





EXECUTIVE SUMMARY

Culverts are the primary method of stream crossing by roads in the MariDmegolargeroad
networks andirainage densities, the can exist a largaumberof culverts withina watershed.
Improperly installed or ageingulvertscan fragment the stream in which they are placed by
obstructing fish movement. Movement by fish is critical to papan sustainability, but
culvertscaninterfere with upstreardownstream movement. Thissfuctioncan come about

by one or more of the mechanisms of (1) outfall drop, (2) water depth in culvert, or (3) water

velocity in culvert. There i s exinteefosmofie r oad
highways and roads for foregtand agriculture Culverts withinthe St. Mar y 6 s Ri ver wat
were assess in 2009 bytheSamMy 6 s Ri ver Association to ident

remediation to ensure fish access to upstreanhesa Culverts were assedsbetween June 29
and November 9, 2008ith efforts being concentratedn lower reaches of streams. Analysis
focussed on perennial streams andleated culverts as likely obstructions due to depth, velocity
or outfall barriers Lengh of stream upstream of the culvert was an important factor in
priorizing culverts.

Ninety nine culverts were assessed, with culverts being most commonly on Sroedet

streams athbridgesmore common on™ and 3° orderstreams. The West diNorth Branches

were oversampled relative to drainage arealvthm Branch undersampled, anddE Branch

met the target of representation by drainage area. The predocuhaert type in tis watershed

is round CorrugateMetal Ape (CMP) and secondlyooden box culvert. Ghe 99 stream

crossings, 62 could unambiguouslylbeatedonp er enni al st r g @fitnese62ii f i s h
40 did not meet criteria for watdepth (>0.20 m), 35 had velocityexcess of 0.2 m/s, an 24

had an outfall drop >0.0 mUse of simplistic, singlvaluecriteria are problematic however, and

so further analysis included length of stream upstream of culvert made unavailable and
consideration of thegh species of concern. From this analysis, eight aslweere identifid as
highest priority for restoration. Culverts under highways, as opposed to forestry roads, and use
of wooden boxculverts appear to be most problematic.

Prescriptions are provided for restoration of the dnjgtest priority culverts, and include usé
baffles, pool development, and fishways. Costs are not quantified but are estimated on a
subjective scale from Low to High. Recommendations are made regarding future culvert
assessments and restoration monitoring requirements.
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1.0INTRODUCTION

Culverts are the primary method of stream crossings by makdsMaritimes (Langill and

Zamora, 2002)For example,n the period 199200Q notifications were filed with Nova Scotia
Department of Environment (NSDoE) for 529 culverts (mean 105.8/8€as; 39.3) with 60 of
these (mean 12.0/year; SD = 4.9) being installed in Guysborough County (Langill and Zamora,
2002). When historical culverts are inded, the number of these structures in a watershed can
rise; Coombs (2006) identified as many as 1,615 culverts in the AnnapasaRitershed.

Given that culverts can be significant obstructions to upstd@msmstream movement of fish,

their prevalene can clearly be a potentially significant impact to the fishurees of a

watershed.

Improperly installed or ageineulverts can fragment streanmswhich they arglaced

Historically, the extent to which fismoved withina stream system on dailygekly, or monthly
time scalesvas not appreciatedn thepast, culverts warviewedprimarily as obstructivenly
duringparticdar times of the year, for examptliring spawning migrations of salmonids.
However, increasing evidensbowsthat fish movea great deal on much shorter time scales
than preiously thought. This movementagsitical for access to spawning habitat, maintenance
of populations in areas unsuitable feproduction, access to prey, and avoidance of predators
(Warren and Pardew, 28). Indeed, dispersal barriers have recently been identified as a
significantfactor in fish popudtion declines around the world (Popliffers et al., 2009).

There have beemumerousstudies evaluating percentages of installed culverts which are
obstuctivecondat ed i n North America, most of these pu
respect to Nova Scotia there are two published studies exarpnoipgrtionof culverts
obstructive to fish movement.angill and Zamora (2002) conducted an awdi0 culvertsfiled

to beinstalled in Colchester, Cumitend, Halifax, and Hants Countidsring 19992000 Six

of the culverts were not installed (notificationly but work not done) aritB were on streams
not considered fish habitat, leaving 31 culsen fishbearing streasiassessed. Of these, 19
(61.2%) wer e -fcionls i pbasedsom guiiek slape greater than 0.5%nd 13
(41.9%) wee classified as nofish passage due to perched outfalHicks and Sullivan (2008)
reported on glverts in the Annapolis River watershed. They assessed 60 culwftaiad 22
(36.7%)were full barriers and 1(18.3%)were partial barriefs Other studies elsewhenave
found culverts being obstructive infrequently (14.B941arper and Quigley, ZW), or in the
majority of cases (69.2%y PoplarJeffers et al., 2009; 76.1&y Blank et al., 2005; 90.3%y
Chestnut, 2002).

