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INTRODUCTION

Purpose and scope
I have been asked by landowners Rory and Donna Veal to investigate the history and current condition
of a watercourse on their property, tax parcel 3526059123 in the City of Redmond (referred to herein as
the “subject property”). Specifically, I have been asked to evaluate the geomorphological evidence for
whether a channel on the property (referred to herein as the “subject channel”) is a “naturally formed”
channel or whether it was artificially formed in response to runoff increased and focused by upslope
urban infrastructure. The scope of my investigation includes: (1) review of previous studies; (2) review of
aerial imagery, topographic maps, digital topography (lidar), and other relevant geospatial data; (3)
make a field examination of the site, which I made on December 30, 2019 and January 22, 2020;
Qualifications
I have 40 years of experience as a geologist and geomorphologist and am a Washington State Registered
Geologist (#1669). I have a B.A. in Biology from Oberlin College and M.S. and Ph.D. degrees in Geological
Sciences from the University of Washington. I have worked on over 80 consulting and contract research
projects on the geomorphology of channels and watersheds, the majority of this in western Washington.
I am currently employed by the University of Washington’s Department of Earth and Space Sciences
where I teach courses in fluvial geomorphology to graduate and senior undergraduate students, advise
M.S. students in Applied Geosciences degree program, and serve on the advisory committee of Ph.D.
students in the department.
BACKGROUND
Geologic and topographic context
The property, the eastern boundary of which is immediately downslope of SR 202, also known as
Redmond – Woodinville Road, drops in elevation to the west about 60 ft over a distance of 400 ft for an
overall slope of about 15% (Fig. 1A). Along the course of the subject stream, the land surface is
generally planar to mildly concave along contour, becomes more concave along contour in the western
part of the property and then, starting roughly at the property’s western boundary, forms a shallow
ravine about 15 ft deep and 100 ft wide; this ravine continues downslope of the subject property before
opening out to the relatively flat Sammamish River valley bottom.
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The property is on the side of a plateau which slopes from the plateau top, at about 260 ft elevation, to
the Sammamish River valley, at about 30 ft elevation (Fig. 1A). The plateau is composed of glacial
sediments, with glacial till from the last glaciation, the Vashon Till (Minard, 1983) cropping out on the
plateau top and on the plateau side down to an elevation of about 230 ft (Fig. 1A). The Vashon Till is
typically a non-sorted mixture of particles ranging from clay to boulders, is compact, and typically poorly
drained (Minard, 1983). Stratigraphically below the Till, Vashon-age advance outwash crops out on the
plateau side down to an elevation of about 150 ft, which roughly corresponds to the eastern, upslope
boundary of the subject property and with SR 202 (Fig. 1A). Vashon advance outwash in the area is
typically a pebbly sand with a gravel content that increases in the upper part of the unit (Minard, 1983).
Published geologic mapping shows the upslope 80 – 170 horizontal ft of the subject property is
underlain by older, stratigraphically lower deposits that accumulated during the transition from the end
of the pre-Fraser interglacial into the early Fraser Glaciation; these “Transitional Beds” consist of clay,
silt and fine sand (Minard, 1983). Downslope, the property is mapped as being underlain by recessional
outwash deposits from the Vashon Glaciation; the most recent of the glacial-age deposits (i.e., they are
stratigraphically higher than the older deposits), recessional outwash was deposited during the waning
period of the Vashon Glaciation and consist generally of “sand and gravel with minor silt and clay layers”
(Minard, 1983). Because the recessional outwash was been overridden by ice, it is generally less
compact than the advance outwash. The toe of the plateau’s side slope in the vicinity of the subject
property is isolated from the Sammamish River by about 400 horizontal ft of alluvial valley bottom (Fig.
1A).
The sloping plateau side has four channels within a distance, measured along SR 202, of about 1100 ft;
for this report, I number these channels sequentially from south to north, with the subject channel
being channel 2 (Fig. 1A). City of Redmond mapping shows that three of these four channels start at
drainage culverts from SR 202 (Fig. 1A)1.
Land cover in the earliest aerial photographs from the 1930s shows the area was generally forested
except for clearings for pasture or crops along the bench downslope of SR 202 on which the property is
located (Fig. 1B); urban development over the subsequent decades led to the current concentrated
housing developments and roads on the plateau’s top and side upslope of the subject property (Fig. 1C).
History of upslope urban development
State Route 202 (Fig. 1A) was built by the Washington Department of Transportation (WSDOT) in the
early years of the previous century, prior to 1914 according to Dodds (2019). According to Dodds (2019),
the road was designed with culverts to collect runoff and discharge it downslope of the roadway,
including a culvert that discharges onto the subject property. Improvements to the road made in 1985
by WSDOT and the City of Redmond increased the amount of intercepted groundwater as well as the
amount of road-generated surface runoff (Dodds, 2019). Redwood Manor, a housing development built

