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Introduction

Background

Purpose of this Document

This document serves as asthuction manual. It is intendédr field crews that sample
wadeable streams for the Wasjton State Status and Trendedtam (S&T). The S&T is
designedo assess streams and rivers on-feaferal lands of thetate over a4ear period, with
2 Status ad Trends Regions (STRs) sampled annu&lysimano et al., 2006ampling is
expected to begin in 2009 with the Puget and Coastal STRs.

History

In the last decade, there has been a growing interest in estab$tmgide monitoring

program for gathing consistent and integrat@aformationon chemical, physical, and

biological habitatThis islargely a result of federal mandates. For example, section 4(f)(1)(B) of

the Endangered Species Act (ESA) indicates thdistieg requires an explicit anadis of the

physical or biological conditions that affect thespee s 6 cont i nue2007eXhest enc e
Clean Water Ac{CWA,Section 101(a)) states: AThe objec
maintain the chemical, physical, and biological integrity t he Nat iThe®&d sawat er s.
response

The 2001 Washington State Legislature passed Substitute Senate Bill 5637 requiring the
development of a comprehenssteategy and action plan for measuring our success in
recovering salmon and maintainingitershed healtfThis led to the development dhe
Washington Coprehensive Monitoring StrateggrfWatershed Health and Salmon Recovery
(MOC, 20@). ThisComprehensive Monitoring Strategslls for a statewide approach using
several types of monitoringxtensive (status and trendspnitoring is first on the list

In 2005the Salmon Recovery Funding Board (SREByvided support to thBepartment of
Ecology (Ecology) the Department of Fish and Wildlife (WDFW) and the Conservation
Commission (CCjor development of a sampling framework and Quality Assurance Monitoring
Plan QAMP; Cusimano et al., 2006). €framework and QAMRveredeveloped through a
series of public workshopsttp://www.ecy.wagov/programs/eap/stsmf/

In 2008, the Washington State Legislature provided-sfaftinding to the Puget Sound
Parnership (PSP) to prepare foR@09 fieldmonitoringseasonn 2 of the 8 regions as proposed
by the QAMP Ecology was then taskgithrough an Interagency Agreement wikie PSP, to
provide this manuand a database system, based on the QAMP.
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Program Goal

The goal of S&Tis to provide quantitative, statistically valid, and consistent estimates of the

status and trends in physical, ohec al , and bi ol ogical conditions
streams. The data collectea@ be used to report dime health of salmonid habit&®eportsthat

can use this dataclude:

e State of the Salmoim Watersheds Reports (GSRO, 2009)
¢ Pacific Coastabalmon Recovery FunéReportdo CongresgNOAA, 200%)
e CWA Integrated AssessmefiEPA, 2006)

Monitoring Objectives
Monitoring objectivesn the QAMP aresupported by this protocahd include

e Assess at multiple scales
e Assess with high statistical sfidence
¢ |dentify metrics ananethods

Assessat 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 for statusawithin

year period, with 2 Status and Trends Regions (STRs) assessed withinfdgéaamal surveys

at any scale can use this data to save monitoring costs, as longeg&&tfigorotocols are used

Assess withhigh statistical confidence

S&T is intendedo report ata high level oftatisticalconfidencgat least 80%)Precisionis
defined by thestatisticsof the EPAdesigned framework, and the number of sites sampled.
excellent explanation on calculating the precigmmthesample survegan be fond at the EPA
website(EPA 2009) http://www.epa.gov/nheerl/arm/surdesignfags.htm#manysamples

Usingconsistent protocols among as many sites as possitdares precisgaus estimates.
Metrics and methods
Indicators

Indicators were chosen tocludeLimiting Factorsof salmonproduction (GSRO 2008, NOAA

20093 especially thosstatistically related to stream biotic commurstpres and thoder

which we have detected dé-spread lowmetricscores during the summé@rie kinds of metrics

that can describe these Limiting Factors are described in the QAMP (Cusimano 2006; see Figure
3 page 14)
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Field Methods

Methodswere chosen so that a small crew could access and saachleteeam 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 than thaesseribecdhere for claracterizing 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 have decided to heavily reliegrated Status and
Effectiveness Monitoring Program (ISEMmethods that have been in developnsamte2004
(Hillman 2004,NOAA 2009h. The ISEMP methods are useful because they:

¢ Integratemethods frommultiple established federptogramge.g., Hillman,T. W. and
A. E. Giorgi. 2002, an®verton et al 1997Reck et ak006)

e Incorporated lessons learned from comparison studies (e.g., Roper et al 2008, PNAMP
2007).

o Fit a flexible database structusich we could adagRentmeester 2008).

e Have been demomsted as logistically feasible.

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

Pre-season Site Selection

Overview

Before the season, each of the 387,237 points on the Washington Master Sample shapefile
(WA _master_strah_1124p&iill be evaluated to generate a list of candidate sampling sites.
Master sample sites were statistically chosen from the lines on a 1:3¢#&lethydrography
frame WDNR watercourses, February 2005

Site evaluatioadeterminelte suitability of each site for monitoring at the level of a Status and
Trends Region (STR)There are selectionr i t er i a S$taistica@atsatusand fa 6 s
accessibilitystatus. Each Master Sample site is evaluated in sequence from ltwaghest
SITE_ID on the list. Evaluation for some sites on the list will not be complete until a crew can
make onrsite observations during the JuDctober index period.

