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1. INTRODUCTION

In 2008, the Oregon Department of Transportation (ODOT) and its partners completed the
nation’s first solar highway project constructed in highway right-of-way. Several other sites
around the state are now in the developmental stage. One of these sites is known as the West
Linn site (adjacent to the southbound lanes of Interstate 205 (1-205) between mileposts 6 and
7). The purpose of this report is twofold: 1) to provide preliminary drainage analysis and to
propose a stormwater management strategy for the West Linn Solar Array site, and 2) to
assure the strategy does not route flows to downstream areas impacted by a January 1, 2009,
flood event, nor does it create similar flooding conditions or circumstances.

2. PROJECT DESCRIPTION

The proposed West Linn Solar Highway project will place enough solar arrays alongside the
highway to generate 3 Megawatts of renewable energy to power Oregon’s transportation
system. This will be the second project of its type on the 1-205 corridor and will represent the
largest solar highway project in the world to date. The proposed solar array location is in the
Oregon Department of Transportation’s right-of-way immediately north of Interstate 205 in
West Linn, Clackamas County, Oregon (see Appendix A, Figure 1).

2.1 SITE DESCRIPTION

The site is characterized by steep slopes separated by two terraces comprised of fill material
overlooking the Willamette River (see Appendix B, Cross Section A-A excerpt from the
Draft Slope Stability Evaluation, November 2009). These terraces were constructed as a
method of slope stabilization after a landslide occurred at the site during the construction of
I-205 in the late 1960s. The east side of the lower of the two terraces is currently used as a
storage yard for ODOT with access from 1-205 at milepost 7.2. The west side of the lower
terrace is undeveloped and contains non-jurisdictional wetlands." The upper terrace is
currently undeveloped and includes stands of deciduous and coniferous trees dispersed in
areas of pasture grasses. Fill on the site consists of dense gravel with varying proportions of
silt, sand, and clay. The fill overlays bedrock consisting of weathered Columbia River Basalt.
Depth to this bedrock layer varies between 10 and 49 feet below ground surface according to
the exploration logs in the Slope Stability Evaluation by GeoDesign in November 2009.

The area adjacent to the project site is primarily residential to the east, west, and north. 1-205
borders the site to the south, and the Willamette River is approximately 1,000 feet farther
south. The area south of 1-205 and north of the river is primarily residential and commercial

property.

2.2 OVERALL BASIN DESCRIPTION

A small area north of the proposed solar array layout area contributes flows to the site (see
Appendix A, Figure 3). The western side of the project site contains a natural perennial
drainage system conveying flow from northwest offsite areas. This offsite flow will not
impact the proposed site improvements. Currently, 12.18 acres (ac) of the project site
contribute flow to this system. Downstream of the project site, this system transitions to a
conveyance capacity limited system as identified in the West Linn 2006 Surface Water

! Wetlands deemed as non-jurisdictional by the Oregon Department of State Lands, U.S. Army Corps
of Engineers, and the U.S. Environmental Protection Agency on November 30, 2009.
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Management Plan (2006 SWMP) (see excerpt in Appendix F). The proposed stormwater
management strategy avoids utilizing this system.

The project site is bordered on the south by an 1-205 stormwater ditch system that conveys
flow in a westerly direction. Ditch flow is intercepted by a series of culverts upstream,
downstream, and within the vicinity of the site (see Appendix F). Some of these culverts also
serve as 1-205 crossings of drainage basins of various sizes. These culverts cross 1-205 and
convey flow to downstream systems that eventually discharge to the Willamette River. The
east side off the solar array site drainage is defined by one of these culverts (Culvert 4). See
Appendix A, Figure 2, Existing Drainage Patterns.

Upstream and east of the project site, a box culvert draining the Tanner Creek basin crosses
I-205. On January 1, 2009, an extreme storm event exacerbated by debris accumulation
resulted in the failure of this culvert. This event and culvert system are further described
below and in Section 4.4.2. During that event, flows were diverted down the 1-205 ditch
system described above, overwhelming most of the downstream 1-205 culvert crossings and
thereby resulting in drainage system damage and flooding. The proposed solar array
stormwater management strategy avoids contributing flows to the downstream areas impacted
by the January 1, 2009, storm event.

Currently, flows from the pending solar array area drain to three culvert systems crossing
I-205. A fourth culvert defines the eastern edge of the site drainage area (see Appendix A,
Figure 2). The capacities of the three culverts draining the site are shown in Table 1. At the
time of this report, the upstream invert elevation of the fourth culvert is unknown, and thus its
capacity cannot be determined. This report assumes that this culvert has the capacity to
convey flows directed to it, but we recommend it be verified. This fourth culvert is further
described below.

The westernmost culvert (Culvert #1) is 24 inches in diameter, and is part of the capacity-
limited conveyance system described above. This conveyance system is the location of
several 2006 SWMP recommended conveyance improvement projects (see Appendix F).
Currently, about 12.18 ac of the project site contribute flows to this culvert system.

Moving to the east, a 15-inch-diameter culvert (Culvert #2) crosses 1-205. Culvert 2 outfalls
to an open channel system that conveys flows to and combines with the capacity-limited
system described above. The proposed stormwater management strategy avoids utilizing this
system. Currently, about 24.43 ac of the project site contribute flows to this culvert system.

Further east is an 18-inch-diameter culvert (Culvert #3) crossing 1-205. The 2006 SWMP
does not describe the conveyance system downstream of Culvert 3, but it also does not
include any of it in its inventory of capacity-limited systems (see Appendix F). Currently,
approximately 16.11 ac of the project site are draining to this culvert system. The proposed
project stormwater management strategy includes utilizing Culvert 3 to convey all flows in
excess of what cannot be infiltrated onsite.

The easternmost culvert in the area of the Solar Array site is labeled as Culvert #4 (see
Appendix A, Figure 2). ODOT site survey crews found the upstream end of this culvert to be
buried in gravel, and they were unable to locate it. Given the downstream topography, it is
assumed that this culvert system is similar or greater in slope than Culvert 3 and has the
capacity to intercept upstream flows and convey them south across 1-205. We recommend
that the upstream invert be located in order to quantify the culvert’s actual capacity.

South of the project site, on the north side of 1-205, exists a drainage ditch that parallels the
freeway and conveys flow to the west. Ditch flow is intercepted by culverts crossing the
interstate, including those described above. Per interviews with ODOT staff, on January 1,
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2009, an intense storm event combined with clogging of the 1-205 culvert crossing at Tanner
Creek resulted in flow bypassing downstream and inundating the culverts previously
mentioned, on down to and including the 10" Street exit culvert system. The result was
localized flooding in the 10™ Street exit area and downstream of it. The 2006 SWMP
identifies the box culvert conveying Tanner Creek flows across 1-205 as slightly capacity
deficient in the existing condition (see 2006 SWMP excerpts in Appendix F). We recommend
a further study of the Tanner Creek crossing culvert system to determine what (if any)
improvements are needed to prevent bypassing flows to downstream culverts. The proposed
project stormwater management strategy assumes that all culvert systems upstream and
through the project site will be properly maintained so as to avoid future flow bypass of those
systems.

3. DRAINAGE PATTERNS

3.1 EXISTING DRAINAGE PATTERNS

Flow from the site currently drains into one of two subbasins (Bernert Creek and Willamette
River) as previously described. Figure 2 shows the existing flow patterns throughout the site.
A ditch along the north side of 1-205 conveys flow to Culverts 1 through 4. Culverts 1 and 2
convey flow beneath 1-205 to the lower Bernert Creek basin, while Culverts 3 and 4 convey
flow to the Willamette River basin. Basins A, B, and C as shown in Figure 2 delineate the site
areas currently contributing flow to Culverts 1, 2, and 3, respectively. As mentioned above,
Culvert 4 defines the eastern boundary of site areas contributing flows from the site. Sizes
and capacities of Culverts 1-3 are shown in Table 1 (see Appendix C for capacity
calculations).

The 2006 SWMP has identified several deficiencies in culvert sizes in multiple locations of
the Bernert Creek Basin, including the area downstream of the project site (see Appendix F).
Culvert 1 currently conveys flow from two subbasins delineated in the 2006 SWMP. These
include subbasin ID BE3N1 and BE3N2. While the project will have no effect on subbasin
BE3N2, site Basins A and B combined represent the majority of the BE3N1.

Culvert 3 currently drains an area of approximately 16.11 acres to the south side of 1-205.
The culvert outfall is located in the vicinity of a pond shown on PGE property. Information
on how flow from this outfall is directed to the Willamette River is currently unavailable.
Culvert 4 drains flow from the area to the east of the project site and is shown to represent the
eastern edge of the site drainage. Site culverts were investigated by ODOT survey crews in
December 2009, but they were unable to locate the Culvert 4 upstream invert and the
upstream site access road culvert invert to the west. Subsequent maintenance efforts have
exposed Culvert 4 and it is said to now be fully functional; however, at the time of this report,
the culvert invert elevation has not been determined. In order to confirm the capacity and
adequacy of this system to manage flows draining to it, we recommend that Culvert 4 and the
access road crossing culvert inverts be surveyed.

To quantify the expected amount of runoff discharged from the site under existing conditions,
an analysis was performed for each basin for the 25-, 50-, and 100-year, 24-hour storm events
(see Appendix D for analysis figures and output reports). Storm event data were based on the

2 Subbasin BE3N1 is approximately 47.4 acres, and site Basins A and B combined are 36.6 acres, or
77% of the subbasin.
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2006 SWMP. Table 1 summarizes the results of this analysis. Two assumptions made for
analysis purposes were the geometry of the drainage ditch on the north side of 1-205 (2-foot-
deep and 4-foot-wide V-shaped ditch) and the curve number for the site (assumed CN = 69
based on good grass cover and an assumed hydrologic soil group of B®). Note that the peak
flows determined for Culvert 1 are only the portion of the total flow going to that culvert.

Table 1. Culvert Capacity and Existing Storm Event Peak Flow Analysis Results*

Culvert Size, in Capacity, cfs Q%, cfs Q% cfs Q' cfs
1 24 72.1 2.35 3.04 3.40
2 15 20.0 5.28 6.52 7.17
3 18 26.3 3.39 4.19 4.61
cfs = cubic feet per second
in = inches

3.2 PROPOSED DRAINAGE PATTERNS

The proposed solar arrays are arranged in rows upon the existing site terraces. The terraces
will be regraded to maximize runoff infiltration between each row (see figures in Appendix
A). ldeally this includes north-south terrace cross slopes of 0.5 percent and east-west terrace
longitudinal slopes of 2 percent. Runoff from the solar array panels will sheet flow across
infiltration strips. Any flow in excess of infiltration potential will be collected in infiltration
swales between each row of panels. Swale flow that is not infiltrated will be conveyed down
the terraces to proposed ditches. Flow will then continue to Culvert 3 for conveyance to the
Willamette River.

The proposed project will result in approximately 6.83 acres of new impervious area,
primarily solar array panels installed on two site terraces. According to the 2006 SWMP and
as describe above, the culvert system downstream of Culverts 1 and 2 is deficient in capacity
(see Appendix F). Because the downstream Bernert Creek conveyance system has limited
capacity, the proposed design will divert runoff flow from the solar array area to Culvert 3
and away from Culverts 1 and 2. Figure 3 shows the proposed flow patterns for the site, and
Figure 9 shows the proposed Concept Stormwater Management Plan. Given a worst case
scenario of total saturation (or frozen ground), calculations (see Appendix C) indicate that
this culvert has the capacity to convey existing flows plus all contributing flow from the solar
array area. By routing flows from the solar array area to Culvert 3, a total of 36.61 acres of
flow-generating area will be diverted out of the capacity-limited Bernert Creek system. As
stated above, the 2006 SWMP does not identify any capacity deficiencies in the system
downstream of Culvert 3. According to limited West Linn Geographic Information System
(GIS) data, the downstream system includes a simple roadside ditch system (approximately
1,100 feet) combining flows from Culvert 4 and collecting them into a single culvert crossing
Willamette Drive. Downstream of this culvert it appears that flow is conveyed about 60 feet
via a ditch that outfalls into a large private pond adjacent to the Willamette River. Metro GIS

® The assumed hydrologic soils group is based on the description of the soils overlaying bedrock as
described in the Draft Slope Stability Evaluation.

* Analysis was performed using the Santa Barbara Unit Hydrograph method using StormNET®,
Version 4.20.0.675, by BOSS International.
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taxlot data suggest that the property containing the 25.4-acre pond is owned by PGE.
However, West Linn GIS data suggest that the pond is owned by West Linn Paper WFD.

We recommend that solar array site infiltration testing and a corresponding downstream
capacity analysis be performed in order to quantify what site runoff should be expected, and
what (if any) corresponding downstream improvements are needed. If capacity is limited
downstream of Culvert 3, in either the roadside ditch or the culvert road crossing, we
recommend assessing whether downstream conveyance improvements, or solar site
stormwater detention are the most appropriate and cost-effective stormwater management
measures. We also recommend approaching the owners and operators of the private pond to
assure that there are no operational impacts associated with the proposed stormwater
discharges.

The proposed stormwater management strategy will result in reduced flows to Culverts 1 and
2. Flow from 20.6 acres of solar site area currently contributing flow to Culvert 2 will be
diverted to Culvert 3. Flow from 12.18 acres of the site area currently contributing to Culvert
1 will also be diverted to Culvert 3. Subsequently, the capacity-deficient system in the
Bernert Basin downstream of Culverts 1 and 2 will see reduced flows and should benefit.
Table 2 shows the analysis results for flow to Culvert 3 under the proposed conditions.
Appendix E shows all associated analysis reports.