1

I downloaded the City of Redmond stream layer from https://www.redmond.gov/424/Data-Downloads; the
accompanying metadata indicates the data layer was created in 1997 by Public Works Natural Resources Division,
and that “Most of the lines originated from the 1993 Aerial photography project identified during the Sewer
Comprehensive Plan update while other lines were created by using heads up digitizing using the contours and
field verification” with subsequent updates; the database indicates that the four channels mentioned here were
added to the database on 4/21/2016.
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in 1998, intercepted combined surface runoff from the development and groundwater intercepted by a
network of subsurface drains included in the development, and further increased the amount of runoff
delivered to the culvert that discharges onto the subject property (Dodds, 2019).
Subject channel segments used in this report
For use in this report, I have informally delineated four segments of the subject stream: a “culvert outfall
segment” that includes the outfall plunge pool and a rapid downstream transition to a channel; an
“alders segment” in the eastern, upslope part of the property where the channel passes through an
alder thicket; a “wetland segment” in the western, downslope part of the property where the channel
locally spreads out in a swale vegetated by wetland plant species; and a “ravine segment” in the
westernmost part of the subject property and extending downslope of the subject property to the
Sammamish River valley. Boundaries of these segments are shown in the “field observations” section of
this report (e.g., Fig. 7).
Scientific context
Processes and controls of channel formation
The channel head is the most upslope part of a channel having definable banks (Montgomery and
Dietrich, 1988, 1989; for a recent, comprehensive review of the science of channel heads, see Wohl,
2018). The channel head does not necessarily coincide with the stream head, which is generally taken to
be the upstream-most extent of perennial flow (e.g., Jaeger et al., 2007).
In general, the channel head is located where the upslope drainage area is large enough to support a
discharge of water, either as surface runoff or shallow subsurface flow, sufficient to overcome the
resistance offered by the soil; that resistance in forested regions typically is provided by a combination
of soil cohesion and the cohesion created by roots. Channel heads tend to be located farther upslope on
steeper slopes, because a greater slope angle increases water’s erosive capacity, and farther downslope
on more gently sloping hillsides (e.g., Montgomery and Dietrich, 1989). However, within an area in
which the hillslope angle, precipitation regime, soils and land cover are approximately uniform, the
channel head location should generally be a function of the upslope drainage area, assuming
undisturbed drainage conditions.
Because lateral hillslope concavities (also referred to as “hillslope hollows” or “swales”) laterally
concentrate flow, channels typically initiate in these topographic features. Channel heads can form by
different mechanisms, including: surface runoff (also referred to as “overland flow”); shallow
landsliding; and subsurface seepage (for general background, see a text in fluvial geomorphology, e.g.,
Wohl, 2014). On undisturbed soils in western Washington, infiltration rates are much greater than
precipitation intensities, and surface runoff is rare unless generated from disturbed areas such as roads
or construction sites. Channels on steeper slopes tend to be initiated by landsliding caused by
subsurface flow, and on moderate and gentle slopes by subsurface seepage erosion (Montgomery and
Dietrich, 1989). Surface runoff can also be generated on gently sloping toe slopes where soil is saturated
and water returns to the surface as so-called “saturation overland flow” (Dunne and Black, 1970).
Channel heads can migrate upslope, or be initiated farther upslope (i.e., at smaller contributing areas) in
response to hydrologic disturbances such as wildfire, timber harvest, grazing, or agricultural cropping
(see Wohl, 2018, for review). Channel heads can also migrate upslope in response to urbanization where
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headwater channels have been rerouted into pipes or where impervious surfaces increase runoff
volumes, which is often directed to drainage pipe or culvert outflows (e.g., McNamara et al., 2006).
Roads are especially effective at altering downslope flow pathways, including by intercepting subsurface
runoff in road cuts, which then becomes surface flow along road ditches, and by generating large
volumes of runoff on road surfaces, which is then typically channeled by ditches and culverts to
downslope outfalls; because of the efficacy of roads in increasing and concentrating runoff, channels are
commonly observed to initiate immediately downslope of roads (e.g., Wemple et al., 1996;
Montgomery, 1994; Larsen and Parks, 1997).
Controls on channel dimensaions
The cross-sectional dimensions of a channel (typically characterized by the channel’s bankfull width and
depth) is well understood to reflect the amount of flow the drainage basin contributes to that channel;
this was first quantified for artificial channels by engineers charged with designing stable canals in the
colonial era, and, later, for natural channels, by geologists and engineers who analyzed extensive
measurements of channel dimensions beginning in the middle of the last century (e.g., see Leopold et
al., 1964). The so-called “bankfull flow,” or the flow that just fills a channel, is generally considered to be
the flow most determinative of a channel’s size (for general discussion, see a textbook in fluvial
geomorphology, e.g. Wohl, 2014).
Urban development, in the absence of effective retention facilities, increases the volume and peak rate
of runoff to stream channels (for a review of the effects of urbanization on the hydrology and
geomorphology of streams, see Booth and Bledsoe, 2009). Numerous studies have shown that, as would
be expected (because channels are sized to the flows they must transmit), the width and depth of urban
streams increase, sometimes dramatically, in response to urbanization-caused flow increases; this
phenomenon has been particularly well studied in the Puget Sound lowland region (e.g., Booth, 1990;
Booth and Jackson, 1997; Moscrip and Montgomery, 1997; Booth and Henshaw, 2001; Booth et al.,
2002; Konrad et al., 2005). The intensive study of urban streams in the Puget Sound lowland stems from
the potential for channel instability to damage aquatic habitats and other resources and from regional
stream channel’s relatively high sensitivity to erosion. This erosional susceptibility is a legacy of
Pleistocene glaciation: glacial sediments are generally relatively easily eroded, and the Vashon glacier
sculpted these sediments (Booth, 1994) resulting in the topography to which streams continue to adjust
(Collins and Montgomery, 2011).
In the early stages of a channel’s adjustment to an increase to the supply of water, a channel tends to
first incise and subsequently to widen; this sequence is described by a widely-used channel evolution
model proposed by Schumm et al. (1984) and later developed by others (e.g., Simon and Rinaldi, 2013).
In this sequential response, a channel’s width relative to its depth, typically referred to as the width-todepth ratio (herein referred to as “WD ratio”) can become small in the early stages of a channel’s
adjustment to increased runoff.
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Figure 1. (A) Location of the subject property and channel relative to the: surrounding topography,
from City of Redmond 2014 lidar; streams mapped by City of Redmond in 2016; geology, from
Minard (1983). Qal = Holocene alluvium; Qvr = recessional outwash from the Vashon glacier;. Qvt =
Vashon Till; Qva = Vashon advance outwash; Qtb = non-glacial and glacial transitional beds. (B) Land
use and land cover in 1936, and (C) in 2019.
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OBSERVATIONS from PREVIOUS STUDIES
Geotech Consultants (1991)
Geotech Consultants (1991) made a geotechnical assessment in 1991 for the land that was later
developed as the Redmond Manor project upslope of the Redmond-Woodinville Road. The report does
not identify any surface water features on the property. From six test pits excavated on March 28, 1991
to characterize subsurface conditions on the site, the report characterizes the general conditions as
“silty sands and gravels underlain by silt in the majority of test pits.” Soil logs from the pits indicate that
pits were between 11 and 14 ft deep. Seasonal perched groundwater was reported at a depth of one to
seven feet; the report indicates that because the test pits were open “only for a short time…the seepage
levels on the logs represent the location of transient water seepage and may not be the location of the
static groundwater level.”
Litchfield Engineering (1994)
Reporting on a drainage study for the proposed Redwood Manor development, Litchfield Engineering
(1994) characterizes drainage of the hillside upslope of Redmond-Woodinville Road as “predominant
sheet flow to the west” and mentions no channels upslope of SR 202.
In describing the anticipated “downstream drainage” from the development, Lichtfield (1994) writes
“the drainage from the development will be released from the retention/detention (R/D) system at the
predeveloped release rate to the existing catch basin situated at the southwest corner of the site.” The
downslope drainage is described as a “natural drainage swale” that “descends at a slope ranging from
15% to 35% and is approximately 3 feet deep, 3 feet wide with side slopes near vertical. The sidewalls of
