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Executive Summary 

1. The proposed Trojan Storage facility will include the construction of three self-storage buildings, 
with a total gross floor area of 132,479 square feet, and a residential duplex on a vacant property 
located at the corner of SE 82nd Avenue and SE Glencoe Road in Clackamas County, Oregon.  

2. The trip generation calculations show that the proposed self-storage development is projected to 
generate an additional 15 trips during the morning peak hour, 24 trips during the evening peak hour, 
and 222 average weekday trips. 

3. No significant trends or crash patterns were identified at any of the study intersections that were 
indicitabive of safety concerns. In addition, none of the study intersections exhibit crash rates 
exceeding ODOT’s 90th percentile rate. 

4. Adequate sight distances are available at the proposed accesses of the site to SE Glencoe Road to 
ensure the safe operation of the intersections. 

5. Due to insufficient side-street traffic volumes, traffic signal warrants are not projected to be met at 
any of the unsignalized study intersections under any of the analysis scenarios. 

6. All study intersections are currently operating acceptably per ODOT standards and are projected to 
continue operating acceptably through the 2021 buildout year. 
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Project Description 

Introduction 

The proposed Trojan Storage facility will include the construction of three self-storage buildings, with a gross 
floor area of 132,479 square feet, and a residential duplex on a vacant property located at the corner of SE 
82nd Avenue and SE Glencoe Road in Clackamas County, Oregon. Based on correspondence with the 
Oregon Department of Transportation (ODOT), this report conducts safety and capacity/level of service 
analyses at the following intersections: 

1. The Wal-Mart access to SE 82nd Avenue that is offset to the north and limited to right-in/right-
out movements only; 

2. Goodwill driveway at SE 82nd Avenue; 

3. The full-movement Wal-Mart access to SE 82nd Avenue just north of SE Glencoe Road; and 

4. SE Glencoe Road at SE 82nd Avenue. 

The purpose of this study is to determine whether the transportation system within the vicinity of the site is 
capable of safely and efficiently supporting the existing and proposed uses, and to determine any mitigation 
that may be necessary to do so. Detailed information on taffic counts, trip generation calculations, safety 
analyses, and level of service calculations is included in the appendix to this report. 

Location Description 

The project site is located north of SE Glencoe Road, west of SE 82nd Avenue, south of SE Otty Street, and 
east of SE 79th Avenue in Happy Valley, Oregon. The subject site is located within a predominately 
commercial-use corridor along SE 82nd Avenue, with commercial uses to the north, east, and south, and high-
density apartments to the west.  

The project site includes two tax lots (00100 and 00190), which encompasses an approximate total of 3.2 
acres. The site is currently undeveloped and will take access to the greater transportation system via SE 82nd 
Avenue. Following development, the site will provide two accesses onto SE Glencoe Road. 

Vicinity Streets 

The proposed development is expected to impact two roadways near the site. Table 1 provides a description 
of each of the vicinity roadways. 
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Table 1: Vicinity Roadway Descriptions 

SE 82nd 

Avenue
ODOT Principal Arterial 5-6 

Lanes
35 mph 
Posted

Not 
Permitted

Partial 
Both 
Sides

Both 
Sides

Both Sides

SE Glencoe 
Road

Clackamas 
County

Local Road 2 Lanes 25 mph 
Statutory

Permitted 
Both Sides

None
Partial 
Both 
Sides

Partial Both 
Sides

Notes: Functional Classification based on Clackmas County Road Functional Classif ication Map .

On-street 
Parking

Bicycle 
Lanes Curbs SidewalksRoadway Jurisdiction Functional Classification

Cross-
Section Speed

 

Study Intersections 

A majority of site trips generated by the proposed development are expected to impact four nearby existing 
intersections of significance. A summarized description of these intersections is provided in Table 2. 

Table 2: Vicinity Intersection Descriptions 

1
RI/RO Wal-Mart 
Access at SE 82nd 

Avenue
Three-Legged Stop-Controlled WB Stop-Controlled

2
Goodwill Access at 

SE 82nd Avenue
Three-Legged Stop-Controlled EB Stop-Controlled

3
Full-Movement Wal-
Mart Access at SE 

82nd Avenue
Three-Legged Stop-Controlled WB Stop-Controlled

4
SE Glencoe Road 
at SE 82nd Avenue

Three-Legged Stop-Controlled EB Stop-Controlled

Number Intersection Geometry Traffic Control Phasing/Stopped Approaches

 

A vicinity map displaying the project site, vicinity streets, and the study intersections with their associated lane 
configurations is shown in Figure 1 on page 4. 
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Public Transit 

The project site is located near one TriMet transit bus line. The bus line has several stops located within a 
quarter-mile walking/biking distance of the site. Complete sidewalks and adequate crossing measures are 
available between the site and the nearest stops which serve the transit line. A summarized description of the 
transit line is shown in Table 3. 

Table 3: Transit Line Descriptions 

Day From To

Wk 4:15 AM 2:00 AM 5 to 30

Sat 4:35 AM 1:50 AM 10 to 30

Sun 5:20 AM 1:45 AM 10 to 30

BOLDED text indicates frequent service.

Bus Line #72 - 
Killingsworth/82nd

Swan Island, NE Portland, SE 
Portland, Clackamas Town 

Center

SE 82nd Avenue near 
shared site access with 

Goodwill

Service TimeTransit Line 
(TriMet) Service Area

Typical 
Headways 
(Minutes)

Nearest Stops

 

Pedestrian & Bicycle Facilities 

Sidewalks are provided along both sides of SE 82nd Avenue. Along SE Glencoe Road, sidewalks are not 
generally provided, except for a portion along the south side of SE Glencoe Road near the intersection with 
SE 82nd Avenue. Although sidewalks may not be provided along the majority of SE Glencoe Road, low traffic 
volumes and travel speeds (statutory residential speed of 25 mph) allow pedestrians the ability to safely walk 
along the shoulders of the roadway when necessary. 

Adequate crossing measures, such as marked crosswalks across SE 82nd Avenue, SE Otty Road, and SE King 
Road are available. The proposed development will enhance existing walkways within the area, whereby 
pedestrian safety and connectivity in the immediate vicinity will be maintained. 

The project site is located within a half-mile walking/biking distance of one bicycle route on SE King Road. 
For the east/west bicycle route of SE King Road, access to other north/south bicycle routes, including SE 
Fuller Road and SE Linwood Avenue, are available. The bicycle routes along SE King Road, SE Fuller Road, 
and SE Linwood Avenue are located along shared roadways and provide striped bicycle lanes which separate 
bicyclists from motor vehicle traffic.  

Results from a pre-application meeting indicate that ODOT recommends frontage improvements along the 
stretch of SE 82nd Avenue adjacent to the project site in order to bring the roadway up to local, ODOT, and 
ADA standards. In addition, Clackamas County has indicated that required improvements include a bike lane 
and an 8-foot wide sidewalk behind a minimum 5 ½ foot wide landscape strip. ADA improvements at the 
intersection of SE Glencoe Road at SE 82nd Avenue will include two ADA-compliant curb/sidewalk ramps at 
the northwest corner. 
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Based on an assessment of the surrounding area, and taking into account required frontage improvements 
along SE 82nd Avenue, sufficient pedestrian and bicycle facilities are available within the site vicinity to 
adequately and safely serve the proposed use in addition to the surrounding existing uses. 

Pending Transportation System Improvements 

According to ODOT staff, ODOT has a 2021-2024 State Transportation Improvement Program (STIP) 
safety project planned at the intersection of SE Glencoe Road at SE 82nd Avenue. The planned project will 
install an enhanced pedestrian crossing with median islands in order to improve safety for pedestrians and 
bicyclists crossing SE 82nd Avenue at this location.  

Site Trips 

Trip Generation 

The proposed Trojan Storage facility will include the construction of three self-storage facilities and an office 
space totalling 132,479 square feet. In addition to the proposed self-storage facility, a residential duplex is 
proposed to be constructed on the site as well. To estimate the number of trips that will be generated by the 
proposed development, trip rates from the Trip Generation Manual 1 were used. Data from Land Use Code 
151, Mini-Warehouse, was used to estimate the trip generation of the storage portion of the proposed 
development based on the square footage of the gross building floor area. Data from Land Use Code 220, 
Multi-Family Housing (Low-Rise), was used to estimate the trip generation of the duplex portion of the proposed 
development based on the number of dwelling units. Data from Land Use Code 710, General Office, was used 
to estimate the trip generation of the office portion of the proposed development based on the square 
footage of the gross building floor area. 