! Note: A slope criterion of 0.5% may be conservative in assessing obstructions. Fish may be able to
negotiate culverts >0.5% by using culvert walls and bottom and taking advantage of roughness elements.
% Note: Some of the culverts were obstructive in both slope >0.5% and perched outfall so the total
obstructive is not the sum of the two categories.

® Hicks and Sullivan (2008) defined a full barrier as: outfall drops onto rocks, or pool depth at outfall <1.5
times outfall drop, or no water flows through culvert. A partial barrier was defined as: debris blocking
culvert, or culvert depth too shallow for mature trout (<5 cm depth), or outfall drop even with adequate
pool depth is barrier to juvenile trout.



Culverts are most commonly obstructieefish passagiom oneor moreof three mechanisms:
(1) outfall barrier8 (outfall droptoo great foffish to leap into culvert, or outfall pool too shallow
or nonexistent precludingeaping), (2) depth barrier (water depth in culvert insufficient to
allow fish passageor (3) velocity barrier (stream velocity in gelt exceeds swimminapility

of fish). Each of these mechanisms depends upon the species and life stage of fish under
considerationi t h e A d e sMuchmnf the wakio@ulverts has been done on salmonids,
particularly in western North AmericaGeneral dteria have bee derived for these three
potential mechanisms of obstriart.

Outfall Drop : Historically a maximum drop dd.31 m has been the criteria fautfall drop
(Dane, 1978; Aams and Whyte1990), but this is a reflection of the design fish being adult
salmonds which can jump well. In order to ensure passage of juvaiileonids and non
jumpingspecies such as American eel, white sucker or cyprinids (minninedpwer edge of
the culvert needs to be submergédlams and Whyte (1990) maintaimelength aad width of
the outfall pool should bevice the diareter of the culvert and depth at least 0.6 Gosse eal.
(1998) suggest that the outlet pool should be dimensioned as Length=2utvéX diameter,
Width=2 to X culvert diameter, Depth 0.52ulvett diameter and 1.0 m minimum def{tee
Recommendation %1

Water Depth in Culvert: Criteria for minimum water depth within the culvert barrel have been
established as 0.20 m (Gosse et al., 1998) and 0.23 m (Dane, Han8s And Whytel990).

This isalso a reflection of passing adult salmonids, as juveniles will be able to traverse the
culvert easily at much less depth, provided low velocity. Establishing a single criterion for water
depth is problematic as discharge fluctuates, and frequaritty flow the channel upstream in

riffles and shallow runs may lm®nsiderablyess than 0.20 m. Depth should perhaps more
appropriately be set as equal to or exceeding the depth of water in riffles upstream of the culvert
(seeRecommendation #1

Water Velocity in Culvert: Water velocity criteria havieeen intensively researched as a great
deal of work has been done on fish swimming performance which isldirelaied to this.

Coarse guidelines (based on adult salmonids) were set as velocities resdd 80 m/¢for

culverts >24.4m length) and 1.2 mfgulverts <24.4 m length) (Dan&978; Adams and Whyte

1990). Belford and Gould (1989) estimated that a velocity of 0.6 m/s allowed passage of
salmonids (including brook trout). Warren and Parde®®8) found that fish passage was
substantially reduced at water velocitigs40 nis for noamigratory, small stream (nen

salmonid) fishes. Peake (2008) conducted a literature review of fish swimming speed relative to
culvert design in Newfoundland andhrador. His recommended maximum velocities for

species of fish relevant here were:

American eel (juvenile) 0.20 m/s
Atlantic salmon (adults) 0.90 m/s
Atlantic salmon (parr) 0.30m/s
Brook trout (adults) 050m/s

* These outfall barriers are also known as perched culverts.



