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1.0 Background
1.1

Abstract

We propose to study the effectiveness of current land use regulations at protecting aquatic
environments in developing rural areas. Regulatory implementation and corresponding changes
in land cover, hydrology, water quality, channel complexity, and biology will be tracked and
compared among six transitioning rural treatment and three reference catchments. Findings will
be applicable to much of lowland Puget Sound and directly address high priority USEPA, Puget
Sound Partnership, King County, and Watershed Salmon Recovery Plan objectives. Outputs
include recommendations on regulatory implementation and compliance, and information on
biophysical, hydrological, and water quality responses to implementation of new set of land use
regulations. Outcomes include:(1) A natural-experiment for assessing a suite of land use
regulations through time; (2) Locally-derived empirical measures of effectiveness at multiple
scales; (3) A model framework for assessing regulatory effectiveness elsewhere; (4) Inputs for
King County’s performance measures; and (5) Partnerships and training opportunities with our
collaborators and other local governments.

1.2

Project Need

Conservation Issues: By enacting some of the nation’s most protective environmental
regulations, King County has created the opportunity to examine whether development and
diverse, productive aquatic ecosystems can co-exist. This proposal addresses the fundamental,
controversial, and unanswered question: “Do land use regulations protect beneficial uses,
including aquatic critical areas and associated biological resources?” In 2005, King County
updated its land use regulations as required by Washington’s Growth Management Act (GMA)
to protect critical areas. In doing so, it enacted major changes. Commonly referred to as the
Critical Areas Ordinance (CAO), King County’s land use regulations actually comprise three
major ordinances – Critical Areas, Clearing and Grading, and Stormwater – which work in
combination with restoration, protection and stewardship efforts to protect the environment from
potential adverse effects of land use changes. The regulations relied heavily on a synthesis of
best available science (BAS see http://www.metrokc.gov/ddes/cao/), including scientific results
derived from local studies. Regardless, public and legal debate continues and uncertainty
persists as to whether the new regulations are necessary or sufficient to protect aquatic resources
and beneficial uses.
Priority, relevance, and threats: Puget Sound faces a major challenge in integrating population
growth, land development, and environmental protection. This study is intended to provide tools
and information necessary for assessing and integrating these competing objectives. In King
County and in counties with similar development patterns, development-induced changes in land
cover have affected stream and wetland hydrology, water quality, and the dynamics of sediment,
riparian vegetation, and wood. Species distributions, richness and productivity, and a host of
beneficial uses including fishing, wildlife, swimming, and drinking water have been affected.
Significant efforts have been underway for years to repair the damage caused by poorly managed
development. Most recently, the Puget Sound Salmon Recovery Plans and the newly minted
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Puget Sound Partnership have assumed the task of addressing these issues throughout Puget
Sound.
In King County, “Smartgrowth” policies are having a coalescing effect on growth. For the first
time in decades, a greater proportion of growth occurred within the County’s urban areas than
occurred outside them. However, despite the emphasis on concentrating growth in existing
urban areas, much capacity for growth still exists in rural lands where environmental conditions
are still relatively high but also sensitive and vulnerable to harm. Puget Sound lowland streams
that remain undeveloped contribute substantially to the region’s overall biological productivity
and biodiversity. Development represents the single most important and controllable factor that
could degrade ecological conditions in remaining undeveloped areas.

1.3

Description of the Study Area

High-value, critical or significant natural resources: The four major watersheds of this study
occupy the central eastern portion of the Puget Sound Watershed. Puget Sound is a rare, fjordlike estuary; one of 28 Estuaries of National Significance in the United States and only one of six
on the west coast. The Puget Sound has become the subject of three conservation plans in recent
years due to imperiled biological resources within its boundaries: Chinook salmon recovery
plans; an Orca (killer whale) recovery plan; and a Bull Trout recovery plan. Most recently, a
newly formed state agency, the Puget Sound Partnership, has taken on the task of coordinating
overall Puget Sound recovery, including salmon recovery, Orca recovery, water quality and
habitat recovery. Numerous diverse and biologically productive aquatic habitats exist in the
subject watersheds and catchments in this study. These habitats directly or indirectly support
commercially and ecologically important salmonid populations, including Puget Sound Chinook
salmon, coastal bull trout, and steelhead trout, all of which are currently listed as threatened
under the federal Endangered Species Act (ESA). Other salmonid species include coho,
sockeye, chum, and pink salmon and rainbow (non-anadromous) and anadromous and resident
cutthroat trout. Lake Washington’s sockeye population is the largest outside of British Columbia
and Alaska and, when open to fishing, provides the State’s most valuable sport fishery. King
County’s aquatic systems also support considerable non-fish biodiversity and support a wide
range of beneficial aquatic uses including swimming, boating, fishing, and domestic water
supply.
Physical, chemical and biological characteristics: The proposed study area covers the
developing western portion of King County, an area of common geologic history, flora and
fauna, and human uses. Watersheds contain lowland, small (1st to 3rd order) catchments with
alluvial stream channels networks originating on low-gradient upland plateaus, dropping across
steep side-slopes to low-gradient base levels set by a major river, lake, or the Sound. Upland and
riparian forests consist of second-growth conifers, mainly Douglas fir, western hemlock, and
western red cedar and, to a lesser extent, deciduous trees, mainly big leaf and vine maples, red
alder and black cottonwoods. Hydrology is rain-dominated, with naturally flashy flows during
winter and low to intermittent flows during summer. Aquatic productivity is limited by low
nutrient availability and by light, during winter.
Environmental threats or problems: Most watersheds in King County are facing development
pressures related to rapid growth in the human population of Puget Sound. King County is
King County
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known for its intensity of urban development, including the region’s largest cities and
metropolitan areas. Apart from these areas, land development in the majority (66% in 2004,
excluding wilderness areas) of the County is subject to King County land use regulations and is
still covered by forests and dominated by rural and forest resource use. Further, despite
extensive impacts from early (mid-1800s to mid-1900s) logging, land development and
agricultural activities, ecological conditions and processes outside Urban Growth Boundaries are
still rated as being in moderate to high ecological condition (see
http://www.metrokc.gov/ddes/cao/PDFs/mapKC-BasinShorelnCond-15051AttachA.pdf and
King County 2007 1). However, many rural areas in King County are actively transitioning from
forest cover to a mix of forest and developed land cover. Further, it is in these developing rural
areas where valuable aquatic resources exist and where protection of relatively intact aquatic
habitats and the processes that sustain them is still feasible. Thus, we consider developing rural
areas and the natural resources and beneficial uses they provide to be at highest risk from land
development pressures, creating the need to ensure land use regulations are effective.
Existing watershed plans and planning efforts: Fifteen watershed-based (WRIA - Water
Resource Inventory Areas) salmon recovery plans are in place and being implemented
throughout Puget Sound—four of them within the study area of King County. The Puget Sound
Partnership is developing plans and activities to further protect and restore Puget Sound (i.e.,
beyond salmon recovery needs). Both plans and activities consider major resources at risk,
causes for decline (of which land use impacts are a major factor) and numerous programmatic,
capital, and regulatory recommendations. Determining the effectiveness of land use regulation is
a common and urgent need in all these efforts. This is especially true for salmon recovery in
Puget Sound. The Puget Sound Salmon Recovery Plan (PSSRP) has recognized that the success
and sufficiency of habitat protection through policy and regulation is largely unknown (Shared
Strategy Development Committee 20072). In the early reports of the Puget Sound Partnership,
the success of land use management through regulation is an important but unknown factor in the
recovery of Puget Sound habitats and species (http://www.psp.wa.gov/actionagenda1.html).

1 King County. 2007. King County biodiversity report. King County Water and Land Resources Division,
Department of Natural Resources and Parks. Prepared for International Council for Local Environmental
Initiatives (ICLEI), Biodiversity Initiative. 102 pp
2 Shared Strategy Development Committee. 2007. Puget Sound Salmon Recovery Plan. Vol (1). Pp 350-466.
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2.0 Purpose, Goals and Objectives
The purpose of this study is to develop an approach for effectiveness monitoring and apply that
approach to evaluate the effectiveness of current land use regulations to inform the 2012 Growth
Management Act (GMA) regulatory review. Our goals are to establish and implement a
framework for quantifying environmental responses to development implemented under new
(2005) land use regulations and identify where the regulations may be ineffective and need to be
changed. Specific objectives are to: (1) Track regulatory implementation and degree of
compliance in parcels developed under new regulations; (2) Quantify environmental change in
catchments as development proceeds; (3) Determine empirical response relationships;
(4) Provide findings to King County Council; and (5) Disseminate framework and results to
other appropriate audiences, including other Puget Sound counties. Our working hypothesis is:
“If regulations are not effective, then indicators of hydrology, water quality, biology, and stream
complexity in treatment sites will respond to land use following the new regulations.” Response
will be tracked relative to reference sites and to estimates of the amount of potential cumulative
impact (PCI) of all known actions in a given catchment.
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3.0 Organization and Schedule
3.1

Project Staff list and roles

The project involves staff from King County Departments of Natural Resources and Parks
(DNRP, including the King County Environmental Lab, KCEL) and Development and
Environmental Services (DDES) in collaboration with the University of Washington’s Urban
Ecology Lab (UEL), the US Geological Survey (USGS) and the Washington State Veteran’s
Conservation Corps (VCC). Detailed roles and responsibilities are:
Core Project Team:
Gino Lucchetti - DNRP - Project Manager - responsible for: (1) supervising project
implementation; (2) coordinating and tracking work, budgets and personnel; and (3) preparing
and presenting presentations and written reports.
Dr. Joshua Latterell – DNRP – Core Team Member – Lead team member for developing and
implementing analytical procedures and assist project manager as directed in all facets of project
implementation
Raymond Timm – DNRP – Core Team Member - Lead team member for developing and
implementing project database and assist project manager as directed in all facets of project
implementation
Robert Fuerstenberg DNRP – Core Team Member – Co-Lead team member in field sampling
and assist Project manager as directed in all facets of project implementation
Dr. Klaus O. Richter DNRP – Core Team Member – Co-Lead team member in field sampling
and assist Project manager as directed in all facets of project implementation
Extended Project Team:
Betsey MacWhinney – DDES – Provide assistance in obtaining, reviewing, and rating permits
and DDES-related activities relevant to project goals.
Paul McCombs – DDES – GIS Specialist - Provide GIS analysis and database support
Daniel Smith – DNRP – Provide database management support
Daniel T. Smith and Brendan Grant – DNRP – Install and maintain streamflow gaging
equipment and provide flow data
David Funke – DNRP – Supervise and assist stream gaging staff and review and approve final
streamflow data product.
King County Environmental Laboratory (KCEL) – Maintain and deploy YSI sondes for monthlong conductivity measurements, verify and report conductivity data, and calibrate hand-held
YSI conductivity and temperature meters. Provide, follow and modify all associated SOPs.
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Cooperators:
Dr. Marina Alberti – University of Washington Urban Ecology Laboratory – Dr. Alberti will
provide technical review and comment and in 2009 commence a Master’s level research project
to help better understand the role of small scale (e.g., parcel) actions in driving variability of
watershed-scale response variables. The student’s work will be funded for two years by the
project and is expected to be completed by spring of 2012.
Dr. Christian Torgersen – U.S. Geological Survey – Dr. Torgersen, will provide technical review
and comment on project design, data analysis and technical reports. Project Manager and
relevant staff will meet quarterly, at minimum, with Dr. Torgersen, to review project activities
and status and obtain technical feedback.
The Veteran’s Conservation Corp (VCC): The VCC provides education and hands-on training to
prepare veterans for employment in environment fields. It has committed participants to assist in
field work (collecting samples, conducting surveys) and, as available skills permit, providing
support for GIS and database work. In exchange, VCC members will receive training and handson experience in sampling and survey protocols and learn about environmental issues, thus
increasing their potential for future employment. Any sample collection to measurements by
VCC participants will be under supervision of a core project team member.

3.2

Major Activities and Timelines

Table 1 outlines the major project activities and timelines. Of the response variables to be
measured, streamflow is expected to continue the longest, probably until fall rains start in 2012,
in order to provide as much information as possible for making conclusions. Given that this is
close to the project end date, data management and analysis procedures will be established such
that new data can be incorporated into databases and analyzed quickly. To further help facilitate
a fast turn-around of data and analysis, a preliminary analysis will be conducted in summer 2012,
recognizing an incomplete data set and possible change in conclusions when remainder of the
final year’s data are incorporated into the project database and the analysis is updated
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Table 1. Major Activities and timeline.
Table 1, continued
Activities
Dates

Year
08

Finalize site
selection
Establish
database and
analytical
procedures
Measure
hydrology

10

All year

Assess benthic
invertebrates

August to
midSeptember or
late spring if
summer
flows are
insufficient
September/
October

Annual

Estimate
Potential
Cumulative
Impact (PCI)

Annual

Summarize/

Annually

11

12
Final study site list,
permissions obtained
Draft database and data
analysis plan completed.
Alberti and Torgerson review
and comment.
Annual and seasonal flow
regimes quantified, data to
estimate flashiness collected,
basin boundaries field-verified
Conductivity quantified with
YSI sondes deployed by
KCEL in October for monthlong continuous record and
rest of year semi-monthly spot
checks made by project core
team members using handheld conductivity meters
calibrated by KCEL (Note:
temperature will be measured
simultaneously)
Benthic invertebrate samples
collected annually, samples
analyzed for taxonomic
diversity, presence of pollution
tolerant and intolerant species,
B-IBI or similar diversity
scores estimated.
Solute experiments conducted
and quantified. VCC members
assist as needed and available.