The trip generation calculations show that the proposed development is projected to generate an additional 
15 trips during the morning peak hour, 24 trips during the evening peak hour, and 222 average weekday trips. 
The trip generation estimates are summarized in Table 4. Detailed trip generation calculations are included in 
the technical appendix to this report. 

 
1 Institute of Transportation Engineers (ITE), Trip Generation Manual, 10th Edition, 2017 
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Table 4: Trip Generation Summary 

Weekday
In Out Total In Out Total Total

Total 9 6 15 11 13 24 222

1 0 1 1 10Office 710 1,024 SF 1 0

1 1 0 1 14
Multi-Family Housing 

(Low-Rise) 220 2 units 0 1

1982213Self-Storage Facility

ITE 
Code

Size

151

Morning Peak Hour Evening Peak Hour

131,455 SF 8 5 10 12

 

Trip Distribution 

The directional distribution of site trips to and from the project site was estimated based on locations of likely 
trip destinations, locations of major transportation facilities in the site vicinity, and existing travel patterns at 
the study intersections. 

The proposed development includes two site accesses along SE Glencoe Road. The eastern-most site access 
will allow for ingress/egress to the proposed Trojan Storage facility while the western-most access will allow 
for egress only.  

In order to provide a conservative analysis, it is assumed that all of the site trips to and from the proposed 
development will use the eastern-most site access.  

The following trip distribution was estimated and used for analysis: 

• Approximately 60 percent of site trips will travel to/from the north along SE 82nd Avenue; and 

• Approximately 40 percent of site trips will travel to/from the south along SE 82nd Avenue. 

The trip distribution and assignment for the site trips generated by the proposed development during the 
morning and evening peak hours is shown in Figure 2 on page 8. 
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Traffic Volumes 

Existing Traffic Counts 

Traffic counts were conducted at the relevant major intersections on Tuesday, August 13, 2019, from 7:00 
AM to 9:00 AM and from 4:00 PM to 6:00 PM. Data was used from each intersection’s respective morning 
and evening peak hours. 

Figure 3 on page 10 shows the existing morning and evening peak hour traffic volumes at the study 
intersections. 

Background Volumes 

To provide analysis of the impact of the proposed development on the nearby transportation facilities, an 
estimate of future traffic volumes is required. In order to estimate the future traffic volumes for ODOT 
facilities, a linear growth rate of 0.853 percent per year was calculated for the traffic volumes along SE 82nd 
Avenue (OR-213) using ODOT’s 2037 Future Volumes Table. This growth rate was applied to the measured 
existing traffic volumes over a two-year period to determine year 2021 background volumes for the through 
traffic traveling along SE 82nd Avenue. A compounded growth rate of two percent per year for an assumed 
buildout condition of two years was applied to all other turning movement traffic volumes. 

In addition to the traffic volume growth described above, there is one in-process development that is 
expected to impact future traffic volumes at the study intersections. Since the SE Luther Road Multi-Family 
Mixed Use Development will likely be contributing trips to the transportation system by 2021, the site trips it 
is projected to generate were included in the 2021 background traffic volumes. A figure showing the total in-
process site trips generated by the development that are expected to impact the study intersections is 
provided in the appendix.  

Figure 4 on page 11 shows the projected year 2021 background traffic volumes at the study intersections 
during the morning and evening peak hours. 

Buildout Volumes 

Peak hour trips calculated to be generated by the proposed development, as described earlier within the Site 
Trips section, were added to the projected year 2021 background traffic volumes to obtain the expected year 
2021 buildout volumes. 

Figure 5 on page 12 shows the projected year 2021 site buildout year traffic volumes at the study intersections 
during the morning and evening peak hours.  
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Safety Analysis 

Crash Data Analysis 

Using data obtained from the ODOT Crash Data System, a review of the most recent available five years of 
crash history (January 2013 to December 2017) at the study intersections was performed. The crash data was 
evaluated based on the number of crashes, the type of collisions, the severity of the collisions, and the 
resulting crash rate for the intersection. Crash rates provide the ability to compare safety risks at different 
intersections by accounting for both the number of crashes that have occurred during the study period and 
the number of vehicles that typically travel through the intersection.  

The study intersections along SE 82nd Avenue (OR-213) are an ODOT facility which adheres to the crash 
analysis methodologies within ODOT’s Analysis Procedures Manual (APM). According to Exhibit 4-1: 
Intersection Crash Rates per MEV by Land Type and Traffic Control of the APM, intersections which experience 
crash rates in excess of the 90th percentile crash rate should be “flagged for further analysis”. For 
unsignalized, three-legged intersections in urban settings, the 90th percentile rate is 0.293. 

With regard to crash severity, ODOT classifies crashes in the following categories: 

• Property Damage Only (PDO); 

• Possible Injury – Complaint of Pain (Injury C); 

• Non-Incapacitating Injury (Injury B); 

• Incapacitating Injury – Bleeding, Broken Bones (Injury A); and 

• Fatality or Fatal Injury. 

Table 5 provides a summary of crash types, while Table 6 summarizes crash severities and rates for each of 
the study intersections. Detailed ODOT crash reports are included in the appendix to this report. 
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Table 5: Crash Type Summary 

Rear 
End

Turn Angle Fixed 
Object

Side 
swipe

Head  
On

Ped/ 
Bike

Other

1
RI/RI Wal-Mart Access 

at SE 82nd Avenue
1 2 0 0 0 0 0 0 3

2
Goodwill Access at SE 

82nd Avenue
2 1 0 0 0 0 1 0 4

3
Full-Movement Wal-

Mart Access at SE 82nd 

Avenue
2 5 0 0 0 0 0 1 8

4
SE Glencoe Road at SE 

82nd Avenue
2 6 0 0 0 0 1 0 9

Intersection
Total 

Crashes

Crash Type

 

Table 6: Crash Severity and Rate Summary 

PDO C B A Fatal

1
RI/RI Wal-Mart Access 

at SE 82nd Avenue
1 2 0 0 0 3 26,840 0.06

2
Goodwill Access at SE 

82nd Avenue
3 1 0 0 0 4 26,840 0.08

3
Full-Movement Wal-

Mart Access at SE 82nd 

Avenue
5 3 0 0 0 8 27,500 0.16

4
SE Glencoe Road at SE 

82nd Avenue
2 3 3 1 0 9 27,500 0.18

BOLDED text indicates a crash rate in excess of the 90th-Percentile CMEV per ODOT's APM.

Crash Severity
Crash RateIntersection

Total 
Crashes AADT

 

Based on a review of the crash data, there were two crashes which involved a pedestrian. An in-depth analysis 
of these crashes is detailed in the following sections. 

Goodwill Access at SE 82nd Avenue 

The intersection of the shared site access at SE 82nd Avenue had one crash that involved a pedestrian. The 
crash occurred when the driver of an eastbound, right-turning passenger car failed to yield right-of-way to a 
north/south traveling pedestrian who was utilizing the shoulder of the roadway. The pedestrian sustained 
injuries consistent with Injury C classification. 



 
 

Trojan Storage Facility — Transportation Impact Study 15 

SE Glencoe Road at SE 82nd Avenue 

The intersection of SE Glencoe Road at SE 82nd Avenue had one crash that involved two pedestrians. The 
nighttime crash occurred when the driver of a north/south traveling passenger car struck two pedestrians 
who were traveling east/west across the intersection. According to the crash data, the pedestrians did not 
have the right-of-way and were wearing non-reflective clothing. Both pedestrians sustained injuries consistent 
with Injury A classification. 

Analysis Results 

Based on a review of the most recent five years of available crash data, no significant trends or crash patterns 
were identified at any of the study intersections that were indicative of safety concerns. In addition, none of 
the study intersections exhibit crash rates exceeding ODOT’s 90th percentile rate. Accordingly, no safety 
mitigation is recommended per the crash data analysis. 

Sight Distance Evaluation 

Intersection sight distance is an operational measure, intended to provide sufficient light of sight along the 
major-street so that a driver can enter the roadway without impeding the flow of through traffic. Sight 
distance along SE Glencoe Road was measured and evaluated in accordance with standards established in A 
Policy on Geometric Design of Highway and Streets 2 as well as per Clackamas Country Roadway Standards. For 
intersection sight distance, the driver’s eye is assumed to be 15 feet from the near edge of the nearest travel 
lane of the intersecting street and at a height of 3.5 feet above the minor-street approach pavement. The 
oncoming vehicle driver’s eye height along the major-street approach is assumed to be 3.5 feet above the 
cross-street pavement. 