Brook trout (juveniles) 0.30m/s
White sucker (adults) 0.60 m/s
White sucker (juveniles) 045m/s
Three spine stickleback 0.20m/s

(adults & juveniles)

There is very little to no information on swimming performance of cyprinids (minnows), and
Peake (2008) suggests thattioose species for which data are lacking a maximum velocity of
0.30 m/s is recommended by extrapolating from other known species.

There are two ameliorating factors which may make any criterion usetafomumvelocity
conservative. First, small fishrté to swim near the culvert walls and bottom where velocity is
substantially reduced due to boundary effects of the culvert Whils, surface velocity may not
be a reliable measure on which to base a criterion. Secondly, at least for Corrugatedpeetal P
(CMP) culverts and opehottom culvertghere argoughness elemenfsulvert corrugations or
natural streambed, respectivelyhiich reduces the water velocity. Thus, the fish may be able to
pass culverts that initially appeartiave water velocityn excess of criteriaia suggestion
supported by Blank et al. (200&hen comparing actual tests of fish passage through culverts
with passage classification by FishXing, a standard computer software for evaluating fish
passage through culverts. Thosehaw found FishXing to be conservative and there to be
considerable fish passage occurring despite the program assessing the culvert as a barrier

A fourth criterion for culvert installation the slope of the culvert, with a culvert, generally, not

to exceed a slope of 0.5% (Dane, 1978tafns and Whytel990; NSDoE, 1997; Langill and
Zamora, 2002). | have not includsldpe criterion in this research as this was not measured with
sufficient accuracy tdiscriminate greatehan or lesthan 0.5%.

Theppur pose of this research on culverts as barr
priorize culverts for remediation to ensure access to upstream reacipessable barriers offer

potential high yield restoration opportunities as a relativelg $ml  amount of ef fort
upo | arge amount s o fThe target species (tegign dish)uvere atiginaly b i t at
adult (spawner) Atlantic salmon and brook trout, but the analysis also assesses the culverts from

the perspective of other figpecies in the community.

2.0 STUDY AREA

The St. Maryods River dr ai nfandscompasedkohfounf appr ox
Aibrancheso o (Figmal) the WestBranthbekmdong; drainage area 470 Bm

East Branct{27 km long; drainge area 389 kijy North Branch{(27 km long; drainage area 82

km?) and Main Branclf19 km long; draining entire watershed) (HBrckland Nicks, 1995)

These branches merge at two points. The East and North branches combihe8at4% 3 0 N,

62°0 3 0 4 9 0 Méspem ana the East and West branches 81456 2 0 0NB,6 4 @&Bhart

distance downstream of Glenelg Lake. Downstream of this latter confluence the river is known



as the Main Branch and subsequently flows into the Atlantic Ocean via Northwest Arm at
approximately 480 8 6 0 0 % M,6 06L10 W.

Dominant land use of the West Branch has been forestry (Rutherford, 2007), with agriculture
comprising a small amount of land on this branch. Highway 348 runs along the north side of the
river to Lower Caledonia, at wdh point it crosses the river and parallels the West Branch to
Trafalgar. There is an extensive road network throughout the West Branch drainage of old and
contemporary forestry roads. Dominant land use of the East Branch has been agriculture with
lessefforestryactivity. There is extensive roading throughout the East and North branches with
Highways347 and7, respectivelyparalleling these branches, and secondary and forest roads
branching off of these main highway&stimated road densitjnthe S . Mar yo6s Ri ver
watershed i9.94 km/knf.

3.0METHODS

Field assessments of culverts were conducted between June 29 and November 9, 2009 to
evaluate culverts for fish passage. A minimum of 100 culverts was targeted to assess and,
ideally, culverts assesd would be distributed in approximate proportion to drainage area by

each branch. Culverts were not randomly selected, but rather the survey was designed to
concentrate initially on those areas in lower stream reaches near the confluences of streams and
the St. Maryds River mainstem as i mpassable o
greatest effect. Culverts were visited and assessed using a standardized data sheet (Appendix 1)
which was compiled and modified from other survey methodado@igy., Langill and Zamora,

2002; Hicks and Sullivan, 2008). In addition to general information collected, specific variables
measured were: Road type (highway versus gravel), GPS location, culvert diameter, length, slope
(measured with Abney Level orstally estimated), culvert shape and material, fill slope depth,
culvert wetted width, high water mark, water depth, water velocity through culvert (floating chip
method), culvert outfall drop, outfall pool dimensions, stream bankfull and wetted width. Se
Appendix 1 for complete list of information collected. On August 4 and 13, 2010, nine sites

were revisited to resolve ambiguities in the data.