the swale are bare native sands and gravel and appear stable.”
This description is at odds with field conditions on the subject property: (1) On the subject property, the
channel’s slope is a relatively constant 15% in contrast to Lichtfield’s statement (“a slope ranging from
15% to 35%”). (2) Nowhere on the subject property, according to measurements by Herrera (2019) (Fig.
2) or my measurements (Fig. 7), is the channel as deep and wide as 3 ft except the plunge pool
immediately at the culvert outflow. However, if Lichtfield’s observations of the subject property had
been restricted to a vantage point on the SR 202 right-of-way, it would have been obvious to an
observer from such a vantage point that the plunge pool dimensions are not representative of the
channel downslope (see “field observations” section of this report). (3) The subject channel in the alders
and wetland segments is currently smaller than the dimensions reported by Lichtfield, and given that
the discharge to the subject stream has increased several-fold as a result of the upslope development of
Redwood Manor [according to modeling by McCarthy (2015)], it is implausible that the subject channel
could have substantially diminished in size from the dimensions reported by Lichtfield; in contrast,
theory and numerous case studies predict that the channel would be enlarging in response to increased
runoff (see “background” section of this report); that the channel is enlarging is confirmed by field
observations (see “field observations” section of this report). (4) It is possible that Lichtfield described
the channel downstream of the current western boundary of the subject property (i.e., in the ravine
segment), where currently the width or depth can locally be as great as Lichtfield describes; however,
widths and depths are only locally this great, and at no point are both as great as 3 ft. Moreover, field
conditions suggest that much of the erosional enlargement of the channel in the ravine segment could
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have been recent (see “ravine segment” section of “field observations”) and Lichtfield’s observations
were made in 1994.
Parametrix (1997)
A November 1995 preliminary design report for the extension of 160th Avenue NE includes 2-ft contour
topographic mapping that includes about 300 ft of the property, measured from the western property
boundary toward SR 202 (Fig. 3). The report indicates the base map was produced by “combining GIS
mapping supplied by the City of Redmond with field survey information.” The map shows a channel
extending upslope to about 245 ft downslope of SR 202. Table 1 of the report (identifying the channel as
“Creek #3” at station 31 + 00) indicates that the channel “receives storm water from east of Rt. 202.”
CH2M Hill (2012)
As part of planning for the same road extension project, CH2M Hill (2012) made a “planning-level
assessment” of wetlands and streams on March 14, 2012 that includes a stream assessment by a
biologist:
“Stream 2 is a small, high gradient, intermittent, Class IV stream and is non-fish bearing. During the
stream evaluation on March 14, 2012, flow was visually estimated to be approximately 0.1 cubic
feet per second (cfs) with a wetted channel width of approximately 1.0 foot. The bankfull width was
estimated to be approximately 2.0 feet wide near the approximate alignment centerline. The
approximate centerline of the alignment is situated at a distinct break in channel gradient, with a
shallower slope immediately upstream and steeper slope downstream. The channel also becomes
confined in a ravine to the downstream side. Channel substrate consists of gravel, sand, and organic
materials. Riparian vegetation consists of reed canarygrass and blackberry upstream of the
centerline, and Douglas-fir, western red cedar, big leaf maple, blackberry, and salmonberry to the
downstream side.”
The approximate centerline, where the channel dimensions were characterized, appears to be near the
western boundary of the subject property, according to the alignment shown on the 1997 Parametrix
topographic map; the channel assessment appears to have been made at about the boundary between
my wetland and ravine segments.
An accompanying map (CH2M Hill, 2012) shows the upstream limit of the subject channel to be
approximately 260 ft downslope of the Redmond-Woodinville Road right of way. In an accompanying
table (Table A), CH2M Hill (2012) describes the channel as “intermittent.” Table A also indicates the
bankfull channel width of the channel to the north (channel 3, in the numbering used for this report as
well as in the CH2M Hill report) as 3.0 ft and the channel farthest to the north (channel 4) as the widest,
7.0 ft.
McCarthy (2015)
In an August 2015, McCarthy (2015) estimated the increase to storm runoff by the 1998 housing
development upslope of SR 202; he used a rainfall-runoff model that makes use of mapped land covert
type, hydrologic soil group, and slope, and delineation of drainage basins made using a topographic map
having 5-ft contours. Model results show increases to flow volumes due to the upslope development
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ranging between 581% for a 2-yr flow to 451% for a 100-yr flow (Table 2 in McCarthy, 2015). It was
beyond the scope of my investigation to review this modeling.
Affidavit of Mr. Ronald Kluger (2019)
From 1980 to 1989, Mr. Ronald Kluger owned the land that was developed as Redwood Manor. In a
signed affidavit, he declares that “Redmond land use codes and policies required that channels and
wetlands on a development site/application be identified. No channels or wetlands were identified on
the site by private consultants or City of Redmond Staff.” He also declared that “I visited the site
repeatedly prior to and during the plat process and testify that there was no channel (as defined in the
Redmond code) on the property at any time during my ownership.”
Report by Dodds Consulting Engineering, Inc. (2019)
Dodds provides documentation of the original design, and subsequent modifications to, SR 202, and the
design of the Redwood Manor drainage system. It was beyond the scope of this investigation to analyze
this documentation.
Report by Herrera Environmental Consultants, Inc. (2019)
An October 17, 2019 technical memorandum from Herrera Environmental Consultants, Inc. reports on
an investigation similar in scope to the one reported on herein. Because the scope of the Herrera report
is central to the question I’ve been asked to address, I have reviewed in detail the report’s main
arguments, below.
(1) Reconstruction of historical channel network in the vicinity of the property
Much of the report (pages 4 – 11) is devoted to reconstructing the historical channel network. The
reconstruction is not based on documentary evidence of historical channel locations. Instead, it
proposes, from an analysis of the geology and topography, what the historical network might have been,
as outlined below.
Herrera’s argument for how a channel formed upslope of SR 202 begins with the assertion (p. 5) that
springs were present historically on the hillside upslope of SR 202. Herrera provides no evidence for the
existence of these springs. Herrera then further asserts (p. 5) that these “springs…formed the
headwaters on the upper hillslope,” but provides no evidence for the existence of a stream or streams
upslope of SR 202. The report authors go on to assert that these streams had “perennial flow;” this
assertion, as well, appears to have been made without evidence.
Herrera then turns to published topographic maps to corroborate the above claims; while the
topographic maps they cite do not show any channels on the hillslope, Herrera claims (p. 7) that any
lateral topographic concavity (as I indicate earlier, these features are also referred to as “hillslope
hollows” or swales) shown by contour lines on a topographic map necessarily indicates the presence of a
stream. This assertion contradicts well-established science as well as common knowledge; not all lateral
concavities (i.e., hillslope swales or hollows) have channels. As explained previously (see “Processes and
controls of channel formation” on page 3 of this report), while channels typically initiate in lateral
topographic concavities, channels only form at locations when there is sufficient upslope drainage area
to generate a critical volume of water, in combination with the necessary slope angle, to overcome the
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erosional resistance of the land surface. As outlined on p. 3 of this report, this science, well-grounded in
theory and empirical observations, has been established for a number of decades.
To justify the assertion that concavities shown by contour lines necessarily indicate the presence of
channels, Herrera cites a 1965 reference; the reference is not provided in the “References” section at
the end of their report. However, Herrera provides an excerpt: “reentrants show the courses of streams
too small to be shown on the map with blue lines.” While it is universally known by geologists that blue
lines on topographic maps may not show the smallest streams (with the extent of the divergence
between what’s shown on the map and what exists on the ground being a function of map scale),
Herrera appears to interpret this fact to mean that any lateral concavity shown by contours must
represent a stream. This does not logically follow from the quoted excerpt, nor is it consistent with the
scientific literature and common experience.
Based on the assumption that all lateral concavities represented by contours on topographic maps
indicate the locations of channels, Herrera then uses lidar to draw lines on a map to show what they
refer to as the “natural drainage patterns.” The resulting map shows a number of channels that cannot
