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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 (I-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 I-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 I-205 at milepost 7.2. The west side of the lower 
terrace is undeveloped and contains non-jurisdictional wetlands.1 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. I-205 
borders the site to the south, and the Willamette River is approximately 1,000 feet farther 
south. The area south of I-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 

                                                      

1 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 I-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 I-205 crossings of drainage basins of various sizes. These culverts cross I-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 I-205 ditch 
system described above, overwhelming most of the downstream I-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 I-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 I-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 I-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 I-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 I-205 culvert crossing at Tanner 
Creek resulted in flow bypassing downstream and inundating the culverts previously 
mentioned, on down to and including the 10th Street exit culvert system. The result was 
localized flooding in the 10th Street exit area and downstream of it. The 2006 SWMP 
identifies the box culvert conveying Tanner Creek flows across I-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 I-205 conveys flow to Culverts 1 through 4. Culverts 1 and 2 
convey flow beneath I-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 BE3N1.2 

Culvert 3 currently drains an area of approximately 16.11 acres to the south side of I-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 I-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 B3). 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 Results4 

Culvert Size, in Capacity, cfs Q25, cfs Q50, cfs Q100, 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). Ideally 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 

                                                      

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

4 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 

QWQ 1.93 
Q25 14.21 
Q50 17.41 
Q100 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.  
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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 I-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 10th 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 
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APPENDIX B 

Excerpts from the Draft Slope Stability Evaluation, November 2009 







 



 

 

APPENDIX C 

Culvert Capacity Calculations 





Culvert Size, in
U.S. Invert 

Ele.
D.S. Invert 

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

Calculations of Culvert Capacities Using the Manning's Equation
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Existing Basin Stormwater Analysis 
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  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
  
  
  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 3
  Number of nodes ........... 6
  Number of links ........... 3
  
  
  ****************
  Raingage Summary
  ****************
  Gage                Data                Data        Interval
  ID                  Source              Type           hours
  ------------------------------------------------------------
  Gage-1              TS-3                INTENSITY       0.03
  
  
  ****************
  Subbasin Summary
  ****************
  Subbasin                 Total   Imperv.    Raingage
                            Area      Area          
  ID                       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              
  
  
  ************
  Node Summary
  ************
  Node                Element             Invert   Maximum    Ponded    External
  ID                  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
  
  
  ************
  Link Summary
  ************
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  Link            From Node       To Node         Element         Length     Slope   Manning's
  ID                                              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
  ID                              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
  ******************************************
  
  --------------
  Subbasin Basin A
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------
  Composite Area & Weighted CN                             12.18                     70.45
  
  --------------
  Subbasin Basin B
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------
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  Composite Area & Weighted CN                             24.43                     73.35
  
  --------------
  Subbasin Basin C
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------
  Composite Area & Weighted CN                             16.11                     73.35
  
  
  ***************************************************
  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 = Time of Concentration (hrs)
          n  = Manning's Roughness
          Lf = Flow Length (ft)
          P  = 2 yr, 24 hr Rainfall (inches)
          Sf = 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 / 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
  ---------------------
  
          V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
          R  = Aq / Wp
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          R  = Hydraulic Radius (ft)
          Aq = Flow Area (ft²)
          Wp = Wetted Perimeter (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
          n  = Manning's Roughness
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  --------------
  Subbasin Basin A
  --------------
  
  Sheet Flow Computations
  -----------------------
                                                 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
  
================================================================================================
  
  
  --------------
  Subbasin Basin B
  --------------
  
  Sheet Flow Computations
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  -----------------------
                                                 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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          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
  ID                  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
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  ******************
  Node Depth Summary
  ******************
  
  -----------------------------------------------------------------------------------------
  Node            Average   Maximum   Maximum   Time of Max     Total     Total   Retention
  ID                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 Flow Summary
  *****************
  
  ------------------------------------------------------------------------------------
  Node                Element     Maximum     Peak      Time of   Maximum Time of Peak
  ID                     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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                                  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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  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
  
  
  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 3
  Number of nodes ........... 6
  Number of links ........... 3
  
  
  ****************
  Raingage Summary
  ****************
  Gage                Data                Data        Interval
  ID                  Source              Type           hours
  ------------------------------------------------------------
  Gage-1              TS-4                INTENSITY       0.03
  