Table 2. Proposed Peak Flow Drainage Analysis for Culvert 3

Event Peak Runoff, cfs
Qe 1.93

Q% 14.21

Q% 17.41

Q' 19.07

cfs = cubic feet per second

The results of the peak flow drainage analysis for Culvert 3 compared to available capacity
presented in Table 1 indicate that the culvert will have sufficient capacity to convey the 100-
year, 24-hour storm event.

4. PRELIMINARY DESIGN

4.1 DESIGN STANDARDS

Stormwater management facilities are designed per ODOT Hydraulics Manual requirements.
Water quality treatment will be provided onsite via Low Impact Development (LID)
infiltration Best Management Practices (BMPs).

4.2 WATER QUALITY TREATMENT DESIGN

For this preliminary phase in the assessment of the site, it is assumed that LID strategies will
be adequate to achieve the stormwater treatment standards. Proposed treatment facilities
include vegetated filter/infiltration strips and bio-filtration/infiltration swales. The Draft
Slope Stability Evaluation, November 2009, suggests that infiltration, “may be possible
within the site.” However, infiltration testing will be needed to confirm this.

January 2010 | 276-2395-067 5



Stormwater Drainage Report
ODOT Solar Array in West Linn
Oregon Department of Transportation (ODOT)

4.3 DETENTION DESIGN

The proposed stormwater management strategy includes utilizing one culvert (see Culvert 3,
Figure 3, Appendix A) to collect and convey any flow in excess of that which cannot be
infiltrated on site in the solar array area. Calculations show that Culvert 3 has the capacity to
convey the worst case scenario of total runoff and little or no infiltration. Infiltration testing is
needed to determine what the anticipated flows to Culvert 3 will be. Subsequently, the
downstream system should be assessed to determine if there are any conveyance capacity
constraints. If capacity is limited in either the roadside ditch or the culvert road crossing, we
recommend assessing whether conveyance improvements or solar site stormwater detention
are the most appropriate and cost-effective stormwater management measures.

4.4 OFF-SITE FLOW CONSIDERATIONS

4.4.1 Bernert Creek Basin Impact

The system contributed to by Culverts 1 and 2 is currently under capacity as previously
described. A critical component of the preliminary stormwater management analysis is to
avoid routing flow to this culvert system. The stormwater management strategy outlined will
meet these criteria, with the added benefit of reducing existing flows to Culverts 1 and 2 by
utilizing available capacity in Culvert 3.

4.4.2 Tanner Creek Basin Impacts

Upstream of the site, the Tanner Creek Basin system crosses 1-205 via a box culvert.
According to the 2006 SWMP, this culvert system is slightly under capacity for the 25-year
stormwater event, and significantly under capacity for larger events. As described above,
ODOT maintenance staff reported that a sequence of events on January 1, 2009, resulted in
the inundation of this system, and the subsequent flow bypassed and inundated downstream
culvert systems down to and beyond the 10™ Street culvert system. Crews report removing
debris from the Tanner Creek Culvert at 9 p.m., only to find it load up again with debris a few
hours later. Some of the debris appeared angularly cut, indicating that yard debris thrown in
the drainage system was contributing to the culvert trash rack clogging. The proposed solar
array site stormwater management strategy relies on utilizing Culvert 3, which is one of the
downstream culverts impacted by the January 1, 2009, event. The solar array site strategy
assumes that culverts upstream are maintained or upgraded and are fully functional in order
to handle flows from the basins that they are draining. We recommend further investigation
of the Tanner Creek culvert crossing in order to determine how to minimize future bypass
potential.

5. CONCLUSIONS

Preliminary analysis, including a worst case scenario of saturated conditions with no
infiltration, indicates that proposed versus existing drainage will not negatively impact the
downstream capacity-deficient systems identified in the 2006 SWMP, specifically
downstream in the Bernert Creek system. The proposed strategy may even improve drainage
in the Bernert Creek system by routing site flows to Culvert 3 with adequate conveyance
capacity. Additionally, the proposed stormwater management strategy will not route flows to
downstream areas impacted by a January 1, 2009, flood event, nor does it create similar
flooding conditions or circumstances. These conclusions assume culverts upstream of the site
and those discharging flows from the site are maintained and fully functional.
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Summary of Recommendations

1. The Culvert 4 upstream invert elevation should be located in order to quantify the
culvert’s actual capacity and ability to manage runoff directed toward it.

2. Further study the Tanner Creek crossing culvert system to determine what (if any)
improvements are needed to prevent bypassing flows to downstream culverts.

3. Solar array site infiltration testing and a corresponding downstream capacity analysis
should be performed in order to quantify what site runoff is anticipated, and what if
any corresponding downstream improvements are needed. If capacity is limited
downstream of Culvert 3, in either the roadside ditch or the culvert road crossing, we
recommend assessing whether downstream conveyance improvements or solar site
stormwater detention are the most appropriate and cost-effective stormwater
management measures.

4. Approach the owners and operators of the private pond downstream of Culvert 3 to

assure that there are no operational impacts associated with the proposed stormwater
discharges.

6. REFERENCES
GeoDesign, Inc. Draft Slope Stability Evaluation. November 20, 2009.

NRCS (Natural Resources Conservation Service). Web Soil Survey. Accessed at:
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APPENDIX B

Excerpts from the Draft Slope Stability Evaluation, November 2009
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APPENDIX C

Culvert Capacity Calculations






Calculations of Culvert Capacities Using the Manning's Equation

U.S. Invert D.S. Invert

Culvert Size, in Ele Ele Manning's n  Slope, ft/ft Flow, cfs
1 24 198.1 151.1 0.013 0.102 72.10
2 15 228 217.5 0.013 0.096 19.99

3 18 245.8 238.9 0.013 0.063 26.32







APPENDIX D

Existing Basin Stormwater Analysis
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Existing Drainage Analysis: 25-Year Storm Event Results

BOSS International StormNET® - Version 4.20.0 (Build 675)

Analysis Options

Flow Units ................ cfs

Subbasin Hydrograph Method. Santa Barbara UH
Time of Concentration...... SCS TR-55

Link Routing Method ....... Kinematic Wave

Pond Exfiltration........_. None

Starting Date ............. DEC-08-2009 00:00:00
Ending Date ............... DEC-11-2009 00:00:00
Report Time Step .......... 00:00:10

R o o o

Element Count

R o o o

Number of rain gages ...... 1
Number of subbasins ....... 3
Number of nodes ........... 6
Number of links ........... 3

Raingage Summary

Gage Data Data Interval
1D Source Type hours
Gage-1 TS-3 INTENSITY 0.03

Subbasin Summary

Subbasin Total Imperv. Raingage
Area Area

1D acres %
Basin A 12.18 5.00 Gage-1
Basin B 24.43 15.00 Gage-1
Basin C 16.11 15.00 Gage-1
KAAAAkAAAAAk*k
Node Summary
KAhAAAkAkAAAAAkk
Node Element Invert Maximum Ponded External
1D Type Elevation Elev. Area Inflow

ft ft ft2
Jun-1 JUNCTION 270.00 275.00 0.00
Jun-2 JUNCTION 255.00 260.00 0.00
Jun-3 JUNCTION 235.00 240.00 0.00
Out-1 OUTFALL 5.00 230.00 0.00
Out-2 OUTFALL 5.00 247.00 0.00
Out-3 OUTFALL 5.00 200.00 0.00
FAAAAAAAAKAKK
Link Summary
FAAAAAAAAKAKK
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Existing Drainage Analysis: 25-Year Storm Event Results

Link From Node To Node Element Length Slope Manning®s
1D Type ft % Roughness
Con-1 Jun-1 Out-2 CHANNEL 967.8 2.5840 0.0320
Con-2 Jun-2 Out-1 CHANNEL 1169.9 2.3084 0.0320
Con-3 Jun-3 Out-3 CHANNEL 113.9  34.3609 0.0320

Cross Section Summary

Link Shape Depth/ Width No. of Cross Full Flow
Design
1D Diameter Barrels Sectional Hydraulic
Flow
Area Radius
Capacity
ft ft ft2 ft
cfs
Con-1 TRIANGULAR 2.00 4.00 1 4.00 0.71
23.70
Con-2 TRIANGULAR 2.00 4.00 1 4.00 0.71
22.40
Con-3 TRIANGULAR 2.00 4.00 1 4.00 0.71
86.42
Volume Depth
Runoff Quantity Continuity acre-ft inches
Total Precipitation ...... 17.128 3.899
Surface Runoff _._._.._..__..__. 6.669 1.518
Continuity Error (%) -..... 0.000
Volume Volume
Flow Routing Continuity acre-ft Mgallons
External Inflow ........_. 0.000 0.000
External Outflow ......... 6.669 2.173
Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) -..... -0.000

Composite Curve Number Computations Report

Area Soil
Soi l/Surface Description (acres) Group CN
Composite Area & Weighted CN 12.18 70.45
Subbasin Basin B

Area Soil
Soi l/Surface Description (acres) Group CN
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Existing Drainage Analysis: 25-Year Storm Event Results

Composite Area & Weighted CN 24 .43

73.35

Area Soil
Soi l/Surface Description (acres) Group
Composite Area & Weighted CN 16.11

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Shallow

Channel

Tc = (0.007 * ((n * LF70.8)) 7/ ((PA0.5) * (SFr0.4))

Where:

Tc

n
Lf
p
St

Time of Concentration (hrs)
Manning®s Roughness

Flow Length (ft)

2 yr, 24 hr Rainfall (inches)
Slope (ft/ft)

Concentrated Flow Equation

H<<<<<<<<

(9]

L T I VO L VI |
ANOONO
[

16.1345 * (Sf~0.5) (unpaved surface)

20.3282 * (Sf~0.5) (paved surface)

15.0 * (Sf70.5) (grassed waterway surface)

10.0 * (Sf70.5) (nearly bare & untilled surface)
(Sf~0.5) (cultivated straight rows surface)
(Sf~0.5) (short grass pasture surface)
(Sf~0.5) (woodland surface)

(Sf~0.5) (forest w/heavy litter surface)

V) / (3600 sec/hr)

= 01O OO

Nk X X

=
=
D
-
®

Time of Concentration (hrs)
Flow Length (ft)

Velocity (ft/sec)

Slope (ft/ft)

Equation

StormNET

(1.49 * (R™M(2/3)) * (8f*0.5)) / n
Ag / Wp
(LF /7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Hydraulic Radius (ft)

Flow Area (ft2)

Wetted Perimeter (ft)
Velocity (ft/sec)

Slope (ft/ft)

Manning®s Roughness
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Existing Drainage Analysis: 25-Year Storm Event Results

Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.40 0.00
0.00
Flow Length (ft): 198.22 0.00
0.00
Slope (%): 20.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 16.72 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
c
Flow Length (ft): 614.13 0.00
0.00
Slope (%): 26.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 8.23 0.00
0.00
Computed Flow Time (minutes): 1.24 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
C
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 864 .32 0.00
0.00
Channel Slope (%): 6.00 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 15.36 0.00
0.00
Computed Flow Time (minutes): 0.94 0.00
0.00
Total TOC (minutes): 18.90

Sheet Flow Computations

StormNET
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Existing Drainage Analysis: 25-Year Storm Event Results

Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.40 0.00
0.00
Flow Length (ft): 292.23 0.00
0.00
Slope (%): 17.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 24.34 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
C
Flow Length (ft): 863.99 0.00
0.00
Slope (%): 21.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 7.39 0.00
0.00
Computed Flow Time (minutes): 1.95 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 1148.02 0.00
0.00
Channel Slope (%): 1.30 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 7.15 0.00
0.00
Computed Flow Time (minutes): 2.68 0.00
0.00
Total TOC (minutes): 28.97
Subbasin Basin C
Sheet Flow Computations
Subarea A Subarea B Subarea
C
Manning®s Roughness: 0.40 0.00
0.00
StormNET Page 5 of 8



Existing Drainage Analysis: 25-Year Storm Event Results

Flow Length (ft): 293.00 0.00
0.00
Slope (%): 17.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 24 .39 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
C
Flow Length (ft): 1420.00 0.00
0.00
Slope (%): 11.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 5.35 0.00
0.00
Computed Flow Time (minutes): 4.42 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 957 .60 0.00
0.00
Channel Slope (%): 1.60 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 7.93 0.00
0.00
Computed Flow Time (minutes): 2.01 0.00
0.00
Total TOC (minutes): 30.83
Subbasin Runoff Summary
Subbasin Total Total Peak Weighted Time of
1D Precip Runoff Runoff Curve Concentration
in in cfs Number days hh:mm:ss
Basin A 3.899 1.328 2.353 70.450 0 00:18:54
Basin B 3.899 1.575 5.282 73.350 0 00:28:58
Basin C 3.899 1.575 3.395 73.350 0 00:30:49
System 3.899 1.518 11.02
StormNET Page 6 of 8



Existing Drainage Analysis: 25-Year Storm Event Results

Node Depth Summary

Node Average Maximum Maximum  Time of Max Total Total Retention
1D Depth Depth HGL Occurrence Flooded Time Time
Attained Attained Attained Volume Flooded

ft ft ft days hh:mm acre-in minutes hh:mm:ss
Jun-1 0.20 0.97 270.97 0 08:06 0 0 0:00:00
Jun-2 0.24 1.16 256.16 0 08:04 0 0 0:00:00
Jun-3 0.10 0.52 235.52 0 08:02 0 0 0:00:00
Out-1 223.24 224.16 229.16 0 08:09 0 0 0:00:00
Out-2 240.20 240.96 245_96 0 08:10 0 0 0:00:00
Out-3 193.10 193.52 198.52 0 08:02 0 0 0:00:00

