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1.0 Executive Summary

The Trilogy and Redmond Ridge Urban Planned Development (UPD) Natural Resources
Monitoring Midpoint Review report summarizes the natural resource monitoring that was a
condition of development permits. The primary purpose of the report is to present the extent to
which the developments have affected ecosystem function by evaluating biological, physical,
and chemical responses of some of our most sensitive and valuable natural resources to changing
landcover conditions related to the developments. This report focuses only on the natural
resources. However, it is part of a larger mid-point review of project impacts as a whole,
including those with human social implications such as changes to traffic routing and volumes,
etc.

The monitoring techniques and protocols implemented in this study were specified in the original
monitoring plans (King County 1999, 2001). This report presents data on changes to affected
natural resources, if those changes exceed permitted or expected conditions, and suggestions on
how to proceed during continuing phases. In general, despite some changes in ecosystem
conditions, our analyses indicate that the permit conditions have been largely met due to the
natural resources protections that were put in place. However, one key finding is that because
our monitoring efforts were largely not set up in a hypothesis testing framework, it is difficult or
impossible to say with statistical certainty, that natural resources protective measures have been
adequate. Hopefully, the results of this study can inform how potential future impacts to natural
systems are avoided or mitigated in other developments within the County.

1.1  Summary of Key Findings
Macroinvertebrates

Aquatic macroinvertebrate populations appear to be in decline at several locations within creeks
draining from the UPDs. Some of these declines are beyond the range of variability established
during three years of pre-development data from 1999 to 2001. In addition, declines exceed
established threshold criteria in two locations. However, one year of post-development data is
insufficient to define a trend. These streams should continue to be monitored closely, but no
corrective actions are warranted at this time. Most basins should be sampled through at least
2008 or 2009. In addition, to ensure at least three years of post-development data to compare
with pre-development data monitoring must continue through at least 2008 at all locations.

Amphibians

Amphibian populations in the UPD wetlands appear to fluctuate greatly from year to year.
Factors contributing to amphibian declines could include hydrologic excursions, changes in plant
community structure, introduction of predators, epidemics or parasites, meteorological
conditions including precipitation and climate change, and /or water quality problems. Some of
these factors could be attributed to the increasing urbanization of the basin (e.g., hydrological
changes that influence plant community structure and available habitat and water quality
problems), but many cannot. Given the sensitivity of amphibians to environmental change, these
populations should continue to be monitored closely. However, at this time, no corrective
actions are warranted.
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Fish

Fish populations fluctuate naturally and population estimates are inherently variable relying on
numerous assumptions. In addition, the population estimates that were calculated for this study
reflect a single moment in time for the specific reaches sampled. No corrective actions are
recommended at this time. Nevertheless, the declines in Colin South, Evans East, and Adair
cutthroat trout populations should be monitored closely for continued changes over time and
perhaps expanded to test if the reaches sampled are reflective of the overall population
conditions in those systems. If continued declines are linked to UPD development, appropriate
corrective actions should be implemented.

Wetland Vegetation

Wetland vegetation surveys only occurred in wetland BBC 52 and were intended to monitor if
the UPD development has had an adverse impact on the botanical community of this bog
wetland system. The study design for this component of the overall natural resources monitoring
program seems to be adequate to detect changes at this scale. However, some of the specific
questions about wetland botanical community integrity relative to development progress will
require more time in order to determine quantitatively if there has been an adverse impact.
Given that this basin is still largely undeveloped, the prescribed monitoring timeline (sampling
every other year, 4 times following 75% buildout) may provide enough information to establish a
trend, assuming a new ecological trajectory is established due to some chronic impact to the
system. At that time it may be necessary to re-evaluate the monitoring plan, which could include
extending the monitoring period, in order to make that determination quantitatively.

Wetlands

Headwaters wetlands in the Big Bear Creek and Snoqualmie River systems remain within the
seasonal fluctuations that were observed during the baseline data collection period. The Evans
Creek wetlands are very affected by beaver activity. However, other than some construction
related events that were corrected, the wetlands do not show unexpected changes in hydrologic
behavior.

Streams

The two Colin Creek tributaries are behaving as expected. The Unnamed Creek bypass is
functioning and data from the two Unnamed Creek gauges are consistent with expectations with
respect to summer low flows and storm peak magnitudes. The Adair Creek bypass is
functioning, but does not seem to carry much flow. Adair Creek is exhibiting some affects
consistent with an urbanizing watershed, i.e., increased “flashiness.” To mitigate for these
changes in hydrograph, an adjustment of the bypass level setting may be necessary.

Facilities
Monitoring of drainage facilities is slated to begin under the conditions set forth in the
monitoring plans and will continue until 5 years after 75 % buildout has occurred in respective
basins. Fifty-three stormwater facilities have been or will be constructed for this development.
Of those, seven facilities have been identified as representative and will be included in this
monitoring program.
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Stream Cross-section stability

Most of the differences in stream channel cross-sections that were measured during this study do
not represent geomorphically significant changes in stream stability. However, changes in Adair
and Rutherford Creeks may be a reflection of some upstream change in watershed hydrology that
is manifest as a chronic impact, or they could represent the channel response to a single event
(e.g., a piece of large wood falling in the channel). In either case, continuing to monitor these
locations in subsequent years should be required and if further geomorphic changes are observed,
corrective actions should be implemented.

Water Quality

Due to some inadequacies with the sampling design, we lack a detailed understanding of the
natural variability in conductivity and pH between years. In addition, inconsistent sampling
protocols and field personnel may introduce additional sources of variability. Nevertheless, there
are apparent increases in conductivity, dissolved oxygen, and pH across wetland and stream
locations that may warrant an assessment of stormwater facility function to determine whether
any additional best management practices (BMPs) can be implemented to further mitigate the
impacts of UPD development.

Welcome Lake

Water Quality monitoring by the Water and Land Resources Division (WLRD) of King County,
is slated to begin following 75% buildout in the basins that drain to the lake, which occurred
during spring 2006. Therefore, much of the data that have been collected on Welcome Lake
have been by volunteers, consultants, or the Lakes group in the King County Department of
Natural Resources and Parks. The data collected to date indicate that there is no consistent long-
term trend toward decreased water quality in Welcome Lake. In fact, there is some evidence that
total phosphorus has decreased in the water column over time.

Sediment Metals

Prior to 2006, there were only four instances where metal concentrations exceeded State
guidelines. In each case, the degree to which the concentrations exceeded their respective limits
was relatively small. Therefore, the potential for adverse effects to aquatic organisms is
considered to be slight. No corrective actions are recommended at this time; however, it may be
necessary to add additional sediment sampling sites. Sampling was reduced to Rutherford and
Colin South beginning in 2005 since these were the only two sites mandated by the monitoring
plans (King County 1999, King County 2001). However, Colin South goes dry during most
summers making base flow sampling inconsistent from year-to-year. Therefore, it may be
appropriate to re-establish sampling at Unnamed Creek, which has year-round flows and
sediment data from 1991, 1999, 2000, and 2001 with which to draw comparisons.

Groundwater Quantity and Quality

There appears to be no evidence that the UPDs have negatively impacted groundwater. There
are some indications that nitrate concentrations in the shallow groundwater have increased.
However, this conclusion is only qualitative due to a lack of adequate data coverage and great
variability in the data. It appears that these elevated nitrate concentrations are not an effect of the
UPD development. Changes in the monitoring program are not called for at this point.
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2.0 Introduction

Two urban planned developments (UPD), Trilogy and Redmond Ridge, are currently under
construction in King County, Washington. This report marks the mid-point of development,
signaling the point where permits for 2500 dwelling units have been issued. In some basins,
construction is largely completed. In others, it is just beginning. Overall, the construction phase
is approximately 75% completed. The purpose of this report is to assess the effectiveness of the
protective measures for natural resources that were implemented as a condition of these
developments. The mid-point is seen as a moment during the construction phase of the project
where information gained from this monitoring program can be used to make adjustments to
existing structures and infrastructure as well as inform future construction practices. The Water
and Land Resources Division (WLRD) of King County has been performing the ecological
monitoring of affected resources related to these developments.

Although these are two independent developments, many of the monitoring elements are
identical and are therefore being conducted simultaneously. The two projects are treated as one
within this report for simplicity. This report describes the progress and results of the UPD
ecological response monitoring program conducted beginning in 1998 pre-construction
conditions through a continuum of changing landscape conditions currently. Monitoring
programs were developed to coincide with water years because the data collection elements of
this program are driven mostly by seasonal weather patterns that dictate hydrologic conditions.

The project area encompasses approximately 1035 hectares and contains numerous high value
natural resources including bogs and other wetlands and headwaters streams for two major
drainages (i.e., the Cedar/ Lake Washington and Snoqualmie River drainages). The site is
located on a broad upland plateau with generally low-relief (Figure 2.0). Slopes are generally
less than 15%, locally exceeding 40% to the east where the plateau abuts the Snoqualmie River
valley. Prior to development, the property was largely second growth evergreen and coniferous
forest with native understory vegetation made up mostly of species normally found in western
Washington. The area has a history of glacial activity, most recently the Vashon glaciation
13,000 to 15,000 years ago. Glacial geological deposits include outwash, till, and recessional
drift. Soils on the site are largely comprised of glacially derived material and peat/ organic soils
(GeoEngineers, 1995).

The monitoring plans for the developments contain elements for aquatic macroinvertebrates,
amphibians, fish, wetland vegetation, hydrology and flow analysis, stream cross-section stability,
water quality, sediment quality, and groundwater. In addition, special attention was required for
Welcome Lake water quality despite the fact that it lies wholly outside of the UPD boundaries,
but downstream of affected wetland and stream resources (King County 1999). Some additional
baseline data for the UPD projects were collected in 1989-93. The data being collected currently
are compared in this report with this early baseline wherever possible. However, most of the
measurements collected under this program were collected after the first permits were issued.
During 1998-99 construction was just beginning and development impacts were still negligible.
Therefore, in some instances data collected in the early phases of construction are useful for both
confirming the consistency of the early baseline data and establishing pre-construction
conditions.
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This report presents analyses focused on natural resources impacts relative to land cover and land
use changes within the UPDs. Impacts to the following resources were addressed as part of this
report.

e Macroinvertebrates

e Amphibians

e Fish

e Wetland Vegetation

e Hydrology/Flow Analysis

e Stream Cross-section stability
e Water Quality

e Sediment Metals

e Groundwater Quantity and Quality

Unintended impacts to other ecosystem components are not anticipated, nor expected to receive
further study.
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2.1 King County Goals

King County had two main goals for this mid-point review: first, to determine if chronic impacts
related to the UPDs are consistent with those in the EIS; and second, if the impacts are not
consistent with the EIS, then can conditions be imposed prior to the issuance of future permits
that can mitigate for those impacts. Specifically, natural resource goals of the mid-term review
are to establish whether provisions to protect wetlands, plants and animals have been met
through (a) the designation of natural resource protection areas encompassing wetlands and
buffers, (b) limitations on encroachments into buffers for necessary road, utility, storm water,
and recreational facilities, and (c) minimizing hydrological impacts to wetlands via storm water
management, providing for mitigation of wetland impacts, retaining native vegetation, and
providing educational materials (Raedeke Associates Inc. 2006).

To asses whether these goals are being achieved at least two monitoring types should initially be
implemented and ongoing. These include compliance monitoring to determine if regulations
have been followed and no illegal encroachment or damage has occurred, and effectiveness
monitoring to assess if SEPA natural resource protection/restoration goals have been met.
Compliance monitoring has been carried out as expected with the projects implemented. When
altered, the resulting changes have been reviewed by staff and all changes mutually agreed upon
by King County, consultants, and developers. Effectiveness monitoring determines the extent to
which environmental protection goals have been met. It is generally preferable to measure
effectiveness by directly monitoring biological parameters (Karr 1998, Karr and Chu 1999).
Accordingly, we listed and quantified the impacts to natural resources (wetlands, plants, and
animals) and reviewed the project documentation to determine whether identified impacts were,
or are being mitigated in accordance with agreed to requirements (but also in accordance to
broader SEPA Goals).

The listing of Cumulative Impacts identifies expected outcomes and would be the underpinnings
for hypothesis testing through the development of a robust study design of data collection and
analysis. Impacts that cannot be mitigated are identified as are those that can. Although some
impacts are unavoidable and cannot be corrected through mitigation, it is more important to
ensure that proper mitigations are in place for those impacts that can be corrected.

2.2 Mitigatable

2.2.1 Plants and Animals

e Retention of more than 500 ha of native open space on both properties which would
maintain linkages among retained habitat on and off the UPD Site.

2.2.2 Wetlands
e Direct alteration of wetlands for Trilogy UPD totals less than one acre
e Loss of wetlands due to road fill

e Direct alteration of wetlands for Redmond Ridge UPD/FCC totals less than 1 ha (less
than 1/2 ha fill and less than 1/2 ha for overstory removal and hydrologic changes)
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2.3 Unmitigatable

2.3.1 Plants and Animals

e Conversion of 405 ha of native forest habitat to other uses and fragmentation of the
remaining forest.

e Loss of native forests attributable to both projects would cause greater reduction than of
either project alone.

e Some species, such as wide-ranging mammals, such as black bear, may be eliminated
from area.

e Use of area by wide-ranging birds, such as pileated woodpeckers and raptors would likely
diminish.
e Other species more adapted to urban areas and edges would likely increase in numbers.

2.3.2 Wetlands

e Development of the UPDs increases the potential for hydrologic and water quality
impacts to Wetlands 44, BBC 44, BBC 45, and Welcome Lake. But the change in
BBC 44 and BBC 45 was expected to be minor, primarily resulting in slightly higher
water levels during fall and winter; no substantial impact expected.

e No adverse impacts likely to wetland Plant communities around the margins of Peterson
pond (Wetland EC38).

3.0 Construction Overview

3.1 Trilogy

The general development phasing takes approximately 2 years to complete once the plats are
recorded and the building permits are issued. The construction begins with land clearing, road
construction, soil management, and is followed by building construction. Construction of the
Trilogy project began during summer 1998 and affects parts of three creek drainages. Portions
of Colin Creek (tributary to Lake Washington), Adair Creek, and Unnamed Creek (both tributary
to the Snoqualmie River) are affected by the development. In addition, 29 stormwater facilities
were constructed as part of that development. These facilities either discharge directly to
wetlands or a bypass pipe system, or allow the stormwater runoff to infiltrate directly into the
ground. Of particular concern are the facilities that discharge detained stormwater into the bog
Wetland BBC 44. Currently, the percent developed ranges from fully built (100%) to no
construction activities. Average percent built in the affected creek watersheds ranges from 0% to
approximately 65% (Figure 4.1.1.1).

In addition to construction associated with the Trilogy development, construction across the
property of the Tolt 2 water supply line for the City of Seattle commenced during summer of
1998. The pipeline crosses the Trilogy property from the eastern border, turning south along
236th Avenue NE, and continuing west along Novelty Hill Road. Pipeline construction on
Trilogy was completed in the fall of 1998.
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3.2 Redmond Ridge

Construction of the Redmond Ridge project began during spring 1998 and has been largely
completed with the exception of the Business Park. As part of the construction activities, 43
stormwater facilities were constructed and are now fully operational. These facilities either
discharge directly to wetlands or a bypass pipe system, or allow the stormwater runoff to
infiltrate directly into the ground. In 1998 the initial stages of construction occurred almost
entirely within the Mackey Creek basin. In 1999 construction extended southward into the upper
portion of the Rutherford Creek watershed. Construction in the Evans Creek drainage is nearing
completion currently (Figure 4.1.1.2).

4.0 Monitoring Activity

Monitoring activities were established to determine if development actions caused changes to
natural resource processes, creating conditions outside of those predicted in the SEPA documents
as reflected in the UPD permits (King County 1996). Monitoring for the project was categorized
into five types: Baseline Monitoring; Construction Monitoring; Implementation Monitoring;
Facility Performance Monitoring; and, Resource Monitoring (King County 1999). This report
highlights resource monitoring efforts and presents results in terms of biological, physical, and
chemical assessments of the responses of natural resources to this development.

41 Biological Assessment

The primary goal of the comprehensive monitoring plan is to assess impacts to the aquatic
systems within and downstream of the Trilogy and Redmond Ridge UPD sites. The monitoring
plan includes assessment of chemical and physical changes that may impact aquatic habitat,
although these monitoring elements can not indicate the response from living organisms in the
streams. Aquatic biota will respond to the conditions in which they live, and therefore can be
indicative of cumulative impacts to an aquatic environment (Karr and Chu 1999). Changes to
the presence, abundance, and diversity of species residing in a stream can serve as an indicator of
how aquatic organisms are impacted by changes in land use in the watershed. Fish and aquatic
invertebrates are two commonly used indicators in biological assessments. In addition, wetland-
breeding amphibian populations were included in this monitoring program because changes in
their populations can have profound effects on wetland ecosystem dynamics (Richter and
Ostergaard 1999). Finally, vegetation in the bog wetland system BBC 52 was monitored to
assess if changes in hydrology were having adverse effects on the vegetation communities (King
County 2001).

4.1.1 Benthic Macroinvertebrates

Overview

Benthic macroinvertebrates are key components of lotic ecosystems providing a functional link
between organic matter and fish in aquatic food webs. Analyses of the benthos can provide
information reflective of habitat quality, overlying water quality, and potential food resources
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present. As such, benthic macroinvertebrates are excellent indicators of general stream
conditions. They are routinely used in biomonitoring programs due to their high abundance and
diversity, limited migration patterns, response to environmental disturbances, and natural
population structure unaltered by stocking or harvesting (Rosenberg and Resh 1993, Fore et al.
1996).

No specific projections regarding changes in benthic macroinvertebrate communities were made
prior to construction (Herrera Environmental Consultants Inc. 1992, Beak Consultants
Incorporated 1995). However, given the predictions for little change in the amount of sediment
exiting the sites, no significant stream channel impacts resulting from moderate increases in
stream discharge (GeoEngineers 1992, 1995), and only minor overall impacts to water quality
(Herrera Environmental Consultants Inc. 1992, Beak Consultants Incorporated 1995) it follows
that changes to benthic macroinvertebrate community structure and composition should be
minimal if these predictions hold true.

In order to monitor and assess post-development impacts on biotic integrity, benthic
macroinvertebrate sampling and analysis was conducted on seven headwater streams draining
Redmond Ridge and Trilogy. The benthic index of biological integrity (B-IBI) was chosen to
evaluate changes in macroinvertebrate community structure. B-IBI declines of more than 20%
violate the thresholds established in the UPD monitoring plans (King County 1999, 2001) and
could trigger corrective actions.

Within the Pacific Northwest, the benthic index of biological integrity (PNW B-IBI) has been
used extensively since the mid 1990’s to evaluate the biological condition of regional streams
(Kleindl 1995, Fore et al. 1996, Karr and Chu 1999, Morley and Karr 2002). The PNW B-IBI is
composed of 10 metrics representing taxa richness, tolerance, feeding habits and ecology, and
population attributes. These metrics were selected for inclusion in the PNW B-IBI due to their
predictable response to anthropogenic disturbance (Kerans and Karr 1994, Kleindl 1995, Fore et
al. 1996, Patterson 1996, Karr and Chu 1999).

The streams originating on the two UPDs are zero or first order headwater streams. However,
the PNW B-IBI used widely across the Puget Lowland region was developed from data collected
from larger, 2nd order and larger streams. Differences in flow regime, energy inputs, and
riparian interactions between headwater streams and larger higher order stream systems (Hynes
1970, Vannote et al. 1980, Gomi et al. 2002) shape community diversity and composition and
influence B-IBI scores. As a result, the currently accepted PNW B-IBI may not be appropriate
for assessing lower order headwater streams.

(Wachter 2003) evaluated 18 headwater streams within the Puget Lowland region and proposed
that samples be collected in spring rather than late summer/early fall because of biological and
sampling complications related to seasonal drying at several sites. In addition, (Wachter 2003)
suggested alternative scoring thresholds to the 10 metrics in the PNW B-IBI (Appendix 4.1.1.1).
The resulting headwater B-IBI (HW B-IBI) needs further testing across the Puget Lowland
region and across years, however, it was used for comparison purposes in addition to the PNW
B-IBI, to assess the potential impacts of human disturbance.
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Procedures

Benthic macroinvertebrate sampling and analysis was conducted in spring 1991', 1999, 2000,
2001, and 2006 primarily at locations on Adair, Unnamed, Colin North, Colin South, Evans
Middle, Evans East, and Rutherford Creeks (Figure 2.0). In addition, fall sampling was carried
out in 19977 and 2005 at a subset of these locations.

Macroinvertebrates were collected following the recommended sampling protocols outlined by
(Karr and Chu 1999). At each location, a Surber sampler (500 pm mesh, 0.3 m * frame) was
used to collect three replicate samples along the midline of a single riffle starting first with the
downstream end, then the middle, and finally near the upstream end. Each sample was processed
and identified separately without compositing. All large material (e.g., large gravel and woody
debris) within the sampling area were scrubbed by hand and examined before being placed
downstream. A “weed tool” was used to vigorously agitate the substrate within the perimeter of
the frame to a depth of approximately 10 cm, for 60 seconds. Each sample collected was
condensed and transferred to the sample container and preserved in the field with 95-100%
ethanol (EtOH).

Exceptions to the above procedures took place in 1991 and 2005. In 1991 three replicate
samples were collected with a Surber sampler with a larger mesh size (0.9 mm); these samples
were combined into one composite sample per station. The samples were initially preserved in
50% isopropanol or methanol (rather than ethanol) and refrigerated for a week. Samples were
then drained and preserved with 95% ethanol. In addition, many of the 1991 samples had
excessive amounts of fines possibly due to sampling locations in depositional areas rather than
true riffles (King County 1993).

In 2005, sampling took place in September coinciding with the larger scale benthic
macroinvertebrate sampling conducted by King County. Since these data are not directly
comparable to the 1998-2000 UPD data due to the difference in sampling season (i.e., June
versus September), the methods were adjusted in order to facilitate comparisons with regional
data. As a result, replicate samples were collected from three separate riffles and combined into
one composite sample per station following the methods described by (King County 1995).
2005 was the only year that sample collection shifted to one composite per location and sampling
in subsequent years resumed collecting and analyzing 3 individual replicates, which is a more
appropriate method for evaluating site-specific changes.

After field collection each year, all samples were sent to a contract lab® for taxonomic
identification to at least genus level whenever possible. In 1991, due to an excessive amount of

! See (Comings et al. 2000), Appendix C for 1991 sample locations and results. These samples were often collected
from depositional areas and organisms were only identified to family. Therefore, these data are not comparable to
data from subsequent years.

*1In 1997, Colin South and Rutherford Creeks were not sampled.

* In 2005, only Rutherford and Unnamed Creeks were sampled.

*1n 1991 Goodpasture Aquatic Consulting was the contract laboratory. From 1997-2000 the samples were
processed by University of Washington graduate students including Jeff Adams (1997), Sarah Morley (1999), and
Heidi Wachter (2000). From 2001 onward the samples were processed by ABR, Inc. — Environmental Research &
Services.

King County -15- FINAL



Trilogy and Redmond Ridge Urban Planned Development (UPD) Natural Resources Monitoring Midpoint Review

fines, the analyst developed and tested a sub-sampling technique that sorted and analyzed 25 to
100% of each sample (King County 1993). From 1997 to 2000 whole samples were sorted and
identified. From 2001 onward, 525-550 organisms were subsampled from each replicate’.
Samples collected in 1991 were identified to family. In all subsequent years, insect taxa were
identified to genus when possible except to sub-family for Ceratopogoniae (biting midges) and to
family level for Chironomidae (midges), Dolichopodidae (aquatic long legged flies), Dytiscidae
(predaceous diving beetles), and Sciomyzidae (marsh flies). Capnidae (slender winter
stoneflies), Leuctridae (rolled winged stoneflies), and Odonata (dragonflies and damselflies),
were identified to family or order through 2000, but have been identified to genus in subsequent
years. Non-insect invertebrates were identified to family, order, or class.

Macroinvertebrates were classified by habit or functional-feeding groups (e.g., predator and
clinger) (Merritt and Cummins 1996), and by pollution tolerance and long-lived status
(Wisseman 1995). Ten metrics were calculated for each replicate at every sample location.
These metric values were averaged and given scores of one, three, or five based on the
previously established scoring criteria for the PNW B-IBI and the HW B-IBI. These ten metric
scores were summed to provide an overall PNW or HW B-IBI score ranging from 10 to 50.

Results & Discussion

Due to the seasonal sampling differences in 1997 and 2005 (i.e., sampled in the fall as opposed
to spring) and the limited taxonomic resolution and variation in sampling procedures for 1991
(i.e., individuals identified to family level rather than genus, and sampling in areas with large
amounts of fine sediment), the analysis of benthic macroinvertebrate composition and biotic
integrity will be limited to data available from spring sampling in 1999, 2000, 2001, and 2006
for the purposes of this report. Numerous factors including the inherent variability of
macroinvertebrate data, limited post-development relative to pre-development data, and sources
of sampling and analysis errors magnified by a lack of consistency in field and lab personnel and
a small sample size, may make it difficult to identify differences (especially statistically
significant differences) in benthic communities or to attribute changes to UPD development.
However, biological significance should be emphasized and early trends, which may not be
statistically significant, could provide hints of future changes.

Wachter calculated percent landcover for the sub-basin upstream of each sample location
(Wachter 2003) (Figure 4.1.1.1). The sub-basin urban landcover for each macroinvertebrate
sampling location ranged from 3.5 % in Evans East to 50.7 % in Evans Middle in 1998 prior to
UPD clearing and construction. Prior to 2001, no clearing or development took place on Trilogy,
portions of which drain to Colin North, Colin South, Adair, and Unnamed Creeks. Construction
at Redmond Ridge, which drains to Rutherford, Evans Middle, Evans East, Colin South, and
Mackey Creeks, was primarily within the Mackey drainage prior to 2001, and this creek was not
monitored as part of the macroinvertebrate sampling effort. Therefore, the 1999, 2000, and 2001
benthic macroinvertebrate data were used to define conditions prior to UPD build-out, hereafter
referred to as “pre-development.” Post-development data are represented by only one year of
data (2006).

> ABR, Inc. uses a sub-sampling approach, however if fewer than 525-550 organisms are present in the sample, the
entire sample is processed. This was frequently the case for these headwater systems.
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B-IBI scores for pre-development biological conditions ranged from 20 (poor) at Evans East in
1999 to 44 (good) at Adair in 2001 for the PNW B-IBI and from 24 (poor) at Colin South and
Evans East in 1999 to 46 (excellent) at Adair in 2000 for the HW B-IBI (Table 4.1.1.1). The
HW B-IBI scoring thresholds routinely increased scores relative to the PNW B-IBI scores by 2
to 6 points, although in four cases the HW scores were two points lower and there were ten
instances where PNW and HW scores were the same. Differences in the two B-IBIs can be
attributed to the lower scoring thresholds for percent tolerant, percent predator, and clinger taxa
richness, in addition to the higher scoring thresholds for long-lived taxa richness for the HW
B-IBI (Appendix 4.1.1.1). For additional background on the differences between the PNW and
headwater B-IBIs see (Wachter 2003).

Averaged across the three pre-development years, the HW and PNW B-IBI scores ranged from
poor to good (See Appendix 4.1.1.2 for description of scoring criteria). Adair was the only site
classified as good, Colin North and Evans East were classified as poor, and the remaining sites
were classified as fair (Table 4.1.1.2). The post-development HW and PNW B-IBI scores ranged
from 18 (poor) at Colin North to 36 (fair) at Adair.

Macroinvertebrate assemblages have frequently been used to discern the impacts of urbanization
(Kleindl 1995, Rossano 1995, Morley and Karr 2002, Wachter 2003). However, despite the
large variation in urbanization (i.e., 3-50%) (Figure 4.1.1.1) between UPD sub-basins prior to
development, there were no correlations between sub-basin percent urbanization and PNW or
HW B-IBI scores (Figure 4.1.1.2). Similarly, there were no correlations between percent
development within each UPD sub-basin and 2006 PNW or HW B-IBI scores. Various legacy
effects (e.g., many of these sites were previously logged) could be contributing to the poor
relationship between urbanization and biotic integrity (Harding et al. 1998). Or perhaps defining
urbanization by a single number (i.e., percent urban) is an over simplification and other
landscape scale measures that better capture the extent and pattern of urbanization including the
intensity and location of development relative to the stream (e.g., percent urban within a buffer,
percent impervious surface, frequency of buffer gaps, etc.) may be more appropriate. However,
additional analyses of landscape scale influences on local biotic conditions were beyond the
scope of this project. While this result may be unexpected, it is a reminder that direct biological
measures may provide valuable information about catchment condition and biotic integrity that
cannot necessarily be discerned with use of satellite image surrogates that do not capture
cumulative effects and multiple influences (Fore et al. 2001).

Looking at each of the individual metrics that comprise the B-IBIs can provide additional
information regarding community changes that cannot be discerned from the total scores alone
(Figure 4.1.1.3). Pre-development B-IBI values were compared to 2006 values and instances
where the 2006 mean was outside the variability® of the pre-development data were flagged.
Clinger richness was the only individual metric that showed declines in every creek. This was
also the only metric where 2006 values dropped below pre-development variability at Evans East
where no UPD development has taken place to date. However, clinger richness for Evans East

® For each metric or total B-IBI score, the pre-development variability range was defined as the 1999-2001 mean of
the parameter in question minus the standard deviation (SD) to the mean plus the SD, unless otherwise specified.
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dropped only 28% compared to declines of between 35 and 63% for the other sites.
Invertebrates classified as clingers typically prefer clean, stable substrate (Merritt and Cummins
1996). Therefore, the decline in clinger taxa richness across locations could be in response to
changes in substrate stability and increased sedimentation that limit access to microhabitats vital
to the survival of many clinger species.

Four of the six streams within UPD sub-basins showed declines in both overall and Plecoptera
(stonefly) taxa richness, while three of the six locations had declines in Trichoptera (caddis fly)
taxa richness (Figure 4.1.1.3, Table 4.1.1.3). Ephemeroptera (mayfly) taxa richness decreased in
Colin South and Unnamed. Percent tolerant individuals and percent dominance by the three
most abundant taxa were the only two measures expected to increase in response to growing
urbanization (Karr and Chu 1999). Yet, only Adair and Colin North showed increases in percent
tolerant individuals and Colin South showed an increase in percent dominance. The three
remaining metrics (long lived and intolerant taxa richness and relative abundance of predators),
did not show declines between pre- and post-development periods. However, Adair and Evans
Middle did have increases in percent predators and Colin South had an increase in intolerant taxa
richness, which is the opposite of what is expected in response to increasing urban pressures
(Figure 4.1.1.3).

In 2006, Colin North showed declines beyond pre-development variability in five individual
metrics while Unnamed, Adair, and Evans Middle showed declines in four metrics each (Figure
4.1.1.3, Table 4.1.1.3). 2006 total PNW and HW B-IBI scores dropped beyond the variability of
pre-development scores for Colin North and Evans Middle, and scores also dropped for the HW
B-IBI for Unnamed Creek (Figure 4.1.1.3).

Comparing the mean pre- and post-development macroinvertebrate metrics and B-IBI scores
across all seven locations suggests that there have been substantial changes in community
composition and structure over time. Taxa richness metrics including overall, Ephemeroptera,
Plecoptera, Trichoptera, clinger and long-lived richness all show significant (p<0.05, ANOVA
for all except long-lived which used a Kruskal-Wallis) declines from pre- to post-development
(Figure 4.1.1.4). While statistically significant, some of these differences only represent a
decline of about one taxa from 4 to 3 or 5 to 4 (i.e., Ephemeroptera, Plecoptera, and Trichoptera
richness) or of less than one taxa (i.e., long-lived richness), which may or may not be
ecologically meaningful. However, B-IBI scores shift between scoring categories based on a
change in richness of only 2 to 4 taxa (Appendix 4.1.1.1), so the loss of one species or genus,
especially when considered cumulatively, could be an important indication of declining
conditions.

In contrast to the small declines observed in individual EPT richness categories, clinger richness
and overall taxa richness showed larger declines. Clinger richness at all sites dropped from over
10 to under 6 while total richness decreased from more than 26 taxa to about 20 (Figure 4.1.1.4).
As previously indicated, clingers rely on interstitial spaces between substrate and are sensitive to
fine sediment that reduce the complexity and availability of these habitats (Fore 2002). As
human activities impact the watershed, native taxa tend to decline (Karr and Chu 1999).
Declines in total taxa richness are often associated with increases in dominance of a few species
or higher relative abundance of tolerant individuals.
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Contrary to expectations in urbanizing basins, intolerant richness and relative abundance of
predators both increased significantly (p<0.01, Kruskal-Wallis). Neither overall B-IBI score
displayed statistically significant changes between development periods.

In summary, overall declines between development periods in several richness metrics across
sites combined with declines of individual metrics at specific sites suggest that biotic condition
may be declining in several streams affected by UPD development. Declines in clinger taxa
richness may be the biggest red flag warning of continued deterioration. Colin North, Evans
Middle, and Unnamed Creek have shown the greatest overall decrease in biotic condition and
should be monitored closely. However, for all of these initial results, one year of post-
development comparison is likely inadequate to establish trends and further post-development
monitoring is necessary. See Appendix 4.1.1.3 for B-IBI scores for all sampling locations.

Threshold Exceedance Criteria

Benthic macroinvertebrate threshold exceedance criteria are violated if there was a 20% or more
decline in B-IBI scores (King County 1999). B-IBI scores were chosen as a threshold rather than
total abundance because abundance is generally not considered an indicator of stream health for
macroinvertebrates. Furthermore, abundance may reflect differences in sampling and analysis
procedures rather than differences in biotic condition’. The monitoring plans did not specify
whether to use the PNW or the HW B-IBI, therefore both were assessed.

The threshold exceedance criteria were exceeded for the HW B-IBI at Unnamed (21.0%) and for
both the PNW and HW B-IBIs at Colin North (27.0% PNW, 35.7% HW) (Table 4.1.1.2). Evans
Middle exhibited an 18.8% change in the HW B-IBI; however, this decrease did not exceed the
threshold criteria.

A statistical power analysis by (Fore et al. 2001) demonstrated that a change in B-IBI of seven or
more points (out of 10-50 total possible) represents a statistically significant and biologically
meaningful change in biotic condition. Using this criterion and the HW B-IBIs, Colin North and
Unnamed Creek had a biologically significant decrease in stream health with declines of 10.0
and 8.0 points, respectively. Evans Middle had a decrease of 6.0 for the HW B-IBI, just below
the criterion. For the PNW B-IBI, no locations had a decrease of more than 7 points, although
Colin North and Unnamed Creek just missed the threshold with drops of 6.7 and 6.0,
respectively (Table 4.1.1.2).