These are the statistidarget criteria :
1. Located nthe Status and TrendRegion (STR)of interest.
2. Not on federal land.
3. Member of a size class needing representation.
4. Thestream on theample frame is also in the National Hydrography Daia#eD).
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5. Flow islotic, perennial, continuous, amianaturalchannel
6. Freshwater

Thes are theaccess criteria
1. Itis safeto access
2. ltis physically accessible
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 determinieeather the streams can be safely accessed and sampled
during the STR6s designated field season. The
the field season.

Table 1. Status & Trends Regions.

Status & Trends Region Salmon Recovery Regions include

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

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 Wasington SRR

No Region STR None

Thealnion o attri bute of the Master Sample shapef
Regions

Non-federal

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

The 50 sites in each STR will be allocated according to size class defined by Strahler (1952)
stream order. This size designatisivased ora hierarchy of tributariesHeadwaters are’l

order. &Imeorder streams converg@o the next higher ordeFor our purposeshe Strahler

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 smadgpear on the map

that defines Strahler order. These are assigrad€r.

We work down the Master Sample list in @sding order of SITE_ID until 16ites and
alternates are found for each Strahler stream order class (@ldwalso satisfy the other
sdection criteria)

e (Q-order

o 1%order

o 2"order

e 3%order

e 4Morder or larger

Great Rivers

Themainst em Col umbi a Ri ver belongs to a group of
This is a class that we ar e Trendspltogram, dugtothee o m Wa
necessargifferences in sampling techniquéfsa point represents a water course on the main

stem Columbia River, it is disqualified.

NHD

Target sites must be on streams that are represented by the National Hydrograpéty(NEi2)
at 1:24,006scale. These streams are identical in geometry to the watercourses that are now in
use by the Department of Ecology.

Flow
Lotic

The stream or river must halaic flow. Lotic means an aquatic system with flowing water such
as a book, stream, or river where the net flow of water is unidirectional (Armantrout, 1998). For
this protocol, crews must also be able to see defined left and right banks to discern lotic from
wetland systemd.entic systemsre discerned frorotic systemsf they have a holding time of
more than 1&lays.If the point represents a watercourse that is actually a lentic system (lake,
pond, reservoir, wetland), it is disqualified.
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Continuous

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

Perennial
If the point represents a water course that stops flowing on a seasonal basis, it is disqualified.
Natural Channel

A natural channel is one that wast constructed, althoughmight have been highly modified.
Any constructed channel is ndarget. This includes canals, ditches, or pipelines.

Freshwater

We want to exclude points that are associated with water that is not fresh. Freshwater means that
the water ieestimated tdvave more 95% of its water column with < 1 ppt saliaitgny time

during JulyOctober. Multiple cues may be usidmake this estimation (e.g. vegetation and
proximity to a known estuayy

Access Status

Safety

Safety consideration can be estimatadrmto the season, but it is ultimately the responsibility of
individual crew memberat the time of arrivalo decide if the stream is safe to enReasons
for disqualifying a site from wading on a given date might include:

Too swift

Too deep

Steep ounstable route of entry
Hostile peopler dogs

Hornets (e.qg. for allergic staff)

Physical barriers
A site can be disqualified from sampling if it would take more than dalagmple, including

transit (camping is not supported by S&Barriers thatvould disqualify a site includiings
like extreme distances from parking.

Permission
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Property owners will be contacted prior to sampling. This requires researching the parcel
information in the preceding month& site should be disqualified frommsa@ling if permission
has been denied by laimdvners or resource managers.
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Work Flow

Weekly

Schedule at least oneénoleday to sample each site. Depending upawel distanceghework
day mightlast longeithan 8 hours. Plan weekly schedules accaigirAlso consider when the
laboratorycan receive samples for analystggenerally works well to allocatmore than a day
each weelor planning, cleaning, repair, and administrative duties.

Daily

The relative timing of dailynonitoringactivities isvariable and should be performed
considering efficiency of effort. It depends upon-specific conditions. However, there are
certain specific requiremé&nin how the crew organizes ilay. These are requirements:

1) Watershould be sampled prior to-stream activities upstream.

2) In situmeasurements (the first of 2 sets) should be done at a similar time to water
sampling.

3) Benthos andedimenshould be sampledhmediatelyafter site layout

4) In situchemistry (time 2)is measuregust prior to departure.

Table 2 provides an example of how a typical data collection event might be accomplished by a
4 person crew.

Tabe 2. Idealized daily work flow.

Time Since ArrivaDn-site (Hrs)
ACTIVITY PERSON} 1 2 3 4 5| 6

Verification& Layout AB

Water/In Situ CD

Benthos/Sediment AB

Habitat CD

Vertebrates AB+

Table 3 lists locations within the site where each of these activities is performed. Descriptions of
these stations can be found in Append.
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Table 3. Activities by station within a site.

