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EXECUTIVE SUMMARY

Roadside infiltration strips, also called vegetated filter strips, have the ability to decrease the
immediate impact of road runoff on nearby streams and agricultural fields. Though there is a
rich history of research on the chemical and physical filtering capabilities of these structures,
total infiltration capacity is often not the focus of these research efforts. By using dimensional
analysis of a varied infiltration capacity dataset, this research developed a new design equation
and subsequent design chart to simplify and streamline the infiltration strip design process.
Given that the parameters and variables used in this design process are freely available in map
form, a preliminary analysis of all roads within the western corridor of Oregon could be
performed in GIS for future filter width design.

The design equation was created by the following process. 1) A network of roadside infiltration
observation plots was constructed and operated for 2 years. The network consisted of five plots
arranged in a transect from the Oregon coast to the Cascade foothills. Within each plot, rainfall,
soil moisture, soil water content and total runoff from the observation area were recorded every
15 minutes and averaged into daily infiltration intervals; 2) Semi-empirical relationships between
the road geometry, the soil physical properties, and the local climate were explored with
dimensional analysis; 3) Final groupings of variables were found, collapsing the data to a single
semi-empirical relationship. This relationship is the design equation. For practical design
applications, a specified range of variables was used to turn the design equation into a design
chart.

This report is divided into 4 sections. An introduction and general background is presented in
Section 1, followed by a detailed description of each study sited is presented in Section 2. In
Section 3, summary statistics and time series of the data are presented. In Section 4, the rationale
and logical process to create the design equation is outlined, and the ultimate design equation and
design chart is given. The report is concluded with an example calculation of a roadside filter
strip width.
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1.0 INTRODUCTION

1.1 DEFINITION OF VEGETATED FILTER STRIP

Vegetated filter strips (VFS) are areas of land designed to receive surface runoff water as
overland sheet flow. Ideally these are designed with mild slopes (2%-6%), high soil infiltration
rates, and dense grassy vegetation. Surface vegetation decreases runoff flow velocities, allowing
infiltration and filtration of sediments and other pollutants (Dillaha et al. 1989). VFS can
potentially protect nearby water bodies through the following (Grismer 2006):

e Surface runoff interception and sediment entrapment (75-100% infiltration has been
reported);

e Nutrient removal from runoff water, both through soil adsorption or plant root uptake;

e Reduction of transport of pollutants (including heavy metals) increasing their degradation;
e Pathogen removal from the runoff water.

There are generally four categories of VFS (Dosskey et al. 2007):

e Constructed VFS: filter strips that are constructed and maintained for overland sheet flow
through the surface vegetation;

e Natural VFS: any natural vegetative area through which stormwater flow is directed. Flow is
typically broad overland sheet flow;

e Riparian vegetated buffer strip: strips of vegetation that grow along the stream and
concentrated flow channels;

e Adjacent to agricultural lands, providing a buffer against excess nutrient-laden runoff where
applicable.

1.2 DESIGN AND FUNCTION OF VEGETATED FILTER STRIPS

After the surface runoff water enters the VFS, the distribution and flow are mediated by a
number of factors. Figure 1.1 illustrates water flow through VFS. When water enters the soil
within the VFS, the shallow subsurface gradually reaches saturation by the infiltration of water.
When inflow rate exceeds the infiltration capacity of the VFS, overland flow can occur. In the
root zone, water can move laterally in the subsurface, potentially returning to the surface at lower
elevation as return flow. If there are no additional retention facilities for this non-contained water
from the VFS, the runoff water will enter the surrounding water bodies, carrying contaminants
and pollutants.



US EPA’s website (https://www.epa.gov/sites/production/files/2015-
07/documents/2006_8 24 mshasin_symposia_ia_session4-2.pdf) lists a few key elements to
consider when designing a VFS, summarized below:

Drainage Area: VFS can be used to treat very small drainage areas. The limiting factor is not
the treatment drainage area of the VVFS but rather the width contributing to it. Normally sheet
runoff becomes concentrated within a maximum of 75 feet for impervious surfaces and 150
feet for pervious surfaces;

Soil: VFS should not be applied on soils with high clay content due to their low infiltration
rates if infiltration is the goal. Infiltration rate is the key concept for a successful VFS design.
Also, VFS should not be used with poor soils that cannot sustain the growth of vegetation
cover;

Slope: VFS should be designed with a slope between 2% to 6%. Steeper slopes can lead to
concentrated flow, particularly for soils with slow infiltration rates. Steeper slopes may also
be unstable and subject to erosion. Gentler slopes may lead to ponding of water and may
create safety and health hazards;

Groundwater: A VFS should have a 2-4 ft unsaturated zone above a groundwater table at
minimum to prevent groundwater contamination. Shallow unsaturated zones also decrease
the volume of water treatable via VFS during storm events.

Overland
Sheet flow

Asphalt
ravel

Vegetated Filter Strip

Return flow

Infiltration

Figure 1.1: Schematic of the water flow through the vegetated filter strip.



1.3 VEGETATED FILTER STRIP APPLICATIONS

Because VFS are an efficient and cost-effective runoff treatment method, VFS have been used to
control surface runoff under many situations. VFS have been primarily utilized at the boundaries
of agricultural fields, next to impervious surfaces like roadways, and adjacent to water bodies as
riparian buffers. In all instances, VFS are installed with the goal of slowing, filtering, and
capturing nutrient- and pollutant-laden runoff through infiltration into the soil, filtration of flow
by the vegetation, plant uptake, transpiration, and other biologically active components. Much
of the work has focused on the ability of VFS to remove specific chemicals, including
agricultural pesticides (Poletika et al. 2009; Fox et al. 2011) and herbicides (Arora et al. 1996)
and in the case of roadside buffers, heavy metals (Stagge et al. 2012) and suspended solids
(Stagge et al. 2012). Recent review papers have focused on nitrogen (USEPA 2005; Mayer et al.
2007), phosphorous (Hoffmann et al. 2009) and suspended sediment (Liu et al. 2008; Yuan et al.
2009). VFS can provide various levels of treatment for the target pollutants based on their size,
slope, vegetation type, and climate conditions.

Vegetated Filter Strips (VFS) are also used to reduce peak runoff rates, filter and adsorb
pollutants and nutrients, and mitigate flooding. VFS have been previously utilized to remove
sediment (Dosskey et al. 2008), colloids (defined as particles smaller than 10 pm in diameter)
(Yuetal. 2011; Yu et al. 2012; Yu et al. 2013), and solutes (Fischer and Fischenich 2000; Gao
et al. 2005; Dosskey et al. 2007; Dosskey et al. 2008; Mufioz-Carpena et al. 2010; Fox et al.
2011) that are carried in runoff water. Riparian buffers are a special type of VFS which, due to
their proximity to water bodies, have been extensively studied (USEPA 2005; Mayer et al. 2007,
Dosskey et al. 2008). Koelsch, Lorimer et al. (Koelsche, Lorimer et al. 2006) reviewed the
literature with the goal of understanding how VFS could be used in conjunction with
concentrated animal feeding operations.

1.4 EVALUATION OF VEGETATED FILTER STRIP PERFORMANCE

Due to the widespread implementation of VFS, extensive work has been done to evaluate the
performance of VFS in different environments. To evaluate the performance of VFS, either field
scale monitoring or laboratory scale experiment can be conducted to collect data. Given adequate
validation, numerical modeling can be used to understand and predict the performance of VFS
under different scenarios and more extensive scales. When evaluating the performance of a VFS,
there are two fundamental aspects to examine: pollutant removal efficiency and runoff volume
reduction efficiency. We reviewed previous studies which fell into the three broad categories:
agricultural runoff; laboratory evaluations; and highway stormwater runoff.

1.4.1 Efficiency of Vegetated Filter Strips for Agricultural Runoff

Agricultural runoff usually contains significant amounts of nutrients (nitrogen and phosphorous),
sediments, herbicides, and pesticides. VFS is very suitable in reducing these nonpoint source
pollutants. For nutrients coming from feedlots, Young et al. (Young et al. 1980) studied a 13.7 m
VFS with 4% slope and found the removal efficiency for phosphorous and nitrogen can reach
88% and 87%. Similarly, Doyle et al. (Doyle et al. 1977), Dilaha et al. (Dilaha et al. 1988),
Moore et al. (Moore et al. 2001) all found that VFS can be very efficient in reducing the
concentrations of nutrients in feedlot runoff.



For cropland runoff, Cole et al. (Cole et al. 1997) investigated the removal efficiency of
Bermuda grass-covered buffer strip for four pesticides and found for a 4.8 m plot width, the
average removal rate for all four target pesticides exceeds 80%. For a similar plot width, Parsons
et al. (Parsons et al. 1991) and Barfield et al. (Barfield et al. 1992) showed that VFS removed
50% total N and 92% NH4-N, respectively. In another study, the total solids and total suspended
solid removal rate by VFS can be as high as 100% (Patty et al. 1997).

Some research has studied the effect of VFS width on the nutrient removal efficiency (Dillaha et
al. 1989; Schmitt et al. 1999; Blanco-Canqui et al. 2004). VFS width is an important variable
affecting the efficacy of a VFS. The runoff water will have a longer time to interact with the soil
in VES if it has a greater width. Longer retention time means more infiltration. Dillaha et al.
(Dillaha et al. 1989) reported that when the VVFS plot width was doubled from 4.6 mto 9.1 m,
the removal efficiency for total phosphorous was increased from 75% to 87%, however the total
nitrogen removal efficiency was not changed. Blanco-Canqui et al. (Blanco-Canqui et al. 2004)
stated in their study that the effectiveness of the grass treatment for reducing sediment and
nutrient loss increased with the VFS width, but the reductions beyond 4 m were small. Similarly,
Schmitt et al. (Schmitt et al. 1999) found that doubling the VFS with from 7.5m to 15m would
significantly increase infiltration and dilution of runoff, but did little to improve sediment
entrapment.

1.4.2 Laboratory Scale Evaluation

The efficiency of VFS can be evaluated under laboratory environments. The advantage of
conducting laboratory study is that environmental variables can be controlled. Further,
experiments can be repeated to acquire reproducible results. Under field conditions, especially
for long-term monitoring, it is very difficult to repeat measurements under similar conditions.

Huang et al. (Huang et al. 2013) studied the effect of rainfall intensity, slope, initial soil moisture
content, and vegetation cover on runoff intensity. In this study, an adjustable soil bed was used to
simulate a vegetated soil slope and rainfall was simulated by using sprinklers. They found a
positive linear relationship between runoff intensity and the rainfall intensity, slope, and initial
soil water content. Also a negative relationship was found between runoff rate and vegetation
cover.

Similar to Huang’s experimental setup, Newberry and Yonge (Newberry and Yonge 1996)
employed a 1.2 m wide and 3 m long flow bed to determine the effectiveness of the VFS as a
retention mechanism. Simulated rainfall was used with spiked pollutants in the water. For
different flow and slope combinations, the hydraulic retention time was reported from 8.8 min at
a flow of 3.8 L/min and 17% slope to 85.3 min for 0.38 L/min flow with a slope of 5%. The VFS
in this study also demonstrated very good heavy metal retention rate within the first 1 m.

The hydraulic and pollutant removal performance of VFS was studied using soil columns (Hatt
et al. 2008). A 10 cm diameter and 1 m long pipe was used to represent a vertical soil profile,
and they found that clogging at the top layer can lead to hydraulic failure. Although the
sediments and heavy metals were retained effectively by the soil filter, nitrogen and phosphorus
can be released from the soil.



Laboratory experiments can provide valuable information for evaluating the efficiency of VFS.
However, it is difficult to scale up results to field conditions due to the complexity and
variability in the natural environment. Piguet et al. (Piguet et al. 2008) made the effort to carry a
real-scale experiment and they used field lysimeters for infiltration measurement. This study can
be considered more like a field-scale experiment, especially with the natural rainfall events used.
The results show that the infiltration system is efficient at retaining pollutants with low mobility
in the soil, whereas highly mobile pollutants can percolate through the infiltration system during
intensive rainfall events.

1.4.3 Evaluation of Vegetated Filter Strips with Highway Stormwater Runoff

Stormwater runoff from road surfaces has been identified as a major potential pollutant source
which greatly affects water quality (USEPA 2005). Stormwater contains a variety of pollutants
including heavy metals, sediments, nutrients, and hydrocarbons (Kayhanian et al. 2007; Diblasi
et al. 2009). VFS has been employed to remove pollutants and reduce peakflow due to its
advantages in a highway setting. Therefore, it is necessary to evaluate the efficacy of the existing
VFS under a natural environment. For an effort like this, especially for field conditions, it
normally requires the installation of a monitoring plot on the slope of the VFS. Most field studies
of VFS performance require a means to collect and/or measure the runoff which occurs at the
downhill edge of the VFS. Runoff measurement strategies have included collecting water in
large tanks (Arora et al. 1996), passing water through roadside weir (Winston et al. 2011) or
tipping bucket (Hollis and Ovenden 1987) systems to measure the discharge rates. Collecting
water in a tank allows for easy collection of water samples to determine chemistry and
concentration of the studied constituents, though any sample will be an average of all collected
water in the tank, which may obfuscate temporal trends in chemistry. Further, using collection
tanks in long-term studies necessitates periodic emptying and maintenance to ensure that the
tanks do not fully fill. The weir and tipping bucket systems are conducive to long-term
monitoring of runoff quantities, as they do not retain water but rather measure discharge in real
time.

Line and Hunt (Line and Hunt 2009) evaluated the performance of a level grass filter strip in
North Carolina. Inflow and outflow for the VFS were monitored for 13 storm events. The results
were compared with a bioretention area and showed that VFS had the best overall efficiency in
all target pollutants. The inflow volume and peak flow rate were reduced by 49% and 23%,
respectively.

In another study, also carried in North Carolina (Winston et al. 2012), the existing VFS along the
highway roadside were tested for pollutant removal efficiency with traditional dry swales and
wetland swales. The two testing sites in this study had steep slopes of 18.1% and 15.8%. These
high slopes were reported to be responsible for significant increase in total phosphorus and total
suspended solids (TSS) concentration from the edge of the pavement. High inflow pollutant
concentration and ground cover percentage were also related to this observation. They also found
that the efficiency of the VFS were not as high as expected because of the soil compaction (less
infiltration) on the highway shoulder.

A third North Carolina based study investigated the capacity of VFS in carbon (C) sequestration
(Bouchard et al. 2013). Soil core samples were taken from an existing highway VFS to look for



soil carbon content. This was a pioneering work to look into the C sequestration in roadway
soils. The reported data indicates that roadside VFS is a potential source or sink to be accounted
for in global C stock quantification.

Stagge et al. (Stagge et al. 2012) reported a 4.5 year long-term field monitoring in Maryland. The
performance of grass swales and VFS were evaluated over 45 storm events. Interestingly, while
the grass swale reduced the pollutant mass and mean concentration significantly, the inclusion of
the pre-treatment vegetated filter strip produced mostly negligible improvement with respect to
water quality. The hydraulic performance of the VFS was also examined by the same research
team (Davis et al. 2012), and the grass swale significantly reduced runoff volume and flow
magnitude with small rainfall events (< 3cm). For large rainfall events the grass showed very
limited capacity in runoff volume reduction. The inclusion of VFS in terms of reducing runoff
volume produced mixed effects in this study.

There are many research reports also related to the evaluation of the efficiency of the VFS in
highway applications. Some intensive studies from Washington State can be found in Reister and
Fiedler (Reister and Fiedler 2006), Horner et al. (Horner et al. 2002), Reister and Yonge
(Reister and Yonge 2005), Newberry and Yonge (Newberry and Yonge 1996), Ahearn and
Tveten (Ahearn and Tveten 2008). With the rapid acceptance of the Low Impact Development
(LID) concept in the literature, the evaluation of LID efficiency is what ensures its performance.
VFES is a particularly appropriate LID practice in highway settings due to the linear nature of the
right-of-way and the limited space for stormwater treatment facilities. Ahearn and Tveten
(Ahearn and Tveten 2008) studied the efficiency of unimproved highway VFS in stormwater
runoff treatment. By using 2 m and 4 m width monitoring plots installed at edge of the pavement,
they reported that 79% of the runoff volume was infiltrated with in the first 2 m of VFS and 83%
was infiltrated within 4 m. Peak flow rates were reduced by 72% and 90% at 2 m and 4 m,
respectively.

Reister and Yonge (Reister and Yonge 2005), and Reister and Fiedler (Reister and Fiedler 2006)
used field data and numerical modelling to investigate the effects of rainfall intensity, roadway
width, plot width, soil properties, and slope on VFS efficiency. By combining field data from 2
m and 4 m wide plots with numerical modeling, they determined a site-specific relationship
between VFS width, roadway width, soil saturated hydraulic conductivity and rainfall intensity.
What is worth mentioning was the effect of slope angle on runoff was not correlated by
experimental data or numerical modeling, whereas slope was an important factor to consider
when designing capable VFS (that is, VFS systems capable of reducing runoff by a significant
amount).

1.5 VEGETATED FILTER STRIPS DESIGN CRITERIA

So far many state agencies have made the effort to produce a design manual for various types of
stormwater BMPs as well as certain evaluation criteria to determine the VFS efficiency. In
general, such design manuals and performance reports can be found on state DOT’s database and
they are available to public.



The Texas Transportation Institute (Storey et al. 2009) synthesized Best Management Practices
by multiple transportation, environmental, and regulatory agencies regarding the use of vegetated
buffer strips, filter strips, and grass swales. Readers are referred to Appendix A in Storey’s report
for detailed information. Note that among these design manuals, the key parameters can vary
substantially. Figure 1.2 shows typical slope and width used in VFS designs.

High variation and accumulation of annual rainfall together with unique soil classifications, such
as the heavy soils of the Willamette valley associated with the Missoula floods, present a unique
VFS design challenge for Oregon. Despite the amount of work that has been done in design and
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Figure 1.2: Two key design parameters: slope and VFS width. The slope value is the
maximum value in the design manuals and width is the minimum value (Storey et al. 2009).

evaluation of VFS, existing studies are not directly useful when developing regionally specific
design guidelines for highways in western Oregon. Typically, there is no regulatory requirement
to monitor BMP performance, and long term data is not collected in these cases. In most of the
literature, water quality measures from the perspective of contaminant removal are considered as
opposed to runoff quantity (infiltration).



This report endeavors to forge a new path for VFS design guidance when infiltration/runoff
reduction is the primary goal. The approach is based on dimensional analysis of two years of
field measurements that span a wide range of soil characteristics and climates representative of
western Oregon in order to synthesize a design equation that can guide VFS width selection
along highways. Specifically, the research strategy was to generate regional data guided by the
range of conditions likely to be encountered throughout this region. First, considering the total
annual precipitation from the coast to the Cascades varies from less than 40” to over 1007,
monitoring locations were selected to represent this variability. Second, given the large diversity
of Oregon soils, each monitoring location was selected to cover a wide range of hydrologic
characteristics that influence infiltration rates such as soil texture, hydraulic conductivity, and
drainage class. In sum, over two years of data was collected from five distinct sites from the
coast to the Cascades to develop VFS design criteria for the expected range of conditions that
can be encountered across western Oregon.



20 METHODS

2.1 RUNOFF MONITORING SITE SELECTION

Runoff is primarily controlled by the amount of precipitation received and the infiltration
capacity of the underlying soil strata. Five field scale monitoring sites were constructed and
maintained for two years to evaluate the stormwater runoff from the highway road surface under
natural precipitation conditions (Figure 2.1). These sites were selected to represent the full range
of combinations of precipitation and infiltration possible in western Oregon. The first criteria for
site selection was to represent the full range of precipitation in western Oregon, which varies
from 40-50 inches annually in the Willamette valley to over 100" received annually in some
parts of the Coast Range (Figure 2.2). Sites were also selected to represent a broad range of soil
types, soil hydrology, and road side slope, all of which control the rate, volumetric capacity, and
seasonality of infiltration. Initially, over 10 sites were identified that fulfilled these basic criteria.
Site selection also considered minimizing maintenance and travel costs, worker safety, and road
geometry. Final decisions were made in negotiation with Oregon DOT staff. Five sites were
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Figure 2.1: Regional map showing field monitoring sites. Interstate, US, and State Highways from
Federal DOT via ESRI online.
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selected that fulfilled all the study
design requirements (Figure 2.1 and
Table 2.1).

Both precipitation and infiltration are
strongly modal, with the vast
majority of rain and snow received
from October to June. Typically,
infiltration rates are sharply reduced
while soils are waterlogged, in
addition to a reduction in overall
storage capacity. Shallow water

tables and backwatering from Annual

. LS. precipitation
waterways is also a limiting factor for — 40"55"
some locations and soil types. By - 55..:75..
measuring rainfall and runoff = 75".92"
continuously at five sites with - 02"-114"
different hydrology and infiltration - 114"

rates, the study design allowed
evaluation of the full range of design
parameters possible in western
Oregon.

Figure 2.2: Annual expected precipitation. Data Copyright
© 2013, PRISM Climate Group, Oregon State University,
http://prism.oregonstate.edu.

Based on the estimates of runoff potential, soils in western Oregon are assigned to four
hydrologic classes which are commonly employed to predict runoff behavior using the Soil
Conservation Service (SCS) Curve number method. These classes represent both the saturated
hydraulic conductivity (Kss) and the likely depth to free water table (USDA, NRCS, Soil Survey
Manual 1993). The hydrologic soil classes also approximate the duration of saturation, with
class A soils being well drained at all times, and class D soils being poorly drained and saturated
or flooded for at least part of the year. Hydraulic conductivity quantifies the rate of water
movement through the saturated soil (in the sense of Darcy flow); unsaturated flow rate is
typically faster. The Official Series Descriptions also provide range of estimated depth of soil
horizons, each with an associated Kg,; value (Table 2.2). In many soils, infiltration rates can be
controlled by an impermeable or slightly permeable layer at some depth below the surface. The
texture and porosity in upper soil layers can allow for some intermittent storage capacity when
lower layers control flow rates, particularly at the beginning of the wet season.

The five monitoring sites represent the full range of precipitation and soil classes likely to be
encountered in western Oregon highways. The Otis site is located along a low elevation coastal
highway, receiving 83" of rain annually and is built on poorly draining soils with shallow
impermeable layers. At the opposite end of site conditions, Santiam is located on the western
approach to the Cascade Range and has deeply draining soils. The five sites, covering all
combinations of the controlling parameters are described in Section 2.3.
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Table 2.1: Locations and regional data for monitoring sites. Slopes are measured at each
monitoring site (road side slope).

Elevation Road 30-yr Average | 30-yr Average
Road/Site Latitude Longitude Slope Width Precipitation Precipitation
g (feet) p p p
(feet) (millimeters) (inches)
fﬁ?;’:\ay 34 | a38N | 12373W 174 8% 24 1796 71
fggz‘t’:’:% 22 1 479N | 122688 W 577 8% 67 1540 61
%gt:‘s""ay 18 1 4502N | 12397W 19 10% 32 2099 83
'S”tgrjtgtjtfe A448N | 123.06 W 258 13% 24 1076 42
Highway 20\ ) o/ | 12317 W 208 4% 24 1093 43
[ Willamette
Highway 20\ ) o\ | 12317 W 208 4% 24 1093 43
[ Willamette

Table 2.2: NRCS Soils and Hydrology Data for Study Monitoring Sites. (NRCS Soil Survey
and Official Series Descriptions, accessed via http://casoilresource.lawr.ucdavis.edu/)

. NRCS Depth to
Road Number NRCS Soil Hydrologi | impermeable layer Kat Kat
- Classification . . [shallow->deep] [shallow->deep]
/ Site (SSURGO) ¢ Soil or typical water (mm/hr) (in/hr)
Class table depth
Highway 347\ \ehatem siL B Very deep, well 32.4 1.25
Alsea drained
Highway 22 / Cloquato SiL; B; dr;ﬁ?clj'dg;gés\gs:zl [32 > 101]; [1.25 > 4.0];
Santiam Camas Gr. SL A g Y| [101 > 1080] [4.0 > 42]
Highway 18 / Coquille SiL; CID; 4-7" (100-175mm); [32 > 3]; [1.25 > 4.0];
Otis Chitwood SiL C 7-20” (175-500mm) [1343 > 3] [4.0 > 42]
Interstate 5 . ”
SB./Butte Bashaw SiC D 3-10” (75-250mm) 0.7 0.03
Highway 20 / . Very deep, well
Willamette Malabon SiCL C drained [32>10>32] | [1.25>0.4>1.25]

2.2 MONITORING SITE CONSTRUCTION

We designed and constructed five roadside runoff monitoring sites for an intensive field
campaign. The sites were chosen to capture a range in variability of precipitation, soil type and
highway shoulder slope. A schematic illustrating the conceptual design is shown in Figure 2.3.
The experimental setup was designed to quantitatively capture parameters that constrain surface
runoff as a function of precipitation rate within a confined vegetated area adjacent to the road
surface. As runoff water flows over the vegetated filter strip, percolation data is captured and
measured at instrumented distances from the road edge so that the vegetated filter strip width that
is needed to absorb overland flow can be evaluated.

The uphill edge of each runoff plot corresponded to the outer edge of the roadside gravel strip
(where vegetation begins). This roadside edge of each plot was left undisturbed throughout the
campaign. Each plot was built with a width (distance from gravel edge) of either 10 feet (3m) or
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20 feet (6m, measured perpendicular to the road), and with a length of 10 feet (3m, measured
parallel to the road). Plots were constructed in two sizes to investigate the parameter space of the
problem and give an indication of the influence of filter width on the total infiltration. Prior to
construction, ground anchors and survey lines were used to delineate each plot extent. Three
trench lines were dug along the plot perimeter and excavated soils were carefully set aside for
subsequent backfilling. A metal sheet wall was placed into the perimeter trench to a height of 1 ft
(0.3 m) above the ground thereby confining the plot extent. The trench was then backfilled with
the soil that had been previously set aside. Wood stakes were bolted to the sheet metal walls to
preserve their integrity over the span of multi-year span for the deployments. Figure 2.3 shows
an overhead and side view of a 10 ft (3m) wide and 20ft (6m) deep monitoring plot.

Figure 2.3: Conceptual Design for HighwayRunoff Monitoring Site

The bottom wall of the plot serves as the collection channel for the runoff water as shown in
Figure 2.3. A PVC pipe system (shown in dark brown) was attached to this collection channel
through drilled holes on the metal sheet. The PVC pipes were buried just below the ground
surface with the purpose of conducting runoff water to the flow measurement device. A mesh
screen was used to cover each pipe opening to reduce channel clogging. During construction, the
vegetation and soils within the plot were disturbed as little as possible. The size of each plot is
summarized in Table 2.3 (maps are in Appendix A; copies of permits are in Appendix B).
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Table 2.3: Measurement plot size for each site.

Site Name Plot Size
Otis 10ft by 20 ft
Alsea 10 ft by 20 ft
1y 01l
Butte 10 ft by 20 ft
Santiam 10 ft by 10 ft

2.3 MONITORING SITE DESCRIPTIONS

Site maps showing site
locations, slopes and soil
classifications can be found

in Appendix A. ; B o _ m NORT

Neskowin
NEXT RIGHT J

Official Soil Series
Descriptions can be found in
Appendix D.

2.3.1 Otissite - U.S.
Highway 18

The Otis site (Figure 2.4) is
located on State Highway
18, near the town of Otis, 0.4
miles east of the junction
with US Highway 101. This
site is the lowest in elevation
and is located the furthest
west of the five study sites.

It receives the highest annual
precipitation, averaging 83"
(2099 mm). It is located at the edge of the historic floodplain of the Salmon River. The position
at the toe slope of the surrounding hillsides influences both the drainage patterns and soil texture
(Appendix A.1). Soil at the toe of slopes is typically very deep due to downslope accumulation,
and this is amplified at the Otis location by its low elevation position within a tidally influenced

Figure 2.4: Otis site, looking west along State Highway 18.
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floodplain. Subsurface flows tend to accumulate at concave contours (NRCS Soil Survey
Manual, Figure 3.1). The Otis site position on a convex radial convex contour indicates a
shallow water table is unlikely.

