.5 NRW 6 6

045 RW 6 6 6,550 8 125 23,750
0+115 DJ-5 0.40 RW 6 6

0.70 NRW 6 6

0.45 RW 6 6

0.40 NRW 6 6

0.60 RW 6 6 6550 9 03 11,000
0+135 DJ-5 0.40 RW 5 6

0.60 NRW 6 6

0.40 RW 6 6

0.40 RW 6 6

060 NRW 6 6 6550 10 08 8,080

* Ballast estimate caculation assumes amultiple-LWD structure (assunes all logs are cut logs only) that is anchored to
livetrees on the strearrbank, factor of safety for buoy ancy of 1.5, and design velocity of 2.5 m's (D'/Aoust and Miller
1999). SeeTable15in Gaboury and Smith (2016) for more detail.
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Figure 6. As-built plan view of rehabilitation works at the Groot Farm site on the upper Bulkley River.
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Table4. Sructurelocationsandquantitiesof materialsat the Groot Farm rehabilitationsiteon the upper
Bulkley River as estimated during the design phase.

LWD LWD Ballag |
Right or| Required

Ste |Structure| Left | (no.of | LWD Sze | Bouders| Dia.
(m| Type | Bank | logs) (m) Required | (m) Comments

0 DJ-5 | Right 5 05x10-12 9 0.8 | Logs with rootwads
20 | DJ-5 | Rigt 5 05x10-12 9 0.8 | Logs with rootwads
40 | DJ-5 | Right 5 05x10-12 9 0.8 | Logs with rootwads
60 | DJ-5 | Rignt 5 05x10-12 9 0.8 | Logs with rootwads
80| DJ-5 | Rigt 5 05x10-12 9 0.8 | Logs with rootwads
98 | DJ-5 | Rigt 5 05x10-12 9 0.8 | Logs with rootwads

Total 30 4
Note:

1. Groinriprap - gradation for Class 250kg riprap: 85% larger than 25 kg (0.3 m); 50% larger than 250
kg (0.6 m); and 15% larger than 750 kg (0.8 m) (Northwest Hydraulic Consultants Ltd. 2000).
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Table5. Quantitiesof materialsusedduring LWD structure constructionat the Groot Farm rehabilitation
site on the upper Bulkley River.

| arge Woody Debris Estimated _ poy|der Balast Provided |
Log Type - Total Mass Total Mass
Rootwad (RW), Buried Potentialy —©fBalast  Number Mean  of Ballast
Structure Typeof Diameter NoRootwad Length Submerged Requw::d of Diameter  Provided
Number Structure (m) (NRW) (m) __ Length (m) (k9) Boulders (m (kq)

0+000 DJ-5 0.45 RW 6 6

0.45 RW 6 6

060 NRW 6 6

0.45 RW 6 6

0.70 NRW 6 6 6550 10 0.83 10,830
0+015 DJ-5 0.5 RW 6 6

0.50 RW 6 6

0.65 NRW 6 6

0.50 RW 6 6

0.70 NRW 6 6 6550 10 0.80 6,940
0+030 DJ-5 0.40 RW 6 6

0.70 NRW 6 6

0.45 RW 6 6

0.70 NRW 6 6

040 RW 6 6 6550 10 08 8.630
0+045 DJ-5 0.45 RW 6 6

0.65 NRW 6 6

0.66 RwW 6 6

0.50 RW 6 6

0.65 NRW 6 6 6,550 10 Q77 6,580
0+060 DJ-5 0.50 RW 6 6

0.6 NRW 5 6

0.40 RW 6 6

0.40 RW 6 6

070 NRW 5 6 6,550 10 [oXec] 13,510
0+075 DJ-5 0.40 RW 6 6

0.65 NRW 4 6

0.45 RW 6 6

0.45 RW 6 6

065 NRW 5 6 6550 10 100 16,990

* Ballast estinate caculation assumes amultiple-LWD structure (assunes all logs are cut logs only) that is anchored to
livetrees on the strearrbank, factor of safety for buoy ancy of 1.5 and design velocity of 2.5 m's (D'/Aoust and Mil ler
1999). SeeTable24in Gaboury and Snith (2016) for more detail.
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4.3 Bulkley River at McKilligan Road (Upper)