  
  ****************
  Subbasin Summary
  ****************
  Subbasin                 Total   Imperv.    Raingage
                            Area      Area          
  ID                       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              
  
  
  ************
  Node Summary
  ************
  Node                Element             Invert   Maximum    Ponded    External
  ID                  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
  
  
  ************
  Link Summary
  ************
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  Link            From Node       To Node         Element         Length     Slope   Manning's
  ID                                              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
  ID                              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
  ******************************************
  
  --------------
  Subbasin Basin A
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------
  Composite Area & Weighted CN                             12.18                     70.45
  
  --------------
  Subbasin Basin B
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------
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  Composite Area & Weighted CN                             24.43                     73.35
  
  --------------
  Subbasin Basin C
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------
  Composite Area & Weighted CN                             16.11                     73.35
  
  
  ***************************************************
  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 = Time of Concentration (hrs)
          n  = Manning's Roughness
          Lf = Flow Length (ft)
          P  = 2 yr, 24 hr Rainfall (inches)
          Sf = 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 / 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
  ---------------------
  
          V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
          R  = Aq / Wp
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          R  = Hydraulic Radius (ft)
          Aq = Flow Area (ft²)
          Wp = Wetted Perimeter (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
          n  = Manning's Roughness
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  --------------
  Subbasin Basin A
  --------------
  
  Sheet Flow Computations
  -----------------------
                                                 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
  
================================================================================================
  
  
  --------------
  Subbasin Basin B
  --------------
  
  Sheet Flow Computations
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  -----------------------
                                                 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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          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
  ID                  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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  ******************
  Node Depth Summary
  ******************
  
  -----------------------------------------------------------------------------------------
  Node            Average   Maximum   Maximum   Time of Max     Total     Total   Retention
  ID                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 Flow Summary
  *****************
  
  ------------------------------------------------------------------------------------
  Node                Element     Maximum     Peak      Time of   Maximum Time of Peak
  ID                     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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                                  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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  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
  
  
  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 3
  Number of nodes ........... 6
  Number of links ........... 3
  
  
  ****************
  Raingage Summary
  ****************
  Gage                Data                Data        Interval
  ID                  Source              Type           hours
  ------------------------------------------------------------
  Gage-1              TS-5                INTENSITY       0.03
  
  
  ****************
  Subbasin Summary
  ****************
  Subbasin                 Total   Imperv.    Raingage
                            Area      Area          
  ID                       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              
  
  
  ************
  Node Summary
  ************
  Node                Element             Invert   Maximum    Ponded    External
  ID                  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
  
  
  ************
  Link Summary
  ************
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  Link            From Node       To Node         Element         Length     Slope   Manning's
  ID                                              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
  ID                              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
  ******************************************
  
  --------------
  Subbasin Basin A
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------
  Composite Area & Weighted CN                             12.18                     70.45
  
  --------------
  Subbasin Basin B
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------

Existing Drainage Analysis: 100-Year Storm Event Results

StormNET Page 2 of 8

Existing Drainage Analysis: 100-Year Storm Event Results

StormNET Page 2 of 8



  Composite Area & Weighted CN                             24.43                     73.35
  
  --------------
  Subbasin Basin C
  --------------
                                                           Area           Soil
  Soil/Surface Description                               (acres)         Group          CN
  ----------------------------------------------------------------------------------------
  Composite Area & Weighted CN                             16.11                     73.35
  
  
  ***************************************************
  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 = Time of Concentration (hrs)
          n  = Manning's Roughness
          Lf = Flow Length (ft)
          P  = 2 yr, 24 hr Rainfall (inches)
          Sf = 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 / 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
  ---------------------
  
          V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
          R  = Aq / Wp
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          R  = Hydraulic Radius (ft)
          Aq = Flow Area (ft²)
          Wp = Wetted Perimeter (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
          n  = Manning's Roughness
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  --------------
  Subbasin Basin A
  --------------
  
  Sheet Flow Computations
  -----------------------
                                                 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
  
================================================================================================
  
  
  --------------
  Subbasin Basin B
  --------------
  
  Sheet Flow Computations
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  -----------------------
                                                 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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          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
  ID                  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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  ******************
  Node Depth Summary
  ******************
  
  -----------------------------------------------------------------------------------------
  Node            Average   Maximum   Maximum   Time of Max     Total     Total   Retention
  ID                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 Flow Summary
  *****************
  