Stopping sight distance is considered the minimum requirement to ensure safe operation of the driveway 
access. This distance allows the driver of a vehicle traveling on the major-street to react to a turning vehicle or 
other object in the roadway and come to a complete stop to avoid a collision. To ensure safe operation of a 
driveway, the extent of available intersection sight distance must at least equal the minimum required 
stopping sight distance. 

Per Clackamas County Roadways Standards, the design speed of SE Glencoe Road is assumed to be either the 
intended posted regulatory speed plus 5 mph, the existing posted regulatory speed plus 5 mph, or the 
measured 85th percentile speed of traffic (per Section 250.1.2 Design Speed). Based on a regulatory speed of 25 
mph (plus an additional 5 mph), the recommended intersection sight distance at the access intersection is 335 
feet to the east and west.  

It should be noted that the project site is located directly west of the intersection of SE Glencoe Road at SE 
82nd Avenue. As a result, actual speeds of westbound approaching traffic after turning from SE 82nd Avenue 
onto SE Glencoe Road are expected to be well below 35 mph due to vehicles either slowing to conduct the 

 
2 American Association of State Highway and Transportation Officials (AASHTO), A Policy on Geometric 
Design of Highways and Streets, 6th Edition, 2011. 



Trojan Storage Facility — Transportation Impact Study 16 

turning movement or accelerating from a stopped position. Conservatively, left-turning vehicles turning from 
SE 82nd Avenue onto SE Glencoe Road are assumed to conduct the turning movements at speeds around 20 
mph, while right-turning vehicles are assumed to conduct the turning movements at speeds around 15 mph. 
Therefore, the minimum required stopping sight distance necessary to accommodate westbound approaching 
vehicles along SE Glencoe Road would be 115 feet for vehicles making a left-turn from SE 82nd Avenue and 
80 feet for vehicles making a right-turn from SE 82nd Avenue, provided sight distances to the east of the 
access intersections are measured back to the intersection of SE Glencoe Road at SE 82nd Avenue. 

At the westernmost egress only site access, intersection sight distances were measured to be 468 feet to the 
west (to the intersection at SE 79th Avenue) and 390 feet to the east (to the intersection at SE 82nd Avenue). 
The recommended intersection sight distance is met for the westernmost site access. 

At the easternmost ingress/egress site access, intersection sight distance was measured to be more than 464 
feet to the west, limited by on-site vegetation. Intersection sight distance was measured to be 107 feet to the 
east looking at a vehicle making a right turn onto SE Glencoe Road from SE 82nd Avenue, and 168 feet to the 
east looking at a vehicle making a left turn onto SE Glencoe Road from SE 82nd Avenue. Since sight distance 
to the east of the access was measured to be greater than stopping sight distance and was measured back to 
the intersection of SE Glencoe Road at SE 82nd Avenue, adequate stopping sight distance is available to 
accommodate westbound approaching vehicles. 

Based on the sight distance analysis, both accesses are expected to operate safely. 

Access Management 

The proposed development has two site accesses along SE Glencoe Road. SE Glencoe Road is classified by 
Clackamas County as a local road. According to Clackamas County Roadway Standards 220.7, driveway 
access to local roads shall not be allowed within 25 feet of the right-of-way lines at an intersection. 
Accordingly, the easternmost site access for the proposed development should be located a minimum of 25 
feet from the right-of-way lines at the intersection of SE Glencoe Road at SE 82nd Avenue. 

Warrant Analysis 

Preliminary Traffic Signal Warrants 

Premilinary traffic signal warrants were examined for the unsignalized study intersections along SE 82nd 
Avenue to determine whether the installation of a new traffic signal will be warranted at the intersection upon 
completion of the proposed development. Due to insufficient side-street traffic volumes, traffic signal 
warrants are not projected to be met at any of the unsignalized study intersections under any of the analysis 
scenarios. 
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Turn Warrants 

Left and right-turn refuge lanes are primarily a safety consideration for the major street, removing turning 
vehicles from the through traffic stream. The turn lane warrants used implement the design curves developed 
by the Texas Transportation Institute, as adopted by ODOT. Turn lane warrants were evaluated based on the 
number of advancing and opposing vehicles, number of turning vehicles, travel speed, and the number of 
through lanes. 

Left-turn lane warrants were not evaluated for SE 82nd Avenue, as this roadway currently has a two-way left-
turn lane. 

Right-turn lane warrants were examined for SE 82nd Avenue at the intersection of SE Glencoe Road at SE 
82nd Avenue. Traffic counts collected at the intersection grouped volumes by approach and not by lane. 
Based on the assumption that 50 percent of the approach volume travel in the outside lane, right-turn lane 
warrants were not projected to be met under any of the analysis scenarios. 

Operational Analysis 

A capacity and delay analysis was conducted for each of the study intersections per the unsignalized 
intersection analysis methodologies in the Highway Capacity Manual 3 (HCM). Intersections are generally 
evaluated based on the average control delay experienced by vehicles and are assigned a grade according to 
their operation. The level of service (LOS) of an intersection can range from LOS A, which indicates very 
little or no delay experienced by vehicles, to LOS F, which indicates a high degree of congestion and delay. 
The volume-to-capacity (v/c) ratio is a measure that compares the traffic volumes (demand) against the 
available capacity of an intersection. 

Performance Standards 

The study intersections along SE 82nd Avenue (OR-213) operate under the jurisdiction of ODOT and must 
meet standards established in the Oregon Highway Plan. According to the Clackamas County Comprehensive 
Plan, intersections along SE 82nd Avenue (OR-213) are required to operate with a v/c ratio of 1.1 during the 
first hour of the evening peak of traffic. 

Delay & Capacity Analysis 

The v/c, delay, and LOS results of the capacity analysis are shown in Table 7 for the morning and evening 
peak hours. Detailed calculations as well as tables showing the relationship between delay and LOS are 
included in the appendix to this report. 

3 Transportation Research Board, Highway Capacity Manual, 6th Edition and 2000 
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Table 7: Capacity Analysis Summary 

LOS Delay (s) v / c LOS Delay (s) v / c
1 RI/RO Walmart Access at SE 82nd Avenue

2019 Existing B 11 0.03 C 16 0.11
2021 Background B 11 0.03 C 16 0.12
2021 Buildout B 11 0.03 C 17 0.12

2 Goodwill Access at SE 82nd Avenue
2019 Existing B 14 0.02 D 30 0.17
2021 Background B 14 0.02 D 32 0.19
2021 Buildout B 14 0.02 D 33 0.20

3 Full-Movement Walmart Access at SE 82nd

Avenue
2019 Existing B 14 0.07 E 38 0.28
2021 Background B 15 0.07 E 43 0.33
2021 Buildout B 15 0.07 E 44 0.33

4 SE Glencoe Road at SE 82nd Avenue
2019 Existing B 13 0.03 C 18 0.08
2021 Background B 13 0.03 C 19 0.08
2021 Buildout B 13 0.04 C 22 0.15

5 SE Glencoe Road at Site Access

2021 Buildout A 9 0.01 A 9 0.01

BOLDED results indicate operation above acceptable jurisictional standards

AM Peak Hour PM Peak Hour

Based on the results of the operational analysis, all study intersections are currently operating acceptably per 
ODOT standards, and are projected to continue operating acceptably through the 2021 buildout year of the 
site. No operational mitigation is necessary or recommended at the study intersections. 

95th Percentile Queuing Analysis 

At the request of Clackamas County staff, a queuing analysis was conducted for the intersection of SE 
Glencoe Road at SE 82nd Avenue, specifically to examine the potential queue that could form along SE 
Glencoe Road as vehicles wait to turn onto SE 82nd Avenue. The queue length was projected based on the 
results of a Synchro/SimTraffic simulation, with the reported values based on the average back of queue and 
the 95th percentile queue lengths. The 95th percentile queue is a statistical calculation that means, with 95 
percent confidence, the average maximum queue will not exceed the reported value.  

During the evening peak hour, the projected average back of queue for eastbound vehicles was reported to be 
approximately 40 feet and the 95th percentile queue length was reported to be approximately 85 feet (rounded 
to the nearest 5 feet). Detailed queuing analysis worksheets are included in the appendix to this report. 
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Based on the analysis, the projected average queue length at the study intersection will not extend beyond the 
expected location of the eastern-most access, but the 95th percentile queue may extend back to the eastern-
most access.  

