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FISH AND WILDLIFE SERVICE

Westem Washington Fish and Wildlife Office
510 Desmond Dr. SE, Suite 102

Lacey, Washington 98503
In Reply Refer To:
1-3-05-F-0688

HAY 3 1 2007

Mr. Daniel M. Mathis, P.E.
Division Administrator
U.S. Department of Transportation
Federal Hi ghway Administration
Suite 501 Evergreen PIaza
711 South Capitol Way
Olympia, Washington 9850I-1284

Dear Mr. Mathis:

This document transmits the U.S. Fish and Wildlife Service's (FWS) Biological Opinion (BO) on
the proposed extension of State Route 767 inPierce County, Washington. This BO addresses the
effects of the proposed project on the bull trout (Salvelinus confluentus) and designated cntical
habitatfor the bull trout in accordance with section 7 of the Endangered Species Act (Act) of
1973, as amended (16 U.S.C. I53l et seq.).

Pre-consultation coordination for this project beganin2003. On October 26,2004, your office
submitted a Biological Assessment (BA) and requested formal consultation. This request was
withdrawn on December 17,2004. On September 30, 2005, your office forwarded arevised BA
and aganrequested formal consultation. On October 27,2005, the FWS sent a letter for FHWA
stating Ihatthe information necessary to initiate consultation had not been received. Between
October 2005 and April 2006 multiple meetings and information exchanges oocurred. A
collaborative approach began where the National Oceanic and Atmospheric Administration

CNOAA) and the FWS (collectively referred to as the Services) assisted the project team in
deconstructing the action, completing an exposue analysis and by providing input on various
effects analyses. On April 77 , 2006, your office submitted a package of information to the
Services which included a revised deconstruction of the action, baseiine information, action area

anaiyses from the project team and considered the initiationpackage complete. Collaborative,
pre-consultatronmeetings and submittal of updated project information continued into February,
2007 when several, new, stormwater infiitration techniques were added to the project. This BO
is based on the original BA as well as the collection of subsequent information and revised
project descriptions.

United States Department of the Interior
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The proposed project involves construction of a four-lane freeway with two High Occupancy
Vehicle lanes; interchanges with existing SR l6T,lrterstate-5 (I-5), and SR 509; multiple
crossing structures over the Puyallup River, Wapato Creek, Surprise Lake Tributary, and
Hyiebos Creek; compensatory wetland mitigation; parlralrelocation of Surprise Lake Tributary
and Hylebos Creek; and riparian restoration along Wapato Creek, Surprise Lake Tributary, and
Hylebos Creek. The proposed riparian restoration plan (RRP) is intended to provide an
alternative approach to traditional stormwater flow control techniques.

As you are aware, the proposed project is at a very early stage of design. Few details regarding
stream crossings, stormwater facility design and other important project features are known. As
such, the project team requested that this consultation be performance-based. Therefore, the
consultation is based on the assumption that some ievel of ongoing coordination will occur into
the future, primarily through our participation in the RRP Technical Assistance Group, as the
design progresses and is fnalized.

Your effect determinations for the proposed project were "may affect, likely to adversely affect"
for the both the bull trout and designated critical habitat for the bull trout; artd"may affect, not
likely to adversely affect" the bald eagle Q{aliaeetus leucocephalus).

Based on the information provided in the BA, we concur with your "may affect, not likely to
adversely affect" determination for the bald eagle. Our concurrence is based on information in
the BA stating that baid eagles do not nest within the action area andthe closest nest is
approximately 1.6 miies away. While the action area provides some foraging habitat, it does not
support known concentrations of bald eagles. Due the existing high levels of disturbance, long-
term operation of the proposed project is not expected to result in any significant changes in
foraging behavior by eagles. Therefore, potential impacts associated with disturbance dlring the
proposed construction and operation ofthe proposed project are likely to be discountable.

The enclosed BO addresses the adverse effects associated with the proposed project to buil trout
and the potential for adverse modification to designated critical habitat for bull trout.

If you have any comments or questions regarding the BO, please contact Emily Teachout at
(360) 753-9583 or John Grettenberger at (360) 753-6044.

. Berg, Manager
ern Washington Fish and Wildlife Office

cc:
NOAA-Fisheries, Lacey (Rickard)
WSDOT-ES O, Olympia (White)
WSDOT-Olympic Region, Olympia (Fuchs)

Sincerely,
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C ONS I.ILTATION HIS TORY

The Washington State Department of Transportation (WSDOT) is proposing to use funding from

the Federal Highway Administration (FHWA) to extend State Route (SR) 167 between SR 161

in north Puyallup and the SR 509 freeway in Tacoma, within Pierce County, Washington. The

project will involve construction of a four-lane freeway with two High Occupancy Vehicle lanes;

interchanges with existing SR 167, Interstate-5 (I-5), and SR 509; multiple crossing structures

over the Puyallup River, Wapato Creek, Surprise Lake Tributary, and Hylebos Creek;

compensatory wetland mitigation; partial relocation of Surprise Lake Tributary and Hylebos

Creek; and riparian restoration along Wapato Creek, Surprise Lake Tributary, and Hylebos

Creek.

Pre-consultation coordination for this projgct began in 2003 with meetings between the FHWA,

WSDOT,'National Oceanic and Atmospheric Administration (NOAA) and the US Fish and

Wildlife Service (FV/S) (collectively refened to as the Services). On October 26,2004, the

FIIWA submitted a Biological Assessment (BA) and requested formal consultation. This

request was rescinded on December 17,2004, when FHWA withdrew the consultation because a

prefen'ed option had not been identified. Pre-consultation meetings began again and the Services

provided technical assistance on topics such as conducting the exposure analysig q{
deconskucting the action. On September 30, 2005, the FHWA forwarded a revised BA and

requested formal consultation. On October 27,2005, the FWS sent a letter for FHWA stating

that the information necessary to initiate consultation had not been received. Between October

2005 and April2006 multipie meetings and information exchanges occllrred. A collaborative

approach tc conductingfte consultation v/as beg;n'r,'hich included the Sen"ices assisting the

WSDOT and FHWA in deconstructing the action, completing an exposure analysis and

providing input of various effects analyses. On April 77,2006, FHWA submitted a package of

information to the Services which included a final deconstruction of the action, baseline

information, action area description, and draft exposure analyses. Collaborative, pre-

consultation meetings continued where the Services provided guidance and input on topics such

as development of stormwater flow control approaches, bull trout critical habitat analyses and

completion of the exposuro analyses. On October 5,2A05, v,'e received revised exposurs

analyses from the project team and considered the initiation package complete. Revised project

descriptions and effect analyses continued to be submitted by WSDOT and FHWA and included

revised pollutant modeling results, updated in-water work plans, and responses to various

questions throughout the remainder of the consultation. On lanuary 29,2007, a meeting was

held between the Services, FHWA and WSDOT to discuss draft Terms and Conditions that had

been provid.ed by NOAA. This meeting led to a formal elevation of particular issues by WSDOT
and FHWA, Severai meetings and information exchanges occurred at thaf poinf On February
27,2007,WSDOT provided a revised analysis of the hydrologic impacts of new impervious

surface in the Puyallup River sub-basin. This analysis factored in the addition of several, new,

stormwater infiltration techniques and is svrnmarized in the "Effects of the Action" section of

this Biological Opinion. A complete record of this consultation is on file at the Western

Washington Fish and Wildlife Office'



BIOLOGICAL OPINION

DESCRIPTION OF THE PROPOSED ACTION

The proposed project is to extend the existing SR 167 by constructtng anew highway from SR
161 in north Puyallup to SR 509 in Tacoma, within Pierce County (Figure 1). The project is
intended to relieve congestion and will consist of two lanes in each direction, plus inside High
Occupancy Vehicle lanes that will be constructed in the future. The project includes &eeway-to-
freeway connections with SR 509 andl-S, new local access interchanges at 54th Avenue East
and Valley Avenue, and completion of the SR 161 interchange. Weigh stations and park-and-
ride facilities are included for each direction of travel.

The project will meate approximately 221acres of impervious surface. Of that, 70 acres will be
in the Puyallup sub-basin, 115 acres will be in the Hylebos sub-basin, and36 acres will be in the
Wapato sub-basin. The anticipated Average Daily Traffic (ADT) level on the new freeway in
theyear 2015 is 50,000 to 70,000 vehicles per day and in 2030, it will be 75,000 to 95,000
vehicles per day.
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Deconstruction of the Proposed Action

At the time of this consultation, design of the proposed project was still in the early stages. For

this reason, little specific information exists regarding project design and many of the

construction details have been left for the contractor to determine. As such, the analysis relies on

attainment of performance standards in some instances and on worst case assumptions in others.

To determine the effects of the proposed action, WSDOT, in collaboration with the Services,

deconstructed the action into over 100 individual components. These elements were detailed, in

matrix form, to the extent possible. This represents a complete description of the proposed

action and is included in Appendix A. The following section includes a description of the most

significant portions of the action and some individual components have been lumped into larger

categories for clarity.

Vegetation Removal and FilI Placement

The project corridor is approximately 6 miles long and will range in width from250 ft at its

narrowest location to 800 ft atthewidest point (where riparian restoration is proposed). Existing

vegetation wili be permanently cleared and grubbed from a maximum of 217 .6 acres within the

footprint of cut fillslopes: 76.3 acres are within the Puyallup sub-basin, 81.9 acres are within the

Hylebos sub-basin, and 59.4 acres are within the Wapato sub-basin. Woody vegetation, where

practical,will remain on site and be used to qeatehabitat. Where practical, topsoil will be

stripped from the areas of the new embankment during the drier months of the year andwill be

stockpiled for future use within the project area. Most of the highway will be constructed above

existing ground ele',/ation on a maximum of approximately 3.7 million cubic yards of imported

fi|lmaterial, 8 to 35-ft deep, approximately 1.0 million cubic yards in the Puyallup sub-basin,

approximately 2.3 million cubic yards in the Hylebos sub-basin, and approximately 0.45 million

cubic yards in the Wapato sub-basin. Fillwill come from among 50 approved aggregate sources

within Pierce and King Counties. Cut and fill slopes will be reseeded and stabilized. Existing

vegetation willbe temporarily removed from a maximum of 280.2 acres withinthe area

proposed for ripariari restoration, and the equipment staging and material stockpiling arcas. 17 '5

acrcs 'will bc rcmoved'within thc Puyallup sub-basin, 1'71,.3 acres -within thc Hylebos sub-basin,

and97.4 acres within the Wapato sub-basin.



Figure 2: Overview of proposed project area.



Construction of New Roadway and Other Transportation Facilities

The proposed project will construct a new roadway, widen existing roadways, realign existing
roadways, and construct interchanges, roundabouts, a cul de sac, weigh stations, and a park and
ride lot. This will result in the addition of 70 acres of new impervious surface in the Puyallup
sub-basin, 1 15 acres of new impervious surface in the Hylebos sub-basin and36 acres of new
impervious surface in the Wapato sub-basin. Temporary access roads will be constructed in
Hylebos and Wapato sub-basins. Construction of temporary access roads includes gradrng,
installation of cross-drain culverts, dust control, and revegetation. Existing roads and travel
paths will be used whenever possible. The number of stream crossings will be minimized and
willbe perpendicular to the main channel whenever possible. Culverts will be sized to maintain
hydraulic capacity.

Figure 3: Design visualization of the proposed SR 167 interchange with the existing
Interstate-S.

Stream Diversion and Relocation

In order to accommodate SR 167lI-5 interchange on- and off-ramps, approximately 0.5 acre of
existing Hylebos Creek will be permanently filled. For a period of up to 3 years while the
relocdted permanent channel is being constructed, Hylebos Creek will be diverted into a 950-ft
long by 18-ft wide channel installed with habitat features. The channel will be excavated in the

andlarge-woodydebris(IvlDlwill-beinstalled
section, fish handling will remove trapped fish, the area will be dewatered, and the flow willbe
diverted to the temporary channel. Fish handling will be conducted based on the protocol in
Appendix B. Dam installation will either be by hand or by equipment operated from the banks,
overhead bridges, or outside the wetted perimeter.

Once interchange construction has progressed such that the locations of permanently relocated
Hylebos Creek and Surprise Lake Tributary will not be disturbed by further construction, the
new approximately 4,000-ft long by 2}-ftwide, Hylebos Creek channel and the new, 5,300-ft
long by 4-ft wide, Surprise Lake Tributary channel will be constructed. Approximately 0.14



acres of the Surprise Lake Tributary chawtel will be filled as part of the reiocation. Hylebos

Creek will be relocated to the reed canary-grass wetland east of I-5. Surprise Lake Tributary will

be relocated to agricultural fields east of the new SR 167 mainline and restored to a more natural

alignment. Design of the stream channels is only conceptual at this stage of project

development, but the created stream channels will be designed to support channel forming
processes, floodplain functions, and habitat connectivity. They will be sinuous, meandering

channels with.habitat features such as LWD (both Hylebos and Surprise Lake Tributary) and side

channels (Hylebos only).

To maintain enough velocity to transport sediment, berms will be constructed along relocated

Hylebos Creek. The berms will be constructed from native mateial excavated from the channel

and arc intended to focus the energy of floodwaters to the center of the channei. The berms will

have openings to ailow for flood attenuation. Floodwater willbe able to disperse onto the

floodplain and then recede into the channel. The top of the berms willbe at the l-year flood

elevation, andrunge between 1 to 3 ft above the existing ground. The berms will be

approximately 16 ft wide, depending on how much material is excavated from the channel. The

berms are intended to fail over time so that they do not limit eventual connectivity with the

floodplain.

During in-water construction of the relocated stream channels, dams will be used to isolate work

areas. The dams will divert water from the isolated arca and fish will be removed as the site is
'dewatered. Fish removal will occur based on the protocol in Appendix B. The dams will then be

removed and the abandoned channels filled. Most of channels can be constructed in the dry

season au/a)/ from the existing iocation of the creeks'#til the tno ends of each channel atercad.y

to be connected.

Stormwater Management

Temporary and permanent stormwater Best Management Practices (BMPs) will be constructed
for water quality treatment and flow conkol consistent with the most recent version of the

WSDOT High.way P.'moff }danual. In accordance'with the implementing agreement the -"vater

qualitymixing zones will not exceed 300 ft in the Puyallup River, 200 ft. in Hylebos and Wapato

Creeks, and 100 ft in Surprise Lake Tributary.

Water Quality Treatment

The WSDOT is proposing water quality treatmentfor all 221 acresof new Pollution
- . 

- Generating Impervious Surface (PGIS). In the Hylebos sub-basin, 88 acres of PGIS in
four threshold discharge areas (TDAs) will discharge through 11 outfalls which discharge
above the ordinary high water mark (OHWM) of Hylebos Creek or Surprise Lake
Tributary and then into an area intended to provide flow control (see description of the
"RRP", below). Depending on the type of water quality BMP that precedes discharge,
treated stormwater may sheetflow from BMPs such as vegetated filter strips or it may be

collected and conveyed from BMPs such as constructed wetlands. Twenty-seven acres of

PGIS in two TDAs within the Hylebos sub-basin will discharge through six outfalls to

non-listed fish-bearing Fife Ditch, discharging approximately I mile downstream into



Hylebos Creek and then into the Hylebos Waterway. In the non-listed fish-bearing

Wapato sub-basin, 3 acres of PGIS in one TDA will discharge into Erdahl Ditch and 9

acres of PGIS in one TDA will discharge into lower Wapato Creek, both will discharge

approximately 1 mile downstream into the Port Industrial Waterway. Twenty four acres

of PGIS in the Wapato sub-basin will discharge between river mile (RM) 7 and 8. In the

Puyallup sub-basin, 70 acres of PGIS in two TDAs will discharge through three outfalls,

two of which discharge into the Puyailup River, via the approximately 2,300-ft long Old

Oxbow Ditch and lake system and one of u'hich discharges directly into the River. The

WSDOT will also retrofit approximately 24 acres of existing PGIS along northbound I-5.

Table 1: Proposed Project Stormwater Facilities BMPs by TDA'

Proposed
Treatmentr

Proposed
BMPs"

Receiving
Water

Basic*;no flow
control
Enhanced; no
flow control

Enhanced; no
flow control

Enhanced; no
flow'control

Enhanced; flow
control is RRP

Enhanced; no
iiow coniroi
Enhanced; flow
control is RRP
Enhanced; flow
control is RRP

New PGIS
Erdahl Ditch 3 acresWest terminus -

Station 82 to 100
SR 509 Connection

Station 100 to 140
North & South
Frontage Roads -
Alexander to Taylor
SR 157 Mainline &
54th hrterchange -
Station 140 to 165
SR 167 Mainline -
Station 165 to 2I0

I-5 west of t67

I-5 east ofl67

SR 167 Mainline -
Station 2t0to285

BS; P;
CW
CAS; BS;
P; CW;
EE
CAS; BS;
P; CW;
EE
/ ^ r  A  o .  T)c l ,
\-faJ, .crJ,

P; CW;
Ditches
CAS; BS;
CW;
Ditches
BS; CW;
F; EE
BS; CW;
P; EE
CAS; BS;
CW;
Ditches;
DFI; P
B S ; P ;  

-

CW; EE;
CAS

CAS; DFI

Wapato Creek

Hylebos Creek

r-t:f^ T\i+^L
I-Il.9 IJITUII

Hylebos Creek

Fife Ditch

Hylebos Creek

Surprise Lake
Trib./Groundw
atet

9 acres

3 acres

7 anes

25 acres

20 acres

24 ases

36 acres

ValleyAvenue
Interchange
ValleyAve.
Widening

SR 167 Mainline -

Station 320 to 365

-Enhanced; 
flo*

control is RRP
and WDOE
Flow Duration
Standard
Enhanced; flow
control is
WDOE Flow
Duration

Wapato Creek 24 acres

Old Oxbow
Lake
Ditch/Ground
water

18 acres



Proposed
Treatmentl

Proposed
BMPs"

Receiving
Water

Station 365 to SR
t 6 U
SR 512 junction
SR 161 Interchange

t Where noted with an asterisk, WSDOTs intent is to provide enhanced treatment if feasible.
2 CAS : compost-amended soils; BS : Biofiltration swale; P : detention ponds; CW : constructed

wetlands; EE: ecology embankments; DFI: deep filI infiltration; RRP : Riparian Restoration Proposal

Enhanced treatmentvia compost amended soils, biofiltration swales, detention ponds,

constructed wetlands, ecology embankments, or deep fill infiltration is proposed for nine
of the TDAs; the exception being the 3 acre TDA discharginginto the Erdahl Ditch
where basic treatment is proposed if enhanced treatment is not feasibie. Infiltration is a
preferred enhanced treatmentmethod for stormwater, according to the Washington State
Department of Ecology (WDOE 2005a). The predominant soil of the project area is an

orgaric silt loam, which exhibits moderately slow permeability (WSDOT 2002). Due to
the poor infi.ltration capacity of the onsite soils, high ground water elevation, and the
rclative absence of forested lands, there are few opportunities for employing infiltration.
However, the WSDOT is proposing to infiltrate in the road fill, where possible, using
compost amended soils and deep fill infiltration. This method has the potential to
provide both runoff treatment and flow control (SCA 2001).

The WSDOT wiil ensure thattheBMPs will meet the following Performance Standards:

o Basic Treatment: At least 80 percent removal of Total Suspended Solids (TSS)
r Enhanced Treatment : Basic Treatment plus effluent concentrations not to exceed

the following values 90 percent of the time at the point of discharge:

. Total Copper (C,O 12 Micrograms per Liter (lt9lI-)

. Dissolved Cu7.8 1:,glL
r TotalZinc (Zn) 67 ltglL

'

No flow control management is proposed for PGIS in a3 acreTDA disch argSngto lower
Hylebos Creek, nor for a total of 30 acres of PGIS in three TDAs discharging to non-fish
bearing Erdahl and Fife Ditches. These ditches are simple conveyance channels that
discharge to Port Lrdustrial Waterway and Hylebos Waterway respectively through tide
gates and pumps GIfWA 2006). No flow control is proposed for 9 acres of PGIS in one 9
acre TDA discharging to lower Wapato Creek, which then discharges into the Port
Industrial Waterway. In addition, no flow control managementis proposed for 52 acres of
PGIS in one TDA discharging directly to the Puyallup River. Subject to certain

Standard
Enhanced; no
flow control
(exempt)

New PGIS

DFI; P; Puyallup 52 acres
Bioswales River/Ground
CW: EE water



restrictions, the Puyallup River downstream of the Carbon River is exempt from flow
control requirements to address effects on the quantity of water in the river (WDOE
2005a). However, if discharge from this TDA ties into existing stormdrain systems that arc
akeady at maximum capacity, flow control BMPs would be designed to match existing
flows using single event Santa Barbara Urban Hydrograph methodology so as not to
exceed the highway's cul:rent contribution to the existing storm drain system (FHWA
2006).

The WDOE Flow Duration Standard (FDS) willbe used to design facilities for 18 acres
of PGIS in an 18 acre TDA that discharges into Oxbow Lake Ditch, a2,300 plus foot-
long ditch and lake system, prior to discharging into the Puyallup River. Compost
amended filter strips for detention and deep fill infiltration, considered experimental in
the most recent version of the Highway Runoff Manual, are proposed for use in this
TDA. Experimental BMPs would require approval from Washington Department of
Ecology (WDOE) and may require monitoring. The most current Flow Duration
Standard required by WDOE will be implemented at the time of design (FHWA 2006).

The WSDOT is proposingipananrestoration in the Hylebos sub-basin as an alternative
to the construction of large stormwater detention facilities that would be required for
control flow from three TDAs totaling 85 acres of PGIS. The Riparian Restoration
Proposal (RRP) will be applied to 87 acres of riparian areaadjacentto 4,000 ft of existing
and the newly relocated Hylebos Creek, atd29 acres of riparian area surrounding
relocated Surprise Lake Tributary. The RRP will also be applied to 73 aqes of riparian
ar:ea adjacent to 9,000 ft of Wapato Creek in combination -.'.,ith con.,.entional flo'r,'control
BMPs atthe Valley Avenue Interchange (Figue 4).
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Figure 4: Riparian Restoration Proposal

The primary purpose of the RRP is to provide a creative, alternative approach to flow

contiol. As such, the RRP minimizes the areaneeded for conventional flow control

ponds. For instance, in Wapato Creek sub-basin, 23.6 acres would be required to

accomrnodtte ab-nvedtionafflowrcontrolpondsfEompar-eA-to T.I acresunder Tlrm

(EnviroVision 2005). The RRP will also reduce the number of inlet structures and

amount of drainage piping required to maintain flow control, while atthe same time

increasing the channel migration area of Wapato Creek, Hylebos Creek, and Surprise

Lake Tributary. The three goals of conventional flow control BMPs include reducing

streambank erosion, controlling flooding, and maintaining the biological integlity of the

stream. The RRP will:

11
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. Prevent increased streambank erosion by directly stabilizing denuded strearnbanks
with native riparian vegetation.

o Provide shading and potentially reduce localized stream temperatures.
r Reduce flood impacts in the Hylebos Basin.
o hcrease the biological integflty of the streams by improving in-stream habrtaL
o Restore and preserve approximately 218 acres of riparian and wetland habitat.
o Establish forested buffers along 4.4 miles of streams within the project area.
o Improve approximately 63 acres of existing wetlands and create an undetermined

amount of wetlands by restoring hydrology and stabiliztng strearnbanks.

Construction of the RRP will include vegetation removal, fill placement, access, staging
areas, stockpile areas, gading, revegetation, and removal of invasive plant species.
Buildings, roads, culverls, and other infrastructure will also be removed, and the land use
will be converted back to anpat'ran forest and planted with native vegetation.
Approximately 30 acres of existing PGIS will be removed within the RRPs. A benoh cut
will be constructed to lower the flood levels of l{ylebos Creek. It willbe a depressed
floodplain atrong the southern bank. The gradual slope of the bench cut will allow the
water to drain back to the creek and prevent fish shanding. The terrace would be
inundated when flow in the creek exceeds half of the Z-yeat storm event flow.

The current design is conceptual at this stage ofproject development. A Technical
Advisory Group representing local, State, and Federal regulatory agencies, the Puyallup
Tribe, and interested non-govemmental and environmental orgarizations was formed by
the WSDOT in 2005 to establish the goals and objectives of the RRP. This group will be
reconvened following completion of National Environmental Poiicy Act (NEPA)
compliance to make recoflrmendations on the design of the RRPs, their maintenance, and
necessary monitoring.

Wetland Impact and Mitigation

A maximum of 32.9 acres of wetlands will be permanently impacted by the project.
Approximately 6.6 acres of temporary wetland impacts will also occur. A conceptual mitigation
plan has been developed and involves mitigation activities at up to 10 potential sites throughout
the action area (Figure 6; Table 2).

'Wetland 
Impact

Permanent wetland impacts occur in all three affected sub-basins Figure 5): Hylebos
(23.7 acres;72 percent), Wapato (1.6 acres; 5 percent) and Lower Puyallup (7 .6 acres;23
percent).
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Figure 5: Wetland impact by sub-basin.

The wetlands that willbe impacted by the project are primadly disturbed, hydrologically
isolated, emergent and farmed wetlands with a large component of non-native plants.
Less than 10 percent of impacted wetlands are forested and scrub-shrub wetlands.
Additionally, there will be approximately 6.6 acres of temporary wetland impact.

Functions thatmay be impacted include flood flow alteration, erosion control, shoreline
stabilization, sediment and heavy metals retention, and nutrient and toxicant removal.
Three wetlands were classified as forested (two occur in a hybrid black cottonwood
plantation) and these may also provide some level of general habitat and native plant
richness functions (Hill and Montgomery Water Group 2005).

-Wethnd-Mitisa

Ten potential wetland mitigation sites have been identified (Figure 6; Table 2). One or
more of these sites may be needed to fulfill wetland mitigation requirements that will be
determined by the U.S. Army Corps of Engineers and the WDOE during permitting.
Wetland mitigation activities will include some combination of creation, restoration,
enhancement, or preservation.
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Three potential wetland mitigations sites were identified within the Puyallup sub-basin and

seven were identified within the Hylebos sub-basin. The sites adjacent to the Puyallup

River could include in-water work such as breaching the existing dike. Areas for breaching

will be isolated with sheet pile cofferdams. The flow of water back into the mitigation site

after construction will be regulated through slow removal of cofferdams.

The WSDOT is designing the wetland mitigation to result in no net loss of wetland

function or areabased on2006 estimates of 32.9 acres ofwetlandimpacts. Replacement

ratios will be determined by the U.S. Army Corps of Engineers and WDOE and will

depend on whether creation or enhancement is required, and what category of wetland is

being impacted. Where practicable, wetland mitigation will occur within the impacted sub-

basins. Work at eachof the sites will probably involve some level of long-term vegetation

maintenanc e thatwiil involve application of herbicides. Table 2 contains a brief
description of each of the 10 sites and the mitigation activities thatmay take place.

otential land Mi SiTable 2: P Wet tu tes.

Site Name
Sub-
basin

Acres Existing Conditions Proposed Activify

"Freeman

Road
Hylebos 50 Farmland, surrounded by

far:mland and quarty. Flat
topography; historic fl oodplain.
Includes network of drainage
ditches. Perennial stormwater
pond treats surface flow;
excellent sources of surface
water and groundwater
hydrology; poor drainage.
Lackingvegetation. Low
function, disturbed wetlands,
likely low water quality

40 acres of wetland
qeation/rcstoration and I 0
acres of wetland
enhancement. Exposure of
shallow groundwat er table,
plug ditches, remove
structures, and filIand
revegetate. Potential
connectivity for wildlife
with other sites.

Surprise
Lake
Tributary
(Mortenson
Farm)

Hylebos 9 Pasture and residence,
surrounded by natural areas and
farmlands. Alluvial fan and
floodplain. Ditched perennial
stream. Lacks vegetation.

5 acres of wetland
enhancement, 2.5 acres of
creation/restoration,
relocation/restoration of
stream. Removal of
structures and fill,
exposure of shallow
groundwater table,
revegetation. Fish and
wildlife habitat
connectivity to other
restoration areas.
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Site Name
Sub-
basin

Acres Existing Conditions Proposed Activity

West
Hylebos
Creek at S.
373rd Street

Hylebos 8 Pasture surounded by rural
residential, and farming. Flat
floodplain. Hylebos Creek
bisects site. Vegetation
predominantly native but woody
vegetation is lacking. Livestock
have access to stream. Includes
salmonid sp awnins habitat.

7 acres ofwetland
enhancement and up to 1
acre of creation/restoration.
Revegetation. Fish and
wildlife habitat
connectivity to sites both
upstream and downstream.

Former Fife
Soccer
Complex

Lower
Puyallup

1 5 Farmland surounded by
residential development. Flat to
sloping floodplain, with a
terrace feature. Lacking woody
vegetation. Several buildings
adjacerf.to site.

72 acres of wetland
creatton/rcstoration;
setback levee along tenace
feature; excavation to
cr eate wetlands ; construct
connection to Puyallup
River via a culvert.
Reveeetation.

Tacoma
Junction
(rrPRR)

Lower
Puyallup

150 Farmland and natur aI ar ea
surrounded by roads, railroad,
commercial development. Flat
to gently sloping floodplain,
with an existing levee. Ditch on
northern site boundary.
Vegetation mostly row crop and
weedy species; possible
contamination fr om asricultural
use.

75 acres of wetland
creation/restoration and 7 5
acres of enhancement.
Construction of setback
levee; grading for soil
s aturation/inundation;
conskuct connection to the
Puyallup River to allow
access to side channel
habitat; excavate for
seasonal
inundation/s aturati on;
revegetation. Fish and
wildlife habitat
connectivity in Puyallup
River.

Oxbow
Wetland'

Lower
Puyallup

1 8 9 Farmland surrounded by
residential development. Flat to
gently sloping floodplain,
tenace feature, oxbow on-site.
Vegetation is mostly weedy
species and row crops, with
existing emergent, scrub-shrub,
andmature forested wetlands in
the oxbow. Numerous
residential and commercial
buildings, and a sewer line and
oump station run on-site.

100 acres ofwetland
cr eation/ r estoration, 1 5
acres of enhancement and
30 acres ofpreservation of
existing wetlands.
Construction of setback
levee; excavation [8-12 ft]
to support wetlands;
construct culverts to
connect to Puyallup River;
revegetation and removal
of structures.



Site Name
Sub-
basin

Acres Existing Conditions Proposed Activity

Birch Skeet Hylebos 11 Natural area, previously
farminglpasture. Surrounded bY
residential and commercial
development, and roads.
Narrow floodplain with steep
valley slopes. Predominantly
forest, patches ofdense reed
canafvgrass.

11 acres of wetland
enhancement. Treatment
ofreed canarygrass;
revegetation. Habitat
connectivity for fish and
wildlife with the Hylebos
Creek RRP.

East
Hylebos
Creek east
of 5th Ave

Hylebos 25 Natural area, previously
farmingl p asture, surrounded b y
residential development.
Predominantly forest, patches of
dense reed canarygrass.

25 acres ofwetland
enhancement. Treatment
ofreed canarygrass;
revegetation. Habitat
connectivity for fish and
wildlife with the West
Milton Nature Preserve.

Water Crossing Structures

The project pntails construction, widening, removal, or replacemer$. of 57 temporary and

permanent bridges and culverts: Twenty Six crossing Hylebos Creek, 1 crossing the Fife Ditch,

11 crossing Surprise Lake Tributary, 14 crossing Wapato Creek, and 5 crossing the Puyallup

River. Twenty four of these are pefinanent structures that will be constructed across the

Hylebos, Surprise Lake, and Wapato RRPs. With consideration of site specific design

constraints and,practicability, the following stream crossing Performance Standard will be

applied: "sizing and location of stream crossings will complement the functions of the RRP by

supporting channel forming processes and floodplain functions, and habitat connectivity in the

RRP." The known specifics of the water crossing structures to be constructed are described as

follows.

Puvallup Sub-basin

Bridge replacement and widening will occtr over the Puyallup River at SR 167A{orth Meridian

(Figure 7). The existing crossing consists of two bridges, one steel and one concrete. The

existing steel bridge will be replaced and the existing concrete bridge will be widened. To

conduct the bridge replacement and widening, two temporary work trestles and one temporary

detour bridge are expected to be necessary. A barge may also be used as a work platform for up

to two construction seasons.
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Figure 7: Design visualization of the Puyallup River Bridge replacement.

Installation of Temporary Work Trestles and Detour Bridge

The temporary trestles and the detour bridge will be constructed on hollow steel piling, with steel

rup. *d stringers and adeck of untreated wood beams to accommodate iarge equipment and

trifftc. The piles will be a maximum of 24 inches in diameter. Approximately 150 piles are

expected to be necessary (50 piles per structure). Installation will occur with a vibratory hammer

*d th"tt the piles willbe proofed with an impact hammer. If the substrates prevent vibratory

installation or obstructions are encountered, installation could occur with an impact hammer.

Impact pile installation will be limited to daylight hours. It is possible that pile installation for

each structure couid happen concurrently. Some pile installation may be conducted with a

barge-mounted pile driver.

Both temporary work trestles and the detour bridge will be constructed during the first in-water

construction window. One temporary trestle could be in place during two construction seasons

and the other trestle and the detour bridge could be in place during three construction seasons.

Steel pile installation results in elevated underwater sound pressure levels that ate high enough to

kill, injure, and or disrupt the normal behavior of aquatic organisms. In order to minimize the

potential effect of underwater sound pressure levels from pile installation, the following

Performance Standard was proposed by the WSDOT:

lsvelslo-l8O-tq185 leaibels -(dB)afareferqnc-q prsssue d oup
micro-Pascal (dB re: lpPa) measured at mid-depth 10 meters from the piling,

utilizing s ound attenuation.

Replacement of the Steel Truss Bridge

The steel truss bridge spanning the Puyallup River will be replaced. The bridge contains lead-

based paint andwili be cut and removed in sections to keep the majority of the paint intact.

Demolition will comply with conditions specified in the WSDOTs National Pollution Discharge

Elimination System (NPDES) permit for "Washing and Pressure Washing of Bridges and Ferry
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Terminals". Conditions listed in the permit specify work restrictions that minimize pollutants

entering the water and the disturbance of vegetation. Notable requirements include the

following:

. Dry-clean (scrape, sweep, of vaouum) bridge before washing. This

includes flaking paint. Residual grease must be removed with

degreaser on absorbent-materiaI. Areas of the bridge that cannot
be safely dry cleaned should be flushed).

. IJse the minimum pressure that will clean the bridge and prevent
paint chips from entering the Puyallup River. Avoid flaking paint

and lower the pressure if needed to prevent the removal of bonded

Paint.
. Plug bridge drains before washing'
. IJse clean wash water with no detergents or other additives'

Sawcut water will kept out of surface water. The piers and abutments will then be removed.

These strucfures are within the OHWM but are outside the wetted perimeter of the low-flow

channel. Holes left when the piers and abutments are removed willbe backfilled with rock or

new abutments.

The replacement bridge will be approximat ely 75 ft wide and will be steel or concrete. Drilled

shafts are expected to be used for the foundation. Shafts will be placed to a depth adequate to

prevent future scour. A maximum of two piers will be placed within the OHWM. Each pier will

ha,re amaxim'm of three 1.O-ft diameter col'mns fcr a total of six columns. Ths col'mns'*'ili

displace approximately 472 ft2 of benthichabitat.

To minimize noise and lighting disturbance, wotk will only occur during daylight hours. The

work area will not be lit at night or lighting will not be directed at the water.

Widening of the Existing Concrete Bridge

The existing concrete bridge will be widened from 35 ft to approximately 42 ft. Ctxrently, one

bridge pier is within the OHWM of the Puyallup River. As part of the widening, the existing

footings will be widened and require seismic upgrades. To accommodate the wideninE,the

existing rail and overhang will be removed. This will likely be achieved with the use of a hoe

ram (hydraulic cruncher on a backhoe). Debris will be contained. The work will be conducted

primarily from the existing bridge; however, a temporary work trestle may be required to access
-the 

bridge from underneath the deck.

Bridge Column Construction (Includes Dewatering and Fish Handling)

To construct the new steel bridge, six 14-ft diameter cofferdams will be installed around each

new column and will result in a dewater ed areatotaling approximat ely 924 ft2. To widen the

concrete bridge a 58-ft by 47-ft cofferdam will be constructed around the footing that is within

the channel, resulting in a dewatered area of 2726 ft2. Cofferdams fbr the new bridge will be

installed during the in-water w.ork window of the second construction season. The cofferdam for
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the widened concrete bridge will be installed during the'in-water work window of the first

construction season. A vibratory hammer will be used to install sheet piles for the cofferdams.

The sheet piles and cofferdams witl be placed using machines that are kept outside of the wetted

perimeter. Fish handling will be necessary to remove any fish trapped inside the area to be

dewatered inside the cofferdams. Fish will be removed using the protocol in Appendix B'

Cofferdams will remain in place for one construction season per structure. Any waste water

withdrawn from cofferdams will be contained and disposed of in an upland location where it will

not enter surface waters. Sheet piles for the cofferdams willbe removed with either vibratory

techniques or by direct pulling. Lr the event that a sheet pile cannot be completely removed, it

maybe cut off below the ground level.

Removal of Temporary Work Trestles and Detour Bridge

Following demolition, widening, and replacement of existing sffuctures, the work trestles and

traffic detour bridge will be removed. Piie removal techniques could include pulling, vibratory

removal, or cutting piles off 2 ft below the existing ground level. Holes left from piling removal

will be filled with clean native substrate that matches the srirrounding substrate when feasible.

Removal of the work trestle and detour bridge will occur during the in-water work window of the

third construction season.

Hylebos Sub-basin

Within the Hylebos Sub-basin, two stream crossings will require work area isolation, diversion

of water, fish handling, devratering, channel exca-,'ation, and installation of str';ct';res. Fish'vill

be removed using the protocol in Appendix B. A temporary culvert wiil be removed following

the Hylebos Creek relocation. The bridge will be a clear-span bridge with no abutments or piers

within the OHWM, so no in-water work for the bridge construction is required. The Porter Way

Bridge over Hylebos Creek will be demolished and replaced by a new structure with 4 to 6 piers,

that will clear-span the creek with neither abtxmerts nor piers within the OHWM. The 54 piles

in the Hylebos wetlands will be direct puiled, vibrated out, or cut off 2 ft below existing ground.

Bndge demolition is expected to take';p to 4 weeks.

Eleven new bridges will clear-span Hylebos Creek, having neither abutments nor piers within the

OHWM. Two temporary structures to access the Hylebos RRP and work area will be designed

to span the creek channel; there will be no in-water work. These strucfures could be in place for

up to 2 yeaffi. Three temporary structures may be needed as work trestles and temporary bridges

atthe SR 167lI-5 interchange. The structures may have up to six hollow steel piles, no larger

than24 inches diameter, within the OHWM of Hylebos Creek. Two days of piling driving

within the OHWM per structure is expected. The bridges will be in place for one construction

season each. When they are removed, the piles will be pulled, vibrated out, or ctrt off 2 ft below

existing ground.

One bridge will be permanently widened, with piers and abutments placed outside the OHWM

where practicable. Two widened bridges will be in place for up to 3 years. Once both bridges

are removed, following the relocation of Hylebos Creek, they will be replaced with fill mateial.
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It is anticipated that one bridge will require removal of accumulated sediment and debris from
Hylebos Creek which will take 1 day. Removal of three crossings over Hylebos Creek will
require temporary isolation of the work area, diversion of water, fish handling, dewatering, and
then removal of the structures. Fish handling will occur based on the protocol in ,Appendix B.

Surprise Lake Tributary Crossings

A new three-sided box culvert will require an isolated work area, water diversion, fish handling,
and dewatering. Fish handling will occur based on the protocol in Appendix B. The abutments
wiil span the OHWM of Surprise Lake Tributary. One temporary structure to access the Surprise
Lake RRP and work area will span the creek channel, so there willbe no in-water work. The
temporary structure could be in place for up to 2 years.

Seven new bridges will clear-span Surprise Lake Tribut ary,havingneither abutments nor piers

within the OHWM. Two culverts will be abandoned after Surprise Lake Tributary is relocated.

Fife Ditch Crossing

One new culvert will be installed on Fife Ditch.

Wapato Sub-basin

Four new bridges will be constructed in the Wapato sub-basin. Each of the four bridges will
span Wapato Creek,',vith no abuhents cr piors',rrithin the OI{V/}/. hstalLation of three ne'r-/
and/or replacement culverts will require temporary isolation of the work area, diversion of water,
fish handling, dewatering, channel excavation, removal andlor installation of the structures, and
return of flow to the work area. Fish handling will occur based on the protocol in Appendix B.
The removal of seven privately-owned culverts will require temporary work area isolation, fish
handiing, dewatering, channel excavation, removal of the structures, and return of flow to the
work area. Fish will be removed using the protocol in Appendix B. In addition, atemporary
concrete str',.rcture o.ver Wapato Creek trta! be needed to access nparian areas. l.lo picrs arc
anticipated.

Corridor Wide Construction Elements

The location of staging areas and stockpile sites, which includes the storage of construction
materials, equipment and temporary office facilities, will be determined by the contractor and
will be subject to WSDOT review and approval. The location of retaining walls is currently
un-lorown; however, they will likely be needed in order to provide shoring for footing excavation
at all the major interchange locations. These retaining walls wil1be placed in upland areas. An
impact pile driver could be used for retaining wall installations. Detours will likely occur at
proposed interchange locations and the Puyallup River Bridge.

Invasive plant removal will occur within the RRP and the wetland mitigation sites. Removal will
take place during summer months during dry conditions and will be required for up to 10 years

until desired vegetation is established. Methods will likely include manual removal, mechanical
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removal (e.g., mowing), or application of the herbicide glyphosate with the surfactants Agri-Dex or

LI700. Glyphosate willbe applied in accordance with label requirements to avoid over

application and drift by wicking instead of broadcast spraying. The herbicide will only be applied

a*i"g dry conditions, and wicking vs. broadcast spray will be used. Either Agri-Dex (prefened)

or LI700 will be used as surfactants.

A temporary erosion and sediment control plan will be developed and implemented before

ground-disturbing activities are begun. The plan is intended to prevent sediment from leaving

the construction site and entering streams andlor wetlands. Erosion and sediment control BMPs

to be implemented will include, but are not limited to compost berm/biankets, filter fences,

seeding, fertilizing,mulching, and vegetation preservation. As an interim measure before the re-

establishment of vegetation and during construction, filter fences will be installed where

appropriate, such as at the toe of slopes and the perimeter of exposed soils to minimize sediment

from entering streams and,lor wetlands. The WSDOT has an implementing agteement with the

WDOE regardingcompliance with state water quality standards. In accordance with the

ugr""*"nt th" *itrr quaiity mixing zones will not exceed 300 ft in Puyallup River, 200 ft in

Hylebos and Wapato Creeks, and 100 ft in Surprise Lake Tributary. Temporary BMPs will

aliow turbid water to settle for a minimum of 2 hours before discharging. The flow rate of turbid

water into the stream shall not exceed one tenth of the natural flow rate of the stream at the time

of discharge (when dewatering work area). The project will implement Standard Specification 8-

01.3(1) General - (limits exposure of erodible soils). Controlling pollution, erosion, runoff; and

related damagerequires the Contractor to perform temporary work items including but not

limited to:

o Providing ditches, berms, culverts, and other measures to control surface water.

o Building dams, settling basins, energy dissipaters, and other measures, to control

downstream flows.
o Controlling underground water found during construction.
. Covering or otherwise protecting slopes until permanent erosion-control measures

are working.