The soil profile at the OTIS site is consistent with its location in the landscape (Appendix A.2).
From the Official Series Descriptions: "The Chitwood series consists of very deep, somewhat
poorly drained soils on coastal marine and valley terraces. They formed in alluvium derived from
sedimentary rocks. Slopes range from 0 to 15 percent.” Directly north of Highway 18 (towards
the Salmon River), the soil is mixed alluvium: "The Coquille series consists of very deep, very
poorly drained soils that formed in mixed alluvium along tidal influenced flood plains. Slopes
are 0 to 1 percent.” High local relief, the elevated position above the floodplain terrace, and deep
soil profile indicate that soil water storage potential is high, despite the poorly drained soils
(Appendix A.2).

2.3.2 Alsea Site - Oregon State Highway 34

The Alsea site is located in the Oregon Coast Range on State Highway 34, 13 miles west of the
town of Alsea. At 174 feet elevation, its position is in the middle of the Alsea River valley,
downstream of the zones of highest precipitation (Figure 2.2). The average annual precipitation
at the measurement site is 71" (1796 mm). The monitoring site is located midway in the
floodplain between the hillslope and the Alsea River, above the confluence with Five Rivers.

The Alsea site (Figure 2.5) represents the combination of high rainfall, well drained soils, and
moderate to shallow slope. From the Official Series Descriptions: "The Nehalem series consists
of very deep, well drained soils formed in mixed alluvium. Nehalem soils are on flood plains.
Slopes are 0 to 3 percent." The low road prism is assumed to be constructed from local soils
(Appendix A.3-A.4). These soils are well drained and deep, but soil water storage is potentlally
limited during the wet season -

due the position in the ;h.fr
floodplain. The monitoring
site is located on the
downhill side of the road to
maximize the contributing
area that can be measured.
Backwatering and subsurface
flow is more likely on the
opposite side of the road, but
may contribute to a perched
water table that could inhibit
to free drainage at the
measurement site as well.

This is the only site for
which lidar data was
unavailable to generate a s o et N e e T e B S el e P
digital elevation model Figure 2.5: Alsea site, looking southwest along State Highway 34.
(DEM). The National
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Elevation Dataset 10 meter DEM (USGS) was used instead, and consequently the topographic
analyses are much coarser in resolution. See Design Guidelines for suggested field methods to
augment site analysis for sites where lidar data is not available.

2.3.3 Willamette Site - U.S. Highway 20

The Willamette site (Figure 2.6) is located along US Highway 20, 3.5 miles west of the city of
Albany. The site located on the west side of the Willamette River at an elevation of 208 feet.
The road is raised 2-3’ above a gently sloping, south facing terrace. Annual precipitation
averages 43" (1093 mm), the second lowest rainfall amount of the five sites. The soils are
classified as well drained, but also has the shallowest local slope (4-5%). It is located near
Frazier Creek/Bower's Slough, and water levels are influenced by backwatering from Bower’s
Slough and a network of Willamette River side channels. On margins of the valley floor, deep
unconsolidated sediments deposited by the Missoula flood events have been continually
reformed by the Willamette River for millennia. As a result, soil profiles can overlap vertically
and horizontally, leading to complex subsurface flow and soil water storage. Both poorly
draining soils and low lying areas are subject to limited infiltration during the wet season.
Shallow impermeable layers in the profile, shallow water tables, and/or backwatering events can
be localized factors limiting infiltration of runoff.

The locale of the monitoring site is
primarily mapped as Malabon silt clay
loam, a well-drained soil series (Appendix
A.6). From the Official Series Descriptions:
"The Malabon series consists of very deep,
well drained soils formed in mixed
alluvium. Malabon soils are on stream
terraces. Slopes are 0 to 3 percent.”" The site
is also in downstream proximity to units
mapped as Waldo SiCL which is poorly
draining. Although local rainfall rates are
relatively low, infiltration capacity may be
seasonally limited by either backwatering
from Bower’s slough, saturated soils in an
areas of low relief, or due to reduced
permeability in adjacent soil units.

2.3.4 Butte site - Interstate 5,
Southbound

The Butte site (Figure 2.7) is located on
Interstate 5 southbound, 5.4 miles south of

@ the Highway 34 exit. The elevation is 258

: b - W feet, and the road side slopes are the highest
Figure 2.6: Willamette site, southwest view (US ~ Of all monitoring sites (13%). The
Highway 20). monitoring site is located on the west face
of the bridge approach crossing Butte
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Creek. The bridge approach is constructed above the extensive Willamette floodplain which is
characterized as deep, unconsolidated soil and shallow relief. Butte Creek is a small drainage
joining the Calapooia River downstream of the monitoring site. Soil at the monitoring site was
placed/constructed, with the apparent source of material being borrow pits located directly west
of the monitoring site (Appendix A.7-A.8). Both the source pits and the underlying material at
the bridge site are classified as Bashaw series. Precipitation is the lowest of all five monitoring
sites, with an average of 42" (1076 mm) received annually.

Valley soils were deposited
by Missoula flood deposits
and subsequently sorted by
fluvial (river) erosion and
deposition. In contrast to
the Willamette site, the
Bultte site is surrounded by
poorly draining soils.
Bashaw soils are poorly
draining, clayey alluvium
and are prone to flooding
for extended periods.

From the Official Series
Descriptions: "The Bashaw
series consists of very
deep, poorly drained soils
formed in clayey alluvium.
Flgure 2.7: Butte site, looking South along Interstate 5 southbound. Bashaw soils are on flood
plains, terraces and fans. Slopes are 0 to 12 percent.” Where steep slopes do occur, infiltration
will be low and overland flow rapid. Otherwise, backwatering and surface ponding is frequent in
low lying areas. Extensive surface and sub-surface drainage throughout the valley has been
implemented both for agriculture and to maintain transport infrastructure. Artificial drainage
leads much of the received precipitation to be routed directly to waterways.

2.3.5 Santiam site, Oregon State Highway 22

The Santiam site (Figure 2.8) is the highest elevation site, located at the base of the Cascade
foothills on State Highway 22, three miles west of the town of Mehama. The monitoring site is
on the North Santiam floodplain, at an elevation of 577 feet, with a moderate road side slope of
8%. The site receives a moderate amount of rainfall, averaging 61" (1540 mm) annually. Soils
are very well to excessively well-drained. The monitoring site is located on the north side and is
the largest road width of the five study sites, with two lanes in both directions, a left hand turn
lane, and two large road turn outs to the west (Appendix A.9). The overall road width is over 80
feet, including shoulders but excluding turn outs. The upland drainage also receives a moderate
level of rainfall (Figure 2.2), and the soil profile is unlikely to be saturated under any conditions.
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While the rocky soil profile
complicated the installation
of monitoring equipment,
the soil map unit indicates a
deep soil profile which is
consistent with the location
of the site in the middle of
the floodplain. In the lidar
derived hillshade
(Appendix A.10), the site is
evidently located above a
historic river bend. The
soil map unit is Cloquato
silt loam, with Camas
gravelly sandy loam
directly adjacent. The
gravel sand loam deposits

: S : are a result of preferential
Figure 2.8: Santiam site, looking West-Northwest along state river sorting and are

Highway 22. excessively drained

(leading to both high flow rates and storage capacity). From the Official Series Descriptions:
"The Cloquato series consists of very deep, well drained soils formed in mixed alluvium.
Cloquato soils are on flood plains at elevations of 30 to 800 feet. Slopes are 0 to 5 percent.”
Lenses of gravel could dramatically increase hydraulic conductivity through this profile. Poor
soil water retention requires selection of drought tolerant species to retain surface vegetation
during the dry season.

2.4 SENSOR INSTALLATION

Sensor instrumentation for all five sites was identical in our initial site design, however, technical
constrains led to modifications during implementation. In particular, cell phone reception was
not available at either the Santiam or Alsea sites so instrumentation and the data acquisition rates
were changed at these two sites to permit manual data downloading. More sensors were
distributed to the Otis and Butte sites where reliable cell phone reception permitted remote data
downloading. Nevertheless, all sites were sufficiently instrumented to characterize the
relationship between precipitation rate and runoff (Table 2.4). Note that the interchangeability of
the GS3 and 5TM moisture sensors was lab validated prior to installation of the GS3 and 5TM
moisture sensors at the representative sites.

Decagon EM 50 data loggers were used to collect field data. The EM 50 logger has minimal
power requirements and can concurrently collect data from five sensors. In addition to these
sensors we designed and built flow meters dubbed the “Upwelling Bernoulli Tube” or
“UBeTube”. Since this design was novel we dedicate Section 2.5 to describing the design and
validating the results for this flow meter.
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Table 2.4: Instrumentation used in field plots.

Variable Sensor
Precipitation (ft/day) Decagon ECRN-100 High Resolution Rain Gauge
Soil Moisture (-) o Decagon GS3 (additional temperature and electrical conductivity
capability)
e Decagon 5TM
Matric Potential (Pa) Decagon MPS-2 dielectric water potential sensor
Water Depth (ft) Decagon CTD water level sensor
Runoff (ft*/day) UBeTube (Stewart et al. 2015)

We installed the soil sensors in a 3-D grid within each plot domain to capture vertical and
overland flow. A soil augur was used to excavate soil at measured distance from the top edge of
the plot. When desired depth was reached, the GS3 and 5TM soil moisture sensors were inserted
horizontally into the soil at that depth. MPS-2 soil water potential sensors require good hydraulic
contact with the surrounding soil. To ensure optimal hydraulic contact we packed a ball of native
soil from the desired depth around the entire MPA-2 sensor during placement. Sensor cables
were oriented to avoid twists in the hole before being brought to the surface. After installing the
soil sensors, the excavation hole was subsequently back-filled with the original material from
each depth and carefully packed to the in situ bulk density. A Decagon ECRN-100 rain gauge
(precision: 0.01” per tip) was installed at each site next to the monitoring plot to provide a
localized measure of precipitation rate.

The Otis site was intensively instrumented and monitored (Figure 2.9). Soil sensors were
installed at distances of 0.5 m, 1.5 m, 3 m, and 5 m from the top edge of the plot and at 0.1 m,
0.3 m, and 0.7 m depths. MPS-2 water potential sensors were installed at 0.1 m and 0.7 m
depths. At this site we also installed three well points for groundwater level monitoring at
distances of 0.5 m, 2.5 m, and 5.5 m from the uphill edge of the plot. CTD sensors were placed
in the wells to measure the water level.

* CTD Sensor
O GS3 Sensor

A MPS Sensor

] 5T™ Sensor \ )
0.5m i 6m Rain Gauge
Eravel 0.1, ! \

Figure 2.9: Otis site sensor deployment detail.
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The Alsea site had a measurement area of 200 square feet. Three soil water content sensors were

installed at this site at uphill distances of 3 m and 5 m and depths of 0.1 m, and 0.7 m (Figure
2.10).

* CTD Sensor
O GS3 Sensor

A MPS2 Sensor

B 5™ Sensor \

15 6,
pcppat ——Y e
ravel

Rain Gaug

Figure 2.10: Alsea site sensor deployment detail.

At the Willamette site two monitoring plots were installed (Figures 2.11 and 2.12). The large plot

had an area of 200 square feet. Soil sensors were installed at uphill plot edge distances of 0.5 m,
3m, and 5 m.

* CTD Sensor
O GS3 Sensor

A WMPS Sensor

B 5T™ Sensor \
0.5m

. 15m 6m
mEﬂﬂ\ml 0.1 ‘\ézn\\‘.

Rain Gauge

Figure 2.11: Willamette site sensor deployment detail, large plot.

The small Willamette plot had an area of 100 square feet. We installed soil moisture sensors at

0.5 and 1.5 m distance from the uphill plot edge and water potential sensors at 0.5m. Vertically,
sensors were installed at 0.1 m and 0.7 m depths.
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* CTD Sensor
O GS3 Sensor

A MPS Sensor

] 57™ Sensor 5\ Sm

[
!ravel 0

Figure 2.12: Willamette site sensor deployment detail, small plot.

The Santiam site had a 100 square feet measurement area. Three soil moisture sensors were
installed at 1 m and 3 m distance from the uphill plot edge (Figure 2.13).

* CTD Sensor
O GS3 Sensor

‘ MPS Sensor
Il 5T Sensor 5‘\ 3m Rain Gauge

Figure 2.13: Santiam site sensor deployment detail.

Butte was second-most highly instrumented site. Soil sensors were installed at distances of 0.5m,
1.5 m, 3 m, and 5 m from the top edge of the plot and at 0.1 m and 0.7 m depths. At 0.5 m and 5
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m distances soil sensors were also installed at 0.3 m depth. MPS-2 water potential sensors were
installed at 0.1 m and 0.7 m depths at 0.5, 1.5 and 5 m distances. At this site we also installed
two well points for groundwater level monitoring at distances of 2.5 m, and 5.5 m from the uphill
edge of the plot. CTD sensors were placed in the wells to measure the water level (Figure 2.14).
* CTD Sensor
() GS3Sensor

‘ MPS Sensor

J 5TM Sensor \ )
O,%Sm 60'7? Rain Gauge
| asonalt e ]
ravel ,, A= \

Figure 2.14: Bultte site sensor deployment detail.

2.5 SURFACE RUNOFF MEASUREMENT

Accurate measurement of runoff quantity is vital to understand the efficacy of vegetated filter
strips. A number of instruments have been used to quantify runoff. At the plot-scale
(encompassing widths on the order of 1 to 10 m), the most basic measurement method involves
diverting flow to a barrel or similar structure (Hudson 1993; Meals and Braun 2006; Dosskey et
al. 2007). Water quantity, chemistry and sediment measurements can then be acquired from the
collected water. This setup is typically inexpensive and easy to install but requires that the
barrels be periodically emptied if long-term monitoring is desired. Alternative systems have been
designed to mitigate maintenance issues such as dividing flow into multiple containers (Pinson et
al. 2004), electronic water sensors (Srinivasan et al. 2000), and tipping buckets (Hashim et al.
1995; Yu et al. 1997; Zhao et al. 2001; Nehls et al. 2010). However, these are partial solutions
that do not resolve maintenance and measurement problems. For example, flow dividers still
necessitate the capture and storage of the runoff water, and current electronic sensor systems
only detect the presence or absence of surface flow. Tipping bucket systems are self-emptying
and can be used for long-term deployments but may have significant error at both low and high
flow rates. For instance, the Belfort-type tipping bucket rain gauge was shown to have a per-
minute accuracy of only 12 mm-hr, limiting its utility to monitor low flow events (Nystuen et
al., 1996). Likewise, tipping bucket error can exceed 25% at flow rates greater than 150 mm-hr
due to non-linear instrument response (Nystuen et al. 1996; Humphrey et al. 1997; Nystuen
1999; Stewart et al. 2012). These systems can also become fouled and/or clogged (Habib et al.
2001), which is a concern in high sediment environments.
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V-notched weirs and flumes have also been used to measure runoff at the plot scale (Hashim et
al. 1995; Radatz et al. 2013), as well as for measuring surface runoff in larger catchments
(Hudson 1993). However, these installations are often expensive, with a per-plot cost that can
exceed US $5,000 (Pinson et al. 2004). Furthermore, maintaining the required up-stream
condition of the bed being well below the notch of the weir requires frequent maintenance in
natural streams. Stomph et al. (Stomph et al. 2002) designed a flowmeter to measure small
discharge rates (2 to 60 L.min-1), in which water enters into and then drains from a chamber
filled with small circular orifices. While quite accurate in controlled laboratory conditions, the
device is highly sensitive to temperature shifts (due to the use of an air pressure gauge to
determine water height), and the orifice configuration needs to be varied depending on the
expected range of flows; thus, the device is not well suited for many field conditions.

For this study, we needed a low-cost, reliable and accurate method for measuring runoff in the
field. We developed a new instrument called the “Upwelling Bernoulli Tube”, or “UBeTube” for
short (Stewart et al. 2015). Similar in function to a v-notch weir, the device is self-emptying,
features no moving parts, and can be configured to minimize sensitivity to sedimentation. Our
tested design possessed the ability to accurately measure flows as low as 0.05 L.min-1 and up to
300 L.min-1 (the latter roughly translating to a runoff rate of 200 mm.hr-1 from a 100 m2 plot),
making it ideal for long-term monitoring studies. Best of all, the device can be constructed using
commonly-available, low-cost materials, which should enable its widespread use in
environmental monitoring studies.

Figure 2.15 illustrates the instrument design. The UBeTube design employed here consisted of a
vertical 10 cm (4 inch) diameter pipe with a slot machined into one side. Schedule 40 aluminum
pipe (alloy 6063-T52, though others could be used with equal success) was employed due to its
relatively low cost, strength, rigidity, resistance to corrosion, and machinability. Schedule 40 or
higher PVC may also be used although in our experience the lack of rigidity can make it difficult
to accurately machine the slot and thermal stability is of concern with plastics.

30 cm

; Soil Grade

g [
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Figure 2.15: Schematic and dimensions of the UBeTube design (Stewart et al. 2015).
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The UBeTube pipe can then be attached to a runoff collection system through use of water-tight
neoprene rubber gaskets or similar connection method. The runoff collection system is attached
to the bottom of the UBeTube device for several reasons:

e the pressure head needed to drive flow into the pipe is reduced compared to
having water enter through the top;

e splashing due to incoming water, which causes pressure fluctuations, is
minimized:;

e the runoff system piping can be buried below grade, which protects it, buffers
temperature swings, and secures the system (Figure 2.16).

It should be noted that having the inflow arrive through the bottom of the pipe could create
complicated backwater conditions within the runoff delivery pipe, which can alter the shape and
timing of the runoff hydrograph. Thus, in certain situations, it may be preferable to have the
inflow enter the UBeTube from the top.

The UBeTube instrument’s machined slot can be any shape and dimension, providing the ability
to accurately measure a wide range of discharge rates. Our example system used a slot formed by
two superimposed trapezoids: the lower trapezoid had dimensions of 0.2 cm bottom width, 1 cm
top width and 10 cm height, while the upper trapezoid had dimensions of 6 cm top width and 6
cm height (Figure 2.15). This allowed the system to be operated with less than 30 cm of pressure
head.
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Figure 2.16: a) and b) Examples of UBeTubes installed below runoff plots; c) connection
between the runoff plots and the UBeTube system (Stewart et al. 2015).
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2.5.1 Instrument Calibration
By measuring the water height within the pipe, the volumetric flow rate of water through the
trapezoidal slot can be calculated using Bernoulli’s equation. Assuming steady-state conditions,

the volumetric flow rate (Q) of water through a slot formed from two superimposed trapezoids
(such as is shown in Figure 2.15) can be calculated as:

when hg<h<h;

Q %CWO@h% +%C_<W1 &Wd J2gh’

2.1)
when h; <h<h;
_g % 4 (W w;) 5
Q=3 omy20(h-h)" + pesct = A 20 (h-h)
+ Zow\29 (0 - (1-h)*)
#ol™ ) o (2 h% + 20— - Zh(h—h) )
h, 15 5 (2.2)
when h > h,
=§cw\/_((h h)’2 - (h— h)/)+c( 1)J_( S(h- h,)’2
+§(h—h2)% 2(h-h)h—h)?)+2 cwo\/_(h/ (h—hy)’?)
ol W°’J_( W+ 2(h- h)/ 2h(h-h)’)
(2.3)

where h is the water height, g is the gravitational, hg is the height of the bottom of the slot
(bottom of the lower trapezoid), h; is the height of the lower trapezoid, h; is the height of the
upper trapezoid, wy is the slot width at the bottom of the lower trapezoid, w; is the slot width at
the transition between trapezoids, w; is the width at the top of the upper trapezoid, and c is a
calibration factor which accounts for non-ideal behaviors. These dimensions are shown in Figure
2.15.
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Water height was measured with a vented pressure transducer system (Decagon Devices CTD)
for its combination of low noise, reliability and economy. For our installations, we placed the
water level sensor within a pipe located concentrically inside of the main tube (Figure 2.15). This
second pipe had a diameter of 4.2 cm (1 % inch Schedule 40 PVC), and was perforated with 0.6
cm diameter holes beginning 1 cm below the bottom of the height of the slot. This allowed the
inner pipe to act as a stilling well with the goal of helping to reduce momentum effects on the
water level at high flows and to prevent non-suspended sediment from interfering with the
sensor.

The rating curve (flow rate, Q, versus water height, h) for the presented design is shown in
Figure 2.17. Based on a water-level sensor accuracy of + 0.7 cm, the minimum flow needed to
exceed the noise threshold is 0.22 L'min™. However, increasing the water-level sensor accuracy
to + 0.1 cm decreases the minimum flow requirement to less than 0.05 L.min, and greatly
improves the overall accuracy of the device (red dotted lines). Thus, the superimposed trapezoid
slot design presented in Figure 2.15 can measure a range of flows spanning more than 3 orders of
magnitude: from < 0.3 L'min™ to ~300 L'min™". The minimum flow threshold can be further
reduced through optimization of the slot geometry for the expected range of flows; however very
small widths are difficult to machine and are more susceptible to clogging and capillary effects.

The effect of slot width on instrument sensitivity can also be seen by plotting the derivative of
the rating curve (dQ/dh) against the flow rate (Q) (Figure 2.18). The rate of change is steepest in
the upper section of the slot, where the width is greatest. Two inflection points can also be seen
in the dQ/dh line: the first when the water level transitions from the lower to upper trapezoid
(i.e., hl), and the second when the water level goes above the top of the slot (i.e., h2). Again,
optimizing the slot geometry for the expected range of flows can help increase instrument
sensitivity.
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Figure 2.17: a) Rating curve for the UBeTube configuration shown in Figure 2.15, with ¢ = 0.95;
b) the low flow (< 3 L.min-1) characteristic of the instrument; and c) schematic showing the slot
geometry. The black dashed lines in a) and b) show the expected measurement (Stewart et al.
2015).

The UBeTube was validated using a simple test in which various steady-state flows were applied
to the system. Five different flow rates were measured across a range of ~2 L-min™ to ~40 L-
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min™* . For each flow rate the measurement was repeated three times with each repetition lasting
five minutes. The flows were generated by a hose connected to a municipal water supply. The
actual flow rate was measured before and after each repetition using a 20-L bucket and a
stopwatch to verify that the flow was constant and did not drift during the measurement period.

Based on the mean value for each 5-minute repetition, the measurement error ranged from 1 to
25% (Figure 2.19). Absolute error increased as a function of flow rate, as momentum effects
began to dominate and the instrument response became more sensitive to water height (as
demonstrated by the dQ/dh curve in Figure 2.18). At the same time, our simple bucket-and-
stopwatch method for estimating the “true” flow also had greater systematic error at high rates,
so it is difficult to determine how much of the observed error was solely attributable to the
UBeTube device.
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Figure 2.18: Derivative of the rating curve (dQ/dh) plotted against the flow rate (Q). The curve

has inflection points at h = 10 cm (when the water reaches the top of the first trapezoid) and at h
= 16 cm (when the water reaches the top of the slot) (Stewart et al. 2015).

A calibration factor can be included in the calculation of flow rate to account for roughness in
the slot surface and deviation from steady-state flow conditions. While a number of different

correction factor techniques may be suitable, we found that for this particular design a simple
first-order correction factor
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c=1-—"" h<32cm (2.4)

reduced the maximum measurement error of the aforementioned laboratory experiment from
25% to 14% (Figure 2.19), and caused the data to approach the theoretical 1:1 line.
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Figure 2.19: Results of laboratory validation experiment. Uncorrected measurements are
represented by gray-filled circles while the measurements corrected using Equation 2-4 are
represented by the open diamonds. Each point represents the mean flow rate (Stewart et al.

2015).

2.5.2 Instrument Field Performance

Figure 2.20 shows two examples of the field performance of the UBeTube. Example data are
from the Santiam and Otis sites. Rainfall data were measured using a Decagon ECRN-100 high
resolution rain gauge (0.01 in, 0.25 mm) installed at each site. One-minute measurement
intervals were used for the rain gauges and for the pressure transducers within the UBeTube
instruments.

Not all precipitation events caused a corresponding runoff response. For example, at the Santiam
site (Figure 2.20b) the first rainfall event on March 5, 2014 did not produce any measureable
runoff, likely due to dry antecedent conditions. However, subsequent rainfall events of
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approximately the same magnitude produced runoff rates that approached or exceeded the
rainfall rate (the latter occurrence due to run-on being delivered from the adjacent highway
surface). Moreover, comparing the runoff rates from two examples demonstrates the dynamic
range of the UBeTube system, as it proved capable of adequately measuring low flows at the
Otis site (~0.2 mm-hr™) and high flows at the Santiam site (up to 40 mm-hr™).
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Figure 2.20: Examples of field applications of the UBeTube instrument in a long-term study
measuring highway stormwater runoff produced by highway surfaces within western Oregon.
Data comes from a) Otis and b) Santiam sites. The left y-axis shows the runoff rate by the
instrument and the right y-axis shows the natural rainfall as measured by tipping bucket rain
gauges installed at the sites (Stewart et al. 2015).
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3.0 FIELD RESULTS

3.1 PRECIPITATION, RUNOFF, AND STORAGE SUMMARIES

Continuous data were collected over the course of two years. Summaries of the rainfall, runoff,
and change in water storage over the rainy season (October 1-May 31) for each site are presented
in Figures 3.1 and 3.2. Totals were created by summing the discrete measurements for each
sensor during the rainy seasons (Oct.1-May 31). Rainfall was measured on site with a tipping
bucket rain gauge (Decagon ECRN-100). Runoff was measured with the UBEtube confined
weir device (Stewart et al. 2015), and the change in storage was computed from the average soil
moisture data (Decagon GS3 or 5TM) to 70 cm depth.
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Figure 3.1: Measured Wet season precipitation total. Measurement period Oct 1-May3.
Willamette data is for 3 m plot.
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Based on these plots we can see that there is a wide variation between measured seasonal rainfall
across the study sites: 300-1800 mm. There is also a wide variation in runoff totals and the total
change in water storage over the course of the rainy season: 0-15000 L and -200-2500L
respectively. Total change in storage is much smaller than runoff (where runoff is important).
That is, for all sites during the 2013-2014 season (which was the more typical season between
the two for the Northwestern climate) the runoff was much greater than the change in water
storage within the site. Similar to the 6 m Willamette sites for both seasons, there is no runoff
from Butte in the 2014-2015 season because the site backwatered and inundated the UBeTube.
Thus the 2014-2015 seasonal data from the Butte site and the 6 m Willamette site are removed
from the synthesis done in the next section. There is no runoff from the Santiam site in the 2014-
2015 season as well. This is because of the reduced rainfall and high infiltration rates on the site.
In this case, all road runoff and rainfall was infiltrated. These data are also excluded from the
synthesis efforts below because the runoff plot could have been an unknown amount shorter and
still had 100% infiltration. That is, we need to have some runoff to calculate infiltration for
creation of the design equation.
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Figure 3.2: Measured total runoff and change in water stored within the infiltration strip.
Measurement period Oct.1 - May 31. Willamette data is from the 3m plot.
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Time series of the rainfall and runoff along with time series of soil moisture measurements for
each site are presented in Figures 3.3-3.7 in Section 3.3 Time Series Plots of Monitoring Data.

3.2 DATA FROM MONITORING SITES

Alsea had a moderate slope and rainfall, yet this site saw some of the most dramatic runoff
events (out of the observation plots). In particular, the peak runoffs seen near January of 2014
and 2015 are associated with the upper soil layer coming to saturation. This indicates that the
loading rates (or rainfall and road runoff) exceeded the potential infiltration rated for these
events. Overland flow due to the first flush event of 2013 is also visible in this plot; however, no
overland flow occurred in the first rainfall events of 2014. In total this first flush event did not
contribute significantly to the total volume of water that was infiltrated over the course of the
observational campaign.

