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INTRODUCTION

The Redmond Paired Watershed Study (RPWS) is one of several effectiveness monitoring studies
that was selected for implementation starting in 2014 for the Regional Stormwater Monitoring
Program (RSMP) for Puget Sound. The goal of effectiveness monitoring under the RSMP is to
provide widely applicable information for improving stormwater management in the region.
Phase | and Phase Il Municipal Stormwater Permittees in the Puget Sound Region contribute to
a Pooled Stormwater Resources Fund that supports the RSMP and associated effectiveness
monitoring studies. Selection of the RPWS for implementation under the RSMP was made based
on a monitoring proposal that was presented to permittee representatives at workshops that
were held on March 20, 2014, and May 6, 2014. The specific study question to be addressed
through the RPWS is as follows:

How effective are watershed rehabilitation efforts at
improving receiving water conditions at the watershed scale?

To address this study question, a conceptual experimental design for the RPWS was
subsequently developed and summarized in the Redmond Paired Watershed Study Experimental
Design Report (Herrera 2015a). This conceptual experimental design was informed by a literature
review (Herrera 2015b) that was conducted to identify lessons learned from past studies that
have been implemented to achieve similar objectives. The conceptual experimental design was
also developed based on input from a technical advisory committee that was formed for the
study. This technical advisory committee includes representation from the following jurisdictions
and agencies:

City of Redmond

City of Seattle

King County

Kitsap County

US Environmental Protection Agency

US Geological Society

Washington State Department of Ecology (Ecology)

Building on this previous work, a Quality Assurance Project Plan (QAPP) was developed to guide
the implementation of all subsequent phases of the RPWS (Herrera 2015c). This QAPP
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documents the experimental design and procedures that will be used during data collection,
processing, and analysis to ensure all results obtained for the RPWS are scientifically defensible.

Monitoring pursuant to this QAPP initiated in 2016 and is anticipated to continue for a 10-year
timeframe. Data summary reports will be prepared on an annual basis over this period to
summarize compiled monitoring data collected through each of the major components of the
RPWS. These reports will also document any quality assurance issues associated with these data
and resultant limitations (if any) on their use or interpretation. Finally, these reports will
document all rehabilitation efforts that have been implemented by the City of Redmond (City)
over the previous year. Included will be detailed information on the design and operational
status of structural stormwater controls and the frequency and geographic extent of
nonstructural stormwater control implementation. Each annual data summary report will
document this information based on monitoring that was conducted over the previous water
year (i.e., October through September).

In years 4, 6, 8, and 10 of the RPWS’ implementation, trend analyses reports will also be
prepared as companion documents to the data summary reports described above. These reports
will summarize the results of statistical analyses that will be performed on the compiled data
from all previous years of monitoring to detect potential relationships between rehabilitation
efforts and improved receiving water conditions. Each report will also present major conclusions
from these analyses.

This document represents the data summary report for monitoring that occurred over water
year 2016 (WY2016) for the RPWS. It is organized to include the following sections:

e Background - An explanation of why the project is needed

e Experimental Design — The sampling process design for the study, including sample
types, monitoring locations, and sampling frequency

e Sampling Procedures — A description of any major deviations from the sampling
procedures that were identified in the QAPP for the study (Herrera 2015c).

e Rehabilitation Effort Summary — A description of all watershed rehabilitation efforts
that were implemented by the City over the preceding water year.

e Monitoring Results Summary — A summary of compiled monitoring data collected
through each of the major component of the study over the preceding water year.
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BACKGROUND

Municipal Stormwater Permits are issued by Ecology to regulate discharges from separated
storm sewers owned or operated by Phase | and Phase Il cities and counties. The Municipal
Stormwater Permits establish the minimum requirements for permittees to address existing and
future impacts to receiving waters from urbanization. Municipal Stormwater Permits require
cities and counties to execute programmatic (nonstructural) activities and establish design
standards for stormwater structural controls triggered by development (low impact
development, runoff treatment, and flow control facilities). In theory, if all developed land in a
watershed is equipped with nonstructural and structural stormwater controls, the receiving
water would be protected from hydrologic and water quality impacts caused by urbanization.
However, while the effectiveness of nonstructural and structural controls has been well
documented at the site and parcel scale, limited data exists on the effectiveness of these
controls in aggregate for improving conditions in receiving waters at the watershed scale
(Herrera 2015b).

In February 2014, Ecology approved a Citywide Watershed Management Plan (WMP) (Herrera
2013) for the City that allows use of a watershed approach for stormwater management
pursuant to the Municipal Stormwater Permit, Section 303(d) of the Clean Water Act, and
salmon recovery. Through the implementation of this WMP, the City will focus stormwater best
management practices (BMPs) in a subset of priority watersheds that are moderately impacted
by urbanization and therefore expected to respond more quickly to rehabilitation efforts. This
provides a unique opportunity to study the effectiveness of stormwater BMPs for improving
receiving water conditions on an accelerated time frame and at a watershed scale. Recognizing
this opportunity, the City is implementing the RPWS to quantify improvements in receiving
water conditions with support from the RSMP.

August 2017 @ HERRERA

Redmond Paired Watershed Study: Water Year 2016 Data Summary Report 3






EXPERIMENTAL DESIGN

As described in the Introduction to this report, the specific study question to be addressed
through the RPWS is as follows:

How effective are watershed rehabilitation efforts at
improving receiving water conditions at the watershed scale?

In this context, rehabilitation efforts could include any of the following practices:

e Stormwater management retrofits in upland areas that would include facilities for onsite
stormwater management (e.g., low impact development [LID] practices), runoff
treatment, and flow control

e Riparian and in-stream habitat improvements
e Programmatic practices for stormwater management

To answer the study question identified above, the experimental design for the RPWP has two
primary components:

e Status and Trends Monitoring: routine and continuous measurements of various
hydrologic, chemical, physical habitat, and biological indicators of stream health over an
extended time frame to quantify improvements in receiving water conditions in response
to watershed rehabilitation efforts.

e Effectiveness Monitoring: measurements of hydrologic and chemical parameters over a
relatively short timeframe to document the effectiveness of specific structural stormwater
controls that have been constructed to improve receiving water conditions.

The Status and Trends Monitoring utilizes a “paired watershed” experimental design that
involves collecting these measurements in seven watersheds categorized as follows:

e Three “Application” watersheds with wadeable lowland streams that are moderately
impacted by urbanization and prioritized for rehabilitation efforts pursuant to the WMP.

e Two “Reference” watersheds with relatively pristine wadeable lowland streams that do
not require rehabilitation.

e Two “Control” watersheds with wadeable lowland streams that are significantly impacted
by urbanization and not currently prioritized for rehabilitation.
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Table 1 identifies the name, predominant land use/cover, and size of each watershed; the
location of all the watersheds is shown in Figure 1. A detailed summary of conditions within each
watershed is also provided in the QAPP that was prepared for the study (Herrera 2015c) with
information on planned rehabilitation efforts in the Application watersheds as applicable.

Table 1. Application, Reference, and Control Watersheds for the
Redmond Paired Watershed Study.
Watershed Total | Watershed Areas
Watershed Dominant Land Area Inside Redmond
Watershed Name Type Use/Cover (acres) (acres)

Evans Creek Tributary 108 Application Residential 397 NA?2
Monticello Creek Application Residential/Commercial 345 264
Tosh Creek Application Residential/Commercial 299 276
Colin Creek Reference Forest 1,990 90
Seidel Creek Reference Forest 1,188 615
Country Creek Control Residential/Commercial 212 212
Tyler’s Creek Control Residential/Commercial 168 167

NA: Not applicable.

Fixed monitoring stations were established in each watershed for monitoring various indicators
of stream health. Due to the scale of the RPWP and the anticipated lag between applying
stormwater controls and resultant improvements in receiving water conditions, quantifying a
cause and effect relationship between these events may take many years. Therefore, monitoring
at the fixed monitoring stations will occur over an anticipated 10-year timeframe. Furthermore,
because the effectiveness of watershed rehabilitation practices (e.g., stormwater retrofits, in-
stream habitat improvements, and programmatic practices) may vary for different types of
receiving water impairments, a broad suite of indicators for assessing potential improvements
are being monitored within the following categories: hydrologic, water quality, physical habitat,
sediment quality, and biological. The pattern of interest will be evidence that receiving water
conditions are improving based on one or more of these indicators in the Application
watersheds while conditions in the Reference and Control watersheds remain relatively static.

Subsequent subsections then provide more detailed information on the Status and Trends
Monitoring and Effectiveness Monitoring, respectively, including the monitoring stations,
measurement frequency, indicators, and data analysis methods where applicable.

August 2017
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STATUS AND TRENDS MONITORING

This section describes the monitoring stations, measurement frequency, indicators, and data
analysis methods that will be used for the Status and Trends Monitoring component of the
RPWS. This information is organized under separate subsections for the following monitoring
categories: hydrologic, water quality, physical habitat, sediment quality, and biological. The
specific indicators of stream health that will be evaluated in these categories are also
summarized in Table 2 with their associated measurement frequency.

Table 2. Indicators of Stream Health for the
Redmond Paired Watershed Study.

Indicator Measurement Frequency

Hydrology Monitoring

Flow Continuous

High pulse count Post-processed from continuous flow measurements
High pulse duration

High pulse range

Low pulse count

Low pulse duration

Low pulse range

Richards-Baker (RB) flashiness index
TQ Mean

Storm flow volume

Base flow volume

Total flow volume

Water Quality Monitoring

Total suspended solids Twelve grab samples collected annually during storm
Turbidity events (three each quarter)
Conductivity Four grab samples collected annually during base flow

Hardness (one each quarter)

Dissolved organic carbon
Fecal coliform bacteria
Total phosphorus

Total nitrogen

Copper, total and dissolved
Zinc, total and dissolved

Temperature Continuous
Conductivity

Physical Habitat Monitoring

Bank-full width Annually
Wetted width
Cumulative bar width
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Table 2 (continued). Indicators of Stream Health for the
Redmond Paired Watershed Study.

Indicator

Measurement Frequency

Physical Habitat Mo

nitoring (continued)

Bank-full depth

Wetted depth

Substrate class

Substrate embeddedness

Fish cover

Thalweg depth

Presence of bars

Presence of edge pools

Main channel slope and bearing

Large woody debris tally, including notation of
diameter, length, category, zone, and key-pieces

Evidence of vegetation colonization below OHWM that
persists more than 1 year

Slopes vegetated over the crown of the bank

Presence of desirable native plant species

Presence of invasive plant species

Presence of good-habitat indicator liverwort species
Channel incision or aggradation

Channel widening, narrowing, or migration

Changes in channel slope, sinuousity, and/or bed-form
type

Annually

Sediment Qual

ity Monitoring

Total organic carbon

Copper

Zinc

Polycyclic aromatic hydrocarbons
Phthalates

Annually

Biological Monitoring

Benthic macroinvertebrates

Annually

Benthic Index of Biotic Integrity
Taxa Richness
Ephemeroptera Richness
Plecoptera Richness
Trichoptera Richness
Clinger Percent
Long-Lived Richness
Intolerant Richness
Percent Dominant
Predator Percent
Tolerant Percent

Post-processed from benthic macroinvertebrate data

OHWM: Ordinary high water mark.
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Hydrologic Monitoring

A total of 14 fixed monitoring stations were established to facilitate hydrologic monitoring in
each of the study watersheds. As noted in the literature review (Herrera 2001b) that was
performed to inform the experimental design for the RPWS, numerous studies have been
conducted with similar goals, but they have generally been conducted at the subbasin scale. In
these studies, a hydrologic monitoring station was typically located at the outlet of the study
subbasin. Therefore, efforts were made to establish hydrologic monitoring stations at the outlet
of each of the study watersheds. However, because the watersheds are relatively large and
because much of the rehabilitation will occur in the upper reaches of the Application
watersheds, efforts were made to establish hydrologic monitoring stations at a mid-point
location in each of the study watersheds as well. This goal could not be achieved for all of the
study watersheds due to issues relating to their size and drainage patterns. The following
deviations are specifically noted:

e Monticello Creek has two major tributaries that will be the target of rehabilitation efforts;
therefore, three hydrologic monitoring stations were established in the watershed at the
outlet and on each of the tributaries.

e The relatively pristine reach of Colin Creek that was identified for monitoring is confined
to the Redmond Watershed Preserve Park. Because the watershed area within this park is
relatively small, only one hydrologic monitoring station was established in this study
watershed.

e The relatively pristine reach of Seidel Creek that was identified for monitoring is confined
to the Redmond Watershed Preserve Park. Within this area, two major tributaries of the
creek flow into a large wetland complex near the border of the park. To avoid
confounding hydrologic and water quality influences from this wetland, hydrologic
monitoring stations were established on each tributary; and no outlet station was
identified.

In addition to these considerations, the specific location of each monitoring station was also
influenced by safety and property access issues. The monitoring stations established in each of
the study watersheds are as follows:

Application Watersheds

e Evans Creek Tributary 108: two stations designated Lower Stream Station (EVALSS) and
Midstream Station (EVAMS), respectively (see locations in Figure 2).

e Monticello Creek: one station at the mouth designated Mont-Mouth (MONM); one
station at the approximate midpoint of the watershed on the north tributary designated
Mont-Mid-N (MONMN); and one station at the approximate midpoint of the watershed
on the south tributary designated Mont-Mid-S (MONMS) (see locations in Figure 3).
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e Tosh Creek: one station at the mouth designated Tosh-Mouth (TOSMO); and one station
at the approximate midpoint of the watershed designated Tosh-Mid (TOSMI) (see
locations in Figure 4).

Reference Watersheds

e Colin Creek: one station at the approximate midpoint of the watershed designated
Colin-Mid (COLM) (see locations in Figure 5).

e Seidel Creek: one station at the approximate midpoint of the watershed on the north
tributary designated Seidel-Mid-N (SEIMN); one station at the approximate midpoint of
the watershed on the south tributary designated Seidel-Mid-S (SEIMS) (see locations in
Figure 6).

Control Watersheds

e Country Creek: one station at the mouth designated Country-Mouth (COUMO); and one
station at the approximate midpoint of the watershed designated Country-Mid (COUMI)
(see locations in Figure 7).

e Tyler’s Creek: one station at the mouth designated Tylers-Mouth (TYLMO); and one
station at the approximate midpoint of the watershed designated Tylers-Mid (TYLMI)
(see locations in Figure 8).
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Continuous flow monitoring will occur at all 14 monitoring stations for the duration of the
RPWS. Data from the continuous flow monitoring will be processed to calculate the following
indicators for evaluating hydrologic impacts from urban development as described in DeGasperi
et al. (2009):

High flow pulse: occurrence of daily average flows that are equal to or greater than a
threshold set at twice (two times) the long-term daily average flow rate.

(0}

High pulse count: number of days each water year that discrete high flow pulses
occur.

High pulse duration: annual average duration (in days) of high flow pulses during a
water year.

High pulse range: range in days between the start of the first high flow pulse and
the end of the last high flow pulse during a water year.

Low pulse count: occurrence of daily average flows that are equal to or less than a
threshold set at 50 percent of the long-term daily average flow rate.

(0}

Low pulse count: number of times each calendar year that discrete low flow pulses
occurred.

Low pulse duration: annual average duration (in days) of low flow pulses during a
calendar year.

Low pulse range: range in days between the start of the first low flow pulse and the
end of the last low flow pulse during a calendar year.

Flow Reversal: The number of times that the flow rate changed from an increase to a
decrease or vice versa during a water year. Flow changes of less than 2 percent are not
considered.

Richards-Baker (RB) flashiness index: a dimensionless index of flow oscillations relative
to total flow based on daily average discharge measured during a water year.

TQ Mean: the fraction of a year that mean daily discharge exceeds annual mean
discharge.

Storm flow volume: total discharge volume during storm events over a water year.

Base flow volume: total discharge volume during base flow over a water year.

Total flow volume: total discharge volume over a water year.
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Trends over time at each monitoring station will be evaluated using parametric (Pearson’s r) and
nonparametric (Kendall’s tau or Spearman’s rho) tests of correlation between these indicators
and time. Statistical significance of the correlation coefficients will be evaluated based on an
a-level of 0.05 for a one-tailed test. The pattern of interest will be evidence that receiving water
conditions are improving based on the detection of statistically significant trends in the data for
one or more of these indicators in the Application watersheds while these same trends are not
detected in the data for the same indicators in the Reference and Control watersheds.

In addition to the correlation analyses, separate analyses will be performed to compare
measured flows in Tosh Creek and Monticello Creek to modeled flows for forested and existing
conditions in these watersheds that were derived using Hydrological Simulation Program—
Fortran (HSPF) models. For these analyses, local rainfall data collected concurrently with the
measured flows will serve as model input for predicting flows for forested and existing
conditions. Using a custom program that is described in the QAPP for the study (Herrera 2015c),
both the measured and modeled flows will be post-processed to delineate individual periods of
base and storm flow, respectively, across the entire time series for a given water year. Separate
statistical analyses (Paired Wilcoxon signed rank tests or Paired T-tests) will then be performed
to determine if measured peak flows and flow volumes, respectively, during storm flow are
significantly different from modeled flows for either the forested and existing conditions.
Statistical significance in these tests will be evaluated based on an a-level of 0.05 for a one-
tailed test. If watershed rehabilitation efforts are effective, measured peak flows and flow
volumes should depart from the modeled equivalent for existing conditions and more closely
resemble those for forested conditions.

Water Quality Monitoring

A total of 14 fixed monitoring stations were established to facilitate water quality monitoring in
each of the study watersheds. These stations were co-located with the monitoring stations
described above for hydrologic monitoring (see Figures 2 through 8). Twelve grab samples will
be collected annually during storm events (three each quarter) at all 14 monitoring stations for
the duration of the RPWS. In addition, four grab samples will also be collected annually during
base flow (one each quarter) at these stations. Each sample will be analyzed for the following
indicators for evaluating water quality impacts from urban development:

e Total suspended solids

e Turbidity

e Conductivity

e Hardness

e Dissolved organic carbon

e Fecal coliform bacteria
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e Total phosphorus

e Total nitrogen

e Copper, total and dissolved
e Zinc, total and dissolved

In addition, the following indicators will be continuously measured in situ at each station using
probes:

e Temperature
e Conductivity

Trends over time at each monitoring station will be evaluated using parametric (Pearson’s r) and
nonparametric (Kendall's tau or Spearman’s rho) tests of correlation between these indicators
and time. Where possible, variation in the indicator data related to changes in stream flow will
be removed prior to performing the correlation analyses using methods described in Helsel and
Hirsch (2002). Use of these methods is generally applicable for indicators that tend to increase
(or decrease) as a function of flow (e.g., total suspended solids). By removing this variation,
trends in the indicator data can be more readily detected in the correlation analyses. In all cases,
statistical significance of the correlation coefficients will be evaluated based on an a-level

of 0.05 for a one-tailed test.

The sample frequency identified above for water quality monitoring was evaluated using power
tests that were performed for totals suspended solids and total zinc. Power tests are used to
determine the probability of detecting a trend given: 1) sample size, 2) the desired a-level,

3) magnitude of the trend, and 4) amount of variation within the data. With 16 samples collected
annually (12 samples during storm events and 4 samples during base flow) over a 10-year
period and a desired a-level of 0.05, results from these tests showed there was a 66 to

100 percent probability of detecting a 4 milligram per liter (mg/L) decrease in total suspended
solids concentrations depending on the variability that is assumed for the data and
characteristics of the trend over time (i.e., linear or non-linear). These same tests showed there is
a 38 to 100 percent probability of detecting a 2 microgram per liter (ug/L) decrease in total zinc
concentrations. Results from these tests are documented in the QAPP that was prepared for the
study (Herrera 2015c).

Annual mass load estimates will also be derived for the following subset of indicators using the
nonparametric “smearing” approach described in Helsel and Hirsch (2002): total suspended
solids, total phosphorus, total nitrogen, total copper, and total zinc. Trends over time at each
monitoring station will again be evaluated using parametric (Pearson’s r) and nonparametric
(Kendall's tau or Spearman’s rho) tests of correlation between these mass load estimates and
time. Statistical significance of the correlation coefficients will be evaluated based on an a-level
of 0.05 for a one-tailed test. These analyses will be used to detect potential improvements in
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receiving water conditions from the combined effects of improved water quality and reduced
stormwater runoff.

In all cases, the pattern of interest will be evidence that receiving water conditions are improving
based on the detection of statistically significant trends in the data for one or more of these
indicators in the Application watersheds while the same trends are not detected in the data for
the same indicators in the Reference and Control watersheds.

Physical Habitat Monitoring

A total of 19 fixed monitoring stations were established to facilitate physical habitat monitoring
in each of the study watersheds. As described in the literature review (Herrera 2001b) that was
performed to inform the experimental design for the RPWS, most past studies that have been
performed to assess physical habitat response to watershed rehabilitation were conducted in
reaches where channel rehabilitation measures were directly applied. Consequently, they were
designed to only assess the localized effects of these efforts. The RPWS involves both localized
channel rehabilitation and watershed scale rehabilitation through the application of structural
and programmatic practices for stormwater management. Therefore, a synoptic approach was
applied for establishing monitoring stations for physical habitat monitoring where stations were
established in the Application watersheds in reaches that will be restored and in reaches where
no physical alterations to the channel are planned. In this way, the RPWS can assess physical
habitat response to both localized and basin-wide rehabilitation efforts. In addition to these
considerations, the specific location of each monitoring station was also influenced by safety
and property access issues. The monitoring stations established in each of the study watersheds
are as follows:

Application Watersheds

e Evans Creek Tributary 108: two stations designated Lower Stream Station (EVALSS) and
Midstream Station (EVAMS), respectively (see locations in Figure 2).

e Monticello Creek: five stations designated Mont-1, Mont-2, Mont-3, Mont-4, and
Mont-5, respectively (see locations in Figure 3).

e Tosh Creek: four stations designated Tosh-1, Tosh-2, Tosh-3, and Tosh-4, respectively
(see locations in Figure 4).

Reference Watersheds
e Colin Creek: one designated Colin-1 (see locations in Figure 5).

e Seidel Creek: three stations designated Seidel-1, Seidel-2, and Seidel-3, respectively (see
locations in Figure 6).
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Control Watersheds

Country Creek: two stations designated Country-1 and Country-2, respectively (see
locations in Figure 7).

Tyler's Creek: two stations designated Tylers-1 and Tylers-2, respectively (see locations in
Figure 8).

The following monitoring stations were specifically selected to measure the localized physical
habitat response in reaches that have either been recently restored or are likely to be restored in
the future:

Mont-3

Mont-4

Mont-5

Tosh-1

Tosh-3

Tosh-4

Physical habitat monitoring will be conducted annually at each monitoring station for the
duration of the RPWS. The characteristic bed-form type will be recorded at each monitoring
station as a whole, and physical habitat quality indicators will be measured at 11 cross-sections
(transects) and thalweg (line of steepest descent along the streambed) profile for each habitat
monitoring station.

The following indicators will be measured at each transect:

Bank-full width, wetted width, and cumulative bar width

Bank-full depth, wetted depth, substrate class and embeddedness at 11 or more stations
across the section

Fish cover

Human influence

Riparian shading

Riparian vegetation structure

Presence of desirable/undesirable plant species
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The following indicators will be measured along the thalweg profile:

e Thalweg depth and the presence of bars and/or edge pools

e Large woody debris and habit unit descriptions

e Side-channel descriptions

e Main channel slope and bearing

e Presence, source, size, of culvert or pipes draining to creek
Post-processing of recorded physical habitat indicators will allow monitoring of:

e Channel incision or aggradation

e Channel widening, narrowing, or migration

e Changes in channel slope, sinuousity, and/or bed-form type

The pattern of interest will be evidence that receiving water conditions are improving based on
the detection of trends in the data for one or more of these indicators in the Application
watersheds while the same trends are not detected in the data for the same indicators in the
Reference and Control watersheds.

Sediment Quality Monitoring

A total of 19 fixed monitoring stations were established to facilitate sediment quality monitoring
in each of the study watersheds. These stations were co-located with the monitoring stations
described above for physical habitat monitoring (see Figures 2 through 8). Sediment samples
will be collected annually at all 19 monitoring stations for the duration of the RPWS. Each
sample will be analyzed for the following indicators for evaluating sediment quality impacts
from urban development:

e Total organic carbon

e Copper

e Zinc

e Polycyclic aromatic hydrocarbons
e Phthalates

Trends over time at each monitoring station will be evaluated using parametric (Pearson’s r) and
nonparametric (Kendall’s tau or Spearman’s rho) tests of correlation between these indicators
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and time. Statistical significance of the correlation coefficients will be evaluated based on an
a-level of 0.05 for a one-tailed test. The pattern of interest will be evidence that receiving water
conditions are improving based on the detection of statistically significant trends in the data for
one or more of these indicators in the Application watersheds while the same trends are not
detected in the data for the same indicators in the Reference and Control watersheds.

Biological Monitoring

A total of 19 fixed monitoring stations were established to facilitate biological monitoring in
each of the study watersheds. These stations were co-located with the monitoring stations
described above for physical habitat monitoring (see Figures 2 through 8). Benthic
macroinvertebrate samples will be collected annually at each monitoring station for the duration
of the RPWS. Each sample will be processed to calculate the following indicators for use in
evaluating stream health:

e Benthic Index of Biotic Integrity (B-1BI)
e Taxa Richness

e Ephemeroptera Richness
e Plecoptera Richness

e Trichoptera Richness

e Clinger Percent

e Long-Lived Richness

e Intolerant Richness

e Percent Dominant

e Predator Percent

e Tolerant Percent

Trends over time at each monitoring station will be evaluated using parametric (Pearson’s r) and
nonparametric (Kendall's tau or Spearman’s rho) tests of correlation between these indicators
and time. Statistical significance of the correlation coefficients will be evaluated based on an
a-level of 0.1 for a one-tailed test. The pattern of interest will be evidence that receiving water
conditions are improving based on the detection of statistically significant trends in the data for
one or more of these indicators in the Application watersheds while the same trends are not
detected in the data for the same indicators in the Reference and Control watersheds.
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The sampling frequency identified above for biological monitoring was evaluated using the
power tests described above in the Water Quality Monitoring subsection. With samples collected
annually over a 10-year period and a desired a-level of 0.05, results from these tests showed
there was a 63 to 96 percent probability of detecting a 9-unit increase in B-1BI scores (equivalent
to a change from “fair” to “good” in biological condition) depending on the variability that is
assumed for the data and characteristics of the trend over time (i.e., linear or non-linear). Results
from these tests are documented in the QAPP that was prepared for study (Herrera 2015c).

Effectiveness Monitoring

As described above, roving stations will be established for the Effectiveness Monitoring
component of the RPWS to verify specific structural stormwater controls are constructed
properly and performing as designed. The roving stations will be moved from one year to the
next once a facility’s effectiveness has been verified and new facilities come online. The specific
types of monitoring to be performed at each roving station will depend on the type of structural
stormwater control that is being evaluated. For example, it is anticipated that only hydrologic
monitoring would be performed at roving stations for facilities that are only designed for flow
control (e.g., vaults). In these cases, a facility’s performance would be verified based on
comparisons of measured flow from the roving station to the facility’s predicted flow based on
models used in its design. For facilities that are designed for runoff treatment, monitoring will
follow guidelines from Ecology’s Technology Assessment Protocol-Ecology (TAPE) (Ecology
2011) and include both hydrologic (e.g., influent and effluent flow) and water quality monitoring.
In these cases, a facility’s performance would be verified based on comparisons of its measured
pollutant removal efficiency relative to targets that are identified in TAPE for specific treatment
categories.

