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Introduction

Background

Purpose of this Document

This document serves as an instruction manual. It is intended for field crews that sample large
streams and rivers for Washingfo®lonitoring for Watershed Health &almonRecovery
program(WHSR). This manual complements a separate document that describes methods for
samplingnarrow (wadeablegtreams (Merritt 2009)Vide rivers and streams are those that are
determined to blarger than 25 m widat the bankfull stagor those that are only accessible for
sampling by using a boat. This protocoaplied by floating downstream with rafts. For wide,
shallow streams it iapplied by wading upstream. WHSR is designed to assess streams and
rivers on norfederal lands ofhe state over-§ear period, with an average d? Status and

Trends Regions (STRs) sampled annually. Sampling began in 2009 with the Puget Sound STR.

History

In the last decade, there has been a growing interest in establishing statewide monitoring
program for gathering consistent and integrated information on chemical, physical, and
biological habitat. This is largely a result of federal mandates. For example, section 4(f)(1)(B) of
the Endangered Species Act (ESA) indicates thdistieg requires amxplicit analysis of the

physical or biological <conditions that affect
Clean Water Act (CWA, Section 101(a)) states:
maintain the chemical, physical,andbplo cal i ntegrity of the Nati o
response.

The 2001Washington State Legislature passed Substitute Senate Bill 5637 requiring the
development of a comprehenssteategy and action plan for measuring our success in
recovering salmon anmaintaining watershed healthhis led to the development ©he
Washington Coprehensive Monitoring StrateggrfWatershed Health and Salmon Recovery
(MOC 2002). ThisComprehensive Monitoring Strategglls for a statewide approach using
several types ahonitoring. Extensive (status and trends) monitoring is first on the list.

In 2005 the Salmon Recovery Funding Board (SRFB) provided support Ddpartment of
Ecology (Ecology)the Department of Fish and Wildlife (WDFW) and the Conservation
Commisson (CC) for development of a sampling framework and Quality Assurance Mogitor
Plan (QAMP; Cusimano et &006). The framework and QAMP were developed through a
series of public workshopsttp//www.ecy.wa.gov/programs/eap/stsynf/

In 2008, the Washington State Legislature provided-sfafuinding to the Puget Sound
Partnership (PSP) to prepare for a 2009 field monitoring season in 2 of the 8 regions as proposed
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by the QAMP. Ecology was théasked, through an Interagency Agreement with the PSP, to
provide this manual and a database system, based on the QAMP.

Program Goal

The goal of WHSRs to provide quantitative, statistically valid, and consistent estimates of the
statusand trendsgjwhysi cal, chemical, and biological <co
streams. The data collecteg@ be used to report dime health of salmonid habitat. Reports that

can use this data include:

e State of the Saton in Watersheds Reports (GSROD9)
e Padfic Coastal Salmon Recovery Furijeports to Congress (NOAA 2009a)
e CWA Integrated Assessment (EPA 2006)

Monitoring Objectives

Monitoring objectives in the QAMP are supported by this protocol and include:

e Assess at multiple scales
e Assess with high stigtical confidence
¢ Identify metrics ananethods

Assess at multiple scales

This program was designed to be used for monitoring rivers and streams at multiple scales (e.g.
statewide or regionally). The QAMP calls for the state to be fully assessed tisr\sititin a 4

year period, with 2 Status and Trends Regions (STRs) assessed within a year. Additional surveys
at any scale can use this data to save monitoring costs, as long as these WHSR protocols are
used.

Assess withhigh statistical confidence

WHSRIs intended to provide a high level of statistical confidence (at least 80%). Precision is
defined by the statistics of the ERl&signed framework, and the number of sites sampled.
excellent explanation on calculating the precigmmthesample survegan be found at the EPA
website (EPA 2009)http://www.epa.gov/nheerl/arm/surdesignfags.htm#manysamples

Using consistent protocols among as many sites as possible, in¢cheagescision of status
estimates.

Metrics and methods
Indicators

Indicators were chosen to inclubiniting Factorsof salmon production (GSRO 2008, NOAA
2009a) especially those statistically related to stream biotic community scores and those for
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which we have detected widgpread low metric scores during the summer season. The kinds of
metrics that can describe these Limiting Factors are described in the QAMP (Cusimano 2006;
see Figure 3 page 14).

Field Methods

Methods were chosen so that a smadixccould access and sample each stream site within one
reasonable working day. The intent is not to thoroughly characterize individual streams, but to
describe the population of streams throughout the monitored region.

There are often better methods thlaose described here for characterizing individual sites, but
many of these are impractical for status and trends monitoring. We have opted for fast,
inexpensive, easiyrained methods that are repeatable.

For physical habitat measurements we havedaelcio heavily rely on Integrated Status and
Effectiveness Monitoring Program (ISEMP) methods that have been in development since 2004
(Hillman 2004, NOAA 2009b). The ISEMP methods are useful because they:

¢ Integrate methods from multiple established fatlprograms.

e Incorporated lessons learned from comparison studies (e.g., &@e008, PNAMP
2007).

¢ Fit a flexible database structure which we could adapt (Rentmeester 2008).

e Have been demonstrated as logistically feasible.

e Provide field data thatam be calculated using published instructions (Kaufmann et al
1999).

The methods for large streams and rivers are an abbreviation of the protocol for small streams
(Merritt 2009). They are alsargely based on the methods of the United States Envirdamen
Protection Agency (Peait al 2005;Lazorchakand others 2000).
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Pre-season Site Selection

Overview

Before the season, each of the 387,237 points on the Washington Master Sample shapefile
(WA _master_strah_1124D&iill be evaluated to generate stlof candidate sampling sites.
Master sample sites were statisticalhoserusingline work from al:24,000scale hydrography
frame WDNR watercourses, February 2005

Sites have been delineated based on status and trends region (STR) membBadhgite is

assessed to see if it meets sampling criteria, inclustatgsticaltargetstatus anéccessibility

status. Each Master Sample site is evaluated in sequence from lowest to highest SITE_ID on the
list. Evaluation for some sites on the list wilitrbe complete until a crew can makesite

observations durinthe JulyOctober index period.

These are the statistidalrget criteria:

Located in the Status and Trends Region (STR) of interest.

Not on federal land.

Member of a size class needingnegentation.

The stream on the sample frame is also in the National Hydrography Dataset (NHD).
Flow is significant, perennial, continuous, and in a natural channel.

Freshwater.

ok wNE

These are thaccess criteria
1. Itis safe to access.
2. ltis physically accessié
3. Permission has not been denied.

Target Status

Region

The STRs are based on Sal mon Recovery Regions
Salmon Recovery Officeh(tp://www.governor.wa.gov/gsyoThe goal is to identify 50 sites and
alternates in each STR (Table 1) that meet target criteria. These site lists will then be provided to
field crews so that they can determine whether the streams can be safely accessed and sampled
dur i ng t hignated fieRl Gemsor €he procedure is to be started months before the field
season.
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Table 1. Status & Trends Regions.

Status & Trends Region Salmon Recovery Regions included

Puget STR Puget Sound, &Hood Canal/Puget Sour8RRs
Coastal STR Coastal R

Lower Columbia STR Lower Columbia SRR

Mid Columbia STR Mid Columbia SRR

Upper Columbia STR Upper Columbia SRR

Snake STR Snake SRR

Northeast Washington STR | Northeast Washington SRR

No Region STR None

Thealnion. o attri but e o Shapefileerepidsersstthe Salntha Repolveey
Regions

Non-federal

Exclude sites on federal lands using reconnaissance and parcel research. A first cut can be
provided using attributes of the Master Sample file.

Size
Strahler order

The 50 sites in eachlR will be allocated according to size class defined by Strahler (1952)
stream order. This size designatiobésed ora hierarchy of tributarieHeadwaters are’l

order. Sam@rder streams convergeo the next higher ordeFor our purposeshe Straler

order is based on attributesanfl:100,008scale hydrography dataset (HorizBgstems 2006).
Since the sample frame is at 1:24,8@@le, some streams are too small to appear on the map
that defines Strahler order. These are assigred€r.

We wak down the Master Sample list in ascending order of SITE_ID until 10 sites and
alternates are found for each Strahler stream order class below (and also satisfy the other
selection criteria):

e (Q-order

e 1%order

o 2"order

e 39order

e 4" order or larger
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In general, @rder through 8 order streams will require use of the il for small streams
(Merritt 2009) and higher order streams will require use of the protocol for large streams and
rivers (this document).

Great Rivers

The mainstem ColumbiaRier bel ongs to a group of water sy
This is a class that weWHSRgogmam,dle todhe megessiry o m Wa
differences in sampling techniques. If a point represents a water course on tistemain

Columbia River, it is disqualified.

NHD

Target sites must be on streams that are represented by the National Hydrography Dataset (NHD)
at 1:24,006scale (available heréttp://nhd.usgs.gov/data.htimIThese seams are identical in
geometry to the watercourses that are now in use by the Department of Ecology.

Flow
Significant

The stream or river must have significant flow. If the point represents a watercourse that is
actually a lentic system (lake, pondseevoir, wetland), it is disqualified.

Continuous

If the point represents a water course that is interrupted (subsurface) for more that 50% of the
site length, it is disqualified.

Perennial

If the point represents a water course that stops flowirgy geasonal basis or longer, it is
disqualified.

Natural Channel

Any constructed channel is ndarget. This includecanals, ditches, pipelines or other water

courses that would not exist without having been created by humans. Straightened oizeltannel
streams however, although degraded, are consi
prior to humans. Straightened or channelized streams wotilte excluded from sampling

unless they fail other target or access criteria.

Freshwater

We wantto exclude points that are associated with water that is not fresh. Freshwater means that
the water iestimated to have motkan95% of its water column with < 1 ppt salinay any
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time during JulyOctober. Multiple cues may be usiedmake this estimain (e.g. vegetation
andproximity to a known estuayy

Access Status

Safety

Safety consideration can be estimated prior to the season, but it is ultimately the responsibility of
individual crew members at the time of arrival to decide if the streaafésto enter. Some
reasons for disqualifying a site from sampling on a given date might include:

Hostile people or dogs.
Hornets (e.g. for allergic staff).

e Water is too swift.

e Hydraul i c hazar dveuldbaiuoavoidalkde fist r ai ner s o

e Raft-iAipuboufibakee too steep or are in dang
[ ]

[ ]

Note: The Department of Ecology imposes the following requirements for employed or
contracted staff that use rafts or kayaks to sample for the WHSR:

e Class | or Il waterswww.americanwhitewater.ongi the boat operatanust have at
least 40 hours of rafting or kayaking experience in rivers or streams.

e Class Il watersyww.americanwhitewater.orgi the boat operatanust have at leas
120hours of rafting or kayaking experience in rivers or streams.

e Boat operators must be formally trained in whitewater safety.

e Each raft or tweperson kayak should be equipped with-sip@ropriate safety gear.

—F

Physical barriers

A site can be disqualified from sampling if it would take more than a day to sample, including
transit.

Permission

Property owners will be contacted prior to sampling. This requires researching the parcel
information in the preceding morghA site should be disqualified from samplingefmission
has been denied by laimdvners or resource managdrarge streams or rivers are often
navigable waters with public rights to access. Be sure to obtain permission from owners of
private launcheand permits for public launches where they are required.
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Work Flow

Weekly

Schedule at least one whole day to sample each site. Depending upon travel distances, the work
day might last longer than 8 hours. Plan weekly schedules accordingly.

Deliver waer and sediment samples to the Manchester Environmental Laboratory by Friday
morning of each week. This might require adjusting the sample schedule to package and ship
within deadlines.

It generally works well to allocate more than a day each weekdoning, cleaning, repair, and
administrative dutieContact landowners as necessary.

At the beginning of each week, gather all bankfull width and transect information and air
photographs that were generated during thespessormap work. Thignformation, along with a
loadedGPS,will let you know the exact coordinates of sampling stations within your site. If
there are missing pieces, generate this information before heading to the field.