Santiam was the site with the highest soil conductivities and some of the lowest rainfall. The
end result is clear; this was one of the most effective places for infiltration. One hundred percent
of the total water loading due to road runoff and precipitation was infiltrated in the 2014-2015
season (recall that 2014-2015 was particularly dry). Minimal runoff from the infiltration plot
was measured throughout the entire 2 year period. A first flush event is visible in 2013;
however, it again is small compared to the total water infiltrated into the strip.

Willamette had high rainfall totals, a gentle slope, and a moderately well-drained soil. Again,
most of the water loading onto the observation plot was infiltrated. In this site, plot runoff is
associated with the rise of the water table from below, seen as the saturation of the lower soil
layers in the soil moisture plot. This region was also prone to ponding in low-lying areas and
had the potential to create backwatering restriction on the overall flow of water through the
subsurface. Negligible first flush events are seen at this site as well.

Butte had the highest overland flow percentages of all the sites. It was steep and had the least
permeable soils—a heavy clay Bashaw. In addition, the water table rose significantly through
the rainy season, decreasing the capacity of the infiltration strip. Runoff is correlated with
rainfall events and groundtable rise. This site was also prone to backwatering. During the 2014-
2015 wet season the area flooded. This flooding contaminated the signal from the UBeTube, and
the runoff data was discarded. First flush events are visible but not as large as the runoff events
in the middle of the rainy season.

Otis is located near the coast and had the highest expected rainfall. The actual rainfall measured
was similar to the Willamette site. Little runoff occurred in both rainy seasons of observation.
Total porosity at this site is greater than the others, as the soil had a sandy character. First flush
overland flow did not occur.
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3.3 TIME SERIES PLOTS OF MONITORING DATA
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Figure 3.3: Rainfall, runoff and soil moisture time series at the Alsea site. D represents

Alsea
T T T T T T T T
Rainfall
Runoff
10/13 01/14 04/14 07/14 10/14 01/15 04/15 07/15 10/15
Time
Alsea
T T T T T T T T
D10 L300
D70 L300
D10 L500 -
"\ ./‘ ‘ « 1
| ARy
j V | \ \ |
N\
| | | | | | | |
10/13 01/14 04/14 07/14 10/14 01/15 04/15 07/15 10/15
Time

depth and L length for Figures 3.3-3.7.

34



Santiam

45
T T T T T T T T
Rainfall
40 | Runoff =
35 | 4
30 [ 4
25 | n
E
hd
£ 20 | 4
E
5 | -
10 [ 4
s | m i
0 I I L ‘ L I I
10/13 01/14 04/14 07/14 10/14 01/15 04/15 07/15 10/15
Time
Santiam
0.6
T T T T T T T T
D10 L300
D70 L300
0.5 L D10 L500 -
04 | -
2 03 | n
Q
€
o
O
° \
H \
Q \
2 \
= 02 | -
01 | \\ K |
0 | | | | | | | |
10/13 01/14 04/14 07/14 10/14 01/15 04/15 07/15 10/15
Time

Figure 3.4: Rainfall, runoff and soil moisture time series at the Santiam site.
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Figure 3.5: Rainfall, runoff and soil moisture time series at the small Willamette site, 3m
(10 ft).
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Figure 3.6: Rainfall, runoff and soil moisture time series at the Butte site.
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Figure 3.7: Rainfall, runoff and soil moisture time series at the Otis site.
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3.4 MONITORING DATA SUMMARY

In general these results show that the 2014-2015 wet season was shorter in duration, although the
total rainfall amounts are similar for most sites. The major exception is the Santiam site which
experienced significantly less precipitation in the 2014-2015 rainy season. The time series also
indicate that at the individual storm level, runoff can occur in several ways: 1) the surface can
become saturated, creating a barrier to infiltration. This behavior is responsible for the largest
runoff events at the Alsea site. 2) The water table can rise (D70 L50 soil moisture read-out rises
sharply then plateaus), reducing the capacity of the infiltration strip. This behavior is responsible
for the largest runoff events at the Butte site. This behavior is also associated with backwatering
and surface ponding in the low-lying areas below the filter strip (also observed at the Bultte site).
3) Intense precipitation overwhelms infiltration rates. One example is found in the peak runoff
event 2014-2015 rainy season at the Alsea site. First flush events, defined as the runoff events
that occur coincident with the first major rainfall event at the beginning of the wet season events
are sometimes hypothesized to carry large amounts of dust debris and pollutants. In the
measured dataset, these events are not responsible for a significant fraction of the runoff over the
season. First flush runoff events were infiltrated completely at the Otis and Willamette sites and
represented small contributions to the overall runoff totals at Butte, Santiam and Alsea. Figure
3.8 summarizes data from all sites.

A traditional approach for VFS design would specify a design storm event, then determine the
necessary width to infiltrate the water from the designated storm. A critical view of the
infiltration traces above reveals that this approach may not be fruitful as the actual infiltration
(runoff) also depends on the timing of the event. Antecedent conditions play a larger role in the
infiltration capacity at any given moment than we expected. That is, some of the larger recorded
storms did not produce runoff within our record, and storms with similar intensities within the
same season produced vastly different runoff behaviors depending on their soil moisture content.
So, while the “‘designated storm event’ approach is viable in regions where there is a significant
time between storms for the system to reset, in western Oregon, a more fruitful approach may be
to specify a “design seasonal rainfall’. We proceed from the assumption that the total infiltrated
water over the entire season is the variable that the design wishes to control. Thus the analysis is
focused on seasonal rainfall and runoff totals.
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2013-2014 2014-2015
Alsea Otis Santiam Willamette Butte Alsea Otis Santiam Willamette Butte
(10ft) (10ft)
Plot Area [i] 9.3 18.6 18.6 9.3 18.6 9.3 18.6 18.6 9.3 18.6
2
Total Area [M]l 5 7 50.6 60.9 353 50.2 20.7 50.6 60.9 353 50.2
(plot + road)
Slope [%] 8.5% 10.0% 8.0% 3.5% 14.0% 8.5% 10.0% 8.0% 3.5% 14.0%
Slope (HIGH)|  10.0% 12.0% 9.0% 5.0% 17.0% 10.0% 12.0% 9.0% 5.0% 17.0%
Slope (LOW)|  7.0% 8.0% 7.0% 2.0% 11.0% 7.0% 8.0% 7.0% 2.0% 11.0%
SSURGO k. [mmeday™] | 7776 768 2424 1992 16.8 777.6 768 2424 1992 16.8
k (HIGH)| 777.6 32032 25920 768 16.8 7776 32032 25920 768 16.8
k (Low)| 777.6 72 768 240 16.8 7776 72 768 240 16.8
Lambda A [mm-day™’] 30.11 12.89 58.84 40.32 10.35 30.11 12.89 58.84 40.32 10.35
Lambda (HIGH)|  35.17 12.33 66.27 44.97 11.28 35.17 12.33 66.27 44.97 11.28
Lambda (LOW)|  20.00 14.00 44.00 31.00 8.50 20.00 14.00 44.00 31.00 8.50
Total Rainfall (mm) 1858 1683 907 803 725 1825 1750 306 708 676
Runoff (L) 14082 4390 3499 3120 14878 9003 7162 0 274 NA
Runoff (HIGH)| 19183 7391 6643 5715 19416 10078 10433 0 1216 NA
Runoff (LOW)| 10097 2376 1607 1303 11274 8059 4609 0 4 NA
Infiltration [L] 41160 80834 51681 25229 21503 45247 81434 18633 24735 NA
Infiltration (HIGH)| 45146 82848 53573 27045 25108 46191 83987 18633 25004 NA
Infiltration (LOW)| 36060 77833 48537 22634 16966 44172 78163 18633 23792 NA
I [%] 759  [95% 59% 8306 |l 929 [100% NA
19 (HIGH) [ 8206 69% 85% I 100% NA
19% (Low)ll 65% 47% 81% I 100% NA

Figure 3.8: Synthesized site data for the entire project. Rainfall and runoff values are totals for

the season.
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4.0 ANALYSIS AND DESIGN EQUATION

Dimensional analysis (Buckingham 1914; Shields 1936) is used to reduce the complexity of the
infiltration problem. There are three categories of variables which describe the problem:
parameters and variables that describe the site geometry, parameters and variables that describe
the soil, and parameters and variables that describe the meteorological conditions.

Variables that can describe the site geometry include the physical dimensions of the road, the
road prism, the width of the filter strip, and the slope of the filter strip. Variables that describe
the soil include the porosity, the water table depth, the saturated hydraulic conductivity, the grain
size distribution, and the recession rates. The most important meteorological variable is the
rainfall.

41 DEFINITION OF PARAMETERS

The first step in the creation of the design equation involves eliminating those parameters that
are known to describe “higher order’ relationships. For example, while the air humidity may
have a small impact on infiltration, its effect is much less important than the precipitation rate. If
the importance of a variable is unknown at this stage of analysis, it is not discarded. At this time
we also combine related terms. In this analysis, the depth to water table, the porosity and the soil

moisture content together describe the water storage capacity of the filter strip (Table 4.1).

Table 4.1: Parameters used in Design Equation.

Parameter Symbol Units
Infiltration I [ft}/day]
Precipitation P [ft/day]
Road Width Lr [ft]
Width of infiltration strip L¢ [ft]
Surface area A [ft%]
Slope S [rise/run]
Soil Hydraulic conductivity Ks [ft/day]
n [-]
Depth to water table Dy [ft]
Soil moisture content ¢ [FE/FE]
Water storage capacity/length LDw(n-¢) ft?
Slope of the recession curve A [1/day]

Next, we apply Buckingham’s theorem to find dimensionless groupings. The first step in this
type of analysis is the choice of ‘repeated parameters.” In the context of this analysis these are
the parameters of most importance in the design of the VFS. Each repeated parameter must
represent one of the physical dimensions. We have selected precipitation (for time) and the
width of the filter strip (for length) as our repeated parameters. By applying Buckingham-Pi

41



analysis to the variables outlined above and eliminating redundant descriptions, we arrive at the
following in Table 4.2:

Table 4.2: Buckingham-Pi analysis.

= Lf HZZI—CZI% H :ﬁ
L, +L, PA 5 p

H4:S HS:DW(n—(p) HGZDWX*
L, P

Furthermore, we know (from the Buckingham-Pi theorem) that these non-dimensional groups
must be related by an unknown function g:

L, K, ¢ Dy(n-¢) Dy

S
'

IO ] ]
s =4 L. +L, P L, P “.1)

Function g is the starting point of our analysis. The path forward is to organize the data into the
suggested groups and, through curve fitting, determine a semi-empirical relationship between
filter strip geometry and fraction of infiltration over the course of the winter (wet) season of
Western Oregon.

Careful analysis of the groupings will reduce complexity in the final design equation. The
question can be asked: are any of these terms negligible with respect to the others. Specifically,
the total water storage capacity of the filter strip is much smaller than the expected total volume
of infiltration caused by rainfall and road runoff (Figures 3.1-3.2). Therefore, at seasonal
timescales the non-dimensional parameter representing the total storage may be neglected. This
leaves a function f:

| _f L, K, S Dy Ax (42)

” L.+L, P’ P

Note that many of the above variables and parameters can be found within readily available GIS
resources. The soil saturated conductivity, Ks, is roughly estimated in SSURGO. Time statistics
of precipitation can be found in PRISM, and road width and shoulder slope is calculable from
DEM data and aerial photos. At this point we also posit that the fraction of infiltrated rainfall is
directly proportional to L¢. That is, the fraction of the rainfall that infiltrated increases linearly
with the width of the filter strip. This simplifies the above to a function h:
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| Li+lg :h(Ks S DW}‘*j 4.3)
L PP

The most problematic parameter within this analysis is Ks since it tends to be highly variable in
space, and is the most difficult to measure. In SSURGO, there are typically ranges of K that
vary over 1-4 orders of magnitude. Recall that there are three types of variables that will
describe the infiltration: soil, weather, and site geometry. The first and third independent
parameter in the right hand side of the above equation both endeavor to describe the same
physical process, the rate of subsurface water movement. If there is a correlation between D, A.

and K, then both variables would not be needed. Moving forward, we define

)= -D2%n (4.4
At

Where At is 1 day, and D is the depth of the soil moisture profile (700 mm for all of the sites),
measured in mm, and o, is the depth averaged soil moisture content, at each sampling time. We
are substituting depth to water table with depth of measurement here since water table was not
measured at all sites. Within this framework, our pseudo-equation becomes:

[Lorte) (s 1)

L, P P (4.5)
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4.2 SIMPLIFIED DESIGN EQUATION

Figure 4.1 is a plot of K vs A for the 5 study sites. A relationship exists, thus carrying both
within the design equation is redundant. The logical choice moving forward is to use only the
parameter with the lower uncertainty. Given that hydraulic conductivity from SSURGO can vary
by several orders of magnitude within a site (SSURGO, Appendix D), extensive infiltration tests
were performed in an attempt to establish a more stable measurement for Ks within each of the
five observation sites. Intensive field sampling resulted in less variable Ks measurements that
were more reasonably correlated with A (see Appendix C). Because these two variables are
correlated, only one must be included in the dimensional analysis. The Ks parameter is excluded
at this time, and the final form of the pseudo equation is:

Lf+LR -m S & (4.6)
P

%
f

The next procedure is to plot all non-dimensional parameters against the dependent variable and
examine the relationships. For this stage, 2 plots are produced, shown on the following page
(Figure 4.2).
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Figure 4.1: The relationship between the SSURGO values of saturated conductivity and the slope
of the saturation curve multiplied by the profile depth. R? = 0.87.
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Figure 4.3: The collapsed data: Data taken over the rainy season during the two year study
have collapsed into a single relationship that can be fit to a function. This fitted function is the
design equation (MATLAB) R? = 0.73.

Moving forward, the challenge is to capture these relationships in a single parsimonious form
with the constraint: if the infiltration strip has a zero width, the infiltration must be zero. The
final grouping of variables with the resulting fit is presented in the Figure 4.3.

The fitted line becomes the design equation:

| L, +L

%
f
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Where Iy is the fraction of infiltration which can range between 0 and 1 and can be specified as a
threshold for design purposes. Pr, is the daily mean precipitation of the rainy season (Oct 1-May
31), Lt is the width of the filter strip, L, is the width from the edge of the gravel shoulder to the
road crown, and A is the maximum daily drainage rate for a soil volume 70 cm deep. This
equation describes the relative effectiveness of a filter strip as a function of its dimensions and
soil characteristics. Practically, it can be converted into a design chart (Figure 4.4).
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Figure 4.4: Design chart for roadside infiltration strips. Each line corresponds to soil, slope
and precipitation characteristics unigue to potential sites.

43 LIMITATIONS

This is a seasonal design equation. Even if 100% is chosen as the design criteria, there may be
extreme weather events (not captured within the observation timeframe) that still lead to runoff.
Site assessment should also include regional considerations: the potential for flow concentration
or over-road flow, as these conditions fall outside of the study’s considerations. Further, places
within the floodplain should be excluded from consideration as backwatering and an increased
water table during these times will relegate the infiltration capacity to 0. This study also only
considered the infiltration of water, and did not consider treatment or filtering of said water. All
sites had vegetation (grasses) and were fully covered throughout the study period. The effects of
other planting strategies or constructed soil structures to impede the flow can have an effect. The
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design equation will likely provide insight in this case as a minimum infiltration boundary. We
hypothesize that the “‘equivalent slope’ could be used in this scenario, but additional studies
would be required to verify the design equation in this extension of its intended scope.
Equivalent slope is an adjustment to the embanckment slope due to the presence of vegetation.
The equivalent slope of an embankement with dense vegetation would be less than the same
slope with no vegetation.

44 SUMMARY OF DESIGN PROCESS

The design process should be achieved through a series of steps: information gathering, vetting
of information, and the design calculation (see also Section 4.6 Design Flow Chart). Information
gathering involves analysis of digital elevation maps, the NRCS soil survey and the PRISM
climate data:

COLLECT RELEVENT SPATIAL DATA

1) Obtain a DEM of the area of interest (AOI). LiDAR data exists for much of Oregon, and
high resolution digital elevation maps are available. If lidar is not available for the area of
interest, the 10 m DEM of the country is available through the National Geospatial Data
Gateway. Once the potential VVFS site has been identified within the DEM:

a) A quality check on the DEM should be performed: Can the road prism be detected? Is
there sufficient resolution to determine slopes of the road shoulder? If not, then an on the
ground site survey is required.

b) Calculate hillshade raster and percent slope for AOI.

c) Flow concentration can also be calculated at this time to determine if , due to confluences
in the topography, roadcuts, or other features will lead increases in runoff intensity.
Under these scenarios, the site should be rejected.

d) Determine if the proposed VFS site is in a floodplain. Sites that reside within the
floodplain should also be rejected. Consult FEMA Maps. (www.oregonriskmaps.com)

2) Obtain the SSURGO soils data (web based) and Official Series Description (OSD) and for
soils in your AOI from the NRCS Soil Survey (USDA 2003; USDA 2002). Soil survey data
are available through the NRCS Web Soil Survey interface
(http://websoilsurvey.sc.egov.usda.gov/). The database is also accessible through a Google
Earth KML or can be downloaded as a shapefile/geodatabase through the National Data
Gateway.

a) Delineate the AOI in the map interface. Export the polygons of soil classification. Soil
classification polygons range widely in size. Each soil class that intersects with the
potential position of the VFS design should noted.

b) Several soil series may be listed in the Soil Map Unit. Based on site slope and aspect,
determine the most likely series. The OSD describes “competing series” as suggested
alrternatives which may match your site better than the Soil Survey, especially in those
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3)

4)

d)

€)

cases where the road was built on transported material. The OSD and SSURGO data for
each soil polygon can be downloaded directly from the web interface.

The soil depth and the saturated hydraulic conductivity should be extracted from the
SSURGO tables. The saturated hydraulic conductivity will be listed as a range. If this
range spans more than 2 orders of magnitude, a site visit is needed to measure the slope
of the saturation curve. Otherwise, a first approximation of A (from Figure 4.1) can be

made using the relationship A =0.019K, +7.73 The units for Ks in this equation are
mm/day.

A range of slopes is also given within the soil description. A check should be performed
against the slope calculations performed in (1). If there is a disagreement, a site survey
should be performed.

Note the soil Hydrologic drainage class.

Obtain rainfall data from the PRISM Climate server (http://www.prism.oregonstate.edu/).
This model generates maps of the 30 year normal annual and monthly precipitation
throughout the continental US, interpolating 30 year climate data to generate maps with 800
m resolution. These maps can downloaded as rasters, or precipitation level can be used
directly.

a)

b)

Extract the monthly totals for October-May, and compute the average daily wet season
precipitation (October-May Precip + 241 days).

Evaluate local and basin precipitation in the upstream drainage. Is this an area with
extreme rainfall? A site with precipitation in excess of 2m (6.54 ft) per year would
classify as high precipation. Is the site prone to flooding during high flow in local
waterways? Sites within the flood plain or below the high-water mark of nearby water-
ways are likely prone to flooding.

Site visit for data collection: if a site visit was triggered in (1) or (2) above, then additional
measurements are needed to complete a first design calculation.

a)

b)

A site survey would take the necessary data to determine the slope of the vegetated area
immediately adjacent to the gravel shoulder. In addition this survey should collect data
about the broader hydrological context of the proposed site: extent of any nearest low-
lying areas where ponding or backwatering may occur, proximity to stream channels, the
position of the road crown, the potential for flow concentration.

Measure the soil parameter A used in the design equation. This parameter A is the time
derivative (change rate) of the recession curve multiplied by a measurement depth. There
are many hammer-in soil moisture probes available (See Methods Section above) that can
be used to get several soil moisture readings to a depth of 70 cm (27.5”). One should be
inserted to a depth of 70 cm within the vegetated area where the VFS is planned. Flood
the site with 5 or more inches of water (with a water truck)- an area that extends 10’
beyond the soil moisture sensor should be at least briefly ponded. When the watering
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stops, a soil moisture reading is taken at the multiple depths provided by the probe and
averaged across the depths. One day later, a second set of readings is taken and
averaged. The parameter A is calculated as:

A =700 (soil moisture,, —soil moisture, ,) (4.8)

PRELIMINARY DESIGN
1) A preliminary design can be determined using the design chart (Figure 4.4).

a) Calculate the ratio @ =/ (Precip*SIope) \ynich has been determined in the steps above.
Select the line on the chart that corresponds to the calculated value. If there is no line
that corresponds to the exact ratio computed, then use the line corresponding to the next
lower value. If the computed ratio is below 0.1, then the area is not a proper candidate
for VFS.

b) Specify the desired fraction of precipitation and road runoff that should be infiltrated.
This is a number between 0 and 1.

c) Find the intersection of the horizontal line corresponding to the fraction chosed and the
slant line chosen in ()

d) Drop down to find the ratio of the filter width to the total road and filter width, solve for
filter strip width. Apply a factor of safety to the strip width to account for uncertainty in
Ks. For 2 orders of magnitude of uncertainty a factor of 2.5 is recommended.

e) Return to the DEM to see if this width is available. In many cases there may be a ditch
bottom, or other obstruction (fence line, private property etc.). If there is a restriction on
width, use the chart in reverse to determine the max fraction of precipitation and runoff
that can be infiltrated

FIELD VERIFICATION/SITE VISIT
1) Before the design is finalized, the parameters that describe the site geometry and the soil
properties should be verified.

a) Soil samples should be taken to verify that the SSURGO soil description is accurate. If
there is a mismatch, perform step 4b.

b) Verify that the slopes computed from the DEM are accurate.

c) Visually inspect the site for evidence of backwatering or ponding in low-lying areas.

45 EXAMPLE USE OF DESIGN CHART

After obtaining soil data and slope information for a site where a roadside filter strip is to be
built, the following parameters were determined:
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'%

October-May Precipitation at the site is 47 inches ~ 1200mm

Daily Wet Season Precipitation = 1200mm/241days = 5 mm/day

Slope at the site is 5%, and road width from the crown to the shoulder is 25 feet.
Required infiltration = 75%

Soil ks = 0.98 ™"/, = 25 ™/, = 600 ™™/yay (Moderately well drained)

A =0.019(600 /> ) +7.73=19.1 ==

Precipitation * Slope = 5mm/day*0.05 = 0.25 mm/day

0 =19.1/0.25 =77

09F o =10 /= 1
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75% Infi'ltratic')n

0.7 a=10

0.6
0.5
0.4
0.3
0.2

a=A/(PS)
0.1

0 - 1 1 1 1 1
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

L/L, + L)

Figure 4.5: Example use of design chart.

With road width L, = 25feet, 0.38 =L, /(25'+L;)
0.38(25°+Ly) = L¢ - Ls =15.3’

| With a 2.5 factor of safety, width of filter strip is 38 feet (Figure 4.5) |
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DESIGN FLOW CHART

4.6

In the office: Lidar
or 10 meter DEM

[JObtain DEM for area of interest
[ Calculate hillshade and slope

[J Establish if additional slope data is
required for analysis (Is road profile
visible in the DEM?)

/N

DEM DEM
adequate to YES Slope data
evaluate matches
drainage? 0SD?

NO NO

In the office:
NRCS Soil Survey

[J Determine Map Units (Web Soil Survey)
[1Download Official Series Descriptions (OSDs)
[J Describe profile — depth and perrmeability

[ Determine drainage/ hydrologic class

[ Determine range of slopes listed in OSD

from DEM?

Drainage/
to
flow paths can
. YES
be determined
overland

In the office: PRISM
Climate Data

[1Obtain 30 Year Normal Precipitation data
for months October-May

[1Calculate ave. Wet Season Precip. for AOI

[JEvaluate local precipitation patterns -
upstream catchment prone to flooding?

/N

Road likely Hydr.
impede or Class D,
channel NO or impermeable
soil layers likel
flows? to be present?
NO
YES YES

NO

A

Field Verification
and Data Collection

v

[J Identify topographic features influencing drainage, including

height of road base above native
[JMeasure road side slopes and road width

[1Determine if local fill material was used in road construction
[0 Determine water table depth or hydric qualifiers (Refer to NRCS

Field Survey Manual)

Determine Input Parameters for

<

Design Equation

Verify in field: auger/sample matches soil profile description

O Verify in field: Side slopes and road width
0 Verify in field: No evidence of impounded surface water or

localized flooding
Average 30 year Wet Season Precipitation

[ Lambda parameter (from Soil K or from field test)

U Field determination of lambda (see Design Methods)

Figure 4.6: Design flow chart
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APPENDIX A
MAPS OF MONITORING SITES






APPENDIX A: Monitoring Site Maps

Coordinate System: NAD 1983 State Plane Oregon North FIPS 3601
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APPENDIX B
ODOT ISSUED PERMITS FOR FILED SITES






PERMIT NUMBER

Gragon Ropariment of Kesportation APPLICATION AND PERMIT TO OCCUPY OR 51201
ﬂ PERFORM OPERATIONS UPON A STATE HIGHWAY 04M
See Oregon Administrative Rule, Chapter 734, Division 55 CLASS l KEY# l
PURPOSE OF APPLICATICN
R IOt {TO CONSTRUCT/OPERATE/MAINTAIN)
HIGHWAY NAME AND ROUTE NUMBER POLE TYPE MIN. VERT. CLEARANCE
OR-18/ 39/ Salmon River LINE
HIGHWAY NUMBER COUNTY BURIED | TYPE
039 Lincoln | CABLE
BETWEEN OR NEAR LANDMARKS PIPE TYPE
Near Frasier creek LINE
HWY, REFERENCE MAP DESIGNATED FREEWAY [IN 1.S. FOREST FEE AMOUNT
NON-COMMERCIAL
DVL [Jves no [[Ives  [XIno [ SidN
APPLICANT NAME AND ADDRESS MISCELLANEOUS OPERATIONS ANDIOR FACILITIES AS
, DESCRIBED BELOW
Oregon State University FOR ODOT USE ONLY
116 Gilmore Hall BOND REQUIRED RiFREI;gNCE: AMOUNT OF BOND
o 4-65
Corvallis, OR 97331 [ 1ves NO ganim $0.00
Ryan Stewart, PhD 541-737-2291 INSURANCE REQUIRED REFERENCE: | SPECIFIED COMP. DATE
(X YES [] NO Joeeet™® | 9-30-2015

DETAIL LOCATION OF FACILITY(For more space attach additional sheets)

MILE MILE | ENGINEERS ENGINEERS | SIDE OF HWY OR DISTANCE FROM BURIED CABLE OR PIPE SPAN
POINT TO POINT | STATION TO STATION [ ANGLEOFCROSSING loenten OF PyMT RAW LINE | DEPTH/VERT. | SIZE AND KIND |LENGTH

0.43 Left : varies varies
{North}

DESCRIPTION AND LOCATION OF NON-COMMERCIAL SIGNS OR MISCELLANEOUS OPERATIONS FACILITIES
Allows applicant to Instalt temporary monitoring slles for research project by Oregon State Unlversity, vmh[n ODOT right of way at the above milepoints per

—therattached provisions,
SPECIAL PROVISIONS {FOR MORE SPACE ATTACH ADDITIONAL SHEETS)
TRAFFIC CONTROL REQUIRED . - OPEN CUTTING OF PAVED OR SURFACED AREAS ALLOWED?

¢ [ ] YES [OAR 734-65-025(6)] [X]no -~ e [ ] YesloAR 734-55-1002] NO (OAR 734-55-100(1)

¢ AT LEAST 48 HOURS BEFORE BEGINNING WORK, THE APFLICANT OR HIS CONTRACTOR SHALL NOTIFY THE DISTRICT
REPRESENTATIVE AT TELEPHONE NUMBER: Rose Lodge 541-994-3980
OR FAX A COPY OF THIS PAGE TO THE DISTRICT OFFICE AT: please call
THE SPACE BELOW, -

¢ A COPY OF THIS PERMIT AND ALL ATTACHMENTS SHALL BE AVAILABLE AT THE WORK AREA DURING CONSTRUCTION. ‘

© ATTENTION: Oregon Law requlres you to follow rules adopted by the Qregon Utility Notification Center. Thosa rules are set forth in OAR
952-001-0010 through OAR 952-001-0090. You may obtain copies of the rulss by calling the center at (503) 232-1987,
CALL BEFORE YOU DIG 1-800-332-2344

COMMENTS - OBOT USE ONLY
Permit and permission 1o Install roadway drainage monitoring sites off the road shoulder per attached plan within ODOT right of way.
See the altached special provisions, pages 2-8.