At present, no new structural stormwater controls have come online in an Application watershed
that are suitable for Effectiveness Monitoring. For planning purposes, it is anticipated that two
separate facilities will be completed and made available for monitoring in years 2 and 3 of the
study, respectively. For each facility, detailed information on the procedures that will be used for
data collection, quality assurance and control, management, and analysis will be provided in
separate addendums to the QAPP that was prepared for the study (Herrera 2015c).
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REHABILITATION EFFORT SUMMARY

As noted in the previous section, the pattern of interest for this study will be evidence that
receiving water conditions are improving based on one or more indicators in the Application
watersheds while conditions in the Reference and Control watersheds remain relatively static. To
increase the likelihood of detecting this trend, it is important to characterize conditions in the
Application watersheds over a “baseline” period prior to the implementation of any
rehabilitation efforts. To that end, no rehabilitation efforts occurred over WY2016 as this marked
the first full year of monitoring for the study. It is anticipated that some rehabilitation efforts
within the Application watersheds will initiate in WR2017 and then gradually increase over the
10-year duration of the study. These efforts will be documented in subsequent data summary
reports.
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SAMPLING PROCEDURES

The QAPP that was prepared for the RPWS (Herrera 2015c) provides detailed information on the
sampling procedures that are being used for each of the following monitoring categories:
hydrologic, water quality, physical habitat, sediment quality, and biological. There was one minor
deviation from these procedures during monitoring that was conducted over WY2016; the YSI
Pro Model 2030 that was used to make discrete in situ measurements of water temperature and
conductivity was calibrated using a 1,000 pS standard instead of a 100 uS standard as specified
in the QAPP. This change was made based on manufacturer recommendations for meter
calibration. Given this change, the calibration of the meter was subsequently checked before and
after each sampling event using both the 100 and 1,000 uS standards. Results from these
calibration checks were documented on standardized field forms.
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MONITORING RESULTS SUMMARY

This section summarizes results for the Status and Trends Monitoring component of the RPWS
from monitoring that was conducted over WY2016; as noted previously, no monitoring for the
Effectiveness Monitoring component of the study occurred over this period. The presentation of
these results is organized under separate subsections for the following monitoring categories:
hydrologic, water quality, physical habitat, sediment quality, and biological. As noted in the
Introduction section of this document, trend analyses reports will be prepared in years 4, 6, 8,
and 10 of the RPWS’ implementation to summarize the results of statistical analyses that will be
performed on the compiled data from all previous years of monitoring to detect potential
relationships between rehabilitation efforts and improved receiving water conditions. Therefore,
this data summary report does not provide detailed analyses of the monitoring results from
WY2016.

HYDROLOGIC MONITORING

Hydrologic monitoring for WY2016 initiated on October 1, 2015, at the 14 fixed monitoring
stations that are identified in the Experimental Design section of this document and continued
through September 31, 2016. In addition, continuous precipitation monitoring occurred over the
same period at the Marymoor Park Inflow and Infiltration (I&I) Rain Gage (Marymoor rain
gauge) that is maintained by King County. Line plots showing the continuous flow and
precipitation data collected at each of these stations (grouped by watershed) are provided in
Appendix A. The quality assurance review memorandum for these data is provided in

Appendix B while Appendix C documents the manual flow measurements that were used to
develop discharge rating curves for each station. In general, the quality assurance review
memorandum indicates there were no serious quality assurance problems associated with these
data that would impose severe limitations on their use and interpretation although the record
for one station (MONMN) was rated “poor.” There were also significant gaps in the continuous
flow data for several stations (MONMN, TOSMO, COLM, TYLMI) as shown in Table 3.

To facilitate future analyses of hydrologic trends, the gaps identified in Table 3 were filled using
estimated flow data. These estimates were derived by first importing the continuous flow data
from all stations into the Aquarius Continuous Data Management System software package
(Aquarius software package). Using the Aquarius software package’s built-in capabilities, gaps of
less than 5 hours were filled using linear interpolation. Longer gaps were filled using models that
were developed to estimate missing flow data for one station based on measured flow data
from another station having a similar hydrograph form and response. The Aquarius software
package was used to determine whether a linear or adaptive network-based fuzzy inference
system (ANFIS) model provided the best fit based on a training period where measured data
were available for both stations. The specific type of model that was used for each station and
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the associated source of input data, where applicable, are identified in Table 3. The average
model error across all the stations was 17.4 percent. Modeled values are shown in grey as

opposed to black in the line plots showing the continuous flow and precipitation data collected
at each of these stations in Appendix A.

Table 3. Gaps in Continuous Flow Data.
Gap Start Date/ | Gap Stop Date/ Gap Duration
Station Time? Time? in Hours Flow Estimation Method
MONMN 9/16/2016 9/23/2016 173.75 Linear model using input data from
11:30 17:15 MONM
MONMS 9/8/2016 9/8/2016 0.75 Linear interpolation
12:15 13:00
MONMS 9/27/2016 9/27/2016 450 Linear interpolation
9:15 13:45
TOSMO 3/14/2016 4/25/2016 1,007.50 ANFIS model using input data from
11:45 11:15 COUMO
COLM 12/31/2015 5/20/2016 3,374.50 ANFIS model using input data from
23:00 13:30 SEIMN
cCouMi 8/11/2016 8/11/2016 0.50 Linear interpolation
14:15 14:45
couMi 8/11/2016 8/11/2016 0.25 Linear interpolation
15:15 15:30
TYLMI 9/16/2016 9/30/2016 337.25 Linear model using input data from
14:30 15:45 MONMM

@ All times are reported as Pacific Standard Time.

ANFIS: adaptive network-based fuzzy inference system.

Once a complete data record was available for all the stations using either estimated or
measured flow, the continuous flow data from each station and precipitation data from
Marymoor rain gauge were post-processed using a custom program written in Visual Basic that
delineates the start and stop time of individual storm events based on user selectable storm
criteria (e.g., antecedent dry period, minimum rainfall, interevent dry period, etc.). The program
then computes the following suite of summary statistics for each storm event:

e Precipitation start and stop time

e Precipitation duration

e Precipitation depth

e Precipitation average intensity

e Precipitation maximum intensity

e Precipitation antecedent dry period
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e Flow start and stop time

e Flow duration

e Average flow rate

e Maximum flow rate

e Flow volume

Appendix D provides these summary statistics for the individual storm events that were
delineated based on the continuous flow data from each station. Summary statics computed

across all the events for each station are provided in Table 4.

Table 4. Summary Statistics for Storm Events by Monitoring Station.
Median Average Median Flow Maximum Flow
Flow Rate Maximum Flow Rate Volume Volume
Station (cfs) (cfs) (cf) (cf)
EVALSS 178 23.40 197,343 2,607,039
EVAMS 0.65 579 66,159 741,681
MONM 150 19.34 125,982 2,690,181
MONMN 041 7.26 33,165 961,641
MONMS 0.23 173 18,954 304,866
TOSMO 0.80 13.13 83,079 1,257,264
TOSMI 0.60 1541 58,734 1,060,263
COLM 0.43 16.54 99,593 3,276,656
SEIMN 0.47 6.40 41,715 900,361
SEIMS 0.55 6.49 55,422 887,112
COUMO 0.59 12.06 54,180 1,099,838
Ccouml 0.16 2.60 13,644 344,124
TYLMO 0.58 10.00 53,154 1,304,434
TYLMI 0.13 5.65 11,160 558,676

cfs: cubic feet per second

cf: cubic feet

As described in the Experimental Design section of this document, data from the continuous
flow monitoring are processed to calculate a suite of thirteen indicators for evaluating
hydrologic impacts from urban development. Values for the following five indicators were
derived using a custom script that was developed using the R statistical programming language:

e High pulse count

e High pulse duration

e High pulse range
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e Flow reversal
e Richards-Baker flashiness index
e TQ Mean

Values for the following three indicators were derived using a hydrograph separation algorithm
that has been successfully used in several other local studies (Herrera 2004, 2011) for this
purpose:

e Storm flow volume
e Base flow volume
e Total flow volume

The computed values for these nine of these indicators are shown in Table 5. Values for the
three remaining indicators (low pulse count, low pulse duration, low pulse range) could not be
computed at this time because they rely on data collected over a calendar year as opposed to a
water year.
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Table 5. Computed Indicator Values for Evaluating Hydrologic Impacts.
Richards-

High Pulse High Pulse High Pulse Flow Baker TQ Mean Storm Flow Base Flow Total Flow

Count Duration Range Reversal Flashiness (fraction of Volume Volume Volume

Station (count) (days) (days) (count) Index year) (cf) (cf) (cf)

EVALSS 19 2.7 90 123 0.18 0.26 11,510,577 45,643,149 57,153,726
EVAMS 18 26 94 143 0.18 0.31 3,602,447 15,419,242 19,021,689
MONM 62 4.1 148 142 0.33 0.32 15,804,168 19,381,569 35,185,737
MONMN 67 52 148 140 0.39 0.28 7,496,811 3,783,333 11,280,144
MONMS 66 41 148 156 0.32 0.34 2,101,186 2,779,688 4,880,874
TOSMO 27 18 222 131 0.38 0.28 6,603,402 13,028,763 19,632,166
TOSMI 43 17 225 167 057 0.28 6,828,026 5,933,212 12,761,238
COLM 54 7.7 96 151 0.43 0.23 13,376,639 9,169,813 22,546,452
SEIMN 64 9.1 117 136 0.22 0.35 4,405,464 8,817,075 13,222,539
SEIMS 24 2.7 104 141 021 0.34 3,755,124 11,649,084 15,404,208
CcoumMo 34 19 169 160 0.39 0.29 5,537,209 8,827,406 14,364,615
CouMI 33 19 149 140 032 0.32 1,410,494 2,681,155 4,091,649
TYLMO 50 24 329 165 0.56 0.27 9,016,066 4,558,238 13,574,304
TYLMI 40 2.7 152 153 0.50 0.23 2,557,027 1,768,734 4,325,761

cf: cubic feet.
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WATER QUALITY MONITORING

Although WY2016 spanned from October 1, 2015, through September 30, 2016, the collection of
discrete samples during storm events and base flow for the RPWS did not initiate until March
2016. Pursuant to the QAPP that was prepared for the study (Herrera 2015c), 12 grab samples
are to be collected during storm events (three each quarter) at the 14 fixed monitoring stations
that are identified in the Experimental Design section of this document for water quality
monitoring. In addition, four grab samples are to be collected during base flow (one each
quarter) at these same stations. The following criteria serve as guidelines for defining the
acceptability of specific storm events for sampling:

e Target precipitation depth: A minimum of 0.25 inches of precipitation over a 24-hour
period

e Antecedent conditions: A period of at least 24 hours preceding the event with less than
0.04 inches of precipitation

Base flow samples should be collected following a period of at least 48 hours without rain.

The dates when samples were collected during storm events are identified in Table 6 with a
comparison to the criteria identified above for target storm depth and antecedent conditions.
This comparison shows the criterion for target storm depth was met for four of the six storm
events sampled during WY2016. For the two storms where this criterion was not met, the
measured precipitation depths were 0.22 and 0.18 inches. The criterion for antecedent dry
period was met for all the storm events sampled during WY2016. To provide additional
information for assessing the acceptability of sampled storm events, line plots showing the
actual time samples were collected at each station relative to the storm event hydrograph are
provided in Appendix E; storm event hydrographs in these plots are shaded grey to distinguish
them from periods of base flow. These plots generally show most samples were collected on the
rising limb or peak of the hydrograph with the following exceptions:

e During the storm event on September 6, 2016, samples were collected at the following
stations after rainfall was observed but before there was an appreciable rise in the
hydrograph: EVALSS, EVAMS, TOSMO, TOSMI, SEIMN, COUMO, COUMI, TYLMO, and
TYMI.

e During the storm event on May 21, samples were collected at the MONM, MONNMN,
and MONMS stations after rainfall was observed before there was an appreciable rise in
the hydrograph.
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Table 6. Sampling Dates and Comparison to Storm Sampling Guidelines
for Water Quality Monitoring.

Precipitation Precipitation Antecedent Dry
Water Year Duration Depth? Period®
Quarter Sample Date (hour) (inch) (hour)
3 4/24/2016 20 0.55 236
3 5/21/2016 15 0.22 33
3 6/18/2016 21 0.48 163
4 9/3/2016 43 091 26
4 9/6/2016 7 0.18 61
4 9/17/2016 15 0.22 239

& (riteria for precipitation total is >0.25 inches in 24 hours.

b Criteria for antecedent dry period is >24 hours with <0.04 inches of rain.
Bold values indicate events which did not meet the storm criteria.

The dates when samples were collected during base flow are identified in Table 7 with a
comparison to the criteria identified above for antecedent conditions. This comparison shows
the criterion for antecedent conditions was met during all sampling events.

Table 7. Sampling Dates and Comparison to Base Flow Sampling Guidelines
for Water Quality Monitoring.

Water Year Quarter Sample Date? Antecedent Dry Period®®
3/18/16, 10:15 88.3
2 3/31/16, 9:35 729
3 6/1/16, 8:20 67.3
4 7/21/16, 8:15 68.1

& As a conservative estimate, the antecedent dry period was assessed based on the time the first station was sampled on each
sample date as opposed to the time subsequent stations were sampled.

b Criteria for antecedent dry period is 248 hours with no rain.

Field data collection forms, laboratory reports, and data quality audit forms from the storm
event and base flow sampling during WY2016 are provided in Appendix F. The memorandum
documenting results from the quality assurance review that was performed on these data is
provided in Appendix G. Based on this review, thirteen values were qualified as estimates as
documented in Table 8 and no values were rejected.
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Table 8. Qualified Results from Discrete Water Quality Sampling.

Water Year Quarter Station Parameter Reason for Qualification Data Flag
3/18/2016 TOSMI Total nitrogen Holding time exceedance J
3/18/2016 COUMO Total nitrogen Holding time exceedance J
3/18/2016 COUMI Total nitrogen Holding time exceedance J
3/31/2016 MOMN Turbidity Field duplicate exceedance J
3/31/2016 MOMN Total nitrogen Field duplicate exceedance J
5/21/2016 SEIMN Fecal coliform Field duplicate exceedance J
6/1/2016 COLM Turbidity Field duplicate exceedance J
6/18/2016 MONMN Total nitrogen Field duplicate exceedance J
7/21/2016 EVALSS Fecal coliform Field duplicate exceedance J
9/6/2016 TOSMI Total suspended Field duplicate exceedance J

solids
9/6/2016 TOSMI Turbidity Field duplicate exceedance
9/6/2016 TOSMI Fecal coliform Field duplicate exceedance J
9/17/2016 SEIMS Turbidity Field duplicate exceedance J

J: Value qualified as an estimate based on analytical results.

Appendix H presents tables with the following summary statistics for pollutant concentrations
measured in storm event and base flow samples over WY2016:

e N (sample size)
e Minimum

e 25th Percentile
e Median

e 75th Percentile
e Maximum

e Quartile range

e Percent detected

Percent exceeding the Washington State water quality standard, where applicable

In addition, Appendix | presents box and whisker plots that were developed from these same
data that show the minimum and maximum values (lower and upper whiskers, respectively),
25th and 75th percentile values (lower and upper box edges, respectively), and median value
(line in box). Following guidance from Helsel and Hirsch (2002), regression on order statistics
(ROS) was used to estimate the summary statistics identified above when nondetect values were
present in the data.
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In addition to the collection of grab samples during storm events and base flow, continuous
monitoring of temperature was performed at all 14 of the fixed monitoring stations that are
identified in the Experimental Design section of this document for water quality monitoring.
Continuous monitoring of conductivity was also performed at the following subset of stations:
EVALSS, EVAMS, MONM, MONMS, TOSMO, SEIMN, and COUMO. Line plots showing the
continuous temperature and conductivity data collected at each of these stations are provided
in Appendices J and K, respectively. The line plots for the continuous temperature data also
show the 7-day average of the daily maximum temperatures (7-DADMAX) relative to the
applicable aquatic life temperature criterion for Washington State (Washington Administrative
Code [WAC] 173-201A-200).

Based on reviews of the continuous temperature and conductivity data presented in
Appendices J and K, the following quality assurance issues were identified in connection with
these data:

e No continuous temperature data are available for the TOSMO station over the period
from November 20, 2015, through January 19, 2016.

e Continuous conductivity data for the SEIMN station appear erratic and anomalous over
large portions of the record for WY2016.

PHYSICAL HABITAT MONITORING

Physical habitat monitoring for WY2016 was completed at the 19 fixed monitoring stations that
are identified in the Experimental Design section of this document on the following dates:

e EVALSS 8/3/2016
e EVAMS 7/28/2016
e MONT-1 8/5/2016
e MONT-2 8/10/2016
e MONT-3 8/25/2016
e MONT-4 8/22/2016

e MONT-5 9/9/2016

e TOSH-1 8/25/2016
e TOSH-2 9/26/2016
e TOSH-3 9/19/2016
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TOSH-4

COLIN-1

SIDL-1

SIDL-2

SIDL-3

CTRY-1

CTRY-2

TYLR-1

TYLR-2

9/1/2016

7/21/2016

7/25/2016

7/25/2016

7/27/2016

8/24/2016

8/29/2016

8/22/2016

8/26/2016

Compiled field data from this monitoring are presented in Appendix L and the computed
indicators for evaluating physical habitat quality are presented in Appendix M. Finally,
Appendix N provides tables with summary statistics for the indicators that are organized in the

following categories:

Bed stability (Table N-1)

Channel dimensions (Table N-2)

Fish cover (Table N-3)

Habitat dimensions (Table N-4)
Habitat unit extents (Table N-5)
Large woody debris (Table N-6)
Riparian cover (Table N-7)

Riparian Disturbance (Table N-8)

Riparian vegetation structure (Table N-9)

Sinuosity (Table N-10)

Substrate (Table N-11)
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SEDIMENT QUALITY MONITORING

Sediment quality monitoring for WY2016 was completed at the 19 fixed monitoring stations that
are identified in the Experimental Design section of this document on the following dates:

e EVALSS 9/16/2016
e EVAMS 9/16/2016
e MONT-1 8/19/2016
e MONT-2 9/1/2016
e MONT-3 9/1/2016
e MONT-4 9/12/2016

e MONT-5 9/12/2016

e TOSH-1 9/22/2016
e TOSH-2 9/22/2016
e TOSH-3 9/22/2016
e TOSH-4 9/12/2016

e COLIN-1 8/17/2016

e SIDL-1 10/11/2016
e SIDL-2 10/11/2016
e SIDL-3 8/19/2016
e CTRY-1 9/9/2016

e CTRY-2 9/9/2016

e TYLR-1 8/30/2016
e TYLR-2 8/30/2016

Field data laboratory reports and data quality audit forms from sediment quality sampling in
WY2016 are provided in Appendix O. The memorandum documenting results from the quality
assurance review that was performed on these data is provided in Appendix P. Based on this
review, three values for bis(2-ethylhexyl) phthalate from samples collected at the CTRY-1,
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CTRY-2, and TOSH-2 stations, respectively, were qualified as estimates due to method blank
contamination. No values were rejected based on this review.

Total organic carbon, zinc, and copper concentrations measured in sediment samples are
presented in Table 9. Concentrations of polycyclic aromatic hydrocarbons (PAHS) and phthalates

are presented in Tables 10 and 11, respectively.

Table 9. Concentrations of Total Organic Carbon, Copper, and Zinc
Measured in Sediment Samples.?
Total Organic Carbon Copper Zinc
Station (%) (mg/Kg) (mg/Kg)

EVALSS 2.1 30 99
EVAMS 4.4 21 85
MONT-1 10 30 420
MONT-2 3.6 38 790
MONT-3 2.1 51 730
MONT-4 12 51 270
MONT-5 35 34 200
TOSH-1 2.7 30 240
TOSH-2 2.1 29 250
TOSH-3 1.3 40 420
TOSH-4 0.82 29 410
COLIN-1 5.9 17 70
SIDL-1 1.2 27 86
SIDL-2 1.2 23 51
SIDL-3 43 20 81
CTRY-1 2.9 23 210
CTRY-2 37 16 130
TYLR-1 30 36 300
TYLR-2 5.9 120 720

& samples were processed (sieved) in the field to make two unique samples. The first sample was sieved to less than 2.0 mm and
analyzed for multiple organic compounds (PAHs and phthalates) and total-organic carbon. The second sample was sieved to less
than 63 um and analyzed for metals (copper and zinc).

mg/Kg: milligram/kilogram.
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Table 10. Concentrations of Polycyclic Aromatic Hydrocarbons Measured in Sediment Samples.2
Indeno-

1-Methyl- 2-Methyl- Ace- Ace- Benz[a]- Benzo(a)- Benzo(b)- | Benzo(ghi)- | Benzo(j,k)- Dibenzo(a,h)- Fluoran- (1,2,3-cd)- Naph- Phenan-

naphthalene | naphthalene | naphthene | naphthylene | Anthracene | anthracene pyrene fluoranthene | perylene fluoranthene Chrysene anthracene thene Fluorene pyrene thalene threne Pyrene Total PAHs
Station (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) | (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)
EVALSS 0.0056 U | 00056 U | 0.0056 U | 0.0056 U [0.0056 U |0.0310 0.0280 0.0380 0.0120 0.0120 0.032 0.0056 U | 0.0260 0.0056 U | 0.0099 0.0056 U | 0.0056 U | 0.0400 0.2289
EVAMS 00430 U | 00430 U | 00430 U | 00430 U |0.0430 U |0.0430 U |{0.0430 U |0.0430 U |[00430 U | 00430 U | 0.043 U | 0.043 U | 0.0520 00430 U | 0.0430 U | 0.0430 U | 0.0430 U | 0.0430 0.0950
MONT-1 | 0.0140 U | 00140 U | 0.0140 U | 0.0140 U |0.0140 U |0.0140 U |0.0260 0.0150 0.0140 U | 00140 U | 0014 U | 0.014 U 00140 U | 00140 U | 00140 U | 0.0140 U |0.0140 U | 0.0140 0.0550
MONT-2 | 0.0068 U | 00068 U | 0.0068 U | 0.0068 U [(0.0068 U |[0.0068 U [0.0068 U |0.0068 U | 00068 U | 00068 U | 00068 U | 0.0068 U | 0.0068 U | 00068 U |0.0068 U | 00068 U | 0.0068 U |0.0068 U | 00068 U
MONT-3 | 0.0064 U | 00064 U | 0.0064 U | 0.0064 U |0.0064 U |0.0064 U |0.0120 0.0120 0.0110 0.0064 U | 0.0064 U | 0.0064 U | 0.0092 0.0064 U |0.0064 U | 0.0064 U | 0.0064 U | 0.0098 0.0540
MONT-4 | 0.0200 U | 00200 U | 0.0200 U | 0.0200 U |0.0200 U |0.0200 U |[0.0200 U | 0.0200 U |0.0200 U | 0.0200 U | 0.02 U | 002 U 00200 U | 00200 U |00200 U | 0.0200 U |0.0200 U |0.0200 U | 0.0200 U
MONT-5 | 0.0068 U | 0.0068 U | 0.0068 U | 0.0068 U [0.0068 U |[0.0068 U |0.0068 U |0.0068 U |0.0068 U | 00068 U | 00068 U | 0.0068 U | 0.0068 U | 00068 U |0.0068 U | 00068 U | 0.0068 U |0.0068 U | 00068 U
TOSH-1 0.0070 U | 00070 U | 0.0070 U | 0.0070 U |0.0078 0.0310 0.0340 0.0480 0.0260 0.0150 0.035 0.007 U | 0.0750 0.0070 U | 0.0210 0.0070 U | 0.0390 0.0640 0.3958
TOSH-2 0.0058 U | 00058 U | 0.0058 U | 00058 U |0.0110 0.0310 0.0360 0.0440 0.0240 0.0160 0.038 0.006 0.0810 0.0058 U | 0.0220 0.0058 U | 0.0440 0.0640 0.4170
TOSH-3 0.0058 U | 00058 U | 0.0058 U | 0.0058 U |0.0110 0.0350 0.0360 0.0550 0.0270 0.0150 0.041 0.0065 0.0990 0.0058 U | 0.0240 0.0058 U | 0.0510 0.0730 0.4735
TOSH-4 00052 U | 00052 U | 0.0052 U | 00052 U |0.0052 U |[0.0052 U |{0.0052 U |0.0052 U |[0.0052 U | 00052 U | 00052 U | 00052 U |00052 U |00052 U |0.0052 U | 0.0052 U |0.0052 U |00052 U |0.0052 U
COLIN-1 00120 U | 00120 U | 00120 U | 00120 U |0.0120 U |0.0120 U |0.0120 U |0.0120 U |0.0120 U | 00120 U | 0.012 U | 0.012 U | 00120 U |00120 U |0.0120 U | 00120 U |0.0120 U | 00120 U | 0.0120 U
SIDL-1 0.0073 U | 00073 U | 00073 U | 0.0083 U |0.0110 0.0290 0.0340 0.0350 0.0160 0.0100 0.032 0.0073 U | 0.0290 0.0073 U | 0.0120 0.0073 U | 0.0230 0.0460 0.2770
SIDL-2 0.0056 U | 00056 U | 0.0056 U | 0.0056 U |0.0056 U |[0.0056 U |[0.0056 U |0.0056 U |0.0056 U | 00056 U | 0.0056 U | 0.0056 U |0.0056 U |0.0056 U |0.0056 U | 0.0056 U |0.0056 U |0.0056 U |0.0056 U
SIDL-3 0.0066 U | 00066 U | 0.0066 U | 0.0066 U |0.0066 U |0.0066 U |0.0068 0.0066 U | 00066 U | 0.0066 U | 0.0066 U | 0.0066 U | 0.0066 U |0.0066 U |0.0066 U | 0.0066 U | 0.0066 U | 0.0076 0.0144
CTRY-1 0.0058 U | 00058 U | 0.0058 U | 0.0058 U |0.0210 0.0810 0.0890 0.1300 0.0640 0.0450 0.11 0.017 0.2200 0.0064 0.0570 0.0058 U | 0.1100 0.1900 1.1404
CTRY-2 0.0075 U | 00075 U | 0.0075 U | 00075 U |0.0075 U |0.0075 U |0.0075 U |0.0075 U |0.0075 U | 00075 U | 00075 U | 00075 U | 00075 U |00075 U |0.0075 U | 00075 U |00075 U |0.0075 U |0.0075 U
TYLR-1 0.0061 U | 00061 U | 0.0061 U | 00061 U |0.0061 U |0.0061 U |[0.0061 U |0.0061 U |0.0061 U | 00061 U | 00061 U | 00061 U |00061 U |00061 U |00061 U | 00061 U |00061 U |0.0061 U |0.0061 U
TYLR-2 0.0078 U | 00078 U | 0.0078 U | 0.0078 U |0.0078 U |0.0093 0.0180 0.0170 0.0130 0.0078 U | 00078 U | 0.0078 U | 0.0130 0.0078 U | 0.0078 U | 0.0078 U | 0.0078 U | 0.0130 0.0911

& samples were processed (sieved) in the field to make two unique samples. The first sample was sieved to less than 2.0 mm and analyzed for multiple organic compounds (PAHs and phthalates) and total-organic carbon. The second sample was sieved to less than 63 um and analyzed for metals (copper

and zinc).

mg/Kg: milligram/kilogram

U: Undetected at the detection limit noted.