The Contractor will coordinate this temporary work with the construction of permanent drainage

and erosion control work. The WSDOT may require additional temporary control measures if it

appears pollution or erosion may result from weather, the nature of the materials, or progress on

the work. Staging and or material stock pile areas will not be established within 300 ft of any

streams, rivers, or wetlands; unless site specific review completed by the project biologist

indicates that no impacts to the sensitive resource areas will occur due to topography or other

factors.

A spill prevention control and countermeasures (SPCC) plan will be developed and implemented

to address activities such as waste disposal methods and locations, control of oil, gasoline, and

solvents used in the operation and maintenance of vehicles and machinery; emergency spill

control and containment measures; material storage; and waste accumulation. The spill

prevention control and countefineasures plan will detail how pollution from these activities will

Le prevented from entering waters of the State. As necessary, the contractor will be responsible
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for revising the plans to conform to their actual operations and unanticipated activities as
conshuction progresses.

Conservation Measures

Conservation measures proposed by the WSDOT are considered part of the project and are
incorporated in the above project description. A complete list of the conservation measures is
included in Appendix C.

Project Schedule

Construction of the project is expected to occur in multiple phases over a I3-yearperiod.
Temporary and permanent removal of vegetation is expected to take 2 years per sub-basin
followed by stablhzation for an additional year. Placement of frll is expected to take 2 years per

sub-basin followed by vegetative stabilization for an additionalyear. Construction of the RRPs
staging will occur over several years in order to accommodate the timing of various phases of the
project. Construction of the Hylebos Creek RRP is expected to take two construction seasons
and one year for the Surprise Lake Tributary RRP. Vegetation establishment is expected to take
up to 10 years. Mitigation site creation is expected to take one construction season per selected
site, and vegetation 

"rtublirlnrrent 
may take up to ten years. In-water work required for many of

the bridges and culverts, stream diversion and relocation is expected to take place between July
15 and August 31.

Action Area

'Action area' means all areas to be affected directly or indirectly by the Federal action and not
merely the immediate areainvolved in the action (50 CFR 402.02). For purposes of this
consultation, the action area includes the proposed alignment and area surrounding the alignment
where airbome noise levels are expected to exceed ambient levels. It includes in-water areas
upstream and downstreamof the Puyallup River and Hylebos Creek bridges, between landforms,
v,rhere'+nder.water so';nd from constr';ction',vi11 exceed ambient levels. It also includes ihe thiee
areas comprising the RRP and the ten potential wetland mitigation sites. It includes the in-water
areas where stormwater pollutants generated by PGIS exceed background levels.

In addition, the project is designed to increase passenger and freight mobility, increase safety, and
reduce congestion. As a resuit, the project may affecttherate, timing, and location of land use
changes associated with growth and development. Curtently undeveloped areas within and

- 'i to the project areaare zoned commerciaVindustrial and are rapidly converting to theseaoJaceru
uses. The project will result in fragmentation of agricultural lands, making them less viable, and
potentially increasing the rate at which they convert to commerciaUindustrial use. The proposed
intersection upgrades may result in changes to local arteialtraffic andtraffic on existing highways.
Based on current zoning and land use in the lower Puyallup valley and the zone of traffic influence
as identified in the project Traffic Discipline Report (WSDOT 2001) prdect effects may extend to
the existing SR5/SR 167 interchange to the west, the SR 5/SR 18 interchange to the north, the SR
167lSR 410 interchange to the southeast, andthe SR 509lPort of Tacoma Road to the northwest
(Figure 8). These points represent project effects to traffic primarily on the highways and I-5.
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Surface street traffic effects are estimated to extend to the Puyallup River to the southwest and

along the steep slope area to the northeast, and to the Port of Tacoma to the northwest.

Based on these various factors, we defined the action area is bounded to the west by the existing

I-j/SR 767 irrtercharLge near the I-5 crossing of the Puyallup River (approximately RM 3, to the

northwest by the existing SR 509lPort of Tacoma Road intersection near the head of the Hylebos

Waterway, to the north by the I-5/SR 18 interchange, andto the southeast by the SR 167lSR 410

interchange near the confluence of the White and Puyallup Rivers (Figure 8). Dilution modeling

of pollutants generated by the new PGIS established thatthe action area includes 7,000 ft of the

Hylebos Waterway and2,000 ft of the Blair Waterway.
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Figure 8: SR 167 Action Area
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The action arca contains foraging, migraling, and overwintering habitat for bull trout in the lower

Puyallup River and Blair and Hyiebos waterways. Hylebos Creek, Wapato Creek and Lower

Surprise Lake Tributary arc waterbodies within the action areathatprovide a prey base for bull

trout.

STATUS OF THE SPECIES- Bull Trout (rangewide and/or recovery unit)

BulI Trout Status in the Action Area

This section provides atieredreview of the status of bull trout within the action atea. ltprovides

a general summary of the status of bull trout within the Puyallup core are4 and then a more

specific status of bull trout and foraging, migration, and overwintering (FMO) habitat within the

area of the lower Puyallup River and the adjoining FMO habitat in estuarine/marine areas within

Commencement Bay. Status within the lower Puyallup River and Commencement BayFMO

habitatdescribes the changes that have taken place over time and the current habitat conditions

for bull trout. The effects of the proposed action arclargely restricted to the bull trout
populations within the Puyailup River system; however, there is a remote potential for bull trout

from other core areas to utilize these areas and thus be affected by this proposed action.

Puyallup Core Area

The Puyallup core areacomprises the Puyallup, Mowich, and Carbon Rivers; the White River

system, which includes the Clear.J,/ater, Green;rre.ter, und,the West Fork V/hite PJ"zers; anC
Huckleberry Creek. Glacial sources in several watersheds drain the north and west sides of

Mount Rainier and significantly influence water, substrate, and channel conditions in the
mainstem reaches. The location of many of the basin's headwater reaches within Mount Rainier

National Park and designated wilderness areas (Clearwater Wildemess, Norse Peak Wilderness)
provides relatively pristine habitat conditions in these portions of the watershed.

Anadromous, fluvial, and potentially resident bull trout occ'rii within local populations in the

Puyallup River system. Bull trout occur throughout most of the system although spawning

occurs primarily in the headwater reaches. Anadromous and fluvial bull trout use the mainstem
reaches of the Puyallup, Carbon, and White Rivers to forage and overwinter, while the
anadromous form also uses Commencement Bay and likely other nearshore areas within Puget

Sound. Habitat conditions within the lower mainstem Puyallup and White Rivers have been

highly degraded, retaining minimal instream habitat complexity. tr addition, habitat conditions

within Commencement Bay and adjoining nearshore areas have been severely degraded as well,

with very little intact intertidal habitatremaining.

The Puyallup core areahas the southernmost, anadromous buli trout population in the Puget

Sound Management Unit (USFWS 2004b). Consequently, maittaining the buil trout population

in this core area is critical to maintaining the overall distribution of migratory bull trout in the
managernent unit.
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The status of the bull trout core areapopulation is based on four key elements necessary for

long-term viability: 1) number and distribution of local populations, 2) adult abundance, 3)

productivity, and 4) connectivity (USFV/S 2004b).

Number and Distribution of Local Populations

Five local populations occur in the Puyallup core area: 1) Upper Puyallup and Mowich Rivers, 2)

Carbon fuver, 3) Upper White River, 4) West Fork White River, and 5) Greenwater River. The

Clearwater River is identified as a potential local population, because bull trout are known to use

this river and it appears to provide suitable spawning habitat,but bull ffout reproduction has not

yet been documented there (USFWS 2004b).

trformation about the distribution and abundance of bull trout in this core area is limited because

observations have generally been incidental to other fish species survey work. Spawning occurs

in the upper reaches of this basin where higher elevations produce the cold water temperatures

required by bull trout egg and juvenile survival. Based on current survey data, bull trout

spawning in this core areaoccurs earlier in the year (i.e., September) than typically observed in

other Puget Sound core areas (Marks et aL.2002). Known spawning areas within the above five

local populations are few in number and not widespread. The majority of known spawning sites

are locaied in streams within Mount Rainier National Park, with two exceptions: Silver Creek

and Silver Springs (Marks et aL 2002; Ladley 2007, Puyallup Tribe, Tacoma, Washington, in

litt) which are tributaries to the Upper White River.

Rearing likely occurs throughout the Upper Puyallup, Mowich, Carbon, Upper White, West Fork

White, and Greenwater Rivers. However, sampling indicates most rearing is confined to the

upper reaches of the basin. The mainstem reaches of the White, Carbon, and Puyallup fuvers

pioUuUty provide the primary freshwater FMO habitat for migratory bull trout within this core

area (USFWS 2004b).

With fewer than 10 local populations, the Puyallup core area is considered by the FWS to be at

an intermediate risk of extirpation caused by adverse effects from random naturally occurring

events (USFWS 2OO4b). The factors influencing the number and distribution of bull trout local

populations in this core area are discussed below under "Threats"'

Adult Abundance

Bull trout abundance estimates based on adequate sampling are generally not available for local

populatrons rn uyailup core area. y occur m
bf tfr" local populations in the White River system, based on adult counts at Mud Mountain
Dam's Buckley Diversion fish trap (USFWS 2004b). Although these counts may not adequately
account for fluvial migrants that do not migrate downstream of the facllity, these counts do

indicate that few anadromous bull trout and mainstem fluvial bull trout return to local
populations in the White River system. Based on available information, the bull trout population

in itt. Puyallup core area is considered to be at increased risk of extirpation caused by adverse

effects from random naturally occurring events (USFWS 2004b). The factors influencing bull

trout abundance in this core area are discussed below under "Thfeats".
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Productivitv

No long-term, comprehensive trend data are avulable on bull trout productivify in the Puyallup
core area. Given low known population sizes, productivity is probably low. The factors
influencing bull trout productivity in this core area are discussed below under "Th.reats".

Connectivitlz

Migratory bull trout are likely present in most local populations in the Puyallup core area based
on habitat availability and observed life history forms. However, although connectivity between
the Upper Puyallup River and Mowich River local populations and other Puyallup core area local
populations was reestablished with the creation of an upstream fish ladder at Electron Dam in
2000, this occurred after approximately 100 years of isolation. Very low numbers of migratory
bull trout continue to be passed upstream at the Mud Mountain Dam's BuckleyDiversion fish
trap. The overall low abundance of migratory life history forms limits the possibility for genetic
exchange and local population refounding, as well as limits more diverse foraging opportunities
to increase size of spawners and therefore, overall fecundity within the population.
Consequently, the bull hout population in the Puyallup core area is considered by the FWS to be
at an intermediate risk of extirpation from habitat isolation and fragmentation (USFWS 2004b).

Changes in Environmental Conditions and Population Status within the Action Area

Since the bull trout was listed, the FWS has issued Biological Opinions that exempted incidental
take of the bull trout in the Puyall'.rp ccre aroa. These incidental take exemptions were in the
form of harm and harassment, primarily from hydrologic impacts associated with increased
impervious surface, temporary sediment increases during in-water work, habitat loss or
aiteration, and handling of fish. None of these projects were determined to result in jeopardy to
bull trout. The combined effects of actions evaluated under these Biological Opinions have.
resulted in short-term and long-term adverse effects to bull trout and degradation ofbull trout
habitatwithin the core area.

Of particular note, in 2003, the FWS issued a Biological Opinion (FWS Ref. No. 1-3-01-F-0476)
on the State Route 167 North Sumner lrterchange Project. This project was located in Pierce
County in the White River portion of the Puyallup watershed and was proposed by Washington
State Deparknent of Transportation. The project's direct and indirect impacts, as well as
cumulative impacts within the action area includedwbanization of approximately 600 acres of
land. In the above Biological Opinion, we concluded that conversion of this land to impervious
surface would result in the permanent loss andlor degradation of aquatic habitat for the bull trout
and its prey species through reduced base flows, increased peak flows, increased temperatures,
loss of thermal refugia, degradation of water quality, and the degradation of the aquatic
invertebrate community andthose species dependent upon it (bull trout prey species). These
impacts will result in thermal stress and disrupt normal behavioral patterns. Incidental take of
fluvial, adfluvial, and anadromous bull trout in the form of harassment due to thermal stress and
the disruption of migrating and foraging behaviors was exempted for this project. These adverse
effects were expected to continue in perpetuity.
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Section 10(aX1XB) pormits have also been issued for Habitat Conservation Plans (HCPs) that

address bull trout in this core area. Although these HCPs may result in both short and/or long-term

negative effects to buil trout and their habitat, the anticipated long-term beneficial effects are

expected to maintain or improve the overall baseline status of the species.

Additionally, capture and handlin g and.indirect mortality, during implementation of section 6 and

section 10(a)(1)(A) permits have directly affected some individual bull trout in this core area. hr

the last decade, 15 tn 49 (average 37) adultbull trout have been annually captured and handled at

the fish trap and haul facility at Buckley Diversion while being passed upstream of Mud Mountain

Dam. trn2004 and2005, atotal of six adult mortalities where associated with a radio telemetry

project to track bull trout movements on the White River. During fish recovery operations at the

El"tttott Dam forebay on the Puyallup River, atotalof five adult bull trout were capfured and

released 1n2005,while none were encounteredn2006. The Puyallup Tribe have annually

collected and released up to six juvenile and two adult bull trout over the past 3 years Q004-2006)
at the Electron forebay smolt bypass trap.

Several non-Federal projects are ongoing within the action areaasthe region is developing rapidly.

The development of one project, in particular, came to light during the review of the proposed

action and is referred to as the "Riverside Indushial Park". Through right-of-way development of

the SR 167 project, WSDOT bought apncelof land adjacent to the proposed "Riverfront

Industrial Park". WSDOT granted the City ofPuyallup an easement so that the developer could

cross WSDOT property with utilities necessary for development of the parcel (Fuchs 2006a)' The

parcelincludes warehouse style buildings and associated parking and driveways and is estimated to

total approximately 42.5 acres. Since the parcel could not be Ceveloped vir"hout utitrity access,

which *as being grarfiedby WSDOT, there is a causal relationship between the two projects. The

City was, however, pursuing alternative connection plans. At the time of this witing the project

was already under construction. This project will result in additional PGIS in the actionarea.

Threats to Bull Trout in the Puyallup Core Area

Thieats to bull trout in the Puyallup cate Eiea include:

r Extensive past and ongoing tirnber harvest and harvest-related activities, such as

road maintenance and construction, continue to affect bull trout spawning and

rearing areas in the upper watershed.

' Agricultural practices, such as bank armo ing, ipa/tan clearing, and non-point

discharges of chemical applications continue to affect FMO habitats for bull trout

in the lower watershed.

. Dams and diversions have significantly affected migratory bull trout in the core

area. Until upstream passage was recently restored, the Electron Diversion Dam

isolated bull trout in the Upper Puya[up and Mowich Rivers local population for

nearly 100 years andhas drasticallyreducedthe abundance of migratorybulltrout

in the Puyallup River. Buckley Diversion and Mud Mountain Dam have

significantly affected the White River system in the past by impeding or
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precluding adult and juvenile migration and degrading FMO habitats in the
mainstem. Despite improvements to these facilities, passage-related impacts
continue today but to a lesser degree.

Ihbarttzation, road construction, residential development, and marine port

development associated with the city of Tacoma, have significantly reduced
habitat complexity and quality in the lower mainstem rivers and associated
tributaries, and have largely eliminated intactnearshore foraging habitats for
anadromous bull trout in Cornmencement Bay.

The presence of brook trout in many parts of the Puyallup core area and their
potential to increase in distribution, including into Mount Rainer National Park
waters, are considered significant threats to bull trout. Because of their early
maturation and competitive advantage over bull trout in degraded habitats, brook
trout in the upper Puyallup and Mowich Rivers local popuiations are of gteat

concern.

Until the early 1990s, bull trout fisheries probably significantly reduced the overall
bull trout population within this and other core areas in Puget Sound. Current
legal and illegal fisheries in the Puyallup core areamay continue to significantly
limit recovery of the population because of the low numbers of migratory adults.

Water qualityhas been degraded due to municipal and industrial effluent
discharges resulting fiom de.relopment, pertic,tlarly in the lo.ner mainstem
Puyallup River and Commencement Bay.

Water quality has also been degraded by stormwater discharge associated with
runoff from impervious surface. Impervious surface in the Puyallup watershed
increased by 12 percent between 1990 and 2001 (Puget Sound Action Team 2007).

lv{ajor flood events in Novemb er 2CA6 sigmficantly impacted instream habitats
within the Puyallup River system. These events are assumed to have drastically
impacted bull trout brood success for the year, due to significant scour and channel
changes that occurred after peak spawning. Sigruficant impacts to rearing juvenile

bull trout were also likely, further impacting the firture recruitment of adult bull
trout.

In Novemb er 2006, an 18,000 gallon spill of diesel fuel in the head waters of
Spring Creek (Hebert 2006, in litt), a bull trout spawning area of the Upper White
River local population, likely impacted the available instream spawning habitat.
The duration of ongoing contamination of instreanhabitats byresidual diesel fuel
is unknown.
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STATUS OF BULL TROUT CRITICAL HABITAT (Rangewide)

This biological opinion does not rely on the regulatory definition of "destruction or adverse
modification" of criticalhabitat at 50 CFR 402.A2. Instead, we have relied upon the statute and
the August 6,2004, Ninth Circuit Court of Appeals decision in Gifford Pinchot Task Force v.
U.S. Fish and Wildlife Service Q.{o. 03-35279) to complete the following analysis with respect to
critical habitat.

Legal Status

The FWS published afinal critical habitat designation for the coterminous United States
population of the bull trout on Septernber 26,2005 (70 FR 56212); the rule became effective on
October 26,2005. The scope of the designation involvsd the Klamath River, Columbia River,
Coastal-Puget Sound, and Saint Mary-Belly River population segments (also considered as
interim recovery units). Rangewide, the FWS designated 143,2L8 acres of reservoirs or lakes
and 4,813 stream or shoreline miles as bull trout critical habitat (Table 3).

Table 3. Stream/shoreline distance and acres of reservoir or lakes designated as bull trout
critical habitat by state.

Strearnlshoreline
MiIes

Stream/shoreline
Kilometers

Acres llectares

Idaho 294 474 50.627 20,489
I t / f^*4^ -  ^
Mt r t la l tal

I  n E O
l . t  J o

I Fttt4
I T l U J

a a  n a r
J I T T I U

a 4  A a r
LZ.>  rA

Oregon 939 L,5LL 27.322 1L.057
Oreson/Idaho 17 27
Washinston 1.s19 2,445 33.353 13,497
Washington
(marine)

985 1,585

Although critical habitat has been designated across a wide area, some critical habitat segments
were excluded in the final designation based on a careful balancing of the benefits of inclusion
versus the benefits of exclusion (see Section 3(5XA) and Exclusions under Section 4@)(2) in the
final rule). This balancing process resulted in all proposed critical habitat being excluded in 9
proposed critical habitat units: Unit 7 (Odell Lake), Unit 8 (John Day River Basin), Unit 15
(Clearwater River Basin), Unit 16 (Salmon River Basin), Unit 17 (Southwest Idaho River
Basins), Unit 18 (Little Lost River), Unit 21 (Upper Columbia River), Unit24 (Columbia River),
and Unit 26 (Iarbidge River Basin). The remaining2} proposed citicalhabitat units were
designated in the final rule. It is importantto note that the exclusion of waterbodies from
designated critical habitat does not negate or diminish their importance for bull trout
conservation.
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Conservation Role and Description of Critical Habitat

The conservation role of bull trout critical habitat is to support viable core areapopulations (70

FR 56212). The core areas reflect the metapopulation structure of bull trout and are the closest
approximation of a biologically functioning unit for the purposes of recovery planning and risk
analyses. Critical habitatunits generally encompass one or more core areas and may include

FMO areas, outside of core areas, that are important to the survival and recovery of bull trout.

Because there are numerous exclusions that reflect land ownership, designated critical habitat is

often fragmented and interspersed with excluded stream segments. These individual critrcal
habitf segments are expected to contribute to the ability of the stream to support bull trout

within local populations and core areas in each critical habitat unit.

The primary ftnction of individual criticalhabitat units is to maintain and support core areas
which 1) contain bull trout populations with the demographic characteristics needed to ensure
their persistencg and contain the habitat needed to sustain those characteristics (Rieman and
Mclntyre L993);2) provide for persistence of strong local populations, inpart, by providing
habitat conditions that encourage movement of migratory fish (Rieman and Mclntyre 1993;
MBTSG 1998); 3) are large enough to incorporate genetic and phenotypic divergity, but small
enough to ensure connectivitybetween populations (Rieman and Mclntyre L993;Hard1995;
Healey 1995; MBTSG 1998); and4) are distributed throughout the historic rarrge of the species
to preserve both genetic and phenotypic adaptations (Rieman and Mclntyre 1993: Hard 1995;
MBTSG 19981' Rieman and Allendorf 2001).

The Olympic Peninsul a and.Puget Sound CitticalHabitatUnits are essential to the conservation
of amphidromous bull trout, which are unique to the Coastal-Puget Sound bull trout population.

These critical habitatunits contain nearshore and freshwaterhabitats, outside of core areas, that
are used by bull trout from one or mors core areas. These habitats, outside of core arebs, contain
Primary Constituent Elements (PCEs) that are critical to adult and subadult foraging,
overwintering, and migration.

Within the designated critical habitat areas, the PCEs for bull trout are those habitat components
that are essential for the primary biological needs of foraging, reproducing, reanng of young,

dispersal, genetic exchange, or sheltering. Note that only PCEs I, 6,7, and 8 apply to marine
nearshore waters identified as critical habitat; and all except PCE 3 apply to FMO habitat
identified as criticai habitat.

The PCEs are as follows:

1) Water temperatures that support bull trout use. Bull trout have been documented in
streams with temperatures from 32 to 72'F (0 to 22 "C) but are found more frequently in
temperatures ranging from 36 to 59 "F Qto 15 oC). These temperature ranges may vary
depending on bull trout life-history stage and form, geography, elevation, diurnal and
seasonal variation, shade, such as that provided by riparian habitat, and local groundwater
influence. Stream reaches with temperatures that preclude bull trout use are specifically
excluded from desienation.



2) Complex skeam channels with features such as woody debris, side channels, pools,

and undercut banks to provide avaiety of depths, velocities, and instream structures.

3) Substrates of sufficient amount, size, and oomposition to ensure success of egg and

embryo overwinter survival, fry emergence, and young-of-th e-year and juvenile survival.

This should include a minimal amount of fine substrate less than 0.25 inch (0.63

centimeter) in diameter.

4) Anatural hydrograph, including peak, high, low, and base flows within historic ranges

or,.if regulated, currently operate under a biological opinion that addresses bull trout, or a

hydrograph that demonstrates the ability to support bull trout populations by minimizing

d;i1y ;d d ay-to-day fluctuations and minimizing departures from the natural cycle of

flow leveis corresponding with seasonal vatiation.

5) Springs, soeps, groundwater sources, and subsurface water to contribute to water

quality and quantity as a cold water source.

6) Migratory corridors with minimal physical, biological, or water ryality 
impediments

between spawning, teaflng, overwintering, and foraging habitats, including intermittent

or seasonal barriers induced by high water temperatures or low flows.

7) Anabundant food base including terrestrial organisms of riparian origin, aquatic

macroinvertebrates, and forage fi sh.

8) Permanent water of sufficient quantity and quality such that normal reproduction,

growth, and survival are not inhibited.

Critical habitatincludes the stream channels within the designated stream reaches, the shoreline

of designated lakes, and the inshore extent of marine nearshore areas, including tidally

iiifluenced fieshwater heads of esiuaiies.

In freshwat er habitat, critical habirat includes the sheam channels within the designated stream

reaches, and include s alateral extent as defined by the ordinary high-water line. In areas where

ordinary high-water line has not been defined, the lateral extent will be defined by the bankfull

elevation. Bankfull elevation is the level at which water begins to leave the channel and move

into the floodplain and is reached at a dischar ge that generally has a recurrence interval of I to 2

years on the anngal flood series. For designated lakes, the lateral extent of critical habitat is

iefined by the perimeter of the water body as mapped on standard I:24,000 scale topographic

maps.

In marine habitat, critical habitatincludes the inshore extent of marine nearshore areas between

mean lower low-water (MLLW) and minus 10 meters (m) mean higher high-water (MHHW),

including tidally influenced freshwater heads of estuaries. This refers to the area between the

avetageof uU lower low-water heights and all the higher high-water heights of the two daily tidal

levels. The offshore extent of critical habitat for marine nearshore areas is based on the extent of
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the photic zone, which is the layer of water in which organisms are exposed to light. Critical
habitatextends offshore to the depth of 33 ft (10 m) relative to the MLLW'

Adjacent stream, lake, and shoreline drpairan areas, bluffs, and uplands are not designated as

critical habitat. However, it should berecognnedthat the quality of marine and freshwater
habitat along streams, lakes and shorelines is intrinsically related to the character of these
adjacent features, and that human activities that occur outside of the designated critical habitat

can have major effects on physical and biological features of the aquatic environment.

Activities that cause adverse effects to critical habitat are evaluated to determine if they are

likely to "destroy or adversely modify" critical habitatby altering the PCEs to such an extentthat

critical habrtatwould not remain functional to serve the intended conservation role for the
species (70 FR 56272, {FWS 2004}. The FWSs evaluation must be conducted at the scale of the
entire critical habitat area designated, unless otherwise stated in the final critical habitat rule

{USFWS and NMFS 1998}. Therefore, adverse modification of bull trout critical habitat is

evaluated atthe scale of the final designation, which includes the critical habital designated for

the Klamath River, Columbia River, Coastal.Puget Sound, and Saint Mary-Belly River
population segments.

Current Condition Rangewide

The condition of bull trout critical habitat varies across its range from poor to good. dlthough
still relatively widely distributed across its historic tarrge, the bull trout occurs in low numbers in
many etees, and populaticns are considered depressed or declining aoross much af its nange {67
FR 71240). This condition reflects the condition of bull kout habitat

There is widespread agreement in the scientific literature that many factors related to human
activities have impacted bull trout and their habitat, and continue to do so. Among the many
factors that contribute to degraded PCEs, those which appear to be particularly significant and
have resulted in a legacy of degradedhabitat conditions are as follows: 1) fragmentation and

isolation of local populations due to the proliferation of dams and water diversions ihaihave
eliminated habitat, altered water flow and temperature regimes, and impeded migratory
movements (Rieman and Mclntyre l993;Dunham and Rieman 1,999);2) degradation of
spawning andreaing habitat and upper watershed areas, particularly alterations in
sedimentation rates and water temperature, resulting from forest and rangeland practices and
intensive development of roads (Fraley and Shepard 1989; MBTSG 1998); 3) the introduction
and spread of nonnative fish species, particularly brook trout and lake trout, as a result of fish

stocking and degraded habitat conditions, which compete with bull trout for limited resources
and, in the case of brook trout, hybridize with bull trout (Leary et al. 1993; Rieman et aL 2006);
4) in the Coastal-Puget Sound region where amphidromous bull trout occur, degradation of
mainstem river FMO habitat, and the degradation and loss of marine nearshore foraging and

migration habitat due to urban and residential development; and 5) degradation of FMO habitat
resulting from reduced prey base, roads, agriculture, developmerrt, and dams.
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Conservation Role of Critical Habitat Unit 28 (Puget Sound)

Critical Habitathas been designated for bull trout within the Coastal-Puget Sound interim

recovery unit (70 FR 56212 fSeptember 26,2005]). The action area is located in Critical Habitat

I1nitZS-,Puget Sound River Basins. The Puget Sound Critical Habitat Unit provides habitat

conditions that are essential for diverse life history forms of bull trout; however, one of the

unique conservation roles of the unit is thatit supports amphidromous bull trout. Therefore, it is

one of only two Critical HabitatUnits, throughout the range of the species that support the

amphidromous life history form. This critical habitatunit contains nearshore and freshwater

habitats, outside of core areas, that are used by bull trout from one or more core areas. These

habitats, outside of core areas, contain PCEs that are critical to adult and subadult overwintering,

migration, and foraging.

Status of Bull Trout Critical Habitat in the Action Area: Current Condition of Critical

Habitat Unit 28

The urban rivers of Puget Sound are impacted from past logging and logging roads in the upper

reaches, and agriculture and urban development in the lower floodplains. Intensive

chawrclzation to protect urban development and agricultural areas has resulted in permanent loss

of floodplain fi.rnctions in most of the lower rivers. The loss of riparian vegetation, increasing

discharge of municip aI andindustrial wastewater and urban stormwater runoff, has resulted in

degradC we*ter quality. The \tr/DOE has piaced alarge number of'nater'nays throughout Puget

SounA on the 303(d) list of impaired waters. In addition to affecting water quality through flow

alterations, hydroelectric dams block migration and have isolated bull trout populations in

several core areas while water-control structures in the floodplains have effectively eliminated

most of the estuaries and wetlands that historically provided reaflng and foraging areas. A11
pCEs within the designated critical habitathave likely been degraded, aithough the severity of

degradation varies on a site specific basis.

ENVIRONMENTAL BASELINE (in the action area)

The 'environmental baseline' includes the past and present impacts of all Federal, State, or

private actions and other human activities in the action area, flte anticipated impacts of all

proposed Federal projects in the action arcathathave already undergone formal or early section

7 consultation, and the impact of state or private actions which are contemporaneous with the

consultation in process (50 CFR 402.02).

The SR 167 projectwill affect areas within the lower valley portion of the Puyallup-White Basin

(WRIA 10). The primary waterways associated with this area include the Puyallup River,

Commencement Bay, Hylebos Creek, and Surprise Lake Tributary, and Wapato Creek. The

Erdahl Ditch and the Fife Ditch are non-fish bearing waterbodies that drain into the Blair

Waterway and lower Hylebos Creek. .
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Lower Puyallup River and Commencement Bay FMO Habitat for the BuIl Trout

Bull trout expressing an anadromous life history must use these areas of the lower Puyallup

River system. Fluvial migrants would typically limit their most downstream use to the lower

Puyallup River (USFWS 2004b). However, due to the plasticity of life history forms, a fluvial

individual has a high likelihood of expressing anadromy in the future (Brenlcnan ef aI' 2007).

Not all fluvial migrants use this reach; some limit their migration to the mainstem White, Carbon

or Puyallup rivers upstream of the White River confluence. However, all anadromous
individuals natal to the Puyallup River system must use the FMO habitat in the lower Puyallup

River mainstem during their movements to (i.e., as subadults and post-spawn adults) and from
(i.e., as first-time or repeat spawners) marine waters. This habitat is crucial for completing their

anadromous life history.

Use and Abundance

The first description of bull trout in Puget Sound was by Suckley (1860), who reported, "As

eariy as the first of June this beautiful fish is found running up the Nisqually, Duwamish, and

other rivers emptying into Puget Sound. They are taken sparingly from these waters until

October, when they enter the mouths of the rivers in vast numbers, arrd are taken by hook and

line, nets, traps, etc., until near Christmas". Suckley (1874, as cited in Goetz et aL 2AA4)

additionally reported bull trout to be, "found in the fresh waters from April til near Christmas,

but are caught most abundantly during the months of October and November. The Puyallup,

Duwamish, and Lemma Rivers, during three months, afford good fishingnear their mouths"'

It is believed that limited numbers of anadromous individrials are present today within the

system, based on the low refums observed at Buckley Diversion, and the factthat upstream
passage at Electron Dam was only recently restored. Only the Carbon River local population has

maintained full connectivity for the anadromous form, allowing relatively unintemrpted
rnovement between spawning and rearing habitats in the upper Carbon River and downstrearr

FMO habitats in the lower Puyallup River and Commencement Bay. kr the past 20 years, few

anadfomous bull trout have been acf;ally observed'wi*.hin CommencementBay (PIE 1999)

leading some to speculate thatthe anadromous form may not persist within the system.

However, recent acoustical telemetry documented that bull trout in the Puyallup River system

continue to migrate to and from Commencement Bay (Jeanes 2006b, R2 Resource Consultants,

Kirkland, WA, in litt).

Since identification and enumeration began (in the 1990's) atthe Buckley Diversion trap, fewer

than 50 anadromous bull trout have been counted annually. No counts of anadromous adults are

available for the Carbon or the upper Puyallup Rivers, although occasionally individuals
presumod to be anadromous have been incidentally captured by anglers during the steelhead

fishery near the confluence of these two rivers (Reynolds K.2003, USFWS, Lacey, WA, pers.

comm.). In addition,migratory individuals are periodically captured in the terminus forebay of

the Electron Dam's diversion flixnelcanal (Fransen 2005,NOAA, Lacey, WA, in litt), indicating

that some individuals from this part of the system still express fluvial and perhaps anadromous

life histories.
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The number of fluvial bull trout migrating downstream as far as the lower mainstem Puyallup

River is likely similar in magnitude to the number of anadromous individuals present within the

system. Because both anadromous and fluvial adults natalto the White River local populations

would have to be passed upstream at BuckleyDiversion trap,the number of,fluvial individuals

would be a subset of the total number (<50) passed upstream atthe facility. As with anadromous

migrants, until recently, the Electron Dam had also limited fluvial migrants from completing

their life cycle for almost 100 years.

Location. Distribution. and Condition of Habitat

Lower Puyallup River

The lower Puyallup River is the key migratory corridor for anadromous buli trout entering and

leaving the Puyallup core area. This section of the river is formed by the merging of three major

watersleds (the White, Carbon, and upper Puyallup rivers) which support the local populations

within the core area. The lower Puyallup River in conjunction with the mainstem White,

Carbon, and Puyallup rivers, represent the primary freshwater FMO habitat supporting migratory

bull trout in the system. Based on past observations and recent telemetry work (Deming2006,

Habitat Technologies, pers. comm., Jeanes 20Q6a, in litt), bull trout that are_using the lower

mainstem often key in on areas near the outlets of tributary streams (e.g., Clarks, Swan, and

Clear Creeks), as foraging sites or thermal refugia. Given the degraded nature of the lower
puyallup River, such areas may provide cirtical stepping-stones during their migration to

oprtt"u- habitat. Radio-tagged bull trout were found residing at the mouth of Clear Creek into

ae;rly A,ugast befbre mo.,ring upsfeam (Jeanos 2AA6a, in litt). The perennia! stream flo',rr in Clear

Creet< is supported by groundwater, and its water temperatures are lower than commonly found

in lowland Puget Sound streams (Pierce County Public Works 2006).

prior to human alterution, in large undeveloped floodplain rivers such as the Puyallup,habitat

vartability (i.e., complexity) has been described as "the rnost defining and key attribute" (WCC

19gg). TLe lower Puyallup River watershed has been substantially altered, especially throughout

its lower most reaches -within the action area from about RM 2.5 to P.Iv{ 8.5. The pnmary fuctors

that have created and continue to influence the current habitat conditions in this area include

extensive urtan growth, heavy industry, dredging, agriculture, and miles of revetments and

levees. An extensive infrastructure that includes both roads andmikoads has further impacted

these lower reaches by maintaining channel constraints, facilitating development, and

contributing to contaminant inputs.

The lower mainstem Puyallup River, from approximately RM 28 to the mouth of

CommencemerrtBay,has been confined and straightened by channelization (WCC 1999). It is

currently separated from its floodplain by a series of dikes, revetments, and levees along both

banks r"r6ring or intemrpting historic surface water connections. This has significantly

simplified the historic river channel complex, eliminating both off-channel and side-channel

habitats, as well as complex pools and associated LWD that were important components of buli

trout and salmonid habitatin the lower Puyallup River. Dredging of the lower river charurel

began in the early 1900s with permanent channelizatton and flood control efforts (e.g., dikes,

levees) following soon afterward (WCC 1999). These channel simplifications have also changed
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the natural hydrology within these river reaches, further reducing or eliminating the suitability of

remaining instream habitat for rearing juvenile saimon. Because bull trout use these lower
mainstem river reaches to migrate and forage, they have also been indirectly impacted by this
loss and degradation ofjuvenile salmon rearing habitat.

Past and ongoing urbanization has increased the level of impervious surface and reduced
floodplain storage capacity within this part of the basin. This has resulted in increased peak

flows and reduced base flows for the lower Puyallup River and associated tributaries. Between
1973 and 1993,U.S. Geological Survey (USGS) gages showed that low flows had dropped, even

though the same period of time had above average precipitation. This decrease was attributed to

increased demand for ground water withdrawal at unregulated wells and increases in impervious
surfaces that led to a decline in groundwater andbase surface water flows (WCC 1999). h1
addition, mature forested riparian areas have largely been eliminated along the lower Puyallup

River. Less than 5 percent of the lower reaches of the mainstem Puyallup River retain what is

charucteized as high quality npananhabitat, much of which is fragmented(WCC 1999).

The lower Puyallup River is currently listed on the 2004 303(d) list of impaired waterways for

fecal coliform and mercury violations (WDOE 2005b). However, low levels of dissolved
oxygen (DO), elevated levels of copper (Cu), lead (Pb), and turbidiry and elevated temperatures
were also identified as concerns. Glacial turbidity is a characteristic of the lower Puyallup River
due to the glacial runoff from Mount Rainier, with highest turbidity levels typically occurring
between July and September. Sediment from other land use practices has been identified as
contributing to the overall turbidity, being largely responsible for the levels observed during
periods of the year.,','hen glacialmelt is lo-nest.

Commencement Bay FMO Ilabitat

Bull trout typically utilize the shallow nearshore band of the photic zone (< 10m) when
occupying estuarine/marine waters (Goetz et aL.2004; Reisenbichler et al. 2006, USGS, Seattle,
WA, in litt). Contemporary observations of bull trout within Commencement Bay have typicaliy
been in the areabefween Bro."',rn's Point and the mouth of Hylebos Waterway on the not''h sidc of

the bay. These observations likely do not represent the fullextent of bull frout use in

Commencement Bay due to the sampling limitations in these marine areas and the difficulty in

detecting use given the depressed abundance of the anadromous life history form within the
Puyallup core area.

Commencement Bay is a natural deep water embayment that historically consisted of extensive
intertidal mudflats and emergent marsh habitat. Starting in the late l9'n century, the bayhas been

substantially altered through the development of extensive areas of heavy medium and light
industry, and commercial and residential influences. Less than 10 percent and2 percent of the
historic intertidal mudfl at and s a1t marsh, resp ectivel y, r emain today'

Dredging and fitling of mudflats have converted much of the shallow nearshore within
Commencement Bay into deep industrial waterways and open-waterhabitats (WCC 1999). In

addition, shorelines of Commencement Bay have been significarfiIy altered from a variety of
shoreline protection measures (e.g., vertical bulkheads, riprap, and rubble). Substantial
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bulkheads alone cover approximately 6 percent of the length of shoreline from Brown's Point to

Ruston (WCC 1999). An additionalTl percent of the shoreline is armored by other protection

measures. In addition, the extensive system of piers and docks to support commercial and

industrial uses has fuither skucturally modified the historic nearshore habitat throughout thebay.

Functional estuarine and nearshore habitats are critical to anadromous bull trout for foraging and

migration {WDFW et al. 1997}, and to their prey species (e.g., herring, surf smelt, sandlance)

for spawnin g, reuing, and migration (BMSL (Battelle Marine Sciences Laboratory) et al.200l)'

Essentially no forage fish spawning areas remain within Commencement Bay {WDFW 2000}.

As a result of the past and present industrial uses, Commencement Bay has a long history of

chemical and metal contamination of its estuarine waters. The bay was listed as a federal

Superfund site in 1981 (WCC 1999). Many of these contaminants are toxic to marine life and

iistr. ,qttnough the implications for bull trout are uncertain, some life stages of bul1 trout appear

to have greater sensitivity than other salmonids to some contaminants (Guiney et al. I996,EPA,

Duluth, MN, in litt, Cook et al. 1999), and anadromous bull hout may be exposed numerous

times to these contaminants due to their life history and migratory behaviors. Bull trout may also

bioaccumulate some contaminants more readily because of their ecological role as an apex

predator.

Efforts to restore nearshore habitatstructure and riparian areas of Commencement Bay have

occurred throughout the bay. Efforts on the north side of the bay and areas near the mouth of the

Puyallup Riverare likely the most important for improving bull trout and forage fish habitat

based otr th" avallable, although limited, information on bull trout use in the bay. Efforts have

been ongcing tc address sediment contaminatjon source control and cleanup in upland and

waterwa-y sites. Upland cleanup has been completed at 63 of the 70 sites confirmed has having

ongoing so*r"s oip.oblem chemicals. The Hylebos, Middle, and Thea Foss waterways remain

Superfund sites and have ongoing cleanup actions.

Only the upper parts of Hylebos and Blair Waterways of Commencement Bay are included in the

action arca. These are described further below'

Blair and Hylebos Waterways

The Blair Waterway is approxim ately 13,600 ft long, with the outlets of the Erdahl Ditch and

Wapato Creek located atits head. The Hylebos Waterway is approximately 16,200 ft long with

the mouth of Hylebos Creek located at its head. Land use within this estuarine portion of the

action area consists primarily of commercial industrial activities, buildings, or paved surfaces.

Terrestrial vegetation is iimited, consisting of small pockets of weedy grass and nonnative

herbaceous species or planted ornamentals occurring in narrow strips adjacent to the waterway.

Historically, this area comprised part of the estuarine delta of the Puyallup River. With the

growth and development of Tacoma, the Port of Tacoma, and the surrounding region, the delta,

including these two waterways, has been subjected to dramatic environmerrtal changes, primarily

from dredging and filling. It has been estimatedthatof the original 2,100 acres of historical

intertidal mudflat, approximately 180 acres remain today (COE et aI. 1993). Eight acres are

located in the Blair Waterway near the mouths of Wapato Creek and Erdahl Ditch (PIE 2001).
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The shorelines of the Blair Waterwayhave been highly altered by the use of riprap and other

materials to provide bank protection. Blair Waterway has seven percent of the total of bulk*reads

that cover 7I percent of the length of Commencement Bay shoreline. Betwe en 1993 and 1995 ,
the entire Blair Waterw ay navigalion channel, including the tuming basin, was dredged as part of

the Sitcum Waterway Remediation Project. Contaminated sediments were removed and capped

in the Milwaukee Waterway nearshore confined disposal site. After the completion of the

dredging, the Environmental Protection Act (EPA) removed the Blair Waterway and alllands

that drain to the Blair Waterway from the National Priorities List (PIE 200I). Approximately

940,000 cubic yards of dredging in subtidal and intertidalhabitat, debris removal, and 11 acres of

sediment capping with sand alongthe shoreline was initiated in the Hylebos Waterway as part of

remediation activities. EPA expects to complete the intertidal cleanup and begin long-term

monitoring bythe end of 2006 (EPA 2005).

Currently natura| aquatic habitats are highly fragmented and dispersed across the delta andbay

with few naturalcorridors linking them. At present, salmonid habitat within Commencement
Bay shorelines is gradually increasing in aueage because of habitat restoration'projects and

naitralprocesses. Approximately 50 acres of intertidal and shallow subtidal habitathave been

created through previous restoration actions, including the Fairliner Marina Habitat Area, Gog-

le-hi-te Wetland, the Rhone-Pouienc Habitat Area, and the Slip 5 Habitat Area. All provide

rocky or gravel beaches and/or tidal mudflats and intertidal areas with native vegetation
plantings. Habitatbenefits for salmon include increased complexity for juvenile rcaring,

feeding, and refugo.