Corrective Actions

B-IBI scores appear to be in decline at several creeks draining from the UPDs. Some of these
declines are beyond the range of variability established during three years of pre-development
data from 1999 to 2001. Declines in the B-IBI on Unnamed and Colin North exceed established
threshold criteria for HW B-IBI scores. However, one year of post-development data is

" The Redmond Ridge Monitoring Plan (King County 1999) uses the B-IBI threshold exceedance criteria, whereas
the Trilogy Monitoring Plan (King County 2001) refers to a 20% decline in total abundance. However, due to the
justification presented in the report text, B-IBI was chosen for threshold exceedance criteria for all
macroinvertebrate data regardless of which UPD they drain.
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insufficient to define a trend. These streams should continue to be monitored closely, but no
corrective actions are warranted at this time. The monitoring plans (King County 1999, 2001)
mandate that sampling duration continue until at least three years following 75% build-out in
each basin. For most basins this entails sampling through at least 2008 or 2009 and to ensure at
least three years of post-development data to compare with pre-development data monitoring
must continue through at least 2008 at all locations.

m % urban m % forest m % other
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Figure 4.1.1.1 Percent urbanization in each sub-basin (taken from Wachter 2003).

“Urban” includes intense, grassy, and forested urban categories. “Other” includes grass, water, and bare
land categories. Landcover classification is based on 1998 LandSat images and represents pre-
development conditions.
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Figure 4.1.1.2 Mean pre-development PNW and HW B-IBI scores 1999, 2000, and 2001 (left) compared to
upstream sub-basin urban landcover (1998) and 2006 post-development.

B-IBI scores (right) compared to percent UPD build-out. Error bars represent one standard deviation.
Percent UPD build-out estimated from development phasing maps (Kpff Consulting Engineers 2004,
Otak Incorporated 2006).
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Figure 4.1.1.3 Mean values for the 10 B-IBI metrics and the two B-IBI scoring systems for pre- and post-
development conditions from seven streams.

Pre-development values were averaged from 1999, 2000, and 2001. Post-development data represent the
average of three 2006 replicates. Error bars represent one standard deviation. Post-development points
outlined in red or turquoise have mean values outside the pre-development standard deviation variability
range. Red outlines indicate a change in the direction of anticipated response to increasing urbanization,
whereas turquoise represents an unanticipated response to urbanization. For example, all metrics except
percent tolerant and percent dominant were expected to decrease in response to urbanization (Karr and
Chu 1999).
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Figure 4.1.1.4 Comparison of pre- and post-development means of individual metric scores and total B-IBI
scores for all sample sites combined.

Error bars represent 95% confidence intervals. P values are based on one-way ANOVA tests for
variables meeting normality assumptions (p value in black). For variables not normally distributed,
means were compared with the non-parametric Kruskal-Wallis test (p values in blue). P values in bold
print represent significant differences at the p <0.05 level.
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Table 4.1.1.1 Total scores for the PNW and HW B-IBls.

1999 2000 2001 2006
PNW HW PNW HW PNW HW PNW HW
Adair 36 34 42 46 44 42 36 36
Colin North 22 26 30 32 22 26 18 18
Colin South 24 24 30 30 34 36 28 28
Evans East 20 24 32 30 28 30 30 28
Evans Middle 28 30 32 34 32 32 26 26
Rutherford 30 36 22 26 30 32 28 30
Unnamed 36 36 40 40 32 38 30 30

Table 4.1.1.2 Pre- and post-development B-IBI scores for the PNW and HW B-IBls.

n = 3 for pre-development data (1999, 2000, 2001) and n = 1 for post-development data (2006). Negative
percent change values indicate a decline in B-IBI score between pre- and post-development periods and
bold values surpassed threshold exceedance criteria (i.e., a decline in B-IBI scores of 20% or more).

Pre-development

Post-development

Percent change

PNW  HW  Bijological PNW  HW  Biological PNW HW

B-IBI B-IBI  Condition B-IBI B-IBI Condition B-1BI B-1BI
Adair 40.7 40.7 Good 36 36 Fair -11.5 -11.5
Colin North 24.7 28 Poor/Fair 18 18 Poor -27.0 -35.7
Colin South 29.3 30 Fair 28 28 Fair -4.5 -6.7
Evans East 26.7 28 Poor/Fair 30 28 Fair 12.5 0.0
Evans Middle  30.7 32 Fair 26 26 Poor -15.2 -18.8
Rutherford 273 31.3 Fair 28 30 Fair 24 4.3
Unnamed 36 38 Fair/Good 30 30 Fair -16.7 -21.1

Table 4.1.1.3 Change matrix for individual metrics and total B-IBl scores between pre- and post-development

periods.

A bold “Y” indicates that in 2006 the metric changed beyond the variability (the mean + or — the standard
deviation) of the pre-development data in the direction expected in response to urbanization (Karr and

Chu 1999).
Individual Metric  Expected Adair  Colin  Colin Evans Evans Rutherford Unnamed
response to North South  East  Middle
urbanization
Taxa Richness Decrease Y Y N N Y N Y
E Richness Decrease N N Y N N N Y
P Richness Decrease Y Y N N Y N Y
T Richness Decrease N Y N N Y Y N
Long-lived Decrease N N N N N N N
Richness
Intolerant Richness  Decrease N N N N N N N
% Tolerant Increase Y Y N N N N N
% Predators Decrease N N N N N N N
Clinger Richness Decrease Y Y Y Y Y Y Y
% Dominance Increase N N Y N N N N
PNW B-IBI Decrease N Y N N Y N N
HW B-IBI Decrease N Y N N Y N Y
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4.1.2 Amphibians

Overview

The critical importance of wetlands for flood control, wildlife habitat, water quality
improvement, and as part of the general hydrologic cycle is well established (National Research
Council 1992, 2001, 2002). However, urbanization has been demonstrated to impact wetlands in
numerous direct and indirect ways causing habitat loss, hydrologic changes (Reinelt and Taylor
2001), and altered water quality (Horner et al. 2001b). In King County, a wide array of
amphibians utilize wetlands during some life stage with eight native species breeding in lentic
habitats (Richter and Azous 2001).

UPD development was predicted to reduce the amount and diversity of native animals, but few
species were expected to be eliminated from the area (Raedeke Associates Inc. 1993, 1995).
Direct alteration of wetlands on the Trilogy and Redmond Ridge UPDs was almost entirely
avoided by retaining 60 m average buffering. However, forest lands adjacent and up to 1000 m
from wetlands have been demonstrated to provide essential non-breeding habitat, food, cover,
and migration corridors for native amphibian species (Richter and Azous 2001). While not
specifically predicted in the EIS process, native amphibian populations may be at risk due to the
loss of upland habitat outside of the 60 m buffers.

Indirect alterations to wetlands were predicted to include increased surface water runoff via
stormwater management systems supplementing the dominant pre-development groundwater and
precipitation sources. Despite potential increased surface runoff, changes in wetland water levels
were not predicted to be of sufficient magnitude to have substantial impacts on wetland plant
communities and related amphibian breeding habitat® (Raedeke Associates Inc. 1993, 1995).

Monitoring breeding amphibian populations may provide early warning signs regarding wetland
habitat, hydrologic changes, and quality deterioration since they are considered sensitive
indicators of changes in water regimes, sedimentation, and water quality (Reinelt et al. 1998,
Richter et al. 1998, Richter and Azous 2001). To determine whether amphibian populations and
the wetlands which are required for breeding are adequately protected by the Redmond Ridge
and Trilogy UPDs, amphibian egg mass surveys were conducted twice each spring in six
locations on five wetlands. Adult and larval use of these wetlands were also identified. Declines
in amphibian richness or abundance in consecutive years or egg-mass mortality increases of
more than 20% violate the thresholds established in the UPD monitoring plans (King County
1999, 2001) and could trigger corrective actions if linked to UPD activities.

Procedures
Amphibian breeding surveys

Amphibian breeding surveys were conducted twice each spring since 2000 at SR 24c, BBC 52,
and two locations on BBC 45, since 2001 at BBC 44, and since 2002 at BBC 26 (Figure 2.0).

¥ The exception to this statement was SR 24b where November to June water levels were predicted to be
approximately 0.1 m higher after development compared to pre-development conditions (Raedeke Associates Inc.
1993).
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The wetlands were located on the Redmond Ridge and Trilogy UPDs. These surveys generally
followed methods outlined by (Thoms et al. 1997) and modified for use for the King County
volunteer wetland-breeding amphibian monitoring program (Richter and Ostergaard 1999). Two
annual egg mass surveys were typically conducted by two biologists in the first three weeks of
March and the second two weeks of April, varying slightly from year-to-year based on the timing
of oviposition. Rain, high winds, and overcast conditions were avoided whenever possible to
maximize visibility through the water column. Surveys were conducted by wading through the
wetlands or using a small float tube for water deeper than 1 m. Egg masses were identified by
species and percent mortality per clutch estimated within eight categories (0%, 1-5%, 6-25%, 26-
50%, 51-75%, 76-95%, 96-100%, or partially hatched). Larvae, metamorphs, juveniles, and
adults were also identified to species if possible and calling frogs were noted when heard.

As part of King County’s Volunteer Amphibian Breeding Monitoring Program, surveys were
conducted from 1995 to 2000 on BBC 26, from 1994 to 1998 on BBC 52, and in 1998 on BBC
45. However, the surveys were conducted within different areas of the same wetlands compared
to the current UPD related monitoring surveys. Previous studies under controlled field
conditions determined that the northwest quadrant was the preferred ovisposition habitat for
Northwestern salamanders (Richter and Roughgarden 2005) (Figure 4.1.2.1). Therefore,
abundance data from different sampling areas on the same wetland are not comparable.
However, these data may be useful for evaluating changes in species richness and composition.

Aquatic funnel trapping

During the summer of 2006 a pilot aquatic funnel trapping study was conducted to augment egg
mass surveys. Two wire minnow traps and two collapsible aquatic nylon mesh traps were set at
the six annual amphibian monitoring locations (Figure 2.0) (Adams et al. 1997). At SR 24c and
BBC 26 one wire and one mesh trap were submerged about 1 m beneath the water surface
without resting on the substrate and one wire and one mesh trap were placed at the surface of the
water so that the upper parts of the traps were always exposed to the air enabling pulmonary in
addition to cuticular respiration. In the remaining wetlands all the traps were placed at the
surface. The traps were each baited with 10 pieces of Purina Whisker Lickens ® salmon flavor
cat food and were left overnight before being checked and collected the next day. Animals
found in the traps were identified to species and life stage. Animals were measured when
possible, and released immediately on-site.

Supplemental data

Water quality parameters were measured at most amphibian monitoring locations including
metals in 2006. These data are primarily reported in the water quality portion of this report,
except in this section in the context of wetlands in which high egg mass mortalities were
identified (i.e., in BBC 45N).

Results & Discussion

Richness

A total of six amphibian species were identified at five Redmond Ridge surveyed wetlands. Egg
masses of four native species were commonly found during the monitoring periods. These
included Northwestern salamanders (Ambystoma gracile), Northern red-legged frogs (Rana
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aurora), Pacific tree frogs (Pseudacris regilla), and long-toed salamanders (Ambystoma
macrodactylum). In addition, rough-skinned newts (Taricha granulosa) and non-native adult
American bullfrogs (Rana catesbeiana) were occasionally heard or seen (Figure 4.1.2.1). No
western toads (Bufo boreas) or Oregon spotted frogs (Rana pretiosa), a Washington State
endangered species and Federal candidate species whose range formerly encompassed the Puget
Sound region, were observed. Survey results can be used to determine species presence, but
failure to see a species does not ensure its absence especially for long-toed salamanders, rough-
skinned newts, and bullfrogs, which have eggs that are difficult to find (long-toed salamanders
and rough-skinned newts) or active periods that are before (long-toed salamanders) or after
(bullfrogs) our survey period.

Species richness and composition at both BBC 45 locations was remarkably consistent from
year-to-year. Pacific treefrogs and Northwestern salamanders were found in BBC 45N in all
years sampled and Northwestern salamanders, Northern red-legged frogs, and Pacific treefrogs
were found in BBC 45S from 2001 to 2006 (Figure 4.1.2.1). Richness was variable in BBC 26
and SR 24c ranging from 2-4 species and only Northwestern salamanders and Pacific treefrogs
were found every year. Richness decreased in BBC 44 from five species in 2001 to only two
species (Northwestern salamander and Pacific treefrog) in 2005 and 2006. Richness may have
increased in BBC 52 where Northwestern salamanders, Pacific treefrogs, and Northern red-
legged frogs were found nearly every year. In 2006, long-toed salamanders, rough-skinned
newt, and American bullfrog were also observed at this location.

Implications of low egg mass abundance

American bullfrogs, long-toed salamanders, and Northern red-legged frogs have never been
observed in high numbers based on egg mass surveys in most of these wetlands (i.e., BBC 44,
BBC 45, BBC 26, SR24c¢). In part, this is a result of the sampling protocols, which were not
timed to capture American bullfrogs and long-toed salamanders. However, the protocols were
designed to capture complete censuses of Northern-red legged frogs and the low abundance
numbers likely reflect small population sizes.

A maximum of two adult and one larval bullfrog have been observed in any of the wetlands
within the same season. Greater than five long-toed salamanders have been observed only three
times (15 and 8 in BBC 26 in 1995 and 1999, respectively and 15 in BBC 52 in 2004) and only
those observed in BBC 52 in 2004 were found within the same wetland area observed from 2001
to 2006 (Table 4.1.2.1). Other than in BBC 52, more than five Northern red-legged frog egg
masses have only been observed once (10 in BBC 45S in 2000). Due to these low breeding
numbers, it is difficult to draw any conclusions from the disappearance of these species aside
from BBC 52 where Northern red-legged frog egg mass abundance ranged from 13 to 89 since
2000.

Fluctuations from zero to five or fewer egg masses for American bullfrogs, long-toed
salamanders, and Northern red-legged frogs likely accounts for much of the richness variability
within the monitored wetlands. However, without a longer pre-development record it is difficult
to determine whether we are monitoring non-viable populations under the threat of local
extinction, dispersal and range expansion, or simply natural variation for low-abundance
populations. For example, in BBC 44 where we observed an apparent decline in native species

King County -27 - FINAL



Trilogy and Redmond Ridge Urban Planned Development (UPD) Natural Resources Monitoring Midpoint Review

richness (Figure 4.1.2.1, Table 4.1.2.2), no more than two long-toed salamander egg masses were
ever observed in a given year and no Northern red-legged frog egg masses have ever been
recorded (3 adults were observed in 2001). Therefore, the high species richness in 2001 (four
native species and the American bullfrog) may not actually represent substantially different
population dynamics compared to recent years when only Northwestern salamanders and Pacific
treefrogs were observed. In fact, the data suggest that Northwestern salamanders and Pacific
treefrogs have always been the primary breeding species at BBC 44.

Total egg abundance

Within each wetland, total abundance of egg masses for all species combined fluctuated
considerably between years with no steady increasing or decreasing trends (Figure 4.1.2.2). At
BBC 26 total abundance ranged from 243 in 2004 to 377 in 2006 with more than 300 in both
2002 and 2005. SR 24c had fewer than 150 egg masses in 2000 and 2006, but more than 270 in
all interim years. BBC44 abundances peaked at 214 in 2006 with a low of 65 egg masses in
2005 and a range from 149 to 202 between 2001 and 2004. Egg mass abundance at BBC 52
crashed in 2003 to a low of 66 compared to more than 217 the year before and 248 the year after.
Abundance dipped again in 2005 to 112 only to rebound in 2006 to a peak of 265. Compared to
all wetlands, abundance at both BBC 45 locations were low in all years. BBC 45N abundance
ranged from 19 egg masses in 2000 to 87 in 2006 whereas only one egg mass was found in BBC
45S in 2004 compared to 36 in 2003. In all other years between 11 and 21 egg masses were
recorded at BBC 458S.

Fluctuations also were not consistent between wetlands within the same year. For example, egg
mass abundance of all species combined was high in 2006 relative to other years in BBC 26,
BBC 44 and BBC 45N, however abundance was relatively low in SR 24¢ and BBC 45S in 2006
(Figure 4.1.2.2). Similarly, 2005 abundance was low in BBC 45S, BBC 52, and BBC 44, but
relatively high in BBC 26 and SR 24c. Natural variability and patterns of amphibian breeding
location may explain some of these variations. However, precipitation and temperature, which
we expect to be similar at each of these sampling sites due to their close proximity within 3 km
of each other, cannot explain these within-year fluctuations.

Species-specific egg abundance & mortality: Northwestern salamanders, Northern red-legged
frogs, and Pacific treefrogs

Looking at species-specific declines, Northwestern salamanders have declined for two
subsequent years at three wetland locations (Figure 4.1.2.3). In BBC 26, Northwestern
salamander egg masses declined from 329 to 233 to 214 between 2002 and 2004. Similar
declines were observed in both BBC 45 locations (BBC 45N declined from 80 to 46 to 39 and
BBC 458 declined from 20 to 3 to 0). However, in each of these basins UPD clearing did not
begin until 2005. Therefore, these declines cannot be attributed to UPD development.

The 49% decline in SR 24c egg masses from a peak of 297 in 2005 to 146 in 2006, the lowest
number of egg masses since 2000, should be monitored closely to determine whether this is the
beginning of a declining trend. Clearing began in 2004 within this basin with large-scale
construction and building throughout 2005. Therefore, the large drop in 2006 could be in
response to construction impacts.
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Northwestern salamander egg mortality at BBC 45N was above 30% in 2001 and above 50% in
2002 and 2006. Mortality above 5% may be cause for concern, therefore the levels at BBC 45N
are troubling. This is the most disturbed of any of the UPD wetland locations with a power line
easement crossing the sampling area and Novelty Hill Road crossing just downstream, however
UPD clearing only began within the basin in April 2005. Concentrations for thirty metals were
measured for samples collected in January, February, and April 2006 at all stream and wetland
water quality locations (Figure 2.0). None of the BBC 45N samples exceeded state acute or
chronic standards that could help explain these high mortalities. Additional water quality testing
may be warranted in future years to help identify possible sources for increased egg mortality.

Northern red-legged frog egg clutches were only sizeable for abundance and mortality analysis
in BBC 52. Abundance never declined in two consecutive years increasing steadily from a low
of 20 in 2000 to a peak of 89 in 2004 and then leveling off at 42 in 2005 and 2006 (Figure
4.1.2.4). Egg mass mortality was above 14% in 2000, 2001, and 2005. Clearing within the BBC
52 basin did not begin until after 2005 sampling hence all data were pre-development except for
2006 construction data. Therefore, the elevated egg mass mortalities in 2000, 2001, and 2005
cannot be attributed to UPD development.

Pacific treefrog abundance was low in BBC 44 and BBC 45N, never exceeding 10 egg masses
(Figure 4.1.2.5). Numbers within BBC 458 have been declining since 2000, but the low levels
throughout (i.e., never more than 16 egg masses) may suggest that this was never optimal Pacific
treefrog breeding habitat. In SR 24c, BBC 52, and BBC 26 Pacific treefrog abundance was
much higher in one year compared to all other years. In SR24c, Pacific treefrog abundance from
2002 to 2006 was less than half what it was in 2000 (41) and less than a quarter of 2001 levels
(82). In BBC 52, the treefrog population spiked in 2003 with 559 egg masses, well over double
the number observed in 2001 and quadruple the number of egg masses recorded in all other
years. In BBC 26, 2005 was the peak year with 43 clutches and no other year exceeded 22.

Pacific treefrog egg mass mortality was generally low and below 10% with only a few
exceptions (Figure Amphib-5). The high mean mortality in BBC 45S in 2005 is due to 100%
mortality in one of the four egg masses. Similarly, the 12% mortality in SR24c¢ can be explained
by one egg mass had 95-100% mortality while the other seven had 0%. The proportion of egg
masses with high mortality has increased since 2003, the peak abundance year resulting in a
trend of increasing estimates for mean mortality from 2004-2006. This trend should be observed
closely in future years and if it continues corrective measures could be required.

Funnel trapping observations

During the July 2006 funnel trapping study, at least one Northwestern salamander paedomorph
was caught in each sampling location with a high of 17 found in BBC 45N (Table 4.1.2.1).
Pacific treefrog larvae were captured in BBC 26 and BBC 52 and one bullfrog larva was caught
in BBC 52. The only fish observed during this study was one three-spined stickleback in BBC
44. This trapping was conducted to try and identify what predators are present in each wetland
that may be influencing amphibian population dynamics. However, a more intensive study with
greater sampling from all habitats present is required to better assess predator presence or
absence.
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Threshold Exceedance Criteria

Amphibian threshold exceedance criteria are violated if:
1. Any one species that formerly bred in the wetland disappears

e Amphibians were only unrecorded in one wetland where they previously occurred,
namely BBC26. Specifically, the disappearance of red-legged frogs in BBC 26
should be monitored, however no more than four egg masses (2005) were ever
recorded in one year.

e Northern red-legged frogs were never observed breeding in BBC 44. Their presence
as noted in Figure 4.1.2.1 was based on adult observations. A single Northern red-
legged frog egg mass was observed in 2001 in SR 24c.

e Long-toed salamanders appeared and disappeared in BBC 44, but always in low
numbers (i.e., fewer than 2 egg masses) and they were only observed once in 2004 in
SR 24c. As previously mentioned, the peak breeding season for long-toed
salamanders is generally mid January to early February before our surveys take place.

2. Egg gnortality increases by 20% or more for Northwestern salamanders or red-legged
frogs’.

e BBC 45N had extraordinarily high mortality levels (>30% on average) in 2001, 2002,
and 2006 for Northwestern salamanders. The 2001 & 2002 mortality spikes occurred
before any major UPD-related clearing and development within the basin. Even prior
to UPD development, this was the most disturbed onsite wetlands with a power line
easement crossing through the sampling area and Novelty Hill Road crosses just
downstream. Nevertheless, mortality rates and associated water quality parameters
should be monitored closely in future years.

e Pacific treefrog egg mortality is not specifically called out as a threshold exceedance
criteria'’, but steady increases in egg mortality from <5% in 2004 to more than 20%
in 2006 have been observed in BBC 52.

3. Significant reduction in abundance of egg masses of Northwestern salamanders or

Northern red-legged frogs for two consecutive years.

e In SR 24c, Northwestern salamander egg mass abundance dropped by almost half in
2006. This location should be monitored closely to ensure that recent habitat
conversion due to clearing and development within this basin is not causing a
continued decline.

Corrective Actions

Amphibian populations at the UPD wetlands fluctuated greatly from year to year. Factors
contributing to amphibian declines could include hydrologic changes leading to large water level
fluctuations (Richter and Azous 2001), changes from herbaceous habitat (i.e., grasses, herbs,
rushes, and sedges) to cattail and scrub-shrub habitat types within the emergent zone (Alford and

? Pacific treefrogs were erroneously called out in the Trilogy Monitoring Plan (King County 2001). Northern red-
legged frogs and Northwestern salamanders represent two different life strategies of pond-breeding amphibians with
eggs that are easy to identify and detect.

1% See previous footnote.
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Richards 1999), introduction of predators, epidemics or parasites (Daszak et al. 2003),
meteorological conditions including precipitation and climate change (Carey and Alexander
2003), and /or water quality problems (Marco et al. 1999). Some of these factors could be
attributed to the increasing urbanization of the basin (e.g. hydrological changes that influence
plant community structure and available habitat and water quality problems), but many cannot.
The 2006 disappearance of red-legged frogs in BBC 26 and other trends exceedances noted
above should be monitored closely, but at this time no corrective actions are warranted.

During construction in March 2006, there was a surface connection to BBC 26 from turbid
waters pumped from a stormwater pond through a spreader device. The level spreader is a
recommended erosion control (King County 2005, Washington State Department of Ecology
2005). However, in the future we recommend that:

1) The water is pumped at a rate and volume slow and small enough to allow complete
infiltration. This will ensure that there is no direct connection with the wetland surface
waters as was observed during spring 2006 (Appendix 4.1.2.1).

2) A float is attached to the hose to ensure that surface water is being pumped rather than
bottom water, which may be more likely to draw out the very sediments the pond was
designed to settle out.

Stalk Size
Large (9 cm)
Medium (6 cm)
Small (3 cm)

Probability of Use
® 91-100%
71-90%
1-71%

0%

Figure 4.1.2.1 Probability of finding Northwestern salamanders spawning within different quadrants of a
wetland based on depth and stalk size (Richter and Roughgarden 2005). The stalk size is in mm, not cm as
the legend erroneously reports.
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Figure 4.1.2.2 Species composition of amphibians at various UPD wetland sites.

No American bullfrog or rough-skinned newt egg masses were ever observed during these surveys, but
adults were noted on several occasions. The proportion of the pie assigned to each species is based on the
species richness and is not representative of abundance. The pies sub-divided by white lines (1994-1999
& BBC 26 2000) represent data collected by volunteers and in all cases except for BBC 45N these data
were collected at a different location from subsequent surveys.
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Figure 4.1.2.3 Amphibian egg mass abundance.

To ensure that masses were not double counted, the highest number of eggs from the two annual surveys
is reported here. Generally, the Northern red-legged frog, long toed salamander, and Northwest
salamander numbers came from the first survey and the Pacific treefrog numbers from the second survey.
75% build-out is estimated to occur two years after permits are issued and clearing begins.
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Figure 4.1.2.4 Northwestern salamander egg mass mortality and abundance.

Each year is divided into the two survey periods (e.g., 2000-1 and 2000-2). The data within the same year are not
cumulative since some egg masses could be present during both surveys. Therefore, the abundance for a given year
is assumed to be the maximum between the two surveys, which may be an underestimation. Partially hatched clutch
data is not presented here. Mean mortality was calculated by averaging the midpoint of each category. The
resulting number is only an approximation of mortality since these data were categorical.
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Figure 4.1.2.5 Northern red-legged frog egg mass mortality and abundance.

Each year is divided into the two survey periods, (e.g., 2000-1 and 2000-2). The data within the same
year are not cumulative since some egg masses could be present during both surveys. Therefore, the
abundance for a given year is assumed to be the maximum between the two surveys, which may be an
underestimation. Partially hatched clutch data is not presented here. Mean mortality was calculated by
averaging the midpoint of each category. The resulting number is only an approximation of mortality
since these data were categorical.
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Figure 4.1.2.6 Pacific treefrog egg mass mortality and abundance.

Each year is divided into the two survey periods, (e.g., 2000-1 and 2000-2). The data within the same
year are not cumulative since some egg masses could be present during both surveys. Therefore, the
abundance for a given year is assumed to be the maximum between the two surveys, which may be an
underestimation. Partially hatched clutch data is not presented here. Mean mortality was calculated by
averaging the midpoint of each category. The resulting number is only an approximation of mortality
since these data were categorical.
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Table 4.1.2.1 Egg mass abundance for four species of wetland-breeding amphibians.

Egg mass abundance for the four most commonly observed species of amphibians from 2000 to 2006 (0 = 2000, 1 =
2001, etc.). Two surveys were conducted each year and these numbers represent the maximum number of eggs
observed between the two surveys.

Long-toed Salam. Pacific Treefrog N. Red-legged Frog Northwestern Salamander

0123426 01 2 3 426 0123426 01 2 3 4 2 &6
BBC 26 00400 9 10 2243 19 02340 329 233 214 268 358
BBC 44 002200 0 0 2 18 3 000O0O0O0 149 202 169 175 57 211
BBC45N 0000000 O 4 0 0 01 O 00 0O0O0O0O 1942 80 46 39 42 87
BBC45S 0000000 O 16 14 11 0 4 1 103 221 21 7 2 20 3 0 5 10
BBC 52 3000151 5 5119089559 7450152 21132540894242 86 36 103 33 70 19 66
SR 24c 0000500 41 8 1520 1112 4 01 000 0 0 91207265282 257293 146

Table 4.1.2.2 Results of vertebrates captured during July 2006 funnel trapping.
Four traps were set for ~ 24 hours in each wetland. Invertebrates caught: >20 water boatmen & 1 water
scorpion, 1 Dytiscid beetle, 3 dragonflies and 2 damselflies in BBC 26; 1 giant water beetle in BBC 52;

Wetland Species Adult Larval Paedomorph
BBC 26 Northwestern Salamander 4 4
Pacific Treefrog 1
BBC 44 Three-Spined stickleback 1
Northwestern Salamander 1 1
BBC 45N Northwestern Salamander 17
BBC 45S Northwestern Salamander 8
BBC 52 American Bullfrog 1
Northwestern Salamander 1
Pacific Treefrog 1
SR 24¢ Northwestern Salamander 5
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4.1.3 Fish Survey Monitoring

Overview

Changes in chemical and physical properties associated with increased urbanization and
impermeable surface area have direct effects on stream habitat and ultimately stream ecology
(Booth and Jackson 1997). The impacts of anthropogenic change upon rivers are particularly
evident in the growing numbers of imperiled river-associated species, including fish (Allan and
Flecker 1993). According to the categorization of (Williams et al. 1989) regarding the
endangerment of North American freshwater fishes, roughly one out of three species and
subspecies is endangered, threatened, or deserving of special concern (Allan 1995).

(Wang et al. 2001) suggested that urban development minimizing connected impervious surfaces
and preserving undeveloped buffer areas should have less impact on stream habitat and fish than
conventional types of development. The 60 m (200 ft.) average buffering employed on all
streams and wetlands on the UPDs models this approach. Prior to development, it was predicted
that development of the UPDs would not significantly alter the ability of fish to live, grow, and
reproduce due to the proposed mitigation techniques (The Watershed Company 1995).

Therefore, periodic fish sampling was conducted on Adair, Colin South, Evans East, and
Unnamed Creeks on reaches downstream of the UPDs to assess pre-development status (1991 &
2000) and compare potential post-development impacts (2006) on fish community structure and
abundance. Fish abundance declines of more than 20% violate the thresholds established in the
Trilogy and Redmond Ridge monitoring plans and could trigger appropriate corrective actions
(King County 1999, 2001).

Procedures

Fish sampling was conducted on Adair, Colin South, and Evans East Creeks once annually in
1991, 2000, and 2006 in addition to Unnamed Creek in 1991 and 2000'" (Figure 2.0). Sampling
took place in September or December 1991'* and in June 2000 and 2006 using three- or four-
pass electrofishing depletion methods. We used four pass electrofishing removal/depletion
methods in 1991 and 2000 and three pass methods in 2006 to survey fish within 60-100 m long
reaches'® (Zippin 1956, 1958, Platts et al. 1983). At each site, we used a Smith-Root type VII
electrofisher with dip nets to collect fish that were transferred to buckets when captured and held
until each pass was completed. Between each pass, every fish was identified to species and fork
length measured'* prior to being released downstream of the sample reach. In 1991, fish were
sedated with MS-222 (tricaine methanesulfonate) to facilitate handling. Sedatives were not used
in subsequent surveys.

" Unnamed was not sampled in 2006 because access was denied by the property owner.

12 Evans East was sampled in December 1991 due to channel drying in September 1991.

1 Sample reaches were ~ 60 m in length in 1991 and 92-100 m in length in 2000 and 2006.

4 In 2006, fish length was estimated into four size classes: 0-50, 50-100, 100-150, and >150 mm.
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Block nets were used to prevent migration in or out of the reach at the downstream ends in 2000
and 2006 and at the upstream ends in 2000. In 2006, the upstream stopping point was selected at
a habitat break (e.g., a riffle or gradient break) based on its ability to maintain a closed
population.

Population estimates and 95% confidence intervals were calculated from depletion sampling
using the methods and formulas outlined in (Lockwood and Schneider 2000). However, such
estimates are inherently variable and for comparison population estimates were also calculated
using methods described in (Seber and Cren 1967) and (Zippin 1958).

Results & Discussion

The baseline results from the 1991 surveys are not comparable to the June 2000 and 2006 data
because they were collected during a different time of year (i.e., September and December
compared to June). However, the 1991 results can be used as a reference for the species present
in each survey reach.

From 1991 to 2006, no fish species have disappeared from any of the streams sampled. In 1991,
only cutthroat trout (Oncorhynchus clarki) were found at any of the sample locations, although
no fish were found in Evans East (Table 4.1.3.1). In 2000, cutthroat trout were found in Evans
East and coho salmon (Oncorhynchus kisutch) were identified in Adair for the first time. In
2006, coho were also found in Colin South, although these may have been planted in the creek as
part of the Washington Department of Fish and Wildlife (WDFW) Salmon in the Classroom
program by Wilder Elementary School students'”. 1In 2006, several riffle sculpin (Cottus
gulosus) were found for the first time in Adair and a single juvenile pumpkinseed sunfish
(Lepomis gibbosus) was found in Evans East.

While it is promising that we have not observed the disappearance of cutthroat trout in any of the
streams since the onset of development, it is important to note that high quality coldwater
streams naturally have relatively few species. Whereas environmental degradation is frequently
associated with decreases in species richness in warm waters, it is typically linked to an increase
in species richness in coldwater streams (Lyons et al. 1996). However, in the case of the
sampled reaches, the single juvenile pumpkinseed was the only fish that seemed out of place in a
coldwater system and presumably it ventured upstream from the warm water habitat present in
Peterson Pond. Sculpin and salmonids are commonly dominant in coldwater systems. However,
living in the stream benthos, sculpin are frequently overlooked and are notoriously difficult to
sample. Benthic fish swim in short bursts and sink when stunned, making them more difficult to
capture with electrofishing methods (Cowx and Lamarque 1990, B.C. Ministry of Environment
1997). Therefore, it is not beyond the realm of possibility that sculpin have always been present
in the sample reach of Adair, particularly if early field personnel concentrated fishing efforts
more at the top or middle of the water column than the bottom relative to 2006 crews.

Population estimates for the 2000 and 2006 sample periods indicated that cutthroat trout
abundance declined approximately 92%, 66%, and 61% within the sampled reaches of Adair,

1> According to the Wilder Elementary web site (http:/schools.lwsd.org/wilder/watershed.htm), the school began
participating in the Salmon in the Classroom program in 1990 (Wilder Elementary School 2006).
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Colin South, and Evans East, respectively (Figure 4.1.3.1). In contrast, the abundance estimate
for coho in Adair increased 109% between 2000 and 2006. Fish populations fluctuate from year-
to-year and without comprehensive baseline data establishing the range of natural pre-
development variability, it is difficult to determine whether the population changes observed
were due to natural fluctuations, increased urban development, or even differences in sampling
efficiency that could be attributed to the discontinuity in sampling personnel throughout the
monitoring period. Furthermore, there is extensive variability in population estimates based on
the method used to calculate them (Figure 4.1.3.2). For example, the estimates of population
abundance for Adair cutthroat trout in 2000 ranged from 275 to 404.