  ------------------------------------------------------------------------------------
  Node                Element     Maximum     Peak      Time of   Maximum Time of Peak
  ID                     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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                                  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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  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 ............. OCT-27-2009 00:00:00
  Ending Date ............... OCT-30-2009 00:00:00
  Report Time Step .......... 00:00:10
  
  
  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 1
  Number of nodes ........... 2
  Number of links ........... 1
  
  
  ****************
  Raingage Summary
  ****************
  Gage                Data                Data        Interval
  ID                  Source              Type           hours
  ------------------------------------------------------------
  Gage-2              Water Quality       INTENSITY       0.03
  
  
  ****************
  Subbasin Summary
  ****************
  Subbasin                 Total   Imperv.    Raingage
                            Area      Area          
  ID                       acres         %           
  ----------------------------------------------------
  Sub-1                    49.64     16.00    Gage-2              
  
  
  ************
  Node Summary
  ************
  Node                Element             Invert   Maximum    Ponded    External
  ID                  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
  
  
  ************
  Link Summary
  ************
  Link            From Node       To Node         Element         Length     Slope   Manning's
  ID                                              Type                ft         %   Roughness
  --------------------------------------------------------------------------------------------
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  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
  ID                              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
  ******************************************
  
  --------------
  Subbasin Sub-1
  --------------
                                                           Area           Soil
  Soil/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 = Time of Concentration (hrs)
          n  = Manning's Roughness
          Lf = Flow Length (ft)
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          P  = 2 yr, 24 hr Rainfall (inches)
          Sf = 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 / 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
  ---------------------
  
          V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
          R  = Aq / Wp
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          R  = Hydraulic Radius (ft)
          Aq = Flow Area (ft²)
          Wp = Wetted Perimeter (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
          n  = Manning's Roughness
  
  --------------
  Subbasin Sub-1
  --------------
  
  Sheet Flow Computations
  -----------------------
                                                 Subarea A           Subarea B           Subarea 
C
          Manning's Roughness:                        0.40                0.00                
0.00
          Flow Length (ft):                          98.00                0.00                
0.00
          Slope (%):                                 51.00                0.00                
0.00
          2 yr, 24 hr Rainfall (in):                  2.50                0.00                
0.00
          Velocity (ft/sec):                          0.25                0.00                
0.00
          Computed Flow Time (minutes):               6.54                0.00                
0.00
  
  Channel Flow Computations
  -------------------------
                                                 Subarea A           Subarea B           Subarea 
C
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          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
  ID                  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
  ID                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
  ID                     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
  ***********************
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  -----------------------------------------------
  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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  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 ............. OCT-27-2009 00:00:00
  Ending Date ............... OCT-30-2009 00:00:00
  Report Time Step .......... 00:00:10
  
  
  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 1
  Number of nodes ........... 2
  Number of links ........... 1
  
  
  ****************
  Raingage Summary
  ****************
  Gage                Data                Data        Interval
  ID                  Source              Type           hours
  ------------------------------------------------------------
  Gage-2              TS-25               INTENSITY       0.03
  
  
  ****************
  Subbasin Summary
  ****************
  Subbasin                 Total   Imperv.    Raingage
                            Area      Area          
  ID                       acres         %           
  ----------------------------------------------------
  Sub-1                    49.64     16.00    Gage-2              
  
  
  ************
  Node Summary
  ************
  Node                Element             Invert   Maximum    Ponded    External
  ID                  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
  
  
  ************
  Link Summary
  ************
  Link            From Node       To Node         Element         Length     Slope   Manning's
  ID                                              Type                ft         %   Roughness
  --------------------------------------------------------------------------------------------
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  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
  ID                              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
  ******************************************
  
  --------------
  Subbasin Sub-1
  --------------
                                                           Area           Soil
  Soil/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 = Time of Concentration (hrs)
          n  = Manning's Roughness
          Lf = Flow Length (ft)
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          P  = 2 yr, 24 hr Rainfall (inches)
          Sf = 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 / 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
  ---------------------
  
          V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
          R  = Aq / Wp
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          R  = Hydraulic Radius (ft)
          Aq = Flow Area (ft²)
          Wp = Wetted Perimeter (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
          n  = Manning's Roughness
  