October December

October
(continuous)
and semimonthly rest
of year

King County

09

July

Measure water
quality

Measure index
of stream
channel
hydraulic
complexity
Rate and Track
permits

Milestones

Permits counted and scored for
potential effect, compliance
estimated in coordination w/
DDES staff
Potential Impact ratings
created and measured for all
observed development
activity. Coordinate w/ DDES
staff.
Hydrology, water quality,
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Table 1, continued
Activities
Dates

Year
08

Milestones
09

10

Semi-Annual
December
reporting
and June
General outreach Annually

Technical
Outreach

Annually

Submit Data to
Water Quality
Exchange
(WQX)
Final Reporting

NovemberDecember

King County

11

12
biology, channel complexity
data analyzed
Semi-annual report submitted

Analyze findings

Press release, web site
finished, presentations made to
tribes, citizens, agencies
Attend EPA conferences and
other technical gatherings as
appropriate
Data entered into WQX

November to
December

Final report and manuscripts
submitted, Executive and
Council briefed
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4.0 Quality Objectives
There are two types of quality objectives that need to be identified: Measurement Quality
Objectives (MQOs) and Data Quality Objectives (DQOs). MQOs are “‘acceptance criteria’ for
the quality attributes measured by project data quality indicators. They are quantitative measures
of performance…” (USEPA, 2002). MQOs are the targets for precision, bias, and sensitivity
against which QC results are compared. Precision is assessed from the results of replicate
analyses of samples and standards. Bias is assessed from blanks and check standards and
compared to their expected values. Sensitivity is related to the detection and reporting limits for
the measurement method used. DQOs are needed in projects where the results are compared to a
standard or used to select between two alternative conditions.
Although used to assess effectiveness of other land use treatments, such as agriculture and
forestry, the proposed “Treatment - Control” type of experimental approach is a relatively novel
way to assess rural residential land development. Project goals rely on selecting areas with
sufficient levels of “treatment (i.e., future development under the CAO), tracking that treatment,
and using field measurements to assess watershed-scale change and determine if related to land
use activities. While each measure has procedures to assess precision and bias, there is no
reference standard to judge project results other than change from initial condition and
comparisons with measurable changes in watershed physical condition or estimates of potential
impact of known activities. Some components of bias and precision in the measurements can be
evaluated and controlled as described under Measurement Procedures and Quality Control
Procedures. The project will establish specific MQOs over time as more quality control data
have been collected to better define acceptable precision, bias, and accuracy.
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5.0 Sampling Process Design
(Experimental Design)
5.1

Sampling Design and Rationale:

We propose a comparative study (a natural, or ‘quasi’-experiment, where treatments are not
applied at random) of ecological responses to development in “treatment” and “reference”
catchments (Table 2). Our primary assumption is that, if the new land use regulations are not
effective or not effectively implemented, ecological responses to development should occur in
the treatment sites. Reference sites are used for comparison and to discriminate between
treatment effects and changes resulting from cross-category factors such as regional climate
variation.
Table 2. Study design
Category
Reference (n = 3)

Current level of development
None

Future development
None – protected watersheds

Treatment (n = 7*)

Low to moderate

Potentially extensive

* One of which will be assessed for hydrologic response only

5.2

Site Selection and Sampling Locations:

Relatively small catchments (large 1st to small 3rd order, ranging from about 200 to 3,300
acres) were chosen for their tractability and because prior studies demonstrate the suggested
indicators are sensitive to development and to restoration actions at that scale.
Treatment and reference catchments have been identified in an unbiased but nonrandom manner
(Figure 1).
Treatment catchments are those identified as having high potential for new development.
Development potential is evaluated by quantifying the number and area of parcels with no
known permits since 1989 and where the value of improvements to the property (“improved
value”) is ≤ 20% of the total value. This information identifies catchments with the greatest
amount of undeveloped parcels and where existing development was of relatively low value and
potentially subject to additional or re-development. Thus, while we cannot predict when
development will happen or cause it to happen simultaneously with this project so as to assign
treatment levels, we are confident that the study catchments exhibit a high potential for new
development to create detectable impacts if in fact regulations are not working.
Reference sites are protected, municipal watersheds with no development and only minimal
management activity or low level passive recreation. We assume that treatment sites have
relatively similar hydrologic sensitivity to alteration by development, based on their common
underlying postglacial geology. Additional catchment selection criteria were accessibility and
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suitability for sampling and gaging and no or very low amounts of non-King County jurisdiction.
Table 3 summarizes environmental and development characteristics of selected catchments.

Figure 1. Study catchments for regulatory effectiveness monitoring
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Table 3. Characteristics of Treatment and Reference catchments (see Figure X. for map of study catchments)
Table 3, continued
Stream Catchment
(General Location
WRIA#)
Weiss
(Lower Snoqualmie
7)

Cherry Creek
Tributary
(Lower Snoqualmie
7)

Table
continued
Ames 3- catchment

Type
T=
Treat
R=
Ref
T

Area
(acres)

Elevation
Range (R,
ft) Slope
(S, %)
Aspect (A)
R = 150 to
600
S = ~ 3.5
A=S

Primary
Surficial
Geology

Primary Soils

Precipitation
(in.)/
Temperature (F)

Existing
Development
and
Land Cover

Volcanic
ash over
basal till

Tokul gravelly
loam, 6 to 15%
slopes; Tokul
gravelly loam,
15 to 30%
slopes

Rain avg:
Yr = 53
Days/yr = 186
Temp avg.:
Yr = 48
July = 75
Jan. = 33

Approximately 2-3% impervious
area. Land cover is mostly mixed
forest with scattered rural
residential development and
associated open fields

T

930

R = 200 to
500
S=~3
A=N

Volcanic
ash over
basal till

Tokul gravelly
loam, 6 to 15%
slopes;

Rain avg:
Yr = 53
Days/yr = 186
Temp avg.:
Yr = 48
July = 75
Jan. = 33

T

908

R = 100 to
550
S=~3
A = N to
NW

Basal till
with some
volcanic
ash

Alderwood
gravelly sandy
loam, 6 to 15%
slopes

Rain avg:
Yr = 53
Days/yr = 186
Temp (F) avg.:
Yr = 48
July = 75
Jan. = 33

Approximately 2-3% impervious
area. Land cover is mostly mixed
forest with scattered rural
residential development and
associated open fields. A small
portion (~10%) of this catchment
drains the eastern edge of the City
of Duvall jurisdction.
Approximately 2-3% impervious
area. Land cover is mostly mixed
forest with scattered rural
residential development and
associated open fields

R

180

R = 350 to
500
S=3
A=N

Basal till
with some
volcanic
ash

Alderwood
gravelly sandy
loam, 6 to 15%
slopes

Rain avg:
Yr = 35
Days/yr = 152
Temp avg.:

1870

between Ames Lake
and Snoqualmie
floodplain
(Lower Snoqualmie
7)
SF Seidel
(Bear Creek 8)

King County
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Table 3, continued
Stream Catchment
(General Location
WRIA#)

Type
T=
Treat
R=
Ref

Area
(acres)

Elevation
Range (R,
ft) Slope
(S, %)
Aspect (A)

Primary
Surficial
Geology

Primary Soils

Precipitation
(in.)/
Temperature (F)

Existing
Development
and
Land Cover

Yr = 51
July = 75.4
Jan. = 37
EF Seidel
(Bear Creek 8)

R

185

R = 350 to
500
S=3
A=W

Basal till
with some
volcanic
ash

Alderwood
gravelly sandy
loam, 6 to 15%
slopes

Rain avg:
Yr = 35 in
Days/yr = 152
Temp avg.:
Yr = 51
July = 75.4
Jan. = 37

undeveloped, Municipal
Watershed

Taylor
(Lower Cedar 8)

T

~ 1800

R = 400 to
650
S = ~2%
A = W to
SW

Glacial till
and
lacustrine
deposits

Alderwood
variants

Rain avg:
Yr = 57
Days/yr = 181
Temp avg.:
Yr = 49.9
July = 75
Jan. = 31.4

Approximately 2-3% impervious
area. Land cover is mostly mixed
forest with scattered rural
residential development and
associated open fields, and a
small golf course

Judd
(Vashon 9)

T

3,300

R = 0 to
440
S = ~ 2.7%
A = S to
SE

Glacial till
and
outwash

EverettAlderwood
gravelly sandy
loam, 6 to 15%
slopes

Rain avg:
Yr = 45.8 in
Days/yr = 181
Temp avg.:
Yr = 50.7
July = 75.7
Jan. = 31.3

Approximately 2-3% impervious
area. Land cover is mixed forest;
some open fields and pastureland;
low density exurban areas occur
on the western and eastern
watershed boundaries.6

Fisher
(Vashon 9)

T

1,200

R = 0 to
350

Glacial till
and

EverettAlderwood

Rain avg:
Yr = 45.8 in

Approximately 2 - 3% impervious
area. Land cover is mixed forest;
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Table 3, continued
Stream Catchment
(General Location
WRIA#)

Type
T=
Treat
R=
Ref

Area
(acres)

Elevation
Range (R,
ft) Slope
(S, %)
Aspect (A)
S = ~ 2.8
A = S to
SE

Primary
Surficial
Geology

Primary Soils

Precipitation
(in.)/
Temperature (F)

Existing
Development
and
Land Cover

outwash

gravelly sandy
loam, 6 to 15%
slopes

open fields and pastureland in the
upper basin; low density
residential in the mid- to lower
basin.6

EverettAlderwood
gravelly sandy
loam, 6 to 15%
slopes;
Alderwood and
Kitsap soils,
very steep
Tokul gravelly
loam, 15 to 30
percent slope
(38% of area);
Elwell silt
loam, 6 to 30
percent slope
(22% of area)

Days/yr = 181
Temp avg.:
Yr = 50.7
July = 75.7
Jan. = 31.3
Rain avg:
Yr = 45.8 in
Days/yr = 181
Temp avg.:
Yr = 50.7
July = 75.7
Jan. = 31.3

Tahlequah
(Vashon 9)

T

577

R = 0 to
280
S = ~ 4.4%
A=S

Glacial till
and
outwash

Webster Creek
(Lower Cedar 8)

R

~ 800

R = 1000
to 2100
S = 3.5
A = S to
SE

Volcanic
ash over
glacial and
basal till

King County

14

Rain avg:
Yr = 57
Days/yr = 181
Temp avg.:
Yr = 49.9
July = 75
Jan. = 31.4

Approximately 2 - 3% impervious
area. Land cover is mixed forest;
some low density exurban
development in the headwater
areas.

Undeveloped, Municipal
Watershed
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5.3

Variables to be measured at each sampling location

The project will measure land use and land cover throughout the study catchments and,
concomitantly, a suite of environmental “response” variables considered likely to change if the
effects of human development and land use activities are not effectively regulated. Land use
activity includes permitted and non-permitted (enforcement) actions identified as having ground
or vegetation altering potential. Land cover will be classified by surface condition, ranging from
forested (conifer, deciduous, mixed), non-forested (grass, scrub/shrub), bare soil, ice, and several
types and levels of development (agriculture, rural, urban). Response variables to be monitored
are conductivity, streamflow dynamics, solute transport, and benthic invertebrate diversity
indicators (e.g., B-IBI or similar scoring methods) serving as indicators of water quality,
hydrology, physical habitat quality, and biology, respectively. Table 4 summarizes the response
variables and their potential reaction to land use if regulations are not effective.
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Table 4. Response variables and sampling locations.

Indicators

Variable

Hydrology

Flashiness
Peak flows

Low flows

Water quality Temperature

Expected response in treatment
If
If regulations are
regulations
not effective
are effective
No change* Increase
Increase in
magnitude,
No change*
reduced duration,
altered timing
Reduced
magnitude,
No change* Increased
frequency of
intermittency
Change during
critical periods
No change*
(summer warming,
winter cooling)

Mechanisms

Sampling locations

Elevated surface runoff
Increased drainage
density
Streamflow gages near the
outlet of the catchment
Decreased infiltration and
storage

Shade loss and altered
hydrology

In close proximity to
streamflow gages

Conductivity

No change*

Elevated

Solutes in runoff from
developed land

Biology

B-IBI

No change*

Decreases

Reduced habitat quality

At reaches in close
proximity to streamflow
gages

Solute
transport

Transient storage and
travel time (tracer)

No change*
or increase†

Decreases

Reduced bedform
complexity
Channel roughness

Two reaches in each
catchment

*Relative to reference sites
†If regulations are not effective, we hypothesize that stream channel complexity will either decline if stream channel is in moderate to
high complexity or stay the same or decline slightly if current channel complexity is low.
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6.0 Sampling Procedures
6.1

Procedures for collecting samples

Except for where noted, sampling and measurement procedures will closely follow standard
methods developed and used by King County, Washington State Department of Ecology or the
USGS.

6.1.1 Conductivity
Conductivity will be measured in two ways. First, YSI 600XLM multiprobe sondes will be
deployed by King County Environmental Labs (KCEL) staff during October of each year to
obtain a continuous (15-min intervals) month-long record of conductivity (see Appendix A for
KCEL SOP). October is selected because it is a transitional time from dry to wet seasons.
Storms during that period are often the first significant rainfall for several months and follow
extensive summer clearing and ground-disturbing activities often associated with development,
resulting in potential for soil erosion and transport and increases in ions that affect specific
conductance of water. To track conductivity other times of the year, conductivity will be
measured by DNRP staff at two-week (semi-monthly) intervals through out the year using handheld YSI conductivity meters (see Appendix B for KCEL SOP).
Temperature strongly influences conductivity and will be measured simultaneously using the
same sondes or meters. Note the sondes selected for this study provide automatic, internal
temperature compensation.
Extended deployment YSI measurements will be performed consistently with the protocols
defined in KCEL Standard Operating Procedures (SOP) #208v1 YSI Multiprobe Operation.
Following calibration, each YSI sonde will be taken into the field and deployed at selected
locations for a month long period. Sondes will be secured by steel cable, locked to a permanent
structure, and placed in the thalweg at each site. The sondes will record temperature and specific
conductance at 15-minute intervals throughout deployment. After the deployment period, the
sondes will be returned to the lab for a post deployment end check and data upload.