SPECIFY TIME AND DATE IN

Installation must be coordinated wilh the local ODOT maintenance office, listed al the above "Rose Lodge" number.

IF THE PROPOSED APPLICATION WILL AFFECT THE LOCAL GOVERNMENT, THE APPLICANT SHALL ACQUIRE THE LOCAL GOVERNMENT
OFFICIAL'S SIGNATURE BEFORE ACQUIRING THE DISTRICT MANAGER'S SIGNATURE,

LOCAL GOVERNMENT OFFICIAL SIGNATURE TITLE DATE
APPLICANT SIGNATURE APPLICATION DATE TITLE TELEPHONE NO.
-y -~
X o Tl2/13  |Pshsbal Reswch Sbolam  pUu-237-22%
When this gblication [s approved by Lhe Depariment, the applicant is subjact to, accepts and DISTRICT MANAGER QR REPRESENTATIVE APPROVAL DATE
approves the terms ond provisions contained and atteched: and the terms of Oregon Adminlsirative
Rules, Chapier 734, Division §5, which Is by this reference made a part of this pereit. &ﬂ/& 6 /?

734-3457(2-08)




PERMIT NUMBER

Oregon Departmant of Tanapciation APPLICATION AND PERMIT TO OCCUPY OR 04M 5119090
PERFORM OPERATIONS UPON A STATE HIGHWAY -
See Oregon Administrative Rule, Chapter 734, Division 55 CLASS : | KEY# !
‘ PURPOSE OF APPLICATION
- GENERAL LOCATION {TO CONSTRUGCT/OPERATE/MAINTAIN}

OR-34 /27 / Alsea : LINE
HIGHWAY NUMBER COUNTY BURIED | TYPE
027 Lincoln ] CABLE
BETWEEN OR NEAR LANDMARKS PIPE TYPE
Near Mike Bauer Wayside RIE
HWY. REFERENCE MAP DESIGNATED FREEWAY |IN U.S. FOREST

= — [ ] NON-COMMERCIAL | 756 AMOUNT
DVL Llves [XIno {[L]yes [X]| no SIGN
APPLICANT NAME AND ADDRESS MISCELLANEOUS OPERATIONS AND/OR FACILITIES AS
. DESCRIBED BELOW
Cregon State University ' FOR ODOT USE ONLY
116 Gilmore Hall BOND REQUIRED REFERENCE: | AMOUNT OF BOND
OAR 734-6b6
Corvallis, OR 97331 [ {ves NO oasia) $0.00
Ryan Stewart, PhD 541-737-2291 INSURANCE REQUIRED REFERENCE: | SPECIFIED COMP. DATE
XIYES [ 1 NO gmn r>® | 9-30-2015
DETAIL LOCATION OF FACILITY{For more space attach additional sheets)
MILE MILE | ENGINEERS  ENGINEERS | SIDE OF KWY OR DISTANCE FROM BURIED CABLE OR PIPE SPAN
POINT TO. POINT | STATION TO STATION | ANGLECFCROSSING fheyren oF pymI] R/W LINE | DEPTH/VERT. | SIZE AND KIND |LENGTH
16.42 Right varies varies
(northeasterly)

DESCRIPTION AND LOCATION OF NON-COMMERCIAL SIGNS OR MISCELLANEOUS OPERATIONS FACILITIES
Allows applicant to install temporary monitoring sites for research project by Oregon State University, within ODOT right of way at {he above mitepolnts per

—theratiached provisions;
SPECIAL PROVISIONS (FOR MORE SPACE ATTACH ADDITIONAL SHEETS)
TRAFFIC CONTROL REQUIRED : - OPEN CUTTING OF PAVED OR SURFACED AREAS ALLOWED?
¢ [ ] YES[OAR 734-55-025(6)] MO ¢ [ | YESI0AR 734.55-100(2] : NO (OAR 734-55-100(1)

¢ AT LEAST 48 HOURS BEFORE BEGINNING WORK, THE APPLICANT OR HIS CONTRACTOR SHALL NGTIFY THE DISTRICT
REPRESENTATIVE AT TELEPHONE NUMBER: Ona Beach 541-563-6400 B '
OR FAX A COPY OF THIS PAGE TO THE DISTRICT OFFICE AT: please call
THE SPACE BELOW.

¢ A COPY OF THIS PERMIT AND ALL ATTACHMENTS SHALL BE AVAILABLE AT THE WORK AREA DURING CONSTRUCTION,

& ATTENTION: Cregon Law requires you to follow rules adopted by the Gregon Utlity Notification Center. Those rules are set forth in OAR
$52-001-0010 through OAR 852-001-0090. You may oblain copies of the rules by calling the center at {503) 232-1987,
CALL BEFORE YOU DIG 1-800-332-2344

COMMENTS - ODOT USE ONLY
Permil and permission to install roadway dralnage monitoring sites off the read shoulder per attached plan within ODOT right of way.
See the attached special provisions, pages 2-8.

SPECIFY TIME AND DATE IN

Installation must be coordinaled with the local ODOT mainlenance office, listed at fhe above *Ona Beach" number.

$F THE PROPOSED APPLICATION WILL AFFECT THE LOCAL GOVERNMENT, THE APPLICANT SHALL ACQUIRE THE LOCAL GOVERNMENT
OFFICIAL'S SIGNATURE BEFORE ACQUIRING THE DISTRICT MANAGER'S SIGNATURE.

LOCAL GOVERNMENT OFFICIAL SIGNATURE TITLE DATE

X
APPLICANT SIGN E o APPLICATION DATE TITLE TELEPHONE NO.

X Blizliz Postdactos [ fresead Scholar — [S41-337-221)
Whan this apficatioa (s pproved by the Department, tha applicant (s subject {o, accepts nd DISTRICT MANAGER OR REPRESENTATIVE APPROVAL DATE
approves tho terma and provislans contained and nitached: and the torms of Gregon Adminlstrative
Rules, Chaprer 734, Divislen B5, which ts by thia referance made a parl of thls permit, X

- ’ B~ iz-13

734-3457(2-06)



PERMIT NUMBER

Dregon Bapariment of Trensportation APPLICATION AND PERMIT TO QCCUPY OR
PERFORM OPERATIONS UPON A STATE HIGHWAY
See Oregon Administrative Rule, Chapter 734, Division 55 CLASS : KEY#
PURPOSE OF APPLICATION
GENERAL LOCATION (TO CONSTRUCT/OPERATE/MAINTAIN)
HIGHWAY NAME AND ROUTE NUMBER POLE TYPE MIN. VERT, CLEARANCE
US-20/ 31 / Albany-Corvallis -1 LINE
HIGHWAY NUMBER COUNTY BURIED [ TYPE
031 Benlon | CABLE
BETWEEN OR NEAR LANDMARKS PIPE TYPE
LINE
HWY. REFERENCE MAP DESIGNATED FREEWAY | IN U.S. FOREST FE UNT
D NON-COMMERCIAL £ AMO
[ JYES NOo {[]YES NO SIGN
APPLICANT NAME AND ADDRESS MISCELLANEOUS OPERATIONS AND/OR FACILITIES AS
Oregon State University DESCRIBED BELOW
116 Gilmore Hall FOR ODOT USE ONLY
Convaflis. OR 97331 BOND REQUIRED REFERENCE: | AMOUNT OF BOND
onrvains, QAR 734-55
Ryan Stewart, PhD 541-737-2201  -or- [1YEs X] NO gagpy $0.00
Chad Higgins, PhD 541-737-2286 INSURANCE REQUIRED REFERENCE: | SPECIFIED COMP, DATE
' 0DAR 734-56
[X] ves [_] NO 035¢1)

DETAIL LOCATION OF FACILITY{For more space attach additional sheets)

MILE MILE [ ENGINEERS ENGINEERS | SIDE OF HwY QR DISTANCE FROM BURIED CABLE OR PIPE SPAN
POINY TO POINT | STATION TO STATION | ANGLEOFCROSSING \pyrea'or PvMT R/W LINE | DEPTH/VERT. | SIZE AND KIND |LENGTH

DESCRIPTION AND LOCATION OF NON-COMMERCIAL SIGNS OR MISCELLANEOUS OPERATIONS FACILITIES
Allows applicant o » within ODOT right of way at the above milepoinis per the altached provisions.

SPECIAL PROVISIONS (FOR MORE SPACE ATTACH ADDITIONAL SHEETS)
TRAFFIC CONTROL REQUIRED : - OPEN CUTTING OF PAVED OR SURFACED AREAS ALLOWED?

* YES |OAR 734-55-025(6)] [ Jno e YES [OAR 734-55-100(2] [ ] no i0AR 734-65-100¢1)

+ AT LEAST 48 HOURS BEFORE BEGINNING WORK, THE APPLICANT OR HIS CONTRACTOR SHALL NOTIFY THE DISTRICT
REPRESENTATIVE AT TELEPHONE NUMBER:
OR FAX A COPY OF THIS PAGE TO THE DISTRICT DFFICE AT: SPECIFY TIME AND DATE IN
THE SPACE BELOW.,
¢ A COPY OF THIS PERMIT AND ALL ATTACHMENTS SHALL BE AVAILABLE AT THE WORK AREA DURING CONSTRUGCTION.
4 ATTENTION: Oregon Law requires you to follow rules adopted by the Oragon Utility Notification Center. Those rules are set forth In QAR
952-001-0010 through QAR 952-001-0090. You may obtain caples of the rules by calling the center at (603} 232-1987,
CALL BEFORE YOU DIG 1-800-332-2344

COMMENTS - ODOT USE ONLY

See lhe altached pages 2-8 for general and special provisions

IF THE PROPOSED APPLICATION WILL AFFECT THE LOCAL GOVERNMENT, THE APPLICANT SHALL ACQUIRE THE LOCAL GOVERNMENT
OFFICIAL'S SIGNATURE BEFORE ACQUIRING THE DISTRICT MANAGER'S SIGNATURE,

LOCAL GOVERNMENT OFFICIAL SIGNATURE TITLE DATE
X
APPLI T SIGN RE- . APPLICATION DATE TITLE TELEPHONE NO.
X August 29, 2013 Postdoctoral Research Scholar 541-737-2291
When this #p allon (s approved by the Department, the applicant is sublact to, accepts and DISTRICT MANAGER QR REPRESENTATIVE APPROVAL DATE
approves the lerms ond provisions contained and attached: ond the 1erms of Oragon Administrativa
Rules, Chapter 734, Divislon 65, which Is by this raference made a part of this permil. x

734-3457(2-06)




PERMIT NUMBER

Oregon Deporimont of Ttansportelion APPLICATION AND PERMIT TO OCCUPY OR 04M
% PERFORM OPERATIONS UPON A STATE HIGHWAY )
See Oregon Administrative Rule, Chapter 734, Division 55 CLASS: l KEYH %
PUHPOSE OF APPLICATION
GENERAL LOCATION (TO CONSTRUCT/OPERATE/MAINTAIN}
HIGHWAY NAME AND ROQUTE NUMBER POLE TYPE MIN. VERT. CLEARANCE
-5 1 1/ Pacific LINE
HIGHWAY NUMBER COUNTY BURIED | TYPE
001 Linn | CABLE
BETWEEN OR NEAR LANDMARKS PIPE TYPE
Near Saddle Butte LINE
HWY. REFERENCE MAP DESIGNATED FREEWAY [ IN U.S. FOREST FEE AMOUNT
-- NON-COMMERCIAL
DVL vyes [ Jno [[]ves no | SN
APPLICANT NAME AND ADDRESS MISCELLANEOUS OPERATIONS AND/OR FACILITIES AS
DESCRIBED BELOW
Oregon State University FOR ODOT USE ONLY
116 Gilmore Hall BOND REGUIRED REFERENCE: | AMOUNT OF BOND
OAR 734-66
Corvallis, OR 97331 [ 1yes [X] NO oo $0.00
Ryan Stewarf, PhD 541-737-2291 INSURANCE REQUIRED REFERENCE: | SPECIFIED COMP. DATE
Xves [ ]| NnO 8%1534‘55 9-30-2015

DETAIL LOCATION OF FACILITY({For more space attach additional sheets)

MILE MILE | ENGINEERS ENGHNEERS | SIDE OF HWY OR DISTANCE FROM BURIED CABLE OR PIPE SPAN
POINT TO POINT STATION TO STATION | ANGLEOFCROSSING lnenTeq oF pyMT R/W LINE | DEPTH/VERT. | SIZE AND KIND |LENGTH

222,34 Right varies varies
(East)

DESCRIPTION AND LOCATION OF NON-COMMERCIAL SIGNS OR MISCELLANEQUS OPERATIONS FACILITIES
Aliows applicant to install temporary monitoring sites for research project by Oregon State Unlversfly, within ODOT right of way al the above milepolnts per

—thoatieched provisions.
SPECIAL PROVISIONS {FOR MORE SPACE ATTACH ADDITIONAL SHEETS)
TRAFFIC CONTROL REQUIRED . - OPEN CUTTING OF PAVED OR SURFACED AREAS ALLOWED?

¢ [:] YES [OAR 734-55-025(6)] - NO e D YES [QAR 734-55-100({2] . NO {OAR 734-66-100(1}

¢ AT LEAST 48 HOURS BEFORE BEGINNING WORK, THE APPLICANT OR HIS CONTRACTOR SHALL NOTIFY THE DISTRICT
REPRESENTATIVE AT TELEPHONE NUMBER: Albany 541-967-2139
OR FAX A COPY OF THIS PAGE TO THE DISTRICT OFFICE AT: please call ) SPECIFY TIME AND DATE IN
THE SPACE BELOW,

€ A COPY OF THIS PERMIT AND ALL ATTACHMENTS SHALL BE AVAILABLE AT THE WORK AREA DURING CONSTRUCTION,

¢ ATTENTION: Gregon Law requlres you to follow rules edopted by the Oregon Utility Notification Center. Those rules are set forth In OAR
952-001-0010 through OAR 862-001-0090. You may obtain copies of the rules by calling the center at {(603) 232-1987.
CALL BEFORE YOU DIG 1-800-332-2344

COMMENTS - ODOT USE ONLY
Permit and permission to Inslall roadway drainage monitoring sites off the road shoulder per attached plan within ODOT right of way.
See the allached special provisions, pages 2-8.

Insiallation must be coordinated wilh the facal ODOT maintenance office, listed at the above "Albany" number.

IF THE PROPOSED APPLICATION WILL AFFECT THE LOCAL GOVERNMENT, THE APPLICANT SHALL ACQUIRE THE LOCAL GOVERNMENT
OFFICIAL'S SIGNATURE BEFORE ACQUIRING THE DISTRICT MANAGER'S SIGNATURE.

LOCAL GOVERNMENT OFFICIAL SIGNATURE TITLE DATE

X .
APPLI T St g APPLICATION DATE TTLE Postlo-bagl TELEPHONE NO.

X | 812103 Beseardh  Sclular 541-732-221 |
When thisfapolication Is approved by the Depariment, the spplicant is subject 1o, accepts and DISTRICT MANAGER OR REPRESENTATIVE APPROVAL DATE
approves the terms and provisions conteined and otlached: and the terms of Oregon Administrative
Rules, Chapter 734, Divislon BB, which is by this reference made a pert of thls permil. x @Q’é/

: G~12-13

734-3457(2-08) /




PERMIT NUMBER

Armgon Doparimen! ol Toassr ol APPLICATION AND PERMIT TG OCCUPY OR

PERFORM OPERATIONS UPON A STATE HIGHWAY

cLass . 0§ IKEY#

See Oregon Adminstrative Rule, Chapler 734, Livisian bb

PURPOSE OF APPLICATION
{TO CONSTRUCT/OPERATE/MAINTAIN)

GENERAL LOCATION

HIGHWAY NAME AND ROUTE NUMBER POLE TYPE MIN. VERT. CLEARANCE
OR-22 162 / Norih Santiam L1 Vine
HIGHWAY NUMBER COUNTY BURIED | TYPE
Marion I CABLE
BETWEEN UR NEAR LANDMARKS PiPE TYPE
Near Kingdom Lane LINE

FEE AMOUNT

0.00

HMISCELLANEOUS OPERATIONS ANDIOR FACILITIES AS
DESCRIBED BELOW

IN U.S. FOREST

[Jves [X]no

DESIGNATED FRECWAY

[ves  [X] nO

APPLICANT NAME AND ADDRESS

HWY ., REFERENCE MAP i
[_] NON-COMMERCIAL
-1 SIGN

[X

Qregon State University FOR ODOT USE ONLY
116 Gilmore Hall BOND AFQUIRFN REFERENCE: | AMOUNT OF BOND
—] 3 OAR 734-65
Corvallis, OR 97331 [1ves [XI NO giepm) $0.00
Ryan Stewart, PhD 541-737-2291 INSURANCE REQUIRED REFERENCE: | SPECIFIEC COMP. DATE
' (X ves [] No SART73495 42131115
. D35{1})
DETAIL LOCATION OF FACILITY (For more space attach additional sheets)
MILE MILE | CNGINLERS ENGINEERS | SINF OF #w? 3 DISTANCE FROM BURIED CABLE OR PIPE SPAN
POINT TO pPOINT | STATION TO STATION | ANGLEOQFCRCSSING boryren or pyivi] myww LINE | DEPTH/VERT. | SIZE AND KIND |LENGTH
19.38 Left {north) varies varies

i
|
|
!

DESCRIPTION AND LOCATION OF NON-COMMERCIAL SIGNS CR MISCELLANEOUS UPERAHONS FAGIITIES
Allows applicant to install temporary menitering sile for research project by Oregon Stale Urlversity within ODOT right of way at the abova mile point per the
atlached provisions. :
SPECIAL PROVISIONS (FOR MORE SPACE ATTACH ADDITIONAL SHEETS)
TRAFFIC CONTROL REQUIRED . - OPEN CUTTING OF PAVED OR SURFACED AREAS ALLOWED?
NO *

* [ ] YES(OAR 734-65-025(6)] [ ] ves oaR 794-56-100(2} [X] 8o (0AR 734-65-100011

¢ AT LEAST 48 HOURS BEFORE BEGINNING WORK, THE APPLICANT OR HIS CONTRACTOR SHALL NOTIFY THE BISTRICT

REPRESENTATIVE AT TELEPHONE NUMBER: 503-986-2887
OR FAX A COPY OF THIS PAGE TO THE DISTRICT OFFICE AT: 503-086-58356

THE SPACE BELOW,
& A COPY OF THIS PERMIT AND ALL ATTACHMENTS SHALL BE AVAILABLE AT THE WORK AREA DURING CONSTRUCTION.

& ATTENTION: Oragen Law raquires you ta follow rules adopted by the Oregen Utility Notification Center. Those rules ara set forth in OAR
962.0(11-0010 throtigh DAR 952-001-0090. Yeu may abtuin copies of the rules by calling the center at {503) 232-1087,
CALL BEFORE Yol DIG 7-800-332.2344

COMMENTS - ODOT USE ONLY
Permit and permission ta Install readway drainage monitaring site off the road shaulder per allachad plan within ODOT riglid of way

See altzched provisions.

SPECIFY TIME AND DATE IN

Instalation mus( be couidinated will e local ODOT Section Coordinator or lheir representative, 303-936-2807

IF THE PROPOSED APPLICATION WiLL AFFECT THE LOCAL GOVERNMENT, THE APPLICANT SHALL ACOUIRE THE LOCAL GOVERNMENT
OFFICIAL'S SIGNATURE BEFCRE ACQUIRING THE DISTRIC | MANAGER'S SIGNATURE. '

LOCAL GOVERNMENT OFFICIAL SIGNATURE "TITLE DATE

TITLE TELEPHONE NO.

Postdatorml Research Sclolar

DISTRICT MANAGER OR REPRESENTATIVE

X

APPLICATION DATE

9/6/ 13

approves the Yerms and provisions contained and atached: and tha terms of Oregan Administrative
Rules, Shapiar 134, Divislon §5, which Is by this relerence made A part of this gesmit,

APPROVAL DATE

734.3457(2-08)

SY1-332-2291







APPENDIX C
SUMMARY OF INFILTRATION TEST RESULTS






Appendix C - Infiltration Tests and Analysis

We measured infiltration rates at the five sites using single ring infiltration tests (Table 1). The
infiltration rings had 4.8 cm diameters, and during measurements were inserted into the soil
approximately 1 cm. To conduct an infiltration test, water was added to the ring in 100 mL
increments; the time for each increment to fully infiltrate was measured with a stopwatch and
recorded. Up to 1400 mL were added in total. Due to the high spatial variability of infiltration
rates, during each sampling event we performed between 9 and 18 discrete infiltration tests per
site, of which a minimum of 6 were determined to be valid via subsequent analysis (Table 1).

We analyzed the infiltration test data using the two-term Philip infiltration model rewritten in the
general form suggested by Smiles and Knight [1976]:

tl% — S+ Ct2 (1)

where | is the cumulative infiltration, S is the soil sorptivity, C is a constant, and t is the elapsed
time. In our analysis, we determined S and C as the respective intercept and slope of a linear
model fit to infiltration data (i.e., 1/t¥? as a function of t/2). In some cases, the intercept of the
regression line (i.e., S) or the slope of the regression line (i.e., C) was determined to be negative;
given that this is a non-physical result, such tests were excluded from further analysis. In total,
34 tests out of 175 were removed for this reason.

Table 1 — Location, dates, and number of tests (rings) for each infiltration test.

Site Name  Highway Sampling Number of*
Dates Valid Tests

Alsea OR-34 2013-09-17 8
2014-01-17 9
2014-07-10 6
Butte I-5 2013-09-04 7
2013-09-19 8
2014-06-30 7
Otis OR-18 2013-08-28 18
2014-07-08 6
Santiam OR-22 2013-09-11 14
2014-01-22 13
2014-07-13 12
Willamette OR-20 2013-09-12 9
2014-01-23 8
2014-07-22 7
2014-07-24 9

"Valid tests refer to tests where the regression analysis on
Equation (1) produced positive values for both S and C.
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Next, using the three-dimensional infiltration (I3p) model developed by Wu et al. [1999], we
assumed that the C term is equal to:

C =afK, )

where a is a constant equal to 0.9084, K; is the saturated hydraulic conductivity of the soil. The
parameter f is equal to:

f o H+1lla N 3)
d+r,/2
where H is the ponding depth in the ring, a is a parameter related to soil texture, d is the depth of
ring insertion and ry is the radius of the ring. o depends on soil texture, with previous research
suggesting values of o = 0.36 cm™ for sand, 0.12 cm™ for loam, and 0.04 cm™ for clay [Wu et al.,
1999; Bagarello et al., 2014]. While in reality a will increase as the initial water content of the
soil increases, for purposes of this analysis we assumed that « is constant for each site, with
specific values of o = 0.24 cm™ for the Santiam site, & = 0.12 cm™ for the Alsea and Otis sites,
and « = 0.04 cm™ for the Butte and Willamette sites.

Using Equations (2) and (3), = .
along with values of H=10 L 3
+
cm,d=1cm,and rq=4.8 N ® 'g : "
cm, we estimated K for all : L e * :
. .. - - - v @
of our individual infiltration 2 - é“ﬁ - .
tests (points in Figure 1). e A i ol . St Tt R e
A . - At g-
Note that in Figure 1 K is E S Wil grivlrgrermy
plotted as a function of the == 0 R 2y TR
initial degree of saturation, g o i A .
v @
@0, Where @y = (Gp— O)(0s— ~— *© " sy
. . n A4
6y), and @ is the volumetric X * a
. iy
water content, with the | Site .
; @ Alsea v
subsc'rlpts 0,r,ands . 0 v Ve
referring to the respective = B Otis
. . 4 Santiam
initial, residual and saturated A Willamette
conditions. -
o \ \ 1 1
0.0 02 04 0.6 0.8 1.0

Next, we then determined
the geometric mean value K
value for all sites on all

Initial Degree of Saturation, 0,

Figure 1 — K, values from the single ring infiltration tests
sampling dates (dashed lines ~ Performed during the study period (colored points). K values
in Figure 1). We estimated were estimated using Equations 1-3. Also shown are the

6., 6, and 6, from volumetric ~ 9eometric mean K; values for each site (dashed lines).
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soil cores collected during some (but not all) of the tests, augmented using the continuous soil
water content measurements from the sensors installed at the sites.

Throughout the study period we collected bulk density samples using 68.8 cm® brass rings (Table
2). At the beginning of the study we also collected loose samples from a depth profile at each
site. The loose samples were analyzed for particle size distribution using a CILAS 1190 laser
particle size analyzer; results are summarized in Table 2. Note that the clay percentage was taken
to be all particles less than 2 um, the silt percentage was taken to be all particles between 2 and
50 um, and the sand percentage was taken to be all particles between 50 and 2,000 um. Also
included in Table 2 are the geometric mean Ks values estimated for each site via the single ring
infiltration tests, as well as the geometric standard deviation for the K values for each site.

Table 2 — Measured particle size class percentages, texture and bulk density (p,) by depth for the
five project sites. Also included are the per-site geometric mean values of K, as calculated by the
single ring infiltration tests, and the geometric standard deviations (values in brackets).

Site Depth Clay Silt Sand Texture Pb Ks
(cm) (%) (%) (%) (gem®)  (emhr)

Alsea 0-7 21 48 30 Loam 1.2% 25
7-15 28 49 23 Clay Loam 1.2 [2.9]
15-20 29 51 20 Clay Loam  1.43%
20-30 24 50 26 Loam 1.43*

Butte 0-20 45 47 8 Silty Clay 1.19 12
20-30 65 35 0 Clay 1.06 [4.6]
30-60 56 40 5 Clay 1.25

Otis 0-7 15" 50" 35" Silt Loam 1.59 31
7-18 24" 51" 25" Silt Loam 1.80 [3.4]

18-24 241 51" 257 Silt Loam 1.70
24-30 241 51" 257 Silt Loam 1.61

Santiam 0-10 5 37 58 Sandy Loam 1.06 36
10-30 13 70 17 Silt Loam 1.2 [3.7]
70 13 64 22 Silt Loam 1.42
Willamette 0-30 50 47 3 Silty Clay 1.18 20
30-70 44 53 3 Silty Clay 1.35 [2.9]

*From NRCS SSURGO database.

We next used a neural network analysis [Schaap et al., 1998] to predict the hydraulic properties
for each combination of site and depth. Specifically, the values from Table 2 for clay, silt and
sand percentage, along with bulk density, were input into the neural network prediction tool that
is included in the software package HYDRUS-1D [Simunek et al., 2005]. This function enabled
us to predict the hydraulic parameters of the van Genuchten [1980] water retention function: 6,
(residual water content), 65 (saturated water content), o and n (fitting parameters), and K,
(saturated hydraulic conductivity). Predicted hydraulic parameters for each combination of site
and depth are shown in Table 3.
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Table 3 — Predicted soil hydraulic properties estimated using a neural network prediction
[Schaap et al., 1998]. p, = bulk density; &, = residual water content; 6 = saturated water content;
o and n = van Genuchten [1980] retention curve parameters; Ks = saturated hydraulic
conductivity. Depth-weighted mean values represent the per site arithmetic mean for each
parameter, with the exception of K, for which the geometric mean is shown.