  --------------
  Subbasin Sub-1
  --------------
  
  Sheet Flow Computations
  -----------------------
                                                 Subarea A           Subarea B           Subarea 
C
          Manning's Roughness:                        0.40                0.00                
0.00
          Flow Length (ft):                          98.00                0.00                
0.00
          Slope (%):                                 51.00                0.00                
0.00
          2 yr, 24 hr Rainfall (in):                  2.50                0.00                
0.00
          Velocity (ft/sec):                          0.25                0.00                
0.00
          Computed Flow Time (minutes):               6.54                0.00                
0.00
  
  Channel Flow Computations
  -------------------------
                                                 Subarea A           Subarea B           Subarea 
C
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          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
  ID                  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
  ID                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
  ID                     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
  ***********************
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  -----------------------------------------------
  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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  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 ............. OCT-27-2009 00:00:00
  Ending Date ............... OCT-30-2009 00:00:00
  Report Time Step .......... 00:00:10
  
  
  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 1
  Number of nodes ........... 2
  Number of links ........... 1
  
  
  ****************
  Raingage Summary
  ****************
  Gage                Data                Data        Interval
  ID                  Source              Type           hours
  ------------------------------------------------------------
  Gage-2              TS-50               INTENSITY       0.03
  
  
  ****************
  Subbasin Summary
  ****************
  Subbasin                 Total   Imperv.    Raingage
                            Area      Area          
  ID                       acres         %           
  ----------------------------------------------------
  Sub-1                    49.64     16.00    Gage-2              
  
  
  ************
  Node Summary
  ************
  Node                Element             Invert   Maximum    Ponded    External
  ID                  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
  
  
  ************
  Link Summary
  ************
  Link            From Node       To Node         Element         Length     Slope   Manning's
  ID                                              Type                ft         %   Roughness
  --------------------------------------------------------------------------------------------

Proposed Drainage Analysis: 50-Year Storm Event Results

StormNET Page 1 of 5

Proposed Drainage Analysis: 50-Year Storm Event Results

StormNET Page 1 of 5



  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
  ID                              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
  ******************************************
  
  --------------
  Subbasin Sub-1
  --------------
                                                           Area           Soil
  Soil/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 = Time of Concentration (hrs)
          n  = Manning's Roughness
          Lf = Flow Length (ft)
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          P  = 2 yr, 24 hr Rainfall (inches)
          Sf = 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 / 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
  ---------------------
  
          V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
          R  = Aq / Wp
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          R  = Hydraulic Radius (ft)
          Aq = Flow Area (ft²)
          Wp = Wetted Perimeter (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
          n  = Manning's Roughness
  
  --------------
  Subbasin Sub-1
  --------------
  
  Sheet Flow Computations
  -----------------------
                                                 Subarea A           Subarea B           Subarea 
C
          Manning's Roughness:                        0.40                0.00                
0.00
          Flow Length (ft):                          98.00                0.00                
0.00
          Slope (%):                                 51.00                0.00                
0.00
          2 yr, 24 hr Rainfall (in):                  2.50                0.00                
0.00
          Velocity (ft/sec):                          0.25                0.00                
0.00
          Computed Flow Time (minutes):               6.54                0.00                
0.00
  
  Channel Flow Computations
  -------------------------
                                                 Subarea A           Subarea B           Subarea 
C
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          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
  ID                  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
  ID                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
  ID                     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
  ***********************
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  -----------------------------------------------
  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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  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 ............. OCT-27-2009 00:00:00
  Ending Date ............... OCT-30-2009 00:00:00
  Report Time Step .......... 00:00:10
  
  
  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 1
  Number of nodes ........... 2
  Number of links ........... 1
  
  
  ****************
  Raingage Summary
  ****************
  Gage                Data                Data        Interval
  ID                  Source              Type           hours
  ------------------------------------------------------------
  Gage-2              TS-100              INTENSITY       0.03
  
  
  ****************
  Subbasin Summary
  ****************
  Subbasin                 Total   Imperv.    Raingage
                            Area      Area          
  ID                       acres         %           
  ----------------------------------------------------
  Sub-1                    49.64     16.00    Gage-2              
  
  
  ************
  Node Summary
  ************
  Node                Element             Invert   Maximum    Ponded    External
  ID                  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
  