V/ater quality in the action area portion of the Blair rJ/aternay inrpro',roC moasulabl.y follcvring

remediation activities (WDOE L999). Cleanups and source controls are now in place for all

known metal sources including log sort yards and avariety of induskial facilities. All metals

concentrations were well within state and the EPA water quality crirtei.a for marine life, in most

casesby afactor of five orbetter(WDOE 1999). Comparisonwiththehistoricaldataavailable
on the Blair and the Hylebos Waterways shows that cleanups have resulted in an order of

magnitude decrease in arsenic and zinc contamination and similar improvements are likely for

copper and lead. The median dissolved copper concentration moas'rired in the Blair Waterway

was 0.81 1tglL andl.6 ytglL for Hylebos Waterway. For dissolved zinc, the median was3.7

pg/L for the Blair Waterway and 11.6 pg/L for the Hylebos Waterway. Arsenic was 1.3 pg/L for

the Blair Waterway and2.l ltg/L for the Hylebos Waterway (WDOE 1999). These

concentrations are below the above-referenced olfactory inhibition and behavioral

effects/modification thresholds, with the exception of dissolved zinc in the Hylebos Waterway.

Compared to Hylebos and Thea Foss Waterways, the Blair Waterway had the lowest metals

concentrations, with the exception of arsenic, where concentrations in the Thea Foss Waterway

were slightly lower.

Threats Identified in Project Area

Threats to bull trout in the Project Area include the following, in order of their judged priority

based on the current best available information:
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The ongoing effects of urbanization and development within the floodplain continue to

degrade habitat conditions in the lower Puyallup River and associated tributaries, which

represent the key migratory corridor for anadromous bull trout. These reaches are also

important to a portion of the fluvial population to complete their life history. The impacts

include water quality degradation, reduction in h1'porheic function, loss of thermal

rcfu gia, temp erature incre as es, and habitat simp lifi c ation.

The near complete loss of historic nearshorehabitatwithin Commencement Bay has

siguificantly reduced the productivity of the estuary and amount of high quality habitat

for salmonids. The loss of essentially all forage fish spawninghabitatwithin
Commencement Bay has greatly reduced the overall prey base key to supporting and

recovering anadromous bull trout natal to the Puyallup River system.

The effects of river channelization and flood control structures continue to prevent the

reestablishment of complex river habitats and fi.rnctionalipanan areas within the reaches

of the lower Puyallup River.

The ongoing effects of contaminated waters and sediments within the lower Puyallup

River and Commencement Bay continue to pose a risk to bull trout fitness, especially the

anadromous life historv form.

Hylebos Creek

Hylebos Creek r,vithin the action area includes approximatelyRM 0,1 to 5.5 of the mainstem

(referred to as the East Fork above RM 5.1) and approximately RM 0 to 1 of the west fork.

Existing habitatconditions in Hylebos Creek are highly degraded. Bull trouJ are not known to

occur in Hylebos Creek; however, the system does provide a forage base for bull trout in

Commencement Bay.

Habitat complexity in Hylebos Creek is greatly reduced with little side channel, off-channel, and

quaiiiy poolTtabiiai avat'table. Airnore,j bai:rks occiii: tliroiighoiit the project diea afid the stream

is isolated from its floodplain. A lack of LWD, mature riparian vegetation, and streambed

gravels, likely limits the abundance and diversity of macroinvertebrates, a food source for

salmonids. Stream temperatures can support migration and rearing, but may limit salmonid

spawning in the action area. Levels of dissolved Cu reached 2.47 1tglL, within a range sufficient

to cause olfactory inhibition in salmonids. Additionally, fecal coliform levels have exceeded

State standards.

Several restoration projects that are completed, in process, or planned, are expected to improve

habitatconditions over time. Restoration work has included off channel habitat qeation,

invasive species removal, revegetation, fish passage improvement, wetland restoration and

livestock exclusion.

Notably, near the location of the proposed RRP there is a contaminated site referred to as the B

& L Woodwaste Site. The site is adjacent to a reed canarygrass-dominated wetland, through

which Hylebos Creek is proposed for relocation. Ditches drain west from the wetland to

1 .
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Hylebos Creek. The woodwaste site was used as an industrial landfill beginning in the mid-7Os.

Wood chips, sand, rock and Asarco slag, most of which came from log sorting yards in the

Commencement Bay tideflats, were dumped at the site. Over time the site has released arsenic

and other contaminants into Hylebos Creek.

A complete discussion of the site's history, and specifics of the known extent of the

contamination is contained in NOAA (NOAA 2007). In summary, the WDOE issued an

enforcement order in 1992, which resulted in consolidation and capping of the site. While this

reduced the escape of metals from the site, groundwater inthe arcahas since become

contaminated. .Continued monitoring revealed arsenic in groundwater in andneat the wetland

(Snider 2006). The arsenic concentrations in groundwatet appear to be decreasing. However, the

arsenic appears to not be sorbing to soil, and is therefore mobile (Snider 2006). In Hylebos

Creek, arsenic attrjbutable to the B &L Site was detected andit appears thatit is migrating from

the landfill into Hylebos Waterw ay (LaP orte 2000).

Surprise Lake Tributary

The action area includes approximately RM 0 to 1.5 of Surprise Lake Tributary. Bull kout are

not known to occur in Surprise Lake Tributayybutthe system does drain to Hylebos Creek which

contributes to the bull trout prey base. Surprise Lake Tributary conveys runoff from residential

areas in the City of Edgewood, south to the valley below. In the valley it drains agricultural and

residential runoff from the City of Fife from a series of linear ditches. These ditches drain to

Lower Hylebos Creek (WSDOT 2002). Surprise Lake Tributary lacks mature drparj;an
,,regetaticn, L\trfD, and cther habilatfeatwes such as side channels and pools. Substrate material

is dominated by silt.

Wapato Creek

Wapato Creek is an approximately l4-mile long independent tributary to Puget Sound that enters

the Port Industrial Waterway (also known as the Blair Waterwa/ in Commencement Bay.

Wapato Creek from the mouth to P*l,4 9.0 is'within the action arca. ltr{apato Crsek has been

severely degraded by land use practices and therc are fish passage barriers both upstream and

downstream of the project area. It also receives a substantial amount of runoff directly from

adlacerrt agricultural, residential, commercial, and industrial areas in the cities of Puyallup and

Fife. Within the action arca,Wapato Creek lacks riparianhabitat and LWD, and has poor water

quality. Additionally, water in this system has been over-allocated, leading to flow problems

during at least part of the year (WCC 1999). Bull trout are not known to occur in Wapato Creek.

The creek does support limited spawning habitat for coho salmon. There is also some use of the

creek by chum salmon, steelhead, and coastal cutthroat trout (FHWA and WSDOT 2006). As a

fish-bearing stream that drains to marine foraging habitatthe system probably contributes to the

bull trout forage base in Commencement Bay, but use of the stream itself by bull trout is not

expected.

Wapato Creek is on the 2004 303(d) list due to fecal coliform and reduced DO. Water quality

monitoring data from the Puyallup Tribe on Wapato Creek indicate that DO, pH and temperature

do not meet water quality standards during late summer, when the stream is its lowest, andthat
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turbidity levels andntftatelnttrite andphosphorus concentrations were elevated as well (WSDOT

2002). In lggg,the B-IBI score for Wapato Creek was 18, indicating impaired biological

processes (Reinelt 2006,Pierce County, pers. comm.)'

Wapato Creek is channeli zed. andentrenched in the project area andlittle to no off-channel

habitatremains. Wapato Creek has capacity limitations and much of its flood flows are diverted

to the Puyallup River. This diversion of peak flows helps to minimize flooding in the Wapato

Creek basin; however, it exacerbates chronic summer low flows in Wapato Creek (WSDOT

2002,citing Nauer, pers. comm .2002). Only small pockets of riparian habitat consisting of both

shrub and tree components occur in the project area (DEA 2004). Non-native shrubs dominate

the riparian areas, and where trees occur, they are primarily deciduous. The lack of LWD,

mature riparian vegetation, and streambed gtavels, likely limits the abundance and diversity of

macroinvertebrates, a food source for salmonids. The loss of floodplain connectivity has altered

base and flood flows, further affecting temperature regimes and creating extreme summer low

flows.

Status of BuII Trout Critical Ilabitat in the Action Area

The action area includes three.distinctly different areas of designated critical habitat: The

Puyallup River, from approximately RM 2.5 to RM 8.5; the nearshore (-10 MHHW) of Blair

Waterway, including tidally influenced waters in Wapato Creek and Erdahl Ditch; and the

nearshore of Hylebos Waterway, including tidally influenced waters in Hylebos Creek. These

three areas are discussed separately below.

Puyallup River (Fres hwater)

The action area encompasses the mainstem Puyailup River, approximately RM 2.5 to RM 8.5.

The baseline conditions of the lower Puyallup River are discussed in the "Environmental

Baseline (in the action area) -Puyallup River" section. The baseline is described below in terms

of each PCE. Seven of the eight PCEs are present within this section of the lower Puyallup

River, including PCE #1, 'watcr tcmperatures that support bull trout use; PCE #2, camplex stream

channels; PCE#4, anaturalhydrograph; PCE #5, cold water sources; PCE#6, migratory

corridors with minimal physical, biological, or water quality impediments; PCE #7, an abundant

food base; and PCE #8, permanent water of sufficient quantity and quality.

1) Water temperatures that support bull trout use. Bull trout have been documented in streams

with temperatures from 3 2 to 7 2 "F (0 to 2 2 'C) but are found more frequently in temperatures

rangingfrom 36 to 59 "F (2 to I5 "C). These temperature ranges may vary depending on bull

troit tife-history stage andform, geography, elevation, diurnal and seasonal variation, shade,

such as that provided by riparian habitat, and local groundwater influence. Stream reaches with

temperatures that preclude bull trout use are specifically excluded from designation.

The WDOE recorded water temperatures at Station No. 10A070, near the Meridian Street Bridge

in the project area (WDOE 2006b). Water temperature data for water year 2005 are not

presented in the 7-day averagemaximum format, but mean temperatures for 3-month increments

are avallable. The meantemperature for October through December was 10.3 oC, January
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through March was 6.8 'C, April through June was 11.8 oC, and July through September was

14.0 'C. The WDOE (2006a) also reported that the six-year maximum temperature recorded at

Station Number 104070 was 16.5 oC. During July through October 2002 t}re City of Puyallup

measured temperatures near the wastewater fteatment plant outfall in the Puyallup River that

ranged from 9.0 oC to 15.5 'C (Lange 2006,pers. comm.). Temperatures recorded in the lower

Puyallup River are currently within ranges that support bull trout use, but are at the high end of

the range at which bull trout are found most frequently (2 to 15 'C).

Bull trout atilizethe lower Puyallup River year-round for foraging, migratin E, and

overwintering. Juvenile, subadult, and adult bull trout are known to utilize areas of localized
groundwater input, such as the mouth of Clear Creek (see "Environmental Baseline (in the action

area) - Status of Bull Trout in the Action Area) as refugia from high temperatures in the

Puyallup. Temperatures in Clear Creek are lower than commonly found in lowland Puget Sound

streams and are an indicator of subsurface flow (Pierce County Public Works 2006).

2) Complex stream channels withfeat:ures such as woody debris, side channels, pools, and

undercut banla to provide a variety of depths, velocities, and in-stream structures.

Channelization has straightened, confined and simplified the river channel within the lower

Puyallup River. The channelization and levees have also reduced river processes that form

pools, side channels, and other habitat features that add complexity to the habitat. The lower

reaches of the mainstem Puyallup River are also lacking in the coniferous ripaianhabitatthat

was present historically. Less than 5 percent of this section of the mainstem Puyallup has what

can be considered high quality riparian habitat and that habitat is fragmented into snnail segments

often separated by distances of over a mile. The lack of riparian habitfhas'precluded the

recruitment of small andlargewood from areas most likelyto contribute this material (WCC

lggg). Within the project area (between RM 7.5 and 8.5), minimal LWD is present, no pools are

present, and only naffow (less than 100 ft wide) riparian corridors exist (DEA 2004).

3) A natural hydrograph, including peak, high, low, and baseflows within historic ranges or, tf

regulated., cut"rently operate utider a biological opinion that addresses bu!! trout, or a

hydrograph that demonstrates the ability to support bull trout populations by minimizing daily

and day-to-dayfluctuations and minimizing departures from the natural cycle offlow levels

corresponding with s eas onal variation

The instream minimum flows established at the lower Puyallup River gauge are 1,000 cubic ft

per second. For the I4-year time period from 1980 to 1993 inclusive, instream flows were not

met atthe lower Puyallup River gavge an average of 35 days annually. Generally, these flow

violations were in late fall. T.ow flow averages for the Puyallup River have continually declined

even though correlating time periods have had above average precipitation. Increases in

impervious surface in the lower Puyallup River sub-basin and reduced floodplain storage has

resulted in increased peak flows, quicker peak flows, and reduced base flows (WCC 1999).

4) Springs, seeps, groundwater sources, and subsurface water to contribute to water quality

and quantity as a. cold water source.
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The lower Puyallup River is assumed to contain springs, seeps, groundwater sources, andlor

subsurface flow, all providing cold water to the river. Temperatures in Clear Creek (see "Effects

of Increased Impervious Surface"), atibutary of the lower Puyallup River within the action atea,

are lower than commonly found in lowland Puget Sound streams and are an indicator of

subsurface flow (Pierce County Public Works 2006).

Increased development and gtoundwater withdrawal through unregulated wells within the lower

Puyallup River sub-basin have lead to a reduction in base flows. Most of the tributaries of the

lower Puyatlup River also suffer from the effects of development (WCC 1999). These changes

have likely contributed to loss of cold water sources within the lower Puyallup River.

Bull trout utllizethe lower Puyallup River year-round for foraging,migratin5, and

overwintering. Juvenile, subadult, and adult bull trout are known to utilize areas of localized

groundwaterinput, such as the mouth of Clear Creek (see "status of Bull Trout in the Action

Area) as refugii from high temperatures in the Puyallup. Cold water refugia in this FMO habitat

provides critical "stepping stones" to upstream spawning grounds.

5) Migratory corridors with minimal physical, biological, or water quality impediments

between spawning, rearing, overwintering, and foraging habitats, including intermittent or

seasonal barriers induced by high water temperatures or low flows.

The Puyallup River provides an essential migratory corridor for bull trout (70 FF.56212

fSeptember 26,2005]). No physical, biological, or water quality impediments to migratory

corridors occur.-rrithin the aquatic action area. Ho.,rlever, surruner r:naxina'mo $latsr ternperatures

could impede or delay bull trout attempting to move through the aquatic actton arca.

6) An abundantfood base, including terrestrial organisms of riparian origin, aquatic

macroinvert ebr at es, and for ag e fis h.

The Puyallup River from its mouth at Puget Sound upstream approximately 46.2 mi to the

confluence of the l.Iot'"h and South Puyallup PJvers provides Fl'{O h?kit?"t fol the Puyallup core

area (7 0 FR 56212 [September 26, 2005]) . The construction of the revetments and levees and

their maintenance has decreased the contribution of prey organisms to the river by precluding

functioning flpariarLvegetation habitats. The lack of suitably sized gravel may also limit the

production of aquatic macroinvertebrates. The aquatic action area contuns forage fish (e.g.
juvenile salmonids) for subadult and adult bull trout. However, limited spawning and rearing

habitatfor these prey species remains in the lower Puyallup River (WCC 1999).

7) Permanent water of sfficient quantity and quality such that normal reproduction, growth,

and survival are not inhibited.

The lower Puyallup River is listed on the EPA 303(d) 1996 approved list for flow and fecal

coliform violations (also fecal coliform violations in Novemb er 2003 at270ll00 ml and aguntn

Septernber 2005 at 120/100 m1). The instream minimum flows established at the lower Puyallup

River gauge by WDOE are 1,000 cfs. For the 14 year time period from 1980 to 1'993, instream
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flows were not met an average of 35 days arrrlrually (WDOE I995).In Septembet 2005, flows

were measured at 929 cfs (WDOE 2007).

Low flow averages for the Puyallup River have continually declined even though correlating

time periods have had above ilterageprecipitation. hrcreases in impervious surface in the lower

Puyailup sub-basin and reduced ftoodplairrstorage have resulted in increased peak flows, quicker

peak flows, and reduced base flows (WCC 1999).

Blair Waterway and Hylebos Waterway (Marine Water)

Due to potential water quality impacts, approximately 2,000 ft of Blair Waterway, starting at the

Erdahl Ditch and Wapato Creek outlets, and approximately 7,000 ft of Hylebos Waterway from

the mouth of Hylebos Creek are included in the action area (Ludwa2006a; Ludwa 2006b)'

Marine nearshore areas provide foraging andmigration habitat for amphidromous bull trout

outside of freshwater core areas. Critical habitathas been designated for nearshore marine

habitat (-10 MHHW).

The nearshore of Blair Waterway, including ttdally influenced waters of Wapato Creek and

Erdahl Ditch, and the nearshore of Hylebos Waterway, including tidally influenced waters of

Hylebos Creek, are designated bull trout criticalhabitatwithin the action area. The baseline

conditions of Blair Waterway, Wapato Creek, Erdahl Ditch, Hylebos Waterway, and Hylebos

Creek are discussed in the "Environmental Baseline (in the action area)" section. The baseline is

described below in terms of each PCE present in the marine action area. Four of the eight PCEs

are present.rithin marine r.vatetrs, including PCE #1, vrater temperatr;res that support bull f;out

use; PCE #6, migratory corridors with minimal physical, biological, or water quality

impediments; PCE #7, anabundant food base; and PCE #8, permanent water of sufficient

quantity and quality.

I) Water temperatures thai support bull trout use. Bull trout have been documented in streams

with temperatures from 32 to 72 "F (0 to 22 "C) but are found more frequently in

teiiiperctures raiigiiig/iom 36 to 59 oF (2 ta I5 'C). These tetnperatule l'anges ma)i'/ar))

depending on bull trout life-history stage andform, geography, elevation, diurnal and

seasonal yariation, shade, such as that provided by riparian habitat, and local groundwater

influence. Stream reaches with temperatures that preclude bull trout use are specffically

excluded from des ignation.

Water temperatures measured in Commencement Bay atBrown's Point IUTM I0,5416228,

52375I9N tNADS3)l n2005 (at a depth of 10 meters) ranged from 8.88 "C in April to 73.52

"C in August (WDOE 2007). It is assumed that temperatures within the Waterways are

slightly wanner due to freshwater inflow, stormwater runoff, and limited circulation and

flushing with Commencement Bay and Puget Sound; possiblyto an extent that discourage

extended use by bull trout.

2) Migratory corridors with minimal physical, biological, or water quality impediments

between spawning, rearing, overwintering, andforaging habitats, including intermittent or

seasonal barriers induced by high water temperatures or low flows.
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3)

Blair and Hylebos Waterways provide limited foraging habitat for bull trout. Intertidal

wetlands have been dredged or filled and very little native vegetation or natural plant

communities remain. Anthropogenic features such as modified floodplains, hardened banks,

and urbanization have eliminated or decreased access to historical bull trout foraging areas.

Blair Waterway contains seven percent of the total of bulkheads that cover 7I petcent of the

length of Commencement Bay shoreline.

Eight acres of intertidal mudflats remain in Blair Waterway at the mouth of Wapato Creek

*O BtOuttt Ditch (PIE 2001). These mudflats may support bull trout prey. Low numbers of

coho, Chinook, and pink saimon have been documented in Blair and Hylebos Waterways;

however, wafin water temperatures during summer months may preclude bull trout use. A

buil trout was documented within Hylebos Waterway in 1981'

An abundantfood base inclucling terrestrial organisms of riparian origin, aquatic

macr oinv ert ebr at es, and for ag e fi s h.

Environmental baseline. conditions in Hylebos and Blair Waterways meet few of the

biological requirements of forage fish. Intertidal wetlands have been dredged or filled and

very little native vegetation or natural plant communities remain. Anthropogenic features

,u"L u. modified floodplains, hardened banks, andvrbaruzation have eliminated or decreased

access to historical bull trout foraging areas.

Eight acres of intertidai mudflats remain in Blair Waterway at the mouth of Wapato Creek

and Erdahl Ditch (PIE 2001). These mudflats may support buil trout prey. Low numbers of

coho, Chinook, and pink salmon have been documented in Blair Waterway. However, wann

water temperatures during summer months may preclude bull trout use.

A majority of the nearshore within Hylebos Waterway contains limited vegetation supportive

of bull trout prey species. Observations have indicated that there is a very small Chinook

population -within the i-iylebos -watershed CI/DFW 2AAr. I-Io-wever, an emergent marsh

wetland (a restoration site within the intertidal estuary) is located in Hylebos Waterway and

provides quality habitat for prey species (GeoEngineers, Inc 2006).

Permanent water of sfficient quantity and quality such that normsl reproductian, grawth,

and survival are not inhibited.

Water quality in the Blair Waterway improved measurably following recent remediation

activities (WDOE 1999). Cleanups and source controls are now in place for all known metai

sources including 1og sort yards and a variety of industrial facilities. All metat

concentrations are well within State and EPA water quality critet'ra for marine life (WDOE

Iggg),but may still be at levels thatinpact salmonid reproduction, growth, and survival.

Hylebos Waterway is still part of the Commencement BayA{earshore Tideflats Superfund

site. EPA placed the site on the Superfund List or National Priorities List in 1983.

Pesticides, Polychlorinated Biphenyls (PCBs), Polycyclic Aromatic Hydrocarbons @AHs),

4)
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and metals have been detected in the Waterway at levels that can affect salmonid

reproduction, growth, and survival. The Waterway is a 303(d) Category 5 assessed water for

tissue samples lchlorinated Pesticides, DDT, PAHs, and PCBs). Cleanup of contaminated

sediments within the three-mile long Hylebos Waterway is currently being conducted.

Environmental Baseline SummarY

Various anthropogenic features such as modified floodplains, hardened banks and levees,

disruption of nyarotogical processes, and eliminated or decreased access to spawning and rearing

areas resulting from the conskuction of dams, as well as agricultural and forest practices and

urbanization have degraded conditions in the action area.

EFFECTS OF THE ACTION

This section addresses the effects related to construction of the proposed project, mitigation

activities that are currently proposed, and operation of the new highw ay and associated facilities.

Bull trout utilizeportions of the action are,ayear-round and are likely to be in the action area

during construction and for the duration of operation of the proposed highway (in perpetuity).

We assume that affected buil trout are from the lower Puyallup core area although there is a

remote chance of bul| trout from another core area migrating into the action arca.

In- and near-stream construction activities and long-term discharge of stormwater are anticipated

to adversely affect bull trout or bull trout critical habitatthrough the following stressors:

. Increased sedimentation

. Elevated underwater sound pressure levels

. Fish handling
t Exposure to stormwater-related pollutants
' Reduction in groundwater recharge and subsurface water exchange with the Puyallup

River
= Reduced prey base

Insignificant and Discountable Effects

As noted previously, the proposed project is in a very early stage of design and few details are

availableon exactly how thsnew highway and its associated features willbe constructed. A

large andcomplex project such as this has numerous effects. To determine which of the effects

weie insignificantor discountable we developed an exposure matrix framework, and completed

several (one for each affected listed, species and one for each designated critical habitat unit) in

collaboration with the WSDOT (Appendix A). This analytical apptoach begins with

deconstructing the action into separate components, or "actions". Once deconstructed, we

determined potential exposure of bull trout andlor their citicalhabitat to the effects of that

component 6y estimatitrg tL" timing, duration, and frequency of the action and comparing that to

whai life history form (or pCE) was expected to be present. If exposure was expected, the effect

was determined. Then, any applicable minimizationmeasures proposed as part of the prdect

were considered. In sorne .ui.s, performance standards were necessary to refine the scope of the
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action to a point where we could determine effects. The final column of the matrix documented

what we expected to be the resulting effect, after all minmization measures and perfonnance

standards were applied.

This approach allowed us to identify those effects that were insignificant andlor discountable in a

structured and transparent manner. Upon completion of the matrices for bull trout and their

designated critical habitat, effects that were determined to be insignificant or discountable
included vegetation removal and placement of fill in Hylebos and Wapato Creek sub-basins,

construction of new impervious surface in the Wapato Creek sub-basin, fish handling and de-

watering in Hylebos Creek, installation of multiple bridges in the Wapato Creek, Hylebos Creek,

and Surprise Lake Tributary sub-basins, site development for implementation of the RRPs,

removal of invasive vegetation in the RRPs, construction of temporary access roads, demoiition

of strucfures, utility relocation, construction of water quality facilities and outfalls in Hylebos

and Wapato Creek sub-basins, stormwater quantity and quality impacts in Hylebos and Wapato

Creek sub-basins, stormwater quantity impacts in the lower Puyallup River sub-basin, and

placement and widening of bridges over the Puyallup River.

While the exposure matrices provided the initial structure for the effects analysis, the analysis

continued to evolve after the matrices were completed as new information became available.

Therefore, some of the conclusions in the matrices may differ from the effect analysis included

below. Refer to Appendix A for finaldrafts of the matrices.

Direct Effects of the Action to Bull Trout

Construction-related effects to bull trout will occur over 13 years. Clearing, grading, and filling

within the lower Puyallup sub basin will impact subsurface water flow. Wetland mitigation site

development in the Puyaliup sub-basin will involve in-water work, levee breaching, and long-

term vegetationmanagement (e.g. herbicide application). Bridge construction will involve
placement of permanent and temporary structures that will result in habitat loss and noise

disturbance. Road construction will result in increased imporvious surface which will alter

hydrologic pattei:is and increase pollutant discharge to the Puyallup.

Operational and long-term effects of the proposed project include a reduction in bull trout prey

base produced in Hylebos and Wapato Creeks, and Surprise Lake Tributary resulting from the

increase in impervious surface and stormwater runoff.

Direct Effects of Increased Impervious Surface to Bull Trout

ftrcreased impervious surface wili cause additional stormwater runoff decreased groundwater

rec,harge, and other hydrologic impacts. Because both the direct and indirect effects of the
projeciinvolve increased impervious surface, additional analysis of these potential effects is

contained in the "Indirect Effects" section of this Biological Opinion.
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Effects of Increased Impervious Surface

A direct effect of the proposed project is conversion of approximately 220 acres of currently
vacant/undeveloped (-105 acres) and agricultural land (-112 acres) to impervious surface
(WSDOT 2004). Thiswillinvolveplacementofapproximately3,Tl5,04l cubicyardsof fillto
develop the highway, weigh stations and park and ride lot. Approximately 274 acres of
vegetation will be permanently removed. These quantities are broken out by affected sub-basin
below:

Puyallup Sub basin
. 1,010,118 cubic yards of fill
o 70 acres of new impervious surface
o 73 acres of permanent vegetation removal

Ilylebos Sub basin
. 2,257,067 c;rfric yards of fil1
r 115 acres of new impervious surface
o 81.9 acres of permanent vegetation removal

Wapato Sub basin
o 447,856 cubic yards of fill
o 36 acres of new impervious surface
o 59.4 acres of permanent vegetation removal

The proposed conversion of land to impervious surface, placement of fill, and vegetation
removal are expected to negatively affect the hydrograph of waterbodies within the action area.
We expect that groundwater recharge and subsurface water exchange with the streams and rivers
in the action area will be reduced. These impacts could result in reduced baseflows (in the
Hylebos and Wapato sub-basins) and increased temperatures (a11 sub-basins). Overall, this will
degrade conditions for bull trout that use the action area for foraging and migrating. These
effects will be most significant for bull trout in the lower Puyallup River and will negatively
impact their prey base in the other waterbodies of the action area.

Impervious surface is the major contributor to changes in watershed hydrology and drives many
of the physical changes affecting urban streams (May et al. L997). Conversion of land to
impervious surface alters the duration and frequency of runoff and deqeases evapotranspiration
and groundwrter infiltration (May et al. 1997; Beyerlein 1999; Angermeier et aL.2004).
Reduction in infiltration negatively affects hyporheic function, groundwater recharge, and
subsurface water flow. For this analysis we distinguish between hlporheic flow, groundwater,
and subsurface water and expect the majority of the effects to fall into the broader category of
subsurface water.

Hyporheic FIow vs. Subsurface Water

A major feature typical of large alluvial floodplains is that they include a dynamic combination
of stream channels and wetlands that are fed by hyporheic flow (Stanford and Ward 1993). In
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alluvial rivers the physical extent of the hyporheic zone is determined by soil porosity and

relative volume of water either infiltrating into groundwater from the channel, or into the channel

from an aquifer (Stanford and Ward 1993). Definitions of "hyporheic zone" vary widely.

Broadly, ii is the ecotone where ground and surface water are linked (Baxter and Hauer 2000)'

The boundaries of this zone vary temporally as well as spatially (Stanford and Ward 1993;

Baxter and Hauer 2000) due to hydrographic fluctuation. Some studies describe hyporheic zones

as being spatially limited to no more thanafew meters from the channel, while'others argue that

they exiend Iaterally for kilometers (Stanford and Ward 1988). One evaluation defined the

extlnt of the hyporheic zoneby the presence Of subterranean fansrra,whichwere present up to 3

km from the channel (Stanford and Ward 1938). More recently, Fernald et al. Q00I) describe

the hyporh eic zone as where there is movement of water from the river into the bed and banks to

emerge downstream.

Some of the anticipated impacts from the proposed project may fit into a particular definition of

"hyporheic", but there is overlap with what can more generally be described as "subsurface

water" which can encompass groundwater, subsurface flow and hyporheic flow. Frissell (1999)

proposes a method for delineating a "groundwater influence zorLe" by mapping specific areas

defined as hyporheic channel segments, ponds and other wetlands connected to groundwater

tables, deposiiional valley fill, convex toeslopes adjacent to channels, and concave slope

features. This approach could potentially apply to the action area,batthe data for this type of

modeling were not avanlable. As such, the emphasis of our analysis is on the effects to

"subsurface water exchange". Each category is described in more detail below.

The hyporh eic zone is a transiti or zone between terrestrial and aquatic systerns and provides

habitatfor a wide variety of organisms (Dahm and Valett 1996; Bolton and Shellberg2}}l).

Where hyporheic zones upweliinto stream and river systems, thermal refugia and areas of high

productivity are created (Bolton and Shellberg 2001)'

h chaiinelized,ivet systems the effects of anthiopogenic modification on hyporheic f.mction is

not well researched (Boulton et al.1997). Simplification of streams and rivers reduces the

connectivity of surface waters with the floodplain and hyporheic zone (Stanford and Ward 1993;

Frissell lggg). Whether human modifications completely truncate hyporheic function or

partially suppress it is poorly understood (Bolton and Shellberg2}}l). In the Rhone River,

i'rurr"", despite intense human modification over hundreds of years, a diverse hyporheic faurn

remains (Stanley and Boulton 1993)" The Willamette River in Oregon has undergone impacts

similar to those occurring in the lower Puyallup River (i.e., diking, forest removal, etc').

Hyporheic exchange was determined to be degraded, but still present despite these impacts

(Fernald et aI.200I). It is probable that some hyporheic function remains in the lower Puyallup

River despite its degraded state.

In the BA and supplemental information, FHWA and WSDOT conclude that there will be little

or no impact to hyporheic function in the Puyallup River due to the degraded nature of the

system and the particular soil types (Mooney 2002; FHV/A and WSDOT 2006)- In a technical

memo to the WSDOT project team, Mooney (Mooney 2002) predicts that only "minor" impacts
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to ground water regimes will result from consolidation of soils during construction of the

roud*uy in the form of reduced horizontal andverticalhydraulic conductivity. Using

consolidation test data from aneuby site, Mooney (Mooney2002) estimated that vertical

hydraulic conductivity of sands and silts will be decreased by < 10% and in elastic silts it will be

dlcreased by> 40%o. However, no information was provided on how much of the project area is

underlain by elastic silts and "minor" impacts are not further defined. The FEIS for the project

provides some additional anaiysis of the effect of land use changes on hyporheic function and

groundwater, but it is focused on the Hylebos and Wapato sub-basins and no modeling was done

for the Puyallup Basin (FHWA and WSDOT 2006).

In a memo to the FWS addressing the potential impacts of land use convsrsion associated with

the project, WSDOT states that, compared to historic impacts in the lower watershed (i.e.,

floodpiain decoupling), the impacts to hyporheic function from the project will be negligible and

little hyporheic function remains (2006). However, no data or rationale were provided to allow

for the determination of whether, or to what extent, hlrporheic function remains' Frissell (1999)

states that in general, surficial simplification of floodplains for activities such as agriculture,

transportation systems, and commercial skuctures could result in a proportional reduction of

groundwater exchange and upwelling and loss of thermal refugia'

There is not enough information available to determine the extent or condition of temaining

hyporheic function in the action area. However, the hydrogeomorphic setting of the lower

Puyallup River, and the case studies from other rivers with severe anthropogenic modification

(described above); indicate that it is likely that some level of hyporheic function remains in the

acttanarca.

Recharge

The Puyallup-White watershed is one of the fastest urbantzingwatersheds in the Puget Sound

region. Between l99l and2001 impervious surface increased 12.3 percerrt. @uget Sound Action

Team 2AAT. In urban areas of the Pacific Not'h'west, shifting from subsurface flo'w to ovorlanC

flow has had profound impacts to streams (Morley and Karr 2002; Wheeler et aI.2005)

Large quantities of fill are necessary for development of this project. Fill placement can

compress the substrates that overlay the shallow groundwater table in the project area. The

substrates in the project area ate susceptibie to compression which could retard subsurface water

flow (FHWA and WSDOT 2006). In the project area, these subsurface flows are important to

maintaining summer flows (FHWA and WSDOT 2006).

Increased impervious surface can result in lower base flows (Angermei er et aL.2004;Wheeler et

al. 2005) and land use-related impacts to baseflow have been documented in the lower Puyallup

(WCC 1999). Between 1973-1993low flows in the river decreased, despite above-average

precipitation during that time. This decline in flows was attributed, in patt, to increases in

impervious surface that have reduced groundwater rnput to baseflows (WCC 1999). While these

efflcts are less pronounced when agricultural lands areas are converted to impervious surface

than when forested areas are converted, detectable eff,ects in the form of temperature increases
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can occur. LeBlanc et aL. (1997) modeled a watershsd with a 10 km' catchment and found that

when areas in either meadow or row crop land uses went from 0 percent to 70 percent

impervious, water terhperafures increased by 0.10 and 0.04oC, respectively'

h temperate climates such as ours, upwelling water is usually cooler in the summer and warmer

in the winter (Baxter and Hauer 2000). These Iocalized areas may provide thermal refuge for

stenothermic (tolerant of a narrow range of temperatures) species (Frissell 1999; Baxter and

Hauer 2000; Poole et al. 2001), such as bull trout. Groundwater discharge is one the most

influential variables when predicting the effect of land use change on stream temperature

(LeBlanc et aI. 1997). Additionally, impervious surfaces increase stream temperature by

collecting and heating runoff (Wheeler et al. 2005). For example, with every 1 percent increase

in impervious surface, maximum daily water temperatures of strearns evaluated in Wisconsin

and Minnesota increased by 0.25'C (Wheeler et al.2005).

h addition, groundwater that intersects with surface water may have a distinct chemical

signature (Brinckman 2000). These chemical signatures in groundwater may gurde homing

behavior in bull trout (Baxter and Hauer 2000) as they do in other salmonids (Baxter and Hauer

2000; Brinckman 2000).

In lggg the USGS studied groundwater hydrology in the Tacoma./Puyallup area. The study area

was adjacent to the action areabttsheds some light on hydrologic function in the Puyallup River

valley in general. The floor of the Puyallup River valley is composed of coarse- to fine-grained

materials that include alluvial, marine, and mudflow deposits. In general, groundwater moves

towards Puget ScunC anC the Puyallup P.i.rsr. Precipitaticn in the study atea avetages 38 inches

por year, and of this, 14 inches enters the ground-water system as recharge. Patterns of recharge

ieflected the combined effects of precipitation, surficial geology, land use, and type of sewage

disposal. The lowest amounts of recharge corresponded with the geographic distribution of

urbanization and sewer systems. Groundwater runoff in the study area was estimated to range

from 0 to greater than}S inches/year with an avetage of l4.l inches/year. Groundwater that is

not captured for domestic and public-supply use generally discharges into one of the creeks, the

Puyaliup PJver, Commencement Bay, and Pugct So';nd ai arate of 11 inches per year. Another

4.5 inches per yeat is withdrawn from wells (Jones et aL.2006).

Our conclusion, based on our review of the literature, is that although there are no longer any

tributaries draining directly to the Puyallup fuver on the north bank, it is likely thatthete are

subsurface groundwater discharges to the Puyallup River andthatthere is groundwater exchange

in wetlands along the north bank of the river such as the Oxbow Wetland. Impacts from

impervious surface to groundwater recharge and exchange within the action would result in

reduced subsurface *uI", exchange and groundw ater reiharge in the lower Puyallup River and

other waterbodies in the action area.

We evaluated the amount of subsurface flow and groundwater rccharge that may be affected by

the proposed project in the lower Puyallup sub-basin where no stormwater flow control

proior.A. Using data tnBeyerlein (1999) we compared a baseline condition consisting primarily
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of agricultural lands to thatof the estimated amount of impervious surface resulting from the

direct and indirect effects of the proposod project. In Beyerlein's framework, precipitation that

falls onto land is divided into surface runoff, subsurface flow, groundwater recharge, or

evapotranspiration (Table 4). The framework assumes 40.7 inches (3.39 ft) of rain per year

(from data taken at SeaTac airport), which is very close to that which occurs in the action area.

Table 4. Division of Average Annual Precipitation in
Precipitation Records (I9 45 -199 6) (Beyerlein 1999).

Inches Based on SeaTac Airport

Land Use

Forest
Pasture

Lawn
Suburban
residential
Commerci

al
lmperviou

s

Groundw
ater

13.4
10.15
8.89
6.s8

1..24

0

ace
Run
off

0.09
0.29
0.61
9.3

Surf Subsurf Evapotranspira
tion

18.79
17.02
1,4.48
12.44

7.74

6.64

ace
Flow

8.46
t3.26
16.72
12.37

29.3 2.34
7

34.0 0
5

Table 4 illustrates the loss in subsurface flow and groundwater rechatgethat occurs with

oonversion of per"rious surface (e.g., ftrest and pasture) to impervious surface and ho',r-t that is

converted to surface runoff. Based on the above, we determined that the addition of 70 acres of

new impervious surface (3,049,200 s.f. x 3.394 inches of precipitation) will affect 10,348,985

cubic ft of water.

We then calculated change in volumes associated with the different hydrologic functions (i'e.,

surface flow, subsurface flow, groundwater and evapotranspiration) resulting from the direct

effects ofthe pioposed project (Table 5).

Table 5. Volumes (c.f.) Associated with Conversion of Pasture to Impervious Surface as a

Result of the Direct Effects.
La;rtd
Use

Pasture
68aseline)
(70 acres)

Impervious
(Direct) (70

Surface Subsurface
Runoff Flow

73,478 3,369,630

8,660,030 0.oo o.oo

Groundwater

21580,002

Evapotranspiration

41325r876

L,688,954

Annual Net -3,369,630
Change

9,586,553
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To reduce these effects, WSDOT added several compost-amended vegetated filter strips

(CAVFS) and flow dispersion BMPs to the Puyallup River sub-basin and then provided us with a

ievised analysis of the hydrologic impacts. In their revised analysis they incorporated the water

budget data from Beyerlein and modeled existing and post-project conditions using a

Hydiological Simulation Program-Fortran. The modeling results concludes that the annual

infiltration volume is approximately equivalent before and after the project (Fuchs 2007)'

The revised WSDOT analysis differs from our original analysis in four primary ways: 1) the

WSDOT method uses an analysis area of 170.8 acres to address the project footprint, which

includes lands which would be replanted with vegetation (vs. 70 acres of impervious surface); 2)

it lumps interflow with surface runoff, 2) it modified the land use category that Beyerlein uses

called"pasture" to "tilled farmland", and 3) it factors in the addition of the CAVFS with a very

high assumed effectiveness rating (i.e., more than twice the infiltration to deep groundwater and

less than half the interflow + runoff of a forested condition).

While the addition of CAVFS will improve infiltration over what was originallyproposed for the
puyallup River sub-basin (see "Project Description"), and we support their use, we do not expect

ttrat ttris approach will completely offset impacts to groundwater techatge, runoff rates, and

subsurface flow exchange. Because CAVFS are new there is alackof actual monitoring data

documenting their effectiveness. Effectiveness is calculated by subtracting computed stormflow

and computed evapotranspiration. However, we are not aware of any calibration of streamflow

*"u.*r-rnts to indicate how much of the disrupted surface runoff actually goes into interflow

versus deep infiltration. CAVFS are assurled to provide deep infiltration. However, deep

in{iltration is facilitated by an organic-enriched soil mantle containing li.re roots and animal-

generated pores like that found in a mature forest. These conditions are not created by CAVFS.

RaOitlonatty, since the CAVFS will accumulate fine sediment and pollutants from runoff it

appears thatregvlar maintenance will be needed to ensure that the predicted amount of

infiltration can continue over time. Based on the above, we expect that the WSDOT model

overestimates the effectiveness of the CAVFS at recovering deep infiltration capacity'

Although CAVFS arc designe C,, inpafi, to mimic natural fbrest conCitions by reducing r';noff

and interflow, there are important differences in the timing of discharge. The CAVFS are

expected to discharge shortly after astorm (during the wet season) whereas forests can retain

.ater into the summer low flow period when it supports important ecological functions.

We expect that the new impervious surface resulting from the direct effects of the proposed

projecf will intercept and convey precipitation that is cu:rently infilhated. As a result, subsurface

*ut"r exchange wiih ttre lower Puyallup Rivor will be reduced. By comparing annual runoff

volumes ussociutrd with tilled farmland and impervious land use, we anticipate that the direct

effects will reduce subsurface water exchange with the lower Puyallup River.

Effects of Increased Impervious Surface on Bull Trout

Impervious surface results in physical and chemical changes that influence aquatic systems

(Angermei er et aL 2004; Wheeler et al. 2005) to the extent that the relationship between

urbanization and decreased fi.sh abundance is well documented (Angermeier et aI' 2004).
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IJrbanjzed.watersheds typically have low species diversity because their biota must be able to

tolerate more extreme variation in water flow, increased temperatures, and decreased food

avg|llability (Angermei er et aI. 2004). As vrbanization alters aquatic thermal regimes the health

and distribution of fish populations are affected (Poole et aI.2001). This is of concern for

migratorybull trout as they are particularly dependent on thermal refugia maintained by surface

and groundwater exchanggs (FrisseIl 1999)'

Bull trout utilizethe lower Puyallup River year-round for foraging,migrating, and

overwintering. Recent radio-telemetry work has documented that bull trout spend more time in

the lower Puyallup than previously thought (weeks rather than days). Radio-tagged bull trout

were found atthe mouth of Clear Creek (see "status of Bull Trout in the Action Area), a

tributary to the Puyallup River at RM 2.9 within the action area. These fish stayed near the

mouth of the creek into early August before moving upstream (Jeanes 2006b, in litt). Clear

Creek is supported by groundwater and temperatures are lower than commonly found in lowland

Puget Sound streams (Pierce County Public Works 2006). In August and September of 2001

insteam temperatures ranged from 9.5 "C to 12.5 oC (Pierce County Public Works 2006). I1

contrast, the mean temperature in the mainstem Puyallup atthe bridge site from July through

September,2005,was 14.0 oC and the 6-year maximum temperature recorded atthat site was

16.5 oc (wDoE 2006b).