Conclusions 

No significant trends or crash patterns were identified at any of the study intersections that were indicative of 
safety concerns. In addition, none of the study intersections exhibit crash rates exceeding ODOT’s 90th 
percentile rate. 

Adaquate sight distances are available at the site access intersections on SE Glencoe Road to ensure safe 
operation. 

Due to insufficient side-street traffic volumes, traffic signal warrants are not projected to be met at any of the 
unsignalized study intersections under any of the analysis scenarios. 

All study intersections are currently operating acceptably per ODOT standards and are projected to continue 
operating acceptably through the 2021 buildout year. 
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Appendix 

 



Land Use: Mini-Warehouse
Land Use Code: 151
Setting/Location General Urban/Suburban

Variable: 1,000 Sq. Ft. GFA
Variable Value: 132

Trip Rate: 0.10 Trip Rate: 0.17

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 8 5 13 Trip Ends 10 12 22

Trip Rate: 1.51 Trip Rate: 1.95

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 99 99 198 Trip Ends 128 128 256

Source: TRIP GENERATION, Tenth Edition

50% 50%50%50%

TRIP GENERATION CALCULATIONS

AM PEAK HOUR PM PEAK HOUR

WEEKDAY SATURDAY

60% 40% 47% 53%



Land Use: Multifamily Housing (Low-Rise)
Land Use Code: 220
Setting/Location General Urban/Suburban

Variable: Dwelling Units
Variable Value: 2

Trip Rate: 0.46 Trip Rate: 0.56

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 0 1 1 Trip Ends 1 0 1

Trip Rate: 7.32 Trip Rate: 8.14

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 7 7 14 Trip Ends 8 8 16

Source: TRIP GENERATION, Tenth Edition

50%

TRIP GENERATION CALCULATIONS

AM PEAK HOUR PM PEAK HOUR

WEEKDAY SATURDAY

23% 77% 63% 37%

50% 50%50%



Land Use: General Office Building
Land Use Code: 710
Setting/Location General Urban/Suburban

Variable: 1000 Sq Ft Gross Floor Area
Variable Value: 1.0

Trip Rate: 1.16 Trip Rate: 1.15

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 1 0 1 Trip Ends 0 1 1

Trip Rate: 9.74 Trip Rate: 2.21

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 5 5 10 Trip Ends 1 1 2

Source: TRIP GENERATION, Tenth Edition

50% 50% 50% 50%

TRIP GENERATION CALCULATIONS

SATURDAY

PM PEAK HOURAM PEAK HOUR

WEEKDAY

86% 14% 16% 84%
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Traffic Signal Warrant Analysis
Project: 19136 - Trojan Self-Storage
Date: 9/27/2019
Scenario: Year 2021 Buildout

SE 82nd Avenue Walmart Access (North)
2 1

2698 30

Warrant Used:
X 100 percent of standard warrants used

70 percent of standard warrants used due to 85th percentile speed in excess
of 40 mph or isolated community with population less than 10,000.

Number of Lanes for Moving ADT on Major St. ADT on Minor St.
Traffic on Each Approach: (total of both approaches) (higher-volume approach)

WARRANT 1, CONDITION A 100% 70% 100% 70%
Major St. Minor St. Warrants Warrants Warrants Warrants

1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

WARRANT 1, CONDITION B
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

Note: ADT volumes assume 8th highest hour is 5.6% of the daily volume

Approach 
Volumes

Minimum 
Volumes

Is Signal 
Warrant Met?

Warrant 1
Condition A: Minimum Vehicular Volume

Major Street 26,980 10,600
Minor Street* 300 2,650 No

Condition B: Interruption of Continuous Traffic
Major Street 26,980 15,900
Minor Street* 300 1,350 No

Combination Warrant
Major Street 26,980 12,720
Minor Street* 300 2,120 No

* Minor street right-turning traffic volumes reduced by 25% 

Major Street: Minor Street:
      Number of Lanes:       Number of Lanes:

      PM Peak 
      Hour Volumes:

      PM Peak 
      Hour Volumes:



Traffic Signal Warrant Analysis
Project: 19136 - Trojan Self-Storage
Date: 9/27/2019
Scenario: Year 2021 Buildout

SE 82nd Avenue Goodwill Access
2 1

2677 40

Warrant Used:
X 100 percent of standard warrants used

70 percent of standard warrants used due to 85th percentile speed in excess
of 40 mph or isolated community with population less than 10,000.

Number of Lanes for Moving ADT on Major St. ADT on Minor St.
Traffic on Each Approach: (total of both approaches) (higher-volume approach)

WARRANT 1, CONDITION A 100% 70% 100% 70%
Major St. Minor St. Warrants Warrants Warrants Warrants

1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

WARRANT 1, CONDITION B
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

Note: ADT volumes assume 8th highest hour is 5.6% of the daily volume

Approach 
Volumes

Minimum 
Volumes

Is Signal 
Warrant Met?

Warrant 1
Condition A: Minimum Vehicular Volume

Major Street 26,770 10,600
Minor Street* 400 2,650 No

Condition B: Interruption of Continuous Traffic
Major Street 26,770 15,900
Minor Street* 400 1,350 No

Combination Warrant
Major Street 26,770 12,720
Minor Street* 400 2,120 No

* Minor street right-turning traffic volumes reduced by 25% 

Major Street: Minor Street:
      Number of Lanes:       Number of Lanes:

      PM Peak 
      Hour Volumes:

      PM Peak 
      Hour Volumes:



Traffic Signal Warrant Analysis
Project: 19136 - Trojan Self-Storage
Date: 9/27/2019
Scenario: Year 2021 Buildout

SE 82nd Avenue Walmart Access (South)
2 1

2746 45

Warrant Used:
X 100 percent of standard warrants used

70 percent of standard warrants used due to 85th percentile speed in excess
of 40 mph or isolated community with population less than 10,000.

Number of Lanes for Moving ADT on Major St. ADT on Minor St.
Traffic on Each Approach: (total of both approaches) (higher-volume approach)

WARRANT 1, CONDITION A 100% 70% 100% 70%
Major St. Minor St. Warrants Warrants Warrants Warrants

1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

WARRANT 1, CONDITION B
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

Note: ADT volumes assume 8th highest hour is 5.6% of the daily volume

Approach 
Volumes

Minimum 
Volumes

Is Signal 
Warrant Met?

Warrant 1
Condition A: Minimum Vehicular Volume

Major Street 27,460 10,600
Minor Street* 450 2,650 No

Condition B: Interruption of Continuous Traffic
Major Street 27,460 15,900
Minor Street* 450 1,350 No

Combination Warrant
Major Street 27,460 12,720
Minor Street* 450 2,120 No

* Minor street right-turning traffic volumes reduced by 25% 

Major Street: Minor Street:
      Number of Lanes:       Number of Lanes:

      PM Peak 
      Hour Volumes:

      PM Peak 
      Hour Volumes:



Traffic Signal Warrant Analysis
Project: 19136 - Trojan Self-Storage
Date: 9/27/2019
Scenario: Year 2021 Buildout

SE 82nd Avenue SE Glencoe Road
2 1

2746 16

Warrant Used:
X 100 percent of standard warrants used

70 percent of standard warrants used due to 85th percentile speed in excess
of 40 mph or isolated community with population less than 10,000.

Number of Lanes for Moving ADT on Major St. ADT on Minor St.
Traffic on Each Approach: (total of both approaches) (higher-volume approach)

WARRANT 1, CONDITION A 100% 70% 100% 70%
Major St. Minor St. Warrants Warrants Warrants Warrants

1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

WARRANT 1, CONDITION B
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

Note: ADT volumes assume 8th highest hour is 5.6% of the daily volume

Approach 
Volumes

Minimum 
Volumes

Is Signal 
Warrant Met?

Warrant 1
Condition A: Minimum Vehicular Volume

Major Street 27,460 10,600
Minor Street* 160 2,650 No

Condition B: Interruption of Continuous Traffic
Major Street 27,460 15,900
Minor Street* 160 1,350 No

Combination Warrant
Major Street 27,460 12,720
Minor Street* 160 2,120 No

* Minor street right-turning traffic volumes reduced by 25% 

Major Street: Minor Street:
      Number of Lanes:       Number of Lanes:

      PM Peak 
      Hour Volumes:

      PM Peak 
      Hour Volumes:



Project: 19136 Trojan Self-Storage
Date: 10/16/2019
Scenario: Year 2021 Buildout Conditions

Speed? 35 mph 56 kmh

10 26
354 646
No No

Note: If there is no right turn lane, a shoulder needs to be provided.
If this intersection is in a rural area and is a connection to a public street, a right turn lane is needed.