  
  ************
  Link Summary
  ************
  Link            From Node       To Node         Element         Length     Slope   Manning's
  ID                                              Type                ft         %   Roughness
  --------------------------------------------------------------------------------------------
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  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
  ID                              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
  ******************************************
  
  --------------
  Subbasin Sub-1
  --------------
                                                           Area           Soil
  Soil/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 = Time of Concentration (hrs)
          n  = Manning's Roughness
          Lf = Flow Length (ft)
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          P  = 2 yr, 24 hr Rainfall (inches)
          Sf = 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 / 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
  ---------------------
  
          V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
          R  = Aq / Wp
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          R  = Hydraulic Radius (ft)
          Aq = Flow Area (ft²)
          Wp = Wetted Perimeter (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
          n  = Manning's Roughness
  
  --------------
  Subbasin Sub-1
  --------------
  
  Sheet Flow Computations
  -----------------------
                                                 Subarea A           Subarea B           Subarea 
C
          Manning's Roughness:                        0.40                0.00                
0.00
          Flow Length (ft):                          98.00                0.00                
0.00
          Slope (%):                                 51.00                0.00                
0.00
          2 yr, 24 hr Rainfall (in):                  2.50                0.00                
0.00
          Velocity (ft/sec):                          0.25                0.00                
0.00
          Computed Flow Time (minutes):               6.54                0.00                
0.00
  
  Channel Flow Computations
  -------------------------
                                                 Subarea A           Subarea B           Subarea 
C
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          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
  ID                  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
  ID                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      1.91    257.91      0  08:02         0         0     0:00:00
  Out-1              0.34      1.91    248.91      0  08:02         0         0     0:00:00
  
  
  *****************
  Node Flow Summary
  *****************
  
  ------------------------------------------------------------------------------------
  Node                Element     Maximum     Peak      Time of   Maximum Time of Peak
  ID                     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
  ***********************
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  -----------------------------------------------
  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

Proposed Drainage Analysis: 100-Year Storm Event Results

StormNET Page 5 of 5

Proposed Drainage Analysis: 100-Year Storm Event Results

StormNET Page 5 of 5



 



 

 

APPENDIX F 

Excerpts from the 2006 West Linn Surface Water Management Plan 
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CITY Table Model Table