Salmonid survival requires avaiety of cold water temperatures that are well-distributed over

space and time (Poole et al.200l). Constant temperatures above L6 "C are intolerable for bull

trout (Pool e et aL 200l). For migratory corridors, bull trout typically prefer water temperatures

rmgir,gbefireen 10 o and !2 oC 
$fcPhail and ll';rray t979; Buchanan and Gregory 1997). Bull

trout will migrate through higher temperatures by utilizing areas of thermal refuge such as a

confluence with a cold water tributary (Swanberg 1997), deep pools, or locations with surface

and groundwater exchanges. Swanb erg (1997) observed bull trout holding for extended periods_

during summer in coldwater refugia at the mouths of tributary streams. These areas ate regarded

ar.r"J"r.*y for bull hout survival (Frisselt 1999). Even small, isolated pockets of groundwater

are of local importance for the persistence of bull trout (Frissell 1999; Poole et al' 2001). As

such, maintenanco of thennal rcfagiais a key component toh-itat access for bull trout. In

disturbed systems, these localized areas of refugia may be widely separated (Frissell 1999) as

qppears to be the case in the lower luyallup River. As habitat conditions in surface water

deieriorate (i,e., through surlmer warming), increasing dependence on groundwater-influenced

habitats is a predictable response (Buchanan and Gregory 1997).

Bul| trout may fiihize areas such as the mouth of Clear Creek, as well as other areas of localized

groundwater input, as refugia from high temperatures in the Puyallup. Given the degraded

ix*" of the baseline in the lower Puyallup River, such areas provide critical "stepping stones"

to upstream habitat. As these "stepping stones" are degraded andlor eliminated, the ability of the

river to support migratory bull trout, especially the anadromous life history form, is further

reduced. Ultimately, this could lead to reduced survivorship during periods of temperature

extremes (Poole et al. 2001), increased isolation of bull trout from the upper watershed, and

increased risk of local population extinction (Fahrig and Merriam 1994; Poole et al' 2001).

Additionally, these effects could reduce foraging habitat for other Puget Sound bull trout

populations that :utilize the lower Puyallup River since anadromous bull kout commonly migrate
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and forage outside of their natal basins and this behavior has been documented in other parts of

Puget Sound (Goetz et aL.2004).

Reduction in groundw ater rccharge and subsurface water exchange will be proportional to the

amount of added impervious surface resulting from the project. This is expected to reduce

baseflows in the Hylebos and Wapato sub-basins; degrade thermal refugia in the lower Puyallup

River; and increase water temperatures in the lower Puyallup, Hylebos and Wapato sub-basins.

Adult and sub-adult bull trout would be exposed to these effects in the lower Puyallup River and

their prey base would be affected in all other surface water bodies in the action area. Effects are

""p".i"d 
over two general time scales. The effect of a reduction in subsurface water exchange is

expected to occur in a timeframe of days to weeks following the placement of fill and conversion

to impervious surface. The effect of a reduction in groundwater recharge is expected to occur on

a time scale of years after the initial impact. Both of these effects are expected to continue in

perpetuity. These reductions in subsurface flow are expected to degrade areas of thermal refugia

uto"g thenorth bank of the Puyaliup River in the action area. Such coldwater patches are used to

some extent by migratory juvenile bull trout (age 1-4 years), but are more widely used by

migratory subadult and adult bull trout (Frissell 1999).

Temporally small-scale (weekly or daily) variability in temperature can have important effects

on chronic or acute thermal stress and behaviors such as migration and habitat selection (Poole et

aL 200I). Spatially, thermal refuges may be found at a ftne scale (e.g., pockets of cold water

from localized ground water upwelling) to coarse scale (e.g., thermal variation between

tributaries and mainstem ri-rers) {Poole et al.200l). As lrrater mo\'res dov'4rstream through

wbanrzedwatersheds (such as the lower Puyallup) heat accumulates unless there are downstream

conditions (e.g., npalJian vegetation, geomo{phology, etc.) present to allow the accumulated heat

to dissipate out of the system (Poole et al.200l).

Degraded thermal refugia and increased water temperatures will result in exposure of bull trout

to zub-optimal temperatures. Temperature acts synergistically with other stressors, negatively

affecting the ability of individual fish to s';r'rive and reproduoe (Poole et al. 2001). Very high

temperanyes oan cause d.irect mortality; however, temperatures in the runge of causing sublethal

effects are more widespread (Poole et aI. 2001).

Salmonid life stages that are critically affected by temperature include smoltification, migration,

and pre-spawn holding (Poole et al.200I). Bull trout will utilize the action area during these life

stages and,may be exposed to increased temperatures. When adult fish hold in watm stream

r.u"hrr they are subjected to bioenergetic stress that oanimpair spawning success by decreasing

gamete viability (Poole et al. 2001). Prolonged holding under higher than optimum temperatures

can result in death from multiple stressors such as concurrent thermal stress, disease, and energy

depletion (Poole et aI.200l). High temperatures can create a thermal barrier to adult migration

@bole et al. 2001). If enough fish are affected, population-level effects may be seen (Poole et al.

2001). Small increases in temperature (e.g., 2-3 "C) above optimal ranges have been shown to

reduce salmonid fitness (Poole et al.200l).
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Similar effects to those described above are expected to occur in fish species that comprise the

prey base for bull trout in the lower Puyallup River. In their biological opinion on the proposed

project, NOAA Q007) determined that the effects of increased impervious surface would

adversety affect Chinook salmon. Adverse effects to fish that comprise the prey base for bull

trout could result in reduced foraging efficiency and increased energetic costs for bull trout in the

lower Puyallup River.

Conclusion

Bull trout foraging, migrating, and overwintering habitatwill be permanently degraded as a

result of increased impervious surface. The loss of vegetation, placement of fill, and conversion

to impervious surface will negatively impact the hydrologic function of the lower Puyallup

River. Over time, the proposed project will reduce the quality of thermal refugia, reduce the

forugingeffectiveness of bull trout in the action area, andresult in increased energetic costs for

bu|] trout. These effects are expected to occur incrementally over time, in perpetuity. The loss

of vegetation, placement of fill, and conversion to impervious surface will negatively impact the

hydrologic function of the Wapato and Hylebos sub-basins. Impacts in those basins will be at

leastpartially offset through implementation of the RRP. We expect that exposure to the

combined effects of increased temperatures, loss of thermal refugia, and a smaller prey base will

reduce bull trout numbers in the action area and result in reduced fitness of spawners.

Direct Effects of Stormwater Discharge on Bull Trout

High.nays collect a'tadey of pollutants fronn t;ra!fic and arc disproportionate contributors to

overall pollutant loads in waterbodies (Wheeler et aL.2005). Pollutants are mobilizedby runoff

water arrd. aretransported to streams and rivers. Traffic residue contains several metals including

iron, zinc,lead, cadmium, nickel, copper, and chromium (Wheeler et al. 2005). These metals

come off disintegrating tires, brake pads, and other vehicle parts and accumulate in roadside dust

and soil (Wheeler et aL.2005).

S t a rmw at er - Re! at e d P o IIut ant s

The proposed project will create new PGIS where none cunently exists and will accommodate

new traffic. Even with treatment, the new PGIS and the attendant traffic will result in the

delivery of additional pollutants to waterbodies within the action area. Stormwater effluent

within the action area will change the concentrations and loading of pollutants to the Puyallup

River, Hylebos Creek, Surprise Lake Drain, and the Blair and the Hylebos Waterwayportions of

Commencement Bay. To help minimize the effects of these pollutants, the following

performance standard was proposed as part of the project for all water quality BMPs:

o Basic.Treatment: At least 80 percent removal of TSS
o Enhanced Treatment: Basic Treatrnent plus effluent concentrations not to exceed the

following values 90 percent of the time at the point of discharge:

. Total copper: 12 WglL

. Dissolved copper: 7.8 VglL
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Total zinc: 67 ltglL
Dissolved zinc: 44.8 pglL

However, these concentrations exceed thresholds of effects to listed fish as described below.

Stormwater runoff from roads conveys pollutants, sometimes at concsntrations that are toxic to

fish (Spence et al. 1996). The relative success of removing pollutants from stormwater runoff

depends upon the treatment technology used, and maintenance of treatment facilities. Studies

indicate variability among different treatment applications (Schueler 1987 Hayes et al. L996;

Young et al.1996).

Stormwater-delivered pollutants can affect the physiology and/or behavior of salmonids in ways

that reduce growth, migratory success, reproduction, and cause death. The likelihood and extent

of effects on bull trout from the discharge of roadway pollutants to surface waters canvary

spatially and temporally. Effects are influenced by background water quality conditions, life

stage of the fish, duration of exposure, concentration and relative toxicity of the pollutants, and

concu:rent discharges andlor background levels of other contaminants.

The main pollutants of conoem in this consultation are heavy metals from vehicle sources (EPA

1 980). Additionally PAHs from urbani zed arcas (Van Metre et al. 2000; Kayharian et al. 2003)

can have long-term deleterious effects on salmonids (Peterson et al. 2003). Finally, roads can

also deliver pesticides to surface waters, although levels of these pollutants obviously do not

correlate with ADT or road drainage area (Kayhanian et al. 2003).

Exposure of Bull Trout to Pollutants

tr addition to upstream migrating adults, sub-adult and adult buil trout may be in the action area

year-round andarc known to hold downstream of the Puyallup River Bridge during the warm

summer months. The level of exposure of bull trout to pollutants, and the lifestage that is

exposed will vary depending on time of year. Most migratory bull trout in the lower Puyallup

PJver -will encounter project-related stonnwater outfbll mixing zones at some point in their lives

since they may pass through the area2} ot more times over a l0-year life span. The risk from

exposure is greatest during low flow periods. Although adults that arc migrating upstream to

spawn during June and July usually pass through lower rivers in amatter of a few days (Goetz et

aL 2004), exposure during this time of year will occur when water quality is poor, temperatures

are high, and the fish are producing gametes. However, stormwater discharge is least likely

during this time of year.

We rely on toxicity datafor other salmonids when specific information on toxicityto bull trout

isnot available. Fish species in the Salmonidae family are considered more suitable as surrogates

for bull trout than non-salmonids (due to their taxonomic similarity), although Hansen et al.
(2002b) demonstrated that even though other salmonids maybe taxonomically similar to bull

trout, the sensitivities to chemicals and/or chemical mixtures may differ. hr general, however,

we anticipate that other salmonids will react in a more similar matmer to chemical exposure than

non-salmonid species. Therefore, if no specific information is available regarding bull trout, we

have assumed that those species which are most closely related to bull trout share similar
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sensitivities. 
'We 

have relied on toxicity datafor species in the following preferential order:

species (bull trout) > genus (Salvelinus) > family (Salmonidae). Rainbow trout are the primary

species used by EPA to develop toxicity datafor regulatorypurposes; hence, the majority of data

generated are based on rainbow trout, which are in the family Salmonidae.

The most commonly reported end points in the toxicity literafure are for concentration levels at

which 50 percent of the organisms died (LC50). This indicates that lethal concentrations which.

affect a smaller (i.e. LC10) percentage of the test population may occur at lower/untested

concentrations. A sublethal andlor lethal effect to only one bull trout would be considered an

adverse effect to the species.

Toxicity of many compounds to aquatic organisms varies with water hardness, alkalinity, the

type and life stage of organisms, presence of organic matter,presence of other toxicants, and the

duration of exposure. In addition, mixtures of compounds with the same toxic mechanism of

action can have a combined effect on the test species, increasing or decreasing overall toxicity'

Yet, chemical mixtures are rarely tested due to the complexity of responses to combinations of

individual chemicals.

There are three known physiologicalpathways of metal exposure and uptake within salmonids:

1) giil surfaces can uptake metal ions which are then rapidly delivered to biological proteins

(Nryogi et al.2004),2) olfaction (sense of smell) receptor neurons (Baldwin et al. 2003), and 3)

dietary uptake. Of these three pathways, the mechanism of dietary uptake of metals is least

understood. For dissolved metals, the most direct pathway to aquatic organisms is through the

gills (WCC 1999).

Measurement of total recoverable metals concentrations include a fraction of metal that is bound

to suspended solids, and/or is complexed with organic matter or other ligands and therefore is not

available to bind to gill receptor sites. As such, most metal toxicity studies are based on the

dissolved fraction of the metal because it approximates the most immediately bio-available

fraction and toxicity. Metals bound to sediment remain biologically relevant because they may

be incidentally ingested by -water column oiganisms or be acc'umulated by benihic organisms that

are in tum prey sources for salmonids. Relative toxicity of metals can be altered by hardness,

water temperaturo, pH, organic content, phosphate concentration, suspended solids, and presence

of other metals. Water hardness affects the bio-available fraction of metals from gill surfaces, as

hardness increases; metals become less bio-available and therefore less toxic (WCC 1999;

Hansen et aL.2002b; Niyogr et aL.2004). However, Baldwin et al. (2003) did not find any

influence of water hardness on the inhibiting effect of copper on salmon olfactory functions.

Olfactory inhibition can decrease the ablLity of salmonids to recognizeptedators and navigate

back to natal strearns for spawning (Baldwin et al. 2003).

Types and Concentrations of Metals to Which Bull Trout will be Exposed

To predict the concentrations of pollutants generated by existing untreated PGIS as well as new

and retrofitted PGIS, the WSDOT used the "FHWA method" referenced in WSDOTs

Environmental Procedure Manual (WSDOT 2003a). The FHWA method "...was developed

specifically for assessment of impacts from roadway projects, and as a consequence may be the
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most appropriate model. .." (WSDOT 2003a). This method uses estimates of average

pollutant concentrations that are based on a limited data set to provide a general estimate

of plausible stormwater pollutant concentrations at the TDA scale.

Stormwater from existing PGIS within the action area aheadv contains concentration of

copper, zinc, cadmium, and chromium. These levels will change with the addition of

.rr* pCfS. Tabie 6 presents a modeling analysis by the WSDOT of pre- (existing PGIS)

and post-project (existing, rekofitted, removed, and new PGIS) stormwater poilutant

concentrations at the point of discharge throughout the action areaby TDA' In the Fife

Ditch, Hylebos Creek, and Puyallup River TDAs, and within all waterbodies combined,

the retrofit of approximately 24 acres of existing PGIS is expected to decrease the

concentrations.of TSS , andtotal and dissolved copper and zinc down to the performance

standard. Lr the remainder of the TDAs where new PGIS will be installed, and there is

no existing PGIS to rekofit, concentrations of pollutants are expected to meet the

proj ect's performance standards

Tabte 6. Pre- and Post-Project Pollutant Concentrations on Zinc (Zn) and Copper (Cu)

and Net Change by TDA.

TDA Pollutant Con centra tion (pglL)*

TSS' Tot. Zn Diss. Zn Tot. Cu Diss. Cu

Erdahl Ditch Pre-oroiect
Post-Pro'iect 14.00 67.00 44.80 12.00 7.80
Net Chanee i4.00 67.0A 44.8t lz .uv 7.80

Wapato Creek' Pre-project
Post-Proiect 14.00 67.00 44.80 12.00 7.80
Net Chanse 14.00 67.00 44.80 12.00 7.80

Fife DitcK Pre-proiect r92.00 350.00 110.00 59.00 14.00
Post-Proiect 14.00 67.00 44.80 12.00 7.80
Net Chanse -178.00 -283.00 -65.20 -47.00 -6.20

Hylebos Creek' Pre-project r92.00 350.00 110.00 59.00 14.00
Post-Proiect 14.00 67.00 44.80 12.00 7.80'
Net Change -178.00 -283.00 -65.20 -47.00 -6.20

Surprise Lake
Trib.

Pre-proiect
Post-Project 14.00 67.00 44.80 12.00 7.80
Net Change 14.00 67.00 44.80 12.00 7.80

Oxbow Lake
Ditch

Pre-proiect
Post-Proiect 14.00 67.00 44.80 12.00 7.80
Net Change 14.00 67.00 44.80 12.00 7.80

Puyallup River Pre-oroiect r92.00 350.00 110.00 59.00 14.00
Post-Proiect 14.00 67.00 44.80 t2.00 7.80
Net Chanee -178.00 -283.00 -65.20 -47.00 -6.20

All
Waterbodies

Pre-proiect T92.00 350.00 110.00 59.00 14.00
Post-Proiect 14.00 67.00 44.80 12.00 7.80
Net Chanse -178.00 -283.00 -65.20 -47.00 -6.20



1 Combines pGIS from two non-listed Fish bearing TDAs. Pollutant loading ftom at least the downstream TDA

will likely affeci PS Chinook salmon inhabiting the Blair'Waterway and Commencement Bay.
2 Combines PGIS from two non-listed Fish bearing TDAs'
3 Combines PGIS ftomthree listed fish-bearing TDAs.
4 The pollutant concentrations were derived from data on influent and effluent concentrations for multiple

stormiater quality BMPs contained in the 2005 WSDOT NPDES Report (2005)
5 Total Suspended Solids

Copper

Copper is acutely toxic to fish, even at low concentrations. Typical effects of copper exposure

inciuae 1) impaiied disease resistance, 2) disrupted migration (via avoidance behavior of copper-

contaminatedareas, 3) hyperactivlty, 4) impaired respiration, 5) disrupted osmoregulation, 6)

pathology of kidneys, liver, and gills, 7) impaired function of olfactory organs and brain, 8)

altered Uiood chemistry, and 9) enzqe activity that has been documented in fish exposed to

copper (Eisler 1998).

Baldwin et aI. (2003) demonstrated that short pulses of dissolved copper at concentrations as low

as 2 tr:"glLreduced olfactory sensory responsiveness by approximately 10 percent within 10

minutJs and by 25 percentwithin 30 minutes. At 10 $glL (aconcentration that could occur in

outfall effluent), reiponsiveness was reduced by 67 percent within 30 minutes, an exposure time

that is less than is typical of discharge times for BMP outfalls. The effects of short-term coppei

exposgre persist for hours and possibly longer. Although salmonids will actively avoid copper,

if ihey are unable to do so, olfactory function will be impaired within minutes of exposure. The

stnrlyirlentified a copper concentration neurotoxic threshold of an increase of 2.3 to 3.0 1t"f,L,
when background tevels are 3.0 trt{L or less, as sufficient to cause olfactory inhibition. They

also referenced three studies that reported copper exposures ofover 4 hours that resulted in cell

death of olfactory receptor neurons in rainbow trout, and Atlantic and Chinook salmon. Baldwin

et al. (2003) determined. that water hardness did not influence the toxicity of copper to coho

salmon sensory neurons.

The a-roidance of a chemical plr:me can cause a- fish to lea,ve refi-rgia and to ooc-r-.rpy less suitable

habitat, increasing the chances of predation and deueasing their ability to find prey. Folmar

(1976) observed avoidance responses in rainbow trout fry when exposed to a Lowest Observed

Bff."i Concentration of 0.1 pgll, of dissolved copper (hardness of 90 mglL)' The EPA (1980)

also documented avoidance by rainbow trout fry of dissolved copper concentrations as low as 0.1

pgll during a t hour exposure, as well as a LCro for smolts exposed to 7.0 1t'{L for 200 hours,

utrd u LCls for juveniles in the swim-up stage exposed to 9.0 1:'glL fot 200 hours.

Sprague (1964) and Sprague and Ramsay (1965) reported the Lncipient Lethal Level for

dissolvedcoppertobe+g pglLand32WglLatwaterhardness of20and14mglL,respectively.

The krcipient Lethallevel is that concentration which is required to kill half of the fish tested

within 1 week of exposure. Their experiment did not account for fish that arc able to survive 1

week, but subsequently die due to exposure. Sprague and Ramsay (1965) found that higher

concentrations of copper killed juvenile salmon much more rapidly than lower concentrations at

14mglL hardness.
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The WDOE (2006a) reported ambient dissolved copper concentrations in the Puyallup River as

high as 0.95 1tglL, which is below the 3.0 pglLbackground level limit where the2.3-3.0 pglL

neurotoxic threshold sufficient to cause olfactory inhibition is observed @aldwin et al. 2003).

The WSDOTs pollutant concentration modeling, which is based on their NPDES monitoring

data, estimated pre-project concentrations of dissolved copper of up to Ia.O p'glL and post-

project concentrations of 7.8 1tglL. rJnder the proposed action, stormwater BMP effluent

concentrations of 7.8 ltglL 90 percent of the time at the point of discharge, will be 3.4 times the

lower limit of the above neurotoxic effects threshold. These levels would be exceeded in the

mixing zones (300 ft downstream) atthe two outfalls in the Puyallup River (see description of

mixing zone in "Relevance of Water Quaiity Standards" section below). Exposures to these

concentrations for durations as short as 10 minutes are sufficient to significantly decrease the

ability ofjuveniie Chinook to recognize and avoid predators and navigate back to natal streams

as adults to spawn, resulting in lower spawning and increased predation on them. These

concentrations exceed the LCro concentration for smolt stage rainbow trout; however the

duration of the exposure would likely be too short to result in mortality

The WDOE (1999) reported median ambient dissolved copper concentrations in the surface

waters of the Blair Waterway of 0.8 | pdL and I.6 pglL inthe Hylebos Waterway, agun below

the background levels attendarrt to the neurotoxic threshold sufficient to cause olfactory

inhibition. In an effort to estimate the concentrations of dissolved copper that would be added to

this estuarine environmental baseline following receiving water dilution, the WSDOT modeled
pollutant concentrations using the WDOEs RMPLIIM and TSDCALC spreadsheets which
predict dilution and pollutant concentrations in mixing zones (Ludwa 2006a). The WDOEs
spreadsheets do not account for pollutant mixtures or the synergistic effects of rnultiple
pollutants. Modeled pollutant concenkations do not reflect a worst case scenario for listed fish

and are likely too low, as the WSDOT maximized dilution by employing the 2-year discharge in

the receiving water body and the lO-year discharge off the project's PGIS. The WSDOTs
dilution modeling analyses indicated that concentrations of dissolved copper in the upper reaches

of both the Blair and the Hylebos Waterway, at background levels below the 3.0 ltglLIimit,
would exceed the lower limit of the neurotoxic effects threshold (Ludwa 2006a). However,
conccntrations 'will likely be diluted belo'w the 2.3 pglL effecis threshoLd to bull trout and other

salmonids within a short distance from entering the waterways, owing to the large volume of

water and significant daily tidal exchange within the waterways.

We have na datato predict whether adult bull trout wouid be more or less sensitive to copper

than juvenile fish. However, it is tikely that juvenile or subadult bull trout and juvenile salmon
(prey species) that are exposed to the mixing zonemay incur harm from cell darnage andlor may

experience an increased risk of predation due to inhibited predator avoidance behavior. Bull

trout that avoid the mixing zonewlllbe precluded from aportion of the channel, reducing

foraging opporfunities, increasing the risk ofpredation, andlor creating thermal stress during

wafiner weather. Compromising bull trout use of a portion of the river is anticipated to

significantly impair normal behaviors. Furthermore, effects of copper on juvenile salmon may

adversely affect bull trout by reducingptey resources.
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Zinc

Zinc occrxs naturally in the environment and is an essential trace element for most organisms.

Toxicity of zinc to aquatic organisms is dependent on water hardness, pH, dissolved oxygen,

presence of mixtures, and trophic level (Eisler 1993). Toxicity of zinc can be altered by a

number of factors including temperaturo, pH, organic matter, phosphate, suspended solid

concentration, the p."r"n". of rnixtures, and duration of exposure (Eisler 1993). Bioavailability

of zincis increased under conditions of high dissolved oxygen, low salinity, low pH, and high

levels of inorganic oxides and humic substances (Eisler 1993). Most of the zinc introduced into

aquatic environments is eventually partitioned into sediments (Eisler 1993).

Zinc exposure has resulted in the destruction of gill epithelium, consequent tissue hlpoxia, and

potentiai lethality (Eisler lgg3). In fish, sublethal effects of ztnc have been associated with the
^following: 

altered behavior, blood and serum chemistry, and liver enzpe activity (Hilmy et al.

I987a;Hlhy et al. 1987b); interference with gall bladder and gill metabolism (Eisler 1993), and

altered immune response (Ghanmi et al. 1989) . Zinc has also resulted in reduced growth, alteted

avoidance behavior, impaired reproduction, increased respiration, decreased swimming ability'

increased jaw and branihialabnormalities, hyperactivity, hyperglycemia, andreduced survival in

freshwater fish (Eisler 1993).

Hansen et al. (2002b) measuredthe 120-day lethal concentrations of zinc to bull trout and

rainbow trout fry. Multiple pairs of zinc tests were performed with a nominal pH of 7'5,

hardness of 30 mglL, and atemperature of 8 'C. The bull trout LC50 values under these

conditions t*g.d fro* 35.6 to S0 1tg/Lvrith an avetage of 56.1 pgll. These tests deterrnined

that rainbow trout fry were more sensitive to zinc (lower LC50) than bull trout fry. They also

determined that older, more active juvenile bull trout were more sensitive than younger, more

docile juvenile bull trout based on observed changes in behavior at the juvenile life stage' The

authori concluded that the timing of zinc (and cadmium) exposure with the activity level of the

fish is germaneto predicting toxicity in the field. Since active feeding and increased metabolic

activity are apparently related to sensitivity, we assume that adult and subadult bull trout will

also be sensitivc ta zinc toxicity. Ho.wover, it is 'mknown if there is a difference in sensiti'-zity to

zincbetween aduit, subaduit, and juvenile bull trout. Activity level may be a better indicator of

sensitivity than age.

The mode of action for zinc toxicity relates to net loss of calcium. Zinc appears to reduce

calcium uptake, although this effect is reversible once the fish is placed in clean water' The

apparerrtdiff.rro"" in sensitivitybetween rainbow trout and bull trout may be due to the lesser

susceptibility of bull trout to calcium loss. Hansen et al. (Hansen et aL.2002b) state that

differlnces in sensitivity between these two salmonids may relate to different physiological

strategies for calcium regulation. These strategies may include structurally different gills,

differences in calcium uptake mechanisms, or resistance to calcium loss.

Sublethal endpoints have been evaluated, in toxicity tests with rainbow trout, but not with bull

trout. These sublethal data are available for both juvenile and adult rainbow trout (EPA 1980,

EpA 1987, Spear 198I, allcited in Eisler 1993). When comparing toxicity test results between

iuvenile and adult rainbow trout, it is apparent that juveniles are more sensitive. When making
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generalcomparisons between lethat and sublethal endpoints tested on juvenile rainbow trout, the

sublethal effects occur at concentrations approximately 75 percent less (5.6 pglL) than lethal

effects Qa We.L) (Eisler 1993;Hansen e't aL.2002b).

The lowest sublethal zinc concentration (5.6 pg/L) resulted in avoidance of the plume. Hansen

et al. (Hansen et al. 2002b) identified the sensitivity ranges for bull trout and rainbow trout from

25 to 55 percent. Given this difference in sensitivity, one might expect bull trout to avoid azinc

plume if the zinc concentration ranged between 6.7 to 8.7 1tglL. However, because stormwater

Lffluent contains of a mixture of chemicals, some of which are known to affect the olfactory

system (e.g. copper), we cannot assume that bull trout will be able to detect and potentially avoid

the mixing zone.

Ambient dissolved zinc concentrations in the Puyallup River can be as high as 4.1 pg/L (WDOE

2006b),which is between the 3.0 p"glL and13.0 p.{L background level limit related to the

behavioral avoidance threshold in rainbow trout (5.6 WgL). This is likely anacctrate

characlertzation of the environmental baseline for dissolved zinc in the project area since

WDOEs sampling location is just downstream of the existing terminus of SR 167 . The

WSDOTs pollutant concentration modeling, based on NPDES monitoring data, estimated pre-

project concentrations of dissolved zinc of up to 110.0 ltglL andpost-project concentrations of

aa.8 pgL. Under the proposed action, stormwater BMP effluent concentrations of 44.8 1t'g/L90
percent of the time atthe point of discharge will be eight times above the behavioral avoidance

concentration in rainbow trout (5.6 pglL). These concentrations exceed the LCso concentration

for juvenile bull and rainbow trout; with applicable pHs, hardness and temperatures, although the

er.pected duration of exposure qrould likely be too short to result in mortality.

The WDOE reported median dissolved zinc concentrations in surface waters of the Blair

Waterway'of3.7 ytglLandlL6VglLintheHylebosWaterway,whicharebetweenthe3.0pg/L
and 13.0 ltglLbackground level limit attendant to the behavioral avoidance concentration for

rainbow trout. Using the dilution modeling method described above, the WSDOT again

indicated that concentrations of dissolved zinc in the upper reaches of the Blair and the Hylebos
1tr{aterl,ray, at background levels befween the 3.0 'i"glL e*,n.A p"glLlimit,,.would exceed the

behavioral avoidance concentration (Ludwa 2006a; Ludwa 2006b).

Subadult and juvenile bull trout reside in the action area during the summer months when

wafiner temperatures increase the risk of effects from exposure to zinc in the effluent plume. We

arrticipate that those bull trout exposed to zinc in the mixing zone for several days may

""peri"ttr" 
impaired calcium uptake. Other bull trout that avoid the mixing zone will be

precluded from a portion of the charurei, reducing foraging opportunities, increasing the risk of

predation, andlor creatingthermal stress to bull trout during wanner weather. Compromising

bull trout use of a portion of the river, especially during low flow periods, is anticipated to

significantly impair normal behaviors.

Cadmium and Chromium in Highway Runoff

Traffic residue contains multiple metals including iron, zinc,lead, cadmium, nickel, copper, and

chromium. There is currently more information regarding the presence of zinc and copper in
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highway runoff, and therefore the potential effect of these metals on fish. However, there is

some general information on the effects of cadmium and chromium on fish and aqtsatic
organisms.

Cadmium is considered one of the most toxic of metals to fish (Sorensen 1991). Typical effects

of cadmium toxicity to freshwater organisms include spinal deformities, inhibited respiration,
immune response, temporary immobility, decreased growth, inhibited reproduction, decreased

survival, and population alterations (Sorensen I99l; Brent and Herricks 1998; Sanchez-Dardon
et al. 1999). Hansen et aI. Q002a) investigated sublethal effects from cadmium exposure on bull

trout. They determined that exposure to 0.786 StglL cadrrnum caused a37 petcent increase in

mortality and, a28 percentreduction in weight in test fish. The 120-hour lethal LC50 for

cadmium in juvenile bull trout in a mixture was 0.83 pgll- (Hansen et aL.2002a). Cicmanec and

Jackson (2001) reviewed long-term, sub-lethal tests conducted with rainbow and brown trout.

The No Observed Effect Concentrations (NOECs) ranged from3.4 to 9.3 pglL.

At high concentrations, chromium is a mutagen, teratogen, and carcinogen (Eisler 1986).

Chromium toxicity to aquatic biota is significantly influenced by abiotic variables such as water

hardness, temperaturo, pH, salinity, and species, life stage, and presence of mixtures (Eisler

1986). Sensitivity to chromium varies widely, even among closely related species. Effects of

chromium toxicity to freshwater organisms include reduced survival in freshwater invertebrates
(including molluscs), reduced growth and disease resistance, behavioral modifications, disrupted

feeding, cell damage in the gills, osmoregulatory upset in outmigrating smolts, and reduced
reproduction and survival in freshwater fish (Eisler 1986).

Stevens and Chapman (t9Sa) conducted early life stage tests with rainbow trout to evaluate

lethal and sub-lethal effects from exposure to Chromium+3 (the less toxic of the two forms of

Chromium that canbe found in stomwater). Reductions in survival were observed during

chronic exposures of 89 and I57 p{L. The authors concluded that the chronic toxicity threshold

was bounded by a3}p,!LNo Observed Adverse Affect Level and anunacceptable toxic
concentration of I 57 pglL.

These studies indicate that measurable impacts to growth, survival, reproduction, and/or

metabolism may occur for bull trout from stormwater effluent containing cadmium and

chromium. Unknowns remaining for the proposed project include what baseline concentrations

of cadmium and chromium are for the lower Puyallup River and what the project's contribution

will be when stormwater is discharged post-treatment. Stormwater treatrnent techniques may be

somewhat effective at removing cadmium from highway runoff. The WSDOT monitored a suite

of BMPs and found that the reduction in total cadmium ranged from 36 to 86 percent and

reduction in dissolved cadmium ranged from increasing to a decrease of 62 percent. The

WSDOT concluded that "with treatment" 98 percent of their samples met State standards for

dissolved cadmium (FHWA and WSDOT 2006). In this case, "treatment" refers to basic
treatment levels. The proposed project wiil involve both basic and enhanced treatment so it is

expected to attain a higher rate of removal of dissolved metals (FHWA and WSDOT 2006).
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Estimates of the Extent of Exposure

To predict annual pollutant loads under the proposed action, WSDOT used the "FHWA method"
(WSDOT 2003a). This method uses estimates of storm pollutant export per acte, based on a

limited data set, to provide a general estimate of pollutant loading at the TDA scale.

Existing PGIS within the action area currently contributes pollutant loads of coppet, zinc,

cadmium, and chromium. These pollutant loads will change with the addition of new PGIS.

Table 7 presents the results of an analysis by WSDOT of pre- and post-project annual pollutant

loading for copper and zinc throughout the action area by TDA'

Table 7. Pre- and Post-Project Annual Pollutant Loading of Zinc (Zn) and Copper (Cu) and Net

Change by TDA.

TDA Annual Pollutant Loading (lbs/yr)

TSS Tot.
Zn

Diss. Zn Tot.
Cu

Diss. Cu

Erdahl Ditch Pre-project 0.00 0.00 0.00 0.00 0.00
Post-proiect 135.00 0.84 0.60 0.20 0 . 1 1
Net Chanse 13s.00 0.84 0.60 0.20 0.11

Wapato Creek' Pre-proiect 0.00 0.00 0.00 0.00 0.00
Post-proiect 1.485.00 9.24 6.60 2 . 1 5 1 . 1 6
Net Change 1.485.00 9.24 6.60 2.15 1.16

Fife Ditch' Pre-proiect 9"57r.r0 18.63 6.78 3.39 0.90
Post-proiect r,2r5.00 7.s6 5.40 1.76 0.95
Net Change -8.3s6.10-rr.07 -1.38 -1.63 0.05

Hylebos Creek Pre-proiect 9,57r .10 18.63 6.78 3.39 0.90
Post-proiect 2,340.00 r4.s6 10.40 3.38 r .82
Net Chanee -7.231.10 -4.07 3.62 -0.01 0.92

Surprise Lake
Trib.

Pre-proiect 0.00 0.00 0.00 0.00 0.00
Post-proiect 1,620.00 10.08 7.20 2.34 t .26
Net Chanee 1.620.00 10.08 7.20 2.34 1.26

Oxbow Lake
Ditch

Pre-proiect 0.00 0.00 0.00 0.00 0.00
Post-proiect 810.00 5.04 3.60 r . t7 0.63
Net Chanee 8r0.00 5.04 3.60 L. l7 0.63

Puyallup River Pre-proiect 4.152.75 8.09 2.94 r.47 0.39
D . 4 A  4 E 1 A  A F I 1 41 , ?-R6- t n o

Net Change -1.482.00 8.53 8.93 2.39 r.69
Ail
Waterbodies

Pre-proiect 23"294.95 45.35 16.49 8.25 2 . t 9
Post-proiect 10"27s.7563.94 4s.67 14.84 7.99
Net Change

13.01g.2; 18.59 29.18 6.60 5.81

1 Combines PGIS from two non-listed Fish bearing TDAs. Pollutant loading from at least the downstream TDA

willlike1y affect PS Chinook salmon inhabiting the Blair Waterway and Commencement Bay,
2 Combines PGIS from two nonlisted Fish bearing TDAs'
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' Combines PGIS from three listed fish-bearing TDAs.
o "l otal Suspended Solids

Total Suspendod Solids, as well as total and dissolved copper arrd zinc, pollutant loading will
increase in all TDAs with the following exceptions. Total suspended solids are expected to
decrease in the Fife Ditch, Hylebos Creek, and Puyallup River TDAs, as well as in all
waterbodies combined. Both total zinc and copper are expected to decrease in the Fife Ditch and
Hylebos Creek TDAs. These decreases are a result of the proposed retrofit of existing
impervious surface. The loading of dissolved copper and dissolvedzinc is expected to increase
in all TDAs, as well as the project overall, with the exception of a decrease in dissolvedzinc in
the Fife Ditch TDA. For example, In the Puyallup sub-basin, the loading of dissolved copper
will increase from 0.39 pounds (lbs) per year to 2.71lbs per year (approximately a sevenfold
increase) and the loading of dissolved zinc will increase from 2.94Ibs per year to 15.47 lbs per
year (approximately a fivefold increase). The net increases in pollutant loading will measurably
degrade the environmental baseline adversely affecting bull trout in the Puyallup River, their
prey base in Hylebos Creek and Surprise Lake Drain during periods of high water, and to a
limited extent downstream in the Blair and the Hylebos Waterways.

The discharge of stormw ater to channel margins exposes fish to metal concentrations that
(depending upon duration of exposure, among other factors) may elicit sublethal effects such as
avoidance of the plume or re,pressed olfactory performance and potentially lethal affects.

Discharges of treated stormwater into the Puyallup River will have a less-severe effect bull trout
during periods of high flows. Average monthly discharges between May and November varies
from a high of 4,410 cfs in June to a low of 1,690 cfs in September (USGS 2006). Average
monthly discharge is the highest between February and June (3,220 cfs to 4,410 cfs). However,
bull hout utllize the Puyallup River year-round and will also be exposed to stormwater poliutants
throughout the year. Low daily discharges occur in early fall, and in some years in February or
March. Rainfail events during these periods often generate a"ftrst flush" of stormwater
pollutants, increasing the likelihood of adverse effects. The WSDOT did not provide a worst-
case scenario dilution modeling of stormwater discharged into the Puyallup River, so we assume
on average, that bull trout would be exposed to the above-referenced pollutant concenfrations
and annual loading atthe point of discharge.

Effects of Pollutant Exposure on Bull Trout

Bull troutand their prey base within the Puyallup River, Hylebos Creek and Surprise Lake
ringperiodsoflhigh-w-aIer,-and-the-Blair-Watet$ay,-arp-akeady-exposed-tocom

mixtures of metals and other contaminants from runoff resulting from existing roadways, as well
as pollution originating from other land uses within each sub-basin. Since adverse effects from
these poilutants iikeiy occur in the action area, fne effects of the proposeri project may be
additive, slmergistic , atdlor antagonistic. Although the concentrations of dissolved copper and
zinc are expected to decrease in TDAs where retrofit of existing PGIS is proposed, these and the
concentrations in TDAs with only new PGIS will be significantly greater than the neurotoxic
threshold sufficient to cause olfactory inhibition and the behavioral avoidance, respectively. In
addition, there willbe a significantincrease in the annual loading of copper andzinc, particularly
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in the Puyallup River. As such, bull trout will be exposed to gteater levels of stormwater
pollutants as a result of the SR 167 Extension project.

Most published literature concerns the acute toxicity of most metals on an individual basis,

though in aquatic receiving bodies most metals typically exist in mixtures, and are known to

interactwith each other (Niyo gi et aL.2004). These mixtures interacting at gill (and olfaction)

mediums likely result in adverse effects, and the physiological consequence of metal mixtures is

a continuin g a,xea of study (Niyogi et aI. 2004). However, individual metal concentrations, and

some mixture concentrations and combinations have been tested with a variety of Oncorynchus
(i.e. Chinook, coho and rainbow trout), and Salvelinus (buIl and brook trout) species. Tested

endpoints range from lethal to sublethal effects, which include reduced growth, fecundity,

avoidance, reduced stamina and neurophysiological, and histological effects on the olfactory

system. For example, mixtures containing copper andzinc were found to have greatalhan

additive toxicity to a wide variety of aquatic organisms including freshwater fish (Eisler 1998),

and other metal mixtures also yielded greater than additive toxic effects at low dissolved metal

concentrations (Playle 2004).

Strong biological evidence of water quality degradation within urbaruzed watersheds in the Puget

Sound has been recently observed. Death of adult coho has been documented in some highly

urbantzed.streams in Seattle and other areas of Puget Sound such as: Longfellow, Thomton,

Pipers, and Fauntleroy Creeks . Data summarizednz\\z showed that the adult coho pre-spawn

mortality rate was 60 percent for Longfellow Creek; 71 percent for Pipers Creek; 82 percent for

Thomton Creek; and approximately 25 percent for Fauntleroy Creek (Longfellow Creek

Community2002).

These observations prompted a pilot study in2004 by the Northwest Fisheries Science Center,

which revealed significant pre-spawn mortality of coho salmon within Longfellow Creek,
compared to a relatively non-urb anrzed stream within the Stillaguamish River Watershed CNMFS
2005a). Mortality in adult coho was observed within hours of their return to the creek, often

during, or soon after, rain events. Pollutant mixtures in stormwater are likely a primary

contributor to the high 1evel of pre-spawn mortality, though the exact causes have not been fully

determined to date OIMFS 2005b).

Recent studies have shown that salmonids that rear andmigrate through contaminated waterways

bioaccumulate pollutants, and have suppressed immune systems (Arkoosh et al.l99l; Varanasi

et al. 1993). These sublethal effects can persist after fish leave the natal streams and enter the

ocean (Arkoosh et al. 1998).

Relevance of Water Quality Standards

The Puyallup Tribe has Clean Water Act jurisdiction on surface waters overlaying tribal trust
lands; in the Puyallup fuver from RM 1.0 to approximatelyRM 7.3 andthe marine conservancy
areainthe Hylebos Waterway fNaylor 2007,Puyallup Tribe, pers. comm.). Therefore, actions
taken within surface waters overlaying tribal trust lands, or having downstream effects to surface
waters overlaying tribal trust lands, need to comply with the Tribe's water quality standards,
including the anti-degradation standard. Compliance with Tribe's water quality standards is

69



therefore necessary for discharges to the Puyallup River via outfalls for the SR 161/SR 167

lnterchange and the Puyallup River Bridges, as well as discharges to the Puyallup River via the

Oxbow Lake Ditch. Disoharges from the 18 proposed stormwater outfalls discharging into

Hylebos Creek and Surprise Lake Drain either directly or via the RRPs; as well as those
discharging into the Fife Ditch are all outside the boundary of Puyallup Tribal trust land but will
need to meet Tribe's anti-degradation standard atthe head of the Hylebos Waterway.

The Tribe's mixing zonewater quality standard for the Puyallup River can be found inthe2002

NPDES permit for the City of Puyallup Wastewater Trcatment Plant, (EPA and Puyallup Tribe

2002). Per this NPDES permit, the chronic mixing zonemay not exceed 300 ft plus the
honzontallength of the diffirser downstream, 100 ft upstream, and25 percent of the width of the

river during the 7Q10 discharge (the 7 day average low flow that has a 10 percent chance of
occuring in any glven year). The permit indicates thatthat this discharge is equivalefito 757
cfs. Theacutemixingzonemaynotexceedthesamewidth andmay notexceed l0percentof
the above-referenced length.

Discharges from the 24 proposed stormwater outfalls discharging into HyJebos and Wapato
Creeks and Surprise Lake Drain either directly or via the RRPs; as well as those discharging into

the Fife and Erdahl Ditches are all outside the boundary of Puyallup Tribal trust land and are

therefore covered by Washington State Water Quality Standards under the Washington State

Administrative Code (173-20IAWAC). The mixing zone under State water quality standards is

identical to the Tribes' mixing zone. Information regardtngthe 7Q10 discharges for Hylebos
and Wapato Creeks, and Surprise Lake Drain, as well as for the Fife, Erdahl, and Oxbow Lake
Ditches was not available.

Water Quantity

Construction of the proposed project will include the placement of 227 acres of PGIS and will

result in the permanent loss of approximately 218 acres of vegetation. Additionally,
approximately 280 acres of vegetation will be temporarily temoved, 189 acres of which will be
rrpt*t"A witl native woody species within the Hylebos, Surprise Lake, and Wapato RRPs.
Equipment staging andmateial storage areas, occupying another approximately 90 acres, will
also be replanted. While replariting will eventually reduce the effects of vegetation removal,
permanent removal of vegetation will negatively affect existing watershed hydrologic function
and the habitat-forming processes that rely on that function. The effects of impervious and
compacted surfaces on watershed hydrolo gy andhabitat quality include increased frequency and
duration of peak flows, diminished base flows, reduced subsurface flow, groundwater recharge

EIIECTS ATE

described in the "Effects of Impervious Surface" section.