The ratio of juvenile coho to cutthroat abundance has been proposed as an index of the condition
of salmonid habitat based on past studies suggesting that cutthroat trout may replace coho as
urbanization increases within a watershed (Scott et al. 1986, May et al. 1997). However, none of
the sample locations had coho in 1991 and only one had coho in 2000. Therefore, we do not
have sufficient pre-development coho to cutthroat ratios to use fish community composition as
an indicator of degrading conditions.

In addition to the fish captured, northwestern (Ambystoma gracile) and Pacific giant salamanders
(Dicamptodon tenebrosus) were found in Adair, Colin South, and Evans East during 2000 and
2006 stream sampling. The electrofishing surveys were not designed to estimate amphibian
populations, therefore only presence or absence was noted.

Threshold Exceedance Criteria

Fish threshold exceedance criteria are violated if fish abundance estimates declined by greater
than 20% compared to baseline and other monitoring data through time (King County 1999,
2001). Fish abundance declined by over 60% for cutthroat trout in Adair, Colin South, and
Evans East between 2000 and 2006.

Corrective Actions

Changes in scour rates or decreases in water quality associated with the build-out of the UPDs
were predicted to not significantly alter the ability of fish to live, grow, and reproduce in the
streams originating onsite (The Watershed Company 1995). In fact, The Watershed Company
concluded that if the period of minimal flow or drying was reduced as anticipated, stream flow
conditions could be advantageous to cutthroat trout or other fish species present. However,
reductions in abundance of cutthroat trout have been observed in Adair, Colin South, and Evans
East.

As mentioned previously, fish populations fluctuate naturally and personnel changes between
years likely reduced sampling consistency. Additionally, population estimates are inherently
variable relying on numerous assumptions ® that may or may not hold true and reflect just a snap
shot in time of the specific reach sampled. Furthermore, no development from the UPDs has

'® Assumptions include: 1) emigration and immigration by fish during the sampling period are negligible; 2) all fish
within a specified sample group must be equally vulnerable to capture during a pass; 3) vulnerability to capture of
fish in a specified sample group must remain constant for each pass; and 4) collection effort and conditions which
affect collection efficiency mush remain constant (Lockwood and Schneider 2000).
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taken place within the Evans East basin to date. Therefore, the 61% decline in cutthroat trout in
this creek cannot be attributed to UPD clearing, construction, and build-out and may be part of
the natural variability of populations or other confounding factors (e.g., climate, ocean
conditions, predation, development elsewhere in the basin, downstream conditions affecting

migration, etc.).

Clearing and development of the Adair basin has largely taken place since 2004, and the basin is
anticipated to hit 75% build-out in fall 2006 (Lowe 2005). The Colin South basin has had
intensive development in some areas, and little development in others and the entire basin is
probably close to the 75% build-out threshold that defines “post-development” as of fall 2006.
Therefore, the summer 2006 data may reflect construction monitoring, rather than post-
development monitoring as was intended. In addition, the three electrofishing passes in Adair in
2006 were not depleting the numbers of cutthroat trout, making this population estimate highly

variable.

Due to the aforementioned reasons, no corrective actions are recommended at this time.
Nevertheless, the declines in Colin South, Evans East, and Adair cutthroat trout populations
should be monitored closely for continued changes over time. If continued declines are linked to
UPD development, appropriate corrective actions should be implemented in the future.

2000 2006 2000 2006 2000 2006 2000 2006 2000 2006 2000 2006
o o £ £ = = = = £ £
s 5 £ 2 E3 EZ 2 2 £ s g z
o o [§) (&) %) %) S o S =] &) &)
400 - - - - —— - - —— o S © o o 350 - ——————————-
75 - —— oo
300 +——}---------
(10
300 -
¢ 125 | 20 - ¢
200 + -} ------—-
O 100 -
75 %0 -~~~
50 &+ - - — - - J- - ______ 100 +-----—~ &
100 1
" 25 *
i 50 & - - - - __ _.
. 3
o+t AL~ o+--m---—----—- (R
Adair Colin S. Evans East

Figure 4.1.3.1 Abundance estimates within each sample reach
Abundance estimates within each sample reach were calculated from three electrofishing passes using the

methods outlined in (Lockwood and Schneider 2000). Error bars represent 95% confidence intervals.
One pumpkinseed sunfish was observed in Evans East in 2006, but data were not sufficient to make
population estimates. Unnamed Creek was not sampled in 2006 due to property access denial.
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Figure 4.1.3.2 Comparison of fish population estimates calculated by different methods.

Error bars represent the upper 95% confidence interval. The number in parentheses in the legend
represents the number of passes the estimate is calculated from. In 2006, only three passes were
conducted so no four-pass calculations could be made. If the fish population was not being depleted, no
estimate could be made using most methods (e.g., Colin South Coho in 2006) or highly skewed estimates
resulted (e.g., Adair Creek MDNR (4) in 2000). Estimation formulas are described in (Seber and Cren
1967), (Lockwood and Schneider 2000), and (Zippin 1958).

Table 4.1.3.1 Species present during three electrofishing sampling dates on four creeks draining the UPDs.
1991 data were collected in December for Evans East, and in August for the other three creeks. 2000 and
2006 sampling was conducted in June.

Stream 1991 2000 2006

Adair Cutthroat Cutthroat, Coho Cutthroat, Coho, Riffle Sculpin
Colin South Cutthroat Cutthroat Cutthroat, Coho

Evans East No fish Cutthroat Cutthroat, Pumpkinseed
Unnamed Cutthroat Cutthroat Not Sampled
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4.1.4 Vegetation Monitoring

Introduction and Methods

Vegetation monitoring surveys were performed on wetland BBC-52 during 2000, 2002, 2004,
and 2006 following (Elzinga 1998). The surveys were performed along six transects across the
wetland that ranged in length from 105 m to 240 m and varied in the number of quadrats from
five to eight. In addition, the sampling was set up in three strata (forested, shrub, and herb).
These three strata were sampled in 10 m radius quadrats, 5 m radius quadrats, and 1 m radius
quadrats, respectively. Data collected during the surveys included identification to the most
specific taxonomic level possible, and categorical assignments of percent cover. The ends of
each transect were marked with flagged rebar and each quadrat was marked with a piece of PVC
pipe that marked its center. This ensured that sampling occurred at the same location in each
year’s survey. All strata occurred on each transect. In addition, continuous water level (stage)
monitoring occurred during the study period. Wetland vegetation diversity metrics were
compared to water level to test whether water level influences the vegetation in the wetland
system. Correlation values are presented where a relation was observed (Appendix 4.1.4.1).

Six categories of vegetation cover classes were used to define the percent cover of specimens
that were enumerated during the sampling. Coverage classes indicated 0 (trace), 1 (0.5% to 5%),
2 (6% to 25%), 3 (26% to 50%), 4 (51% to 95%), 5 (76% to 95%), and 6 (96% to 100%).
Samples were identified to species when possible. However, some genera were lumped into
general categories (e.g., mosses and lichens).

Given that no real development, with the exception of two athletic fields, has occurred in the
basin in proximity to wetland BBC-52 and that clearing did not begin until 2005 for most of the
drainage, the first three sampling events were used to define the “pre-development” conditions
with respect to the data analysis. In this way, mean conditions with variability bounds were
established that could account for natural variability among years, and sampling effectiveness
among staff including differences in observer bias and technical capability. Analyses were
limited to comparisons between 2006 observations and the mean conditions for the first 3
sampling epochs.

Results by Transect

In all, 164 unique species were identified in the vegetation surveys (Appendix 4.1.4.1). The
number of species identified within each plot on each transect varied year to year. However,
mean values among all transects ranged between approximately 15 and 20 species enumerated
(Figure 4.1.4.1). The lowest diversity occurred at transect 6, plot E with a mean diversity of 3.5
species. There were four locations that had more than 30 species noted (Transect 1, Plot B;
Transect 2, Plot B; Transect 3, Plot B; and, Transect 4, Plot B). All of these locations on
Transects 1, 2, and 4 were forest plots, and Transect 3 was a shrub plot.
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Total Number of Vegetation Species Present By Transect, Plot, & Year
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Figure 4.1.4.1 Total number of plant species observed at each transect, and plot during all years (2000 to
2006).

Bold vertical lines indicate breaks between transects. Dashed red lines indicate mean number of species
for each transect among all years

Transect 1:

This transect had five plots (A through E, respectively, Figure Vegetation 2, Panel 1). Plot A
was a forested site with a wide variance in terms of the number of individual plants measured
across years (range 289 to 729). The wide range of values could be attributed to different
competencies among field technicians, slight differences in the locations measured, or a
combination. Plot B was also a forested site with the fewest number of individual plants
recorded during the 2000 field visit (676 individuals), and the most recorded during 2004 (1444
individuals). Plot C was categorized as an herb/ emergent plot and had a low value of 36
individual plants during 2006, and a high value of 100 individuals during 2004. Plot C also
showed a negative correlation with the wetland water stage (R =-0.69). Plot D was a shrub plot
with between 100 and 144 individuals enumerated at this location. Plot E was forested with
between 289 and 576 individual plants at this location. This plot showed a positive correlation
with wetland stage (R = 0.32, Appendix 4.1.4.1). Again, because the forested plots were 10 m in
diameter, it is expected that there would be many more individuals at these locations than in the
I m herb plots.
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Transect 2:

This transect also had 5 plots (Figure 4.1.4.1, Panel 2). Plot A was forested with a range of
individual plants numbers from 225 during 2000 to 400 during 2004. Plot B was a shrub plot
(quadrat size 5 m in diameter), with 256 individuals during 2000 and 961 individuals during
2006. Plot C was classified as a shrub transect part of the time and an herb transect the
remainder of the time. The transitional nature of this plot can explain the large variation in the
number of individuals because the shrub plots are 25 times the area as the herb plots (i.e., 5 m in
diameter as opposed to 1 m diameter). Plot C showed a negative correlation to water stage in
this wetland (R = -0.40, Appendix 4.1.4.1). Plot D was a shrub transect with a low of 361
individual plants enumerated during 2004 and 576 individual plants during 2006. In addition,
reed canary grass and evergreen blackberry were noted at this site and are both considered to be
noxious weeds in King County. Plot D also showed a positive relation to water stage (R = 0.83,
Appendix 4.1.4.1). Plot E was classified as a shrub quadrat and had a low of 169 individual
plants noted during 2006 and a high of 400 during 2004. This plot also showed a negative
relation with water stage (R =-0.64, Appendix 4.1.4.1).

Transect 3:

This transect consisted of 6 plots (A through F) ranging from forest to shrub to herb (Figure
4.14.1, Panel 3). Plot A was a forested site with between 100 and 625 individual plants
enumerated (2000 and 2004 respectively). Plot B was also a forested plot with individuals
enumerated ranging from 576 during 2002 to 961 during 2004. In addition, reed canary grass
was found at this location as well. Plot C was an herb site with between 9 individuals during
2002 to 64 during 2000. Plant diversity at this location exhibited a negative correlation with
water stage (R = -0.65, Appendix 4.1.4.1). Plot D was also an herb site with plant numbers
ranging from a low of 9 during 2002 to a high of 225 during 2004. This location was also
negatively correlated with water stage (R = -0.38, Appendix 4.1.4.1). Plot E was a shrub site
with diversity ranging from 144 to 361 (2000 and 2004 respectively). Reed canary grass was
observed at this site as well. Plot F was a forest quadrat with diversity numbers ranging from
225 to 400 (2000 and 2004 respectively). In addition, English ivy and Holly were noted at this
site. Both plants are considered noxious by King County.

Transect 4:
Transect 4 consisted of 7 plots (A through G, Figure 4.1.4.1, Panel 4). The strata observed on
this transect consisted of forest, shrub, and herb. Plot A was a forested site with individual plant
numbers ranging from 441 during 2000 to 625 during 2004. The noxious weed Holly was
observed at this location. In addition, the total number of individual plants enumerated at this
site was positively correlated with water stage (R = 0.48, Appendix 4.1.4.1). Plot B was also a
forested site with plant numbers ranging from 529 to 1225 (2000 and 2004 respectively). Holly,
Reed Canary Grass, and Evergreen Blackberry (noxious weeds in King County) were also
observed at this location. In addition, European Mountain Ash which is a non-native but not
considered weedy, was observed at this location. Plot C was an herb plot with between 16 and
49 individuals enumerated at this location (2002 and 2006 respectively). This plot showed a
positive correlation with wetland water stage (R = 0.77, Appendix 4.1.4.1). This is the first herb
plot that has exhibited an increase in diversity relative to an increase in water stage. Plot D was
classified as shrub most of the time but was also classified as an herb plot during approximately
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1/3 of the surveys. The number of individual plants enumerated at this location ranged from 121
during 2000 to 324 during 2004. In addition, the noxious weed Reed Canary Grass was noted at
this location. Plot E was a shrub plot that showed a positive correlation with wetland water stage
(R =0.86, Appendix 4.1.4.1). The plant diversity at this location ranged from 169 during 2000
to 324 during 2006. Plot F was also a shrub plot with diversity ranging from 81 to 196 during
2000 and 2004 respectively. Vegetation numbers in this plot was also positively correlated with
wetland water stage (R = 0.65, Appendix 4.1.4.1). Plot G was a forested plot with plant numbers
ranging from 196 during 2000 to 324 during 2004 and 2006 and was positively correlated with
wetland water stage (R = 0.67, Appendix 4.1.4.1). In addition, the noxious weed Holly was
observed at this location.

General findings indicate that at most locations there have not been alarming changes in the
vegetation communities in this wetland. However, when samples for 2006 are compared against
the mean pre-development conditions, there is a general decrease in total diversity. Still, in most
cases the change is within the expected variability of the mean conditions. In cases where the
magnitude of difference is outside the normal range of variability, the absolute change is usually
very small. Nonetheless, a decrease in species diversity can signal impacts that affect the most
sensitive species. With that said, one year of comparison is insufficient to establish a trend.

Transect 5:

Transect 5 was 225 m long and consisted of 9 vegetation sampling plots 4 of which were
forested, 4 were shrub, and 1 was an herb plot (Figure 4.1.4.1, Panel 5). Plot A was a forested
plot with plant numbers ranging from 121 during 2006 to 361 during 2004. This site exhibited a
negative correlation with wetland water stage (R = -0.46, Appendix 4.1.4.1). Plot B was also
forest with plant numbers ranging between 169 and 400 (2006 and 2000 respectively). This site
showed a relatively strong negative correlation with wetland water stage (R = -0.63, Appendix
4.1.4.1). Plot C was an herb quadrat with total plant numbers ranging from 25 to 121 (2000 and
2006 respectively). This site showed a strong positive correlation with wetland water stage (R =
0.88, Appendix 4.1.4.1). In addition, the noxious weed Reed Canary Grass was observed at this
location. Plot D was a shrub site with total plant numbers ranging between 256 during 2004 to
324 during 2000 and 2006. This site also showed a positive correlation with water stage, albeit a
weaker one (R = 0.32, Appendix 4.1.4.1). Plot E was a shrub site with total plant numbers
ranging from 169 during 2000, 2002, and 2004 to 324 during 2006. This site had a very strong
positive correlation with wetland water stage (R = 0.96, Appendix 4.1.4.1). Plot F was also a
shrub site with total plant numbers ranging from 81 during 2000 to 225 during the 2004 survey.
Total plant numbers were positively correlated with water stage at this location as well (R =
0.47). Plot G was also a shrub quadrat. Total plant numbers at this location ranged from 169
during 2000 to 324 during 2002. Plot H was a forested site with total plant numbers 196 to 529
during 2006 and 2004 respectively. Plant numbers exhibited a negative correlation with wetland
water stage at this location (R =-0.55, Appendix 4.1.4.1). Plot I was also a forested quadrat with
plant numbers ranging from 289 during 2000 to 576 during 2004.

Transect 6:
Transect 6 was the longest transect with a total length of 240 m. Like the other transects in this
vegetation study, Transect 6 was comprised of forested, shrub, and herb quadrats (Figure 4.1.4.1,
Panel 6). There were 9 survey plots located on this transect (A through I). Plot A was a forested
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quadrat with a relatively low diversity. Plant numbers observed at this location ranged from 400
during 2000 to 484 during 2004. Additionally, this plot exhibited a negative correlation between
total numbers of botanical individuals and wetland water stage (R = -0.46, Appendix 4.1.4.1).
Plot B was forested, had total plant numbers ranging from 289 during 2006 to 576 during 2004,
and was strongly negatively correlated with wetland water stage (R = -0.64, Appendix 4.1.4.1).
Plot C was a shrub quadrat with plant numbers ranging from 484 to 784 during 2000 and 2004
respectively. In addition, the noxious weed Holly, and the non-native European Mountain Ash
were observed at this location. Plot D was also a shrub site with plant numbers ranging from 196
to 289 individuals. The low and high years were 2000 and 2002 respectively. Plot D showed a
positive correlation between total numbers of plants and wetland water stage (R = 0.46,
Appendix 4.1.4.1). Plot E was an herb quadrat with plant numbers ranging from 9 during the
2000 and 2002 surveys to 16 during the 2004 and 2006 surveys. This location also exhibited a
positive correlation between total plant numbers and wetland water stage (R = 0.63, Appendix
4.1.4.1). Plot F was also an herb quadrat with total plant numbers ranging from a low of 121
during 2006 to a high of 196 during 2000. This location exhibited a strong negative correlation
with wetland water stage (R = -0.82, Appendix 4.1.4.1). Plot G was classified as herb
approximately 20% of the time and shrub approximately 80% of the time. Total plant numbers
at this location ranged from 121 during the 2000 survey to 256 during the 2002 survey. Plot H
was classified as shrub slightly less than 1/3 of the time and forest the remainder of the surveys.
This location exhibited a range of total plant numbers that ranged from 121 during 2004 to 289
during 2002 and 2006. There was also a positive correlation between total plant numbers and
wetland water stage at this location (R = 0.48, Appendix 4.1.4.1). Plot I was a forested quadrat
with total plat numbers ranging from 196 during 2000 to 361 during the 2004 survey.

Conclusions and Recommendations

The vegetation surveys on wetland BBC 52 were intended to monitor if the UPD development
has had an adverse impact on the botanical community of this bog wetland system. The study
design for this component of the overall natural resources monitoring program seems to be
adequate to detect changes at this scale. However, some of the specific questions about wetland
botanical community integrity relative to development progress will require more time in order
to determine quantitatively if there has been an adverse impact. In addition, some of the
questions that have arisen as a result of our analyses may be explained by sampling error. For
example, it was not expected that there should be radical changes in total plant numbers in
forested or shrub quadrats among years and yet, there were large changes observed during some
years.  Additionally, systematic changes in community composition would likely show
consistent trends. The only consistency in the error among plots and transects is that total
numbers of individual plants is generally higher during 2004 than during other years. This
suggests a systematic increase in sampling effort or efficiency during 2004. Moreover, the
positive correlation between plant numbers and water levels in these strata was a surprise. A
reasonable hypothesis would be that plant numbers and diversity should decrease in herb
quadrats if there were adverse hydrological changes in the wetland. Also, the presence of
invasive species and changes in local dominance could show a demonstrable effect in herb
quadrats during the time period studied but would be unlikely to cause community shifts in
shrub, and less likely to cause shifts in forest communities. The quadrats where non-native,
noxious, and otherwise undesirable plants have been observed should continue to be monitored
into the future to ensure that these plants do not affect the ecology of the system. In addition,
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efforts to eradicate weeds throughout the County should incorporate these locations into their
programs.

To varying degrees, more analyses can be performed with the existing dataset in a comparison of
2006 and subsequent years to pre-development conditions. More data will be needed in order to
make a quantitative determination of the nature and extent of chronic impacts to vegetation
communities relative to the UPD. Given that this basin is still largely undeveloped and that the
rate of development is relatively slow for this particular location within the UPDs, the prescribed
monitoring timeline (sampling every other year, 4 times following 75% buildout) may provide
enough information to establish a trend, assuming a new ecological trajectory is established due
to some chronic impact to the system. However, at that time it may be necessary to re-evaluate
the monitoring plan, which could include extending the monitoring period, in order to make that
determination quantitatively.
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Figure 4.1.4.1 Wetland BBC 52 annual vegetation diversity by transect, plot, and year for transects 1 through
6, plots A through I, and years 2000 through 2006.

Upper left-most panel represents Transect 1, and lower right-most panel represents Transect 6. Panels
move left to right and top to bottom representing Transects 1 through 6 respectively. For all transects,
Plots begin with A on the left, and move right through the farthest-most plot. The legend on the right of
each panel indicates the species of plants that were observed during the surveys for respective locations.
Count values on the Y axes, indicate the number of times each species was observed.
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4.2 Physical Assessment

There is a rich literature documenting the effects that changes in land cover have on watershed
hydrology, and stream condition sensu (Horton 1939, Wolman 1967a, Karr 1991, Allan 2004).
This section focuses on the hydrologic and geomorphic effects of the watershed changes related
to the UPDs. We extensively monitored stream discharge, wetland water stages, and stream
channel cross-sections as responses to changes in watershed hydrology. In addition, early
investigations documented conditions prior to the development for qualitative stream habitat
surveys, riparian canopy cover, stream bank stability, and other stream characteristics (Comings
et al. 2000). All of the creeks affected by this development are small headwater tributaries that
flow into larger salmonid-bearing streams (Bear Creek, Evans Creek, and the Snoqualmie River).
In addition, Adair Creek, Colin Creek South, Evans Creek East, and Unnamed Creek all
supported salmonid populations during the study period (See

section). Nine stream and wetland systems drain the two UPD sites (Figure 2.0).
e Adair Creek
e Colin Creek North Fork
e Colin Creek East Fork
e Colin Creek South Fork
e Evans Creek East Fork
e Evans Creek Middle Fork
e Mackey Creek
¢ Rutherford Creek

e Unnamed Creek

Adair Creek

Adair Creek begins at a beaver dam and drains the northeast corner of the Trilogy property. The
surrounding riparian community is mixed conifer and deciduous forest with considerable
undergrowth of Salmonberry (Rubus spectabilis) bushes along the entire length of the stream.
The bed substrate is mostly small cobble with an overlying silt layer that is easily disturbed. At
25 m downstream from the beaver dam is the 1997 benthic invertebrate sampling site.
Approximately 190 m downstream is the King County flow gauge (53A) and about 25 m beyond
that are the monitoring cross-sections (Figure 2.0). The stream gradient increases as the stream
flows eastward toward the Snoqualmie River Valley with a concomitant substrate coarsening due
to increased stream power (Julien 2002). The gradient remains high until it contacts the
Snoqualmie Valley floor. The stream is influenced by large volumes of large woody debris
(LWD) that exerts some control on sediment movement within the channel. There is some
evidence of recent bank erosion in small patches but overall the channel appears to be relatively
stable. As the stream contacts the Snoqualmie Valley floor, gradient decreases and the sediment
predictably becomes finer. Just upstream of the West Snoqualmie Valley Road (about 790 m
downstream of its origin) blackberry (Rubus discolor) vines along the bank become increasingly
prevalent.
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Colin Creek North

The headwaters of Colin North originates northeast of the Trilogy property near the Tolt pipeline
easement and flows southward in a low-gradient streambed that is largely silt with a few gravel
riffles (Figure 2.0). A layer of detritus covers the streambed and is easily disturbed. The
watershed is generally low gradient and vegetated with a forest comprised primarily of young
Red Alder (Alnus rubra). At approximately 200 meters from its origin, the stream enters the
north side of wetland BBC 26 and emerges a short distance downstream at the western end of the
wetland. The streambed consists of small gravel with a substantial amount of fine material, both
organic and mineral. Within this section there are four cross sections established, and very little
apparent erosion along this reach. Approximately 125 meters downstream of the wetland is the
King County flow gauge 02C. The stream enters Welcome Lake approximately 630 m from its
origin.

Colin Creek East

Colin Creek East drains a small section on the western edge of Trilogy and begins in a very
muddy, wetland south of NE 133rd Street just inside the UPD property boundary (Figure 2.0). It
crosses NE 133rd Street in a small culvert and flows northward into the “Lake of the Woods”
neighborhood. The creek broadens in some places to become small wetland areas but is mostly
very stream-like. Though narrow, the riparian vegetation remains intact for the entire length of
the stream. There is abundant wood in the stream, and the substrate consists of small cobble and
gravel overlain with considerable organic material in some locations. This tributary joins the
main stem of Colin Creek South just prior to the culvert under NE 137th Street, approximately
360 m from its origin.

Colin Creek South

This stream originates in wetland BBC 44 approximately 300 meters downstream of the western
edge of the Trilogy UPD (Figure 2.0). The creek flows north through a sandy/silty channel with
small cobbles and several small LWD-forced pools. Approximately 500 meters downstream
from the origin is King County flow gauge (02D) and the cross-section measurement stations.
The stream channel gradually widens and deposits sediment sand and gravel forming bars with a
few large cobbles. Both banks exhibit visible erosion in places despite being well vegetated
(primarily with Salmonberry, Rubus spectabilis; Vine Maples, Acer circinatum; Devils Club,
Oplopanax horridus; and Sword Fern, Polystichum munitum). The gradient is approximately 4
percent. Approximately 1000 meters from the wetland boundary, the stream crosses 133rd
Avenue NE and subsequently merges with Colin Creek East (08-0134). Approximately 1600
meters from the headwater wetlands near the confluence with Welcome Lake there are a series of
beaver dams that impound the system.

Evans Creek

The middle fork of Evans Creek originates near the southern property boundary of Redmond
Ridge where King County flow gauging weir, 18B, serves as the outlet of wetland EC-4 (Figure
2.0). Downstream of the UPD boundary, the stream flows through a development known as
Harrington North, where it passes under several small roads. Coniferous riparian communities
on the stream vary from 15 meters to greater than 30 meters in this area. The stream is low
gradient and is reflected in the substantial silt deposition. There are few if any riffles; in places
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the stream could actually be considered a wetland. The riffles that were encountered were
usually associated with hydraulic jumps at culverts where higher energy scoured away the fine
sediment. Because of the intact riparian areas, there is still significant wood influencing the
direction and flow of the stream, creating a few large pools.

Mackey Creek

The headwaters of Mackey Creek come from subsurface flow draining from the northwest corner
of the Redmond Ridge property (Figure 2.0). The reach of channel under investigation has not
had any apparent surface flow during the monitoring period. The stream channel runs
southeasterly about 30 meters before coming to a culvert under NE 104th Place. On the
downstream side of this culvert a discharge point from the roadways of the current development.
This runoff infiltrates into the ground within 10 to 20 meters so that there is only a short reach of
surface flow before the channel becomes dry again. In approximately 50 meters of dry channel
there is a culvert under Novelty Hill Road. Downstream of the Novelty Hill culvert only slight
evidence of surface water flow is apparent until the ground becomes very muddy and wetland-
like. Even without surface water, the thalweg can be followed because the small valley has a
very distinct V-shape to it. The stream enters wetland BBC-46 about 100 meters below the
culvert and 200 meters beyond the western boundary of the UPD property.

Rutherford Creek

Rutherford Creek originates in a wetland system that begins on the Redmond Ridge property and
continues south beyond the property boundary about 300 to 400 meters (Figure 2.0). The stream
thus begins downstream of the UPD boundary. The streambed is comprised of fine, silty mud
that is loosely packed to a depth that exceeds 0.5 m in some places. The banks are primarily
vegetated with Red Alder and Salmonberry. Approximately 350 meters downstream is the King
County flow gauge 18F. Downstream of the gauge the steam flows about 10 to 20 more meters
before entering a pond in a horse pasture with no riparian vegetation and substantial bank erosion
due to the horses. Downstream of the pond, the stream continues for approximately 150 meters
through a healthy and wide coniferous riparian zone. Beyond this the stream flows onto a
property with another large pond, the outlet of which flows into the culvert under NE Union Hill
Road. Immediately downstream of the Union Hill culvert are the Rutherford Creek monitoring
cross sections.

Unnamed Creek

Unnamed Creek begins at a culvert under Novelty Hill Road just beyond the southeastern edge
of the Trilogy UPD (Figure 2.0). For the first 100 meters or so the stream is low gradient with a
muddy bottom and sluggish flow. But substrate size gradually increases in the downstream
direction. Approximately 200 meters downstream of the origin is the King County flow gauge,
53B. The valley containing the creek is quite narrow with steep sidewalls, incising in the
downstream direction. Locally, erosion has exposed the till along the hillslopes colluvially
depositing clumps of hard, crumbly clay in the riffles. There are sections of the stream that have
considerable bank erosion, particularly near the cross-section site, which is about 470 m from the
origin of the stream. The riparian forest consists primarily of coniferous trees on both banks
with Salmonberry and Devil’s Club growing close to the stream. As a result, there is a
prodigious amount of wood in the stream. In some places the wood is so prevalent that the
stream can not be seen beneath it. In other places, very large logs lie suspended overhead
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between the narrow valley walls. The culvert entrance at the 243rd AV NE crossing is rocked
over. This causes the stream to impound at high flows. Gauge data and high water marks
indicate impoundment depths of up to two meters. The confluence with the south fork of
Unnamed Creek is approximately 700 meters downstream of the origin. The south fork is
relatively large, increasing the flow substantially. Downstream of the confluence, the stream
gradient decreases and the riparian community is increasingly dominated by deciduous trees.

4.2.1 Hydrology/ Analysis of UPD Flow Data

Hydrology is regarded as a dominant organizing factor controlling ecosystem conditions.
Hydrologic processes are governed by complex interactions among a host of variables including
precipitation, geologic template, and land cover (Ward 2004). Because hydrology is such a
dominant force in ecosystems, and because changes in hydrology due to development can have
such profound effects on ecosystem function, it is a key element in this monitoring program.
The movement of water through streams is a dominant force controlling the physical condition of
any stream (Julien 2002). Changes in the rates and timing of delivery of water to stream
channels due to urbanization can cause changes to the physical channel conditions that are more
extensive than would be predicted under unaltered conditions (Konrad 2005).

Baseline hydrologic conditions were established by measuring flow through installed hydraulic
flumes on Adair, Colin North, Colin South, and Unnamed creeks. Thin crested weirs were used
on Rutherford and Evans during 1989 through 1996 (Figure 2.0). In addition, crest — stage
gauges were established to measure water level fluctuation in several wetland systems on the
project. In 2001 the most important wetland monitoring locations had continuous water level
recorders installed to better measure water level fluctuation. The gauging data were collected in
fifteen-minute increments. Four of the stream gauges (Adair, Colin South, Rutherford, and
Unnamed) were reactivated in 1998 prior to the start of construction and continue currently.
Evans, Colin North and the South Fork of Unnamed were reactivated in 2000 and continue
currently.

The stage data collected during 1998 to 2006 was translated to flow data by King County staff
and put in a standard format for use with a model for hydrologic analysis and prediction. The
formatted data were compared to the baseline conditions to look for changes in flow
characteristics relative to changes in watershed hydrology (i.e., degree built, using permit
phasing as a proxy for actual percent land cover change).

Hydrologic data collected in and around the UPDs include precipitation and flow data.
Precipitation was collected at several sites around the UPDs — combining these sites provides a
daily record of rainfall from 10/1/1988 through 8/7/2006 (Table 4.2.1.1, Figure 4.2.1.1).
Individual rain gauges and their periods of record are: 02v, 10/1/1995 — 8/7/2006; 18u, 10/1/1988
— 9/30/2000; 18v, 10/1/1998 — 11/18/2004; and RRUPD, 7/23/2002 — 10/17/2005. Averages
were used for periods of overlap in the record.
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Table 4.2.1.1 Mean annual precipitation in inches for all rain gauges in the vicinity of the UPDs for 1989 to
2006.
Year Total Precipitation

(in)

1989 42.9

1990 47.6

1991 52.4

1992 39.3

1993 42.9

1994 35.0

1995 50.4

1996 57.5

1997 67.6

1998 40.0

1999 54.9

2000 50.4

2001 35.2

2002 47.0

2003 34.0

2004 43.7

2005 40.7

2006 37.8%*

* Year to date
16 18V Precipitation

—— 1999
14 s
2002
12 -2003
2004

2005

10 - Hist. Avg

Total Monthly Rainfall (Inches)
(03]

Oct Nov Dec Jan Feb Mar April May June July Aug Sept

Historical averages are from rain gauge 18U from 1989-2000

Figure 4.2.1.1 Total monthly precipitation at King County gauging station 18V during 1999 to 2005.
The Historical average represents the mean precipitation at King County gauging station 18U during 1989
to 2000.
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4.2.2 Streams, Wetlands, and Facilities

Beginning in 1998, King County Water and Land Resources Division (WLRD) established the
UPD hydrologic monitoring program to measure stream flows and wetland water levels in the
Trilogy and Redmond Ridge UPD’s to prepare for post-development monitoring. The primary
goal of the hydrologic monitoring was to determine if there were unexpected changes in the
hydrology of the streams and wetlands due to the construction of the UPDs. Changes in land
cover related to the UPDs has created unexpected hydrologic effects that can be resolved in the
streams and wetlands that drain the area. This section of the report reviews the monitoring data
from the stream and wetland gauges.

Hydrologic data were collected at seven locations in and around the UPDs (Table 4.2.2.1).
Stations 18f and 18b are within the area influenced by the Redmond Ridge developed areas,
while 02c, 02d, 53a, 53b, and 53¢ monitor the systems affected by the Trilogy at Redmond Ridge
development. For all but one gauge the period of records are split in two — one pre-development,
and one concurrent with development.

Table 4.2.2.1 Summary of hydrologic gauging stations and period of record for each respective station.
See Figure 2.0 for location of these gauges.

ISI'Dte Name / Location Period of record

oac | Colin Creek, north fork/flume at Lake of the | /141991 _ 6/29/2004 and 9/11/2000 - 7/6/2006
Woods Development

02D gff;r Colin Creek, south fork/flume, Tributary | ;11990 - 9/30/1993 and 9/20/2000 - 7/21/2006

s3p | Snoqualmie River Tributary, Unnamed Creek, | 46,1990 - 6/29/1994 and 10/1/2000 - 6/8/2005
west fork, flume

s3c | Smoqualmie River Tributary, Unnamed creek, | 1990 - 6/20/1994 and 3/25/2002 - 5/31/2005
north fork/flume

53A | Adair Creek 4/11/1990 - 6/28/1994 and 3/5/1998 - 8/9/2006

1gp | Northridge Evans Creek #4 (Redmond Block | /1988 10/1/1993 and 9/13/1999 - 11/27/2004
South), south weir, hobo level logger

18F | Rutherford Creek at NE 76th 10/4/2000 - 8/10/2006

All sites have predevelopment data except for Rutherford Creek (Site 18F, Figure 4.2.2.1).
Development in both UPDs was assumed to take two years for each division built — year one for
clearing and grading, year two for construction. Division construction periods are staggered in
time for all gauge locations. For most gauges development occurs over the latter part of the
record. As such no post-development data are available for a comparison in a before/after
scenario. This analysis uses the software package, Indicators of Hydrologic Alteration, version 7
(The Nature Conservancy 2005), developed to examine trends over the record and potential
differences in hydrology between “before” and “during” UPD construction.