J: Estimated value based on the data quality assurance review (Appendix P).
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Table 11. Concentrations of Phthalates Measured in Sediment Samples.?
bis(2-Ethylhexyl)phthalate | Butylbenzylphthalate | Diethylphthalate | Dimethylphthalate | Di-n-butylphthalate | Di-n-octylphthalate
Station (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/KQ) (mg/Kg)
EVALSS 0.028 U 0028 U 014 U 0.028 U 014 U 0028 U
EVAMS 0210 U 0210 U 110 U 0210 U 110 U 0210 U
MONT-1 0.210 0070 U 035 U 0.070 U 035 U 0070 U
MONT-2 0.067 0034 U 017 U 0034 U 017 U 0034 U
MONT-3 0.097 0032 U 016 U 0032 U 016 U 0032 U
MONT-4 0099 U 0099 U 050 U 0.099 U 050 U 0099 U
MONT-5 0.044 0.036 017 U 0034 U 017 U 0034 U
TOSH-1 0.140 0035 U 018 U 0035 U 018 U 0035 U
TOSH-2 0049 J 0029 U 015 U 0029 U 015 U 0029 U
TOSH-3 0.180 0029 U 014 U 0029 U 014 U 0029 U
TOSH-4 0.031 0026 U 013 U 0.026 U 013 U 0026 U
COLIN-1 0.210 0059 U 030 U 0.059 U 030 U 0059 U
SIDL-1 0.120 0036 U 018 U 0.036 U 018 U 0036 U
SIDL-2 0.066 0028 U 014 U 0.028 U 014 U 0028 U
SIDL-3 0.043 0033 U 017 U 0033 U 017 U 0033 U
CTRY-1 0290 J 0029 U 015 U 0029 U 015 U 0029 U
CTRY-2 0052 J 0037 U 019 U 0.037 U 019 U 0037 U
TYLR-1 0.120 0031 U 015 U 0031 U 015 U 0031 U
TYLR-2 0.160 0039 U 020 U 0039 U 020 U 0039 U

& samples were processed (sieved) in the field to make two unique samples. The first sample was sieved to less than 2.0 mm and analyzed for multiple organic compounds (PAHs and
phthalates) and total-organic carbon. The second sample was sieved to less than 63 um and analyzed for metals (copper and zinc).

mg/Kg: milligram/kilogram.

U: Undetected at the detection limit noted.

J: Estimated value based on the data quality assurance review (Appendix P).
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BIOLOGICAL MONITORING

Biological monitoring for WY2016 was completed at the 19 fixed monitoring stations that are
identified in the Experimental Design section of this document on the following dates:

e EVALSS 9/16/2016
e EVAMS 9/16/2016
e MONT-1 8/17/2016
e MONT-2 9/2/2016
e MONT-3 9/2/2016
e MONT-4 9/12/2016

e MONT-5 9/12/2016

e TOSH-1 9/21/2016
e TOSH-2 9/21/2016
e TOSH-3 9/21/2016
e TOSH-4 9/12/2016

e COLIN-1 8/19/2016

e SIDL-1 8/17/2016
e SIDL-2 8/17/2016
e SIDL-3 8/19/2016
e CTRY-1 9/9/2016

e CTRY-2 9/9/2016

e TYLR-1 8/30/2016
e TYLR-2 8/30/2016

The laboratory report for biological monitoring in WY2016 is provided in Appendix Q. Quality
assurance review documentation for these data is provided in Appendix R. Results from this
review indicated there were no significant quality assurance issues that would limit the use of
the data. The indicators computed from these data for use in evaluating stream health are
summarized in Table 12.
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Table 12. Computed Biological Indicators for Evaluating Stream Health.
Percent
Overall Benthic Index of Total Taxa Ephemeroptera Plecoptera Trichoptera Clinger Taxa Long-Lived Taxa Intolerant Taxa Dominant Percent Predator | Percent Tolerant

Station Condition Biotic Integrity Richness Richness Richness Richness Richness Richness Richness (top 3) Individuals Individuals
EVALSS Fair 56.2 27 2 5 7 16 10 2 60.9 6.9 6.4
EVAMS Good 76.0 36 5 6 9 18 11 3 58.1 14.4 5.8
MONT-1 Fair 54.3 31 4 5 7 16 7 1 67.8 5.8 2.7
MONT-2 Good 65.8 35 4 6 7 16 8 1 51.0 11.7 46
MONT-3 Very Poor 79 15 1 1 1 3 2 0 74.9 16 18.4
MONT-4 Very Poor 19.7 21 1 3 0 4 3 0 66.1 27 7.8
MONT-5 Poor 39.2 32 3 4 9 12 6 0 454 3.0 229
TOSH-1 Fair 414 25 3 3 4 11 7 0 47.3 4.1 12.0
TOSH-2 Poor 35.0 23 3 3 6 9 5 0 56.5 9.3 311
TOSH-3 Poor 39.5 27 2 4 4 9 6 0 42.2 12.3 35.1
TOSH-4 Poor 22.2 25 2 2 4 7 4 0 65.4 6.8 415
COLIN-1 Poor 27.9 22 3 4 3 4 3 1 76.6 3.6 0.0
SIDL-1 Fair 56.0 30 6 4 5 16 9 3 58.7 13.0 37.3
SIDL-2 Good 77.1 34 5 6 8 17 10 3 495 204 11.4
SIDL-3 Fair 57.6 31 3 6 8 13 11 2 58.1 9.5 27.8
CTRY-1 Very Poor 9.0 12 1 2 0 3 2 0 743 0.0 19.0
CTRY-2 Fair 46.4 31 4 3 5 9 5 1 52.4 12.6 17.2

TYL-1 Poor 25.9 22 3 2 4 8 3 0 67.8 14 8.3

TYL-2 Very Poor 7.0 12 1 1 0 2 1 0 66.9 0.0 30.2
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APPENDIX A

Line Plots Showing Continuous Flow Data by
Watershed
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Figure A-1. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the EVALSS Station.
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Figure A-2. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the EVAMS Station.

@)HERRERA

August 2017

A-2 Redmond Paired Watershed Study: Water Year 2016 Data Summary Report



MONM

1
0
35,172,264

15
|
0.1

Flow (cfs)
10
]
_\.\_
T
0.2
Precipitation Depth (inch)
Cumulative Flow (cubic feet)

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2015 2015 2015 2016 2016 2016 2016 20186 2016 2016 2016 20186

Figure A-3. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the MONM Station.
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Figure A-4. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the MONMN Station.

@)HERRERA

August 2017

A-4 Redmond Paired Watershed Study: Water Year 2016 Data Summary Report



MONMS

Tpl

|"‘-'

TR - o~

'I I F I'II I]II r~

w0

<

< - _5
]
S
™ — _ £ o
o =3
= "o
— "-'Q
2 <
L Dg
c 2
g \ e
= s 2
m ST
o - — 0:

o
=
[ o B |
Q

ot L X

o

[}
' |
I\'i‘l‘ Tp]
(= —D-D

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2015 2015 2015 2016 2016 2016 2016 20186 2016 2016 2016 20186

Figure A-5. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the MONMS Station.
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Figure A-6. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the TOSMO Station.
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Figure A-7. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the TOSMI Station.
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Figure A-8. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the COLM Station.
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Figure A-9. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the SEIMN Station.
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Figure A-10. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the SEIMS Station.
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Figure A-11. Continuous Flow, Cumulative Flow, and Precipitation Depth Measured at the COUMO Station.
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APPENDIX B

Data Quality Assurance Review Memorandum for
Hydrologic Monitoring
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Look for mistakes.

e Iswater year complete? Complete 15 minute years have 35,040 records, leap years 35,136
(5 minute have 105,120). Missing data will reduce that number. The logs for the year are
displayed on the workup screen. Also, missing data will be held with asterisks in the 15
minute report. Dump the report into excel and sort by value.

e Compare the graph of the daily mean and max flow to that of an equivalent gage. You're
looking at the timing and relative magnitude of peaks and low flow periods.

e Examine daily mean and min flows chart. You're looking for periods where the flow drops
unrealistically, usually due to sensor problems, a negative value, or a mistaken filled value.

e Check the data table at date and time of discharge measurements. The record should
match the flow or there should be a good reason why in the notes.

e Check the plotting of each flow measurement on the rating curve. Sometimes the offset is
incorrectly added or just it’s just put in the wrong place. It can look right and be wrong, so
check.

e Give flow measurements a once over to make sure they are sensible, V*A = Q, the
calculated width seems right given the start and end of the cross section. Pay special
attention to high flow measurements or any flow that shifts off the normal rating.

e Does the flow record connect well? No unjustified jumps in the discharge between
sessions, stage corrections or other events.

e Are estimate periods flagged correctly

Technical quality

e Canyou understand what rating curves were used, and what they are based on? What
defines the high end?

e If the high end depends on a curve extension, are there indirect discharge calculations
made to justify the peak flow estimate? Do you agree? This is a highly subjective area that
bears careful examination. We expect, of course, that consultation was done during the
initial workup, so there will be no big surprises.

e Are base flows accurate? It may be more accurate to estimate low flow periods or fill the
stage record than use stage record with known error.

e Check how daily flow estimates to fill gaps were made.

e Compare mean daily discharge with an appropriate nearby station for timing and magnitude
of peaks, baseflow etc.

Final approval

If everything is in order, or after corrections have been made, complete QC checklist sheet in
the Water Year spreadsheet. Printout checklist for the paper file. Include name and date.






APPENDIX C

Manual Flow Measurements Used to Develop
Discharge Rating Curves






















































APPENDIX D

Summary Statistics for Individual Storm Events
by Monitoring Station






































































































Table D-9. Summary Statistics for Individual Storm Events at the SEIMN Station.

Precipitation Precipitation Precipitation

Precipitation Precipitation Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced.ent Dry Flow Start Time Flow Stop Time Flow Duration Averagg Flow Rate Rate Flow Volaume
(houn) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet”/second) (feet’/second) (feet)
(inch/hour) (inch/hour) (hour)
10/2/2015 21:20 10/2/2015 22:15 0.917 0.070 0.076 0.120 0.000 10/2/2015 21:15 10/3/2015 10:15 13.25 0.08 0.11 3726.00
10/7/2015 4:40 10/8/2015 9:50 29.167 0.500 0.017 0.480 103.100 10/7/2015 4:30 10/8/2015 21:45 41.50 0.08 0.14 11682.02
10/10/2015 3:00 10/10/2015 15:25 12.417 0.800 0.064 0.480 51.200 10/10/2015 2:45 10/11/2015 3:15 24.75 0.10 0.25 8514.00
10/12/2015 18:40 10/13/2015 5:15 10.583 0.560 0.053 0.240 51.900 10/12/2015 18:30 10/13/2015 17:00 22.75 0.10 0.14 8208.00
10/17/2015 20:10 10/17/2015 20:50 0.667 0.040 0.060 0.120 112.400 10/17/2015 20:00 10/18/2015 8:45 13.00 0.14 0.18 6489.00
10/18/2015 8:45 10/19/2015 0:20 15.583 0.260 0.017 0.120 12.600 10/18/2015 8:45 10/19/2015 12:15 27.75 0.11 0.13 10989.01
10/25/2015 14:45 10/26/2015 18:35 27.833 0.470 0.017 0.240 160.700 10/25/2015 14:45 10/27/2015 6:30 40.00 0.13 0.23 18891.01
10/28/2015 8:25 10/28/2015 21:45 13.333 0.100 0.008 0.120 44.100 10/28/2015 8:15 10/29/2015 9:30 25.50 0.11 0.18 10485.01
10/29/2015 13:35 11/1/2015 15:20 73.750 1.970 0.027 0.480 23.300 10/29/2015 13:30 11/2/2015 3:00 86.75 0.46 0.99 142137.10
11/2/2015 3:15 11/2/2015 10:55 7.667 0.310 0.040 1.200 12.600 11/2/2015 3:00 11/2/2015 22:45 20.00 0.34 0.41 24696.00
11/3/20155:15 11/3/2015 8:40 3.417 0.070 0.021 0.240 18.500 11/3/2015 5:00 11/3/2015 20:30 15.75 0.24 0.29 13877.99
11/7/2015 8:20 11/10/2015 0:45 64.417 1.310 0.020 0.360 96.700 11/7/2015 8:15 11/10/2015 12:45 76.75 0.48 0.70 133533.10
11/10/2015 23:45 11/11/2015 4:30 4.750 0.480 0.101 0.720 34.800 11/10/2015 23:45 11/11/2015 16:30 17.00 0.54 0.70 33191.99
11/12/2015 17:30 11/15/20157:15 61.750 3.650 0.059 0.360 37.300 11/12/2015 17:15 11/15/2015 19:15 74.25 1.58 3.49 421244.80
11/16/2015 10:25 11/17/2015 22:15 35.833 0.640 0.018 0.600 27.800 11/16/2015 10:15 11/18/2015 10:15 48.25 0.78 1.06 134783.90
11/18/2015 16:55 11/19/2015 3:45 10.833 0.220 0.020 0.240 23.500 11/18/2015 16:45 11/19/2015 15:30 23.00 0.50 0.60 41715.01
11/23/2015 15:55 11/24/2015 9:35 17.667 0.400 0.023 0.120 110.500 11/23/2015 15:45 11/24/2015 21:30 30.00 0.38 0.50 40689.01
12/1/2015 18:55 12/2/2015 2:40 7.750 0.430 0.056 0.240 179.700 12/1/2015 18:45 12/2/2015 14:30 20.00 0.25 0.37 18342.00
12/2/2015 23:50 12/4/2015 6:10 30.333 0.710 0.023 0.360 24.400 12/2/2015 23:45 12/4/2015 18:00 42.50 0.49 0.60 74466.02
12/5/2015 9:50 12/9/2015 6:50 93.000 4.250 0.046 0.600 28.700 12/5/2015 9:45 12/9/2015 18:45 105.25 2.38 6.40 900360.90
12/10/2015 3:45 12/10/2015 23:25 19.667 0.440 0.022 0.240 21.100 12/10/2015 3:30 12/11/2015 11:15 32.00 1.78 2.22 204615.20
12/12/2015 8:55 12/13/2015 3:20 18.417 0.430 0.023 0.240 44.100 12/12/2015 8:45 12/13/2015 15:15 30.75 1.12 1.26 123489.00
12/13/2015 15:45 12/14/2015 4:30 12.750 0.220 0.017 0.120 17.500 12/13/2015 15:30 12/14/2015 16:15 25.00 1.16 1.26 104400.10
12/15/2015 19:00 12/16/20157:20 12.333 0.060 0.005 0.120 42.800 12/15/2015 18:45 12/16/2015 19:15 24.75 1.01 1.06 89585.98
12/17/2015 7:55 12/19/2015 3:20 43.417 1.300 0.030 0.240 32.200 12/17/2015 7:45 12/19/2015 15:15 55.75 1.52 2.31 305172.10
12/20/2015 2:15 12/20/2015 8:10 5.917 0.170 0.029 0.240 30.200 12/20/2015 2:00 12/20/2015 20:00 18.25 112 1.26 73574.98
12/20/2015 23:35 12/22/2015 2:30 26.917 0.780 0.029 0.240 16.000 12/20/2015 23:30 12/22/2015 14:30 39.25 1.55 2.04 218556.00
12/22/2015 18:20 12/24/2015 22:25 52.083 0.610 0.012 0.240 21.600 12/22/2015 18:15 12/25/2015 10:15 64.25 1.40 1.71 323306.40
12/27/2015 10:30 12/28/2015 5:45 19.250 0.550 0.029 0.120 61.200 12/27/2015 10:30 12/28/2015 17:45 31.50 1.13 1.26 128241.10
1/4/2016 1:40 1/4/2016 22:10 20.500 0.110 0.005 0.120 167.000 42373.0625 42374.32292 30.50 0.89 0.93 97686.08
1/5/2016 7:55 1/5/2016 18:05 10.167 0.090 0.009 0.120 21.800 42374.32292 42375.25 22.50 0.86 0.93 69768.03
1/11/2016 10:45 1/13/2016 19:55 57.167 1.150 0.020 0.240 139.500 42380.4375 42383.32292 69.50 0.97 1.40 241865.80
1/15/2016 9:55 1/15/2016 12:25 2.500 0.050 0.020 0.240 39.900 42384.40625 42385.01042 14.75 0.92 0.99 49113.00
1/16/2016 0:30 1/16/2016 20:50 20.333 0.420 0.021 0.240 14.600 42385.02083 42386.29167 30.75 0.96 1.06 106767.00
1/17/2016 7:05 1/18/2016 5:35 22.500 0.330 0.015 0.240 13.900 42386.29167 42387.72917 34.75 1.02 1.12 127295.90
1/19/2016 13:20 1/20/2016 0:40 11.333 0.370 0.033 0.120 35.100 42388.55208 42389.52083 23.50 1.02 1.12 86093.97
1/20/2016 21:10 1/22/2016 13:05 39.917 1.550 0.039 0.240 23.400 42389.875 42392.04167 52.25 1.56 2.04 293787.20
1/23/2016 5:05 1/24/2016 1:05 20.000 0.870 0.044 0.360 21.700 42392.20833 42393.54167 32.25 1.80 231 209538.00
1/26/2016 7:00 1/28/2016 12:20 53.333 1.590 0.030 0.240 63.000 42395.28125 42398.01042 65.75 1.58 3.49 374454.00
1/29/2016 7:30 1/29/2016 11:15 3.750 0.170 0.045 0.120 19.800 42398.30208 42398.95833 16.00 1.73 1.96 99675.01
2/1/2016 1:00 2/1/2016 2:40 1.667 0.130 0.078 0.240 62.200 42401.03125 42401.60417 14.00 0.90 0.99 45206.99
2/3/2016 0:20 2/3/2016 1:35 1.250 0.040 0.032 0.120 46.400 42403.01042 42403.5625 13.50 0.61 0.70 29790.00
2/3/2016 13:40 2/4/2016 1:25 11.750 0.440 0.037 0.240 13.300 42403.5625 42404.55208 24.00 0.69 0.81 60020.98
2/4/2016 15:25 2/4/2016 16:10 0.750 0.030 0.040 0.120 13.200 42404.63542 42405.16667 13.00 0.65 0.76 30609.00
2/5/2016 9:20 2/5/2016 18:35 9.250 0.180 0.020 0.240 31.900 42405.38542 42406.27083 21.50 0.58 0.65 44729.98



Table D-9. Summary Statistics for Individual Storm Events at the SEIMN Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced.ent Dry Flow Start Time Flow Stop Time Flow Duration Averagg Flow Rate Rate Flow Volaume
(houn) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet”/second) (feet’/second) (feet)
(inch/hour) (inch/hour) (hour)

2/10/2016 10:35 2/10/2016 21:55 11.333 0.190 0.017 0.240 112.600 42410.4375 42411.40625 23.50 0.47 0.50 39591.02
2/11/2016 15:10 2/12/2016 11:00 19.833 1.170 0.059 0.480 27.100 42411.625 42412.95833 32.25 1.21 1.87 139994.90
2/13/2016 0:55 2/13/2016 2:00 1.083 0.120 0.111 0.240 14.400 42413.03125 42413.5625 13.00 111 1.33 51813.03
2/13/2016 13:40 2/16/2016 5:35 63.917 0.660 0.010 0.120 12.300 42413.5625 42416.72917 76.25 0.94 1.19 259010.60
2/17/2016 14:55 2/18/2016 6:40 15.750 0.430 0.027 0.240 40.100 42417.61458 42418.53125 22.25 0.95 1.12 76139.98
2/18/2016 13:00 2/19/2016 23:30 34.500 0.470 0.014 0.360 14.800 42418.53125 42420.47917 47.00 0.91 1.06 154241.80
2/21/2016 13:25 2/21/2016 14:00 0.583 0.060 0.103 0.360 42.100 42421.55208 42422.08333 13.00 0.60 0.65 28035.01
2/26/2016 16:55 2/27/2016 9:35 16.667 0.270 0.016 0.120 124.400 42426.69792 42427.89583 29.00 0.50 0.55 51893.98
2/28/2016 5:20 2/29/2016 7:10 25.833 0.360 0.014 0.480 27.400 42428.21875 42429.79167 38.00 0.45 0.55 61992.02
2/29/2016 22:50 3/2/2016 4:30 29.667 0.810 0.027 0.600 19.800 42429.94792 42431.67708 41.75 0.60 1.06 90899.98
3/2/2016 18:10 3/3/2016 6:25 12.250 0.230 0.019 0.240 17.400 42431.75 42432.76042 24.50 0.59 0.65 51659.96
3/4/2016 14:30 3/5/2016 5:05 14.583 0.380 0.026 0.120 38.700 42433.59375 42434.70833 27.00 0.50 0.60 48869.98
3/5/2016 21:00 3/7/2016 11:05 38.083 0.790 0.021 0.240 17.600 42434.875 42436.95833 50.25 0.64 0.93 115163.90
3/9/2016 0:20 3/10/2016 2:15 25.917 0.760 0.029 0.240 38.200 42438.01042 42439.58333 38.00 0.75 1.12 102231.00
3/10/2016 14:35 3/10/2016 17:05 2.500 0.170 0.068 0.360 13.400 42439.60417 42440.20833 14.75 0.83 0.93 44207.99
3/11/2016 13:45 3/12/2016 9:45 20.000 0.340 0.017 0.240 22.600 42440.5625 42441.89583 32.25 0.69 0.76 80054.93
3/12/2016 21:30 3/13/2016 19:55 22.417 0.350 0.016 0.240 14.100 42441.89583 42443.32292 33.50 0.63 0.70 76095.00
3/20/2016 13:30 3/22/2016 9:45 44.250 0.580 0.013 0.480 161.700 42449.5625 42451.89583 56.25 0.45 0.60 91143.00
3/23/2016 10:05 3/24/2016 0:35 14.500 0.190 0.013 0.120 24.900 42452.41667 42453.52083 26.75 0.43 0.50 41760.03
3/26/2016 23:05 3/28/2016 8:45 33.667 0.760 0.023 0.360 71.800 42455.95833 42457.86458 46.00 0.64 0.93 105363.00
4/3/2016 23:20 4/4/2016 3:45 4.417 0.330 0.075 0.360 173.700 42463.96875 42464.64583 16.50 0.44 0.55 25911.01
4/12/2016 14:50 4/13/2016 0:20 9.500 0.420 0.044 0.240 203.300 42472.61458 42473.51042 21.75 0.34 0.41 26451.02
4/14/2016 1:15 4/14/2016 2:50 1.583 0.090 0.057 0.120 28.700 42474.05208 42474.61458 13.75 0.35 0.41 17415.00
4/23/2016 22:00 4/24/2016 18:25 20.417 0.550 0.027 0.480 235.800 42483.90625 42485.26042 32.75 0.33 0.45 39339.01
4/25/2016 6:20 4/25/2016 12:55 6.583 0.250 0.038 0.240 12.500 42485.26042 42486.03125 18.75 0.37 0.41 25227.01
4/29/2016 6:55 4/29/2016 11:05 4.167 0.090 0.022 0.120 90.700 42489.28125 42489.95833 16.50 0.29 0.37 17298.01
5/8/2016 7:05 5/8/2016 8:00 0.917 0.040 0.044 0.120 214.800 42498.29167 42498.83333 13.25 0.18 0.23 8406.00
5/8/2016 21:55 5/9/2016 0:00 2.083 0.100 0.048 0.360 14.800 42498.90625 42499.48958 14.25 0.18 0.23 9234.00
5/14/2016 11:20 5/16/2016 3:50 40.500 0.310 0.008 0.240 132.800 42504.46875 42506.65625 52.75 0.25 0.41 47214.08
5/18/2016 23:55 5/19/2016 6:05 6.167 0.210 0.034 0.240 70.100 42508.98958 42509.75 18.50 0.20 0.23 13293.01
5/19/2016 18:55 5/19/2016 21:45 2.833 0.500 0.177 0.480 16.100 42509.78125 42510.39583 15.00 0.23 0.29 12455.99
5/21/2016 6:00 5/21/2016 21:05 15.083 0.220 0.015 0.120 32.800 5/21/2016 5:45 5/22/2016 9:00 27.50 0.22 0.29 21500.99
5/27/2016 2:25 5/27/2016 7:30 5.083 0.430 0.085 0.240 136.000 5/27/2016 2:15 5/27/2016 19:15 17.25 0.18 0.29 11412.01
5/28/2016 5:20 5/29/2016 13:05 31.750 0.260 0.008 0.240 22.000 5/28/2016 5:15 5/30/2016 1:00 44.00 0.23 0.33 35982.03
6/9/2016 21:05 6/10/2016 1:30 4.417 0.090 0.020 0.360 274.200 6/9/2016 21:00 6/10/2016 13:15 16.50 0.10 0.13 5913.00
6/11/2016 3:25 6/11/2016 4:35 1.167 0.250 0.214 0.840 26.100 6/11/2016 3:15 6/11/2016 16:30 13.50 0.11 0.13 5508.00
6/13/2016 8:50 6/13/2016 10:55 2.083 0.030 0.014 0.120 52.700 6/13/2016 8:45 6/13/2016 22:45 14.25 0.09 0.13 4590.00
6/17/2016 23:15 6/18/2016 20:00 20.750 0.480 0.023 0.480 163.100 6/17/2016 23:00 6/19/2016 8:00 33.25 0.14 0.33 17100.00
6/20/2016 23:25 6/21/2016 2:10 2.750 0.400 0.146 0.360 54.000 6/20/2016 23:15 6/21/2016 14:00 15.00 0.22 0.45 12033.01
6/23/2016 6:25 6/24/2016 15:15 32.833 0.330 0.010 0.240 52.700 6/23/2016 6:15 6/25/2016 3:00 45.00 0.15 0.33 23562.01
7/7/2016 18:45 7/8/2016 5:45 11.000 0.200 0.018 0.120 329.900 7/7/2016 18:30 7/8/2016 17:45 23.50 0.08 0.10 7056.00
7/8/2016 22:55 7/9/2016 9:15 10.333 0.170 0.017 0.120 18.200 7/8/2016 22:45 7/9/2016 21:00 22.50 0.11 0.23 8595.00
7/22/2016 7:30 7/22/2016 10:00 2.500 0.210 0.084 0.240 317.600 7/22/2016 7:30 7/22/2016 21:45 14.50 0.07 0.10 3870.00
8/2/2016 10:30 8/2/2016 11:20 0.833 0.030 0.036 0.120 265.200 8/2/2016 10:15 8/2/2016 23:15 13.25 0.07 0.10 3483.00
8/7/2016 21:30 8/7/2016 23:30 2.000 0.030 0.015 0.120 396.200 8/7/2016 21:30 8/8/2016 11:30 14.25 0.06 0.23 3330.00



Table D-9. Summary Statistics for Individual Storm Events at the SEIMN Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced.ent Dry Flow Start Time Flow Stop Time Flow Duration Averagg Flow Rate Rate Flow Volaume
(houn) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet”/second) (feet’/second) (feet)
(inch/hour) (inch/hour) (hour)

8/31/2016 13:10 8/31/2016 14:05 0.917 0.060 0.066 0.240 567.700 42613.54167 42614.08333 13.25 0.03 0.05 1287.00
9/1/2016 15:05 9/3/2016 10:30 43.417 0.910 0.021 0.720 25.800 9/1/2016 15:00 9/3/2016 22:15 55.50 0.05 0.33 10836.00
9/5/2016 23:20 9/6/2016 6:45 7.417 0.180 0.024 0.120 61.200 9/5/2016 23:15 9/6/2016 18:30 19.50 0.03 0.05 2241.00

9/7/2016 2:10 9/7/2016 17:00 14.833 0.080 0.005 0.120 20.100 9/7/2016 2:00 9/8/2016 5:00 27.25 0.04 0.05 3501.00
9/17/2016 5:05 9/17/2016 20:00 14.917 0.220 0.015 0.240 239.400 9/17/2016 5:00 9/17/2016 22:15 17.50 0.03 0.05 1890.00

9/17/2016 22:30 9/17/2016 23:40 1.167 0.070 0.060 0.120 13.300 9/17/2016 22:15 9/18/2016 11:30 13.50 0.04 0.07 2025.00

9/19/2016 6:10 9/19/2016 7:30 1.333 0.140 0.105 0.480 31.200 9/19/2016 6:00 9/19/2016 19:15 13.50 0.05 0.07 2196.00






Table D-10. Summary Statistics for Individual Storm Events at the SEIMS Station.