Node Element Max imum Peak Time of Maximum Time of Peak

1D Type Lateral Inflow Peak Inflow Flooding Flooding

Inflow Occurrence Overflow Occurrence

cfs cfs days hh:mm cfs days hh:mm
Jun-1 JUNCTION 3.40 3.40 0 08:06 0.00
Jun-2 JUNCTION 5.28 5.28 0 08:04 0.00
Jun-3 JUNCTION 2.35 2.35 0 08:02 0.00
Out-1 OUTFALL 0.00 5.26 0 08:09 0.00
Out-2 OUTFALL 0.00 3.39 0 08:10 0.00
Out-3 OUTFALL 0.00 2.35 0 08:02 0.00

Outfall Loading Summary

Outfall Node ID Flow Average Peak
Frequency Flow Inflow

) cfs cfs

Out-1 37.69 1.43 5.26
Out-2 37.53 0.95 3.39
Out-3 35.18 0.64 2.35
System 36.80 3.02 10.94

Link Flow Summary

Link ID Element Time of Maximum Length Peak Flow Design Ratio of
Ratio of Total
Type Peak Flow Velocity Factor during Flow  Maximum
Maximum Time
Occurrence Attained Analysis Capacity /Design

Flow Surcharged
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Existing Drainage Analysis: 25-Year Storm Event Results

days hh:mm ft/sec cfs cfs Flow
Depth Minutes
Con-1 CHANNEL 0 08:10 3.65 1.00 3.39 23.70 0.14
0.48 0
Con-2 CHANNEL 0 08:09 3.91 1.00 5.26 22.40 0.23
0.58 0
Con-3 CHANNEL 0 08:02 8.78 1.00 2.35 86.42 0.03
0.26 0

Highest Flow Instability Indexes

All links are stable.

WARNING 107 : Initial elevation defined for Junction Jun-1 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-1 is below maximum elevation.
Assumed junction maximum elevation.

WARNING 107 : Initial elevation defined for Junction Jun-2 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-2 is below maximum elevation.
Assumed junction maximum elevation.

WARNING 107 : Initial elevation defined for Junction Jun-3 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-3 is below maximum elevation.
Assumed junction maximum elevation.

Analysis begun on: Fri Dec 11 13:57:49 2009

Analysis ended on: Fri Dec 11 13:57:51 2009
Total elapsed time: 00:00:02
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Existing Drainage Analysis: 50-Year Storm Event Results

BOSS International StormNET® - Version 4.20.0 (Build 675)

Analysis Options

Flow Units ................ cfs

Subbasin Hydrograph Method. Santa Barbara UH
Time of Concentration...... SCS TR-55

Link Routing Method ....... Kinematic Wave

Pond Exfiltration........_. None

Starting Date ............. DEC-08-2009 00:00:00
Ending Date ............... DEC-11-2009 00:00:00
Report Time Step .......... 00:00:10

R o o o

Element Count

R o o o

Number of rain gages ...... 1
Number of subbasins ....... 3
Number of nodes ........... 6
Number of links ........... 3

Raingage Summary

Gage Data Data Interval
1D Source Type hours
Gage-1 TS-4 INTENSITY 0.03

Subbasin Summary

Subbasin Total Imperv. Raingage
Area Area

1D acres %
Basin A 12.18 5.00 Gage-1
Basin B 24.43 15.00 Gage-1
Basin C 16.11 15.00 Gage-1
KAAAAkAAAAAk*k
Node Summary
KAhAAAkAkAAAAAkk
Node Element Invert Maximum Ponded External
1D Type Elevation Elev. Area Inflow

ft ft ft2
Jun-1 JUNCTION 270.00 275.00 0.00
Jun-2 JUNCTION 255.00 260.00 0.00
Jun-3 JUNCTION 235.00 240.00 0.00
Out-1 OUTFALL 5.00 230.00 0.00
Out-2 OUTFALL 5.00 247.00 0.00
Out-3 OUTFALL 5.00 200.00 0.00
FAAAAAAAAKAKK
Link Summary
FAAAAAAAAKAKK
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Existing Drainage Analysis: 50-Year Storm Event Results

Link From Node To Node Element Length Slope Manning®s
1D Type ft % Roughness
Con-1 Jun-1 Out-2 CHANNEL 967.8 2.5840 0.0320
Con-2 Jun-2 Out-1 CHANNEL 1169.9 2.3084 0.0320
Con-3 Jun-3 Out-3 CHANNEL 113.9  34.3609 0.0320

Cross Section Summary

Link Shape Depth/ Width No. of Cross Full Flow
Design
1D Diameter Barrels Sectional Hydraulic
Flow
Area Radius
Capacity
ft ft ft2 ft
cfs
Con-1 TRIANGULAR 2.00 4.00 1 4.00 0.71
23.70
Con-2 TRIANGULAR 2.00 4.00 1 4.00 0.71
22.40
Con-3 TRIANGULAR 2.00 4.00 1 4.00 0.71
86.42
Volume Depth
Runoff Quantity Continuity acre-ft inches
Total Precipitation ...... 18.884 4.298
Surface Runoff _._._.._..__..__. 7.904 1.799
Continuity Error (%) -..... 0.000
Volume Volume
Flow Routing Continuity acre-ft Mgallons
External Inflow ........_. 0.000 0.000
External Outflow ......... 7.904 2.576
Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) -..... -0.000

Composite Curve Number Computations Report

Area Soil
Soi l/Surface Description (acres) Group CN
Composite Area & Weighted CN 12.18 70.45
Subbasin Basin B

Area Soil
Soi l/Surface Description (acres) Group CN
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Existing Drainage Analysis: 50-Year Storm Event Results

Composite Area & Weighted CN 24 .43

73.35

Area Soil
Soi l/Surface Description (acres) Group
Composite Area & Weighted CN 16.11

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Shallow

Channel

Tc = (0.007 * ((n * LF70.8)) 7/ ((PA0.5) * (SFr0.4))

Where:

Tc

n
Lf
p
St

Time of Concentration (hrs)
Manning®s Roughness

Flow Length (ft)

2 yr, 24 hr Rainfall (inches)
Slope (ft/ft)

Concentrated Flow Equation

H<<<<<<<<

(9]

L T I VO L VI |
ANOONO
[

16.1345 * (Sf~0.5) (unpaved surface)

20.3282 * (Sf~0.5) (paved surface)

15.0 * (Sf70.5) (grassed waterway surface)

10.0 * (Sf70.5) (nearly bare & untilled surface)
(Sf~0.5) (cultivated straight rows surface)
(Sf~0.5) (short grass pasture surface)
(Sf~0.5) (woodland surface)

(Sf~0.5) (forest w/heavy litter surface)

V) / (3600 sec/hr)

= 01O OO

Nk X X

=
=
D
-
®

Time of Concentration (hrs)
Flow Length (ft)

Velocity (ft/sec)

Slope (ft/ft)

Equation

StormNET

(1.49 * (R™M(2/3)) * (8f*0.5)) / n
Ag / Wp
(LF /7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Hydraulic Radius (ft)

Flow Area (ft2)

Wetted Perimeter (ft)
Velocity (ft/sec)

Slope (ft/ft)

Manning®s Roughness
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Existing Drainage Analysis: 50-Year Storm Event Results

Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.40 0.00
0.00
Flow Length (ft): 198.22 0.00
0.00
Slope (%): 20.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 16.72 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
c
Flow Length (ft): 614.13 0.00
0.00
Slope (%): 26.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 8.23 0.00
0.00
Computed Flow Time (minutes): 1.24 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
C
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 864 .32 0.00
0.00
Channel Slope (%): 6.00 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 15.36 0.00
0.00
Computed Flow Time (minutes): 0.94 0.00
0.00
Total TOC (minutes): 18.90

Sheet Flow Computations

StormNET
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Existing Drainage Analysis: 50-Year Storm Event Results

Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.40 0.00
0.00
Flow Length (ft): 292.23 0.00
0.00
Slope (%): 17.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 24.34 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
C
Flow Length (ft): 863.99 0.00
0.00
Slope (%): 21.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 7.39 0.00
0.00
Computed Flow Time (minutes): 1.95 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 1148.02 0.00
0.00
Channel Slope (%): 1.30 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 7.15 0.00
0.00
Computed Flow Time (minutes): 2.68 0.00
0.00
Total TOC (minutes): 28.97
Subbasin Basin C
Sheet Flow Computations
Subarea A Subarea B Subarea
C
Manning®s Roughness: 0.40 0.00
0.00
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Existing Drainage Analysis: 50-Year Storm Event Results

Flow Length (ft): 293.00 0.00
0.00
Slope (%): 17.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 24 .39 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
C
Flow Length (ft): 1420.00 0.00
0.00
Slope (%): 11.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 5.35 0.00
0.00
Computed Flow Time (minutes): 4.42 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 957 .60 0.00
0.00
Channel Slope (%): 1.60 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 7.93 0.00
0.00
Computed Flow Time (minutes): 2.01 0.00
0.00
Total TOC (minutes): 30.83
Subbasin Runoff Summary
Subbasin Total Total Peak Weighted Time of
1D Precip Runoff Runoff Curve Concentration
in in cfs Number days hh:mm:ss
Basin A 4.298 1.599 3.040 70.450 0 00:18:54
Basin B 4.298 1.859 6.524 73.350 0 00:28:58
Basin C 4.298 1.859 4.191 73.350 0 00:30:49
System 4.298 1.799 13.75
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Existing Drainage Analysis: 50-Year Storm Event Results

Node Depth Summary

Node Average Maximum Maximum  Time of Max Total Total Retention
1D Depth Depth HGL Occurrence Flooded Time Time
Attained Attained Attained Volume Flooded

ft ft ft days hh:mm acre-in minutes hh:mm:ss
Jun-1 0.22 1.04 271.04 0 08:06 0 0 0:00:00
Jun-2 0.26 1.26 256.26 0 08:04 0 0 0:00:00
Jun-3 0.11 0.57 235.57 0 08:02 0 0 0:00:00
Out-1 223.26 224.26 229.26 0 08:09 0 0 0:00:00
Out-2 240.22 241.04 246.04 0 08:09 0 0 0:00:00
Out-3 193.11 193.57 198.57 0 08:02 0 0 0:00:00

Node Element Max imum Peak Time of Maximum Time of Peak

1D Type Lateral Inflow Peak Inflow Flooding Flooding

Inflow Occurrence Overflow Occurrence

cfs cfs days hh:mm cfs days hh:mm
Jun-1 JUNCTION 4.19 4.19 0 08:06 0.00
Jun-2 JUNCTION 6.52 6.52 0 08:04 0.00
Jun-3 JUNCTION 3.04 3.04 0 08:02 0.00
Out-1 OUTFALL 0.00 6.50 0 08:09 0.00
Out-2 OUTFALL 0.00 4.18 0 08:09 0.00
Out-3 OUTFALL 0.00 3.04 0 08:02 0.00

Outfall Loading Summary

Outfall Node ID Flow Average Peak
Frequency Flow Inflow

) cfs cfs

Out-1 37.88 1.68 6.50
Out-2 37.73 1.11 4.18
Out-3 35.33 0.77 3.04
System 36.98 3.56 13.63

Link Flow Summary

Link ID Element Time of Maximum Length Peak Flow Design Ratio of
Ratio of Total
Type Peak Flow Velocity Factor during Flow  Maximum
Maximum Time
Occurrence Attained Analysis Capacity /Design

Flow Surcharged
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Existing Drainage Analysis: 50-Year Storm Event Results

days hh:mm ft/sec cfs cfs Flow
Depth Minutes
Con-1 CHANNEL 0 08:09 3.85 1.00 4.18 23.70 0.18
0.52 0
Con-2 CHANNEL 0 08:09 4.12 1.00 6.50 22.40 0.29
0.63 0
Con-3 CHANNEL 0 08:02 9.36 1.00 3.04 86.42 0.04
0.28 0

Highest Flow Instability Indexes

All links are stable.

WARNING 107 : Initial elevation defined for Junction Jun-1 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-1 is below maximum elevation.
Assumed junction maximum elevation.

WARNING 107 : Initial elevation defined for Junction Jun-2 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-2 is below maximum elevation.
Assumed junction maximum elevation.

WARNING 107 : Initial elevation defined for Junction Jun-3 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-3 is below maximum elevation.
Assumed junction maximum elevation.