be found on the ground today and which are not mapped by the City of Redmond.
Herrera’s reconstructed historical channel network (shown in Herrera, 2019, Fig. 5) is thus based on
assertions that are made without supporting evidence, on assumptions that are contradicted by
scientific theory and common-experience observations, makes errors in fact and logic, and produces a
result that is at variance with field conditions and City of Redmond mapping.
(2) Utility of historical aerial photographs for interpreting presence or absence of channels
While Herrera does not indicate which aerial photographs they examined in reaching their conclusion,
they conclude (p. 7) that “on most of the photos, it is not possible to distinguish clearly the subject
watercourse or the much larger Willow Creek. Only in more recent aerial images, can Willow Creek be
identified as following the path of its riparian cover.” They then write that because of these limitations
the aerial photographs were “not used as a significant part of this analysis.”
I (and users of aerial photography would also generally) agree with Herrera that aerial photographs
must be used with an understanding that there are limits to which a given feature can be reliably
interpreted on a given photograph. Photo scale and vegetative cover are among the important variables
that must be considered in interpreting small channels from aerial photographs. However, while Herrera
(2019) writes “Aerial photos are frequently used in geomorphic investigations to evaluate broad changes
in channel appearance over time, specifically channel planform and riparian cover,“ in fact aerial photos
are not used by geomorphologists only to interpret broad changes to channel planform and riparian
vegetation, but are also used widely to map and interpret small channels for interpreting historical
change to landscape and aquatic habitats (e.g., Collins et al., 2003; Pearce and Grossinger, 2004; Beller
et al., 2016). Herrera’s caution about the use of aerial photography is overly broad and ignores a body of
science that uses photos for purposes very much like the purpose of their investigation.
(3) Dry-season water discharge from the culvert taken as proof of the existence of historical upslope
channels
On p. 12, Herrera notes that the culvert at the head of the subject stream was flowing at the time of
their visit, and that groundwater intercepted by the upslope housing development was also flowing into
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the catch basin that fed water to the culvert. They then assert that this proves their earlier assertion
“that the watercourses formed through the natural erosional processes over time and it is a perennial
stream channel.” Their argument appears to be that (a) there is groundwater on the upper slope, and
(b) therefore the channel on the lower slope is naturally formed and is perennial, but this argument
does not hold up logically or factually.
(4) Inadequate basis for comparing stream channel dimensions over time
On p. 12 of their report, Herrera cites the observation in the 1994 Litchfield Engineering report that the
channel “was previously approximated to be 3 feet deep, 3 feet wide, with near vertical banks in the
1996 drainage report.” As indicated previously, the Litchfield observation is problematic because it is
internally inconsistent (in common usage, a swale is distinct from a channel in not having defined
channel banks) and because the description does not match the subject property or stream. However,
even taking Lichtfield’s observation at face value, Herrera’s use of it as evidence for the stability of
channel dimensions through time is illogical because my field observations (see Fig. 7, later in this
report) describe a channel with dimensions much smaller than indicated by the Lichtfield observation;
while Herrera (2019) made fewer measurements (Fig. 2), none of their own measurements indicate a
channel as large as 3 ft by 3 ft.
(5) Factual error underlying assumption that existence of culvert proves existence of historical channel
On p. 14, Herrera writes that “Natural stream channel formation is evidenced by…the placement of the
12-inch culvert when SR 202 was first constructed.” This statement appears to assume that all culverts
exist to convey streams. It is widely known that culverts are also installed beneath roads as relief
culverts to drain runoff generated by, and intercepted by, roads, directed into road ditches, and then
discharged downslope. The investigation of historical road design documents by Dodds (2019)
demonstrates the likelihood that the culvert in question was a relief culvert.
Curtis (2019)
Curtis (2019) examined a large number of aerial photos and a limited amount of ground-based imagery
for evidence of the subject channel’s history. He concluded:
“The aerial imagery shows no clear indications of any channelized flow from resulting from the
culvert water until the 2001-2002 timeframe when portions of a possible eroded channel are first
visible. Prior to that time, the imagery shows signs of a periodically moist area extending in a band
from East to West below the culvert as indicated by a difference in the tone and texture of the
grasses and other vegetation in the topographically slightly lower area. These are typical
photographic signatures of either subsurface movement of water or possibly periodic overland flow
associated with storm runoff, and that was of a volume and continuity insufficient to cause erosion
or create an incised channel.”
Conclusions from review of previous studies
(1) In a March 1991 field investigation, Geotech Consultants identified no surface channels. In digging six
pits 11 – 14 ft below the surface they found silty sands and gravels with silty layers, and evidence of
“transient water seepage” which they indicated may or may not relate to the groundwater level.
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(2) The Lichtfield (1994) report mentions no channel on the hillside upslope of Redmond-Woodinville
Road.
(3) A reference in the Lichtfield report to a vertical-sided, 3 ft by 3 ft swale downslope of SR 202 is at
odds with characteristics of the subject property and subject stream, for the reasons detailed above,
with the possible exception that it was meant to describe the ravine segment, but even this
interpretation is problematic, as described above.
(4) Parametrix topographic mapping included a “field survey information” component and shows the
subject channel heading about 245 ft in a line downslope of SR 202. While the nature and extent of field
observation for the Parametrix mapping is unknown, the CH2M Hill mapping adds confidence to this
mapping by reporting on a March 2012 field assessment by a CH2M Hill biologist; this field assessment
adds the information that the subject channel in 2012 was an intermittent stream with a bankfull width
of 2.0 ft and a mapped upstream limit about 260 ft downslope of the Redmond-Woodinville Road. This
stream width is consistent with my field observations (see following section of report).
(5) McCarthy (2015) presents a hydrologic modeling result showing that runoff to the culvert at the head
of the subject channel increased by 4 – 6 times as a result of the Redwood Manor housing development.
A flow increase of this magnitude would be expected to result in substantial downslope change.
Quantitatively determining the flow threshold for channel initiation at the outfall and whether this flow
increase would have been sufficient to initiate a channel is beyond the scope of this investigation.
However, if a channel had already been present at the time of the flow increase, it can be predicted with
confidence that such a large flow increase would be destabilizing. For example, empirical data collected
in the Puget Sound region identifies a threshold at which channels become unstable (i.e., at which they
markedly erode their margins) when the post-development 2-yr flow exceeds the pre-development 10yr flow (Booth and Jackson, 1997); considering magnitudes of 2-yr and 10-yr flow events in Puget Sound
lowland streams (e.g., see Mastin et al., 2016), an increase of 4 – 6 times would greatly exceed that
threshold.
(6) Statements by Mr. Ronald Kluger, the former owner of the Redwood Manor property, provide good
evidence that a channel was not present upstream of SR 202: Mr. Kluger states that the City of Redmond
did not identify a channel on the property and that he did not observe a channel in his nine years of
owning the property.
(7) I do not find Herrera’s arguments or conclusions about the history of channels on the subject
property or upslope of SR 202 to be supportable.
(8) While the Herrera (2019) investigation made fewer field measurements of channel dimensions (Fig.
2) than made for this investigation (see Fig. 7 later in this report), the dimensions they report are
generally consistent with my measurements.
(9) Dodds argues that SR 202 design documents show that the culvert feeding the subject channel was
designed as a relief culvert and not designed as a channel culvert, as appears to be implied by Herrera
(2019). Dodds documents how volumes and rates of runoff to the culvert were affected by the
engineered drainage system associated with the original road design, subsequent modification, and the
drainage associated with the Redwood Manor development. (As indicated previously, it was beyond the
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scope of this study to analyze Dodd’s or McCarthy’s calculations or engineering analyses, and they are
assumed to be correct.)
(10) Curtis (2019) viewed aerial imagery from a large number of years and included ground-based
imagery in his analysis. He concluded there is evidence for the historical presence of a wet swale in the