6.1.2 Benthic Invertebrates
Benthic invertebrates will be collected annually using established methods (King County 2002 See Sections 4, 5, and 7 on Sample Collection Procedures, Laboratory Analysis and Quality
Assurance and Quality Control; ftp://dnr.metrokc.gov/dnr/library/2002/kcr1639.pdf) with some
minor deviations. As described, the procedure takes three replicate samples and then combines
them to form a single composite sample to evaluate benthic community health at the catchment
scale. Because the goal of the project described here is to evaluate benthic community health in
a discrete location, this project will deviate from the established procedure and collect three
individual replicates per site to increase statistical power. Depending on further assessment of
the study streams in 2008, another potential deviation from the established method may be
moving sample collection times from mid-summer (late August/early September) to latespring/early summer (mid-May to early June) if study streams go dry or do not have sufficient
King County
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water for sampling. King County’s established protocol for collecting benthic invertebrates
requires streams of sufficient size and flow to support benthos and associated sampling
equipment during low-flow summer periods. However, some of the study streams are relatively
small and may not have the required year-round flow. In those situations, late-spring samples
have been shown to be an acceptable alternative for characterizing benthic invertebrates (Adams
1999). Appendix D shows the field data collection form for documenting site conditions during
benthic invertebrate sampling.

6.1.3 Streamflow
We will use a SOP for continuous measurement of discharge developed by King County to meet
NPDES monitoring requirements.
(http://green.kingcounty.gov/wlr/waterres/hydrology/NPDES-SOP.doc). The methods
closely flow guidance provided by WDOE (Butkus 2005;
http://www.ecy.wa.gov/pubs/0503204.pdf ).
This SOP applies to the collection of continuous discharge data at monitoring sites on streams,
stormwater conveyance systems and BMPs. It describes equipment and site selection factors,
installation, operation, and field measurement techniques. A continuous flow monitoring station
is commonly called a stream gage or gaging station.
The NPDES municipal stormwater permit calls for permittees to develop and implement a
comprehensive long term water quality monitoring program. The monitoring program has two
elements: stormwater and receiving water monitoring, and BMP effectiveness monitoring. Both
elements require the production of continuous records of discharge in the stream channel,
stormwater conveyance system, or BMP. The equipment and methods used must enable the
collection of flow-weighted composite storm samples, base flow samples, and the production of
a time series data set of flow rate. From the flow data set flow durations and volumes can be
calculated and hydrographs produced.
Each monitoring site will have individual characteristics that require a specific configuration of
equipment and installation that best enables the collection of accurate flow data. A successful
location for continuous flow monitoring features stable hydraulics and either a convenient place
to directly measure discharge or the ability to install a primary flow measuring device such as a
flume or weir.
Continuous flow monitoring generally involves using electronic equipment to measure and
record water level in a stream or other conveyance. A programmable data logger operates a
water level sensor and records measured values at time increments. The data logger may process
the measured values and signal other devices. A relationship between the water surface
elevation and the flow rate (stage-discharge relationship) is developed using various generally
accepted techniques. The stage-discharge relationship represents the sum of the various forces
that make water move or resist movement, primarily gravity and channel friction. It is expressed
as an array or a mathematical function. Continuous streamflow is calculated by using the stagedischarge relationship to match a specific water level with a corresponding rate of flow. In
certain situations, equipment that measures water velocity as well as water level can be used to
King County
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determine flow rate. The automatically calculated flow rate may be adequate for producing flow
weighted composite samples, but post processing is usually necessary to produce an accurate
flow record and may involve using velocity as an index of flow.
The procedures and tasks involved with a stream gage are designed to accurately measure and
record water level and determine the stage-discharge relationship at the site.

6.1.4 Solute Transport
A solute (NaCl) will be deployed in select reaches of study catchments to assess changes in timeof-travel (TOT) and transient storage volumes that may result from changes in channel
roughness (vegetation, woody debris, substrates) and pool volume. When compared against a
baseline rating curve, changes in solute transport times and transient storage volumes should
reflect alterations in flow pathways. A baseline rating curve will be constructed in fall 2008 by
collecting TOT information across a range of flows as they rise in response to fall rains. Thus, in
addition to providing a baseline against which to measure change, the curve will also enable the
project to measure solute transport at any point within the curve rather than attempting to
conduct future transport studies at the exact same flow each year. Figure 2 demonstrates the
concept of a rating curve and subsequent yearly measures.
Figure 2. Example of rating curve and subsequent yearly measures for assessing change in
time of travel in solute transport

Year 1 (Baseline)
Time of travel (sec)

Year 2
Year 3

Stream flow (m3 sec-1)
To obtain solute transport measurements and estimate TOT and transient storage, the protocol
developed by USGS for the NAWQA NEET program (Bales, J., 2004, via Robert Black USGS
Tacoma) is used as a template (see Appendix C for protocol details). In summary, a mixture of
solute is prepared and placed into the water column at the upstream end of the pre-established
study reach. Study reaches will generally be 200 m, with exact length varying depending on
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location of appropriate places to add and measure solute. The concentration of solute over time
is then measured at the approximate midpoint upstream and downstream end of the study reach,
providing adjacent replicates for within reach comparison of travel times. TOT to peak
concentration and transient storage are then calculated. To calculate transient storage, the OneDimensional Transport with Inflow and Storage (OTIS) model will be used (see
http://co.water.usgs.gov/otis/documentation/primary/fs.pdf).

6.2

Procedure for tracking permits

The King County Department of Development and Environmental Services (DDES) is the
agency responsible for issuing land use permits. It maintains a computerized permit database
which for most areas, starts in 1989, although earlier records are in the database. Each permit is
tracked from the time of application to closure and is associated with a parcel identification
number (PIN) established by the King County Assessor for all legal parcels.
New permits are entered daily and associated information is available immediately. The permit
database maintains a record of 413 permit types for activities ranging from environmentally
benign land and habitat surveys, minor remodels and upgrades of electrical and heating systems
to actions that may significantly alter or disturb soils and vegetation, including major land
clearing and construction. Of the total list of permit types, seventy-six (76) have been identified
as having the potential to cause at least a small amount of environmental impact. This short list
of permit types will be the primary list used to track permitted activity, compliance, and
enforcement within each study catchment.
A range of environmental permits is also issued by the Washington State Departments of Fish
and Wildlife, Natural Resources and Ecology primarily for activities covered under the State’s
Hydraulic Code, Forest Practices Act, and Clean Water Act authority. While many activities
covered under State regulations also trigger County permits, some may not. Therefore, to the
extent available, a database of state issued permits will also be developed to identify and track
activities not otherwise covered by county permits.
All parcels wholly or partially within a catchment boundary will be identified for tracking
permits. For each catchment, a chronology of the type and magnitude (area and intensity) of
permit activity will be constructed to help understand the pre- and post-CAO history of
development, especially major land clearing and construction activities that alter aquatic areas,
vegetation or soils or create new impervious surfaces. During the later half of 2008, the permit
database will be constructed including ratings and other associated information necessary to
track and rate permit activities. Thereafter, during the course of the project, new permit activity
will be reviewed and entered on a regular (e.g., quarterly or more frequent) basis depending on
amount of activity.

6.3

Procedure for tracking changes in land cover and land use

Changes in land cover and land use will be assessed using digitized versions of
orthophotographs. Photographs are currently available for the following years: 1996, 1998, 2000,
2002, 2005, and 2007 (note: a series of 1936 photos is also available but only for a limited
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number of the study catchments). Resolution ranges from 3.0 foot pixels (nine square feet in
area) for 1995 and 1998 photos to 0.5 feet – for study catchment areas – for the 2007 photos.
New orthophotos with resolution similar to 2007 photos are planned for 2010 and 2012. Starting
with the 2000 series, and earlier if time permits, these photos will be used to create digitized land
cover and land use classifications including forest cover (conifer, deciduous and mixed, clear-cut
and re-growing), scrub/shrub, grass, pastures, tilled fields, pavement, rooftop, bare soil, and
water. Additional classes may be added as needed.
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7.0 Measurement procedures
7.1

Conductivity and Temperature Meters

KCEL, an EPA accredited lab, will follow their SOPs to calibrate all conductivity and
temperature meters used in the study.

7.2

Streamflow Gages

Gages are maintained and calibrated periodically, especially following major flow events, by
King County gaging technicians using SOPs described in Butkus (2005).

7.3

Permits

Each permitted action identified as having the potential for environmental impact (see
section 6.2) will be evaluated for extent (area), type (e.g., minor clearing to residential or
commercial use) and intensity (e.g., little or no new developed surface or conversion of native
vegetation to extensive clearing and multiple buildings) of development and rated for it’s relative
potential to cause impact, assuming the regulations are not effective. The potential impact rating
will use a relative scale (e.g., 1 to 5, low to high) to qualitatively rate the potential for a given
action to cause change based on: a) the extent, type and intensity of the action, b) the sensitivity
of the site to change, based on factors such as type and amount of vegetation and soil, slope,
presence of a mapped erosion hazard area and proximity to stream channel and c) the sensitivity
of stream channel to change based on catchment, channel and riparian characteristics.
Compliance will be assessed by examination of orthophotos and, where possible, field
verification through a site visit or, if access is not allowed, from an adjacent access point.
Attention will be paid to whether cleared, graded, and landscaped areas, buildings, roads and
other developed surfaces and associated best management practices (BMPs) are located and
sized as originally outlined in the permit.

7.4

Land Cover and Land Use

Orthophotos (see section 6.3) will be digitized using “heads-up” digitizing methodology, in
which a person visually identifies and delineates objects directly from photos onto a digitizing
pad. Orthophoto visual interpretations require consistent scale of projection and clear and
consistent application of criteria for identification of an object or patch.
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8.0 Quality Assurance and Control
Quality assurance and control will be provided by project manager oversight, project staff
training, and adherence to a combination of laboratory and field procedures.
For measurements involving KCEL-deployed meters, maintenance schedules, calibration
schedules, and deployment, instructions will be followed for all meters and sensors. A KCEL
YSI QC form will be completed for each YSI sonde deployed and will supply documentation of
YSI QC samples. This includes initial calibration, calibration check standard, and post-run
calibration check. The analyst will include the calibration and analysis date; standard lot
numbers and concentrations; and instrument readings, recovery calculations, and initials. All
maintenance and instrument work will be noted in the YSI logbooks. Each entry is to be dated
and signed. Conductivity and temperature data may be qualified if the post-run QC results
indicate the data may be biased.
For streamflow, only specially trained and qualified gaging technicians will install, maintain, and
extract data from gages. Gaging technicians will maintain and calibrate according to procedures
to provide high quality data and gaging technicians or project staff will periodically (about every
two weeks at minimum) visit the gage site to ensure proper working condition. All data are
reviewed, rated for accuracy, and approved by a County gaging supervisor before being
submitted as a final product.
For benthic invertebrates, a series of measures will be used for quality assurance and control.
First, all samplers will be trained in established sampling protocol. Second, a core project team
member will accompany and assist in all sampling to ensure consistent and common application
of protocol. Third, to reduce the chance of organisms being lost during sampling all rocks and
nets will be thoroughly examined before being discarded or stored. Fourth, three replicates per
site will be collected to understand within site variability. Finally, only recognized taxonomic
labs, which have their respective quality control procedures (see for example
http://abrinc.com/services/macroinvertebrate_subpage.htm), will be used for sample taxa ID and
census.
For solute transport measures, prior to conducting a solute transport test, core project staff will
become well-versed with equipment, procedure, and study reaches and conduct several trial runs
before formally collecting data. Core project staff will assist in establishing reaches and be
responsible for mixing and handling solutions and operating equipment. Moreover, to
understand variability and help minimize the effect of erroneous results from a single measure,
each 200 M reach will be broken into two adjacent reaches of roughly equal distance.
For assessing and tracking permits, the project team includes ecological and GIS staff from the
County’s regulatory department (DDES) and who are highly familiar with the permitting
process. These staff will be involved in establishing the permit database, criteria for potential
impact ratings, reviewing ratings and other issues related to tracking and interpreting permits.
Additionally, because of its link with the regulatory arm of King County, the project will have
available many other staff to help resolve issues or questions should they arise.
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For tracking land cover and land use changes, all digitized products will be reviewed and
compared against orthophotos by a master GIS technician and the project manager or one of the
project core team members.

King County

24

November 2008

Quality Assurance Project Plan for Regulatory Effectiveness Monitoring for Developing Rural Areas

9.0 Data Management Procedures
Except where noted otherwise, all field data and associated observations will be recorded on
standardized field sheets (physical or electronic) as described above (see Sampling Procedures)
and entered or transferred into one of several King County databases in a timely manner,
generally within one week of collection. Project data will be stored in KCEL LIMS, WLRD
benthic macroinvertebrate database, WLRD hydrology database, WLRD GIS database, and the
DDES permit database. Additionally, a new database will be developed to store land cover
change data.
KCEL staff will manage and deliver YSI data (conductivity and temperature) that are collected
during the extended month-long deployments. Said data will be uploaded into Excel
spreedsheets. A second individual familiar with the procedure will review the dataset and verify
the completeness of the data, identify any anomalies and ensure QC specifications have been
met. The KCEL will provide a narrative with each data set spread sheet, which will briefly
discuss associated sonde QC data and any anomalies that may have occurred. Any questionable
data will be flagged and the project manager notified. A peer-reviewed spread sheet containing
the data files, a copy of the YSI QC sheet and any field notes will be presented electronically to
the project manager.
Stream gaging staff will collect and store streamflow data in the WLRD Hydrologic Information
database (http://green.kingcounty.gov/wlr/waterres/hydrology/). After QA review, streamflow
data will be made publicly accessible
Permit and land cover and land use data will be stored on DDES GIS server using SDE and MS
SQL 2005. A tested back-up and recovery plan is in place. This is the same system used to store
the County’s sensitive land use and permit data.
Project data will be maintained in a relational database, built in MS SQL Server, which is
currently being developed by King County WLRD. The databases will output data in a format
compatible with WQX. Until the database is launched in December 2008, data will be stored in
spread sheets. The database will contain (at minimum) the following types of information:
• Site name
• Sample date and time
• Watershed
• Catchment
• Geographic location, including GPS coordinates
• Unique sampling and site condition data for each variable
The Project Manager will provide supervision of all data acquisition and management activities.
The Data Management Section will maintain the project database and load data. KCEL staff will
provide all data from sondes it deploys. Project staff will enter all other data manually or
download from electronic field sheet. A County database manager will ensure data are stored
into project-specific database compatible with other county environmental databases. All data
will be submitted to WQX annually.
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10.0 Audits and Reports
As per the USEPA’s contract requirements, semiannual project reports will be provided to the
USEPA by the Project Manager. The report will include a description of project activities and
status including an overview of data collected, field and data problems encountered and solutions
applied, and changes in schedule, measurements, database, and analysis. If needed, the USEPA
may conduct a Quality System Review on management and technical aspects of the project.
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11.0 Data Verification and Validation
All data will be subject to verification by project staff responsible for collection and validation
by the Project Manager before use in data analysis, distribution to an outside party (
i.e., not part of the King County or USEPA project team) or posting to a publicly accessible
database. Prior to such use, the Project Manager will contact the appropriate project staff and
field technicians responsible for collecting data to verify procedures were followed and the data
were checked for errors. To provide a third-party review, at least one project team member (not
project manager or technician involved in data collection) will review the data and collection
procedures before data are committed to use in analysis or disseminated outside of the project
team.
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12.0 Data Assessment
12.1 Background
Data collected in this project will be used to assess whether changes in select watershed response
variables occurred and whether changes are related to the amount of permitted activity and
resulting land cover changes. Further, this study will be an initial test of a framework for an
experiment-based approach to testing effectiveness of land use regulations.
In 2012, a GMA-required review of the County’s Comprehensive Plan, including critical area
land use regulations, is expected to occur. This framework and the data it produces may be used
to better understand the effectiveness of the 2005 land use regulations at preventing watershedscale changes as indicated by the change in selected response variables. The data will be subject
to standard statistical testing. However, statistical power may be relatively low given the high
natural variability inherent in environmental data and relatively short time frame for study; this is
likely especially so for any single variable. Therefore, a data analysis framework that relies on
both standard statistical testing and a Weight of Evidence approach using multiple lines of
evidence will be used. Key questions and proposed approaches to using project data to address
them are described in this section (see Table 6).
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Table 5. Explanation of how project results will be reconciled with project objectives, in the form of next steps and
recommendations
Table 5, continued
No. Project Objectives
1

Track regulatory
implementation and
degree of
compliance in
parcels developed
under new
regulations

Study Questions

Analyses

What percentage
of parcels is
developed in full
compliance with
permits?

