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Presenter
Presentation Notes
No Fish Left Behind (*Except for 10% of the flows when fish are present (by regulation))


3000+ miles
shoreline

2500 miles Puget
Sound

Development is
shoreline focused


Presenter
Presentation Notes
Washington’s 3,300 miles of coastline (map is about 2/3 the state, showing the Columbia River which extends into Canada and brings marine nutrients inland); development pressure along the interface of land and sea.  Popn of state just over 7 million 2014 (2/3 in coastal counties).  Puget Sound is about 2500 miles of shoreline.




Presenter
Presentation Notes
Outer coast is rocky shoreline of Olympic National Park with estuaries & beaches from large rivers off the Olympic Mountains, and large rivers & estuaries to the south.  Much of upper watersheds are protected within the Park & support healthy salmon runs.  Several of these watersheds are considered “salmon strongholds” with efforts to keep these populations from becoming listed.  Three large estuaries on the coast – Grays Harbor, Willapa Bay & Columbia River.





Presenter
Presentation Notes
Puget Sound fjord-like; drowned river valleys at large & small rivers/streams and fringing marsh along low bank shorelines.  2500 miles.




Presenter
Presentation Notes
Example estuaries within Puget Sound:  Skokomish River estuary in Hood Canal (flowing out of the Olympic Mountains); dikes have been removed as part of restoration projects over last ten years (adding 360 acres to estuary)




Presenter
Presentation Notes
Example estuaries within Puget Sound:  Tarboo Bay in Hood Canal, small stream but spits form complex habitat mosaic supporting large numbers of small salmon.
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Presentation Notes
Example estuaries within Puget Sound:  More developed areas with agricultural interests, ports, commerce (north of Seattle)





Presenter
Presentation Notes
Closer view of the same watershed:  Washington became a state in 1889.  Lewis & Clark in 1805.  There is a rich Native American history over thousands of years, but we’ve managed to do this in about 150 years of resource extraction (logging shorelines was easiest & water was the mode of transport of logs) and shellfish production, diking for agriculture and development.  Estuaries have been most impacted by settlement.




Presenter
Presentation Notes
Ubiquitous flying fish at Pikes Place market is symbol of Seattle & Washington State – highlights importance of salmon in region


Pacific salmon and steelhead are much more
than essential elements of a healthy Pacific
Coast ecosystem; they are cultural icons
woven into the fabric of local communities

and economies —
NOAA Fisheries


Presenter
Presentation Notes
Importance of salmon to Pacific Northwest cannot be over-emphasized

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOeBm9rB18cCFcOjiAod7agLYg&url=https://www.expedia.com/Kenai-Peninsula-Hotels-Best-Western-King-Salmon-Motel.h2954.Hotel-Information&psig=AFQjCNGHVLrjbTUEwjD7KsgOs6Ifx1YnCQ&ust=1441254511668267
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Chinook Salmon Oncorhynchus tshawytscha
Coho Salmon Oncorhynchus kisutch
Sockeye Salmon Oncorhynchus nerka

Chum Salmon Oncorhynchus keta

f ’r_‘ Pink Salmon Oncorhynchus gorbuscha

Coastal Cutthroat Trout Oncorhynchus clarki clarki
Steelhead Trout Oncorhynchus mykiss

Bull Trout Salvelinus confluentus
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Presenter
Presentation Notes
Introduce anadromous salmonids, includes bull trout (char); other migratory fish include Pacific lamprey, river lamprey, white & green sturgeon, American shad, eulachon (smelt) longfin smelt. In evaluating fish passage we’ll be looking at all the fish that move between habitats, including resident fish (e.g. trout), estuarine fish, as well as anadromous fish.
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Presenter
Presentation Notes
Familiar with salmon life cycle with adult fish returning to natal rivers & streams to spawn and young fish migrating to the ocean to grow.  Because we’re talking about tidal culverts, I’d like to focus in on the importance of estuarine systems to juvenile salmon.  Chinook and chum salmon are thought to be most dependent on estuaries during early marine life history, so we’ll focus on these species, although all of the anadromous fish move through the estuaries at one time or another.  Life history trajectories for these species is complex, but often include extended time of juvenile rearing in shallow waters of estuaries where food is abundant, there is refuge from predators and salinities are relatively low, assisting in osmoregulation.  (Ross Creek estuary, Puget Sound)
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Presenter
Presentation Notes
Familiar with salmon life cycle with adult fish returning to natal rivers & streams to spawn and young fish migrating to the ocean to grow.  Because we’re talking about tidal culverts, I’d like to focus in on the importance of estuarine systems to juvenile salmon.  Chinook and chum salmon are thought to be most dependent on estuaries during early marine life history, so we’ll focus on these species, although all of the anadromous fish move through the estuaries at one time or another.  Life history trajectories for these species is complex, but often include extended time of juvenile rearing in shallow waters of estuaries where food is abundant, there is refuge from predators and salinities are relatively low, assisting in osmoregulation.