Streams
The two Colin Creek tributaries are behaving as expected. The Unnamed Creek bypass is
functioning and data from the two Unnamed Creek gauges are consistent with expectations with
respect to summer low flows and storm peak magnitudes. The Adair Creek bypass is
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functioning, but does not seem to carry much flow. Technical problems with the configuration
of the bypass make our gauge data somewhat less reliable than we need for accurate assessment
of the bypass performance. Adair Creek is exhibiting some affects consistent with an urbanizing
watershed, i.e., increased “flashiness.” A close look at the setting of the bypass level is
indicated.

Wetlands

Wetlands BBC45 and SR24B remain within the seasonal fluctuations that were observed during
the baseline data collection period. We observed unexpected water level fluctuations in wetland
BBC44. The wetland fluctuated less than 1 foot during the baseline data collection period of
1990-1994. The fluctuation in water year 2003 was 1.5 feet, which was a 50% increase in
variability in that system. During summer 2005, the wetland water level rose 1.5 feet from June
to September. Normally, stream and wetland stage would decrease through the dry part of the
summer. This abnormal hydrologic behavior could indicate the presence of beavers working at
the outlet of the system that caused the summer increase in stage. During the summer of 2006,
the wetland stage behaved normally (i.e., the stage dropped during the dry months), possibly
indicating that the beaver influence on the system was removed. In any case, large increases in
annual wetland level fluctuation and level rises counter to the normal seasonal variation are
outside of the expected results. The Evans Creek wetlands are very affected by beaver activity.
Other than some construction related events, the wetlands do not show unexpected changes in
hydrologic behavior.

Facilities

Monitoring of drainage facilities is slated to begin currently and will continue until 5 years after
75 percent buildout has occurred in respective basins. Fifty three stormwater facilities have been
or will be constructed for this development. Of those, seven facilities have been identified as
representative and will be included in this monitoring program (Table 4.2.2.2). Some of the
stormwater facilities were constructed early in the development, and some have been constructed
more recently. However, as of yet, none of the facilities have exceeded their capacity relative to
storm events since the facilities came online. Additionally, monitoring activities range from
water quality to continuous water stage monitoring.

Table 4.2.2.2. Stormwater retention and detention (R&D) facilities to be monitored as required under the UPD
permit.
Parameters include water level (stage) and discharge from the facility.

Site Name Gauge Number Parameters Data Recorder

Bear Cr. 2 Pond #1 RR-BC2 1 Stage Manual

Evans Cr. 3 Pond #3 RR-ECW3 3 Stage Manual

Mackey Cr. 1 Pond #1 RR-MCI1 1 Stage Manual

Mackey Cr. 2 Pond #1 RR-MC2 1 Stage Manual

Mackey Cr. 4 Pond #1 RR-MC4 1 Stage Manual

BBC Unnamed #1 BBC-UNI1 Discharge Continuous Electronic
Evans Cr. 1 Pond #1 ECIBI Discharge Continuous Electronic
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Snoqualmie River Trib 0276 — 53B

Snoqualmie River Trib Unnamed — 53C

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Figure 4.2.2.1 Available flow data for each gauge along with the phasing of construction for that gauge.
Stream names and gauge identifiers are located along the left side of the figure. Date axes are at the top
and bottom of the figure. Development phasing is shown to the nearest half year increment below, the
dotted line marked “Flow Data” which corresponds to the availability of the mean daily flow record at
that location..

Hydrologic data for Adair Creek, King County gauging station 53A, was analyzed and presented
as a representative example of changes in hydrology in a before and after construction
comparison (Figure 4.2.2.1). Peak flow estimates for existing and developed land use in the
UPDs were created using HSPF (Bicknell 1997) and a historical rainfall record from 1950-1991.
These estimates were made for monitored basins within the UPDs. However, actual return
frequencies cannot be estimated with certainty from a short period of record, as is the case for all
monitored sites within the UPD area. To assess the impact of the development on hydrology, the
hydrologic analysis package Indicators of Hydrologic Alteration (IHA, (Conservancy 2005) was
used to investigate high flows by analyzing the gauged record at this station (Figure 4.2.2.2).
Because it is impossible to accurately extrapolate out to a 25-year or longer flow probability
from a five year data set, within year peaks (high pulses and small floods in IHA) were examined
to better assess any trends in flows that might be correlated with changes in ecosystem function
(Timm in prep). In this sample dataset, small floods did not occur with sufficient frequency to
effect changes in stream condition.
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Figure 4.2.2.2 Indicators of Hydrologic Alteration (IHA) modeled output of flow metrics computed for the
pre- (1990 — 1993) and post-construction (1999 — 2006) periods of the Trilogy UPD.
The different colors represent IHA metrics as calculated from the flow record.
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Figure 4.2.2.3 Graph of the number of times flows were calculated at “High Pulses.”
Note the positive slope of the curve indicating an increase in high pulses. Also, the pre-construction
period (1990-1993) is roughly on track with the early construction phases of the project (Figure 4.2.2.1).
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Figure 4.2.2.4 Graph of the duration of “High Pulses” in days as calculated using IHA software.
Note that 2000 was the highest year in terms of the length of time streams were exhibiting high flows.

Adair Creek (53A) showed an increase in high pulses (Figure 4.2.2.4) with the increase in
development. This system appears to be getting “flashier” over time as measured by within-year
pulse metrics. For Adair the trend was for increases in high pulse events (Figure 4.2.2.3) with
little change to the duration of flows. Development in the Adair Ck drainage began in 2001, and
new phases began every year after until 2007 resulting in a complete “build out” projected in
2009. For each year after 2001, the flow record reflects changes to the hydrologic cycle from
removal of soil water storage and the addition of impervious surface. Although insufficient data
exist for a statistical test, the most recent years — reflecting the greatest alteration of landscape —
also have the highest pulse count. This suggests the basin has already become a “flashier”
system.

4.2.3 Stream Cross-Section Stability Analyses

There were seven small streams that were monitored in terms of their cross-section stability as
part of this study. Channel geometry as an indicator of stream channel stability was monitored at
two to four cross-sections in each stream during the period of the UPD construction with at least
one year of baseline conditions collected before construction commenced. Cross-sections were
measured from 1 to 12 times depending on the stream (Table 4.2.3.1).

The objective was to measure whether changes in watershed hydrology (i.e., land clearing and
conversions to impervious surfaces) interfered with watershed processes to the extent that there
was a measurable effect on stream channel stability. Under normal watershed conditions, stream
channels will respond to the prevailing hydrologic conditions by eroding, routing, and depositing
materials (i.e., water, sediment, and LWD) relative to their inputs in a condition that has been
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widely considered to be a quasi-equilibrium (Wolman 1967b). Systems with hydrologically
intact watersheds are characteristically in this type of balance. However, when disturbances alter
the amount and timing of the delivery of materials to the channel, a stream system’s ability to
process these changes is reflected in the channel stability (Lancaster 2001). In particular, the
hydrologic effects of urbanization can cause profound shifts in disturbance regime that are
manifest as changes in a streams competence to rout materials and ultimately its channel form
(Wolman 1967b, Konrad 2005).
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Table 4.2.3.1 Year and location of stream cross-section surveys in the seven UPD streams.
“Y” indicates that the surveys were performed at that location during the respective year.

Adair Colin Cr. Colin Cr. Evans Cr. Evans Cr. Mackey Rutherford Unnamed Cr.
N. S. E. Cr. Cr.
125)34 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 0 1 2 3 1 2 3 4
Year
Surveyed
1991 Y Y Y
1992 Y Y Y vy % Y Yy
Y Y Y Y Y Y
ot ot t t ot
1993 Y vy Y
Y Y Y Y
Tttt T
1998 Y'Y Y'Y YYYY YYYY Y Y Y Y Y YYY Y Y
1999 Y YYYY YYYY Y Y Y Y'Y Y YYY Y Y
2000 YYY YY YYYY YYYY Y Y Y Y'Y Y YYY Y Y
2001 YYY YY YYYY Y YYY
2002 YYY YY YYYY YYYY Y Y Y YYY Y'Y Y YYY Y'Y
2005 YYY YY YYYY YYYY Y Y Y Y'Y Y YYY Y Y
2006 YYY YY YYYY YYYY Y Y Y Y Y Y YYY Y Y

* Streams measured during spring.
tStreams measured during fall.
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Methods

Stream channel stability in the seven streams that occur within or are affected by the UPDs was
monitored by measuring streambed elevations at prescribed cross-section locations within the
channel network following the monitoring requirements set forth under the permit conditions for
the development. Spot elevations along cross-section measurements were analyzed to determine
if changes in watershed hydrology due to land development, and storm water management could
be detected. Streambed elevation was measured using a surveyor’s auto level telescope and
stadia rod following standard protocols (Harrelson et al. 1994). All cross-section spot elevations
were measured relative to an iron pin monument on the top of the left bank and in some years,
longitudinally connected using the left bank iron pin in cross-section 1 as the common point of
beginning among all cross-sections for a given stream reach under investigation. In general,
cross-sections were enumerated from downstream to upstream (i.e., the downstream-most cross-
section was given the number 1).

We used an analysis of variance (ANOVA) for non-parametric data (i.e., a Kruskal-Wallis test)
to test the hypothesis that there were no differences in relative stream cross-section bed
elevations among years. In more than 60% of comparisons, there was a significant reason to
reject that hypothesis. We used a Mann-Whitney test between pairs of years with a Bonferoni
adjustment to address multiple comparison error. The “H” statistical data were reported as
values because for large sample sizes, the distribution of H is approximated by the y* distribution
(Zar 1999). In addition, for cross-sections with enough inter-annual geomorphic differences to
reject the null hypothesis, despite the violation of the assumption of normality, one-way
ANOVA was employed with a Bonferoni post-hoc test to indicate which pairwise comparison
lead to the rejection. In this way, the ANOVA was used to inform the Mann-Whitney tests.

Results and Discussion

In most cases, the stream channels under investigation appear to be relatively unchanged
geomorphically. That is, the normal sediment, wood, and water dynamics seem to be
functioning similarly to pre-UPD construction conditions. However, 62.5% of the time there
were channel changes at some cross-sections when compared to other years that were
statistically significant at the 95% confidence level. In many of those cases, the absolute
differences in the channel were small and could easily be attributed to various types of
measurement error. These errors may have been due to differing degrees of technical
competency among crews, instances where a respective cross-section monument changed, or
slight differences in the path taken across the stream when measurements were made. In
particular, when changes among years are not consecutive, the geomorphic significance of the
statistical difference should be evaluated. Comparative figures of cross-section relative
elevations are in Appendix 4.2.3.1.

In other cases, there were measurable changes in the stream cross-section geometry (i.e., Adair
Creek and Rutherford Creek). In these instances, it appears that wood and sediment recruitment
and storage in the channel affected the cross-sections during the study period. In the case of
Rutherford Creek, there was significant sediment aggradation in cross-sections 2 and 3. Changes
in channel hydraulics at these cross-sections relative to their upstream counterparts (increase in
channel width downstream of a sharp bend in the channel) result in a decrease in the stream’s
competency to transport sediment, depositing sediments from some upstream source (Julien
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2002, Abbe 2003). The fact that this deposition occurred during 2005 to 2006 and did not occur
during other periods under investigation is somewhat curious. However, due to the extensive
wetland complex downstream of the UPD boundary, and upstream of the monitoring location, it
is highly doubtful that this sediment deposition resulted from any activity in the UPD. The
channel changes in Adair Creek can be attributed to the large wood that fell in the channel, dis-
ruptting the sediment dynamics that existed previous to the LWD recruitment event (Abbe 2003).
However, the hydrologic changes to the Adair Creek sub-watershed have indicated that there are
changes in the volumes, rates, and timing of flows in this system that could possibly contribute to

shifts in the sediment dynamics and channel form (see Hydrology Section this manuscript;
(Konrad 2005).

Adair Creek

The monitoring site is located approximately 30 meters downstream of King County flow gauge
53A (Figure 2.0). Monitoring began at this site in December of 1991 with the installation of two
cross-sections (“A” now designated as “3,” and “B” now designated as “2”) and a longitudinal
profile measurement by GeoEngineers. A second set of baseline measurements was taken by
GeoEngineers in October of 1992. When monitoring began in 1998, two more cross-sections
were added, one upstream and one downstream of the original two. Cross-section B, established
by GeoEngineers, was not found upon return in 1998. Cross-section 2 was established as close
as could be determined to the original position and is probably within 2 m of the original site.

Cross-Section 1:

There was a statistically significant difference among all years of data at this cross section
(Table 4.2.3.2). This cross-section was approximately 5 m wide except for in 2006, the point of
beginning was moved approximately 7 m because the tree in which the iron pin was nailed fell
into the channel. So, the 2006 cross-section was normalized to the pin on the right bank instead.
Total annual change in cross-sectional area ranged from an increase during 2001 to 2002 of
0.107 m”2 to a decrease in area of 0.571 m”2 during 1998 to 1999. The greatest total change in
cross-sectional area when all years were compared to the 1998 baseline condition was from 1998
to 2006 when the channel area decreased 0.936 m”2 (range 0.150 to 0.936).

Cross-Section 2:
This cross-section did not significantly change during the study period (Table 4.2.3.2). The
channel at this location was approximately 9 m wide. The smallest interannual change in cross-
sectional area was during 1999 to 2000 (+0.018m"2), and the largest change was during 2002 to
2005 (-0.315 m”2). When all years were compared to the 1998 baseline condition, 2006
exhibited the greatest change with a decrease of 0.020 m"2 (range 0.001 to 0.020 m"2).

Cross-Section 2b:

Cross-section 2b did exhibit significant change during the study period (Table 4.2.3.2). Post-hoc
tests indicate that 2002 was significantly different from all years. Similarly, 2006 was
significantly different from 2005, but not different from all other years. All other years are not
statistically dissimilar at the 0.05 level. The largest change in channel cross-sectional area
occurred during 2002 to 2005 when the cross-sectional area increased by 0.32m"2. However,
there was substantial uncertainty about the exact location of the cross-section monuments in the
field which resulted in the cross-section being re-monumented in 2005.
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Cross-Section 3:

During 2006 this cross-section was significantly different from all other years (Table 4.2.3.2).
However, when 2006 data were removed from the analysis, the hypothesis was not rejected at
the 0.05 significance level. We attribute the changes to this cross-section to the recruitment,
prior to the 2005 survey, of a large piece of wood to the channel that stored a substantial amount
of sediment. For all inter-annual comparisons, the stream channel was very stable except for the
2006 survey which indicates a significant aggradation of sediment and wood in the channel
(approximately 5.1 m"2). In addition, when all years were compared to the pre-construction
time periods, there was no significant change until 2006. However, given the stability displayed
in the rest of the channel (upstream and downstream), the changes exhibited in this cross-section
can be attributed to the localized accumulation of large wood and sediment in the channel.

Cross-Section 4:

Cross-section 4 is not significantly different during the study period (1998 to 2006, Table
4.2.3.2). This cross-section did exhibit downcutting during 2005 to 2006 that resulted in an
increase in cross-sectional area of approximately 1.5 m”2 and a total change of approximately
1.7 m"2 during the period under investigation. Some of this may be explained by the relatively
large flows during the 2006 water year. A comparison of the mean annual discharge for 2006
and the period water year 2001 to 2006, indicates that the 2006 mean annual discharge was
approximately 39% higher than normal. In addition, 31% of the flows during the 2006 water
year exceeded the mean annual flow for that year and 43% of the flows during that year
exceeded the overall mean flow for the system (see section on Hydrologic Analyses, this
document).

Colin Creek North

The north fork of Colin Creek drains the north end of the Trilogy property. The monitoring site
is located approximately 40 meters upstream of King County flow gauge 02C (Figure 2.0).
Monitoring began at this site in December of 1991 with the installation of a single cross section
(“A” now designated as “1”) and a longitudinal profile measurement by GeoEngineers.
GeoEngineers collected a second set of measurements during October of 1992. When
construction monitoring began in 1998, three more cross sections just upstream were added.

Cross-Section 1:

The bed surface of this stream was monitored 9 times beginning in 1991 and last surveyed in
2006. The stream channel was approximately 6 m wide at this cross-section. There were no
statistically significant differences among all years of data at cross section 1 (Table 4.2.3.2).
Inter-annual geomorphic changes at this station were very small. The largest change in cross-
sectional area was a decrease of 0.14 m"2 during 1991 to 1998. All other inter-annual changes
were less than 0.1m"2. Overall changes when all years were compared to 1991 were less than
0.1m"2. This is relatively stable cross-section that has shown no geomorphic response to
changes in hydrology.

Cross-Section 2:
This cross-section was surveyed annually between 1998 and 2006. The stream channel was
approximately 6 m wide at this location and was stable during the study period. There were no
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statistically significant changes inter-annually, or among all years when compared to the 1998
baseline conditions (Table 4.2.3.2).

Cross-Section 3:

The channel at this cross-section is approximately 8 - m wide and has shown no statistical
difference inter-annually or when each year’s channel geometry was compared to the baseline
1998 conditions (Table 4.2.3.2). The surveys at this location were performed on an annual basis
7 times during 1998 to 2006 with the exception of 2003 and 2004. The largest inter-annual
change occurred during 2005 to 2006 when the channel exhibited some slight aggradation (0.24
m”2). Similarly, the largest change when all years were compared to the 1998 baseline
conditions occurred during 2006 when that comparison yielded a slight aggradation of
approximately 0.21 m”2. All other changes were smaller than 0.02m"2.

Cross-Section 4:
The channel in this location was approximately 10 - m wide and like the other cross-sections in
this reach of the stream, very stable. There were no statistically significant changes to this cross-
section geometry either inter-annually, or when each year was compared to the 1998 baseline
conditions (Table 4.2.3.2). The largest inter-annual change occurred during 2001-2002 when the
channel eroded very slightly (0.06m”2) and the largest change when compared to the 1998
baseline conditions was during 2006 when the channel eroded approximately 0.3 m”2.

Colin Creek South

The south fork of Colin Creek drains the southwest portion of the Trilogy property. The
monitoring site is located approximately 30 meters downstream of the King County flow gauge
02D (Figure 2.0). Monitoring began at this site in December of 1991 with the installation of two
cross sections (“A” and “B”) and a longitudinal profile measurement by GeoEngineers.
GeoEngineers took a second set of baseline measurements in October of 1992. Neither of these
two cross sections could be located upon return in 1998 at the beginning of construction
monitoring. Four new cross sections were established in the same general area as the
GeoEngineers sections.

Cross-Section 1:
There were no statistically significant differences among all years of data at this cross section
(Table 4.2.3.2).

Cross-Section 2:
Similar to cross-section 1, this location showed no significant changes during the study period
(Table 4.2.3.2).

Cross-Section 3:
This cross-section showed significant change in a statistical sense. But, in an absolute
geomorphic sense, the magnitude of change was very small (Table 4.2.3.2).

Cross-Section 4:
At this cross-section, 1998, 1999, and 2000 are not significantly different from each other.
However, 2006 is significantly different from 1998 and 2000 at the 0.05 level (Table 4.2.3.2). At
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the 0.10 level, 2006 is also significantly different from 1999. 2002 and 2005 are not
significantly different from 1999 and 2000, however. On an absolute basis, 2006 is only slightly
different than any other year. The largest mean difference in cross-sectional area was -0.16 m"2
(when compared with 1998) and the average mean difference among all years was -0.11 m"2.
Despite the statistical significance of the differences, the overall difference was small and
probably inconsequential geomorphically.

Evans Creek

The middle fork of Evans Creek drains the south-central section of the Redmond Ridge property
(Figure 2.0). Evans Creek is another small tributary in the Bear Creek system. The stream in
this location is very low gradient (0.012%) and very low energy due to the gradient. The
monitoring site is located approximately 100 meters downstream from the King County flow-
gauging weir known as the “south weir.” Monitoring began at this site in April of 1992 with the
installation of two cross sections (“A” now designated as “1,” and “B” now designated as “2”)
and a longitudinal profile measurement (GeoEngineers 1992, 1995). Baseline measurements
were collected in November of 1992 and in May of 1993. When construction monitoring began
in 1998, one more cross section was added downstream.

Cross-Section 1:
Te stream cross-sectional geometry did change significantly at this location during 1998 to
present (Table 4.2.3.2). 1998 and 2005 were significantly different from all years, 2006 was
significantly different from 1999 and 2000. Given the extremely low energy of this stream, the
potential for change due to increases in hydraulic energy is very low. Therefore, the differences
in this cross-section are likely due to measurement discrepancies among years as opposed to
changes in the physical condition of the channel.

Cross-Section 2:
Similar to cross-section 1, the channel geometry at this location is statistically different from
1998 to 2006 (Table 4.2.3.2). However, given the low gradient conditions and the stable
appearance of the channel, the differences are likely attributable to measurement error.

Cross-Section 3:
Cross-sectional geometry at this location is statistically different among years during the study
period (Table 4.2.3.2). However, the difference is likely due to measurement error.

Mackey Creek

Mackey Creek drains the northwest portion of the Redmond Ridge property. The monitoring site
is located approximately 10 meters upstream of the Novelty Hill culvert (Figure 2.0).
Monitoring began at this site in June of 1992 with the installation of one cross section (“A”)
(GeoEngineers 1992, 1995). This cross section was not located in 1998 at the beginning of
construction monitoring, so a new cross (“1”’) section was established in the same general area as
the GeoEngineers cross section. The GeoEngineers section was found in 1999 and designated as
“2”; both cross sections will be included in future monitoring.
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Cross-Section 1:
Cross-section geometry at this location is statistically different from 1998 to 2006, or among
years within the study period (Table 4.2.3.2). This difference must be an artifact of measurement
error because the channel has not had surface flow during the study period.

Cross-Section 2:
Cross-section geometry at this location is statistically different from 1999 to 2006, or among
years within the study period (Table 4.2.3.2). However, as with cross-section 1, the differences
must be a function of measurement error because there has been no water in the channel during
the study period.

Rutherford Creek

Rutherford Creek drains the southwestern edge of the Redmond Ridge property. The monitoring
site is located just downstream of the Union Hill Road culvert (Figure 2.0). Monitoring began at
this site during March, 1992 with the installation of two cross sections (“A” now designated as
“0,” and “B”) and a longitudinal profile measurement (GeoEngineers 1992, 1995). Baseline
measurements were taken in October of 1992 and also in May of 1993. When construction
monitoring began during 1998, three more cross sections were added downstream of the 225th
Avenue NE culvert. In addition, the original cross section “B” was abandoned.

Cross-Section O:

Cross-section geometry at this location was statistically different from 1991 to 2006. Among
years within the study period, 2001 was different from 1991 at the 0.05 significance level. All
other yearly comparisons were not significantly different. Also, 2001 was not different from any
other years in pairwise comparisons (Table 4.2.3.2). The largest change between successive
monitoring periods was between the spring and fall surveys during 1993 when the channel cross-
sectional area changed by 0.17 m”2. The largest change from 1991 baseline conditions through
2006 occurred in 2001 when the channel cross-sectional area changed by -0.16m”2. Overall, the
channel is very stable in this location. The statistical difference in channel measurements is not a
good indicator of geomorphic change at this cross-section.

Cross-Section 1:
Cross-section geometry at this location is statistically different from 1998 to 2006 (Table
4.2.3.2). However, the channel appears relatively stable at this location despite the small
statistical significance of the measurement differences.

Cross-Section 2:
This cross-section is significantly different in 2006 from all other years except 2000 when it was
also nearly significantly different at the 0.05 level (Table 4.2.3.2). Further examination of the
data suggests that beginning during 2005, there was sediment aggradation in this cross-section
that decreased the cross-sectional area. The decrease was not statistically significant between
2002 and 2005. However, during 2005 to 2006, the change was significant. Geomorphically,
the channel widens and creates a floodplain at this transect. There is a 43% increase in channel
width between cross-sections 1 and 2. So, there would be a corresponding decrease in stream
power making it a deposition zone. Presumably, there was some event upstream during the
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period between 2005 and 2006 when fine sediments were introduced to the system and routed
through the narrower stream channels to the vicinity of cross-section 2.

Cross-Section 3:

This cross-section is significantly different in 2005 and 2006 from the baseline conditions
surveyed in 1998 at the 0.05 level (Table 4.2.3.2). Beginning during 2005, there was sediment
aggradation in this cross-section that decreased the cross-sectional area. The decrease was not
statistically significant between 2002 and 2005. However, in the 2005 data, there was a decrease
in cross-sectional area at this location of greater than 2 m"2 when compared to the 1998 cross-
sectional geometry. The 2006 data when compared to the 1998 cross-section, similarly reveal a
greater than 2 m”2 decrease in cross-sectional area indicating a substantial sediment aggradation
in this area of the channel and adjoining floodplain.

Unnamed Creek

Unnamed Creek drains the southeast corner of the Trilogy property. The monitoring site is
located approximately 230 meters downstream from the NE 243rd Street culvert (Figure 2.0).
Monitoring began at this site in February of 1992 with the installation of two cross sections (“A”
now designated as “1,” and “B” now designated as “2”’) and a longitudinal profile measurement
(GeoEngineers 1992, 1995). Baseline measurements were collected during October 1992. When
construction monitoring began in 1998, cross section “A” was easily relocated. Cross section
“B” however, was not located and a new cross section was established as close to the old
location as could be determined and is probably within 2 - m of the original site.

Cross-Section 1:
Cross-section geometry at this location is not statistically different from 1998 to 2006, or among
years within the study period (Table 4.2.3.2).

Cross-Section 2:
Cross-section geometry at this location was statistically different from 1998 to 2006 (Table
4.2.3.2). In particular, 2005 was different from baseline conditions measured during 1992 and
1998 and when compared to 2002. Total aggradation at this location measured almost 2.4 m”2
when 2005 conditions were compared to baseline. However, year to year sediment aggradation
at this location was relatively small with 2002 to 2005 being the largest change (0.501 m”"2) in
cross-sectional area.
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Table 4.2.3.2 Results of Kruskal-Wallis comparison of means.

Relative elevation measurements for each cross-section in each stream were compared against all years of
measurements to test for statistical differences among years. Probability values (p Value) are reported at
the 95% confidence level. See Appendix 4.2.3.1 for graphical comparisons of each stream cross-section
among all years.

STATISTICALLY
STREAM X-SEC DIFFERENT x2 p Value
Adair 1 Yes 25.784 0.000
2 No 0.801 0.992
2b Yes 20.651 0.001
3 Yes 125.92 0.000
4 No 11.65 0.070
Colin North 1 No 0.895 0.999
2 No 1.851 0.933
3 No 0.735 0.994
4 No 2.896 0.891
Colin South 1 No 0.523 0.991
2 No 2.399 0.792
3 Yes 4.564 0.471
4 Yes 30.547 0.000
Evans 1 Yes 52.146 0.000
2 Yes 7.527 0.184
3 Yes 7.361 0.195
Mackey 1 Yes 9.597 0.143
2 Yes 5.046 0.410
Rutherford 0 Yes 6.093 0.413
1 Yes 5.798 0.446
2 Yes 44123 0.000
3 Yes 28.129 0.000
Unnamed 1 No 3.092 0.668
2 Yes 8.655 0.124
Conclusions

Most of the statistically significant differences in stream channel cross-sections that were
measured during this study are likely attributable to measurement errors that were magnified due
to sample size effects. Despite the precision of surveyor’s equipment, error among years can be
introduced by very slight variations in path measured as the survey crew traverses the channel.
Starting and ending a cross-section at monumented points guarantees that the ends of a cross-
section will remain consistent among years unless the monuments are moved or lost. But,
differences in rod placement, for example, can make measurable differences even in the absence
of real geomorphic changes in the channel. For example, if a surveyor measures the elevation of
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the top of a rock in one survey year, and the side or back of it in successive years, the difference
could be significant. Further, similar deviations in measurement along an entire cross-section are
magnified arithmetically. With that said, differences measured in Adair Creek and Rutherford
Creek do represent geomorphically significant changes in cross-sectional geometry. The
changes in these two cross-sections may be a reflection of some upstream change in watershed
hydrology that is manifest as a chronic impact, or they could represent the channel response to a
single event (e.g., a piece of large wood falling in the channel). In either case, continuing to
monitor these locations in subsequent years should be required and if further geomorphic
changes are observed, corrective actions should be implemented.

4.3 Chemical Assessment

4.3.1 Water Quality

Overview

High water quality is essential for proper functioning of aquatic ecosystems and survival of
organisms within. Yet, anthropogenic changes in a watershed such as increased development
and urbanization, often alter water quality through increased delivery or concentration of
nutrients, pesticides, organic chemicals, and heavy metals found in urban runoff and treated
wastewater (Klein 1979, Heaney and Huber 1984, May et al. 1997, Brown et al. 2005). Prior to
development of the Redmond Ridge and Trilogy UPDs, the area consisted primarily of second
and third growth forests most recently logged around 1936 (King County 1999). This
conversion from forest to urban could degrade water quality in the headwater wetlands and
ultimately impact downstream aquatic ecosystems. The majority of wetlands on the plateau have
naturally low pH, alkalinity, and hardness typical of bogs''. Therefore, urban runoff which is
typically nutrient and cation enriched, poses a concern for maintaining the integrity of these
wetlands and their receiving waters (Kulzer et al. 2001).

Mitigation techniques such as stormwater detention, indirect discharge, groundwater infiltration,
and wetland buffering coupled with natural characteristics such as flat topography and a lack of
definitive surface channels were predicted to effectively negate any potential adverse water
quality impacts resulting from UPD development (Herrera Environmental Consultants Inc. 1992,
Beak Consultants Incorporated 1995). In order to assess whether these predictions held true,
water quality sampling was conducted annually from 2002 to 2006 three times between January
and April at twenty locations, including a subset of pre-development baseline locations. Stream
or wetland water quality degradation including violations of state and federal water quality
standards or changes from pre-development conditions for pH, temperature, turbidity, or other
parameters constitute exceedances of the threshold criteria defined by the Trilogy and Redmond
Ridge monitoring plans and could trigger corrective actions (King County 1999, 2001).

17 According to WAC Chapter 173201a (1997): “Bog” means those wetlands that are acidic, peat forming, and
whose primary water source is precipitation, with little, if any outflow.
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Procedures

Twenty locations, including seven streams primarily downstream of the UPDs and thirteen onsite
wetlands, were sampled annually in January, February, and April from 2002 to 2006 (Figure
2.0). In situ measurements were routinely monitored and in 2006 water samples were collected
and analyzed for alkalinity, hardness, and total metal concentrations.

For each sampling period temperature, dissolved oxygen, specific conductivity, pH, and turbidity
were collected in situ. Temperature, dissolved oxygen, and conductivity measures were
collected using an YSI model 85 handheld system. Dissolved oxygen was always calibrated at
the beginning of each day. In lotic systems, the probe was placed on the substrate and
measurements were recorded whereas in lentic environments, the probe was gently bobbed
through the water column below the surface because the dissolved oxygen probe is stirring
dependant (YSI Incorporated 1998).

We primarily used EM-Reagents color pHast ® paper 4.0-7.0 range to measure pH, although pH
2.5-4.5 or 6.5-10 paper were used when conditions warranted it. Periodically, pH was measured
using a variety of meters (e.g., Oakton pHTestr2 and Orion model 230Aplus portable pH meter),
however these did not seem consistently reliable and had difficulty stabilizing on a reading in the
low pH environments present, possibly because of low battery charge. Therefore, the meter data
are not reported here.

Turbidity was estimated using a Hach 2100P Turbidimeter. Samples were collected before any
other samples or measurements were taken to minimize disturbance that could impact
measurements. Turbidity was always calibrated compared to four standard solutions at the
beginning of each sample period (Hach 1999).

Beginning in 2006, water samples were collected in pre-labeled containers for hardness,
alkalinity, and total metals concentrations. Two bottles were collected at each site and the
hardness samples were preserved with nitric acid in the field. Samples were delivered to the
King County Environmental Lab (KCEL) once all samples for that period were collected and
chain of custody notes were recorded. Each parameter was analyzed by KCEL using standard
operating procedures (King County Environmental Lab 1999, 2003a, 2006d).

In addition to the current sampling procedures, continuous turbidity measurements were
conducted at Adair, Colin South, Rutherford, and Unnamed Creeks from 1998 until 2005.
However, operational problems with the turbidity probes occurred throughout this time due to
calibration, fouling, and erratic readings leading to unreliable results (see (Comings et al. 2001b)
for documentation of initial problems encountered). Therefore, continuous turbidity monitoring
was eliminated from the monitoring program August 2005 (Appendix 4.3.1). Due to the
irregularity of these data, they will not be addressed in this report.

Results & Discussion

As part of the Environmental Impact Statement (EIS) process, stream water quality data was
collected monthly for the Redmond Ridge and Trilogy developments between 1981-84 and
1990-92 (King County 1993). Additional wet season storm sampling was conducted in 1992.
Surface waters on the site were found to have low values for pH, turbidity, dissolved oxygen,
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and nutrient levels. When compared to other streams and wetlands in the Puget Sound region,
the pre-development results were generally at the high end of water quality ranges typical of
areas dominated by relatively undisturbed wetlands (Herrera Environmental Consultants Inc.
1992, King County 1993, Comings et al. 2000). The exception was metals, which had several
violations of chronic state water quality standards for lead, copper, and zinc. The low hardness
at the UPDs produces a much lower toxic standard for various metals and it was not uncommon
to find metals concentrations in undeveloped wetlands that naturally exceeded state standards
(Beak Consultants Incorporated 1995). A complete list of water quality parameters for these
data can be found in Appendix D of the 1998-99 University of Washington Monitoring Report
(Comings et al. 2000). Due to difficulties in confirming the exact locations and methods utilized
during this sampling, in addition to changes in the timing of sampling, we will primarily focus
our analysis on water quality parameters collected between 2002 and 2006 unless otherwise
noted.

Specific Conductivity

Conductivity is a measure of the total dissolved constituents, including nutrients and pollutants,
within the water and while there are no established standards for conductivity, it is frequently
used as an indicator of water quality because elevated values are associated with urbanization
within a basin (Azous 1991). (Clinton and Vose 2006) found that conductivity was over three
times higher at urban headwater stream locations than reference locations. Throughout this
report when referencing conductivity, we will always be referring to specific conductivity
because it is standardized for a temperature of 25° C.