Summary of percent
compliance estimates
and extent, type, and
location of
unpermitted
development by
parcel and catchment

What percentage
of parcels is
developed
without permits?

Potential Next Steps and Recommendations based on Results
If…
Then…
Else
Regulations are underCompliance is ≥95%
Regulations are
implemented and
by parcel, and
assumed to be
protection is likely to
catchment.
implemented as
be inadequate.
intended.
Recommend
continued compliance
monitoring.

Recommend
expansion of
education and
enforcement efforts to
improve compliance.

What is the
typical extent and
type of
unpermitted
development and
where does it
occur, relative to
critical areas?
2

Quantify
environmental
change in
catchments as
development
proceeds

King County

What is the
extent, type, and
intensity of
development that
has occurred
during the study
period?

Assess the level (or
dose) of treatment
(e.g., land
development) applied
to the study
catchments by
upstream stream
segment and
proximity to the
sample site.

Not applicable
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Table 5, continued
No. Project Objectives
3

Determine
empirical response
relationships

Study Questions

Analyses

Do treatment
watersheds have
different mean
indicator values
than reference
watersheds?

Repeated Measures
ANOVA with a
between-subjects
factor (development)

Are there
differences in
mean indicator
values among
years (trials) or
months?

Potential Next Steps and Recommendations based on Results
If…
Then…
Else
Assess the similarity
Treatment catchments Assess the biological
in the direction of
significance of
have different mean
change (increase vs.
values than reference observed differences
(e.g., percent change) decrease) across
catchments in one or
catchments.
and the similarity in
more years (or
the magnitude and
months)
Integrate results in
direction of changes
Bayesian Probability
across catchments.
Network (see #4),
considering strength of
Determine whether
changes are consistent analysis and level of
treatment.
with anticipated
effects of
development.

Does influence of
watershed type on
a given indicator
depend on the
year?

What factors best
explain observed
variation in
individual
indicator

King County

Assess the potential
influence of changes
in development and
ambient
environmental
conditions.

Multiple regression
and/or Classification
And Regression
Trees (CART)

Results indicate
indicator variables are
strongly influenced
by a hierarchy of
drivers that may or

30

Integrate results in
Bayesian Probability
Network (see #4),
considering strength
of analysis and level
of treatment.
If necessary, revise
conceptual models of
the mechanistic
relationships between
drivers and indicator

If necessary, revise
conceptual models of
the mechanistic
relationships between
drivers and indicator
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Table 5, continued
No. Project Objectives

Study Questions

Analyses

variables?

4

Provide findings to
King County
Council

King County

Do land use
regulations
protect beneficial
uses, including
aquatic critical
areas and
associated
biological
resources?

Weight of evidence
and Bayesian
Probability Networks

Potential Next Steps and Recommendations based on Results
If…
Then…
Else
variables.
variables.
may not have
important interaction
Recommend
Recommend
effects (and other
expanding scope of
analyses indicate that narrowing scope of
long-term monitoring long-term monitoring
indicator variables
to identify and
have indeed changed) to focus on key
measure important
factors driving
drivers that may have
observed variation in
been overlooked in
indicator variables.
this study.
Recommend
expanding number of
sampling sites to
enable crossvalidation of a
predictive model, to
be developed in the
future.
Recommend that
Assume that
Bayesian Network
existing regulations be
analyses indicate that regulations are
modified to increase
probably effective in
regulations are
protection.
the short-term and
effective with ≥80%
under observed levels
certainty.
Recommend continued
of development and
monitoring to assess
ambient
relative effectiveness
environmental
at higher levels of
conditions.
development, different
ambient environmental
Recommend
continued monitoring conditions, and to
to assess effectiveness detect possible
delayed impacts.
at higher levels of
development,
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Table 5, continued
No. Project Objectives

5

Disseminate
framework and
results to other
appropriate
audiences,
including other
Puget Sound
counties

King County

Study Questions

Analyses

What are the
strengths and
weaknesses of
this monitoring
framework?

Publication and peerreview of findings

What important
lessons were
learned and were
there any major
surprises?

Presentations to
Council and other
audiences.

Potential Next Steps and Recommendations based on Results
If…
Then…
Else
different ambient
environmental
conditions, and to
detect possible
delayed impacts.
Revise and refine
Recommend the use
Monitoring
approach to improve
of this framework by
framework improved
long-term monitoring
other Puget Sound
the state of scientific
efforts, and
counties.
knowledge, achieved
recommend
reasonable statistical
Use lessons learned to applications or
power, was costadaptations for use in
refine long-term
effective, and the
other Puget Sound
monitoring efforts.
results affected
counties.
Council decisions.
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12.2 Methods for Analysis and Presentation of Data
TEST 1: Repeated Measures ANOVA with a between-subjects factor (Mixed, Unbalanced
Design)
This design accounts for the fact that each watershed is an independent sample, but that repeated
measurements of an individual watershed are dependent (not independent from one sampling
event to the next).
Research Questions:
1. Between-catchments main effect:
Q: Do treatment catchments have different mean indicator values than reference catchments?
•

Between-catchments factors divide the sample into discrete, categorical subgroups.

•

Watershed Type: 2 levels, Treatment (n=6), Reference (n=3).

2. Within-watershed main effect: (trials)
Q: Are there differences in mean indicator values among years (trials) or months?
•

Within-watershed factors are used to compare the responses of the same set of
catchments under different conditions. The factors are defined for each group of
measurements; the number of levels is equal to the number of repetitions (sampling
events).

•

Years (2008, 2009, 2010, 2011, 2012) and/or months (Jan – Dec).

3. Within-watershed by between-catchments interaction effect
Q: Does influence of watershed type on a given indicator depend on the year?
•

Treatment by year

•

Reference by year

Mean value of indicator

Figure 3. Example of graphical results from a repeated measures ANOVA with a between
subjects factor for a generic indicator
35
30
25
20
15
10

Treatment
Reference

5
0
2008

2009

2010

2011

2012

Year

Watershed type (treatment vs. reference) is the between-subjects factor. Year (or trials) is the
within-subjects factor. In this example, we would likely conclude a significant effect of
treatment over time relative to reference condition.
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Table 6. Dependent variables
In all cases, there are 9 subjects or catchments and one between-catchments factor with two levels; 6 treatment and 3 reference sites.
Indicator
type
Inverts

Withinwatershed
factors
Year, riffle
Year
Year

Flow

Year
Year

Water
quality

Year
Year
Year
Year
Year,
month
Year
Year,
month
Year,
month

Complexity

King County

Year, reach

Years of
sampling

Measurements
per watershed
across years

5
5

5
5

Measurements
across
catchments and
years
45
45

1

5

5

45

365

1

4

4

36

Day

365

1

4

4

36

Day
Day
Day
Day

365
365
365
365

1
1
1
1

4
4
4
4

4
4
4
4

36
36
36
36

Day

365 or ~30

1 or 12

4

4 or 46

36 or 414

Day

365

1

4

4

36

Conductivity

Day

365 or ~30

1 or 12

4

4 or 46

36 or 414

pH

Day

365 or ~30

1 or 12

4

4 or 46

36 or 414

3

10 in 2008
(for rating
curve)
2 otherwise

5

18

162

Indicator
B-IBI score
Taxa abundance
Relative taxa
abundance
High pulse
count
Low pulse
count
TQmean
R-B Index
Peak flow
Low flow
Mean daily
water temp
7-day
MADMAX

Time of travel
(% change from
2008 rating
curve)

Measurement
unit

Number of
measurements
in a sample

Riffle
Riffle

3
3

Annual
sample size
per
watershed
1
1

Riffle

3

Day

Release
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TEST 2: Classification And Regression Trees (CART analysis; (De’ath and Fabricius 2000)
Q: What factors explain the most variation in a single indicator variable? (e.g., among locations
within a catchment, or among catchments?)
CART analyses provide an alternative to multiple regression analysis, and are particularly useful
for complex, unbalanced designs with missing values in the dataset. Similar to regression
analysis, trees explain variation in single response variable. Classification trees are for
categorical response variables (indicators).Regression trees are for numeric indicators. Predictor
variables can be categorical and or numerical.
The goal of CART analysis would be to build a ‘tree’ from the data by repeatedly splitting the
data with one driver at a time, formulated as a ‘rule.’ The data is split into two homogeneous
groups by this rule (Fig. 2). The splitting process continues (i.e., the tree is ‘grown’) and
eventually simplified (i.e., pruned), so that the final number of groups determines the size of the
tree. The end product is a set of groups (‘leaves’) of varying size. Samples in each group have
similar mean values for indicator variables, and are associated with similar values of the drivers.
he results are graphically represented in a way that shows the hierarchical subdivision of the
various groups. The mean value of the response variable is shown at each branch and leaf, as
well as the sample size. The length of the branch is scaled to the proportion of the variation in
the dataset that is explained by that branch. The overall explanatory power of the tree is reported
and several techniques may be used to cross-validate the trees.
This group of analyses will focus on quantifying the relationships between (1) drivers and
response variables, and (2) changes in the drivers and changes in the indicators. In
(2), the focus will be on estimating change (percent change) from the 2008 baseline.
Drivers will be summarized by five different upstream boundaries:
•

Watershed: Upstream hydrologic watershed boundaries

•

Parcel-shed: Upstream hydrologic watershed boundaries, as well as area from parcels that
intersect the hydrologic watershed.

•

Buffer-shed: the area within the 165-foot buffer upstream, including the whole upstream
network

•

Reach-buffer shed: the area within the 165-foot buffer upstream, including only the
portion upstream within the geomorphic reach type (or a fixed distance related to a factor
of channel width)

•

Reach-parcel shed: the area in all parcels bordering the geomorphic reach type (or a fixed
distance related to a factor of channel width)
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Figure 4. Example of a regression tree for analysis of the factors affecting high pulse
count; a flow-related indicator.
High Pulse Count
Watershed category:
Reference

Watershed category:
Treatment
25
(9 sites)

12
(3 sites)
TIA: <10%

TIA: >10%

27
(6 sites)

20
(4 sites)

36
(2 sites)

59% of overall variation in HPC explained

Table 7. Independent variables (drivers)
State of
driver
Variable

Type of driver
Land development

Annual climatic
variation

Driver
Impervious surfaces
Forest cover
Urban area
Rural area
Potential Cumulative Impact
Index (Timm et al. 2004)
Permit compliance
Precipitation
Air temp

Fixed

Basin hydrology

Geology
Elevation
Aspect
Network structure
Forest type

King County

Character

Values

physical
physical
physical
physical
physical

numeric
numeric
numeric
numeric
numeric

0-100%
0-100%
0-100%
0-100%

physical
physical

numeric
numeric

0-100%
mm

physical
physical

numeric
categorical

physical
physical
physical

numeric
numeric
categorical
categorical

biotic

36

Type

Glacial,
nonglacial
0-1500, >1500
N/S
Trellis, dendritic
Spruce-hemlock
Doug-fir
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In addition, drivers will also be summarized in a qualitative index to estimate the potential
cumulative impact (PCI) of actions within a catchment (Timm et al. 2004). To estimate PCI, all
known activity with the potential to either degrade or improve conditions will be qualitatively
rated for their potential to cause an effect based on type and area of disturbance, site sensitivity,
and proximity to a receiving stream. A grid-based analysis will be performed to estimate
individual ratings summed for a given catchment to estimate PCI where D and E are the factors
that degrade or enhance ecological conditions respectively, g is the grid on which D and E are
defined, w is the catchment, and p is the parcel identifier (equation 1).
n

n

g =1

g =1

PCI = ∑ Dx ,w, p + ∑ E x ,w, p

(Eq. 1)

Proximity to a monitored stream channel will then be used weight the relative importance of a
PCI estimate to reveal PCIw where Wi,j is a decay function defined by the distance of a grid cell
from an aquatic resource boundary (equation 2).

PCI w = (Wi , j )( PCI )

(Eq. 2)

Response to changes in development across all strata will be reflected in the variables D and E
and will be compared against PCI from the previous annual time steps to quantify the potential
effect of the regulations. If regulations are not working, then degree of change in response
variables should be correlated with PCI scores (i.e., response variables will roughly track the
magnitude of PCI).