Precipitation  Precipitation  Precipitation

Precipitation  Precipitation Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)
10/2/2015 21:20 10/2/2015 22:15 0.917 0.070 0.076 0.120 0.000 10/2/2015 21:15 10/3/2015 10:15 13.25 0.23 0.28 10763.99
10/7/2015 4:40 10/8/2015 9:50 29.167 0.500 0.017 0.480 103.100 10/7/2015 4:30 10/8/2015 21:45 41.50 0.28 0.54 41778.05
10/10/2015 3:00 10/10/2015 15:25 12.417 0.800 0.064 0.480 51.200 10/10/2015 2:45 10/11/2015 3:15 24.75 0.60 1.60 53108.99
10/12/2015 18:40 10/13/2015 5:15 10.583 0.560 0.053 0.240 51.900 10/12/2015 18:30 10/13/2015 17:00 22.75 0.40 0.60 32661.01
10/17/2015 20:10 10/17/2015 20:50 0.667 0.040 0.060 0.120 112.400 10/17/2015 20:00 10/18/2015 8:45 13.00 0.32 0.37 14931.00
10/18/2015 8:45 10/19/2015 0:20 15.583 0.260 0.017 0.120 12.600 10/18/2015 8:45 10/19/2015 12:15 27.75 0.38 0.48 38394.00
10/25/2015 14:45 10/26/2015 18:35 27.833 0.470 0.017 0.240 160.700 10/25/2015 14:45 10/27/2015 6:30 40.00 0.38 0.60 54513.02
10/28/2015 8:25 10/28/2015 21:45 13.333 0.100 0.008 0.120 44.100 10/28/2015 8:15 10/29/2015 9:30 25.50 0.31 0.37 28629.01
10/29/2015 13:35 11/1/2015 15:20 73.750 1.970 0.027 0.480 23.300 10/29/2015 13:30 11/2/2015 3:00 86.75 0.74 3.66 232631.80
11/2/2015 3:15 11/2/2015 10:55 7.667 0.310 0.040 1.200 12.600 11/2/2015 3:00 11/2/2015 22:45 20.00 0.43 0.60 31113.01
11/3/2015 5:15 11/3/2015 8:40 3.417 0.070 0.021 0.240 18.500 11/3/2015 5:00 11/3/2015 20:30 15.75 0.34 0.37 19224.00
11/7/2015 8:20 11/10/2015 0:45 64.417 1.310 0.020 0.360 96.700 11/7/2015 8:15 11/10/2015 12:30 76.50 0.52 0.96 144378.10
11/10/2015 23:45 11/11/2015 4:30 4.750 0.480 0.101 0.720 34.800 11/10/2015 23:45 11/11/2015 16:15 16.75 0.62 1.49 37673.99
11/12/2015 17:30 11/15/2015 7:15 61.750 3.650 0.059 0.360 37.300 11/12/2015 17:15 11/15/2015 19:15 74.25 1.50 3.85 400752.00
11/16/2015 10:25 11/17/2015 22:15 35.833 0.640 0.018 0.600 27.800 11/16/2015 10:15 11/18/2015 10:15 48.25 0.57 0.96 99126.08
11/18/2015 16:55 11/19/2015 3:45 10.833 0.220 0.020 0.240 23.500 11/18/2015 16:45 11/19/2015 15:30 23.00 0.41 0.48 33831.02
11/23/2015 15:55 11/24/2015 9:35 17.667 0.400 0.023 0.120 110.500 11/23/2015 15:45 11/24/2015 21:30 30.00 0.46 0.66 50058.02
12/1/2015 18:55 12/2/2015 2:40 7.750 0.430 0.056 0.240 179.700 12/1/2015 18:45 12/2/2015 14:30 20.00 0.36 0.73 25605.01
12/2/2015 23:50 12/4/2015 6:10 30.333 0.710 0.023 0.360 24.400 12/2/2015 23:45 12/4/2015 18:00 42.50 0.57 0.88 87362.99
12/5/2015 9:50 12/9/2015 6:50 93.000 4.250 0.046 0.600 28.700 12/5/2015 9:45 12/9/2015 18:45 105.25 2.34 6.49 887111.80
12/10/2015 3:45 12/10/2015 23:25 19.667 0.440 0.022 0.240 21.100 12/10/2015 3:30 12/11/2015 11:15 32.00 1.37 1.95 157338.00
12/12/2015 8:55 12/13/2015 3:20 18.417 0.430 0.023 0.240 44.100 12/12/2015 8:45 12/13/2015 15:15 30.75 0.88 1.30 97893.08
12/13/2015 15:45 12/14/2015 4:30 12.750 0.220 0.017 0.120 17.500 12/13/2015 15:30 12/14/2015 16:15 25.00 0.86 1.04 77211.08
12/15/2015 19:00 12/16/2015 7:20 12.333 0.060 0.005 0.120 42.800 12/15/2015 18:45 12/16/2015 19:15 24.75 0.73 0.80 64917.00
12/17/2015 7:55 12/19/2015 3:20 43.417 1.300 0.030 0.240 32.200 12/17/2015 7:45 12/19/2015 15:15 55.75 1.35 2.65 271188.00
12/20/2015 2:15 12/20/2015 8:10 5.917 0.170 0.029 0.240 30.200 12/20/2015 2:00 12/20/2015 20:00 18.25 0.92 1.21 60246.02
12/20/2015 23:35 12/22/2015 2:30 26.917 0.780 0.029 0.240 16.000 12/20/2015 23:30 12/22/2015 14:15 39.00 1.44 2.97 202167.10
12/22/2015 18:20 12/24/2015 22:25 52.083 0.610 0.012 0.240 21.600 12/22/2015 18:15 12/25/2015 10:15 64.25 1.07 1.49 247833.10
12/27/2015 10:30 12/28/2015 5:45 19.250 0.550 0.029 0.120 61.200 12/27/2015 10:15 12/28/2015 17:45 31.75 1.02 1.40 116037.00
1/4/2016 1:40 1/4/2016 22:10 20.500 0.110 0.005 0.120 167.000 1/4/2016 1:30 1/5/2016 7:45 30.50 0.60 0.66 65933.95
1/5/2016 7:55 1/5/2016 18:05 10.167 0.090 0.009 0.120 21.800 1/5/2016 7:45 1/6/2016 6:00 22.50 0.57 0.66 46116.02
1/11/2016 10:45 1/13/2016 19:55 57.167 1.150 0.020 0.240 139.500 1/11/2016 10:30 1/14/2016 7:45 69.50 0.75 1.95 188829.10
1/15/2016 9:55 1/15/2016 12:25 2.500 0.050 0.020 0.240 39.900 1/15/2016 9:45 1/16/2016 0:15 14.75 0.59 0.66 31104.02
1/16/2016 0:30 1/16/2016 20:50 20.333 0.420 0.021 0.240 14.600 1/16/2016 0:30 1/17/2016 7:00 30.75 0.72 1.30 79524.06
1/17/2016 7:05 1/18/2016 5:35 22.500 0.330 0.015 0.240 13.900 1/17/2016 7:00 1/18/2016 17:30 34.75 0.73 0.88 90945.08
1/19/2016 13:20 1/20/2016 0:40 11.333 0.370 0.033 0.120 35.100 1/19/2016 13:15 1/20/2016 12:30 23.50 0.78 1.12 66015.02
1/20/2016 21:10 1/22/2016 13:05 39.917 1.550 0.039 0.240 23.400 1/20/2016 21:00 1/23/2016 1:00 52.25 1.34 2.50 252549.20
1/23/2016 5:05 1/24/2016 1:05 20.000 0.870 0.044 0.360 21.700 1/23/2016 5:00 1/24/2016 13:00 32.25 1.72 2.50 199530.10
1/26/2016 7:00 1/28/2016 12:20 53.333 1.590 0.030 0.240 63.000 1/26/2016 6:45 1/29/2016 0:15 65.75 1.37 331 323847.30
1/29/2016 7:30 1/29/2016 11:15 3.750 0.170 0.045 0.120 19.800 1/29/2016 7:15 1/29/2016 23:00 16.00 1.22 1.60 70155.00
2/1/2016 1:00 2/1/2016 2:40 1.667 0.130 0.078 0.240 62.200 2/1/2016 1:00 2/1/2016 14:30 13.75 0.69 0.88 33939.00
2/3/2016 0:20 2/3/2016 1:35 1.250 0.040 0.032 0.120 46.400 2/3/2016 0:15 2/3/2016 13:30 13.50 0.52 0.60 25308.00
2/3/2016 13:40 2/4/2016 1:25 11.750 0.440 0.037 0.240 13.300 2/3/2016 13:30 2/4/2016 13:15 24.00 0.69 0.96 59930.98
2/4/2016 15:25 2/4/2016 16:10 0.750 0.030 0.040 0.120 13.200 2/4/2016 15:15 2/5/2016 4:00 13.00 0.55 0.66 25884.01
2/5/2016 9:20 2/5/2016 18:35 9.250 0.180 0.020 0.240 31.900 2/5/2016 9:15 2/6/2016 6:30 21.50 0.54 0.73 41877.02
2/10/2016 10:35 2/10/2016 21:55 11.333 0.190 0.017 0.240 112.600 2/10/2016 10:30 2/11/2016 9:45 23.50 0.44 0.60 37485.00



Table D-10. Summary Statistics for Individual Storm Events at the SEIMS Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)

2/11/2016 15:10 2/12/2016 11:00 19.833 1.170 0.059 0.480 27.100 2/11/2016 15:00 2/12/2016 23:00 32.25 1.23 3.48 142245.00
2/13/2016 0:55 2/13/2016 2:00 1.083 0.120 0.111 0.240 14.400 2/13/2016 0:45 2/13/2016 13:30 13.00 0.86 1.04 40184.98
2/13/2016 13:40 2/16/2016 5:35 63.917 0.660 0.010 0.120 12.300 2/13/2016 13:30 2/16/2016 17:30 76.25 0.81 1.12 221202.40
2/17/2016 14:55 2/18/2016 6:40 15.750 0.430 0.027 0.240 40.100 2/17/2016 14:45 2/18/2016 13:00 22.50 0.89 1.49 71721.05
2/18/2016 13:00 2/19/2016 23:30 34.500 0.470 0.014 0.360 14.800 2/18/2016 13:00 2/20/2016 11:30 46.75 0.82 1.12 138321.00
2/21/2016 13:25 2/21/2016 14:00 0.583 0.060 0.103 0.360 42.100 2/21/2016 13:15 2/22/2016 2:00 13.00 0.60 0.66 28026.02
2/26/2016 16:55 2/27/2016 9:35 16.667 0.270 0.016 0.120 124.400 2/26/2016 16:45 2/27/2016 21:30 29.00 0.55 0.80 57563.99
2/28/2016 5:20 2/29/2016 7:10 25.833 0.360 0.014 0.480 27.400 2/28/2016 5:15 2/29/2016 19:00 38.00 0.50 0.66 68148.05
2/29/2016 22:50 3/2/2016 4:30 29.667 0.810 0.027 0.600 19.800 2/29/2016 22:45 3/2/2016 16:15 41.75 0.77 1.60 116442.10
3/2/2016 18:10 3/3/2016 6:25 12.250 0.230 0.019 0.240 17.400 3/2/2016 18:00 3/3/2016 18:15 24.50 0.70 1.04 62117.97
3/4/2016 14:30 3/5/2016 5:05 14.583 0.380 0.026 0.120 38.700 3/4/2016 14:15 3/5/2016 17:00 27.00 0.63 0.88 61560.00
3/5/2016 21:00 3/7/2016 11:05 38.083 0.790 0.021 0.240 17.600 3/5/2016 21:00 3/7/2016 23:00 50.25 0.74 1.40 133704.10
3/9/2016 0:20 3/10/2016 2:15 25.917 0.760 0.029 0.240 38.200 3/9/2016 0:15 3/10/2016 14:00 38.00 0.88 1.82 120303.10
3/10/2016 14:35 3/10/2016 17:05 2.500 0.170 0.068 0.360 13.400 3/10/2016 14:30 3/11/2016 5:00 14.75 0.83 0.96 43829.98
3/11/2016 13:45 3/12/2016 9:45 20.000 0.340 0.017 0.240 22.600 3/11/2016 13:30 3/12/2016 21:30 32.25 0.76 0.96 87966.13
3/12/2016 21:30 3/13/2016 19:55 22.417 0.350 0.016 0.240 14.100 3/12/2016 21:30 3/14/2016 7:45 33.50 0.70 0.88 84573.10
3/20/2016 13:30 3/22/2016 9:45 44.250 0.580 0.013 0.480 161.700 3/20/2016 13:15 3/22/2016 21:30 56.50 0.59 0.88 120096.00
3/23/2016 10:05 3/24/2016 0:35 14.500 0.190 0.013 0.120 24.900 3/23/2016 10:00 3/24/2016 12:30 26.75 0.58 0.73 55898.98
3/26/2016 23:05 3/28/2016 8:45 33.667 0.760 0.023 0.360 71.800 3/26/2016 23:00 3/28/2016 20:45 46.00 0.79 1.82 131625.30
4/3/2016 23:20 4/4/2016 3:45 4417 0.330 0.075 0.360 173.700 4/3/2016 23:15 4/4/2016 15:30 16.50 0.66 1.12 38988.00
4/12/2016 14:50 4/13/2016 0:20 9.500 0.420 0.044 0.240 203.300 4/12/2016 14:45 4/13/2016 12:15 21.75 0.50 0.73 39438.00
4/14/2016 1:15 4/14/2016 2:50 1.583 0.090 0.057 0.120 28.700 4/14/2016 1:15 4/14/2016 14:45 13.75 0.47 0.60 23256.00
4/23/2016 22:00 4/24/2016 18:25 20.417 0.550 0.027 0.480 235.800 4/23/2016 21:45 4/25/2016 6:15 32.75 0.55 1.04 64440.00
4/25/2016 6:20 4/25/2016 12:55 6.583 0.250 0.038 0.240 12.500 4/25/2016 6:15 4/26/2016 0:45 18.75 0.48 0.54 32345.99
4/29/2016 6:55 4/29/2016 11:05 4.167 0.090 0.022 0.120 90.700 4/29/2016 6:45 4/29/2016 23:00 16.50 0.48 0.60 28583.99
5/8/2016 7:05 5/8/2016 8:00 0.917 0.040 0.044 0.120 214.800 5/8/2016 7:00 5/8/2016 20:00 13.25 0.36 0.43 17208.00
5/8/2016 21:55 5/9/2016 0:00 2.083 0.100 0.048 0.360 14.800 5/8/2016 21:45 5/9/2016 12:00 14.50 0.39 0.43 20196.01
5/14/2016 11:20 5/16/2016 3:50 40.500 0.310 0.008 0.240 132.800 5/14/2016 11:15 5/16/2016 15:45 52.75 0.52 1.21 97884.10
5/18/2016 23:55 5/19/2016 6:05 6.167 0.210 0.034 0.240 70.100 5/18/2016 23:45 5/19/2016 18:00 18.50 0.40 0.54 26892.02
5/19/2016 18:55 5/19/2016 21:45 2.833 0.500 0.177 0.480 16.100 5/19/2016 18:45 5/20/2016 9:30 15.00 0.45 0.60 24192.01
5/21/2016 6:00 5/21/2016 21:05 15.083 0.220 0.015 0.120 32.800 5/21/2016 5:45 5/22/2016 9:00 27.50 0.42 0.54 41894.99
5/27/2016 2:25 5/27/2016 7:30 5.083 0.430 0.085 0.240 136.000 5/27/2016 2:15 5/27/2016 19:30 17.50 0.45 0.60 28233.02
5/28/2016 5:20 5/29/2016 13:05 31.750 0.260 0.008 0.240 22.000 5/28/2016 5:15 5/30/2016 1:00 44.00 0.45 0.60 71883.05
6/9/2016 21:05 6/10/2016 1:30 4417 0.090 0.020 0.360 274.200 6/9/2016 21:00 6/10/2016 13:15 16.50 0.26 0.33 15444.00
6/11/2016 3:25 6/11/2016 4:35 1.167 0.250 0.214 0.840 26.100 6/11/2016 3:15 6/11/2016 16:30 13.50 0.27 0.33 13059.00
6/13/2016 8:50 6/13/2016 10:55 2.083 0.030 0.014 0.120 52.700 6/13/2016 8:45 6/13/2016 22:45 14.25 0.24 0.28 12059.99
6/17/2016 23:15 6/18/2016 20:00 20.750 0.480 0.023 0.480 163.100 6/17/2016 23:00 6/19/2016 8:00 33.25 0.38 0.54 45621.02
6/20/2016 23:25 6/21/2016 2:10 2.750 0.400 0.146 0.360 54.000 6/20/2016 23:15 6/21/2016 14:00 15.00 0.48 0.88 25893.01
6/23/2016 6:25 6/24/2016 15:15 32.833 0.330 0.010 0.240 52.700 6/23/2016 6:15 6/25/2016 3:00 45.00 0.38 0.88 61434.03
7/7/2016 18:45 7/8/2016 5:45 11.000 0.200 0.018 0.120 329.900 7/7/2016 18:30 7/8/2016 17:45 23.50 0.29 0.33 24354.01
7/8/2016 22:55 7/9/2016 9:15 10.333 0.170 0.017 0.120 18.200 7/8/2016 22:45 7/9/2016 21:00 22.50 0.36 0.60 29070.02
7/22/2016 7:30 7/22/2016 10:00 2.500 0.210 0.084 0.240 317.600 7/22/2016 7:15 7/22/2016 21:45 14.75 0.27 0.33 14085.00
8/2/2016 10:30 8/2/2016 11:20 0.833 0.030 0.036 0.120 265.200 8/2/2016 10:15 8/2/2016 23:15 13.25 0.25 0.33 12033.00
8/7/2016 21:30 8/7/2016 23:30 2.000 0.030 0.015 0.120 396.200 8/7/2016 21:30 8/8/2016 11:15 41.50 0.27 0.43 41067.09
8/31/2016 13:10 8/31/2016 14:05 0.917 0.060 0.066 0.240 567.700 8/31/2016 13:00 9/1/2016 2:05 39.50 0.21 0.24 29520.04
9/1/2016 15:05 9/3/2016 10:30 43.417 0.910 0.021 0.720 25.800 9/1/2016 14:50 9/3/2016 22:15 166.50 0.41 1.50 245069.10



Table D-10. Summary Statistics for Individual Storm Events at the SEIMS Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration Averagse Flow Rate Rate Flow Volsume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet”)
(inch/hour) (inch/hour) (hour)

9/5/2016 23:20 9/6/2016 6:45 7.417 0.180 0.024 0.120 61.200 9/5/2016 23:05 9/6/2016 18:30 58.50 0.28 0.33 59120.94
9/7/2016 2:10 9/7/2016 17:00 14.833 0.080 0.005 0.120 20.100 9/7/2016 2:00 9/8/2016 5:00 81.25 0.28 0.33 80918.76
9/17/2016 5:05 9/17/2016 20:00 14.917 0.220 0.015 0.240 239.400 9/17/2016 4:50 9/17/2016 22:30 53.25 0.29 0.48 55422.09
9/17/2016 22:30 9/17/2016 23:40 1.167 0.070 0.060 0.120 13.300 9/17/2016 22:30 9/18/2016 11:40 39.75 0.31 0.37 44946.00
9/19/2016 6:10 9/19/2016 7:30 1.333 0.140 0.105 0.480 31.200 9/19/2016 5:55 9/19/2016 19:15 40.25 0.37 0.48 54036.08






Table D-11. Summary Statistics for Individual Storm Events at the COUMO Station.

Precipitation  Precipitation  Precipitation

Precipitation  Precipitation Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)
10/2/2015 21:20 10/2/2015 22:15 0.917 0.070 0.076 0.120 0.000 10/2/2015 21:15 10/3/2015 10:15 13.25 0.24 0.39 11384.99
10/7/2015 4:40 10/8/2015 9:50 29.167 0.500 0.017 0.480 103.100 10/7/2015 4:30 10/8/2015 21:45 41.50 0.42 1.43 62729.96
10/10/2015 3:00 10/10/2015 15:25 12.417 0.800 0.064 0.480 51.200 10/10/2015 2:45 10/11/2015 3:15 24.75 1.07 6.76 95300.97
10/12/2015 18:40 10/13/2015 5:15 10.583 0.560 0.053 0.240 51.900 10/12/2015 18:30 10/13/2015 17:00 22.75 0.97 2.68 79127.98
10/17/2015 20:10 10/17/2015 20:50 0.667 0.040 0.060 0.120 112.400 10/17/2015 20:00 10/18/2015 8:45 13.00 0.24 0.34 11312.99
10/18/2015 8:45 10/19/2015 0:20 15.583 0.260 0.017 0.120 12.600 10/18/2015 8:45 10/19/2015 12:15 27.75 0.43 1.54 43434.03
10/25/2015 14:45 10/26/2015 18:35 27.833 0.470 0.017 0.240 160.700 10/25/2015 14:45 10/27/2015 6:30 40.00 0.49 2.54 69884.93
10/28/2015 8:25 10/28/2015 21:45 13.333 0.100 0.008 0.120 44.100 10/28/2015 8:15 10/29/2015 9:30 25.50 0.30 0.45 27783.02
10/29/2015 13:35 11/1/2015 15:20 73.750 1.970 0.027 0.480 23.300 10/29/2015 13:30 11/2/2015 3:00 86.75 1.04 6.31 325341.20
11/2/2015 3:15 11/2/2015 10:55 7.667 0.310 0.040 1.200 12.600 11/2/2015 3:00 11/2/2015 22:45 20.00 0.88 5.88 63278.98
11/3/2015 5:15 11/3/2015 8:40 3.417 0.070 0.021 0.240 18.500 11/3/2015 5:00 11/3/2015 20:30 15.75 0.54 0.87 30762.01
11/7/2015 8:20 11/10/2015 0:45 64.417 1.310 0.020 0.360 96.700 11/7/2015 8:15 11/10/2015 12:30 76.50 0.88 3.13 241191.30
11/10/2015 23:45 11/11/2015 4:30 4.750 0.480 0.101 0.720 34.800 11/10/2015 23:45 11/11/2015 16:15 16.75 1.05 5.26 63071.99
11/12/2015 17:30 11/15/2015 7:15 61.750 3.650 0.059 0.360 37.300 11/12/2015 17:30 11/15/2015 19:15 74.00 3.21 7.94 856323.40
11/16/2015 10:25 11/17/2015 22:15 35.833 0.640 0.018 0.600 27.800 11/16/2015 10:15 11/18/2015 10:15 48.25 0.87 4.87 150534.00
11/18/2015 16:55 11/19/2015 3:45 10.833 0.220 0.020 0.240 23.500 11/18/2015 16:45 11/19/2015 15:30 23.00 0.66 1.54 54332.97
11/23/2015 15:55 11/24/2015 9:35 17.667 0.400 0.023 0.120 110.500 11/23/2015 15:45 11/24/2015 21:30 30.00 0.62 1.04 66671.93
12/1/2015 18:55 12/2/2015 2:40 7.750 0.430 0.056 0.240 179.700 12/1/2015 18:45 12/2/2015 14:30 20.00 0.79 2.26 56573.97
12/2/2015 23:50 12/4/2015 6:10 30.333 0.710 0.023 0.360 24.400 12/2/2015 23:45 12/4/2015 18:00 42.50 0.94 3.78 143253.10
12/5/2015 9:50 12/9/2015 6:50 93.000 4.250 0.046 0.600 28.700 12/5/2015 9:45 12/9/2015 18:45 105.25 2.90 12.06 1099838.00
12/10/2015 3:45 12/10/2015 23:25 19.667 0.440 0.022 0.240 21.100 12/10/2015 3:30 12/11/2015 11:15 32.00 1.42 4.87 163098.00
12/12/2015 8:55 12/13/2015 3:20 18.417 0.430 0.023 0.240 44.100 12/12/2015 8:45 12/13/2015 15:15 30.75 0.96 2.54 106641.00
12/13/2015 15:45 12/14/2015 4:30 12.750 0.220 0.017 0.120 17.500 12/13/2015 15:30 12/14/2015 16:15 25.00 0.74 1.65 67005.01
12/15/2015 19:00 12/16/2015 7:20 12.333 0.060 0.005 0.120 42.800 12/15/2015 18:45 12/16/2015 19:15 24.75 0.43 0.64 38340.00
12/17/2015 7:55 12/19/2015 3:20 43.417 1.300 0.030 0.240 32.200 12/17/2015 7:45 12/19/2015 15:15 55.75 1.50 6.31 300753.00
12/20/2015 2:15 12/20/2015 8:10 5.917 0.170 0.029 0.240 30.200 12/20/2015 2:00 12/20/2015 20:00 18.25 0.70 1.77 46205.97
12/20/2015 23:35 12/22/2015 2:30 26.917 0.780 0.029 0.240 16.000 12/20/2015 23:30 12/22/2015 14:15 39.00 1.41 6.99 197315.80
12/22/2015 18:20 12/24/2015 22:25 52.083 0.610 0.012 0.240 21.600 12/22/2015 18:15 12/25/2015 10:15 64.25 0.72 2.40 166095.00
12/27/2015 10:30 12/28/2015 5:45 19.250 0.550 0.029 0.120 61.200 12/27/2015 10:15 12/28/2015 17:45 31.75 0.79 1.89 90162.02
1/4/2016 1:40 1/4/2016 22:10 20.500 0.110 0.005 0.120 167.000 1/4/2016 1:30 1/5/2016 7:45 30.50 0.33 0.39 35757.03
1/5/2016 7:55 1/5/2016 18:05 10.167 0.090 0.009 0.120 21.800 1/5/2016 7:45 1/6/2016 6:00 22.50 0.34 0.39 27360.02
1/11/2016 10:45 1/13/2016 19:55 57.167 1.150 0.020 0.240 139.500 1/11/2016 10:30 1/14/2016 7:45 69.50 0.87 5.67 216675.00
1/15/2016 9:55 1/15/2016 12:25 2.500 0.050 0.020 0.240 39.900 1/15/2016 9:45 1/16/2016 0:15 14.75 0.44 0.51 23138.99
1/16/2016 0:30 1/16/2016 20:50 20.333 0.420 0.021 0.240 14.600 1/16/2016 0:30 1/17/2016 7:00 30.75 0.80 3.61 89028.02
1/17/2016 7:05 1/18/2016 5:35 22.500 0.330 0.015 0.240 13.900 1/17/2016 7:00 1/18/2016 17:30 34.75 0.73 1.89 90998.98
1/19/2016 13:20 1/20/2016 0:40 11.333 0.370 0.033 0.120 35.100 1/19/2016 13:15 1/20/2016 12:30 23.50 0.73 2.01 61793.97
1/20/2016 21:10 1/22/2016 13:05 39.917 1.550 0.039 0.240 23.400 1/20/2016 21:00 1/23/2016 1:00 52.25 1.89 5.26 355491.00
1/23/2016 5:05 1/24/2016 1:05 20.000 0.870 0.044 0.360 21.700 1/23/2016 5:00 1/24/2016 13:00 32.25 1.89 5.46 219293.90
1/26/2016 7:00 1/28/2016 12:20 53.333 1.590 0.030 0.240 63.000 1/26/2016 6:45 1/29/2016 0:15 65.75 1.64 5.06 388043.90
1/29/2016 7:30 1/29/2016 11:15 3.750 0.170 0.045 0.120 19.800 1/29/2016 7:15 1/29/2016 23:00 16.00 1.08 2.68 62171.99
2/1/2016 1:00 2/1/2016 2:40 1.667 0.130 0.078 0.240 62.200 2/1/2016 0:45 2/1/2016 14:30 14.00 0.60 1.33 30483.01
2/3/2016 0:20 2/3/2016 1:35 1.250 0.040 0.032 0.120 46.400 2/3/2016 0:15 2/3/2016 13:30 13.50 0.40 0.51 19314.00
2/3/2016 13:40 2/4/2016 1:25 11.750 0.440 0.037 0.240 13.300 2/3/2016 13:30 2/4/2016 13:15 24.00 0.73 1.89 62693.96
2/4/2016 15:25 2/4/2016 16:10 0.750 0.030 0.040 0.120 13.200 2/4/2016 15:15 2/5/2016 4:00 13.00 0.47 0.57 21762.01
2/5/2016 9:20 2/5/2016 18:35 9.250 0.180 0.020 0.240 31.900 2/5/2016 9:15 2/6/2016 6:30 21.50 0.55 2.26 42660.00
2/10/2016 10:35 2/10/2016 21:55 11.333 0.190 0.017 0.240 112.600 2/10/2016 10:30 2/11/2016 9:45 23.50 0.43 1.77 36548.99