Analysis begun on: Fri Dec 11 13:59:32 2009

Analysis ended on: Fri Dec 11 13:59:34 2009
Total elapsed time: 00:00:02
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Existing Drainage Analysis: 100-Year Storm Event Results

BOSS International StormNET® - Version 4.20.0 (Build 675)

Analysis Options

Flow Units ................ cfs

Subbasin Hydrograph Method. Santa Barbara UH
Time of Concentration...... SCS TR-55

Link Routing Method ....... Kinematic Wave

Pond Exfiltration........_. None

Starting Date ............. DEC-08-2009 00:00:00
Ending Date ............... DEC-11-2009 00:00:00
Report Time Step .......... 00:00:10

R o o o

Element Count

R o o o

Number of rain gages ...... 1
Number of subbasins ....... 3
Number of nodes ........... 6
Number of links ........... 3

Raingage Summary

Gage Data Data Interval
1D Source Type hours
Gage-1 TS-5 INTENSITY 0.03

Subbasin Summary

Subbasin Total Imperv. Raingage
Area Area

1D acres %
Basin A 12.18 5.00 Gage-1
Basin B 24.43 15.00 Gage-1
Basin C 16.11 15.00 Gage-1
KAAAAkAAAAAk*k
Node Summary
KAhAAAkAkAAAAAkk
Node Element Invert Maximum Ponded External
1D Type Elevation Elev. Area Inflow

ft ft ft2
Jun-1 JUNCTION 270.00 275.00 0.00
Jun-2 JUNCTION 255.00 260.00 0.00
Jun-3 JUNCTION 235.00 240.00 0.00
Out-1 OUTFALL 5.00 230.00 0.00
Out-2 OUTFALL 5.00 247.00 0.00
Out-3 OUTFALL 5.00 200.00 0.00
FAAAAAAAAKAKK
Link Summary
FAAAAAAAAKAKK
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Existing Drainage Analysis: 100-Year Storm Event Results

Link From Node To Node Element Length Slope Manning®s
1D Type ft % Roughness
Con-1 Jun-1 Out-2 CHANNEL 967.8 2.5840 0.0320
Con-2 Jun-2 Out-1 CHANNEL 1169.9 2.3084 0.0320
Con-3 Jun-3 Out-3 CHANNEL 113.9  34.3609 0.0320

Cross Section Summary

Link Shape Depth/ Width No. of Cross Full Flow
Design
1D Diameter Barrels Sectional Hydraulic
Flow
Area Radius
Capacity
ft ft ft2 ft
cfs
Con-1 TRIANGULAR 2.00 4.00 1 4.00 0.71
23.70
Con-2 TRIANGULAR 2.00 4.00 1 4.00 0.71
22.40
Con-3 TRIANGULAR 2.00 4.00 1 4.00 0.71
86.42
Volume Depth
Runoff Quantity Continuity acre-ft inches
Total Precipitation ...... 19.763 4.498
Surface Runoff _._._.._..__..__. 8.541 1.944
Continuity Error (%) -..... 0.000
Volume Volume
Flow Routing Continuity acre-ft Mgallons
External Inflow ........_. 0.000 0.000
External Outflow ......... 8.542 2.783
Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) -..... -0.000

Composite Curve Number Computations Report

Area Soil
Soi l/Surface Description (acres) Group CN
Composite Area & Weighted CN 12.18 70.45
Subbasin Basin B

Area Soil
Soi l/Surface Description (acres) Group CN
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Existing Drainage Analysis: 100-Year Storm Event Results

Composite Area & Weighted CN 24 .43

73.35

Area Soil
Soi l/Surface Description (acres) Group
Composite Area & Weighted CN 16.11

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Shallow

Channel

Tc = (0.007 * ((n * LF70.8)) 7/ ((PA0.5) * (SFr0.4))

Where:

Tc

n
Lf
p
St

Time of Concentration (hrs)
Manning®s Roughness

Flow Length (ft)

2 yr, 24 hr Rainfall (inches)
Slope (ft/ft)

Concentrated Flow Equation

H<<<<<<<<

(9]

L T I VO L VI |
ANOONO
[

16.1345 * (Sf~0.5) (unpaved surface)

20.3282 * (Sf~0.5) (paved surface)

15.0 * (Sf70.5) (grassed waterway surface)

10.0 * (Sf70.5) (nearly bare & untilled surface)
(Sf~0.5) (cultivated straight rows surface)
(Sf~0.5) (short grass pasture surface)
(Sf~0.5) (woodland surface)

(Sf~0.5) (forest w/heavy litter surface)

V) / (3600 sec/hr)

= 01O OO

Nk X X

=
=
D
-
®

Time of Concentration (hrs)
Flow Length (ft)

Velocity (ft/sec)

Slope (ft/ft)

Equation

StormNET

(1.49 * (R™M(2/3)) * (8f*0.5)) / n
Ag / Wp
(LF /7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Hydraulic Radius (ft)

Flow Area (ft2)

Wetted Perimeter (ft)
Velocity (ft/sec)

Slope (ft/ft)

Manning®s Roughness
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Existing Drainage Analysis: 100-Year Storm Event Results

Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.40 0.00
0.00
Flow Length (ft): 198.22 0.00
0.00
Slope (%): 20.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 16.72 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
c
Flow Length (ft): 614.13 0.00
0.00
Slope (%): 26.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 8.23 0.00
0.00
Computed Flow Time (minutes): 1.24 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
C
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 864 .32 0.00
0.00
Channel Slope (%): 6.00 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 15.36 0.00
0.00
Computed Flow Time (minutes): 0.94 0.00
0.00
Total TOC (minutes): 18.90

Sheet Flow Computations

StormNET
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Existing Drainage Analysis: 100-Year Storm Event Results

Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.40 0.00
0.00
Flow Length (ft): 292.23 0.00
0.00
Slope (%): 17.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 24.34 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
C
Flow Length (ft): 863.99 0.00
0.00
Slope (%): 21.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 7.39 0.00
0.00
Computed Flow Time (minutes): 1.95 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 1148.02 0.00
0.00
Channel Slope (%): 1.30 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 7.15 0.00
0.00
Computed Flow Time (minutes): 2.68 0.00
0.00
Total TOC (minutes): 28.97
Subbasin Basin C
Sheet Flow Computations
Subarea A Subarea B Subarea
C
Manning®s Roughness: 0.40 0.00
0.00
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Existing Drainage Analysis: 100-Year Storm Event Results

Flow Length (ft): 293.00 0.00
0.00
Slope (%): 17.00 0.00
0.00
2 yr, 24 hr Rainfall (in): 2.50 0.00
0.00
Velocity (ft/sec): 0.20 0.00
0.00
Computed Flow Time (minutes): 24 .39 0.00
0.00
Shallow Concentrated Flow Computations
Subarea A Subarea B Subarea
C
Flow Length (ft): 1420.00 0.00
0.00
Slope (%): 11.00 0.00
0.00
Surface Type: Unpaved Unpaved
Unpaved
Velocity (ft/sec): 5.35 0.00
0.00
Computed Flow Time (minutes): 4.42 0.00
0.00
Channel Flow Computations
Subarea A Subarea B Subarea
c
Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 957 .60 0.00
0.00
Channel Slope (%): 1.60 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 2.82 0.00
0.00
Velocity (ft/sec): 7.93 0.00
0.00
Computed Flow Time (minutes): 2.01 0.00
0.00
Total TOC (minutes): 30.83
Subbasin Runoff Summary
Subbasin Total Total Peak Weighted Time of
1D Precip Runoff Runoff Curve Concentration
in in cfs Number days hh:mm:ss
Basin A 4.498 1.739 3.400 70.450 0 00:18:54
Basin B 4.498 2.006 7.172 73.350 0 00:28:58
Basin C 4.498 2.006 4.608 73.350 0 00:30:49
System 4.498 1.944 15.17
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Existing Drainage Analysis: 100-Year Storm Event Results

Node Depth Summary

Node Average Maximum Maximum  Time of Max Total Total Retention
1D Depth Depth HGL Occurrence Flooded Time Time
Attained Attained Attained Volume Flooded

ft ft ft days hh:mm acre-in minutes hh:mm:ss
Jun-1 0.22 1.08 271.08 0 08:04 0 0 0:00:00
Jun-2 0.26 1.30 256.30 0 08:04 0 0 0:00:00
Jun-3 0.11 0.59 235.59 0 08:02 0 0 0:00:00
Out-1 223.26 224.30 229.30 0 08:08 0 0 0:00:00
Out-2 240.22 241.08 246.08 0 08:09 0 0 0:00:00
Out-3 193.11 193.59 198.59 0 08:02 0 0 0:00:00

Node Element Max imum Peak Time of Maximum Time of Peak

1D Type Lateral Inflow Peak Inflow Flooding Flooding

Inflow Occurrence Overflow Occurrence

cfs cfs days hh:mm cfs days hh:mm
Jun-1 JUNCTION 4.61 4.61 0 08:04 0.00
Jun-2 JUNCTION 7.17 7.17 0 08:04 0.00
Jun-3 JUNCTION 3.40 3.40 0 08:02 0.00
Out-1 OUTFALL 0.00 7.14 0 08:08 0.00
Out-2 OUTFALL 0.00 4.60 0 08:09 0.00
Out-3 OUTFALL 0.00 3.40 0 08:02 0.00

Outfall Loading Summary

Outfall Node ID Flow Average Peak
Frequency Flow Inflow

) cfs cfs

Out-1 37.97 1.81 7.14
Out-2 37.82 1.20 4.60
Out-3 35.40 0.84 3.40
System 37.06 3.84 15.04

Link Flow Summary

Link ID Element Time of Maximum Length Peak Flow Design Ratio of
Ratio of Total
Type Peak Flow Velocity Factor during Flow  Maximum
Maximum Time
Occurrence Attained Analysis Capacity /Design

Flow Surcharged
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Existing Drainage Analysis: 100-Year Storm Event Results

days hh:mm ft/sec cfs cfs Flow
Depth Minutes
Con-1 CHANNEL 0 08:09 3.94 1.00 4.60 23.70 0.19
0.54 0
Con-2 CHANNEL 0 08:08 4.22 1.00 7.14 22.40 0.32
0.65 0
Con-3 CHANNEL 0 08:02 9.62 1.00 3.40 86.42 0.04
0.30 0

Highest Flow Instability Indexes

All links are stable.

WARNING 107 : Initial elevation defined for Junction Jun-1 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-1 is below maximum elevation.
Assumed junction maximum elevation.

WARNING 107 : Initial elevation defined for Junction Jun-2 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-2 is below maximum elevation.
Assumed junction maximum elevation.

WARNING 107 : Initial elevation defined for Junction Jun-3 is below invert elevation. Assumed
junction invert elevation.

WARNING 108 : Surcharge elevation defined for Junction Jun-3 is below maximum elevation.
Assumed junction maximum elevation.

Analysis begun on: Fri Dec 11 14:00:44 2009

Analysis ended on: Fri Dec 11 14:00:47 2009
Total elapsed time: 00:00:03
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Proposed Drainage Analysis: Water Quality Storm Event Results

BOSS International StormNET® - Version 4.20.0 (Build 675)

The following project depicts the site
basin area for initial determination of
the peak runoff from the impervous areas

Analysis Options

Flow Units ................ cfs

Subbasin Hydrograph Method. Santa Barbara UH
Time of Concentration...... SCS TR-55

Link Routing Method ....... Kinematic Wave

Pond Exfiltration.......... None

Starting Date ............. O0CT-27-2009 00:00:00
Ending Date ............... OCT-30-2009 00:00:00
Report Time Step .......... 00:00:10

R o

Element Count

R o o

Number of rain gages ...... 1
Number of subbasins ....... 1
Number of nodes ........... 2
Number of links ........... 1

Raingage Summary

Gage Data Data Interval
1D Source Type hours
Gage-2 Water Quality INTENSITY 0.03

Subbasin Summary

Subbasin Total Imperv. Raingage

Area Area
1D acres %
Sub-1 49.64 16.00 Gage-2
KAAAAkAAAAAk*k
Node Summary
B o
Node Element Invert Maximum Ponded External
1D Type Elevation Elev. Area Inflow

ft ft ft2

Jun-1 JUNCTION 256.00 260.00 0.00
Out-1 OUTFALL 247.00 250.00 0.00
B o
Link Summary
B o
Link From Node To Node Element Length Slope Manning®s
1D Type ft % Roughness
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Proposed Drainage Analysis: Water Quality Storm Event Results

Con-2 Jun-1 Out-1 CHANNEL 415.8 2.1653 0.0320

Cross Section Summary

Link Shape Depth/ Width No. of Cross Full Flow
Design
1D Diameter Barrels Sectional Hydraulic
Flow
Area Radius
Capacity
ft ft ft2 ft
cfs
Con-2 TRIANGULAR 3.00 6.00 1 9.00 1.06
63.96
Volume Depth
Runoff Quantity Continuity acre-ft inches
Total Precipitation ...... 5.169 1.250
Surface Runoff __.._.._._._.__. 0.775 0.187
Continuity Error (%) -.... 0.000
Volume Volume
Flow Routing Continuity acre-ft Mgallons
External Inflow ....._.._. 0.000 0.000
External Outflow ......... 0.775 0.253
Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) -.... 0.000

Composite Curve Number Computations Report

Area Soil
Soi l/Surface Description (acres) Group CN
Composite Area & Weighted CN 49.64 73.64

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Tc = (0.007 * ((n * LF)”0.8)) / ((P*0.5) * (Sf~0.4))
Where:
Tc

n
LF

Time of Concentration (hrs)
Manning®s Roughness
Flow Length (ft)
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Proposed Drainage Analysis: Water Quality Storm Event Results

p
St

2 yr, 24 hr Rainfall (inches)
Slope (ft/ft)

Shallow Concentrated Flow Equation

V = 16.1345 * (Sf~0.5) (unpaved surface)

V = 20.3282 * (Sf~0.5) (paved surface)

V =15.0 * (Sf*0.5) (grassed waterway surface)

V = 10.0 * (Sf*0.5) (nearly bare & untilled surface)
V =9.0 * (Sf*0.5) (cultivated straight rows surface)
V =7.0 * (Sf*0.5) (short grass pasture surface)