12.3 Synthesis
The results of quantitative analyses will be integrated with best available science and
professional judgment in a weight of evidence approach with a Bayesian probability network at
its core (Marcot et al. 2001, McCann et al. 2006). For all indicator variables, effect size and
spatial coherence in observed changes are assumed to determine the strength of the treatment
effect. Alpha and power levels are assumed to determine the strength of the evidence. The
strength of the treatment effect and the evidence will be evaluated to assess our certainty that an
alteration has occurred in each of the indicator variables. The risk of ecological degradation is
assumed to depend on the likelihood that each of the indicator variables has been altered. Our
certainty in the effectiveness of regulations is assumed to depend on the risk of ecological
degradation, and on the treatment level. The treatment level is assumed to depend on the extent,
type, and proximity of development, as well as the compliance rate.
These assumptions can be arranged in a causal (Bayesian) web of ‘parent’ and ‘child’ nodes
(Fig. 3). Study findings can be compared with conditional probability tables describing
quantitative or deterministic relationships between factors. The model will be constructed and
analyzed using Netica software (Norsys, Inc.). The end result will be our estimated certainty that
the existing regulations are effective in protecting ecological resources; the answer will be along
a continuum of very low to very high certainty of effect, not simply ‘yes’ or ‘no.’
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Figure 5. Example Bayesian Probability (Belief) Network used for synthesizing the results
of the study
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Appendix A. King County Environmental Laboratory Standard
Operating Procedure (SOP) For YSI 6-Series Multiprobe
Sondes (SOP # 208v1; Implemented: June 1, 2006
Supersedes SOP: # 02-01-008-000)
1.0

Scope and Application

This Standard Operating Procedure (SOP) describes the use of YSI multiprobe sondes, including
maintenance, calibration, routine use, quality control, data collection, and review. This SOP
applies to the use of YSI manufactured sondes, hand held dataloggers and PC software for the insitu collection of temperature, depth, pH, specific conductivity and dissolved oxygen for both
attended and unattended applications.
Parameter
Depth
Temperature
pH
Conductivity - umhos/cm
Dissolved Oxygen – mg/L

MDL
NA
NA
NA
0.5
0.5

RDL
NA
NA
NA
10
1

2.0

Associated Documents and SOPs

2.1

Lakes Water Column Sampling SOP #02-02-003

2.2

Attended Hydrolab Multiprobe Operation SOP #02-01-005

2.3

River and Stream Water Sampling SOP #02-02-004

2.4

ESS LIMS Use and Data Entry SOP #02-03-007

3.0

Method Summary

The YSI 6600 Sonde is an in-situ detector of temperature, pH, dissolved oxygen, specific
conductivity, and depth in fresh and marine waters. The YSI 600XLM is a smaller version of the
6600 series and is identical in use and function. The YSI 6600 EDS is a 6600 sonde equipped
with a rotating brush that periodically wipes the individual sensors to prevent biofouling during
extended deployment periods. Individual probes for the specific parameters of interest are
calibrated before field use. The sondes are equipped with internal memory and programmable
logging functions which allows unattended data collection for variable time frames. Postdeployment calibration verification checks are performed on each sonde returning from the field
King County
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to help verify the accuracy of data collected. Records are kept on both pre-deployment
calibration and post-deployment checks. In addition to these, notes are kept on probe electrical
response, maintenance, and replacement.
The YSI model 650 data loggers are hand-held microcomputers that allow the user to display
sonde readings, calibrate and configure sondes, store and recall data, and upload data from
sondes.
EcoWatch for Windows is the PC software interface to YSI’s 6-Series environmental monitoring
sondes. With EcoWatch, the user can program field equipment, upload data collected on the
equipment, and format data into graphs, tables, and spread sheets.

4.0

Definitions

pH: pH is the negative log10 of the hydronium ion concentration.
Dissolved Oxygen (DO): The concentration of oxygen dissolved in water, expressed in mg/L or
as percent saturation, where saturation is the maximum amount of oxygen that can theoretically
be dissolved in water at a given barometric pressure and temperature.
Specific Conductivity (Cond): The measure of water’s ability to conduct electricity, and
therefore a measure of the water’s ionic activity and content, normalized to a temperature of
25 ˚C.
NIST: National Institute of Standards and Technology

5.0

Safety and Hazardous Materials Management

General Lab Safety- All general laboratory safety practices should be complied with, including
wearing a lab coat, safety glasses, and gloves. Samples must be treated with regard to possible
toxicity and microbiological potential.
This method may involve the use of corrosive and caustic reagents as well as chemicals that pose
contact hazards. Care should be taken to avoid skin contact or inhalation of these chemicals.
Analysis - From a Vessel - Sampling personnel will follow standard safety procedures while on
board the sampling vessel. The vessel skipper has ultimate responsibility for safety while the
vessel is underway. During deployment of equipment the YSI sonde operator and the skipper
must communicate with one another to avoid potential loss of the instrument due to propeller
interface with the underwater field cable.
Analysis – Streams/Rivers – Sampling personnel will always enter streams/rivers cautiously and
follow standard safety procedures when entering these flowing bodies of water. There are many
hazards associated with streams and rivers sampling. Some of these hazards include traffic, fast
moving or deep water, steep slopes to sampling sites, and hostile dogs or people. Use extreme
caution when exiting sampling vehicles, walking along busy highways or sampling on bridges.
Fast moving water can cause the sampling personnel to lose balance and fall into the water. This
can result in injury or drowning. Many of the sampling sites require personnel to walk over
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riprap or other extremely rough and slippery terrain. Again, extreme caution combined with
slow movements can minimize potential injury. Be aware of your surroundings and potential
presence of other people, especially under bridges or in culverts.
Sample/Reagent Disposal – For disposal of calibration buffers and standards refer to the King
County Hazardous Waste SOP # 11-02-003-000, and the Conventionals Unit Sample Disposal
SOP # 03-05-006-000. Reagents or standards that may be used in the field are to be returned to
the lab for disposal.

6.0

Sample Containers, Preservation, and Storage

This section is not applicable.

7.0

Apparatus, Equipment, and Consumables
YSI 6600, 6600 EDS and 600 XLM Sondes
YSI 6562 DO probe
YSI 6560 Conductivity/Temperature probe
YSI 6561 pH probe
8 C-size Alkaline batteries for 6600 sondes
4 AA-size Alkaline batteries for 600 XLM sondes
Calibration cup
Probe guard
6570 Maintenance kit
6035 DO probe conditioning kit
YSI 650 Data Logger
YSI 6090 Sonde to Data Logger field cable
YSI 6067B Sonde to PC cable
Digital barometer (Speedtech Instruments)
EcoWatch software for Windows
Laptop loaded with EcoWatch software
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8.0

Procedure

8.1

Calibration
Calibration for dissolved oxygen, specific conductivity, and pH are to be done within 12
hours of deployment. Depth should be checked prior to deployment and calibrated to
relative zero (local water surface) as needed. Temperature need only be checked on an
annual basis since there is no means of calibrating the YSI thermistor, which is integral to
the conductivity probe. If temperature values are found to be inaccurate beyond prescribed
standards, the entire conductivity probe must be replaced
Pre-deployment calibration is done in the following order of increasing conductivity: DO,
Cond, pH. This allows for an accurate calibration and control check for the very low
conductivity standard used in this procedure (a standard that best reflects the actual
conditions found in our fresh water sampling sites). In the calibration lab, the YSI Sonde
should be properly supported on the bench so that solutions can be easily added to the
calibration cup while also being able to properly rinse the sonde between calibration
solutions.

8.2

8.3

Calibrating using the YSI 650 Datalogger:
•

Connect the YSI 650 datalogger to the sonde using the 8 ft 6090 field cable and press
the green “power” button to activate the logger. The screen will automatically power
to the “650 Main Menu” screen. Toggle down to “Sonde menu” and engage this
menu by pressing the enter arrow key.

•

Toggle down to the “Advanced” menu and press enter. In the “Advanced” menu,
toggle down to “Setup” and press enter. In order to properly calibrate the DO probe it
is best to deactivate the “Autosleep RS232” protocol. This can be done by toggling
down to this item on the “advanced setup” menu screen and pressing enter.

•

You are now ready to begin calibration. Escape out twice from these menu layers and
toggle up and enter “Calibrate” on the main Sonde menu.

Dissolved Oxygen
•

•

King County

With the sonde oriented so that the sensors are pointed upward, place enough RO or
tap water in the calibration cup to raise the level to within approximately 3 mm (1/8th
inch) of the O-ring on the DO probe. Make sure that the DO membrane is free of
bubbles, tears, or creases and not immersed in water and remove any water droplets
from the DO membrane surface with a Kimwipe. Loosely cover the open top of the
calibration cup with the lid.
Select “Dissolved Oxygen” from the calibration menu. Select “% saturation” and
enter the barometric pressure in mm Hg. This information is obtained using the
digital barometer (7.4) in the calibration room.
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•

•
•

•

8.4

Conductivity
•

•

•

•

8.5

Wait approximately 10 – 20 minutes for the air in the calibration cup to become water
saturated and for the temperature to equilibrate. Record the pre-calibration value on
the YSI calibration worksheet.
Press “Enter” to calibrate and record the initial calibration check (post calibration
value). This value should be within 1% of the calibration set point of 100%.
Record the DO charge value in order to log a record of probe response and possible
drift, which may indicate a need for probe maintenance. If the DO charge value falls
outside of the 25-100 range, the electrodes need to be resurfaced and the membrane
changed. See section 13.0 Preventative Maintenance for the procedure to service the
DO probe.
Press the “Escape” key to return to the calibration menu

Rinse and fill the calibration cup repeatedly with RO water until the conductivity
reading is as close to zero as possible. This ensures that there is no lingering buffer
salts on the probes or calibration cup that may contaminate the conductivity
calibration standard.
Rinse the chamber with reclaimed 73.9μS/cm solution and then fill the calibration
cup (enough to cover the conductivity probe) with fresh 73.9 μS conductivity
standard (11.2.1.2).
Select “conductivity” from the calibration menu and then “spCond”. Enter the value
in millisiemens (divide microsiemens by 1000 and the result is 0.0739) and record the
pre-calibration number (which will be reported in microsiemens).
Press Enter to calibrate and record the post-calibration number. Discard the
calibration solution and add the calibration check standard (11.2.2.2) and record the
response. The calibration check standard should be within 10% of the true value
otherwise the sonde must be recalibrated with fresh standards and rechecked with
fresh check standard solution.

pH
A two-point calibration procedure is most commonly used. First determine the
approximate pH of the water body to be analyzed. If the majority of the water will be
greater than 7.0, use the high range. If the pH values are expected to be below 7.0, use the
low range.
High Range
•

Rinse the sensors with a small portion of the pH 7.0 buffer (11.1.1.1) and fill the cup
to above the sensors with fresh pH 7.0 buffer and allow at least one minute for
temperature equilibration and the response to stabilize before proceeding. Insure that
there are no bubbles on the pH bulb or clinging to the bulb guard.

•

Select ISEI pH from the calibration menu and select a two-point calibration.
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•

Enter the pH 7.0 buffer and record the pre-cal value. Allow 2–5 minutes for the
reading to stabilize. Sometimes there will be a slow drift on the sensor readings, so
be certain that the reading has equilibrated prior to calibration. Press Enter to
calibrate and record the post-cal number. Record the pH mV value to track the probe
response and to help determine the need for maintenance and/or replacement. This
value should be between 0 and +/- 50 mV.

•

Escape once to enter the second point for the calibration curve, in this case using the
pH 10.0 buffer (11.1.1.3). Rinse the probes and cup well with RO water and then
with reclaimed pH 10 buffer. Fill the calibration cup with fresh pH 10.0 buffer.
Repeat steps as above. For the pH 10 response, the pH mV constant should be -177
from the pH 7 mV value.
Rinse well with RO water and reclaimed pH 6.86 check standard, and then pour in a
pH 6.86 calibration check standard (11.1.4). The response of the check standard must
be within +/- 0.2 pH units of the expected value, otherwise the sonde must be
recalibrated with fresh standards and rechecked with fresh check standard solution.

•

Low Range

8.6

•

Rinse the sensors with a small portion of the pH 7.0 buffer (11.1.1.1) and fill the cup
to above the sensors with fresh pH 4.0 buffer and allow the response to stabilize.
Select ISEI pH from the calibration menu and select a two-point calibration.

•

Enter the pH 7.0 buffer, allow the readings to stabilize, and record the pre-cal value.
Press Enter to calibrate and record the post-cal number and the pH mV value.

•

Escape once to enter the second point in the calibration curve, in this case the pH 4.0
buffer (11.1.1.2). Rinse the probes and cup well with RO water and reclaimed pH 4
buffer, then pour in fresh pH 4.0 buffer. Repeat steps above and record the pH mV
value. This value should be +177 from the pH 7 mV value.

•

Rinse well and pour in a pH 6.86 calibration check standard (11.1.1.4). The response
of the check standard must be within +/- 0.2 pH units of the expected value, otherwise
the sonde must be recalibrated with fresh standards and rechecked with fresh check
standard solution.

Time Calibration
Verify that the accuracy of the internal clock is within +/- 30 seconds of the lab atomic
clock. Reset the clock as necessary.

Calibrating Using a PC equipped with EcoWatch Software

•

Connect the YSI to the PC using the 6067B calibration cable and attach the DB-9
connector of the cable to the Com port of the computer.

•

Open the EcoWatch software program. Select the Sonde icon button from the
EcoWatch toolbar and type “menu” at the # prompt on the terminal screen to bring up
the main menu. Navigate through EcoWatch by typing in the number preceding each
selection option at the prompt and pressing enter. Type in “0” or use the escape key
to return to a previous menu.
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•

From the main menu, select the “Advanced” by typing in “8” at the prompt menu and
press enter. In the “Advanced” menu, select 2- “Setup” and press enter. In order to
properly calibrate the DO probe it is necessary to deactivate the “Autosleep RS232”
protocol. This can be done by selecting “5” in the “advanced setup” menu screen and
pressing enter.