Daily

When using boats, first, drop them off (with gearhaet de si ginrad ed Tipearn, a sh
vehicle should be droppuewtidhof £ dtri vhegdbsi ggren
(upstreamutatnd( didmkkeer eamg, t hat you paTlhes t he s
fi X ghould be locatedebt we e n -itrhée aifpduttid.a k e

It might be helpful to organize as follows. Load one boat with gear for sampling physical habitat
and chemistry. Load a separate boat with gear (including electrofishing apparatus) for sampling
biological assemblages

The relative timing of daily monitoring activities is variable and should be performed
considering efficiency of effort. It depends upon-sipecific conditions. However, there are
certain specific requirements in how the crew should organize it Hage are:

1) Sample water as late in the day as possible (normally at the last transect), but prior to any
in-stream activities at that sample station.

2) In situmeasurementsifhe 1) should be done upon arrival to the stream site.

3) In situchemistry (time 2)is measured just prior to departure, at the same time as
sampling for water chemistry.

Table 2 provides an example of how a typical data collection event might be accomplished by a
4 person crew with two boats of 2 persons each.
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Table 2. Ideatied daily work flow.

Time Since ArrivaDn-site (Hrs)
2 3 4

ACTIVITY CREW

Water samples| Habitat

In situ chemistry| Habitat

Sediment sampleg Habitat

Physical Habitaf Habitat

Benthic assemblade| Bio

Vertebrate assemblagq Bio

"Verifiy site location prior to sampling or launching.
2Benthic invertebrates are sampled by compositing aliquots from each of 8 transects.
*Sediment can be sampled fdremistry wherever suitable material is found.

Table 3 listggeneralocations within the site where each of these activities is perfoimedde
streams and rivers, the crew visits only one side of each transect. However they will make some
observatios regarding both sides of the stream at each transect (Table 4), at plots indicated in
Figure 1.

Table 3. Activities by station within a site.

Top transect Bottom transect
(Transect K) Transecs ThalwegStations (Transect A)
In situ measures(1*) Wetted width Thalweg Depth In situ measure&2"™)
GPS&oordinates Bankfull width Habitat Unit presence Water samples
Bar width Side Channel presencg  Sediment sample
Substratesizes Edge Pool msence GPS&oordinates
Substratedepths Barpresence
Fish overby class
Shade

Human Influence
Riparian Veegtation
Bentho$
Vertebrate presence
Large Woody Debris
GP<&oordinates
#The benthos sample is a composite from 8 randomly selected transects.

P Aquatic \ertebrates are sampled from the full length of the site, but records are updated at each
new transect.
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Table 4. Locations at each transect for observation and sampling.

Side Location Observation or Sample
Visited side| littoral plot benthos kicks (8fdl1 transects)
Visited side| littoral plot fish cover
Visited side | transect Substrate size class
Visited side | transect depth
Visited side | transect bankfull height
Visited side| transect at bankfull stage Shade (densiometer)
Visited side| littoral plot + dry channel to bankfull margin | Large woody debris tally
Both sides | bankfull margin at transect (20 meters long) | bank instability
Both sides | riparian plot human disturbance
Both sides | riparian plot vegetation structure
<—— Left riparian plot
{(10mx20m)
Left littoral plot
(10mx 20 m)
Flow >

Wetted
Margin
Bankfull
margin

-—
Right riarian plo

Transect

Figure 1. Plot location®f a transecivherethe crew visits the left side.
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Verification

Sampling crews will arrive at the candidate sample site, and verify that they are at the correct
location (Appendix A), that the site meets target criteria, and that it is safe to dmsgurdtocol

for sampling widestreams ismormallyrestricted to sites that aa¢ leas25 meters wide at the
coordinates (sitesiorethan 500 m long)Narrower streams can be included if they are too deep
to wade.

Water Sampling and In Situ Measurements

Initial (time 1) in situmeasurements should be performed paitathe first transect encountered

at the sream. After verifying the site locatigppendix A) the crew can start by preparing the

in situinstruments. The method for calibrations is inp&pdix B. The method fon situ
measurements is in Appendix C. Water sampling should be conducted according to the method
described in Appendix DWater samples andhil (time 2)in situmeasurements are maalethe

last transect encountergdst pria to departure from the site.

Sediment

One person collects a sediment chemistry sample from a composite three scoops from shallow
waters within the site (Appendix E). These scoops should be collected prior to staff entering
waters within the vicinity o€ollection.

Benthos

Onepersorwill sanple benthogrom a composite of 8 kick samples randomly selected from 11
transects (Appendix Fleach kick sample should be collected prior to staff entering waters
within the vicinity of colection and prior to electrofishing activities.

Habitat

At any station within the site, persons measuring habitat should follow (in time) persons

collecting water, sediment or benthos. The most efficient allocation and timing of staff to

different tasksg dependent upon sipecific conditions. For example, sites with large quantities

of large woody debris might best be measured by having one person dedicated to counting wood.
Methods for measuring physicalbiieat are listed in Appendicest@GroughP.

Special Note:When a raft is used for sampling,adbitat forms are completed in reverse
sequence of transects (K to A). Therefore, it is very important to label data forms with transect
identities prior to sampling.

Sampling the Vertebrate Assemblage

Generally startamgding thevertebrate assemblagmlowing the start of other activities dn
work concurrently. Samplall accessibléabitatsn the main channel from the bottom of the site
to the top(when wading) and from top to bottom (when floatinRefer to AppendixXQ.
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Data Form Review

Examples of the field data forms are found in ApperilixPior to leaving the site, field data
formsshould be reviewed for completeness and accuracy. Crews will submit completetbforms
Ecology on a regular bisbut not later thahovember 15The Department of Ecologyilvthen
scanthe field forms to uploadata and check for errors
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Appendix A

Site Verification and Layout
for Wide Streams and Rivers

Purpose and Scope
This method explains how to verify that a candidatge stream or rivesiteis suitable for
sampling. It also describes how to establish the boundaries and stations within the site. Once a

site is deemed suitable for samplind)a@a Collection EventDCE) can be established to
uniquely identify the sampling event.

Definitions
Definitions of acronyms and other terms are found in Takle A

Table A1. Definitions.

Term or Definition
Accronym
alluvial reach Where the form of the streambed is composed of appreciable quantiti

sediments that are transportat deposited in exert with stream flow
(Armantrout 1998). Most sites sampled for Status and Trends will fall
this category.

bedrock reach Where the streambedcks fill material except for temporargtorage
spots. Bdrock channels generally arenfined by valley walls.
(Montgomery and Buffington 1998)

braided reach Braided reaches are characterizedMije channelscontainingseries of
bars. They have &igh supply of sediment They havenobile bedforms.
They lack valley confinement and are characterized erod#i&s.
(Montgomery and Buffington 1993).

cascade reach Cascade reaches occursiaep slopesvhere energy is high. They are
characterized by disorganizedbbles and bouldersand byconfined
valley walls. (Montgomery and Buffington 1998)

colluvial reach Portion of the stream network thatygpically in headwatersand
typically consists ointermittent or ephemeral flow. In colluvial valleys,
expect longiermaccumulation of sediment punctuated by periodic
catastrophic erosion (Montgomery and Buffingto 1998). Colluvial
material is oimixed sizes |t is recently eroded and transported locally
through sheet flow such as avalanché&adslide (Armantrout 1998).
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DCE

Data Collection EventData are indexed using this code which include
the SITE_ID, thalate, and the time that the event began. It uses this
format:

WAMO6600-NNNNNN-dce-20YY -MMDD -HHMM

NNNNNN = the number portion of the SITE_ID.

YY = the last two numeric digits of the year that the event occurred.
MM = the two numeric digits for the montimat the event occurred.

DD = the two numeric digits for the day within the month that the ever
occurred.

HHMM = the military time when the event began.

GPS

Global Positioning System.

Index Station

This i s somet i meaatienafithe eodrdirfatésithat |
represent the site. Normally #fX
(i.e. at major transect F), but sometimes the site position can be adjus
avoid changes in Strahler stream order or to avoid property wbegesa
has been denied.

major transect

One of 11 equidistant transects across the length of a site. These are
labeled as follows:

A (lowest), B, C,é.K (highest)

planebed reach

Planebed reaches are characterized by a relatiesliureless
gravel/cobble ked. There is ambsence of tumbling flow but may
include glides, riffles or rapids. Thégck lateral flow. Bed surfaces are
often armored.

poolriffle reach

Pool riffle reaches are typicallynconfined, with alaterally oscillating
sequence of bars, pds, and riffles. There is local sediment accumulati
in discrete bars. (Montgomery and Buffington 1998)

regime reach

Mobile bed forms provide the primary flow resistance. Regime channg
are typicallylow-gradient sand bedded channeld_ow slope, frequety
and presence of ripples or dunes throughout the channel bed distingu
regime channels from poaiffle channels (Montgomery and Buffington
1993).

Site

A site is defined by the coordinates provided to a sampling crew and {
boundaries established the site layout method. Typically, the site
extends 10 bankfull widths downstream from the coordinates and 10
bankfull widths upstream. The site also includes all riparian plots
examined during thBata Collection Event The site consists of many
stationsat which measurements or samples are collected.

Station

Any location within the site wher@n observatiors made or part of a
sample is collected.
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steppool reach Steppool reaches consist coarsematerials that areorganized into
discreteseries of tepsseparating pools containing finer materials. The
consist of alternating turbulent flow over steps and tranquil flow in pog
(Montgomery and Buffington 1998)

Thalweg Path of a stream that follows the deepest part of the channel (Armant
1998).

thalweg transect | One of 101 equidistant transects across the length of a site. Labeling
includes the name of the major transect. For example the thalweg tra
between (and including) major transects A and B would be labeled as
follows:

AO, Al, A2, A3, A4, A5, A6, A7, A8, A9, BO
(i.e.., thalweg transect AQ is identical to major transect A)

Personnel Responsibilities

This method is performed 2 phases. The first part is done during pineseason by one staff at
acomputer terminahat has geogphic information systems (GIS) or mapping softwaie
second phase is perfoetiby 2 or more pers@on-site, during the sample seas&taff
performing this method muselrained.

Equipment, Reagents, Supplies
Pre-season supplies

e Computer with GISr webbased mapping capability
e GPS

Field supplies

e GPS

e GPS Positions Form
e Measuring rod

e 50-m tape

e Laser rangefinder

e Soft-lead pencil

e Site Verification Form
e No. 2 pencil

e Maps
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Summary of Procedure

Pre-season Site Mapping

Using mapping softwarene persn plots the Master Sampledex Station coordinates (X)

Overlay this point ontanortho-photograph andtopographic mapUse the maps to estimate

bankfull width near the X. Then determine site length: normally 20 times the bankfull width (but

not greagr than 2 kmand cetermine the distance between each of 11 equidistant transects across
the site Plot thetransects.Normally, he mi ddl e t r ans e dhroughX.. e . AFO)

Plot transects (as in Figure-B®) andrecord datdasin Table A2).

WAMO06600-000350. Wynoochee River

Legend
Potential Site
o Bank Coordinates
— Major Transects
- EcologyHydro24we
— \NA_NHD+

0 125 250 500 Feet
Figure Al. Example map with transects, generated during-agason map review.
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Table A2. Example data gathered during {s@ason map review.

Site: | WAM06600-00035( Wynoochee River Stream Site Length (n): 1020
Index Station Lat/Long (dd):| 47.1781994033-123.63886629[Index Station BFW (m): 55
Station . Left Bank - . Right Bank. BFW (m
Latitude (dd) Longitude (dd] Latitude (dd) Longitude (dd)
A 47.17418 -123.64018 47.17408 -123.64107 70
B 47.17504 -123.64047 47.17501 -123.6412 56
C 47.17586 -123.64019 47.17597 -123.64097 62
D 47.17675 -123.63987 47.17686 -123.64059 58
E 47.17746 -123.63948 47.17778 -123.64018 65
F 47.17802 -123.63869 47.17842 -123.63911 55
G 47.17854 -123.63764 47.17893 -123.6379 48
H 47.17857 -123.63655 47.17895 -123.63637 45
I 47.17825 -123.63535 47.17859 -123.63509 43
J 47.17776 -123.63429 47.17805 -123.6339 44
K 47.1771 -123.63341 47.1774 -123.63293 50
Put In
Take Ouf
CommentdStream site length based on average BFW of 51m near the index station.