Conductivity across all sample sites and years averaged 41.2 uS/cm (SD = 19.4, n = 293) with a
mean of 50.2 uS/cm (SD = 17.1, n = 72) for the 7 stream locations and 36.6 uS/cm (SD = 19.3, n
= 221) for the 13 wetland sample sites. These values are relatively low compared to data from
other streams and wetlands throughout the region such as a study of Puget Sound wetlands that
found an average conductivity of 73 puS/cm in non-urban wetlands and 150 pS/cm in highly
urbanized basins (Horner et al. 2001a). However, Sphagnum dominated peatlands, which are
common at Trilogy and Redmond Ridge, typically have much lower conductivity than
conventional wetlands. The UPD wetlands fall within the 17-82 puS/cm range observed for
British Columbia coastal peatlands (Vitt et al. 1990). It follows that the headwater streams that
drain these wetlands would also have naturally low conductivity levels.

Overall, conductivity has increased in UPD wetlands and streams during the clearing,
construction, and post-construction phases of the project from an average of 34.8 uS/cm (SD
13.1,n=155) in 2002 to 45.4 uS/cm (SD = 22.7, n =60) in 2006 with a peak of 46.0 uS/cm (SD =
24.7, n =58) in 2005 (Figure 4.3.1.1). However, the difference in conductivity between years is
not significantly different (p<0.05) as determined by the non-parametric Kruskal-Wallis test.

Conductivity also increased over time on a site-specific basis (Figure 4.3.1.2). Only a handful of
sites exhibited stable or highly variable conductivity from 2002 to 2006 and these include EC 61,
BBC 52, and two sites at BBC 45 all of which are in basins with virtually no UPD development
to date. Clearing only began at a large scale in late 2005 in these areas. Conductivity at BBC 44
u/s was also fairly stable with only a very slight increase in conductivity, but it is at the very
southern extent of Trilogy and will primarily be influenced by the upstream development around
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BBC 45 and BBC 52 that has yet to take place in Redmond Ridge rather than by downstream
development in Trilogy. Finally, EC 4 shows considerable variability with no increasing or
decreasing trend between years. Conductivity in this basin was highest in 2003 and 2004 when
clearing and development of divisions 11 and 12 were taking place. Therefore, these peaks
within this basin may be attributable to construction activities, which have the potential through
land clearing and grading to cause the greatest short-term impact on water quality, rather than
post-development effects.

Several sites have shown a jump in conductivity that was especially strong in the last two to
three years (e.g., BBC 26 d/s, ADCW1, SR 24a, 53B) corresponding with new clearing and
development at Trilogy within these basins. Wetland EC 3 also had substantial increases in 2005
and 2006 compared with previous years. However, clearing and development within this basin
began in 2001 and was mostly completed by 2005. It is not clear what could be responsible for
this lag in response at this location; however, the outfall design from stormwater pond ECW1B-
Nol has been linked to poor infiltration and buffer saturation of the EC 3 wetland. Or, perhaps
these systems are approaching a loadings threshold that is manifest as increased conductivity.

BBC 44 center is a sampling location that has had a steady increase in conductivity since 2003.
This location is downstream of the outlet to stormwater pond SWD1, which largely drains the
Trilogy golf course. In 2002, the conductivity values here were more than 10 uS/cm higher than
the upstream wetlands and by 2006 conductivity was at least 18 uS/cm higher. Impacts from
SWDI1 should be investigated in more detail, especially considering that BBC 44 is a highly
sensitive bog. Bogs, and sphagnum-dominated peatlands in particular, are very rare in Western
Washington and these ecosystems support unique plant and invertebrate communities (Kulzer et
al. 2001). Once bog chemistry is disrupted, it is very difficult to restore and development of
restoration techniques are in their infancy with little progress until recently (i.e., beginning in the
1990s) (Quinty and Rochefort 2003, Rochefort et al. 2003).

To compare changes in conductivity to changes in development, we estimated the proportion of
each UPD basin that had been built for each year assuming that build-out occurred two years
following clearing. These estimates were created from development phasing maps (Kpff
Consulting Engineers 2004, Otak Incorporated 2006) and do not take into account development
outside the UPD boundaries or the proportion of land area remaining in natural resource buffers.
Instead, this estimate provides an approximation of how much UPD development has occurred
relative to the total UPD development proposed within each basin. This proxy for development
was highly correlated with conductivity at the majority of our water quality sampling locations
(Figure 4.3.1.3). Despite only having four to five years of data at most locations, five sample
locations have significant correlations. EC 4 was the only location with decreasing conductivity
with increasing UPD development. However, as mentioned before, conductivity was highest in
2003 and 2004 at this location when construction was taking place. Due to our assumption of a
two year lag between clearing and build-out, these two years were considered to have 0%
development. Construction impacts may have temporarily increased conductivity during this
time.

These data suggest that conductivity has increased at numerous wetlands and streams associated
with the UPDs. Conductivity did not increase within basins with little to no UPD development.
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However, without a better understanding of the natural variability of conductivity and sampling
consistency between researchers, it is difficult to conclusively link the apparent increases with
UPD development.

pH
The 20 monitored streams and wetlands all have acidic conditions with pH ranging from 4.4 to
5.7 (median = 4.7) in 2002, the first year of routine monitoring. These values are lower than the
regional median of 6.4 (max = 7.7) for 162 non-urban wetlands (Horner et al. 2001a) and below
the 6.5 to 8.5 state water quality standards for freshwater (WAC Chapter 173-201A 1997).
However, these values are comparable to pH levels found in Sphagnum-dominated peatlands that
are naturally acidic (Kulzer et al. 2001).

Changes in stormwater pH following development were not predicted to impact stream and
wetland water quality due to treatment within the stormwater ponds and release via infiltration or
spreader devices (Beak Consultants Incorporated 1995). However, overall pH has increased in
UPD wetlands and streams from an average of 4.8 in 2002 (SD = 0.28, n = 51) to 5.2 in 2006
(SD = 0.48, n = 60) (Figure 4.3.1.4). The mean pH in 2006 is significantly different than the
mean pH of all other years (p<0.001, ANOVA). The increase of pH has been greater in the
streams than in the on-site wetlands. The average pH of the streams in 2002 was 4.9 (SD = 0.24,
n = 16) with a peak average of 5.6 in 2006 (SD = .31, n = 21), whereas wetland pH rose from a
mean of 4.8 in 2002 (SD = 0.28, n=35) to 5.1 (SD = 0.46, n = 39) in 2006 (Figure 4.3.1.4).

These increases are also apparent on a site specific basis over time (Figure 4.3.1.5). Most sites
had peak pH values in 2006. Wetland SR 24c¢ and the two Unnamed Creek sites (53B and 53C)
did have slight decreases in pH in 2006, down from peak 2005 levels. Wetlands EC 61 and EC 4
did not have increased pH in 2006, but these locations have had more variability than most since
2002 and no development has taken place within the basin of EC 61. As mentioned previously,
almost no development has taken place within the BBC 52 and BBC 45 basins with clearing only
beginning in 2005. However, the three sampling sites on these two wetlands also show small
increases in pH in 2006 compared to previous years.

Like conductivity, increases in pH were repeatedly correlated with increases in development
within each UPD basin (Figure 4.3.1.6), with five sample locations having significant
correlations.

Changes in pH should be monitored closely over time to determine if increases observed in 2006
continue. The plants and animals found in these systems are adapted to the naturally acidic
conditions and changes in pH will likely alter the fragile chemical balance that shapes the entire
ecosystem. However, without a better understanding of the natural and field variability of pH, it
is difficult to determine whether the apparent changes are associated with increased development
within the basins. Furthermore, while 2006 was the first year demonstrating statistically
significant increases in pH, increases were observed both in basins with and without UPD
development. Therefore, changes in climate or precipitation regimes could be influencing pH
throughout the region.
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In addition, it is difficult to get accurate readings at such low pH levels. We have relied on
litmus paper because we have been unable to get consistent readings using meters which
frequently do not stabilize on a value. However, litmus paper provides a very coarse
measurement of pH and relies on the observer to allow the paper to fully change color, a
subjective end point, before making a reading. In 2006 and for all subsequent years, litmus
paper was placed in the water on arrival and the pH was read just before leaving each location
after all other sampling was finished in order to maximize the amount of time for the paper to
completely change color. Collecting samples for lab processing of pH should be considered if
more accurate readings are deemed necessary.

Metals

Metals are generally more soluble, and therefore more bioavailable to harm organisms at lower
pH, alkalinity, and hardness (Horner et al. 1994). Most of the wetlands sampled are naturally
low pH and alkalinity systems and since the streams we sample drain these wetlands, they
generally have low pH too. Therefore, these systems are particularly vulnerable to relatively
small amounts of metal inputs because there is little bicarbonate and carbonate for the metals to
bind to leaving the metals primarily in their toxic ionic state (Horner et al. 1994). Close
monitoring of metal levels and potential sources in these systems is essential.

Baseline measurements of dissolved metal concentrations from the early 1990s, when corrected
for hardness, repeatedly exceeded Washington State water quality standards (WAC Chapter 173-
201A 2003) for lead, zinc, and copper at a number of sample locations (Appendix 4.3.1.2). Data
from the Puget Sound Wetlands and Stormwater Management Program (PSWSMP) from the late
1980s through the mid 1990s suggest that high levels of soil metals from 1988 to 1990 were not
uncommon throughout the Puget Sound region (Reinelt and Horner 1990, Horner et al. 2001a).
By the mid 1990s, they observed substantial declines associated with reductions in industrial air
pollution point sources and automobile pollutants including the removal of lead as a fuel additive
and the advent of emission controls and catalytic converters (Horner et al. 2001a).

In 2006, total metal concentrations were measured for each sample location. The (U.S.
Environmental Protection Agency 1996)conservatively recommends converting total metals to
dissolved concentrations by multiplying them by 0.97. We observed few metals exceedances in
2006 relative to the baseline data, however given the lower concentrations regionally as
compared to the 1980s and 1990s, any level above the state standards should be investigated to
determine the source. Acute water quality standards were exceeded for zinc at BBC 45 upstream
and gauge 53C on Unnamed North and chronic zinc standards were violated BBC 44 upstream
(Table 4.3.1.2). At wetland SR 24b, copper was also in violation of acute water quality criteria.
These locations should be monitored closely in future years; however, at wetlands BBC 44,
BBC 45 upstream, and SR 24b, the violations were only for one of the three sample periods in
2006 and the water quality returned to acceptable levels by the final sample period in each case.

In contrast, zinc concentrations at the stream gauge 53C on Unnamed North exceeded acute state
standards for each of the three sample periods. Only 15 stream samples out of 1,995 collected
around King County exceeded acute zinc standards (Figure 4.3.1.7). These samples averaged
hardness of only 18.5 - mgCaCO’/L (SD = 13.2, n = 15). Due to concerns regarding the steep,
highly erosive hill that Unnamed Creek flows across before draining into the Snoqualmie Valley,
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very little water from the developments on the plateau drain directly into the creek. Instead, the
drainage is directed into several stormwater ponds, which overflow into a bypass system. As a
result, it is difficult to attribute these exceedances to the extensive clearing and development that
has been taking place on parcel O since 2004.

To try to identify potential sources for the repeated zinc violations, two samples were collected
from Unnamed North in September 2006 at the normal 53C location and just upstream of the
gauge. KCEL analyzed the samples for both dissolved and total levels of metals. This time
samples did not exceed state standards, but water levels were extremely low. Zinc is an
abundant trace mineral that occurs naturally, but higher than normal levels are associated with
roadway runoff (Beak Consultants Incorporated 1995). However, the source of the three
violations at Unnamed North has not been pinpointed, and additional tests should be considered
for 2007 to determine if a bottom-less galvanized culvert may be contributing to toxic levels of
zinc (Figure 4.3.1.8). In September 2006, there was no surface water running through the
culvert, therefore it was not possible to sample at locations up- and downstream of this potential
source.

Temperature, Turbidity, and Dissolved Oxygen

Discrete, point measurements of dissolved oxygen, temperature, and turbidity could be helpful in
identifying possible causes of specific biological anomalies (e.g., high amphibian or fish
mortalities) (Appendix 4.3.1.3). However, without continuous data, more samples to account for
temporal and measurement variation, or insurances to standardize the time of day and position in
the water column that sampling occurs, it is difficult to accurately assess trends for these
parameters over time for a particular site (e.g., dissolved oxygen concentrations or temperature
may be low first thing in the morning, but much higher that same afternoon. Therefore, for the
purposes of this report, we will focus on trends across all streams and wetlands rather than for
site-specific data for dissolved oxygen, temperature, and turbidity.

Adverse temperature impacts were not predicted to streams or wetlands because the UPDs do not
directly discharge to temperature sensitive streams and stormwater runoff that flows into
stormwater ponds is returned to wetlands via interflow or infiltration into groundwater aquifers
(Beak Consultants Incorporated 1995). In addition, most intense storms that would generate
minor surface flows primarily occur under low temperature conditions.

Temperatures for all streams and wetlands showed very little change across years, hovering
around an average of 8 °C each year (Figure 4.3.1.9), well below state standards of 16 and 18 °C
for class AA and class A streams (WAC Chapter 173-201A 1997). 2003 was significantly
different (p<0.05) from 2004 and 2005 temperature values according to the non-parametric
Kruskal-Wallis test and Mann-Whitney pair-wise comparisons, however there were no
increasing or decreasing trends across years.

Baseline turbidity were very low (mean 2.0 nephelometric turbidity units (NTU) for Redmond
Ridge) (Herrera Environmental Consultants Inc. 1992) and no adverse turbidity impacts were
predicted from UPD development due to flat topography and mitigation methods such as
stormwater pond detention, discharge via level spreaders and interflow, and groundwater
infiltration (Beak Consultants Incorporated 1995). 2004 and 2005 turbidity were significantly
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different (p<0.05) from all other years (Figure 4.3.1.10), however there was no increasing or
decreasing trend across years as turbidity fluctuated between mean levels of 1.6 to over 4 NTU,
below the state standard of 5 NTU for class AA and class A waters. With the exception of 2005,
wetlands had lower turbidity than streams as expected since the lack of flow allows suspended
sediment to settle out of the water column.

One of the potential secondary construction impacts identified in the EIS process was lowered
dissolved oxygen concentrations in the wetlands related to nutrient inputs through sediment
transport (Beak Consultants Incorporated 1995). However, these impacts were predicted to be
effectively mitigated by wetland buffers, a lack of definitive surface channels, flat topography,
and a thick forest duff layer.

Dissolved oxygen levels increased from 5.9 - mg/L in 2002 to 8.9 - mg/L in 2006 (Figure
4.3.1.11). Oxygen levels in 2005 and 2006 were significantly different (p<0.05) from all other
years except between 2002 and 2005. As expected due to lentic conditions and increased
decomposition, we observed lower oxygen in wetlands (mean 5.1 - mg/L, minimum 0.24 - mg/L)
than in streams (mean 9.0 - mg/L, minimum 5.0 - mg/L).

The sampling locations on Adair and the two Unnamed Creek tributaries within the Snoqualmie
River drainage, met class A water quality standards with dissolved oxygen exceeding 8.0 - mg/L
93% of the time. All four violations were on Unnamed Creek West at gauging station 53B. The
sampling locations within the Bear and Evans Creek basins met class AA water quality standards
above 9.5 - mg/L only 39% of the time. Colin South at gauging station 02D had three violations
out of 12 sampling periods all with over 8.4 - mg/L dissolved oxygen. Rutherford at gauging
station 18F had nine violations ranging from 6.3 to 9.3 - mg/L and Evans Creek Middle at
gauging station 18B had eleven violations ranging from 5.0 to 9.2 - mg/L. Both the Rutherford
and Evans Middle sites are immediately downstream of wetlands EC 3 and EC 5, respectively.
Therefore, there is little opportunity for the slow moving wetland waters to become aerated as
they transition to flowing waters and their dissolved oxygen levels are more representative of
wetland oxygen levels.

Typically, decreases in dissolved oxygen concentrations are associated with water quality
degradation in streams. However, in bogs increases in dissolved oxygen could be an early
indicator of ecosystem changes where increases in the naturally low pH and nutrient levels could
support conditions (e.g., decreased tannic acids) favoring increased photosynthesis that results in
higher oxygen concentrations. To explore this hypothesis, we graphed the oxygen levels for
each of the different sampling periods separately (Figure 4.3.1.12). Increases in oxygen
concentrations were observed regardless of time of year. Changes in photosynthesis would not
be expected during the first two sample periods in late January to early February and late
February to early March when low levels of photosynthesis are expected in response to low
winter light conditions.

Sources of measurement error include oxygen calibration methods and how vigorously the probe
was stirred to ensure water flow across the measurement membrane. The lack of consistency in
field personnel between years amplifies these sources of error. As a result, it is difficult to
irrefutably link increases in dissolved oxygen concentrations to UPD development.
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Nevertheless, the trend indicates increases in dissolved oxygen, which could suggest ecosystem
changes. Steps should be taken to ensure more consistent measurement methods and this
parameter should be monitored closely in future years. Changes in the sampling protocol to
encompass quarterly sampling and field repetitions may be warranted to better determine the
significance and source of these changes.

Threshold Exceedance Criteria
Wetland water quality threshold exceedance criteria (King County 1999, 2001) are violated if:

1. There are negative deviations from baseline parameters and conditions significant to
wetland function.

2. There are extreme fluctuations in measurements signaling system instability or unusual
inputs.

3. Alkalinity differs from pre-development alkalinity.

Stream water quality threshold exceedance criteria (King County 1999, King County 2001) are
violated if:

1. Water quality degradation is observed including changes from baseline pH, temperature,
turbidity, or other conditions.

2. State and federal water quality standards are violated.

These threshold exceedance criteria are not highly quantitative and therefore some level of
interpretation is required. The apparent trend of increasing conductivity, dissolved oxygen, and
pH at the majority of wetland and stream sites which have experienced UPD development does
suggest water quality degradation or changing conditions. In addition, there were repeated
violations of zinc levels at Unnamed North. State standards for human-caused variation in pH
(0.2 or 0.5 units for class AA and class A waters, respectively) and for dissolved oxygen levels
were repeatedly violated.

Corrective Actions

Due to the sampling design, we lack a detailed understanding of the natural variability in
conductivity and pH between years. The lack of consistent field personnel introduces additional
sources of variability. Nevertheless, the apparent increases in conductivity, dissolved oxygen,
and pH across wetland and stream locations warrants an assessment of stormwater pond
functioning to determine whether any additional BMPs can be implemented to further mitigate
the impacts of UPD development. If future testing for metals implicates the culvert under NE
Vine Maple Way as contributing to elevated levels of zinc in Unnamed Creek, the galvanized
culvert should be replaced with a plastic culvert.

Discharge of water from stormwater ponds through level spreaders is an accepted construction
BMP (Washington State Department of Ecology 2001, 2005) to help reduce increased turbidity
associated with runoff. This is a construction-phase activity beyond the scope of post-
development monitoring report. However, care should be taken to ensure that water is pumped
at a rate and volume that allows complete infiltration and prevents a surface connection as was
observed during spring 2006 (see Appendix 4.1.2.1). In addition, to ensure surface water is
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discharged rather than sediment-laden bottom water, the pumping should be done with a float
attached to the hose.

Table 4.3.1.1 Metals levels exceeding state water quality standards for 2006.

Standards change based on hardness values (WAC Chapter 173-201A 2003). Results from the lab were only for
total metals. To convert to estimated dissolved metal concentration, total metal concentration was multiplied by
0.97 (U.S. Environmental Protection Agency 1996). 53C is on Unnamed North.

Location Date Hardness Parameter Total Metal Dissolved Metal
(mg CaCOs/L) (Hg/L) (Ma/L)
53C 1-25-26 11.4 Zinc 0.0259 0.0251
53C 2-28-06 12.5 Zinc 0.0320 0.0310
53C 4-20-06 13.7 Zinc 0.0325 0.0315
BBC 44 u/s 1-25-06 4.7 Zinc 0.0083 0.0081
BBC 45 u/s 2-28-06 43 Zinc 0.0110 0.0107
SR 24b 2-28-06 16.6 Copper 0.0456 0.0442
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Figure 4.3.1.1 Average conductivity among all UPD sample sites (n=20) from 2002 to 2006 (left), and average
conductivity of streams (n=7) and wetlands (n=13) (right).

Error bars represent one standard deviation. Mean conductivity was not significantly different (p=0.08)
between years according to the Kruskal-Wallis non-parametric test.
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Figure 4.3.1.2. Basin by basin comparison of mean specific conductivity (Sp Cond) values from 2002 to

2006.
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King County



Trilogy and Redmond Ridge Urban Planned Development (UPD) Natural Resources Monitoring Midpoint Review

o

40

100

£407 020 . 188 o o 18F
S 30 s — 30 g 80
= 20 ¢ 20 €0
g 40
O 10 10 20
& o |R=050 o |RE=007 R? = 0.80
0 50 100 0 50 100 0 50 100
£ 80 53A 80 53B 50 53C
S * 40 1 %
2 60 60 | 9% "
S 40 40
'g 20
S 20 20 0
Q. 2 — 2 — =
& o |R=061 | 0 RR=062 | o | R=075 |
0 50 100 0 50 100 0 50 100
§1(8)g ADCWA1 80 BBC 26 d/s . 80 1 BBC 26 u/s
2 o 60 60
= *
40 | 40
g 40
O 90 20 - 20
= 2 = 2 = 2 =
&, Fe=082 | o | FE=071 | o |[RE=087 |
0 50 100 0 50 100 0 50 100
£ 50 2571 BBC 44 uls 100 1 e 3
S 40 20 - — 80 |
230 15 | 60 | S
5 * *
2 20 10 | 40 |
[e)
210 e ° | Re=0.60 0 =073
o o |R=0.96 0 /=00 ‘ 0 A ‘
0 50 100 0 50 100
. 50 80 -
E 10 SR 24a 80 1 sR24b
(]
) L4
- 40 ¢ 40 ¢ e
5 20
© 40 20 1 20 e 2 011
Q 2 — =0.
&, o |RE=017 | 0 | |
0 50 100 0 50 100
50 % UPD basin developed % UPD basin developed
= SR 24c
% 40 - *
230 v M
§ 20 1
10 |
& o |R2=0.04
0 50 100

% UPD basin developed

Figure 4.3.1.3 Correlations between basin development and specific conductivity (Sp Cond).

Significant correlations (p< 0.05) report the R? value in bold. BBC 52, BBC 45, and EC 61 locations are
not shown because no development beyond some initial clearing has taken place in these basins through
2006. Basin development was estimated from development phasing maps (Kpff Consulting Engineers
2004, Otak Incorporated 2006). Conductivity was averaged for three sample dates between January and
April each year generally from 2002 to 2006.
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Figure 4.3.1.4 Average pH among all UPD wetland and stream sites (n=20) from 2002 to 2006 (left) and
average pH of streams (n=7) and wetlands (n=13) (right).

Error bars represent one standard deviation.

For streams and wetlands combined, 2006 pH was

significantly different than all other years (p<0.001) as determined by an ANOVA test with Bonferroni
pair-wise comparisons.
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Figure 4.3.1.5 Basin by basin comparison of mean pH from 2002 to 2006.
Each graph is organized approximately upstream to downstream (e.g., BBC 52 is the upstream most site
on a string of wetlands ending at Colin Creek South and gauge 02D (top graph)). Error bars extend to the
maximum and minimum values of 3 annual samples.
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Figure 4.3.1.6 Correlations between basin development and pH.

Significant correlations (p< 0.05) report the R* value in bold. BBC 52, BBC 45, and EC 61 locations are
not shown because no development beyond some initial clearing has taken place in these basins through
2006. Basin development was estimated from development phasing maps (Kpff Consulting Engineers
2004, Otak Incorporated 2006). pH was averaged for three sample dates between January and April each
year generally from 2002 to 2006.
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Figure 4.3.1.7 UPD zinc toxicity relative to county-wide stream data.

Figure 4.3.1.8 Galvanized culvert at the upstream extent of Unnamed North under Vine Maple Way.
Looking through the culvert facing downstream (left) and the downstream outlet of the culvert (right).
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Figure 4.3.1.9 Average temperature among all UPD wetland and stream sites (n=20) from 2002 to 2006 (left)
and average temperature of streams (n=7) and wetlands (n=13) (right).

Error bars represent one standard deviation. Letters represent years that were significantly different
(p<0.05) as determined by a Kruskal-Wallis non-parametric test followed by Mann-Whitney pair-wise
comparisons.
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Figure 4.3.1.10 Average turbidity among all UPD wetland and stream sites (n=20) from 2002 to 2006 (left) and
average turbidity of streams (n=7) and wetlands (n=13) (right).

Error bars represent one standard deviation. 2004 and 2005 turbidity were significantly different (p<0.05)
than all other years as determined by a Kruskal-Wallis non-parametric test followed by Mann-Whitney
pair-wise comparisons.
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Figure 4.3.1.11 Average dissolved oxygen concentrations among all UPD wetland and stream sites (n=20)
from 2002 to 2006 (left) and average dissolved oxygen of streams (n=7) and wetlands (n=13) (right).

Error bars represent one standard deviation. 2005 and 2006 dissolved oxygen levels were significantly
different (p<0.05) than all other years except 2002 and 2005 as determined by a Kruskal-Wallis non-
parametric test followed by Mann-Whitney pair-wise comparisons.
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Figure 4.3.1.12 Dissolved oxygen concentrations at wetlands (wt) and streams (st) during three sampling
periods.

Sampling periods were: “1” — late January to early February, “2” — late February to early March, and “3”
—mid to late April.
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4.3.2 Welcome Lake

Welcome Lake was constructed in the early 1960s by impounding water in a wetland system and
is located in the headwaters of the Big Bear Creek system (Beak Consultants Incorporated 1995).
It is downstream of three branches of Colin Creek including the bog wetlands; BBC44, BBC45,
and BBC52 at the origin of Colin Creek South (Figure 2.0). The lake is approximately 5.7 ha in
size, has a mean depth of approximately 3 - m (Sumioka 1985), and drains approximately 580 ha
(Goldsmith 1993). The lake does weakly stratify in the summer and the hypolimnion approaches
anoxic conditions. However because the lake is relatively shallow, winds can destabilize the
thermocline remixing the water column. In addition, it is estimated that the relatively small
volume of the lake flushes approximately 21 times per year which may decrease its sensitivity to
nutrient loading (Beak Consultants Incorporated 1995).

Prior to the implementation of King County Surface Water Management requirements in 1990, a
100 ha development known as Lake of the Woods was built in the Welcome Lake drainage area.
These homes were on approximately 0.4 ha lots with on-site septic systems (Beak Consultants
Incorporated 1995). At the time, the lake’s TSI classification as mesoeutrophic (Carlson 1977)
prompted concerns over potential increases in phosphorous levels from upstream sources and
lead to this study (King County 1993).

Water Quality monitoring by the Water and Land Resources Division (WLRD) of King County,
is slated to begin following 75% buildout in the basins that drain to the lake, which occurred
during spring 2006. Therefore, much of the data that have been collected on Welcome Lake
have been by volunteers, consultants, or the Lakes group in the King County Department of
Natural Resources and Parks.

Welcome Lake Water Quality Data, 1996 — 2005

Water quality parameters have been measured for Welcome Lake by the Lakes group of King
County from 1996 to present in two week intervals from May through October of each year.
Parameters measured include total phosphorus, total nitrogen, chlorophyll-a, temperature and
secchi disk depth (Appendix 4.3.2.1). The King County data make it clear that there is no
consistent long-term trend toward decreased water quality (Figure 4.3.2.1). There is some
evidence that total phosphorus has decreased in the water column over time, although the
regression coefficient is only moderately strong, and the past two years suggest minor increases.

Average values for each year were calculated and examined for trends over time, with the r*
(regression coefficient) generated for the regression to evaluate the strength of the relationship.
Strong relationships have r* values close to 1 (or -1 if the relationship is negative), while weak or
unsupported relationships have values closer to zero.

Total phosphorus appears to have decreased over the period of 1996 through 2005 (Figure
4.3.2.2). The coefficient of 0.5756 suggests that this result is fairly reliable. An alternate
interpretation might be that a step-drop occurred between 1998 and 1999. It is worth noting that
the last two years have been higher than the previous two, which may be well within the range of
annual variation, but could also signal the beginning of a period of increasing concentrations.
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Chlorophyll-a concentrations have also declined over time, but with different timing (Figure
4.3.2.3). With the exception of 1997, chlorophyll was higher in 1996 — 2001 than in the last 4
years. This is probably related to occasional very high values that were found in the earlier
years, which impacted the average value.

Total nitrogen has remained relatively constant over the years of monitoring, with no
substantiated trend (Figure 4.3.2.4).

Secchi transparency has also remained relatively constant, apparently not following the decreases
seen in both phosphorus and algae (Figure 4.3.2.5). This suggests that algal blooms may not be
the major factor impacting water clarity, and it is likely that humic acids causing the yellow-tea
color of the water are an important factor in water clarity. It is also possible that silt inputs from
storms could be impacting water clarity.

Temperature has showed an increasing trend, which is only weakly supported over the time
period (Figure 4.3.2.6).
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Figure 4.3.2.1. Welcome Lake relations of Secchi disk visibility, Chlorophyll a concentrations, and Total
Phosphorous to Trophic State Index (TSI) from 1996 t02005.

Note that Total P and Chlorophyll a both appear to be decreasing while Secchi disk visibility
remained relatively constant.

King County -90 - FINAL



Trilogy and Redmond Ridge Urban Planned Development (UPD) Natural Resources Monitoring Midpoint Review

Welcome Lake: Total Phosphorus at 1 m
0.05

0.04 -

0.03 -

A Tw gy

OOO T T T T T T T T T
Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan-06

milligrams /L

Figure 4.3.2.2. Total Phosphorous (mg/L) at 1 - m depth, sampled bi-weekly, May through October, 1996 -
2005.
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Figure 4.3.2.3. Chlorophyll-a (ug/L) at 1 - m depth, sampled bi-weekly, May through October, 1996 — 2005.
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Figure 4.3.2.4. Total Nitrogen (mg/L) at 1 - m depth, sampled bi-weekly, May through October,
1996 —2005.
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Figure 4.3.2.5. Secchi disk visibility depth (m) sampled bi-weekly, May through October, 1996 — 2005.
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Figure 4.3.2.6. Welcome Lake water surface temperatures (degrees C) sampled bi-weekly, May through
October, 1996 — 2005.
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4.3.3 Sediment Metals Monitoring
Overview

Sediment monitoring is important for assessing overall environmental quality and the cumulative
effects of urban runoff and non-point pollution sources because most contaminants accumulate
over time in the sediments, not the water column (Horner et al. 1994, Dillon et al. 1997).
Therefore, analysis of sediments is useful for determining existing and historical water quality
conditions. The UPD monitoring plans (King County 1999, 2001) called for annual sediment
metals analysis.  Although not explicitly required under the plans, analyses of organic
contaminants was conducted during 1991, 2005, and 2006 and phthalates testing was introduced
in 2005.

As mentioned before, the naturally flat topography combined with stormwater detention,
infiltration, wetland buffering and other mitigation techniques implemented at Redmond Ridge
and Trilogy were predicted to minimize or negate adverse water quality impacts from UPD
development (Herrera Environmental Consultants Inc. 1992, Beak Consultants Incorporated
1995). In particular, zinc, copper, and lead concentrations were anticipated to be within natural
baseline ranges despite predictions for moderate increases in discharge (Herrera Environmental
Consultants Inc. 1992, Beak Consultants Incorporated 1995). Furthermore, a high percentage of
heavy metals bind to fine particles, which settle to the bottom in stormwater detention ponds.
Once settled, reported diffusion of metals into sediments is extremely low (Yousef et al. 1987).
Therefore, periodic maintenance of stormwater ponds should remove metals trapped with the
accumulated sediments (Beak Consultants Incorporated 1995).

In order to determine whether development has impacted stream sediments and to assess whether
pre-development predictions held true, periodic sediment sampling at four UPD streams was
conducted. Stream sediment quality degradation relative to pre-development conditions for
metals or other parameters (i.e., BNAs) constitute exceedances of the threshold criteria defined
by the Trilogy and Redmond Ridge monitoring plans and could trigger corrective actions (King
County 1999, 2001). Exceedances of available freshwater sediment quality guidelines were also
considered since no state guidelines currently exist (Smith et al. 1996, Washington State
Department of Ecology 2003)

Procedures

Sediment sampling was conducted periodically at four UPD stream locations including Adair,
Colin South, Rutherford, and Unnamed Creeks (Figure 2.0). Adair and Unnamed were sampled
in 1991 and all four sites were sampled annually from 1998-2000. From 2005 forward due to
budgetary constraints, sampling was limited to Colin South and Rutherford, the two sites
mandated in the UPD monitoring plans (King County 1999, 2001). However, during 2005 due
to dry channel conditions in Colin South, only Rutherford was sampled in 2006. Sampling took
place under baseflow conditions before the onset of the rainy season between September 7 and
November 1 each year.
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In 1991, Herrera Environmental Consultants composited five sediment subsamples each at eight
sampling sites, two of which (i.e., Adair and Unnamed) were chosen as future sample locations
(King County 1993). Details of their field and laboratory methods were not reported.

From 1998-2000 the University of Washington collected five 200 mL subsamples with a glass
scope from the top 10 cm of streambed and composited these into one sample. The sample was
mixed in a plastic bucket with a wooden stirring rod to avoid metals contamination and larger
cobble and gravel were removed before transferring the homogenized slurry into sample jars.

From 2005-2006 sampling was conducted by King County Water and Land Resources Division
scientists using procedures outlined in the Sampling and Analysis Plan (SAP) (King County
2004). Approximately 15 sediment grabs 5-10 cm deep were collected from depositional areas
in shallow water (<61 cm deep) at each site using pre-cleaned'® PVC core tubes (7 cm diameter x
91.4 cm) with tapered edges to form a penetrating edge. A stainless steel spatula or gloved hand
was inserted under the mouth of the core tube to trap sediment and the tube was angled with care
to allow excess water to drain without losing any fine material. The sample was then transferred
into a stainless steel bowl where it was composited with other subsamples, stirred with a stainless
steel spoon, and finally transferred to the pre-labeled laboratory-supplied sample jars after
removing rocks and other debris greater than 1.27 cm in diameter. New core tubes, bowls,
spoons, spatulas, and sample jars were used between sites to ensure no cross-site contamination
occurred.

Chain-of-custody procedures were followed from the time each sample was collected until it was
relinquished to the King County Environmental Lab (KCEL) at the end of each sampling day.
Standardized analytical protocols and associated QA/QC guidelines were carefully followed for
all chemical analysis. Cadmium, copper, lead, and zinc were analyzed in all years. Aluminum,
arsenic, chromium, mercury, nickel, and silver were analyzed in some years, but not all (Table
4.3.3.1). However, KCEL frequently reports metals if they were detected even if testing was not
specifically requested as long as they meet QC standards. Therefore, additional metals data were
available for some years and locations.