Presenter
Presentation Notes
Growth is rapid for juvenile salmon in early marine life, around 6% of body weight/day, to allow fish to get big fast, with higher survival.  (Juvenile chum salmon – begin estuarine/marine life about 30mm FL to about 60mm FL)
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Presentation Notes
Juvenile salmon use these transitory habitats on each tidal cycle to access food resources and avoid predators.  They appear to move in as the flood tide advances in relatively shallow water (predator avoidance) and will stay in blind channels until the tide has receded to very shallow water, often inches of water (food & predator avoidance).  Fish access to the estuarine habitat has been identified in numerous salmon recovery plans as one of the biggest bang for the buck projects.
There’s a point in every tidal cycle when velocities slow to allow fish to move freely and points in the tidal cycle in natural conditions when velocities may exceed swimming capabilities.  We want to understand what the consequences are of reducing that time period when fish can’t move freely and are prevented access to estuarine habitat.




Presenter
Presentation Notes
Juvenile salmon and searun cutthroat trout are also known to use small non-natal streams on a transitory basis.  My point here is that there are a lot of salmonids using estuaries that are not on the return trip to natal streams/rivers, the traditional focus of fish passage work.
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Presentation Notes
Consequences of delayed or blocked migration – salmon need to access their spawning grounds and low flows already make this a challenge in years like this; chum salmon for example only have about two weeks after entering freshwater to spawn so a delay can be problematic.  Chum are strong swimmers, but cannot jump well.  In our tidal water crossing work, we want to assure access for spawning fish as one measure.
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Presenter
Presentation Notes
But in addition to assuring access for returning adult fish, we want to provide access to estuarine habitats used by fish for rearing.  And there are of course other considerations than fish – plants, wildlife, etc. matter too.



NOAA Fisheries 2012


Presenter
Presentation Notes
The federal listing of salmon spp focused much of the habitat restoration work on how to recover declining fish populations.  All of these fish pass through or take advantage of estuarine habitats at various life stages.  Listings – first was Snake River sockeye in 1991 – 26 on West Coast plus BT; 17 in WA plus several more BT pop’ns


Ecosystem Restoration is the goal


Presenter
Presentation Notes
Ecosystem Restoration is the goal.  We’re using all the tools available to get there. Because of the federal listings, there is a high priority on projects that benefit salmon, particularly listed salmon spp, as the focus.  Salmon access to spawning and rearing habitat is dominating habitat restoration work, and fish passage barrier corrections are dominating these projects.


Photo credit: Tom Roorda
www.coastalwatershedinstitute
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Presenter
Presentation Notes
Ecosystem restoration:  The Elwha River restoration was the largest dam removal in the US (2011-14).  This is natural process restoration (such as sediment transport) on a spectacular scale.  Since the dams were removed a couple years ago, over 70 acres of new marsh has developed with the pulses of sediment moving downstream and was immediately used by estuarine fish and juvenile salmonids. This is the bar for natural process restoration, but we will rarely have the opportunity to see habitat restoration on this scale.


o
3 W 1
- -!b‘%ﬁq'. e ¥ |

el T
- ]
i, YT [

abush River, Hood Canal

i


Presenter
Presentation Notes
Ecosystem Restoration:  In this estuary, the proposal to replace the two aging bridges with a large crossing.  Adult fish are able to move up & downstream at the bridge crossing, but the bigger issue is fish access and habitat connectivity to the upper estuary.  The distributaries are either blocked at the road or disconnected from the river through interruption of natural processes.  Not only has this disconnected upper marsh from the lower marsh, but returning adult salmon have only one route to access the river upstream of the road – this increases predation from seals and sea lions, particularly on ESA listed summer chum salmon.  Fish passage is a component of fish access to important habitats and is generally associated with adult salmon moving upstream.  As we try to restore tidal connectivity & access to habitats for all life stages, we may want to get away from the term “fish passage” and use something else, like “fish access”.   To be clear, our fish bio’s & engineers have been arguing for inclusion of juvenile salmon & resident fish as part of “fish passage” for decades, but the focus has been adult fish, particularly in a regulatory sense.  As we move into more work on tidal water crossings, maybe a change in terminology will help avoid the focus being on passage of fish upstream.
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Presenter
Presentation Notes
Ecosystem projects are complex & often involve multiple landowners that may or may not be supportive of salmon recovery efforts.  We are working collaborative efforts like the 3F project in Skagit Bay (also called the tidegate initiative) to restore tidal connectivity in a multi-benefit approach.