Table D-11. Summary Statistics for Individual Storm Events at the COUMO Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)

2/11/2016 15:10 2/12/2016 11:00 19.833 1.170 0.059 0.480 27.100 2/11/2016 15:00 2/12/2016 23:00 32.25 2.04 10.31 236393.80
2/13/2016 0:55 2/13/2016 2:00 1.083 0.120 0.111 0.240 14.400 2/13/2016 0:45 2/13/2016 13:30 13.00 1.07 3.61 50175.00
2/13/2016 13:40 2/16/2016 5:35 63.917 0.660 0.010 0.120 12.300 2/13/2016 13:30 2/16/2016 17:30 76.25 0.77 1.65 212148.10
2/17/2016 14:55 2/18/2016 6:40 15.750 0.430 0.027 0.240 40.100 2/17/2016 14:45 2/18/2016 12:45 22.25 0.93 3.44 74114.99
2/18/2016 13:00 2/19/2016 23:30 34.500 0.470 0.014 0.360 14.800 2/18/2016 12:45 2/20/2016 11:15 46.75 0.71 2.82 119762.90
2/21/2016 13:25 2/21/2016 14:00 0.583 0.060 0.103 0.360 42.100 2/21/2016 13:15 2/22/2016 2:00 13.00 0.40 0.57 18639.00
2/26/2016 16:55 2/27/2016 9:35 16.667 0.270 0.016 0.120 124.400 2/26/2016 16:45 2/27/2016 21:30 29.00 0.39 0.79 40734.01
2/28/2016 5:20 2/29/2016 7:10 25.833 0.360 0.014 0.480 27.400 2/28/2016 5:15 2/29/2016 19:00 38.00 0.46 1.54 62342.94
2/29/2016 22:50 3/2/2016 4:30 29.667 0.810 0.027 0.600 19.800 2/29/2016 22:45 3/2/2016 16:15 41.75 0.96 5.88 143595.20
3/2/2016 18:10 3/3/2016 6:25 12.250 0.230 0.019 0.240 17.400 3/2/2016 18:00 3/3/2016 18:15 24.50 0.64 2.13 56510.96
3/4/2016 14:30 3/5/2016 5:05 14.583 0.380 0.026 0.120 38.700 3/4/2016 14:15 3/5/2016 17:00 27.00 0.68 2.13 65727.02
3/5/2016 21:00 3/7/2016 11:05 38.083 0.790 0.021 0.240 17.600 3/5/2016 20:45 3/7/2016 23:00 50.50 0.77 3.78 139374.00
3/9/2016 0:20 3/10/2016 2:15 25.917 0.760 0.029 0.240 38.200 3/9/2016 0:15 3/10/2016 14:00 38.00 1.01 3.13 137898.10
3/10/2016 14:35 3/10/2016 17:05 2.500 0.170 0.068 0.360 13.400 3/10/2016 14:30 3/11/2016 5:00 14.75 0.77 3.44 40760.97
3/11/2016 13:45 3/12/2016 9:45 20.000 0.340 0.017 0.240 22.600 3/11/2016 13:30 3/12/2016 21:30 32.25 0.66 1.54 76635.02
3/12/2016 21:30 3/13/2016 19:55 22.417 0.350 0.016 0.240 14.100 3/12/2016 21:30 3/14/2016 7:45 33.50 0.65 2.13 78794.98
3/20/2016 13:30 3/22/2016 9:45 44.250 0.580 0.013 0.480 161.700 3/20/2016 13:15 3/22/2016 21:30 56.50 0.45 2.97 92177.80
3/23/2016 10:05 3/24/2016 0:35 14.500 0.190 0.013 0.120 24.900 3/23/2016 10:00 3/24/2016 12:30 26.75 0.35 0.64 33660.03
3/26/2016 23:05 3/28/2016 8:45 33.667 0.760 0.023 0.360 71.800 3/26/2016 23:00 3/28/2016 20:45 46.00 0.70 3.28 115919.90
4/3/2016 23:20 4/4/2016 3:45 4417 0.330 0.075 0.360 173.700 4/3/2016 23:15 4/4/2016 15:30 16.50 0.59 2.68 35226.01
4/12/2016 14:50 4/13/2016 0:20 9.500 0.420 0.044 0.240 203.300 4/12/2016 14:45 4/13/2016 12:15 21.75 0.50 2.40 39528.03
4/14/2016 1:15 4/14/2016 2:50 1.583 0.090 0.057 0.120 28.700 4/14/2016 1:15 4/14/2016 14:45 13.75 0.30 0.51 14688.00
4/23/2016 22:00 4/24/2016 18:25 20.417 0.550 0.027 0.480 235.800 4/23/2016 21:45 4/25/2016 6:15 32.75 0.50 2.40 59120.98
4/25/2016 6:20 4/25/2016 12:55 6.583 0.250 0.038 0.240 12.500 4/25/2016 6:15 4/26/2016 0:45 18.75 0.53 1.04 35631.00
4/29/2016 6:55 4/29/2016 11:05 4.167 0.090 0.022 0.120 90.700 4/29/2016 6:45 4/29/2016 23:00 16.50 0.36 0.51 21483.01
5/8/2016 7:05 5/8/2016 8:00 0.917 0.040 0.044 0.120 214.800 5/8/2016 7:00 5/8/2016 20:00 13.25 0.24 0.29 11366.99
5/8/2016 21:55 5/9/2016 0:00 2.083 0.100 0.048 0.360 14.800 5/8/2016 21:45 5/9/2016 11:45 14.25 0.31 1.04 15696.00
5/14/2016 11:20 5/16/2016 3:50 40.500 0.310 0.008 0.240 132.800 5/14/2016 11:15 5/16/2016 15:45 52.75 0.23 0.45 43848.07
5/18/2016 23:55 5/19/2016 6:05 6.167 0.210 0.034 0.240 70.100 5/18/2016 23:45 5/19/2016 18:00 18.50 0.39 1.04 25857.03
5/19/2016 18:55 5/19/2016 21:45 2.833 0.500 0.177 0.480 16.100 5/19/2016 18:45 5/20/2016 9:30 15.00 0.80 3.95 42948.00
5/21/2016 6:00 5/21/2016 21:05 15.083 0.220 0.015 0.120 32.800 5/21/2016 6:00 5/22/2016 9:00 27.25 0.35 1.04 34281.04
5/27/2016 2:25 5/27/2016 7:30 5.083 0.430 0.085 0.240 136.000 5/27/2016 2:15 5/27/2016 19:15 17.25 0.69 2.01 43037.99
5/28/2016 5:20 5/29/2016 13:05 31.750 0.260 0.008 0.240 22.000 5/28/2016 5:15 5/30/2016 1:00 44.00 0.31 1.14 48888.04
6/9/2016 21:05 6/10/2016 1:30 4417 0.090 0.020 0.360 274.200 6/9/2016 21:00 6/10/2016 13:30 16.75 0.19 0.34 11474.99
6/11/2016 3:25 6/11/2016 4:35 1.167 0.250 0.214 0.840 26.100 6/11/2016 3:15 6/11/2016 16:30 13.50 0.29 1.33 14058.00
6/13/2016 8:50 6/13/2016 10:55 2.083 0.030 0.014 0.120 52.700 6/13/2016 8:45 6/13/2016 22:45 14.25 0.19 0.29 9773.99
6/17/2016 23:15 6/18/2016 20:00 20.750 0.480 0.023 0.480 163.100 6/17/2016 23:00 6/19/2016 8:00 33.25 0.31 2.40 37215.02
6/20/2016 23:25 6/21/2016 2:10 2.750 0.400 0.146 0.360 54.000 6/20/2016 23:15 6/21/2016 14:00 15.00 0.73 3.44 39672.03
6/23/2016 6:25 6/24/2016 15:15 32.833 0.330 0.010 0.240 52.700 6/23/2016 6:15 6/25/2016 3:00 45.00 0.29 1.54 47160.09
7/7/2016 18:45 7/8/2016 5:45 11.000 0.200 0.018 0.120 329.900 7/7/2016 18:30 7/8/2016 17:45 23.50 0.21 0.45 18062.99
7/8/2016 22:55 7/9/2016 9:15 10.333 0.170 0.017 0.120 18.200 7/8/2016 22:45 7/9/2016 21:00 22.50 0.26 1.23 20880.01
7/22/2016 7:30 7/22/2016 10:00 2.500 0.210 0.084 0.240 317.600 7/22/2016 7:30 7/22/2016 21:50 43.25 0.24 0.71 37521.04
8/2/2016 10:30 8/2/2016 11:20 0.833 0.030 0.036 0.120 265.200 8/2/2016 10:15 8/2/2016 23:10 39.00 0.15 0.16 21275.98
8/7/2016 21:30 8/7/2016 23:30 2.000 0.030 0.015 0.120 396.200 8/7/2016 21:20 8/8/2016 11:20 42.25 0.19 1.04 28745.98
8/31/2016 13:10 8/31/2016 14:05 0.917 0.060 0.066 0.240 567.700 8/31/2016 12:55 9/1/2016 1:50 39.00 0.18 0.29 25713.00
9/1/2016 15:05 9/3/2016 10:30 43.417 0.910 0.021 0.720 25.800 9/1/2016 14:50 9/3/2016 22:15 166.50 0.30 7.46 181143.40



Table D-11. Summary Statistics for Individual Storm Events at the COUMO Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration Averagse Flow Rate Rate Flow Volsume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet”)
(inch/hour) (inch/hour) (hour)

9/5/2016 23:20 9/6/2016 6:45 7.417 0.180 0.024 0.120 61.200 9/5/2016 23:05 9/6/2016 18:30 58.50 0.26 0.87 54180.09
9/7/2016 2:10 9/7/2016 17:00 14.833 0.080 0.005 0.120 20.100 9/7/2016 2:00 9/8/2016 5:00 81.25 0.21 0.96 61830.14
9/17/2016 5:05 9/17/2016 20:00 14.917 0.220 0.015 0.240 239.400 9/17/2016 4:50 9/17/2016 22:20 52.75 0.28 0.96 53730.12
9/17/2016 22:30 9/17/2016 23:40 1.167 0.070 0.060 0.120 13.300 9/17/2016 22:20 9/18/2016 11:25 39.50 0.24 0.57 34677.04
9/19/2016 6:10 9/19/2016 7:30 1.333 0.140 0.105 0.480 31.200 9/19/2016 6:10 9/19/2016 19:15 39.50 0.27 2.68 38835.04






Table D-12. Summary Statistics for Individual Storm Events at the COUMI Station.

Precipitation  Precipitation  Precipitation

Precipitation  Precipitation Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)
10/2/2015 21:20 10/2/2015 22:15 0.917 0.070 0.076 0.120 0.000 10/2/2015 21:15 10/3/2015 10:15 13.25 0.07 0.09 3240.00
10/7/2015 4:40 10/8/2015 9:50 29.167 0.500 0.017 0.480 103.100 10/7/2015 4:30 10/8/2015 21:45 41.50 0.08 0.27 11403.02
10/10/2015 3:00 10/10/2015 15:25 12.417 0.800 0.064 0.480 51.200 10/10/2015 2:45 10/11/2015 3:15 24.75 0.19 1.27 16830.00
10/12/2015 18:40 10/13/2015 5:15 10.583 0.560 0.053 0.240 51.900 10/12/2015 18:30 10/13/2015 17:00 22.75 0.21 0.64 17145.01
10/17/2015 20:10 10/17/2015 20:50 0.667 0.040 0.060 0.120 112.400 10/17/2015 20:00 10/18/2015 8:45 13.00 0.06 0.06 2592.00
10/18/2015 8:45 10/19/2015 0:20 15.583 0.260 0.017 0.120 12.600 10/18/2015 8:45 10/19/2015 12:15 27.75 0.08 0.30 8469.00
10/25/2015 14:45 10/26/2015 18:35 27.833 0.470 0.017 0.240 160.700 10/25/2015 14:45 10/27/2015 6:30 40.00 0.22 1.03 31841.96
10/28/2015 8:25 10/28/2015 21:45 13.333 0.100 0.008 0.120 44.100 10/28/2015 8:15 10/29/2015 9:30 25.50 0.15 0.21 13914.00
10/29/2015 13:35 11/1/2015 15:20 73.750 1.970 0.027 0.480 23.300 10/29/2015 13:30 11/2/2015 3:00 86.75 0.25 1.54 76815.02
11/2/2015 3:15 11/2/2015 10:55 7.667 0.310 0.040 1.200 12.600 11/2/2015 3:00 11/2/2015 22:45 20.00 0.19 1.54 13644.00
11/3/2015 5:15 11/3/2015 8:40 3.417 0.070 0.021 0.240 18.500 11/3/2015 5:00 11/3/2015 20:30 15.75 0.13 0.21 7488.01
11/7/2015 8:20 11/10/2015 0:45 64.417 1.310 0.020 0.360 96.700 11/7/2015 8:15 11/10/2015 12:30 76.50 0.15 0.49 41211.06
11/10/2015 23:45 11/11/2015 4:30 4.750 0.480 0.101 0.720 34.800 11/10/2015 23:45 11/11/2015 16:30 17.00 0.18 1.27 11160.00
11/12/2015 17:30 11/15/2015 7:15 61.750 3.650 0.059 0.360 37.300 11/12/2015 17:15 11/15/2015 19:15 74.25 0.83 221 221948.90
11/16/2015 10:25 11/17/2015 22:15 35.833 0.640 0.018 0.600 27.800 11/16/2015 10:15 11/18/2015 10:15 48.25 0.19 1.03 32201.99
11/18/2015 16:55 11/19/2015 3:45 10.833 0.220 0.020 0.240 23.500 11/18/2015 16:45 11/19/2015 15:30 23.00 0.17 0.33 14472.00
11/23/2015 15:55 11/24/2015 9:35 17.667 0.400 0.023 0.120 110.500 11/23/2015 15:45 11/24/2015 21:30 30.00 0.17 0.27 18557.99
12/1/2015 18:55 12/2/2015 2:40 7.750 0.430 0.056 0.240 179.700 12/1/2015 18:45 12/2/2015 14:30 20.00 0.21 0.49 14949.00
12/2/2015 23:50 12/4/2015 6:10 30.333 0.710 0.023 0.360 24.400 12/2/2015 23:45 12/4/2015 18:00 42.50 0.26 1.14 40004.97
12/5/2015 9:50 12/9/2015 6:50 93.000 4.250 0.046 0.600 28.700 12/5/2015 9:45 12/9/2015 18:45 105.25 0.91 2.60 344124.00
12/10/2015 3:45 12/10/2015 23:25 19.667 0.440 0.022 0.240 21.100 12/10/2015 3:30 12/11/2015 11:15 32.00 0.43 1.27 50049.01
12/12/2015 8:55 12/13/2015 3:20 18.417 0.430 0.023 0.240 44.100 12/12/2015 8:45 12/13/2015 15:15 30.75 0.26 0.73 28745.98
12/13/2015 15:45 12/14/2015 4:30 12.750 0.220 0.017 0.120 17.500 12/13/2015 15:30 12/14/2015 16:30 25.25 0.21 0.37 18783.01
12/15/2015 19:00 12/16/2015 7:20 12.333 0.060 0.005 0.120 42.800 12/15/2015 18:45 12/16/2015 19:15 24.75 0.13 0.18 11862.00
12/17/2015 7:55 12/19/2015 3:20 43.417 1.300 0.030 0.240 32.200 12/17/2015 7:45 12/19/2015 15:15 55.75 0.39 1.69 78102.08
12/20/2015 2:15 12/20/2015 8:10 5.917 0.170 0.029 0.240 30.200 12/20/2015 2:00 12/20/2015 20:00 18.25 0.19 0.33 12762.00
12/20/2015 23:35 12/22/2015 2:30 26.917 0.780 0.029 0.240 16.000 12/20/2015 23:30 12/22/2015 14:30 39.25 0.30 1.40 43019.98
12/22/2015 18:20 12/24/2015 22:25 52.083 0.610 0.012 0.240 21.600 12/22/2015 18:15 12/25/2015 10:15 64.25 0.17 0.43 38682.04
12/27/2015 10:30 12/28/2015 5:45 19.250 0.550 0.029 0.120 61.200 12/27/2015 10:15 12/28/2015 17:45 31.75 0.16 0.30 17981.98
1/4/2016 1:40 1/4/2016 22:10 20.500 0.110 0.005 0.120 167.000 1/4/2016 1:30 1/5/2016 7:45 30.50 0.08 0.09 8514.00
1/5/2016 7:55 1/5/2016 18:05 10.167 0.090 0.009 0.120 21.800 1/5/2016 7:45 1/6/2016 6:00 22.50 0.08 0.09 6390.00
1/11/2016 10:45 1/13/2016 19:55 57.167 1.150 0.020 0.240 139.500 1/11/2016 10:30 1/14/2016 7:45 69.50 0.17 0.92 41643.04
1/15/2016 9:55 1/15/2016 12:25 2.500 0.050 0.020 0.240 39.900 1/15/2016 9:45 1/16/2016 0:15 14.75 0.11 0.13 5913.00
1/16/2016 0:30 1/16/2016 20:50 20.333 0.420 0.021 0.240 14.600 1/16/2016 0:30 1/17/2016 7:00 30.75 0.16 0.57 18062.98
1/17/2016 7:05 1/18/2016 5:35 22.500 0.330 0.015 0.240 13.900 1/17/2016 7:00 1/18/2016 17:30 34.75 0.15 0.43 18377.99
1/19/2016 13:20 1/20/2016 0:40 11.333 0.370 0.033 0.120 35.100 1/19/2016 13:15 1/20/2016 12:30 23.50 0.15 0.28 12735.00
1/20/2016 21:10 1/22/2016 13:05 39.917 1.550 0.039 0.240 23.400 1/20/2016 21:00 1/23/2016 1:00 52.25 0.45 1.50 85194.02
1/23/2016 5:05 1/24/2016 1:05 20.000 0.870 0.044 0.360 21.700 1/23/2016 5:00 1/24/2016 13:00 32.25 0.49 1.11 56537.97
1/26/2016 7:00 1/28/2016 12:20 53.333 1.590 0.030 0.240 63.000 1/26/2016 6:45 1/29/2016 0:15 65.75 0.49 1.65 115614.00
1/29/2016 7:30 1/29/2016 11:15 3.750 0.170 0.045 0.120 19.800 1/29/2016 7:15 1/29/2016 23:00 16.00 0.35 0.79 20088.01
2/1/2016 1:00 2/1/2016 2:40 1.667 0.130 0.078 0.240 62.200 2/1/2016 0:45 2/1/2016 14:30 14.00 0.19 0.35 9405.00
2/3/2016 0:20 2/3/2016 1:35 1.250 0.040 0.032 0.120 46.400 2/3/2016 0:15 2/3/2016 13:30 13.50 0.13 0.15 6174.00
2/3/2016 13:40 2/4/2016 1:25 11.750 0.440 0.037 0.240 13.300 2/3/2016 13:30 2/4/2016 13:15 24.00 0.19 0.47 16686.00
2/4/2016 15:25 2/4/2016 16:10 0.750 0.030 0.040 0.120 13.200 2/4/2016 15:15 2/5/2016 4:00 13.00 0.15 0.17 6804.00
2/5/2016 9:20 2/5/2016 18:35 9.250 0.180 0.020 0.240 31.900 2/5/2016 9:15 2/6/2016 6:30 21.50 0.15 0.41 11961.00
2/10/2016 10:35 2/10/2016 21:55 11.333 0.190 0.017 0.240 112.600 2/10/2016 10:30 2/11/2016 9:45 23.50 0.12 0.28 10035.00



Table D-12. Summary Statistics for Individual Storm Events at the COUMI Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)

2/11/2016 15:10 2/12/2016 11:00 19.833 1.170 0.059 0.480 27.100 2/11/2016 15:00 2/12/2016 23:00 32.25 0.46 1.81 53666.97
2/13/2016 0:55 2/13/2016 2:00 1.083 0.120 0.111 0.240 14.400 2/13/2016 0:45 2/13/2016 13:30 13.00 0.28 0.89 13148.99
2/13/2016 13:40 2/16/2016 5:35 63.917 0.660 0.010 0.120 12.300 2/13/2016 13:30 2/16/2016 17:30 76.25 0.21 0.41 57545.86
2/17/2016 14:55 2/18/2016 6:40 15.750 0.430 0.027 0.240 40.100 2/17/2016 14:45 2/18/2016 13:00 22.50 0.33 111 26612.99
2/18/2016 13:00 2/19/2016 23:30 34.500 0.470 0.014 0.360 14.800 2/18/2016 13:00 2/20/2016 11:30 46.75 0.25 0.79 41480.96
2/21/2016 13:25 2/21/2016 14:00 0.583 0.060 0.103 0.360 42.100 2/21/2016 13:15 2/22/2016 2:00 13.00 0.17 0.19 7920.00
2/26/2016 16:55 2/27/2016 9:35 16.667 0.270 0.016 0.120 124.400 2/26/2016 16:45 2/27/2016 21:30 29.00 0.16 0.25 16415.98
2/28/2016 5:20 2/29/2016 7:10 25.833 0.360 0.014 0.480 27.400 2/28/2016 5:15 2/29/2016 19:00 38.00 0.17 0.41 23066.98
2/29/2016 22:50 3/2/2016 4:30 29.667 0.810 0.027 0.600 19.800 2/29/2016 22:45 3/2/2016 16:15 41.75 0.30 1.50 45620.96
3/2/2016 18:10 3/3/2016 6:25 12.250 0.230 0.019 0.240 17.400 3/2/2016 18:00 3/3/2016 18:15 24.50 0.23 0.62 20664.00
3/4/2016 14:30 3/5/2016 5:05 14.583 0.380 0.026 0.120 38.700 3/4/2016 14:15 3/5/2016 17:00 27.00 0.24 0.54 22859.97
3/5/2016 21:00 3/7/2016 11:05 38.083 0.790 0.021 0.240 17.600 3/5/2016 21:00 3/7/2016 23:00 50.25 0.27 111 48536.95
3/9/2016 0:20 3/10/2016 2:15 25.917 0.760 0.029 0.240 38.200 3/9/2016 0:15 3/10/2016 14:00 38.00 0.35 0.99 47852.98
3/10/2016 14:35 3/10/2016 17:05 2.500 0.170 0.068 0.360 13.400 3/10/2016 14:30 3/11/2016 5:00 14.75 0.27 0.89 14579.99
3/11/2016 13:45 3/12/2016 9:45 20.000 0.340 0.017 0.240 22.600 3/11/2016 13:30 3/12/2016 21:30 32.25 0.24 0.47 27548.97
3/12/2016 21:30 3/13/2016 19:55 22.417 0.350 0.016 0.240 14.100 3/12/2016 21:30 3/14/2016 7:45 33.50 0.23 0.99 27683.98
3/20/2016 13:30 3/22/2016 9:45 44.250 0.580 0.013 0.480 161.700 3/20/2016 13:15 3/22/2016 21:30 56.50 0.16 0.99 33264.03
3/23/2016 10:05 3/24/2016 0:35 14.500 0.190 0.013 0.120 24.900 3/23/2016 10:00 3/24/2016 12:30 26.75 0.14 0.21 13761.00
3/26/2016 23:05 3/28/2016 8:45 33.667 0.760 0.023 0.360 71.800 3/26/2016 23:00 3/28/2016 20:45 46.00 0.22 0.99 36890.95
4/3/2016 23:20 4/4/2016 3:45 4417 0.330 0.075 0.360 173.700 4/3/2016 23:15 4/4/2016 15:30 16.50 0.17 0.47 10062.00
4/12/2016 14:50 4/13/2016 0:20 9.500 0.420 0.044 0.240 203.300 4/12/2016 14:45 4/13/2016 12:15 21.75 0.14 0.41 10638.00
4/14/2016 1:15 4/14/2016 2:50 1.583 0.090 0.057 0.120 28.700 4/14/2016 1:15 4/14/2016 14:45 13.75 0.09 0.13 4554.00
4/23/2016 22:00 4/24/2016 18:25 20.417 0.550 0.027 0.480 235.800 4/23/2016 21:45 4/25/2016 6:15 32.75 0.12 0.54 14129.99
4/25/2016 6:20 4/25/2016 12:55 6.583 0.250 0.038 0.240 12.500 4/25/2016 6:15 4/26/2016 0:45 18.75 0.13 0.23 8640.00
4/29/2016 6:55 4/29/2016 11:05 4.167 0.090 0.022 0.120 90.700 4/29/2016 6:45 4/29/2016 23:00 16.50 0.07 0.11 4086.00
5/8/2016 7:05 5/8/2016 8:00 0.917 0.040 0.044 0.120 214.800 5/8/2016 7:00 5/8/2016 20:00 13.25 0.05 0.06 2502.00
5/8/2016 21:55 5/9/2016 0:00 2.083 0.100 0.048 0.360 14.800 5/8/2016 21:45 5/9/2016 11:45 14.25 0.06 0.30 3321.00
5/14/2016 11:20 5/16/2016 3:50 40.500 0.310 0.008 0.240 132.800 5/14/2016 11:15 5/16/2016 15:45 52.75 0.06 0.11 11880.02
5/18/2016 23:55 5/19/2016 6:05 6.167 0.210 0.034 0.240 70.100 5/18/2016 23:45 5/19/2016 18:00 18.50 0.09 0.21 6039.00
5/19/2016 18:55 5/19/2016 21:45 2.833 0.500 0.177 0.480 16.100 5/19/2016 18:45 5/20/2016 9:30 15.00 0.16 0.79 8595.01
5/21/2016 6:00 5/21/2016 21:05 15.083 0.220 0.015 0.120 32.800 5/21/2016 5:45 5/22/2016 9:00 27.50 0.08 0.19 7812.00
5/27/2016 2:25 5/27/2016 7:30 5.083 0.430 0.085 0.240 136.000 5/27/2016 2:15 5/27/2016 19:30 17.50 0.12 0.35 7731.00
5/28/2016 5:20 5/29/2016 13:05 31.750 0.260 0.008 0.240 22.000 5/28/2016 5:15 5/30/2016 1:00 44.00 0.07 0.21 11619.00
6/9/2016 21:05 6/10/2016 1:30 4417 0.090 0.020 0.360 274.200 6/9/2016 21:00 6/10/2016 13:15 16.50 0.07 0.09 3870.00
6/11/2016 3:25 6/11/2016 4:35 1.167 0.250 0.214 0.840 26.100 6/11/2016 3:15 6/11/2016 16:30 13.50 0.07 0.23 3546.00
6/13/2016 8:50 6/13/2016 10:55 2.083 0.030 0.014 0.120 52.700 6/13/2016 8:45 6/13/2016 22:45 14.25 0.05 0.09 2691.00
6/17/2016 23:15 6/18/2016 20:00 20.750 0.480 0.023 0.480 163.100 6/17/2016 23:00 6/19/2016 8:00 33.25 0.08 0.25 9837.01
6/20/2016 23:25 6/21/2016 2:10 2.750 0.400 0.146 0.360 54.000 6/20/2016 23:15 6/21/2016 14:00 15.00 0.17 0.79 9045.00
6/23/2016 6:25 6/24/2016 15:15 32.833 0.330 0.010 0.240 52.700 6/23/2016 6:15 6/25/2016 3:00 45.00 0.08 0.25 13140.01
7/7/2016 18:45 7/8/2016 5:45 11.000 0.200 0.018 0.120 329.900 7/7/2016 18:30 7/8/2016 17:45 23.50 0.09 0.15 7722.01
7/8/2016 22:55 7/9/2016 9:15 10.333 0.170 0.017 0.120 18.200 7/8/2016 22:45 7/9/2016 21:00 22.50 0.09 0.28 7371.00
7/22/2016 7:30 7/22/2016 10:00 2.500 0.210 0.084 0.240 317.600 7/22/2016 7:30 7/22/2016 22:00 43.75 0.06 0.15 9324.02
8/2/2016 10:30 8/2/2016 11:20 0.833 0.030 0.036 0.120 265.200 8/2/2016 10:30 8/2/2016 23:05 38.00 0.05 0.05 6840.01
8/7/2016 21:30 8/7/2016 23:30 2.000 0.030 0.015 0.120 396.200 8/7/2016 21:20 8/8/2016 11:15 42.00 0.06 0.28 8631.02
8/31/2016 13:10 8/31/2016 14:05 0.917 0.060 0.066 0.240 567.700 8/31/2016 12:55 9/1/2016 1:55 39.25 0.04 0.05 5724.00
9/1/2016 15:05 9/3/2016 10:30 43.417 0.910 0.021 0.720 25.800 9/1/2016 14:55 9/3/2016 22:15 166.25 0.06 0.62 36062.77



Table D-12. Summary Statistics for Individual Storm Events at the COUMI Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration Averagse Flow Rate Rate Flow Volsume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet”)
(inch/hour) (inch/hour) (hour)

9/5/2016 23:20 9/6/2016 6:45 7.417 0.180 0.024 0.120 61.200 9/5/2016 23:05 9/6/2016 18:35 58.75 0.05 0.13 11025.02
9/7/2016 2:10 9/7/2016 17:00 14.833 0.080 0.005 0.120 20.100 9/7/2016 2:05 9/8/2016 4:50 80.50 0.05 0.13 14571.04
9/17/2016 5:05 9/17/2016 20:00 14.917 0.220 0.015 0.240 239.400 9/17/2016 5:05 9/17/2016 22:15 51.75 0.06 0.15 10593.02
9/17/2016 22:30 9/17/2016 23:40 1.167 0.070 0.060 0.120 13.300 9/17/2016 22:15 9/18/2016 11:35 40.25 0.06 0.11 8631.01
9/19/2016 6:10 9/19/2016 7:30 1.333 0.140 0.105 0.480 31.200 9/19/2016 5:55 9/19/2016 19:25 40.75 0.06 0.28 8325.02






Table D-13. Summary Statistics for Individual Storm Events at the TYLMO Station.