Near the
Major Transect Minor Transect Thalweg Transect Index statior
Slope &Bearing(10) Slope &Bearing(10) Slope/Bearind0)* Water samples
Wetted width Wetted width Thalweg Depth In situ measures
Bankfull width Bankfull width Habitat Unit presence Discharge
Bar width Bar width Side Channel presencg Sediment chemistry
Substratesizes Substratesizes Edge Pool msence GPScoordinates
Substratedepths Bar presence
Fish overby clas
Shade

Human Influence

Riparian Veegtation

Benthog

Vertebratepresencé

Large Woody Debrfs

GPScoordinates

4Slope & Bearing: normall§ measurement at each major transect and 1 at each minor transect.
Supplemental masurements sometimes are needed from intermediate thalweg transects.

P The benthos sample is a composite from 8 randomly selected major transects.

“Vertebrates are sampled from the full length of the site, but records are updated at each new
major transet.

4 arge woody debris is tallied across the full length of the site, but recordsprr counts
between major transects, on fhigalweg Data Form

®GPsisrequiredat site coordinates (index station) aatl2 major transects for wadeable streantsy(

and bottom of site)

"Except for GPS coordinates, these measurements can be done anywhere within the site, but near the
index station is preferred.

Verification

Sampling crews will arrive at the candidate sample site, and verify that they are@tr&oe

location (Appendix A), that the site meets target criteria, and that it is safe to enter. This protocol
for sampling waded streams is restricted to sites that are less than 25 meters wide at the
coordinates (sites less than 500 m long). Larges sian be waded if shallow, but will be

sampled using a different protocol (for ratised work).

Water Sampling and In Situ Measurements

Water sampling anphitial (time 1)in situmeasurements should be performed prior to staff
entering upstream. Afteverifying the site location, the crew can start by preparingtséu
instruments. The method for calibrations is in Appendix B. The method &itu measurements
is in Appendix C. Water sampling should be conducted according to the method describe
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Appendix D.Final (time 2) in situ measurements are made, just prior to departure from the site.
Discharge can be measured at a convenient time, according to Appendix E.

Benthos and Sediment

Depending upon the sigpecific conditions, the same pansmight be assigned to sample

benthos and sediment chemistry. Each sample should be collected prior to staff entering
upstream from points of collection. Sediment is sampled according to Appendix F. The benthos
sampling method is Appendix G.

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 tasks is dependent upon sifeecific conditions. For example, siteith large quantities

of large woody debris might best beasured by having one person dedicated to counting wood.
Methods for measuring physical habitat are listed in Appendices H through S.

Sampling the Vertebrate Assemblage

Sample the vertebratesesnblage last (except final in situ measurements) by electrofishing all
available habitate the main channdtom the bottom of the site to the togrefer to Appendix
T.

Data Form Review

Examples of the field data forms are found in Appendix U. Reitgaving the site, these should
be reviewed for completeness and accuracy. Crews will submit completed forms to Ecology at
the end of the field season, prior to November 15. The forms will then be scanned for data and
checked for errors before loadirggthe S&T database.
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Appendix A

Site Verification and Layout
for Wadeable Streams

Purpose and Scope
This method explains how to verify (eiite) that a candidate wadeable sample site is 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 EvenfDCE) can be established to
uniquely identify the sampling event.

Definitions
Definitions of aconyms and other terms are found in Tablé.A

Table A1l. Definitions.

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

sediments that are transportett deposited in concert with streflow
(Armantrout 1998). Most sites sampled for Status and Trends will fall
this category.

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

braided reach Braided reaches are characterizedMiye channelscontainingseries of
bars. They have &igh supply of sediment They havenobile bedforms.
They lack valley confinement and are characterized erodible banks.
(Montgomey 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 seam network that igypically in headwatersand
typically consists ointermittent or ephemeral flow. In colluvial valleys,
expect longcermaccumulation of sediment punctuated by periodic
catastrophic erosion (Montgomery and Buffington 1998). Collawi
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material is oimixed sizes |t is recently eroded and transported locally
through sheet flow such as avalanch&aodslide (Armantrout 1998).

DCE

Data Collection EventData are indexed using this code which include
the SITE_ID, the date, and theng 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 the evertiuored.

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 is someti mes cal | eodindieXihat |
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 where ac
has been deed.

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 relatieslfureless
gravel/cobble bed 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, pools, and riffle§ here 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, frequency
and presencefoipples or dunes throughout the channel bed distinguis
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 by the site layoathud. 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
stations at which measuremts or samples are collected.
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Station Any location within the site wher@n observatios made or part of a
sample is collected.

steppool reach Steppool reaches consist coarsematerials that areorganized into
discreteseries of stepseparating pols containing finer materials. They
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 transet 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:

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

Personnel Responsibilities

This method is performed by 2 or more persons. Staff performing this method must have been
trained.

Equipment, Reagents, Supplies

e GPS

e GPS Positiongorm
e Measuring rod

e 50-m tape

e Flagging

e Permanent marker
e Laser rangefinder
e Softlead pencil

e Site Verification Form
e Wading gear

e No. 2 pencil

e Maps
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Summary of Procedure

The crew first navigates to the site using the coordinates provided by the Master. S&raple
then verify that they are at the correct location and determine if the site is suitable for sampling.
Next, they define the upper and lower boundaries and they define the transects within the site.