Presenter
Presentation Notes
Note about regulatory:  Fish passage has been the law for over a century in WA; Hydraulic Code has been around since 1949.  Permits – local permits often defer to WDFW for criteria & tech assistance; WDFW has HPA permit for in-water work (“no net loss of fish life” as standard) but can no longer regulate replacement of existing tidegates on ag lands.  Federal projects for fish passage & restoration projects typically use nationwide NW 27 which defers to WDFW criteria or may sometimes involve ESA consultation for individual permits (case by case); permits address fish passage better than habitat connectivity.


Whiteman Cove, South Puget Sound


Presenter
Presentation Notes
Infrastructure Replacement:  Early intervention is likely better, as emergency permitting can result in poor outcome.  Replacement projects can be millions of dollars & last 30-100 years so important to design to high standards. This work will happen with or without us updating our criteria, so we want to get out in front of this.



Salmon Recovery

SRFB distributes funds to
local groups

Early push to recognize
marine role in salmon life
history

Salmon Stronghold also

emphasized to avoid
future listings

Pitship marsh, Sequim


Presenter
Presentation Notes
Habitat restoration related to salmon recovery or salmon stronghold efforts.  Salmon Recovery Funding Board (SRFB) is primary funding source and is a grass-roots effort, targeting empowerment of local groups to lead salmon recovery efforts.  Salmon Stronghold efforts are also funded to assure healthy habitat to help avoid listings for other populations.  Salmon recovery funding can be used to bring in fish access & habitat connectivity to augment fish passage requirements.



Johns River Wildlife Area, Grays Harbor


Presenter
Presentation Notes
Fish passage long been recognized as an effective project, arguably the only proven restoration project type, identified in many salmon recovery plans.  People get it.  Funding is directed to fish passage (e.g. FFFPP) & workgroups are formed (e.g. Fish Passage Barrier Removal Board) around fish passage.  But maybe the reason we’ve been successful in teeing up fish passage projects is:


Chico Creek estuary


Presenter
Presentation Notes
Fish passage construction projects are visible and often involve partnerships with govts and funders.  Fish passage is easy to explain (vs. ecosystem restoration, leads to the question “how many salmon will it produce?”), and fish upstream of obstructions are often present within the first season after project completion.


But, there is a risk of Salmon Fatigue...


Presenter
Presentation Notes
Spent over $1B in salmon recovery funding alone in WA since 1999, potentially leading to “Salmon fatigue” – legislators are asking how much is enough for $$ & when will we be done.  may need to repackage the message.  




Presenter
Presentation Notes
In 1974, Boldt decision assured the treaty tribes of Washington state access to a “fair share” of the salmon harvest in traditional fishing grounds.  Since that time, the state and tribes have been co-managers of the salmon resource.  It was also determined that the treaty also pertained to habitat protection to assure salmon into the future, known as Boldt 2, but was not adjudicated at the time.
In 2001, 21 tribes asked the U.S. District Court to find that the State of Washington has a treaty-based duty to preserve fish runs, and sought to compel the state to repair or replace culverts that impede salmon migration.   The court ruled in favor of the tribes and declared that the right of taking fish, secured to the tribes in the Stevens Treaties, imposes a duty upon the state to refrain from building or operating culverts under state-maintained roads that hinder fish passage and thereby reduce the number of fish that would otherwise be available for tribal harvest. The court further declared that the State of Washington currently owns and operates culverts that violate this duty. 
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Bridges or other
crossing structures

Culverts

Puget Sound watersheds

and most of the coastal Columbia River
watersheds (gray areaon drainages & Willapa
map) except Columbia Bay

River and Willapa Bay

Local, federal or

State-owned lands .
private lands

FW & tidal

Magnitude of Effort

State Parks, Dept. of Natural Resources & Dept. Fish & Wildlife Oct 2016
WSDOT 2030

978 total culverts, with 825 with ‘significant habitat’ (gain of 200m)
Replacement structures - bridges or other “geomorphic’” design


Presenter
Presentation Notes
The culverts identified in the injunction are a subset of the total barriers needing attention.  WSDOT alone estimated $2.4B to complete the work on the 825 culverts identified, or $340M per biennium to address 30-40 culverts per year.  Legislature allocated about $36M this biennium to WSDOT.  The magnitude of the fish passage barrier correction need is huge in WA State.