Following the field assessment, culverts were assigned individual culvert identification numbers
(1-99) forease of identification. Culvert locations were subsequently mapped. Summary
statistics were generated from all culverts assessed. Analysis focussed on the three mechanisms
of obstruction: water depth, water velocity and outfall drop. A filter appraashtaken in

which culverts on noephemeral (perennial) streams were deemed to either meet conservative
criteria (water depth >0.20 m, water velocity <0.20 m/s, outfall drop = 0.0 m) and not analyzed
further, or to not meet these criteria and be subgectdre detailed analyses. This more detailed
analysis factored in length of stream potentially obstructed upstream of the culvert and fish
species targeted for passage. Culvert water depth, water velocity, and outfall drop were each
plotted against extemf stream above the culvert, and the culverts for each of these mechanisms

® Road density provided from Geographic Information System (GIS) data by Andrea Doucette of

NewPage Port Hawkesbury and does not include the cl ass
by class, are: Collector 140 km; Loose surface 873 km; Major local 145 km; Minor local 61 km; and Trunk

45 km.






then divided, subjectively, into those of primary concern and secondary concern. Streams of
length <1.0 km upstream of the culvert were deemed not significant for the effort required for
restoration. Based on the rankings of these culverts as being ofypansecondary concern,

the eight most significant culverts were identified and priorized, and prescriptions for restoration
of access through the culvert developed.

4.0 RESULTS & DISCUSSION

BetweenJune 25andNovember 92009 a total of 99 culvertsvere assessedthe St. Mar y 6 s
River watershegthis is one less than the targeted 100 culverts as culverts on larger, and hence
more significant fiskbearing streams, are relatively ramghe watershedith bridges being a
common structure for aols @ross2™ and 3 orderstreams. Culverts are very common on the
small, 1% order tributaries buess so on larger streams. The distribution of sampled culverts was
45.4% onthe West Brancl31.3% on theEast Branch11.1% on the North Branch ark?.1% on

the MainBrarch (see Figure 2or locations of assessed culvertgyeal distribution of drainage

in the watershed is approximately 35% West Branch, 29% East Branch, 6% North Branch, and
30% Main BranchFrom this it is apparent thdi¢ West and NortBranches were oversampled
relative to drainage area, the Md@ranch undersampled, and th@sEBranch met the target of
sampling according to areal representation in the drainage.

Culverts under highways (paved roads) constit@&&% of those assesamts and under gravel
(secondary) roads7.6%. Summary statistics afilvertdimensions (length, diameter, shape and
materia) are provided in Table 1 and Figu8éor all sites visited. The pd®eminant culvert type

is round @rrugated MetaPipe (CMP), omprising 62.7% of surveyed culverts, followed

distantly by wooden box culverts (14.9%). The remaining culvert types each contributed <10%
of those surveyed.

Table 1 Summary statistics of culverts surve

Culvert dameter (mm) Culvert length (m)

Mean 1,056.5 12.7
Median 1,000.0 11.4
Standard deviation 511.9 4.75
Range 80- 2,630 4.6-25.1

Number of culverts 98 89
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measured was i in 54%, €.10 m in 69.8%of culvers and <0.20 m in 77.0% (Figurg 4

There were extremes of velocity and outfabglrin exces®f 1.0 m/s and 1.0 m, respedly.
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Of the 99 culverts surveyed, 10 could not be unambiguously identifieshapped subsequent

to the field visits, due to: (1) Locations provided in field notes ambiguous (N=3), (2) No road or
brook on map at GPS coordinates provided (N=2), or (3) Road not on map so location of
crossing approximate only; guessing this is corsgeiam (N=5). Of the remaining 89 culverts,

27 were on streams not shown on niapggesting the streams are ephemeral or insignificant.
This left 62 culverts on perennial streams of which 40 were'ander streams, 16 of%rder
streams, 3 on"3order streams, and 3 on lake or pond outflows. Culvert locations are shown in
Figure 2.