PM Peak Hour
Right-Turn Volume
Approaching DHV

Lane Needed?

AM Peak Hour
Right-Turn Volume
Approaching DHV

Lane Needed?
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LEVEL OF SERVICE 
 
 
 Level of service is used to describe the quality of traffic flow. Levels of service A to C 
are considered good, and rural roads are usually designed for level of service C. Urban streets 
and signalized intersections are typically designed for level of service D. Level of service E is 
considered to be the limit of acceptable delay. For unsignalized intersections, level of service E 
is generally considered acceptable. Here is a more complete description of levels of service: 
 
 Level of service A: Very low delay at intersections, with all traffic signal cycles clearing 
and no vehicles waiting through more than one signal cycle. On highways, low volume and high 
speeds, with speeds not restricted by other vehicles.  
 
 Level of service B: Operating speeds beginning to be affected by other traffic; short 
traffic delays at intersections. Higher average intersection delay than for level of service A 
resulting from more vehicles stopping.  
 
 Level of service C: Operating speeds and maneuverability closely controlled by other 
traffic; higher delays at intersections than for level of service B due to a significant number of 
vehicles stopping. Not all signal cycles clear the waiting vehicles. This is the recommended 
design standard for rural highways.  
 
 Level of service D: Tolerable operating speeds; long traffic delays occur at intersections. 
The influence of congestion is noticeable. At traffic signals many vehicles stop, and the 
proportion of vehicles not stopping declines. The number of signal cycle failures, for which 
vehicles must wait through more than one signal cycle, are noticeable. This is typically the 
design level for urban signalized intersections.  
 
 Level of service E: Restricted speeds, very long traffic delays at traffic signals, and traffic 
volumes near capacity. Flow is unstable so that any interruption, no matter how minor, will 
cause queues to form and service to deteriorate to level of service F. Traffic signal cycle failures 
are frequent occurrences. For unsignalized intersections, level of service E or better is generally 
considered acceptable.  
 
 Level of service F: Extreme delays, resulting in long queues which may interfere with 
other traffic movements. There may be stoppages of long duration, and speeds may drop to zero. 
There may be frequent signal cycle failures. Level of service F will typically result when vehicle 
arrival rates are greater than capacity. It is considered unacceptable by most drivers.  



LEVEL OF SERVICE CRITERIA

FOR SIGNALIZED INTERSECTIONS

LEVEL CONTROL DELAY

OF PER VEHICLE

SERVICE (Seconds)

A <10

B 10-20

C 20-35

D 35-55

E 55-80

F >80

LEVEL OF SERVICE CRITERIA

FOR UNSIGNALIZED INTERSECTIONS

LEVEL CONTROL DELAY

OF PER VEHICLE

SERVICE (Seconds)

A <10

B 10-15

C 15-25

D 25-35

E 35-50

F >50



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - AM Peak Hour Synchro 10 Report
MW Page 1

Intersection
Int Delay, s/veh 0.2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 1 17 550 16 9 587
Future Vol, veh/h 1 17 550 16 9 587
Conflicting Peds, #/hr 0 0 0 3 3 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 6 6 7 7 3 3
Mvmt Flow 1 18 598 17 10 638
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 949 311 0 0 618 0
          Stage 1 610 - - - - -
          Stage 2 339 - - - - -
Critical Hdwy 6.92 7.02 - - 4.16 -
Critical Hdwy Stg 1 5.92 - - - - -
Critical Hdwy Stg 2 5.92 - - - - -
Follow-up Hdwy 3.56 3.36 - - 2.23 -
Pot Cap-1 Maneuver 252 673 - - 951 -
          Stage 1 494 - - - - -
          Stage 2 682 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 247 671 - - 948 -
Mov Cap-2 Maneuver 422 - - - - -
          Stage 1 485 - - - - -
          Stage 2 682 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 10.5 0 0.1
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 671 948 -
HCM Lane V/C Ratio - - 0.028 0.01 -
HCM Control Delay (s) - - 10.5 8.8 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.1 0 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - AM Peak Hour Synchro 10 Report
MW Page 2

Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 9 10 8 557 567 21
Future Vol, veh/h 9 10 8 557 567 21
Conflicting Peds, #/hr 0 0 7 0 0 7
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 5 7 7 3 3
Mvmt Flow 10 11 9 605 616 23
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 956 327 646 0 - 0
          Stage 1 635 - - - - -
          Stage 2 321 - - - - -
Critical Hdwy 6.9 7 4.24 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.27 - - -
Pot Cap-1 Maneuver 251 660 902 - - -
          Stage 1 482 - - - - -
          Stage 2 699 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 245 656 896 - - -
Mov Cap-2 Maneuver 417 - - - - -
          Stage 1 474 - - - - -
          Stage 2 694 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.1 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 896 - 417 656 - -
HCM Lane V/C Ratio 0.01 - 0.023 0.017 - -
HCM Control Delay (s) 9.1 - 13.8 10.6 - -
HCM Lane LOS A - B B - -
HCM 95th %tile Q(veh) 0 - 0.1 0.1 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - AM Peak Hour Synchro 10 Report
MW Page 3

Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 25 23 553 32 25 551
Future Vol, veh/h 25 23 553 32 25 551
Conflicting Peds, #/hr 0 0 0 2 2 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 2 2 6 6 3 3
Mvmt Flow 27 25 608 35 27 605
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 985 324 0 0 645 0
          Stage 1 628 - - - - -
          Stage 2 357 - - - - -
Critical Hdwy 6.84 6.94 - - 4.16 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.23 -
Pot Cap-1 Maneuver 245 672 - - 929 -
          Stage 1 494 - - - - -
          Stage 2 679 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 237 671 - - 927 -
Mov Cap-2 Maneuver 414 - - - - -
          Stage 1 479 - - - - -
          Stage 2 679 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 12.5 0 0.4
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 414 671 927 -
HCM Lane V/C Ratio - - 0.066 0.038 0.03 -
HCM Control Delay (s) - - 14.3 10.6 9 -
HCM Lane LOS - - B B A -
HCM 95th %tile Q(veh) - - 0.2 0.1 0.1 -



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - AM Peak Hour Synchro 10 Report
MW Page 4

Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 8 4 7 577 571 5
Future Vol, veh/h 8 4 7 577 571 5
Conflicting Peds, #/hr 0 0 8 0 0 8
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 0 0 6 6 3 3
Mvmt Flow 9 4 8 634 627 5
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 971 324 640 0 - 0
          Stage 1 638 - - - - -
          Stage 2 333 - - - - -
Critical Hdwy 6.8 6.9 4.22 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.26 - - -
Pot Cap-1 Maneuver 254 678 913 - - -
          Stage 1 494 - - - - -
          Stage 2 704 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 248 673 906 - - -
Mov Cap-2 Maneuver 425 - - - - -
          Stage 1 486 - - - - -
          Stage 2 698 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.6 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 906 - 485 - -
HCM Lane V/C Ratio 0.008 - 0.027 - -
HCM Control Delay (s) 9 - 12.6 - -
HCM Lane LOS A - B - -
HCM 95th %tile Q(veh) 0 - 0.1 - -



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - PM Peak Hour Synchro 10 Report
MW Page 1

Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 38 1262 32 13 1265
Future Vol, veh/h 0 38 1262 32 13 1265
Conflicting Peds, #/hr 0 0 0 12 12 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 0 41 1357 34 14 1360
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 708 0 0 1403 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 6.9 - - 4.14 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.3 - - 2.22 -
Pot Cap-1 Maneuver 0 382 - - 483 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 378 - - 477 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 15.7 0 0.1
HCM LOS C
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 378 477 -
HCM Lane V/C Ratio - - 0.108 0.029 -
HCM Control Delay (s) - - 15.7 12.8 -
HCM Lane LOS - - C B -
HCM 95th %tile Q(veh) - - 0.4 0.1 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - PM Peak Hour Synchro 10 Report
MW Page 2