Establish the Data Collection Event

Prior to leaving the office, refer to th@ PS Positions ForrtFigure A1l). Enter the SITE_ID
portion of the DCE using a number 2 pencil. Enter the Master Latitude and Master Longitude as
listed on the Master Sample file.

Navigate to the site using the GPS receildgon arrival, record the date (MMDD) and time

(military) portion of the DCE. Record the Gi&asured coordinates for the Index Station.

Identify the bank at which these coordinates were measured (left and right are interpreted when
facing downstream). Alsoote the precision of the GPS measurement. Other notes on location

can also be recorded. Recordthedoyst ur n di rections taken to rea:q

. ’ 7 .
a and end Frogra P FOS 0 0
L Nupdwy (13 o5 ) o Nt
DER{Ww A M 06 00 -00001 8-DCE.2009.08185.029:00
St s:ﬁ ez A7 120436 g 120 173438 uax?n;gg -muso Accsncy | T ] P
IMDEX STATION 1@ 4662843992 |-122.04131986 4662844 -122.04132 3 meters
AL (® 4662770 | -122.04160 3 meters
BfL R
gL R
pd L x
EfL R
Pl L(D 4662844 | -12204132 3 meters
L R
L R
wir =
nli =
R & 466290 -122.0410 3 meters
PTIN| L R
TAKEOQUT| L. R
ALL COORDENATES TO BE RECORDED IN NADSS
Position commrats mckdng 30 7040 station is af transect FO
Duechons 10 access poun
From Hwy 706 in Ashford, drive south on FR26 for 10 miles. Hike west about 0.5 miles (no trail)
M
b ):

Figure A1. TheGPS Positions Formwith example data.
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Note: Sometimes strearnave rerouted after production of the map from which the Master
coordinates were generated. In these cases havigate to the closest (most representative) point on
the stream.

Determine Site Suitability

After arrival and recording the DCE, determine tilee the site is suitable for sampling. Refer to
the SiteVerificationForm (Figures A2, and A3).

Reviewed by (Initiak
. Status and Trends Program - Site Verification Form 2009 .
Sere Nearmher Ty SMD HE MM
{W AMO600-000018-DCE-2009.0701._09;00
pesanbam o 7/ 01/ 2 0 0 SN 5Gesdne| 07 / 01/ 2000
Wares Name | Johnson Creek at Johnson Road
[Watestiody Tope|  SaltwaterBrackish ]  Rwver Snmmk Canal Duch O Wetland O Reservou Lake O Other O
Safe 1o Sample®. Q\__ If not sampled. why not?
Pesmmivica™ @ N
Sanpet® | (T) N
Wade ce Rall? Q\) R
Crew 1 (Leader) Crew Member 1 Crew Menber 3 Crew Member 4
S Nuwa | Loueme | Roberto  |Clemente | Joni | Mitchell David | Jordan Manon |Rheaume
Ospusties | Acme Sampling, Inc. Acme ﬁgfgshnq Inc Acme Sampling, Inc Acme Sampling. Inc.
Habunr
Vot o 0 0
Tidag =] 0
Other People?
Montgomery & Banldull Width Estinse nea Iidex Stabon (avg. of 5) (m) Site Leugth 20 x BFW but between 130-2000 (m)
Buffington Reach Type 12 240
Dowestream Thalweg Distance (X 1o A} {mx) Upstream Thahveg Distamce (X 10 A) (m x)
Colluvial O
120 120
Alhrvial:Brarded 0 [General Notes
Alluvial Regume 0 | The index station was located at transect FO.
Alluvial Pool-Riffle B
Alluvial:Plane Bed O
a8 Alhsvial:Step Pool O
s U Alluvial:Cascade O
a Bedrock O

Figure A2. The front side of th8ite Verification Fornwith example data.
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. 1s the site unsafe to access, or with barriers that prevent access (round trip) and sampling by wading within one day? Y ®

Is the site unsafe to access, or with barriers that prevent access (round trip) and sampling by raft within one d:n.\".‘o N

Why 15 ccessible?
Why is it maceessible” 100 noreow and shallow to raft

Provide North Arrow

2 =
A

™\ ——
U P
—."I\ ~ ) -tﬂ.
\: &O ’ e —~
Z PR o .

’/'.‘ J’ON'JSON AO/]{) .«~"'-- 7

EE STEEA S LofE

Figure A-3. The back side of thgite Verification Formwith example data.

Desktop evaluation of the site was performed earlier according to the method described

elsewhere in this protocol. Verify that conditions at the site are truly suitable for sampling during

the day of arrival. Complete the appropriate fields in the tiog ti the front side of th8ite

Verification Fom, indicating whether the site 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 artificial channel (e.g. canal or ditch)

Not perennial

Not with surface flow for more than 50% of the length.
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Record Event Information

Next, on theSite Verification Fom (Figure A2), record thenformationbelow about the data
collection event

Crew

Record the names of those who are in the crew. Also note the organization that each staff
represents. The crew lead will be recorded in column 1. Staff sampling roles can be recorded
later, after the day is done, by using the check boxes provided on the form.

Site
Bankfull Stage

Near the Index Station (X), visually estimate the bankfull stage. This is best done after
considerable training. There are at least three godmhersairces of training materials for
identifying bankfull stage:

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

2. http://www.dnr.wa.gv/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.Hiinelopold et al, 1995)

Bankfull stage height isota value that gets recorded on 8i&e Verification Brm. The crew
merely uses their visual estimate to help understand where to measkfalwidth.