The M cKilligan Road (Upper) project sitewas located on theupper Bulkley River approximately
8.8 km northeast of Houston, BC (Table 1; Figure 2). Constructedworksinvolved twelve LWD
structuresand four rock groins instaled dong a290-m reach (Figure 7) and 341 m of barbed-
wirefence instaled dong theleft bank of theriver. Acquisition and transportingof construction
materias tothe site wasinitiated on 26 September 2016, and construction of theinstream
structures occurred from 28 September to 4 October 2016 (Photo 17 to Photo 24). Twotypesof
excavator were used a thissite (Caterpillar 34 and Caterpillar 330FB). Balast requirements for
the LWD structuresas determined during the design phaseare shownin Table6. The quantity of
materials used in construction was compared tothe design requirements for balast in Table 7.
The fence was constructed from 4-5 October 2016.

4.4 Bulkley River at McKilligan Road (L ower)

The M cKilligagn Road (Upper) project sitewas located on theupper Bulkley River gpproximately
8.8 km northeast of Houston, BC (Table 1; Figure 2). Constructed worksinvolved seven LWD
structuresand tworock groins instaled dong a160-m reach (Figure 8) and 198 m of barbed-
wirefence instdled dong theleft bank of theriver. Acquisition and transportingof construction
materials tothe site wasinitiated on 19 September 2016, and construction of theinstream
structures occurred from 20-24 September 2016 (Photo 25 to Photo 32). Twotypesof excavator
were used a thissite (Caterpillar 34 and Caterpillar 330FB). Balast requirements for theLWD
structures as determined during the design phaseare shownin Table8. The quantity of materids
used in construction was compared tothe design requirements for bdlast in Table 9. Thefence
was constructed from 3—4 October 2016.

5 CONSTRUCTION MONITORING

An environmenta monitor (Jason Smith, LGL) wason sitedaily throughout theproject. The
environmenta monitor ensured that theproposed workshad minima or no impact on thefish
habitat of M axan Creek or theupper Bulkley River, as per theenvironmenta protocol outlined in
AppendicesA and B in Gaboury and Smith (2016). All land-based equipment or machinery
operated from theupland and thusdid not enter either watercourse. Visual observationsat all
sitesshowed no significant increases in turbidity asresult of construction activities. Nofud or
oil spillsoccurred during construction, and al construction equipment was fueled at least 30 m
fromtheriver.
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Figure 7. Ashbuilt plan view of rehahilitation works at the McKilligan Road (Upper) site on the upper Bulkley River.
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Table6. Sructurelocationsandquantitiesof materialsat the McKilligan Road (Upper) rehabilitation ste
on the upper Bulkley River as estimated during the design phase.

LWD Ballagt Groin Riprap
LWD
Right or | Required
Site||Structure| Left | (no.of | LWD Sze |Boulders| Dia. | Dia VoILgme
ml Tvoe | Bank logs) (m) Requred] (m) (m) (m) Comments
0 DJ5 | Left 5 0.5x 10-12 9 0.8 Logs with rootwads
2| DJ5 L eft 5 0.5x 1012 9 0.8 Logs with rootwads
0| DJI5 L eft 5 0.5x 1012 9 0.8 Logs with rootwads
60 | DJ5 Left 5 0.5x 10-12 9 0.8 Logs with rootwads
8 [ DJ5 Left 5 0.5x 10-12 9 0.8 Logs with rootwads
97 || DJ5 | Left 5 0.5x 10-12 9 0.8 Logs with rootwads
120 DJ5 L eft 5 0.5x 1012 9 0.8 Logs with rootwads
140 Groin | Left 03-0.8| 43 See Note 1
160| Groin | Left 03-0.8| 43 See Note 1
180 Groin | Left 03-0.8| 43 See Note 1
200 DJ6 L eft 5 0.5x 1012 9 0.8 Logs with rootwads
220 DJ6 | Left 5 0.5x 10-12 9 0.8 Logs with rootwads
240 DJ6 | Left 5 0.5x 10-12 9 0.8 Logs with rootwads
260 DJ6 | Left 5 0.5x 10-12 9 0.8 Logs with rootwads
274 DJ6 | Left 5 0.5x 10-12 9 0.8 Logs with rootwads
290( Grain Left 03-08] 43 Se Note 1
Total &0 108 172
Note:

1 Goinriprap -gradation for Aass 250kg riprap: 85% larger than 25 kg (0.3 m); 50% larger than 250 kg (0.6 m); and 15%
larger than 750 kg (0.8 m) (Northwest Hydraulic Consultants Ltd. 2000).
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Table7. Quantitiesof materialsusedduring constructionat the McKilligan Road (Upper) rehabilitation
site on the upper Bulkley River.

L arge Woady Debris Estimated _ poyjider Ballast Provided |
Log Type - Total Mass Tota Mass
Rootwad (RW), Buried Potentialy ©OfBalast  Number Mean  of Ballast
Structure Typeof Diameter NoRootwad Length Submerged Requw;ad of Diameter  Provided
Number Structure (m) (NRW) (m) __ Length (m) (ka) Boulders (m (kq)

0+000 DJ-5 0.50 RW 6 6

0.50 NRW 8 6

0.50 RW 6 6

0.50 RW 6 6

060 NRW 7 6 6550 10 086 9,240
0+019 DJ-5 0.40 RW 6 6

0.5 NRW 4 6

0.60 RW 6 6

0.60 RW 6 6

0.60 NRW 6 6 6,550 9 13 21,470
0+038 DJ-5 0.45 RW 6 6

0.55 NRW 6 6

045 RW 6 6

0.45 RW 6 6

0.5 NRW 7 6 6,550 10 084 8,150
0+068 DJ-5 0.45 RW 6 6

0.45 NRW 6 6

0.3 RW 6 6

0.50 RW 6 6

070 NRW 6 6 6,550 9 0% 17,530
0+077 DJ-5 0.45 RW 6 6

0.50 NRW 6 6

0.3 RW 6 6

0.40 RW 6 6

0.50 NRW 6 6 6,550 10 080 7,110
0+096 DJ-5 0.45 RW 6 6

0.65 NRW 5 6

0.65 RW 6 6

0.50 RW 6 6

0.50 NRW 4 6 6550 9 106 29,490
0+112 DJ5 045 RW 6 6

0.60 NRW 6 6

0.40 RW 6 6

0.45 RW 6 6

0.60 NRW 6 6 6550 10 o0& 8,640
0+192 DJ-5 035 RW 6 6

0.40 NRW 6 6

0.60 RW 6 6

0.55 NRW 6 6

0.55 RW 6 6 6550 10 105 16,980
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Table7. Continued.

| arge Woaody Debris Estimated — Boy|der Ballast Provided |
Log Type - Total Mass Totd Mass
Rootwad (RW), Buried Potentidly of Bd_' &t Number Mean  of Ballast
Structure  Typeof Diameter NoRootwad Length Submerged Reqmraed of Diameter  Provided

Number Structure  (m) (NRW) (m) ___Length (m) (ka) Boulders  (m) (ka)
0+212 DJ-5 0.40 RW 6 6

0.50 NRW 5 6

0.50 RW 6 6

0.45 RW 4 6

0.50 NRW 6 6 6550 10 0.8 8,60
0+231 DJ-5 0.45 RW 6 6

0.60 NRW 4 6

0.45 RW 6 6

0.5 NRW 4 6

05 RW. 6 6 9180 9 097 17.690
0+250 DJ-5 0.45 RW 6 6

0.65 NRW 6 6

0.50 RW 6 6

0.40 NRW 6 6

05 RW 6 6 6,550 10 0 8,420
0+268 DJ-5 0.45 RW 6 6

0.65 NRW 6 6

0.50 RW 6 6

0.40 RW 6 6

050 NRW 6 6 6,550 10 087 9,330

* Ballast estinate caculation assumes amultiple-LWD structure (assunes all logs are cut logs only) that is anchored to
livetrees on the strearrbank, factor of safety for buoy ancy of 1.5 and design velocity of 2.5 m's (D'/Aoust and Miller

1999). SeeTable12in Gaboury and Snith (2016) for more detail.
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Figure 8. As-huilt plan view of rehahilitation works at the McKilligan Road (Lower) site on the upper Bulkley River.
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Table8. Sructurelocationsandquantitiesof materialsat the McKilligan Road (L ower) rehabilitation ste
on the upper Bulkley River as estimated during the design phase.