Presenter
Presentation Notes
Note that this is a small portion of the overall fish passage barriers (15,000 documented statewide, but this is a portion of the total)
There is a lot of momentum behind fish passage barrier correction – the injunction, a likely sequel, because it’s the right thing to do, and salmon recovery work.  But for tidal water crossings, the path is less clear.  Our barrier assessment and prioritization protocols need to be updated to account for tidal sites.  And, can we figure out a geomorphic analog for barrier correction?  And, how do we bring in the other part of fish access – disconnected habitat?  How will we identify and prioritize these projects to blend into the fish passage work?
Intro Pad to talk about current & future barrier assessment and technical guidelines.


* Methods developedin 1998
to support fish passage
barrier prioritization

* Currently standardized
protocols that are used
throughout the state of
Washington.

* Data is collected and
entered into a Fish Passage
Barrier Database by
dedicated fish passage
inventory staff.

Washington Department of Fish and Wildlife. 2009. Fish Passage and Surface Water Diversion Screening Assessment and
Prioritization Manual. Washington Department of Fish and Wildlife. Olympia, Washington.

http://wdfw.wa.gov/publications/pub.php?id=00061
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Presentation Notes
These survey methodologies were designed to allow a relatively quick assessment of potential habitat upstream of a barrier.


rioritization

Barrier assessments physically identify migration
barriers and help to prioritize investment. Set up to
address riverine systems well, but no criteria
established for tidal and estuarine systems.

Prioritizing ensures that projects with the greatest
benefits are constructed first; More efficiently utilizes
limited funds; Helps identify projects when funding
becomes available


Presenter
Presentation Notes
Barrier assessments identify projects and help to prioritize investment.  Set up to address FW well, but not as good on tidal.


Excessive Water
Surface Drop

High Velocity

Shallow Water Depth



Presenter
Presentation Notes
Photos of most common fish passage barrier elements - outfall drop, velocity and depth.


WDFW Barrier Assessment Protocols

Current Criteria

Criteria based on fish swimming and leaping
capabilities and culvert hydraulics

Velocity and Hydraulic Drop are targeted for 6” trout
Depth for adult Chinook, coho, sockeye, and steelhead

Criteria creates a minimum standard for passing fish
90% of the time during adult migration




Adult Fish Passage Requirements

Velocity criterion varies with the length of the culvert:

e <30m (100‘) long, max velocity is 1.2 mps (4.0 fps)
e 30 m-60m (100-200°) long, max velocity is 0.9 mps (3.0 fps)
e >60m (200‘) long, max velocity is 0.6 mps (2.0 fps)

These velocity limits should not be exceeded during 10% exceedance flows, or
‘High Fish Passage Design Flow’


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://pebblescience.org/Pebble-Mine/fisheries.html&ei=lhzVVMywHpftoASXzoCYAw&bvm=bv.85464276,d.cGU&psig=AFQjCNExC3ZyN-g1eafGuOJZ45zWlPO1Jg&ust=1423338995866878

Adult Fish Passage Requirements

Hydraulic drop Is an abrupt change in water surface

Hydraulic drop may not exceed 0.24 m (0.8") at any point
within or at the inlet or outlet of the culvert

The maximum hydraulic drop criteria must be satisfied at all flows between the low and high fish
passage design flow criteria (Low = 2-year 7-day low flow; High = 10% exceedance flow)



Adult Fish Passage Requirements

Water depth at any location within culverts as installed
and without a natural bed shall not be less than 0.30 m at
the low flow design (2-year, 7-day low flow)

WAC 220-110-070 (3)(A)



High Fish Passage Design Flow

* The flow that is exceeded only 10% of the time during
fish presence

o Calculated using basin area, regional precipitation, and
elevation

LLow Fish Passage Design Flow

e The 2-year 7-day low flow

o Calculated using regression equations



Scope of the problem...