•

You are now ready to begin calibration. Escape out twice from these menu layers to
return to the main menu and select 2 – Calibrate to bring up the Calibration menu.

•

Follow the steps outlined above in sections 8.1.1.1 through 8.1.1.3 to complete the
calibration.

Temperature

Temperature probe calibration is factory-set and requires no daily re-calibration. Annually,
the calibration must be verified as described in the QC section.
Depth

If data is to be collected at a particular depth and the YSI’s depth reading is used to confirm
the depth of the probe, the calibration of the depth sensor must be checked. The user should
check that the reading above the water reads zero, and that immersion at one meter yields a
correct reading. The sonde should be immersed such that the base of the probe is at one
meter. A measuring device such as a marked Secchi disk line can be used to determine the
accuracy. If the depth needs recalibration, remove the probe guard and re-attach the
calibration cup so that the probes are in water saturated air. From the calibrate menu, select
number 3-Pressure-Abs to access the depth calibration procedure. Input 0.00 and press
Enter. Monitor the stabilization of depth readings with time. When no significant change
occurs for approximately 30 seconds, press Enter to confirm the calibration.

8.7

Field Measurements
The YSI multiprobe can be used for both attended discrete data collection and unattended
longer term data collection.

Attended monitoring

After calibration has been completed, completely rinse the probes with RO water. Pour a
small amount of tap water into the calibration cup to keep the sensors in a moist
environment during transit to the first sampling locations. Be sure to bring check standards,
RO water for rinsing, the probe guard and a 650 MDS datalogger with sufficient battery
power to last for the sampling run. The YSI 650 MDS runs on four C cell batteries.
Remaining battery life is always on display at the bottom right hand corner of each screen.
See KCEL SOPs # 02-02-002, #02-02-004, and # 02-02-003 for measurements made in
marine and freshwater systems.
Remove the calibration cup and install the slotted sensor guard. Place the YSI into the
sampling environment; wait for parameters to equilibrate and record measurements,
including time to the nearest minute, directly onto the field sheet.
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Unattended Monitoring

The YSI 6600 and 600XLM have on-board memory and power. These sondes can log
readings to sonde memory for days or weeks at a time. If monitoring for DO, remember
to re-enable the RS-232 sleep mode (see 8.1.1 if using the 650 datalogger, or 8.1.2 if
using EcoWatch) to conserve battery power and excess wear of the DO probe following
the calibration of the sonde.
Setting Up Unattended Monitoring Using the 650 Datalogger

From the 650 Main menu, select “Sonde Menu” then “Run” and then choose “Unattended”.
The screen will show the Unattended Setup menu which includes the following choices (use
the arrow key to toggle down and highlight each selection for editing):
1 – Interval: Enter the desired sampling interval in hours, minutes, and/or seconds.
2 – Start date: Enter the sampling start date
3 – Start time – Enter the sampling start time
4 – Duration days – Enter the length of time, in day, that the sonde will be deployed
5 – File = Enter a file name of no more than eight characters
6 – Site = Enter the name of the location where the sonde will be deployed
7 – Bat volts: This value is the voltage of the batteries inside the sonde (informational only)
8 – Bat life: This value is the number of days the sonde can log before the batteries will
deplete (informational only)
9 – Free mem: The value is the number of days the sonde can log before the internal
memory will be full (informational only)
A – Tells the amount of time before the first sample will log
B – Tells what parameters will be logging
C – Start logging – When you have finished setting up for the unattended deployment
you must select this. After you press the C key, the screen will ask you if you really
want to start logging. Enter yes and the screen will return to the Unattended setup menu.
Logging will begin at the next even multiple of your logging interval. The sonde may
now be unattached from the PC and is ready for unattended monitoring
Setting Up Unattended Monitoring Using a PC Equipped with EcoWatch

From the Main Menu, Select 1 – Run, then 2 – Unattended sample to bring up the
Unattended Sample Menu. Select either the letter or number of the following options to
edit:
1 – Interval: Enter the desired sampling interval in hours, minutes, and/or seconds.
2 – Start date: Enter the sampling start date
3 – Start time – Enter the sampling start time
4 – Duration days – Enter the length of time, in day, that the sonde will be deployed
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5 – File = Enter a file name of no more than eight characters
6 – Site = Enter the name of the location where the sonde will be deployed
7 – Bat volts: This value is the voltage of the batteries inside the sonde (informational
only)
8 – Bat life: This value is the number of days the sonde can log before the batteries will
deplete (informational only)
9 – Free mem: The value is the number of days the sonde can log before the internal
memory will be full (informational only)
A – Tells the amount of time before the first sample will log
B – Tells what parameters will be logging
C – Start logging – When you have finished setting up for the unattended
deployment you must select this. After you press the C key, the screen will ask you
if you really want to start logging. Enter yes and the screen will return to the
Unattended setup menu. Logging will begin at the next even multiple of your
logging interval. The sonde may now be unattached from the PC and is ready for
unattended monitoring
The probe must be capped during the time between the last field measurement and arrival at
the lab and must be stored with sufficient ambient water in the cap to maintain high
humidity but not cover the individual probes. The sonde must be returned to the lab within
12 hours of the last field measurement so that post-deployment calibration checks can be
performed. See 9.2.
Uploading Files from the Sonde to the PC

When the unattended monitoring period is over, the file stored in the YSI sonde may be
transferred to a laptop PC loaded with EcoWatch software by following these steps:
•

Connect the sonde to the PC and open the EcoWatch software. Use the Sonde button
on the toolbar to communicate with the sondes software.

•

Type “menu” after the prompt and select 1 – Run. If the sonde is still logging, select
the option to stop logging and return to the main menu.

•

From the main menu, select 3 – File menu and 3 – Quick upload. Choose to upload
in PC6000 format. After the upload is complete, the data will be in a .DAT file on
the PC.

•

Open the .DAT file to view the data using the EcoWatch software

•

To export the file to an Excel spread sheet, activate the File dropdown menu on the
EcoWatch main toolbar and highlight Export. Save the file in .xls format.
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9.0

QA/QC Requirements

9.1

In field QC for Attended Monitoring
When the YSI sonde is used for attended monitoring, both a field replicate (FREP) and field
check standards (CS) for pH and conductivity are run at a frequency of 5% of field
measurements or once per sampling run. A field replicate is defined as a separate in-situ
measurement made immediately following all procedures done for an individual sample.
The probe would typically be removed from the water body then returned to the same depth
and position used in the original measurement. To meet project requirements, checks using
calibration check standards may also be performed in the field. A pH calibration check
standard (11.1.2) and a conductivity calibration check standard (11.2.2.2 or 11.2.2.3) may be
taken into the field for each sampling run. The calibration checks should be analyzed at the
same frequency as the field replicates (a minimum frequency of 5% of measurements or
once per day).
The following table describes the acceptance limits for field replicates and calibration check
standards.
Parameter

Replicate Samples

Field Calibration
Check Standards
Not applicable

Dissolved
RPD ≤ 20%
Oxygen
Temperature
Not applicable
± 0.3 oC
Conductivity
RPD ≤ 10%
± 10 %
pH
± 0.2 pH units
± 0.2 pH units
RPD = Relative Percent Difference = 100 x [(r1 - r2)] / ((r1 + r2))/2)
where r1 = result 1 r2 = result 2

9.2

Post-Deployment Calibration Check
After either an attended or unattended monitoring period, sondes returned to the lab must
have a calibration check performed within 12 hours of the last field measurement. The postdeployment checks must be done in the same order used for initial calibration and must be
done before any maintenance or calibrations are performed.

9.2.1

DO Post-Deployment Check

Set up the sonde as described in 8.1.1. Measure the % DO in the saturated air and
record the value and DO charge. Be sure to allow enough time (add an estimated
time, i.e. 5 minutes) for the DO to truly equilibrate to the saturated air inside the
calibration cup before recording the response.
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9.2.2

Conductivity Post-Deployment Check

Immediately after the DO check, rinse the cup with reclaimed 73.9 μS/cm solution,
and then fill the calibration cup with the calibration check standard (11.2.2.2) and
record the measured value and the Conductivity Calibration Constant.
9.2.3

pH Post-Deployment Check

Immediately after the Conductivity check, fill the calibration cup with the calibration
check standard (11.1.1.4) and record the measured value and the pH mV value.
9.2.4

Time Post-Deployment Check

After an extended deployment, the internal YSI clock will be re-checked against the
atomic clock to ensure the accuracy of the interval and actual time of logged samples.
If any parameter falls outside the acceptance limits shown below, the field data collected
with the sonde may be qualified.
Attended Monitoring (or less than 24 hours from Calibration to End Check):
Parameter

Dissolved Oxygen
Temperature
Conductivity
pH

Post-Deployment Calibration Check
Acceptance Limits
±4 %
See below
±10 %
±0.2 pH units

Unattended Monitoring (more than 24 hours from Calibration to End Check):
Parameter

Dissolved Oxygen
Temperature
Conductivity
pH

Post-Deployment Calibration Check
Acceptance Limits
±10 %
See below
±10 %
±0.3 pH units

Temperature probe calibration is confirmed annually with a side-by side comparison of the
probe response to an NIST-traceable thermometer. The YSI probe and NIST-traceable
thermometer are placed in an insulated beaker of RO water that was allowed to equilibrate
for 1 hour at room temperature. Once the response has stabilized, the probe and
thermometer readings are recorded in the calibration logbook. The temperature should also
be checked at approximately 4C by checking the temperature vs. the NIST thermometer
using the insulated beaker after allowing it to equilibrate overnight in the walk-in cooler.
The probe responses must be within ± 0.2 o C of the measured response of the NIST
thermometer. If not, the conductivity/temperature probe should be replaced and checked
against the NIST traceable thermometer.
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9.3

Corrective Action
If calibration verification or precision of duplicate field measurements do not meet
specifications, these QC measurements should be immediately repeated. Calibration failures
that are detected in the field may be corrected by re-calibrating then repeating the calibration
verification. If this second verification or duplicate fails, the instrument should not be used
for field measurements until the problem is fixed and acceptable performance has been
verified. If QC failures are observed, lab analysis may also be used in place of field
measurements. It may be necessary to flag the data or repeat the measurements with a
properly functioning meter if other corrective actions cannot be performed.
Changing field conditions rather than a malfunction of the field meter may affect replicate
field measurements. No corrective actions will be based on field replicates when acceptable
field duplicates are observed. Significant changes in barometric pressure may affect the
post-calibration values. This change should be documented.
DAF forms should be used when there is any failure of the QC requirements that could have
an effect on the data produced by the YSI, when there are unusual field conditions that may
affect the expected data, or if any described procedures were not able to be followed for
whatever reason.

10.0 Data Reduction, Reporting, Review, and Documentation
10.1 Sample Data Entry to LIMS
Any field measurement that is associated with a unique sample number (L#) should be
loaded to LIMS. Data collected during discrete sampling for routine projects can be entered
manually into LIMS using the ESS-YSI listtype for DO, pH, specific conductivity, and
temperature. Sample time, as recorded from the YSI internal clock, will be entered into
LIMS to the nearest minute. There is currently no mechanism of loading YSI data files into
LIMS electronically. For unattended monitoring projects using the YSI and collecting large
quantities of data, a peer reviewed excel spread sheet containing the data files, a copy of the
YSI QC sheet, and any field notes will be presented to the project manager.

10.2 Documentation of QC results
Field QC results and pre- and post-calibration results are to be documented on a YSI
calibration sheet, and then photocopied. The original is filed in the YSI QC notebook; a
photocopy is turned in to Login with the field sheets, if applicable, and added to the data
package (10.3). Calibration verification, continuing calibration and post deployment check
standards for pH and conductivity are added to LIMS as check standard (CS) samples and
verified for compliance within acceptance limits. Replicate samples are samples with
unique Login numbers that are also added to LIMS QC as FREP samples and calculated for
relative percent difference referencing the original sample number. See SOP # 02-03-007
section 8.2.4 for details on creating QC samples in LIMS.
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For standards, the lot number must be recorded with the calibration results. The name of the
YSI Sonde and 650 MDS datalogger that were used for the analysis must be recorded on the
QC sheet.

10.3 Data Review
A copy of the LIMS data review report, workgroup report, QC report, field sheet, and YSI
calibration form are reviewed by a second individual familiar with the procedure before the
data is approved in LIMS. A Review Sheet is completed for each workgroup to document
the review process. Hardcopy data is stored with project records for a minimum of 10 years
following the collection date. For data that is not entered into LIMS, a second individual
familiar with the procedure will review the excel spread sheet and verify the completeness
of the data, identify any anomalies and ensure QC specifications have been met. Any
questionable data will be flagged and the project manager notified.

11.0 Standards and Reagents
Information on each solution either purchased or prepared should be summarized in the ESS
standards logbook. Standards that are used for rinsing purposes are stored in 1L CWM bottles
labeled with the standard name and designated “For Rinse Only.”