Bankfull Width

Using computer mapping software with an offifitographic map and a topographic map,
measure the estimatéankfull channel width at each of 5 transects near the Index Station:

The Index Station (X)

1 bankfull width upstream from X

2 bankfull widths upstream from X

1 bankfull width downstream from X
2 bankfull widths downstream from X

arwnE

Record the average (nearest meter) ofdltelankfull width measuremenBankfull margins

can be estimated by observing where the maps display sharp changes in slope, vegetation, and
substrate. Refer to Merritt (2009) for details of how the bankfull masgestimated otthe-

ground.

Site Length
Determine site length in whole metekdultiply the average bankfull width times 20. This value
is the site length for a path thatleas the main flow of the river. However, if the average

bankf ul | 100 the skte length will be 2,000 m.

Transects and Coordinates
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Draw 11 equidistant transedtsg. Figure Al) that are each perpendicular to the flawy to
estimate where the thalweg would be and measure between transects at thabpHtiansets
from A (bottom) to K (top). Normally, F lies on the Index Statfih. Although the location of
the I ndex Stationbés coordinates can never
for reasons such as

e to keep the top or bottom of the sielands where permission has not been denied, or
e to keep from changing Strahler stream order (at the 1:100,000 scale), or
e to account for barriers sh as lakes, or other obstables
Recordthe coordinateédecimal degregdor the intersection ofach bak with each transect
(e.g., Table A2). Enter these as waypoints into the GPS unit.
GPS Positions Form
Somefield information should be completed prior to leaving the offidas will require
knowing the stations that tleeew will need tovisit during the field seasorThe sequence of

banks that crews will visit is determined by the flip of a d@iable A-3).

Table A3. The bank visit sequence as determined by a coin flip.

HEADS TAILS

Transect| Bank | Transect| Bank
A Right A Left
B Right B Left
C Right C Left
D Left D Right
E Left E Right
F Right F Left
G Right G Left
H Left H Right
[ Left [ Right
J Right J Left
K Right K Left

Once a sequence is determined, begirfipneg the GPS Positions FormAn example is
provided by blue texini Figure A2.
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. » Froqg - O O O
Site Number ¥ MMDD HH s
BeE W A M 0600 -000350-DCE-2009_-0807_10:16
Smica | PWE W cg 130123456 ,ffmnm, ep1xoiouse | Accumcy |TEVEY O e
INDEX STATION | L ® 47.1781994033 123638866297 4713840 123.63%08 3 m
Ag L ® 4717408 123.64107 4717503 12364105 3 m
8o L ® 4717501 123.64120 47 17300 12364124 - m
col L(®)| 47.17597 123.64097 4717595 12364089 3 m
of(L) R | 4717673 123 63987 4717676 123.63985 3 m
mf) R | 4717746 123.63948 4717745 12363949 4 -
| L®| 4717842 12363911 47.13840 12363908 3 m
of L (®) 4717893 12363790 4717893 12363791 4 m
Hu‘@ R 4717857 12363655 4717855 123,63654 5 m
WLk 4717823 12363535 4717824 123.63532 5 m
pl|L @ 4717805 123.63390 4717807 123.63390 5 ™
Ky L @ 4717740 12363293 4717739 12363295 5 m
PUTIN| L R
TAKEOUT| L R
ALL COORDINATES TO BE RECORDED IN NADS3
Positson comments wncludsnp accuracy
Directions 80 scoess powt
From Mentesano, drive nerth about 20 miles on Wynoochee Valley Rd
L
o | ¥
- [~
Ll i

Figure A-2. TheGPS Positions Fornwith exampledataenteredduring pre-seasor{blue text)
and onsite during the field sampling event (red text)

Sample event and navigation

The crew first navigates to the site using the coordinatesdea by the preseason mapping
exercisg(Figures A-1 andA-2) and a GPS receiverhey then verify thathey are at the correct
siteand determine if thetreamis suitable for sampling and whether a raft will be requidéd.

the site is shallow and waalale, start at Transect A and walk upstream to sample. If the site
requires use of a boat, then float downstream through the site and begin sampling at the top

(Transect K)Usually, the appropriate method can be determined before reaching the site, based
on preseason reconnaissance.

Establish the Data Collection Event

Upon arrivalto the first sample station (either Transect A oy Kcord the date (MMDD) and

time (military) portion of the DCIBn the GPS Positions ForflRigure A2) . Record the GRS
measured coordinates fibre eachsample tationon the GPS Positions Forrlso note the

precsion of eactGPS measurement. Other notes on location can also be recorded. Record the

tumtby-t ur n directions taken to reach the siteds
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Determine Site Suitability

After arrival and recording the DCE, determine whether the site is suitable for sampling. Refer to
the SiteVerificationForm (Figures A3, and A4).

. Status and Trends Program - Site Verification Form 2009
Sur Nusber 1l DD iH MM
DCE{W A M 0 6 00 -000018-DCE.2009.0701.09-00
peeEsandael 0 7/ 0 1/ 2 0 0 SN ocisibae| 07 / 01/ 2 000
Waest Bame:| JTohnson Creek
[Waetoty Tipe|  SalwaterBrackish 0 RwverSweam{  CanalDuch O Wetland [ Reservon O Lake [ Other 0
Safe 1= Sanphe™ (i ! N |If not ssmpled. why not?
Pemusent |(T) N
Ssapled?| (D) N
Wade e Rat?] (W) R
Crew 1 (Leader) Cren Member 2 Crew Member 3 Cren Member &
Fantdmwe | Lastume | Roberto  [Clemente | Joni | Mitchell David |7 ordan Manon  |Rheaume
Oxpezanon:| Acme Sampling, Inc. Ac g Inc Acme Sampling, Inc Acme Sampling, In
Wates: O O ]
— g g !
e — = 5
Othet People”
Montgomery & Bankfull Width Estimate near Index Staton (avg of 5) (m) “Site Length 20 x BEW but between 150-2000 (m)
Buffington Reach Type 110 2000
] Downstream Thatweg Distance (X to A) (m x) Upstream Thatweg Distance (X 10 A) (mx)
Colluvial O 1000 1000
Alluvial:Braded O  [General Noses
Alluvinl:Regune O | The index station was located at transect F
Alluvial:Pool-Riffle ]l | Waded, but used the large stream/river protocol.
Alluvial:Plane Bed O

s 8 Alluvial:Step Pool O
Alluvial:Cascade O
5 Bedrock O

Figure A-3. The front side of th&ite Verification Fornwith example data.
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Ls the site unsafe to access, or with barriers that prevent access (round trip) and sampling by wading within one day? Y
P pling b) }

Is the site nnsafe to access, or with barriers that prevent access (round trip) and sampling by raft within one 413)'?@ N

Why s it maccessible” Too shallow to raft

Provide North Asrow

E‘ STEEd S LofE

Figure A-4. The back side of thgite Verification Formwith example data.

Verify that conditions at the site are suitable for sampli@gmplete the appropriate fields in the

top third of the front side of th®ite Verification Fom, indicating whether thsite is being

sampled, and if so, whether this is by wading or by rafting. The site should not be sampled if it is
deemed:

Unsafe to enter

To have permission denied by land owners

Not a stream or river (e.g. a wetland, lake)

Not freshwater

Within an artficial channel (e.g. canal or ditch)

Not perennial

Not with surface flow for more than 50% of the length.
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Crew

Record the names crewmembersAlso note the organization that each staff represents. The
crew lead will be recorded in column 1. Staffrgding roles can be recorded later, after the day
is done, by using the check boxes provided on the form.

Site

Entersitelength and width data onto the Site Verification Form (Figw®) AThis information is
derived from preseason notes (e.g. Figukel and Table A2).

Bed Form

Assess the site for its predominant reach type according to Montgomery and Buffington (1993,
1997). Review the source materials-hioked in the references to help understand the
differences between bed forms. These refees discuss details and provide images of examples.

First decide whether the site is predominated by a reach ttatusial, alluvial orbedrock

Colluvial streams have a low chance of being sampled by this Status and Trends program,
because we areniting our sample to perennial streams. Bedrock streams are confined locations
with little depositional material present. Most streams sampled will be alluvial.

Next, if the site is predominantly alluvial, decide which one of the followingctagsifiations
can be used to describe the site.

cascade
steppool
planebed
pooltriffle
regime
braided

Cascade streams and sl streams are unlikely to be wide streams or rivers where this
protocol is used.

Place an X in the appropriate box of Bige Verification Forn{Figure A3) to describe the
predominant bed form within the site. Refer to the references (Montgomery and Buffington,
1993, 1997, 1998) and the definitions taflalfle A1) for help. Figures /5 and A6 might

help.
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CO - Colluvial
CA -Cascade

SP - Step-Pool
PR - Pool-Riffle
R- Regime Response

Watershed
Qutlet

Figure A4.ldealized positions (aerial view) of bed form types within a watershed. Modified
from figure 22 of Montgomery and Buffington (1993).
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Debris Flows

initiation
b R R
position

il s o 2 O ———— - >

hill- .

slope Large Woody Debris
‘ ~i-
hollow largely immobile: mobile:

traps sediment acts as sediment

colluvial

pool-riffle

regime
Is>2030>5>.10010>5>03f 03>5>01 }| 02>5>.001 | S<.001

diffusion {|debris flow ¥ ool
dominated)]| dominated} “*® fluvial -

Source Transport Response
I l
Figure A5. Idealized positions (plan view) of bed form types within a watershed (from figure 16
of Montgomery and Buffigton (1993)).
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Navigatewithin the site

Usethe GPS waypoints established before the season (FigutemnA A2) to locate each
transect sampling station. Upon arrigakach station, record the measured field position on the
GPS Positions Form (Figel A-2), including accuracy.
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Appendix B

Quality Control for Field Meters
at Wide Streams & Rivers

Purpose and Scope

This method explains how to quality asstiedd meters used for wide streams and riverthen
Monitoring for Watershed Health and Salmon Recownggram (WHSR) Instruments
included on this methoidicludethosefor instantaneoumeasirements of

temperature,

pH

conductivity,
dissolved oxygen
turbidity

velocity

Definitions

Definitions of acronyms and other terms are found in Table B
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Table B1. Definitions.

Term or Definition

Accronym

DCE Data Collection EventData arendexed using this code which includes
the SITE_ID, the date, and the time that the event began.

NIST National Institute of Standards and Technology

QC Quiality control. A quality control check is a measurement of a standal

value to estimate the accuyaaf an instrument.

QCCSs A quality control standard suitable for assessing errors of pH and
conductivity of dilute neutral pH waters (Metcalf and Peck 1993). A di
phosphate standard is prepared as af@l@0dilution KH,PO, and
NaHPO, standard buffesolution (NIST pH buffe6.869. It has a
theoreticapH value of pH 6.98andcalculatedconductivity value of 75.3
e Mtat 2 Bhe gtatk solution should be kept refrigerated, but th
1:100 dilution should have no detectable change in pH or cawity éor
at least 15 months when stored in polyethylene containers between

10-40°C.

Personnel Responsibilities

This method is performed by 1 or more persons. This method is applied at every DCE, before
and after sampling, although some of the tasksrequired less frequently. Staff performing this
method must have been trained.

Equipment, Reagents, Supplies

General

e Notebook and pencil

e Tap Water

e De-ionized water (DI)

e Lab tissues (e.g. KimWipes®)

¢ Maintenance kit for meters (elgydrolabkit (Swanson, 2007))
e Chemistry and Sampling Form
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pH Meter

e pH Calibration form

e pH meter (e.g. Hydrolab MiniSonde)

¢ pH meter manugle.g. Hach 1999, 2006a)

e Batteries

e QCCS (Metcalf and Peck 1993)

e pH Standards
o pH 7 buffer (7.00) e.g. VWR- 23197996
0 pH 4 luffer (4.01)i e.g. VWR- 23197998
o pH 10 buffer (10.01j e.g. VWR- 23197994

e Dilute pH Standardénly twice per season)
o0 pH 7standard6.97)i e.g. Therm&00702
0 pH 4 standard (4.10)e.g. Thermo 700402
o0 pH 9 standard (9.15)e.g. Thermo 700902

Conductivity Meter

e Conductivity Meter (e.g. Hydrolab MiniSonde)

e Conductivity Calibration Form

e Conductivity meter manu#é.g. Hach 1999, 2006a)

e Batteries

e QCCS (Metcalf and Peck 1993)

e Conductivity Be.caVWRRB28680100 ¢ S)
e Conductivity Standard (10 0 07 eqy.S/WR 2322603

e Conductivity Standard (alternate as available)

Dissolved Oxygen Meter

e D.O. Meter (e.g. Hydrolab MiniSonde)

e D.O. Calibration Form

e Batteries

e Dissolved oxygen meter manyalg. Hach 1999, 2006a,b)
e Barometer

e Winkler samplingsupplies (see Mathie0 2007)
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Turbidimeter

e Turbidimeter (e.g. Heh Model 2100

e Turbidi manual (e.g. Hach 2001)

e Batteries

e Turbidity calibration standards (e.g. StableCal®, Hach No. 26594

e Turbidity quality control check standards (e.g. Gelex®, Hach2464105)

Page371 DRAFT



Summary of Procedure

Calibrate and check field instruments. Some of these quality cawctieitiesare performed
daily or weekly when sampling. A few are done only occasionally.