Presenter
Presentation Notes
All of these features are different types, on different size streams, in different areas, with different species. How do we compare them?


* Ensures that projects with the greatest benefits
are constructed first

* More efficiently utilizes limited funds

* Helps identify projects when funding becomes
available

* Could be advantageous when applying for grant
funding
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Presentation Notes
Need for prioritization of identified fish passage barriers


* Provides a numerical ranking system to prioritizing fish
passage corrections that is a first cut for identifying
projects.

* The index considers:
* Potential improvement in fish passage
* Species expected to benefit and their productivity
* The quantity and quality of habitat upstream

* Modified by the importance of the species in salmon
recovery efforts and the cost of the project


Presenter
Presentation Notes
The PI is the initial tool that we use to identify projects for further evaluation and scoping
 
Using the priority index, we are able to focus on the highest priority projects at a broad scale. It is currently used on various state-managed lands to prioritize (such as WSDOT & WDFW) to recommend projects.

Prioritization is jurisdictional, often driven by funding opportunities


P = ~J(BPH)MEC

all species

Where:
Pl = Priority Index
B = Passage improvement
P = Annual adult production potential per m?
H = Habitat gain in m?
M = Mobility Modifier
E = ESA Status Modifier
C = Cost Modifier



Presenter
Presentation Notes
Basically, this gives an estimated number of adults that would be potentially produced with repair of the barrier, adjusted by modifiers for species significance and cost.

The 4th root is taken to create a more manageable number.

These are added together for each species to create the total PI

Currently, PIs in our database range from 1 to 76.
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Purdy Creek -
An example


Presenter
Presentation Notes
Purdy creek is located on the Kitsap Peninsula in western Washington. A barrier culvert is located under a highway at the mouth of the stream where it enters Puget Sound. It is a partial barrier that is tidally influenced. The map shows the habitat upstream of the culvert, and the additional barriers that were inventoried by a field crew.



Purdy Creek — An example:

PI=> ~/(BPH)MEC
all species
Species Proportion of Annual Habitat Mobility ESA Cost Priority
Passage Adult gainin m? | Modifier Status Modifier Index
Improvement | Production Modifier per
Potential species
per m?
B P H M E C
Sockeye/Kokanee 0.67 3.0000 - 2 1 1 0.00
Chum 0.67 1.2500 8,045 2 1 1 10.77
Pink 0.67 1.2500 - 2 1 1 0.00
Coho 0.67 0.0500 17,960 2 2 1 7.00
Chinook 0.67 0.0160 3,931 2 3 1 3.99
Steelhead 0.67 0.0021 18,300 2 3 1 3.53
Sea-run Cutthroat 0.67 0.0370 18,300 2 1 1 5.49
Resident Trout 0.67 0.0400 20,996 1 1 1 4.87
Bull Trout 0.67 0.0007 - 1 1 1 0.00
Total PI: 35.65



Presenter
Presentation Notes
To calculate the priority index for the Purdy Cr crossing…
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Barriers in WA



Presenter
Presentation Notes
The largest red dots indicate barriers with a PI greater than 40. Orange is from 25 to 40. The tiny dots are barriers with a negligible or uncalculated PI.

Note that most of these barriers are clustered around Puget sound, and along the state highways. This is where most of the surveys have been to date, based on funding availability.

These are all located on wadable streams. Few large streams or rivers have been evaluated.
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oIS Fi ‘ PI model

Expensive and time consuming due to the need to walk the stream.
Habitat surveys become outdated.

Assumes all manmade barriers upstream are temporary such that it
only considers potential habitat, which may not be immediately
realized.

Only calculated on streams that can be surveyed (walkable).

Relies on estimated adult productivity, which is biased towards highly
productive species such as chum.

Regionally biased towards areas with multiple anadromous species,
such as coastal streams.

Barriers are only identified based on jurisdictional investments.