Precipitation  Precipitation  Precipitation

Precipitation  Precipitation Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)
10/2/2015 21:20 10/2/2015 22:15 0.917 0.070 0.076 0.120 0.000 10/2/2015 21:15 10/3/2015 10:15 13.25 0.13 1.01 6408.00
10/7/2015 4:40 10/8/2015 9:50 29.167 0.500 0.017 0.480 103.100 10/7/2015 4:30 10/8/2015 21:45 41.50 0.44 2.16 65124.05
10/10/2015 3:00 10/10/2015 15:25 12.417 0.800 0.064 0.480 51.200 10/10/2015 2:45 10/11/2015 3:15 24.75 1.55 5.98 138222.00
10/12/2015 18:40 10/13/2015 5:15 10.583 0.560 0.053 0.240 51.900 10/12/2015 18:30 10/13/2015 17:00 22.75 0.96 3.10 78335.96
10/17/2015 20:10 10/17/2015 20:50 0.667 0.040 0.060 0.120 112.400 10/17/2015 20:00 10/18/2015 8:45 13.00 0.07 0.15 3501.00
10/18/2015 8:45 10/19/2015 0:20 15.583 0.260 0.017 0.120 12.600 10/18/2015 8:45 10/19/2015 12:15 27.75 0.20 0.77 19521.00
10/25/2015 14:45 10/26/2015 18:35 27.833 0.470 0.017 0.240 160.700 10/25/2015 14:45 10/27/2015 6:30 40.00 0.31 2.00 45054.01
10/28/2015 8:25 10/28/2015 21:45 13.333 0.100 0.008 0.120 44.100 10/28/2015 8:15 10/29/2015 9:30 25.50 0.09 0.29 8532.00
10/29/2015 13:35 11/1/2015 15:20 73.750 1.970 0.027 0.480 23.300 10/29/2015 13:30 11/2/2015 3:00 86.75 1.14 6.76 355257.20
11/2/2015 3:15 11/2/2015 10:55 7.667 0.310 0.040 1.200 12.600 11/2/2015 3:00 11/2/2015 22:45 20.00 0.63 331 45413.99
11/3/2015 5:15 11/3/2015 8:40 3.417 0.070 0.021 0.240 18.500 11/3/2015 5:00 11/3/2015 20:30 15.75 0.23 0.49 13149.00
11/7/2015 8:20 11/10/2015 0:45 64.417 1.310 0.020 0.360 96.700 11/7/2015 8:15 11/10/2015 12:45 76.75 0.91 3.10 251649.00
11/10/2015 23:45 11/11/2015 4:30 4.750 0.480 0.101 0.720 34.800 11/10/2015 23:45 11/11/2015 16:30 17.00 1.27 6.36 77696.96
11/12/2015 17:30 11/15/2015 7:15 61.750 3.650 0.059 0.360 37.300 11/12/2015 17:15 11/15/2015 19:15 74.25 3.05 7.60 815489.60
11/16/2015 10:25 11/17/2015 22:15 35.833 0.640 0.018 0.600 27.800 11/16/2015 10:15 11/18/2015 10:15 48.25 1.08 3.10 187397.80
11/18/2015 16:55 11/19/2015 3:45 10.833 0.220 0.020 0.240 23.500 11/18/2015 16:45 11/19/2015 15:30 23.00 0.64 2.00 52838.96
11/23/2015 15:55 11/24/2015 9:35 17.667 0.400 0.023 0.120 110.500 11/23/2015 15:45 11/24/2015 21:30 30.00 0.53 1.15 57104.98
12/1/2015 18:55 12/2/2015 2:40 7.750 0.430 0.056 0.240 179.700 12/1/2015 18:45 12/2/2015 14:30 20.00 0.74 2.90 53153.99
12/2/2015 23:50 12/4/2015 6:10 30.333 0.710 0.023 0.360 24.400 12/2/2015 23:45 12/4/2015 18:00 42.50 0.99 4.93 152154.00
12/5/2015 9:50 12/9/2015 6:50 93.000 4.250 0.046 0.600 28.700 12/5/2015 9:45 12/9/2015 18:45 105.25 3.44 10.00 1304434.00
12/10/2015 3:45 12/10/2015 23:25 19.667 0.440 0.022 0.240 21.100 12/10/2015 3:30 12/11/2015 11:15 32.00 2.08 4.93 240065.90
12/12/2015 8:55 12/13/2015 3:20 18.417 0.430 0.023 0.240 44.100 12/12/2015 8:45 12/13/2015 15:15 30.75 1.13 3.10 125487.00
12/13/2015 15:45 12/14/2015 4:30 12.750 0.220 0.017 0.120 17.500 12/13/2015 15:30 12/14/2015 16:15 25.00 0.63 2.00 57140.99
12/15/2015 19:00 12/16/2015 7:20 12.333 0.060 0.005 0.120 42.800 12/15/2015 18:45 12/16/2015 19:15 24.75 0.28 0.67 24605.98
12/17/2015 7:55 12/19/2015 3:20 43.417 1.300 0.030 0.240 32.200 12/17/2015 7:45 12/19/2015 15:15 55.75 1.73 6.36 347859.40
12/20/2015 2:15 12/20/2015 8:10 5.917 0.170 0.029 0.240 30.200 12/20/2015 2:00 12/20/2015 20:00 18.25 0.72 2.16 47376.02
12/20/2015 23:35 12/22/2015 2:30 26.917 0.780 0.029 0.240 16.000 12/20/2015 23:30 12/22/2015 14:30 39.25 1.52 5.26 214289.90
12/22/2015 18:20 12/24/2015 22:25 52.083 0.610 0.012 0.240 21.600 12/22/2015 18:15 12/25/2015 10:15 64.25 0.74 3.76 170073.00
12/27/2015 10:30 12/28/2015 5:45 19.250 0.550 0.029 0.120 61.200 12/27/2015 10:30 12/28/2015 17:45 31.50 0.88 3.10 100088.90
1/4/2016 1:40 1/4/2016 22:10 20.500 0.110 0.005 0.120 167.000 1/4/2016 1:30 1/5/2016 7:45 30.50 0.18 0.24 19332.00
1/5/2016 7:55 1/5/2016 18:05 10.167 0.090 0.009 0.120 21.800 1/5/2016 7:45 1/6/2016 6:00 22.50 0.23 0.42 18602.99
1/11/2016 10:45 1/13/2016 19:55 57.167 1.150 0.020 0.240 139.500 1/11/2016 10:30 1/14/2016 7:45 69.50 0.98 4.93 245393.90
1/15/2016 9:55 1/15/2016 12:25 2.500 0.050 0.020 0.240 39.900 1/15/2016 9:45 1/16/2016 0:15 14.75 0.25 0.49 13050.00
1/16/2016 0:30 1/16/2016 20:50 20.333 0.420 0.021 0.240 14.600 1/16/2016 0:30 1/17/2016 7:00 30.75 0.89 331 98729.94
1/17/2016 7:05 1/18/2016 5:35 22.500 0.330 0.015 0.240 13.900 1/17/2016 7:00 1/18/2016 17:30 34.75 0.81 2.52 101312.90
1/19/2016 13:20 1/20/2016 0:40 11.333 0.370 0.033 0.120 35.100 1/19/2016 13:15 1/20/2016 12:30 23.50 0.89 2.70 75311.98
1/20/2016 21:10 1/22/2016 13:05 39.917 1.550 0.039 0.240 23.400 1/20/2016 21:00 1/23/2016 1:00 52.25 2.56 5.98 481940.80
1/23/2016 5:05 1/24/2016 1:05 20.000 0.870 0.044 0.360 21.700 1/23/2016 5:00 1/24/2016 13:00 32.25 2.42 4.60 280440.00
1/26/2016 7:00 1/28/2016 12:20 53.333 1.590 0.030 0.240 63.000 1/26/2016 6:45 1/29/2016 0:15 65.75 1.84 5.61 436544.80
1/29/2016 7:30 1/29/2016 11:15 3.750 0.170 0.045 0.120 19.800 1/29/2016 7:15 1/29/2016 23:00 16.00 1.47 2.90 84411.04
2/1/2016 1:00 2/1/2016 2:40 1.667 0.130 0.078 0.240 62.200 2/1/2016 0:45 2/1/2016 14:30 14.00 0.44 2.90 22122.02
2/3/2016 0:20 2/3/2016 1:35 1.250 0.040 0.032 0.120 46.400 2/3/2016 0:15 2/3/2016 13:30 13.50 0.23 0.49 11412.00
2/3/2016 13:40 2/4/2016 1:25 11.750 0.440 0.037 0.240 13.300 2/3/2016 13:30 2/4/2016 13:15 24.00 0.92 2.90 79622.98
2/4/2016 15:25 2/4/2016 16:10 0.750 0.030 0.040 0.120 13.200 2/4/2016 15:15 2/5/2016 4:00 13.00 0.42 0.58 19575.01
2/5/2016 9:20 2/5/2016 18:35 9.250 0.180 0.020 0.240 31.900 2/5/2016 9:15 2/6/2016 6:30 21.50 0.55 331 42245.99
2/10/2016 10:35 2/10/2016 21:55 11.333 0.190 0.017 0.240 112.600 2/10/2016 10:30 2/11/2016 9:45 23.50 0.37 2.16 31230.00



Table D-13. Summary Statistics for Individual Storm Events at the TYLMO Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)

2/11/2016 15:10 2/12/2016 11:00 19.833 1.170 0.059 0.480 27.100 2/11/2016 15:00 2/12/2016 23:00 32.25 2.15 7.60 249804.10
2/13/2016 0:55 2/13/2016 2:00 1.083 0.120 0.111 0.240 14.400 2/13/2016 0:45 2/13/2016 13:30 13.00 1.31 331 61416.03
2/13/2016 13:40 2/16/2016 5:35 63.917 0.660 0.010 0.120 12.300 2/13/2016 13:30 2/16/2016 17:30 76.25 0.97 2.52 267137.90
2/17/2016 14:55 2/18/2016 6:40 15.750 0.430 0.027 0.240 40.100 2/17/2016 14:45 2/18/2016 12:45 22.25 1.28 4.29 102762.00
2/18/2016 13:00 2/19/2016 23:30 34.500 0.470 0.014 0.360 14.800 2/18/2016 12:45 2/20/2016 11:30 47.00 0.89 4.29 151137.10
2/21/2016 13:25 2/21/2016 14:00 0.583 0.060 0.103 0.360 42.100 2/21/2016 13:15 2/22/2016 2:00 13.00 0.32 0.89 15183.00
2/26/2016 16:55 2/27/2016 9:35 16.667 0.270 0.016 0.120 124.400 2/26/2016 16:45 2/27/2016 21:30 29.00 0.43 1.80 45126.02
2/28/2016 5:20 2/29/2016 7:10 25.833 0.360 0.014 0.480 27.400 2/28/2016 5:15 2/29/2016 19:00 38.00 0.40 2.70 55062.04
2/29/2016 22:50 3/2/2016 4:30 29.667 0.810 0.027 0.600 19.800 2/29/2016 22:45 3/2/2016 16:15 41.75 1.23 5.98 184841.90
3/2/2016 18:10 3/3/2016 6:25 12.250 0.230 0.019 0.240 17.400 3/2/2016 18:00 3/3/2016 18:15 24.50 1.03 3.76 90440.91
3/4/2016 14:30 3/5/2016 5:05 14.583 0.380 0.026 0.120 38.700 3/4/2016 14:15 3/5/2016 17:00 27.00 0.87 3.10 84536.95
3/5/2016 21:00 3/7/2016 11:05 38.083 0.790 0.021 0.240 17.600 3/5/2016 21:00 3/7/2016 23:00 50.25 1.02 4.00 184400.90
3/9/2016 0:20 3/10/2016 2:15 25.917 0.760 0.029 0.240 38.200 3/9/2016 0:15 3/10/2016 14:00 38.00 1.54 4.93 210203.80
3/10/2016 14:35 3/10/2016 17:05 2.500 0.170 0.068 0.360 13.400 3/10/2016 14:30 3/11/2016 5:00 14.75 1.01 2.52 53441.99
3/11/2016 13:45 3/12/2016 9:45 20.000 0.340 0.017 0.240 22.600 3/11/2016 13:30 3/12/2016 21:30 32.25 0.86 2.70 99746.95
3/12/2016 21:30 3/13/2016 19:55 22.417 0.350 0.016 0.240 14.100 3/12/2016 21:30 3/14/2016 7:45 33.50 0.71 3.10 86165.93
3/20/2016 13:30 3/22/2016 9:45 44.250 0.580 0.013 0.480 161.700 3/20/2016 13:30 3/22/2016 21:30 56.25 0.50 2.70 102122.90
3/23/2016 10:05 3/24/2016 0:35 14.500 0.190 0.013 0.120 24.900 3/23/2016 10:00 3/24/2016 12:30 26.75 0.45 1.62 43487.96
3/26/2016 23:05 3/28/2016 8:45 33.667 0.760 0.023 0.360 71.800 3/26/2016 23:00 3/28/2016 20:45 46.00 1.03 5.61 170280.10
4/3/2016 23:20 4/4/2016 3:45 4417 0.330 0.075 0.360 173.700 4/3/2016 23:15 4/4/2016 15:30 16.50 0.75 3.76 44288.98
4/12/2016 14:50 4/13/2016 0:20 9.500 0.420 0.044 0.240 203.300 4/12/2016 14:45 4/13/2016 12:15 21.75 0.49 2.90 38592.05
4/14/2016 1:15 4/14/2016 2:50 1.583 0.090 0.057 0.120 28.700 4/14/2016 1:15 4/14/2016 14:45 13.75 0.29 1.45 14157.00
4/23/2016 22:00 4/24/2016 18:25 20.417 0.550 0.027 0.480 235.800 4/23/2016 21:45 4/25/2016 6:15 32.75 0.58 4.60 67932.00
4/25/2016 6:20 4/25/2016 12:55 6.583 0.250 0.038 0.240 12.500 4/25/2016 6:15 4/26/2016 0:45 18.75 0.57 3.10 38546.98
4/29/2016 6:55 4/29/2016 11:05 4.167 0.090 0.022 0.120 90.700 4/29/2016 6:45 4/29/2016 23:00 16.50 0.29 1.62 16929.00
5/8/2016 7:05 5/8/2016 8:00 0.917 0.040 0.044 0.120 214.800 5/8/2016 7:00 5/8/2016 20:00 13.25 0.17 0.77 8037.00
5/8/2016 21:55 5/9/2016 0:00 2.083 0.100 0.048 0.360 14.800 5/8/2016 21:45 5/9/2016 11:45 14.25 0.12 0.29 6327.00
5/14/2016 11:20 5/16/2016 3:50 40.500 0.310 0.008 0.240 132.800 5/14/2016 11:15 5/16/2016 15:45 52.75 0.32 3.10 61631.99
5/18/2016 23:55 5/19/2016 6:05 6.167 0.210 0.034 0.240 70.100 5/18/2016 23:45 5/19/2016 18:00 18.50 0.34 2.70 22311.00
5/19/2016 18:55 5/19/2016 21:45 2.833 0.500 0.177 0.480 16.100 5/19/2016 18:45 5/20/2016 9:30 15.00 0.89 3.76 47799.04
5/21/2016 6:00 5/21/2016 21:05 15.083 0.220 0.015 0.120 32.800 5/21/2016 5:45 5/22/2016 9:00 27.50 0.30 2.16 29853.00
5/27/2016 2:25 5/27/2016 7:30 5.083 0.430 0.085 0.240 136.000 5/27/2016 2:15 5/27/2016 19:15 17.25 0.40 1.62 24885.00
5/28/2016 5:20 5/29/2016 13:05 31.750 0.260 0.008 0.240 22.000 5/28/2016 5:15 5/30/2016 1:00 44.00 0.25 1.45 39852.00
6/9/2016 21:05 6/10/2016 1:30 4417 0.090 0.020 0.360 274.200 6/9/2016 21:00 6/10/2016 13:15 16.50 0.17 2.16 9918.00
6/11/2016 3:25 6/11/2016 4:35 1.167 0.250 0.214 0.840 26.100 6/11/2016 3:15 6/11/2016 16:30 13.50 0.41 4.00 19737.01
6/13/2016 8:50 6/13/2016 10:55 2.083 0.030 0.014 0.120 52.700 6/13/2016 8:45 6/13/2016 22:45 14.25 0.08 0.10 3942.00
6/17/2016 23:15 6/18/2016 20:00 20.750 0.480 0.023 0.480 163.100 6/17/2016 23:00 6/19/2016 8:00 33.25 0.58 5.26 69911.98
6/20/2016 23:25 6/21/2016 2:10 2.750 0.400 0.146 0.360 54.000 6/20/2016 23:15 6/21/2016 14:00 15.00 0.79 4.29 42867.01
6/23/2016 6:25 6/24/2016 15:15 32.833 0.330 0.010 0.240 52.700 6/23/2016 6:15 6/25/2016 3:00 45.00 0.35 5.26 56925.02
7/7/2016 18:45 7/8/2016 5:45 11.000 0.200 0.018 0.120 329.900 7/7/2016 18:30 7/8/2016 17:45 23.50 0.18 0.67 15273.00
7/8/2016 22:55 7/9/2016 9:15 10.333 0.170 0.017 0.120 18.200 7/8/2016 22:45 7/9/2016 21:00 22.50 0.35 2.34 28548.01
7/22/2016 7:30 7/22/2016 10:00 2.500 0.210 0.084 0.240 317.600 7/22/2016 7:30 7/22/2016 21:45 14.50 0.14 0.49 7254.00
8/2/2016 10:30 8/2/2016 11:20 0.833 0.030 0.036 0.120 265.200 8/2/2016 10:15 8/2/2016 23:15 13.25 0.08 0.12 3708.00
8/7/2016 21:30 8/7/2016 23:30 2.000 0.030 0.015 0.120 396.200 8/7/2016 21:30 8/8/2016 11:30 14.25 0.11 0.89 5787.00
8/31/2016 13:10 8/31/2016 14:05 0.917 0.060 0.066 0.240 567.700 8/31/2016 13:00 9/1/2016 2:00 13.25 0.12 0.24 5625.00
9/1/2016 15:05 9/3/2016 10:30 43.417 0.910 0.021 0.720 25.800 9/1/2016 15:00 9/3/2016 22:15 55.50 1.16 8.51 232487.80



Table D-13. Summary Statistics for Individual Storm Events at the TYLMO Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration Averagse Flow Rate Rate Flow Volsume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet”)
(inch/hour) (inch/hour) (hour)

9/5/2016 23:20 9/6/2016 6:45 7.417 0.180 0.024 0.120 61.200 9/5/2016 23:15 9/6/2016 18:30 19.50 0.24 0.67 17154.00
9/7/2016 2:10 9/7/2016 17:00 14.833 0.080 0.005 0.120 20.100 9/7/2016 2:00 9/8/2016 5:00 27.25 0.20 0.77 19233.00
9/17/2016 5:05 9/17/2016 20:00 14.917 0.220 0.015 0.240 239.400 9/17/2016 5:00 9/17/2016 22:15 17.50 0.34 1.62 21113.99
9/17/2016 22:30 9/17/2016 23:40 1.167 0.070 0.060 0.120 13.300 9/17/2016 22:15 9/18/2016 11:30 13.50 0.30 2.00 14445.00
9/19/2016 6:10 9/19/2016 7:30 1.333 0.140 0.105 0.480 31.200 9/19/2016 6:00 9/19/2016 19:15 13.50 0.43 3.53 20664.00






Table D-14. Summary Statistics for Individual Storm Events at the TYLMI Station.