Daily Quality Control

Each day, before sampling, calibrate tonductivity and pH meters. Check their calibrations
before and after sampling, normally morning and evening. Each morning, calibrate the dissolved
oxygen and turbidityneters; check the turbidimetealibration.

The order of daily calibrations is noathy:

1) Conductivity,

2) pH,

3) Dissolved Oxygen, then
4) Turbidity

For each sample event (DCE), document that water quality control procedures@cate
using theChemistry and Sampling For(Rrigure B1).
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Figure B1. TheChemistry and Sampling Forwith example quality control dataghlighted
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Conductivity
Cali brate the conductivity meter each day acc

Choose theonductivity calibration standart be slightly higher than expectsetteam valug

For example, m&t wadeable streams west of the Cascades ordhgygiation streams will need to
be calibrated with 100 uS conductivity standards. Some larger or eastern riverserho e
calibrated with> 100 uS conductivity standards.

Check the conductivity metealibrationstwice daily:

1) After calibration but before samplingnd
2) After sampling.

Daily Conductivity Calibration

Person Calibrating

Date

Meter serial number or ID
Probe seriel number of ID
Battery Voltage

Standard Solution Theoretical Value
e

L=y

Temperature of standand Degrees C
Calibrated to Theoretical|'Yes
QCCS (am) Cond uS/cm at 25 ¢
QCCS (am) Temp Degrees C
QCCS (am) 65.3 to 85.3 uS/cm at 25Ye9g
QCCS (pm) Cond uS/cm at 25 ¢
QCCS (pm) Temp ~ |Degrees C
QCCS (am) 65.3 to 85.3 puS/cm at ZES\G—Ji |No|

Notes

Figure B2. The Conductivity Calibration Form.

Measure theconductivity and temperature of th€CCS. Conductivity should measure
bet ween 65.3 an8 @8RecaBbrate B the pnesampling 2heck fails these
criteria.Qualify (flag) theD CE 6 s ¢ o rlataif the piostsanip§ng check fails these criteria.
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pH

Cali brate the pH meter each

Choose the pHatibration standards to bracletpectedstream valas. For example, most
streams west of the Cascades or fefgvation streams will need to be calibrated with pH 7 and
pH 4 standards. Larger rivers or eastern streams might need to be calibrateéiusexydopH

day

10 standards. Theoretical pH valugd®ach standard buffare found in Table 8.

Daily pH Calibration

Person Calibrating

according

Date
Meter serial number or ID
Probe seriel number of D
Battery Voltage
#1 Temp Degrees C
#1 pH units
#2 Temp Degrees C
#2 pH units
QCCS (am) pH units
QCCS (am) Temp Degrees C

QCCS (am) 6.78t0 7.1

8Yes

If NO, recalibrat

QCCS (pm) p

H

units

QCCS (pm) Temp Degrees C
QCCS (pm) 6.78 to 7.18 Yes No | [If NO, flag data
Notes
Figure B3. The pH Calibration Form.
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Table B2. Theoretical pH values by temperature for each pH standard buffer.

Temp ( 4 7° 10°
4 4.00 7.09 10.26
5 4.00 7.08 10.25
6 4.00 7.08 10.23
7 4.00 7.07 10.22
8 4.00 7.07 10.21
9 4.00 7.06 10.20
10 4.00 7.06 10.18
11 4.00 7.05 10.17
12 4.00 7.05 10.16
13 4.00 7.04 10.14
14 4.00 7.04 10.13
15 4.00 7.03 10.12
16 4.00 7.03 10.11
17 4.00 7.02 10.10
18 4.00 7.02 10.09
19 4.00 7.02 10.08
20 4.00 7.01 10.06
21 4.01 7.01 10.05
22 4.01 7.01 10.04
23 4.01 7.00 10.03
24 4.01 7.00 10.02
25 4.01 7.00 10.01
26 4.01 6.99 10.00
27 4.01 6.99 9.99
28 4.01 6.99 9.98
29 4.01 6.99 9.98
30 4.02 6.98 9.97

Buffers:® Thermo 7.00° Thermo 4.01 Thermo 10.01

From:www.thermo.com/com/cda/resources/resources detail/1,218& 1B .html

Check the pH meter calibrations twice daily:

1) After calibration but before sampling, and

2) After sampling.

Measure the pH and temperature of the QCCS pFhshould measure betwee.78and 718

pH units. Recalibrate if the presampling chek fails these criterisQu a | i f y

pH data if the possampling check fails these criteria.

(fl ag)
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http://www.thermo.com/com/cda/resources/resources_detail/1,2166,13217,00.html

DissolvedOxygen

Cali brate the DO meter each day according to
theD.O. Calibration Form(Figure B4).

Each month, ampare field measurements with Winkler titrations. Calibifagelissolved
oxygenmeterat an air pressur@ndaltitudesimilar to expected ambiestreamconditions.
Measure the barometric pressgmem Hg) during calibrationUse Talg B-3, if necessaryfor
convertingto these pressure units

Daily D.O. Calibration

Person Calibrating

Date

Meter serial number or ID
Probe seriel number of D

Battery Voltagée
Calibration Altitude ft
Calibration Air Pressufe mm Hg
Calibrated sucessfullyXes If NO, recalibrate

Notes

Figure B4. The D.O. calibration Form.

Table B3 unit conversions for pressure.

Atmospheres Bars mm Hg inches Hg
1 1.01325 760 29.92126
0.9869233 1 750.0617 29.52999
0.001315789| 0.001383224 1 0.03937008
0.03342105 0.03386388 25.4 1
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Turbidity

Check the turbidity calibration each day, prior to sampling.tbs&urbidity CalibrationCheck
Form (Figure B5). If the calibration check is greater than 5% from the calibrated value,
realibrate and check again.

Daily Turbidity Check
Person Checking
Date

Meter serial number or ID

Cell 1 NTU NTU
Cell 2 NTU NTU
Cell 3 NTU NTU

Notes

Figure B5. The Turbidity Calibration Check Form.

Occasional Quality Control

Table B4 displays the schedule for occasiogahblity control activities.

Table B4. Timing of occasional quality control activities.

Parameter Jun | Jul | Aug | Sep | Oct | Operation
Temperature | X X | Compare to NIST
pH| X X | Compare buffers
Turbidity | X X X | Calibrate (and check)
Dissolved oxygen | X X X X X | Compare to Winkler
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Temperature

At the start and end of the field season, camfiee measurements frothetemperature probe
against measurements of an NiBermometerVerify that meteme asur es t o wi t hi n
thermometer.

pH

Before and after the season, check the regular pH calibrations against dilute pH standards :
A pH 7 standard (6.97)e.g. Thermo 700702
A pH 4 standard (4.10)e.g. Thermo 700402
A pH 9 standard (9.15)e.g. Thermo 700902

Calibrate first with the regular buffers as for the daily calibrations (e.g. first 7 and 4), then check
using the QCCS. Realibrate, this time using the dilute standards (e.g. 6.97 and 4.10). Measure
the QCCS and compare the diffecerin QCCS measures between calibrations.

Repeat for the higpH calibrations (7 and 10; 6.97 and 9.15). Theoretical values by temperature
for the dilute pH standards are found in Tabié.B

Turbidity

Calibrate and check the turbidimeter atleast @ten accor ding t o manufactu
before the season, after the season, aneseadon. However, calibrate and check the

turbidimeter more frequently if daily checks indicate the need.

Dissolved Oxygen

Once monthly, check the accuracy of th® Beter. Collect a Winkler sample at the same

location and time as an situDO reading. Winkler samples are collected and analyzed
according to Mathieu (2007).
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Table B5. Theoretical values by temperature for the dilute pH standards

Temp ( 4 7° o°
10 7.01 9.27
11 7.01 9.26
12 7.00 9.25
13 7.00 9.25
14 7.00 9.24
15 7.00 9.23
16 6.99 9.22
17 6.99 9.21
18 6.99 9.21
19 6.98 9.20
20 6.98 9.19
21 6.98 9.18
22 6.97 9.18
23 6.97 9.17
24 6.97 9.16
25 6.97 9.16
26 6.96 9.15
27 6.96 9.14
28 6.96 9.13
29 6.95 9.13
30 6.95 9.12

20rion 700402°0rion 700702° Orion 700902
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Appendix C

In Situ Measurements
In Wide Streams & Rivers

Purpose and Scope

This method explains how to collemt-site measurementsf temperature, dissolved 0>g/g,
pH, andconductivityat wadeable streams for th&atis and Trends Program usipgrtable
meterg(e.g. Hydrolab Minisonde).

It requires adherence to calibration techniques discussed elsewhere in this procedure.

Definitions

Definitions of acronymsand other terms are found in TablelC

Table G1. Definitions.

Term or Definition
Accronym
DCE Data Collection EventData are indexed using this code which include

the SITE_ID, the date, and the time that the event began.

index station

The point bcation mapped by the site coordinates. It is sometimes cal

AXO0. This i s nor rekeJatioyofthesstean stel a
NIST National Institute of Standards and Technology
QC Quiality control. A quality control check is a measurement oiadstrd

value to estimate the accuracy of an instrument.

thalweg transect

There are 101 equally spaced thalweg transects dividing the length o}
stream site. They are labeled AO, Al, A2,A3, A4, A5, A6, A7, A8, A9,
BO, é. KO. Tr ans e c tfthddte. KOSs agttie top. h e
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Personnel Responsibilities

This method is performed by 1 or more persons. This method is applied at every DCE, at the
startandend of the sampling event. Staff performing this method must have been trained.

Equipment, Reagents, Supplies

e No. 2 pencil

e Chemistry and Sampling Form

e Completed Calibration Forsn

e Meters (for temperature, cductivity, pH, and dissolved oxyggn
e Metermaintenance k#t(e.g.Swanson, 2007)

e MeterManuals (Hach 1999, Hach 2006a, Hach 2006b)

Summary of Procedure

Calibrate the instrumesibeforesampling according to calibration methods discussed elsewhere
in this protocol. Check th@strument after calibration (before sampling), aftdr sampling,
according to the same methods. Measure the stnsze

Verify Quality Control

Prior to sampling

Ensure that the calibrations and that QC checks have been performed according to methods
described el sewhere in this protocol. Circle
Sampling Form (Figur€-1) for each sensor that checked out. Proceed with measurements using
sensors that are within criteria.

After sampling

Postsampling calibration checks can be performed during the following day. Be sure to qualify
data that were collected preceding loadiion checks that failed to meet criteria.

Measure
Measureghese parametetwice during a@DCE, once &the start and once at the end:

pH

water temperature
dissolved oxygen

oxygen percent saturation
specific conductivity
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Record timgmilitary) and location(thalweg transect)The firstset ofin situmeasurements
shouldusually be madaeartransect AO (when wading) or KO (when boating). The second set of
in situmeasurements shouldually be madaeeartransect KO (when wading) or AO (when
boatng). Measurements shoudwaysbe taken within the boundaries of the site (between
transects AO and KO).

Place the probes into the stream and let them thermally equilibrate to the stream temperature.