Highest priority projects in the

WDFW Fish Passage Database

Pl Stream Tributary to |Feature|Passability | Lineal Gain|Spawning Area|Rearing Area| Owner
76 |Indian Cr Elwha R Culvert 33 17,109 11,854 115,344 |State
71 |[Big Soos Cr Green R Dam 0 130,439 192,677 735,357 |State
71 |[Little Bear Cr |Sammamish R Culvert 33 45,990 32,627 99,905 |City

66 [NF Nemah R [Willapa Bay Dam 67 64,048 265,892 212,036 |State
64 |Minter Cr Henderson Bay [Dam 67 36,061 36,373 104,400 |State
63 [May Cr Wallace R Other 33 12,256 18,343 41,864 |State
60 ([lIssaquah Cr |Lake Sammamish |Dam 67 86,501 117,152 296,146 |State
60 ([Big Quilcene R [Hood Canal Dam 33 5,584 13,766 33,376 |Federal
59 |Little Bear Cr |Sammamish R Culvert 67 45,736 32,022 98,633 |City

59 |Friday Cr Samish R Dam 67 66,239 69,569 282,460 |State



Presenter
Presentation Notes
Here’s a list of the top ten priority barriers in our database based on the PI.

Note that the top 10 are primarily focused at and upstream of the jurisdictions that have been inventoried: WSDOT, WDFW, some cities.

Also notice that many of the highest priority sites are not necessarily complete barriers.
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Presenter
Presentation Notes
And the current winner of the highest priority, is the partial barrier crossing of US 101 over Indian Creek in the Elwha River Basin. This barrier culvert has a PI of 76, with an estimated lineal gain of over 17km.
 
With the removal of the Elwha River dam, anadromous access has been restored to Indian Creek.  Species benefitting include Chinook, coho, chum, and pink salmon, kokanee, steelhead, searun cutthroat, resident trout, and native char (Dolly Varden and bull trout).  Dam removal began on the Elwha River in mid-September 2011, and by late spring 2012, the Elwha Dam was completely gone.  In August 2012, adult male chinook salmon showed up near the Glines Canyon dam and in Indian Creek.


Washington Department of Fish and Wildlife. 2009. Fish Passage and Surface Water
Diversion Screening Assessment and Prioritization Manual. Washington Department
of Fish and Wildlife. Olympia, Washington.

http://wdfw.wa.gov/publications/pub.php?id=00061
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Presentation Notes

This is Carpenter Creek in North Kitsap Peninsula, Puget Sound.  We will be looking at this system closer in the afternoon session.  Assessment methods will vary in tidal systems from freshwater indicators.  (note scour holes and tidal asymmetry in aerial shots).


Fish Access Assessment in Tidal Systems


Presenter
Presentation Notes
Even though this is a problem for fish, it’s fun for some.
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Presenter
Presentation Notes
Tidally influenced sites field assessment protocol at this time:
If an identified drop or shallow depth, field crew can assess a tidal site as full or partial barrier.  If not, then classified as “unknown” and forwarded to engineers for further evaluation. 
Tidegates are assigned a barrier status as flap gate = 100%, SRT = partial barrier
Most tidally influenced sites are categorized as “unknown” status.
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= What part of the tidal cycle are fish moving? Is this different for small i
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Is high or low tide disproportionately important for fish access & productivity? =

Are fish swimming against the tidal flow? -

Which fish are the most vulnerable? . =
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Presenter
Presentation Notes
Learning more about fish movement during tidal cycles will influence assessment protocols and design criteria.


Olympia, WA Tides Oct-Dec 1990
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Presenter
Presentation Notes
Looking at a condensed version of about three months of tide cycles from Olympia Washington in the southern extreme of Puget Sound.  Olympia has one of the largest tidal swings in WA, with over 20’ difference at extreme tides.  Twice daily high & low tides of differing amplitude.


Tidal Value and Percent Exceedance for selected
Washington reference stations

Tidal Value

20 30 40 50 60 70 80 90

Percent Exceedance

—— Astoria —— Aberdeen Pt. Townsend —— Seattle

Tidal Station MLLW 10% Exceedance 90% Exceedance
Astoria . 0 8.3 0.9

Aberdeen 10.2 1.8

0
Port Townsend . 0 8.7 0.3
0

Seattle 1.4 0.8
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Presentation Notes
Tide-exceedance graph for selected reference stations in Washington State.  Datum is local tidal datum (MLLW = 0).  Washington state code is related to fish passage for 90% of time that fish are present.  MHHW & MLLW are close to this range and may be a starting point for fish passage technical work.
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Presentation Notes
Tidal attenuation:  Measured differences in water level and temperature at a tidal constriction.  “Upstream” is landward and “downstream” is waterward.  Note differences in magnitude & timing.
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Pre Crossing Profile
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Presentation Notes
Prior to culvert installation, note profile.
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Presenter
Presentation Notes
Culvert installed, tidal range.  We will be mostly looking at the range between MLLW and MHHW.