V =5.0 * (Sf*0.5) (woodland surface)

V. =2.5* (Sf*0.5) (forest w/heavy litter surface)
Tc = (LF /7 V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)

Lf = Flow Length (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

Channel Flow Equation

vV = (1.49 * (RM(2/3)) * (Sf~0.5)) / n
R = Ag /7 Wp

Tc = (LF 7 V) / (3600 sec/hr)
Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)

R = Hydraulic Radius (ft)

Ag = Flow Area (ft2)

Wp = Wetted Perimeter (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

n = Manning"s Roughness

C
Manning®s Roughness:
0.00
Flow Length (ft):
0.00
Slope (%):
0.00
2 yr, 24 hr Rainfall (in):
0.00
Velocity (ft/sec):
0.00
Computed Flow Time (minutes):
0.00

Channel Flow Computations

StormNET

Subarea A
0.40
98.00
51.00
2.50
0.25

6.54

Subarea A

Subarea B
0.00
0.00
0.00
0.00
0.00

0.00

Subarea B

Subarea

Subarea
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Proposed Drainage Analysis: Water Quality Storm Event Results

Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 3078.00 0.00
0.00
Channel Slope (%): 3.70 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 5.66 0.00
0.00
Velocity (ft/sec): 7.58 0.00
0.00
Computed Flow Time (minutes): 6.77 0.00
0.00
Total TOC (minutes): 13.31
Subbasin Runoff Summary
Subbasin Total Total Peak Weighted Time of
1D Precip Runoff Runoff Curve Concentration
in in cfs Number days hh:mm:ss
Sub-1 1.250 0.187 1.930 73.640 0 00:13:18
System 1.250 0.187 1.93
Node Depth Summary
Node Average Maximum Maximum  Time of Max Total Total Retention
1D Depth Depth HGL Occurrence Flooded Time Time
Attained Attained Attained Volume Flooded
ft ft ft days hh:mm acre-in minutes hh:mm:ss
Jun-1 0.14 0.81 256.81 0 08:00 0 0 0:00:00
Out-1 0.14 0.81 247.81 0 08:01 0 0 0:00:00
Node Flow Summary
Node Element Maximum Peak Time of  Maximum Time of Peak
1D Type Lateral Inflow Peak Inflow Flooding Flooding
Inflow Occurrence Overflow Occurrence
cfs cfs days hh:mm cfs days hh:mm
Jun-1 JUNCTION 1.93 1.93 0 08:00 0.00
Out-1 OUTFALL 0.00 1.92 0 08:01 0.00

Outfall Loading Summary

StormNET
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Proposed Drainage Analysis: Water Quality Storm Event Results

Outfall Node ID Flow Average Peak
Frequency Flow Inflow

) cfs cfs

Out-1 33.13 0.39 1.92
System 33.13 0.39 1.92

Link Flow Summary

Link ID Element Time of Maximum Length Peak Flow Design Ratio of
Ratio of Total
Type Peak Flow Velocity Factor during Flow  Maximum
Maximum Time
Occurrence Attained Analysis Capacity /Design
Flow Surcharged
days hh:mm ft/sec cfs cfs Flow
Depth Minutes
Con-2 CHANNEL 0 08:01 2.98 1.00 1.92 63.96 0.03
0.27 0

Highest Flow Instability Indexes

All links are stable.

WARNING 108 : Surcharge elevation defined for Junction Jun-1 is below maximum elevation.
Assumed junction maximum elevation.

Analysis begun on: Fri Dec 11 14:06:11 2009

Analysis ended on: Fri Dec 11 14:06:12 2009
Total elapsed time: 00:00:01
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Proposed Drainage Analysis: 25-Year Storm Event Results

BOSS International StormNET® - Version 4.20.0 (Build 675)

The following project depicts the site
basin area for initial determination of
the peak runoff from the impervous areas

Analysis Options

Flow Units ................ cfs

Subbasin Hydrograph Method. Santa Barbara UH
Time of Concentration...... SCS TR-55

Link Routing Method ....... Kinematic Wave

Pond Exfiltration.......... None

Starting Date ............. O0CT-27-2009 00:00:00
Ending Date ............... OCT-30-2009 00:00:00
Report Time Step .......... 00:00:10

R o

Element Count

R o o

Number of rain gages ...... 1
Number of subbasins ....... 1
Number of nodes ........... 2
Number of links ........... 1

Raingage Summary

Gage Data Data Interval
1D Source Type hours
Gage-2 TS-25 INTENSITY 0.03

Subbasin Summary

Subbasin Total Imperv. Raingage

Area Area
1D acres %
Sub-1 49.64 16.00 Gage-2
KAAAAkAAAAAk*k
Node Summary
B o
Node Element Invert Maximum Ponded External
1D Type Elevation Elev. Area Inflow

ft ft ft2

Jun-1 JUNCTION 256.00 260.00 0.00
Out-1 OUTFALL 247.00 250.00 0.00
B o
Link Summary
B o
Link From Node To Node Element Length Slope Manning®s
1D Type ft % Roughness
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Proposed Drainage Analysis: 25-Year Storm Event Results

Con-2 Jun-1 Out-1 CHANNEL 415.8 2.1653 0.0320

Cross Section Summary

Link Shape Depth/ Width No. of Cross Full Flow
Design
1D Diameter Barrels Sectional Hydraulic
Flow
Area Radius
Capacity
ft ft ft2 ft
cfs
Con-2 TRIANGULAR 3.00 6.00 1 9.00 1.06
63.96
Volume Depth
Runoff Quantity Continuity acre-ft inches
Total Precipitation ...... 16.127 3.899
Surface Runoff __.._.._._._.__. 6.617 1.600
Continuity Error (%) -.... 0.000
Volume Volume
Flow Routing Continuity acre-ft Mgallons
External Inflow ....._.._. 0.000 0.000
External Outflow ......... 6.617 2.156
Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) -.... 0.000

Composite Curve Number Computations Report

Area Soil
Soi l/Surface Description (acres) Group CN
Composite Area & Weighted CN 49.64 73.64

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Tc = (0.007 * ((n * LF)”0.8)) / ((P*0.5) * (Sf~0.4))
Where:
Tc

n
LF

Time of Concentration (hrs)
Manning®s Roughness
Flow Length (ft)
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Proposed Drainage Analysis: 25-Year Storm Event Results

Shallow

Channel

p
St

2 yr, 24 hr Rainfall (inches)
Slope (ft/ft)

Concentrated Flow Equation

H<<<<<<<<

Cc

16.1345 * (Sf~0.5) (unpaved surface)

20.3282 * (Sf~0.5) (paved surface)

15.0 * (Sf~0.5) (grassed waterway surface)

10.0 * (Sf70.5) (nearly bare & untilled surface)

9.0 * (Sf~0.5) (cultivated straight rows surface)
7.0 * (Sf~0.5) (short grass pasture surface)

5.0 * (Sf~0.5) (woodland surface)

2.5 * (Sf~0.5) (forest w/heavy litter surface)
(LF /7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Velocity (ft/sec)

Slope (ft/ft)

Equation

(1.49 * (R™M(2/3)) * (sf*0.5)) / n
Ag / Wp
(LF 7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Hydraulic Radius (ft)

Flow Area (ft2)

Wetted Perimeter (ft)
Velocity (ft/sec)

Slope (ft/ft)

Manning®s Roughness

Subarea A
C
Manning®s Roughness: 0.40
0.00
Flow Length (ft): 98.00
0.00
Slope (%): 51.00
0.00
2 yr, 24 hr Rainfall (in): 2.50
0.00
Velocity (ft/sec): 0.25
0.00
Computed Flow Time (minutes): 6.54
0.00
Channel Flow Computations
Subarea A

StormNET

Subarea B
0.00
0.00
0.00
0.00
0.00

0.00

Subarea B

Subarea

Subarea
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Proposed Drainage Analysis: 25-Year Storm Event Results

Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 3078.00 0.00
0.00
Channel Slope (%): 3.70 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 5.66 0.00
0.00
Velocity (ft/sec): 7.58 0.00
0.00
Computed Flow Time (minutes): 6.77 0.00
0.00
Total TOC (minutes): 13.31
Subbasin Runoff Summary
Subbasin Total Total Peak Weighted Time of
1D Precip Runoff Runoff Curve Concentration
in in cfs Number days hh:mm:ss
Sub-1 3.899 1.600 14.214 73.640 0 00:13:18
System 3.899 1.600 14.21
Node Depth Summary
Node Average Maximum Maximum  Time of Max Total Total Retention
1D Depth Depth HGL Occurrence Flooded Time Time
Attained Attained Attained Volume Flooded
ft ft ft days hh:mm acre-in minutes hh:mm:ss
Jun-1 0.31 1.71 257.71 0 08:02 0 0 0:00:00
Out-1 0.31 1.71 248.71 0 08:02 0 0 0:00:00
Node Flow Summary
Node Element Maximum Peak Time of  Maximum Time of Peak
1D Type Lateral Inflow Peak Inflow Flooding Flooding
Inflow Occurrence Overflow Occurrence
cfs cfs days hh:mm cfs days hh:mm
Jun-1 JUNCTION 14.21 14.21 0 08:02 0.00
Out-1 OUTFALL 0.00 14.20 0 08:02 0.00

Outfall Loading Summary

StormNET
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Proposed Drainage Analysis: 25-Year Storm Event Results

Outfall Node ID Flow Average Peak
Frequency Flow Inflow

) cfs cfs

Out-1 35.09 3.17 14.20
System 35.09 3.17 14.20

Link Flow Summary

Link ID Element Time of Maximum Length Peak Flow Design Ratio of
Ratio of Total
Type Peak Flow Velocity Factor during Flow  Maximum
Maximum Time
Occurrence Attained Analysis Capacity /Design
Flow Surcharged
days hh:mm ft/sec cfs cfs Flow
Depth Minutes
Con-2 CHANNEL 0 08:02 4.89 1.00 14.20 63.96 0.22
0.57 0

Highest Flow Instability Indexes

All links are stable.

WARNING 108 : Surcharge elevation defined for Junction Jun-1 is below maximum elevation.
Assumed junction maximum elevation.

Analysis begun on: Fri Dec 11 14:07:25 2009

Analysis ended on: Fri Dec 11 14:07:27 2009
Total elapsed time: 00:00:02
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Proposed Drainage Analysis: 50-Year Storm Event Results

BOSS International StormNET® - Version 4.20.0 (Build 675)

The following project depicts the site
basin area for initial determination of
the peak runoff from the impervous areas

Analysis Options

Flow Units ................ cfs

Subbasin Hydrograph Method. Santa Barbara UH
Time of Concentration...... SCS TR-55

Link Routing Method ....... Kinematic Wave

Pond Exfiltration.......... None

Starting Date ............. O0CT-27-2009 00:00:00
Ending Date ............... OCT-30-2009 00:00:00
Report Time Step .......... 00:00:10

R o

Element Count

R o o

Number of rain gages ...... 1
Number of subbasins ....... 1
Number of nodes ........... 2
Number of links ........... 1

Raingage Summary

Gage Data Data Interval
1D Source Type hours
Gage-2 TS-50 INTENSITY 0.03

Subbasin Summary

Subbasin Total Imperv. Raingage

Area Area
1D acres %
Sub-1 49.64 16.00 Gage-2
KAAAAkAAAAAk*k
Node Summary
B o
Node Element Invert Maximum Ponded External
1D Type Elevation Elev. Area Inflow

ft ft ft2

Jun-1 JUNCTION 256.00 260.00 0.00
Out-1 OUTFALL 247.00 250.00 0.00
B o
Link Summary
B o
Link From Node To Node Element Length Slope Manning®s
1D Type ft % Roughness
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Proposed Drainage Analysis: 50-Year Storm Event Results

Con-2 Jun-1 Out-1 CHANNEL 415.8 2.1653 0.0320

Cross Section Summary

Link Shape Depth/ Width No. of Cross Full Flow
Design
1D Diameter Barrels Sectional Hydraulic
Flow
Area Radius
Capacity
ft ft ft2 ft
cfs
Con-2 TRIANGULAR 3.00 6.00 1 9.00 1.06
63.96
Volume Depth
Runoff Quantity Continuity acre-ft inches
Total Precipitation ...... 17.781 4.298
Surface Runoff __.._.._._._.__. 7.799 1.885
Continuity Error (%) -.... 0.000
Volume Volume
Flow Routing Continuity acre-ft Mgallons
External Inflow ....._.._. 0.000 0.000
External Outflow ......... 7.799 2.541
Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) -.... 0.000

Composite Curve Number Computations Report

Area Soil
Soi l/Surface Description (acres) Group CN
Composite Area & Weighted CN 49.64 73.64

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Tc = (0.007 * ((n * LF)”0.8)) / ((P*0.5) * (Sf~0.4))
Where:
Tc

n
LF

Time of Concentration (hrs)
Manning®s Roughness
Flow Length (ft)
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Proposed Drainage Analysis: 50-Year Storm Event Results

Shallow

Channel

p
St

2 yr, 24 hr Rainfall (inches)
Slope (ft/ft)

Concentrated Flow Equation

H<<<<<<<<

Cc

16.1345 * (Sf~0.5) (unpaved surface)

20.3282 * (Sf~0.5) (paved surface)

15.0 * (Sf~0.5) (grassed waterway surface)

10.0 * (Sf70.5) (nearly bare & untilled surface)