Site Depth Pb o, 0 a n Ks
cm) (gem®) (mm?) (mm?  (m?) () (cmhr?)
Alsea 0-7 1.2 0.0716  0.4541 0.0062  1.6078 1.54
Alsea 7-15 1.2 0.0832 0.48 0.0075  1.5592 1.34
Alsea 15-20 1.43 0.0794  0.4264 0.0077  1.5363 0.36
Alsea 20-30 1.43 0.0708  0.4084 0.0071  1.5727 0.42
Depth-Weighted Mean 1.32 0.08 0.44 0.01 1.57 0.62
Butte 0-20 1.19 0.1019  0.5355 0.014 1.3779 1.13
Butte 20-30 1.06 0.1148  0.6028 0.0244  1.2567 1.3525
Butte 30-60 1.25 0.1051  0.5308 0.0174  1.3113 0.70
Depth-Weighted Mean 1.20 0.11 0.54 0.02 1.32 0.88"
Otis 0-7 158513 0.0481  0.3455 0.0097  1.4938 0.39
Otis 7-18  1.80254 0.0563  0.3238 0.0121  1.3366  0.076
Otis 18-24  1.69622 0.0619  0.3483 0.0097  1.4174 0.11
Otis 24-30 1.61294 0.0664  0.3702 0.0084  1.4863 0.17
Depth-Weighted Mean 1.69 0.06 0.34 0.01 1.42 0.12"
Santiam 0-10 1.06 0.0382  0.4482 0.0142  1.4581 8.13
Santiam 10-30 1.2 0.0572  0.3965 0.0051  1.6799 1.11
Santiam 70 1.42 0.0565  0.3914 0.0053  1.6588 1.00
Depth-Weighted Mean ~ 1.31 0.05 0.40 0.01 1.64 1.18"
Willamette 0-30 1.18 0.1051 0.55 0.016 1.3381 1.04
Willamette 30-70 1.35 0.0981  0.4936 0.0119  1.3955 0.40
Depth-Weighted Mean ~ 1.28 0.10 0.52 0.01 1.37 0.54

TGeometric mean value.

Our hypothesis was that the A parameter is correlated with the depth to the water table and also
with the saturated hydraulic conductivity of the soil. We quantified the first factor using the
mean depth to water table values for each site reported in the NRCS SSURGO database. The
(geometric) mean saturated hydraulic conductivity value calculated from the single ring
infiltration tests was used for the second factor.

In Figure 2, we present the correlation between 4 and mean depth to water table (WTgepn), While
in Figure 3, we present the correlation between A and saturated hydraulic conductivity, K.
Overall, both explanatory variables (WTgeph and Ks) provided good correlations with the 4
parameter, with an r? value of 0.72 for the A-WT geptn relationship and r’ = 0.67 for the A-K
relationship. Moreover, when analyzed concurrently (using the linear model function in R), the
combination of WTgepn and K give an r® value of 0.90, with an overall p-value = 0.05. However,
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we caution that these regression models were
fit to only five total points, thus limiting the
true predictive power of these relationships
identified in this analysis.

e
N A=0.41-WTgepn+33, =072
Site
& © Alsea
© - | v Butte
= Ofis *
/T B + Santiam
- ; -
= A Willamette -
o
£ =ha e A
P . =
< P o
/‘/
o | —
15} -
v
o
0 50 100 150 200 250

Depth to water table (cm)

Figure 2 — A values (cm hr) plotted against
the mean depth to water table as indicated in
the NRCS SSURGO database.

Finally, we tested the ability of the SSURGO
database to predict /4, by using the depth-
weighted (over the upper 70 cm) K, values
from each site (Figure 4). This relationship
again had a high correlation (r? = 0.66),
though this correlation is mainly driven by the
single “Santiam” site value. Indeed, the
combined linear model using the WT geptn
values along with the K values from the
SSURGO dataset had an overall r? value of
only 0.75, and a p-value > 0.1 (p = 0.13).
Again, while it is difficult to draw rigorous
conclusions from five data points, this result
suggests that it may be possible to predict 4
from the publically-available SSURGO
database. However, given the superior fit
provided by the in situ infiltration tests, we

3
~ A=35-Ks3.1, r* =087
Site p
o || ¢ Alsea //
© | v Butte e
= Otis > 7
o ¢ Santiam A
— A Willamette 7
== o yd
- A
R o
< e
e
2 e
P
S
o +< T T T T
0 10 20 30 40 50
Ks (cm hr’1)

Figure 3 — 4 values (cm hr) plotted against
the mean saturated hydraulic conductivity Ks
(cm hrh), calculated for each site from in
situ single ring infiltration experiments.

S . .
e 1=3-Ks+65, r'=066 -
/'/
o yd
0 7
- //(
—~ Pl
T 7
= e
E 8 1A ///
NP o
=i = e Site
o Alsea
R v Butte
= Qtis
r ¢ Santiam
A Willamette
o , | . |
0 10 20 30 40

Kssurco (cm hrq)

50

Figure 4 — 4 values (cm hr) plotted against the
hydraulic conductivity values from the NCRS
SSURGO database (cm hr™) for each site.

advise collecting measurements from the locations in question if possible.

C5



References

Assouling, S., and D. Or (2014), The concept of field capacity revisited: Defining intrinsic static
and dynamic criteria for soil internal drainage dynamics, Water Resour. Res., n/a-n/a.

Bagarello, V., S. Di Prima, M. lovino, and G. Provenzano (2014), Estimating field-saturated soil
hydraulic conductivity by a simplified Beerkan infiltration experiment, Hydrol.
Processes, 28(3), 1095-1103.

Schaap, M. G., F. J. Leij, and M. T. van Genuchten (1998), Neural network analysis for
hierarchical prediction of soil hydraulic properties, Soil Sci. Soc. Am. J., 62(4), 847-855.

Simunek, J., M. T. Van Genuchten, and M. Sejna (2005), The HYDRUS-1D software package
for simulating the one-dimensional movement of water, heat, and multiple solutes in
variably-saturated media, University of California, Riverside, Research reports, 240.

Smiles, D. E., and J. H. Knight (1976), A note on the use of the Philip infiltration equation, Soil
Res., 14(1), 103-108.

van Genuchten, M. T. (1980), A closed-form equation for predicting the hydraulic conductivity
of unsaturated soils, Soil Sci. Soc. Am. J., 44(5), 892-898.

Wu, L., L. Pan, J. Mitchell, and B. Sanden (1999), Measuring saturated hydraulic conductivity
using a generalized solution for single-ring infiltrometers, Soil Sci. Soc. Am. J., 63(4),
788-792.

Cé



APPENDIX D
EXAMPLE SOIL SERIES DESCRIPTIONS USED IN DESIGN
EQUATIONS






Official Series Description - BASHAW Series 11/24/2015

LOCATION BASHAW OR

Established Series
Rev. AON/DRJ/RWL
07/2006

BASHAW SERIES

The Bashaw series consists of very deep, poorly drained soils formed in clayey alluvium. Bashaw soils are on flood plains, terraces
and fans. Slopes are 0 to 12 percent. The mean annual precipitation is about 45 inches and the mean annual temperature is about 52
degrees F.

TAXONOMIC CLASS: Very-fine, smectitic, mesic Xeric Endoaquerts
TYPICAL PEDON: Bashaw clay, native pasture (Colors are for moist soil unless otherwise noted.)

A--0 to 3 inches; very dark gray (10YR 3/1) clay, dark gray (10YR 4/1) dry; moderate medium and fine subangular blocky structure;
very hard, firm, very sticky and very plastic; common very fine roots; many very fine pores; many fine distinct yellowish red (5YR 4/6)
masses of iron accumulation; moderately acid (pH 5.8); abrupt smooth boundary. (3 to 10 inches thick)

Bssg1--3 to 14 inches; black (N 2/) clay, very dark gray (N 3/) dry; appears massive when wet, but weak coarse prismatic and weak
coarse angular blocky structure when moist or dry; very firm, very hard, very sticky and very plastic; common very fine roots; many very
fine pores; few fine distinct yellowish red (5YR 5/6) masses of iron accumulation; common fine dark yellowish brown (10YR 4/6) and
black (10YR 2/1) concretions; few slickensides moderately acid (pH 6.0); clear smooth boundary. (6 to 35 inches)

Bssg2--14 to 31 inches; black (N 2/) clay, very dark gray (N 3/ ) dry; massive; very hard, very firm, very plastic and very sticky; few
very fine roots; few very fine pores; few fine prominent yellowish red (5YR 4/6) masses of iron accumulation; common fine dark
yellowish brown (10YR 4/6) and black (10YR 2/1) concretions; few slickensides; neutral (pH 6.6); gradual smooth boundary. (0 to 20
inches thick)

Bssg3--31 to 48 inches; very dark gray (N 3/ ) clay, dark gray (N 4/ ) dry; massive; very hard, very firm, very sticky and very plastic;
common fine gray colored weathered coarse fragments; few roots; few very fine pores; common medium distinct light olive brown
(2.5Y 5/6) masses of iron accumulation; common intersecting slickensides; neutral (pH 7.0); abrupt smooth boundary. (0 to 20 inches
thick)

Cg--48 to 60 inches; dark grayish brown (2.5Y 4/2) clay, light brownish gray (2.5Y 6/2) dry; massive; very hard, firm, moderately sticky
and moderately plastic; common very fine pores; many medium distinct dark brown (7.5YR 3/2) and dark reddish brown (5YR 3/2)
masses of iron accumulation; and few medium faint dark gray (N 4/ ) iron depletions; neutral (pH 7.0).

TYPE LOCATION: Marion County, Oregon. In a native pasture about 2300 feet east and 1,500 feet south of the NW corner of section
9,T.6S.,R. 1 W.; Willamette Meridian. Silverton, Oregon USGS 7.5 minute topographic quadrangle. Latitude 45 degrees, 04
minutes, 04 seconds N. and Longitude 122 degrees, 48 minutes, 57 seconds W.; NAD 27.

RANGE IN CHARACTERISTICS: These soils are usually moist and are saturated with water for several months each year. The
mean annual soil temperature ranges from 50 to 57 degrees F. The soils crack and open and close once each year and remain open
for 60 consecutive days or more in most years. The soil is dry for 45 to 60 consecutive days following the summer solstice within
MLRA 2 but ranges to 90 days within MLRA 5. The profiles to 40 inches or more have chroma of 1 or less and have faint to prominent
redox concentrations throughout. Hue is 10YR, 2.5Y, 5Y and neutral and are commonly neutral below the A horizon. The particle-size
control section has 60 percent or more clay. Slickensides are close enough to intersect in all or in some part between 10 to 40 inches.

The A horizon typically has value of 2 moist but may range to 3 in the upper 3 inches, 3 or 4 dry and chroma of 1 or less. Texture is
clay, silty clay, or silty clay loam with 35 to 70 percent clay. It has weak to strong granular or very fine subangular blocky structure. Soil
reaction is strongly acid or moderately acid.

The Bssg horizon has value of 2 moist and 3 or 4 dry above 30 inches; below 30 inches, value ranges to 4 moist and 3 to 6 dry.
Chroma is 1 or less above 40 inches and ranges to 2 below 40 inches. It has 55 to 70 percent clay and 0 to 3 percent gravel.
Slickensides are few to common and intersecting. The structure when moist or dry is weak coarse prismatic to coarse angular blocky
and wedge-shaped; when wet, this horizon appears structureless. Soil reaction is moderately acid to neutral.

The Cg horizon has similar range in colors as the horizons above except that the chroma ranges to 2. Texture is clay, silty clay, or
sandy clay. It has 45 to 70 percent clay and 0 to 5 percent gravel. Soil reaction is slightly acid to slightly alkaline.

COMPETING SERIES: These are the Coker, Natroy, and Padigan series. Coker soils are moderately alkaline below 20 inches and
are dry for 80 to 110 consecutive days following the summer solstice. Natroy soils have moist chroma of 2 within the upper 12 inches
of the solum, moist chroma of 1 to 3 in the lower part of the solum, and lack neutral hues in the B horizon. Padigan soils are
moderately alkaline to strongly alkaline in the particle-size control section and have carbonates beginning at a depth of 20 inches.

GEOGRAPHIC SETTING: The Bashaw soils are on nearly level or slightly concave flood plains and terraces and gently sloping
alluvial fans. Elevations are 90 to 1,000 feet. Slopes are 0 to 12 percent. The soils formed in clayey alluvium derived dominantly from
basic igneous rock. The climate is characterized by warm, wet winters and hot, dry summers. The mean annual precipitation is 30 to
60 inches and occurs moistly as rain during the last fall, winter and spring. The average July temperature is 67 degrees F. and
average January temperature is 39 degrees F., the mean annual temperature is 50 to 55 degrees F. The frost-free period is 160 to
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235 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Cove, Waldo, Wapato and Witham soils. All of these soils lack
intersecting slickensides. In addition, Wapato soils are moderately fine textured with less than 35 percent clay and the Witham soils
are somewhat poorly drained. Cove soils are on flood plains and terraces in areas that alluvium is from mixed sources. Waldo and
Wapato soils are on flood plains adjacent to the river or stream. Witham soils are on fans, foot slopes, and toe slopes.

DRAINAGE AND PERMEABILITY: Poorly drained; very slow permeability. An apparent water table is at its uppermost limit from
November to May and is ponded from December to April. Where this soil occurs on flood plains, occasional or frequent flooding for
long periods occurs from December to April unless protected.

USE AND VEGETATION: These soils are used for pasture and for growing spring grains. Natural vegetation is sedges, rushes,
grasses, scattered ash, willows and other trees and shrubs.

DISTRIBUTION AND EXTENT: Willamette Valley in western Oregon; MLRA 2, 5. The soils occur in small bodies and are
inextensive.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Benton County (Benton Area), Oregon, 1970.
REMARKS: Diagnostic features recognized in this pedon:

Aquerts feature - the zone from 0 to 48 inches having aquic conditions for sometime in most years and chroma of 1 or less with redox
concentrations.
Endosaturation - the zone from 0 to 60 inches is saturated with water for some period of time.

The classification was changed from Typic Pelloxererts to Xeric Endoaquerts in 5/94.

ADDITIONAL DATA: Characterization data is available for sample #S990R-043-001, S960R-043-003, and S920R-003-004
NSSL, Lincoln, NE, 12/01.

National Cooperative Soil Survey
USA.
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Soil Taxonomy

0cm Order: Vertisols
8 cm Suborder: Xererts [Map of Suborders
Greatgroup: Pelloxererts
Subgroup: Typic Pelloxererts
Family: Very-fine, smectitic, mesic Typic Pelloxererts
Soil Series: Bashaw  (Link to OSD) (Soil Series Explorer)
36 cm
Data: [Lab Data]
Raw Data Component  All Horizons
Land Classification
Storie Index NOT RATED
Land Capability Class [non-irrigated] 4-w
Land Capability Class [irrigated] 4-w
70 em Ecological Site Description n/a
Forage Suitability Group n/a
Soil Suitability Ratings
Waste Related Engineering
Urban/Recreational Irrigation
Wildlife Runoff
Hydraulic and Erosion Ratings
122 em| Wind Erodibility Group 4
Wind Erodibility Index 86
T Erosion Factor 5
Runoff
Drainage Poorly drained
159 em Hydric Rating / Hydrologic Group Yes (Wooded under natural conditions) [Group D]
] Parent Material: clayey alluvium
Typical profile Total Plant Available Water (cm): 24
Geomorphology
Landform flood plains
Landform alluvial fans
Landform terraces
Plants
Symbol Scientific Name Common Name ?pg;
Organic Matter (%) | Percent Clay Percent Sand Keat (mmv/hr) pH(:1 H,0) Ke Factor
[ 6 52 3 3 1 07 _07 §5 6.7 0. 0.3
Ocm Ocm Ocm Ocm Ocm Ocm
40cm 40cm 40cm 40cm 40cm 40cm
&0em B0em B0em &0erm 80em B0em
120ecm 120cm 120cm 120cm 120cm 120cm
160em 160erm 160erm 160em 160em 160erm
EC (dS/m SAR Ca0; (% um (%) CECat : cmol + | Linear Extensibility
0 0 0 i 43 5 1.5
Ocm Ocm Ocm Ocm Ocm Ocm
40cm 40cm 40cm 40cm 40cm 40cm
&0em B0em B0em &0erm 80em B0em
120em 120cm 120cm 120em 120em 120cm
160cm 160cm 160cm 160cm 160cm 160cm
Agriculture
AGR - Nitrate Leaching Potential, Nonirrigated (WA) Low [0.12-0.16]
AGR - Nitrate Leaching Potential, Irrigated (WA) Moderately high [0.6-0.6]
Irrigation
WMS - Excavated Ponds (Aquifer-fed) Very limited [1-1]
WMS - Embankments, Dikes, and Levees Very limited [1-1]
WMS - Irrigation, Surface (level) Very limited [0.4-1]
WS - Irrigation, Surface (graded) Very limited [0.4-1]
WS - Irrigation, Micro (above ground) Very limited [0.4-1]
WMS - Irrigation, Micro (subsurface drip) Very limited [0.4-1]
WS - Irrigation, Sprinkler (close spaced outlet drops) Very limited [0.9-1]
WMS - Irrigation, Sprinkler (general) Very limited [0.9-1]
WMS - Irrigation, General Very limited [0.4-1]
WMS - Subsurface Water Management, System Performance Very limited [1-1]
WMS - Subsurface Water Management, System Installation Very limited [0.83-1]
WMS - Subsurface Water Management, Outflow Quality Very limited [1-1]

WNS - Surface Water Management, System

Somewhat limited [0.9-1]
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WMS - Irrigation, Micro (subsurface drip) edited Very limited [1-1]
WNS - Pond Reservoir Area Not limited [0-0]
Forestry
FOR - Potential Fire Damage Hazard Low [0.1-0.1]
FOR - Potential Seedling Mortality High [1-1]
FOR - Log Landing Suitability (OR) Poorly suited [1-1]
FOR - Road Suitability (Natural Surface) (OR) Poorly suited [1-1]
FOR - Potential Erosion Hazard (Off-Road/Off-Trail) Slight [0-0]
FOR - Soil Rutting Hazard Severe [1-1]
FOR - Road Suitability (Natural Surface) Poorly suited [1-1]
FOR - Potential Erosion Hazard (Road/Trail) Slight [0-0]
FOR - Log Landing Suitability Poorly suited [1-1]
FOR - Construction Limitations for Haul Roads/Log Landings Moderate [0.5-0.5]
FOR - Harvest Equipment Operability Moderately suited [0.5-0.5]
FOR - Mechanical Site Preparation (Surface) Poorly suited [0.5-0.5]
FOR - Mechanical Site Preparation (Deep) Well suited [0-0]
FOR - Mechanical Planting Suitability Poorly suited [0.75-0.75]
FOR - Hand Planting Suitability Poorly suited [0.75-0.75]
Waste Related
AWM - Manure and Food Processing Waste Very limited [1-1]
AWM - Land Application of Municipal Sewage Sludge Very limited [1-1]
AWM - Rapid Infiltration Disposal of Wastewater Very limited [1-1]
AWM - Irrigation Disposal of Wastewater Very limited [1-1]
AWM - Land Application of Municipal Biosolids, summer (OR) Not limited [0-0]
AWM - Land Application of Municipal Biosolids, spring (OR) Very limited [1-1]
AWM - Land Application of Municipal Biosolids, winter (OR) Very limited [1-1]
AWM - Slow Rate Process Treatment of Wastewater Very limited [1-1]
AWM - Overland Aow Process Treatment of Wastewater Very limited [1-1]
Engineering
ENG - Construction Materials; Roadfill Poor [0-0]
ENG - Construction Materials; Gravel Source Poor [0-0]
ENG - Construction Materials; Sand Source Poor [0-0]
ENG - Construction Materials; Topsoil Poor [0-0]
ENG- Construction Materials; Reclamation Poor [0-0]
ENG - Septic Tank Absorption Fields Very limited [1-1]
ENG - Unpaved Local Roads and Streets Very limited [1-1]
ENG - Construction Materials; Gravel Source (OR) Poor [0-0]
ENG- Construction Materials; Sand Source (OR) Poor [0-0]
ENG- Construction Materials; Topsoil (OR) Poor [0-0]
ENG - Shallow Excavations Very limited [1-1]
ENG - Dwellings W/O Basements Very limited [1-1]
ENG- Dwellings With Basements Very limited [1-1]
ENG - Small Commercial Buildings Very limited [1-1]
ENG- Local Roads and Streets Very limited [1-1]
ENG- Lawn, Landscape, Golf Fairway Very limited [1-1]
ENG- Sanitary Landfill (Trench) Very limited [1-1]
ENG- Sewage Lagoons Very limited [1-1]
ENG- Sanitary Landfill (Area) Very limited [1-1]
ENG - Daily Cover for Landfill Very limited [1-1]
Urban/ Recreational
URB/REC - Off-Road Motorcycle Trails Very limited [1-1]
URB/REC - Camp Areas Very limited [1-1]
URB/REC - Picnic Areas Very limited [1-1]
URB/REC - Paths and Trails Very limited [1-1]
URB/REC - Playgrounds Very limited [1-1]
DHS
DHS - Rubble and Debris Disposal, Large-Scale Event Severely limited [1-1]
DHS - Suitability for Clay Liner Material Poor [0-0]
DHS - Site for Composting Facility - Surface Very limited [1-1]
DHS - Site for Composting Facility - Subsurface Very limited [1-1]
DHS - Suitability for Composting Medium and Final Cover Poor [0-0]
DHS - Potential for Radioactive Sequestration High sequestration potential [1-1]
DHS - Potential for Radioactive Bioaccumulation Very low bioaccumulation potential [0-0]
DHS - Catastrophic Mortality, Large Animal Disposal, Pit Very limited [1-1]
DHS - Catastrophic Mortality, Large Animal Disposal, Trench Very limited [1-1]
Wildlife
Surface Runoff
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Official Series Description - CAMAS Series 11/24/2015

LOCATION CAMAS OR+WA

Established Series
Rev. AON/ DRJ/RWL
07/2006

CAMAS SERIES

The Camas series consists of very deep, excessively drained soils that formed in mixed sandy and gravelly alluvium. Camas soils are
on flood plains and have slopes of 0 to 5 percent. The mean annual precipitation is about 40 inches and the mean annual temperature
is about 52 degrees F.

TAXONOMIC CLASS: Sandy-skeletal, mixed, mesic Fluventic Haploxerolls
TYPICAL PEDON: Camas gravelly sandy loam, cultivated. (Colors are for moist soil unless otherwise noted.)

Ap1--0 to 2 inches; dark brown (10YR 3/3) gravelly sandy loam, brown (10YR 5/3) dry; moderate thin platy structure; slightly hard, very
friable, nonsticky and nonplastic; many roots; many fine irregular pores; 20 percent gravel; slightly acid (pH 6.3); clear smooth
boundary. (2 to 10 inches thick)

Ap2--2 to 10 inches; dark brown (10YR 3/3) gravelly sandy loam, brown (10YR 5/3) dry; weak coarse and medium subangular blocky
structure; slightly hard, very friable, nonsticky and nonplastic; many roots; many fine irregular pores; 25 percent gravel; slightly acid (pH
6.3); clear smooth boundary. (0 to 8 inches thick)

C1--10 to 13 inches; brown (10YR 4/3) gravelly sandy loam, pale brown (10YR 6/3) dry; massive; soft, very friable, nonsticky and
nonplastic; many roots; many fine irregular pore; variegated dark and light sand grains; 30 percent gravel; slightly acid (pH 6.3); abrupt
smooth boundary. (0 to 10 inches thick)

2C2--13 to 60 inches; variegated extremely gravelly coarse sand mostly brown (10YR 4/3); dark brown (10YR 3/3); and dark grayish
brown (10YR 4/2); single grain; loose; 50 percent gravel and 20 percent cobbles; slightly acid (pH 6.3).

TYPE LOCATION: Linn County, Oregon; one and three-fourths miles south of Green Bridge (Mitchell Farm); NW1/4SE1/4SE1/4
section 19, T. 10 S., R. 2 W.; Willamette Meridian, Crabtree, Oregon USGS 7.5 minute topographic quadrangle. Latitude 44 degrees,
40 minutes, 51 seconds N.; Longitude 122 degrees, 58

minutes, 19 seconds W. NAD 27.

RANGE IN CHARACTERISTICS: These soils are usually moist but are dry in all parts of the soil between depths of 12 and 35
inches for 45 to 110 consecutive days or more within the three month period following the summer solstice in most years. In MLRA 2,
the soils are dry for 45 to 70 consecutive days and

in MLRA 5 from 70 to 110 consecutive days. The depth to bedrock is more than 6 feet. The mean annual soil temperature is 52 to 55
degrees F. Rock fragments range from 10 to 60 percent in the upper 15 inches and 35 to 85 percent below. The mollic epipedon is
10 to 14 inches thick. Reaction is moderately acid to neutral.

The A horizon has hue of 10YR or 7.5YR, value of 2 or 3 moist, 2 to 5 dry and chroma of 2 or 3 moist and dry. Texture is sandy loam,
gravelly sandy loam, very gravelly sandy loam or cobbly loam. It has weak or moderate granular, very fine subangular blocky, or platy
structure or is massive or single grain. It has 0 to 10 percent cobbles and 0 to 50 percent gravel.

The C1 horizon has hue of 10YR or 7.5YR, value of 3 or 4 moist, 4 to 6 dry and chroma of 2 to 4 moist and dry. Texture is sandy loam,
loamy sand or sand and has 0 to 10 percent cobbles and 20 to 50 percent gravel. It is massive or single grain.

The 2C horizon has the same color range as the C1 horizon. Texture is coarse sand, sand or loamy sand and has 3 to 20 percent
cobbles and 35 to 70 percent gravel. It is massive or single grain.

COMPETING SERIES: These are the Freewater and Voats series. Freewater soils have a mollic epipedon 15 to 20 inches thick.
Voats soils have a mean annual soil temperature of 47 to 53 degrees F.

GEOGRAPHIC SETTING: The Camas soils are on flood plains at elevations of 50 to 3,000 feet. Slopes range from 0 to 5 percent.
The soils formed in gravelly and very gravelly coarse textured alluvium of mixed mineralogy. Winters are cool and moist and summers
are warm and dry. The mean annual precipitation is 18 to 70 inches occurring mostly as rain in the fall, winter, and spring. The mean
annual temperature is 48 to 55 degrees F. The mean July temperature is about 65 to 67 degrees F. and the mean January
temperature is about 39 to 40 degrees F. The frost-free period is 150 to 235 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Chehalis, Cloguato, Evans, McBee, Newberg, Pilchuck, and Wapato
soils. Chehalis soils are fine-silty. Cloquato soils are coarse-silty. Evans soils are coarse-loamy. Chehalis, Cloquato, and Evans soils
are in channel positions on flood plains. McBee soils are

fine-silty. Wapato soils have aquic conditions and hcroma of 2 or less at a depth of 0 to 10 inches. McBee and Wapato soils are in
depressions on flood plains. Newberg soils are coarse-loamy. Philchuck soils are sandy.

DRAINAGE AND PERMEABILITY: Excessively drained; slow runoff; very rapid permeability; subject to rare or occasional flooding.

USE AND VEGETATION: These soils are used for growing cultivated crops and for woodland. Soils are usually irrigated. Natural
vegetation is Oregon ash, Oregon white oak, red alder, rose, blackberries, annual weeds and grasses.
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DISTRIBUTION AND EXTENT: Flood plains in western Oregon and Washington. The series is of moderate extent.
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon

SERIES ESTABLISHED: Southwestern Washington Reconnaissance, 1911.

REMARKS: Diagnostic horizons and features included in this pedon are:

Mollic epipedon - from the surface to 10 inches (Ap1 and Ap2 horizons).
Particle-size control section - from 10 to 40 inches averaging 66 percent rock fragments.