Bankfull Width

Using the estimated bankfull level, measure the 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 downsgam from X

2 bankfull widths downstream from X

arwnE

Record the average (nearest meter) of these 5 bankfull width measurementSitan the
Verification Form(Figure A2). Width measurements can be made using eithema tape, a
measuring rod, or (if the chael is wide) with a laser rangefinder.

Site Length
Sites must be no shorter than 150 m and no longer than 2000 m. Multiply the average bankfull

width times 20. This value (whole meters) is the site length for a path that follows the main flow
of the river. However, for any site with bankfull width less than 8 meters, the site length will be
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extended to 150 m; for any site with bankfull width over 100 m, reduce the length to 2000 m.
Record the site length on t&éte Verification Forn{Figure A2).

Sanpling methods for waded streams are restricted to sites that are less than 25 meters wide (less
than 500 m long). Larger sites can be waded if shallow, but will be sampled using raft protocols
This rule will allow sampling on large streams to be accoin@tisvithin a single work day.

Relative position of the Index Station (X) within the site

The index station (X) is normally located at the middle of the site (i.e. at major transect F). On

the Site Verification Forn{Figure A2), record the distance (téstof meters) from X to the

bottom of the site (i.e., to major transect A) and the distance from X to the top of the site (i.e., to
major transect K). This distance is measured along the thalweg channel. Unless there is a reason
to adjust the position of Xhe distance will be equal to half the site length, in each direction.

The relative position of X can be adjusted for reasons such as

e to keep the top or bottom of the site in lands where permission has not been denied, or
e to keep from changing Stragnlstream order (at the 1:100,000 scale), or
e to account for barriers such as lakes.

The | ocation of the Index Stati ono-definedbgr di nat
the survey design. Although the site position can change relative tolXdodl fAisl i di ngo t |
the site must always contain X.

Bed Form

Assess the site for its predominant reach type according to Montgomery and Buffington (1993,
1997). Review the source materials-hoked in the references to help understand the
differences between bed forms. These references 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 @tadukrends program,

because we are limiting 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 whimne of the following sublassifications
can be used to describe the site.

cascade
steppool
planebed
pootriffle
regime
braided

Page251 DRAFT



Place an X in the appropriate box of @ige Verification Forn{Figure A-2) to describe the
predominant bed form ihin the site. Refer to the references (Montgomery and Buffington,
1993, 1997, 1998) and the definitions table (Tablg) Aor help. Figures At and A5 might
help.

CO - Colluvial 4

CA - Cascade

SP - Step-Pool

PR - Pool-Riffle

R- Regime Response

Watershed

Qutlet

Figure A4. Idealized positions (aerial view) of bed form types within a watershedifiltb
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 Buffington (1993)).
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Layout the Reach

There are 3 types of transects thdiraethe stream site (Table-2): thalweg transects, major
transects and minor transects.

Thalweg Transects

Conceptually divide the stream site length using 101 transects which are perpendicular to the
thalweg. These are called Thalweg Transects. Theyraat regular intervals (0.2 bankfull

widths). Thalweg transects, except for those that are also major transects (see below), do not
need to be marked. Thalweg transects are useful in concept for describing relative positions
within the site.

Major tran sects

Use orange flagging and a permanent marker to mark each of the 11 equidiggtaritansects.
The lowest igransect A, the highest isransect K0. Measure the distance between transects
using either a 50n tape or a measuring rod, by followirgetthalweg of the stream. The
distance between flags should be I7o0the site length or (or 2 times the estimated bankfull
width at the index station).

Minor Transects
Ten minor transects occur rmiday between the 11 major transects (Tabi2)Ahedistance

between major and minor transects is"tie site length (or 1 bankfull width). Minor transects
dondt need to be marked.
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Table A2. The relative position of all transects on a stream site.

Distance from

Bottom .
Station Thalweg Transect| Major Transect Minor Transect | (Bankfull Widths)