Puyallup River Sub-basin

Stormwater from the completed project in Puyallup River TDA will contribute to
increased peak flows in the lower Puyallup River. However, this contribution is expected
to be insignificant compared to flow alterations upstream of the action area (e.g. flood
control and hydroelectric generation discharge regimes from the three upstream Puyallup
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River system dams). As such, effects on the flow regime of the Puyallup River are

expected to be discountable.

Hylebos and Wapato Sub-basins

If traditional flow control BMPs were implemented in the Hylebos and Wapato sub-basins,

new impervious areas would also increase the frequency and duration ofpeak flows,

diminish base flows, reduce subsurface flow, groundwater recharge and hyporheic flow'

Soils in the action area consist of glacial till, marine silt from tidal influences, alluvial and

volcanic mudflow deposits, or glacial outwash from melt water O,IGS 2004) which are not

conducive to infiltration. Additionally, much of the project area is within frequently-

flooded areas. Therefore, riparian restoration is proposed along Hylebos and Wapato

Creeks and Surprise Lake Drain in lieu of traditional flow control. The riparian restoration

approach includes obtaining land to allow the removal of roadways, buildings, floodplain

fi1i, and culverts from riparian areas. Land currently in agncultural production will be

allowed to revert back to nahxalwetland conditions. Non-native plants will be removed

from ripari an areas and native trees and shrubs will be planted. This approach is expected

to more effectively control stormwater flow conffol (over traditional BMPs) and have the

added benefit of increasing habitat functions.

The RRPs will establish approximately 75- to 300-foot-wide riparian buffers along each

side of approxim ately 4miles of stream (EnviroVision 2005). Within this atea, wetlands

will be restored and channel meanders willbe allowed to develop. These improvements

will minimizethe effects of increased runoff rates, increased flow duration, base and peak

flow alteration, and possibly subsurface flow alteration. The restoration plan is designed to

reduce channel erosion, increase channel capacities, increase contaminant filtration,

improve floodplain storage in some area, and provide infiltration (WSDOT 2003b).

Retuming developed lands to a forested condition wiil reduce surface runoff and increase

infiltration and aquifer recharge. Forested areas genorate the least amount of surface runoff

of any land use. Forested areas intercept rainfall and, through evapotranspiration, they

prevent precipitation from entering the surface water. The remaining water is then slowly

ieleased to streams through subsurface flow and gloundwater exchange, with a fraction

entering via surface runoff. On glacial till soils forest root systems reduce soil compaction,

allowing for better infiltration. The benefits associated with restoration of forested areas

will increase as the trees mature.

With-in-tFRRF-s approximdely 63-acres of exi5ting wetland will-b-e improved, rezufting
in better floodwater storage andwater quality. An undetermined amount of additional
wetland will also be created from streamb ank stabilization and restored hydrology in the

rtpflanareas. Floodplain storage capacity willvary over time, because the channels

would once again be allowed to migrate. As new channels are created during flood

events and old channels abandoned,npaianwetlands and backwater channels could

form. According to WSDOTs hydraulic analysis, the RRPs are expected to reduce the

10O-year floodplain elevation reiative to pre-project conditions (MGS 2004).
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The project's proposed flow control (via the RRPs) is expected to maintain or improve

stream channel stability, reduce flood levels and inundationarea, enhance degraded

stream channel segments, and expand and enhance riparian habitat. However, the RRPs

will not be fully functional until a mature riparian zone is established. It is expected that

the RRPs will be functioning as effective flow control after 10 years from completion

assuming that monitoring and maintenance requirements are met. Functions related to

physical habitat conditions (contribution of LWD, etc.) will take longer to develop'

buring development of the RRPs, prey species for bull trout will experience temporally

decreasing effects to in-stream and riparian habitat functions. As a result we expect that

the prey base for bull trout will be decreased for approximately 10 years, after which time

they should rebound to baseline conditions. Past that point, we expect that prey species

wili respond positively to expected improvements in habitat conditions and increase in

abundance.

Conclusion

The proposed project will result in the discharge of stormwater with concentrations of dissolved

"opp". 
(7.5 lrgll- above background), and dissolved zinc (44.8 p"glL above background), that

exceed the thresholds for adverse effects to olfaction and behavior in juvenile salmonids.

Exposure to these as well as other project-related pollutants such as chromium and cadmium will

"ontitr,t. 
atthepoint of dis charge in perpetuity. This exposure could affect the ability of bull

trout to rccogmze and avoid predators in the Puyallup River and Commencement Bay and could

affectthe ability of adults to migrate back to these natal streams to spawn.

Mortality of bull trout could result if the exposure is of sufficient duration. However, we do not

antictpiemortality because levels of pollutants are not expected to reach lethal levels and

because it is unlikely thatbull trout will remain in close proximity to outfall pipes (i.e., the acute

mixing zone).

The substantial flows in the Puyallup River and Commencement Bay will reduce the magnitude

of the adverse effects. To account for dilution of these pollutants at the point of discharge, a

mixing zone was established for all of the outfalls discharging to streams that bear listed fish,

consisient with puyallup Tribe and Washington State water quality standards. Adverse effects

are expected to occur only within the mixing zones associated with the two outfalls in the

Puyallup River.

Direct Effects of Bridse Construction in the Puyallup River

C ons tructi on - Rel at e d Turbi dity

The severity of the effect on bull trout from turbidity depends on numerous factors including the

proximity of the work to surface water, amount of ground-disturbing activity, slope, amount of

vegetation removed, and weather. Effects of suspended sediment on fish are well documented

(Bash et al.200I). Suspended sediment can affect fish behavior and physiology and result in

,t 
"g 

and reduced survival. Temperature acts syrergistically to increase the effect of suspended

sediment. The severity of effect of suspended sediment increases as a function of the
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concentration and exposure time (e.g., dose) (I.{ewcombe and Jensen 1996; Bash et al' 200I).

Suspended sediment can cause sublethal effects such as elevated blood sugar levels and cough

rates (Servizi andMartens lggl),physiological stress, and reduced growth rates. Turbidity can

reduce the ability of salmonids to detect prey, cause gill damage (Sigler et aL 1984; Lloyd et al'

i,987;Bash et al.200l), and cause juvenile fish to leave rearing areas (Sigler et al. 1984).

Additionally, short-term pulses of suspended sediment has influenced territorial, gill-flaring, and

feeding behavior of salmon in the laboratory (Berg and Northcote 1985).

Settling of fine sediment can impact food production. When fine sediment settles on gravel and

cobble, benthic diversity and density may drop significantly (Cordone and Pennoyer 1960;

Herbert et aL I961;Bu11ard, Jr. 1965; Reed and Elliot 7972;Nutta1l and Bilby 7973; Bjomn et al.

I974; Cederholm et aI. 1978). The resulting reduction in prey could negatively impact fish

growth.

As sediment is suspended during conskuction, enters the lower Puyallup River, and moves

downstream, concentrations will be diluted and heavier sediments will settle. To assess the

levels at which adverse effects will occur and to determine the downstream extent of sediment

impacts for this project, the FWS used the analylical framework attached in Appendix D. This

framework uses the findings in Newcombe and Jensen (1996) on the impacts to fish from

suspended sediment to determine project-related impacts on bull trout'

Increases in suspended sediment may affect salmonid behavior in several ways. Fish may avoid

high concentrutiottr of suspended sediment altogether (Hicks et al.I99l). Slight elevations in

suspended sediment may reduce feeding efficiency of some salmonids. At lower concentrations

fish may decrease feeding, and, athigher concentrations they may cease feeding completely

(Sigler et aI. 1984). In addition, social behavior patterns may be alteredby suspended sediment

(errg and Northcote 1985). Not only can feeding efficiency be affected, but high concentrations

of suspenAed sediment can also affect survival, growth, and behavior of stream biota on which

salmonids feed (Harvey and Lisle 1998). Suspended sediment may aket food supply by

decreasing abundance and. availability of aquatic insects; however, the precise thresholds of fine

sediment in suspension or in deposits that result in harmful effects to benthic invertebrates is

diffrcult to characterize (Chapman and Mcleod 1987).

The proposed project will temporarily increase turbidity levels in the action area, and cause

adveiseLffects to bull trout. The types of adverse effects experienced by bull trout exposed to

increased turbiditv are summarizedin Table 8.



Table 8. Summary of adverse effects to bull trout resulting from elevated sediment levels.

Sediment Impacts Adveise Effects Related to Sediment Impacts

fill trauma
3logs gills which impedes circulation of water over the
dlls and interferes with respiration.

Prey base

Disrupts both habitat for and reproductive success of
nacroinvertebrates and other salmonids that spawn and
:ear downs tr earrt o f the constructi on activities.

Feeding efficiency
Reduces visibility and impacts feeding rates and prey

;election.
Flabitat lills pools, simplifies and reduces suitable habitat.

?hvsiolosical
hcreases stress, resulting in decreased immunological
:ompetence. erowth and reproductive success.

fehavioral lesults in avoidance and abandonment of preferred habitat'

The analysis requires a measurement of the existing suspended sediment concentration levels

(mg/l) and duration of time that sediment impacts would occur. We used data available from

WpOn Q006b) to determine the ratio of turbidity (NTU) to suspended solids (mell) in the lower

Puyallup during the proposed months of construction (1 :2, for July and August). Twenty-six

years of data were used to determine the ratio (1978-2005, incomplete data for 1985).

To evaluate the length of time that sediment impacts would occur, we estimated that in-water

work would occur during business hours, 10 hours a day, for a total of 35 days for the first

construction season, 14 days for the second construction season, and 16 days for the third

construction season. Using these measurements, the FWS determined adverse affects to bull

trout will occur in the following circumstances:

1) When background NTU levels are exceededby 74 NTUs at any point in time.

2) When background NTU levels are exceeded by 28 NTUs for more than t hour.

3) When background NTU levels are exceededby 28 NTUs for more than3 hours,

cumulatively over a lO-hour workday.

The installation and removal of the temporary piles for the detour bridge and the work platforms,

and the installation and removal of the sheet piles for the cofferdams, could cause turbidity above

limited monitoring data from past projects (Widener and Associates 2005){Pascoe 2006}

@ascoe Environmental Consulting2006). These reports show that turbidity from pile

instaiiation and removai dici not reach 28 i.tTU's over backgrounci. Therefore we expect that pile

installation and removal will not generate turbidity at levels significant enough to adversely

effect bull trout.
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Effects of Elevated Underwater Sound Pressure Levels from Impagt Pile Driving

The proposed project includes installation of up to !50,24-tnch diameter hollow steel pilings; 50

pilings each to support the two temporary work bridges and the temporary detour bridge. Pile

installation for all three temporary structures is expected to occur over 35 days within one in-

water work window and may involve the operation of more than one pile driver at a time. [r

order to reduce the likelihood and extent of exposure to elevated underwater Sound Pressure

Levels (SPLs), installation is limited to the period between July 15 through August 31. This

timing window allows in-water work to occur when the numbers of listed fish in the action area

are atthefu lowest, and the life stages of listed fish are less vulnerable (i.e. larger) to the potential

effects. To further reduce potential effects, the project will use a vibratory hamrner to install the

piles, limiting the use of an impact hammer to thatneeded for proofing. The proposed project

includes a performance standard that an attenuation system will be used to ensure that SPLs will

not exceed 185 dBp.rr at 10 m from the pile being installed. In order to gain baseline

hydroacoustic monitoring data, some impact proofing will need to occur without sound

attenuation.

I11.2005,WSDOT monitored SPLs generated by installation of 24-inch piles in Friday Harbor,

Washington, andfound that the highest recorded level was 2I7 dBp"uuand average fins levels

were 195-178 dB,,,,, (Laughlin 2005). Other monitoring efforts in Washington have documented

maximum levels above 200 dBp.ar. and 190 dB,,o, for 2|-inchpiles (Anderson 2004;

MacGillivray and Racca 2005). Based on these data, we expect that source level SPLs from

impact proofing of steel piles could reach 217 peakand 190 dB,-..

High underwater SPLs are known to have negative physiologi caI andneurological effects on a

wide variety of vertebrate species {Yelverton,1973 7567 lid;Yelverton, I98l 7569 /id;Steevens,

lggg 73gl /id;Fothergill, 2001 6845 lid;U.S.Department of Defense,2002 7448 lid;Cudahy,

2002 6758 /id). High underwater SPLs are known to injure and/or kill fishes, as well as causing

temporary stunning and alterations in behavior (Turnpenny and Nedwell 1994; Turnpenny et al.

L994;Popper 2}}3;Hastings and Popper 2005). Risk of injury appears related to the effect of

rapid pressure changes, especially on gas-filled spaces in the bodies of exposed organisms

(Turnpenny et aI. 1994).

High underwater SPLs can also cause avaiety of behavioral responses that have not been

thoroughly studied. Broadly, the effects of elevated underwater SPLs on organisms range from

no effect to death. Over this continuum of effect, there is no easily identifiable point at which

behavioral responses transition to physical effects. For the pilrposes of this analysis we attempt

Species Act definition of harm (those causing mortality and/or injury) and harassment (those

causing significant behavioral changes). General literafure and information on each categoty arc

d,escribed first, with the potential effects to bull trout described in subsequent sections.

Effects from Impact Installation of Steel Piles Expected to Result in Mortality or Injurv

Injury and mortality in fishes has been attributed to impact pile driving (Stotz and Colby 2001;

Stadler 2002; Fordjour 2003; Abbott et aL.2005; Hastings and Popper 2005). The injuries
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associated with exposure to high SPLs are referred to as barotraumas, and include hemorrhage

and rupture of internal organs, hemorrhaged eyes, and temporary stunning (Yelverton et aI. 1973;

Yelverton et al. 197 5; Yelverton and Richmond 198 1 ; Turnpenny and NedweII 1994; Hastings

and Popper 2005). Death from barotrauma can be instantaneous, occurring within minutes after

exposure, or can occur several days later (Abbott et aI' 2002).

The most noticeable and well-documented effects of pile driving have been fish kills. However,

it is importarrtlo note that not all fish killed bypile driving float to the surface and they are

therefoie likely to go undetected (Teleki and Chamberlain 1978; WSDOT 2003c). With few

exceptions, fish-kills are reported only when dead and injured fi.shes are observed at the surface.

Thus, the frequency and magnitude of such kills are likely underestimated.

Physical injury to aquatic organisms may not result in immediate mortality. If an animal is

injured, death may occur several hours or days later, or injuries may be sublethal. Necropsy

results from Sacramento blackfish(Othodon microlepidotus) exposed to high SPLs showed fi-sh

with extensive internal bleeding and a ruptured heart chamber were still capable of swimming for

several hours before death (Abbott et al.20A2). Sublethal injuries can interfere with the ability

to carry out essential life functions such as feeding and predator avoidance (Popper 2003)'

The potential for injury and/or mortality of any aquatic organism from pile driving depends on

the type and intensity of the sounds produced. These are gteatly influenced by a variety of

factors, including the type of hammer, the type of substrate, and the depth of the water. Firmer

substrates require more energy for pile driving, and produce more intense sound pressures.

Biologically, key variabies that factor into the degree to which an animal is affected include size,

anatomical variation and location in the water column (Gisiner et al. 1998). Any gas-filled

structure inside an animal is particularly susceptible to the effects of underwater sound (Gisiner

et al. 1998). Examples of gas-filled structures in vertebrate species are swimbladders, bowel,

sinuses, lungs, etc. As a sound travels from a fluid medium into these gas-filled structures, there

is a dramatic drop in pressure, which can cause rupture of the hollow organs (Gisiner et al.

1ee8).

Sound energy from an underwater source readily enters the bodies of animals because the

acoustic impedance of animai tissue nearly matches that of water (Hastings 2002). This has been

demonstrated in fishes with swimbladders (such as salmonids). As a sound pressure wave passes

through a fish, the swimbladder is rapidly compressed due to the high pressure and then rapidly

expanded by the underpressure. Exposure to this type of pneumatic pounding can cause rupture

of capillaries in the internal organs, as observed in fishes with blood in the abdominal cavity, and

kidneyTissues @ab

Yelverton and Richmond (1981) and Yelverton and others (1913) exposed many fish species,

various birds, and terrestri almammals to underwater explosions. Common to all the species that

were exposed to underwater blasts were injuries to air and gas-filled organs, as well as eardrums.

These studies identified injury thresholds in relation to the size of the charge, the distance at

which the charge was detonated, and the mass of the antmal exposed. Yelverton and others

(1973) and Yelverton and Richmond (1931) found that the gteater the fish's mass, the greater
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impulse level needed to cause an rnjury. Conversely, a fish with smaller mass would sustain

injury from a smaller impulse.

At Bremerton, Washington, approximately 100 surSer ch (Cymatogaster aggregata, Brachyistius

frenatus and Embiotoci lateralrs) were killed during impact driving of 30-inch diameter steel

pitittgr (Stadler 2002). The size of these fish ranged from 70 mm to 175-mm fork length.

bissections reveaied that the swimbladders of the smallest of the fishes (80 mm fork length)

were completely destroyed, while those of the largest individual (170 mm fork length) were

nearly intict. Dutageio the swimbladder of C. aggregata was more severe than to similar-sized

B. frinatus. These results are suggestive of size and species-specific differences and are

consistent with those of Yelverlon and others (1975) who found size andlor species differences

in injury from underwater explosions.

Another mechanism of injury and death resulting from high SPLs is "rectified diffusion", or the

formation and growth of bubbles in tissue. Rectified diffusion can cause inflammation and

cellular damagebecause of increased stress and strain (Vlahakis andHubmayr 2000; Stroetz et

al.200l) and blockage or rupture of capillaries, arteries, and veins (Crum and Mao 1996). Crum

and Mao (1996) analyzedbubble growth underwater by rectified diffusion caused by sound

signals at low frequencies (less than 5,000 Hz),longpulse widths, and atmospheric pressure.

Their analysis indicated that SPIIs exceeding 190 dBp"urcould cause bubble growth.

Due to differences between species and from variation in exposure type and duration, uncertainty

remains as to the degree of potential adverse effects from SPLs between 180 and 190 dBpeat.

Turnpenny and otheis (Igg4) exposed brown trout (Salmo trutta) to SPLs greatet than 170 dB

with pure tone bursts for a duration of 90 seconds. This resulted in a mortality rate of 57 percent

after 24hours in brown trout and 50 percent mortality occurring at 176 dB (95 Hz) in bass

(Dicentrarchus labrax) and whiting(Merlangius merlangus). The authors suggest that the

threshold for continuous sounds was lower than for pulsed sounds such as seismic airgun blasts.

Sounds from pile driving are more similar to that of airguns than to pure tone bursts. As such,

we conclud 
"inutthe 

I70 dB threshold for injury to brown trout identified by Turnpenny is likely

lower than the injury threshold level anticipated for pile driving from this project.

Based on the above, we anticipate the potential for barotratxnato occur in aquatic organisms,

including bull trout, at SPLs of >190 dBpeak. We anticipate other types of potential physical

injury to occur above 180 dBpeak, based on the studies of both aquattc and terrestrial species

discussed above. The 180 dBpeak threshold is probably at least somewhat conservative because

most studies described evaluaied transmitted signals of longer duration that what is anticipated to

result.from pilediiving. The specific adverse effects anticipated for bulltrout-are describod iri__--

more detail below.

Normal Behavior

No experim ental dataspecific to bull trout response to underwater sound from pile driving are

availaLle. Ir fact, there is much uncertainty regardingthe behavioral response of organisms to

underwater sound in general. Further confounding the issue is the factthat most of the
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information on the behavioral effects of underwater sound is from studies using pure tone

sounds. Sounds generated by pile driving, however, are impulsive sounds and arc made up of

multiple frequencies/tones, making comparisons with existing data diffrcult.

Exposure to elevated SPLs can result in temporary hearing damage referred to as Temporary

Threshold Shift (TTS). Most bioacoustic specialists consider TTS to be physiological fatigue,

and not injury (Popper et aI2006c). However, an organism that is experiencing TTS may suffer

"oor"qo"rr"es 
of rot being able to detect biologically relevant sounds such as approaching

predators or prey, andlor mates attempting to communicate. Mesa (1994) examined predator

avoidance ability and physiological response of Chinook salmon subjected to various stressors.

The test fish were agiixeato cause disorientation and injury. When equal numbers of stressed

and unstressed fish'io"r, 
""pored 

to predators, there was significantly more predation of stressed

fish.

Shin (1995) reports that pile driving may result in"agitation" of fish manifested in a change of

swimming behavior. Turnpenny and others (1994) attempted to determine a level of underwater

sound thai would elicit behavioral responses in brown trout, bass, sole, and whiting. With brown

trout an avoidance reaction occurred above 150 dB.-, and other reactions (e.9., amomentary

starfle), were noted at 170-175 dBr-.. The report references Hastings' "safe limit"

,."o*-"rrdation of 150 dBr-, and concludes thatthe Hastings' "safe limit" provides a

reasonable margin below the lowest levels where fish injury was observed. In an associated

literature review, Tumpenny and Nedwell (lgg4) also state thatthe Hastings' 150 dB,-, limit did

not appear overly stringent and"thatits application seemed justifiable. Additionally, observations

Uy feist and others OgtD suggest that sound levels in this range may also disrupt normal

migratory behavior of juvenile salmon.

More recently, Fewhell (2003) held fish in cages in marine waters and exposed them to seismic

airgun impulses. The study detected significant increases in behavioral responses when sound

pre-ssure llveh exceeded tSS-tOg dB,r'* Responses included alarmresponses, faster swimming

speeds, and tighter groups and movement toward the lower portion of the cage. It is difficult to

discern the significutt.. of th.se behavioral responses. The study also evaluated physiological

stress ,rrporrr" by measuring plasma cortisol and glucose levels and found no statistically

significant changes. Conversely, Santulli and others (1999) found evidence of increased stress

hormones after exposing caged European bass to seismic survey noise.

extrapolating from experiment al datato the field, but also between sound sources (airguns vs.

pite driving), and also from one species to another, we believe it is appropriate to utllize the most

lonservative known threshold. As such, for the purposes of this analysis, the FWS will

anticipate that SpLs in excess of 150 dBrms will cause significant behavioral changes in bull

trout.

78



Methods to Reduce (Jnderwater Sound Pressure Levels

Air bubbles can be used to attenuate underwater sound (Gisiner et al. 1998). Air bubbles are

most effective atmoderate to high frequencies but are also useful for low frequency sounds and

have been known to reduce sound pressure levels at some frequencies by as much as 30 dB

(Gisiner et al. 1998). During demolition of a dam on the Mississippi River, Keevin and others

itggl) fonnd a significant reduction in mortality of caged bluegill (Lepomis macrochirus) wirh

use of a bubble curtain. Bubble curtains can also reduce particle velocity levels (MacGilliway

and Racca 2005).

hr recent years, bubbie curtains have been required and used on an increasing number of pile

installation projects, primarily on the west coast. Designs have varied and arc largely

experimental. bffectiveness has also varied widely and is likely to be influenced by factors such

as^design, site conditions, and the ability for construction contractors to correctly implement the

system. Improper installation and operation can decrease effectiveness. Problems with

implementiion hurr" been observed on a number of projects (Laughlin 2005; Pommerenck

2006).

Impact installation of large (2.4mdiameter) piles with an isolation casing combined with an air

bubbte curtain resulted in significant sound pressure attenuation on a project in Califomia.

During impact pile driving in the San Joaquin River anattenaation system consisting of an

isolati,on casing with a bubUte curtanon the inside achieved much less attenuation (between6-9

dB) (Pommerenck 2006). However, this project had problems correctly implementing the

ryrtott. During impact installation of steel piles in an embayment on the Columbia River a

bubble curtain buili according using the Longmuir and Lively (2001) design achieved a

maximum reduction of 17 dB, although the results were variable (Laughlin 2006). A test of

bubble curtain effectiveness in Friday Harbor, Washington, found improvements were seen after

the original desigu was modified on site to improve contact with the substrate. After

modification, the bubble curtain was achieving a 12 dB reduction which equates to an 85 percent

reduction in peak overpressure (Laughlin 2005). Use of a bubble curtain while installing Z4-inch

steel piles at amannain Washington resulted in reductions of 10-15 dB (Houghton and Smith

2005i. These examples illustrate the high degree of variability seen with use of air bubble

attenuation systems and the influence of design, site oonditions, and contractor implementation.

When 
"oo".ily 

implemented, however, bubble curtains significantly reduce the extent of

potential adverse effects.

As the current velocities in the lower Puyallup River during the in-water work window are

expeeted-to-be-in-exeess-o-flJ knots;the+eeomrnended attenuatisn-system-is-one-that is
.,c6nfined" (e.g. by afabric,plastic, or metal sleeve) such that air bubbles surround 100 percent

of the pilingp-rimeter for the full depth of the water column. The performance standard

included uti*tof this project indicates that attenuated SPLs will not exceed 185 dBprar.. Based

on the moniioring information from impact pile drivin g of 24-inch pilings at two Washington

State Ferries faciiities, the corresponding rms SPL should be approximately 12 dB lower, or I73

dB.
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Estimating the Extent of Effect

To estimate the geographic area in which effects to bull trout are expected, the distance at which

transmission loss (tL) attenuates the pressures to below the thresholds must be estimated.

Calculating TL is extremely complicated, and is likely to be site-specific. In the past, the FWS

has relied on a cylindrical spreading model ITL: 10*Log (R), where R: range or distance from

the source] or spherical spreading model ITL:20*Log(R)] to estimate TL. However, (Reyff

2003) proroidrilhydroacoustic monitoring data which suggest that the actual spreading loss may

be intermediate between cylindrical and spherical spreading. Therefore, apractical spreading

mode1 as described by (Davidson 2004) ITL: 15*Log(R)] is more appropriate. The practical

spreading model is used to estimate the distances at which injury and behavioral disruption are

expected. This model assumes that SPLs decrease at arate of 4.5 dB per doubling distance.

Effects to Bull Trout from Impact Installation of Steel Piles

The performance standard proposed by the project proponent that ensures that SPLs will not

"r".Ld 
185 dBpear will substantially reduce the extent of the potential impacts from pile

installation to bull trout, but will not eliminate them entirely. Additionally, a limited amount of

proofing will need to occur without any attenuation in order to obtain baseline hydroacoustic

data. The FWS expects that buil trout will be exposed to elevated underwater SPLs from impact

pile installation during construction at levels that could result in mortality, injury, and/ot

significant alteration of normal behavior.

To reduce overail exposure and minimize the potential effects on migration to listed fish, the

WSDOT has agreed to limit the extent of injurious SPLs to a specific portion of the river to

allow for some passage through the action area without probable ittjury. The Services, in

collaboration with WSDOT determined that provision of a "corridor" representing approximately

25 percentof the river width could allow for safe passage of fish through the action area. The

wiAtn of the river, where pile driving will occur, is approximately 2I0 ft. To protect 25 percent

of that width, SPLs above 180 d.Bpeak cannot not extend beyond either a79-ft.radius from each

pile, or 158 ft of the 210 ft- width of the river. This would leave approximately 52 ftof the

iiu"r', wetted perimeter width as a passage corridor. Compliance with the attenuation

performanc" rtuod*d would actually result in alarger passage corridor (31 percent of the width

of the river).

The FWS uses SPLs measured as peak pressure to define the onset of injury (USFWS 2003;

USFWS 2004a). 1n2004, the California Department of Transportation (Caltrans) and the

FHWA convened a group of experts in the field of underwater acoustics (referred to as the

Fisheries Hydroacoustic Working Group) with the intent of evaluating, and potentially refining

this criteria. T'nir effort included an extensive literature review which was the basis for report on

the topic (Hastings and Popper 2005) and. awhite paper proposing interim ct'rteria (Popper et al.

2006i. The Hastings and Popper Q005) report indicates that ametric of Sound Exposure Level
(SEL) may be more appropiate for correlating rnjury to fishes from pile installation. The basis
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for this is, in part, because the use of SEL allows for the summing of energy over multiple pile

driving pulses, which cannot be accomplished when using peak pressure. However, no empirical

data are avulable to develop a method for calculating the accumulation of energy from multiple

pile strikes and the resultant effect on fishes. Therefore, the FWS continues to use a peak SPL

metric to define the onset of expected injury in this analysis.

Based on the preceding information, we antieipate the potential for injury to occur at SPLs

greater than or equal to 180 dBpeak. The 180 dBpeak threshold is conservative because most of the

studies described evaluated transmitted signals of longer duration than is anticipated to result

from pile driving.

Pile installation will be completed within one in-water work period. During impact proofing,

SPLs are expected to reach levels that canresult in rnjury or mortality to bull trout. Foraging,

and migrating adult and sub-adult bull trout are expected in the action area during the in-water

work period, These subaduit and adult bull trout would be exposed to elevated SPLs from

impact pile installation for the amount of time they are in the action area. Due to their size, adult

nstr can tit<ely tolerate higher SPLs (Hubbs and Rechnitzer 1952; Yelverton et al. 1975), and

inj,rry rates are expected to be less than those ofjuvenile fish.

Conclusion

As stated above, the FWS expects that, with the proposed performance standard , impactproofing

of 24-inchpiles will result in SPLs up to 185 dBpeak and 173 dB,-r, when measured 10 meters

from the pile. A limited amount of impact proofing without attenuation will also need to occur

during data collection.

Using thepractical spreading model, described above, we have determined that SPLs above 180

dBpeak would occur as far as a radius of 22 meters from each pile and cause injury or mortality.

The affected area (diameter around each pile) totals 44 meters, or approximately 69 percent of

the 64 meter (210 ft) wetted width of the river. A11 subadult and adult bull trout within a22

meters radius of each pile are expected to be exposed to injurious SPLs for the duration of

impact proofing between July 15 and August 31. When impact proofing is done without

attenuation for the pu{poses of baseline data collection, we expect that all subadult and adult bull

trout within a2I5 meter radius will be exposed to injurious SPLs for the duration of the baseline

data collection.

Effects to Bull Trout from Impact lnstallation of Steel Piles Expected to Result in Significant

As described above, there are significant gaps in scientific understanding of the behavioral

effects of impulsive underwater sound on aquatic organisms. The following summarizes those

literature sources that the FWS feels are most pertinent for anticipating potential effects to bull

trout.
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Popper (2003) suggests that behavioral response of fishes to loud sounds may include swimming

u*rjy from the ront d source, thereby decreasing potential exposure to the sound, or "freezing"

(staying in place), thereby becoming vulnerable to possible tnjury.

Altematively, responses to sound could affect behavior more extensively and result in the fish

leaving a feeding ground (Engas et aL 7996) or an areain which it would normally reproduce or

in some other way affect long-term behavior and subsequent survival and reproduction. The

effect of these avoidance responses may tange from insignifrcarrt, to permanent long-term effects

if feeding or reproduction is impeded.

Feist et al. (1992) found that impact pile driving of concrete piles affected juvenile pink and

chum salmon distribution, school size, and schooling behavior. In general, on days when pile

driving was not occurring, the fish exhibited a more polaized schooling behavior (moving in a

definite pattern). When pile driving was occurring, the {ish exhibited an active milling schooling

behavioi (moving in an eddying mass). Fish appeared to change their distributions about the

site, orienting and moving towards an acoustically-isolated cove side of the site on pile driving

days more than on non-pile driving days'

Knudsen et al. (1992) studied spontaneous awareness reactions (consisting of reduced heart beat

frequency and opercular movementsl), and avoidance responses to sound in juvenile Atlantic

salmon. This study evaluated the responses of these fish to frequencies ranging from 5 to 150

Hz. With increasing frequencies, the difference between the threshold for spontaneous

awaf,eness reaction and the estimated hearing threshold also increased. At 5, 60 and 150 Hz, the

signal had to exceed the hearing thresholds by 25, 43 and73 dB, respectively, to elicit the

reactions.

Most of the sound energy of impact hammers is concentrated at frequencies between 100 and

800 Hz. Salmonids can detect sounds at frequencies between 10 Hz (Knudsen etal' 1997) arrd

600H2 (Mueller et al. 1998). Optimal salmonid hearing is thought to be at frequencies of 150

Hz (Hawkins and Johnstone 1978). Therefore, impact pile instaliation produces sounds within

ttre runge of salmonid hearing.

Pile installation will occur between July 15 and August 31. Durin gthattime, SPLs are expected

to reach levels that can significantly alter the normal behavior patterns of bull trout.

Bull trout have been documented in the action area artdsuitable FMO habitatis present.

Anadromous adult and sub-aduit bull trout are expected to use the action ateafor foraging, and

migation dffing1h-e in-water work-period. S-u lt and adultbull 
-

elevated SPLs from pile installation for the amount of time they are in the action area.

Conclusion

Sound pressure levels in excess of 150 dBr,,,, are expected to cause temporary behavioral
changes. They are not expected to cause injury. The FWS expects that SPLs exceeding 150

I Knudsen and others (1992) assumed that stimuli that evoke these awareness reactions are adverse to fish.
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dRr-, could result in significant disruption of foraging, and migrating behavior in bull trout

within the action area. Should SPLs cause bull trout to avoid the area, or alter their migration

timing, it will result in a significant disruption in foraging and migratorybehavior.

The FWS expects that after application of the attenuation performance standard, impact proofing

of Z4-inchpiles will result in SPLs up to 173 dB,*., at L0 meters. Using 173 dB.'* as a source

level in applytng the practical spreading model, we have determined that SPLs above 150 dB*i,

will occur as far as 34I meters from each pile and result in significant disruption of normal

behaviors. A1l subadult and adult bull trout within 341 meters of each pile will be exposed to

SpLs above 150 dBr* during impactproofing between July 15 and August 31. When impact

proofing is done without attenuation for the purposes of baseline data collection, we expect that

att suUaautt and adult bull trout within a3,4I5 meter radius will be exposed to SPLs above 150

dB,,* for the duration of the baseline data collection.

Sheet pile cofferdams and steel piles installed for the temporary work trestles and detour bridge

will be removed when construction is complete. Removal techniques have not been specified

but they will most likely be either vibratory removal or direct pulling. There is a slight

possibiiity that piles wiil have to be cut off if they cannot be completely removed. Direct pulling

lf pit6 is not expected to produce significant elevated underwater sound levels. Vibratory

hammers producl underwater poak pressures that are approximately 17 dB lower than those

generated-by impact hammers (Nedwell and Edwards2002). Not only are these sounds different

in intensity, but also in frequency andimpulse energy (total energy content of the pressure wave)

which may account for the fact that no fish kills have been associated with use of vibratory

hammers. Most of the sound energy of impacthammers is concentratedbetween 100 and 800

Hz,thefrequencies thought to be most harmful to aquatic animals, while the sound energy from

the vibratory hammer is concentrated around 20 to 30 Hz. Additionally, during the strike from

an impact hammer, the sound pressure rises much more rapidly than during the use of a vibratory

hammer (Carlson et al.200I; Nedwell and Edwards 2002)'

Just as these two sounds are different, so aro the observed behavioral responses of fishes to them.

Most of the energy in the sounds produced by vibratory hammers is at around 20 to 30Hz,neat

the range of infrasound (less than20 Hz). Fish have been shown to avoid infrasound (Knudsen

et aI. tggT). However, depending on the location of the vibratory installation, sound pressure

levels may not exceed ambient sound levels. Vibratory installation of steel piles in a river in

Califomia resulted in sound pressure levels that were not measurable above the background
eplacement site is in a large nver systemnolse (

and the rapid currents are expected to generate significant levels of underwater sound. Thus, we

expect that the ambient sound levels willbe high and will significantly reduce the extent to

which the sound from vibratory pile removal is detectable.

In conclusion, we do not arfiicipate significant adverse effects to bull trout in the form of

physical injury or mortality, or behavioral disruption from pile removal based on the differences,

discussed above, in the underwater sounds produced by removal of piles.
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Habitat Loss from Bridge Construction

Temporary habitfloss in the Puyallup River will occur from installation of cofferdams, and

temporarybridges. Permanent habitat loss will occur from the addition of columns from the new

bridge.

Cofferdams

Placement of seven cofferdams will eliminate approximately 3,650 ft 2 of riverbed habitat for

one in-water construction season, or 1.5 months. This will eliminate invertebrate production

until recolornzationcan occur. Drift of invertebrates from upstream is expected to rapidly

recolonize the affected area once the cofferdams are removed (Barton 1977; Chisholm and

Downs 1978; Waters 1995). Cofferdam placement will temporarlly obstruct a portion of the

wetted perimeter of the river. This could potentially affect migration of bull trout during

construetion.

Impacts to prey base, foraging behavior, andmigratory behavior from cofferdam placement are

noi expected to significantly effect buil trout. The life stage of bu1l trout expected to utilize the

action area(sub-adult and adult) preys primarily onothqr fish as prey opposed to invertebrates.

Additionally, recolonizationof the affected area is expected to occur rapidly. Migratory

behavior is not expected to be significarrtly affected because the channel will not be completely

obstructed and bull hout will still be able to move through the project area'

Temporary Bridges

Installation of up to 50 pilings, for the first work trestle will eliminate a maximum of

approximately 158 ft 2 of riverbed habitat for up to 13.5 months. "Installation of up to 100 pilings

for the second work trestle and the detour bridge will eliminate a maximum of approximately

316 ft2 of riverbed habitat during construction. Removal of the pilings, either completely or to

the streambed level with gravel fillwilltake up to 2 months.

Placement of temporary pilings for up to 1.5 months at atimeduring inwater work periods; and

over a 27 monthtime period, will temp orartly obstruct a portion of the wetted perimeter of the

river. This could result in delayed migration during construction.

Temporary piling placement is not expected to significantly affect bull trout. Sub-adult and adult

bull irout prey primarily on other fish as opposed to invertebrates and rccolonization of the
-aff-te(farea 

is expected-to o-ur rdpitlly. Migidory b-havior iE not expectedTo b-e significanlly

effected because the channel will not be completely obstructed and bull trout will still be able to

move through the project area.

Permanent Bridge

The six 10-foot-diameter columns that will support the new bridge will permanently eliminate

472 ft"2 of invertebrate production. Scour on the downstream sides of the columns may create

deep pools; which in conjunction with decreased velocity could provide holding/resting habitat
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for bull trout. Loss of invertebrutehfuitatfrom the permanent bridge is not expected to

significantly affect bull trout. Sub-adult and adult bull trout prey primarily on other fish as

opposed to invertebrates.

Rip arian Vegetation Removal

Replacement and widening of the Puyallup River Bridge will require removal of approximately

0.5 acres of riparian vegetation. The bridge is located between two existing levees with very

little woody vigetation. The vegetation on the site primarily consists of non-native grasses and

other herbaceous vegetation. There are a few deciduous trees and some will be removed for

equipment access. R.emoval of this amount of vegetation is not expected to have a measurable

effect on bull trout.

Fish Handling During Dewateringfor Bridge Construction

Installation of up to seven cofferdams is necessary to isolate work areas needed to replace and

widen the puyallup River Bridge. Isolation of work areas within the cofferdams will involve fish

removal. Removal of fish is intended reduce the likelihood of injury or mortality of fish that get

trapped within the cofferdam. However, handling fish to remove them can also cause mortality

and itr3*y. The proposed project has incorporated measures to reduce the potentialnegative

effects oifirh handling. Timing of cofferdam installation will be restricted to July 15 through

August 31. Cofferdam installation for the widened bridge is expected to occur in the first

construction season and cofferdam installation for the new bridge is expected to occur in the

second construction season. Sub-adult and adult bull trout may be in the project area during this

timeframe.

Handling stresses fish, increasing plasma levels of cortisol and glucose (Hernre and Krogdahl

I996;Frisch and Anderson 2000). Electrofishing could kill juvenile and adult fish, or cause

physical injuries including intemal hemorrhaging, spinal misalignment, or fractured vertebrae.

i{o*rrr"r, between 95 percent and 98 percent, or more, of fish captured and handled are expected

to survive with no long-term effects, and 1 percent to 5 percent are expected to be injured or

killed, including delayed mortality because of injury (NMFS 2003). The variability is inpart a

function of fish removal staff experience and site-specific conditions.

Capture and handling of fish, including bull trout, mayresult in their injury or death. Mortality

may be immediate or delayed. Handling stress, trauma from seines and dip nets, impingement

on block nets, and electroshocking may result in some injury and death. ktjury and death due to

capture and handling is difficult to anticipate. While it is possible that no impacts may occur due

tolhe low number. of bolt trout in the system, bull trout are known to be present the action area

during the in-water work window and could be handled. Because up to seven cofferdams will be

needed, the likelihood of impacts are capturing and handling bull trout is increased.
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Direct Effects of Wetland Mitieation Site Development

Ten potential wetland mitigation sites have been proposed throughout the project area (Figure 6;

Table 2), One or more sites may be needed to meet the wetland mitigation needs of the project'

Of the ten sites, three are adjacent to the Puyallup River. Seven sites are located throughout the

Wapato and Hylebos sub-basins. Wetland mitigation activities outside of the lower Puyallup

sub-basin are not expected to have a measurable effect on bull trout, their prey base, or

designated critical habitatfor bull trout. Wetland mitigation activity adjacent to the lower

euyallup River has the potential to affect bull trout thatfiilize the Puyallup River for foraging,

migr ating, and ov erwinterin g.

There are currently no designs for any of the conceptual wetland mitigation sites. The three sites

along the Puyallup River could all involve breaching of the levees to allow some fish access to

off-ohannel habitat.

Levee Breaching

According to WSDOT, the assumption is that each of the three sites along the Puyallup River

will have the levees breached in two places; one as an inlet and one as an outlet (Ward 2007,

pers. comm.). Levee breaching is necessary to allow fish access and may be combined with

some degree of off-channel habitatcreation. Levee breaching will be conducted during the first

season oiconstruction and will involve the use of sheet pile cofferdams at each breach location.

Use of cofferdams will potentially expose bull trout to noise, turbidity and fish handling' The

effects of noise from sheet pile installation and removal are addressed under the Effects of

Underwater Sound section above.

Turbidity

The effects of turbidity from sheet pile installation and removal for the levee breaching wouid be

the same as for the sheet pile installation and removal for the bridge construction described

above in the Direct Effects of Bridge Construction section. From the analysis above, the FWS

determined adverse affects to bull trout will occur in the following circumstances:

1) When background NTU levels are exceededby 74 NTUs at any point in time.

2) When background NTU levels are exceeded by 28 NTUs for more than t hour'

3) When background NTU levels are exceededby 28 NTUs for more than 3 hours,

cumulatively over a 10-hour workday.

Again, based on past monitoring reports and the analysis in the Direct Effects of Bridge

Construction section, the FWS does not expect the sheet pile work to generate turbidity levels

that would adversely affect bull trout.

Elevated turbidity levels could occur when the river or tidal flow is introduced to the mitigation

site(s). There arevery limited data onthe initial effects of levee breaching on furbidity levels'

All three of the proposed mitigation sites along the lower Puyallup River would involve

substantial earthwork prior to exposing the areas to river and tidal flows. Since the mitigation
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activities have not been designed, we assume thal thc hydrologie connections with the river

could occur at any location within each site. Therefore, the FWS anticipates that the flow over

the disturbed soil will generate turbidity levels that will cause sublethal adverse affects (as

described in the "Direcl Effects of Bridge Construction" sectioR and in Appendix A) to any

adult or subadult bull trout from the upstream extent of each site to within 600 ft downstream

each site (Figure 9). The FWS anticipates the high turbidity levels will occur during all of the

out-going tidis for 2 days following the exposure of the sites to river and tidal flow.