9.0 * (Sf~0.5) (cultivated straight rows surface)
7.0 * (Sf~0.5) (short grass pasture surface)

5.0 * (Sf~0.5) (woodland surface)

2.5 * (Sf~0.5) (forest w/heavy litter surface)
(LF /7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Velocity (ft/sec)

Slope (ft/ft)

Equation

(1.49 * (R™M(2/3)) * (sf*0.5)) / n
Ag / Wp
(LF 7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Hydraulic Radius (ft)

Flow Area (ft2)

Wetted Perimeter (ft)
Velocity (ft/sec)

Slope (ft/ft)

Manning®s Roughness

Subarea A
C
Manning®s Roughness: 0.40
0.00
Flow Length (ft): 98.00
0.00
Slope (%): 51.00
0.00
2 yr, 24 hr Rainfall (in): 2.50
0.00
Velocity (ft/sec): 0.25
0.00
Computed Flow Time (minutes): 6.54
0.00
Channel Flow Computations
Subarea A

StormNET

Subarea B
0.00
0.00
0.00
0.00
0.00

0.00

Subarea B

Subarea

Subarea
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Proposed Drainage Analysis: 50-Year Storm Event Results

Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 3078.00 0.00
0.00
Channel Slope (%): 3.70 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 5.66 0.00
0.00
Velocity (ft/sec): 7.58 0.00
0.00
Computed Flow Time (minutes): 6.77 0.00
0.00
Total TOC (minutes): 13.31
Subbasin Runoff Summary
Subbasin Total Total Peak Weighted Time of
1D Precip Runoff Runoff Curve Concentration
in in cfs Number days hh:mm:ss
Sub-1 4.298 1.885 17.412 73.640 0 00:13:18
System 4.298 1.885 17.41
Node Depth Summary
Node Average Maximum Maximum  Time of Max Total Total Retention
1D Depth Depth HGL Occurrence Flooded Time Time
Attained Attained Attained Volume Flooded
ft ft ft days hh:mm acre-in minutes hh:mm:ss
Jun-1 0.33 1.84 257.84 0 08:02 0 0 0:00:00
Out-1 0.33 1.84 248.84 0 08:02 0 0 0:00:00
Node Flow Summary
Node Element Maximum Peak Time of  Maximum Time of Peak
1D Type Lateral Inflow Peak Inflow Flooding Flooding
Inflow Occurrence Overflow Occurrence
cfs cfs days hh:mm cfs days hh:mm
Jun-1 JUNCTION 17.41 17.41 0 08:02 0.00
Out-1 OUTFALL 0.00 17.41 0 08:02 0.00

Outfall Loading Summary

StormNET
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Proposed Drainage Analysis: 50-Year Storm Event Results

Outfall Node ID Flow Average Peak
Frequency Flow Inflow

) cfs cfs

Out-1 35.22 3.72 17.41
System 35.22 3.72 17.41

Link Flow Summary

Link ID Element Time of Maximum Length Peak Flow Design Ratio of
Ratio of Total
Type Peak Flow Velocity Factor during Flow  Maximum
Maximum Time
Occurrence Attained Analysis Capacity /Design
Flow Surcharged
days hh:mm ft/sec cfs cfs Flow
Depth Minutes
Con-2 CHANNEL 0 08:02 5.15 1.00 17.41 63.96 0.27
0.61 0

Highest Flow Instability Indexes

All links are stable.

WARNING 108 : Surcharge elevation defined for Junction Jun-1 is below maximum elevation.
Assumed junction maximum elevation.

Analysis begun on: Fri Dec 11 14:08:44 2009

Analysis ended on: Fri Dec 11 14:08:46 2009
Total elapsed time: 00:00:02
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Proposed Drainage Analysis: 100-Year Storm Event Results

BOSS International StormNET® - Version 4.20.0 (Build 675)

The following project depicts the site
basin area for initial determination of
the peak runoff from the impervous areas

Analysis Options

Flow Units ................ cfs

Subbasin Hydrograph Method. Santa Barbara UH
Time of Concentration...... SCS TR-55

Link Routing Method ....... Kinematic Wave

Pond Exfiltration.......... None

Starting Date ............. O0CT-27-2009 00:00:00
Ending Date ............... OCT-30-2009 00:00:00
Report Time Step .......... 00:00:10

R o

Element Count

R o o

Number of rain gages ...... 1
Number of subbasins ....... 1
Number of nodes ........... 2
Number of links ........... 1

Raingage Summary

Gage Data Data Interval
1D Source Type hours
Gage-2 TS-100 INTENSITY 0.03

Subbasin Summary

Subbasin Total Imperv. Raingage

Area Area
1D acres %
Sub-1 49.64 16.00 Gage-2
KAAAAkAAAAAk*k
Node Summary
B o
Node Element Invert Maximum Ponded External
1D Type Elevation Elev. Area Inflow

ft ft ft2

Jun-1 JUNCTION 256.00 260.00 0.00
Out-1 OUTFALL 247.00 250.00 0.00
B o
Link Summary
B o
Link From Node To Node Element Length Slope Manning®s
1D Type ft % Roughness
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Proposed Drainage Analysis: 100-Year Storm Event Results

Con-2 Jun-1 Out-1 CHANNEL 415.8 2.1653 0.0320

Cross Section Summary

Link Shape Depth/ Width No. of Cross Full Flow
Design
1D Diameter Barrels Sectional Hydraulic
Flow
Area Radius
Capacity
ft ft ft2 ft
cfs
Con-2 TRIANGULAR 3.00 6.00 1 9.00 1.06
63.96
Volume Depth
Runoff Quantity Continuity acre-ft inches
Total Precipitation ...... 18.608 4.498
Surface Runoff __.._.._._._.__. 8.407 2.032
Continuity Error (%) -.... 0.000
Volume Volume
Flow Routing Continuity acre-ft Mgallons
External Inflow ....._.._. 0.000 0.000
External Outflow ......... 8.407 2.740
Initial Stored Volume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) -.... 0.000

Composite Curve Number Computations Report

Area Soil
Soi l/Surface Description (acres) Group CN
Composite Area & Weighted CN 49.64 73.64

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Tc = (0.007 * ((n * LF)”0.8)) / ((P*0.5) * (Sf~0.4))
Where:
Tc

n
LF

Time of Concentration (hrs)
Manning®s Roughness
Flow Length (ft)
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Proposed Drainage Analysis: 100-Year Storm Event Results

Shallow

Channel

p
St

2 yr, 24 hr Rainfall (inches)
Slope (ft/ft)

Concentrated Flow Equation

H<<<<<<<<

Cc

16.1345 * (Sf~0.5) (unpaved surface)

20.3282 * (Sf~0.5) (paved surface)

15.0 * (Sf~0.5) (grassed waterway surface)

10.0 * (Sf70.5) (nearly bare & untilled surface)

9.0 * (Sf~0.5) (cultivated straight rows surface)
7.0 * (Sf~0.5) (short grass pasture surface)

5.0 * (Sf~0.5) (woodland surface)

2.5 * (Sf~0.5) (forest w/heavy litter surface)
(LF /7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Velocity (ft/sec)

Slope (ft/ft)

Equation

(1.49 * (R™M(2/3)) * (sf*0.5)) / n
Ag / Wp
(LF 7 V) / (3600 sec/hr)

Where:

Time of Concentration (hrs)
Flow Length (ft)

Hydraulic Radius (ft)

Flow Area (ft2)

Wetted Perimeter (ft)
Velocity (ft/sec)

Slope (ft/ft)

Manning®s Roughness

Subarea A
C
Manning®s Roughness: 0.40
0.00
Flow Length (ft): 98.00
0.00
Slope (%): 51.00
0.00
2 yr, 24 hr Rainfall (in): 2.50
0.00
Velocity (ft/sec): 0.25
0.00
Computed Flow Time (minutes): 6.54
0.00
Channel Flow Computations
Subarea A

StormNET

Subarea B
0.00
0.00
0.00
0.00
0.00

0.00

Subarea B

Subarea

Subarea
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Proposed Drainage Analysis: 100-Year Storm Event Results

Manning®s Roughness: 0.03 0.00
0.00
Flow Length (ft): 3078.00 0.00
0.00
Channel Slope (%): 3.70 0.00
0.00
Cross Section Area (ft2): 4.00 0.00
0.00
Wetted Perimeter (ft): 5.66 0.00
0.00
Velocity (ft/sec): 7.58 0.00
0.00
Computed Flow Time (minutes): 6.77 0.00
0.00
Total TOC (minutes): 13.31
Subbasin Runoff Summary
Subbasin Total Total Peak Weighted Time of
1D Precip Runoff Runoff Curve Concentration
in in cfs Number days hh:mm:ss
Sub-1 4.498 2.032 19.073 73.640 0 00:13:18
System 4.498 2.032 19.07
Node Depth Summary
Node Average Maximum Maximum  Time of Max Total Total Retention
1D Depth Depth HGL Occurrence Flooded Time Time
Attained Attained Attained Volume Flooded
ft ft ft days hh:mm acre-in minutes hh:mm:ss
Jun-1 0.34 1.01 257.91 0 08:02 0 0 0:00:00
Out-1 0.34 1.01 248.91 0 08:02 0 0 0:00:00
Node Flow Summary
Node Element Maximum Peak Time of  Maximum Time of Peak
1D Type Lateral Inflow Peak Inflow Flooding Flooding
Inflow Occurrence Overflow Occurrence
cfs cfs days hh:mm cfs days hh:mm
Jun-1 JUNCTION 19.07 19.07 0 08:02 0.00
Out-1 OUTFALL 0.00 19.07 0 08:02 0.00

Outfall Loading Summary

StormNET
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Proposed Drainage Analysis: 100-Year Storm Event Results

Outfall Node ID Flow Average Peak
Frequency Flow Inflow

) cfs cfs

Out-1 35.28 4.01 19.07
System 35.28 4.01 19.07

Link Flow Summary

Link ID Element Time of Maximum Length Peak Flow Design Ratio of
Ratio of Total
Type Peak Flow Velocity Factor during Flow  Maximum
Maximum Time
Occurrence Attained Analysis Capacity /Design
Flow Surcharged
days hh:mm ft/sec cfs cfs Flow
Depth Minutes
Con-2 CHANNEL 0 08:02 5.27 1.00 19.07 63.96 0.30
0.64 0

Highest Flow Instability Indexes

All links are stable.

WARNING 108 : Surcharge elevation defined for Junction Jun-1 is below maximum elevation.
Assumed junction maximum elevation.

Analysis begun on: Fri Dec 11 14:09:32 2009

Analysis ended on: Fri Dec 11 14:09:34 2009
Total elapsed time: 00:00:02
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APPENDIX F