AO Yes Yes 0

Al Yes 0.2
A2 Yes 0.4
A3 Yes 0.6
A4 Yes 0.8
A5 Yes Yes 1

A6 Yes 1.2
A7 Yes 14
A8 Yes 1.6
A9 Yes 1.8
BO Yes Yes 2

Bl Yes 2.2
B2 Yes 2.4
B3 Yes 2.6
B4 Yes 2.8
B5 Yes Yes 3

B6 Yes 3.2
B7 Yes 3.4
B8 Yes 3.6
B9 Yes 3.8
Co Yes Yes 4

C1 Yes 4.2
C2 Yes 4.4
C3 Yes 4.6
C4 Yes 4.8
C5 Yes Yes 5

C6 Yes 5.2
C7 Yes 54
Cs8 Yes 5.6
C9 Yes 5.8
DO Yes Yes 6

D1 Yes 6.2
D2 Yes 6.4
D3 Yes 6.6
D4 Yes 6.8
D5 Yes Yes 7

D6 Yes 7.2
D7 Yes 7.4
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D8 Yes 7.6
D9 Yes 7.8
EO Yes Yes 8
El Yes 8.2
E2 Yes 8.4
E3 Yes 8.6
E4 Yes 8.8
ES Yes Yes 9
E6 Yes 9.2
E7 Yes 9.4
E8 Yes 9.6
EQ9 Yes 9.8
FO Yes Yes 10
F1 Yes 10.2
F2 Yes 10.4
F3 Yes 10.6
F4 Yes 10.8
F5 Yes Yes 11
F6 Yes 11.2
F7 Yes 11.4
F8 Yes 11.6
F9 Yes 11.8
GO Yes Yes 12
Gl Yes 12.2
G2 Yes 12.4
G3 Yes 12.6
G4 Yes 12.8
G5 Yes Yes 13
G6 Yes 13.2
G7 Yes 13.4
G8 Yes 13.6
G9 Yes 13.8
HO Yes Yes 14
H1 Yes 14.2
H2 Yes 14.4
H3 Yes 14.6
H4 Yes 14.8
H5 Yes Yes 15
H6 Yes 15.2
H7 Yes 154
H8 Yes 15.6
H9 Yes 15.8
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10 Yes Yes 16

11 Yes 16.2
12 Yes 16.4
13 Yes 16.6
14 Yes 16.8
15 Yes Yes 17

16 Yes 17.2
17 Yes 17.4
18 Yes 17.6
19 Yes 17.8
JO Yes Yes 18

J1 Yes 18.2
J2 Yes 18.4
J3 Yes 18.6
J4 Yes 18.8
J5 Yes Yes 19

J6 Yes 19.2
J7 Yes 19.4
J8 Yes 19.6
J9 Yes 19.8
KO Yes Yes 20

* For very small or very large sitewith length of 150 m or 2000 nthe transect spacing is
1/100tle of thesite length, and might not 82 bankfull widths.

Record Coordinates

Refer toGPS Positions FornfFigure A1). Record the GPSneasured codinates at the bottom

of the site (transect A0), and at the top of the site (transect KO). Note the bank at which the GPS
was used and the accuracy of the measurements. You might also record coordinates for other
major transects too, but this is not reqdifor the waded streams.
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Appendix B

Quality Control for In Situ Meters

Purpose and Scope
This method explains how to verify thatsitu meters used for thetatus and Trends Program
are working properly. Instruments included on the procedure include probes for measuring

temperature, pH, conductivity, and dissolved oxygen (Minisonde Multiprobes) It also includes
the instrument used for measuring water vejo@larshMcBirney FloMate2000).

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

Table B1. Definitions.

Term or Definition

Accronym

DCE Data Collection EventData are indexed using this code which include
the SITE_ID, he 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 accuracy of an instrument.

QCCs A quality control standarduitable 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 buffer solution (NIST pH buffér869. It has a
theoreti@l pH value of pH 6.98andcalculatedconductivity value of 753
e M'tat 2 Bhe gtatk solution should be kept refrigerated, but th
1:100 dilution should have no detectable change in pH or conductivity
at least 15 months when stored in polyethylene containers between

10-40°C.
Sonde The cylindrical poribn of the Hydrolab. It contains the sensors.
Surveyor The control and display portion of the Hydrolab.
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Personnel Responsibilities

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

Equipment, Reagents, Supplies

e No. 2 pencil

e Calibration Form

e Flow Meter

e Flow Meter batteries

e Wading rod

e Flow Meter Manual (MarsiMcBirney, 1990)

e Five-gallon bucket (for flow meter zeradjust)

e Hydrolalh components, maintenance kit (Swanson, 2007)
e Hydrolab Manuals (Hach 1999, Hach 2006a, Hach 2006b)
e QCCS (Metcalf and Peck 1993)

e pH 7 buffer (7.00) e.g. VWR- 23197996

e pH 4 buffer (4.01) e.g. VWR- 23197-998

e pH 10 buffer(10.01)i e.g. VWR- 23197994

e pH 7standard6.97)7 e.g. Therm&00702

e pH 4 standard (4.10G)e.g. Thermo 702

e pH 9standard9.15)7 e.g. Thermo 7002

e Conductivity be.caVWRa3228580100 ¢ S)
e Conductivity SitegnVk23826603, 000 € S)
e Conductivity Standard (alternate as available)

e De-ionized water (DI)

e Tap Water

e Lab tissues (e.g. KimWipes®)

e Barometer

e Winkler sampling supplies (sMathieu2007)
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Summary of Procedure
Calibrate (Conductivity, pH, Dissolved Oxygen, and Velocity)

Use theCalibration Form(Figure B 1) to record calibrations and quality control checks.

Each day calibrate conductivity (COND), pH, dissolved oxygen)(Bnd velocity.

The DO should be calibrated-gite or near the site, to match local barometric pressure of
calibration and sampling. The pH and conductivity calibration standards should be chosen to
bracket expected values. For example, most wadsetabkms west of the Cascades or in
moderate to high elevations will need to be calibrated with pH 7 and pH 4 standards, they will
need to be calibrated with 0 and 100 uS conductivity standard. Many larger streams and rivers
will need to be calibrated withH 7 and ph 10 standards. Some rivers might need to be
calibrated with 0 and > 100 uS conductivity standards.

The order of calibration is normally

1) COND (Hydrolab),

2) pH (Hydrolab),

3) DO (Hydrolab), then

4) Velocity (zereadjust the flow meter).