11.1 pH
The following solutions are for single use only and should never be poured back into their
original containers. The standards are stable at room temperature. Working aliquots are to
be taken from the stock solution and used to calibrate and verify the calibration of the pH
sensor. The buffer’s expiration dates are specified by the manufacturer.
11.1.1

Calibration Standards

pH 7.0 Buffer Standard
Fisher catalogue (#SB107-4 or SB107-20) commercially prepared buffer
solution.
pH 4.0 Buffer Standard
Fisher catalogue (#SB101-4 or SB101-20) commercially prepared buffer
solution.
pH 10.0 Buffer Standard
Fisher catalogue (#SB115-4 or SB115-20) commercially prepared buffer
solution.
pH 6.86 Buffer Standard
Fisher catalogue (#15405) commercially prepared buffer solution (Hydrolab
SOP states this is from Lab Chem, catalogue LC12350-5). The fisher standard
listed above is what we currently use. Hydrolab SOP should be changed.
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11.2 Conductivity
11.2.1

Calibration Standards

Dried Potassium Chloride (KCl; Fisher Scientific #P217-3) – Place several grams of
KCl on a watch glass and dry it in the oven (103-105 degrees C) for several hours.
Place the dried KCl in a dessicator and cool to room temperature.
µ6667 Siemens/cm Calibration Standard
Potassium Chloride (KCl) Laboratory Control Sample Stock, 6667 μmhos/cm In a 1000mL volumetric flask with approximately 800mL RO water, dissolve
3.728 g dried KCl (11.2.1.1); dilute to 1000mL with RO water. In the Reagent
Preparation Logbook write the preparation ID #, date, analyst’s initials, lot
number of the chemical used, concentration of the chemical made, and the date
of expiration. This 0.05 M KCl solution has a conductance of 6667 μmhos/cm
at 25°C. The solution is stable for one year and is stored in a 5 Liter storage
container at room temperature.
µSiemens/cm Calibration Standard
Working Laboratory Control Sample, 73.9 μmhos/cm- Dilute 10mL of the
stock KCl solution (11.2.1.1) to 1000 mL in a volumetric flask with RO water.
This solution is stable for six months, and is stored at room temperature. In the
Reagent Preparation Logbook, write the concentration of the solution, the date,
how the reagent was made, and the date of expiration.
Continuing Calibration Check Standard
Dried Potassium Chloride (KCl; Fisher Scientific #P217-3) – Place several
grams of KCl on a watch glass and dry it in the oven (103-105 degrees C) for
several hours. Place the dried KCl in a dessicator and cool to room
temperature.
6667 µSiemens/cm Calibration Check Standard
Potassium Chloride (KCl) Laboratory Control Sample Stock, 6667 μmhos/cm In a 1000mL volumetric flask with approximately 800mL RO water, dissolve
3.728 g dried KCl (11.2.2.1); dilute to 1000mL with RO water. In the Reagent
Preparation Logbook write the preparation ID #, date, analyst’s initials, lot
number of the chemical used, concentration of the chemical made, and the date
of expiration. This 0.05 M KCl solution has a conductance of 6667 μmhos/cm
at 25°C. The solution is stable for one year and is stored in a 5 Liter storage
container at room temperature.
µSiemens/cm Calibration Check Standard
Working Laboratory Control Sample, 73.9 μmhos/cm- Dilute 10mL of the
stock KCl solution (11.2.2.1) to 1000 mL in a volumetric flask with RO water.
This solution is stable for six months, and is stored at room temperature. In the
Reagent Preparation Logbook, write the concentration of the solution, the date,
how the reagent was made, and the date of expiration.
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11.3 RO Water
RO Water – reverse osmosis water; ASTM Type I

12.0 Contamination and Interferences
Aside from algal growth, there are a number of factors that may cause inaccurate sensor
readings. Calibration drift can occur on all sensors. Weekly maintenance and recalibration of
sondes used for unattended deployments are required whenever starting a new project to ensure
frequent validation of data collected. Time between maintenance may be increased depending
on the environment being sampled. For example, the use of a YSI 6600 EDS in a static body of
water stationed below the photic zone will experience much less biofouling than a sonde in a
shallow stream during summer.

13.0 Preventative Maintenance
Multiprobes must be cleaned of algae and debris garnered during extended deployment. Use
Kimwipes and RO water to gently remove buildup on probes and casings prior to storage and/or
re-calibration. Sondes must be stored in a moist environment to prevent dehydration of the
probes. After rinsing the sonde well with both RO water and tap water, pour a small amount of
tap water into the calibration cup and hand tighten the cup onto the sonde. Storage caps and field
connection guards appropriate for each sensor must be in place during storage and transport to
and from the field.

13.1 DO sensor maintenance
The DO sensor membrane should be checked for air bubbles, tears or other imperfections
and be replaced accordingly. To replace the membrane, remove the old membrane and rinse
the electrodes with RO water. If either electrode shows signs of corrosion or buildup, dry
the probe completely with a lens cleaning tissue.
Use the small sanding disc included in the 6035 DO probe conditioning kit to gently sand
the electrodes in a motion similar to lighting a match. Always sand in a direction parallel to
the gold electrode and continue until both electrodes are free of corrosion.
After completing the sanding procedure, rinse the probe face with RO water and then rinse
with a small amount of the KCl solution included in the 6035 DO probe conditioning kit.
Clamp the sonde so the probes are in a vertical position and apply KCl solution to the DO
probe completely filling the moat around the electrodes and forming a positive meniscus on
the tip of the sensor. Be sure no air bubbles are stuck to the face of the sensor and carefully
place a Teflon membrane over the sensor. Roll the o-ring over the end of the probe being
careful not to touch the membrane sensor surface with your fingers. There should be no
wrinkles or trapped air bubbles under the membrane. Trim off excess membrane with
scissors and rinse the sonde several times with RO water.
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13.2 Conductivity sensor maintenance
The openings that allow fluid access to the conductivity electrodes should be cleaned
occasionally. Use the small cleaning brush included in the 6570 Maintenance Kit to scrub
the inside of each hole 15-20 times. The temperature portion of the probe requires no
maintenance.

13.3 pH probe maintenance
Cleaning of the pH probe is required whenever deposits or contaminants appear on the glass
surface of the probe, or when the response of the probe becomes slow. Use a clean
moistened cotton swab to remove all foreign material from the glass bulb. Carefully remove
any material that may be blocking the reference electrode junction of the sensor.

13.4 Depth sensor maintenance
The depth sensor modules are factory installed options that are located between the bulkhead
and the sonde tube. For the 600 XLM sonde, there is a circular protective cap with two
small holes. The cap cannot be removed, but a syringe supplied in the maintenance kit can
be used to clean the pressure port. For the 6600 sondes, the depth sensor is a through-hole
on a module just above the sonde bulkhead that is also cleaned using the syringe. Fill the
syringe with either tap or RO water, place the tip of the syringe into one of the holes and
gently force water through the pressure port. Ensure that the water comes out of the other
hole. Flush until the water comes out clean.
Slow or drifting responses during calibration or field measurements would indicate probe
maintenance or replacement might be necessary. See the YSI instrument manual for more
detailed troubleshooting and maintenance procedures. Post-deployment maintenance must
be recorded on the calibration sheet and in the instrument log for each probe.

14.0 Training outline
New analysts must successfully perform initial calibration, QC checks, file creation and
download, and post-deployment checks under the direct supervision of an experienced
analyst. New analysts will familiarize themselves with this SOP and the YSI 6-Series
Operating Manual before using the YSIs.

15.0 References
YSI 6-Series Operating Manual

King County

56

November 2008

Appendix B. King County Environmental Laboratory standard
operating procedure for field measurement of
conductivity using hand held meter ( SOP #206v2;
Implemented: February 2005; Supersedes SOP: #02-01006-001)
1.0

Scope and Application

This Standard Operating Procedure (SOP) applies to all field measurements for conductivity of
water using a single-probe electrode procedure. This electrometric method is used to determine
the specific conductance of water in-situ, in an equivalent manner to laboratory method (SOP#
03-01-002-002). Each project may have specific procedures and/or analyte requirements.
Consequently, these guidelines should be used in conjunction with project-specific guidance,
where appropriate.

2.0

Associated Documents and SOPs

2.1

Sampling Methods for Stream and River Sampling
(SOP #02-02-004)

2.2

Lakes Water Column Sampling (SOP #02-02-003)

2.3

Field Measurement of Temperature (SOP #02-01-003)

3.0

Method Summary

This field analysis procedure describes the calibration and determination of specific conductance
(conductivity) of a liquid sample using a portable single-parameter probe. The instrument is a
combination electrode and temperature probe, which automatically compensates for temperature.
This SOP describes calibration, field measurement, QC and documentation associated with this
method.

4.0

Definitions

Ambient Water

Waters in the natural environment (e.g., rivers, lakes, streams)
Apparatus

The sample containers, sampling devices, instrumentation, and all other materials and
devices used in sample collection.
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Sample Container

Bottles used to store the sample. Sample containers are specific to a particular analysis or
sets of analyses.
Field Measurement Duplicate

Two sequential measurements made on a portion of the sample collected in a bucket or other
container.
Field Replicate

A field replicate sample consists of a second sample collected at a sampling location using
the exact collection methodology as was used to obtain the first sample. The field replicate
is collected at the same sampling location one minute after the original sample. The field
replicate sample is generally analyzed for all the analytes for which the sample was
analyzed. Analysis of the field replicate sample is used to measure and document the
precision of field sampling methodologies and the homogeneity of the sample site.
Collecting samples from the same depth and site, one minute apart, accomplishes this.
Ice Barrier

A layer of plastic between the sample containers and the ice within an ice chest to prevent
potential contamination from ice melt.
Conductivity

Conductivity is the measure of the ability of an aqueous solution to carry an electric current.
The conductance depends on the presence of ions and their total concentration, mobility, and
valence, as well as the temperature of the sample at the time of the measurement. In this
document, the words conductivity and specific conductance will be used synonymously.
Both will refer to temperature compensated conductance.
Specific Conductance

The specific conductance of a sample is measured by use of a self-contained conductivity
meter. Temperature corrections are automatically made with the temperature compensation
probe, and results are reported at 25°C.
PE

High Density Polyethylene

5.0

Safety and Hazardous Materials Management

The following are general health and safety guidelines. These guidelines will be read and
understood by all members of the sampling crew prior to any sampling activities.
•

Sampling personnel will wear chemical-resistant gloves whenever coming into contact
with potentially hazardous water.

•

No eating, drinking, smoking, or tobacco chewing by sampling personnel will be allowed
during active sampling operations.
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•

Sampling operations will normally be conducted during daylight hours.

•

All accidents, “near misses,” and symptoms of possible exposure will be reported to a
sampler’s supervisor within 24 hours of occurrence.

•

All crewmembers will be aware of the potential hazards associated with chemicals used
during the sampling event.

•

Follow all boating and stream/river sampling safety guidelines.

6.0

Sample Containers, Preservation, and Storage

Sample containers are only required when samples are brought to the lab for QC purposes.

6.1

Container and Collection
Field QC samples are collected in a 500-ml HDPE clear wide mouth bottle. Sample
containers are filled using standard water sample collection procedures (See section 2).

6.2

Preservation and Storage
Conductivity field QC samples are not preserved. Samples are stored in a closed cooler at 4
degrees C. Samples have a holding time of 28 days at 4 degrees C.

7.0

Apparatus, Equipment, and Consumables
•

Portable conductivity meter with epoxy, carbon plate conductivity cell, temperature
compensated

•

Wash bottle filled with RO water

•

Appropriate replacement battery for field use

•

500 milliliter clear wide mouth sample bottle(s)

•

Screwdriver for calibration

•

Instrument log book

•

Field Sheets and pen

•

Latex gloves

•

Lint-free wipes for blotting conductivity cell

8.0

Procedure

8.1

Preparation
8.1.1 Connect cell to meter. Switch on using on/off switch.
8.1.2 Check batteries.
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8.1.3 Remove protective cap from conductivity probe and rinse probe with RO
water. Blot dry.

8.2

Instrument Calibration
8.2.1 Select range that is most appropriate for the calibration solution in use. For
fresh water, use the 73.9 μs/cm standard (11.1.2). For salt water, use 6667
μs/cm standard (11.1.1).
8.2.2 Place cell in the calibration standard and wait for the reading to stabilize.
(Gentle stirring will permit any trapped air in the probe to escape.)
8.2.3 When reading is stable, adjust the value to that of the standard using a
screwdriver to turn the calibration screw on the side of the meter.
8.2.4 Place cell in the calibration verification solution (Check Standard 11.2) and
wait for the reading to stabilize. Record the conductivity in the instrument
logbook. Evaluate if the verification response meets the acceptance limits
(see 9.3).

8.3

Sample Analysis
8.3.1 Rinse cell, blot dry and transfer the cell to the sample.
8.3.2 Submerse probe in sample - ensure that probe is free from trapped air.
8.3.3 Wait for meter to stabilize. Record the stabilized reading.
8.3.4 Rinse with DI water between samples.

9.0

QA/QC Requirements

The quality control practices defined in this section are specific to the Environmental Services
Unit and are subject to change for specific projects. Project-specific QC requirements that differ
from this SOP should be defined in a Sampling Analysis Plan prepared for each project. The QC
samples come from conductivity meters and collection of quality control samples. Conductivity
data are to be recorded on the field sheets, as well as on the ESS QC Daily Checklist.

9.1

Calibration
The conductivity meter must be calibrated on a daily basis. See section 8.2.

9.2

Continuing Quality Control
To ensure continuing quality control, the following QA/QC protocols will be followed:

9.2.1

Field Replicates

A minimum of one field replicate will be analyzed per sampling event. A replicate of
field analytical data can be analyzed using the conductivity meter. Following the
analysis of the first sample, wait one minute and analyze a second sample.
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Physical samples can be collected and sent to the lab to compare laboratory analysis to
field analysis.
9.2.2

Field Duplicates

A minimum of one field duplicate will be analyzed per sampling event. A duplicate of
field analytical data can be analyzed using the conductivity meter. Fill a bucket with
surface water and place the conductivity sensor into the bucket. Allow the instrument
to equilibrate, record the initial sample, wait one minute and record the duplicate.
9.2.3

Field Check Standards

A minimum of one check standard will be analyzed per sampling event. The purpose
of these samples is to verify the quality of the conductivity data during the sampling
run. Use the 73.9 μs/cm check standard (11.2.2) for fresh water and the 6667 μs/cm
check standard (11.2.1) for salt water.
9.2.4

End Checks

End checks are check standards that are analyzed following the sample run. The
purpose of these samples is to verify the quality of the conductivity data throughout
the entire sampling run. In fresh water, use the 73.9 μs/cm check standard (11.2.2) for
the end check. For salt water, use the 6667 μs/cm check standard (11.2.1) for the end
check.

9.3

Acceptance Limits
Relative percent difference (RPD) of each set of conductivity field replicates and
duplicates will be calculated. Percent Recoveries will be calculated for conductivity
check standards and end checks. The acceptance limits are as follows:

Analyte

Duplicate
RPD

Replicate
RPD

Conductivity

10%

10%

Field Check
Standard
% Recovery
90-110%

End Check
% Recovery
90-110%

Following completion of analysis by the analytical laboratory, each field replicate,
duplicate, check standard, and end check will be evaluated by the TC and reported to
the LPM if the value is outside of the control windows. The TC and LPM will work
with the other laboratory units to determine appropriate corrective action.