Excerpts from the 2006 West Linn Surface Water Management Plan






Appendix C
CULVERT AND PIPE INVENTORY WITH HYDRAULIC DEFICIENCIES

109-Year Design Flow
Existing Struchse U5 il Deficient? fefs) Is it Deficient?
HECHS iam  Lengh Slope  Cspacity  Sbuchme
Watershed PINVR ID Subbasin Locabisn | Descripton L] ] Iniel Type  Material  Shape (@) {ets) Type Mow Fiture Existing Futue How Future
FRBOR 55 ARJEHI 0.5 PIPE FROM SCEMIC DR 10 HILLSIDE DR, 150 400 HWE5  CONMC CIRG D7D FIX] P G NO FIE] 723 WO O
ARBOR 455 ARJY X FROM BRAEMAR CT TO SKYE PARKWAY 400 390 HAW4S CMP  CIRG D164 40 P YES  YES 128 123 VvES YES
ARBOR 487 ARRS6 ENTRANCE TO PIEP SYSTEM UNDER UPPER MIDHILL 3.00 52 HWS0 CONC CIRC 0158 me N NO 277 04| MO NO
ARBOR 657 ARJ3 CULVERT UNDER PACIFIC HIGHWAY NR ARBOR DR, 200 72 HWS0  CONC  CIRC 0083 8 C ND YES 766 g4.0| YES YES
ARBOR 659 ARRS-SM1 EMTRANCE TO PIPE SYSTEM UNDER COLLEGE HILLPL. 150 215 HWs0  CONC CIRG 0113 551 © NO NO 214 223 NWO NO
ARBOR BED ARRSE PIPE UNDER UPPER MIDHILL NR COLLEGE HILL PL, 2.00 33 HWI5 COMC CIRC D506 188 P HNOD NO 27 04| NO NO
ARBOR 661 ARJE UNDER HILLSIDE CT. 400 150 PROJ CONC CIRC 0173 1816 C NO NO a7 04| NO NO
ARBOR 662 ARISM2 ENTRANCE TO PIFE SYSTEM UNDER SKYE PARKWAY 300 420 HWS0 CONC CIRG 0217 M5 P NO NO 106 110 WO HNO
ARBOR 663 ARSHIWI ENTRANCE TO PIPE SYSTEM AT SCEMIC DR. 225 170 HWS0  CONC CIRC 0382 191 P NO NO 85 85 MO MO
ARBOR 654 ARJE UPSTREAM OF BRAEMAR CT. 400 120 HWIS COMC CIRC 07 125 P YES  YES 19.1 186 YES YES
BARLOW 481 BAJS UNDER ROSEPARK DR, AT LUPIN CT. 300 60  PROJ CMP  CIRC 0117 308 C NO NO 83 115 NO NO
BARLOW 587 BAJE UNDER SUMMIT ST AT HORTON ROD. 300 10 PROJ CMP  CIRC 0050 109 C YES  YES 0.0 44| YES YES
BARLOW 548 BAJS UNDER RAMDALL ST. 200 265 HWIS  COMC CIRC 0159 e P NO NO 28 387 WO NO
BARLOW 589 BAJS PIPE ENTRANCE AT BUCK ST. 250 164 HAWSO CMP  CIRC D048 468 © NO NO 28 387 WO HO
BARLOW 600 BAJY PIPE UNDER LOWRY DR. 2.00 70 HWS0  CONC CIRC 0214 M5 c YES  YES 452 53.1| YES YES
BARLOW 601 BAJY UNDER WILLAMETTE DR. NR RANDALL 5T. 225 87  PROJ CMP  CIRC 0082 wy  C (L] NO 72 450| HO YES
BARLOW 602 BAM UNDER WILLAMETTE DR. MR RANDALL 5T. 200 110 PROJ CMP  CIRC 0167 28 C YES  YES 2 450| YES YES
BARLOW 603 BARZ-3 UNDER WILLAMETTE VIEW CT. 200 150 PROJ CMP CIRC 0440 e c YES  YES 452 s30| YES YES
BARLOW 604 BAJZ CULVERT UNDER FAILING STREET 200 M7 PROJ CMP  CIRC 0088 a1 c YES  YES 643 725| YES YES
BERNERT 443 BEJSS1 UNDER 10TH STREET 100 600 HWES  CONC CIRC 0044 125 P MO NO 96 95| MO NO
BERNERT 444 BERSWI-SWIS1 ALONG 13TH AVENUE 300 120 HWES  CONC CIRC 0029 45 P YES  YES 14.0 140| YES YES
22 BERMERT s BEJSWIS1 FROM 16TH AVENUE TO 13TH AVENUE 125 1000 HW45 CONC CIRC 0030 s P YEE  YES 141 14.0| YES YES
2% BERNERT e BEJSWIN1 UNDER |-205 AT 13TH AVENUE 250 526 HWMS CONC CIRC 0008 %5 P ) NO 29.2 203 NO L]
24 BERNERT “r BEJSW2 UMDER |-205 AT VIRGIMIA LN. 350 288 HWIS CONC CIRC 0010 52 P YES  YES 10.1 YES YES
25 BERNERT “a BEJ4H1 UNDER |-205 250 538 HWE0 CMP  CIRC 0210 Bl C ] NO 28 NO [
26 BERNERT 4y BEJNI ABOVE |-205 300 115 HWS0 CONC CIRC 0280 19 © NO NO 28 NO NO
27 BERMERT 450 BEJS ALOMNG TANNLER MR FALCON DR 150 214 HWS0  CONC CIRC 0414 125 P MO NO 73 NO NO
28 BERNERT 451 BEJY ALONG TANNLER NR FALCON DR 200 214 HWS0  CONC CIRC 0079 81 P NO NO 73 NO NO
28 BERMERT 452 BER3N1-3N2 DOMWN TO WILLAMET TE FALLS DR. 300 484 PROJ  COMC CIRC 0178 WE  C MO NO 6.7 NO NO
30 BERNERT 453 BEJIN2 UNDER SALAMO NR HALL CT. 150 150 HWMS  CONC CIRC 0020 65 P MO YES 5.7 YES YES
31 BERNERT 454 BEZWI UNDER 8TH ST. MR VOLPP 8T. 200 80 PRDJ CONC CIRC 0004 78 £ YES  YES 275 YES YES
32 BERNERT 523 BERS-7 ALONG TANNER RD TO BLANKENSHIP RD 200 900 HW4S  CONC CIRC 0128 s P MO NO 205 NO NO
33 BERMERT 524 BEJT ALONG TANNER D DOWNSTREAM OF GREENE ST 150 335 HWMS CMP  CIRC  0.118 w1 P MO NO 2086 ND YES
3¢ BERMNERT 525 BEJS ALONG TANNER RD UNDER GREENE STREET 150 100 HWM5  CONC CIRGC 0250 %7 P MO NO 148 NO NO
35 BERMERT 526 BEJ AT TANNLER AND REMINGTON 125 83 HWSQ  CONC CIRG  0.060 1ws P NO NO 73 NO ND
36 BERNERT 527 BES UNDER SALAMO AT TAMNER DR 200 390 HAM5  CONC  CIRC 0018 s P MO NO 358 ND NO
37 BERNERT 528 BEJS UNDER 1205 300 538 HWSO CMP  CIRC  0.025 By C NO NO 359 NO VES
38 BERMERT 529 BERS-5W1 UNDER 10TH 125 150 HWS0  CONC CIRC  0.040 ms  C YES  YES 84,7 YES YES
33 BERMERT 530 BEM NR 7TH 100 100 HWS0  CONC CIRC  0.050 %7 C© YES  YES 1924 YES YES
40 BERMERT 531 BER34 UNDER WILLAMETTE FALLS DR NR 6TH 5T, 125 160 PROJ CMP  CIRG  0.040 %25 C YES  YES 1919 YES YES
41 BERMERT 532 BEJINI UNDER WILLAMETTE FALLS DR AT 6THST. 150 90 HW4S CMP  CIRG  0.043 158 P NO NO 443 NO. NOD
42 BERMERT 533 BEJINY PAIR UNDER WILLAMETTE FALLS DR AT 6TH ST, .00 50 HWW5 CONC CIRC 0132 s P YES  YES 442 YES YES
43 BERMERT 534 BERZ-3 UNDER 5TH AVENUE AT MOEHNKE ST. 200 37 PROJ  CONC CIRC 0076 48 YES  YES 2458 YES YES
44  BERMERT 535 BERZ-2W1 UNDER 4TH ST. NR OUTFALL 150 45 PROJ  CONC CIRC 0016 B0 C NO NO 258 NO NO
BOLTON 550 BOR2-3 PEPE FROM HWY 43 TO HOLMES ST 5. OF BUCK 175 520 HAM5 CONC CIRC 0052 24 P YES  YES ) YES YES
BOLTON 531 BOV3 PIPE FROM HWY 43 TO FAILING ST. S, OF BUCK 250 250 HW45  CONC CIRC  0.085 285 P YES  YES ans YES YES
BOLTON 552 BOJ3 UNDER HIGHWAY 43 AT WEST A ST. 287 80 HWS0  CONC BOX 0001 B8 C NO NO 409 NO NO
BOLTOM 583 BOJ4 PIPE ALONG HWY 43 AT WEST A ST, 200 228 HW5  CONC CIRC 0036 37 P YES  YES 34 YES YES
BOLTOM 554 BOJS UNDER CAUFIELD ST. 225 6 PROJ  CONC CIRC 0033 4#88  C NO NO 243 NO NO
BOLTON 535 BOJE UNDER FIRWOOD CT. 200 230 PROJ CONC CIRC 0130 205 © NO NO 19.3 NO YES
BOLTON 585 BOJT UNDER SKYLINE DR NR. WOODWNDS CT. 250 140 PROJ CMP  CIRC  0.057 28 © NO NO 1.3 NO NO
CASCADE SPRINGS 475 csd3 DOWNSTREAM OF MCKILLICAM 5T. 150 250 HW45 CONC CIRC  0O¥1 255 P NO NO 12.4 NO NOY
53 CASCADE SPRINGS 574 54 FIPE ALONG MCKILLICAN FROM WEST A ST, TO 200 975 HAWS CONC CIRC 0105 125 P NO NO 9.0 NO NO
54 CASCADE SPRINGS 575 €53 UMDER PORTLAMD AVENUE AT MCKILLICAN 250 167 HWM5 CONC CIRC  0AOTI 125 P HO NO 124 NO YES
55 CASCADE SPRINGS 576 C5J2 CULVERT UNDER RIVER STREET 200 60  PROJ  CONC CIRC 0142 42 C NO NO 06 NO NO
56 DOLLAR 520 Dot OQUTFALL FIPE 200 325 HAWMS CMP CIRC  0.110 1271 P YES  YES 351 YES YES
57 DOLLAR 521 poJ2 ALONG BORLAND FROM OSTIMAN TO OUTFALL PIPE 200 1200 HAMS  CONC CIRC 0037 57 P NO YES 8.9 YES YES
58 DOLLAR 522 ooJ3 FROM BEXHILL TO BORLAND 150 420 HWH45 CONC CIRC 0053 57 P HO NO 15.7 NO NO
59 FERM 434 FHJZ-ARN CULVERTS NR ARBOR DRIVE (87, 127, 30" UNDER PVT, e 20 PROJ CMP CIRC 0010 %5 C© YES  YES 2284 YES YES
60 FERM 500 FHMA PAIR UNDER CARRIAGE WAY 200 100 PROJ CONC CIRC  0.050 28 C HNO NO 156 NO NO
61 FERM 500 ENJA PAIR UNDER CARRIAGE WAY 200 100 PROJ CONC CIRC 0050 206 C NO NO 156 NO NO
62 FERM 636 FHJT CULVERT NR KANTARA WAY 3.50 65 PROJ CONC CIRC  0.408 285 C ¥YES  YES 17 YES YES




Appendix C
CULVERT AND PIPE INVENTORY WITH HYDRAULIC DEFICIENCIES

Existing Struchme

25-Year Design Flow
{efs)

100-Year Design Flow)
s

HEC-HMS Drainage Diaen  Lengh Slope Capacity  Structure

Coant Watershed PWR ID Subbasin Area (7} Locabon | Descriplion L) (L] llet T Maderial  Shape sy (=] Type