Slack Low Tide

Outfall Drop exceeds limits of compliance

/ \ Streamflow <——

— Depth and Velocity dependent on
inflow hydrology and culvert geometry.
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Presentation Notes
At low tides, outfall drop can exceed current criteria for fish passage.  Depth & velocity may also be a problem.
But, salmon (adult & juvenile) may not be accessing during this period within the tidal cycle.


Flood (incoming) Tide

Outfall Drop beginning to be backwatered by
incoming tide and at limits of compliance

/ \ Streamflow <——
MLLW +X Tide e . -
MLLW
— Depth and Velocity dependent on

inflow hydrology and culvert geometry.
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Presentation Notes
As tide rises, outfall drop is no longer an issue and streamflow is dominant at the culvert.  Are fish accessing the upper habitat at this time (i.e. using the tide to access to a certain point and then advancing in front of the tide)?  This may be different for adult fish or larger juveniles vs. small juveniles.


Flood Tide

Outfall Drop completely backwatered by
incoming tide and within limits of compliance

/ \ Streamflow <——
MLLW +Y Tide / \

MLLW

Depth and Velocity dependent on tidal
backwater, inflow hydrology and culvert geometry.



Presenter
Presentation Notes
This is the early-mid flood stage and at full backwater.  Streamflow is overtaken by incoming tide – are fish moving in with the tide?  At what depth (assuming depth is the key driver - maybe temp, salinity too?)?  Access to transitory habitats for juvenile fish is based on balance of risk/reward related to predator avoidance and access to abundant food source.  This may be the primary ‘upstream’ access time period for small juveniles (i.e. non-volitional).  How would the design of the water crossing impact the ability of small juveniles to ‘ride the tide’?  Are larger juveniles and adult fish accessing upper habitat and how does depth influence ability to move upstream?


Slack High Tide

Outfall Drop completely backwatered by
incoming tide and within limits of compliance

MHHW

Streamflow <——

/_\
[N\

MLLW

Depth and Velocity dependent on tidal
backwater, inflow hydrology and culvert geometry.
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At MHHW, tidal attenuation may continue to create a reversal of flow within culvert (tide flooding upstream even at slack high tide or receding tide on waterward side).  Water depth is high and allows predators as well as juveniles to access (including larger juvenile salmon).  Movement may be non-volitional.  Are small juveniles, larger juveniles and/or adult fish moving at this point in the tide?


MHHW —

Ebb Tide

Outfall Drop completely backwatered by
incoming tide and within limits of compliance

MHHW

_ / \ Streamflow <——
MHHW - Z Tide

MLLW

Depth > minimum for compliance,
instantaneous Velocity = O
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Early ebb tide. Velocity is zero (balance slack for upstream) at this moment, but will quickly compound tidal and stream flow as tide recedes.  Are juvenile fish moving out of the channel at this time?  Are juvenile fish moving into the channel (large vs small)?  Are adult fish moving through (upstream against the tide)?


Ebb Tide

Outfall Drop completely backwatered by
incoming tide and within limits of compliance

/ \ Streamflow <——
MLLW +Y Tide / \

MLLW

Depth and Velocity dependent on tidal
backwater, inflow hydrology and culvert geometry.
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This is the late ebb stage.  Streamflow and tidal flow are in same direction.  Which direction are fish moving?  What is the key depth (or maybe temp, salinity) for fish movement?  We’ve observed small juveniles holding and then moving out with flow as the tide recedes to low tide, but is this typical?  Are larger juveniles or adult fish moving upstream to access resources?


Ebb Tide

Outfall Drop beginning to be backwatered by
incoming tide and at limits of compliance

/ \ Streamflow <——
MLLW +X Tide

MLLW

Depth and Velocity dependent on
inflow hydrology and culvert geometry.
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On ebb tide, outfall drop may become issue at late in tide cycle.  Are fish moving at this time?  With the ebb flow, against the ebb flow or holding in place?  This may be different for adult fish or larger juveniles vs. small juveniles.


Slack Low Tide

Outfall Drop exceeds limits of compliance

/ \ Streamflow <——

MLLW

Depth and Velocity dependent on
inflow hydrology and culvert geometry.
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At slack low tides, outfall drop can exceed current criteria for fish passage.  Depth & velocity may also be a problem.