Precipitation  Precipitation  Precipitation

Precipitation  Precipitation Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)
10/2/2015 21:20 10/2/2015 22:15 0.917 0.070 0.076 0.120 0.000 10/2/2015 21:15 10/3/2015 10:15 13.25 0.12 0.14 5634.00
10/7/2015 4:40 10/8/2015 9:50 29.167 0.500 0.017 0.480 103.100 10/7/2015 4:30 10/8/2015 21:45 41.50 0.23 0.40 34659.00
10/10/2015 3:00 10/10/2015 15:25 12.417 0.800 0.064 0.480 51.200 10/10/2015 2:45 10/11/2015 3:15 24.75 0.55 0.87 48663.01
10/12/2015 18:40 10/13/2015 5:15 10.583 0.560 0.053 0.240 51.900 10/12/2015 18:30 10/13/2015 17:15 23.00 0.33 0.46 27531.00
10/17/2015 20:10 10/17/2015 20:50 0.667 0.040 0.060 0.120 112.400 10/17/2015 20:00 10/18/2015 8:45 13.00 0.08 0.08 3609.00
10/18/2015 8:45 10/19/2015 0:20 15.583 0.260 0.017 0.120 12.600 10/18/2015 8:45 10/19/2015 12:15 27.75 0.11 0.14 10898.99
10/25/2015 14:45 10/26/2015 18:35 27.833 0.470 0.017 0.240 160.700 10/25/2015 14:45 10/27/2015 6:30 40.00 0.13 0.21 19251.01
10/28/2015 8:25 10/28/2015 21:45 13.333 0.100 0.008 0.120 44.100 10/28/2015 8:15 10/29/2015 9:30 25.50 0.08 0.10 7128.00
10/29/2015 13:35 11/1/2015 15:20 73.750 1.970 0.027 0.480 23.300 10/29/2015 13:30 11/2/2015 3:00 86.75 0.39 1.08 121121.90
11/2/2015 3:15 11/2/2015 10:55 7.667 0.310 0.040 1.200 12.600 11/2/2015 3:00 11/2/2015 22:45 20.00 0.22 0.29 15885.00
11/3/2015 5:15 11/3/2015 8:40 3.417 0.070 0.021 0.240 18.500 11/3/2015 5:00 11/3/2015 20:30 15.75 0.11 0.12 6138.00
11/7/2015 8:20 11/10/2015 0:45 64.417 1.310 0.020 0.360 96.700 11/7/2015 8:15 11/10/2015 12:30 76.50 0.51 0.87 139895.80
11/10/2015 23:45 11/11/2015 4:30 4.750 0.480 0.101 0.720 34.800 11/10/2015 23:45 11/11/2015 16:15 16.75 0.61 0.87 36981.00
11/12/2015 17:30 11/15/2015 7:15 61.750 3.650 0.059 0.360 37.300 11/12/2015 17:15 11/15/2015 19:15 74.25 1.34 4.39 358470.00
11/16/2015 10:25 11/17/2015 22:15 35.833 0.640 0.018 0.600 27.800 11/16/2015 10:15 11/18/2015 10:15 48.25 0.35 0.60 61199.97
11/18/2015 16:55 11/19/2015 3:45 10.833 0.220 0.020 0.240 23.500 11/18/2015 16:45 11/19/2015 15:30 23.00 0.15 0.21 12699.01
11/23/2015 15:55 11/24/2015 9:35 17.667 0.400 0.023 0.120 110.500 11/23/2015 15:45 11/24/2015 21:30 30.00 0.16 0.25 16965.00
12/1/2015 18:55 12/2/2015 2:40 7.750 0.430 0.056 0.240 179.700 12/1/2015 18:45 12/2/2015 14:30 20.00 0.18 0.29 13212.00
12/2/2015 23:50 12/4/2015 6:10 30.333 0.710 0.023 0.360 24.400 12/2/2015 23:45 12/4/2015 18:00 42.50 0.41 0.68 62342.96
12/5/2015 9:50 12/9/2015 6:50 93.000 4.250 0.046 0.600 28.700 12/5/2015 9:45 12/9/2015 18:45 105.25 1.47 5.65 558675.60
12/10/2015 3:45 12/10/2015 23:25 19.667 0.440 0.022 0.240 21.100 12/10/2015 3:30 12/11/2015 11:15 32.00 0.52 0.87 59841.00
12/12/2015 8:55 12/13/2015 3:20 18.417 0.430 0.023 0.240 44.100 12/12/2015 8:45 12/13/2015 15:15 30.75 0.21 0.40 22985.98
12/13/2015 15:45 12/14/2015 4:30 12.750 0.220 0.017 0.120 17.500 12/13/2015 15:30 12/14/2015 16:15 25.00 0.13 0.17 11997.00
12/15/2015 19:00 12/16/2015 7:20 12.333 0.060 0.005 0.120 42.800 12/15/2015 18:45 12/16/2015 19:15 24.75 0.08 0.10 7182.00
12/17/2015 7:55 12/19/2015 3:20 43.417 1.300 0.030 0.240 32.200 12/17/2015 7:45 12/19/2015 15:15 55.75 0.34 1.20 68751.02
12/20/2015 2:15 12/20/2015 8:10 5.917 0.170 0.029 0.240 30.200 12/20/2015 2:00 12/20/2015 20:00 18.25 0.13 0.15 8325.00
12/20/2015 23:35 12/22/2015 2:30 26.917 0.780 0.029 0.240 16.000 12/20/2015 23:30 12/22/2015 14:15 39.00 0.27 0.68 38366.96
12/22/2015 18:20 12/24/2015 22:25 52.083 0.610 0.012 0.240 21.600 12/22/2015 18:15 12/25/2015 10:15 64.25 0.14 0.21 31590.02
12/27/2015 10:30 12/28/2015 5:45 19.250 0.550 0.029 0.120 61.200 12/27/2015 10:15 12/28/2015 17:45 31.75 0.13 0.21 15381.01
1/4/2016 1:40 1/4/2016 22:10 20.500 0.110 0.005 0.120 167.000 1/4/2016 1:30 1/5/2016 7:45 30.50 0.04 0.05 3843.00
1/5/2016 7:55 1/5/2016 18:05 10.167 0.090 0.009 0.120 21.800 1/5/2016 7:45 1/6/2016 6:00 22.50 0.05 0.06 3852.00
1/11/2016 10:45 1/13/2016 19:55 57.167 1.150 0.020 0.240 139.500 1/11/2016 10:30 1/14/2016 7:45 69.50 0.35 0.97 86588.93
1/15/2016 9:55 1/15/2016 12:25 2.500 0.050 0.020 0.240 39.900 1/15/2016 9:45 1/16/2016 0:15 14.75 0.12 0.14 6615.00
1/16/2016 0:30 1/16/2016 20:50 20.333 0.420 0.021 0.240 14.600 1/16/2016 0:30 1/17/2016 7:00 30.75 0.36 0.53 40257.01
1/17/2016 7:05 1/18/2016 5:35 22.500 0.330 0.015 0.240 13.900 1/17/2016 7:00 1/18/2016 17:30 34.75 0.36 0.53 44613.01
1/19/2016 13:20 1/20/2016 0:40 11.333 0.370 0.033 0.120 35.100 1/19/2016 13:15 1/20/2016 12:30 23.50 0.32 0.53 26982.01
1/20/2016 21:10 1/22/2016 13:05 39.917 1.550 0.039 0.240 23.400 1/20/2016 21:00 1/23/2016 1:00 52.25 0.95 2.27 179037.00
1/23/2016 5:05 1/24/2016 1:05 20.000 0.870 0.044 0.360 21.700 1/23/2016 5:00 1/24/2016 13:00 32.25 0.89 1.46 102780.00
1/26/2016 7:00 1/28/2016 12:20 53.333 1.590 0.030 0.240 63.000 1/26/2016 6:45 1/29/2016 0:15 65.75 0.67 1.92 159471.10
1/29/2016 7:30 1/29/2016 11:15 3.750 0.170 0.045 0.120 19.800 1/29/2016 7:15 1/29/2016 23:00 16.00 0.55 0.68 31851.01
2/1/2016 1:00 2/1/2016 2:40 1.667 0.130 0.078 0.240 62.200 2/1/2016 0:45 2/1/2016 14:30 14.00 0.16 0.21 7911.00
2/3/2016 0:20 2/3/2016 1:35 1.250 0.040 0.032 0.120 46.400 2/3/2016 0:15 2/3/2016 13:30 13.50 0.11 0.12 5427.00
2/3/2016 13:40 2/4/2016 1:25 11.750 0.440 0.037 0.240 13.300 2/3/2016 13:30 2/4/2016 13:15 24.00 0.22 0.34 19214.99
2/4/2016 15:25 2/4/2016 16:10 0.750 0.030 0.040 0.120 13.200 2/4/2016 15:15 2/5/2016 4:00 13.00 0.15 0.21 6984.00
2/5/2016 9:20 2/5/2016 18:35 9.250 0.180 0.020 0.240 31.900 2/5/2016 9:15 2/6/2016 6:30 21.50 0.14 0.21 11159.99
2/10/2016 10:35 2/10/2016 21:55 11.333 0.190 0.017 0.240 112.600 2/10/2016 10:30 2/11/2016 9:45 23.50 0.11 0.14 9432.00



Table D-14. Summary Statistics for Individual Storm Events at the TYLMI Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration AveragSe Flow Rate Rate Flow Volgume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet’)
(inch/hour) (inch/hour) (hour)

2/11/2016 15:10 2/12/2016 11:00 19.833 1.170 0.059 0.480 27.100 2/11/2016 15:00 2/12/2016 23:00 32.25 0.48 0.97 55431.00
2/13/2016 0:55 2/13/2016 2:00 1.083 0.120 0.111 0.240 14.400 2/13/2016 0:45 2/13/2016 13:30 13.00 0.33 0.46 15345.00
2/13/2016 13:40 2/16/2016 5:35 63.917 0.660 0.010 0.120 12.300 2/13/2016 13:30 2/16/2016 17:30 76.25 0.20 0.34 53657.89
2/17/2016 14:55 2/18/2016 6:40 15.750 0.430 0.027 0.240 40.100 2/17/2016 14:45 2/18/2016 12:45 22.25 0.23 0.46 18791.99
2/18/2016 13:00 2/19/2016 23:30 34.500 0.470 0.014 0.360 14.800 2/18/2016 12:45 2/20/2016 11:15 46.75 0.16 0.25 26954.99
2/21/2016 13:25 2/21/2016 14:00 0.583 0.060 0.103 0.360 42.100 2/21/2016 13:15 2/22/2016 2:00 13.00 0.11 0.12 4977.00
2/26/2016 16:55 2/27/2016 9:35 16.667 0.270 0.016 0.120 124.400 2/26/2016 16:45 2/27/2016 21:30 29.00 0.10 0.14 10683.00
2/28/2016 5:20 2/29/2016 7:10 25.833 0.360 0.014 0.480 27.400 2/28/2016 5:15 2/29/2016 19:00 38.00 0.10 0.12 13455.01
2/29/2016 22:50 3/2/2016 4:30 29.667 0.810 0.027 0.600 19.800 2/29/2016 22:45 3/2/2016 16:30 42.00 0.22 0.40 33939.02
3/2/2016 18:10 3/3/2016 6:25 12.250 0.230 0.019 0.240 17.400 3/2/2016 18:00 3/3/2016 18:15 24.50 0.23 0.29 20105.99
3/4/2016 14:30 3/5/2016 5:05 14.583 0.380 0.026 0.120 38.700 3/4/2016 14:15 3/5/2016 17:00 27.00 0.17 0.25 16335.00
3/5/2016 21:00 3/7/2016 11:05 38.083 0.790 0.021 0.240 17.600 3/5/2016 20:45 3/7/2016 23:00 50.50 0.19 0.40 33875.98
3/9/2016 0:20 3/10/2016 2:15 25.917 0.760 0.029 0.240 38.200 3/9/2016 0:15 3/10/2016 14:00 38.00 0.33 0.97 45261.01
3/10/2016 14:35 3/10/2016 17:05 2.500 0.170 0.068 0.360 13.400 3/10/2016 14:30 3/11/2016 5:00 14.75 0.24 0.34 12960.00
3/11/2016 13:45 3/12/2016 9:45 20.000 0.340 0.017 0.240 22.600 3/11/2016 13:30 3/12/2016 21:30 32.25 0.17 0.25 19341.00
3/12/2016 21:30 3/13/2016 19:55 22.417 0.350 0.016 0.240 14.100 3/12/2016 21:30 3/14/2016 7:45 33.50 0.15 0.25 17657.99
3/20/2016 13:30 3/22/2016 9:45 44.250 0.580 0.013 0.480 161.700 3/20/2016 13:15 3/22/2016 21:30 56.50 0.10 0.14 21078.03
3/23/2016 10:05 3/24/2016 0:35 14.500 0.190 0.013 0.120 24.900 3/23/2016 10:00 3/24/2016 12:30 26.75 0.09 0.12 9117.00
3/26/2016 23:05 3/28/2016 8:45 33.667 0.760 0.023 0.360 71.800 3/26/2016 23:00 3/28/2016 20:45 46.00 0.17 0.40 28233.00
4/3/2016 23:20 4/4/2016 3:45 4417 0.330 0.075 0.360 173.700 4/3/2016 23:15 4/4/2016 15:30 16.50 0.11 0.15 6777.00
4/12/2016 14:50 4/13/2016 0:20 9.500 0.420 0.044 0.240 203.300 4/12/2016 14:45 4/13/2016 12:15 21.75 0.07 0.10 5769.00
4/14/2016 1:15 4/14/2016 2:50 1.583 0.090 0.057 0.120 28.700 4/14/2016 1:15 4/14/2016 14:45 13.75 0.07 0.08 3447.00
4/23/2016 22:00 4/24/2016 18:25 20.417 0.550 0.027 0.480 235.800 4/23/2016 21:45 4/25/2016 6:15 32.75 0.07 0.11 7956.00
4/25/2016 6:20 4/25/2016 12:55 6.583 0.250 0.038 0.240 12.500 4/25/2016 6:15 4/26/2016 0:45 18.75 0.07 0.10 4995.00
4/29/2016 6:55 4/29/2016 11:05 4.167 0.090 0.022 0.120 90.700 4/29/2016 6:45 4/29/2016 23:00 16.50 0.05 0.06 2889.00
5/8/2016 7:05 5/8/2016 8:00 0.917 0.040 0.044 0.120 214.800 5/8/2016 7:00 5/8/2016 20:00 13.25 0.03 0.05 1647.00
5/8/2016 21:55 5/9/2016 0:00 2.083 0.100 0.048 0.360 14.800 5/8/2016 21:45 5/9/2016 11:45 14.25 0.03 0.04 1368.00
5/14/2016 11:20 5/16/2016 3:50 40.500 0.310 0.008 0.240 132.800 5/14/2016 11:15 5/16/2016 15:45 52.75 0.05 0.07 10215.02
5/18/2016 23:55 5/19/2016 6:05 6.167 0.210 0.034 0.240 70.100 5/18/2016 23:45 5/19/2016 18:00 18.50 0.05 0.06 3132.00
5/19/2016 18:55 5/19/2016 21:45 2.833 0.500 0.177 0.480 16.100 5/19/2016 18:45 5/20/2016 9:30 15.00 0.09 0.12 4869.00
5/21/2016 6:00 5/21/2016 21:05 15.083 0.220 0.015 0.120 32.800 5/21/2016 5:45 5/22/2016 9:00 27.50 0.04 0.05 3600.00
5/27/2016 2:25 5/27/2016 7:30 5.083 0.430 0.085 0.240 136.000 5/27/2016 2:15 5/27/2016 19:15 17.25 0.02 0.03 1404.00
5/28/2016 5:20 5/29/2016 13:05 31.750 0.260 0.008 0.240 22.000 5/28/2016 5:15 5/30/2016 1:00 44.00 0.03 0.04 4608.00
6/9/2016 21:05 6/10/2016 1:30 4417 0.090 0.020 0.360 274.200 6/9/2016 21:00 6/10/2016 13:15 16.50 0.02 0.02 963.00
6/11/2016 3:25 6/11/2016 4:35 1.167 0.250 0.214 0.840 26.100 6/11/2016 3:15 6/11/2016 16:30 13.25 0.01 0.02 684.00
6/13/2016 8:50 6/13/2016 10:55 2.083 0.030 0.014 0.120 52.700 6/13/2016 8:45 6/13/2016 22:45 13.75 0.02 0.03 783.00
6/17/2016 23:15 6/18/2016 20:00 20.750 0.480 0.023 0.480 163.100 6/17/2016 23:00 6/19/2016 8:00 32.25 0.02 0.04 1917.00
6/20/2016 23:25 6/21/2016 2:10 2.750 0.400 0.146 0.360 54.000 6/20/2016 23:15 6/21/2016 14:00 15.00 0.02 0.04 1269.00
6/23/2016 6:25 6/24/2016 15:15 32.833 0.330 0.010 0.240 52.700 6/23/2016 6:15 6/25/2016 3:00 45.00 0.02 0.04 3609.00
7/7/2016 18:45 7/8/2016 5:45 11.000 0.200 0.018 0.120 329.900 7/7/2016 18:30 7/8/2016 17:45 23.50 0.03 0.05 2655.00
7/8/2016 22:55 7/9/2016 9:15 10.333 0.170 0.017 0.120 18.200 7/8/2016 22:45 7/9/2016 21:00 22.50 0.05 0.08 4140.00
7/22/2016 7:30 7/22/2016 10:00 2.500 0.210 0.084 0.240 317.600 7/22/2016 7:15 7/22/2016 21:45 14.75 0.03 0.05 1836.00
8/2/2016 10:30 8/2/2016 11:20 0.833 0.030 0.036 0.120 265.200 8/2/2016 10:15 8/2/2016 23:15 13.25 0.01 0.02 702.00
8/7/2016 21:30 8/7/2016 23:30 2.000 0.030 0.015 0.120 396.200 8/7/2016 21:30 8/8/2016 11:15 14.00 0.03 0.04 1359.00
8/31/2016 13:10 8/31/2016 14:05 0.917 0.060 0.066 0.240 567.700 8/31/2016 13:00 9/1/2016 2:00 13.25 0.04 0.04 1701.00
9/1/2016 15:05 9/3/2016 10:30 43.417 0.910 0.021 0.720 25.800 9/1/2016 15:00 9/3/2016 22:30 55.75 0.12 0.21 23291.99



Table D-14. Summary Statistics for Individual Storm Events at the TYLMI Station.

Precipitation

Precipitation

Precipitation

Precipitation

Precipitation

Maximum Flow

Precipitation Start Time Precipitation Stop Time Duration Depth Average MaX|m_um Anteced_ent Dry Flow Start Time Flow Stop Time Flow Duration Averagse Flow Rate Rate Flow Volsume
(hour) (inch) _Inten5|ty _Inten5|ty Period (hour) (feet’/second) (feet’/second) (feet”)
(inch/hour) (inch/hour) (hour)

9/5/2016 23:20 9/6/2016 6:45 7.417 0.180 0.024 0.120 61.200 9/5/2016 23:15 9/6/2016 18:45 19.75 0.05 0.07 3438.00
9/7/2016 2:10 9/7/2016 17:00 14.833 0.080 0.005 0.120 20.100 9/7/2016 2:00 9/8/2016 5:00 27.25 0.04 0.06 4302.00
9/17/2016 5:05 9/17/2016 20:00 14.917 0.220 0.015 0.240 239.400 9/17/2016 4:50 9/17/2016 22:15 52.50 0.03 0.06 5803.89
9/17/2016 22:30 9/17/2016 23:40 1.167 0.070 0.060 0.120 13.300 9/17/2016 22:15 9/18/2016 11:35 40.25 0.02 0.03 3490.05
9/19/2016 6:10 9/19/2016 7:30 1.333 0.140 0.105 0.480 31.200 9/19/2016 6:05 9/19/2016 19:15 39.75 0.05 0.09 7620.82






APPENDIX E

Line Plots Showing Sampling Times Relative to
the Storm Event Hydrograph
















































APPENDIX F

Laboratory Reports, Field Forms, and Data
Quality Assurance Audit Forms for
Water Quality Monitoring
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APPENDIX G

Data Validation Memorandum for
Water Quality Monitoring


















APPENDIX H

Summary Statistics for Pollutant Concentrations
Measured in Storm Event and
Base Flow Samples
















































APPENDIX |

Box and Whisker Plots Showing Pollutant
Concentrations Measured in Storm Event and
Base Flow Samples
















































APPENDIX J

Line Plots Showing Continuous Temperature Data
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APPENDIX L

Compiled Field Data from
Physical Habitat Monitoring






The contents of this appendix are
provided in an electronic file only.







APPENDIX M

Computed Physical Habitat Quality Indicators






The contents of this appendix are
provided in an electronic file only.







APPENDIX N

Summary Statistics for Evaluating
Physical Habitat Quality Indicators
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APPENDIX O

Laboratory Reports and Data Quality Assurance
Audit Forms for Sediment Quality Monitoring





































































































































































































































































































































































Data Quality Assurance Worksheet

H ERRERA By G. Catarra
Project Name/No./Client: Redmond Paired Watershed Study / 14-05806-000 / City of Redmond Date 11/08/2016 Page 1 of 1
Laboratory/Parameters: OnSite Environmental : TOC, Cu, Zn, PAHs, phthalates Checked: initials JL
Sample Date/Sample ID:  9/12/2016 / MONT-4, MONT-5, and TOSH-4 date 11/16/2017
Pre-extraction Matrix Spikes/ Lab Control
Holding Times Total Holding Method Surrogate Samples Recovery | Lab Duplicates RPD Field Duplicates
(minutes) Times (days) Blanks Recovery (%) (%) (%) RPD (%) Tnstrument
Completeness/ Reporting Calibration/
Parameter Methodology | Reported | Goal | Reported | Goal Limit Reported | Goal | Reported | Goal | Reported Goal' Reported | Goal' | Pperformance ACTION
TOC OK/ NA NA 10 <14 <0042 NA NA 101 +20 9 <20 NS <35 OK NONE.
EPA 9060A - 0.4% - -
C OK/ NA 18 <180 =LONe/ke 101,103 +25 NR +15 3 <20 NS <35 OK NONE
opper EPA 6010C NA - 1.0 MG/KG ’ - -
<2.5 mg/kg
. OK/ OK NONE
Zinc EPA 6010C NA NA 18 <180 [, o e 9596 | +25 NR £15 2 <20 NS <35
<4 ug/kg
woa SURR | NA/ 25- | BS/BSD OK NONE
PAHSs EPA 7 <14 1 <40 6.6-14 21- | 41-97 <40 NS <50
: 39-68 141 2-20
8270D/SIM UG/KG 120
<20-100
NA/ OK NONE
OK / UG/KG SURR 25- | BS/BSD
< < - -
Phthalates EPA 8270D 7 <14 1 <40 23.350 39-68 12;0 41-97 141 220 <40 NS <50

UIf the sample or duplicate value is less than five times the reporting limit, the difference is calculated rather than the relative percent difference (RPD). The QA goal is a difference <2 times the
detection limit instead of the number indicated in the goal column.

NA — not applicable or not available; NC — not calculable due to one or more values below the detection limit; NS — field duplicate not sampled.

JL https://herrerainc.sharepoint.com/sites/14-05806-000/data/sediment data/data ga worksheets/paired watershed sediment data ga_1609-118.docx

Herrera Environmental Consultants




OnSite
Environmental Inc.
14648 NE 95" Street, Redmond, WA 98052 e (425) 883-3881

October 4, 2016

Jeremy Bunn

Herrera Environmental Consultants, Inc.
2200 6th Avenue, Suite 1100

Seattle, WA 98121

Re: Analytical Data for Project 14-05806-000
Laboratory Reference No. 1609-204
Dear Jeremy:
Enclosed are the analytical results and associated quality control data for samples submitted on September 16, 2016.

The standard policy of OnSite Environmental, Inc. is to store your samples for 30 days from the date of receipt. If you
require longer storage, please contact the laboratory.

We appreciate the opportunity to be of service to you on this project. If you have any questions concerning the data,
or need additional information, please feel free to call me.

Sincerely,

Blair Goodrow
Project Manager

Enclosures

ﬁ_ OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

Case Narrative

Samples were collected on September 16, 2016 and received by the laboratory on September 16, 2016. They were
maintained at the laboratory at a temperature of 2°C to 6°C.

Please note that any and all soil sample results are reported on a dry-weight basis, unless otherwise noted below.
General QA/QC issues associated with the analytical data enclosed in this laboratory report will be indicated with a

reference to a comment or explanation on the Data Qualifier page. More complex and involved QA/QC issues will be
discussed in detail below.

The samples were centrifuged and the water was decanted before analysis.

m OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

TOTAL ORGANIC CARBON
EPA 9060A
Matrix:  Sediment
Units: % Carbon
Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Client ID: EVALSS-1R-2016
Laboratory ID: 09-204-01
Total Organic Carbon 2.1 0.34 EPA 9060 10-3-16 10-3-16
Client ID: EVAMSS-1R-2016
Laboratory ID: 09-204-03
Total Organic Carbon 4.4 0.32 EPA 9060 10-3-16 10-3-16

.ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

TOTAL ORGANIC CARBON
EPA 9060A
QUALITY CONTROL
Matrix: Sediment
Units: % Carbon
Date Date
Analyte Result PQL Method Prepared Analyzed Flags
METHOD BLANK
Laboratory ID: MB1003S1
Total Organic Carbon ND 0.042 EPA 9060 10-3-16 10-3-16
Source  Percent Recovery RPD
Analyte Result Spike Level Result Recovery Limits RPD Limit Flags
DUPLICATE
Laboratory ID: 09-204-01
ORIG  DUP
Total Organic Carbon  2.07  1.983 NA NA NA NA 4 26
SPIKE BLANK
Laboratory ID: SB1003S1
SB SB SB
Total Organic Carbon 45.9 42.1 NA 109 85-131 NA NA

Yy

This report pertains to the samples analyzed in accordance with the chain of custody,

and is intended only for the use of the individual or company to whom it is addressed.

OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

TOTAL METALS
EPA 6010C
Matrix: Sediment
Units: mg/kg (ppm)
Date Date
Analyte Result PQL EPA Method Prepared Analyzed Flags
Lab ID: 09-204-02
Client ID: EVALSS-1M-2016
Copper 30 4.0 6010C 9-30-16 9-30-16
Zinc 99 10 6010C 9-30-16 9-30-16
Lab ID: 09-204-04
Client ID: EVAMSS-1M-2016
Copper 21 4.8 6010C 9-30-16 9-30-16
Zinc 85 12 6010C 9-30-16 9-30-16

OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

TOTAL METALS
EPA 6010C
METHOD BLANK QUALITY CONTROL

Date Extracted: 9-30-16

Date Analyzed: 9-30-16

Matrix: Sediment

Units: mg/kg (ppm)

Lab ID: MB0930SM2

Analyte Method Result PQL
Copper 6010C ND 1.0
Zinc 6010C ND 25

m OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

TOTAL METALS
EPA 6010C
DUPLICATE QUALITY CONTROL

Date Extracted: 9-30-16
Date Analyzed: 9-30-16
Matrix: Sediment
Units: mg/kg (ppm)
Lab ID: 09-118-02
Sample Duplicate
Analyte Result Result RPD PQL Flags
Copper 9.60 9.85 3 1.0
Zinc 51.1 51.9 2 25

m OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016

Laboratory Reference: 1609-204

Project: 14-05806-000

Date Extracted: 9-30-16
Date Analyzed: 9-30-16

Matrix:
Units:

Lab ID:

Analyte

Copper

Zinc

Sediment
mg/kg (ppm)

09-118-02

Spike
Level

50.0

100

TOTAL METALS
EPA 6010C
MS/MSD QUALITY CONTROL

Percent Percent
MS Recovery MSD Recovery

60.1 101 61.0 103

146 95 147 96

RPD

Flags

Yy

OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

SEMIVOLATILES EPA 8270D/SIM

Matrix: ~ Sediment
Units: mg/Kg

Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Client ID: EVALSS-1R-2016
Laboratory ID: 09-204-01
Naphthalene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
2-Methylnaphthalene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
1-Methylnaphthalene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Dimethylphthalate ND 0.028 EPA 8270D 9-23-16 9-23-16
Acenaphthylene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Acenaphthene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Diethylphthalate ND 0.14 EPA 8270D 9-23-16 9-23-16
Fluorene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Phenanthrene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Anthracene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Di-n-butylphthalate ND 0.14 EPA 8270D 9-23-16 9-23-16
Fluoranthene 0.026 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Pyrene 0.040 0.028 EPA 8270D 9-23-16 9-23-16
Butylbenzylphthalate ND 0.028 EPA 8270D 9-23-16 9-23-16
Benzo[a]anthracene 0.031 0.028 EPA 8270D 9-23-16 9-23-16
Chrysene 0.032 0.028 EPA 8270D 9-23-16 9-23-16
bis(2-Ethylhexyl)phthalate ND 0.028 EPA 8270D 9-23-16 9-23-16
Di-n-octylphthalate ND 0.028 EPA 8270D 9-23-16 9-23-16
Benzolb]fluoranthene 0.038 0.028 EPA 8270D 9-23-16 9-23-16
Benzo(j,k)fluoranthene 0.012 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Benzo[a]pyrene 0.028 0.028 EPA 8270D 9-23-16 9-23-16
Indeno[1,2,3-cd]pyrene 0.0099 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Dibenz[a,h]anthracene ND 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Benzo[g,h,i]perylene 0.012 0.0056 EPA 8270D/SIM  9-23-16 9-24-16
Surrogate: Percent Recovery Control Limits
2-Fluorophenol 55 24-117
Phenol-d6 63 30-120
Nitrobenzene-d5 59 27-112
2-Fluorobiphenyl 63 35-113
2,4,6-Tribromophenol 62 21-120
Terphenyl-d14 64 39-121

m OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

SEMIVOLATILES EPA 8270D/SIM

Matrix: ~ Sediment
Units: mg/Kg

Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Client ID: EVAMSS-1R-2016
Laboratory ID: 09-204-03
Naphthalene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
2-Methylnaphthalene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
1-Methylnaphthalene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Dimethylphthalate ND 0.21 EPA 8270D 9-23-16 9-23-16
Acenaphthylene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Acenaphthene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Diethylphthalate ND 1.1 EPA 8270D 9-23-16 9-23-16
Fluorene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Phenanthrene ND 0.043 EPA 8270D/SIM 9-23-16 9-24-16
Anthracene ND 0.043 EPA 8270D/SIM 9-23-16 9-24-16
Di-n-butylphthalate ND 1.1 EPA 8270D 9-23-16 9-23-16
Fluoranthene 0.052 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Pyrene 0.043 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Butylbenzylphthalate ND 0.21 EPA 8270D 9-23-16 9-23-16
Benzo[a]anthracene ND 0.043 EPA 8270D/SIM 9-23-16 9-24-16
Chrysene ND 0.043 EPA 8270D/SIM 9-23-16 9-24-16
bis(2-Ethylhexyl)phthalate ND 0.21 EPA 8270D 9-23-16 9-23-16
Di-n-octylphthalate ND 0.21 EPA 8270D 9-23-16 9-23-16
Benzol[b]fluoranthene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Benzo(j,k)fluoranthene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Benzo[a]pyrene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Indenol[1,2,3-cd]pyrene ND 0.043 EPA 8270D/SIM  9-23-16 9-24-16
Dibenz[a,h]anthracene ND 0.043 EPA 8270D/SIM 9-23-16 9-24-16
Benzo[g,h,i]perylene ND 0.043 EPA 8270D/SIM 9-23-16 9-24-16
Surrogate: Percent Recovery Control Limits
2-Fluorophenol 52 24-117
Phenol-d6 60 30-120
Nitrobenzene-d5 57 27-112
2-Fluorobiphenyl 64 35-113
2,4,6-Tribromophenol 65 21-120
Terphenyl-d14 58 39-121

m OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

Matrix: Sediment

SEMIVOLATILES EPA 8270D/SIM
METHOD BLANK QUALITY CONTROL

11

Units: mg/Kg

Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Laboratory ID: MB0923S1
Naphthalene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
2-Methylnaphthalene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
1-Methylnaphthalene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Dimethylphthalate ND 0.020 EPA 8270D 9-23-16 9-23-16
Acenaphthylene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Acenaphthene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Diethylphthalate ND 0.10 EPA 8270D 9-23-16 9-23-16
Fluorene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Phenanthrene ND 0.0040 EPA 8270D/SIM 9-23-16 9-24-16
Anthracene ND 0.0040 EPA 8270D/SIM 9-23-16 9-24-16
Di-n-butylphthalate ND 0.10 EPA 8270D 9-23-16 9-23-16
Fluoranthene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Pyrene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Butylbenzylphthalate ND 0.020 EPA 8270D 9-23-16 9-23-16
Benzo[a]anthracene ND 0.0040 EPA 8270D/SIM 9-23-16 9-24-16
Chrysene ND 0.0040 EPA 8270D/SIM 9-23-16 9-24-16
bis(2-Ethylhexyl)phthalate ND 0.020 EPA 8270D 9-23-16 9-23-16
Di-n-octylphthalate ND 0.020 EPA 8270D 9-23-16 9-23-16
Benzo[b]fluoranthene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Benzo(j,k)fluoranthene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Benzo[a]pyrene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Indeno[1,2,3-cd]pyrene ND 0.0040 EPA 8270D/SIM  9-23-16 9-24-16
Dibenz[a,h]anthracene ND 0.0040 EPA 8270D/SIM 9-23-16 9-24-16
Benzo[g,h,i]perylene ND 0.0040 EPA 8270D/SIM 9-23-16 9-24-16
Surrogate: Percent Recovery Control Limits
2-Fluorophenol 69 24-117
Phenol-d6 72 30-120
Nitrobenzene-d5 65 27-112
2-Fluorobiphenyl 73 35-113
2,4,6-Tribromophenol 64 21-120
Terphenyl-d14 78 39-121

m OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



12

Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

SEMIVOLATILES EPA 8270D/SIM
SB/SBD QUALITY CONTROL

Matrix: Sediment

Units:  mg/Kg
Percent Recovery RPD

Analyte Result Spike Level Recovery Limits RPD  Limit Flags
SPIKE BLANKS
Laboratory ID: SB0923S1