Of the 62 culvert®n perennial stream83% had water deptt0220 m, 28.6% had velocities
<0.20 cm/s and 60%ad no outfall drop (i.e., 0.0 nfyable 2) Those culves in which these
criteria werenot met are illustrated in Figure 5

® Maps used for locating culverts were 1:50,000 scale National Topographic Series using data from 1979
and from 1988 to 1997. Older maps were used in addition to more current maps to assess whether small
tributaries were included on earlier maps and omitted on later versions.
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Table 2 Summary statistics of criteria compliance on 62 culverts unambiguously
located on perennial streams. Number of cidveer brackets.
Total Culverts which
Criterion met Criterion not met  measurements met criteria
6, 12, 15, 26, 28, 52,
Water depth >20 cm/s (20) <20 cm (40) 60 53, 58, 61, 63, 64,
66, 67, 73, 80, 89,
90, 94, 96, 97
1,7, 16,19, 47, 48,
Water velocity <20 cm/s (14)  >20 cm/s (35) 49 53, 61, 64, 65, 81,
94, 95, 97
1,6, 11, 12, 13, 14,
Outfall height 0m (37) >0 m (24) 61 15,16, 18, 20, 26,

28, 39, 42, 43, 44,
45, 48, 52, 53, 58,
59, 61, 63, 64, 65,
66, 67, 68, 73, 85,
88,90, 94, 95, 97, 9¢

dr o
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watershed which did not meet criterion.

These criterighouldbe treated as guidelines only, as expecting water de@B®fmn in a

culvert on a T order stream with an average deptf9dD m is not realistic. Simtly, trying

use a single criterion for water velocity amatfall dropdepend upon thepecies of concern for
passage; the requirements to pass American eel is much different from tiradrémuAtiantic

salmon. Thereor e t hi s analysi solat & eome dsaspdtentalu f wet O r
barriesin terms of areaost upstream of the culver@nd those species likeffecteddue to

culvert conditions.Culverts were priorized as being of either primargecondary concern (see
Figures 68 for definitionof primary and secondary concern for each category of water depth,
velocity, and outfall drop).

Basedon Figures6-8, six culverts are identified as of primary concern in more than one
categorythreeas primary concern in only one categoiy,a&s prinary concern in one category

and secondary in anoth@nd nine as secondary concern in more than one cat@ainie 3)

Of the six highest priority culverts, they may be ranked in order of amount of upstream habitat to
which access could be restored aslvert numbers80, 96, 9, 55, 24 and 37. Together these
account for approximately7.5km of habitat not presently accessible. The first four culverts
should likely be the highest priority as each contains >3.0 km of upstream habitat, while the
lattertwo have only 1.5 and 1.8 km of upstream habitat. Secondary priority cidlerikl
include,ranked in order of decreasing area upstre&8n13, 57, 1§ 25, 7, 24, 37. Together

these account for approximated®.0 km of habitat upstreamTheeighthighest priority culverts

in the St. Mar yo6s Ri ver ,andtheserreprieserd approxienatgdyr ovi d e

"Note: this culvert (#19) deemed not significant based on photographs from field survey. Small,
ephemeral stream of very low fish habitat value.
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42.0km of stream length inaccessible (assuming each culvert obstruclive$eeightare

distributed asdur on each othe West Branchrad East Branchnd &.5% being highway

culverts. Of note is that only 32.3% of the 99 culverts assessed were highway culverts, yet 60%
of the problem culverts are associatedhwhiighway crossings. Similg, wooden box culverts
represent only 14.9% dfi¢ 99 culverts assessed but are 4 of the 8 problem culverts.

Detailed prescriptiosito restore access for each of these culverts arprovided below.
Table 3 Culverts identified as of primary or secondary concern by number of categories

(categores are water depth, water velocity, outfabg). Values are culvert identification
number.

Primary concern Primary concern id category, Primary concern in Secondary concern
in >1 category  secondary concern in second only 1 category in >1 category
9 7 39 12
24 13 63 16
37 19 66 17
55 25 20
80 57 28
96 68 56
85
89