Intersection
Int Delay, s/veh 0.7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 28 52 19 1267 1230 35
Future Vol, veh/h 28 52 19 1267 1230 35
Conflicting Peds, #/hr 0 0 12 0 0 12
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 30 56 20 1362 1323 38
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2075 693 1373 0 - 0
          Stage 1 1354 - - - - -
          Stage 2 721 - - - - -
Critical Hdwy 6.8 6.9 4.14 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.22 - - -
Pot Cap-1 Maneuver 48 390 496 - - -
          Stage 1 209 - - - - -
          Stage 2 448 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 45 386 490 - - -
Mov Cap-2 Maneuver 173 - - - - -
          Stage 1 198 - - - - -
          Stage 2 443 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 20.9 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 490 - 173 386 - -
HCM Lane V/C Ratio 0.042 - 0.174 0.145 - -
HCM Control Delay (s) 12.7 - 30.1 15.9 - -
HCM Lane LOS B - D C - -
HCM 95th %tile Q(veh) 0.1 - 0.6 0.5 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - PM Peak Hour Synchro 10 Report
MW Page 3

Intersection
Int Delay, s/veh 1.2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 41 58 1235 124 58 1199
Future Vol, veh/h 41 58 1235 124 58 1199
Conflicting Peds, #/hr 1 1 0 11 11 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 43 60 1286 129 60 1249
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2108 720 0 0 1426 0
          Stage 1 1362 - - - - -
          Stage 2 746 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 44 370 - - 473 -
          Stage 1 203 - - - - -
          Stage 2 430 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 38 366 - - 468 -
Mov Cap-2 Maneuver 152 - - - - -
          Stage 1 175 - - - - -
          Stage 2 430 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 25.5 0 0.6
HCM LOS D
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 152 366 468 -
HCM Lane V/C Ratio - - 0.281 0.165 0.129 -
HCM Control Delay (s) - - 37.7 16.8 13.8 -
HCM Lane LOS - - E C B -
HCM 95th %tile Q(veh) - - 1.1 0.6 0.4 -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - PM Peak Hour Synchro 10 Report
MW Page 4

Intersection
Int Delay, s/veh 0.3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 6 15 18 1353 1222 18
Future Vol, veh/h 6 15 18 1353 1222 18
Conflicting Peds, #/hr 1 1 15 0 0 15
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 5 5 2 2 2 2
Mvmt Flow 6 16 19 1409 1273 19
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2042 662 1307 0 - 0
          Stage 1 1298 - - - - -
          Stage 2 744 - - - - -
Critical Hdwy 6.9 7 4.14 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.22 - - -
Pot Cap-1 Maneuver 47 397 525 - - -
          Stage 1 214 - - - - -
          Stage 2 423 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 44 391 518 - - -
Mov Cap-2 Maneuver 174 - - - - -
          Stage 1 203 - - - - -
          Stage 2 417 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 18.5 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 518 - 288 - -
HCM Lane V/C Ratio 0.036 - 0.076 - -
HCM Control Delay (s) 12.2 - 18.5 - -
HCM Lane LOS B - C - -
HCM 95th %tile Q(veh) 0.1 - 0.2 - -



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - AM Peak Hour Synchro 10 Report
MW Page 1

Intersection
Int Delay, s/veh 0.2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 18 559 17 9 596
Future Vol, veh/h 0 18 559 17 9 596
Conflicting Peds, #/hr 0 0 0 3 3 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 6 6 7 7 3 3
Mvmt Flow 0 20 608 18 10 648
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 316 0 0 629 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 7.02 - - 4.16 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.36 - - 2.23 -
Pot Cap-1 Maneuver 0 668 - - 942 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 666 - - 939 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 10.6 0 0.1
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 666 939 -
HCM Lane V/C Ratio - - 0.029 0.01 -
HCM Control Delay (s) - - 10.6 8.9 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.1 0 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - AM Peak Hour Synchro 10 Report
MW Page 2

Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 9 10 8 566 576 22
Future Vol, veh/h 9 10 8 566 576 22
Conflicting Peds, #/hr 0 0 7 0 0 7
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 5 7 7 3 3
Mvmt Flow 10 11 9 615 626 24
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 971 332 657 0 - 0
          Stage 1 645 - - - - -
          Stage 2 326 - - - - -
Critical Hdwy 6.9 7 4.24 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.27 - - -
Pot Cap-1 Maneuver 245 655 893 - - -
          Stage 1 476 - - - - -
          Stage 2 695 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 239 651 887 - - -
Mov Cap-2 Maneuver 411 - - - - -
          Stage 1 468 - - - - -
          Stage 2 690 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.2 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 887 - 411 651 - -
HCM Lane V/C Ratio 0.01 - 0.024 0.017 - -
HCM Control Delay (s) 9.1 - 14 10.6 - -
HCM Lane LOS A - B B - -
HCM 95th %tile Q(veh) 0 - 0.1 0.1 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - AM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 26 24 562 33 26 560
Future Vol, veh/h 26 24 562 33 26 560
Conflicting Peds, #/hr 0 0 0 2 2 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 2 2 6 6 3 3
Mvmt Flow 29 26 618 36 29 615
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1004 329 0 0 656 0
          Stage 1 638 - - - - -
          Stage 2 366 - - - - -
Critical Hdwy 6.84 6.94 - - 4.16 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.23 -
Pot Cap-1 Maneuver 238 667 - - 921 -
          Stage 1 488 - - - - -
          Stage 2 672 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 230 666 - - 919 -
Mov Cap-2 Maneuver 407 - - - - -
          Stage 1 471 - - - - -
          Stage 2 672 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 12.6 0 0.4
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 407 666 919 -
HCM Lane V/C Ratio - - 0.07 0.04 0.031 -
HCM Control Delay (s) - - 14.5 10.6 9 -
HCM Lane LOS - - B B A -
HCM 95th %tile Q(veh) - - 0.2 0.1 0.1 -



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019
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Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 8 4 7 586 580 5
Future Vol, veh/h 8 4 7 586 580 5
Conflicting Peds, #/hr 0 0 8 0 0 8
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 0 0 6 6 3 3
Mvmt Flow 9 4 8 644 637 5
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 986 329 650 0 - 0
          Stage 1 648 - - - - -
          Stage 2 338 - - - - -
Critical Hdwy 6.8 6.9 4.22 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.26 - - -
Pot Cap-1 Maneuver 248 673 905 - - -
          Stage 1 488 - - - - -
          Stage 2 700 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 242 668 898 - - -
Mov Cap-2 Maneuver 420 - - - - -
          Stage 1 480 - - - - -
          Stage 2 694 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.7 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 898 - 479 - -
HCM Lane V/C Ratio 0.009 - 0.028 - -
HCM Control Delay (s) 9 - 12.7 - -
HCM Lane LOS A - B - -
HCM 95th %tile Q(veh) 0 - 0.1 - -



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - PM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 40 1328 33 14 1309
Future Vol, veh/h 0 40 1328 33 14 1309
Conflicting Peds, #/hr 0 0 0 12 12 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 0 43 1428 35 15 1408
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 744 0 0 1475 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 6.9 - - 4.14 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.3 - - 2.22 -
Pot Cap-1 Maneuver 0 362 - - 453 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 358 - - 448 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 16.4 0 0.1
HCM LOS C
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 358 448 -
HCM Lane V/C Ratio - - 0.12 0.034 -
HCM Control Delay (s) - - 16.4 13.3 -
HCM Lane LOS - - C B -
HCM 95th %tile Q(veh) - - 0.4 0.1 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - PM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.8

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 29 54 20 1333 1274 36
Future Vol, veh/h 29 54 20 1333 1274 36
Conflicting Peds, #/hr 0 0 12 0 0 12
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 31 58 22 1433 1370 39
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2163 717 1421 0 - 0
          Stage 1 1402 - - - - -
          Stage 2 761 - - - - -
Critical Hdwy 6.8 6.9 4.14 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.22 - - -
Pot Cap-1 Maneuver 41 377 475 - - -
          Stage 1 197 - - - - -
          Stage 2 427 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 38 373 470 - - -
Mov Cap-2 Maneuver 162 - - - - -
          Stage 1 186 - - - - -
          Stage 2 422 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 22 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 470 - 162 373 - -
HCM Lane V/C Ratio 0.046 - 0.192 0.156 - -
HCM Control Delay (s) 13 - 32.4 16.4 - -
HCM Lane LOS B - D C - -
HCM 95th %tile Q(veh) 0.1 - 0.7 0.5 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019
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Intersection
Int Delay, s/veh 1.3