Figure 9: Extent of Effects from Sediment Generated through Wetland Mitigation

Fish Handling during Dewatering for Mitigation Site Levee Breaching

Installation of up to six cofferdams is necessary to isolate work areas needed to construct the

wetland mitigation sites. Isolation of work areas within the cofferdams will involve fish

removal. Removal of fish is intended reduce the likelihood of injury or mortality of fish that get

trapped within the cofferdam. However, handling fish to remove them can also cause mortality

andinjury. The effects associated with fish handling are described above (see "Fish Handling

During Dewatering for Bridge Construction").
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The proposed project has incorporated measures to reduce the potential negative effects of fish

hanaling. Timing of cofferdam installation will be restricted to July 15 through August 3 1 .

Cofferdam installation is expected to occur in the first construction season. Sub-adult and adult

bull trout maybe in the project area during this timeframe. The actual numbers of fish impacted

by capture and handling is difficult to anticipate. While it is possible that no impacts may occur

due to the low numbers of bull trout in the system bull trout are known to be present the action

area dunngthe in-water work window. Because up to six cofferdams will be needed, the

likelihood of impacts are capturing ardhandling bull trout is increased.

Herbicide Application

Bull trout could be exposed to herbicide because development of the wetland mitigation sites along

the Puyallup River could involve the application of herbicides to allow for the establishment of

native-veg€tation. Herbicide use would take place during summer months during dry conditions

and would continue for up to 10 years until desired vegetation is established. The application

would consist of a product containing only glyphosate as the active ingredient and the surfactants

Agri-Dex (preferred) or LI 700. The glyphosate product will be applied directly to plant foliage

(by wicking) to inttiUit the production of a growth enzwe. It is not applied to the soil or water.

ih" propor"d invasive plarfimanagement strategy also relies on manual and mechanical removal

(e.g., mowing). Mowing will reduce herbicide use and make herbicide treatment more effective

and efficient.

Due to the application method (wicking), the soil is not directly exposed to the products except

when drifl/drips occur. Decomposing vegetation (dead vegetation from herbicide treatment) at the

site may also contain gllphosate. Due to gllphosate's high affinty for soil particles, it is not likely

to become part of runoff except with sedimentation. Even during flood events, glyphosate is

expected to adsorb to soil particles and not be present within the water column, except under turbid

conditions. Microbial degradation is the primarymethod ofbreakdown of glyphosate.

"Glyphosate is strongly adsorbed by soil, with little potential for leaching to ground water.

Microbes in the soil readily and completely degrade it even under low temperature conditions"

(EPA 2002).

The toxicity of the active ingredient glyphosate is generaily considered to be low. The EPA (1993)

classifies the acute toxicity of gll,phosate as ranging from "slightly toxic to practically non-toxic to

respectively. While R-l1@ and,X-77@ (used for emergent weed control) are both more toxic than

LI 700@, EPA (1993) reports that under the typical application rates (0.12 - 0.5 gallons per 100

gallons of spray solution), the resulting concentration of surfactant in the receiving water body

would not likely exceed the acute toxicity thresholds.

In a laboratory study of the effects of Rodeo@ on juvenile rainbow trout, Kubena (1998)

concluded that most conoentrations of gllphosate and surfactants tested did not have a detectable
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effect on growth and survival or vitellogenin production. Tests conducted using *hidh"

concentraiions of Rodeo@lR-11@ resulted in a number of fish jumping from their tanks.

McGinness-Kubena characlerized this behavior as an avoidance response, which suggested that

if Rodeo@ is applied athighenough concentrations in or adjacent to salmonid habitat, salmonids

could be forced to relocate due to undesirable conditions. Rainbow trout avoided Rodeo@

contaminated water at the highest test concentrations (surfactant: 3,000 ppb; glyphosate:

30,000 ppb), but not atthe lower test concentrations (surfactant : 300 ppb; glyphosate : 3,000

ppL). ffti. lo*"t concentration is approximately 1,000 times greater than the chemical

concentrations documented in field samples foliowing operati6nal application of Rodeo@

(Kubena 1998).

Laboratorytests using 100-1,000 times the concentrations of glyphosate and surfactants than

documented in field applications did not disrupt the endocrine systems ofjuvenile rainbow trout.

Therefore, in-water concentrations of glyphosate and surfactants (Rodeo') following application

are unlikeiy to disrupt the normal endocrine processes ofjuvenile salmonids (Kubena 1998).

However, ih. ruto" rt tay documented a reduction in growth of fish exposed to the higher

concentrations of Rodeo@/R-11@ compared to the control group, but no effects on growth were

detectable at lower concentrations tested. Field studies evaluating the effect of Rodeo- in

Willapa Bay revealed no significant short- or long-term effects on the estuarine invertebrates

studied (Simenstad and Feist |996). Likewise, no significant effects to freshwater invertebrates

from Rodeo@ were detected by Henry (Igg}),Henry et al. (1994), and Gardner and Grue (Zedler

1ee6).

Seawater adaptation was not impaired for coho salmon that were exposed to concentrations of

Roundup@ of up to 2.78 ppm (comparable to the highest environmental concentration measured)

in freshwater for 10 days, and were then transferred to seawater (Heydens 1991).

Glyphosate is not expected to bioconcentrate in aquatic organisms due to its water solubility

(Ei,i 2002). A laboiatory study using glyphosate concentrations 3- to 4-times the recommended

levels over 10- to 14-day exposure periods documented bioconcentration factors at no more than

0.3 peroent the level of what is usually regarded as significant (Brandt 1984).

The chemical glyphosate has avery low potential to adversely impact animals, including fish and

aquatic invertebiates. The surfactants (X-77 , R-1 1, LI 700) used in the application of gllphosate

are slightly more toxic to these organisms than is glyphosate. However, the surfactants are used

x coiparably low concentrations (typically 0.12- 0.5 gallons per 100 gallons of spray solution),

which ieduces the probability of measurable effects on aquatic organisms.

past studies support the conclusion that, if applied in accordance with label requirements,

Rodeo@ lformutatea glyphosate with an added surfactant) is not likely to result in measurable

effects to salmonids or tleir habitat. This is due primarily to the low toxicity level of the

products used in Rodeo@, the strong soil-bindin g characteistics of glyphosate which renders it

inactive soon after application, and its tendency to not bioconcentrate in aquatic organisms due

to its water solubilitY.
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Past studies supporf that exposure to glyphosate and surfactant concentrations at rates

considerably higher than what is experienced during typical applications, are likeiy to result in

sub-lethal behavioral effects such as habitat avoidance. Sub-lethal physiological effects such as

decreased growth rates and reducsd reproduction rates are also possible as a result of high levels

of exposure. Mortality of fish and invertebrates could result from exposure to even higher _ ^
concentrations. However, none of these effects are likely to result from applications of Rodeo'

made per the label requirements in and near aquatic habitats.

The proposed application methods will significantly limit the likelihood of exposrne of bull trout

to herbicide. Wicking, as opposed to spraying, will limit the amount of chemical that contacts

the water and timing of application during the dry season will limit the amount of chemical that

is washed off of leaves or soil. Of the possible surfactants WSDOT is proposing to use the least

toxic options. Based on the application method, timing, and relatively low expected toxicity of

the chemical, we do not anticipate a measurable effect on bull trout from the application of

herbicide associated with mitigation site development for the proposed project.

Direct Effect of Reduction in Prey Base

The proposed project is expected to adversely effect the prey base ofbull troutthrough the direct

effects of construction and the long-term effects of operation. The action area includes areas

designated as Essential Fish Habitat per the Magnuson-stevens Fishery Conservation and

Management Act and provides habitat for 46 species of groundfish, four species of coastal

pelagiis, and three species of Pacific salmon (NOAA 2007). In their analysis of the proposed

project, NOAA anticipated thattheproposed project would adversely affect these species

itrough by degradation of habitat as a result of conskuction and operation; elevated SPLs from

impaitproofing of steel piles; and water quantity and quality impacts from construction and

operation.

Both Hylebos and Wapato Creeks are fish-bearing and the proposed project is expected to

adversely affect the production of prey species in these systems. Existing habitat in both creeks

is highly degraded although substantial restoration efforts have occurred in the Hylebos system.

The development of the RRP will benefit habitatconditions in both systems. However, in the

Hylebos ryitr-, the construction of the RRP could ereate a new pathway for exposure to arsenic

contamination from the nearby B&L Woodwaste site. The sublethal, andpotential lethal effects

from stormwater discharge and arsenic exposure may preclude production ofjuvenile fall-run

Chinook in the creek (NOAA 2007). Similar effects from stormwater ate expected to occur to

other, non-listed fish species in both the Wapato and Hylebos systems. These impacts will

Due to previous impacts, essentially no forage fish spawning areas remain in Commencement

Bay. Since forage fish limited, the loss of salmonid production from tributaries to

Commencement Bay could significantly affect bull hout utilizingthe marine waters. Reductions

in preybase could negatively impact fitness of sub-adult and adult anadromous bull trout.

However, in marine waters the princip al foruge for bull trout is surf smelt and other small

schooling fish (e,g., sandlance and herring) (USFWS 2004a) which are not expected to be

affected by the proposed project and for which spawning areas remain in lower Puget Sound.
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Indirect Effects

The regulations implementing the Act define "effects of the action" as "the direct and indirect

effects=of an action on the species or critical habitattogether with the effects of other activities

tbal areinterrelated or interdependent with that action that will be added to the environmental

baseline". Indirect effects arJcaused by or result from the proposed action, are later in time, and

are reasonably certain to occur (50 CFR 402.02). The regulations further note that "indirect

effects" which can be expected to result must be considered under section 7 of the Act per the

finding ofNational wildlife Federation v. coleman,52gF.2d359 (5th Circuit 1976). In that case

the coirt enjoined completion of a highway because the WSDOT failed to consider the effects of

future privaie d,evelopment that would result from the construction of the highway. The

regulaiions specify that our approach to an arnlysis of indirect effects must be consistent with

that case.

We conducted a multi-step analysis of potential indirect effects for the proposed project. The

BA contained an initial indirect effect analysis prepared by the WSDOT which was drawn, in

part from the land use, traffic, and indirectlsrrnilative effects discipline reports prepared as part
-of 

tft" project's evaluation for NEPA. This analysis raised a number of questions which we

posed io WSDOT and FHWA. Their response to these questions established a position that the

area would develop similarly, with or without, the proposed project with some relatively minor

exceptions. With ihis collective information as a starting point, we reviewed applicable local

planning documents such as the City of Fife's Transportation Planning Element and their 6-year

iranspoiation plan, contacted planning officials at local govemments, and searched local

jurisdiction *"brit.r for associated information. From these sources we compiled a list of

Lctions within the action area which we divided into the categories of interrelated/interdependent

actions, indirect effects and cumulative effects based on the definitions in the Act (16 U'S.C.

I53I et seq.) andits implementing regulations (50 CFR 402.02).

Through right-of-way development of the SR 167 project, WSDOT bought aparcel of land

adjacentto the proposed "Riverfront Industrial Park". WSDOT granted the City of Puyallup a

franchise easement so that the developer could cross WSDOT property with utilities necessary

for development of the parcel (Fuchs 2006b,pers. comm.). Since the parcel could not be

developeilwithout utiliiy access; which was being granted through a WSDOT easement, there is

u 
"uo*ul 

relationship between the two projects. The City was, however, pursuing altemative

connection plans. At the time this consultation was being ftnalized, the project was already

under construction. Therefore, the action is included in the Environmental Baseline section,

above.

Additional transportation projects and land use changes expected to occur in the action ateathat

are not causaily linked to the proposed project are addressed under the Cumulative Effects

section.

Development of transportation infrastructure canlead to the conversion of agricultural areas to

commercial or residential development (Wheeler et aL.2005), apattetnapparent in the action

area. While these land use decisions are ultimately made atthe local level, transportation
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infrastructure can provide an impetus for this type of urban development (Wheeler et al. 2005)'

This is, inpart, because reducedtravel time to cities encourages the establishqent of commerce

i1pr"viorrrly undeveloped areas (Wheeler et al.2005). As such, watershed vtbarnzation is a

prrdirtubl" indirect effect of highway construction (Wheeler et al. 2005). This pattern is

expected to hold true for the proposed project'

hr a supplement to the BA addressing indirect effects, the FIIWA (2005) noted the much of the

currently undeveloped land in the vicinity has development projects planned and that of the

remaining farm land in the project area,42l acres is currently on the market or was sold to

commerclal developers. The FHWA estimated that within 0.75 mile to 1.0 mile of the project

footprint lands are 2oned, for development and that the proposed project may accelerate the tate

at which these areas develop, especially in the vicinity of the interchanges'

The indirect effects of the project involve increased impervious surface in each ofthesub-basins

thattheproject corridor crosses. Increasing impervious surface will alter the existing hydrograph

in each sub-basin. These effects are described in detail, as they apply to the lower Puyallup

River sub-basin in the "Effects of the Action" section above. In general, increased impervious

surface will cause additional stormwater runoff, decreased groundwator recharge, and other

hydrologic impacts in each sub-basin. The use of the RRPs will redlce lfe 
mlgnttude of these

impactsln the Hylebos and Wapato sub-basins but not in the lower Puyallup River sub-basin.

Thise impacts are expected to iesult in localized temperature increases and degraded foraging

andmigritinghabiti. Bull trout couid be exposed to these effects in the lowsr Puyallup sub-

basin uttO t6rit prey base will be exposed in the Hylebos and Wapato sub-basins.

For the lower puyallup sub-basin the way in which increased impervious surface affects bull

trout and their habitatls detailed in the "Direct Effects of the Action" section, above' Due to the

implementation of the RRPs, similar, but less significant, effects to the existing hydrograph are

expected in the Hylebos and Wapato sub-basins. Increased runoff and reduction in groundwater

,".h*g" and subsurface water exchange, proportional to the amount of added impervious surface

and land use conversion associated with the project, is expected. Within the Puyallup River sub-

basin this is expected to affect bull trout by reducing thermal refugia, and creating localized

temperafixe increases. These effects are also expected in the Hylebos and Wapato sub-basins

and will affectprey species for bull trout, negatively impacting prey availability for anadromous

bull trout in Commencement BaY'

Conclusion

The indirect effects of the proposed project include land use changes that will result in increased

impervious surface. Increased impervious surface will alter the existing hydrograph of each sub-

basin and bull trout foraging, migiating, and overwinteringhabitatwill be permanently degraded

as a result. Over time, the proposed project wiil degrade the quality of thermal refugia, and

reduce foraging effectiveness by bull trout in the action area. These effects are expected to occur
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incrementally over time, and will continue in perpetuity. We expect that exposure to the

combined effects of increased temperatures, loss of thermal refugia, and a smaller prey base will

reduce bull trout numbers in the action area by reducing fitness of sub-adult and adult (potential

spawners) bull trout.

Effects to Bull Trout Critical Habitat

Tho presence of pCEs within the action area has been documented; howevet, the exact location

of thl pCEs is not known. Therefore, impacts to PCEs can only be assumed where critical

habitatoverlaps with the effects of the action. The information below describes effects on the

applicable PCEs and how the effects will influence the function and conseryation role of the

CHU.

Puyallup River (Fres hw ater)

I) Water temperatures that support bull trout use. Bull trout have been documented in streams

with temperaturesfrom 32 to 72 'F (0 to 22 "C) but arefound morefrequently in

temperatures rangingfrom 36 to 59 "F (2 to 15 'C). These temperature ranges may vary

depending on buti triut tife-history stage andfoftn, geography, elevation, diurnal and

seasonalvariation, shade, such qs that provided by riparian habitat, and local groundtuater

influence. Stream reaches with temperatures that preclude bull trout use are specifically

eiclude d fr om d. e s i gn ati on.

Project components such as the removal of upland vegetation, loss of ripari anvegetation, and

addition of new impervious surface are known to increase runoff and decrease infiltration.

Reduced infiltration inhibits groundwater recharge, subsurface water exchange, and results in

decreased baseflows. Reductions in baseflow, loss of shade from ipaianvegetation, and

reduced groundwater recharge and subsurface flows (as cold water sources) can lead to

warming of the surface water (the lower Puyallup River). Also, as water moves downskeam

through-urb anizedwatersheds heat accumulates unless Ihere are downstream conditions (i.e.

dpartanvegetation) present to allow the aocumulated heat to dissipate out of the system

(Poole and-Berman 2001). Project impacts in the lower Puyallup River are likely to lead to

rtigtrt 1ocalizedtemperature increases in the lower Puyallup River during timeframes that bull

trout are present (see "Indirect Effects of the Proposed Action")'

Temperatures in the lower Puyallup River are atthe high end of the range that bull trout are

found most frequently. The loss of vegetation, placement of fil1, and conversion of

2) Complex stream channels withfeatures such as woody debris, side channels, pools, and

undercut banks to provide avariety ofdepths, velocities, and in-stream structures.

The proposed project may install a maximum of three bridge piers (unknown design) below

the OUWVT of th. lower Puyallup River. It is unlikely that the construction of three piers
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4)

within the stream channel would affect opportunities for natural creation of channel

complexity in the future. The in-stream piers could result in alteration to large wood

transport to reaches downstream or to the Puget Sound. If there is large wood moving

downstream and it is trapped by the piers, the response would likely be to pull it out, not

allowing it to settle there and not allowing it to continue downstream. However, considering

that LWD is a limiting factor in the lower Puyallup River, this is unlikely to occur.

The added piers to the wetted channel may also promote local bed scour, which may result in

local downstream bar development. This could possibly add to habitat complexityby

improving the availability of mid-channel velocity gradients and bed material sorting.

However, if the design is inadequate to control scour andlor deposition, or is poorly

implemented, maintenance would be required on a regular basis to implement protective

measures such as more armoring or dredging, which would contribute to habitat degradation

and instability. With proper design and implementation of the added piers, which we assume

will occur; impacts to PCE #2 are not expected to be measurable'

The proposed wetland mitigation (depending on the site selected) is expected to have long-

tenrrbeneficial effects to PCE #2by improving features that contribute to stream complexity

(rip arian ve getation, poo ls, side-channels, etc. ).

,\natural hydrograph, including peak, high, Iow, and baseflows within historic ranges or, if

regulated, currently operate under a biological opinion that addresses bull trout, or a

hyd.rograph that demonstrates the ability to support bull trout populations by minimizing

daily and day+o-day fluctuations and minimizing departures -from the natural cycle offlow

levels corresponding with s eas onal variation.

Project components such as removal of vegetation and addition of new impervious surface

are known to increase runoffand decrease infiltration. hcreased runoff results in increased

peak flows of surface water, and reduced infiltration inhibits gtoundwater recharge and

subsurface flow with the river, and consequently decreases base flow. Puyallup River flow is

crnrently impaired due to signifi.cant development within the basin. Additional significant

increases of impervious surface within the sub-basin from this project are likely to have

measurable negative impacts on peak and base flows of the lower Puyallup River (see

"Effects of Increased Impervious Surface"). Project components are expected to have

adverse effects on PCE #4 inthe lower Puyallup River.

peak flows.

Springs, seeps, groundwater sources, and subsurface water to contribute to water quality

and quantity as a cold water source.

Constant temperatures above 16oC are intolerable for bull trout (Poole and Berman 2001) but

bu|l trout will migrate through higher temperatures by utilizing areas of thermal refuge, such

as a confluence with a cold water tributary, deep pools, or locations with surface and
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groundwater exchanges (see "Effects of Increased Impervious Surface to Bull Trout").

Temperatures in the lower Puyallup River arc atthe high end of the rurrge that bull trout are

found most frequently.

It is well understood that impervious surface and vegetation removal decreases infiltration,

resulting in decreased groundwater recharge and loss of subsurface flow from the river'

Given the degraded nature of the baseline in the lower Puyallup River, the existing coid

water sources provide critical "stepping stones" to upstream habitat. As these "stepping

stones" are degraded the ability of the river to support migratory bull trout is reduced.

The loss of vegetation and placement of fill will negatively impact the hydrologic function of

the lower Puyallup River. The significant increases in impervious surface within the sub-

basin from the project (70 acres) is expected to result in additional decreases in groundwater

recharge and loss of subsurface flow (see "Effects of Increased Impervious Surface to Buil

Trout') to an extent thatmay result in degradation of cold water refugiafor foraging and

migrating bull trout. These changes will likely result in alterations of how the habitat willbe

used. Project components are expected to have adverse effeots on PCE #5 in the lower

Puyallup River.

Depending on the mitigation site chosen, the proposed wetland mitigation could have long-

term beneficial effects to PCE #5 by improving floodplain connectivity afldrestoring

subsurface water exchange, thereby acting as a cold water source.

6) Migratory corridors with minimal physical, biological, or water quality impediments

between spawning, rearing, overwintering, andforagtng habitats, including intermittent or

seasonal barriers induced by high water temperatures or low flows.

No physical impediments are expected to result from construction of the project. However,

degiadation of cold water refugia for foraging and migrating bull hout and increases in water

temperarure are expected and would be considered an impediment to use of a migratory

. 
"ooidot. 

(64 FR 58910 fNovember I,1999]) documented steady and substantial declines in

abundance in stream reaches where water temperature ranged from 15 to 20 "C'
Temperatures in the lower Puyallup River arc akeady atthe high end of the range that bull

trout are found most frequentlY.

Project components such as romoval of upland vegetation, loss of riparian vegetation, and

addition of new impervious surface increase runoff and decrease infiltration. Reduced
mw

baseflows, loss of shade from ipaianvegetation, and reduced groundwater rcchatge (as a

cold water source) can lead to warming of the surface water (the lower Puyallup River).

Project impacts in the lower Puyallup River are likely to lead to slight localized temperature

incieases in the lower Puyallup River during timeframes that bull trout are present. Adverse

effects to PCE #6 ne expected in the action area (lower Puyallup River) due to temperature

increases that prevent use of previously existing habitat.
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The new bridge piers (maximum of three piers) thatmay be installed below the OHWM of

the lower Puyallup River result in temporary but significant increases in turbidity; however,

the impacts ur" trot expected to significantly impair migratory corridor functions. The

installation of a maximum of three bridge piers in the lower Puyallup River is likely an

insignificant effect on PCE #6.

7) An abund.antfood base including terrestrial organisms of riparian origin, aquatic

macr oinv ert ebr at es, and forage fis h'

prey species, particularly salmonids, will aiso be affected by impacts to subsurface flow and

stream temperatures. Project components such as new impervious surface and vegetation

removal inirease runoff and decrease infiltration, resulting in decreased groundwater

recharge and loss of subsurface flow from the river (see "Effects of Increased Impervious

Surface on Buil Trout" section, above). This will result in a reduced prey base.

The new bridge piers (maximum of three piers) that may be installed below OHWM of the

lower puyallup River may result in temporary, but significant increases in turbidity, which

wili temporarily degrade foraging habitat. However, this activity will not result in the

permanent loss of this foraging habitat and the activities are expected to occur when bull

irout are least likely to be present. The new piers may also result in the loss of benthic

habitatand benthos species simply due to their presence within the stream channel' This

impact is not likely to be measurable and is therefore, insignificant. Project effects to PCE

#7 fromthe new bridge piers within the lower Puyallup River are insignificant.

8) Permanent water of stfficient quanti.ty and quality such that normal reproduction, growth,

and survival are not inhibited.

trcreased runoff from new impervious surface is expected to further degrade the water

quality of the lower Puyallup River. The water quality impacts to the lower Puyallup River

from stormwater constituents are likely to be significant; primarily at the site of the mixing

zone where stormwater discharge occurs. Temperature increases from the loss of hyporheic

function is likely to occur. Adverse effects from degraded water quality are expected to PCE

#8 within the lower Puyallup River.

Blair and Hylebos Waterways (Marine Water)

P C E I - W a t e r t that bull trout use. Bull trout have been documented in

streams with temperatures from 32 to 72 "F (0 to

temperatures rangingfrom 36 to 59 oF (2 to 15 oC). These temperature ranges may vary

depend.ing on bui *oLt tife-history stage andform, geography, elevation, diurnal and seasonal

viriation, shade, such as that provided by riparian habitat, and local groundwater influence'

Stream reacltes with temperatures that preclude bull trout use are specifically excludedfrom

designation

Stormwater from new impervious surface is expected to discharge to creeks within Blair and

Hylebos sub-basins. However, temperature impacts to Blair and Hylebos Waterways from
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additional Stormwater runoff are not expected to be measurable and are, therefore,

insiedficant.

pCE 6l ,rfroro* corridors with minim,al physical, biological, or water quatity impediments

between spiwning, rearing, overwintering, andforaging habitats, including intermittent or

seasonal barriers induced by high water temperatures or low flows.

Stormwater discharge from new impervious surface is expected to contain contaminants such

as coppsr, zinc, other metals, and sediment.. Water quairty impacts are expected to occur

witfrin gtair and Hylebos Waterways as a result (see "Direct Effects of Stormwater

Discharge on Bull Trout" section, above). However, these effects are not expected to

preclude migratory movements or use by bull trout, therefore effects to PCE #6 within

Hylebos and Blair waterways are considered insignificant.

PCE 7 - An abundantfood base including terrestrial organisms of riparian origin, aquatic

macr oinv ert ebr at es, and for ag e fi s h.

Significant water quality impacts are expected to occur to bull trout prey species in Hylebos

andBlair Waterways due to stormwater discharge from the proposed project (see "Direct

Effects of Stormwater Discharge on Bull Trout" section, above). These impacts are expected

to further reduce the use of the waterways as foragipg habitat. Adverse effects are expected

to PCE #7 inHylebos and Blair Waterways'

pCE 8 - Permanent water of sfficient quantity and quality such that normal reproduction,

growth, and survival are not inhibited.

Water quality impacts are expected to occur within Blair and Hylebos Waterways due to

stormwater discharge within Wapato and Hylebos Creek sub-basins (see "Direct Effects of

Stormwater Discharge on Bull Trout") which could inhibit normal reproduction, growth, and

survival. Adverse effects from degraded water quality are expected to PCE #8 within Blair

and HYlebos WaterwaYs.

Conclusion

The proposed project will adversely affected designated critical habitat in the Puyallup River

and ihe marine waters of Commencement Bay. Ir the lower Puyallup River, permanent

i-P*tt to tn" folo*itg P atural

corridors), PCE #7 (abundant food base), PCE #8 (permanent water of sufficient quantity and

quality). 
-In 

the Blair and Hylebos Waterways, permanent impacts to the following PCEs will '

or",r1 PCE#7 (abundant foodbase), PCE #8 (permanent water of sufficient quantity and

qualitY).
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Interrelated and Interdependent Actions

Interrelated actions are those that arepart of ale ger action and depend on the larget action for

their justification. lrterdependent actions have no independent utility apart from the action under

consideration. No interrelated or interdependent actions were identified'

CUMULATIVE EFFECTS

Cumulative effects include the effects of future State, Tribal, local or private actions that are

reasonably certainto occur in the action area considered in this Biological Opinion. Future

Federal actions that are unrelated to the proposed action are not considered in this section

because they require separate consultation pursuant to section 7 of the Act'

Cumuiative effects include the effects of future State, Tibal,local, or private actions (non-

federal) that arereasonably certainto occur in the action area considered in this Biological

Opinion. Future federal actions that ueunrelated to the proposed action are not considered in

this section because they require separate consultation pursuant to section 7 of the Act.

Land use in the action area is either currently industrial or commercial or is rapidly convefting to

such (FHWA 2005). The proposed project is expected to support growth as it is plarured and

envisioned by the local ani regionaljurisdictions (FHWA 2005). This is evidenced by the fact

that the project has been pto*ot"d by both the City of Fife and the City of Puyallup in their

Compreirensive and Transportation Plans (FHWA 2005). Properties adjacerrt to the proposed

pro3ect are expected to inciease in value due to their proximity to the Port of Tacoma and

tr"*uy access (WSDOT 2004) and placement of a new highway in this location is expected to

increase pressure for development in the region (WSDOT 2004)'

The geographic scope of the cumulative effect analysis was influencedby ttaffic analyses

conaicted bV Wsnbf for NEpA documentation (WSDOT 2001) and summarizedin an indirect

effect analysis that supplemented the original BA (FHWA 2005); and by the FWS after

identifying cumulatil effects associated with expansion of the Port of Tacoma. Traffic analyses

conducted by the WSDOT identify the proposed project's zone of traffic influence as the area

bounded Uy itre existing SR5/SRl67 interchange to the west, the SR5/SRl8 interchange to the

north, tne SntOzfSR4fu interchange to the southeast, and the SR509 and the Port of Tacoma

Road to the northwest (WSDOT 2001). For surface street trafftc,traffic influence was

considered to extend to the Puyallup River to the southwest, the Port of Tacoma to the northwest,

The data needed to quantify the amount of land use changes and development that will occur as

cumulative effects *.r" r"[rrrsted by the FWS from FHWA/WSDOT but were not provided and

were not readily available. The FWS expects that areas within the action area that are currently

undevelopeA wru continue to develop consistent with the zoning designations and in a fashion

similar to what has been seen in recent years. In general terms, this will involve conversion of

agricultural and vacant land to light industrial developments.
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Despite the lack of quantitative dataon land use changes expected in the action area, we were

able to identify the following actions as cumulative effects via local jurisdiction planning

documents and conversations with local planners (Figure 10; Table 9):

. Fife land use conversion - South of I-5 to the city limits (Freeman Road) the city has

annexed land, removed the agricultural designation, and has designated the majority of the

Iand as industrial/commercial. This land use conversion is cu:rently occurring and is

expected to continue as planned in the City's comprehensive plan. The City has designated

1,i71. acres for industrial development, approximately 47 percerx of the entire City (WSDOT

2006\.

. Kelsey Lane Residential Development - This planned development of 49-single-family lots

is on i2.39 acres at a density of 4 unitslacre. It is located in the City of Fife adjacent to the
puyallup River. The developer is required to construct an access roadbed to accornmodate

future widening of Levee Road (City of Fife 2006a)'

. City of Puyallup Urban Growth Area Development - The urban grorvth area and

incorporatlO land north of the Puyallup River has been designated as Light Manufacturing

(industrial/commercial) land use. "Irr portions of the UGA, agricultural lands provide a base

for needed industrial development..." (Puyallup Comprehensive Plan 2005 update).

(wsDor 2006)

. City of Milton Urban Growth Area Development - The urban growth area south and west of

Miiton, adjacentto the Fife city limits along SR 99lPacific Highway, is expected to be

developed for residential and commercial uses (WSDOT 2006).

. Union Pacific Railyard Expansion- The Union Pacific Railroad (IIPRR) plans to expand its

railyard,to the south and the City of Fife intends to develop warehousing adlacerf to this

expansion. The railyard and warehousing projects arc anlicipated to occur regardless of the

constructionof SR 167. ThellPRRpqopertylocationissouthofthesouthterminusof SR

167, andtrafficbetween the UPRR site and the Port of Tacoma is not anticipated to use SR

167 (WSDOT 2006).

. City of Fife Transportation Plan Improvements - The City of Fife's 6-year transportation

plan identifies numerous transportation projects that are likely to happen in the action area

(City of Fife 2006b). For this analysis we excluded those that cunently have Federal'funding

assigned as these will undergo separate section 7_corrsullations. The remaining proJects are

considered cumulative;ff& 
-

are non-Federal actions. Along with miscellaneous improvements and intersection

signalizations these proj ects include :

o Widen Valley Avenue E
o Extend 59th Ave. E
o Widen I-5 Ramp off Port of Tacoma Rd.
o Pedestrian Bridge across {apato Creek
o Construct new road at 52no Ave. E
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o Realign 58th Ave. E. at Valley Ave' E
o Construct NewRamps from I-5 to Pacific Highway and Port of Tacoma Rd

o Reconstruct34tn Ave. E
o Rsconstruct 12th St. E to Port of Tacoma Rd
o Extend Frank Albert Rd.
o Reconstruct Levee Rd. - West, East, and Central Segments
. 70th Ave. Bridge -New bridge across the Puyallup River
o Widen 20th St. E
o Reconstruct Freeman Rd - North and South Segments
o Construct Railroad Overpass atJ}tn Ave. E
o Widen 70th Ave. E
o Construct Bicycle/Pedestrian Trail
o Construct Puyallup River Trail
o Widen 48th St.
o Reconstruct I2th Ave. E
o Reconstruct62"d Ave. E
o Construct new road at 32nd St. E
o Construct 54th Ave. Grade Separation to re-open street at Union Pacific Railroad

o Constructnew rcadat74'n Ave.E

. o Extend 58th Ave. E
o Construct Pedestrian Overpass of Union Pacific Railroad at 54'n Ave. E

Port of Tacoma Expansion - The Port of Tacoma encompasses land east of the Thea Foss

Waterway to Marine View Drive, and north of the city limits of Fife. The Port has 2,400

acres that are used for shipping terminal activity, warehousing, distribution, and

manufacturing. The Port of Tacoma is currently expanding. Expansion plans include new

wharf construction, wharf extensions, terminal expansions, new terminal construction, new

container yards, and expansion of intermodal facilities (FHWA 2005). The proposed project

is recommended as par;t of aggowth management strategy for the Port of Tacoma's expansion

(FHWA 2005). Additionally, the Port is expanding its industrial development capabilities.

Between 1964 and 1981 the Port of Tacoma bought land in Frederickson and developed a

553 acreindustrial development area. This site is Puget Sound's largest industrial site zoned

for heavy manufacturing. The site currently has 24 industrial users including The Boeing

Company. The Port is actively marketing remaining parcels and point to features such as its

proximity to the Port (13 miles), rail access and improved access to Interstate 5 via the

planned Cross=base Highway as attributes (Port ofllacoma 2O-06b). llhe-P-orl-olTacoma-al$o-

o*nr properties in South Prairie (423 acres utilized by "Cascadia"), Fife Q3 actes utilized by

the Fiie Business Park; 33 acres utilized by Rainier Corporate Park East; 88 acres firlizedby
TransPacific Industnai Park1, Sumner (150 acres utiiizeii by the Greenwater Corporate Park;

20 acres fitlizedby the Valley South Corporate Park), Lakewood (170 acres atilized by the

Lakewood Industrial Park), and Puyallup (79 acresfillizedby the Puyallup Industrial Park)

(port of Tacoma 2000). A major focus of the Port's Five-Year Capital lmprovement Plan

(2005-2009) is emphas izing strategic Iand acquisition to increase the land base for future

business opportunities (Port of Tacoma 2006a). According to the City of Puyallup, economic



grov/th attributable to the er,pansion of the Port of Tacoma is resulting in a population shift

into Puyallup's South Hill area from Tacoma, Seattle and King County (City of Puyallup

2006).

Figure 10: SR 167 Extension Cumulative Effects

Actions Consldered in Cumulatlve Effects Analysis
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Table 9: Categorizationof actions shown in Figure 10.

ID in
Fizure 10

Category Action

1 a
.i

€
C)
4-
a.{
o
c)
li

cl

b0

-
o)

F

Widen Valley Avenue East
) Widen I-5 Ramp off Port of Tacoma Rd.

3 Realign 58'o Ave. E. at Valley Ave. E.

4 Reconstru ct 34tn Ave. E.

J Reconstru ct 12to St. E. to Port of Tacoma
Road

6 Widen 20tn St. E.

7 Reconstruct Freeman Road - North and
South Sesments

8 Widen 70th Ave. E.

9 Widen 48th St.

10 Reconstru et LZtn Ave. E.

1 1 Reconstru ct 62"d Ave. E.

A

(A
.-l

(h
.l

c)+.1
X

f r l

d

V)
Y

F
0-)z

Extend 59tn Ave. E

B Construct new road at52"n Ave. E.

C Construct New Ramps from I-5 to Pacific
Hiehway and Port of Tacoma Road

D Extend Frank Albert Rd.

E 70th Ave. Bridge - New bridge across the
Puyallup River

F Construct Railroad Overpass at 70'o Ave. E-

G Construct new road at3}no St. East

H Construct 54th Ave. Grade Separation to re-
open street at Union Pacific Raitry35!-

I Construct new road at74to Ave. E.

J Extend 58th Ave. East

a C)
-  , i
= v , ^

.91 >. x(' t r  o . :

E €  A
&  F f f

Pedestrian Bridge across Wapato Creek

b Construct Bicvcle/Pedestrian Trail
c Construct Puyallup River Trail
d Construct Pedestrian Overpass of Union

Pacific Railroad atSlth Ave. E.

Between 1991 and 2001 population in the watershed inueased by 25 percent and the population

of pierce County is expected to grow 34 percentby 2025 @uget Sound Action Team 2007). Due

to rapidly increasing population increases andwbanization, Pierce County has reached the limits

of their surface-water supply and are relying more on groundwater supplies (USGS 1999).

Groundwater recharge miy be reduced by current land development that impedes precipitation

from infiltrating downward into the ground, thus increasing surface runoff (USGS 1999). This

pattem will continue as impervious surface increases from conversion of agricultural land to

light industrial development.



The continued urbanization is expected to further degrade the aquatic ecosystems of Hylebos

Creek, Wapato Creek, Surprise Cake Drain and the lower Puyallup River and adversely affect

buil trout. It is anticip ateithx CiticalAreas Ordinances within the associated jurisdictions will

reduce some of these adverse effects but will not eliminate them. Increases in occu:rence and

duration of peak flow and water temperatures, decreases in baseflows, degradation of water

quality and-areduction of bull trout prey are expected. The impacts to bull trout associated with

a reduction in vegetative cover and, anincrease in impervious surface are discussed in detail in

the Effects of Impervious Surface and Indirect Effects sections above'

These effects are expected to further degrade the aquatic environment for bull trout and bull trout

citicalhabitat in the Puyallup River Basin.

Integration and SYnthesis

The above analysis forms the foundation for our jeopardy analysis, which is intended to

determine whether we would reasonably expect threatened or endangered species to experience

reductions in reproduction, numbers, or distribution that would appreciably reduce the species'

likelihood of survivin g andrecovering in the wild andlor the destruction or adverse modification

of designated critical habitat. We identify reductions in the bull trout's likelihood of surviving

and rec-overing in the wild by qualitatively analyzingthe probable effect of changes in

reproduction, ngmbers, and distribution based on the probability of the species to persistence

over time, at the scale of the coterminous range. Wtrite modeling efforts can be helpful in

analyzingthese relationships, in this case, the lack of abundance, demographic, and fecundity

data forbull trout in this 
"or" 

ureu, ooupled with the facr thatthe majority of the expected effects

are subleth aI, madethis impracticable. Below, we describe how the expected effects of the

project will relate to the survival and recovery of bull trout at the project, local population, core

area, andinterim recovery unit scales.

The proposed project will adversely affect sub-adult and adult bull trout and their designated

critical habitaiwithin the lower Puyallup core area. The action atea cotrtains foraging,

migrating, and overwintering habitatthat is used by an unknown number of fluvial, and all

anadromous bull trout natal io the Puyallup core area. The babitat in the action area is essential

to the anadromous form of bull trout for their movements to and from marine waters.

The effects of the proposed project canbe grouped into two categories: the temporary effects
)-; and-

the long-term effecis from operation (e.g., exposure to increased pollutants, reduced prey base,

and reduced thermal refugia). The temporary effects will occur over two in-water work seasons

and could include ttrjury andmortality of individual bull trout. Since bull trout occur in the

action area in low numbers, we expect that few fish will be affected by these actions. Impacts to

these individuals will temporailyieduce the number of bull trout in the Puyallup core area:

however, we expect that these impacts willbe indiscernible at the population level.
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Exposure to the project's long-term effects presents a greater risk to bull trout since the

stormwater and impervious surface-related effects will continue in perpetuity. Additionally,

since bull trout are iteroparous, individual bull trout could be repeatedly exposed to the long-

term effects. These effects, combined with significant alterations of normal foraging and

migratingbehavior are expected to result in the reduced fitness of all sub-adult and adult bull

trout using the action area. The severity of this reduction in fitness willvary depending on an

individuais condition and the duration and timing of exposure making the ultimate result

difficult to estimate. We expectthatthese effects will be sub-lethal and that the atfiictpated

reduction in fitness could manifest itself through reduced fecundity.

The proposed project is expected to adversely affect PCEs i (water temperature), 4 (natural

twOrog*pttl, 5 (water quality and quantity for a cold water source), 6 (migtatoty corridors), 7

(;bunAant prey base), and 8 (water quality). Similar to the effects of individual bull trout, the

construction-related effects to critical habitat are expected to be temporary while the long-term,

operational, effects will continue in perpetuity. While effects to these PCEs are expected to

degradetheir condition, we anticipate that each of the PCEs will still be able to serve their

intended conservation role for bull trout. In general, the conservation role of bull trout critical

habitat units is to support viable cofe alea populations (USFWS 2004b)'

Coastal-Puget Sound Interim Recovery IJnit

The bull trout was initially listed as three separate DPSs. The preamble to the final listing rule

for the United States coterminous population of the bull trout discusses the consolidation of these

DpSs with the Columbia and Klamath population segments into one listed taxon and the

application of the jeopardy standard under Section 7 of the Act relative to this species (64 FR

SAOtOl. It explains thattheDPSs will be treated as interim recovery units with respect to

application oithe jeopardy standard until an approved recovery plan is developed. Under this

approach,the proposed project is within the Coastal-Puget Sound intorim recovery unit.

Within the Coastal-Puget Sound interim recovery unit, abundance has declined, especially in the

southeastern portion (the vioinity of the proposed project). The draft Coastal-Puget Sound bull

kout recov ery planOSFWS 2004b) identifies the following conservation needs for this interim

recovery unit: 1) maintain or expand the current distribution of bull trout within existing core

areas, 2) increase bull trout abundance to about 16,500 adults across all core areas, and 3)

muntainor increase connectivity between local populations within each core area. We do not

expect the proposed project will result in significant, long-term, impacts to any of these three

conservation needs, for the reasons described below'

Puyallup Core Area

The Puyallup core area is one of 14 in the interim recovery unit. It contains the southernmost,
anadromousbull trout population in Puget Sound (USFWS 2004b) and is critical to maintaining

the overall distribution of migratory bull. Within the core area some local extirpations have

occu:red" and many remaining populations are isolated or fragmented.
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The status of a core area is based on four elements: 1) number and distribution of local

populations ,2) adult abundance, 3) productivity, and 4) connectivity. The proposed project is

fxpected to negatively impact adultibundance (#2) for 2 years, and productivity (#3) over the

long-term; but witt not affect the number and distribution of local populations or connectivity.

We expect bull trout returning to spawn to be in poorer condition (reduced fitness) which could

manifeit itself in reduced fecundity and productivity. The condition of individual bull trout will

be a function of its exposure to project effects, and willvary depending on how an individual

uses the action area.

Local Populations within the Puyallup Core Area

Five local populations of the bull trout occur in the Puyallup core area: 1) Upper Puyallup and

Mowich Rivers, 2) CarbonRiver, 3) Upper White River, 4) West Fork White River, and 5)

Greenwater River (USFWS 2004b). Eich of these local populations is estimated to contain

approximately 100 adult bull trout. It is unknown what proportion of these fish are anadromous,

*a it is possible that fish from each of these populations could fillize the action area. Because

there are fewer than 10 local populations in the core area it is considered to have an intermediate

risk of extirpation. Little is known about the productivity of the core area and it is considered at

an increasea rirt of extirpation. Very low numbers of migratory bull trout continue to be passed

upstream at the Mud Mountain Dam's Buckley Diversion fish trap.