10.0 Data Reduction, Reporting, Review and Documentation
Field sheet data for each sample are project specific and often times include:
•

Personnel - Initials of Sampling Personnel

•

Sample Description
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•

Sample Function

•

Time of sample collection

•

Sample Method – Use 62010 – Single-parameter sensor, portable, conductivity

• Field observations that could affect the quality of the samples
These field sheet data will be entered into the Laboratory Information Management System
(LIMS) for each sample using the data entry macro in Microsoft Excel. These data are edited
and downloaded to LIMS electronically or manually keypunched into LIMS. The ESS QC Daily
Checklist is copied with the original being attached to the field sheets and the copy going into the
QC Calibration Notebook. Following LIMS review, the analyst fills out a Data Review
Checklist and passes the data packages on to peer review. Following peer review, the data are
approved in LIMS and the hard copies of the field sheets and LIMS data are filed and stored for
a minimum of 10 years.

11.0 Standards and Reagents
11.1 Calibration Standards
ESS staff prepares the following solutions. Expiration dates are specified on the container
label. The solutions are stable at room temperature.
11.1.1

Conductivity 6667 Calibration Standard

In a 1000mL volumetric flask with approximately 800mL RO water, dissolve 11.18265 g
dried KCl (from the Conventional Chemistry laboratory); dilute to 3000mL with RO water
in an 8 Liter Nalgene spigot dispenser. In the ESS Standards Logbook, write the preparation
ID #, date, preparer’s initials, solution concentration, and the date of expiration. This 0.05
M KCl solution has a conductance of 6667 μs/cm at 25°C. The solution is stable for one
year and is stored in an 8 Liter Nalgene spigot dispenser at room temperature in the ESS
calibration room.
11.1.2

Conductivity 73.9 Calibration Standard

Dilute 80mL of the stock KCl solution (11.1.1) to 8000 mL using a volumetric flask and RO
water. This solution is stable for six months, and is stored at room temperature in an
8000mL Nalgene spigot dispenser. In the ESS Standards Logbook, write the solution
concentration, the date, how the reagent was made, and the date of expiration.

11.2 Check Standards
11.2.1

Conductivity 6667 Check Standard

In a 1000mL volumetric flask with approximately 800mL RO water, dissolve
11.18265 g dried KCl (from the Conventional Chemistry laboratory); dilute to
3000mL with RO water in an 8 Liter Nalgene spigot dispenser. In the ESS Standards
Logbook, write the preparation ID #, date, analyst’s initials, solution concentration,
and the date of expiration. This 0.05 M KCl solution has a conductance of 6667
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μs/cm at 25°C. The solution is stable for one year and is stored in a 8 Liter Nalgene
spigot dispenser at room temperature in the ESS calibration room.
11.2.2

Conductivity 73.9 Check Standard

Dilute 80mL of the stock KCl solution (11.2.2) to 8000 mL using a volumetric flask
and RO water. This solution is stable for six months, and is stored at room
temperature in an 8000mL Nalgene spigot dispenser. In the ESS Standards Logbook,
write the solution concentration, the date, how the reagent was made, and the date of
expiration.

12.0 Contamination
Soaps, oily matter, suspended solids, or precipitates may coat the electrode and cause a sluggish
response. Both temperature and biological activity in the sample can alter conductivity.
Electrode fouling and inadequate sample circulation are the most common cause of problems.
These problems are recognized by unstable or erratic readings and poor recoveries for check
standards. Follow the manufacturer’s recommendations for cleaning and replenishing the
electrode if this becomes a concern.

13.0 Preventative Maintenance
The surfaces of conductivity measuring cells are platinized and extremely sensitive, therefore
they should not be touched. There is no other preventative maintenance necessary for this
electrode.

14.0 Training Outline
The operator must have been trained on the use and maintenance of the instrument prior to
attempting it alone.

15.0 References
Standards Methods for the Examination of Water and Wastewater, 20th Edition 1999. Method
2150B.
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Appendix C. Detailed procedures and field data sheet for solute
transport studies
Salt Tracer Methods:
I. Lab Prep Materials and Methods


Materials:
o Electronic balance
o Large carboy
o Distilled water
o Non-iodized salt (NaCl)

1. Mix approx. 20% release solution (solute) into 2 L plastic containers. (Note: This
concentration of salt was chosen because it is easily dissolved at room temperature; the
exact concentration is not critical.)
a. Add 400 g of salt (NaCl) to 2L container.
b. Add deionized water until container is full.
c. Shake until salt is dissolved. Shake again when in field prior to adding to stream.
II. Field Methods


Materials:
o Salt Tracer solution (e.g., 5-10 L)
o 2 YSI conductivity meters - sondes and handheld displays (650XL) or ProPlus
Meters w/ cable – per reach
o Extra batteries for meters
o YSI Manual
o 100 m tape
o 500 ml (minimum size) graduated cylinder
o 5 gallon bucket
o Flagging tape
o Black marker
o Watch w/ seconds display and w/ stopwatch function synchronized with sondes
and an official atomic clock (see http://www.time.gov/timezone.cgi?Pacific/d/8/java )
a. Prepare ProPlus meters or “launch” sondes for deployment (unattended sampling)
using YSI: 650 XL:
i. Interval: 00:00:15 (15 second sampling interval)
ii. Start date/time: Use the date of sampling. Select a time prior to the
beginning of anticipated submersion of sonde prior to sampling
iii. Duration: Generally 2 to 6 hours depending on reach
iv. Filename: Use accepted project format, currently a seven-digit
alphanumeric code to create unique file names within a single sampling
year (e.g., 2008): <First letter of stream name> <Last letter of stream
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name> <MM><DD><U or L for upper or lower, respectively>. For
example, the filename for the upper sonde in Cherry Creek on Sept 18,
2008 is CY0918U. Stream codes are: Cherry (CY); Fisher (FR); Judd
(JD); East Seidel (ES); South Seidel (SS); Tahlequah (TH); Taylor (TR);
Webster (WR); Weiss (WS).
b. Install waterproof caps where needed.
c. Repeat for second meter or sonde.
2. Reach selection
a. Choose an appropriate experimental reach.
i. Meter/sonde and salt release locations should be where flow is
concentrated, e.g., narrow riffles or chutes.
ii. Total reach should be roughly 200 m long, to allow two consecutive 100
m sub-reaches to be established (Fig. 1).
iii. Figure 1. Tracer Plot Layout
Lower
Sonde

Upper
Sonde

~100 m

Release
point

~100 m

20%
NaCL

iv.
b. Flag label each location: Lower, Upper, Release points
c. Install rebar benchmarks at ends of each sub-reach.
d. Record precise locations on photo map and obtain coordinates using GPS device.
3. Time Keeping
a. Synchronize sondes and field watches (or other time device) to the US Naval
atomic clock. It is most critical, however., that field watches and sondes be
synchronized to each other than for the watches and sondes to be exactly
synchronized with the atomic clock.
4. Calibrate sondes
a. Verify that meters have been recently calibrated by KCEL.
5. Install conductivity meter at the Lower and Upper measurement points.
a. Use synchronized watch to record exact time each meter is placed in the water.
Best to do so at an even minute time.
b. Be sure waterproof caps are attached. Do not submerge the connector to the 650!
c. Place the tip of the probe in the main part of flow of a riffle or chute, pointing
downstream at a 45-degree angle and shake to ensure no air bubbles in probes.
6. Determine appropriate volume of solute to release
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a. The goal is to add enough solute to raise stream conductivity at the lower sonde to
create a measurable peak and declining limb. Ideally the peak should be about 50
uS above background.
i. This helps to generate a smooth (rather than stair-stepped) curve in the
declining limb of the solute concentration.
b. The appropriate release volume can be estimated by considering streamflow and
by visually assessing the extent of slow-water areas in the study reach:
i. In general, as flow increases, more solute is needed to generate a ‘good’
peak. At least 1 L of solute should be used as a starting point in all
streams. This amount can be reduced or increased as needed.
ii. As a general rule, a ‘good’ peak can often be generated by releasing 1 L of
20% release solution per 0.5 cfs of flow.
1. For example if flow volume is 0.5 cfs, release volume would be 1
L of solution.
7. Preparation of salt ‘slug’
a. The streams and meters are highly sensitive to salt-induced conductivity changes.
Therefore, it is preferable to prep salt solution in the office or lab. If you must
prep additional solution in the field, do so well away and downstream from the
measurement reaches and out of the channel to avoid unintentional release of the
solute during decanting.
b. Shake solute container until well-mixed. Check to make sure that salt is
completely dissolved. Shake again if significant time lapses between shaking and
addition to stream.
c. Using a graduated cylinder or flask, measure necessary amount of release solution
into empty 2 L container, multiple containers, or a clean bucket.
8. Slug release
a. When ready, begin a countdown to the top of the minute (e.g., 12:24:00).
b. At the top of the minute, pour the solution as a single slug – all at once –into the
creek at the release point. If the channel is broad, aim for where the majority of
flow is concentrated.
i. DO NOT stand in the ‘hot zone’ immediately downstream from the
release point.
ii. DO NOT rinse the graduated cylinder or bucket in the stream after the
slug has been released. Treat these containers as if they are
‘contaminated’.
c. Record release time in field notebook (to the nearest second). (Note: best if done
“at the top of the minute”, avoiding tracking exact seconds)
d. Return to Upper and Lower sondes to verify operation and placement.
i. AVOID walking in the creek, ESPECIALLY IN THE ZONE OF HIGH
SALT CONCENTRATION immediately downstream from the release
point while en route to the sondes.
e. Leave probes untouched in water and continue recording until conductivity
readings return to background levels at the lower sonde. Generally sondes or
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meters will be left overnight or for a significant period of a day, so there should
be no concern for removing too soon.
i. If possible, view files and verify data has been collected before leaving the
site
ii. Refer to manual for instructions
9. Record field data on datasheet (example below)
2008

Salt T racer Field Data Sh eet

D ate

Samp led by
MM

/ DD

/

YYYY

Stream
( circle)

Cherr y

Fisher

Judd

Seidel
( East)

Seidel
(South)

T ahlequah

Taylor

Webster

W eiss

Stream
cod e

CY

FR

JD

ES

SS

TH

TR

WR

WS

So nde
starts
lo gg ing

HH

:

MM

Sonde N ame
Upp er
Son de

Lo wer
Son de

Gaug e
ht

cfs

Flo w

:

___ . __

Slug
release
time

SS

T ime o f
g aug e
read ing:

cm

HH

:

MM

File name ( e.g., CY0918U or CY0918L)

___

___

___

___

___

___

___

___

___

___

___

___

:

HH

:

MM

:

Slu g
volu me
(L )

SS

SS

___. __

Time Deployed

U
HH

:

MM

:

SS

HH

:

MM

:

SS

L

IV. Analysis
1. Establish rating curve
a. Empirically define relationship between flow and time to peak concentration
(TPC) of solute
1. Five (or more) flow levels, if possible
ii. For each stream category
1. Treatment
2. Reference
iii. For each stream
1. Segment scale
a. (0-200 m)
2. Reach scale
a. Reach 1 (0-100 m)
b. Reach 2 (100-200 m)
2. Comparisons among years within each stream
a. Change in time to peak concentration (TPC) relative to rating curve (seconds
above or below rating curve line, percent change)
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b. Change in transient storage characteristics (values are determined from optimized
simulation model such as OTIS)
i. This is possible for comparisons of baseflow conditions
3. Comparisons among streams within years
a. Solute breakthrough curves normalized to TPC on the X-axis (after Gooseff et al.
2007) and normalized on the Y-axis to the relative increase above background
(0.0-1.0).
i. This standardizes the solute curve to the TPC (where TPC = 1).
ii. Allows explicit comparison of the time of travel for the entire solute
breakthrough curve, the limits of which are defined by the time elapsed
between solute release and the time at which conductivity levels return to
background.
iii. This provides for comparisons of transient storage (whether it occurs in
the channel or in the hyporheic zone) among treatment and reference
streams, and can be used in regression analysis to evaluate the influence of
change in driving factors related to development.
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Appendix D. Field Sheet for Benthic Invertebrate Collection
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Appendix E. Tables
Table 1. Measurement Quality Objectives*
(Laboratory Analyses of Water Samples)

Parameter

Conductivity –
YSI Sondes
Temperature –
YSI Sondes
Conductivity –
YSI hand held
field meter
Fluoresence –
Rhodamine WT
sensors

Check Standard
and End Checks
% Recovery
Limits
± 10 %

Relative Percent
Difference (RPD)
RPD ≤ 10%

N/A

N/A

± 0.3 oC

N/A

± 10 %

RPD ≤ 10%

0.5 uohms/cm

± 10 %

RPD ≤ 25%

10 ug/L Rhodamine
WT

Replicate Samples

Lowest Concentrations
of Interest
Units of Concentration

* Note that this table is constructed with the same units used to report results for laboratory QC
analyses. Information on the default QC sample types and QC limits can be obtained from the
laboratory that will be performing the analyses. An exception is pH, which is usually analyzed
in the field.
**Surrogate recoveries are compound specific.
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Table 2. Sample Containers, Preservation and Holding Times

Parameter

Matrix

Benthic
invertebrates

Stream
substrates

Minimum
Quantity
Required
500
organisms
desired

Container

Preservative

Plastic bottles

Ethanol (~ 80%)

Holding
Time
Up to six
months

Table 3. QC Samples, Types and Frequency
YSI 6600 and 6920 sondes

Parameter

Calibration
Field
Drift End Measurement
Check
Replicate
Acceptance Acceptance
Limits
Limits

Field
Calibratio
n Check
Standards

Temperature
Specific conductance

N/A
± 10 %

N/A
± 10 %

± 0.3 C
RPD </=
10%

PostDeployment
Field
Calibration
Replicate
Check
Acceptance
Acceptance
Limits
Limits
N/A
+/- 0.3 C
± 10 %
RPD </=
10%

After an unattended monitoring period, sondes returned to the lab will have a calibration check
performed within 12 hours of the last field measurement. Temperature probe calibration is
confirmed annually with a side-by side comparison of the probe response to an NIST-traceable
thermometer.
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