192 SUMSET 4EE SERG-T 0016 T ST. 150 215 HW45 CONC _ CIRG 0051 78 P

183 SUMSET 470 S857 0.016 PIPE UNDER EXETER STREET 2,00 180 HANS CONC  CIRC 0o LR P

194 SUMSET 4T SSR6-T 0016 PIPE UNDER LOMG ST, 1.75 125 HWHS CONC  CIRC 0208 83 P

185 SUMSET 472 S8J5 0061 UNDER CHARMAMN ST. .25 8 PROJ CMP  CIRC 0025 18.3 [+

186 SUNSET 473 SSR3-4 0,079 PIPE FROM SUNSET AVE. TO IMPERIAL DR. 2.00 250  Hweo CONC  CIRC 0028 25.7 P

197  SUMSET 558 85815 0.07 UNDER KELLEY STREET 1.33 60 PROJ CMP  CIRC 050 bk} [

188 SUMSET 559 554 0079 ENTRANCE PIPE FROM SUNSET AVE. TO IMPERIAL DR. 200 412 HAB0 CONC  CIRC 0.143 4.8 c

109 SUMSET 560 SSR3-4 0078  FROM IMPERIAL DR, TO 205 2,00 188 HWHS CONC CIRC o128 253 P 2

200 SUMNSET 561 S84 0001 UNDER |-205 200 172 HARS CONC CIRC ou23 10 P L

201 SUMSET 562 8843 ool UNDER WILLAMETTE FALLS DR. 225 80 PROJ CONC  CIRC o007 204 c £

202 SUMSET 563 SSRI-2 0108  CULVERT TO OUTFALL 125 420 PROJ CONC  CIRC 0075 286 c A

203 TANMER 455 TAJEW2 0081 CHELAN DR TO PONDERAY DR. 3,00 178 HWMS CONC  CIRC 0035 25T P HO 4 .

204 TANMER 456 TARBW2-BW3 0022  FROM BELKNAP TO CHELAN 200 278 HANS CONC CIRC 0o 5.7 P HO WO 1n3 1. NO
205 TANMER 457 TAJEWI 0022  FROM SALAMO TO BELKNAP 200 BEE  HWAMS CONC  CIRC 0032 257 P HO NO 1ns Lk NO
206 TAMNMER 458 TAJIEY 0,033  PIPE UNDER FAIRHAVEN DR 1.75 601 HWNAS CONC  CIRC 0.080 79 P 85 YES YES 1.0 11. YES YES
207 TAMMER 459 TAJF 0,035  MEWFPIPE NR MIDDLE SCHOOL 175 38 HWweo CONC  CIRC 0025 "o [+ BE WO MO 03 11 NO NO
208 TANMER 450 TAJE 0,058 CULVERT UNDER DAY RD, NR HOOD CT. 2.00 76 PROJ CONC  CIRC oon 45.7 P 133 NO HO 156 164 MNO NO
209 TAMNMER 451 TASB 0422 PIPE UNDER PARKER RD. 250 150 HWweo CONC  CIRC 0.029 T0.B P 188 NO NO 252 3B NO L]
210 TANMER 536 TAJF 0035  UNDER ROSEMONT MR PARKER RRD 250 50 PROJ CONC  CIRC 0118 205 c LA} NO MO 10.3 17 NO NO
211 TANMER 536 TAJF 0035  UNDER ROSEMONT NR PARKER RRD 250 S0 HWe0 CONRC  CIRC 0118 18.4 ¢ Ba NO WO 10.3 11.7] WO RO
212 TANMNER 537 TAJC 0.0%8  CULVERT UNDER PARKER RD. 125 40  PROJ CONC  CIRC 0.088 49.9 c 16.8 NO NO 217 2531 NO RO
213 TAMNMER 538 TAJB 0122  CULVERT UNDER PARKER RD 450 50 PROJ CONC CIRC 0,065 286 c 189 KO NO 252 3E| HNO YES
214 TAMNMER 538 TARA-B 0,122  CULVERT UNDER PATH 450 20 PROJ CMP  CIRC 0.030 6.1 c 19.8 YES YES 25.1 36| YES YES
215 TAMNNER 540 TAJSEY 0.078 UMNDER PARKER RD NR COHOD LN 1.00 65 HWMS CONC CIRC 0.054 25.7 c 1.3 NO NO 145 285 NO YES
216 TAMMER 541 TAME 0.075 UNDER PARKER RO. 200 66 PROJ CONC  CIRC 0,030 138 c 123 NO YES 16.5 2421 YES YES
217 TAMNNER S48 TAKEY D042 UNDER FAIRHAVEN DR. 300 60  PROJ CONC CIRC 0.7 787 [ 8.7 NO RO 10.2 136 NO HO
218 TANMNER 549 TAJIS-SA 093 CULVERTS BETWEEN PONDS 150 78 HWSD CMP  CIRC 0.004 66.2 c 164.3 YES YES 2102 2632 YES YES
219 TANNER 549 TAJS-SA 083 CULVERTS BETWEEMN PONDS 500 7B HWSD CMP  CIRC 0.004 662 [ 164.3 YES YES 210.2 2632 YES YES
220 TAMNER 549 TAJS-SAN 0.93 CULVERTS BETWEEM PONDS 450 T8 HWED CMP  CIRC 0.004 662 c 164.3 YES YES 2102 2632 YES YES
221 TANNER 550 TAME1 0.013 FROM WELLINGTON DR TO WELLINGTON CT. 200 325 HW4S CONC  CIRC 0128 LLE] P a7 NO NO a4 47| NO NO
222 TAMNER 551 TAR4-4E1 0013 ALONG WELLINGTON CT. 125 82 HW4S CONC  CIRC 0.265 257 P T NO 44 47| WO NO
223 TAMNER 552 TAR4-4E1 0.3 UNDER WELLINGTON CT. 250 S0 HAMS CONC  CIRC 0005 174 P 7 HO a4 47| NO NO
224 TAMNER 553 TAR&-5 0.53 UNDER WELLINGTON CT. B.S0 e PROJ CMP  CIRC 0.005 1626 c 164.0 YES 210 2627] YES YES
225 TAMNER 554 TAR3-IEY 0,033 PEPE FROM RADCLIFF TO IMPERIAL 5.00 831 HwWa0 COMNC  CIRC 0012 125 P &85 NO 10,0 114 NO NO
226 TAMNER 555 TAR3-4 0.995 UNDER IMPERIAL DR 200 a0 PROJ CMP CIRC 0011 6138 c 178.2 HO 2204 2825] WO MO
227 TRMNER 556 TAJZ 1.076 CLLVERT UMDER |-205 MR RADCLIFF CT. 5.00 502 HWID CONC  BOX oo0 194.5 [ 185.7 YES 2506 64 YES YES
228 TANNER 857 TA 1.084  WALLMETTE FALLS DR TO OUTFALL 200 280 PROJ CONC  CIRC 0.245 2822 c 1996 HO 2547 304} MO YES
229 TRILLIUM 494 TRIE 0.045 PIPE SYSTEM UNDER MAPLETON, OUTFALL TO POND 2,00 S HWS CONC  CIRC 0.009 n0s.e P 3.0 NO 1075 1118 YES YES
230 TRILLIUM 612 TRRA-B 0046 CULVERT UNDER PRIVATE DRIVE NR CLU8 HOUSE 225 49 PROJ CONC  CIRC ogo27 352 c 199 NO 230 252)  NO HO
23 TRILLIUM 613 TRIA 0.046  PIPE UNDER SANTA ANITA DR, 200 150 PROJ CONC  CIRC 0053 5.2 c 9.8 HO 33 eal  NO YES
232 TRILLIUM 618 TRIT 0046  UMNDER PACIFIC HIGHWAY NR CHOW MEIN LM. [HAS 235 90 HWaD CONC  CIRC o 449 c 20.0 YES 103.7 108.1) YES YES
233 TRILLIUM 619 TRIG 0046  PIPE BETWEEN MAPLETON AND POND 200 180 PROJ CONC  CIRC 0041 529 P Q30 YES 1075 1116 YES YES
24 TRILLILW 620 TRIE 0046  ENTRANCE PIPE TO SYSTEM UNDER MAPLETON DR. 250 7S HWao CONC  CIRC 0o 254 c 3.0 YES 107.5 11164 YES YES
235 TRILLILM 620 TRIE 0046  ENTRANCE PIPE TO SYSTEM UNDER MAPLETON DR. 2.50 7S HWa0 CONC  CIRC 0011 254 c 2.0 YES 107.5 111 YES YES
235 TRILLILM 626 TRIS 0046  PAIR UNDER KENTHORPE WAY 00 S0 PROJ CONC  CIRC 0.056 02 c 516 YES 118.3 124, YES YES
237 TRILLILM E26 TRIS 0046  PAIR UNDER KENTHORPE WAY 4.00 50 PROJ CONC  CIRC 0.056 0.7 c 1032 YES 1183 24, YES YES
238 TRILLILM B27 TRR4-5 0046  THREE CULVERTS UNDER CEDAR DAK DR 1.75 50  PROJ CONC  CIRC 0.028 442 c 1m.2 YES ez 1248 YES YES
239 TRILLILM B27 TRR4-5 0,046  THREE CULVERTS UNDER CEDAR CAK DR 3.50 50 PROJ CONC  CIRC 0028 65.4 c 1032 YES 1182 24 YES YES
20 TRILLIUM E27 TRRA-S 0046  THREE CULVERTS UNDER CEDAR OAK DR 2.50 50 PROJ COMC  CIRC 0,028 65.4 c 1032 YES 119.2 124, YES YES
241 TRILLIUM B33 TRI3-REN 0046  NEW CULVERT -TRILLIUM DR AT GLEN TERRACE .00 85 PROJ CONC  CIRC 0.035 147.2 c 2014 YES 2026 244, YES YES
242 TRILLIUM 634 TRJ2 0046  THREE CULVERTS UNDER ELMRAN AVE NR TRILLIUM .00 20 PROJ CONC  CIRC 0.007 3.4 c 2118 YES 2448 258.7] YES YES
243 TRILLIUM B34 TRI2 0045  THREE CULVERTS UNDER ELMRAM AVE NR TRELLIUM 4.50 8 PROJ CONC  CIRC 0.007 354 c 2119 YES 448 2587 YES YES
244 TRELLIUM B34 TRJ2 0046  THREE CULVERTS UNDER ELMRAN AVE NR TRILLIUM 2.50 20  PROJ CONC  CIRC 0.007 34 c 218 YES 2448 258.7) YES YES
245 TRALLIUM B35 TRR1-2 0046 UNDERC . 250 54 PROJ COMC  CIRC 0.059 1805 c 2107 YES 244.8 2586 YES YES

Mote: Prior bo project design all field condilions shall be verifie
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AL y 4 SLY3S1 ) \ ' i . of basin & project table
_______ TN Willamette River
N 12@. N
\ — N q [ CITY Table Model Table ]
\ 1 / PROJECT_NU SIZE__ MODEL_SIZE MODEL DESCRIPTION WIDTH_FT _ LGTH_FT _ MATERAL
\ PD_RWJ1S1 14 14 PIPESYSTEMBETWEEN VISTA CT AND ROSE CT. 1.00 230 CONC
k) #SL3S1 #\B EJSW2 # BER2-3 RWJ1S1 12 12 PIPE SY STEM BETWEEN VISTA CT AND ROSE CT. 1.00 230 CONC
2 . 15:in. 1 30'in RWJ1S1 12 10 PIPE SYSTEMBETWEEN VISTA CT AND ROSECT. 1.00 230 CONC
it \/12 n. 2 < RWJ1S1 18 24 PPESYSTEMBETWEEN VISTA CT AND ROSECT. 1.00 230 CONC
l‘ = . - RWJ1W2S1 12 15 UNDER PACIFIC HIGHWAY NR S. EXIT OF LAZY RVER 1.25 98 CONC
. N4 /7 ROBNWOOD RWJ2 27 27 CULVERT PAIR UNDER SHADY HOLLOW 2.25 68 CONC
N ROBINWOOD _RWJ2 18 27 CULVERT PAIR UNDER SHADY HOLLOW 2.25 68 CONC
' L 5 7 \— ROBNWOOD RWJ3 24 24 CULVERT UNDER PACFIC HIGHWAY NRROBINWOOD WAY 2.00 84 CONC

UNDER WILLAMETTE FALLS DR ATETH ST.

. B Ve .
N Ty u ; 42 .
24In. = 24 UNDER WILLAMETTEFALLS DR AT6TH ST. 1
- . 24 |UNDER WILLAMETTEFALLS R ATETH ST, ]
7 ~ 2 . , O S - - ORDEDERSS o o SHows - - oS
| ) . SALAMO __ SAJS 2 42 NRCRYSTAL TERRACE AND HASKINS 3.00 78 CONC

! : “~ . SALAMO _ SAJ3 36 36 NRCRYSTAL TERRACE AND HASKINS 3.00 78 CONC

' #BEJ 5_W1 S1 e # BE_‘R5-5W1 ™ ," SALAMO __ SAJSN1 12 12 NRSALAMO RD AND VISTA RDGE DR. 1.00 657 CONC

: 12iin. 7‘ . 30\in . \ e SALAMO SAJSN1 18 18 NRSALAMO RD AND VISTA RDGE DR 1.00 657 CONC
H _ J e SALAMO _ SAJ8 30 30 UNDER SALAMO INTO POND 250 90 oMP
' \ ," SUMMERLINN_SL3S1 12 15 | INBLANKENSHP DR 1.25 240 CONC

. Al ‘ . SUMMERLINN_SLJ3S1 12 15| JOHNSON RD. NR 19TH AVENUE 1.25 300 CONC

“ < :Il SUMMERLINN  SLJSN1 15 15 UNDER DEBOK AT VILLAGE PARK PL. 1.25 180 CMP

' i SUMMERLINN_SLJ9 0 15 MATTERHORN COURT 1.25 119 CONC

N \ SUMMERLINN _SLJA 15 15 LUCERNEPALCE 125 240 CONC

v SUMMERLINN_ SLJA 12 10 LUCERNEPALCE 1.25 240 CONC

S g SUMMERLINN _SLJA 12 15 LUCERNE PALCE 1.25 240 CONC

S e T # BE2W1 SUMMERLN _ SLR1-2 60 60 | UNDER MEADOWVIEW CT. 5.00 70 omP

\ SUMMERLINN_SLR1-2 15 36 UNDER MEADOWVIEW CT. 5.00 70 cMP

18'in. SUMMERLINN _SLR1-2 36 36 UNDER MEADOWVIEW CT. 5.00 70 cMP

SUMMERLINN  SLR1-2 36 36 UNDER MEADOWV IEW CT. 5.00 70 CMP

SUNSET SSJ3 24 24 UNDERI-205 1.25 172 CONC

SUNSET SSJ3 15 15 UNDER K205 125 172 CONC

\ SUNSET SSU4 24 24 ENTRANCE PPE FROM SUNSET AVE TO IMPERAL DR. 2.00 412 CONC

SUNSET SSR1-2 0 0 CULVERT TO OUTFALL 2.00 420 CONC

TANNER TAJ2 72 72 0.00 0

.~ TANNER TAJ3E1 15 15 PIPEUNDER FAIRHAVEN DR 1.25 601 CONC

',’ TANNER TAJ5-SAJ1 54 54 CULVERTS BETWEEN PONDS 4.50 78 cMP

\«T . ‘ TANNER TAJ5-SAJ1 54 54 CULVERTS BETWEEN PONDS 4.50 78 CMP

" ,,' TANNER TAJ5-SAJT 54 54 CULVERTS BETWEEN PONDS 4.50 78 cMP

GEOGRAPHIC INFORMATION SYSTEMS A . TANNER TAJOE1 18 18 UNDER PARKER RD. 1.50 66 CONC
e L, TANNER TAR4-5 72 72 UNDERWELLINGTONCT. 6.00 100 omP

s ..\ R4 TANNER TARA-B 15 15 CULVERT UNDERPATH 1.25 20 cMP
. . . . B [ B e o~ ———— T C oo e TRLLIUM _ TRJ3-RBJ1T 54 54 NEW CULVERT -TRLLIUM DRAT GLEN TERRACE 4.50 85 CONC
This product is for mformatlona! purgoses and may not have been prepared py PO A e e e\ CE T T K L ERE - S TPAR UNDER KETHORPE WAY s = oG
for, or be suitable for legal, engineering, or surveying purposes. et e TRLLUM ___TR5 a2 21 PARUNDER KENTHORPE WAY 1.75 50 CONC
Users of this information should review or consult the primary data - TRLLUM __ TRJ7 24 30 | UNDERPACIFIC HIGHWAY NR CHOW MENLN. (HAS 24"HKFLO | 2.50 90 CONC
and information sources to ascertain the usability of the information. TRLLUM _ TRRI-2 60 60  UNDERCALAROGA DR 5.00 54 CONC
TRLLIUM __ TRR4-5 36 30 | THREE CULVERTS UNDER CEDAR OAK DR 2.50 50 CONC
storm\SWMP_project_locate_11x17reduced_tableadj.mxd \ Lee \ 11-17-06 TRLLIUM _ TRRA4-5 30 30 THREE CULVERTS UNDER CEDAR OAK DR 250 50 CONC
TRLLIUM ___ TRR4-5 36 30 THREE CULVERTS UNDER CEDAR OAK DR 2.50 50 CONC
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