BASIN PROJECT_NU SIZE MODEL_SIZE MODEL DESCRIPTION WIDTH_FT LGTH_FT MATERIAL

ROBINWOOD RWJ1S1 14 14 PIPESYSTEMBETWEENVISTA CT ANDROSECT. 1.00 230 CONC

ROBINWOOD RWJ1S1 12 12 PIPESYSTEMBETWEENVISTA CT ANDROSECT. 1.00 230 CONC

ROBINWOOD RWJ1S1 12 10 PIPESYSTEMBETWEENVISTA CT ANDROSECT. 1.00 230 CONC

ROBINWOOD RWJ1S1 18 24 PIPESYSTEMBETWEENVISTA CT ANDROSECT. 1.00 230 CONC

ROBINWOOD RWJ1W2S1 12 15 UNDERPACIFICHIGHWAY NRS. EXIT OF LAZY RIVER 1.25 98 CONC

ROBINWOOD RWJ2 27 27 CULVERT PAIRUNDERSHADY HOLLOW 2.25 68 CONC

ROBINWOOD RWJ2 18 27 CULVERT PAIRUNDERSHADY HOLLOW 2.25 68 CONC

ROBINWOOD RWJ3 24 24 CULVERT UNDERPACIFICHIGHWAY NRROBINWOODWAY 2.00 84 CONC

ROBINWOOD RWJ4 24 24 CULVERT UNDERUPPERMIDHILL NRROBINWOODWAY 2.00 75 CMP

ROBINWOOD RWR1W2-1W3 15 18 ALONG PACIFICHIGHWAY NRMARYLHURST DR. 2.00 50 CONC

ROBINWOOD RWR1W2-1W3 18 18 ALONG PACIFICHIGHWAY NRMARYLHURST DR. 2.00 50 CONC

ROBINWOOD RWR1W2-1W3 24 24 ALONG PACIFICHIGHWAY NRMARYLHURST DR. 2.00 50 CONC

SALAMO SAJ2 48 48 UNDERBEACON ILL DR. NRBARRINGTONDR. 4.00 150 CONC

SALAMO SAJ3 42 42 NRCRYSTAL TERRACEANDHASKINS 3.00 78 CONC

SALAMO SAJ3 36 36 NRCRYSTAL TERRACEANDHASKINS 3.00 78 CONC

SALAMO SAJ5N1 12 12 NRSALAMORDANDVISTA RIDGEDR. 1.00 657 CONC

SALAMO SAJ5N1 18 18 NRSALAMORDANDVISTA RIDGEDR. 1.00 657 CONC

SALAMO SAJ8 30 30 UNDERSALAMO INTO POND 2.50 90 CMP

SUMMERLINN SL3S1 12 15 IN BLANKENSHIPDR 1.25 240 CONC

SUMMERLINN SLJ3S1 12 15 JOHNSONRD. NR 19THAVENUE 1.25 300 CONC

SUMMERLINN SLJ5N1 15 15 UNDERDEBOK AT VILLAGEPARK PL. 1.25 180 CMP

SUMMERLINN SLJ9 0 15 MATTERHORNCOURT 1.25 119 CONC

SUMMERLINN SLJA 15 15 LUCERNEPALCE 1.25 240 CONC

SUMMERLINN SLJA 12 10 LUCERNEPALCE 1.25 240 CONC

SUMMERLINN SLJA 12 15 LUCERNEPALCE 1.25 240 CONC

SUMMERLIN SLR1-2 60 60 UNDERMEADOWVIEW CT. 5.00 70 CMP

SUMMERLINN SLR1-2 15 36 UNDERMEADOWVIEW CT. 5.00 70 CMP

SUMMERLINN SLR1-2 36 36 UNDERMEADOWVIEW CT. 5.00 70 CMP

SUMMERLINN SLR1-2 36 36 UNDERMEADOWVIEW CT. 5.00 70 CMP

SUNSET SSJ3 24 24 UNDER I-205 1.25 172 CONC

SUNSET SSJ3 15 15 UNDER I-205 1.25 172 CONC

SUNSET SSJ4 24 24 ENTRANCEPIPEFROMSUNSET AVE. TO IMPERIAL DR. 2.00 412 CONC

SUNSET SSR1-2 0 0 CULVERT TOOUTFALL 2.00 420 CONC

TANNER TAJ2 72 72 0.00 0

TANNER TAJ3E1 15 15 PIPEUNDERFAIRHAVENDR 1.25 601 CONC

TANNER TAJ5-SAJ1 54 54 CULVERTS BETWEENPONDS 4.50 78 CMP

TANNER TAJ5-SAJ1 54 54 CULVERTS BETWEENPONDS 4.50 78 CMP

TANNER TAJ5-SAJ1 54 54 CULVERTS BETWEENPONDS 4.50 78 CMP

TANNER TAJ9E1 18 18 UNDERPARKERRD. 1.50 66 CONC

TANNER TAR4-5 72 72 UNDERWELLINGTONCT. 6.00 100 CMP

TANNER TARA-B 15 15 CULVERT UNDERPATH 1.25 20 CMP

TRILLIUM TRJ3-RBJ1 54 54 NEW CULVERT -TRILLIUMDRATGLENTERRACE 4.50 85 CONC

TRILLIUM TRJ5 21 21 PAIRUNDERKENTHORPEWAY 1.75 50 CONC

TRILLIUM TRJ5 42 21 PAIRUNDERKENTHORPEWAY 1.75 50 CONC

TRILLIUM TRJ7 24 30 UNDERPACIFICHIGHWAY NRCHOWMEIN LN. (HAS 24"HI-FLO 2.50 90 CONC

TRILLIUM TRR1-2 60 60 UNDERCALAROGA DR. 5.00 54 CONC

TRILLIUM TRR4-5 36 30 THREECULVERTS UNDERCEDAROAK DR 2.50 50 CONC

TRILLIUM TRR4-5 30 30 THREECULVERTS UNDERCEDAROAK DR 2.50 50 CONC

TRILLIUM TRR4-5 36 30 THREECULVERTS UNDERCEDAROAK DR 2.50 50 CONC

3

1

2

see sheet 1 for first half

of basin & project table

This product is for informational purposes and may not have been prepared
for, or be suitable for legal, engineering, or surveying purposes.
Users of this information should review or consult the primary data
and information sources to ascertain the usability of the information.
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Figure 7.3
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