This might take & minutes. Then hold the sensordlsat they are just below the surface of the

water, and completely immersed. Avoid any turbulence. Make sure that readings are stable. On

the Chemistry and Sampling FormidereC-1) , record temperature (e C
unit, nearest hundredth) speci fic conductivity (O0S/cm at 265
(mg/L, nearest tenth), and oxygen percent saturation (nearest tenth).
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Figure G1. TheChemistry and Sampling Formwith examplan situ datahighlighted.
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Appendix D

Water Sampling
In Wide Streams & Rivers

Purpose and Scope

This method explains how to collect water samplesgi@ stream and rivefer WHSR. Grab
water samms are collected for these 5 parameters:

Total Phosphorus (by colorimetric analysis)
Total Nitrogen (by persulfate method)
Chloride

Turbidity

Total Suspended Solids

arwnE

This method also describes how to determine field turbidity (NTU) during the day edtemil.

Definitions
Definitions of acronyms and other terms are found in Takle D

Table D1. Definitions.

Term or Definition

Accronym

CL chloride

DCE Data Collection EventData are indexed using this code which include
the SITE_ID, the date, aribde time that the event began. It uses this
format:

WAMO6600-NNNNNN-dce-20YY -MMDD -HHMM

NNNNNN = the number portion of the SITE_ID.

YY = the last two numeric digits of the year that the event occurred.
MM = the two numeric digits for the month that éheent occurred.

DD = the two numeric digits for the day within the month that the ever
occurred.

HHMM = the military time when the event began.
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Index Station

The point location mapped by the site coordinates. It is sometimes ca
A X 0 .sishdrmally located at the malevation of the stream site.

Master Sample

The list of 387,237 probabilistic sites (statewide). These sites were
selected with a randomized (GRTS) design from the February 2005
version of the Washington State Departmdmiatural Resources
watercourses (1:24,000).

MEL Manchester Environmental Laboratory
NTU Nephelometric Turbidity Unit
SITE_ID A unique 15digit site identification code provided by the Master Samp

I i st . I't begims with AWAMO0O6600

Thalweg Transect

One of 101 equidistant transects across the length of a site. Labeling
includes the name of the major transect. For example the thalweg tra
between (and including) major transects A and B would be labeled as
follows:

AO, Al, A2, A3, A4, A5, A6, A7, AGA9, BO
(i.e.., thalweg transect AQ is identical to major transect A)

TP total phosphorus

TPN total persulfate nitrogen
TSS total suspended solids
TURB turbidity
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Personnel Responsibilities

This method is performed by 1 or more persons. This rdathapplied at every DCE, at the
start of the sampling event. Staff performing this method must have been trained.

Equipment, Reagents, Supplies
Water Sampling

e No. 2 pencil

e Chemistry and Sampling Form

e Laboratory Analyses Required Form
e Gloves- Nonpowdered nitrile

e Garbage bag

e Cooler, Ice

e Sample Tags (with laborateassigned sample numbers)
o Jar#26for TP (Figure D1)

e Jar#19 for TPN (Figure 12)

o Jar#22 for Cl (Figure E3)

o Jar#22 for TURB (Figure £3)

o Jar#23 for TSS (Figure-B)

Figure D-1. The60-mL jar for total phosphorus water samples:
(Manchester Laboratory Index # 26).
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Figure D-2. The 125mL jar for total persulfate nitrogogen water samples:
(Manchester Laboratory Index # 19).

Figure D3. The 500mL jar. (Manchester Laboratory Index # 22).
There is one each for chloride and tubidity water samples:
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Figure D4. The 100amL jar for total susppended solids water samples:
(Manchesgr Laboratory Index # 23).

Turbidity Measurement

e Turbidimeter (e.g. Hach Model 2100P)
e Turbidi manual (e.g. Hach 2001)
o Batteries
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Summary of Procedure

This method is based on Joy (2006). Collect water saraptég last transect encountered
during the @y, butbefore other irstream activitiesit that stationFill streamwaterinto each of
5 polypropylene jars (Table-B). Immediately chill the samples in the dark. Delisamples for
most parameters (total phosphorous, total nitrogen, total suspesidisd and chloridedo the
Manchester Environmental Laboratory (MBkgekly. Samples for each week should be
received at MEL by Friday morning. Turbidity will la@alyzed byhe fieldcrew, on the dayf
collection, ideally inside an office or hotel room.

Table D2. Handling requirements for water samples.

JAR HOLDING TIME
PARAMETER SIZE | BEFORE ANALYSIS?
TPb 60 mL 28 days
TPNC 125 mL 28 days
CL 500 mL 28 days
TURB 500 mL 48 hours
TSS 1000 mL 7 Days

a All water sampés needtobedred (06 e C) .
b Thejar for total phosphorus is peeidified with0.25 mL 1:1 HCI
¢ The jar for total persulfate nitrogen is geidified with0.25 mL 1:1 H2SO4

Pre-sampling preparation
Sample Numbers, Jars and Tags

Prior to the field season, the Departmentof Ecology Envi r onment al Assess mi
(EAP)will help to prepare by performing two tasks.

1) EAP will obtain sample numbers from the Manchester Environmental Laboratory by
submitting aPre-sampling Notificabn Form(MEL, 2008).

2) EAP will order the sample jars and labels from the Manchester Environmental
Laboratory by submitting thBample Container Request Fo(WMEL, 2008).

Collecting Samples

Water samples can be colleceuywhere within the site (betwe#ransect KO and AQ) where

water is deep enough. However at wide streams & rivers, normally collect water samples at the
last transect visited. Collect from upstream of your position. If using a boat, collect samples after
navigating to miechannel. If you are filling jars from the boat, make sure that you fill them

from the upstream side of the boat.

For each jar,amovethelid just before sampling. Be careful not to contaminate the cap, neck, or
the inside of the bottle
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Chloride (CL), Turbidity (TUR) and Total Suspended Solids (TSS)

Stand in relatively deep, relatively nturbulent water. Face upstreanold the container near

its base, reach out in front of yourself as far a possible, and plunge it (mouth down) below the
surface to about elbow pth. Make sure not to distudedimentsLeave enough headspace so
that the laboratory staff can mix the sample.

Total Phosphorus (TP) and Total Persulfate Nitrogen (TPN)

Stand in relatively deep, relatively nturbulent water. Face upstreadold thecontainer

upright and place the lid over the mouth so that only a small area forms an opening (Fayure D
Immerse the jar 15 cm (6 in) while holding the cap in position with your fingers as far away from
the opening as possible. Carefully monitor thienfil rate to avoid overfilling.

Water Surface @ \L
~ 15 em (6 in)

Sample

Bottle \

Figure D:5. Cap position during sample collection, when using jars that have bediligatevith
acid preservative (TPN and TP).

Field Processing
Labeling
For each jar, loop the string of the sample tag over thanlidlit is secure. Use at least three loops

for 250 mL jars and at least two loops for 500 mL jars or larger. Check the tag to ensure that the
Master Sample SITE_ID number is recorded (thisistdei6gi t number t hat4i f ol
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on the SITE_ID. Aso record the data and time that appears in the DCE. Use waterproof ink or
pencil. An example tag is provided in FiguresD

PROJECT = STATUS & TRENDS in__ €0astal STR

MONTH ¢ 8 parl 5 2010
TME_ 1 9 - 5 0
PERSON WHO SAMPLED_ Joe Schmoe

MEL SAMPLE # 10-08-041-05

PARAMETER __ Totfal P

PROJECT = STATUS & TRENDS in_ ¢0astal STR

SITE_ID: WAMOB600- 0 0 0 0 0 1
MONTH ¢ 8 DAY ! 5 2010
TME_1 9 -5 O

PERSON WHO SAMPLED_Joe Schmoe

MEL SAMPLE # 10-08-041-05

PARAMETER TPN

PROJECT = STATUS & TRENDS in__¢0astal STR

SITE_ID: WAMOB600- 0 0 O © Q 1

MONTH ¢ S pay ! 5 2010

PROJECT = STATUS & TRENDS in__ ¢0astal STR

MONTH @ &8 DAY 1 5 2010

SITE_ID: WAMOB600- 0 0 0 0 O 1

TME_t 9 : 5 0 ® TME_ 1 9 :5 0 ®
PERSON WHO SAMPLED _Joe Schmoe PERSON WHO SAMPLED_Joe Schmoe

MEL SAMPLE # 10-08-041-05 MEL SAMPLE # N/A4
Field TURB

PARAMETER TSS PARAMETER

PROJECT = STATUS & TRENDS in__ £09s7a/ STR

MONTH ¢ 8 DAY 1 5 2010
TME t 9 -5 O
@
PERSON WHO SAMPLED_Joe Schmoe
MEL SAMPLE # 10-08-041-05

Chloride

PARAMETER

Figure D6. Example tags for water chemistry jars.

Storage

If you are sampling close to your vehideare in a raftimmedately place samples in a cooler

of ice. If you are sampling remotely, maintain samples in a sealed black garbage bag that is
immersed in the stream and in the shade until you are ready to leave the site (Peck and others
2006). Place samples into a cooléroe as soon as possible.

Chemistry and Sampling Form

Complete the relevant portions of taemistry and Sampling For(Rigure D7) including how
many jars were collected for each parameter. Also make sure that the header information is
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complete and #t the sample location is specified according to the cadiaéoclosesThalweg
Transect

Sample Delivery

Sample Crews will completelaaboratory Analyses required For(Rigure D8 and MEL, 2008)
and submit it with samplggxcept turbidity)during we&ly shipments to the Manchester
Environmental Laboratory. Theaboratory Analyses Reqed (LAR) form will serve as a
chainof-custody brm. Turbidity will be measured by the field crew within the day of
collection.
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FigureD-7. The Chemistry and Sampig Form with examplewater samplinglatahighlighted
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Figure D8. ExampleLaboratory Analgis Required Formfor sample shipment frorh DCE.
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Measuring Turbidity

Measure turbidity within 24 hrs of collection. Find a flat, sturdy surface on whichrtothat is
protected from wind and sun. Calibrate and check the turbidimeter as discussed elsewhere in this
protocol. Remove the 500 mL sample from refrigeration, slightly agitate it, then decant the

mixed contents into the turbidimeter sample cell. Degasontents of the sample cell by

applying a vacuum. (Figure-D). This is done by fitting a syringe to a stopper on the cell and
drawingthe plunger upward until gas bubbles appear. Release slowly. Let the sample rest for 15
20 seconds.

Figure D:9. Degassing the contents of the turbidity sample cell.

Foll ow the manufacturerdés instructions for
Record field turbidity results (NTU) onto ti&hemistry and Sampling For(RigureD-7)
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Appendix E

Sediment Chemistry Sampling

Purpose and Scope

This method explains how to collect a sitamposite sediment sample in the Status and Trends
Program. Stream sites are sampled withinldag data cdéction events (DCEs). Each
composite sample will be composed of scoops taken from 3 sepdoaimtigd shallowvater

stations in the site. To detect the presence of select contaminants at the site, the sample will be

analyzed for metals (copper, lead,ziarsenic) and a standard listpoiynuclear aromatic

hydrocarbor(PAH) compounds. To help interpret the results, the sample will also be analyzed

for total organic carboand grain size composition.

Definitions

Definitions of acronyms and other terar® found in Table H.

Table F1. Definitions.

Term or Definition
Accronym
DCE Data Collection Event
GC/MS | Gas Chromatography Mass Spectrometry
ICP Inductively Coupled Plasma
Index The point location mapped by the site coordinates. ltissomene s ¢ a |
Station | This is normally located at the malevation of the stream site.
MEL Manchester Environmental Laboratory
Material Safety Data She@tritten, printed, or electronic information (on pape
microfiche, or orscreen) that informs mafacturers, distributors, employers or
MSDS employees about a hazardous chemical, its hazards, and protective measur,
required by material safety data sheet and label preparation, Chap&3296
WAC.
Polynuclear Aromatic Hydrocarbon. For Status arehils there are 24 standart
analytes:
PAH Naphthalene

2-Methylnaphthalene
1-Methylnaphthalene
2-Chloronaphthalene
Acenaphthylene
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Acenaphthene
Dibenzofuran

Fluorene

Phenanthrene
Anthracene

Carbazole
Phenanthrene, 3@imethyt
Fluoranthene

Pyrene

Retene
Benzo(kjluoranthene
Benzo(a)pyrene
Perylene
Indeno(1,2,3cd)pyrene
Dibenzo(a,h)anthracene
Benzo(ghi)perylene
Chrysene
Benzo(b)fluoranthene
Benzo(a)anthracene

TOC

Total Organic Carbon
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Personnel Responsibilities

This sampling method is performed by 1 persothe field. Presampling precleaning activities
should be performed by staff familiar with MSDS and safety procedures. This method is applied
at every DCE. Staff performing this method must have been trained.