LWD Ballagt GroinRiprap
LWD
Right or | Required
Site||Structure| Left | (no.of | LWD Sze |Boulders| Dia | Dia Vd%me
ml Tvoe | Bank | loas) (m) Requred| (m) (m | (m) Comments
0 DJ}5 L eft 5 0.5x 10-12 9 0.8 Logs with rootwads
20 [| Groin | Left 03-0.8] 43 See Note 1
40| DJX5 L eft 5 0.5x10-12 9 0.8 Logs with rootwads
60 | DJ}5 L eft 5 0.5x 10-12 9 0.8 Logs with rootwads
8 || DJ}5 L eft 5 0.5x 10-12 9 0.8 Logs with rootwads
100 DJ5 L eft 5 0.5x10-12 9 0.8 Logs with rootwads
120 DJ5 L eft 5 0.5x 10-12 9 0.8 Logs with rootwads
140 DJ5 L eft 5 0.5x 10-12 9 0.8 Logs with rootwads
160 Groin | Left 03-0.8] 43 See Note 1
Total D 63 86
Note:

1 Goin riprap -gradation for ass 250kg riprap: 85% larger than 25 kg (0.3 m); 50% larger than 250 kg (0.6 m); and 15%

larger than 750 kg (0.8 m) (Northwest Hydraulic Consultants Ltd. 2000).
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Table9. Quantitiesof materialsusedduring constructionat the McKilligan Road (Lower) rehabilitation
site on the upper Bulkley River.

| arge Woody Debris Estimated _ poy|der Balast Provided |
Log Type - Total Mass Total Mass
Rootwad (RW), Buried Potentialy —©fBalast  Number Mean  of Ballast
Structure Typeof Diameter NoRootwad Length Submerged Requw::d of Diameter  Provided
Number Structure (m) (NRW) (m) __ Length (m) (k9) Boulders (m (kq)

0+000 DJ-5 035 RW 6 6

0.5 NRW 6 6

03 RW 6 6

0.5 NRW 6 6

0.5 RW 6 6 6550 8 103 17,920
0+035 DJ-5 0.60 RW 6 6

0.6 NRW 6 6

030 RW 6 6

0.50 NRW 4.5 6

0.40 RW 6 6 6550 10 04 8,660
0+065 DJ-5 0.45 RW 6 6

0.65 NRW 5 6

0.40 RW 6 6

0.50 RW 6 6

0.65 NRW 6 6 6550 9 100 15,700
0+075 DJ-5 0.45 RW 6 6

0.45 NRW 6 6

0.3% RwW 6 6

0.70 RW 4 6

065 NRW 6 6 6550 10 089 10,180
0+095 DJ-5 0.50 RW 6 6

0.6 NRW 6 6

0.45 RW 6 6

0.5 NRW 6 6

045 RW 6 6 6,550 8 125 23,750
0+115 DJ-5 0.40 RW 6 6

0.70 NRW 6 6

0.45 RW 6 6

0.40 NRW 6 6

0.60 RW 6 6 6550 9 03 11,000
0+135 DJ-5 0.40 RW 5 6

0.60 NRW 6 6

0.40 RW 6 6

0.40 RW 6 6

060 NRW 6 6 6550 10 08 8,080

* Ballast estimate caculation assumes amultiple-LWD structure (assunes all logs are cut logs only) that is anchored to
livetrees on the strearrbank, factor of safety for buoy ancy of 1.5, and design velocity of 2.5 m's (D'/Aoust and Miller
1999). SeeTable15in Gaboury and Smith (2016) for more detail.
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Photo 1. Lower Maxan Cresk — Sdf-loading logging
truck ddivering logsfrom West Fraser in Houston
(9 August 2016).

Photo 3. Lower Maxan Cresk — John Deere skidder
transporting alogwith rootwad atached to thesite
from anearby area (12 August 2016).