Reliable abundance, estimates for these 1ocal populations are not available. The Buckley

Diversion fish trap encounters fish from 3 of the 5 local populations (in the White River portion

of the core area) and has never trapped more than 50 bull trout. Numbers for the remaining two

local populations (in the Upper Puyallup portion of the core area) are not known. Based on the

number of fish detected at 
-Buckley, 

and assuming that the remaining two local populations do

not produce higher numbers of anadromous fish, we expect that no more than 100 individual

urruiro*oos Uutt trout would be exposed to the effects of the proposed project. We further

assume thatitwill be a random mix of individuals from each local population that are effected'

There are also no long-term, comprehensive trend data for bull trout productivity in these local

populations. Given low known population sizes, we assume that productivity is low. Since the

ioog+enn effects of the project are expected to be sub-lethal, affected fish are still expected to

hav-e some level of productivity (albeit reduced to an unknown degree). Due to limited data on

abundance and productivity of these local populations, it is impossible to predict, with any

reasonable preJision, the degree to which productivity will be reduced. This, in tum, makes it

conclude that these sublethal effects will not result in a discernable effect to numbers and

reproduction at the core area scale.
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CONCLUSION

We have reviewed the current status of the Coastal-Puget Sound bull trout, the environmental

baseline for the action area andthe direct and indirect effects of the proposed SR 167 Extension

Project. We have also evaluated effects to the PCEs of designated critical habitat.

After reviewing the current status of the bull trout, the environmental baseline for the

action area, fr:re effects of the proposed project and the cumulative effects, it is the U.S.

Fish and Wildlife Service's biological opinion that the action, as proposed, is not likely to

jeopardize the continued existence of the bull hout for the following reasons:

. Potential injury andlor mortality associated with the temporary (construction-

related) effects of the proposed project are expected to impact so few individual

bull trout that the effects will not be measurable at the scale of the Puyallup core

area.

. The long-term, sub-lethal effects, are not expected to measurably reduce

productivity atthe scale of the Puyallup core area'

r Because effects will not be discernable at acore area scale, we do not expect that

the effects of the proposed project will reduce the species' likelihood of survival

and recovery in the wild.

After reviewing the current status of bull trout critical habltat, the environmental baseline

for the action area, the effects of the proposed project and the cumulative effects, it is the

U.S. Fish and Wildlife Service's biological opinion thatthe action, as proposed, is not

likely to destroy or adversely modify designated critical habitat for the following reasons:

. Although several PCEs will be degraded, each of the PCEs will still be able to

serve their intended conservation role for bull trout.

. Significant loss of prey species input to Commencement Bay will degrade PCE 7

(abundant prey base), but witl not prevent fulfillment of the conservation role of

this PCE because additional forage base sources remain in lower Puget Sound and

will continue to provide prey for anadromous bull trout in Commencement Bay.

Water quality impacts associated with discharge of stormwatet ate expected to be

localized and will nof preclude use by bulftrout ofdesignated crilical habitat

throushout the action area.

. Water quantity and temperature-related impacts associated with the increase rn

impervious surface are expected to be localized and will not preclude use by bull

trout of designated critical habftrtwithin the action area.
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INCIDENTAL TAKE STATEMENT

Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit

the take of endangered and threatened species, respectively, without special exemption.

Take is defined as to harass,harm, pursue, hunt, shoot, wound, kill, trap, capture or

collect, or to attempt to engage in any such conduct. Harm in the definition of "take" in

the Act means an ictwhich actually kills or injures wildlife. Such act may include

significant habitat modification or degradation where it actually kills or injures wildlife

by significantly impairing essential behavior patterns, including breeding, feeding, or

sheltering (50 CFR S 17.3). Harass in the definition of "take" in the Act means an

intentional or negligent act or omission which creates the likelihood of injury to wildlife

by annoying it to such an extent as to significarrtly disrupt normal behavioral patterns

which include, but are not limited to, breeding, feeding, or sheltering (50 CFR S 17.3).

Incidental take is defined as take that is incidental to, and not the purpose of, the carrying

out of an otherwise lawful activity. Under the terms of section 7b)g) and section

7(o)(2),taking that is incidental to and not intended as part of the agetlcy action is not

considered to be prohibited taking under the Act provided that such taking is in

compliance with the terms and conditions of this Incidental Take Statement.

The measures described below are non-discretionary, and must be undertaken by the

FHWA so that they become binding conditions of any grant or permit issued to the

WSDOT, as appropriate, for the exemption in section 7(o)Q) to apply' The FHWA has a

continuing auiy to regulate the activity covered by this incidental take statement' If the

FHWA f) Aifs to assume and implement the terms and conditions or 2) fails to require

the WSDOT to adhere to the terms and conditions of the incidental take statement

through enforceable terms that are added to the permit or grant document, the protective

"o,r"r-ug" 
of section 7(o)(2) may lapse. In order to monitor the impact of incidentaltake,

the WSDOT must report the progress of the action and its impact on the species to the

FWS as specified in the incidental take statement [50 cFR S402.14(ix3)].

AMOUNT OREXTENT OF TAKE

The FWS anticipates thattake of bull trout from the Puyallup Core population is likelyto result

from the proposed action.

The F l take of individual bull trout will be difficult to detect or

qrr*tityUr"uur" of the sublethalnature of the take and the low likelihood of finding the affected

juveniles or adults. Using post project habitat conditions as a $Irrogate indicator of take, the

h'WS anticipates that the ioitowing forms of take will occur as a result of the activities associated

with the project.
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Degradation of Thermal Refugia in the Lower Puyallup River Sub-basin from Increased

Impervious Surface

Incidental take of bull trout in the form of harassment through significant disruption of normal

foraging and migratory behavior resulting from the direct effects of degraded thermal refugia and

water temperatures in the lower Puyallup sub-basin.

. Al1 sub-adult and adult bull trout utilizing the lower Puyallup River portion ofthe action area

(approximatelyRM 2.5 to RM 9) from completion of construction and continuing in

perpetuity.

Discharge of Project-related Stormwater

Discharge of stormwater into waterbodies throughout the action area will result in incidental take

of bull trout in the form of harm and harassment.

. Inciderrtall,.ke of bull trout in the form of harm of all adult and subadult bull trout

exposed to the effluent plume at eachstormwater outfall in the Puyallup River as a result

of sub-lethal physical injury (or the likelihood of such injury) caused by exposure to

various pollutants when the concentration of dissolved copper exceeds 2.3 ltglL ovet

background levels not exceeding 3.0 ltglL andthe concenhation of dissolved zinc

.*"""du 5.6 ltglLover background levels between 3.0 V'glL and 13.0 1s'!L. Because bull

trout are long-lived and reside in or must pass through the action area several times over

their lifetimes, the FWS anticipates that individual bull trout are likely to be exposed to

pollutants at concentrations that will result in rnjury or impairment of essential behavior.

th. *"u in which sub-lethal harm of all bull trout is likely to occur in the Puyallup River

is at the mouth of the Oxbow Lake Ditch and in the mixing zones (300 ft long

downstream by 25 percent of the width of the river during the 7Q10 discharge) of each

outfall. The duration of this incidental take is in perpetuity.

' Incidental take of bull trout in the form of harussment of all adult and subadult bull trout

through significant disruption of normal foraging and migrating behavior from discharge

of stormwater effluent in the lower Puyallup River. Disruption of normal foraging and

migrating behavior is expected to occur when bull trout avoid the mixing zones

assbciated with stormwater outfalls in the Puyallup River. One outfall is located atthe

bridge (approximatelyRM 9) andthe second outfall is considered to be the downstream

end of the Oxbow Lake Ditch (approximately RM 5). The duration of behavior

disruption rnay be as little as a few days for adults that are migrating through the actron

ur"u o, indefinitely for individuals that are foraging or overwintering in the lower river

and. areprecluded from a portion of the river on a continual basis.

PiIe Installation in the Puyallup River

Incidental take of bull trout in the form of harm through physical injury from the direct effects of

elevated underwater SPLs resulting from impact installation of 150 steel piles in the Puyallup

River between July 15 and August 31 of the first construction season.
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. Al1 sub-adult and adult bull trout within a44-meter diameter around each steel pile

installed andlorproofed with an impact hammor, are expected to be incidentally harmed.

The total ."u *L"r" harm to bull trout would occur is expected to equal approximately 69

percent of the wetted width of the river.
. All sub-adult and adult bull trout exposed to impact pile installation without sound

attenuation as necessary to determine baseline SPLs, are expeoted to be incidentally

harmed. This area where bull trout will be harmed is a2l5-meter radius from each pile

being installed with an impact hammer without sound attenuation measures.

Incidental take of bull trout in the form of harassment through significant disruption of normal

foraging and migratory behavior resulting from elevated underwater sound pressure levels

g"rr";u[A by impact installation of steel piles in the Puyallup River between July 15 and August

31 of the first construction season.

, A1l bull trout within a34l meter radius from each steel pile being installed andlor proofed

with an impact hammer are expected to be harassed. The area affected in the form of

harassment includes the entire estimated 2l}-ftwetted width of the Puyallup River up to

0.21 miles up- or down-stream of the pile driver'
. All sub-adult and adult bull trout exposed to impact pile installation without sound

attenuation as necessary to determine baseline SPLs hydroacoustic monitoing, ate

expected to be incidentlly harussed. This area will consist of a3,475 meter radius from

.urtt pil" being installed with an impacthammer without sound attenuation measures.

Fish llandling Related to cofferdam use in the Puyallup River

Irrcidental take of bull trout in the form of harm through physical injury and/or mortality from

the direct effects of electroshocking and handling resulting from work area isolation for

construction of the Puyallup fuver bridge (7 cofferdams) and construction of the Puyallup River

mitigation sites (6 cofierdams) between July 15 and August 31 over 2 construction seasons' The

,uptir" and handfing of bull tiout will result in direct take. Affected bull trout are likely to be

fluvial andlor anadromous subadult and adults. Fish handlingmay still result in injury or

mortality but is expected to minimize the risk of rnjury or mortality of individual bull trout from

bridge ctnstruction activities. Because bull trout occur in the action areain low nurnbers, we

"rp"rt 
that no more than one bull trout will be harmed during construction of each element.

Therefore, we expect that one bull trout maybeharmed during construction of the mitigation

sites- and one bull trout per season of construction at the bridge site (for a total of 3 bull trout).

Sediment from Wetland Mitigation Levee Breeching

Incidental take of bull trout in the form of harassment will occur through the disruption of

normal migratory and foraging behaviors associated with direct impacts resulting from elevated

sediment levels. Elevated sediment levels are expected to result from the breeching of the levee

at eachof three wetland mitigation sites along the Puyallup River. Elevated sediment is expected

during outgoing tides during the first 2 days after removal of the coffer dams at each site.
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. A11 sub-adult and adult bull trout from the upstream extent of each site to 600 ft

downstream of each site are expected to be harassed during outgoing tides for 2 days

between July 15 and August 31.

Reduction in Prey Base

Incidental take of anadromous bull trout in the form of harassment as a result of reduced fitness

expected to occur through a reduction in prey base. Prey base will be reduced in all affected

*ut"t bodies. Bull troui foraging in the lower Puyallup River and Commencement Bay are likely

to experience reduced fitness because production of forage fish is limited in Commencement

Bay. These effects are expected to occur in perpetuity.

EFFECT OF THE TAKE

In the accompanying Biological Opinion, the FWS determined that this level of

anticipated take is not likely to resuit in jeopardy to the species or destruction or adverse

modification of critical habitat.

REASONABLE AND PRUDENT MEASURES

The FWS believes the following reasonable and prudent measures are necessary and

appropriate to minimizetake of bull trout:

BTI. Minimize harm of bull trout within the action area during construction.

BTII. Minimize harassment of bull trout from the addition of new impervious surface in

the lower PuyalluP sub-basin.
BTIII. Minimizeharmand harassment of bull trout from impacts to their prey base from

stormwater-related Pollutants.
BTIV. Minimize harassment of bull resulting from a ioss of prey base throughout the

action area.
BTV. Minimize harm and harassment of bull trout resulting from exposure to elevated

underwater SPLs.
BTVL Minimize harassment of bull trout resulting from exposure to elevated sediment

levels
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TERMS AND CONDITIONS

hr order to be exempt from the prohibitions of section 9 of the Act, the FHWA must

comply with the foliowing terms and conditions, which implement the reasonable and

prudint measures described above and outline required reporting/monitoring
requirements. These terms and conditions are non-discretionary.

To implement RPM BTI:

1. Install individual pieces of multiple-piece cofferdams in sequence to discourage fish

from entering the project arcaandto allow any fish thatmay become trapped to

escape through a downstream opening.
Z. Conduct cofferdam dewatering in two or three stages, pausing between stages to

accommodate fish removal.
3. Screen dewatering pumps in a marurer that prevents fish from being entrained in the

pumps or impinged on the screens.
4. Do not remove cofferdam materials until turbidity levels within the work atea ate the

same as the river.
5. Document all bull trout encountered during work area isolation and report the result

to USFWS within 30 days of work area isolation.

To implement RPM BTII:

l. Restore infiltration capacity in the Puyallup River sub basin to the maximum extent

possible. IJtilizethe sites identified as potential wetland mitigation sites with the

tbjective of maximizing potential to create, restore and enhance infiltration through

the use of native woody vegetation. Runoff/interflow is estimated at250.74 acre-ft

and infiltration is 120.1 acre-ft.yearly under existing conditions for the 170.8 acre

analysis arcainthe sub basin. An analysis demonstrating how planned restoration

activities at the site will minimize the change to runofflinterflow and infiltration

volumes listed above shall be provided to the FWS for review prior to finalization of

the plan.

To implement RPM BTIII:

1. Ensure that concentrations of dissolved metals from the SR 167 Extension do not

exceed2.3 dissolved levels not exceedine 3.0

5.6 prglfdissolved zinc over background levels between 3.0 PglL andl3'0 ltglL.
points of compliance will be:

ln the Puyallup River and Hylebos Creek, immediately outside the

mixing zone (300 ft long downstream by 25 percent of the width of

the river during the 7Q10 discharge)

In the non-listed fish-bearing Oxbow Lake Ditch, Surprise Lake

Drain, Fife Ditch, Erdahl Ditch, and Wapato Creek, will be at the
11.
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2.

wsDoT stomwater outfalls to each of these waterbodies.

Hydraulic modeling conducted by the WSDOT indicates that

dissolved metal concentrations at the confluence of each of these

water bodies with listed fish-bearing waters will meot the

thresholds identified above, as long as concentrations at the

stormwater outfalls do not exceed the following values 90 percent

of the time:
. Dissolved copper: 7.8 uglL
. Dissolved zinc: 44.8 uglL

Monitor stormwater effluent for a yet to be determined number of years over a 10

year period at a representative set of points of compliance identified in 3c to

demonstrate attainment of the concentrations of dissolved copper atrdzinc identified

in 3c. Monitoring parameters shall also include TSS, total copper andzinc, AADT,

rarnfall, and antecedent dry period. A statistically sound sampling scheme shall be

submitted to FWS for approval within 90 days prior to the initial discharge from the

stormwater outfalls. The results of monitoring shall be submitted to FWS at the end

of the calendar years during which monitoring was conducted'

Use a continuous flow model callbratedto forested conditions in sizing duration flow

control BMPs.

To implement RPM BTIV:

1 . Minimize the project's effects on in-water andipaianhabrtat in the lower Puyallup

River sub-basin by improvingrLpananhabitat at a site within the lower Puyallup

River sub-basin. Of the 10 proposed wetland mitigation sites, utilize 1 of the 3 that

are in the Puyallup sub-basin when finalizing the wetland mitigation plan.

Incorporate fish habitat features to benefit listed fish species in the Puyallup River.

Deveiop and implement a monitoring plan to ensure that the RRPs and the relocated

channeis provide stormwater flow control, as well as habitat forming processes'

floodplain functions, and habitat connectivity; and provide quality reaing and

migratoryhabitat for salmonids. The monitoring plan shall contain contingencies
consistent with the above functions and shall be undertaken for 10 years following
project completion.

3. irt"p*" a m-onitoring Plan to ensure that arsenic and copper contamination in the

*"u, proposed for the temporary Hylebos Creek diversion channel, both relocated

Hvlebos Creek and Surprise Lake Drain, and the adjacentRRPs do not exceed project

Uu.Aio" water and soil conditions in and adjacent to Hylebos upstream o

area proposed for the Hylebos Creek RRP. This information will be used in

conjunction with other studies conducted in the areato determine what steps are

,r""-"rr*y by the WSDOT to ensure that arsenic and copper contamination in the

above-referenced areas does not occur. This plan will be sent to FWS for review and

approval.
4. ntonitor arsenic and copper contamination for a yet-to-be-determined number of

years over a l1-year period in relocated Hylebos Creek, in relocated Surprise Lake

brain, and in the adjacent RRPs. A statistically sound sampling scheme measuring

a
J ,

2.
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grcundwater, wetland soiVsediment, and surface water concentrations, shall be

submitted to the FWS for approval prior to construction of the relocated streams and

RRps. The results of monitoring shall be submitted to the FWS at the end of the

calendar years during which monitoring was conducted.

5. Ensure that relocated Hylebos Creek and Surprise Lake Drain, as well as the 2l new,

replacement, or widened, petmanent stream crossing structures within the RRPs,

sha11, where feasible, support channel forming processes, floodplain functions, and

aquatichabitatconnectivitywithin the RRPs. The relocated streams shall be

designed according to an accepted design methodology. To determine stable

dimJnsion, pattem, and profile, the design process shall take the following parameters

and considerations into account:

i. Dimension , pattern, and profile of a westem Washington reference

stream shall be used in the design.
ii. The new channel shall accommodate the current flow regime and

considerbankfull flows in design.
iii. The new channel shall be competent in transporting predicted

sediment loads.
iv. The profile of the river shall be proportionate to the pattem and

dimensions. The placement and spacing of pools and riffles shall be a

function of stream width and gradient.

v. The new stream channel should be constructed with native mateial

including LWD. The LWD shall be stabilizedbyburying. LWD shall

not be cabled to artificialweights. The stream should not be built or

stabilizedwith large. rock, because the native geology does not provide

this material.
vi. Floodplain storage and side channels shall be constructed to minimize

strandlng of fish during receding waters. Connect depressions to the

main channel.
vii. To allow the new stream channel tolaterallymigrate the banks of the

new stream channel shall not be hardened with rock. Soft bank

armoring as outlined in the ISPG may be used to stabilize banks until

mature vegetation is established.

To implement RPM BTV:

1. Submit sound attenuation design specifications to FWS for review and comment a

minimum of 30 days prior to impact pile driving.

2. Develop and implement a hydroacoustic monitoring plan to document the

effectiveness of the approved sound attenuation system. The monitoring plan shall be

submitted to FWS for approval a minimum of 30 days prior to impact pile driving.

The hydroacoustic monitoring plan must be prepared and implemented by an

individual(s) with proven expertise in the field of underwater acoustics, fish biology

and behavior, and datacollection. The results of monitoring shall be submitted to

FWS within 90 days of completing monitoring.



3. If more than one impact pile hammer is used to proof steel piles no more than one

shall operate at the same time.
4. Impacf installation andlor proofing of steel pilings shail not occur between t hour

after sunset and t hour before sunrise.
5. Contact the FWS within 24hoarcif hydroacoustic monitoring indicates that the SPLs

will exceed the extent of take exempted in this Biological Opiniqn. The FHWA shall

consult with FWS regarding modifications to the sound attenuation methodology in

an effort to reduce the SPLs below the limits of take and shall continue hydroacoustic

monitoring

To Implement BT VI

1. The FHWA shall monitor downstream turbidity levels in the Puyallup River after

cofferdam removal at eachmitigation site on the outgoing tides fot 2 days following the

introduction of flow into each of the sites.

a) Monitoring shall occur 300 ft downstream from the outlet culvert of each

mitigation site.

b) Monitoring shall occur at three locations to the extent practicable along a

transect extending perpendicular to the stream flow.

c) Monitoring will be conducted at l5-minute intervals for the first 2 hours

during the first outgoing tide. If turbidity levels do not exceed 10 NTUs over

background (water quality standards) during that time, then sampling wilt occur at

a frequency of once every 6 hours during the outgoing tides. Whenever an

increase in turbidity is visually observed, an additional sample will be collected.

If at anytime a sample exceeds the 10 NTUs over background standard, sampling

will continue at 1S-minute intervals until turbidity levels are below 10 NTUs

above background. To the extent practicable, visual monitoring will occur

throughout the outgoing tides. If night monitoring is deemed to be unsafe, the

first two daylight tides are to be monitored.

d) If monitoring 300 ft downstream indicates that background sediment levels are

exceeded at any time by 28 NTUs (the analysis describing sediment levels at

which take will occur is described in the "Direct Effects of Bridge Construction"

section), then monitoring will occur 600 ft downstream from the outlet culvert

ltevet at wttictr inciAental take would occur) at l5-minute intervals until the

2.

a
J .

exceedance no longer exists.

Monitoring to establish background turbidity levels will occur up stream and outside the area

of influence. Background turbidity levels will be measured once per day following the

introduction of flow into each of the mitigation sites.

A monitoring report on the turbidity levels will be submitted by December 31 of the year of

the introduction of flow into the mitigation sites and will include, at a minimum:
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a) Dates and times of project activities that generated sediment and when the

monitoring occurred.

b) Identification of the activities and downstream NTUs associated with those

activities.

c) Any corrective actions taken to reduce sediment/turbidity.

d) Any reporting requirements of the 401 State Water Quality Permit issued for

this project.

4) The FWS shall be notified in advance of the proposed in-water work so that abiologist can

be onsite, if possible, to observe the impacts associated with the project'

5) If project induced sediment levels exceed background by the amounts and durations listed

below as measured at 600 ft, then the amount of take authorized by the Incidental Take

Staternent will have been exceeded, and FHWA must reinitiate consultation. FHWA will

contact the FWS atthe Western Washington Fish and Wildlife Office inLacey,

Washington.

a) 74NTUs abovebackgroundatarry time, or

b) 28 NTUs above background for more than t hour, cumulatively,

over an 8 hour workdaY, or

c) 28 NTUs above background for more than3 hours, cumulatively, over

an 8 hour workdaY.

The FWS believes that no more than the following incidentaltake of bull trout will occur as a

result ofthe proposed project:

. A11 sub-adult and adult bull trout, in the form of harassment through significant
disruption of normal behavior resulting from degradation of thermal refugia and

water temperatures between approximately RM 2.5 andRM 9 in the lower
puyallup zub-basin from completion of construction and continuing in perpetuity.

R1| rob-uOutt and adult bull trout, in the form of harm, exposed to stormwater
effluent at two outfalls (mouth of the Oxbow Lake Ditch, and atthe bridge site)

within the Puyallup River when the concentration of dissolved copper exceeds 2'3

pg/L over background levels not exceeding3.O WglL and the concentration of

dissolved zinc exceeds 5.6 pglL over background levels between 3.0 1tglL and

L3.0 VglL in the mixing zone fuomcompletion of construction and continuing in

perpetuity.
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. A11 sub-adult and adult bull trout, in the form of harassment, through disruption of

normal behavior when exposed to stormwater effluent at two outfalls (mouth of

the Oxbow Lake Ditch, and atthe bridge site) within the Puyallup River in

perpetuity.

' Al1sub-adult and adult bull trout, in the form of harm, *ithin a44m diameter

around each of 150 steel piles installed and/or proofed with an impact hammer

between July 15 and August 31 of the first construction season.

. A11 sub-adult, and adult bull trout, in the form of harm, within a2I5 mradius

from each pile installed with an impact hammer without sound attenuation

measures for the purpose of collecting hydroacoustic baseline databetween July

15 and August 31 of the first construction soason.

. A11 sub-adult and adult bull trout, in the form of harassment, within a34l m

radius from each of 150 steel piles installed and/or proofed with an impact

hammer between July 15 and August 31 of the first construction season.

' A11 sub-adult and adult bull trout, inthe form of harassment, within a3,415 m

radius from each pile installed with animpacthammer without sound attenuation

measures for the purpose of collecting hydroacoustic baseline data between July

1 5 and August 3 1 of the first construction season'

r { total of 3 sub-adult or adult bull trout, in the form of harm, through fish

handling during in-water work in the Puyallup River between July 15 and August

31 over 2 construction seasons'

. All sub-adult and adult bull trout, in the form of harassment through disruption of

normal behavior due to exposure to elevated sediment levels during construction

of the wetland mitigation sites in the Puyallup River from the upstream extent of

each site to 600 ft downstream of each site during outgoing tides for 2 days

between July 15 and August 31.

' All sub-adult and adult bull trout thatfiilize Commencement Bay for foraging, in

the form of harassment, resulting from reductions in prey base from construction

and continuing in perpetuitY.

modification of the reasonable and prudent measures.
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The FWS is to be notified within three working days upon locating a dead, injured or sick

endangered or threatened species specimen. Initial notification must be made to the nearest U.S'

fish and Wildlife Service iaw Enforcement Office. Notification must include the date, time,

precise location of the injured animal or carcass, and any other pertinent information. Care

should be taken in handling sick or injured specimens to preserve biological materials in the best

possible state for later anaiysis of cause of death, if that occurs. In conjunction with the care of

ri"k or injured endangered or threatened species or preservation of biological materials from a

dead animal,,the finder has the responsibility to ensure that evidence associated with the

specimen is not unnecessarily disturbed. Contact the U.S. Fish and Wildlife Service Law

dnforcement Office at (425) s83-BIz2, or the Western Washington Fish and Wildlife Office at

(360) 7s3-9440.

CONSERVATION RECOMMENDATIONS

Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the

purposes 
"f 

in" Act by carryrng out conservation programs for the benefit of endangered and

ihreatened species. Conservationrecommendations are discretionaty agency activities to

minimizeoiavoid adverse effects of a proposed action on listed species or critical habltat,to

help implement recovery plans, or to develop information.

. Develop a strategy for reducing the effects of transportation-related increases in

impervious surface throughout the lower Puyallup sub-basin by restoring
hydrologic processes thatmaximize groundwater recharge and best mimic natutal

systems. Cbordinate this effort with the USFWS (Westem Washington Fish and

WitOmt Office), WSDOTs Highways and Local Programs Office, and Olympic
Region Office, and incorporate the cities of Fife, Tacoma, and Puyallup as well as

the Puyallup Tribe of Indians'
. When developing transportation improvement projects in the lower Puyallup sub-

basin, focus conservation measures on improving foraging, migrating, and
overwinteringhabitatfor bull trout in the lower Puyallup River. Consider
measures that will protect the existing functions contributing to the presence of

thermal refugia in the lower river. Such measures may include preserving

existing habilat along important tributaries andlor restoring infiltration capacity to

existing impervious areas.

Lr order for the FWS to be kept informed of actions or avoiding adverse effects or

Uen".nting tisted species or their habitats, the FWS requests notification of the imp

any conservation recommendations.

REINITIATION NOTICE

This concludes formal consultation on the proposed SR 167 Extension Projoct. As provided in

50 CFR g402.l6,reinitiation of formal consultation is required where discretionary Federal

agency involvement or control over the action has been retained (or is authorized by law) and if:
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(1) the amount or extent of incidental take is exceeded; (2) new information reveals effects of the

ug"rry action thatmay affect listed species or critical habitat in a manner or to an extent not

cinsidered in this opinion; (3) the agency action is subsequently modi{ied in a manner that

causes an effect to the listed speciesor critical habitat not considered in this opinion; or (4) a neu/

species is listed or critical habitatdesignated thatmay be affected by the action. In instances

where the amount or extent of incident altake is exceeded, any operations causing such take must

cease pending reinitiation.

If you have any questions regarding this Biological Opinion, please contact Emily Teachout

(360-753-9583) at the Western washington Fish and wildlife office.
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Appendix B - Fish Exclusion Protocols and Standards

prior to dewatering, ail fish and other vertebrate aquatic life will be removed from sites that will be

dewatered. For projects where in-water work is limited to a specific area and dewatering will not

occur, fish will be excluded from the areato the maximum extont feasible within an isolated work

area.

The sequence for fish exclusion is as follows:

o Isolation of the work area.

Removal of as many fish as Possible.

Gradual dewatering of the work area (if the work area is to be dewatered).

o Removal of remaining fish.

. Record fish exclusion activities and notify Services as required.

Isolation of the work area, fish removal and release shall be conducted or directed by a biologist

who possesses the competence to ensure the safe handling of all Endangered Species Act (ESA)

hsted fish, and who is also experienced with work area isolation. This protocol may not apply or

may be modified in emergency situations or in certain arcas thathave unique site-specific

characteristics.

Isolation of the Work Area

Installation of block nets will occur at predetermined locations, based on site characteristics, to

prevent fish and other aquatic wildlife from moving into the work area. Sites willbe selected

tased on desirable attribltes such as slower flows and suitable locations for stake and/ot gtavelbag

placement. Areas with heavy vegetation, undercut banks, deep pools, etc. will be avoided due to

itre Oifficulty of sealing nets. The downstreamblock net willbe angled across the stream if

possible to irevent impingement of fish on the net. Additionally, a "mini-pool" may be

constructed at the downstream block net to provide a lower velocity area fot fish to maneuver

away from the net. Whenever conditions allow, the upskeam block net shall be placed first. The

downstream block net shall then be used as a seine to herd fish from the upstream block net

location downstream to the point selected for the downstream block neJ installation. If feasible,

this action will potentially move significant numbers of fish downstream, out of the impact area

prior to other removal methods.

Block net mesh size, length, type of material, and depth will varybased on site conditions. The

directing biologist on site wili base the design of block nets on specific site characteristics such as

water dJpth, vellocity and channel width. Tlpical block net material is 9.5 millimeter stretched

mesh. Block nets shall remain in place until in-water work is completed. Block nets will require

frequent leaf and debris removal. An individual will be assigned the responsibility of frequently

cfrecting the nets to maintain their effectiveness and integrity. The frequency of such checks will



be determined on a case-by-case basis, dependent upon the system, season and weather conditions.

Block nets need to be secured along both banks and in-channel to prevent failure during unforeseen

rain events or debris accumulation. Some locations may require additional block net support
(examples include galvanrzedhardware cloth and metal fence posts).

Fish Removal and Dewatering

If the site is dewatered, dewatering and the placement of cofferdams or diversions will be in

accordance with any provisions contained in the IIPA permit from WDFV/.

Pumps used to temporarily blpass water around a work site, or to dewater residual pools within a

dewatered site, shall be fitted with mesh screens to prevent aquatic life from entering the intake

hose of the pump. The screens wiil also prevent aquatic life from entering the intake hose if a

block net should fail. Screens shall be placed approximately 2-4 feet &om the end of the intake

hose to assure fish are not pinned upon the screen. Screening techniques must utilize the

specifications in the HPA and be in compliance with W.ashington State Laws RCW 77.55.320,

RCW 77 .55 .040 and RCW 17 ,55 .070.

The site will be dewatered slowly enough to allow the efficient removal of all fish species and

avoid strandings. The site wili be rewatered siowiy enough to prevent the loss of surface water

downstream as the streambed absorbs water and to minrnze or avoid a sudden increase in stream

turbidity. During rewatering, the site will be monitored to prevent stranding of aquatic organisms

below the construction site.

Removal Methods:

Methods for exclusion or removal of fish from the areabettveenthe block nets are described

below. These methods are given in order of preference and for many locations a combination of

methods will need to be applied. The use of visual observation techniques (e.g. snorkeling,

sgrveying with polarized glasses or Plexiglas bottomed buckets) should be considered for

evaluation of removal method effectiveness and to identify specific locations of fish concentrations

prior to removal attempts.

. Seining shall be the preferred method. The remaining methods shall be used when seining
is not possible or to enhance the effectiveness of removal through seining. Seines made

from 9.5 mm stretched nylon mesh shall be used to remove fish from the isolated stream

rcac)t. Seine design will be dependent upon site-specific characteristics. The on-site

biologist will plan seining procedures based on an evaluation of site characteristics. Seines,
once pursed, will remain pan1rially in the water while aquatic life is removed. Aquatic life
urill he canh.:red by personnel in.:.rater or on shore using hand held nets.

o Baited minnow traps (typicaily used in conjunction with seining) may be left in overnight,

but willbe checked at least three times daily to minimize predationwithin the trap. Traps

will be checked more frequently if temperatures are in excess of 15 C.



. Dip Nets and Hand Removal will be used in conjunction with seining and as a site is

slowly dewatered. This usually occurs after other methods.

o Connecting rod snakes will be used to he$ move fish out of stream crossing structures.

The connecting rod snake is made of wood sections approximately three feet in length.

When dewatering is to occur a seine may be placed at the downstream end of the crossing

structure. As the water level goes down fish inside the culvert, in theory will evacuate

downstream into the seine that is in place at the outlet. The snake may be wiggled slowly

through the pipe to encourage evacuation of fish out of the culvert. Other previously listed

capture techniques shall be employed if required.

o Electrofishing shall be performed only when other methods have been determined to be

unfeasible or ineffective by the directing biologist. Electrofishing studies document injury

rates to fish even at low settings. Therefore, use of this method is discouraged when

wxrecessary. For sites that will not be dewatered, the potential for injury to ESA-listed fish

may outweigh the benefit of capture and relocation of all fish present in the work area.

Electrofishing research results reveal a trend that as number of vertebrae and spine length

inciease, injurypotential also increases. Therefore, the capture and removal of adult ESA-

listed fish by electrofishing will be avoided when possible'.

The following conditions shall apply to use of electrofishing as a means of fish removal:

1. The USFWS willbe provided written notification 10 working days prior to the initiation of

electrofishing.

Z. Electrofishing shall only be conducted when a biologist with at least 100 hows of

electrofishing experience is on site to conduct or direct all activities associated with capture

attempts. The directing biologist shall be familiar with the principles of electrofishing
including the interrelated effects of voltage, pulse width and pulse rate on fish species and

associated risk of injury/mortality. The directing biologist shall have knowledge regarding
galvanotaxis, narcosis and tetany, their respective relationships to injury/mortality rates,

and have the ability to recogmze these responses when exhibited by fish.

3. The following chart shall be used as guidelines for electrofishing in water where the
potential to encounter ESA-listed juvenile fish exists. Only DC or pulsed DC current will

be used. Visual observation of the size classes of fish in the work area is helpful to avoid

injury to larger fish by the mistaken assumption that they are not present.

1 Timing windows provided by WDFW will be used to mnirlrrtze the chance of encountering adult proposed or listed

fish. However, complete avoidance may not be possible with resident bull trout.



4.

Guidelines for initial and maximum settings for backpack electrofishing2

Initial Setting Conductivity
(pS/cm)

Maximum Settings

Voltage 100 v < 300 800 v
> 300 400 v

Pulse Width 500 rrs 5 m s

Pulse Rate 15 Hz 60Hz (In general, exceeding
40Hz wiil iniure more fish)

Each session shall begrn with low settings for pulse width and pulse rate. If fish present in

the areabeing electrofished do not exhibit an appropriate response, the settings shall be

gradually increased until the appropriate response is achieved (galvanotaxis). Conducting

electrofishin g activity atthe minimal effective settings is imperative because as pulse width

and pulse rate increase, fish rnJury rates increase. Minimum effective voltage settings are

dependent upon water conductivity and will need to increase as conductivity decreases.

Higher voltages elevate the risk of serious injury to fish removal personnel. The lowest

effective setting for pulse width, pulse rate and voltage will be used to mintmize personnel

safety concerns and he$ minimize fish ir1jury/mortality rates.

Seasonal timing restrictions for conducting eleckofishing shall be dependent upon the river

system, fish composition and an analysis of the life history of documented species.

Spawning adults and redds with incubating eggs will not be subjected to the effects of

electrofishing. As a generalrule, waters with anadromous salmon should not be

electrofished from October 15 to May 15 and resident waters from November 1 to May 15.

[r waters with potential bull trout presence, the timing may be more restrictive. It shall be

the responsibility of the directing biologist to research and assess the time of year (for each

river segment) when electrofishing is appropiate'

An individual shall be stationed at the downstream block net continuously during

eleotrofishing sessions to recover stunned fish in the event they are washed downstream

and pinned against the net.

The operator shall avoid allowing fish to come into contact with the anode. The zone of

potential fish injury is 0.5 m from the anode. Netting shall never be attached to the anode.

lechniques employed when using an unnetted anode keep fish farther from the anode and

expose them to significantly less time in the zone of potential injury. Extra care shall be

taken near in-water structures or undercut banks, in shallow waters or high-density fish

areas. hr these areas fish are more likely to come into close contact with the anode because

fish may be less visible and the voltage gradients may be abnormally intensified. Voltage

settings in shallow water seotions shall be checked and readjusted by the operator if

necessary. When electrofishing areas near undercut banks or where structures may provide

cover for fish, the anode will be used to draw the fish out by placing the activated anode

near the area fish are likely present and slowly drawing the anode away. Fish experiencing

2 Adapted fromNMFS Backpack Electrofishing Guidelines, June 2000, and WDFW Electrofishing Guidelines for

Stream Typin g, May 200 l.
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galvanotaxis will be attracted to the anode and will swim away from the structure toward

the anode so that they can be netted. This will not work on fish that experience narcosis or

te,tarry. Therefore, fish response will be noted in adjacent areas prior to attempts made near

structures. This should help avoid prolonged exposure of fish to the electrical field while in

an immobilizedstate.

Electrofishing shall be performed in a manner that minimizes harm to fish. Once an

appropriate fish response (galvanotaxis) is noted, the stream segment shall be worked

systematically, moving the anode continuously in a herringbone pattem through the water

without electrofishing one arcafor an extended period of time. The number ofpasses shall

be kept to a minimum, will be dependent upon site-specific characteristics, and be at the

discretion of the directing biologist. Adequate numbers of personnel shall be on-site to

minlrruze the number of passes required for fish removal. Adequate staff to net, recover,

and release fish as soon as possible shall be present. Fish shall be removed from the

electrical field immediately. Fish shall not be held in the net while continuing to capture

additional fish.

Condition of captured fish will be carefully observed and documented. Dark bands on the

body and extended recovery times are signs of injury or handling stress. When such signs

ar-e noted, the settirrgs for iire electrofishing unit md/or maiiner in which the elecfi"ofishing

session is proceeding need adjustment. These characteristics may be an indication that

electrofishing has become an inappropriate removal method for that specific site. Each fish

shall be capable of remaining upright and actively swimming prior to release (see Fish

Handling, Holding and Release section).

Electrofishing shall not occur when turbidityreduces visibility to less than 0.5 meters,

when water conductivity exceeds 350 pS/cm, or when water temperature is above 18oC or

below 4oC.

Fish Handline. Holding and Release:

o Fish handling will be kept to the minimum necessary to remove fish from the work site.

o Fish will not be sampled or anesthetized during removal activities as this protocol is

intended to address fish removal not research. Fish species, number, age class estimate,

and release location wiil be documented.

o Individuals handling fish shall ensure that their hands are free of sunscreen, lotion, or insect

repellent.

o Fish or other aquatic life captured shall be immediately put into dark colored containers

fil1ed with clean stream water. Fish removal personnel shall provide a healthy environment

for fish with minimum holding periods and low fish densities in holding containers to avoid

effects of overcrowding. Large fish shall be kept separate from smaller fi.sh to avoid

predation during containment. Water-to-water transfers shall occur whenever possible.

ESA listed fish should not be transferred out of water to prevent added stress. Holding

E .
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container temperature and well being of specimens will be frequently monitored to assure
that all specimens will be released unharmed. Potential shade areas and supplemental
oxygen for fish holding shall be considered in designing fish handling operations.

The release site(s) will be determined by the directing biologist and may be based on
specific site characteristics (flow refuge and oover) and tlpe of fish captured (out migrating
smolt, kelt, prespawn migrating adult, etc). More than one site may be designated to
provide for varying migrational needs and to separate prey size fish from larger fish. The
directing biologist shall consider fish migration requirements, size classes of fish, and
duration of work area isolation when designing fish release plans. Each fish shall be
capable of remaining upright and have the ability to actively swim upon release. ESA-
listed or proposed fish will have priority over other species for release. One person shall be
designated to transport specimens in a timely mannor to the site selected for release.

A11 ESA-listed dead fish shall be preserved and delivered to the pertinent regulatory agency
(see documentation below) as outlined in the appropriate permit's conditions.

If authoized level of take is exceeded, the pertinent regulalory agency shall be notified as
soon as possible.

Documentation

All work area isolation, fish removal and fish release activity shall be thoroughly
documented in a log book with the following information: project location, date, methods,
personnel, in-stream temperature, visibility, electrofisher settings, and other comments.

Species, number of each species, age class estimate, and location of release will be
recorded for all fish handled.

Information regarding injuries or mortalities to ESA-listed or proposed species shall be
documented and provided within three working days to NMFS or USFWS, depending on
which agency has jurisdiction over that species.
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Appendix C

Conservation Measures

The foliowing conservation measures were proposed as part of the SR 167 Extension project:

Temnorary Erosion/Sediment Coptrol. Spill Control. Water Qualitv

. Construct permanent stormwater BMPs with flow control.
o Implement Temporary Erosion and Sediment Control (TESC) and Spill Prevention,

Control, and Countermeasure (SPCC) plans.
o In accordance with the implementing agreement the water quality mixing zones will not

exceed 300 ft in the Puyallup River, 200 ft in Hylebos and Wapato Creeks, and 100 ft in
Surprise Lake Drain.

. Temporary BMPs will ailow twbid water to settle for a minimum of 2 hours before
discharging. The flow rate of turbid water into the stream shall not exceed one tenth of
the natural flow rate of the stream at the time of dis c,harge (when dewatering work area).

o lmplement Standard Specification 8-01.3(1) General - (limits exposure of erodible soils).
Controlling pollution, erosion, runoff and related danage requires the Contractor to
perform temporary work items including but not limited to:

1. Providing ditches, berms, culverts, and other measures to control surface water;
2. Building dams, settling basins, enorgy dissipaters and other measures to control

downstream flows;
3. Controlling underground water found during construction; or
4. Covering or otherwise protecting slopes until permanent erosion-control measures

are working.

The Contractor will coordinate this temporary work with the construction of permanent drainage
and erosion control work. The WSDOT may require additionai temporary control measures if it
appears pollution or erosion may result from weather, the nature of the materials, or progress on
the work. When natural elements rut or erode the slope, the Contractor will restore and repair
the damage with the eroded material where possible, and clean up any remaining material in
ditches and culverts.

If the WSDOT anticipates water pollution or erosion from project conskuction, the Contractor
will schedule the work so that grading and erosion control immediately follows clearing and
gruUUing. The WSDOT may also require erosion control work to be done with or immediately
after grading. Clearing, grubbing, excavation, borrow, or filIwithin the right of way shall never
expose more erodible earth than as listed belo.w, without written approval by the Engineer:

. 17 acres maximum between May 1 - September 30
r J acres maximum between October 1 - April 30

The WSDOT may allow the contractor to increase or decrease the limits if the grubbing is to be
done separately at alater date or if Ihe area limitation for grubbing is too restrictive to
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accommodate the clearing operations and there is little potential for erosion due to the clearing

operation.

Erodible earth is defined as any surface where soils, grindings, or other materials are capable of

being displaced and transported by rain, wind, or surface water runoff. In western Washington,

erodible soil not being worked, whether at final grade or not, shall be covered during the

following time period, using an approved soil covering practice, unless otherwise authoizedby

the WSDOT:

. October I through April 30: 2 days maximum
' May 1 to Septernber 30: 7 days maximum

Tacifier coat will not be appiied when rain is forecast.
Materials will be clean, covered when appropriate, and placed in a marul.er to prevent

erosion and siltation that might result from high water or heavy rains.

Materials during demolition will be stored where upland runoff cannot cause the
materials or leachate to enter into surface waters.

Staging and or mateial stock pile areas will not be located within 300 ft of any streams,

rivers, or wetlands unless site specific review completed by the project biologist indicates

that no impacts to the sensitive resource areas will occur due to topography or other

factors.
Conditions listed in the National Pollution Discharge Elimination System OIPDES)
permit for Bridge Maintenance Washing and Cleaning (WA#-0039039) specify work

restrictions that minimizepolTfiarrts entering the water and the disturbance of vegetation.