With the exception of mercury, all metals were analyzed by Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES) following EPA method 3050A/6010B (King County
Environmental Lab 2006c). All metal data generated by ICP analysis should be comparable
since consistent sample preparation and analysis methods have been in place since the early
1990s (King County 2005b). However, 1998 data were reported as wet weight while all other
data were reported as dry weight. Mercury was analyzed by Cold Vapor Atomic Absorption
(CVAA) according to EPA method 7471A (King County Environmental Lab 2006d). Percent
total solids were measured each year by method SM2540-G (King County Environmental Lab
2003b). Since 2005, grain size distribution and some base/neutral/acid-extractable organic
compounds (BNAs) were analyzed (King County Environmental Lab 2004). Grain size
distribution results were generated by method ASTM D422 within categories for gravel (phi size
<0), sand (0< phi size <5), silt (5< phi size <9), and clay (phi size > 9). BNAs, in particular

'8 In the lab, PVC tubes were pre-cleaned with Detergent 8, soaked in a 5% acid solution, and rinsed with de-ionized
water. Both ends of the tubes were covered with foil after air drying.
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polycyclic aromatic hydrocarbons (PAHs) and phthalates, were analyzed by Oregon EPA
method 3550B/8270C (King County Environmental Lab 2005).

The total solids data was used to convert 1998 wet weight data into dry weight'’. As there are no
sediment quality standards for the State of Washington, chemical concentrations will be
compared directly to available freshwater sediment quality guidelines (Smith et al. 1996,
Washington State Department of Ecology 2003) or in some cases to sediment concentrations
observed from other studies of King County streams and lakes (King County 2005b).

Results & Discussion

The total solids averaged 70.2% across all locations and years (SD = 18.8, n = 17); however,
with the exception of muddy samples in Rutherford Creek in 1999 and 2006 when the total solids
were 37.1 and 10.9%, respectively, total solids were always between 71.4 and 80.3% (Figure
4.3.3.1). Grain size distribution was not analyzed until 2005 and 2006. In 2005 Colin South and
Rutherford locations were dominated by over 50% sand followed by over 35% gravel. However,
the muddy 2006 Rutherford sample had over 47% fine sediment (silt and clay), 30% sand, and
only 3% gravel (Figure 4.3.3.1). Grain size is important because the capacity of sediment to
adsorb pollutants is a function of sediment size with fine particles having the greatest ability to
bind with contaminants. Assessment of historical King County data found that all sediment
metals were significantly positively correlated with percent fines and significantly negatively
correlated with percent coarse (King County 2005b).

Prior to 2006 only a few metals concentrations were above available sediment quality guidelines
(Table 4.3.3.2) (Smith et al. 1996, Washington State Department of Ecology 2003). Smith et al.
(1996) developed guidelines based on threshold effects levels (TEL) that estimate the chemical
concentration below which adverse biological effects are rarely expected to occur and probable
effects levels (PEL) that estimate the chemical concentration above which adverse biological
effects are frequently expected to occur. Elevated arsenic levels that exceeded the TEL of 5.9 -
mg/Kg were recorded in 1991 at Adair and in 2005 at Colin South, but in both cases levels were
well below the PEL of 17 - mg/Kg. Similarly, nickel levels exceeded the TEL of 18 - mg/Kg in
1991 at Adair and in 2000 at Unnamed Creek, but stayed below the PEL of 35.9 - mg/Kg. There
are no established guidelines for aluminum, the most abundant naturally occurring metal after
silicon (Horner et al. 1994). Aluminum was always detected when tested for, but at levels
generally near or below the average of 11,441 - mg/Kg found in King County stream sediments
(King County 2005b). Rutherford Creek in 1999, with aluminum concentrations of 20,000 -
mg/Kg, was the only location with concentrations above the county average plus one standard
deviation. Zinc, lead, copper, and chromium were always detected when tested for, but in each
instance concentrations were below the sediment guidelines and generally less than county

" Dry weight = wet weight/(% total solids x 0.01)

% The data from the 2006 grain size distribution analysis were flagged by the KCEL because the sum of all phi sizes
was <90%, which was outside the acceptance limit of 90-110%. This low recovery was due to the high water
content of the sample and the presence of very few solid particles, which may have caused difficulty with
homogeneity during sample preparation for the water content determination and particle size distribution analysis.
Therefore, the reported particle size data should be used with caution as they are biased (King County
Environmental Lab 2006b).
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averages. Cadmium, mercury, and silver were sometimes below detection limits and always
below guideline levels.

In 2006, only one sample was collected at Rutherford Creek due to channel drying, however
elevated levels of numerous metals were detected in this sample (Table 4.3.3.2). Lead, mercury,
and nickel concentrations were above TEL values but below PEL values. The nickel
concentration was similar to data from other King County streams, but lead and mercury
concentrations were substantially higher. Arsenic levels were above TEL, PEL, and Department
of Ecology guidelines (Smith et al. 1996, Washington State Department of Ecology 2003) and
over seven times higher than averages found in King County streams (King County 2005b).
Manganese does not have any established sediment quality guidelines, however the 3,360 -
mg/Kg level observed exceeds the maximum value recorded for both Puget Sound upland soils
(Ames and Prych 1995) and King County streams, but was within the range of concentrations
observed at large, Puget Sound area lakes (Moshenberg 2004). Zinc and copper concentrations
were below sediment guidelines, but were elevated compared to previous years and average
concentrations for King County stream sediments (King County 2005b). Silver and cadmium
were the only tested metals that were undetected”' in 2006.

These high metals levels coincide with construction of a natural gas pipeline that crosses
Rutherford Creek less than 5 - m downstream of the sediment sample location and gauge (18F).
While metals cannot flow upstream, this entire area was noticeably impacted with the right bank
riparian buffer almost completely eliminated to make way for the pipeline between the 2005 and
2006 sampling dates (Figure 4.3.3.2). Gauging records were highly irregular during the pipe
installation suggesting that water may have been diverted around the channel. The high levels of
metals, frequently in excess of sediment quality guidelines, were likely attributable to this
pipeline work rather than upstream UPD development activities.

Testing for BNAs was only conducted in 1991, 2005, and 2006 and phthalates testing wasn’t
introduced until 2005. In 1991, no organic compounds were detected (Table 4.3.3.2). In 2005,
benzoic acid, bis(2-ethylhexyl) phthalate (BEHP), and di-n-butyl phthalate were detected,
however the method blank also contained detectable amounts of these three compounds (King
County Environmental Lab 2006a) and the di-n-butyl phthalate levels were below reporting
detection limits** (RDL). No freshwater sediment guidelines exist for benzoic acid or di-n-butyl
phthalate, but benzoic acid levels at both Colin South and Rutherford were higher than the
maximum observed for seven King County streams (King County 2005b). 2005 levels for
BEHP, were well below (Washington State Department of Ecology 2003) guidelines of 230

ng/Kg.

In 2006, Rutherford Creek showed elevated concentrations of all three of these organic
compounds, but again the method blank contained detectable amounts of each (King County

2! Undetected means concentrations were below method detection limits (MDL). MDL is defined as the minimum
concentration of a chemical constituent that can be detected.

2 RDL is defined as the minimum concentration of a chemical constituent that can be reliably
quantified.
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Environmental Lab 2006b). County stream sediment averages were exceeded by over 16 and
nearly six and three times for benzoic acid, di-n-butyl phthalate, and BEHP, respectively.
However, BEHP levels were still well below Ecology guidelines. Benzo(b)flouranthene,
benzo(k)flouranthene, flouranthene, and pyrene were also detected for the first time in 2006,
although at levels less than the RDL and well below county averages and sediment guidelines,
where applicable (i.e., flouranthene and pyrene).

Threshold Exceedance Criteria

Stream sediment quality threshold exceedance criteria (King County 1999) are violated if water
quality degradation is observed including changes from baseline stream sediment conditions.
Prior to 2006, stream sediment quality guidelines were only exceeded four times including twice
for arsenic and twice for nickel. Three of these exceedances occurred in 1991, prior to any UPD
development. Levels of arsenic were above TEL but below PEL for Colin South in 2005.
Arsenic, lead, mercury, and nickel levels were above sediment quality guidelines for Rutherford
Creek in 2006. In addition, manganese, benzoic acid, and di-n-butyl phthalate levels were
elevated compared to previous years and averages from King County streams (King County
2005b).

Corrective Actions

Prior to 2006, there were only four instances where metal concentrations exceeded TELs and in
each case, the degree to which the maximum detected concentrations exceeded their respective
TELs was relatively small with screening ratios ranging from 1.06 to 2.03. Therefore, the
potential for adverse effects to aquatic organisms is considered to be slight.

In contrast, it is possible that the high concentrations of multiple metals and organics, many of
which exceeded sediment guidelines at Rutherford in 2006, could result in greater potential risk
to aquatic organisms. However, these elevated concentrations can likely be attributed to the
clearing and installation of a natural gas pipeline in the immediate area rather than as a result
from upstream UPD development and associated activities.

In conclusion, no corrective actions are recommended at this time; however, it may be necessary
to add additional sediment sampling sites. Sampling was reduced to Rutherford and Colin South
beginning in 2005 since these were the only two sites mandated by the monitoring plans (King
County 1999, 2001). However, Colin South goes dry during most summers making base flow
sampling inconsistent from year-to-year. Therefore, it may be appropriate to re-establish
sampling at Unnamed Creek, which has year-round flows and sediment data from 1991, 1999,
2000, and 2001 to draw comparisons with.
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Figure 4.3.3.1. Percent total solids as measured by method SM2540-G for all sediment sampling dates and
locations (left) and grain size distribution analyzed by method ASTM D422 for 2005 and 2006 samples (right).
The 2006 Rutherford sample had high water content, which caused difficulty with homogeneity during sample
preparation and grain size analysis accounting for the sum of all phi sizes as less than 90%.

U

Figure 4.3.3.2. Gauge 18F at Rutherford creek in November 2005 (left) and September 2006 (right), before

and after a natural gas pipeline was installed. Sediment sampling took place ~ 3 - m upstream of the gauge.

Tables
Table 4.3.3.1. Metals tested in sediment samples. Samples were processed by KCEL for 1998-2000 and
2005-2006 samples. The processing lab for the 1991 data were not reported (King County 1993).

é g 5 é 5 N

< < O U O QA = Z v N
1991 X X X X X X X X
1998-00 X X X X X
2005-06 X X X X X X X X
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Table 4.3.3.2. Detected metal and organic concentrations for UPD stream sediment sampling compared to King County stream averages and sediment

guidelines (italics).
All data are for weight.

TEL (Threshold Effects Level), PEL (Probable Effects Level), MDL (Method Detection Limit).

Rutherford; and Unnam = Unnamed. Parameters that were not tested for were left blank.

Colin = Colin South; Ruth =

Adair Adair Adair Adair Colin Colin Colin Colin KC! Ecology> PEL® TEL?
Sep-91 Oct-98 Oct-99 Oct-00 Oct-98 Oct-99 Oct-00 Nov-05 streams
Metals
Aluminum mg/Kg 10531 11100 9120 8535 14500 11900 11441
Arsenic mg/Kg 7.3 12.0 5.9 20 17 5.9
Cadmium mg/Kg 0.13 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 0.24 3.53 0.60
Chromium mg/Kg 19.4 25.2 95 90 37.3
Copper mg/Kg 6.1 79 7.1 8.0 8.1 124 94 6.9 15.6 50 1966 357
Lead mg/Kg 4.8 57 29 2.8 49 55 7.4 11.6 17.6 335 91.3 35
Manganese mg/Kg 443.7
Mercury mg/Kg 0.06 0.03  0.04 0.50 0.49 0.17
Nickel mg/Kg 19.0 14.9 24.6 35 35.9 18
Silver mg/Kg 0.3 0.4 0.55
Zinc mg/Kg 357 289 309 327 234 367 38.7 297 68.5 140 3148 1231
Organics
Benzo(b)fluoranthene pg/Kg <MDL <MDL 58.8
Benzo(k)fluoranthene pg/Kg <MDL <MDL 45.1
Benzoic Acid ng/Kg 119 81
Bis(2-Ethylhexyl) 230
Phthalate pg/Kg 29.3 51.6
Di-N-Butyl Phthalate png/Kg 12.0 19.8
Fluoranthene ug/Kg <MDL <MDL 107.0 5000 23549 1113
Pyrene pg/Kg <MDL <MDL 73.3 3000 875 53

bold - Concentration exceeds TEL, but not PEL or Ecology guidelines
bold & underline - Concentration exceeds TEL, PEL, and Ecology guidelines
underline - No sediment guidelines exist, but concentrations are elevated compared to KC averages and previous data

! (King County 2005b)

? (Washington State Department of Ecology 2003)

3 (Smith et al. 1996)
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Table 4.3.3.2 (cont’d). Detected metal and organic concentrations for UPD stream sediment sampling compared to King County stream averages and sediment
guidelines (italics). All data are for weight. TEL (Threshold Effects Level), PEL (Probable Effects Level), MDL (Method Detection Limit). Colin = Colin
South; Ruth = Rutherford; and Unnam = Unnamed. Parameters that were not tested for were left blank.

Ruth Ruth Ruth Ruth Ruth Unnam Unnam Unnam Unnam KC' Ecology’? PEL® TEL®
Oct-98 Oct-99 Oct-00 Nov-05 Sep-06 Sep-91 Oct-98 Oct-99 Oct-00 streams
Metals
Aluminum mg/Kg 8768 20000 11600 11576 12600 11500 11441
Arsenic mg/Kg 47 450 3.6 5.9 20 17 5.9
Cadmium mg/Kg <MDL <MDL <MDL <MDL <MDL 0.16 <MDL <MDL 021  0.24 3.53 0.60
Chromium mg/Kg 27.5 25.2 95 90 37.3
Copper mg/Kg 6.5 16.2 6.8 5.6 21.5 9.7 9.5 13.6 8.8 15.6 50 196.6  35.7
Lead mg/Kg 43 16.0 6.1 5.5 64.0 7.0 62 39 6.0 17.6 335 91.3 35
Manganese mg/Kg 3360.0 443.7
Mercury mg/Kg 0.04 034 <MDL 0.04 0.50 0.49 0.17
Nickel mg/Kg 127 220 310 24.6 55 35.9 18
Silver mg/Kg 0.3 <MDL 04 0.55
Zinc mg/Kg 388 663 406 258 945 380 322 338 388 685 140 3148 1231
Organics
Benzo(b)fluoranthene png/Keg <MDL 29.0 <MDL 58.8
Benzo(k)fluoranthene png/Keg <MDL 280 <MDL 45.1
Benzoic Acid ng/Keg 135 1340 81
Bis(2-Ethylhexyl) 230
Phthalate ng/Keg 43.1 154.0 51.6
Di-N-Butyl Phthalate ng/Ke 12.0 115.0 19.8
Fluoranthene ug/Kg <MDL 37.0 <MDL 107.0 5000 23549 1113
Pyrene ng/Kg <MDL 28.0 <MDL 73.3 3000 875 53

bold - Concentration exceeds TEL, but not PEL or Ecology guidelines
bold & underline - Concentration exceeds TEL, PEL, and Ecology guidelines

underline - No sediment guidelines exist, but concentrations are elevated compared to KC averages and previous data

' (King County 2005b)

? (Washington State Department of Ecology 2003)

? (Smith et al. 1996)
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4.3.4 Groundwater
Introduction

Groundwater monitoring was undertaken by Associated Earth Sciences, Inc. (AESI) on behalf of
Quadrant Corporation during the pre- and active-construction phases of the project (King County
1999, 2001). King County Water and Land Resources Division (WLRD) is slated to assume
responsibility for monitoring groundwater levels following 75% buildout. The objective of the
groundwater monitoring program is to ensure that groundwater recharge is maintained both
during the construction phases and following completion of the project. However, because the
responsibilities for groundwater monitoring haven’t shifted to WLRD as of the writing of this
report, below we present a brief synopsis of the AESI midpoint report to Quadrant.
Results

Overall, there is no evidence that the UPDs have negatively impacted groundwater. There are
some indications that nitrate concentrations in the shallow groundwater have increased.
However, because of a lack of adequate data coverage and variability in the data, there is no way
to know with statistical certainty if there is a trend in the concentrations. In any case, it appears
that the apparent changes in nitrate concentrations are not an effect of the UPD development
mainly because the changes in concentration appear to have started earlier (mid 1990s) than the
development began and are occurring in areas that should not be downgradient from the UPDs.
Increases in nitrate concentrations have been observed prior to this development. In addition, the
changes noted in the groundwater near the UPDs are similar to water quality changes that have
been detected in other areas of King County, notably on Vashon - Maury Island. It is possible
that the changes could be an effect of the widespread use of on-site sewage (OSS) treatment
(septic) systems.

With regard to water level there is again no demonstrated adverse impact from the UPD
development. Water levels have been trending downward, but these changes are correlative with
a time of lower precipitation and thus recharge. There appears to be no demonstrated adverse
impact from the UPD development on water levels. Water levels have been trending downward,
but these changes are correlative with a time of lower precipitation and thus recharge. Again,
similar changes are occurring elsewhere in King County. It is impossible under these natural
conditions to separate out possible effects of the UPDs.

Conclusions

In regard to both groundwater quality and quantity, it is too soon to be assured that there will be
no long-term impact to groundwater related to the UPD construction. Because of the slow
transport of groundwater, it is possible that the effects have simply not shown up at the available
monitoring points, especially given the lack of coverage. This situation is compounded by
complications of other causes, such as the use of OSS and the reduced precipitation. Because of
these complicating factors, changes in the monitoring program are not called for at this juncture.

5.0 Conclusions and Recommendations

Understanding ecosystem processes and functions is a very complicated task. Synergistic
interactions among ecosystem components that occur across a continuum of scales are a source
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of uncertainty because the strength and direction of the interactions are unpredictable in many
cases. That uncertainty can be propagated through the system as new interactions are introduced.
For example, changes in landcover associated with development and all the attendant biological,
physical and chemical responses to those changes can create new ecological trajectories. This
mid-point review report is a summary of ecological conditions and trajectories that have been
measured during the UPD construction. In addition, some pre-construction data were collected
to provide a starting place. The main objectives of this study were to determine if the
development had adverse effects on the natural resources related to the construction that were
outside of those allowable under the permit conditions, and to suggest corrective actions in the
event of chronic impacts.

There have been changes in every ecosystem component of this study. But, in properly
functioning ecosystems, change is necessary. The primary challenge of this monitoring study is
to determine if the direction and degree of change are outside of normal system variability.
Ecological monitoring is difficult at best. Measuring success is especially difficult without
adequate baseline information. This requires numerous years of monitoring prior to
development activities to determine the range of natural fluctuation and assess whether
mitigation measures fall within these bounds. Species and community statistics such as
presence, abundance, and diversity although informative may not be meaningful endpoints
during a 5-year period. To be scientifically informative study designs to determine effectiveness
(and compliance) with regulations, monitoring should follow a framework of hypothesis testing.

In general, UPD permit requirements have largely been met. Some overall SEPA goals appear to
have been met as well. But for others, particularly those requiring long-term monitoring, the
effectiveness of our resource protections in pursuit of SEPA goals may not be known for some
time. For some of the natural resources components in this study, their response to changes in
ecosystem function can occur on short time scales and their magnitude can be dramatic. For
example, changes in a stream’s sediment load due to land clearing or stormwater introductions
can have profound effects that can be measured after a single event. Other responses to
ecosystem change may be much more subtle and not resolvable until system capacity crosses
some threshold. Some examples of this may be seen in biological variables (i.e., individuals,
populations, species, and communities), or in chemical variables (e.g., pH, dissolved oxygen, or
conductivity), or some combination of both. Still others may operate at spatio-temporal scales
that are beyond the scope of this monitoring study, but could still be radically and irreversibly
affected by the ecosystem changes brought about by construction activities. Unfortunately, due
mostly to financial constraints, the nature of monitoring programs requires that they focus on
proximate responses and don’t consider most long-term consequences of these types of projects.
For example, our amphibian monitoring study really focused on breeding success (represented
by numbers of egg masses and embryo viability) on a seasonal basis. This provides an important
short-term insight into changes in ecosystem function. But, what may be equally important to
amphibian population viability is the long-term impact that barriers (i.e., roads) between wetland
and upland habitats may have. This type of long temporal and large spatial scale perspective is
lacking in this study.
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Recommendations

Our recommendations are to continue monitoring most of the parameters that have been included
so far. Two exceptions are stream geomorphology and sediment quality. Cross-sections in
Adair Creek, Rutherford Creek, and Unnamed Creek should continue to be monitored annually.
But, other cross-section measurements could be decreased to once every 3 years. Sediment
quality measurements could be collected less frequently (i.e., perhaps every 3 years). But,
adding a few locations might be more informative. Biological monitoring should proceed as
scheduled but amphibian monitoring should be intensified to include sampling during times of
the year when additional life-histories are present that could add to information about
populations. In addition, fish sampling should be intensified to improve the state of our
knowledge about populations. As currently sampled, estimates assume that the sampled reach is
representative of the entire stream system. This is clearly a faulty assumption. Also, water
quality monitoring should be increased, both spatially and temporally to better inform about
system impacts related to the developments. Water quality is currently measured as grab
samples at consistent times of the year (during winter). However, this sampling scheme does
little to inform about how aquatic systems are responding to stormwater introductions at other
key times of year. In particular, the water quality monitoring in the bog wetlands and in the
Adair and Unnamed creek systems should be intensified so that gradients relative to outfall
locations could be quantified. Additionally, stormwater facility water quality should be
measured concomitantly with receiving surface waters on a regular basis, but also on storm
events.
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7.0 Appendices

Appendix 4.1.1.1 Scoring thresholds for B-IBI metrics.

Relative to minimally disturbed

reference streams, each metric is given a score of 5 (minimal deviation), 3 (moderate deviation),
or 1 (strong deviation). * indicates scoring thresholds that were statistically different between
headwater and PNW methods (Wachter 2003).

B-IBI metric 1 5
Taxa Richness & Composition PNW HW PNW HW PNW HW

Total taxa <14 <12 14-28 12-24 >28 >24

Mayfly taxa <3.5 <3 3.5-7 3-6 >7 >6

Stonefly taxa <2.7 <23 2.7-53  2.3-4.7 >5.3 >4.7

Caddis fly taxa <2.7 <2.7 2.7-53 2.7-53 >53 >53
*  Long-lived taxa <4 <2.7 4-8 2.7-5.4 >8 >5.4
Tolerants & Intolerants

Intolerant taxa <2 <2 2-4 2-4 >4 >4
* 9% Tolerant >44 >30 27-44 15-30 <27 <15
Feeding & Habits
* 9% Predators <4.5 <5 4.5-9 5-20 >9 >20
* Clinger taxa <8 <6 8-16 6-12 >16 >12
Population

% Dominance >75 >70 55-75 50-70 <55 <50
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Appendix 4.1.1.2 Ten individual B-IBI metric scores are combined to give a total B-IBI score
ranging from 10-50, which can be classified into five levels of biological condition. Modified
from Karr et al. (1986) by Morley (2000).

Biological B-1BI  Description
Condition  Range

Excellent 46-50  Comparable to least disturbed reference condition; overall high taxa
diversity, particularly of mayflies, stoneflies, caddis flies, long-lived,
clinger, and intolerant taxa. Relative abundance of predators high.

Good 38-44  Slightly divergent from least disturbed condition; absence of some
long-lived and intolerant taxa; slight decline in richness of mayflies,
stoneflies, and caddis flies; proportion of tolerant taxa increases

Fair 28-36  Total taxa richness reduced — particularly intolerant, long-lived,
stonefly, and clinger taxa; relative abundance of predators declines;
proportion of tolerant taxa continues to increase

Poor 18-26  Overall taxa diversity depressed; proportion of predators greatly
reduced as is long-lived taxa richness; few stoneflies or intolerant taxa
present; dominance by three most abundant taxa often very high

Very Poor 10-16  Overall taxa diversity very low and dominated by a few highly tolerant
taxa; mayfly, stonefly, caddis fly, clinger, long-lived, and intolerant
taxa largely absent; relative abundance of predators very low.
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Appendix 4.1.1.3 A Metric values and B-IBI metric scores for all UPD macroinvertebrate sample locations. Only 1999, 2000, 2001
and 2006 data were included in this report because they were collected using comparable methods during the same time of year.
Italics represent post-development data.

Colin  Colin  Colin  Colin | Colin Colin Colin Colin Colin Colin | Evans Evans Evans Evans Evans
Site Adai*  Adair Adair Adair Adair | North North North North | South  South South' South'* South South East East East East East
Year 1997 1999 2000 2001 2006 1999 2000 2001 2006 1997 1999 2000 2000 2001 2006 1997 1999 2000 2001 2006
Taxa richness 35.0 28.7 34.7 34.0 22.0 26.3 27.0 22.7 18.3 19.3 18.7 21.0 243 24.3 21.3 12.7 25.0 22.7 233 22.0
" E richness 6.5 3.7 6.3 4.3 4.3 3.0 33 3.0 2.7 4.0 4.0 3.7 4.3 7.3 3.0 0.0 3.7 4.0 4.7 4.0
E P richness 4.5 6.3 6.3 9.3 5.7 3.7 4.0 3.0 2.3 3.0 4.0 4.0 4.0 3.0 3.7 0.7 3.7 33 3.0 3.3
§ T richness 5.5 4.3 6.7 7.3 4.7 3.7 6.3 43 2.0 43 2.7 5.0 5.7 53 5.7 1.7 2.0 43 4.0 4.0
2 Intolerant richness 0.0 2.0 3.7 4.0 3.7 0.7 0.7 1.7 1.7 1.0 0.7 1.0 1.0 1.7 3.7 0.3 0.7 2.7 3.0 3.0
g Clinger richness 17.0 12.7 15.7 16.3 9.7 10.3 10.0 7.3 5.0 9.3 7.7 8.7 10.7 10.7 4.7 3.0 6.7 8.0 7.7 5.3
£ LL richness 0.0 1.3 5.7 4.7 3.3 1.0 2.3 2.0 1.3 2.0 0.7 1.0 1.7 1.0 2.0 0.7 0.7 2.3 1.3 1.3
§ % tolerant 10.9 15.8 2.3 6.7 18.2 4.9 11.9 9.4 17.4 0.3 1.5 0.3 0.2 0.1 0.9 0.3 1.7 2.0 2.0 0.9
% predator 6.9 9.7 14.5 19.7 25.4 1.1 7.2 3.8 3.9 18.6 7.5 25.4 27.4 24.7 13.6 2.2 2.1 10.8 6.3 111
% dominance (3) 63.8 66.8 34.8 46.6 44,5 81.8 52.4 67.8 59.4 61.1 71.1 63.5 60.6 67.0 75.0 94.4 79.6 63.4 65.4 58.3
Taxa richness 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3
E richness 3 3 3 3 3 1 1 1 1 3 3 3 3 5 1 1 3 3 3 3
P richness 3 5 5 5 5 3 3 3 1 3 3 3 3 3 3 1 3 3 3 3
T richness 5 3 5 5 3 3 5 3 1 3 1 3 5 5 5 1 1 3 3 3
o Intolerant richness 1 3 3 3 3 1 1 1 1 1 1 1 1 1 3 1 1 3 3 3
E Clinger richness 5 3 3 5 3 3 3 1 1 3 1 3 3 3 1 1 1 3 1 1
=< LL richness 1 1 3 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
E % tolerant 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
% predator 3 5 5 5 5 1 3 1 1 5 3 5 5 5 5 1 1 5 3 5
% dominance (3) 3 3 5 5 5 1 5 3 3 3 3 3 3 3 1 1 1 3 3 3
Total PNW B-IBI 34 36 42 44 36 22 30 22 18 30 24 30 32 34 28 14 20 32 28 30
Condition Fair Fair Good  Good Fair Poor Fair Poor Poor Fair Poor Fair Fair Fair Fair | V.Poor Poor Fair Fair Fair
Taxa richness 5 5 5 5 3 5 5 3 3 3 3 3 5 5 3 3 5 3 3 3
E richness 5 3 5 3 3 3 3 3 1 3 3 3 3 5 3 1 3 3 3 3
P richness 3 5 5 5 5 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3
T richness 5 3 5 5 3 3 5 3 1 3 1 3 5 5 5 1 1 3 3 3
T Intolerant richness 1 3 3 3 3 1 1 1 1 1 1 1 1 1 3 1 1 3 3 3
E Clinger richness 5 5 5 5 3 3 3 3 1 3 3 3 3 3 1 1 3 3 3 1
=< LL richness 1 1 5 3 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T % tolerant 5 3 5 5 3 5 5 5 3 5 5 5 5 5 5 5 5 5 5 5
% predator 3 3 3 3 5 1 3 1 1 3 3 5 5 5 3 1 1 3 3 3
% dominance (3) 3 3 5 5 5 1 3 3 3 3 1 3 3 3 1 1 1 3 3 3
Total HW B-IBI 36 34 46 42 36 26 32 26 18 28 24 30 34 36 28 16 24 30 30 28
Condition Fair Fair Excel. Good Fair Poor Fair Fair Poor Fair Poor Fair Fair Fair Fair | V.Poor Poor Fair Fair Fair
"In 2000, a downstream and an upstream location were sampled on Colin South. Pre-2000 data are from the downstream site. Post-2000 data are from the upstream site. * Only two replicates.
? Three replicates were composited into one sample. * Represents a field replicate. These data were used to verify within site variability, but were not presented elsewhere.
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Appendix 4.1.1.3 A (cont’d). Metric values and B-IBI metric scores for all UPD macroinvertebrate sample locations. Only 1999,
2000, 2001 and 2006 data were included in this report because they were collected using comparable methods during the same time of
year. Italics represent post-development data.

Evans Evans Evans Evans Evans Evans | Ruther- Ruther- Ruther- Ruther- Ruther- Ruther- | Unnam Unnam Unnam Unnam Unnam U-
Site Mid Mid Mid Mid**  Mid? Mid ford ford ford>* ford ford® ford ed ed ed ed ed®  nnamed
Year 1997 1999 2000 2000 2001 2006 1999 2000 2000 2001 2005 2006 1997 1999 2000 2001 2005 2006
Taxa richness 20.3 30.7 24.7 27.5 24.7 19.3 30.8 16.5 20.3 25.5 23.0 22.8 24.5 31.5 29.5 25.5 235 20.7
" E richness 4.3 4.7 3.7 4.0 4.7 3.8 43 1.3 3.0 53 4.0 35 3.8 4.5 4.8 4.0 35 3.0
i:'-l P richness 3.0 53 2.7 3.0 4.0 2.3 4.8 2.0 2.0 3.5 35 35 4.3 6.0 5.5 5.0 25 3.0
§ T richness 4.0 5.0 7.0 8.5 43 3.0 5.8 33 3.7 4.0 3.0 3.3 4.5 6.3 6.3 43 5.0 4.7
-2 Intolerant richness 0.3 1.0 0.7 1.0 2.0 1.0 0.8 0.0 0.3 1.5 15 0.8 0.5 1.8 2.5 3.0 2.5 2.7
g Clinger richness 7.7 12.7 9.3 10.5 9.0 6.8 13.5 6.5 8.0 10.0 8.0 6.0 9.5 12.5 11.0 7.3 6.5 6.0
S LL richness 0.7 1.3 2.7 3.0 2.0 1.0 2.8 3.5 33 4.5 5.5 1.3 0.8 2.5 2.5 3.0 6.0 2.0
§ % tolerant 1.3 0.9 10.2 11.7 0.9 2.8 5.1 11.7 7.8 7.5 10.3 9.1 42 1.0 1.8 0.1 0.8 0.5
% predator 39 2.9 18.1 17.2 152 16.5 3.8 6.2 6.7 8.3 4.3 8.3 21.9 13.0 254 18.3 10.2 13.8
% dominance (3) 81.7 79.2 43.2 44.7 58.1 57.6 59.9 59.2 61.9 55.4 46.9 44.6 47.2 62.8 39.8 44.0 47.5 51.8
Taxa richness 3 5 3 3 3 3 5 3 3 3 3 3 3 5 5 3 3 3
E richness 3 3 3 3 3 3 3 1 1 3 3 3 3 3 3 3 3 1
P richness 3 5 1 3 3 1 3 1 1 3 3 3 3 5 5 3 1 3
T richness 3 3 5 5 3 3 5 3 3 3 3 3 3 5 5 3 3 3
m Intolerant richness 1 1 1 1 3 1 1 1 1 1 1 1 1 1 3 3 3 3
E Clinger richness 1 3 3 3 3 1 3 1 3 3 3 1 3 3 3 1 1 1
= LL richness 1 1 1 1 1 1 1 1 1 3 3 1 1 1 1 1 3 1
E % tolerant 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
% predator 1 1 5 5 5 5 1 3 3 3 1 3 5 5 5 5 5 5
% dominance (3) 1 1 5 5 3 3 3 3 3 3 5 5 5 3 5 5 5 5
Total PNW B-IBI 22 28 32 34 32 26 30 22 24 30 30 28 32 36 40 32 32 30
Biological Condition Poor Fair Fair Fair Fair Poor Fair Poor Poor Fair Fair Fair Fair Fair Good Fair Fair Fair
Taxa richness 3 5 5 5 5 3 5 3 3 5 3 3 5 5 5 5 3 3
E richness 3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3 3
P richness 3 5 3 3 3 1 5 1 1 3 3 3 3 5 5 5 3 3
T richness 3 3 5 5 3 3 5 3 3 3 3 3 3 5 5 3 3 3
= Intolerant richness 1 1 1 1 3 1 1 1 1 1 1 1 1 1 3 3 3 3
5 Clinger richness 3 5 3 3 3 3 5 3 3 3 3 3 3 5 3 3 3 3
< LL richness 1 1 1 3 1 1 3 3 3 3 5 1 1 1 1 3 5 1
T 9 tolerant 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
% predator 1 1 3 3 3 3 1 3 3 3 1 3 5 3 5 3 3 3
% dominance (3) 1 1 5 5 3 3 3 3 3 3 5 5 5 3 5 5 5 3
Total HW B-IBI 24 30 34 36 32 26 36 26 28 32 32 30 34 36 40 38 36 30
Biological Condition Poor Fair Fair Fair Fair Poor Fair Poor Fair Fair Fair Fair Fair Fair Good Good Fair Fair
"In 2000, a downstream and an upstream location were sampled on Colin South. Pre-2000 data are from the downstream site. Post-2000 data are from the upstream site. * Only two replicates.
? Three replicates were composited into one sample. * Represents a field replicate. These data were used to verify within site variability, but were not presented elsewhere.
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Appendix 4.1.1.3 B PNW B-IBI scores for all sample dates. 1997 and 2005 samples were collected in Aug/Sept and all other samples
were collected in late May/early June. AD = Adair, CN = Colin North, CS = Colin South, EVE = Evans East, EVM = Evans Middle,
RU = Rutherford, UN = Unnamed. Code names ending in 00.1 were separate replicates collected in 2000 to assess intra-site
variability. Bars outlined in white represent post-development years.
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Appendix 4.1.1.3 B Headwater B-IBI scores for all sample dates. 1997 and 2005 samples were collected in Aug/Sept and all other
samples were collected in late May/early June. AD = Adair, CN = Colin North, CS = Colin South, EVE = Evans East, EVM = Evans
Middle, RU = Rutherford, UN = Unnamed. Code names ending in 00.1 were separate replicates collected in 2000 to assess intra-site
variability.
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Appendix 4.1.2.1 Email correspondence and attachments regarding Trilogy NWD4 pumping into
SR 24c¢ wetland

From: Wilhelm, Jo

Sent: Monday, March 13, 2006 4:43 PM

To: Lee, Lisa-Elizabeth-DDES; Lowe, Richard; Kelley, Bob
Cc: O’Laughlin, Kate

Subject: Stormwater Pond NWD4 Trilogy

Bob, Lisa, and Richard —

I was out monitoring amphibian breeding last Friday at BBC 26 on Trilogy and discovered that
the water being pumped from what I think is Pond# NWD4 was creating a surface connection of
turbid water to the wetland. I stopped by the office and spoke with Ken and Amanda from
Quadrant. Ken called the contractor and had the pumping stopped for the day.