SB SBD SB SBD SB SBD
Phenol 0.486 0.516 0.800 0.800 61 65 41-110 6 36
2-Chlorophenol 0.540 0.563 0.800 0.800 68 70 42 -112 4 39
1,4-Dichlorobenzene 0.245 0.252 0.400 0.400 61 63 37 -104 3 39
n-Nitroso-di-n-propylamine 0.226  0.245 0.400 0.400 57 61 39-102 8 34
1,2,4-Trichlorobenzene 0.269 0.277 0.400 0.400 67 69 34 -107 3 37
4-Chloro-3-methylphenol  0.583  0.563 0.800 0.800 73 70 54 - 104 3 28
Acenaphthene 0.247 0.257 0.400 0.400 62 64 52 -103 4 30
4-Nitrophenol 0.552 0.504 0.800 0.800 69 63 51-125 9 25
2,4-Dinitrotoluene 0.229 0.217 0.400 0.400 57 54 53-118 5 29
Pentachlorophenol 0.685 0.697 0.800 0.800 86 87 25-141 2 28
Pyrene 0.320 0.319 0.400 0.400 80 80 57 -120 0 22
Surrogate:
2-Fluorophenol 69 69 24 -117
Phenol-d6 71 73 30-120
Nitrobenzene-d5 70 66 27-112
2-Fluorobiphenyl! 74 73 35-113
2,4,6-Tribromophenol 67 70 21-120
Terphenyl-d14 78 77 39-121

.ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 16, 2016
Laboratory Reference: 1609-204

Project: 14-05806-000

TOTAL SOLIDS

13

SM 2540G
Matrix: ~ Sediment
Units: % Solids

Date Date

Analyte Result PQL Method Prepared Analyzed Flags
Client ID: EVALSS-1R-2016
Laboratory ID: 09-204-01
Total Solids 7 0.50 SM 2540G 9-22-16 9-26-16
Client ID: EVALSS-1M-2016
Laboratory ID: 09-204-02
Total Solids 25 0.50 SM 2540G 9-29-16 9-30-16
Client ID: EVAMSS-1R-2016
Laboratory ID: 09-204-03
Total Solids 47 0.50 SM 2540G 9-22-16 9-26-16
Client ID: EVAMSS-1M-2016
Laboratory ID: 09-204-04
Total Solids 21 0.50 SM 2540G 9-29-16 9-30-16

Yy

OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016

Samples Submitted: September 16, 2016

Laboratory Reference: 1609-204

Project: 14-05806-000

TOTAL SOLIDS

14

SM 2540G
QUALITY CONTROL
Matrix: Sediment
Units: % Solids
Source  Percent Recovery RPD

Analyte Result Spike Level Result Recovery Limits RPD Limit Flags
DUPLICATE
Laboratory ID: 09-204-01

ORIG  DUP
Total Solids 71.2 69.4 NA NA NA NA 3 20
Laboratory ID: 08-376-03

ORIG  DUP
Total Solids 27.8 27.9 NA NA NA NA 0 20

Yy

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.

OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881
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: OnSite
Environmental Inc.
Data Qualifiers and Abbreviations
A - Due to a high sample concentration, the amount spiked is insufficient for meaningful MS/MSD recovery data.
B - The analyte indicated was also found in the blank sample.

C - The duplicate RPD is outside control limits due to high result variability when analyte concentrations are
within five times the quantitation limit.

E - The value reported exceeds the quantitation range and is an estimate.
F - Surrogate recovery data is not available due to the high concentration of coeluting target compounds.

H - The analyte indicated is a common laboratory solvent and may have been introduced during sample
preparation, and be impacting the sample result.

| - Compound recovery is outside of the control limits.
J - The value reported was below the practical quantitation limit. The value is an estimate.

K - Sample duplicate RPD is outside control limits due to sample inhomogeneity. The sample was
re-extracted and re-analyzed with similar results.

L - The RPD is outside of the control limits.

M - Hydrocarbons in the gasoline range are impacting the diesel range result.

M1 - Hydrocarbons in the gasoline range (toluene-napthalene) are present in the sample.

N - Hydrocarbons in the lube oil range are impacting the diesel range result.

N1 - Hydrocarbons in diesel range are impacting lube oil range results.

O - Hydrocarbons indicative of heavier fuels are present in the sample and are impacting the gasoline result.
P - The RPD of the detected concentrations between the two columns is greater than 40.

Q - Surrogate recovery is outside of the control limits.

S - Surrogate recovery data is not available due to the necessary dilution of the sample.

T - The sample chromatogram is not similar to a typical

U - The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
U1 - The practical quantitation limit is elevated due to interferences present in the sample.

V - Matrix Spike/Matrix Spike Duplicate recoveries are outside control limits due to matrix effects.

W - Matrix Spike/Matrix Spike Duplicate RPD are outside control limits due to matrix effects.

X - Sample extract treated with a mercury cleanup procedure.

X1- Sample extract treated with a Sulfuric acid/Silica gel cleanup procedure.

Y - The calibration verification for this analyte exceeded the 20% drift specified in method 8260C, and therefore the
reported result should be considered an estimate. The overall performance of the calibration verification standard
met the acceptance criteria of the method.

Z -

ND - Not Detected at PQL
PQL - Practical Quantitation Limit
RPD - Relative Percent Difference

.ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



-
’

UIA. onSite CHAIN OF CUSTODY -
Eﬂ"ll‘lllllllﬂlllﬂl I]lﬂ. Laboratory No. | n -
Turnaround
14648 NE 95th Street, Redmond, WA 98052 Requested: Requested Analyses
Telephone: 425.883.3881
B ] 1 Day
Company: Herrera Environmental Consultants 2 Day 5 LJ
Project No.: 14-05806-000 | o 2
rojec [e] | 3 Day (S E %
Project Name: Redmond Paired Watershed Study | 2 g 2 ‘t:
: X___ Standard g e8| 8 =
Project Manager: Jeremy Bunn = = =5 = =
o 2 58| © =
] = -
s | 3|8 |52 ¢ e
Date Time
Lab ID Sample Identification Sampled | Sampled | Matrix | # of Cont.
l KVA' %Qr—\ﬁ’%lw C!'!U'('Lﬂ ‘QISO Sediment 1 >< X X X
Z | ENALESS -\ - 1Bl Qu-1u| 9.2 | sediment| 1 % | X X
g EVAMSS - |E- - 201 Dl](ﬂ Ad V100 | sediment 1 X X [ X X
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Data Quality Assurance Worksheet

H ERRERA By G. Catarra
Project Name/No./Client: Redmond Paired Watershed Study / 14-05806-000 / City of Redmond Date 11/10/2016 Page 1 of 1
Laboratory/Parameters: OnSite Environmental : TOC, Cu, Zn, PAHs, phthalates Checked: initials JL
Sample Date/Sample ID:  9/16/2016 / EVALSS-1 and EVAMSS-1 date 11/16/2016
Pre-extraction Matrix Spikes/ Lab Control
Holding Times Total Holding Method Surrogate Samples Recovery | Lab Duplicates RPD Field Duplicates
(minutes) Times (days) Blanks Recovery (%) (%) (%) RPD (%) Tnstrument
Completeness/ Reporting Calibration/
Parameter Methodology | Reported | Goal | Reported | Goal Limit Reported | Goal | Reported | Goal | Reported Goal' Reported | Goal' | Pperformance ACTION
TOC OK/ NA NA 17 <14 <0042 NA NA 109 +20 4 <20 NS <35 OK NONE.
EPA 9060A - 0.4% - -
C OK/ NA 14 <180 =LONe/ke 101,103 +25 NR +15 3 <20 NS <35 OK NONE
opper EPA 6010C NA - 1.0 MG/KG ’ - -
<2.5 mg/kg
. OK/ OK NONE
Zinc EPA 6010C NA NA 14 <180 [, o e 9596 | +25 NR £15 2 <20 NS <35
<4 ug/kg
woa SURR | NA/ 25- | BS/BSD OK NONE
PAHSs EPA 7 <14 1 <40 5.6-43 21- | 54-87 <40 NS <50
: 55-62 141 0-9
8270D/SIM UG/KG 120
<20-100
NA/ OK NONE
OK / UG/KG SURR 25- | BS/BSD
Phthalates 7 <14 <1 <40 21- 54-87 <40 NS <50
EPA 8270D 28-1,100 55-62 120 141 0-9

UIf the sample or duplicate value is less than five times the reporting limit, the difference is calculated rather than the relative percent difference (RPD). The QA goal is a difference <2 times the
detection limit instead of the number indicated in the goal column.

NA — not applicable or not available; NC — not calculable due to one or more values below the detection limit; NS — field duplicate not sampled.

JL https://herrerainc.sharepoint.com/sites/14-05806-000/data/sediment data/data ga worksheets/paired watershed sediment data ga_1609-204.docx

Herrera Environmental Consultants







OnSite
Environmental Inc.
14648 NE 95" Street, Redmond, WA 98052 e (425) 883-3881

October 4, 2016

Jeremy Bunn

Herrera Environmental Consultants, Inc.
2200 6th Avenue, Suite 1100

Seattle, WA 98121

Re: Analytical Data for Project 14-05806-000
Laboratory Reference No. 1609-292
Dear Jeremy:
Enclosed are the analytical results and associated quality control data for samples submitted on September 22, 2016.

The standard policy of OnSite Environmental, Inc. is to store your samples for 30 days from the date of receipt. If you
require longer storage, please contact the laboratory.

We appreciate the opportunity to be of service to you on this project. If you have any questions concerning the data,
or need additional information, please feel free to call me.

Sincerely,

Blair Goodrow
Project Manager

Enclosures

ﬁ_ OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292
Project: 14-05806-000
Case Narrative

Samples were collected on September 22, 2016 and received by the laboratory on September 22, 2016. They were
maintained at the laboratory at a temperature of 2°C to 6°C.

Please note that any and all soil sample results are reported on a dry-weight basis, unless otherwise noted below.
General QA/QC issues associated with the analytical data enclosed in this laboratory report will be indicated with a

reference to a comment or explanation on the Data Qualifier page. More complex and involved QA/QC issues will be
discussed in detail below.

The samples were centrifuged and the water was decanted before analysis.

Semivolatiles EPA 8270D/SIM Analysis

Bis(2-Ethylhexyl)phthalate was found in the sample and method blank, indicating laboratory contamination. Sample
results have been flagged with a “B” data qualifier.

Please note that any other QA/QC issues associated with these extractions and analyses will be indicated
with a footnote reference and discussed in detail on the Data Qualifier page.

.ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

TOTAL ORGANIC CARBON
EPA 9060A
Matrix: Sediment
Units: % Carbon
Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Client ID: TOSH-2R-2016
Laboratory ID: 09-292-02
Total Organic Carbon 2.1 0.33 EPA 9060 10-3-16 10-3-16
Client ID: TOSH-3R-2016
Laboratory ID: 09-292-04
Total Organic Carbon 1.3 0.37 EPA 9060 10-3-16 10-3-16
Client ID: TOSH-1R-2016
Laboratory ID: 09-292-06
Total Organic Carbon 2.7 0.33 EPA 9060 10-3-16 10-3-16

.ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

TOTAL ORGANIC CARBON
EPA 9060A
QUALITY CONTROL
Matrix: Sediment
Units: % Carbon
Date Date
Analyte Result PQL Method Prepared Analyzed Flags
METHOD BLANK
Laboratory ID: MB1003S1
Total Organic Carbon ND 0.042 EPA 9060 10-3-16 10-3-16
Source  Percent Recovery RPD
Analyte Result Spike Level Result Recovery Limits RPD Limit Flags
DUPLICATE
Laboratory ID: 09-204-01
ORIG  DUP
Total Organic Carbon  2.07  1.983 NA NA NA NA 4 26
SPIKE BLANK
Laboratory ID: SB1003S1
SB SB SB
Total Organic Carbon 45.9 42.1 NA 109 85-131 NA NA

Yy

This report pertains to the samples analyzed in accordance with the chain of custody,

and is intended only for the use of the individual or company to whom it is addressed.

OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

TOTAL METALS
EPA 6010C
Matrix: Sediment
Units: mg/kg (ppm)
Date Date
Analyte Result PQL EPA Method Prepared Analyzed Flags
Lab ID: 09-292-01
Client ID: TOSH-2M-2016
Copper 29 1.9 6010C 9-30-16 9-30-16
Zinc 250 4.7 6010C 9-30-16 9-30-16
Lab ID: 09-292-03
Client ID: TOSH-3M-2016
Copper 40 2.3 6010C 9-30-16 9-30-16
Zinc 420 5.8 6010C 9-30-16 9-30-16
Lab ID: 09-292-05
Client ID: TOSH-1M-2016
Copper 30 1.9 6010C 9-30-16 9-30-16
Zinc 240 4.7 6010C 9-30-16 9-30-16

OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

TOTAL METALS
EPA 6010C
METHOD BLANK QUALITY CONTROL

Date Extracted: 9-30-16

Date Analyzed: 9-30-16

Matrix: Sediment

Units: mg/kg (ppm)

Lab ID: MB0930SM2

Analyte Method Result PQL
Copper 6010C ND 1.0
Zinc 6010C ND 25

m OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

TOTAL METALS
EPA 6010C
DUPLICATE QUALITY CONTROL

Date Extracted: 9-30-16
Date Analyzed: 9-30-16
Matrix: Sediment
Units: mg/kg (ppm)
Lab ID: 09-118-02
Sample Duplicate
Analyte Result Result RPD PQL Flags
Copper 9.60 9.85 3 1.0
Zinc 51.1 51.9 2 25

m OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016

Laboratory Reference: 1609-292

Project: 14-05806-000

Date Extracted: 9-30-16
Date Analyzed: 9-30-16

Matrix:
Units:

Lab ID:

Analyte

Copper

Zinc

Sediment
mg/kg (ppm)

09-118-02

Spike
Level

50.0

100

TOTAL METALS
EPA 6010C
MS/MSD QUALITY CONTROL

Percent Percent
MS Recovery MSD Recovery

60.1 101 61.0 103

146 95 147 96

RPD

Flags

Yy

OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

SEMIVOLATILES EPA 8270D/SIM

Matrix: ~ Sediment
Units: mg/Kg

Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Client ID: TOSH-2R-2016
Laboratory ID: 09-292-02
Naphthalene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
2-Methylnaphthalene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
1-Methylnaphthalene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Dimethylphthalate ND 0.029 EPA 8270D 9-29-16 9-29-16
Acenaphthylene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Acenaphthene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Diethylphthalate ND 0.15 EPA 8270D 9-29-16 9-29-16
Fluorene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Phenanthrene 0.044 0.029 EPA 8270D 9-29-16 9-29-16
Anthracene 0.011 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Di-n-butylphthalate ND 0.15 EPA 8270D 9-29-16 9-29-16
Fluoranthene 0.081 0.029 EPA 8270D 9-29-16 9-29-16
Pyrene 0.064 0.029 EPA 8270D 9-29-16 9-29-16
Butylbenzylphthalate ND 0.029 EPA 8270D 9-29-16 9-29-16
Benzo[a]anthracene 0.031 0.029 EPA 8270D 9-29-16 9-29-16
Chrysene 0.038 0.029 EPA 8270D 9-29-16 9-29-16
bis(2-Ethylhexyl)phthalate 0.049 0.029 EPA 8270D 9-29-16 9-29-16 B
Di-n-octylphthalate ND 0.029 EPA 8270D 9-29-16 9-29-16
Benzo[b]fluoranthene 0.044 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Benzo(j,k)fluoranthene 0.016 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Benzo[a]pyrene 0.036 0.029 EPA 8270D 9-29-16 9-29-16
Indenol[1,2,3-cd]pyrene 0.022 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Dibenz[a,h]anthracene 0.0060 0.0058 EPA 8270D/SIM 9-29-16 9-30-16
Benzo[g,h,i]perylene 0.024 0.0058 EPA 8270D/SIM 9-29-16 9-30-16
Surrogate: Percent Recovery Control Limits
2-Fluorophenol 35 24-117
Phenol-d6 48 30-120
Nitrobenzene-d5 45 27-112
2-Fluorobiphenyl 57 35-113
2,4,6-Tribromophenol 58 21-120
Terphenyl-d14 64 39-121

ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

SEMIVOLATILES EPA 8270D/SIM

Matrix: ~ Sediment
Units: mg/Kg

Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Client ID: TOSH-3R-2016
Laboratory ID: 09-292-04
Naphthalene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
2-Methylnaphthalene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
1-Methylnaphthalene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Dimethylphthalate ND 0.029 EPA 8270D 9-29-16 9-29-16
Acenaphthylene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Acenaphthene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Diethylphthalate ND 0.14 EPA 8270D 9-29-16 9-29-16
Fluorene ND 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Phenanthrene 0.051 0.029 EPA 8270D 9-29-16 9-29-16
Anthracene 0.011 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Di-n-butylphthalate ND 0.14 EPA 8270D 9-29-16 9-29-16
Fluoranthene 0.099 0.029 EPA 8270D 9-29-16 9-29-16
Pyrene 0.073 0.029 EPA 8270D 9-29-16 9-29-16
Butylbenzylphthalate ND 0.029 EPA 8270D 9-29-16 9-29-16
Benzo[a]anthracene 0.035 0.029 EPA 8270D 9-29-16 9-29-16
Chrysene 0.041 0.029 EPA 8270D 9-29-16 9-29-16
bis(2-Ethylhexyl)phthalate 0.18 0.029 EPA 8270D 9-29-16 9-29-16 B
Di-n-octylphthalate ND 0.029 EPA 8270D 9-29-16 9-29-16
Benzo[b]fluoranthene 0.055 0.029 EPA 8270D 9-29-16 9-29-16
Benzo(j,k)fluoranthene 0.015 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Benzo[a]pyrene 0.036 0.029 EPA 8270D 9-29-16 9-29-16
Indenol[1,2,3-cd]pyrene 0.024 0.0058 EPA 8270D/SIM  9-29-16 9-30-16
Dibenz[a,h]anthracene 0.0065 0.0058 EPA 8270D/SIM 9-29-16 9-30-16
Benzo[g,h,i]perylene 0.027 0.0058 EPA 8270D/SIM 9-29-16 9-30-16
Surrogate: Percent Recovery Control Limits
2-Fluorophenol 52 24-117
Phenol-dé6 61 30-120
Nitrobenzene-d5 60 27-112
2-Fluorobiphenyl 63 35-113
2,4,6-Tribromophenol 67 21-120
Terphenyl-d14 64 39-121

ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

SEMIVOLATILES EPA 8270D/SIM

Matrix: ~ Sediment
Units: mg/Kg

Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Client ID: TOSH-1R-2016
Laboratory ID: 09-292-06
Naphthalene ND 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
2-Methylnaphthalene ND 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
1-Methylnaphthalene ND 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Dimethylphthalate ND 0.035 EPA 8270D 9-29-16 9-29-16
Acenaphthylene ND 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Acenaphthene ND 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Diethylphthalate ND 0.18 EPA 8270D 9-29-16 9-29-16
Fluorene ND 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Phenanthrene 0.039 0.035 EPA 8270D 9-29-16 9-29-16
Anthracene 0.0078 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Di-n-butylphthalate ND 0.18 EPA 8270D 9-29-16 9-29-16
Fluoranthene 0.075 0.035 EPA 8270D 9-29-16 9-29-16
Pyrene 0.064 0.035 EPA 8270D 9-29-16 9-29-16
Butylbenzylphthalate ND 0.035 EPA 8270D 9-29-16 9-29-16
Benzo[a]anthracene 0.031 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Chrysene 0.035 0.035 EPA 8270D 9-29-16 9-29-16
bis(2-Ethylhexyl)phthalate 0.14 0.035 EPA 8270D 9-29-16 9-29-16 B
Di-n-octylphthalate ND 0.035 EPA 8270D 9-29-16 9-29-16
Benzo[b]fluoranthene 0.048 0.035 EPA 8270D 9-29-16 9-29-16
Benzo(j,k)fluoranthene 0.015 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Benzo[a]pyrene 0.034 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Indenol[1,2,3-cd]pyrene 0.021 0.0070 EPA 8270D/SIM  9-29-16 9-30-16
Dibenz[a,h]anthracene ND 0.0070 EPA 8270D/SIM 9-29-16 9-30-16
Benzo[g,h,i]perylene 0.026 0.0070 EPA 8270D/SIM 9-29-16 9-30-16
Surrogate: Percent Recovery Control Limits
2-Fluorophenol 59 24-117
Phenol-d6 65 30-120
Nitrobenzene-d5 65 27-112
2-Fluorobiphenyl 61 35-113
2,4,6-Tribromophenol 67 21-120
Terphenyl-d14 67 39-121

ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.



Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

Matrix: Sediment

SEMIVOLATILES EPA 8270D/SIM
METHOD BLANK QUALITY CONTROL

12

Units: mg/Kg

Date Date
Analyte Result PQL Method Prepared Analyzed Flags
Laboratory ID: MB0929S1
Naphthalene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
2-Methylnaphthalene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
1-Methylnaphthalene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Dimethylphthalate ND 0.020 EPA 8270D 9-29-16 9-29-16
Acenaphthylene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Acenaphthene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Diethylphthalate ND 0.10 EPA 8270D 9-29-16 9-29-16
Fluorene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Phenanthrene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Anthracene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Di-n-butylphthalate ND 0.10 EPA 8270D 9-29-16 9-29-16
Fluoranthene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Pyrene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Butylbenzylphthalate ND 0.020 EPA 8270D 9-29-16 9-29-16
Benzo[a]anthracene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Chrysene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
bis(2-Ethylhexyl)phthalate 0.020 0.020 EPA 8270D 9-29-16 9-29-16
Di-n-octylphthalate ND 0.020 EPA 8270D 9-29-16 9-29-16
Benzo[b]fluoranthene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Benzo(j,k)fluoranthene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Benzo[a]pyrene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Indenol[1,2,3-cd]pyrene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Dibenz[a,h]anthracene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Benzo[g,h,i]perylene ND 0.0040 EPA 8270D/SIM  9-29-16 9-30-16
Surrogate: Percent Recovery Control Limits
2-Fluorophenol 60 24-117
Phenol-d6 72 30-120
Nitrobenzene-d5 72 27-112
2-Fluorobiphenyl 79 35-113
2,4,6-Tribromophenol 79 21-120
Terphenyl-d14 85 39-121

ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.
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Date of Report: October 4, 2016
Samples Submitted: September 22, 2016
Laboratory Reference: 1609-292

Project: 14-05806-000

SEMIVOLATILES EPA 8270D/SIM
SB/SBD QUALITY CONTROL

Matrix: Sediment

Units:  mg/Kg
Percent Recovery RPD

Analyte Result Spike Level Recovery Limits RPD Limit Flags
SPIKE BLANKS
Laboratory ID: SB0929S1

SB SBD SB SBD SB  SBD
Phenol 0.503 0.584 0.800 0.800 63 73 41-110 15 36
2-Chlorophenol 0.567 0.609 0.800 0.800 71 76 42 - 112 7 39
1,4-Dichlorobenzene 0.257 0.282 0.400 0.400 64 71 37 - 104 9 39
n-Nitroso-di-n-propylamine 0.240  0.283 0.400 0.400 60 71 39-102 16 34
1,2,4-Trichlorobenzene 0.264 0.307 0.400 0.400 66 77 34 -107 15 37
4-Chloro-3-methylphenol  0.593  0.706 0.800 0.800 74 88 54 - 104 17 28
Acenaphthene 0.284 0.316 0.400 0.400 71 79 52 -103 11 30
4-Nitrophenol 0.421 0.465 0.800 0.800 53 58 51-125 10 25
2,4-Dinitrotoluene 0.273 0.289 0.400 0.400 68 72 53-118 6 29
Pentachlorophenol 0.490 0.480 0.800 0.800 61 60 25 - 141 2 28
Pyrene 0.302  0.353 0.400 0.400 76 88 57 -120 16 22
Surrogate:
2-Fluorophenol 61 67 24-117
Phenol-d6 71 80 30-120
Nitrobenzene-d5 72 78 27-112
2-Fluorobiphenyl 75 85 35-113
2,4,6-Tribromophenol 73 76 21-120
Terphenyl-d14 81 89 39-121

.ﬁ. OnSite Environmental, Inc. 14648 NE g5M Street, Redmond, WA 98052 (425) 883-3881

This report pertains to the samples analyzed in accordance with the chain of custody,
and is intended only for the use of the individual or company to whom it is addressed.






















































APPENDIX P

Data Validation Memorandum for
Sediment Quality Monitoring


















APPENDIX Q

Laboratory Report for Biological Monitoring






The contents of this appendix are
provided in an electronic file only.







APPENDIX R

Quality Assurance Review Documentation for
Biological Monitoring
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