"Assessing ti al culverts
compoundmg attenuation

MHHW
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Tidal culverts in series are more difficult to assess and develop a design.  Must work from downstream to upstream to account for compounding attenuation implications.  Compounding attenuation may minimize appearance of tidal energy concerns in upstream culverts.


* Removal — determine if structure is
actually needed

* Bridge — channel-spanning bridges
facilitate natural in-stream processes

and habitat connectivity for fish and
wildlife

* Stream simulation culvert — culvert
wider than and placed at the same
gradient as the stream channel and
includes a bed throughout to mimic
natural in-stream processes.

* No-slope culvert — small culvert set at a
flat gradient used for simple
installations.

* Retrofit or fishway — Used only for
situations where other options are not
feasible.

Barnard, R. J., J. Johnson, P. Brooks, K. M. Bates, B. Heiner, J. P.
Klavas, D.C. Ponder, P.D. Smith, and P. D. Powers (2013), Water
Crossings Design Guidelines, Washington Department of Fish and
Wildlife, Olympia, Washington.

http://wdfw.wa.gov/hab/ahg/culverts.htm
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Freshwater well developed – both hydraulic methods & geomorphic methods
Tidal not as well developed – Appendix D



Appendix D: Tidally Influenced Crossings

Alternative analysis using a hierarchy of benefits

e Hydraulic processes

e Sedimentary processes

e Geomorphic processes
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Explanation of Hierarchy of Benefits in Appendix D


72
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Examples of options for a crossing at a tidally influenced site (from Appendix D)
Option A – benefit of full tidal inundation (i.e. no attenuation)
Option B – also allows some channel migration over time
Option C – allows barrier spit to function under a large bridge
Option D – allows full function of barrier spit and full tidal inundation


Relative benefits

1.2

0.8

0.6

0.4

0.2

0

4
$0.0

$0.5

Barrier Est

$1.0

$1.5

Relative Costs

$2.0

$2.5

$3.0
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From Appendix D –
Look at relative benefits of Options A – D and costs for best fit.  Info in App D assigns default relative values to environmental benefits for Options A – D, but these can vary between sites.  Costs will also vary, so each site will need independent assessment work.


* Define fish passage in tidal areas

* Which fish? What life stage? What time of year? Wherein
the system? When in the tidal stage?

* Revise protocol for barrier assessment
* Field crew & engineering assessment

* Revise Priority Index to address tidal areas

* Revise technical guidelines for design in tidal areas
* Fish passage design criteria as baseline

* Habitat restoration design criteria for fish access to tidal
areas

* |s there a geomorphic approach for design (e.g. stream sim
for freshwater areas) that makes sense for tidal areas?
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Working with Correigh Greene & Jason Hall of NOAA Fisheries NWFSC to pull together a comprehensive literature review for tidal water crossings.  Our focal questions are: 
What are reference conditions for fish behavior and movement in undisturbed estuarine & marine ecosystems? 
How do water crossing structures or manmade constrictions of tidal influence impact fish movement and habitat function?
What are field indicators of impacts from constrictions of tidal systems?  
We’ve currently focused on over 100 peer-reviewed references for further review, but are also looking for input & relevant peer-reviewed or gray literature that we might be able to work with you to collect.


International distribution of references

# of references
0 10 20 30 40

NE Pacific Ocean
NW Pacific Ocean
SW Pacific Ocean
NE Atlantic Ocean
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None specified
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Our literature review is international in scale with groupings as indicated.


Topics covered by references

# of references
0] 20 40 60

Habitat [
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Biology # of references
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60
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The references have been categorized using keywords and subgroups to make the annotated bibliography easy to use and to develop the literature review.
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Passage rate is marked mummichog  (% movement either upstream or downstream of structures) for various New England marshes
Species richness graph is for Elkhorn Slough (CA). Note trends in marine invertebrate and fish spp diversity vary inversely with tidal muting.
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* Add “gray” literature

e Add additional literature to assist guidance
| .g., flow thr@olds affecting fish, reference conditions)
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Our next steps for the literature review work are to finish the collection of references and process to find relevant information in an accessible way.  In addition to a literature review, we will develop data gap analysis to focus future research.  This information is essential for support while updating assessment criteria, prioritization methods and technical design guidance.  We look forward to collaborating with you.
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Doris Small Pad Smith
doris.small@dfw.wa.gov pad.smith@dfw.wa.gov
360.902.2258 360.902.2569
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Thank you!
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