Photo 5. Lower Maxan Creek — Two downstream-
facing logs and balast rocks in atrench a 0+055m
during construction (13 August 2016).

Photo 2. Lower Maxan Creek — High-lift dump truck
ddivering bdlast rocks for LWD structures (9 August
2016).

Photo4. Lower Maxan Cresk — T hree upstream-
facing logs and bdlast rocks in atrench a 0+055m
during construction (13 August 2016).

Photo 6. Lower Maxan Creek — Looking upstream a
the LWD structure & 0+085 m dfter construction

(14 August 2016).
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Photo 7. Lower Maxan Creek — Looking upstream Photo 8. Lower Maxan Creek — Looking upstream
from 0+000 m before construction (14 October 2015).  from 0+000 m &fter construction (19 August 2016).

Photo 9. Lower Maxan Creek — Looking downstream Photo 10. Lower Maxan Creek — Looking upstream

from ~0+095 m before construction (14 October from 0+080 m after construction (19 August 2016).
2015).

Photo 11. Bulkley River a Groot Farm— An Photo 12. Bulkley River a Groot Farm — Securing
excavaor placing alog with rootwad atached ina bd | ast rocks to logs using epoxy and 12.7 mm
trench & 0+030m (8 September 2016). diameter cable at 0+015m (7 August 2016).
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Photo 13. Bulkley River & Groot Farm — Looking Photo 14. Bulkley River a& Groot Farm — Looking
upstream a& a LWD structure a 0+045 m dfter upstream from just bd ow 0+000 m after construction
construction (9 September 2016). (25 September 2016).

Photo 15. Bulkley River a& Groot Farm — Looking Photo 16. Bulkley River & Groot Farm — Looking
downstream from ~0+085 m before construction downstream from ~0+085 m after construction

(7 September 2016). (25 September 2016).

Photo 17. Bulkley River & McKilligan Rd (Upper) — Photo 18. Bulkley River & McKilligan Rd (Upper) —
Looking downstream from 0+287 m before Looking downstream from 0+295 m after construction
construction (9 September 2016). (5 October 2016).
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Photo 19. Bulkley Rivera McKilligan Rd (Upper) - Photo 20. Bulkley Rivera McKilligan Rd (Upper) -

Looking upstream from 0+192 m after construction Looking downstream from 0+192 m after construction
(5 October 2016). (5 October 2016).

Photo 21. Bulkley River a McKilligan Rd (Upper) — Photo 22. Bulkley Rivera McKilligan Rd (Upper) —

Looking upstream from 0+140 m before construction Looking upstream from 0+134 m after construction

(8 October 2015). (5 October 2016).

Photo 23. Bulkley River & McKilligan Rd (Upper) — Photo 24. Bulkley River & McKilligan Rd (Upper) —

Looking upstream from 0+000 m before construction Looking upstream from 0+000 m after construction

(8 October 2015). (5 October 2016).
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Photo 25. Bulkley Rivera McKilligan Rd (Lower) — Photo 26. Bulkley Rivera McKilligan Rd (Lower) —
Looking downstream a an excavator constructing a Looking downstream & the rock groin a 0+018 m
rock groin & 0+287 m (24 September 2016). dter construction (23 September 2016).

Photo 28. Bulkley River a McKilligan Rd (Lower) —

Photo 27. Bulkley River & McKilligan Rd (Lower) — Looking downstream from 0+165 m after construction
Looking downstream from O+160 m before (2 October 2016)

construction (8 October 2015).

Photo 29. Bulkley River a McKilligan Rd (Lower) — Photo 30. Bulkley Rivera McKilligan Rd (Lower) —
Looking downstream from 0+080 m before Looking downstream from 0+100 m after construction
construction (8 October 2015). (2 October 2016).
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. - Photo 32. Bulkley River a McKilligan Rd (Lower) —
Photo 31. Bulkley River & McKilligan Rd (Lower) — Lookingupqrea?ﬁomjugbdow o%oomrfaﬁer )

Looking upstream from 0+000 m before construction ;
(8 October 2015). construction (2 October 2016).
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