I spoke with Steve Foley and it sounds like this set up follows erosion and sediment control
BMPs and this method has generally had a good deal of success filtering out sediments.
However, the water that was entering BBC 26 was definitely cloudy and a second lobe of the
wetland further west (which did not have an obvious surface connection when we were there)
also had milky water. We did find two dead adult bullfrogs and a dead adult northwestern
salamander, which may or may not be related. There is a relatively significant slope from the
place where the perforated piping is diffusing the water and the surface of the wetland so it may
not be possible to get sufficient infiltration as the system is currently set up to avoid adding
turbid water to BBC 26. Klaus also mentioned the possibility of leaving amphibian eggs high
and dry within the stormwater pond (if amphibians are using it for breeding) by pumping out the
water.

I’ve attached a word document with some photographs and an aerial image of the area. As the
weather gets drier it will probably be easier to avoid these situations, but perhaps it is possible to
figure out another set up that better protects the wetland.

I’ll see you all Thursday morning for the staff meeting.
Cheers,

Jo

Jo Wilhelm, Ecologist

King County Water and Land Resources Division
Department of Natural Resources and Parks

201 South Jackson St., Suite 600

Seattle, WA 98104-3855

phone: 206-263-6556

jo.wilhelm@metroke.gov
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4) Discharge from perforated pipe
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Trilogy
BBC26 & NWD4

On Makch 10: 2006 water was béing pumped from

pond NWD4to @ perforated pipe (the black linein the schematic).

Water was dumplng out of thejperforations, pooling slightly;.and running

downhill. There was ho surface connection Wwhen we arrived around 10 am;

however when we fook"a break’ around 2:30 pm there was a surface connection dlrectly .
ta'BBC 26. We found to dead bullfrogs and a dead northwestern salamander, which mays

or may not'be related.
0.0& 0.1

Kilommeters
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Appendix 4.1.4.1 Wetland vegetation diversity metrics. Correlation values are presented where a relation between wetland stage and
number of individuals was observed. Highlighted correlation coefficients represent strong relations.

Transect Year  TotalNo. Average Annual Maximum Correlation |
Individuals Wetland Stage Height
T1 A 2000 289 1.444459459 Column 1 Column 2
2002 729 1.82169863 Column 1 1
2004 729 1.746775148 Column 2 -0.05117
2006 441 2.797309645
B 2000 676 1.444459459 Column 1 Column 2
2002 900 1.82169863 Column 1 1
2004 1444 1.746775148 Column 2 -0.16019
2006 784 2.797309645
C 2000 64 1.444459459 Column 1 Column 2
2002 81 1.82169863 Column 1 1
2004 100 1.746775148 Column 2 -0.69681
2006 36 2.797309645
D 2000 100 1.444459459 Column 1 Column 2
2002 144 1.82169863 Column 1 1
2004 144 1.746775148 Column 2 0.078665
2006 121 2.797309645
E 2000 289 1.444459459 Column 1 Column 2
2002 576 1.82169863 Column 1 1
2004 400 1.746775148 Column 2 0.326097
2006 441 2.797309645
| T2 | A 2000 225 1.444459459 Column1  Column2 |
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2002 361 1.82169863 Column 1 1
2004 400 1.746775148 Column 2 0.225907
2006 324 2.797309645
2000 256 1.444459459 Column 1 Column 2
2002 576 1.82169863 Column 1 1
2004 961 1.746775148 Column 2 0.245817
2006 625 2.797309645
2000 361 1.444459459 Column 1 Column 2
2002 576 1.82169863 Column 1 1
2004 289 1.746775148 Column 2 -0.40322
2006 256 2.797309645
2000 441 1.444459459 Column 1 Column 2
2002 441 1.82169863 Column 1 1
2004 361 1.746775148 Column 2 0.831819
2006 576 2.797309645
2000 256 1.444459459 Column 1 Column 2
2002 361 1.82169863 Column 1 1
2004 400 1.746775148 Column 2 -0.63574
2006 169 2.797309645

T3 2000 100 1.444459459 Column 1 Column 2
2002 441 1.82169863 Column 1 1
2004 625 1.746775148 Column 2 0.176916
2006 361 2.797309645
2000 576 1.444459459 Column 1 Column 2
2002 676 1.82169863 Column 1 1
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2004 961 1.746775148 Column 2 -0.02685
2006 676 2.797309645
2000 64 1.444459459 Column 1 Column 2
2002 9 1.82169863 Column 1 1
2004 49 1.746775148 Column 2 -0.65455
2006 16 2.797309645
2000 64 1.444459459 Column 1 Column 2
2002 9 1.82169863 Column 1 1
2004 225 1.746775148 Column 2 -0.37542
2006 16 2.797309645
2000 144 1.444459459 Column 1 Column 2
2002 361 1.82169863 Column 1 1
2004 361 1.746775148 Column 2 0.274757
2006 289 2.797309645
2000 225 1.444459459 Column 1 Column 2
2002 256 1.82169863 Column 1 1
2004 400 1.746775148 Column 2 0.104304
2006 289 2.797309645
T4 2000 441 1.444459459 Column 1 Column 2
2002 484 1.82169863 Column 1 1
2004 625 1.746775148 Column 2 0.477489
2006 576 2.797309645
2000 529 1.444459459 Column 1 Column 2
2002 784 1.82169863 Column 1 1
2004 1225 1.746775148 Column 2 0.269348

King County

- 124 -

FINAL



Trilogy and Redmond Ridge Urban Planned Development (UPD) Natural Resources Monitoring Midpoint Review

2006 900 2.797309645
2000 25 1.444459459 Column 1 Column 2
2002 16 1.82169863 Column 1 1
2004 36 1.746775148 Column 2 0.765673
2006 49 2.797309645
2000 121 1.444459459 Column 1 Column 2
2002 169 1.82169863 Column 1 1
2004 324 1.746775148 Column 2 0.100292
2006 196 2.797309645
2000 169 1.444459459 Column 1 Column 2
2002 289 1.82169863 Column 1 1
2004 225 1.746775148 Column 2 0.857904
2006 324 2.797309645
2000 81 1.444459459 Column 1 Column 2
2002 100 1.82169863 Column 1 1
2004 196 1.746775148 Column 2 0.657353
2006 196 2.797309645
2000 196 1.444459459 Column 1 Column 2
2002 225 1.82169863 Column 1 1
2004 324 1.746775148 Column 2 0.665888
2006 324 2.797309645

T5 2000 169 1.444459459 Column 1 Column 2
2002 196 1.82169863 Column 1 1
2004 361 1.746775148 Column 2 -0.456
2006 121 2.797309645
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2000 400 1.444459459 Column 1 Column 2
2002 256 1.82169863 Column 1 1

2004 625 1.746775148 Column 2 -0.63516

2006 169 2.797309645

2000 25 1.444459459 Column 1 Column 2
2002 36 1.82169863 Column 1 1

2004 81 1.746775148 Column 2 0.878641

2006 121 2.797309645

2000 324 1.444459459 Column 1 Column 2
2002 289 1.82169863 Column 1 1

2004 256 1.746775148 Column 2 0.323491

2006 324 2.797309645

2000 169 1.444459459 Column 1 Column 2
2002 169 1.82169863 Column 1 1

2004 169 1.746775148 Column 2 0.960544

2006 324 2.797309645

2000 81 1.444459459 Column 1 Column 2
2002 196 1.82169863 Column 1 1

2004 225 1.746775148 Column 2 0.46741

2006 196 2.797309645

2000 169 1.444459459 Column 1 Column 2
2002 324 1.82169863 Column 1 1

2004 225 1.746775148 Column 2 0.136643

2006 225 2.797309645
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2000 289 1.444459459 Column 1 Column 2
2002 484 1.82169863 Column 1 1
2004 529 1.746775148 Column 2 -0.55171
2006 196 2.797309645
2000 289 1.444459459 Column 1 Column 2
2002 400 1.82169863 Column 1 1
2004 576 1.746775148 Column 2 0.262862
2006 441 2.797309645

T6 2000 400 1.444459459 Column 1 Column 2
2002 441 1.82169863 Column 1 1
2004 484 1.746775148 Column 2 -0.456
2006 441 2.797309645
2000 361 1.444459459 Column 1 Column 2
2002 324 1.82169863 Column 1 1
2004 576 1.746775148 Column 2 -0.63516
2006 289 2.797309645
2000 484 1.444459459 Column 1 Column 2
2002 576 1.82169863 Column 1 1
2004 784 1.746775148 Column 2 -0.15333
2006 529 2.797309645
2000 196 1.444459459 Column 1 Column 2
2002 289 1.82169863 Column 1 1
2004 225 1.746775148 Column 2 0.462172
2006 256 2.797309645
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2000 9 1.444459459 Column 1 Column 2
2002 9 1.82169863 Column 1 1

2004 16 1.746775148 Column 2 0.629211

2006 16 2.797309645

2000 196 1.444459459 Column 1 Column 2
2002 144 1.82169863 Column 1 1

2004 144 1.746775148 Column 2 -0.82123

2006 121 2.797309645

2000 121 1.444459459 Column 1 Column 2
2002 256 1.82169863 Column 1 1

2004 100 1.746775148 Column 2 0.223162

2006 169 2.797309645

2000 225 1.444459459 Column 1 Column 2
2002 289 1.82169863 Column 1 1

2004 121 1.746775148 Column 2 0.481021

2006 289 2.797309645

2000 196 1.444459459 Column 1 Column 2
2002 256 1.82169863 Column 1 1

2004 361 1.746775148 Column 2 0.073581

2006 256 2.797309645
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Appendix 4.1.4.1 List of species identified in BBC-52 Vegetation Surveys.

ID VegType Common Name Genus species Code
1 Tree big-leaf maple Acer macrophyllum ACMA
2 Tree black cottonwood Populous balsamifera POBA
3 Tree Douglas-fir Pseudotsuga menziesii PSME
4 Tree red alder Alnus rubra ALRU
5 Tree Sitka spruce Picea sitchensis PISI
6 Tree western hemlock Tsuga heterophylla TSHE
7 Tree western red cedar Thuja plicata THPL
8 Shrub black swamp gooseberry Ribes lacustre RILA
9 Shrub black twinberry Lonicera involucrata LOIN
10  Shrub bog cranberry Oxycoccus oxycoccus 0X0X
11 Shrub bog laurel Kalmia occidentalis KAOC
12 Shrub cascara Rhamnus purshiana RHPU
13 Shrub devil’s club Oplopanax horridum OPHO
14 Shrub evergreen blackberry Rubus laciniatus RULA
15 Shrub holly Ilex aquifolium ILAQ
16  Shrub Indian plum Oemleria cerasiformis OECE
17  Shrub Labrador tea Ledum groenlandicum LEGR
18  Shrub Dull Oregon grape Mahonia nervosa MANE
19  Shrub mountain ash Sorbus sitchensis SOSI
20  Shrub oceanspray Holodiscus discolor HODI
21 Shrub Pacific willow Salix lucida SALU
22 Shrub red Elderberry Sambucus racemosa SARA
23 Shrub red huckleberry Vaccinium parvifolium VAPA
24 Shrub rose Rosa spp. Rosa spp.
25  Shrub salal Gaultheria shallon GASH
26 Shrub salmonberry Rubus spectabilis RUSP
27  Shrub spirea, hardhack Spirea douglasii SPDO
28  Shrub trailing blackberry Rubus ursinus RUUR
29  Shrub vine-maple Acer circinatum ACCI
30 Shrub Western Crabapple Malus fusca MAFU
31 Shrub willow Salix sp. Salix sp.
32 Herbs beaked sedge Carex utriculata CAUT
33 Herbs bedstraw Galium spp. galium spp
34 Herbs bladderwort Urticularia spp. Urticularia spp.
35 Herbs bog St. John’s wort Hypericum anagalloides HYAN
36 Herbs bracken fern Pteridium aquilinum PTAQ
37 Herbs broad-leaved starflower Trientalis latifolia TRLA
38 Herbs common cattail Typha latifolia TYLA
39 Herbs Cooley’s hedge nettle Stachys cooleyae STCO
40 Herbs creeping buttercup Ranunculus repens RARE
41 Herbs currant Ribes spp. Ribes spp.
42 Herbs deer fern Blechnum spicant BLSP
43 Herbs european bittersweet Solanum dulcamara SODU
44  Herbs false lily-of-the-valley Maianthemum dilatatum MADI
45 Herbs foam flower Tiarella trifoliata TITR
46 Herbs foxglove Digitalis purpurea DIPU
47 Herbs grass (undifferentiated) Gramineae Gramineae
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48 Herbs grass-leaved pondweed Potamogeton gramineus POGR

49 Herbs lady fern Athyrium felix-femina ATFF

50 Herbs licorice fern Polypodium glycyrrhiza POGL

51 Herbs mannagrass Glyceria spp. Glyceria spp.

52 Herbs marsh cinquefoil Potentilla palustris POPA

53 Herbs marsh speedwell Veronica scutellata VESC

54 Herbs narrow-leaved pondweed Potamogeton foliosis POFO

55 Herbs northern bugleweed Lycopus uniflorus LYUN

56 Herbs Pacific bleeding heart Dicentra formosa DIFO

57 Herbs piggy-back plant Tolmiea menziessi TOME

58 Herbs rattlesnake plantain Goodyera oblongifolia GOOB

59 Herbs reed canarygrass Phalaris arundinacea PHAR

60 Herbs round-leaved sundew Drosera rotundifolia DRRO

61 Herbs rush (undifferentiated) Juncus spp. Juncus spp.

62 Herbs sedge (undifferentiated) Carex spp. carex spp.

63 Herbs Siberian miner’s lettuce Claytonia sibirica CLSI

64 Herbs simplestem burreed Sparganium emersum SPEM

65 Herbs skunk cabbage Lysichiton americanum LYAM

66 Herbs slough sedge Carex obnupta CAOB

67 Herbs small-fruited bulrush Scirpus microcarpus SCMI

68 Herbs soft rush Juncus effusus JUEF

69 Herbs spreading rush Juncus supiniformis JUSU

70 Herbs stinging nettle Urtica dioica URDI

71 Herbs sword fern Polystichum munitum POMU

72  Herbs vanillaleaf Achlys triphylla ACTR

73 Herbs violet Viola spp viola spp

74 Herbs water purslane Ludwigia palustris LUPA

75 Herbs water smartweed Polygonum amphibium POAM

76 Herbs western trillium Trillium ovatum TROV

77 Herbs white water-buttercup Ranunculus aquatilis RAAQ

78 Herbs wood fern Dryopteris expansa DREX

79 Herbs yellow pond lily Nuphar polysepalum NUPO

80 Other Bryozoans or “moss animals” Bryozoa (Class Phylactolaemata)

81 Other sphagnum moss Sphagnum spp. Sphagnum spp

87 Herbs water parsley Oenanthe sarmentosa OESA

90 Herbs robert geranium Geranium robertianum GERO

94 Herbs rosy twisted-stalk Streptopus roseus STRO

95 Herbs Canada golenrod Solidago canadensis SOCA

96 Herbs westerm dock Rumex occidentalis RUOC

97 Herbs horsetail Equisetum arvense EQAR
118 Shrub highbush cranberry Viburnum edule VIED
119  Shrub swamp laurel Kalmia microphylla ssp. Occidentalis KAMI
124 Herbs Pointed Rush Juncus oxymeris JUOX
125 Shrub False Azalea Menziesia ferruginea MEFE
126 Tree Bitter Cherry Prunus emarginata PREM
128 Tree Black Cottonwood Populus balsamifera POBA
129 Herbs starwort Stellaria spp stellaria spp
130  Shrub snowberry Symphoricarpos albus SYAL
131 Other Sundew Drosera rotundifolia DRRO
132 Herbs gnome-plant Hemitomes congestum HECO
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133 Herbs Wood rush Luzula spp. Luzula spp.

134 Herbs Fireweed Epilobium angustifolium EPAN

135 Herbs Watershield Brasenia schreberi BRSC

136 Herbs Avens Geum spp. Geum spp.

137 Herbs Tall Mannagrass Glyceria elata GLEL

138 Herbs beaked sedge Carex rostrata CARO

139 Herbs American brooklime Veronica americana VEAM

140 Herbs Tapered rush Juncus acuminatus JUAC

143 Herbs Marsh forget-me-not Myosotis palustris MYPA

144 Shrub Black Raspberry Rubus leucodermis RULE

145 Herbs water-starwort Callitriche spp Callitriche spp

146 Herbs small pond weed Potamogeton pusillus POPU

147  Shrub European Mountain Ash Sorbus aucuparia SOAU

148  Shrub bald hip rose Rosa gymnocarpa ROGY

149  Shrub Red Osier Dogwood Cornus stolonifera COST

150 Herbs deadly nightshade Atropa belladonna ATBE

151 Herbs english ivy Hedera Helix HEHE

152 Herbs lady’s thumb Polygonum persicaria POPE

153 Herbs coontail Ceratophyllum demersum CEDE

154 Herbs small flowered woodrush Luzula parviflora LUPAR

155 Herbs Sweet Scented Bedstraw Galium trifolum GATR

156 Herbs floating leaved pondweed Potamogetan natans PONA

157 Herbs pyrola spp Pyrola spp.

158 herbs violet Viola adunca viad

159 Herbs Glyceria grandis GLGR

160 herbs Northern Wild Licorice Galium kamtschaticum GAKA

161 Herbs one-sided wintergreen Pyrola secunda PYSE

162 herbs wall lettuce Mycelis muralis MYMA

163 Herbs water ladysthumb Polygonum amphibium POAM

164  Shrub sweet gale Myrica gale MYGA
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Appendix 4.2.3.1. Interannual comparisons of cross-section relative streambed elevations for
Adair, Colin N., Colin S., Evans, Rutherford, and Unnamed Creeks. Cross-sections were
measured 2 to 12 times at 2 to 5 places on each stream during the study.
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Appendix 4.3.1.1

August 23, 2005

TO: File, Richard Lowe, Lisa Lee

FM: Lorin Reinelt, Water and Land Resources Division

CC: Jo Wilhelm, Kate O’Laughlin

RE: Elimination of Continuous Turbidity Monitoring at Redmond Ridge/Trilogy

Background: Continuous turbidity monitoring has occurred intermittently as part of the stream
monitoring since as early as 1998. The continuous monitoring was initiated by UW as a means
to track change over time and the effects of construction. Monitoring occurred at four streams.
Continuous monitoring was not required by the original approved monitoring plan or as part of
the conditions of the Hearings Examiner.

Problem: Operational problems with the turbidity probes have occurred over the study period
due to calibration, fouling, erratic readings and overall unreliable results. At times, the probes
may function properly, but it is difficult to assess the overall quality of the readings.

Recommendation: Since the time and effort to carry out continuous turbidity monitoring is
extensive, the results are often unreliable and it was not part of the original monitoring
requirement, it is recommended that continuous turbidity monitoring be eliminated from the
monitoring program at Redmond Ridge/Trilogy, effective August 2005.
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Appendix 4.3.1.2. 1990 to 1992 baseline dissolved lead, copper, and zinc values that exceed state water quality
standards (WAC Chapter 173-201A 2003). These data were collected by (Herrera Environmental Consultants Inc.

1992).

Location Date Metal mg/L Location Date Metal mg/L Location Date Metal mg/L
18B 3/26/91 Lead 0.0040 BBC26d/s 5/23/91 Lead 0.0020 BBC45d/s 11/11/91 Copper 0.0073
18B 5/23/91  Copper  0.0023 BBC26d/s  9/3/91 Lead 0.0296 BBC45d/s 11/11/91 Lead 0.0322
18B 5/23/91 Lead 0.0037 BBC26d/s 9/24/91 Copper 0.0062 BBC45d/s 11/25/91 Copper 0.0080
18B 6/19/91  Lead 0.0027 BBC26d/s 10/29/91 Lead 0.0018 BBC45d/s  11/25/91 Lead 0.0265
18B 7/30/91  Lead 0.0030 BBC44u/s 1/8/90  Lead 0.0012 BBC45d/s 11/25/91 Zinc 0.0310
18B 11/25/91 Lead 0.0019 BBC44u/s 6/5/90 Lead 0.0078 BBC45d/s  12/26/91 Copper  0.0029
18B 12/26/91 Lead 0.0013 BBC44u/s 7/25/90 Copper 0.0033 BBC45d/s 12/26/91 Lead 0.0064
18B 2/5/92  Copper  0.0020 BBC44u/s 7/25/90 Lead 0.0100 BBC45d/s 12/26/91 Zinc 0.1520
18B 2/5/92  Lead 0.0006 BBC44u/s 7/25/90 Zinc 0.0300 BBC45d/s 2/5/92  Copper 0.0027
18B 2/25/92  Zinc 0.0250 BBC44u/s 8/23/90 Lead 0.0038 BBC45d/s 2/5/92  Lead 0.0044
53Au/s 1/31/91  Lead 0.0006 BBC44u/s 10/31/90 Lead 0.0120 BBC45d/s 2/25/92 Copper 0.0035
53Au/s 4/2/91 Lead 0.0026 BBC44u/s 11/27/90 Lead 0.0055 BBC45d/s 2/25/92 Lead 0.0008
53Au/s 4/30/91  Lead 0.0013 BBC44u/s 1/28/91 Copper 0.0052 BBC 52 3/26/91  Lead 0.0012
53Au/s 5/23/91 Lead 0.0018 BBC44u/s 1/28/91 Lead 0.0055 BBC 52 6/19/91  Lead 0.0025
53Au/s 7/30/91  Lead 0.0062 BBC44u/s 2/28/91 Lead 0.0009 BBC 52 9/25/91  Copper  0.0021
53A u/s 9/24/91  Lead 0.0015 BBC44u/s 4/30/91 Lead 0.0050 BBC 52 9/25/91  Lead 0.0038
53A u/s 10/29/91 Lead 0.0009 BBC44u/s 5/23/91 Lead 0.0069 BBC 52 12/26/91 Lead 0.0007
53B 7/25/90  Lead 0.0013 BBC44u/s 7/30/91 Lead 0.0019 BBC 52 2/5/92  Lead 0.0007
53B 1/31/91  Copper  0.0029 BBC44u/s 9/3/91 Lead 0.0029 EC3 4/30/91  Copper  0.0030
53B 1/31/91  Lead 0.0013 BBC44u/s 11/11/91 Lead 0.0020 EC3 5/23/91  Zinc 0.0410
53B 4/2/91 Lead 0.0032 BBC44u/s 12/23/91 Lead 0.0144 EC3 11/25/91 Copper  0.0060
53B 4/30/91  Lead 0.0019 BBC45d/s 6/5/90  Lead 0.0032 EC3 11/25/91 Lead 0.0051
53B 5/23/91 Lead 0.0023 BBC45d/s  7/25/90 Lead 0.0216 EC3 12/26/91 Lead 0.0020
53B 7/30/91  Lead 0.0034 BBC45d/s  7/25/90 Zinc 0.058 EC3 2/5/92  Lead 0.0014
53B 9/3/91 Lead 0.0016 BBC45d/s 8/23/90 Lead 0.0051 EC 61 3/26/91  Lead 0.0008
53B 12/23/91 Lead 0.0006 BBC45d/s 10/2/90 Lead 0.0051 EC 61 6/19/91  Lead 0.0012
53C 1/31/91  Copper  0.0024 BBC45d/s 10/31/90 Lead 0.0125 EC o6l 9/25/91  Copper  0.0069
53C 1/31/91  Lead 0.0010 BBC45d/s 11/27/90 Lead 0.0051 EC 61 9/25/91  Lead 0.0029
53C 4/2/91 Copper  0.0019 BBC45d/s  1/8/91 Lead 0.0013 EC 61 10/29/91 Lead 0.0008
53C 4/2/91  Lead 0.0019 BBC45d/s 1/31/91 Lead 0.0021 EC 61 11/25/91 Lead 0.0007
53C 4/30/91  Lead 0.0015 BBC45d/s 2/28/91 Lead 0.0013 EC 61 12/26/91 Lead 0.0011
53C 5/23/91  Copper  0.0021 BBC45d/s  4/2/91 Copper  0.0016 EC 61 2/5/92  Lead 0.0013
53C 5/23/91 Lead 0.0020 BBC45d/is  4/2/91 Lead 0.0043 02D 6/5/90  Lead 0.0008
ACDW1 7/25/90  Lead 0.0011 BBC45d/s 4/30/91 Lead 0.0033 02D 7/25/90  Lead 0.0018
ACDW1 1/31/91  Lead 0.0080 BBC45d/s 5/23/91 Copper 0.0058 02D 1/31/91  Copper  0.0044
ACDW1 2/28/91  Lead 0.0026 BBC45d/s 5/23/91 Lead 0.0057 02D 1/31/91  Lead 0.0032
ACDW1 4/2/91 Lead 0.0029 BBC45d/s 7/30/91 Copper 0.0036 02D 4/2/91 Lead 0.0007
ACDWI 4/30/91 Lead 0.0014 BBC45d/s 7/30/91 Lead 0.0114 02D 4/30/91 Lead 0.0021
ACDWI 5/23/91 Lead 0.0022 BBC45d/s 7/30/91  Zinc 0.0220 02D 5/23/91  Copper  0.0036
ACDWI 9/24/91  Copper  0.0057 BBC45d/s  9/3/91 Lead 0.0036 02D 5/23/91 Lead 0.0031
ACDWI 9/24/91  Lead 0.0011 BBC45d/s 9/24/91 Lead 0.0038 02D 11/11/91 Lead 0.0008
BBC26d/s 7/25/90 Copper 0.0058 BBC45d/s 10/29/91 Copper 0.0029 02D 12/23/91 Lead 0.0006

BBC26d/s 4/2/91 Lead 0.0066 BBC45d/s 10/29/91 Lead 0.0184
BBC26d/s 4/30/91 Lead 0.0015 BBC45d/s 10/29/91 Zinc 0.0150
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Appendix 4.3.1.3 Raw data from in situ water quality sampling conducted three times during the first quarter of
each year from 2002 to 2006. 02D is Colin South, 18B is Evans Middle, 18F is Rutherford, 53A is Adair, 53B is
Unnamed West, 53C is Unnamed North and ADCW is in a small channel in the Adair Creek headwaters.

Site ID Date Temp pH Cond SpCond DO DO Turbidity
(°C) (uS/cm)  (uS/lcm) (%) (mg/L) (NTU)
02D 1/23/02 3.7 4.7 144 24.3 79.1 10.33 2.86
02D 2/20/02 6.3 4.7 15.0 23.3 85.4 10.52 2.34
02D 4/30/02 12.5 4.8 20.1 26.4 84.3 8.98 2.16
02D 2/5/03 5.3 4.7 23.2 37.3 78.1 9.91 1.02
02D 2/26/03 4.5 4.7 20.1 33.0 73.7 9.55 1.27
02D 4/28/03 11.1 5.0 20.8 28.4 76.5 8.44 3.16
02D 2/3/04 5.3 4.7 17.7 28.4 81.9 10.40 1.64
02D 3/2/04 6.8 4.7 20.3 31.1 78.8 9.66 1.02
02D 4/21/04  10.6 5.0 239 33.0 76.8 8.54 3.65
02D 2/2/05  7.50 5.0 24.6 36.9 85.2 10.25 1.19
02D 3/1/05  7.30 5.0 25.8 39.0 86.9 10.40 7.30
02D 4/7/05  10.40 5.0 26.3 36.5 86.1 9.66 2.40
02D 1/26/06 6.0 52 19.1 30.0 94.5 11.70 1.40
02D 2/28/06 5.0 5.5 17.8 28.4 91.8 11.62 3.86
02D 4/20/06  11.9 5.8 24.7 33.0 96.0 10.38 3.20
18B 2/21/02 7.0 4.7 18.8 29.0 55.5 6.73 9.03
18B 4/30/02 12.9 5.0 21.2 27.6 47.8 5.04 2.36
18B 2/5/03 44 4.7 23.7 39.1 47.7 6.18 2.03
18B 2/26/03 4.0 4.7 21.4 35.6 55.8 7.34 1.36
18B 4/28/03 11.2 4.7 26.3 35.8 71.6 7.85 0.69
18B 2/3/04 5.6 44 19.4 30.8 49.8 6.25 1.07
18B 3/2/04 5.1 44 18.5 29.8 53.4 6.80 0.80
18B 4/26/04 10.9 4.7 24.4 33.5 45.5 5.03 1.24
18B 1/26/05  7.20 22.4 34.0 46.6 5.76 1.17
18B 2/28/05  6.40 4.7 8.5 21.8 68.8 8.50 6.90
18B 4/4/05  6.60 5.0 21.2 32.7 63.2 7.66 3.60
18B 1/24/06 5.5 5.0 233 37.0 60.8 7.87 1.95
18B 2/28/06 5.0 5.5 244 39.8 73.8 9.54 1.71
18B 4/21/06 8.3 5.3 20.9 30.7 78.8 9.24 1.72
18F 2/5/03 5.8 5.0 37.3 59.2 60.2 7.66 427
18F 2/26/03 5.5 5.3 40.5 64.5 66.7 8.46 4.72
18F 4/28/03 14.4 5.8 48.6 61.0 70.8 7.11 3.52
18F 2/3/04 6.1 5.0 34,5 53.8 77.2 9.55 3.02
18F 2/27/04 7.7 5.3 48.3 72.7 74.0 8.87 3.87
18F 4/26/04  14.8 5.8 71.2 88.4 62.2 6.28 5.08
18F 1/27/05 7.50 51.2 77.0 74.7 8.93 2.38
18F 3/2/05  9.50 5.0 60.8 86.4 80.3 9.17 4.10
18F 4/12/05  9.30 6.0 53.5 76.9 80.9 9.30 5.70
18F 1/24/06 6.1 5.8 49.5 77.4 80.0 9.93 2.24
18F 2/27/06 6.0 5.6 51.4 80.8 86.1 10.71 2.36
18F 4/21/06  11.8 6.2 65.2 87.2 79.3 8.55 3.82
53A, u/s 1/23/02 4.7 5 31.3 51.2 79.0 10.10 2.31
53A, u/s 2/20/02 6.6 5.0 324 50.1 83.7 10.24 3.26
53A, u/s 4/30/02  14.5 5.3 423 53.0 91.1 9.33 3.93
53A,u/s 2/5/03 5.9 5.0 38.2 60.2 78.3 9.78 7.08
53A, u/s 2/26/03 49 5.0 36.4 59.1 78.4 10.03 5.57
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Appendix 4.3.1.3 (cont’d) Raw data from in situ water quality sampling conducted three times during the first
quarter of each year from 2002 to 2006. 02D is Colin South, 18B is Evans Middle, 18F is Rutherford, 53A is Adair,
53B is Unnamed West, 53C is Unnamed North and ADCW is in a small channel in the Adair Creek headwaters.

Site ID Date Temp pH Cond Sp Cond DO DO Turbidity
(°C) (uS/cm) (uS/cm) (%) (mg/L) (NTU)
53A, u/s 4/28/03 12.3 5.5 42.6 56.3 84.9 9.09 1.68
53A, u/s 2/3/04 6.6 5.0 34.1 52.6 81.5 9.98 1.65
53A, u/s 3/2/04 6.9 5.0 37.3 57.1 84.3 10.27 0.89
53A, u/s 4/21/04 12.0 5.5 45.0 59.8 86.2 9.28 3.20
53A, u/s 1/26/05 7.80 5.5 42.4 63.2 82.3 9.80 1.80
53A, u/s 3/2/05 7.10 5.3 44.0 67.2 92.7 11.22 2.80
53A, u/s 4/5/05 7.70 5.0 38.0 56.6 93.7 11.16 2.50
53A, u/s 1/25/06 6.8 5.3 39.7 60.9 91.6 11.15 2.75
53A, u/s 2/27/06 6.5 5.5 40.1 62.0 90.7 11.12 3.97
53A, u/s 4/21/06 8.7 5.8 42.0 60.9 922 10.70 5.28
53B 1/23/02 4.8 5.2 29.4 48.0 46.8 6.50 1.36
53B 2/21/02 6.7 4.7 27.0 41.0 88.3 10.74 13.30
53B 4/30/02 9.7 5.0 27.5 39.0 93.2 10.60 5.02
53B 2/5/03 5.0 4.7 31.6 51.1 67.7 8.64 1.12
53B 2/26/03 4.5 5.0 354 58.0 69.8 9.03 1.71
53B 4/28/03 9.8 5.0 35.8 50.5 65.8 7.46 1.86
53B 2/3/04 6.3 5.0 30.5 47.5 74.0 9.11 1.74
53B 3/2/04 6.6 5.0 37.6 57.9 61.7 7.59 0.77
53B 4/26/04 9.7 5.5 50.9 71.8 69.6 7.87 1.42
53B 1/27/05 7.80 41.4 61.7 78.7 9.32 1.81
53B 3/2/05 7.40 5.5 452 63.1 81.4 9.77 2.40
53B 4/12/05 7.40 6.0 49.2 74.3 83.4 9.99 7.00
53B 1/25/06 6.5 5.4 32.7 50.5 85.2 10.46 2.29
53B 2/27/06 6.7 5.5 36.5 56.3 92.1 11.40 1.49
53B 4/21/06 8.2 5.8 43.1 63.4 90.4 10.66 1.92
53C 1/23/02
53C 2/21/02 7.1 4.7 21.0 32.0 94.3 11.42 13.80
53C 4/30/02 10.3 5.0 24.1 33.6 98.3 11.04 1.81
53C 2/5/03 5.0 4.7 20.1 32.4 81.8 10.40 1.28
53C 2/26/03 4.1 4.7 19.4 323 84.6 11.07 0.87
53C 4/28/03 9.9 5.0 18.5 26.0 84.6 9.57 1.49
53C 2/3/04 5.8 4.7 18.3 29.0 86.9 10.87 0.87
53C 3/2/04 6.2 5.0 19.5 30.5 83.8 10.98 0.84
53C 4/26/04 9.8 5.3 30.3 42.7 85.2 9.66 2.56
53C 1/31/05 7.50 5.3 30.9 46.4 95.8 11.48 1.22
53C 3/2/05 6.80 5.5 30.2 46.2 101.0 12.32 2.80
53C 4/12/05 6.50 6.0 24.0 37.1 99.2 12.20 4.60
53C 1/25/06 6.3 5.4 24.0 37.4 96.7 11.92 1.61
53C 2/27/06 5.6 5.3 23.8 37.8 97.0 12.20 227
53C 4/21/06 7.7 5.9 26.3 39.4 107.3 12.79 1.43
ADCWI1 1/23/02 5.5 4.7 35.2 56.0 77.0 9.71 3.51
ADCWI1 2/20/02 6.3 5.0 35.1 54.5 85.7 10.58 3.03
ADCWI1 4/30/02 9.8 5.5 40.7 57.4 91.4 10.37 3.94
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Appendix 4.3.1.3 (cont’d) Raw data from in situ water quality sampling conducted three times during the first
quarter of each year from 2002 to 2006. 02D is Colin South, 18B is Evans Middle, 18F is Rutherford, 53A is Adair,
53B is Unnamed West, 53C is Unnamed North and ADCW is in a small channel in the Adair Creek headwaters.