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 43 60 1301 129 60 1242
Future Vol, veh/h 43 60 1301 129 60 1242
Conflicting Peds, #/hr 1 1 0 11 11 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 45 63 1355 134 63 1294
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2207 757 0 0 1500 0
          Stage 1 1433 - - - - -
          Stage 2 774 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver ~ 38 350 - - 443 -
          Stage 1 186 - - - - -
          Stage 2 415 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 32 346 - - 438 -
Mov Cap-2 Maneuver 138 - - - - -
          Stage 1 158 - - - - -
          Stage 2 415 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 28.3 0 0.7
HCM LOS D
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 138 346 438 -
HCM Lane V/C Ratio - - 0.325 0.181 0.143 -
HCM Control Delay (s) - - 43.1 17.7 14.6 -
HCM Lane LOS - - E C B -
HCM 95th %tile Q(veh) - - 1.3 0.6 0.5 -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019
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Intersection
Int Delay, s/veh 0.3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 6 16 19 1421 1266 19
Future Vol, veh/h 6 16 19 1421 1266 19
Conflicting Peds, #/hr 1 1 15 0 0 15
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 5 5 2 2 2 2
Mvmt Flow 6 17 20 1480 1319 20
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2125 686 1354 0 - 0
          Stage 1 1344 - - - - -
          Stage 2 781 - - - - -
Critical Hdwy 6.9 7 4.14 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.22 - - -
Pot Cap-1 Maneuver 41 383 504 - - -
          Stage 1 202 - - - - -
          Stage 2 404 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 38 377 497 - - -
Mov Cap-2 Maneuver 163 - - - - -
          Stage 1 191 - - - - -
          Stage 2 398 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 19.1 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 497 - 278 - -
HCM Lane V/C Ratio 0.04 - 0.082 - -
HCM Control Delay (s) 12.5 - 19.1 - -
HCM Lane LOS B - C - -
HCM 95th %tile Q(veh) 0.1 - 0.3 - -



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Buildout Conditions - AM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 18 563 17 9 601
Future Vol, veh/h 0 18 563 17 9 601
Conflicting Peds, #/hr 0 0 0 3 3 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 6 6 7 7 3 3
Mvmt Flow 0 20 612 18 10 653
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 318 0 0 633 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 7.02 - - 4.16 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.36 - - 2.23 -
Pot Cap-1 Maneuver 0 666 - - 939 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 664 - - 936 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 10.6 0 0.1
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 664 936 -
HCM Lane V/C Ratio - - 0.029 0.01 -
HCM Control Delay (s) - - 10.6 8.9 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.1 0 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Buildout Conditions - AM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 9 10 8 570 581 22
Future Vol, veh/h 9 10 8 570 581 22
Conflicting Peds, #/hr 0 0 7 0 0 7
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 5 7 7 3 3
Mvmt Flow 10 11 9 620 632 24
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 979 335 663 0 - 0
          Stage 1 651 - - - - -
          Stage 2 328 - - - - -
Critical Hdwy 6.9 7 4.24 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.27 - - -
Pot Cap-1 Maneuver 242 652 889 - - -
          Stage 1 473 - - - - -
          Stage 2 693 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 236 648 883 - - -
Mov Cap-2 Maneuver 409 - - - - -
          Stage 1 465 - - - - -
          Stage 2 688 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.3 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 883 - 409 648 - -
HCM Lane V/C Ratio 0.01 - 0.024 0.017 - -
HCM Control Delay (s) 9.1 - 14 10.7 - -
HCM Lane LOS A - B B - -
HCM 95th %tile Q(veh) 0 - 0.1 0.1 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019
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Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 26 24 566 33 26 565
Future Vol, veh/h 26 24 566 33 26 565
Conflicting Peds, #/hr 0 0 0 2 2 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 2 2 6 6 3 3
Mvmt Flow 29 26 622 36 29 621
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1011 331 0 0 660 0
          Stage 1 642 - - - - -
          Stage 2 369 - - - - -
Critical Hdwy 6.84 6.94 - - 4.16 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.23 -
Pot Cap-1 Maneuver 236 665 - - 917 -
          Stage 1 486 - - - - -
          Stage 2 670 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 228 664 - - 915 -
Mov Cap-2 Maneuver 405 - - - - -
          Stage 1 469 - - - - -
          Stage 2 670 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 12.7 0 0.4
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 405 664 915 -
HCM Lane V/C Ratio - - 0.071 0.04 0.031 -
HCM Control Delay (s) - - 14.6 10.6 9.1 -
HCM Lane LOS - - B B A -
HCM 95th %tile Q(veh) - - 0.2 0.1 0.1 -



HCM 6th TWSC
4: SE 82nd Avenue & SE Glenco Road 10/10/2019
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Intersection
Int Delay, s/veh 0.3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 12 6 11 586 580 10
Future Vol, veh/h 12 6 11 586 580 10
Conflicting Peds, #/hr 0 0 8 0 0 8
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 0 0 6 6 3 3
Mvmt Flow 13 7 12 644 637 11
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 997 332 656 0 - 0
          Stage 1 651 - - - - -
          Stage 2 346 - - - - -
Critical Hdwy 6.8 6.9 4.22 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.26 - - -
Pot Cap-1 Maneuver 244 670 901 - - -
          Stage 1 486 - - - - -
          Stage 2 694 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 237 665 894 - - -
Mov Cap-2 Maneuver 415 - - - - -
          Stage 1 476 - - - - -
          Stage 2 688 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.9 0.2 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 894 - 474 - -
HCM Lane V/C Ratio 0.014 - 0.042 - -
HCM Control Delay (s) 9.1 - 12.9 - -
HCM Lane LOS A - B - -
HCM 95th %tile Q(veh) 0 - 0.1 - -



HCM 6th TWSC
5: SE Glenco Road & Site Access 10/10/2019
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Intersection
Int Delay, s/veh 1.3

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 0 12 12 9 6 0
Future Vol, veh/h 0 12 12 9 6 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 0 0 0 0 2 2
Mvmt Flow 0 13 13 10 7 0
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 23 0 - 0 31 18
          Stage 1 - - - - 18 -
          Stage 2 - - - - 13 -
Critical Hdwy 4.1 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.2 - - - 3.518 3.318
Pot Cap-1 Maneuver 1605 - - - 983 1061
          Stage 1 - - - - 1005 -
          Stage 2 - - - - 1010 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1605 - - - 983 1061
Mov Cap-2 Maneuver - - - - 983 -
          Stage 1 - - - - 1005 -
          Stage 2 - - - - 1010 -
 

Approach EB WB SB
HCM Control Delay, s 0 0 8.7
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1605 - - - 983
HCM Lane V/C Ratio - - - - 0.007
HCM Control Delay (s) 0 - - - 8.7
HCM Lane LOS A - - - A
HCM 95th %tile Q(veh) 0 - - - 0



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Buildout Conditions - PM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 40 1336 33 14 1316
Future Vol, veh/h 0 40 1336 33 14 1316
Conflicting Peds, #/hr 0 0 0 12 12 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 0 43 1437 35 15 1415
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 748 0 0 1484 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 6.9 - - 4.14 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.3 - - 2.22 -
Pot Cap-1 Maneuver 0 359 - - 449 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 355 - - 444 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 16.5 0 0.1
HCM LOS C
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 355 444 -
HCM Lane V/C Ratio - - 0.121 0.034 -
HCM Control Delay (s) - - 16.5 13.4 -
HCM Lane LOS - - C B -
HCM 95th %tile Q(veh) - - 0.4 0.1 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019
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Intersection
Int Delay, s/veh 0.8

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 29 54 20 1341 1281 36
Future Vol, veh/h 29 54 20 1341 1281 36
Conflicting Peds, #/hr 0 0 12 0 0 12
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 31 58 22 1442 1377 39
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2174 720 1428 0 - 0
          Stage 1 1409 - - - - -
          Stage 2 765 - - - - -
Critical Hdwy 6.8 6.9 4.14 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.22 - - -
Pot Cap-1 Maneuver 41 375 472 - - -
          Stage 1 195 - - - - -
          Stage 2 425 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 38 371 467 - - -
Mov Cap-2 Maneuver 160 - - - - -
          Stage 1 184 - - - - -
          Stage 2 420 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 22.2 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 467 - 160 371 - -
HCM Lane V/C Ratio 0.046 - 0.195 0.157 - -
HCM Control Delay (s) 13.1 - 32.9 16.5 - -
HCM Lane LOS B - D C - -
HCM 95th %tile Q(veh) 0.1 - 0.7 0.5 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019
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Intersection
Int Delay, s/veh 1.4