90
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Figure 6: Plot of culvert water depth against length of upstream habitat potentially obstructed
by culvert. Obstruction of upstream lengths of0lm are considered not significant from a
restoration perspective. Water depths in excess of 10 cm are considered to not pose an
obstruction to most fish passage (i .e., 0
length >1.0 km are identified @soblematic and individual culverts meeting these limits are
presented by their identification number.
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Figure 7: Plot of culvert water velocity against length of upstream habitat potentially obstructed
by culvert. Obstruction of upstream lengttis<1.0 km are considered not significant from a
restoration perspective. Velocities >20 cm/s begin to be obstructive to fish species and the
degree of obstruction depends upon the ability of the fish species to swim. All culverts with
water velocity >2@m/s and upstream length >1.0 km are identified and individual culverts
meeting these limits are presented by their identification number. Primary concern are those
culverts likely to exceed swimming abilities of salmonids (adults and juveniles) and also
obstructing longer lengths of stream. Secondary concern are those culverts likely to be
obstructive to American eel or sticklebacks, of obstructive to salmonids but with relatively little
stream length upstream of the culvert.
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Figure 8: Plot of culert outfall drop against length of upstream habitat potentially obstructed

by culvert. Obstruction of upstream lengths of <1.0 km are considered not significant from a
restoration perspective. All culverts with outfall drop >0.0 m and upstream len§tkmlare
identified and individual culverts meeting these limits are presented by their identification
number. Primary concern are those culverts with either a large outfall drop or obstructing a long
distance of stream. Secondary concern are those wublestructive of relatively little stream

length upstream of the culvert.
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Table 4: Summary table of highesightp r i or i ty cul verwatrsheh St . Maryos Rive
Culvert Stream name Km habitat lost Road type Culverttype Problem(s) Solution(s) Cost (Low,
number Medium, High)
80 McQuarries Book 8.85+ Highway Wooden box Velocity; outfall Baffles; Low
drop fishway
96 Fraseokbs B 7.5+ Secondary CMP Velocity; outfall Baffles; pool High
drop development
9 Boggbs Br ook 45+ Secondary CMP Velocity; depth; Baffles; pool MediumHigh
possibly outfall development
drop
55 Unnamed tributary to 3.3+ Highway Wooden box Water depth; Baffles; Low
MacLeod Lake outfall drop fishway
68 Hattie Brook 10.0+ Secondary Arch CMP Velocity Baffles Medium
13 Bryden Book (Old Church 3.2 Highway CMP Water depth; Baffles Medium-High
Road) velocity
57 Tributary upstream of 2.6 Highway Wooden box Water depth; Baffles; pool MediumHigh
Indian Man Pool outfall drop development
or fishway
25 Tributary at Rocky 2.1 Highway Wooden box Water depth; Baffles; pool MediumHigh
Mountain velocity; outfall  development
drop or fishway
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5.0 RESTORATION PRESCRIPONS

The following prescriptions are for the eight culverts identified as priorities in Table @& apdovided
in order of priority from greatest to least. See also Figure 2 for locations of culverts.

Culvert # 801 McQuarries Brook (Highway 348 crossing)

This is a single wooden box culvert (15 m long X 2.3m widtlfjering from excessive veldgiand
large outfall drogPlate 1)

The prescription is:

1. Installation of wooden bafflesThe baffles would not be the Offset Baffle design as the
objective here is taot onlyreduce water velocity but also increase water dggths,a weir
approach snilar to a fishway would be appropriate. Each weir should have a notch in the top
to allow water to spill through. This work should be reldgneasily completed by unskilled
labourers using treated BX (which wouldraise the water to a depth of 14 amatched to a
depth of 50 cm. Bedload from upstream is not a sigrafit problem here as the local gradient
is low and so it is primarily fines being moved as bedload rather than gravel/cSipigleific
design of these baffles (humber baffles in culvéigtance between them) should be determined
in consultation with engineers or restoration experts with experidtee baffles can be
installed by predrilling the wood and using large lag bolts to hold them in place.

2. The outfall drop of this culvérs problematic as development of an outlet pool to backwater the
culvert would be extensive, requiring raising the water level by 0.5 m, and the culvert is
effectively at the confluence of McQuarriBsook and the West Branch, StaM y 6 s Ri ver
leaving \ery little space in which to develop the pool. Further, the existing pool is very large
and deep. | recommend that rather than pool development, a small fishway be constructed from
the outfall pool into the culvert. The fishway design could be a conitimuaf the notched weir
baffles and also made of treated lumb®uccess of this structure to allow fish passage should
be monitoredRecommendation #2

The design fish for this restorati@nesalmonids, primarily adults, and the restoration coneept i

resting pools 0$9.0 cm depthand access between pools via the notch in the Waiis approach of
wooden baffles and fishway, constructed and installed by hand, will be less expensive than extensive
pool development.














































