Equipment, Reagents, Supplies

Stainless stel bowl (about §

Stainless steel spoon (about 6)

Turkey baster (3)

No. 2 pencil

Chemistry and Sampling Form

Laboratory Analyses&juired Form

Gloves- Non-powdered nitrile

Cooler, Ice

Garbage Bag

Sample Tags (with laborategssigned sample numisgr
Jars (provided by the laboratory)

Aluminum foll

Wash bottle (labeled) with Liquinox or Alconox
Wash bottle (labeled) with acetone (pesticide grade)
Wash bottle (labeled) with 10% nitric acid

MSDS

Personal protective gear as specified by the MSDS
Fume hod

Summary of Procedure

These procedures are derived from methods described in Johnson (1997), Blakely (2008a), and
Manchester Environmental Laboratd®00). Surface sediment samples are collected for
laboratory analyses (Tabled}. The crew will anlgze grain sizes of the sample while in the

field. Samples are chilled immediately and delivered to the laboratory or a courier within 14
days of collection, but normally within 24 hours.
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TableE-2. Laboratory methods for sediment chemistry sasple

Analysis Analytical Method Reporting Limits
ToC PSEP (1986, with 1997 update) 0.1%

MEL (2008) page 120

As ICP Method 200.7 (EPA 1989), 0.1 mg/Kg, dry
MEL (2008) page 134

cu ICP Method 200.7 (EPA 1983) 0.1 mg/Kg, dy
MEL (2008) page 134

Pb ICP Method 200.7 (EPA 1985) 0.1 mg/Kg, dry
MEL (2008) page 134

Zn ICP Method 200.7 (EPA 1983) 5 mg/Kg, dry
MEL (2008) page 134

PAHS GCIMS Method 8270 (EPA 1998) 40 pg/Kg, dry
MEL (2008) page 164

a Find method quality obje¢iwes in Blakely (2008b), Table 8.
b Find method quality objectives in Meredith and Furl (2008), Table 2.

Pre-sampling preparation
Sample Numbers, Jars and Tags

Prior to the field season, the Department of Ecadogy Envi r on mentgam Asses s mi
(EAP)will help to prepare by performing two tasks.

1) EAP will obtain sample numbers from the Manchester Environmental Laboratory by
submitting aPre-sampling Notification ForfdMEL 2008).

2) EAP will order the sample jars and labels from the Mastdr Environmental

Laboratory by submitting thBample Container Request FO(MEL 2008).

Pre-cleaning

On a weekly basis, field crews will podean enough sampling tools to last a week (including
spares).Alternately, larger batches of utensils abbk cleaned and wrapped at the Department
of Ecology and then shipped to remote field crews.

These are the piwashing steps for each bowl, spaord turkey baster

1) Wash in Liguinox detergent, then

2) Rinse (three times) with tap water, then
3) Wash with 10%nitric acid, then

4) Rinse with deionized water, then

5) In fume hood, rinse with acetondhen

6) In fume hood, rinse with hexane, then
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7) In fume hood, air dry, then
8) Wrap with aluminum foil (shiny side of foil facing out)
9) Properly dispose of hazardous wastes.

Samging
Use precleaned equipment that has been wrapped in foil.

Collect the sample by compositing from each of three suitable locations near the point of arrival.
A suitable location will have these characteristics:

Surface sediment is dominated by et < 2 mm diameter,

Water depth above the sediment is < than 30 cm,

The station is always under water throughout the day.

Anywhere within 10 bankfull widths (upstream or downstream) of the index station.
Upstream from where staff have entered the strefaannel.

Using a stainless steel spoon, sample the top 2 cm of sediment and place it into a stainless steel
mixing bowl. Let the sample settle, then use the turkey baster to remove overlying water.
Homogenize the sample by stirring with the spoon @antihiform color and texture &chieved.
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PAH Sample

Transfer sediment with the spoon into&oz glass wide-mouth jar(described ag6 by MEL,

2008) Only fill the jar to about 80% capacity so that there is room for expansion during freezing.
Screw he lid closed, label it, and place it into a cooler of Record sample information on the
Chemistry and Sampling For(RigureE-1). Use the appropriate column depending upon

whether documenting the primary sample or a duplicate for the date. Formegub:s

e Re c oOMANCHESTER ENVTLLABO f or t he fnDestinationo
e Record n10o for iNo. Jar so.

Metals and TOC Sample

Transfer sediment with the spoon into&oz glass wide-mouth jar(described ag6 by MEL,

2008) Only fill the jar to about 80% capacityp shat there is room for expansion during freezing.
Screw the lid closed, label it, and place it into a cooler oReeord sample information on the
Chemistry and Sampling For(RigureE-1). Use the appropriate column depending upon
whether documentinthe primary sample or a duplicate for the date. For each sample:

e Re c oOMAWNCHESTER ENVTLLABO f or t he nDestinationo
¢ Record fn10 for iNo. Jar so.

Grain SizeAnalysis

Visually estimate the composition of the sediment in the composite sdrRegierd perent

gravel, percent sand, and percent fines orCtemistry and &npling Form(FigureE-1).

Gravel should never be a dominant component of the sample. Sand is gritty to the touch whereas
fines are not. You can check the feetedidue in the bowfor presence of sand or finesly

after sample jars have been filled and placed on ice.

e Gravel (>2mm)
e Sand (216 mm)
e Fines (silt/clay/muck)
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FigureE-1. The Chemistry and Sampling Farmith sediment chemistry data highlighted.
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Field Processing
Storage

If you are sampling close to your vehicle, immediately place samples in a cooler of ice. If you are
sampling remotely, maintain samples in a sealed black garbage bag that is immersed in the stream
and in the shade until you are ready tovéethe site. Place samples into a cooler of ice as soon as
possible.

Labeling

For each jar, loop the string of the sample tag over the lid until it is secure. Use at least three loops

for 250 mL jars and at least two loops for 500 mL jars or larger.lCihectag to ensure that the

Master Sample SITE_ID number is recorded (thisistdei6gi t number t ha#fi foll ow
on the SITE_ID. Also record the data and time that appears in the DCE. Use waterproof ink or

pencil. An example set of tags is prosttlin FigureE-2.

Sample Delivery

Sample Crews will completelaaboratory Analyses required For(RigureE-3 andMEL, 2008)
and submit it withveeklysampleshipments tahe Manchester Environmental Laboratory. The
Laboratory Analyses Reqed (LAR) formwill serve as a chainf-custody 6rm. Sediment
chemistry samples have a-dldy field holding time (whilet06 e C) .
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PROJECT = STATUS & TRENDS in_ ¢0as?al STR

SITE ID: WAMOB600- © O 0 0 0 O
MONTH © 8 pay 1 5 2010

TME 1 9 -5 0 °
PERSON WHO SAMPLED_ Joe Schmoe
MEL SAMPLE # 10-08-041-06

sediment: Cu, Zn, As, Pb, TOC

PARAMETER

PROJECT = STATUS & TRENDS in_ Coastal STR

SITE ID: WAMOBB00- © O 0 0 0 O
MONTH © 8 DAy 1 5 2010

T™ME 1 9 -5 O ®
PERSON WHO SAMPLED__ Joe Schmoe

MEL SAMPLE # 10-08-041-06

PARAMETER cediment: PAH

"

FigureE-2. Example tags for sediment chemistry sample jars.
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FigureE-3. ExampleLaboratory Analgis Required Fornfor sample shipment frorh DCE.
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Appendix F

Sampling Benthos
In Wide Streams & Rivers

Purpose and Scope
This method describes how to collect benthic macroinvertebrate sampiies WHSR
program.Data will be used to describe biological integrity and ecological quality (ontemic

loss). It applies to widstreamsand rivers This method requires measurement of the associated
physical and chemical environmental variables desciibether methods within this protocol.

Definitions
Definitions of acronyms and other terms are found in Tedle

TableF-1. Definitions.

Term or Definition
Accronym

Biological Integrity | fiThe ability to support and maintain a balanced, integratedadaptive

communityof organisms having a species composition, diversity and
functional organization comparable to those of natural habitats within
regiono (Karr and Dudley, 1981)

Ecological Quality | For this method, ecological quality refers to thgo of observed to
expected natural taxa (Wright et al 2000). This is the observed numbg
native taxa collected relative to the number of taxa predicted based o
model of reference condition.

Kick One of the 8 <c¢componen bssanple. Ore kiskii
collected at each of 8 transects within the site. The area of a kick is 1
(0.093m2) of stream bottom.
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Personnel Responsibilities

One person or more performs this activity. Staff performing this method must have been trained.

Equipment, Reagents, Supplies

e Wide-mouth polyethylene jar (128 oz or 3.8 L)

D-Frame kick net with these characteristics
o0 Frame mouth that is 1 ft (30.5 cm) wide by 1 ft tall.
0 500pum mesh net

e 95% Ethanol (add 3 parts by volume for each part sample)

e Label (waterproof) for jar exterior

e Label (waterproof) for jar interior

e Softlead pencil

o Clear tape

e Electrical tape

e Pocket knife

e \Wading gear

Summary of Procedure

Invertebrate samplinp wide streams and rivers performecconcurrently with other activitge
while wading upstream or floating downstreadme kick sample is collected at each of 8
transects and added to the composite sample for the site. This method is taken from Hayslip
(2007) with some details provided by Peck et al (2006).

Identify kick stations

There are 1iransectsn the site (AK). Randomly pick 8 of these for sampling benthaamgle
theside of the streawhere habitat islsosurveyed. Thelesignated side (left or right) for each
transect isletermined during preeason site layduRefer tothe GPS Positions Forr{Figure F
1).
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Status and Trends Program - GPS Positions Form

Seae Nassbes re i ] 0l
{WAMO600.-000000-DCE-.20 : - :
- g ey 47123456 eg 120123456 | ep 47123456 | egp 120123456 B w e

moex stanox | L (R)| 471781994033 | 123638866297
Ad L (R)| 4717408 123 64107
BY L 47.17501 123.64120
o L@ 47 17597 123.64097
pd() & [ 4717675 123.63987
Eof1) R | 47.47746 123 63948
ol L®| ari7sa2 123.63911
of L ®) 4717893 12363790
nd@ R | 4717887 12363655
wlOR| 4717825 12363535
nft ®)] 4717805 12363390
kL (RY 4717740 12363293
PUTIN|L R
TAKEOUT| L K
ALL COORDINATES TO BE RECORDED IN NADS3
Postion comaments mcloding sccuracy
Drections 1o access pomt

Draht

Figure F1. TheGPS Positions Formwith example preseason data.

At each of the 8 transectisnagine a littoral zone thaixtends 10 meters away from the wetted
bank, 10 meters upstream and 10 metevendtream (Figure F2)Findalocation within the
littoral zone for collecting a 1 ft x 1 ft kick sampleshould be:

e Representative of the entire plot (as mucprastica)
e Shallow enough to deploy the kick net
e Away from backwaters, eddies, or otleeige habitat.
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Sample benthos from
one littoral plot at
each of 8 transects

Littoral Plot
10 m littoral plot

Figure F2. The littoral plot from which a-t x 1-ft kick is collected at each of 8 transects.

Collect each kick

A different procedure is needed depending upon whether the station sits within flowing water or
slack water. Flowing watas where the stream current can sweep organisms into the net. Slack
water is where water is so slow that active net movement is required to collect organisms.

Flowing water stations

Once the kick station is determined, place the net opening intadbef flow. Position the net
quickly and securely on the stream bottom to eliminate gaps under the frame. Collect benthic
macroinvertebrates from aftt (0.093 m?) quadrat located directly in front of the frame mouth.

Work from the upstream edge of tpgadrat backward and carefully pick up and rub stones
directly in front of the net to remove attached animals. Quickly inspect each stone to make sure
you have dislodged everything and then set it aside. If a rock is lodged in the stream bottom, rub
it afew times concentrating on any cracks or indentations.