National Cooperative Soil Survey
US.A.
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Soil Taxonomy
0cm Order: Mollisols
5 em Suborder: Xerolls [Map of Suborders]
Greatgroup: Haploxerolls
Subgroup: Fluventic Haploxerolls
o5 o | Family: Sandy-skeletal, mixed, mesic Fluventic Haploxerolls
- Soil Series: Camas (Link to OSD) (Soil Series Explorer)
cm
22 Data: [Lab Data]
Raw Data Component  All Horizons
Land Classification
Storie Index NOT RATED
Land Capability Class [non-irrigated] 4-w
Land Capability Class [irrigated] 4-w
Ecological Site Description n/a
Forage Suitability Group n/a
Soil Suitability Ratings
Waste Related Engineering
Urban/Recreational Irrigation
Wildlife Runoff
Hydraulic and Erosion Ratings
Wind Erodibility Group (5)
Wind Erodibility Index 56
T Erosion Factor 3
Runoff
Drainage Excessively drained
159 em Hydric Rating / Hydrologic Group No [Group A]
Parent Material: recent alluvium derived from igneous and
Typical profile . sedimentary rock
Total Plant Available Water (cm): 7
Geomorphology
Landform flood plains
Plants
Symbol Scientific Name Common Name '%pg;
Organic Matter (%) Percent Clay Percent Sand Keg (mmihr) pH (1:1 H,0) K Factor
0.5 2 3 8 69 96 101 1080 6.5 0 02
Ocm Dem Dem Oem Oem Dem
38em T 38em | |38em | |38em 38em T 38em
T cm 7 ficm 7 ficm T fcm 7 Bem 7 ficm
114em 114em 114em 114em 114em 114em
162em 162cm 162cm 152em 152em 162cm
EC (dS/m SAR CaC0- (% UM% CEC at pH7 (cmol +| Linear Extensibility
JEHEE = SOl
0 0 0 0 8 15 1.5
Ocm Dem Dem Oem Oem Dem
38em 38em 38em 38em 38em 38em
T cm 7 ficm 7 ficm T fcm 7 Bem 7 ficm
114em 114em 114em 114em 114em 114em
162em 162em 162em 152em 152em 162em
Agriculture
AGR - Nitrate Leaching Potential, Nonirrigated (WA) High [1-1]
AGR - Nitrate Leaching Potential, Irrigated (WA) High [1-1]
Irrigation
WMS - Excavated Ponds (Aquifer-fed) Very limited [1-1]
WMS - Embankments, Dikes, and Levees Very limited [1-1]
WNWMS - Irrigation, Surface (level) Very limited [1-1]
WNWMS - Irrigation, Surface (graded) Very limited [1-1]
WS - Irrigation, Micro (above ground) Very limited [1-1]
WS - Irrigation, Micro (subsurface drip) Very limited [1-1]
WS - Irrigation, Sprinkler (close spaced outlet drops) Very limited [0.97-1]
WS - Irrigation, Sprinkler (general) Very limited [0.97-1]
WNWMS - Irrigation, General Very limited [1-1]
WNMS - Subsurface Water Management, System Performance Very limited [1-1]
WMS - Subsurface Water Management, System Installation Very limited [1-1]
WNMS - Subsurface Water Management, Outflow Quality Very limited [1-1]
WMS - Surface Water Management, System Somewhat limited [0.4-1]
WMS - Irrigation, Micro (subsurface drip) edited Very limited [1-1]
http://casoilresource.lawr.ucdavis.edu/soil_web/ssurgo.php?action=explain_component&mukey=64073&cokey=10918477 1/2
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WMS - Pond Reservoir Area

FOR - Potential Fire Damage Hazard

FOR - Potential Seedling Mortality

FOR - Log Landing Suitability (OR)

FOR - Road Suitability (Natural Surface) (OR)

FOR - Potential Erosion Hazard (Off-Road/Off-Trail)
FOR - Soil Rutting Hazard

FOR - Road Suitability (Natural Surface)

FOR - Potential Erosion Hazard (Road/Trail)

FOR - Log Landing Suitability

FOR - Construction Limitations for Haul Roads/Log Landings
FOR - Harvest Equipment Operability

FOR - Mechanical Site Preparation (Surface)
FOR - Mechanical Site Preparation (Deep)

FOR - Mechanical Planting Suitability

FOR - Hand Planting Suitability

AWM - Manure and Food Processing Waste

AWM - Land Application of Municipal Sewage Sludge

AWM - Rapid Infiltration Disposal of Wastewater

AWM - Irrigation Disposal of Wastewater

AWM - Land Application of Municipal Biosolids, summer (OR)
AWM - Land Application of Municipal Biosolids, spring (OR)
AWM - Land Application of Municipal Biosolids, winter (OR)
AWM - Slow Rate Process Treatment of Wastewater

AWM - Overland How Process Treatment of Wastewater

ENG - Construction Materials; Roadfill

ENG - Construction Materials; Gravel Source
ENG - Construction Materials; Sand Source
ENG - Construction Materials; Topsoil

ENG - Construction Materials; Reclamation
ENG- Septic Tank Absorption Felds

ENG - Unpaved Local Roads and Streets

ENG - Construction Materials; Gravel Source (OR)
ENG - Construction Materials; Sand Source (OR)
ENG - Construction Materials; Topsoil (OR)
ENG - Shallow Excavations

ENG - Dwellings W/O Basements

ENG - Dwellings With Basements

ENG - Small Commercial Buildings

ENG- Local Roads and Streets

ENG- Lawn, Landscape, Golf Fairway

ENG - Sanitary Landfill (Trench)

ENG- Sewage Lagoons

ENG- Sanitary Landfill (Area)

ENG - Daily Cover for Landfill

URB/REC - Off-Road Motorcycle Trails
URB/REC - Camp Areas

URB/REC - Picnic Areas

URB/REC - Paths and Trails

URB/REC - Playgrounds

DHS - Rubble and Debris Disposal, Large-Scale Event

DHS - Suitability for Clay Liner Material

DHS - Site for Composting Facility - Surface

DHS - Site for Composting Facility - Subsurface

DHS - Suitability for Composting Medium and Final Cover
DHS - Potential for Radioactive Sequestration

DHS - Potential for Radioactive Bioaccumulation

DHS - Catastrophic Mortality, Large Animal Disposal, Pit
DHS - Catastrophic Mortality, Large Animal Disposal, Trench

Very limited [1-1]
Forestry
Low [0-0]
High [1-1]
Poorly suited [1-1]
Poorly suited [1-1]
Slight [0-0]
Moderate [0.5-0.5]
Poorly suited [1-1]
Slight [0-0]
Poorly suited [1-1]
Severe [1-1]
Well suited [0-0]
Well suited [0-0.5]
Well suited [0-0]
Moderately suited
Well suited [0-0.5]
Waste Related
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Not limited [0-0]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Engineering
Good [0.7-1]
Fair [0-0.63]
Fair [0.33-0.88]
Poor [0-0]
Poor [0-0]
Very limited [1-1]
Very limited [1-1]
Fair [0-0.63]
Fair [0.29-0.82]
Poor [0-0]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Urban/ Recreational
Somewhat limited
Very limited [1-1]
Somewhat limited
Somewhat limited
Very limited [1-1]
DHS

[0.5-0.75]

[0.4-0.4]

[0.4-1]
[0.4-0.4]

Severely limited [1-1]

Poor [0-0]
Very limited [1-1]
Very limited [1-1]
Poor [0-0]

Moderate sequestration potential [0.35-0.62]
Low bioaccumulation potential [0-0.41]

Very limited [1-1]
Very limited [1-1]
Wildlife
Surface Runoff
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2/2



Official Series Description - CHITWOOD Series 11/24/2015

LOCATION CHITWOOD OR

Established Series
Rev. GEO/JAS/RWL
11/2012

CHITWOOD SERIES

The Chitwood series consists of very deep, somewhat poorly drained soils on coastal marine and valley terraces. They formed in
alluvium derived from sedimentary rocks. Slopes range from 0 to 15 percent. The mean annual temperature is about 52 degrees F.
and the mean annual precipitation is about 70 inches.

TAXONOMIC CLASS: Fine, isotic, isomesic Aquandic Humudepts

TYPICAL PEDON: Chitwood medial silt loam-improved pasture, on a 2 percent slope at an elevation of 80 feet. (Colors are for moist
soil unless otherwise noted.)

Ap--0 to 7 inches; very dark grayish brown (10YR 3/2) medial silt loam, grayish brown (10YR 5/2) dry; weak very fine granular
structure; slightly hard, friable, slightly sticky and slightly plastic; weakly smeary; many very fine roots; many very fine irregular pores;
strongly acid (pH 5.2); clear smooth boundary.

A--7 to 11 inches; very dark grayish brown (10YR 3/2) medial silt loam, grayish brown (10YR 5/2) dry; moderate very fine subangular
blocky structure; slightly hard, friable, slightly sticky and slightly plastic; weakly smeary; many very fine roots; many very fine and fine
irregular pores; very strongly acid (pH 5.0); clear smooth boundary. (Combined thickness of the A horizonis 7 to 20 inches thick)

BA--11 to 19 inches; dark brown (10YR 3/3) silty clay loam, brown (10YR 5/3) dry; moderate medium subangular blocky structure
parting to moderate very fine angular blocky; moderately hard, firm, moderately sticky and moderately plastic; common fine roots;
many very fine tubular pores; few fine faint continuous very dark grayish brown (10YR 3/2) organic stains on faces of peds; few fine
faint dark yellowish brown (10YR 4/4) and distinct yellowish brown (10YR 5/6) iron masses, irregular in the matrix; very strongly acid
(pH 5.0); clear smooth boundary. (0 to 11 inches thick)

Bw--19 to 29 inches; dark yellowish brown (10YR 3/4) silty clay, yellowish brown (10YR 5/4) dry; moderate medium subangular blocky
structure parting to weak very fine angular blocky; moderately hard, firm, moderately sticky and moderately plastic; few fine roots; few
fine and common very fine tubular pores; few distinct continuous very dark grayish brown (10YR 3/2) organic stains on faces of peds
and on surfaces along pores; many medium distinct strong brown (7.5YR 5/6) iron masses, irregular in the matrix, and common
medium distinct grayish brown (10YR 5/2) iron depletions, irregular in the matrix; very strongly acid (pH 5.0); clear smooth boundary.
(10 to 40 inches thick)

BC--29 to 60 inches; dark yellowish brown (10YR 3/4) silty clay loam, yellowish brown (10YR 5/4) dry; weak subangular blocky
structure; moderately hard, firm, moderately sticky and moderately plastic; few fine roots; common very fine tubular pores; common
distinct continuous very dark grayish brown (10YR 3/2) organic stains on faces of peds and on surfaces along pores; common coarse
and medium prominent strong brown (7.5YR 5/8) and yellowish red (5YR 5/6) iron masses, irregular in the matrix and common coarse
and medium distinct grayish brown (10YR 5/2) iron depletions, irregular in the matrix; common thin organic stains; very strongly acid
(pH 4.6).

TYPE LOCATION: Tillamook County, Oregon; about 1,500 feet south and 1,000 feet east of the northwest corner of section 10,
T.2S., R9OW.; USGS Tillamook topographic quadrangle; latitude 45 degrees 24 minutes 55 seconds N. and longitude 123 degrees
46 minutes 31 seconds W.; NAD 27.

RANGE IN CHARACTERISTICS: The soil is usually moist, is saturated with water extended periods during the winter, and is dry for
less than 45 consecutive days between the depths of about 4 to 12 inches after the summer solstice. Redox depletions with moist
chroma of 2 or less are at a depth of 18 to 24 inches and represent less than 50 percent of the matrix. The mean annual soil
temperature is 50 to 54 degrees F. The difference between mean summer and mean winter soil temperature varies from 5 to 9
degrees F under canopy cover. The umbric epipedonis 10 to 20 inches thick. The upper 6 to 10 inches has an estimated Alox + Feox
of 2.0 to 3.0 percent and a moist bulk density of 0.80 to 0.90 g/cc. The lower part to a depth of 20 inches, has Alox + Feox of 1.0 to 3.0
percent and a moist bulk density of 0.90 to 1.0 g/cc. Andic soil properties, when present, do not extend below a depth of 14 inches. A
substratum containing paragravel, paracobbles, and parastones is below a depth of 40 inches in some pedons.

The Ap or A horizon has hue of 10YR, value of 2 or 3 moist, 3 to 5 dry, and chroma of 2 or 3 moist and dry. Texture is dominantly
medial silt loam in the upper part and medial silt loam or silt loam in the lower part with 20 to 27 percent clay by field estimate. A few
areas are silty clay loam with 27 to 35 percent clay. It is extremely acid to moderately acid.

The BA horizon, when present, has hue of 10YR, value of 3 moist, 3 through 5 dry, and chroma of 3 moist and dry. Texture is silty clay
loam with 30 to 37 percent clay. It is extremely acid to strongly acid

The Bw horizon has value of 3 through 6 moist, 4 through 7 dry and chroma of 2 through 4 moist and dry. Texture is silty clay or silty
clay loam with 35 to 45 percent clay. It is extremely acid to strongly acid.

https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CHITWOOD.html 1/2



Official Series Description - CHITWOOD Series 11/24/2015

The BC or C horizon, when present, has hue of 10YR or 2.5Y, value of 3 through 6 moist, 4 through 7 dry, and chroma of 1 through 4
moist and 2 through 4 dry. Texture is silty clay loam or silty clay with 35 to 45 percent clay and 0 to 10 percent paragravel.

COMPETING SERIES: This is the Wishkah series. Wishkah soils have an ochric epipedon and texture control section averaging 40
to 50 percent clay.

GEOGRAPHIC SETTING: The Chitwood soils are on coastal marine and valley terraces. Slopes are 0 to 15 percent. The soils
formed in mixed old fine textured alluvial deposits from sedimentary rocks. Elevations range from 20 to 400 feet. The climate is
characterized by cool wet winters and cool moist summers with fog and low clouds. The mean annual precipitation is 60 to 100
inches. The average January temperature is 43 degrees F. and the average July temperature is 61 degrees F. The mean annual
temperature is 48 to 53 degrees F. The frost-free season is 160 to 300 days. These soils are on the Whiskey Run geomorphic
surface.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Hebo and Knappa soils. Hebo soils have aquic conditions with redox
concentrations at a depth of 10 inches or less. Knappa soils are well drained and have a texture control section that averages less
than 35 percent clay. Hebo soils are on concave areas of terraces and Knappa soils are on nearly level to convex areas of terraces.

DRAINAGE AND PERMEABILITY: Somewhat poorly drained; slow permeability. An apparent high water table is at its uppermost
limit from November through May.

USE AND VEGETATION: The soils are used for pasture and forage crops. Native vegetation is mainly of Douglas-fir, western
hemlock, western redcedar, Sitka spruce, and red alder, rose, scattered rushes and sedges, vine maple, salmonberry, western
swordfern, red elderberry, and grasses.

DISTRIBUTION AND EXTENT: Coastal valley and marine terraces of Western Oregon; MLRA 4A. The series is moderately
extensive.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Tillamook County, Oregon, 1961.

REMARKS: Diagnostic horizons and features in this pedon include:

Umbric epipedon - from the surface to 19 inches (Ap, A and BA horizon).

Cambic horizon - from 19 to 29 inches (Bw horizon)

Aquic feature common redox depletions beginning at a depth of 19 inches (Bw horizons).

Andic subgroup feature - from 0 to 11 inches (Ap and A horizon) qualifying for andic soil properties. Based on data from NSSL
sample S020R-007-002 and on data collected for similar soils.

A proposal was submitted to NSSC (2000) to revise the definition of medial to also include those soil properties qualifying for the
Andic subgroup under criteria #1 for andic soil properties. If accepted, medial modifiers would be used for those horizons meeting the
andic subgroup criteria although not meeting andic soil properties.

National Cooperative Soil Survey
US.A.
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Soil Taxonomy

Order: Inceptisols
Suborder: Tropepts [Map of Suborders]
Greatgroup: Humitropepts
18 cm | Subgroup: Aquic Humitropepts
Family: Fine, mixed, isomesic Aquic Humitropepts
28 cm | Soil Series: Chitwood  (Link to OSD) (Soil Series Explorer)
Data: [Lab Data]
T Raw Data Component  All Horizons
Land Classification
Storie Index NOT RATED
Land Capability Class [non-irrigated] 3-e
74 em Land Capability Class [irrigated] 3¢
Ecological Site Description n/a
Forage Suitability Group n/a
Soil Suitability Ratings
Waste Related Engineering
Urban/Recreational Irrigation
Wildlife Runoff
Hydraulic and Erosion Ratings
Wind Erodibility Group 6
Wind Erodibility Index 48
T Erosion Factor 5
Runoff
Drainage Somewhat poorly drained
159 em Hydric Rating / Hydrologic Group No [Group C]
Parent Material: clayey alluvium derived from mixed sources
Typical profile Total Plant Available Water (cm): 30.88
Geomorphology
Landform stream terraces
Plants
Symbol Scientific Name Common Name Rs:‘g;
Organic Matter (%) | Percent Clay Percent Sand Keat (mmvhr) pH(1:1 H,0) K¢ Factor
2 5 1B 38 8 35 3 1343 43 4.6 03 04
Oem Oem Oem — |0cm ] Oem Oem
40cm 40ecm 40ecm 40cm 40cm 40ecm
G0cm 80cm 80cm G0cm 80cm 80cm
120em 120cm 120cm 120em 120em 120cm
160cm 160cm 160cm 160cm 160cm 160cm
EC (dS/m) SAR CaC0a (% um (%) CEC at pH7 (cmol + | Linear Extensibility
0 0 0 0 21 22 16 45
Oem Oem Oem Oem Oem Oem
40cm 40ecm 40ecm 40cm 40cm 40ecm
G0cm 80cm 80cm G0cm 80cm 80cm
120em 120cm 120cm 120em 120em 120cm
160em 160cm 160cm 160em 160em 160cm
Agriculture
AGR - Nitrate Leaching Potential, Nonirrigated (WA) Moderately high [0.6-0.61]
AGR - Nitrate Leaching Potential, Irrigated (WA) Moderately high [0.6-0.62]
Irrigation
WS - Excavated Ponds (Aquifer-fed) Very limited [1-1]
WNMS - Embankments, Dikes, and Levees Somewhat limited [1-1]
WMS - Irrigation, Surface (level) Very limited [0.99-1]
WMS - Irrigation, Surface (graded) Very limited [0.99-1]
WMS - Irrigation, Micro (above ground) Very limited [0.99-1]
WMS - Irrigation, Micro (subsurface drip) Very limited [0.99-1]
WMS - Irrigation, Sprinkler (close spaced outlet drops) Somewhat limited [0-1]
WMS - Irrigation, Sprinkler (general) Somewhat limited [0-1]
WMS - Irrigation, General Very limited [0.99-1]
WMS - Subsurface Water Management, System Performance Somewhat limited [0-1]
WMS - Subsurface Water Management, System Installation Somewhat limited [0.01-0.03]
WMS - Subsurface Water Management, Outflow Quality Somewhat limited [0.99-1]
WMS - Surface Water Management, System Somewhat limited [0-1]
WMS - Irrigation, Micro (subsurface drip) edited Very limited [0.99-1]
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Soilweb 11/24/2015
WMS - Pond Reservoir Area Somewhat limited [0-0.92]
Forestry
FOR - Potential Aire Damage Hazard Low [0-0]
FOR - Potential Seedling Mortality Low [0-1]
FOR - Log Landing Suitability (OR) Moderately suited [0.5-1]
FOR - Road Suitability (Natural Surface) (OR) Moderately suited [0.5-1]
FOR - Potential Erosion Hazard (Off-Road/Off-Trail) Slight [0-0]
FOR - Soil Rutting Hazard Severe [1-1]
FOR - Road Suitability (Natural Surface) Moderately suited [0.5-1]
FOR - Potential Erosion Hazard (Road/Trail) Moderate [0-0.5]
FOR - Log Landing Suitability Moderately suited [0.5-1]
FOR - Construction Limitations for Haul Roads/Log Landings Moderate [0.5-0.5]
FOR - Harvest Equipment Operability Moderately suited [0.5-0.5]
FOR - Mechanical Site Preparation (Surface) Well suited [0-0]
FOR - Mechanical Site Preparation (Deep) Well suited [0-0]
FOR - Mechanical Planting Suitability Well suited [0-0.5]
FOR - Hand Planting Suitability Well suited [0-0]
Waste Related
AWM - Manure and Food Processing Waste Very limited [1-1]
AWM - Land Application of Municipal Sewage Sludge Very limited [1-1]
AWM - Rapid Infiltration Disposal of Wastewater Very limited [1-1]
AWM - Irrigation Disposal of Wastewater Very limited [1-1]
AWM - Land Application of Municipal Biosolids, summer (OR) Not limited [0-0]
AWM - Land Application of Municipal Biosolids, spring (OR) Very limited [1-1]
AWM - Land Application of Municipal Biosolids, winter (OR) Very limited [1-1]
AWM - Slow Rate Process Treatment of Wastewater Very limited [1-1]
AWM - Overland Aow Process Treatment of Wastewater Very limited [1-1]
Engineering
ENG- Construction Materials; Roadfill Poor [0-0]
ENG- Construction Materials; Gravel Source Poor [0-0]
ENG - Construction Materials; Sand Source Poor [0-0]
ENG - Construction Materials; Topsoil Fair [0.01-0.53]
ENG- Construction Materials; Reclamation Fair [0.27-0.5]
ENG - Septic Tank Absorption Fields Very limited [1-1]
ENG - Unpaved Local Roads and Streets Very limited [1-1]
ENG - Construction Materials; Gravel Source (OR) Poor [0-0]
ENG - Construction Materials; Sand Source (OR) Poor [0-0]
ENG - Construction Materials; Topsoil (OR) Fair [0.01-0.53]
ENG- Shallow Excavations Very limited [1-1]
ENG - Dwellings W/O Basements Somewhat limited [0.39-0.39]
ENG- Dwellings With Basements Very limited [1-1]
ENG - Small Commercial Buildings Somewhat limited [0.39 - 0.88]
ENG- Local Roads and Streets Very limited [1-1]
ENG- Lawn, Landscape, Golf Fairway Somewhat limited [0.19-0.19]
ENG- Sanitary Landfill (Trench) Very limited [1-1]
ENG- Sewage Lagoons Very limited [1-1]
ENG- Sanitary Landfill (Area) Very limited [1-1]
ENG - Daily Cover for Landfill Somewhat limited [0.86-0.93]
Urban / Recreational
URB/REC - Off-Road Motorcycle Trails Not limited [0-0]
URB/REC - Camp Areas Somewhat limited [0.85-1]
URB/REC - Picnic Areas Somewhat limited [0.85-1]
URB/REC - Paths and Trails Not limited [0-0]
URB/REC - Playgrounds Somewhat limited [0.85-1]
DHS
DHS - Rubble and Debris Disposal, Large-Scale Event Severely limited [1-1]
DHS - Suitability for Clay Liner Material Poor [0-0]
DHS - Site for Composting Facility - Surface Very limited [1-1]
DHS - Site for Composting Facility - Subsurface Very limited [1-1]
DHS - Suitability for Composting Medium and Final Cover Fair [0.01-0.53]
DHS - Potential for Radioactive Sequestration Low sequestration potential [0.2-0.26]
DHS - Potential for Radioactive Bioaccumulation Moderate bioaccumulation potential [0.32-0.32]
DHS - Catastrophic Mortality, Large Animal Disposal, Pit Very limited [1-1]
DHS - Catastrophic Mortality, Large Animal Disposal, Trench Very limited [1-1]
Wildlife
Surface Runoff
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Official Series Description - CLOQUATO Series 11/24/2015

LOCATION CLOQUATO WA+OR

Established Series
Rev. ARH/DRJ/RWL
07/2006

CLOQUATO SERIES

The Cloquato series consists of very deep, well drained soils formed in mixed alluvium. Cloquato soils are on flood plains at
elevations of 30 to 800 feet. Slopes are 0 to 5 percent. The mean annual temperature is about 52 degrees F. and the average annual
precipitation is about 50 inches.

TAXONOMIC CLASS: Coarse-silty, mixed, superactive, mesic Cumulic Ultic Haploxerolls
TYPICAL PEDON: Cloquato silt loam - cultivated. (Colors are for moist soil unless otherwise noted.)

Ap--0 to 7 inches; very dark grayish brown (10YR 3/2) silt loam, dark grayish brown (10YR 4/2) dry; moderate medium and coarse
granular structure; slightly hard, very friable, slightly sticky and slightly plastic; many fine roots; moderately acid; abrupt smooth
boundary. (4 to 9 inches thick)

A1--7 to 12 inches; very dark grayish brown (10YR 3/2) silt loam, brown (10YR 4/3) dry; moderate medium and coarse granular
structure ; slightly hard, very friable, many fine roots; many fine and medium pores; slightly acid; clear smooth boundary. (4 to 12
inches thick)

A2--12 to 40 inches; dark brown (10YR 3/3) silt loam, brown (10YR 5/3) dry; weak fine subangular blocky structure; slightly hard, very
friable; common fine roots; many fine and medium pores; neutral; abrupt smooth boundary. (0 to 32 inches thick)

2Cl-- 40 to 52 inches; dark grayish brown (10YR 4/2) stratified sandy loam to silt loam, grayish brown (10YR 5/2) dry; weak medium
subangular blocky structure; soft, very friable; few fine roots; many fine and medium tubular pores; neutral; abrupt smooth boundary. (10
to 20 inches thick)

3C2--52 to 72 inches; light brownish gray (2.5Y 6/2) stratified sand to fine sandy loam, dark grayish brown (2.5Y 4/2) dry; single grain;
loose; few fine roots; neutral.

TYPE LOCATION: Clark County, Washington; 1,500 feet west of northeast corner section. 31, T.5N., R. | E.

RANGE IN CHARACTERISTICS: The mean annual soil temperature ranges from 47 to 54 F. These soils are usually moist but are
dryin all parts between depths of 4 and 12 inches for 45 to 60 consecutive days. The mollic epipedon ranges from 20 to more than 40
inches thick. The particle-size control section is

dominantly silt loam and contains 5 to 18 percent clay with less than 15 percent fine sand or coarser. The soil profile has a hue of I0YR
or 2.5Y.

The A horizon has value of 2 or 3 moist and 4 or 5 dry, and chroma of 2 or 3 moist or dry. It has weak or moderate granular or
subangular blocky structure. This horizon is moderately acid or slightly acid in the upper part and grades to slightly acid or neutral in
the lower part.

A Bw horizon, when present, has value of 3 or 4 moist, 4 to 6 clay, and chroma of 2 to 4 moist and dry. It is slightly acid to neutral. It has
weak prismatic or weak to moderate subangular blocky structure.

The 2C and 3C horizons have value of 3 through 6 moist or dry, and chroma of 2 through 4 moist or dry. Texture is silt loam, loam, very
fine sandy loam, sandy loam, loamy sand or sand with 2 to 15 percent clay and is commonly stratified. The sandy loam, loamy sand or
sand textures do not occur above a depths of 40 inches. It has 0 to 10 percent gravel. It has weak subangular blocky structure or is
massive or single grain. Reaction is neutral or slightly acid.

COMPETING SERIES: There are no other series in this family, however, similar soils include Chapman, Chehalis and McBee series.
All of these soils have more than 18 percent clay in the particle-size control section. In addition, McBee soils are moderately well
drained. Chapman soils have more than 15 percent fine sand and coarser.

GEOGRAPHIC SETTING: These soils are on flood plains at elevations of 30 to 800 feet. Slopes are 0 to 5 percent. These soils
formed in mixed alluvium. Cloquato soils occur in a climate characterized by relatively cool dry summers and cool wet winters.
Average annual precipitation is 38 to 70 inches. Average January temperature is 30 to 40 degrees F., average July temperature is 65
to 67 degrees F., and mean annual temperature is 50 to 54 degrees F. The growing season (28F) ranges from 150 to 240 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Camas, Chapman, Chehalis, McBee, Newberg, Pilchuck, and Wapato
soils. Camas soils are sandy-skeletal. Pilchuck soils are sandy. Camas and Philchuck soils are on bar positions. Newberg soils are
coarse-loamy and have a mollic epipedon less than 20 inches thick. Wapato soils are poorly drained and are in depressions on flood
plains. Chapman soils are on higher flood plains. McBee soils are in depressions on flood plains.

DRAINAGE AND PERMEABILITY: Well-drained; slow runoff; moderate permeability. These soils are subject to occasional flooding
for brief periods from November to March unless protected.
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USE AND VEGETATION: This soil is used for cropland, pasture and woodland. Hay, winter wheat, oats, corn for silage, potatoes,
strawberries and raspberries are common crops. Native vegetation is Douglas-fir, red alder, western redcedar, and bigleaf maple
with an understory of western swordfern, vine maple, western brakenfern, salal, oregongrape, trailing blackberry, salmonberry and red
huckleberry.