general area of the present-day “wetland” segment of the subject stream; and that the first indication
he finds of a defined channel is in the 2001-2002 period.
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Figure 2. Field measurements made by Herrera (2019); graphic supplied by Herrera.
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Figure 3. Sheet 4 of the Plan & Profile, dated 8/7/1995, from the Preliminary Design Report for the
160th Avenue NE extension, from Parametrix (1995).
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Figure 4. Figure A from CH2M Hill (2012), showing streams and wetlands described as part of a
wetland and stream assessment for the 160th Avenue NE Extension Project. Field determinations
were made on 3/14/2012.
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OBSERVATIONS FROM GIS DATA, TOPOGRAPHIC MAPS, and AERIAL IMAGERY
City of Redmond stream GIS data
The City of Redmond maps four channels along 1100 ft of SR 202 in the vicinity of the subject property
(in this report numbered sequentially from south to north in Fig. 1A). Channel 3, to the north of the
subject channel, heads about 1000 ft upslope of SR 202, but the other three, including the subject
channel, head immediately downslope of the road. This spatial coincidence between the three channel
heads and the road is consistent with observations in other regions, as described previously. In addition,
my informal census of all streams in the City of Redmond’s database shows that a large number of
streams in the city initiate immediately downslope of roads.
In the City of Redmond’s stream layer, the subject channel, as well as the adjacent channels (i.e.,
channels 1, 3 and 4), are coded as having been entered into the database on 4/21/2016. The subject
channel is coded as a “stream” on the lower part of the property, and as a “ditch” in the upslope,
eastern part of the subject property. The subject channel has a mapped length of 528 ft and ends about
70 ft upslope of the location where I observed the channel to terminate on my field visits in December
2019 and January 2020.
Topographic maps
No topographic maps published by the US Geological Survey are at a large enough scale to depict the
subject channel or the three adjacent channels. Topographic maps in reports by Parametrix (1997) and
CH2M Hill (2012) (Figs. 3 and 4) show a channel in the lower approximately 150 ft of the subject
property. Neither map shows a channel in the upstream upper approximately 250 ft of the subject
property.
Interpretation of historical aerial photographs
Objectives and approach
Because Curtis (2019) assembled and analyzed an extensive collection of aerial imagery, I did not
duplicate that effort. I focused on two objectives: (1) using photo coverage of an adjacent stream to aid
in determining whether a channel on the subject property would be above the threshold of detection on
available photos, and (2) with the results of the first objective in mind, assessing the presence or
absence of the subject stream on images most conducive to determining a channel’s presence or
absence (e.g., photos having a large scale and on which there is an absence of obscuring vegetation).
A photo’s scale, the time of year a photo was taken, the vegetation cover present at the time a photo
was taken, and how a photo was subsequently processed can all be important in setting the minimum
threshold at which a small channel can be confidently identified. To optimize conditions for interpreting
small channels, I chose photos taken at a large scale (1:10,000 or better) and at a time when the land
cover on the property was maintained as pasture (or possibly as cropped land); the collection of
photographs reviewed by Curtis (2019) show the subject property began to revert to shrub cover by the
early 1980s or late 1970s. I also confined my assessment to photos that had been orthorectified for use
in a GIS to facilitate precise positional comparison. Of the photos available to me, the photos best
meeting these criteria are from 1936 and 1938.
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The 1936 photographs were flown by Pacific Aerial Surveys in July 1936, at an approximate scale of
1:10,000. Paper copies of the photos were scanned at 600 pixels/inch, orthorectified, and mosaicked
(Puget Sound River History Project, 2003a). The 1938 photographs were flown in January 1938 by the
Army Air Corps; like the 1936 photos, the photographs have an approximate scale of 1:10,000, were
scanned at 600 pixels/inch and then orthorectified and mosaicked (Puget Sound River History Project,
2003b). The georeferenced 1936 and 1938 photos are available from
http://riverhistory.ess.washington.edu/download.php.
To provide insight into the minimum threshold of channel that it should be reasonably possible to
interpret from these aerial photos, I examined photographs for evidence of channels 3 and 4 to the
north of the subject channel. Channel 3 originates about 1000 ft upslope of SR 202 and I have assumed it
to be a naturally formed channel, and, as such, it should have been present in the 1930s. The timing and
mechanism of origin of channel 4 are unknown, but because it originates from a culvert that drains SR
202, it could have formed as a result of drainage or it could have existed prior to construction of SR 202;
for the present purpose, it is only necessary to determine whether or not channel 4 can be interpreted
from the imagery.
Because channel 4 was obscured by vegetation in 1936 and 1938, I also used photos taken in July 1952
at a scale of 1:23,600; this scale is less than half that of the 1936 and 1938 images. I georeferenced 1952
photos downloaded from https://earthexplorer.usgs.gov/; the 1936, 1938, and 1952 images are shown
in Figure 5 along with property boundaries and streams from the City of Redmond GIS layer for
references.
I also examined photographs from 1964, 1968, 1969, 1980, and 1981 online at a commercial imagery
archive https://www.historicaerials.com/viewer as well as the collection of photos included in Curtis
(2019) and Dodds (2019). I use these images for additional contextual information but for interpretation
of the presence or absence of the subject channel I have focused my observations on the photos
mentioned above for which I had information on the photo scale, had access to high resolution format,
and that I could view in a GIS.
An important caveat to the use of historical aerial photos for this investigation is that all historical
images post-date the building of SR 202 and its associated drainage system which includes the runoff
collected and generated by the road and conveyed to the culvert that discharges on the subject
property. Because all historical images post-date construction of the road and culvert, any channel that
might be shown in a photo as originating downslope of a culvert outfall cannot be interpreted as
naturally formed because of the strong possibility that road drainage played a role in initiating and
maintaining the channel.
Observations
Channels 3 and 4. Channel 3 is largely obscured by riparian vegetation in each of the three sets of
photos that I examined (Figs. 5B, C, D) although there is some suggestion of a channel along the lower
part of the course in the 1936 image. That channel 3 is obscured by vegetation makes it not useful for
purposes of determining a threshold for channel detection.
While the vicinity of channel 4 is obscured by vegetation in the 1936 and 1938 images, by 1952 the land
had been cleared (Fig. 5D). I interpret the presence of channel 4 on the 1952 imagery. My criteria for
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this interpretation are: the feature shown on the 1952 imagery aligns with the topographic trace of the
channel visible on the 2014 lidar (Fig. 5A); the feature can be traced for most of the distance of the
present-day channel’s location; the feature has sharp and consistent boundaries; the feature has an
apparent width of 2 – 4 ft, which is a reasonable dimension for the channel (for example, see field
measurements of channel 4 downslope of SR 202 in Fig. 17, later in this report). The channel can also be
interpreted on later photographs, including the 1964 photo (archived online at
https://www.historicaerials.com/viewer) on which the channel is more clearly evident than it is on the
1952 imagery, and on 1959 imagery included in Dodds (2019).
That channel 4 can be interpreted from 1952 imagery having a scale that is less than half that of the
1936 and 1938 imagery (i.e., the 1936 and 1938 imagery resolution is more than twice as good as the
1952 imager) suggests that if the subject channel was present in the 1930s, it should be visible on the
1936 and 1938 imagery.
Subject channel (channel 2). On the lower part of the subject property, the 1938 imagery shows a
sinuous, darker band in the area parallel to and about 20 ft north of the “wetland segment” of the
present-day channel. The band is about 6 – 10 ft wide and is traceable for about 80 ft in the 1938 image.
This feature can reasonably be interpreted as a wet swale: this interpretation is supported by the
feature being apparent in the winter (January 1938) photo but not (or only very vaguely so) in the July
1936 photo; by the 1930s, runoff discharged by the SR 202 culvert would have been flowing over the
property, and this dark band could reasonably be an indicator of that drainage. While the feature is
located to the north of the present-day channel location, it is possible that it falls within the bounds of
the broad swale in which the present-day channel is located; this cannot be evaluated with confidence
from the 2014 lidar because lidar quality is locally degraded where dense blackberry cover obscures the
land surface.
A second possible interpretation is that the feature is a channel; however, arguing against this