After removing all large stones, keeping the sampler securely in position, starting at the upstream
end of the quadrat, kick the top 4 to 5 cm of the remaining finer substrate within the quadrat for
30 seconds.
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Pull the net up out of the water. Immerse the net in the stream several times or splash the outside
of the net with stream water to remove fine sediments and to concentrate organisms at the end of
the net. After completing the sample, hdié het vertically and rinse material to the bottom of

the net.

After taking a sample, examine the contents of the net. Pick out coarse rocks and sticks. Closely
examine them for clinging organisms; pick these animals off of the debris and place them into
the sample jar. Discard the debris and empty

Add enough ethanol to the sample jar so that the resulting solution consists of 1/3 sample and 2/3
ethanol (by volume).

Slack water stations

Visually definea rectangular quadrat with an area of 1Gt0@ m?). Inspect the stream bottom

within the quadrat for any heavy organisms, such as mussels and snails. Remove these organisms
by hand and place them into the sample jar. Pick up any loose rocks oaogeesslibstrate

particles within the quadrat and hold them in front of the net. Use your hands to rub any clinging
organisms off of rocks or other pieces of larger substrate (especially those covered with algae

or other debris) into the net. After scrubdpiplace the larger substrate particles outside of the
guadrat.

Vigorously kick the remaining finer substrate within the quadrat with your feet while dragging
the net repeatedly through the disturbed area just above the bottom. Keep moving the net all
thetime so that the organisms trapped in the net will not escape. Continue kicking the
substrate and moving the net for 30 seconds.

After 30 seconds, remove the net from the water with a quick upstream motion to wash the
organisms to the bottom of the net.

After taking a sample, examine the contents of the net. Pick out coarse rocks and sticks. Closely
examine them for clinging organisms; pick these animals off of the debris and place them into
the sample jar. Di scar d t mgeontdndshntoithe sampiedar.e mpt y

Add enough ethanol to the sample jar so that the resulting solution consists of 1/3 sample and 2/3
ethanol (by volume).

Special circumstances

For samples located within dense beds of long, filamentous aquatic vagetatking may not

be effective. Use a knife to sample only the vegetation thavite;nt he quadr at . Dond

parts of the strands that extend beyond the quadrat.
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Label and Seal the Composite sample

Using a number 2 pencil, compldteo benthogar labels (Figure B). Place one into the

sample. Screw on the lid and seal it closed using electrical tape. Attach the other benthos label to
the outside of the jar using clear tape. Record the DCE, which includes the Site_ID, and site
arrival time (year, month, day, hour, and minute). It should match the DCE recorded on the Site
Verification Form. Be sure to note which transects were sampled, and which of these were
sampled using the slack water technique..

FigureF-3. The benthos jar label
500 p D-frame kick BenthOS Jar Label Jar of

2010 Monitoring in the STR

Project

Stream

Who

collected?
(full name)

8 1-ft2 A B C D E F G H I J K

Transects . .
(circle all sampled) | Transects sampled using slack-water technique:

Collectors
Notes

WAMO06600- -dce-2010 -

DCEImm d d h hmm
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Enter Data to the Chemistry and Sampling Form

The sample jars will be stored by field crews and deliverethasgo the analytical laboratory

at the end of the field season. The Chstryiand Sampling Form (Figure4j will be used to

keep track of sample jar information. Note the SamplelD and number of jars per SamplelD. If
there is more than one jar for a SamplelD, then ensure that the jars are located together. Taping
the jars together with clear tape may be hdlgfor destination, note the immediate place to

where the sample will be stored, shipped, or delivered.

Page831 DRAFT



‘sapdumes juammpas pue Jajes SUn{ieI) Iof SULIO] qe [EIUSIITOINANT 1315 MIETY PIEPUELS 357 13108

201 10f pazifeue aq o) euem jdmes sapujour el sperspy wsanpag,,

T#0-80-0F WoPUO yuop wossoyauvy I

nin [5[0] T | | :Auaig¥niaaid

ueiq

o] 7]

(s3eg vrerdvs) sajoN ajdureg | (G "5°9) nonedoT s[dwes 118 M

220p 2soubuol Alji204 250G 4P 2BDUOLS AW fo] I eddg ysig
Aduduivf paitisadsun A4[IoD4 250G 4D 0ODUO4s WD [2] 4 zdds ys1g
WIINSS JUDUIOL ARl[IoD4 250G 40 2BDUOss “dwa ) o I 1ddg sy
I Aplji204 250G 40 2BDUOLS Az [2] 7 sotpyuag
I+ |w 0| + ISpI0o HIoMm GPT [4AUT JD4SDUYIUDYY o I #STERA P25
I4 | '@ o + Ispao aom g7 [AUT JDLSDYIUDWY o I HVd pes
JOOIS Y2PH Y#M LUDUDIN=DIW Plald o I gL
I4 | 7§ 0 + aspao jIomMm GO [HAUS J24SDYIUDYY o T D
I & 0 + ISpPI0 MIoM gB7 [4AUF JBLSDYSUDYY o I d10L
7 | & ¢ + T=pao >paom GET [HAUS JDLSDYIUDYY 0 F4 NdL
geq SmUN UOWmO]) YSTJ TONRUNS3] SIE[ JO "ON spdures
SIELJO ON | :apdwes Arewmig
1o qr =apduoeg apdures syearndng
DST@WISNE L2 0 0 0 puod 06 o SUI% § 0 0 PES% § 0 o 1°ABID%PeS
6 66 0 UES% 18w s "0 1 zoa
smunpd 0 0 "2 © Hd ‘Appoy paxsays + gZ/¢ Poyooys p PRLOIGDS QU - Z=f
E 2857 o I Wo2A S| §Z/9 PoyIeys dqoud punipusduiz) - [« (ny1s 1) S2)ON
(0 '5'3) uonEao T pug S g 6 5 towml| 24 | ON G pa3oa1) puE pajeIqie) £-1 |9anL
ost@wmysn @ s 20 0 0 puoy ON @ P29 D PUE pajeIqiED o4 puod
6z 0 1 UES% 15wE "0 T 10a oN &2 peyoetD pue pajeiqued|  £2 | md
ssunHd # 6 9 0 1Hd oN 2] PajeIqI[e) I0suag &z oa
EE D3p g "9 0 1dwer| I on @ LSIN 5A Payaatd -4 I
(04 "3-2) wonye20T MIBIS S g 7 [0 F 1ewmy |Sed oounf>g 20 1 1o3exadg | "ON ITUN
Ansmman) g g NOLLVYEITVD ALITVNO YALVM NLIS NI
0o 0-0Ff - gr g oo "0 1 0C - d4DAd-0 00 000 - 009 0NWY MDA
TN HH qaoN AL QUi 315
) ) L] £, ) L, = ) = ) E E
of -\sienul) Aq pamaiasy

FigureF-4. TheChemistry and Sampling Forwith examplebenthosdatahighlighted.
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Appendix G

Bank Measurements
at Transects in Wide Streams & Rivers

Purpose and Scope

This method explains how to collect measurement$VidSR at each of 11 equidistant transects
at each site. Measurements in this procedure will be restricted to one main channel.

Instruments included on the procedure include distanceumegslevices (e.g., measuring rod,
laser rangefinder, 5 measuring tape), and haledels.

Definitions
Definitions of acronyms and other terms are found in T@bkle

Table G1. Definitions.

Term or Definition

Accronym

bankfull depth This is the sm of thalweg wetted depth and bankfull height.

bankfull height Vertical distance between surface of water and bankfull stage. For St

and Trends, this is measured in centimeters.

bankiull stage This stage is delineated by the elevation point of ieaipflooding,

indicated by deposits of sand or silt at the active scour mark, break in
stream bank slope, perennial vegetation limit, rock discoloration, and
hair exposuréEndreny 2009).

bankfull width Horizontal distance between the bankfull stagehe left bank and the
bankfull stage on the right bank. For Status and Trends, this is measu
tenth of meters.

bar A dry area within the wetted channel. It does not extend vertically as |
as the bankifull stage.

DCE Data Collection EventDat are indexed using this code which includes
the SITE_ID, the date, and the time that the event began. It uses this
format:
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WAMO6600-NNNNNN-dce-20YY -MMDD -HHMM
NNNNNN = the number portion of the SITE_ID.

YY = the last two numeric digits of the year ttted event occurred.
MM = the two numeric digits for the month that the event occurred.

DD = the two numeric digits for the day within the month that the ever
occurred.

HHMM = the military time when the event began.

floodplain The part of thevalley floor over which a river spreads during seasonal
shortterm floods (Small and Witherick 1986)

island A dry area between channels. It extends vertically at least as high as
bankfull stage.

left bank

A person facing downstream will have tleé bank on their left side.

main channel

Channels in a stream are divided by islands (dry ground that rises ab
bankfull stage). Main channels contain the greatest proportion of flow
this method it is called channel number 0.

major transect

Onre of 11 equidistant transects across the length of a site. These are
labeled as follows:

AO (Il owest ), B0, CO, é. KO
A major transect will cross the main channel and side channels.

(highes

right bank

A person facing downstream will have the right bank @ir thight side.

side channels

Channels that contain less flow than the main channels. These are
identified and enumerated (1,2,3 etc.) as encountered (see the methg
thalweg measurements) during the DCE.

site

A site is defined by the coordinate®pided to a sampling crew and the
boundaries established by the site layout method. Typically, the site
extends 10 bankfull widths downstream from the coordinates and 10
bankfull widths upstream. The site also includes all riparian plots
examined during #aData Collection Event The site consists of many
stations at which measurements or samples are collected.

station

Any location within the site wher@n observatios made or part of a
sample is collected.

thalweg

Path of a stream that follows the desfppart of the channel (Armantrout
1998).

thalweg transect

One of 101 equidistant transects across the length of a site. Labeling
includes the name of the major transect. For example the thalweg tra
between (and including) major transects AOBGdvould be labeled as
follows:

A0, Al, A2, A3, A4, A5, A6, A7, A8, A9, BO
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(i.e.., thalweg transect AQ is identical to major transect AQ)

transect A line of studythat crosses the direction of flp@ivided into intervals

where observations are collected.

wettedwidth Farthest horizontal distance between water edge on the left and right

of a channel.

Personnel Responsibilities

This method is performed by 2 persons. This method is applied at every DCE, at each major
transect. Staff performing fhimethod must have been trained.

Equipment, Reagents, Supplies

e No. 2 pencil

e measuringod

e 50-m tape

e laser rangefinder
e hand level

e clinometer

e calculator
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Summary of Procedure

Refer to theMajor Transect~orm (Figures G-1 and G2). At each of the majorrainsects (A©
KO0), assess the main channel. Measure these channel characters: bankfull width, wetted width,
bar width, bankfull heighfone bank)and bank instabilitfboth banks) Describe flags.

BANK
Flag
Wetted Width XXX.Xm| 320
Bar Width XX. X m 0
Bankfull Width XXX.Xm | 355
R Bankfull Height cm F1
L BankfullHeight cm

LB Instability % 50

RB Instability % ‘ 10 ‘ ‘

Figure G1. A portion of heMajor Transect Formwith example data for this method.

Flag Comments

F1 Bankfull height was measured on left bank only - according to protocol

Figure G2. A portion of theMajor Transect Formwith anexampleflag qualifier.
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Channel Dimensions
Bankfull Stage

At the transect, visually estimate the bankfull stage. This is bestafi@neonsiderable training.
There are at least four good-time sources of training materials for identifying bankfull stage:

1. http://preview.tinyurl.com/8aabb(Buffington 2007)

2. http://www.dnr.wa.gov/Publications/fp_bfw_video_ptl.wmv
http://www.dnr.wa.gov/Publications/fp_bfw_video pt2.wi@rizzel 2008)

3. http://www.stream.fs.fed.us/publications/bankfull_west.htinelopold et al 1995)

4. http://www.fgmorph.com/fg_3_5.ph{Endreny 2009)

Use this visual estimate to help understand where to mebankéull widthandbankfull height
Bankfull Width

After locating the bankfull stage at each bank, measureahiefull width (Figure G3) to the
nearest tenth of a meter. Record this valueheiajor Transect Data FornfFigure G1).

Width measurements can be made using eitherra &pe, a measuring rod, or a laser
rangefinderIn most rivers, the laser rangefinder is the most efficient Rextord an average of
at least three readings faaah measurementith the laser rangefinder.