DISTRIBUTION AND EXTENT: Western Washington and northwestern Oregon; MLRA 2. The series is of moderate extent.
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon

SERIES ESTABLISHED: Grays Harbor County, Washington, 1970.
REMARKS: Diagnostic horizons and features recognized in this pedon are:

Mollic epipedon - the zone from 0 to 40 inches with an assumed irregular decrease in organic carbon with depth.
Ultic feature - base saturation (sum) of 75 percent or less in at least one horizon between 10 and 50 inches.
Particle-size control section - the zone from 10 to 40 inches.

ADDITIONAL DATA,; National Soil Survey Lab soil survey sample numbers: S620R-071-015 and S620R-071-016.

National Cooperative Soil Survey
US.A.
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SoilWeb

11/24/2015

Soil Taxonomy

Drvam 0 | Order: Mollisols
Suborder: Xerolls [Map of Suborders]
Greatgroup: Haploxerolls
18 cm | Subgroup: Cumulic Ultic Haploxerolls
Family: Coarse-silty, mixed, mesic Cumulic Ultic Haploxerolls
Soil Series: Cloquato  (Link to OSD) (Soil Series Explorer)
Data: [Lab Data]
Raw Data Component  All Horizons
Land Classification
Storie Index NOT RATED
Land Capability Class [non-irrigated] 2-w
Land Capability Class [irrigated] -
Ecological Site Description n/a
Forage Suitability Group n/a
Soil Suitability Ratings
Waste Related Engineering
2| Urban/Recreational Irrigation
= Wildlife Runoff
Hydraulic and Erosion Ratings
Wind Erodibility Group 5)
Wind Erodibility Index 56
aca 132 cm| T Erosion Factor 5
Runoff
Drainage Well drained
Hydric Rating / Hydrologic Group No [Group B]
Parent Material: alluvium
Total Plant Available Water (cm): 36.01
Geomorphology
Landform flood plains
183
" Plants
Typical profile
Symbol Scientific Name Common Name
oMy Polystichum munitum western swordfern
RUSP Rubus spectabilis salmonberry
ACCI Acer circinatum vine maple
GASH Gaultheria shallon salal
RUUR Rubus ursinus trailing blackberry
PTAQP2  Preridium aquilinum var. pubescens hairy brackenfern
MANE2 Mahonia nervosa Cascade Oregongrape
VAPA Vaccinium parvifolium red huckleberry
Organic Matter (%) | Percent Clay Percent Sand Ke (mm/hr) pH(:1 H,0) K;Factor
1 8 [ 0 2 22 3 101 G1 6.0 04 0.6
Oem Oem Oem Oem ]_ Oem Oem
E3em E3em E3em E3em E3em E3em
106ecm 106cm 106cm 106cm 10fcm 106cm
168em 168cm 168cm 158em 158em 168cm
21lem 21lem 21lem 21lem 21lem 21lem
EC(dS/m) SAR CaC0s (% S (% CEC atcmol + Lin%B%eMX
0 0 0 0 4 18 1.5
Ocm Dem Dem Oem Oem Dem
BE3em E3em E3em BE3em B3em E3em
106Gem 106em 106em 106Gem 106Gem 106em
188em 188em 188em 158em 158em 188em
21lem 21lem 21lem 21lem 21lem 21lem
Agriculture
AGR - Nitrate Leaching Potential, Nonirrigated (WA) High [0.83-0.83]
AGR - Nitrate Leaching Potential, Irrigated (WA) High [1-1]
Irrigation

WMS - Excavated Ponds (Aquifer-fed)
WM - Embankments, Dikes, and Levees

WNS - Irrigation, Surface (level)
WM - Irrigation, Surface (graded)

WS - Irrigation, Micro (above ground)
WS - Irrigation, Micro (subsurface drip)
WMS - Irrigation, Sprinkler (close spaced outlet drops)

WMS - Irrigation, Sprinkler (general)

Very limited [1-1]

Very limited [1-1]
Somewhat limited [0.69-1]
Somewhat limited [0.69-1]
Somewhat limited [0.4-0.4]
Somewhat limited [0.4-0.4]
Somewhat limited [0.4 - 0.48]
Somewhat limited [0.4-0.4]
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Soilweb 11/24/2015
WMS - Irrigation, General Somewhat limited [0.69 - 0.99]
WNMS - Subsurface Water Management, System Performance Very limited [1-1]

WNMS - Subsurface Water Management, System Installation Very limited [1-1]
WMS - Subsurface Water Management, Outflow Quality Somewhat limited [0.22-0.22]
WNWMS - Surface Water Management, System Not limited [0-0]
WMS - Irrigation, Micro (subsurface drip) edited Somewhat limited [0.4-0.4]
WMS - Pond Reservoir Area Very limited [1-1]
Forestry
FOR - Potential Aire Damage Hazard Low [0-0]
FOR - Potential Seedling Mortality Low [0-0]
FOR - Log Landing Suitability (OR) Moderately suited [0.5-0.5]
FOR - Road Suitability (Natural Surface) (OR) Moderately suited [0.5-0.5]
FOR - Potential Erosion Hazard (Off-Road/Off-Trail) Slight [0-0]
FOR - Soil Rutting Hazard Severe [1-1]
FOR - Road Suitability (Natural Surface) Moderately suited [0.5-0.5]
FOR - Potential Erosion Hazard (Road/Trail) Slight [0-0.5]
FOR - Log Landing Suitability Moderately suited [0.5-0.5]
FOR - Construction Limitations for Haul Roads/Log Landings Moderate [0.5-0.5]
FOR - Harvest Equipment Operability Moderately suited [0.5-0.5]
FOR - Mechanical Site Preparation (Surface) Well suited [0-0]
FOR - Mechanical Site Preparation (Deep) Well suited [0-0]
FOR - Mechanical Planting Suitability Well suited [0-0]
FOR - Hand Planting Suitability Well suited [0-0]
Waste Related
AWM - Manure and Food Processing Waste Somewhat limited [0.6 - 0.6]
AWM - Land Application of Municipal Sewage Sludge Very limited [1-1]
AWM - Rapid Infiltration Disposal of Wastewater Very limited [0.96 - 1]
AWM - Irrigation Disposal of Wastewater Somewhat limited [0.6-0.67]
AWM - Land Application of Municipal Biosolids, summer (OR) Not limited [0-0]
AWM - Land Application of Municipal Biosolids, spring (OR) Not limited [0-0]
AWM - Land Application of Municipal Biosolids, winter (OR) Very limited [1-1]
AWM - Slow Rate Process Treatment of Wastewater Somewhat limited [0.6 - 0.67]
AWM - Overland Aow Process Treatment of Wastewater Very limited [1-1]
Engineering
ENG- Construction Materials; Roadfill Fair [0.81-0.81]
ENG - Construction Materials; Gravel Source Poor [0-0]
ENG - Construction Materials; Sand Source Poor [0-0]
ENG - Construction Materials; Topsoil Fair [0.91-0.91]
ENG - Construction Materials; Reclamation Fair [0.68 - 0.68]
ENG- Septic Tank Absorption Fields Very limited [1-1]
ENG- Unpaved Local Roads and Streets Very limited [1-1]
ENG - Construction Materials; Gravel Source (OR) Poor [0-0]
ENG - Construction Materials; Sand Source (OR) Poor [0-0]
ENG - Construction Materials; Topsoil (OR) Good [1-1]
ENG- Shallow Excavations Somewhat limited [0.6-0.6]
ENG - Dwellings W/O Basements Very limited [1-1]
ENG- Dwellings With Basements Very limited [1-1]
ENG - Small Commercial Buildings Very limited [1-1]
ENG- Local Roads and Streets Very limited [1-1]
ENG- Lawn, Landscape, Golf Fairway Somewhat limited [0.6 - 0.6]
ENG - Sanitary Landfill (Trench) Very limited [1-1]
ENG- Sewage Lagoons Very limited [1-1]
ENG- Sanitary Landfill (Area) Very limited [1-1]
ENG - Daily Cover for Landfill Somewhat limited [0.06 - 1]
Urban / Recreational
URB/REC - Off-Road Motorcycle Trails Somewhat limited [0.06 - 0.06]
URB/REC - Camp Areas Very limited [1-1]
URB/REC - Picnic Areas Somewhat limited [0.06 - 0.06]
URB/REC - Paths and Trails Somewhat limited [0.06 - 0.06]
URB/REC - Playgrounds Somewhat limited [0.6 - 0.6]
DHS
DHS - Rubble and Debris Disposal, Large-Scale Event Severely limited [1-1]
DHS - Suitability for Clay Liner Material Poor [0-0]
DHS - Site for Composting Facility - Surface Very limited [1-1]
DHS - Site for Composting Facility - Subsurface Very limited [1-1]
DHS - Suitability for Composting Medium and Final Cover Good [1-1]
DHS - Potential for Radioactive Sequestration Moderately high sequestration potential [0.73-0.83]
DHS - Potential for Radioactive Bioaccumulation Low bioaccumulation potential [0-0.07]
DHS - Catastrophic Mortality, Large Animal Disposal, Pit Very limited [1-1]
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DHS - Catastrophic Mortality, Large Animal Disposal, Trench Very limited [1-1]
Wildlife
Surface Runoff
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Official Series Description - COQUILLE Series 11/24/2015

LOCATION COQUILLE OR+CA WA

Established Series
Rev. JAS/TDT/RWL
02/2011

COQUILLE SERIES

The Coquille series consists of very deep, very poorly drained soils that formed in mixed alluvium along tidal influenced flood plains.
Slopes are 0 to 1 percent. The mean annual temperature is about 51 degrees F. and the mean annual precipitation is about 80
inches.

TAXONOMIC CLASS: Fine-silty, mixed, superactive, nonacid, isomesic Fluvaquentic Endoaquepts
TYPICAL PEDON: Coquille silt loam, native vegetation. (Colors are for moist soil unless otherwise noted.)

A--0 to 6 inches; very dark gray (10YR 3/1) silt loam, gray (10YR 5/1) dry; weak medium subangular blocky structure; slightly hard,
friable, slightly sticky and slightly plastic; many very fine and fine roots; many very fine irregular pores; moderately acid (pH 5.8); clear
smooth boundary. (4 to 7 inches thick)

Bw--6 to 16 inches; dark grayish brown (10YR 4/2) silt loam, grayish brown (10YR 5/2) dry; weak medium subangular blocky structure;
slightly hard, friable, moderately sticky and slightly plastic; common very fine roots; many very fine tubular pores; many very fine distinct
dark yellowish brown (10YR 4/6) redox concentrations; moderately acid (pH 6.0); clear smooth boundary. (8 to 20 inches thick)

C2--16 to 30 inches; dark grayish brown (10YR 4/2) silt loam, light brownish gray (10YR 6/2) dry; massive; slightly hard, friable, slightly
sticky and slightly plastic; common very fine roots; many very fine tubular pores; many very fine and fine, prominent strong brown
(7.5YR 5/6) redox concentrations; moderately acid (pH 6.0); clear smooth boundary. (8 to 30 inches thick)

2Cg--30 to 60 inches; dark gray (5Y 4/1) silt loam, light brownish gray (2.5Y 6/2) dry; massive; slightly hard, friable, slightly sticky and
slightly plastic and very fluid; common very fine roots; many very fine tubular pores; slightly acid (pH 6.4).

TYPE LOCATION: Clatsop County, Oregon; about 175 feet N.E. of boat ramp slough; SE1/4SW1/4NW1/4 section 13, T.8 N, R. 9
W.

RANGE IN CHARACTERISTICS: The soil has a permanent high water table at or near the surface and fluctuates with the tides
unless diked and drained. Extreme high tides and high tides along with peak freshwater flows inundate the soil unless protected by
dikes or levees. The mean annual soil temperature is 47 to 54 degrees F. The difference between mean summer and mean winter
soil temperature varies from 5 to 9 degrees F. Depth to the massive dark gray 2Cg horizon is 24 to 50 inches. The particle-size
control section averages 20 to 35 percent clay and less than 15 percent coarser than very fine sand. Under natural conditions soil pH
is moderately acid to neutral. When diked and drained soil pH is extremely acid to very strongly acid, but may be strongly acid to
moderately acid below 40 inches.

The A horizon has hue of 2.5Y or 10YR, value of 3 or 4 moist, 5 or 6 dry and chroma of 1 or 3. ltis silt loam or silty clay loam and has
20 to 30 percent clay.

The C horizon has hue of 10YR, 2.5Y or 5Y, value of 3 or 4 moist, 6 or 7 dry and chroma of 2. It is silt loam or silty clay loam and has 20
to 35 percent clay. In some pedons it has thin lenses of fibrous peat less than 4 inches thick or has thin sand layers. It has common or
many distinct or prominent redox concentrations with 10YR to 5YR hue.

The 2C or 2Cg horizon has hue of 2.5Y to 5BG, value of 2.5, 3 or 4 moist, 6 or 7 dry and chroma of 1 or less moist and 2 or less dry. It
consists of bay sediments stratified with medium to fine textured materials and thin fine lenses of peat and coarse textured materials.
Some pedons have fine sand substratums below 40 inches. It is loam, silty clay loam, silty clay or clay with 25 to 65 percent clay.

COMPETING SERIES: There are no competing series.

GEOGRAPHIC SETTING: Coquille soils have formed in slightly higher areas of tide influenced flood plains along bays and streams
that flow into the ocean. The soils formed in recent alluvium over massive bay sediments. Slopes are 0 to 1 percent. They are at
elevations of 0 to 20 feet and are subject to tidal and freshwater overflow unless protected by dikes or levees. The climate is
characterized by cool moist summers and cool wet winters. The mean annual precipitation is 60 to 120 inches. The average July
temperature is about 59 degrees F. the average January temperature is about 38 degrees F. The mean annual air temperature is 45
to 54 degrees F. The frost-free season is 180 to 245 days. The soils are on the Ingram geomorphic surface.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Brallier, Brenner, Clatsop, Nehalem and Nestucca soils. Brallier soils
are Histosols. Brenner, Nehalem and Nestucca soils have umbric epipedons and are on flood plains. Clatsop soils have a histic
epipedon.

DRAINAGE AND PERMEABILITY: Very poorly drained; very slow runoff or ponded; slow permeability. Subject to tidal and
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freshwater overflow unless protected by dikes or levees.

USE AND VEGETATION: Native vegetation consists primarily of willow, salmonberry, tussocks, tufted hairgrass, Oregon gumweed,
Douglas aster, saltgress, seaside plaintain and pickleweed.. Where protected by dikes or levees and drained, permanent pasture is
the major use. In the unprotected area, Coquille soils are important for wetland wildlife habitat.

DISTRIBUTION AND EXTENT: Tide influenced areas of western Oregon, California and Washington; MLRA 4A and 4B. The series
is not extensive.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Marshfield Area, Oregon, 1909.

REMARKS: Diagnostic horizons and features recognized in this pedon:

Ochric epipedon - from the surface to 6 inches (A horizon)

Cambic horizon from 6 to 16 inches (Bw horizon)

Aquic moisture regime - chroma of 2 or less with redox concentrations at 6 inches.

Drained areas would be re-correlated to the Nuby Series. Nuby soils have similar landscape position and are in the acid family.

National Cooperative Soil Survey
USA.
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Soil Taxonomy

— 0cm Order: Inceptisols
Suborder: Aquepts [Map of Suborders]
15 em Greatgroup:  Endoaquepts
Subgroup: Fluvaquentic Endoaquepts
Family: Fine-silty, mixed, superactive, nonacid, isomesic Fluvaquentic Endoaquepts
Soil Series:  Coquille  (Link to OSD) (Soil Series Explorer)
41 cm | Data: [Lab Data]
Raw Data Component  All Horizons
Land Classification
Storie Index NOT RATED
Land Capability Class [non-irrigated] 5w
Land Capability Class [irrigated] -
76 cm | Ecological Site Description n/a
Forage Suitability Group n/a
Soil Suitability Ratings
Waste Related Engineering
Urban/Recreational Irrigation
Wildlife Runoff
Hydraulic and Erosion Ratings
Wind Erodibility Group 6
Wind Erodibility Index 48
T Erosion Factor 5
Runoff
Drainage Very poorly drained
159 Hydric Rating / Hydrologic Group Yes (Wooded under natural conditions) [Group C/D]
cm . ) o
] Parent Material: estuarine deposits
Typical profile Total Plant Available Water (cm): 29.84
Geomorphology
Landscape lowlands
Landform tidal marshes
Landform estuaries
Plants
Symbol Scientific Name Common Name ?pg;
ALRU2 Alnus rubra red alder
PISI Picea sitchensis Sitka spruce
DECA18 Deschampsia caespitosa tufted hairgrass
JUNCU Juncus rush
CAREX Carex sedge
RANUN Ranunculus buttercup
SALIX Salix willow
FESTU Festuca fescue
AREGE Argentina egedii ssp. egedii Pacific silverweed
Organic Matter (%) Percent Clay Percent Sand Kea (mm/hr) pH (1:1 H,0) K Factor
53 7 22 28 T 11 3 32 58 6.8 04 04
Oem Oem _] Oem Ocm Ccm Oem
38em 38em 38em 38em 38em 38em
T Bem 7 icm 7 icm Them 7 em 7 icm
114em 114em 114em 114em 11dem 114em
152em 152em 152em 152em 152em 152em
EC (dS/m) SAR CaC0- (% um (% CEC at pH7 (cmol +| Linear Extensibility
1 2 0 0 0 20 28 15 45
Oem O O Ocm Ocrm O
38cm 38cm 38cm 38em 38em 38cm
TBcm 7 icm 7 icm Thecm 7 iem 7 icm
114em 114em 114em 114em 11dem 114em
152em 152em 152em 152em 152em 152em
Agriculture
AGR - Nitrate Leaching Potential, Nonirrigated (WA) Low [0.1-0.1]
AGR - Nitrate Leaching Potential, Irrigated (WA) Moderately high [0.6-0.6]
Irrigation

WS - Excavated Ponds (Aquifer-fed)
WM - Embankments, Dikes, and Levees
WS - Irrigation, Surface (level)

WS - Irrigation, Surface (graded)

WS - Irrigation, Micro (above ground)

Somewhat limited [0.1-0.89]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]
Very limited [1-1]

http://casoilresource.lawr.ucdavis.edu/soil_web/ssurgo.php?action=explain_component&mukey=64605&cokey=10917627

1/3


http://soils.ag.uidaho.edu/soilorders/inceptisols.htm
http://soils.usda.gov/technical/classification/orders/inceptisols_map.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/COQUILLE.html
http://casoilresource.lawr.ucdavis.edu/see/#coquille
http://ncsslabdatamart.sc.egov.usda.gov/querypage.aspx
http://casoilresource.lawr.ucdavis.edu/soil_web/component_data.php?cokey=10917627&action=component
http://casoilresource.lawr.ucdavis.edu/soil_web/component_data.php?cokey=10917627&action=horizon
http://anrcatalog.ucdavis.edu/pdf/8335.pdf
http://soils.usda.gov/technical/handbook/contents/part622.html#cap_cls
http://soils.usda.gov/technical/handbook/contents/part622.html#cap_cls
http://esis.sc.egov.usda.gov/Welcome/pgESDWelcome.aspx
http://esis.sc.egov.usda.gov/Welcome/pgESDWelcome.aspx
http://soils.usda.gov/technical/handbook/contents/part618.html#ex16
http://soils.usda.gov/technical/handbook/contents/part618ex.html#ex16
http://soils.usda.gov/technical/handbook/contents/part618.html#ex16
http://soils.usda.gov/technical/handbook/contents/part618ex.html#ex16
http://soils.usda.gov/technical/handbook/contents/part618.html#62
http://soils.usda.gov/technical/handbook/contents/part618.html#62
http://soils.usda.gov/technical/handbook/contents/part618.html#35
http://soils.usda.gov/technical/handbook/contents/part618.html#35
http://plants.usda.gov/java/profile?symbol=ALRU2
http://plants.usda.gov/java/profile?symbol=PISI
http://plants.usda.gov/java/profile?symbol=DECA18
http://plants.usda.gov/java/profile?symbol=JUNCU
http://plants.usda.gov/java/profile?symbol=CAREX
http://plants.usda.gov/java/profile?symbol=RANUN
http://plants.usda.gov/java/profile?symbol=SALIX
http://plants.usda.gov/java/profile?symbol=FESTU
http://plants.usda.gov/java/profile?symbol=AREGE
http://soils.usda.gov/technical/handbook/contents/part618.html#40
http://soils.usda.gov/technical/handbook/contents/part618.html#43
http://soils.usda.gov/technical/handbook/contents/part618.html#43
http://soils.usda.gov/technical/handbook/contents/part618.html#50
http://soils.usda.gov/technical/handbook/contents/part618.html#48
http://soils.usda.gov/technical/manual/contents/chapter6.html#3i
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
http://soils.usda.gov/technical/handbook/contents/part618.html#19
http://soils.usda.gov/technical/handbook/contents/part618.html#54
http://soils.usda.gov/technical/handbook/contents/part618.html#09
http://soils.usda.gov/technical/handbook/contents/part618.html#31
http://soils.usda.gov/technical/handbook/contents/part618.html#10
http://soils.usda.gov/technical/handbook/contents/part618.html#38
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');
javascript:openPopup(1000,250, 'property_with_depth_table.php?&cokey=10917627','data_table');

Soilweb 11/24/2015
WM - Irrigation, Micro (subsurface drip) Very limited [1-1]
WM - Irrigation, Sprinkler (close spaced outlet drops) Very limited [1-1]
WNMS - Irrigation, Sprinkler (general) Very limited [1-1]
WMS - Irrigation, General Very limited [1-1]
WMS - Subsurface Water Management, System Performance Very limited [1-1]
WMS - Subsurface Water Management, System Installation Somewhat limited [0.01-0.01]
WNMS - Subsurface Water Management, Outflow Quality Very limited [1-1]
WMS - Surface Water Management, System Somewhat limited [0.6-0.92]
WMS - Irrigation, Micro (subsurface drip) edited Very limited [1-1]
WMS - Pond Reservoir Area Somewhat limited [0-0.11]
Forestry
FOR - Potential Aire Damage Hazard Low [0-0]
FOR - Potential Seedling Mortality High [1-1]
FOR - Log Landing Suitability (OR) Poorly suited [1-1]
FOR - Road Suitability (Natural Surface) (OR) Poorly suited [1-1]
FOR - Potential Erosion Hazard (Off-Road/Off-Trail) Slight [0-0]
FOR - Soil Rutting Hazard Severe [1-1]
FOR - Road Suitability (Natural Surface) Poorly suited [1-1]
FOR - Potential Erosion Hazard (Road/Trail) Slight [0-0]
FOR - Log Landing Suitability Poorly suited [1-1]
FOR - Construction Limitations for Haul Roads/Log Landings Severe [1-1]
FOR - Harvest Equipment Operability Poorly suited [1-1]
FOR - Mechanical Site Preparation (Surface) Poorly suited [0.75-0.75]
FOR - Mechanical Site Preparation (Deep) Unsuited [1-1]
FOR - Mechanical Planting Suitability Poorly suited [0.75-0.75]
FOR - Hand Planting Suitability Poorly suited [0.75-0.75]
Waste Related
AWM - Manure and Food Processing Waste Very limited [1-1]
AWM - Land Application of Municipal Sewage Sludge Very limited [1-1]
AWM - Rapid Infiltration Disposal of Wastewater Very limited [1-1]
AWM - Irrigation Disposal of Wastewater Very limited [1-1]
AWM - Land Application of Municipal Biosolids, summer (OR) Very limited [1-1]
AWM - Land Application of Municipal Biosolids, spring (OR) Very limited [1-1]
AWM - Land Application of Municipal Biosolids, winter (OR) Very limited [1-1]
AWM - Slow Rate Process Treatment of Wastewater Very limited [1-1]
AWM - Overland Aow Process Treatment of Wastewater Very limited [1-1]
Engineering
ENG - Construction Materials; Roadfill Poor [0-0]
ENG - Construction Materials; Gravel Source Poor [0-0]
ENG - Construction Materials; Sand Source Poor [0-0]
ENG- Construction Materials; Topsoil Poor [0-0]
ENG - Construction Materials; Reclamation Fair [0.71-0.99]
ENG- Septic Tank Absorption Fields Very limited [1-1]
ENG - Unpaved Local Roads and Streets Very limited [1-1]
ENG - Construction Materials; Gravel Source (OR) Poor [0-0]
ENG - Construction Materials; Sand Source (OR) Poor [0-0]
ENG- Construction Materials; Topsoil (OR) Poor [0-0]
ENG - Shallow Excavations Very limited [1-1]
ENG - Dwellings W/O Basements Very limited [1-1]
ENG- Dwellings With Basements Very limited [1-1]
ENG - Small Commercial Buildings Very limited [1-1]
ENG- Local Roads and Streets Very limited [1-1]
ENG- Lawn, Landscape, Golf Fairway Very limited [1-1]
ENG- Sanitary Landfill (Trench) Very limited [1-1]
ENG- Sewage Lagoons Very limited [1-1]
ENG- Sanitary Landfill (Area) Very limited [1-1]
ENG - Daily Cover for Landfill Very limited [1-1]
Urban / Recreational
URB/REC - Off-Road Motorcycle Trails Very limited [1-1]
URB/REC - Camp Areas Very limited [1-1]
URB/REC - Picnic Areas Very limited [1-1]
URB/REC - Paths and Trails Very limited [1-1]
URB/REC - Playgrounds Very limited [1-1]
DHS
DHS - Rubble and Debris Disposal, Large-Scale Event Severely limited [1-1]
DHS - Suitability for Clay Liner Material Poor [0-0]
DHS - Site for Composting Facility - Surface Very limited [1-1]
DHS - Site for Composting Facility - Subsurface Very limited [1-1]
DHS - Suitability for Composting Medium and Final Cover Poor [0-0]
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DHS - Potential for Radioactive Sequestration

DHS - Potential for Radioactive Bioaccumulation

DHS - Catastrophic Mortality, Large Animal Disposal, Pit
DHS - Catastrophic Mortality, Large Animal Disposal, Trench

High sequestration potential [1-0.95]
Low bioaccumulation potential [0-0.06]
Very limited [1-1]
Very limited [1-1]
Wildlife
Surface Runoff
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LOCATION MALABON OR

Established Series
Rev. RCH/DRJ/RWL
08/2006

MALABON SERIES

The Malabon series consists of very deep, well drained soils formed in mixed alluvium. Malabon soils are on stream terraces. Slopes
are 0 to 3 percent. The mean annual precipitation is about 45 inches and the mean annual temperature is about 52 degrees F.

TAXONOMIC CLASS: Fine, mixed, superactive, mesic Pachic Ultic Argixerolls
TYPICAL PEDON: Malabon silty clay loam, cultivated. (Colors are for moist soil unless otherwise noted.)