interpretation is that the feature is several times wider than the channel identified in 2012 by CH2M Hill
20 ft to the south; the feature has a variable width and indistinct boundaries, and a channel would be
expected to have more consistent and sharper boundaries, and the feature is not evident in the 1936
photography. In addition, a channel should be visible upslope and downslope of the feature, and I do
not interpret he presence of a channel upslope or downslope (see following paragraph). A third
possibility is that the feature is an ephemeral artifact of plowing, land clearing, or of some other land
use; supporting this possibility is that the feature is not as evident in later photographs, but there is not
enough information to evaluate this possibility.
Upslope of what is likely a wet swale, the 1936 imagery shows a lighter-toned linear streak in about the
same location as the present-day channel. The streak is about 12 ft wide and has diffuse boundaries. It
also corresponds to what appears to be a boundary between fields or pastures; the tone to the south is
light relative to the tone to the north which is darker. It’s possible that the ~12-ft wide streak has a
lighter tone because of a vegetation difference owing to the discharge of water upslope from the
culvert. In the January 1938 image this feature is not visible; instead there are diffuse, irregularly shaped
darker patches, one extending about 90 ft downslope and toward the WSE, and another that appears to
start about 25 ft to the north of the culvert outfall; this dark feature is very straight, about 5 ft wide,
parallels the location of the present-day stream, and extends downslope 140 ft to a road or fence line
that it intersects at a right angle. The linear feature is also indistinguishable from similar features that
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parallel it to the north and that correspond to field boundaries. There is a structure abutting the north
boundary of the linear feature and about 25 ft east of the north-south road or fence line. There is a faint
trace of the linear feature in the 1964 image from the online commercial archive; there is an indistinct,
faint linear feature in about the same location in the 1970 photo in Curtis’ (2019) report. The feature
that is most evident in the 1938 photo, and fainter in subsequent photos, appears most like a field
boundary, a fence-line, a path, an informal road, vegetative expression of surface runoff from the SR 202
culvert, or likely some combination of these.
Interpretation of recent images from Google Earth 1990 – 2019
Purpose
Google Earth provides an archive of photos that are closely spaced in time, making it possible to
constrain when the line of alders established along the subject channel; determining when the alders
established could indirectly indicate the timing of an increase to water discharged from the culvert or
the timing of channel initiation. While vegetation in most of the images compromises their use for
assessing the presence or absence of the subject channel, I also inspected the photo series for evidence
of a channel.
Timing of alder establishment
The line of alders currently present in the eastern part of the property are not visible in the 1990 photo
(Fig. 6). The June 2002 photo shows several small trees have established. By 2005, the alders have
grown tall enough to form a linear patch with a nearly continuous canopy. By 2010, the canopy is fully
closed; in the subsequent images, the canopy has continued to expand laterally.
Channel presence or absence
No channel is visible on the first (1990) image in the sequence, but the photo has a resolution that is
likely too poor to show a small channel. The next image, from April 2002, shows a linear feature in the
wetland segment that possibly extends upslope into the alders segment, but the resolution is too low to
confirm this, and on the June 2002 image the linear feature is only evident in the wetland segment. The
April 2002 image is the only one to show a feature that could be interpreted as a stream in the alders
reach; the line of alders obscure the ground in subsequent images.
The March 2005 image shows a linear feature in the wetland segment and the October 2007 image
shows a faint suggestion of a linear feature. The May 2010 photo has the first strong indication of a
channel in the wetland segment; there are fainter suggestions of a channel in June 2010, August 2010,
and July 2012. The April 2015 image is the first on which a channel can be unambiguously identified in
the wetland segment; a channel is also evident in the May 2017 and May 2018 photos, with the May
2018 image providing the most unambiguous indication of a channel.
Conclusions from GIS layers, maps, and aerial imagery
(1) Many channels head immediately downslope of roads in the City of Redmond, including three of four
City-mapped streams (e.g., channels 1, 2, and 4 in Fig. 1A) in the vicinity of the subject property,
including the subject channel. That roads are associated with channel heads along SR 202 and
throughout the City of Redmond is consistent with expectations that are based on well-established
theory and empirical observations published in the scientific literature.
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(2) Metadata for the City of Redmond stream layer indicates that channels 1, 2, 3, and 4 were added to
the GIS layer in 2016. The portion of the subject channel that corresponds with my “alders” segment is
identified in the GIS layer as a “ditch” whereas the downstream portions of the subject channel, as well
as channels 1, 3, and 4, are identified as “stream.” Without having consulted the mapping agency, it is
unknown whether or not the “ditch” designation can be taken to mean that the City of Redmond, at the
time the data were entered in 2016, considered the channel to be artificially created.
(3) Topographic maps in planning documents by Parametrix (1997) and CH2M Hill (2012) (Figs. 3 and 4)
show a channel heading about 250 feet downslope of SR 202 within what I describe as the wetland and
ravine segments. Neither map shows a channel upslope of that location.
(4) Channel 4, obscured by forest cover in the 1:10,000-scale 1936 and 1938 photos, is visible on the
1952 images, which have a smaller scale (1:23,600) than the 1936 and 1938 photos. That channel 4 can
be interpreted on the lower-resolution 1952 images (and can also be readily interpreted from 1959 and
1964 imagery) sets the expectation that a channel present on the subject property should be apparent
on the higher-resolution 1936 and 1938 imagery.
(5) On the subject property, subtle linear features appear on various images but none are best
interpreted as a stream channel. The January 1938 photos show a sinuous, darker band on the
downslope part of the property, about 20 ft north of the wetland segment of the current channel and
north of the channel mapped by Parametrix (1997) and CH2M Hill (2012). This feature is consistent in its
visual signature with that of a wet unchanneled swale. It is less consistent with the signature of a
channel because is several times wider than a channel measured 20 ft to the south in 1997, it has more
indistinct and variable boundaries than expected for a channel (as illustrated by the signature of channel
4 on the 1952 images), and a channel cannot be identified upslope or downslope of the feature.
The linear features evident upslope in the 1936 and 1938 images appear to be most consistent with field
boundaries, with a path or road or fence line, and with spatial variation in wetness and possibly
vegetation related to flow spreading downslope from the SR 2020 culvert. That these features become
more indistinct in subsequent images (e.g., from 1964 and 1970) is consistent with their being a
signature of land use.
(6) Images archived by Google Earth from 1990 through 2019 show that the linear patch of alders that
currently characterizes the upper section of the channel had started to establish by 2002 and grown
large enough to create a nearly closed canopy by 2005. The association in time between the
establishment and growth of the alder band with the post-1998 increase to water discharge from the
culvert [as documented McCarthy (2005) and Dodds (2019)] is circumstantial and does not prove
causation. For example, the establishment and growth of alders could have been artificially suppressed
in earlier periods. However, the post-1998 increase in discharge, which could plausibly have caused
channel initiation, coincide in space and time with establishment and growth of the alders.
(7) Vegetation generally obscures the channel in the time span covered by imagery archived by Google
Earth. The first indication of what could be a channel is on April 2002 imagery as a linear feature in the
wetlands segment that appears to extend into the alders segment to within about 140 ft of SR 202.
There are ambiguous indicators of a channel in the wetland segment in 2005 and 2007 and the first
unambiguous indication of a channel in the wetland segment is in 2015.
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Figure 5 (four following pages). (A) Topography from 2014 City of Redmond lidar, and four streams
(blue lines) mapped in the City of Redmond database. Black lines show parcel boundaries, from City
of Redmond database. Series of parallel linear features on the subject property are almost certainly
artifacts of blackberry clearing earlier in 2014 that is evident in 2014 imagery archived on Google
Earth. (B) 1936 aerial photograph. (C) 1938 aerial photograph. (D) 1952 aerial photograph. 1936 and
1938 aerial photographs are available from Puget Sound River History Project
(http://riverhistory.ess.washington.edu/download.php) and 1952 photograph from US Geological
Survey Earth Explorer (https://earthexplorer.usgs.gov/).