Before calibating, make sure that a pesimpling QC check measurement has been made to
verify the quality of sampling at the previously sampled site. QC checking is discussed in detalil
later in this document.
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S

Person Calibrating Hydrolab

Calibration Form pro

Comments

Hydrolab Sonde serial number

Hydrolab Sonde Battery Voltage

Hydrolad Surveyor serial number

Hydrolab Surveyor Battery Voltage

How Meter serial number

Standard Used Check one

100 1000

Cond. (before adjusting)
Cand, {after adjusting)

pSfomat 25°C

pSfemat25°C|

Standard's Temperataure | 'C)

C

QCCS Cond. (pre-field) units
QCCS temperature (pre-fleld) '
QCCs (pre-field) 65.3 to 85.3 uS/cm 1 25°C ? Yes D No No means "failed" - racalibrate
QCCS Cond., (post-field) units
QCCS temperature (post-field) C
QCCs date (post-field) mmy/dd/yyyy
QCCs (post-field) 65.3 10853 us/omat25°c? | ves | | no No means “failed” - qualify data
QCCS batch check pS/fom at 25°C ) o -
QCCS batch check =
QCCS batch chack mm/dd/yyyy
Standards Used: 6.95 and (Check one) 410 5.15
7 ang {Check one) a4 10
pH 6.95 o pH 7 temperature il B -
pH 6.95 or pH 7 value - before ad|usting units
pH6.95 or pH 7 value - after adjusting JUnits
Temp. of 2nd pH standard after adjusting C
pH of 2nd standard pH - before adjusting units
pH of 2nd standard pH - after adjusting units
Calibration Slope %
Calioration Slope >30% (for dilute standards) | Yes No No means “falled" - recalibrate
Callbration Slope > % [for buffer standards) | Yes No No means "failed"” - racalibrate
QCCS pH (pee-field) units
QCCS temperature (pre-field) 'C
QCCS -(pre-field) 6,78 10 7.18 2 ves [ | no No means "failed"” - recalibrata
QCCS pH {post-fiaid) units
QCCS temperature (post-field) C
Qccs date (post-field) : _Lmm/dd/yyyy
QCCs pc:l;.)s to7.18? Yes D No R No means "failed" - qualify data
QCCS batch chack units
QCCS batch check C
QCCS batch check mm/dd/y
I'\r.rj.locphenr Pressure mm HG
Altituce ft
Calibration Temperataure C
Aeading-DO mg/L
Reading-Percent Saturation %
QCC-Winkler reading Amg/L

QCC-person titrating

QCC-Winkler within 0.4 mg/L of Hydrolad

Temperature Calibration chack

No means "failed" - quality data

ice bath - Hydrolab £
ie bath - NIST Thermome: C
'rﬁ;hah ‘r‘h‘iasum;'\‘lmrl‘ l-;C 7VZ;.D ‘No. N No means "failed" - qualify data
Warm bath - Hydrolab C
Warm bath - NIST Thermometer e

Warm bath - measures within 1°C

No means "failed"” - qualify data

Person chetking

Velocity Zero-adjust

At zero in bucket?

Adjustment necessary?

no | |

Person chedking flow meter

Figure B1. TheCalibration Form.
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Clean theHydrolab $ndeand the Flow Meter Sensor
Refer to Swanson (2007) section 6.3 and to MadsBirney 1990.
Rinse Hydrolab Sonde between each operation

Rinse three times with tap water, three times with deionized water, then three timegwith th
solution to be used for calibrating or testing.

Calibrate conductivity to bracket expected field conductivity

1. Dry the conductivity probe with a lab tissue (e.g. KimWipe®).

2. Using the Surveyor, enter 0 into SpCond, to dry calibrate to 0

3. Fill the calibraton cup to within a centimeter of the top of the calibration cup with dilute
standard (eithet 00 € S @038) 1ls d®O0tOhat the probes are co

4. Make sure there are no bubbles in the cell, wait 2 minutes.

5. Using the Surveyor, enter the appropriate value for the standard into SpCond.

Calibrate pHto bracket expected field pH

1. Pour the pH 7 buffeinto the calibration cup to cover the sensor and reference electrode.
Enter the theoretical pH value units the Surveyor. Theoretical values are based on
temperature of the standard and are listed in Tatile B

2. Rinse and repeat step 1, using either the@HBuffer (when sampling in basic waters) or
pH 4 buffer (when sampling in acidic waters).

3. On the calibration form, record the temperature and theoretical pH values that were used
to calibrate. Also record adjustments that were needed to calibrateddHhbesetical
values.

4. On the calibration form, record the percent slope of the calibration (displayed on the
Surveyor). Be sure this percent slope matches the criteria described on the form.
Otherwise, recalibrate.
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Table B2. Theoretical pH values by tgmrature for each pH standard buffer.