Floodplain

Bankfull VWidth
Vifptted Vifidt

Figure G3. Diagram of widths at the transect (Modified from Endreny 2009).
Wetted Width
Observe the wetted margins of the channel. OMtier Transect Data FornfFigureG-1),
record thevettedwidth (or horizontal distance between these margins) to the nearest tenth of a
meter. Donot subtract for bars.

Bar Width

Estimatethe width of each bar within the wetted channel. Record the sum (nearest tenth of a
meter) forbar width. This can be a gual estimate where bars are beyond reach.
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Bankfull Height

Bankful | height i s measured using a BMajorveyor

Transect~orm (Figure G1), record bankfull height data in whole centimeters. Reehérthe
right bankfull height or theleft bankfull height (Figure G4), depending upon the side indted
by preseason site layout (the side at which you are standing).

Left

Right
azgk,::‘" Bankfull
Height

Flow direction is
away from reader.

Figure G4. Diagram of the left ORight bankfull height measurement.

Bank Instability

Evduate banknstability at both the left andght banks. Ealuate how much of a 4@ length of
each bank (centered on the primary transect) is unstable. Limit your observations of bank
stability to the portion of the bank at and below the bankfull stage.

A bank is unstable if ihas eroding or collapsing banks. It may have the following
characteristics:

A sparse vegetation on a steep surface
A tension cracks
A sloughing

On theMajor TransectForm (Figure G1), recordright bank instability (%) andleft bank
instability (%).
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Appendix H

Substrate and Depth Measurements
at Transects in Wide Streams & Rivers

Purpose and Scope

This method explains how to measure substrate characteristitdfdR at each of 11
equidistant transects at each site. Measurements in this procedure will be restrictdshttkone
at each transect. Measurements will be restricted toée channelThis method must be
preceded by th®lajor Transects Method.

Instruments included on the procedure include distance measuring devices (e.g., measuring rod,

or 50m measuring tape, caliper), leveling device (hand level or clinometer) araraP¥C
ring.

Definitions
Definitions of acronyms another terms are found ifable H1.

Table H1. Definitions.

Term or Definition
Accronym
bankfull depth This is the vertical distance between the channel bed surface and the

height of bankfull stage.

bankfull height Vertical distance between surface of water and bankagdles For Status
and Trends, this is measured in centimeters. It is measured at the left
right wetted margins of each major transect and a mean value is con
for each channel at that transect.

bankiull stage This stage is delineated by the elématpoint of incipient flooding,

indicated by deposits of sand or silt at the active scour mark, break in
stream bank slope, perennial vegetation limit, rock discoloration, and
hair exposuréEndreny 2009).

bankfull width Horizontal distance betweehe bankfull stage on the left bank and the
bankfull stage on the right bank. For Status and Trends, this is measu
tenth of meters.

intermediate axis | The diameter of a particle that is neither the longest nor the shortest ¢
mutually perpendiculan@s(Bain 1999, Harrelson et al 1994). See belq
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for a diagram from Endreny (2009):

. s

X

left bank

A person facing downstream will have the left bank on their left side.

main channel

Channels in a stream are divided by islands (dry ground that rises ab
bankfull stage). Main channels contain the greatest proportion of flow
this method it is called channel number 0.

major transect

One of 11 equidistant transects across the length of a site. These are
labeled as follows:

AO (l owest), &0, CO, é. KO (high
A major transect will cross the main channel and side channels.

right bank

A person facing downstream will have the right bank on their right sid

side channels

Channels that contain less flow than the main channels. These are
identified and enumated (1,2,3 etc.) as encountered (see the method
thalweg measurements) during the data collection event.

site

A site is defined by the coordinates provided to a sampling crew and {
boundaries established by the site layout method. Typicallyijtéhe s
extends 10 bankfull widths downstream from the coordinates and 10
bankfull widths upstream. The site also includes all riparian plots
examined during thBata ollection Bvent The site consists of many
stations at which measurements or samples alectead.

station

Any location within the site wher@n observatios made or part of a
sample is collected.

transect

A line of studythat crosses the direction of flp@ivided into intervals
where observations are collected.

wettedwidth

Farthest horiantal distance between water edge on the left and right g
of a channel.
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Personnel Responsibilities

This method is performed by 2 persons. This method is applied at every DiPig, lznk of
each major transect. Staff performing this method must haen trained.

Equipment, Reagents, Supplies

e No. 2 pencil
e measuringod

e 50-m tape
e PVCring
¢ handlevel

e clinometer
e calculator

Summary of Procedure

Evaluateeach of the majorrainsects (A€KO) in the main channeEvaluate the appropriate bank
that wasdesignatean the GPS Positions Forturing the preseason site layout designated

stationson the transecfTable H2, Figure H1), record wetted deptftm), bankfull depth(cm),
substrateype code andembeddedneq$b).

Table H2. Substrate and ddpstations for wide streams and rivers.

Station Frequency Description Observationgtransect
Bank station | 1 bank, eery transect | The bankfull margin 1
. Located at
AtLside ofevery | a0 5006, 30%tc. variable:

Dry stations

transect,where dry
increments are present

across the bankfull
channel

normally 1 or 2

Wetted
station

1 plot, every transect

1) Average
Substrate is
estimatedfor
littoral plot.

2) Depthis
measuredat
margin of plot
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Figure H1. Diagramof the visited side o& major transect in a wide stream or river.

Record data on thidajor Transect Data FornfFigure H2). Insert data for depths, substrate
type and embeddedness next to each station. Describe flags (Fgure H
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SUBSTRATE

nf::h Bi'aieé}f‘;h csliaz:s Eﬂg;}; Flag
left
bank
N
2
3
4
.5
.6
>§< 9 GC 10 F2
.8 -7 13 WD 90 F1
.9 0 12 FN 100
o o [sa | wo

Figure H2. Partof theMajor TransectForm with exampleright bankdata for this methad

Flag Comments

F1 WD = partially buried Douglas fir log, about 60 cm diameter

F2 Average substrate & embeddedness for 10x20m plot. Depth at plot margin

Figure H3. Part of theMajor Transect Fornwith example flag descriptions.
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Station Depth

e Bank station: Recordbankfull depth Thisis alwaysO cmby definition.

e Dry stations Measure the vertical distance between bankfull margin and the substrate
point. Record this apankfull depth(cm). Also record wetted depth as distaatmve
water surfacénegative to indicate that this is a dryagton. If this station is at the wied
margin, wetted depth is O.

e Wetted station: Measureghewetted deptlfcm) at the far edge of the plot. This is 10 m
across the transect from the margintbé wetted channeRecord data on the Major
Transect Form (FigureH) in the row adjacent thé last dry station. Cross out the
increment to indicate that it is a wetted station.

Substrate Type

At the ank station andteach dry t&tion, estimate the substrate particle typse the

measuring rod to find these everdyaced locations and obgerthe particle that is situated at

the front edge of the rodEstimate the size class thie particlebased on the intermediate axis
length Record thesubstrate type codé@he choices are listed in Table3iForfine gravel,

coarse gravedndcobbleuse calipers taneasure the intermediate axis length of the particle and
confirmyour estimatef size For larger sizes, use the measuring rod to confirm your estimate.
Particles smaller than 100 mm are evaluated using a 10 cm ring surrounding the saraple po

All particles within the ring are evaluated for size and embeddedness, not just the point. Record
the estimated average for surface substrate within the ring.

For the vetted stationvisually estimateéhe mean {ypical) substratgarticlesize forthe 10 m x
20 m, plot.Record the appropriatibstrate type codieom Table H3.
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Table H3. Substrateypecodes, types, and sizes.

CODE | TYPE SIZE RANGE SIZEGUAGE
RS Bedrock (smooth) >4m larger than a car
RR Bedrock (rough) >4m larger than a car
RC Concrete/Asphalt >4m larger than a car
XB Large Boulder 1-4m meter stick to car
SB Small boulder >250mmc 1 m basketball to meter stick
CB Cobble >64 mm¢ 250 mm tennis ball to basketball
GC Gravel, coarse >16 mm to 64 mm marble to tennis hll
GF Gravel, fine >2 mm to 16 mm ladybug to marble
SA Sand (216 mm) >0.06 mm to 2 mm gritty to ladybug
FN Fines (silt/clay/muck) < 0.06 mm non gritty
HP Hardpan- hardened fines any size
WD Wood any size
oT Other6 R2 Say Qi FA (anysize
Embeddedness

At the bankfull station and each dry statiestimateembeddedneg86). This is the fraction of a

particleobs

sur face

t h asandiofnersedi omemd sd ( I®y 2 ( enmb

default, sand or fines are 100% edded. By default, bedrock is 0% embedded.

Particles smaller than 100 mm are evaluated using a 10 cm ring surrounding the sample point.
All particles within the ring are evaluated for size and embeddedness, not just the point. Record

the estimated avega for surface substrate within the ring.

For the wetted stationjsually estimate the mean (typicallbstrate embeddedness for the 10 m
x 20 m, plot. Record the percentage.
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Appendix |

Shade Measurement
at Transects in Wide Streams & Rivers

Purpose and Scope

This method explains how to measure shad®\fBiISR at each of 11 transects at each site.
Measurements in this procedure will be resgtdcto one main channdlhis method must be
preceded byre-season site layout

Instruments included on the procedure include a distance measuring device (e.g., measuring rod),
and a convex densiometer (modified according to Muétesl. (1992)).

Definitions
Definitions of acronyms another terms are found in Tabld

Table 1. Definitions.

Term or Accronym Definition

bankfull channelwidth Horizontal distance between the bankfull stage on the left bank
the bankfull stage on the right bank.

bankfull stage This stage is delineated by the elevation point of incipient floodi

indicated by deposits of sand or silt at the active scour mark, bre
in stream bank slope, perennial vegetation limit, rock discolorati
and root hair exposuf&ndeny 2009).

left bank A person facing downstream will have the left bank on their left
side.

main channel Channels in a stream are divided by islands (dry ground that ris
above bankfull stage). Main channels contain the greatest
proportion of flow. r this method it is called channel number 0.

major transect One of 11 equidistant transects across the length of a site. Thes
labeled as follows:
AO (Il owest), BO, CO, é. KO (hig
A major transect will cross the main channel and side channels.

right bank

A person facing downstream will have the right bank on their rig
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side.

station Any location within the site wher@n observatiors made or part of
a sample is collected.

side channels Channels that contain less flow than the main channelse®res
identified and enumerated (1,2,3 etc.) as encountered (see the
method for thalweg measurements) during the data collection e

site A site is defined by the coordinates provided to a sampling crew
the boundaries established by the site layonethod. Typically, the
site extends 10 bankfull widths downstream from the coordinate
and 10 bankfull widths upstream. The site also includes all ripar
plots examined during tHeata Collection Event The site consists
of many stations at which measments or samples are collected.

transect A line of studythat crosses the direction of flpgivided into

intervals where observations are collected.

Personnel Responsibilities

This method is performed by 1 person. This method is applied at evétyddb€ach major
transect. Staff performing this method must have been trained.

Equipment, Reagents, Supplies

e No. 2 pencil

e Major Transect Form

e measuring rod or 56n tape

e Modified convex densiometer

Summary of Procedure
Refer to theMajor Transect~orm (Figure F1). At each of the major Transec/0(K0), assess

the main channelUse a convex densiometer (Lemmon, 1957) that has been modified according
to Mulveyet al(1992; figure &); it has 17 intersections.
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DENSIOMETER MEASUREMENTS

(0-17Max)
Flag Flag
CenUp CenR
CenlL Left
CenDwn Right 17

Figure F1. Densiometer portion ofieMajor Transects Formwith exampledata for a transect

where the right bank was designated for sampling.

Bubble Leveled ~

Lo

Figurel-2. An example reading from a modified convex densiometer. It shows 10 of 17

intersections with shade (a scord

A100) .

reflection (From Mulveet al 1992).

Not e

t he

proper
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Goto the transect bankfull margin, at the bank that was designated durisggsen site layout.
Hold the densiometer level and 30 cm above the surf@eeord how many of the 17 crelsairs
have shade over theiReadings should be able to detect shade from riparian understory
vegetation such as ferns.

Measure at one bank

<{]

Figure F3. The densiometgposition & the bankfull margin
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