p. 21

A

p. 22

B

p. 23

C

p. 24

D

p. 25

Figure 6 (four following pages). Images captured from Google Earth from aerial imagery spanning the
39 years from July 1990 to July 2019.
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FIELD OBSERVATIONS
Subject channel
The subject channel originates in a plunge pool at the culvert outfall from SR 202 and travels about 600
ft downslope to where the channel becomes indistinct and flow spreads laterally and infiltrates onto the
valley bottom of the Sammamish River. Over its length, the channel averages 1.8 ft in width and 1.0 ft in
depth (all measurements are of the top width and the depth from the channel top); the width ranges
from 0.8 to 4.8 ft and the depth ranges from 0.2 to 3.1 ft (Fig. 7A). The width-to-depth ratio (“WD ratio”)
averages 2.4 and ranges from 0.5 to 12.9 (Fig. 7B). Below I describe the channel as it varies throughout
its course, using the segments I identified earlier in this report.
“Culvert outfall segment.” Flow from the culvert is into a rough opening defined by raw, unvegetated
side slopes having maximum dimensions of about 3.5 ft wide and 3.1 deep (Fig. 8A); within 8 ft
downslope, this feature transitions to a channel 2.1 ft wide by 0.5 ft deep (Fig. 8B). An adjacent treefall
disturbs the channel downstream starting at about 20 ft downslope of the culvert outfall (Fig. 8C). The
channel forms in a cohesive sand and gravel.
“Alders segment.” In an approximately 200 ft long segment, the channel flows through a dense stand of
mature alders (Figs. 9 and 10); as indicated previously, images from Google Earth show a few small
alders in 2002, indicating they would have started to establish in the few years preceding 2002. Over the
course of this segment the channel averages 1.7 ft in width and 1.1 ft in depth (n = 46), but the width
ranges from 0.8 to 4.8 ft and the depth ranges from 0.3 to 3.1 ft (Fig. 7A). The WD ratio averages 2.0 and
ranges from 0.5 to 5.7 (Fig. 7B). The substrate varies between a cohesive, oxidized gravelly sand and a
less cohesive gravelly sand. While there is an active bed sediment layer locally in lower gradient parts of
the segment, over much of its length the channel bed consists of scoured substrate material without an
active bed sediment layer.
Alder roots strongly influence the size and shape of the channel, functioning locally both to restrict the
channel’s width and its depth (e.g., Figs. 9A, B). I observed at least 14 steps in the channel profile
created by alder roots where the roots create an upstream grade control and limit the channel’s depth;
immediately below the root-created grade control, the flow has scoured vertical or steep steps,
downstream of which the channel is much deeper than at the upstream root-created hydraulic grade
control. These deeper locations are indicated in Fig. 7A which shows several local depths between 2.5
and 3.1 ft, with the depth in each case exceeding the channel’s width.
Conversely, locally wider parts of the channel generally occur in areas where alders are more widely
spaced and the effects of alder roots are not as evident in the channel’s bed and banks (e.g., Fig. 10). In
contrast to the areas where the alders are more closely spaced, banks in these wider areas are
unvegetated and actively eroding. The longest such section is near the lower part of the alder segment
and is indicated in Fig. 7A by locally greater widths.
“Wetland segment.” Downstream of the alder patch, the channel flows through a slight lateral
topographic concavity (i.e., swale) dominated variously along its length by reed canary grass, rushes, and
blackberries. In much of its length, the channel spreads out and locally widens and shallows (Fig. 7A)
with a correspondingly much higher WD ratio than elsewhere along the channel (Fig. 7B). Locally, flow
spreads out and a defined channel is not readily identifiable; these sections are indicated in Fig. 7 by the
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longer dashed lines. In the upper part of the segment, this spreading was promoted by what appeared
to be a wedge or fan of sediment deposition; this sediment is possibly derived from stream erosion of
the upslope channel in the alders reach, but I did not make a subsurface exploration to explore this
possible interpretation. The channel bed and banks are relatively cohesive silts and sands and are
presumably derived from the “transitional beds” mapped by Minard (1983) (Fig. 1A). In the lower part of
the wetland segment, the channel is much better defined, with roughly equal widths and depths (Fig.
7A; Figs. 11 C) and appears to have been artificially straightened.
“Ravine segment.” Throughout most of the ravine segment, sediments in the channel’s banks are loose,
unvegetated, and appear to be actively eroding (e.g., Fig. 12). Cropping out in the channel banks are
loose sands containing gravel-to-boulder sized clasts; this segment corresponds to the recessional
outwash mapped by Minard (1983) and in texture and density is consistent with expectations for
recessional outwash deposits. The active erosion presumably reflects that the substrate is more readily
erodible as well as there being relatively few trees (and associated roots) in the ravine bottom. The
channel width averages 2.4 ft and is locally as great as 3.9 ft (Fig. 7A) and the WD ratio is consistently
low (Fig. 7B). Two sections of the stream are entirely subsurface, as indicated by the short-dashed lines
in Fig. 7; Fig. 12B shows the channel emerging from the lower of the two subsurface sections.
Along the channel’s lowermost 40 ft the bed appears to be formed largely in sediments recently
deposited by the stream into which the channel is currently incising (Fig. 13A). As the ravine opens out
onto the Sammamish River valley, the flow spreads and infiltrates and the defined channel ends; on
both field visits, evidence of sediment-laden flows from recent high flow events is visible in the form of a
tongue of sediment deposited on top of dormant reed canary grass (Figs. 13B, C). It is reasonable to
assume that this downstream tongue of deposited sediment was sourced largely from the actively
eroding ravine segment.
Channel 3
Upslope of SR 202, channel 3 ranges in width from 2.0 to 3.0 ft and ranges in depth from 0.3 to 0.8 ft
(Fig. 14). It has an active layer of gravelly bed material. Compared to the subject stream downstream of
the culvert, and compared to channel 4 (see below), the channel has a higher WD ratio (Fig. 15),
averaging 5.3 compared to 2.0, 3.0, and 2.4 in the “alders,” “wetland,” and “ravine” segments of the
subject channel, and compared to 2.5 in the segment of channel 4 downslope of SR 202 (see below).
The SR 202 road embankment includes two culverts, a lower smaller-diameter culvert and a higher,
larger culvert with a trash rack; neither was receiving water at the time of my field visits. Water was
flowing into an opening in the road fill; I did not see evidence that would indicate whether the flow was
entering a structure or tunneling into the road fill. Downslope of the road embankment, I found no
functioning constructed opening, and the channel appears to flow underground for at least 150
downslope of the road embankment; at one location flow could be heard and seen through an opening
in the ground roughly 0.5 ft in diameter. I did not make systematic observations downstream of this
point; at the first visible expression of surface flow, the channel was shallow, approximately 0.2 – 0.3 ft
in depth, and flow spread out in vegetation thickets.
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Channel 4
Channel 4 originates at a culvert on the downslope margin of SR 202 (Figs. 16A, B) and appeared to be
fed by a large detention pond upslope of SR 202. In its uppermost 45 ft downstream of the culvert, the
channel is actively eroding, with unvegetated gravelly sand banks (Fig. 15A). It transitions downslope to
a wider channel with a greater WD ratio (Fig. 17). Continuing farther downslope, below the segment I
measured, the channel spreads out in a thicket of shrubs and trees.
Conclusions from field observations
(1) Unvegetated banks in the alders and ravine segments and a scoured bed in the alders segment
suggest the subject channel is actively eroding in these segments. In the alders segment, incision and
widening are locally limited by alder roots, but the channel locally deepens in the absence of roots in the
channel bed, and locally widens in the absence of roots exposed in the channel banks. In the ravine
segment, fewer trees are growing along the channel and consequently tree roots are not playing as large
of a role in inhibiting channel erosion; additionally, geologic materials in the ravine segment (likely
derived from recessional outwash) are less cohesive and less dense, and thereby more erodible, than
are the materials in the alders segment [which are likely derived from the more cohesive, denser
“transitional beds” of Minard (1983)].
(2) Field observations indicate that in the “alders” segment channel erosion has been substantially
limited by the presence of the alders: Alder roots play obvious erosion-limiting roles (i.e., roots function
as grade controls to locally limit vertical incision and provide cohesion to stream banks to locally limit
lateral erosion). The role of the alder roots in locally limiting vertical and horizontal channel erosion in
the alders segment is also suggested by the contrast with the segment of channel 4 I surveyed
downslope of SR 202, which appears to have a similar substrate but lacks tree cover and is actively
eroding its banks and bed.
(3) Field observations also indicate that at least some of the substantial channel widening and
deepening in the ravine segment has happened within the last few years or even the last months: A
large amoung of bed material sediment was transported downstream and deposited as an elongate lobe
atop dormant reed canary grass on the Sammamish River valley bottom, presumably in this current
winter season; there is a large amount of loose bed material in the channel bed, which is diagnostic of a
sediment supply in excess of the channel’s transport capacity.
(4) A relatively small WD ratio in the alders and ravine segments also argues that these segments are
actively incising. The WD ratios are small relative to that of channel 3, which, while an urban stream,
does not originate at a culvert outfall fed by a detention system. This argument is also supported by the
relatively small WD ratio for the surveyed segment of channel 4, which, like the subject channel, also
originates at a culvert outfall sources from a detention facility.
(5) In the “alders” segment of the subject stream, the presence of alder roots in the channel bed, and
the role these roots are playing locally in limiting vertical erosion, indicate the channel has been incising
in the period since the trees established. The sequence of aerial photos archived in Google Earth show a
few small alders had established by 2002 and grew into a continuous line of trees over the course of
that decade. Where alder roots span the stream bed, the channel has only incised to a depth of about
0.3 – 0.6 ft, but downstream of where alders protect the bed, depths are as great as 2.7 ft.
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(6) In contrast to the local instability of the upstream alders segment (i.e., locally where alder roots are
not protecting the bed or banks) and the more pervasive instability of the downstream ravine segment,
the “wetland” segment of the subject channel is not obviously eroding. This relative stability presumably
reflects that water generally flows through well-established patches of vegetation having dense roots as
well as that the substrate in this segment is relatively fine grained and cohesive. It is also possible that
the difference is due in part because the flow has a greater opportunity in this segment to spread
laterally, whereas in the alders segment incision into the alder roots has locked the channel in place, and
in the ravine segment the channel is topographically confined by the ravine sides.
(7) While discharge in channel 3 has likely been increased by urbanization in recent decades, of the
three channels I visited in the field it is the only one that does not originate at a culvert outfall from SR
202. Channel 3 upslope of SR 202 does not exhibit signs of bank erosion or bed incision and has a
significantly larger WD ratio than the two channels that originate at culvert outfalls (the subject channel
and channel 4). This adds support to the interpretation that the surveyed segment of channel 4 and the
alders and ravine segments of the subject channel are actively eroding, incising channels.
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Figure 7. For the subject channel, variation with distance downslope from the outfall culvert of channel
top width and depth (A) and WD ratio (B). Measurements were made on 1/23/2020. Vertical dashed
lines delineate three segments used in this report to describe the stream. Points connected between
longer dashed lines (in “wetland segment” indicate stream spread out with no readily identifiable
channel; points connected by shorter dashed lines (in “ravine segment”) indicates where flow was
entirely subsurface.
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Figure 8. Culvert outfall origin of subject stream. Survey rod, included for scale in these and subsequent
photos, is metric, with the large numbers indicating decimeters. All photos in this and subsequent
figures were taken during December 30 field visit; streamflow was substantially greater on the January
23 visit than on December 30.
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Figure 9. Alder segment of subject stream.
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Figure 10. Alder segment of subject stream.
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Figure 11. Wetland segment of subject stream.
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Figure 12. Ravine segment of subject stream.
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Figure 13. Lower part of the ravine segment of subject stream, and depositional tongue downstream
of the ravine onto the valley-bottom of the Sammamish River. Image in panel A shows channel
incised into what appears to be recent stream deposition; image in panel B looks upslope toward the
ravine and image in panel C downslope toward the Sammamish River.
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Figure 14. Stream 3 upstream of SR 202.
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Figure 15. Distribution of WD ratio of channels measured in the field on December 30, 2019 (channel
#3) and January 22, 2020 (all other measurements). Channel numbers refer to channels shown in Fig.
1; Channel 2 is the subject channel. The three segments of Channel 2 are described in the text. N =
sample size. Boxes enclose 50% of the data, with the median value displayed as a line. The lines
extending from the top and bottom of each box indicate the minimum and maximum values,
excepting outliers (circles), or points with values greater than the inner quartile plus 1.5 times the
inner two quartiles.
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Figure 16. Channel 4 at its origin on the downstream side of the SR 202 road prism.
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Figure 17. Variation with distance downstream in channel top width, depth, and WD ratio for
channel 4; distance is measured relative to location of culvert outfall.