Notable requirements include the following:

. Dry clean (scrape, sweep, or vacuum) before washing. This includes flaking
paint. Residual grease must be removed with degreaser on absorbent-material.
Areas of the bridge that cannotbe safely dry cleaned should be flushed).

. IJse the minimum pressure that will clean the bridge and prevent paint chips from
entering the Puyallup River. Avoid flaking paint and lower the pressure if needed
to prevent the removal of bonded paint.

. Plug bridge drains before washing.

. Use clean wash water with no detergents or other additives.

Saw-cut water will not enter surface water.
Waste water will be contained and disposed of in an upland location where it will not
enter surface waters.
Waste materiaT, debris, or spoils will be disposed of at anapproved and permitted upland
commercial site, approved waste site, or incorporated into embankments as appropriate.

All forms of concrete wiii be compieteiy seaied to prevent the possibiiity of tiesh
concrete from entering surface waters.
Water that comes into contact with concrete within the first 7 days of cwe will be

contained and discharged to land with no possible entry to surface waters. Where land is

not available for treatmerrt, other methods of water treatment shall be utllized as approved

by the WSDOT engineer.

o

o



o Debris accumulation on bridges and within bridge drains off site will be collected and

disposed of properly,
r A containment boom will be used to contain and collect any floating debris and sheen

during bridge removals.
r Material placed within the water will be free of sediment and other contaminants.

o Flow to temporary andrelocated channels will be gradually introduced over a 24hour

period.
. Applicable activities will comply with the following regulations: Section 1'07 '5 Fish and

Wildlife and WDOE Regulations, 1-07.15 Temporary Water Pollution/Erosion Control

and l-07.15(1) Spill Prevention, Control, and Countermeasures Plan, and 8-01 Erosion

Control and Water Pollution Control, and the most current version of the Implementing

Agreement between the WDOE andthe WSDOT. In addition:

. Allliquid products shall be stored and mixed on PGIS in a secure covered and

contained location to eliminate the potential for spills. Paint and solvent spills

shall be treated as oil spills and shall be prevented from reaching storm drains or

other discharges. Cleaning solvents or chemicals used for tool or equipment

cleaning will not be discharged to the ground or surface waters.
. Fuel hoses, oil drums, oii or fuel transfer valves and fittings, etc., shall be

inspected regularly for drips or leaks and shall be maintained and stored properly

to prevent spills into state waters. Drip pans or other protective devices shall be

required for all transfer operations.
. Spilled waste, chemicals, or petroleum products shall be transported off site for

disposal at a facility approved by the WDOE or the local County Health

Department. The materials shall not be discharged to any sanitary sewer without

approval of the local sewer authority.
. Spills into State waters, spill onto land with a potential for entry into surface or

groundwater, or other substantial water quality impacts shall be reported

immediately to the WDOE Southwest Regional Office Z4hovt telephone line at

(360) 407-6300. Containment and cleanup efforts shall begin immediately and be

completed as soon as possible, taking precedence over normal work. Cleanup

shall include proper disposal of any spilled material and used cleanup materials.

Concentrated waste or spilled chemicals shall be transported off the site for

disposal at a faciiity approved by the WDOE or local County Health Department.

o Extreme care will be taken to insure that no petroleum products, hydraulic fluid, fresh

concrete, sediments, sediment-laden water, chemicals, or any other toxic or deleterious

materials are allowed to enter or leach into the receiving waters. A separate area shall be

set aside, that does not have any possibility of draining to surface waters, for wash out of

concrete delivery trucks, pumping equipment and tools.
c Project operations -will cease un,ier iiigh flo-w conditions 'ttai -rna:y result in iiruri,iatioii of

the project area, except for efforts to avoid or minimize resource darnage.

Pile Drivine

o A vibratory hammer will be used to install sheet piles and cofferdams,

. Sheet piles and cofferdams will be placed using machines kept outside the wetted width.



o Piles will be installed with a vibratory hammer and limit impact hammer to proofing.
o Noise levels will be limited to 180 to 185 Decibels (dB) at a reference pressure of one

micro-Pascal (dB re: lpPa) measured at mid-depth 10 meters from the piling, :utilizing
bubble curtain sound attenuation. Note: all decibel levels discussed hereafter will
assume a reference pressure of 1 pPa.

o Work will be limited to daylight hours when impact pile driving.
o Pilings will not be installed within the channel of Hylebos Creek.

Temporary Access Roads

. Existing roads or travel paths wiil be used whenever possible.
o The number of stream crossings will be minimized. Crossings will be perpendicular to

the main channel whenever possible.
o Stabilized conskuction entrances and wheel washing stations will be used where

determined appropriate.
. Culverts will be sized to maintain hydraulic capacity.

Fish llandling/Exclusion

. The fish handling protocol in Appendix B will be used.
o A maximum of three electrofishing passes will be made.
o Fish will remain in buckets for a maximum of 15 minutes during transport to release

Point'
. W.ith the exception of pile driving, in-water work will be conducted in dewatered area.
. Dam installation will either be by hand or by equipment operated from the banks,

overhead bridges, or outside the wetted width.

Invasive Weed Control

o Manual methods will be used where appropriate.
o Herbicides will applied only during dry conditions, use wicking vs. broadcast spray and

dense planting of desired vegetation, use of hummocks to increase survival of shade
plants, use either Agri-Dex (preferred) or LI700 as surfactants'

. Glyphosate products identified as "toxic to fish" will not be used'
o Herbicides will be applied in accordance with label requirements to avoid over

application and drift.
o Herbicide application boundaries wi1l be marked and replanted with native species.

Temporary Crossings

o Temporary structures will be kept in place for the minimum amount of time necessary.
. Holes left from removal of temporary pllings will be filled with clean native substrate

that matche s sumoundin g sub strate materi al s when feasib le'
r Untreated wood will be used for temporary bridge decking.
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Where stream crossings are essential, the design will take into account reasonably

foreseeable risks such as flooding, bedioad, and debris in order to prevent stream

diversions from leaving the channel in the event of a crossing failure.

Permanent Crossings

o Drilled shaft construction will be used for all permanent bridges.

o Holes left from pilings will be filled with clean native substrate that matches surrounding

substrate materials when feasible.
o Pier shafts willbe placed to a depth adequate to prevent future scour.

o Stream simulation and other currently approved design criteria will be used so that new

stream crossing structures will not impede fish passage and will facilitate wildlife passage

where possible.
o Water crossings will comply with fish passage design criteria in Integrated Streambank

Protection Guidelines (ISPG) and Fish Passage Design at Road Culverts which are

accessible online at http : //wdfw. wa. gov/hablahelisp gdoc. htm and

hftp ://www.wdfw.wa. qbv/hablengineer/cm.

o Holes will be backfrlled from the Puyallup River bridge abutments with rock, or new

abutments willbe placed in existing holes.
o Piers and abutments will be placed outside the channel of Hylebos Creek.

o There will be no in-water work for clear-span bridges'
o In-water work for removal of temporary crossings will occur during low flows.

o Piles will be removed from existing road when removing Hylebos H5 Bridge. Equipment

will not enter wetlands for removal of this bridge. Fill holes left by piers with suitable

materials.
o The.size of cofferdams and caissons will be mtnimtzed.

Stormwater Outfalls

o The construction of new outfails will be avoided or minimized to the extent possible, by

connecting project drainage to existing conveyance systems such as pipes or non fish-

bearing ditches or by dispersing flows in uplands or riparian areas.

o Rock placement will be avoided by dissipating energy and reducing flow prior to

reaching outfall and locate butfalls on already armored banks.

. River rock or cobble will be used for dissipator pads where velocity allows.

o Minimize footprint of dissipator pad and outfall and locate to minimize habitat impact.

r Rock shall bs placed and not end dumped.
o Where practicable, use ditches instead of pipes for the stormwater outfall. Ditches to the

Puyallup River will not be feasible due to the presence of the levee.

. Locate stonnrvate.r outfalls to allow bac.kwatering and reduce velocities.

Utility Relocation

o Drilling terminus will be set outside of the OHWM of the channel.

o A 2-footminimum drill depth will be established below channel.



Footprint Minimization

. Vegetation impacts will be limited to the maximum extent possible.
o Work boundaries will be delineated with construction fencing prior to clearing/grubbing,

to minimize disturbance to sensitive areas.
o Construction of the RRP will avoid and minimize impacts to existing desirable habitat.

Existing desirable iparianvegetation will be maintained unless the impact is

unavoidable.

Revegetation

o Native vegetation will be replanted where possible'
o Planting of recessed floodway on Surprise Lake Drain will be timed to maxtrrnze plant

establishment prior to flood events.
o If streambanks are disturbed by project activities, stabilization and revegetation

techniques will follow the ISPG.
o Native trees and shrubs will be planted to increase benthic diversity over the long-term at

new Hylebos Channel.

Liehtine

o Work areas will not belit atnight or lighting will not be directed at the water.

. All nighttime lighting will be kept to the minimum that is necessary for the intended

pulpose, in terms of both the intensity and area illuminated.

Riparian Restoration and Stream Relocation

o Length of time the Hylebos Creek diversion channel is used will be minimized.

o The RRP will be implemented in accordance with the recommendations from the RRP

Technical Advisory Gloup (for design, maintenance, and monitoring).

Wetlands

o No net loss of wetland function or area from the proposed project, based on2006

estimates of 32.9 acres of wetland impacts will occur. Replacement ratios will depend on

whether creation or enhancement is required and the category of wetland being impacted.

. Wherepracticable, wetland mitigation will occur within the impacted subbasins.
o The project's Final Mitigation Plan will be fully implemented.
. The rate of flow will be regulated into mitigation sites through slow removai of

cofferdams.
o Low-flow connecting channels will be incorporated into streamside wetlands designs to

ensure that they do not strand fish. This will allow floodwaters to flow back into the

channel and preclude standing water.
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Miscellaneous

o Work will not inhibit passage ofjuvenile fish throughout the construction period.
. Culverts will be removed following stream relocation when there is no flow.
o Pilings to be removed will either be pulled directly, vibratod out, or cut off 2 ft below

existing ground.
o Creosoted materials willbe disposed of in a landfill according to Ch 173-304-190 WAC:

Owner responsibilities for solid waste. The owner, operator, or occupant of any premise,

business establishment, or industry shall be responsible for the satisfactory and legal
arrangement for the solid waste handling of all solid waste accumulated by them on the
property.

o FWS will be notified in the case of accidental fish kills.
o The in-water work window is expected to be July 15 - August 31.
o Activities will comply with HPA requirements.
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APPENDIX D

FRAMEWORK FOR ASSESSING SEDIMENT IMPACTS
(2006)r

The general impacts of sedimentation within an aquatic system are well known. When a
biologist reviews a biological assessment or biological evaluation under section 7 of the
Endangered Species Act, effects are evaluated based on the data or information provided. In

most cases, specific information is not supplied by the action agency, or is not available for the

biologist to conduct a thorough review and make thatvital iink befween the project and the effect

on listed fishes, specifically bull trout (Salvelinus confluentus) and their habitat.

Specific information needed by a biologist is related to the physical and biological effects of

sediment in a stream. The physical questions include the following:

Will the project increase sediment input into the stream?
How much sediment will result and for what duration?
How far downstream will the sediment move?

Based on ihese physical questions, the bioiogical effects to listed fish species can then be

determined. The biological questions include the following:

What life stage(s) are affected by the sediment input?
What levels of sedimentation cause adverse effects?
What are the biological effects of sediment on fish and their habitat?

SEDIMENT CLASSIF'ICATIONS AND DEFINITIONS

Sediment within a stream can be classified into a vaiety of different categories: turbidity,
suspended sediment, bedload, deposited sediment, and wash load (Waters 1995; Bash et al.
200I). A geomorphologist may classify sediment differently than a fisheries biologist.
Sediment category definitions include:

o Turbidity - Optical property of water which results from the suspended and dissolved
materials in the water that cause light to be scattered rather than transmitted in straight
lines. Turbidity is measured in nephelometric turbidity units (NTUs). Measurements
of turbidity can quickly estimate the amount of sediment within a sample of water.

o Suspended sediment - Represents the actual measure of mineral and organic particles
transported in the water colunnn. Suspended sediment is nneasuredinmgA and is an
important measure of erosion, and is linked to the transport of nutrients, metals, and
industrial and agdcultural chemicals through the river system.

1 Cite appendix as: U.S. Fish and Wildlife Service. 2006. Framework for Assessing Sediment lmpacts.
Western Washington Fish and Wildlife Office, Lacey, WA. 21pp.
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o Bedload - Consists of larger particles on the stream bottom that move by sliding,

rolling, or saltating along the substrate surface. Bedload is measured in tons/day, or

tons/year.
o Deposited sediment - The intermediate sized sediment particles that settle out of the

water column in slack or slower moving water. Based on water velocity and

turbulence, these intermediate sizeparticles maybe suspended sedirnent or bedload.

o Wash load - Finest particles in the suspended load that are continuously maintained in

suspension by the flow turbulence, and thus, significant quantities are not found in the

bed.

Suspended sediment, turbidity, and deposited sedimerf ne not mutually exclusive as to particle

sizi,because they will overlap considerably depending on velocity, turbulence, and gtadient

(MacDonald et ai. 1991; Waters lgg5). Turbidity cannot always be correlated with suspended

solid concentrations due to the effects of size, shape and refractive index of particles (Bash et al.

2001), Turbidity and suspended sediment affect the light available for photosynthesis, visual

"upuiility 
of aquatic animals, gill abrasion and physiological effects to fish. Suspended and

deposited sediment affect thehabitat avulable for macroinvertebrates, quality of gravel for fish

spawning, and amount of habitat for fish teaing (Waters 1995)'

Particle size is also important. Particle diameters less than 6.4 mm are generaily defined as
,,finds"(Bjomn etal.l977;BjornnandReiser l99I;Shopard etal.I984;Hillman etal.1987;

Chapman1988; Reiman and Mclntyre 1993; Castro and Reckendorf 1995, I4B-TRT 1998).

The quantity of "fines" within a stream ecosystem is usually associated with the degradation of a

fish population (Castro and Reckendorf 1995).

INFORMATION SOURCES

To determine the overall impact of a project on bull trout, and to specifically understand whether

increased sediment may adversely affect bull trout, the biologist will need to review specific

information relatingto the watershed and stream in which the project is located.

The following documents are important to review:

1) Washington State Conservation Commission's Limiting Factors Analysis. The 1998

Washington State Legislative session produced a number of bills aimed at salmon

recovery. One bill was to identify the limiting factors to salmonid populations within

watersheds in Washington State. Limiting factors are defined as "conditions that limit

the abllity of habitat to fully sustain populations of salmon." Limiting factors analyses

have been de',reloped fol numerous.;,'atersheds. The stat';s of the limiting factors

analyses for each Water Resource Inventory Area (WRIA) can be found at

httpilsa1mon.scc.wa.gov. The Endangered Species Division has final copies of

completed documents.

2) Washington Department of Fish and Wildlife's (1998) Salmonid Stock hnventory (SaSI).

The Washington Department of Fish and Wildlife (WDFW) inventoried bull trout and
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Dolly Varden (5. matma) stock status throughout the State. The intent of the inventory is

to help identify available information and to guide future restoration planning and

implementation. SaSI defines the stock within the watershed, life history forms, status

*d furtor. affectingproduction. Spawning dishibution and timing for different life

stages are provided (migration, spawning, etc.), if known.

U.S. Fish and Wildlife Service's (USFWS 1998a) Makix of Diagnostics/Pathways and

Indicators (MPD. The MPI was designed to facilitate and standardize determination of

project effects on buil kout. The MPI provides a consistent, logical line of reasoning to

aid in determining when and where adverse affects occur and why they occur. The MPI

provides levels or values for different habitat indicators to assist the biologist in

determining the level of effects or impacts to bull trout from aproject and how these

impacts may cumulatively change habitat within the watershed'

Individual Watershed Resource Publications, Other resources may be available within a

watershed that will provide information on habitat, fish species, and recovery and

restoration activities being conducted. Local groups can provide valuable information

specific to the watershed.

Washington State Department of Ecology (DOE) Vy'ater Qualiiy Database. The DOE has

long- and short-term water qualrty data for different streams within the State. Data can

be found at www.ecv.wa.gov/programs/eaplfw-riv/rv main. Clicking on a stream or

entering a stream name will provide information on current and past water quality data'

This information will be useful for determining the specific turbidity/suspended sediment

relationship for that stream (more information below).

DOE Stream Conditions Database. The DOE has also been collecting benthic

macroinvertebrates and physic alhabitat datato describe conditions under natural and

anthropogenic disturbed areas. Data can be found at
www.ecy.wa.eov/programs/eaplfw benth/93-98. Clicking on a stream or entering a

stream narne wiil provide habitat and macroinvertebrate data.

U.S. Forest Service (USFS) Watershed Analysis DocUments. The USFS is required by

the Record of Decision for Amendments to the USFS and Bureau of Land Management

Planning Documents within the Range of the Northern Spotted Owl to conduct a

watershed analysis for watersheds located on USFS lands. The watershed analysis

determines the existing condition of the watershed and makes recommendations for

future projects that move the landscape towards desired conditions. Watershed analysis

documents are wulable from individual Nationai Forests or from the Westem

Washington Fish and Wiidlife Office. Forest Plan Branch.

U.S. Fish and Wildlife Service Bull Trout Recovery Plans and Critical Habitat

Designations. The draft Bull Trout Recovery Plan for the Coastal-Puget Sound Distinct

Population Segment (DPS) and the final critical habitat designations provide current

species status, habitxrequirements, and limiting factors for buli trout within specific
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individual recovery units. These documents are available from the Western Washington

Fish and Wildlife Office and the Service's web page

These documents and websites provide information on stream and watershed conditions as of

2005. This information is criticalto understanding baseline conditions and determining future

sediment impacts to the aquatic system. A stream has a natural amount of sediment that is

transported ihrougtr the system. This amount of sediment is based on numerous factors:

pr"ripitution, topographll geology, streamflow, riparian vegetation, stream geomorphological

ihutuit"rirtic, human disturbance, etc (Bash et aL 200l). However, baseline or background

levels need to be analyzed with respect to the limiting factors within the watershed.

Different watersheds have different levels of turbidity or suspended sediment. A glaciated

stream will have higher sediment levels than a spring-fed stream. Aquatic organisms are adapted

to the naturalvariation in sediment load that occurs seasonally within their stream habitat

(ACMRR Ig76;Birtwell Iggg). Field experiments have found a thirty-fold increase in tolerance

of fish to suspended solids between August and November when naturally occurring

concentration are expected to be high (Cederholm and Reid 1987)' The question at hand is

whether additional input of sediment may result in increased bull trout impacts.

Sediment levels in excess of natural amounts can have multiple adverse effscts on channel

conditions and bull trout (Rhodes et al. 1994). The effect can be fatal at high levels. Low levels

may result in sublethal effects such as loss or reduction of foraging capabtlity, reduced growth,

and reduced resistance to disease, increased stress, and interference with orientation in homing

andmigration (Mcleay et al L987;Newcombe and McDonald 199I; Bash et al.200l).

Work-timing windows are usually incorporated into projects to minimize construction impacts to

fish. Work-ii-ittg windows are time periods when salmonids arc at a stage in their life cycle

when they are leait sensitive to disturbances or are least likely to be present. This is typically

outside of the spawning or egg incubating period. Work-timing windows allow the fish to either

move away from impacts or to better cope with short-term, minimal changes to the habitat and/or

decreased water qnuiity. The work-timing windows are usually in July through September. This

time may reduce impacts to spawning fish and egg incubating periods, but may exacerbate

impacts io juveniles, sub-aduits, and adults. Protective mucous secretions are inadequate during

the summei months, when natural sediment levels are low in a stream system, and thereby

sediment introduction at this time may increase risk to stress and disease (Bash et al. 2001).

BIOLOGICAL EFFECTS OF SEDIMENT ON BULL TROUT

Classifieation of Sediment Effects

In the absence of detailed local information on population dlmamics and habitat use, any increase

in the proportion of fines in substrates should be considered a risk to the productivity of an

environment and to the persistence of associated bull trout populations (Rieman and Mchtyre

1993). Specific effects of sediment on fish and their habitat can be put into three classes that

include (Newcombe and MacDonald I99l;Waters 1995; Bash et al.200l):
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Lethal: Direct mortality to any life stage, reduction in egg-to-fry survival' anri ioss of

spawning or rearing habitat. These effects damage the capacity of the

ecosystem to produce fish and future populations.

Sublethal: Reduction in feeding and growth rates, decrease in habitat qualrty, reduced

tolerance to disease and toxicants, respiratory impairment, and physiological

stress. While not leading to immediate death, may produce mortalities and

poPulation decline over time.

Behavioral: Avoidance and distribution, homing andmigtation, and foraging and

predation. Behavioral effects change the activity patterns or alter the kinds of

activity usually associated with an unperturbed environment. Behavior effects

may lead to immediate death or population decline or mortality over time.

Environmental factors affecting sediment impacts on individual fish include duration of

exposure, frequency of exposr.rie, toxicity, temperatwe, life stage of frsh, angularity and size of

purti"l", ,"rr"ritylrnugnifuae of pulse, time of occurrence, general condition of biota, and

availabllity of and ur-r"., to refugia (Bash et aI.200l). Aquatic systems are complex interactive

systems, and isoiating the effects of sediment on fish populaiions is difficult (Castro a4d

d"rkeriorf 1995). Determining which environmentalvaiables act as limiting factors has made

it difficult to establish the specific effects of sediment impacts on fish populations (Chapman

19Sg). For example, excess fines in the spawning gravels may not lead to smaller populations of

adults if the amount ofjuvenile winter habitatlimits the number ofjuveniles that reach

adulthood. Often there are multiple independent variables with complex inter-relationships that

can influence population size.

The ecological dominance of a given species is often determined by environmental variables. A

chronic input of sediment could tip the ecological balance in favor of one species in a mixed

salmonid population, or in species communities composed of salmonids and nonsalmonids

(Everest rt ui. tlSl. Bull trout have more spatially restrictive biological requirements than

other salmonids at both the individual and population levels (USFWS 1998b). Therefore, they

are especially vulnerable to environmental changes such as sediment deposition.

Bull trout are apex predators that prey on a variety of species including terrestrial and aqu;attc

insects and fish (Relman and Mclntyre 1993). Fish are common in the diet of individual bull

trout that are over 110 millimeters or longer. Largebull trout can feed almost exclusively on

fish. Therefore, when analyzingimpacts of sediment on bull trout, it is very important to

consider other fish species. While sediment may not directly impact bull trout, the increased

sediment inprrt may affect the spawrung ancl population levels of Chinook and coho salmon,

cutthroat trout, and steelhead, which are potential prey species for bull trout. The following

effects of sediment are not just bull trout specific. A11 salmonids can be affected similarly.



Direct Effects

Gill Trauma

High levels of suspended sediment and turbidity cancause fish mortalityby damaging and

clogging gills. Fish gills are delicate and easily darnagedby abrasive silt particles (Bash et al.

200i. As sediment begins to accumuiate rnthe gill filaments, fish excessively open and close

their gills to expunge the silt. If irritation continues, mucus is produced to protect the gill

surface, which may impede the circulation of water over the gills and interfere with fish

respiration (Bash et al. 2001). Gill flaring or coughing abruptiy changes buccal cavity pressure

*d ir a means of clearing the buccal cavity of sediment. Gill sediment accumulation may result

when fish become too fatigued to continue cleaingparticles via the cough reflex (Servizi and

Martens l99l).

Spawnine. Redds. Eggs. and Alevins

When suspended sediment deposits in a redd, it can reduce water flow, smothering eggs or

alevins or impeding fry emergence, depending on the sediment particle sizes of the spawning

habitat(Bjomn and Reiser I99I). Sediment particle size determines the pore openings in the

redd gravel. Wiih smaii pore openings, more susperrded sedirnerris are deposited and waier flow

is reduced compared to large pore openings.

Egg survival depends upon a continuous supply of well oxygenated water through the streambed

gravels (Cederholm and Reid 1987). Eggs and alevins are generally more susceptible than adults

io stress from suspended solids. Accelerated sedimentation can reduce the flow of water and,

therefore, oxygen to eggs and alevins which can decrease egg survival, decrease fry emergence

rates (Cederholm and Reid 1987; Chapman 1988; Bash et al.200L), delay development of

alevins (Everest et al. 1987), reduce grorvth and cause premature hatching and emergence

(Bir1well 1999). Fry delayed in their timing of emergence are less able to compete for

environmental resources than other fish thathave undergone normal development and emergence

(intra- or interspecific competition) (Everest et al. 1987).

Several studies have documented that fine sediment can reduce the reproductive success of

salmonids. Natural egg-to-fry survival of coho salmon, sockeye and kokanee has been measured

at 23 , 23, and 12 percent, respectively (Slaney et al. 1977). Substrates containin g 20 percent

fines can reduce emergence success by 30-40 percent (MacDonald et al. 1991). A decrease of 30

percent in mean eggto-fry survival can be expected to reduce salmonid fry production to

extremely low levels (Slaney et aI. 1977).

Although bull trout generally have anarrow, specific spawning habitatrequirement and

therefoie, spawn in a small percentage of the stream habitat available to them (MBTRT L998),

they seem to be more tolerant of sedimentation during development and emergence than other

salmonids. Survival of bull trout embryos through emergence appears to be unaffected when the

percentage of fines comprise up to 30 percent of the streambed. However, at levels above 30

percent, embryo survival through emergence dropped off sharply with survival below 20 percent

for substrates with 40 percent fine material (Shepard et al' 1984)'



Indirect Effects

Macroinvertebrates

Macroinvertebrates are a significant food source for salmonids. Turbidity and suspended solids

can affect macroinvertebrates in multiple ways through increased invertebrate drift, feeding

impacts, respiratory problems, and loss of habitat (Cederholm and Reid 1987). Salmonids favor

certungrorrps of macroinvertebrates, such as mayflies, caddisflies, and stoneflies. These species

prefer large substrate particles in riffles and arcnegatively affected by fine sediment (Everest et

aL 1987; Waters 1995).

The effect of light reduction from turbidity has been well documented as increasing invertebrate

drift (Waters 1995; Birtwell 1999). This may be a behavioral response associated with the night-

active diel drift patterns of macroinvertebrates. While increased turbidity results in increased

macroinvertebrate drift, it is thought that the overall invertebrate populations would not fall

below the point of severe depletion (Waters 1995).

Increased suspended sediment can abrade the respiratory surface of macroinvertebrates and

interfer with iood uptake for filter-feeders (tsirtwell1,9gg). Increased suspended sedirrrerri levels

tend to clog feeding structures and reduce feeding efficiencies, which results in reduced growth

rates, increased stress, or death of the invertebrates Q'{ewcombe and MacDonald I99I).

Invertebrates living in the substrate are also subject to scouring or abrasion which can damage

respiratory organs (Bash et aL 200l)

Benthio invertebrates inhabit the stream bottom. Therefore, any modification of the streambed

by deposited sediment will most likely have a profound effect upon the benthic invertebrate

community (Waters 1995). Increased sediment can affect macroinvertebratehabitat by filling

interstitial space and rendering attachment sites unsuitable. This may cause invertebrates to seek

a more favorable habitat (Rosenberg and Snow L975b). The degree to which substrate particles

are suffounded by fine material was strongly correlated with macroinvertebrate abundance and

composition (Birfwell 1999). At an embeddedness of one-third, insect abundance can decline by

about 50 percent, especially for riffle-inhabiting taxa (Waters 1995).

Feeding Efficiency

Increased turbidity and suspended sediment can affect salmonid feeding rates, reaction distance,

and prey selection (Bash et al. 2001). Changes in feeding behavior are primarily related to the

reduced visibility in turbid water. Effects on feeding ability are important as salmonids must

meet energy demands to compete with other fishes for resources and to avoid predators.

Distance of prey capture and prey captwesuccess both were found to decrease significantly

when turbidity was increased (Berg and Northcote 1985). Waters (1995) states that the loss of

visual capabllity,leading to reduced feeding, is one of the major sublethal effects of high

suspended sediment. Increases in turbidity was reported to decrease the percentage of prey

captured (Bash et al. 2001). At 0 NTUs, 100 percent of the prey items w.ere consumed. At20 to



60 NTUs, significant delay in the response of fish to prey was observed. At 10 NTUs, fish were

frequently unable to capture prey species; at 60 NTUs, only 35 percent of the prey items were

captured. Loss of visual capabllity and capture of prey leads to depressed growth and

repro ductiv e c ap ability .

Sigler et al. (1984) found that areduction in growth occur:red in steelhead and coho salmon when

t*UiAity was as littl e as 25 NTUs. The slower growth was presumed to be from a reduced

ability io feed; however, other complex mechanisms, suoh as the quality of light, may also affect

feeding success rates. Redding et al. (1987) found that suspended sedimentmay inhibit normal

feeding activity, as a result of a loss of visual ability or as an indirect consequence of increased

stress.

Habitat Effects

Compared to other salmonids, bull trout have more specific habitatrequirements that appear to

influence their distribution and abundance (Reiman and Mclntyre 1993). A11 life history stages

are associated with complex forms of cover including large woody debris, undercut banks,

boulders, and pools. Other habitat characteristics important to bull trout include channel and

hydrologic stabitlty, substrate, temperature, andthe presence of migration corridors (Reiman and

iMcintyre 1993).

The physical effects of sediment in streams include degradation of spawning and rearing habltat,

simplification and damage to habitat structure and complexity, loss of habitat, and decreased

connectivity between habitats (Bash et al.200l). Biological implications of this habltat damage

include wf1erutilization of strearnhabttat, abandonment of traditional spawning habitat,

displacement of fish from their habitat,and avoidance of habitat (Newcombe and Jensen 1996).

As sediment enters a stream, it is transported downstream under normal fluvial processes and

deposited in areas of low shear stress (MacDonald and Ritland 1939). These areas are usually

beirinA obstructions, near banks (shallow water) or within interstitial spaces. This episodic

filling of successive storage compartments continues in a cascading fashion downstream until the

flow drops below the threshold required for movement or all pools have reached their storage

capacities (MacDonald and Ritland 1989). As sediment load increases, the stream compensates

by geomorphologic changes in increased slope, increased channel width, decreased depths, and

decieased flo-r (Castro and Reckendorf 1995). These processes, in turn, contribute to increased

erosion and sediment deposition which further degrade salmonid habttat.

Loss of acceptable habitat and,refugia, as well as decreased connectivity between habitats

reduces the carryin g capacity of streams for salmonids (Bash et al. 200I). In systems lacking

adequ-atennmber, distribr:tion, anel eonneetivity of habitat, fish may travel longer distances or

,rr" i"rr desirable habitat and may encounter avaiety of other conditions that can increase

biological demands.

The addition of fine sediment (less than 6.4 mm)to natural streams during summer decreased

abundance ofjuvenile Chinook salmon in almost direct proportion to the amount of pool volume

lost to fine sediment (Bjornn et al. 7977;Bash et al.200I). Similarly, the inverse relationship



between fine sediment and densities of rearing Chinook salmon indicate how high sediment

loads effect important winter habitat (Bjornn et aL 1977). As fine sediments filled the interstitial

spaces between the cobble substrate, juvenile Chinook salmon were forced to leave preferred

habitat and to utilize cover thatmay be more susceptible to ice scouring, predation, and

decreased food availability (Hiilman et al. 1987). Deposition of sediment on substrate may

lower winter carryng capacity for bull kout (Shepard et al. 1984). Food production in the form

of aquatic invertebrates may aiso be reduced.

Juvenile bull trout densities are highly influenced by substrate composition (Shepard et al. 1984;

Reiman and Mclntyre I993;MBTRT 1998). During the summer, juvenile bulJ trout hold

positions close to tire stream bottom and often seek cover within the substrate itself' When

streambed substrate contains more than 30 percent fine materials, juvenile bull trout densities

drop off sharply (Shepard et al. 1984). Any loss of interstitial space or streambed complexity

through the deposition of sediment would result in a loss of summer and winter habitats

lvreinr 199ti). The reduction in rearing habitats ultimately reduces the potential number of

iecruited juveniles and ultimately reduces population numbers (Shepard et al. 1984).

Although fish avoidance in response to increased sediment may be an initial adaptive survival

strategy, displacement from cover could be detrimental. The possible consequences of fish

-ouiig from preferred habitatto avoid increasing ieveis of suspended seciiment may not be

benefiJial if displacement is to sub-optimal habitat,where they also become stressed and more

vulnerable to predation (Birtwell 1999).

Phvsioloeical Effects

Sublethal levels of suspended sediment may cause undue physiological stress to fish, reducing

the ability of the fish to perform vital functions (Cederholm and Reid 1987). At the individual

fish level, stress can reduce growth, increase disease, and reduce the ability to tolerate additional

stress (Bash et aI.2001). At the population level, the effects of stress may include reduced

.pu*rrirrg success, increased lawalmortality, and reduced recruitment to succeeding life stages

and, therefore, overall population declines (Bash et al. 2001).

Tolerance to suspended sediment may be the net result of a combination ofphysical and

physiological faitors related to oxygen availability and uptake by fish (Servizi and Martens

iggt). The energy needed to perform repeated coughing (see Gill travma section) increases

metabolic oxygen demand. Metabolic oxygen demand is related to water temperature. As

temperatures-increase, so does metabolic oxygen demand, but the concentration of oxygen

uuurlubl"in the water de6reases. Therefore, fish tolerance of suspended sediment may be

primarily related to the capacity of the fish to perform work associated with the cough reflex.

ho.,"ro.", as sediment increa-ses, fish have less capability to do work, and therefore less tolerance

for suspended sediment (Serizi and Martens 1991)'

Redding et al. (1987) observed higher mortality in young steelhead trout exposed to a

combinlation of suspended sediment (2,500 mgl) and abacterial pathogen, than when exposed to

the bacteria alone. physiological stress in fish appears to decrease immunological competence,

growth, and reproductive success (Bash et al. 2001).
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Behavioral Effects

Increased turbidity and suspended sediment may also cause behavior changes in salmonids.

Avoidance, distribution, andmigration may be affected. Many behavioral effects result from

changes in stream habitatas well (see Habitat effects section). As suspended sediment

concentration increases, habitat may be lost which results in abandonment and avoidance of

preferred habitf. Stream reach emigration is a bioenergetic demand thatmay affect the growth

or reproductive success of the individual fish (Bash et aI.200I). Sediment pulses result in

downstream migration of fish, which disrupts social structures, and causes downstream

displacement of other fish (Mcleay et al1987; Bash et al.2001). Loss of territoriality and the

breakdown of social structure can lead to secondary effects of decreased growth and feed rates,

which may lead to mortality (Berg and Northcote 1985; Bash et al.200I).

To the contrary, when not motivated by excess sediment, downstream migration by bull trout can

pfovide access to more prey, better protection from avian and terrestrialptedators, and alleviate

potential intraspecific competition or cannibalism in rearing areas (MBTRT 1998). Benefits of

migration from tributny reanngareas to larger rivers or estuaries may be increased growth

poGntial. Increased sedimentation may result in premature or early migration of both juveniles

and adults, or avoidance of habitat and migraiion of nonmiglatory residerrt bull trout. Such

migration exposes fish to many newhazards, including passage of sometimes difficult and

unpredictable physical barriers, increased vulnerability to predators, exposure to introduced

species, exposure to pathogens, and the challenges of new and.unfamiliar habitats (MBTRT

rees).

High turbidity canalso delay migration back to spawning sites, although turbidity alone does not

r.Jtt to affecthoming. Delays in spawning migration and associated energy expenditure may

reduce spawning success and therefore population size (Bash et al. 2001).

EF'FECTS DETERMINATION

The point at which adverse effects to fish occur from a specific project can be difficult to

determine without adequate data. There are numerous variables that affect the determination,

and for which datamay be unavailable. These include project specific sediment input, existing

sediment conditions, stream conditions (velocity, depth, etc.) during construction, weather or

climate conditions (precipitation, wind, etc.), fish presence or absence (bull trout plus prey

species), effectiveness of the best management practices employed, plus many others.

1 0



The Western Washington Fish and Wildlife Office
(WWFWO) is currently drafting protocol to obtain
specific project related sediment data. This protocol
will be used to identifii project related sediment input
during construction, as well as long-term
sedimentation that may result after completion of the
project (i.e. high-flow events, channel adjustments,
etc.). Following the protocol will provide consistent
information on project-related sediment input to assist
in evaluating effects and quantifying incidentaltake
in biological opinions.

Newcombe and Jensen (1996) provide a basis for
determining when a project will be "likely to
adversely affect" bull trout. They conducted a
literature review of pertinent documents on sediment
effects to salmonids and nonsalmonids, and
developed a model that caLculated the severity of
effect (SEV) based on the suspended sediment dose
(exposure) and concentration.

A l5-point scale is used to qualitatively rank the
effects of sediment on fish (Table 1). Specific SEV
levels wi1l be used to determine when a project is
"likely to adversely affect" bull trout.

The following procedure will be used:

1) Select either a. or b. below.

Based on water quality monitoring data,
determine the amount of sediment and the
duration of sediment input into the stream.
(Currently not enough data arc available to use
this step. As more project specific data becomes
avuTable this step will be used).

Use State water quality standards. Because action
agencies must meet State water qualrty standards

Jvor-l can use the standarel for determining sediment
input into the stream. The Washington State
water quality standards for turbidity are provided
inTable2.

a)

b)

Table 1 - Scale of the severity (SEV) of
ill effects associated with excess
suspended sediment.

SEV Description of Effect

Nil effect

No behavioral effects

Behavioral effects

Alarm reaction

Abandonment of cover

Avoidance response

Sublethal effects

Short-term reduction in feeding
rates; short-term reduction in
feeding success
Minor ph,vsiolo gical stres s ;
increase in rate of coughing;
increased respiration rate

Moderate physiolo gical stress
Mo derate habitat de gr adation;
impaired homing
Indications ofmajor
physiolo gical stress ; long-term
reduction in feeding rate; long-
term reduction in feeding
success; poor condition

Lethal and paralethal effects
Reduced groWh rate; delayed
hatching; reduced fish density
0-20% mortality; increased
predation; moderate to sever
habitat degradation

> 20 -  }YomortalIty

> 40 - 6}oAmortality

> 60 - 80% mortality

> 80 - 100% mortalitv

1 0

1 1

!2

T3

l 4

1 1



The State water quality standard allows for a mixingzone downstream of the project site. The

point of compliance is based on stream discharge (Table 3).

The water quality standard must be converted from turbidity (NTUs) to suspended solids (mdl).

A ratio of 1:1 to 1:5 has been derived for converting turbidity to suspended solids (Birtrvell

tggg). WDOE or U.S. Geological Survey data shouid be used to determine specific

turbidity:suspended solid ratios for the stream on which the project will be conducted (see

Documents and Background Information section). If site specific ratios can not be determined

use worse case ratio of 1 :4 or 1:5.

2) Based on the background information gathered, determine what life stage(s) of bull trout will

be affected by sedimentation (see Documents and Background Information section). Use

Figures 1 through 4 to determine what SEV level will result for the life stage affected by the

project.

3) Use Table 4 to determine what ESA determination is made for the life stage affected.

4) If aLAA determination is made, then the basis for the rationale for "take" occurring is based

on the SEV value obtained. The rationale is not just for that specific level (SEV:6), but

includes previous SEVs as weii.

5) Table 5 summarizes the project-specific water quality monitoring datarcceived by the

Service for individual projects and indicates that, in some cases, adverse effects that rise to the

level of "incidental take" may occur up to at least 600 feet downstream of project locations'

Water quality monitoring data canindicate, by analogy, tlpical levels of sediment impacts for

different project types, and canbe used to estimate the minimum extent of impact. The data

include the distance from the project where water quality sampling occurred and the maximum

NTU levels were observed. Additional monitoring data will be incorporated when available.

T2



Table 2 - Turbidity water quality standards for various classes of surface waters in the State of

Washington.

Washington State Classes for Surface
Waters

Turbidity Characteristic

Class AA (extraordinary) Turbidity shall not exceed 5 NTU over
background turbidity when the background
turbidity is < 50 NTU or have > 10 percent
increase in turbidity when the background
turbiditv is > 50 NTU.

Class A (exceilent) Turbidity shall not exceed 5 NTU over
background turbidity when the background
turbidity is < 50 NTU or have > 10 percent
increase in turbidity when the background
turbiditv is > 50 NTU

Class B (good) Turbidity shail not exceed 10 NTU over
background turbidity when the background
turbidity is < 50 NTU or have > 20 percent
increase in turbidity when the background
turbiditv is > 50 NTU

Table 3 mlX zones for turbidi ualitv standards.

Waterbody Type Point of Compliance

Stream:
< 10 cfs Stream Flow at Time of 100 ft downstream of activity causing

Construction turbidity exceedance

>10 cfs up to 100 cfs Stream Flow at 200 ft downstream of activity causing
Time of Construction turbidity exceedance

> 100 cfs Stream Flow at Time of 300 ft downstream of activity causing

Construction turbidity exceedance
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Figure 1 - Severity-of-i11-effect scores for juvenile and adult salmonids.

Juvenile and Adult Salmonids
Average severity-of-ill-effect scores
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Figure 2 - Severity-of-il1-effect scores for adult salmonids.

Adult Salmonids
Average severity-of-ill-effect scores
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Figure 3 - Severity-of-il1-effect scores for juvenile salmonids'

Juvenile Salmonids
Average severity-of-ill-effect scores
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Figure 4 - Severity-of:-i11-effect scores for eggs and alevins of salmonids.

Eggs and Alevins of Salmonids
Average s everity-of-ill-effect scores
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Table 4 - ESA Effect calls for different bull trout life stages in relation to the duration of effect

and severity-of-i11-effect.

Life Stage SEV ESA Effect Call

Egg/alevin I t o 4

5 t o 1 4

not applicable - alevins are
still in gravel and are not
feeding.

LAA - any stress to
e ggl alev in reduc es surviv al

Juvenile I t o 4

5 t o 1 4

NLAA

LAA

Subadult and Adult 1 t o 5

6 t o 1 4

NLAA

LAA



Table 5 - Water quality monitoring datareceived by the Western Washington Fish and Wildlife Office

showing distance downstream where data were recorded and the maximum magnitude of turbidity

observed.

Project Distance downstream from
projecf that data were recorded

Distance downstream that State
water quality standards are met,
or the maximum turbiditv levels
observed.

Debris jam removal (SR - 20) Not nrovided Met standard

Rock placed in stream (Hoh
River emergency bank
protection)

100 feet - 200 feet Met standard

Bridge construction (SR - 90)

Stated removal of coffer dams
and diversion resulted in
increased turbidity.

Not provided Maximum daily magnitude
measured: 25 NTUs over
standard.

River scour protection (SR 12)
Corfiractno. C-6186

300 feet anci 600 feet Maximum daily magnitude
measured: 9.3 NTUs over
standard.

Bridge construction 200 feet Maximum daily magnitude
measured: 169 NTUs.

Culverf replacement
project not described (SR241) -
Contract # 6270 - Sulfur Cr.

100 feet and200 feet Maximum daily magnitude
measured: over 30 NTUs.

Bank stabilization (Saxon Cr.) 300 feet Maximum daily magnitude
measured: 35.2 NTUs over
standard.

Culvert replacement - (Stossel
Cr Way.)

Not provided Maximum daily magnitude
measured: 24 NTUs over
background.

Culvert Replacement - (Stevens
Creek)

178 feet and 576 feet Maximum daily magnitude
measured: 185 NTUs over
background

Culvert Replacement -

(Sunbeam Creek)
72feetmdI47 feet Maximum daily magnitude

measured: 454 NTUs over
backsround.

Culvert Replacement -

(Unnamed Waddell Creek
Tributary)

62 feet Maximum daily magnitude
measured: 600 NTUs over
background.
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