ADCWI1 2/5/03 6.2 5.0 41.6 65.0 75.5 9.35 2.93
ADCW1 2/26/03 5.2 5.0 38.9 62.6 77.3 9.80 5.59
ADCWI1 4/28/03 9.5 53 43.6 62.0 79.4 9.05 2.24
ADCWI1 2/3/04 6.7 5.0 37.9 58.4 75.5 9.21 0.98
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Appendix 4.3.1.3 (cont’d) Raw data from in situ water quality sampling conducted three times during the first
quarter of each year from 2002 to 2006. 02D is Colin South, 18B is Evans Middle, 18F is Rutherford, 53A is Adair,
53B is Unnamed West, 53C is Unnamed North and ADCW is in a small channel in the Adair Creek headwaters.

Site ID Date Temp pH Cond SpCond DO DO Turbidity
(°C) (uS/cm)  (uS/lcm) (%)  (mg/L) (NTU)

ADCW1 3/2/04 6.7 5.0 42.1 64.6 73.8 9.01 1.00
ADCWI1 4/21/04 9.5 53 46.0 65.4 80.3 9.17 1.11
ADCW1 2/2/05 830 5.5 60.4 88.6 90.9 10.69 5.01
ADCW1 1/26/06 7.1 5.3 55.5 84.3 93.4 11.31 5.62
ADCWI1 2/28/06 5.8 5.8 53.6 84.8 98.0 12.26 9.13
ADCW1 4/20/06 9.6 6.1 50.2 71.3 90.4 10.29 4.39
BBC 26 d/s 1/23/02 3.7 5 33.8 56.2 67.2 8.76 7.92
BBC 26 d/s 2/20/02 7.3 5.0 35.6 53.3 75.9 9.16 0.91
BBC 26 d/s 4/30/02 149 5.3 42.0 52.1 72.9 7.39 1.52
BBC 26 d/s 2/5/03 5.8 5.0 34.8 54.5 57.7 7.27 0.69
BBC 26 d/s 2/26/03

BBC 26 d/s 4/28/03  12.7 5.5 37.1 48.5 61.0 6.51 1.40
BBC 26 d/s 2/3/04 5.8 5.0 32.9 52.2 59.6 7.42 0.99
BBC 26 d/s 2/27/04 7.0 5.0 33.1 50.6 60.0 7.19 0.83
BBC 26 d/s 4/21/04  11.5 5.0 29.2 39.4 63.1 6.87 1.83
BBC 26 d/s 2/1/05  7.30 5.3 41.9 63.2 73.8 8.87 1.86
BBC 26 d/s 3/1/05  9.00 5.0 36.6 57.0 81.9 9.46 3.90
BBC 26 d/s 4/7/05  10.60 5.0 41.9 58.1 76.9 8.56 2.50
BBC 26 d/s 1/26/06 6.6 5.3 51.9 80.0 49.7 6.11 3.10
BBC 26 d/s 2/28/06 6.0 5.5 43.1 67.7 76.5 5.54 2.39
BBC 26 d/s 4/20/06  14.2 5.8 54.8 69.0 76.5 7.83 1.37
BBC 26 u/s 2/20/02 8.4 5.0 35.2 50.2 44.5 5.00 1.62
BBC 26 u/s 4/30/02 174 5.5 40.2 46.9 36.7 3.61 1.31
BBC 26 u/s 2/5/03 6.3 5.0 30.8 47.8 36.4 4.24 1.81
BBC 26 u/s 2/26/03

BBC 26 u/s 4/28/03 15.5 5.3 37.6 46.2 63.3 6.25 0.77
BBC 26 u/s 2/3/04 6.0 4.7 30.3 48.1 444 5.40 0.84
BBC 26 u/s 3/2/04 8.8 4.7 35.8 51.5 62.5 7.34 2.47
BBC 26 u/s 4/21/04 15.7 53 38.4 47.1 78.1 7.51 3.11
BBC 26 u/s 2/1/05  7.40 5.0 37.8 57.2 16.3 1.96 3.26
BBC 26 u/s 3/1/05  11.20 5.5 42.9 58.3 143.5 15.70 6.30
BBC 26 u/s 4/7/05  12.00 5.0 443 59.0 59.5 6.40 1.10
BBC 26 u/s 1/26/06 7.2 4.7 33.0 50.0 34.3 4.12 3.10
BBC 26 u/s 2/28/06 6.0 5.3 38.3 60.2 60.8 7.61 2.20
BBC 26 u/s 4/20/06  15.9 5.9 49.3 60.0 1145  11.17 1.32
BBC 44 center 1/23/02 4.3 4.45 17.2 28.4 25.5 2.61 0.89
BBC 44 center 2/20/02 5.3 44 17.0 27.2 27.7 3.47 2.01
BBC 44 center 4/30/02  11.1 4.8 24.5 335 30.5 3.58 1.85
BBC 44 center 2/5/03 4.5 4.7 23.4 38.5 15.5 1.99 1.02
BBC 44 center 2/26/03 3.6 4.7 10.3 18.1 21.8 2.87 1.34
BBC 44 center 4/28/03 9.0 4.7 19.0 27.2 48.3 5.57 0.68
BBC 44 center 2/3/04 5.6 4.4 24.1 38.4 36.0 4.39 1.28
BBC 44 center 2/27/04 6.2 4.7 19.8 31.0 40.1 5.20 0.89
BBC 44 center 4/21/04 10.9 4.7 20.9 28.7 68.7 7.76 0.63
BBC 44 center 1/26/05  7.30 27.2 41.1 12.5 1.29 0.82
BBC 44 center 3/1/05  4.10 4.0 19.6 32.9 94.6 12.40 6.50
BBC 44 center 4/7/05  9.90 4.7 26.3 37.0 62.5 7.06 3.10
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Appendix 4.3.1.3 (cont’d) Raw data from in situ water quality sampling conducted three times during the first
quarter of each year from 2002 to 2006. 02D is Colin South, 18B is Evans Middle, 18F is Rutherford, 53A is Adair,
53B is Unnamed West, 53C is Unnamed North and ADCW is in a small channel in the Adair Creek headwaters.

Site ID Date Temp pH Cond SpCond DO DO Turbidity
(°C) (uS/cm)  (uS/lcm) (%)  (mg/L) (NTU)
BBC 44 center 1/25/06 5.6 4.0 21.6 352 9.4 1.25 1.06
BBC 44 center 2/28/06 53 5.3 22.3 354 50.2 7.51 1.62
BBC 44 center 4/20/06 8.2 4.8 30.6 452 73.1 8.48 2.13
BBC 44 u/s 1/23/02 3.3 4.7 11.4 19.4 24.7 3.46 0.82
BBC 44 u/s 2/20/02 5.2 4.7 12.0 19.7 28.2 3.57 1.27
BBC 44 u/s 4/30/02 9.8 4.7 14.1 19.9 13.4 1.51 2.50
BBC 44 u/s 2/5/03 4.3 4.7 12.9 21.3 25.0 3.25 1.31
BBC 44 u/s 2/26/03 2.8 4.7 11.2 19.4 22.6 3.06 0.68
BBC 44 u/s 4/28/03 9.4 4.7 12.7 17.7 20.6 2.35 0.95
BBC 44 u/s 2/3/04 4.8 4.7 12.8 20.8 29.4 3.77 0.46
BBC 44 u/s 3/2/04 5.3 4.4 11.5 18.4 23.1 291 0.64
BBC 44 u/s 4/21/04 9.1 4.7 15.2 21.8 18.4 2.14 0.96
BBC 44 u/s 1/31/05  6.70 4.0 14.3 21.9 24.1 2.93 0.75
BBC 44 u/s 2/28/05  4.80 4.4 13.4 21.8 20.3 2.59 13.40
BBC 44 u/s 4/5/05  7.20 4.4 11.5 17.4 31.2 3.75 1.60
BBC 44 u/s 1/25/06 5.9 4.7 14.0 22.0 38.8 4.86 1.00
BBC 44 u/s 2/27/06 5.0 5.0 12.4 20.0 50.3 6.44 1.33
BBC 44 u/s 4/20/06 9.5 4.7 13.2 18.8 20.1 2.34 3.44
BBC 45 d/s 1/23/02 3.1 4.45 10.5 17.9 20.1 3.15 0.70
BBC 45 d/s 2/20/02 6.1 4.4 11.3 17.6 24.8 3.08 1.04
BBC 45 d/s 4/30/02 122 4.7 12.9 17.0 29.3 3.03 1.69
BBC 45 d/s 2/5/03 3.3 4.7 10.4 17.7 27.6 3.61 1.01
BBC 45 d/s 2/26/03 3.0 4.7 10.4 18.1 35.0 4.88 2.35
BBC 45 d/s 4/28/03 12.7 4.7 11.8 15.7 475 5.12 2.89
BBC 45 d/s 2/3/04 4.7 4.4 11.3 18.3 25.8 3.34 0.65
BBC 45 d/s 3/2/04 7.0 4.4 10.7 16.3 48.5 5.88 3.00
BBC 45 d/s 4/21/04 129 4.7 11.4 14.9 48.5 5.09 1.14
BBC 45 d/s 1/26/05  6.20 13.0 20.3 37.3 4.64 1.36
BBC 45 d/s 2/28/05 6.40 4.7 5.0 7.9 59.5 7.48 7.80
BBC 45 d/s 4/5/05  8.00 44 10.0 14.7 58.4 6.41 1.80
BBC 45 d/s 1/25/06 5.9 4.6 12.0 18.9 45.0 5.61 1.15
BBC 45 d/s 2/28/06 5.7 5.8 11.2 18.1 64.7 8.27 2.73
BBC 45 d/s 4/20/06 11.4 4.5 11.5 15.6 62.7 6.84 1.13
BBC 45 u/s 1/23/02 4.1 4.45 12.8 21.2 21.1 3.11 1.55
BBC 45 u/s 2/20/02 6.2 4.7 14.5 22.5 15.9 1.98 0.57
BBC 45 u/s 4/30/02  11.2 4.7 17.2 23.4 12.3 1.31 2.18
BBC 45 u/s 2/5/03 5.6 4.7 14.4 22.9 31.0 3.47 1.34
BBC 45 u/s 2/26/03 4.6 4.7 13.2 21.5 31.6 3.74 0.21
BBC 45 u/s 4/28/03 10.6 4.7 13.9 19.2 18.0 2.00 1.72
BBC 45 u/s 2/3/04 5.1 4.7 14.2 22.9 38.1 4.71 0.51
BBC 45 u/s 2/27/04 6.6 44 12.5 19.0 46.2 5.66 0.56
BBC 45 u/s 4/21/04 11.7 4.4 154 20.7 36.6 3.98 1.09
BBC 45 u/s 2/1/05  7.50 44 16.3 24.5 25.1 3.00 1.25
BBC 45 u/s 2/28/05 6.40 4.7 14.8 23.3 50.7 6.25 5.80
BBC 45 u/s 4/4/05  9.40 44 11.4 16.1 47.0 5.34 10.50
BBC 45 u/s 1/25/06 5.8 5.0 14.5 22.9 62.0 7.73 1.73
BBC 45 u/s 2/28/06 5.7 5.0 11.4 17.8 78.7 9.85 1.15

King County - 150 - FINAL



Trilogy and Redmond Ridge Urban Planned Development (UPD) Natural Resources Monitoring Midpoint Review

Appendix 4.3.1.3 (cont’d) Raw data from in situ water quality sampling conducted three times during the first
quarter of each year from 2002 to 2006. 02D is Colin South, 18B is Evans Middle, 18F is Rutherford, 53A is Adair,
53B is Unnamed West, 53C is Unnamed North and ADCW is in a small channel in the Adair Creek headwaters.

Site ID Date Temp pH Cond SpCond DO DO Turbidity
(°C) (uS/cm)  (uS/lcm) (%)  (mg/L) (NTU)
BBC 45 u/s 4/20/06  10.0 4.5 13.4 18.8 46.5 5.20 1.22
BBC 52 1/23/02 33 4.45 11.5 19.7 45.7 6.44 0.97
BBC 52 2/20/02 6.8 4.7 12.6 19.2 38.0 4.70 0.60
BBC 52 4/30/02  13.6 4.7 14.5 18.6 44.5 4.54 1.21
BBC 52 2/5/03 5.6 4.7 14.6 23.3 30.1 3.71 1.07
BBC 52 2/26/03 5.0 4.7 12.7 20.5 29.9 3.80 0.77
BBC 52 4/28/03 12.4 4.7 12.8 16.6 47.9 5.56 2.14
BBC 52 2/3/04 5.0 4.4 14.3 23.1 56.6 7.23 0.41
BBC 52 2/27/04 6.9 4.7 12.0 18.4 71.0 8.59 1.26
BBC 52 4/21/04 142 5.0 13.4 16.9 60.2 6.33 1.83
BBC 52 2/1/05 7.4 4.5 25.4 38.6 21.2 2.65 1.12
BBC 52 2/28/05 6.8 4.7 7.0 10.3 34.1 4.10 6.40
BBC 52 4/4/05 4.7 7.0 10.3 34.1 4.10 6.40
BBC 52 1/25/06 5.8 4.7 14.5 22.8 66.6 8.32 1.65
BBC 52 2/28/06 5.7 5.3 12.9 19.9 86.1 10.69 1.15
BBC 52 4/20/06  12.8 5.0 9.6 12.5 73.7 7.80 1.29
EC3 1/23/02
EC3 2/21/02 7.0 4.7 27.0 41.0 26.6 3.29 2.05
EC3 4/30/02  11.7 5.0 45.1 60.3 31.0 3.30 2.17
EC3 2/5/03 5.7 4.7 34.6 54.8 1.9 0.24 1.40
EC3 2/26/03 32 4.7 28.8 49.5 44 4.40 1.60
EC3 4/28/03 12.3 5.0 36.3 475 21.5 1.68 1.52
EC3 2/3/04 5.8 4.7 32.6 51.6 22.4 2.72 1.45
EC3 2/27/04 6.6 5.0 39.8 61.5 27.3 3.46 1.62
EC3 4/26/04 124 5.0 50.1 65.7 6.5 0.69 1.40
EC3 1/30/05  7.20 5.8 76.2 116.0 39.5 4.44 1.22
EC3 3/1/05  6.30 5.3 61.5 96.3 16.3 1.90 2.40
EC3 4/5/05  8.30 5.3 61.6 90.5 51.0 5.98 2.20
EC3 1/24/06 6.0 5.5 55.9 87.9 40.5 5.20 3.54
EC3 2/27/06 5.1 5.4 48.1 77.9 71.0 8.95 1.70
EC3 4/21/06 11.3 6.3 75.9 102.5 74.9 8.21 1.07
EC4 1/23/02
EC4 2/21/02 6.8 4.7 17.0 26.0 43.1 5.24 2.14
EC4 4/30/02 124 5.7 24.6 31.9 439 4.68 3.79
EC4 2/5/03 3.8 5.0 25.5 42.7 32.8 432 8.49
EC4 2/26/03 2.6 4.7 22.5 39.4 453 6.17 6.52
EC4 4/28/03 114 5.0 30.4 41.1 50.6 5.51 1.39
EC4 2/3/04 5.3 4.7 19.6 31.5 25.7 3.25 222
EC4 3/2/04 4.6 44 19.4 31.9 234 3.02 1.12
EC4 4/26/04 10.2 5.8 314 44.1 22.6 2.55 8.95
EC4 1/26/05  6.70 18.4 29.1 25.8 3.15 3.08
EC4 2/28/05 5.90 4.7 20.1 32.0 30.0 3.77 4.70
EC4 4/4/05  6.50 4.5 1.3 0.7 50.2 6.16 11.20
EC4 1/24/06 5.3 4.4 23.2 36.5 30.1 3.80 2.68
EC4 2/28/06 4.7 5.3 17.1 28.0 61.2 7.89 0.77
EC4 4/21/06 8.2 4.9 19.7 29.0 40.1 4.77 1.24
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Appendix 4.3.1.3 (cont’d) Raw data from in situ water quality sampling conducted three times during the first
quarter of each year from 2002 to 2006. 02D is Colin South, 18B is Evans Middle, 18F is Rutherford, 53A is Adair,
53B is Unnamed West, 53C is Unnamed North and ADCW is in a small channel in the Adair Creek headwaters.

Site ID Date Temp pH Cond SpCond DO DO Turbidity
(°C) (uS/cm)  (uS/lcm) (%)  (mg/L) (NTU)
EC61 1/23/02
EC61 2/21/02 6.4 4.7 14.0 21.0 38.8 4.69 2.52
EC61 4/30/02  13.7 4.7 17.8 22.7 39.1 4.04 5.12
EC61 2/5/03 5.5 4.7 19.5 31.1 15.4 1.90 1.50
EC61 2/26/03 42 4.7 16.4 27.3 17.0 222 1.53
EC61 4/28/03 16.3 5.0 18.3 22.6 76.9 6.73 13.70
EC61 2/3/04 5.7 44 16.3 25.3 32,5 4.01 0.96
EC61 2/27/04 7.5 44 14.6 21.8 44.6 5.28 3.51
EC61 4/26/04  15.8 4.7 20.0 24.6 30.5 2.84 2.31
EC61 1/26/05  6.80 18.3 27.8 33.5 4.09 0.47
EC61 2/28/05  5.60 44 17.7 28.2 28.0 3.46 10.80
EC61 4/5/05  7.90 44 14.0 20.6 479 5.71 3.10
EC61 1/24/06 5.5 4.3 15.5 24.7 41.0 5.01 0.75
EC61 2/28/06 4.8 5.0 12.2 19.8 66.3 8.51 1.00
EC61 4/21/06  10.9 5.0 16.0 21.9 58.9 6.51 3.41
SR 24A 1/23/02 4.1 4.7 25.7 42.7 37.1 4.41 2.64
SR 24A 2/21/02 6.6 4.7 25.0 38.0 50.6 6.24 3.86
SR 24A 4/30/02  11.7 4.7 32.7 43.8 20.3 2.18 2.00
SR 24A 2/5/03 6.1 4.7 28.8 452 17.0 2.12 1.38
SR 24A 2/26/03 6.3 4.7 28.1 43.6 13.4 1.60 3.56
SR 24A 4/28/03 13.3 5.0 33.5 433 16.0 1.65 4.10
SR 24A 2/3/04 6.2 5.0 30.4 473 437 5.47 1.59
SR 24A 2/27/04 7.0 4.7 29.9 45.6 41.0 4.76 0.69
SR 24A 4/26/04  13.1 4.7 35.4 46.0 6.8 0.73 2.44
SR 24A 2/2/05 740 5.0 44.0 65.9 11.6 1.44 0.95
SR 24A 2/28/05  6.10 5.0 41.6 64.9 6.5 0.87 17.00
SR 24A 4/4/05  9.00 5.3 38.0 54.5 25.8 5.33 5.70
SR 24A 1/25/06 5.9 5.3 32.7 51.7 38.6 4.33 1.74
SR 24A 2/27/06 5.6 5.0 32.2 51.5 50.3 6.06 0.78
SR 24A 4/20/06  13.1 5.2 40.9 53.8 34.5 3.63 431
SR 24B 1/23/02 4.2 4.7 26.1 43.3 27.0 3.34 3.06
SR 24B 2/21/02 6.2 4.7 25.0 39.0 36.6 4.61 2.45
SR 24B 4/30/02 16.6 5.0 32.8 39.0 56.1 5.44 0.61
SR 24B 2/5/03 6.2 5.0 31.2 48.6 234 2.88 1.79
SR 24B 2/26/03 6.9 4.7 31.0 474 26.2 3.18 2.38
SR 24B 4/28/03 18.3 5.5 36.2 45.1 55.3 5.53 2.54
SR 24B 2/3/04 6.3 5.0 31.3 48.4 35.0 4.50 1.53
SR 24B 2/27/04 7.7 5.0 31.3 46.9 59.1 7.06 1.53
SR 24B 4/26/04  16.1 5.0 41.0 494 58.8 5.75 0.81
SR 24B 2/2/05 7.30 5.0 44.7 66.8 59.5 7.13 0.68
SR 24B 2/28/05  6.50 5.3 40.9 62.2 74.5 8.95 5.70
SR 24B 4/4/05 10.10 5.0 38.2 53.2 75.5 8.47 3.10
SR 24B 1/25/06 5.6 5.0 31.2 49.5 60.2 7.57 1.15
SR 24B 2/27/06 4.9 5.1 29.4 47.3 79.5 10.17 0.78
SR 24B 4/20/06 153 5.5 42.1 51.9 87.5 8.68 1.19
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Appendix 4.3.1.3 (cont’d) Raw data from in situ water quality sampling conducted three times during the first
quarter of each year from 2002 to 2006. 02D is Colin South, 18B is Evans Middle, 18F is Rutherford, 53A is Adair,
53B is Unnamed West, 53C is Unnamed North and ADCW is in a small channel in the Adair Creek headwaters.

Site ID Date Temp pH Cond SpCond DO DO Turbidity
(°C) (uS/cm)  (uS/lcm) (%)  (mg/L) (NTU)
SR 24C 1/23/02 3.7 4.7 20.5 34.5 25.5 3.63 2.83
SR 24C 2/21/02 7.1 4.7 20.0 30.0 40.1 4.79 1.47
SR 24C 4/30/02  14.2 4.8 26.4 33.3 39.6 4.04 1.43
SR 24C 2/5/03 5.9 4.7 233 36.6 17.7 2.20 1.28
SR 24C 2/26/03 5.5 4.7 21.1 33.4 30.2 3.77 0.93
SR 24C 4/28/03 14.8 4.7 252 31.6 55.0 5.73 1.58
SR 24C 2/3/04 5.8 4.7 20.7 32.8 33.7 422 0.91
SR 24C 2/27/04 6.8 4.7 22.4 34.4 458 5.98 0.80
SR 24C 4/26/04  13.8 4.7 27.0 34.6 48.6 5.05 0.93
SR 24C 2/2/05  7.60 4.7 28.7 43.0 35.8 425 1.48
SR 24C 2/28/05  6.20 5.9 26.9 41.8 51.0 6.24 4.90
SR 24C 4/4/05  8.60 4.5 22.6 329 60.7 7.09 3.10
SR 24C 1/25/06 5.7 4.7 23.0 36.4 44.7 5.58 0.91
SR 24C 2/27/06 5.6 5.0 22.5 35.0 68.7 8.50 0.90
SR 24C 4/20/06  12.2 5.2 24.4 32.7 63.6 6.82 3.73

Appendix 4.4.1.1. Water quality data collected bi-weekly in Welcome Lake, May through October, 1996 — 2005.
Lake

name ELL date Secchi DegC Chlor-A TotP  TotN
Welcome A754 5-May-96 20 10.5 11.7 0.0320 0.795
Welcome A754 19-May-96 20 135 8.6 0.0200 0.748
Welcome A754 2-Jun-96 25 15.0 9.7 0.0330 0.583
Welcome A754 16-Jun-96 20 189 204 0.0190 0.543
Welcome A754 30-Jun-96 13.5 0.0230 0.508
Welcome  A754 21-Jul-96 2.1 19.5 12.6 0.0280 0.526
Welcome A754 4-Aug-96 24 210 10.2 0.0320 0.506
Welcome  A754 18-Aug-96 30 21.0 7.4 0.0320 0.495
Welcome A754 8-Sep-96 2.5 19.1 0.0320 0.466
Welcome A754 22-Sep-96 20 158 5.3 0.0300 0.463
Welcome A754 6-Oct-96 20 145 21.6 0.0320 0.519
Welcome A754 20-Oct-96 2.1 11.0 12.5 0.0320 0.585
Welcome A754 11-May-97 25 150 3.1 0.0198 0.563
Welcome A754 26-May-97 25 165 18.5 0.0180 0.574
Welcome A754 15-Jun-97 2.2 18.8 9.7 0.0367 0.696
Welcome A754 29-Jun-97 2.4 19.2 55 0.0289 0.587
Welcome A754 13-Jul-97 26 184 3.5 0.0265 0.61
Welcome A754 27-Jul-97 2.1 22.5 5.5 0.0301 0.539
Welcome A754 10-Aug-97 3.0 235 4.0 0.523
Welcome A754 24-Aug-97 23 230 5.3 0.0180 0.379
Welcome A754 7-Sep-97 27 203 4.0 0.0276 0.511
Welcome A754 21-Sep-97 2.7 20 0.0219 0.56
Welcome A754 12-Oct-97 24 125 1.3 0.0260 0.94
Welcome A754 26-Oct-97 2.5 11.0 2.6 0.0237 0.503
Welcome A754 3-May-98 35 180 3.6 0.0389 0.720
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Lake

name ELL date Secchi DegC Chlor-A TotP  TotN
Welcome A754  17-May-98 31 147 6.0 0.0148 0.561
Welcome A754  31-May-98 25 153 6.3 0.0173 0.652
Welcome A754 14-Jun-98 3.2 19.0 2.0 0.0158 0.602
Welcome A754 28-Jun-98 3.0 205 1.5 0.0223 0.597
Welcome A754 12-Jul-98 3.0 205 3.8 0.0145 0.617
Welcome A754 26-Jul-98 20 24.0 8.0 0.0442 0.589
Welcome A754 9-Aug-98 35 232 3.6 0.0122 0.459
Welcome A754  23-Aug-98 35 210 3.1 0.0129 0.469
Welcome A754 7-Sep-98 33 222 3.3 0.0147 0.483
Welcome A754  20-Sep-98 27 191 10.1 0.0149 0.473
Welcome A754 5-Oct-98 2.0 15.1 245 0.0219 0.621
Welcome A754 18-Oct-98 08 122 104.0 0.0275 0.860
Welcome A754 2-May-99 3.4 13.2 2.0 0.0124 0.508
Welcome A754 16-May-99 2.8 13.1 51 0.0215 0.552
Welcome A754 31-May-99 3.0 18.7 6.6 0.0151 0.498
Welcome A754 13-Jun-99 2.0 18.4 15.7 0.0154 0.452
Welcome A754 27-Jun-99 1.8 17.5 12.9 0.0176 0.521
Welcome A754 11-Jul-99 3.0 220 10.1 0.0146 0.564
Welcome A754 25-Jul-99 22 212 21.2 0.0167 0.515
Welcome A754 8-Aug-99 23 220 8.2 0.0119 0.489
Welcome A754 22-Aug-99 20 225 25.7 0.0245 0.665
Welcome A754 6-Sep-99 2.8 18.8 12.1 0.0132 0.514
Welcome A754 19-Sep-99 3.1 18.1 2.0 0.0136 0.579
Welcome A754 3-Oct-99 2.8 15.0 9.6 0.0150 0.632
Welcome A754 17-Oct-99 2.3 12.0 3.1 0.0113 0.752
Welcome A754 30-Apr-00 2.4 13.2 2.5 0.0135 0.645
Welcome A754 14-May-00 2.5 15.0 26 0.0149 0.624
Welcome A754 29-May-00 25 17.0 3.6 0.0181 0.621
Welcome  A754 11-Jun-00 2.2 16.1 125 0.0155 0.590
Welcome A754 25-Jun-00 27 21.0 41 0.0103 0.420
Welcome A754 9-Jul-00 27 21.0 3.6 0.0119 0.465
Welcome A754 23-Jul-00 25 216 2.6 0.0143 0.452
Welcome A754 6-Aug-00 25 250 51 0.0140 0.438
Welcome A754 20-Aug-00 2.1 20.6 13.8 0.0198 0.501
Welcome A754 5-Sep-00 1.8 18.9 27.5 0.0157 0.555
Welcome A754 17-Sep-00 1.1 19.5 79.9 0.0291 0.699
Welcome A754 1-Oct-00 3.0 15.6 9.1 0.0197 0.580
Welcome A754 15-Oct-00 2.3 13.0 1.1 0.0063 0.609
Welcome A754 6-May-01 2.2 114 0.0178 0.762
Welcome A754 20-May-01 3.0 13.8 15.0 0.0182 0.672
Welcome A754 3-Jun-01 2.2 16.1 19.4 0.560
Welcome A754 17-Jun-01 2.3 16.0 5.0 0.0277 0.635
Welcome A754 2-Jul-01

Welcome A754 15-Jul-01 1.7 212 19.7 0.0230 0.633
Welcome A754 29-Jul-01 1.7 19.8 16.8 0.0187 0.601
Welcome A754 12-Aug-01 25 240 4.8 0.0119 0.461
Welcome A754 26-Aug-01 25 20.0 8.8 0.0123 0.488
Welcome A754 9-Sep-01 2.0 18.4 241 0.0216 0.584
Welcome A754 23-Sep-01 2.4 17.8 114 0.0150 0.474
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Lake

name ELL date Secchi DegC Chlor-A TotP  TotN
Welcome A754 7-Oct-01 22 138 49 0.0109 0.578
Welcome A754 21-Oct-01 23 1.0 48 0.0120 0.679
Welcome A754 22-Apr-02 16 10.0 54 0.0161 0.637
Welcome A754 5-May-02 1.9 119 10.1 0.0116 0.632
Welcome A754 19-May-02 24 157 49 0.0137 0.553
Welcome A754 3-Jun-02 26 19.0 1.4 0.0142 0.516
Welcome A754 16-Jun-02 25 212 8.3 0.0153 0.518
Welcome A754 30-Jun-02 24 212 12.3 0.0128 0.417
Welcome A754 14-Jul-02 1.9 230 5.6 0.0124 0.399
Welcome A754 28-Jul-02 20 222 19.4 0.0170 0.526
Welcome A754 9-Aug-02 26 215 46 0.0121 0432
Welcome A754 25-Aug-02 33 215 3.5 0.0148 0.464
Welcome A754 8-Sep-02 3.0 18.8 24 0.0115 0.446
Welcome A754 22-Sep-02 3.8 17.0 2.7 0.0127 0.475
Welcome A754 6-Oct-02 3.1 14.8 2.2 0.0175 0.456
Welcome A754 21-Oct-02 27 123 1.5 0.0111 0.585
Welcome A754 20-Apr-03 2.2 14.1 0.5 0.0122 0.795
Welcome A754 4-May-03 22 139 1.7 0.0129 0.757
Welcome A754 18-May-03 22 145 5.3 0.0157 0.644
Welcome A754 1-Jun-03 2.2 19.5 50 0.0154 0.573
Welcome A754 15-Jun-03 2.1 20.0 46 0.0139 0.511
Welcome A754 29-Jun-03 3.1 23.0 26 0.0123 0.494
Welcome A754 13-Jul-03 22 236 6.3 0.0137 0.493
Welcome A754 27-Jul-03 29 241 22 0.0114 0.465
Welcome A754 10-Aug-03 3.0 220 1.9 0.0150 0.463
Welcome A754 24-Aug-03 3.0 224 49 0.0085 0.459
Welcome A754 7-Sep-03 3.0 220 29 0.0173 0470
Welcome A754 22-Sep-03 35 16.8 3.8 0.0112 0.492
Welcome A754 5-Oct-03 3.1 16.5 6.3 0.0130 0.514
Welcome A754 19-Oct-03 3.0 138 46 0.0178 0.617
Welcome A754 25-Apr-04 29 144 6.1 0.0119 0.508
Welcome A754 9-May-04 1.5 17.2 12.7 0.0183 0.517
Welcome A754 24-May-04 20 16.8 3.7 0.0154 0.389
Welcome A754 6-Jun-04 1.9 198 8.7 0.0166 0.426
Welcome A754 20-Jun-04 16 240 5.6 0.0151 0.467
Welcome A754 5-Jul-04 2.1 22.4 5.6 0.0167 0.440
Welcome A754 18-Jul-04 24 245 4.0 0.0150 0.419
Welcome A754 1-Aug-04 28 245 1.6 0.0169 0.448
Welcome A754 15-Aug-04 27 245 3.0 0.0101 0.434
Welcome A754 29-Aug-04 22 217 8.0 0.0186 0.533
Welcome A754 12-Sep-04 2.4 19.5 9.1 0.0145 0.390
Welcome A754 26-Sep-04 33 163 2.6 0.0098 0.502
Welcome A754 10-Oct-04 3.0 150 1.6 0.0115 0.578
Welcome A754 24-Oct-04 26 115 1.3 0.0161 0.671
Welcome A754 8-May-05 29 1.9 2.3 0.0180 0.711
Welcome A754 23-May-05 1.6 49 0.0225 0.756
Welcome A754 5-Jun-05 14 15.5 5.2 0.0213 0.863
Welcome A754 19-Jun-05 16 183 6.7 0.0319 0.743
Welcome A754 11-Jul-05 20 20.0 25 0.0164 0.530
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Lake

name ELL date Secchi DegC Chlor-A TotP  TotN
Welcome A754 31-Jul-05
Welcome A754 14-Aug-05 23 220 1.2 0.0138 0.472
Welcome A754 28-Aug-05 25 217 1.7 0.0136 0.515
Welcome A754 11-Sep-05 21 18.0 5.3 0.0141 0.531
Welcome A754 25-Sep-05 19 153 5.9 0.0167 0.536
Welcome A754 9-Oct-05 21 14.0 1.8 0.0092 0.582
Welcome A754 23-Oct-05 27 135 2.1 0.0074 0.656
Welcome A754 8-May-06 1.9 14.0 9.4 0.0141 0.515
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