p. 45

SUMMARY INTERPRETATIONS
1. Did a channel exist upslope of SR 202 and upslope of the current location of the subject channel?
Because of the grading and drainage changes associated with the upslope Redwood Manor housing
development, the presence or absence of a channel cannot be determined directly; an answer to this
question depends on historical observations. There is no map or aerial photo evidence of a channel
upslope, but in this case the absence of evidence cannot be taken as proof of absence; the hillside was
heavily forested, which would obscure a channel on aerial imagery, and any channel would have been
smaller than is likely to have been depicted on published topographic maps.
However, I consider the following to be strong documentary evidence for the absence of a channel:
(a) A 1991 geotechnical survey (Geotech Consultants, 1991) found no evidence of a channel, nor did a
1994 drainage engineering study (Lichtfield, 1994).
(b) In a signed affidavit, the landowner indicated that in nine years of owning the land he had observed
no indication of a channel.
(c) In the same affidavit, the landowner mentions that the City of Redmond, which is responsible for
regulations concerning development where channels are present, did not consider a channel to be
present.
(d) Two engineering firms mapping channels for a proposed road extension project (Parametrix, 1997,
and CH2M Hill, 2012) mapped the channel head 245-260 ft downslope of SR 202. Given that the volume
of runoff contributed to the subject channel is larger than it was historically, it is not reasonable to
postulate that the channel head historically was many hundreds of feet upslope of the location mapped
in 1997 and 2012.
Summary answer to Question 1: There is strong evidence that a channel did not exist upslope of SR 202
historically (prior to regrading and drainage modifications associated with the 1998 Redwood Manor
development).
2. Is the channel downslope of SR 202 a naturally formed channel? This question needs to be
answered separately for different segments of the channel and for different periods of time. First,
evidence for a naturally formed channel would, by definition, have to date to before SR 202 was built.
Was the subject channel present prior to the construction of SR 202?
No available sources or field observations provide evidence that would bear on whether the subject
channel existed prior to the construction of SR 202. Consequently, it is impossible to prove directly that
the channel was naturally formed because it can’t be assumed that conditions subsequent to the
building of SR 202 are “natural.” This follows from the multiple lines of evidence that show that it is
common for channels to initiate downslope of roads: predictions based on scientific theory of channel
initiation; observations made in other regions on the role of roads on initiating channels; the association
between road culverts and channel heads for three of the four channels within 1100 ft of the subject
channel; and the association of channel heads with roads throughout the City of Redmond. Because of
the role of roads in generating, intercepting, redirecting, and focusing runoff, it is speculative but
scientifically plausible that, prior to construction of SR 202, the channel head mapped in 1997 was
downslope of the subject property.
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Summary answer to Question 2: There is an absence of evidence that would demonstrate the subject
channel was present prior to construction of SR 202. It is speculative but plausible (i.e., consistent with
expectations from theory and observations on channel initiation) that the channel mapped on the lower
property in 1997 and 2012 topographic maps was not present prior to the focusing of runoff by SR 202
onto the subject property.
3. In what time period has a channel been present in the lower part of the subject property (the
“wetland” and “ravine” segments, as described herein)?
Topographic mapping by Parametrix (1997) and CH2M Hill (2012) show a channel heading about 250
downslope of SR 202. Field observations by a biologist in 2012 reported in the CH2M Hill report, and
apparently made roughly at the western boundary of the subject property, confirm the 1997 mapping.
A channel is not evident in aerial imagery from the first half of the 20th century according to my
interpretation and those by Curtis (2019). The channel at the downslope boundary of the property was
described in 2012 by CH2M Hill as being intermittent and having a bankfull width of 2 ft, and this is in
the period after runoff to the culvert had been increased substantially: by a factor of 4 – 6 times,
according to McCarthy (2015), as a result of the 1998 development of Redwood Manor, and increased
previous to that as a result of 1985 drainage improvements to SR 202, according to Dodds (2019). It is
plausible to hypothesize that prior to the 1985 flow increase or combined 1985 and 1998 flow increases
that runoff from the culvert would have been too small to initiate a channel; the apparent absence of a
channel on aerial photographs prior to about 2002 is consistent with this hypothesis.
Summary answer to Question 3: Topographic mapping and field investigations from 1997 and 2012
provide evidence that an intermittent channel was present on the lower part of the property by 1997.
This is consistent with the aerial photo record, on which a channel is first evident in 2002. A plausible
history that is consistent with the absence of evidence for a channel prior to 1997 – 2002 is that the
channel could have initiated, or migrated upslope from the ravine reach, in response to 1985 and 1998
drainage increases from the upslope SR 202 culvert.
4. In what time period has a channel been present in the upper part of the subject property (i.e., the
“alders” segment)?
Multiple lines of evidence argue that the channel in the upper, alder-lined segment has not been
present on the landscape for more than a decade or two:
(a) Topographic mapping from 1997 and 2012, both of which were accomplished with a field
component, do not show a channel in the upslope “alders” segment.
(b) In the period covered by aerial photos from 1938 into the 1970s the subject property in the alders
segment appears to have been maintained as pasture (or, less likely, to have been cropped) and the land
surface is not generally obscured by tall native vegetation. In the vicinity of the current channel location,
features evident from the photos spanning this period are best explained as expressions of land uses
and drainage from the SR 202 culvert, not as a channel. That channel 4 is readily interpreted from
photos having lower resolution than some of the photos available for the subject stream adds weight to
the interpretation that a channel was not present on the subject property in this period.
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(c) Field evidence indicates the subject channel is currently in the process of enlarging. In the alders
segment, the flow is actively scouring the bed and banks in locations lacking alder roots that elsewhere
serve armoring or cohesion functions. Downstream, in the ravine segment, where the substrate is less
dense, less cohesive, and lacks a dense network of stabilizing roots, the channel is widening and
deepening. In both segments, the WD ratio is low, consistent with a channel that is in the process of
incising, and in contrast to the larger WD ratio of channel 3, which does not originate at a culvert outfall
below SR 202, and which appears relatively stable.
(d) Large-diameter alder roots are exposed in the channel bed at a depth that is shallow relative to the
channel’s depth where roots are not present. These alders would not have existed prior to alder
establishment in the few years prior to and after 2002; that the roots are exposed by the channel
implies that channel incision, and possibly initiation, took place subsequent to the period of alder
establishment.
(e) Analysis by Dodds (2019) of the history of drainage engineering changes and the modeling by
McCarthy (2015) indicate that the 1998 Redwood Manor development has substantially increased
runoff to the subject channel. This does not prove that the increase caused a channel to initiate and
subsequently enlarge, but it provides a plausible mechanism for channel initiation, well supported by
scientific theory and observations from elsewhere, and the timing is consistent with the observations
from aerial images and topographic maps.
(f) An informal GIS census of channel heads from the City of Redmond stream layer indicates that
channel initiation downslope of culverts is commonplace throughout the City, and is common along SR
202 in the vicinity of the subject property: three of the four channels within a 1100’ length of SR 202
(channels 1, 2, and 4) originate below road culverts. This is not proof that the subject channel was
initiated by drainage from the road, and additional drainage later added from upslope, but it
demonstrates plausibility.
Summary answer to Question 4: Multiple lines of evidence argue that the channel in the alders segment
dates to the last few decades, including: topographic mapping and field surveys from 1997 and 2012
showing that the upper “alders” segment was not channeled at that time; aerial photos from about a
40-yr period starting in 1936 during which obscuring native vegetation was suppressed, do not show
convincing evidence for the presence of a channel; field evidence indicates that the present-day channel
in this segment is enlarging and incising; the exposure of alder roots at a shallow depth in the channel
indicates incision, and possibly channel initiation, post-dates establishment of the alders around 2002;
and the association of channel heads with culvert outfalls along SR 202 and elsewhere in the City of
Redmond, a phenomenon observed elsewhere and that is consistent with well-established scientific
theory, demonstrate the plausibility of this scenario.
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