Ap--0 to 7 inches; very dark brown (10YR 2/2) silty clay loam, dark grayish brown (10YR 4/2) dry; strong very fine granular structure;
hard, friable, slightly sticky and slightly plastic; many very fine roots; many irregular pores; moderately acid (pH 5.6); clear smooth
boundary. (6 to 11 inches thick)

AB--7 to 12 inches; dark brown (7.5YR 3/2) silty clay loam, dark grayish brown (10YR 4/2) dry; weak fine subangular blocky and strong
very fine granular structure; hard, friable, moderately sticky and moderately plastic; many very fine roots; many very fine and few fine
tubular pores; very dark brown (10YR 2/2) coatings on peds; slightly acid (pH 6.1); clear wavy boundary. (0 to 15 inches thick)

Bt1--12 to 19 inches; dark brown (10YR 3/3) silty clay, dark grayish brown (10YR 4/2) dry; moderate medium subangular blocky and
moderate very fine granular structure; hard, firm, moderately sticky and moderately plastic; common very fine roots; common fine and
very fine and few medium tubular pores; many prominent very dark grayish brown (10YR 3/2) clay films on faces of peds and along
pores; slightly acid (pH 6.3); clear wavy boundary. (6 to 20 inches thick)

Bt2--19 to 29 inches; dark brown (10YR 3/3) silty clay, brown (10YR 5/3) dry; moderate medium and very fine subangular blocky
structure; very hard, firm, moderately sticky and moderately plastic; common very fine roots; common very fine and few medium tubular
pores; many prominent dark brown (7.5YR 3/2) clay films on faces of peds and along pores; slightly acid (pH 6.5); clear wavy
boundary. (8 to 20 inches thick)

BCt--29 to 42 inches; brown (10YR 4/3) silty clay loam, brown (10YR 5/3) dry; weak coarse subangular blocky structure; very hard,
firm, slightly sticky and moderately plastic; common very fine roots; common fine and medium tubular pores; common prominent dark
brown (7.5YR 3/2) clay films on faces of peds and along pores; neutral (pH 6.8); clear wavy boundary. (0 to 20 inches thick)

2C--42 to 60 inches; brown (10YR 4/3) clay loam, brown (10YR 4/3) dry; massive; hard, friable, slightly sticky and slightly plastic; few
very fine roots; few fine tubular pores; neutral (pH 6.9).

TYPE LOCATION: Lane County, Oregon; about 1,950 feet west and 1,950 feet north of the SE corner of section12, T.15S.,R. 5 W.
Willamette Meridian, Harrisburg, Oregon. USGS 7.5 minutes quad. Latitude 44 degrees, 16 minutes, 43 seconds N.; and Longitude
123 degrees, 14 minutes, 13 seconds W. NAD 27.

RANGE IN CHARACTERISTICS: The soil is usually moist but is dry in all parts between 4 and 12 inches during the summer for 45
to 60 consecutive days within MLRA 2 but ranges to 90 days in MLRA 5. The mean annual soil temperature ranges from 52 to 55
degrees F. The pscs has 35 to 45 percent clay. The solum is 40 to 60 inches thick and has 0 to 5 percent gravel. Up to 15 percent
gravel are in some horizons in some pedons. The mollic epipedon is 20 to 30 inches thick. Hue is 10YR or 7.5YR.

The A horizon has value of 2 or 3 moist, 4 or 5 dry and chroma of 2 or 3 moist and dry. It has 27 to 35 percent clay and O to 5 percent
gravel. Reaction is moderately acid or slightly acid.

The AB or BA horizon, when present, has value of 2 or 3 moist, 4 or 5 dry and chroma of 2 or 3 moist and dry. Texture is silty clay loam
or silty clay with 35 to 45 percent clay. Reaction is moderately or slightly acid.

The Bt horizon has value of 3 moist to 20 inches or more, and 3 or 4 below 20 inches, value of 4 or 5 dry and chroma of 2 or 3 moist, 3
or 4 dry. Texture is silty clay loam or silty clay with 35 to 45 percent clay and 0 to 5 percent gravel. Reaction is moderately acid to
neutral.

The BCt horizon, when present, has 30 to 45 percent clay.

The 2C horizon, where present, has value of 3 or 4 moist, 4 to 6 dry and chroma of 3 or 4 moist and dry. Texture is silty clay loam, clay
loam, loam or gravelly loam and may be stratified with sandy clay loam and fine sandy loam in some pedons. It has 0 to 30 percent
gravel. Reaction is slightly acid or neutral.

COMPETING SERIES: These are the Darby, Dixonville, Mart, and Silverton series. Darby soils have a mollic epipedon 30 to 50
inches thick and are darker colored by 1 or 2 units of value in the upper part of the argillic horizon. Dixonville soils have a paralithic
contact at a depth of 20 to 40 inches. Silverton soils have a lithic contact at 20 to 40 inches. Mart soils have a mean annual soil
temperature of 48 to 52 degrees F.

GEOGRAPHIC SETTING: Malabon soils are dominantly on stream terraces but are also recognized on high flood plains in some
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areas. Elevation is 100 to 1,100 feet. Slopes are 0 to 3 percent. The soils formed in loamy and clayey alluvium from mixed materials.
The summers are warm and dry and the winters are cool and moist. The mean annual precipitation is 30 to 60 inches. The mean
January temperature is 39 to 40 degrees F. and the mean July temperature is 65 to 67 degrees F. The mean annual temperature is
50 to 55 degrees F. The frost-free season is 160 to 235 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Awbrig, Clackamas, Conser, Courtney, Oxley, Salem, and the
competing Darby, Coburg, and Redbell soils. Awbrig and Conser soils are poorly drained and occur in depressions and on low
terraces. Courtney soils are poorly drained and occur in depressions. Clackamas and Oxley soils are somewhat poorly drained. In
addition, Clackamas soils have a very gravelly or extremely gravelly C horizon. Oxley soils are loamy-skeletal. Clackamas and Oxley
soils occur on terraces. Darby soils occur on footslopes. Coburg soils occur on high flood plains and terraces. Redbell soils occur on
low terraces.

DRAINAGE AND PERMEABILITY: Well drained; slow runoff, moderately slow permeability. Areas of Malabon soils on high flood
plains are subject to rare to occasional flooding for brief periods from December to March.

USE AND VEGETATION: These soils have wide use for growing orchard, berry, vegetable, small grain, hay, pasture, and grass
seed crops. Natural vegetation is Douglas fir, Oregon white oak, blackberry, Pacific poison-oak, other shrubs, and grasses.

DISTRIBUTION AND EXTENT: Stream terraces of the Willamette Valley and Umpqua Valley, Oregon; MLRA 2, 5. The series is of
moderate extent.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Benton County Area, Oregon, 1970.

REMARKS: Diagnostic horizons and features include:

Mollic epipedon - the zone from 0 to 29 inches (Ap, AB, Bt1, Bt2 horizons)

Argillic horizon - the zone from 12 to 42 inches (Bt1, Bt2, and BCt horizons)

Particle-size control section - the zone from 12 to 32 inches

The Malabon soils are found on the high and low Winkle geomorphic surfaces as recognized in the Willamette Valley, Oregon. Those
soils associated with the low Winkle surface have a flooding hazard.

The Mart soils as defined in Washington are very similar. More investigation is needed to adequately separate.

ADDITIONAL DATA: Characterization data for one pedon 670reg. 20-15(1-6), by OSU and published in Soil Science, Volume 109,
No.5, 1970.

National Cooperative Soil Survey
USA.
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Soil Taxonomy

v 0 cm | Order: Mollisols
| Suborder: Xerolls  [Map of Suborders]
Greatgroup: Argixerolls
18 cm | Subgroup: Pachic Ultic Argixerolls
Family: Fine, mixed, superactive, mesic Pachic Ultic Argixerolls
0 cm | Soil Series: Malabon  (Link to OSD) (Soil Series Explorer)
Data: [Lab Data]
T Raw Data Component  All Horizons
Land Classification
Storie Index NOT RATED
Land Capability Class [non-irrigated] 1-
74 em Land Capability Class [irrigated] 1-
Ecological Site Description n/a
Forage Suitability Group n/a
Soil Suitability Ratings
Waste Related Engineering
Urban/Recreational Irrigation
107 em Wildlife Runoff
Hydraulic and Erosion Ratings
Wind Erodibility Group 6
Wind Erodibility Index 48
T Erosion Factor 5
Runoff
Drainage Well drained
159 em Hydric Rating / Hydrologic Group No [Group C]
Parent Material: clayey and loamy alluvium
Typical profile Total Plant Available Water (cm): 29.31
Geomorphology
Landform terraces
Plants
Symbol Scientific Name Common Name Rs:‘g;
Organic Matter (%) | Percent Clay Percent Sand Keat (mmvhr) pH(1:1 H,0) K¢ Factor
0.2 45 28 40 14 40 10 32 EH 6.0 02 04
Oem Oem Oem Oem Oem Oem
38em 38em 38em 1 38em 38em 38em
TTcm TTcm TTcm TTcm T7cm TTcm
115em 11Bem 11Bem 11Bem 11Bem 11Bem
153cm 183cm 183cm 153cm 153cm 183cm
EC (dS/m) SAR CaC0a (% um (%) CEC at pH7 (cmol + | Linear Extensibility
0 0 0 0 20 33 25 45
Oem Oem Oem Oem Oem Oem
38em 38em 38em 38em 38em 38em
TTcm TTcm TTcm TTcm T7cm TTcm
115em 11Bem 11Bem 11Bem 1 11Bem 11Bem
163em 163cm 163cm 1583em 153em 163cm
Agriculture
AGR - Nitrate Leaching Potential, Nonirrigated (WA) Moderately high [0.7-0.75]
AGR - Nitrate Leaching Potential, Irrigated (WA) High [0.83-0.99]
Irrigation
WS - Excavated Ponds (Aquifer-fed) Very limited [1-1]
WNMS - Embankments, Dikes, and Levees Somewhat limited [0.02-1]
WMS - Irrigation, Surface (level) Somewhat limited [0.03-1]
WMS - Irrigation, Surface (graded) Somewhat limited [0.03-1]
WMS - Irrigation, Micro (above ground) Not limited [0-0]
WMS - Irrigation, Micro (subsurface drip) Not limited [0-0.11]
WMS - Irrigation, Sprinkler (close spaced outlet drops) Somewhat limited [0-0.48]
WMS - Irrigation, Sprinkler (general) Not limited [0-0]
WMS - Irrigation, General Somewhat limited [0.03 - 0.99]
WMS - Subsurface Water Management, System Performance Very limited [1-1]
WMS - Subsurface Water Management, System Installation Very limited [1-1]
WMS - Subsurface Water Management, Outflow Quality Somewhat limited [0-0]
WS - Surface Water Management, System Not limited [0-0]
WMS - Irrigation, Micro (subsurface drip) edited Somewhat limited [0-1]
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WMS - Pond Reservoir Area

FOR - Potential Fire Damage Hazard

FOR - Potential Seedling Mortality

FOR - Log Landing Suitability (OR)

FOR - Road Suitability (Natural Surface) (OR)

FOR - Potential Erosion Hazard (Off-Road/Off-Trail)
FOR - Soil Rutting Hazard

FOR - Road Suitability (Natural Surface)

FOR - Potential Erosion Hazard (Road/Trail)

FOR - Log Landing Suitability

FOR - Construction Limitations for Haul Roads/Log Landings
FOR - Harvest Equipment Operability

FOR - Mechanical Site Preparation (Surface)
FOR - Mechanical Site Preparation (Deep)

FOR - Mechanical Planting Suitability

FOR - Hand Planting Suitability

AWM - Manure and Food Processing Waste

AWM - Land Application of Municipal Sewage Sludge

AWM - Rapid Infiltration Disposal of Wastewater

AWM - Irrigation Disposal of Wastewater

AWM - Land Application of Municipal Biosolids, summer (OR)
AWM - Land Application of Municipal Biosolids, spring (OR)
AWM - Land Application of Municipal Biosolids, winter (OR)
AWM - Slow Rate Process Treatment of Wastewater

AWM - Overland Aow Process Treatment of Wastewater

ENG - Construction Materials; Roadfill

ENG - Construction Materials; Gravel Source
ENG - Construction Materials; Sand Source
ENG - Construction Materials; Topsoil

ENG - Construction Materials; Reclamation
ENG- Septic Tank Absorption Felds

ENG - Unpaved Local Roads and Streets

ENG - Construction Materials; Gravel Source (OR)
ENG - Construction Materials; Sand Source (OR)
ENG - Construction Materials; Topsoil (OR)
ENG - Shallow Excavations

ENG - Dwellings W/O Basements

ENG - Dwellings With Basements

ENG - Small Commercial Buildings

ENG- Local Roads and Streets

ENG- Lawn, Landscape, Golf Fairway

ENG - Sanitary Landfill (Trench)

ENG- Sewage Lagoons

ENG- Sanitary Landfill (Area)

ENG - Daily Cover for Landfill

URB/REC - Off-Road Motorcycle Trails
URB/REC - Camp Areas

URB/REC - Picnic Areas

URB/REC - Paths and Trails

URB/REC - Playgrounds

DHS - Rubble and Debris Disposal, Large-Scale Event

DHS - Suitability for Clay Liner Material

DHS - Site for Composting Facility - Surface

DHS - Site for Composting Facility - Subsurface

DHS - Suitability for Composting Medium and Final Cover
DHS - Potential for Radioactive Sequestration

DHS - Potential for Radioactive Bioaccumulation

DHS - Catastrophic Mortality, Large Animal Disposal, Pit
DHS - Catastrophic Mortality, Large Animal Disposal, Trench

Somewhat limited

Forestry

Low [0-0]

Low [0-0.5]
Moderately suited
Moderately suited
Slight [0-0]
Severe [1-1]
Moderately suited
Slight [0-0.5]
Moderately suited
Moderate [0.5-0.5]
Moderately suited
Well suited [0-0]
Well suited [0-0]
Well suited [0-0.5]
Well suited [0-0.5]

Waste Related

Somewhat limited
Somewhat limited
Very limited [1-1]
Somewhat limited
Not limited [0-0]

Somewhat limited
Somewhat limited
Somewhat limited
Very limited [1-1]

Engineering

Fair [0-0.8]

Poor [0-0]

Poor [0-0]

Fair [0.5-0.74]
Fair [0-0.18]
Very limited [1-1]
Very limited [1-1]
Poor [0-0]

Poor [0-0]

Fair [0-0.35]
Somewhat limited
Somewhat limited
Somewhat limited
Somewhat limited
Very limited [1-1]
Somewhat limited
Somewhat limited
Somewhat limited
Somewhat limited
Somewhat limited

Urban/ Recreational

Somewhat limited
Somewhat limited
Somewhat limited
Somewhat limited
Somewhat limited

DHS
Somewhat limited

Fair [0-0.27]

Very limited [1-1]
Somewhat limited
Fair [0.14-0.18]

High sequestration potential

[0.11-1]

[0.5-0.5]
[0.5-0.5]

[0.5-0.5]

[0.5-0.5]

[0.5-0.5]

[0-1]
[0- 0.96]

[0- 0.96]

[0- 0.96]
[0- 0.96]
[0-0.85]

[0.02 - 0.13]
[0.5-0.5]
[0.22-0.22]
[05-0.5]

[0.02 - 0.02]
[0.02- 1]
[0-1]

[0.02 - 0.02]
[0.02- 1]

[0.02 - 0.02]
[0.02-0.3]
[0.02-0.3]
[0.02 - 0.02]
[0.02-0.3]

[0.02- 1]

[0.01-1]

[0.98 - 0.99]

Very low bioaccumulation potential [0-0]

Somewhat limited
Somewhat limited
Wildlife

Surface Runoff

[0.02-1]
[0.02-1]
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Official Series Description - NEHALEM Series 11/24/2015

LOCATION NEHALEM OR

Established Series
Rev. JAS/AON/RWL
06/2011

NEHALEM SERIES

The Nehalem series consists of very deep, well drained soils formed in mixed alluvium. Nehalem soils are on flood plains. Slopes are
0 to 3 percent. The mean annual precipitation is about 90 inches and the mean annual temperature is about 50 degrees F.

TAXONOMIC CLASS: Fine-silty, mixed, superactive, isomesic Fluventic Humudepts

TYPICAL PEDON: Nehalem silt loam, on a 1 percent slope at an elevation of 15 feet in pasture. When described on August 1, 1995,
the soil was moist throughout. (Colors are for moist soil unless otherwise noted.)

Ap--0 to 9 inches; very dark grayish brown (10YR 3/2) silt loam, brown (10YR 5/3) dry; moderate fine subangular blocky structure;
slightly hard, friable, slightly sticky and slightly plastic; many very fine roots; many very fine tubular pores; moderately acid (pH 5.8);
clear smooth boundary.

A--9 to 16 inches; dark brown (10YR 3/3) silt loam, brown (10YR 5/3) dry; moderate fine and very fine subangular blocky structure;
slightly hard, friable, slightly sticky and slightly plastic; common very fine roots; many very fine tubular pores; moderately acid (pH 5.8);
clear smooth boundary. (Combined thickness of the A horizon is 10 to 20 inches)

Bw--16 to 48 inches; brown (10YR 4/3) silt loam, pale brown (10YR 6/3) dry; moderate fine and medium subangular blocky structure;
slightly hard, friable, slightly sticky and slightly plastic; common very fine roots; many very fine tubular pores; moderately acid (pH 6.0);
gradual smooth boundary. (14 to 40 inches thick)

BC--48 to 60 inches; dark brown (10YR 3/3) silt loam, brown (10YR 5/3) dry; weak fine and medium subangular blocky structure,
slightly hard, friable, slightly sticky and slightly plastic; few very fine roots; many very fine tubular pores; moderately acid (pH 6.0).

TYPE LOCATION: Tillamook County, Oregon; located about 900 feet North of the Kilchis River; about 2,200 feet north and 1,700 feet
west of the southeast corner of section 12, T. 1 S., R. 10 W.; USGS Tillamook topographic quadrangle (Latitude 45 degrees, 29
minutes, 55 seconds N. and Longitude 123 degrees, 50 minutes, 55 seconds W.)

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 49 to 55 degrees F. The difference between the mean
summer and the mean winter soil temperature varies from 5 to 9 degrees F. The soil is usually moist and is dry in all parts between
depths of 4 and 12 inches for a period of less than 45 consecutive days. Faint redox concentrations are below a depth of 20 inches in
some pedons. The umbric epipedonis 10 to 20 inches thick. Depth to bedrock is more than 60 inches. The particle-size control
section has 18 to 35 percent clay and less than 15 percent coarser than very fine sand. Lenses of coarser textured material are in
some pedons.

The A horizon has hue of 10YR or 7.5YR, value of 2 or 3 moist, 4 or 5 dry, and chroma of 2 or 3 moist and dry. It has 15 to 25 percent
clay.

The Bw horizon has hue of 10YR or 7.5YR, value of 3 or 4 moist, 5 or 6 dry, and chroma of 3 to 6 moist and dry. It is silt loam or silty
clay loam with 18 to 35 percent clay.

The BC horizon, when present, is similar to the Bw horizon. It has 18 to 35 percent clay.

The C horizon, when present, is loam, silt loam, or silty clay loam with 18 to 35 percent clay. It has 0 to 15 percent rock fragments. In
some areas, texture is very fine sandy loam or fine sandy loam below a depth of 40 inches with 12 to 20 percent clay.

COMPETING SERIES: There are no other series in this family. The Nestucca series is similar. Nestucca soils are somewhat poorly
drained and have distinct or prominent redox concentrations in the subsoil.

GEOGRAPHIC SETTING: Nehalem soils are on flood plains at elevations of 10 to 750 feet. Slopes are 0 to 3 percent. The soils
formed in medium and moderately fine textured mixed alluvial materials. The climate is humid, characterized by cool, wet winters and
cool, moist summers with fog. The mean annual temperature is 48 to 53 degrees F. The mean annual precipitation is 60 to 100
inches. The frost-free period is 160 to 300 days. Nehalem soils occur on the Ingram geomorphic surface.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Brenner, Coquille, Gauldy and Nestucca soils. Brenner and Coquille
soils are poorly and very poorly drained respectively. Gauldy soils are coarse-loamy over sandy or sandy-skeletal. These soils are on
stream terraces.

DRAINAGE AND PERMEABILITY: Well drained; moderate permeability. Nehalem soils are subject to frequent or occasional
flooding for brief periods.

https://soilseries.sc.egov.usda.gov/OSD_Docs/N/NEHALEM.html 1/2
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USE AND VEGETATION: Nehalem soils are used for hay, pasture, and silage. Native vegetation is Douglas-fir, western hemlock,
Sitka spruce, red alder, vine maple, swordfern and grasses.

DISTRIBUTION AND EXTENT: Flood plains of coastal river valleys in Western Oregon and Washington; MLRA 4A. The soil is of
moderate extent.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon

SERIES ESTABLISHED: Astoria Area, Clatsop County, Oregon, 1942,

REMARKS: Diagnostic horizons and features of this pedon include:

Umbric epipedon - from surface to 16 inches (Ap and A horizons).

Cambic horizon - from 16 to 60 inches.

Particle-size control section - from 10 to 40 inches.

ADDITIONAL DATA: Chemical characterization data for one pedon, S680reg-20-5-1 through 6, from Oregon State University.

National Cooperative Soil Survey
US.A.
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Soil Taxonomy

Ap 0cm | Order: Inceptisols
Suborder: Tropepts [Map of Suborders]
Greatgroup: Humitropepts
Subgroup: Fluventic Humitropepts
23 cm | Family: Fine-silty, mixed, isomesic Fluventic Humitropepts
Soil Series: Nehalem  (Link to OSD) (Soil Series Explorer)
41 cm | Data: [Lab Data]
Raw Data Component  All Horizons
Land Classification
Storie Index NOT RATED
Land Capability Class [non-irrigated] 3-w
Land Capability Class [irrigated] -
Ecological Site Description n/a
Forage Suitability Group n/a
Soil Suitability Ratings
Waste Related Engineering
Urban/Recreational Irrigation
Wildlife Runoff

Hydraulic and Erosion Ratings

HE 122 em' " Wind Erodibility Group 6
Wind Erodibility Index 48
T Erosion Factor 5
Runoff
Drainage Well drained
159 em Hydric Rating / Hydrologic Group No [Group B]
] Parent Material: mixed recent alluvium
Typical profile Total Plant Available Water (cm): 30.4
Geomorphology
Landform flood plains
Plants
Symbol Scientific Name Common Name Rs::)g;
Organic Matter (%) Percent Clay Percent Sand Keg (mmvhr) pH (1:1 H,0) K Factor
1 8 2 25 9 33 32.4 48 &3 03 0.5
Oem Ocm Ocm Ocm Ocm Ocm
38em 38em 38em 38em 38em 38em
Thcm T hcm T hcm T cm T cm T hcm
114em 114em . [114em 114em 114em 114em
182cm 152cm 152cm 152em 152em 152cm
EC (dS/m) SAR CaC0x (% um (%, CEC at pH7 (cmol + | Linear Extensibility
0 0 0 [ 15 23 15 45
Oem Ocm Ocm Ocm Ocm Ocm
38em 38em 38em 38em 38em 38em
Thcm T hcm T hcm T cm T cm T hcm
114em 114em 114em 114em 114em 114em
182em 152cm 152cm 152cm 152cm 152cm
Agriculture
AGR - Nitrate Leaching Potential, Nonirrigated (WA) High [0.8-0.8]
AGR - Nitrate Leaching Potential, Irrigated (WA) High [1-1]
Irrigation
WS - Excavated Ponds (Aquifer-fed) Very limited [1-1]
WNMS - Embankments, Dikes, and Levees Somewhat limited [0-0.5]
WMS - Irrigation, Surface (level) Somewhat limited [0.7-1]
WMS - Irrigation, Surface (graded) Somewhat limited [0.7-1]
WMS - Irrigation, Micro (above ground) Somewhat limited [0.7-0.7]
WMS - Irrigation, Micro (subsurface drip) Somewhat limited [0.7-0.7]
WMS - Irrigation, Sprinkler (close spaced outlet drops) Somewhat limited [0.7-0.7]
WMS - Irrigation, Sprinkler (general) Somewhat limited [0.7-0.7]
WMS - Irrigation, General Somewhat limited [0.7-0.7]
WMS - Subsurface Water Management, System Performance Very limited [0.7-1]
WMS - Subsurface Water Management, System Installation Very limited [0.01-1]
WS - Subsurface Water Management, Outflow Quality Somewhat limited [0.22-0.22]
WMS - Surface Water Management, System Somewhat limited [0.4-0.4]
WMS - Irrigation, Micro (subsurface drip) edited Somewhat limited [0.7-1]
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WMS - Pond Reservoir Area Somewhat limited [0.11-1]
Forestry
FOR - Potential Aire Damage Hazard Low [0-0]
FOR - Potential Seedling Mortality Low [0-0]
FOR - Log Landing Suitability (OR) Poorly suited [1-1]
FOR - Road Suitability (Natural Surface) (OR) Poorly suited [1-1]
FOR - Potential Erosion Hazard (Off-Road/Off-Trail) Slight [0-0]
FOR - Soil Rutting Hazard Severe [1-1]
FOR - Road Suitability (Natural Surface) Poorly suited [1-1]
FOR - Potential Erosion Hazard (Road/Trail) Slight [0-0.5]
FOR - Log Landing Suitability Poorly suited [1-1]
FOR - Construction Limitations for Haul Roads/Log Landings Severe [1-1]
FOR - Harvest Equipment Operability Moderately suited [0.5-0.5]
FOR - Mechanical Site Preparation (Surface) Well suited [0-0]
FOR - Mechanical Site Preparation (Deep) Well suited [0-0]
FOR - Mechanical Planting Suitability Well suited [0-0]
FOR - Hand Planting Suitability Well suited [0-0]
Waste Related
AWM - Manure and Food Processing Waste Very limited [1-1]
AWM - Land Application of Municipal Sewage Sludge Very limited [1-1]
AWM - Rapid Infiltration Disposal of Wastewater Very limited [1-1]
AWM - Irrigation Disposal of Wastewater Very limited [1-1]
AWM - Land Application of Municipal Biosolids, summer (OR) Not limited [0-0]
AWM - Land Application of Municipal Biosolids, spring (OR) Not limited [0-0]
AWM - Land Application of Municipal Biosolids, winter (OR) Very limited [1-1]
AWM - Slow Rate Process Treatment of Wastewater Very limited [1-1]
AWM - Overland Aow Process Treatment of Wastewater Very limited [1-1]
Engineering
ENG- Construction Materials; Roadfill Poor [0-0.78]
ENG- Construction Materials; Gravel Source Poor [0-0]
ENG - Construction Materials; Sand Source Poor [0-0]
ENG - Construction Materials; Topsoil Fair [0.5-1]
ENG- Construction Materials; Reclamation Fair [0.08 - 0.68]
ENG - Septic Tank Absorption Fields Very limited [1-1]
ENG - Unpaved Local Roads and Streets Very limited [1-1]
ENG - Construction Materials; Gravel Source (OR) Poor [0-0]
ENG- Construction Materials; Sand Source (OR) Poor [0-0]
ENG - Construction Materials; Topsoil (OR) Fair [0.39-1]
ENG- Shallow Excavations Somewhat limited [0.8-0.8]
ENG - Dwellings W/O Basements Very limited [1-1]
ENG- Dwellings With Basements Very limited [1-1]
ENG - Small Commercial Buildings Very limited [1-1]
ENG- Local Roads and Streets Very limited [1-1]
ENG - Lawn, Landscape, Golf Fairway Very limited [1-1]
ENG- Sanitary Landfill (Trench) Very limited [1-1]
ENG- Sewage Lagoons Very limited [1-1]
ENG- Sanitary Landfill (Area) Very limited [1-1]
ENG - Daily Cover for Landfill Not limited [0-0.3]
Urban / Recreational
URB/REC - Off-Road Motorcycle Trails Somewhat limited [0.4-0.4]
URB/REC - Camp Areas Very limited [1-1]
URB/REC - Picnic Areas Somewhat limited [0.4-0.4]
URB/REC - Paths and Trails Somewhat limited [0.4-0.4]
URB/REC - Playgrounds Very limited [1-1]
DHS
DHS - Rubble and Debris Disposal, Large-Scale Event Severely limited [1-1]
DHS - Suitability for Clay Liner Material Poor [0-0]
DHS - Site for Composting Facility - Surface Very limited [1-1]
DHS - Site for Composting Facility - Subsurface Very limited [1-1]
DHS - Suitability for Composting Medium and Final Cover Fair [0.5-1]
DHS - Potential for Radioactive Sequestration Moderate sequestration potential [0.92-0.94]
DHS - Potential for Radioactive Bioaccumulation Low bioaccumulation potential [0-0.1]
DHS - Catastrophic Mortality, Large Animal Disposal, Pit Very limited [1-1]
DHS - Catastrophic Mortality, Large Animal Disposal, Trench Very limited [1-1]
Wildlife
Surface Runoff
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