Temp ( 42 7° 10°
4 7.09 10.26
5 7.08 10.25
6 7.08 10.23
7 7.07 10.22
8 7.07 10.21
9 7.06 10.20
10 7.06 10.18
11 7.05 10.17
12 7.05 10.16
13 7.04 10.14
14 7.04 10.13
15 7.03 10.12
16 7.03 10.11
17 7.02 10.10
18 7.02 10.09
19 7.02 10.08
20 7.01 10.06
21 7.01 10.05
22 7.01 10.04
23 7.00 10.03
24 7.00 10.02
25 7.00 10.01
26 6.99 10.00
27 6.99 9.99
28 6.99 9.98
29 6.99 9.98
30 6.98 9.97

Buffers:® Thermo 7.00° Thermo 4.01° Thermo 10.01
From:www.thermo.com/com/cda/resources/resources detail/1,2 187 18 .html
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Calibrate DOusing watersaturated air

l nvert ca

ogrwNE

Click ncCa

DO calibration notes:

l i bration cu@ups cap and

|l i brateo. A

Wait 5 minutes, making sure that temperature stabilizes.
Determine local barometric pressure (mm Hg) and enter this value into the Surveyor.

AfCali brate

Fill the calibration cup with about 1/2 inch of DI; it should be below the sensor cap.
Use Kimwipes to dry any droplets from the sensor cap.

gently re

Successful

1) To retain calibrabn accuracy between measurements, store with the sensor immersed in
water or within a watesaturated air environment such as a sealed storage cup with at

least 10 ml of water.

2) Itis important to have the wateaturated air and the sensor at the samedeatye.
Therefore, store a jar of DI in the same environment as the sonde, and calibrate in a

similar air temperature as the water and sonde.

3) Stay out of direct sun or wind.
4) Refer to Table B3 if necessary.

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| 0.001333224 1 0.03937008
0.03342105 0.03386388 25.4 1

Zero-Adjust the Flow Meter

Zero the flow meter prior to each use. Refer to MadisiBirney 1990 (page8-9).
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Quality Control
Daily Checks

Check pH and conductivity at the start and end of each DCE by measuring the QCCS. Record
the temperature of the QCCS too. Hteshould measure betwees.78and 718 pH units.
Conductivity should measure between 653 and 85 . 3 .ReSdlixamifthe pre25 e C
sampling check fails these criteria. Data from the DCE should be qualified if thegmogling

check fails these criteria. Record measurements oGdhleration Form

Monthly Checks

Once monthly, chdcthe accuracy of the DO sensor on the Hydrolab. Collect a Winkler sample
at the same location and time adrasituDO reading. Winkler samples are collected and
analyzed according to Mathieu (2007).

Twiceseasonal checks

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

Calibrate first with the regular buffers as for the dailjlrations (e.qg. 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 difference in QCCS measures between calibrations. Repeat for the
high-pH calibrations (7 ad 10; 6.97 and 9.15). Theoretical values by temperature for the dilute
pH standards are found in Table4B

The Hydrolabdés thermistor is factory calibrat
season by comparing with an NI$eceable thermomee r . Ver i fy that it mea
the ther mometer. Do this in an ice water bath

temperature data if the measures fall outside this range.
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Table B4. Theoretical values by tempared for the dilute pH standards

Temp ( 42 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

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

In Situ Measurements
iIn Wadeable Streams

Purpose and Scope

This method explains how to collantsitu measures of temperature, dissolved oxygen, pH and
conductivity at wadeable streams for the Status and Trends Program using@obeltfe.g.
Hydrolab Minsonde).

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

Definitions
Definitions of acronyms and other terms are found in Table C

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 location mapped by the site coordinates. It is sometimes ca
AXO0. This i s nor reeJatioyofthetreamtsie.d a

NIST National Institute of Standards and Technology

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

value to estimate the accuracy of an instrument.

thalweg transect | There are 101 equally spaced thalweg transieiding the length of the
stream site. They are labeled AO, Al, A2,A3, A4, A5, A6, A7, A8, A9,
BO,é. KO. Transect A0 is at the
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Personnel Responsibilities

This method is performed by 1 or more persons. This methapplied 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 Form

e Hydrolalh components, maintenamg&it (Swanson, 2007)

e Hydrolab Manuals (Hach 1999, Hach 2006a, Hach 2006b)

Summary of Procedure

Calibrate the instrument befosampling according to calibration methods discussed elsewhere
in this protocol. Check the instrument after calibration, lefibteandafter sampling, according
to those same methods. Measure the stream twice.

Verify Quality Control
Prior to sampling

Ensure that the calibrations and that QC checks have been performed according to methods
described elsewhere in this protacol Ci r cl e fAiYesO0 on the top secti
Sampling Form (Figure @) for each sensor that checked out. Proceed with measurements using
sensors that are within criteria.

After sampling

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

Measure

Measure pH, water temperature, dissolved oxygen, oxygen percent saturation, and specific
conductivity twice during ®CE, once at the start and once at the eRécord timegmilitary)

and locationthalweg transect)Both sets of in situmeasurements shouldually be madaear

the middle elevation of the site, on the main chariMehsurements shouldwaysbe 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 sensors so that they are just below the surface of the
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water, and completely immersed. Avoid any turbulence. Make sure that readings are stable. On

the Chemistry and Sampling Form (figurdlEre cor d t emper at ure (e C, ne
unit, nearest hundredth), specific conducti vi
(mg/L, nearest tenth), and oxygen percent saturation (nearest tenth).

Figure G1. The Chemistry and SampgrForm, with examples o situ data record
highlighted
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