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 43 60 1309 129 60 1249
Future Vol, veh/h 43 60 1309 129 60 1249
Conflicting Peds, #/hr 1 1 0 11 11 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 45 63 1364 134 63 1301
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2220 761 0 0 1509 0
          Stage 1 1442 - - - - -
          Stage 2 778 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver ~ 37 348 - - 439 -
          Stage 1 184 - - - - -
          Stage 2 413 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 31 344 - - 434 -
Mov Cap-2 Maneuver 136 - - - - -
          Stage 1 156 - - - - -
          Stage 2 413 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 28.7 0 0.7
HCM LOS D
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 136 344 434 -
HCM Lane V/C Ratio - - 0.329 0.182 0.144 -
HCM Control Delay (s) - - 44 17.8 14.7 -
HCM Lane LOS - - E C B -
HCM 95th %tile Q(veh) - - 1.3 0.7 0.5 -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Buildout Conditions - PM Peak Hour Synchro 10 Report
MW Page 4

Intersection
Int Delay, s/veh 0.4

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 14 21 23 1421 1266 26
Future Vol, veh/h 14 21 23 1421 1266 26
Conflicting Peds, #/hr 1 1 15 0 0 15
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 5 5 2 2 2 2
Mvmt Flow 15 22 24 1480 1319 27
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2137 689 1361 0 - 0
          Stage 1 1348 - - - - -
          Stage 2 789 - - - - -
Critical Hdwy 6.9 7 4.14 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.22 - - -
Pot Cap-1 Maneuver 40 381 501 - - -
          Stage 1 201 - - - - -
          Stage 2 400 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 37 375 494 - - -
Mov Cap-2 Maneuver 161 - - - - -
          Stage 1 189 - - - - -
          Stage 2 394 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 22.2 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 494 - 245 - -
HCM Lane V/C Ratio 0.048 - 0.149 - -
HCM Control Delay (s) 12.7 - 22.2 - -
HCM Lane LOS B - C - -
HCM 95th %tile Q(veh) 0.2 - 0.5 - -



HCM 6th TWSC
5: SE Glencoe Road & Site Access 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Buildout Conditions - PM Peak Hour Synchro 10 Report
MW Page 5

Intersection
Int Delay, s/veh 1.4

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 0 22 38 11 13 0
Future Vol, veh/h 0 22 38 11 13 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 5 5 2 2 2 2
Mvmt Flow 0 23 40 11 14 0
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 51 0 - 0 69 46
          Stage 1 - - - - 46 -
          Stage 2 - - - - 23 -
Critical Hdwy 4.15 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.245 - - - 3.518 3.318
Pot Cap-1 Maneuver 1536 - - - 936 1023
          Stage 1 - - - - 976 -
          Stage 2 - - - - 1000 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1536 - - - 936 1023
Mov Cap-2 Maneuver - - - - 936 -
          Stage 1 - - - - 976 -
          Stage 2 - - - - 1000 -
 

Approach EB WB SB
HCM Control Delay, s 0 0 8.9
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1536 - - - 936
HCM Lane V/C Ratio - - - - 0.014
HCM Control Delay (s) 0 - - - 8.9
HCM Lane LOS A - - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queuing and Blocking Report
Year 2021 Buildout Conditions - PM Peak Hour 10/09/2019

Trojan Storage SimTraffic Report
MW Page 1

Intersection: 4: SE 82nd Avenue & SE Glencoe Road

Movement EB NB NB NB SB SB
Directions Served LR L T T T TR
Maximum Queue (ft) 112 48 55 16 31 21
Average Queue (ft) 37 15 3 1 1 1
95th Queue (ft) 88 42 27 10 15 10
Link Distance (ft) 258 253 253 291 291
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)
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I.  Project Summary 

This report has been prepared to outline the existing and proposed on-site stormwater conditions for 

the Trojan Storage Happy Valley project.  This report is based on topographic survey and a geotechnical 

report. 

 

The site is located at SE 82nd Ave and SE Glencoe Rd in Happy Valley, Oregon. The site currently consists 

of roughly half pavement and a building pad and half meadow. 

 

See Appendix A – Existing Conditions. 

 

The project proposes construction of a new storage facility with associated parking and drive aisles. The 

project proposes a total of 117,400 SF of impervious area. All proposed impervious area will be collected 

and treated by proposed stormwater management facilities. 

 

See Appendix B – Site Plan and Appendix C – Storm Plan and Details. 

II. Stormwater Design 

Onsite stormwater will be managed in accordance with CCSD#1 Stormwater Standards dated July 1, 

2013. 

 

The onsite stormwater is divided into 2 basins. Both basins will convey stormwater from roof drains and 

catch basins into one of two drywell and rock storage detention/infiltration systems. Per the 

Geotechnical letter dated August 5, 2019 (Appendix H) the infiltration capacity of the native soil at the 

site of proposed infiltration is 18 in/hr. By providing a factor of safety of 2, a design infiltration rate of 9 

in/hr has been used in the design of the infiltration systems. Though WES standards only require 

detention and infiltration of runoff generated during a 2-year event, ODOT requires detention of the 10-

year and 25-year storm. To prevent runoff during storm events greater than the 2-yr event from 

reaching ODOT’s system in 82nd Ave, the onsite infiltration systems have been designed to fully infiltrate 

up to and including the 25-yr event. 

 

See Appendix D – Stormwater Calculations and Appendix E – Geotechnical Report. 

 

Water Quality is achieved as all runoff will be fully infiltrated. 
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III. Conveyance Calculations 

Stormwater conveyance has been sized for the 25-yr storm event per WES standards. 

 

See Appendix D – Stormwater Calculations (to be provided at permit submittal). 

IV. Operations and Maintenance 

See Appendix F – Operations and Maintenance (to be provided at permit submittal). 

VI. Downstream Analysis 

All runoff is managed onsite via infiltration. Because the proposed design will not contribute any runoff 

to the downstream conveyance system, analysis of downstream capacity is not applicable. 

VII. Engineering Conclusion 

Based on ODOT and WES requirements, the proposed site facilities will be adequately designed to 

manage the proposed development conditions and should be approved as designed. 
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Appendix A 

Existing Conditions  
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Appendix B 

Site Plan  
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Appendix C  

Storm Plan and Details 

(Details will be provided at permit submittal)
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Appendix D  

Stormwater Calculations 

(Conveyance calculations will be provided at permit submittal) 
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North System

25S

South System

26P

Chambers

28P

Chambers

Routing Diagram for A19117.Trojan Storage Happy Valley
Prepared by Hewlett-Packard Company,  Printed 11/4/2019

HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 2HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

2.713 98 Paved parking, HSG C  (22S, 25S)

2.713 98 TOTAL AREA



A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 3HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

0.000 HSG B

2.713 HSG C 22S, 25S

0.000 HSG D

0.000 Other

2.713 TOTAL AREA



A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 4HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.000 0.000 2.713 0.000 0.000 2.713 Paved parking 22S, 25S

0.000 0.000 2.713 0.000 0.000 2.713 TOTAL AREA



Type IA 24-hr  2yr Rainfall=2.60"A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 5HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Time span=0.00-30.00 hrs, dt=0.05 hrs, 601 points
Runoff by SBUH method, Split Pervious/Imperv.

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=39,400 sf   100.00% Impervious   Runoff Depth=2.37"Subcatchment 22S: North System
   Tc=5.0 min   CN=0/98   Runoff=0.54 cfs  0.179 af

Runoff Area=78,800 sf   100.00% Impervious   Runoff Depth=2.37"Subcatchment 25S: South System
   Tc=5.0 min   CN=0/98   Runoff=1.09 cfs  0.357 af

Peak Elev=6.88'  Storage=3,031 cf   Inflow=1.09 cfs  0.357 afPond 26P: Chambers
   Outflow=0.22 cfs  0.357 af

Peak Elev=6.61'  Storage=1,482 cf   Inflow=0.54 cfs  0.179 afPond 28P: Chambers
   Outflow=0.11 cfs  0.179 af

Total Runoff Area = 2.713 ac   Runoff Volume = 0.536 af   Average Runoff Depth = 2.37"
0.00% Pervious = 0.000 ac     100.00% Impervious = 2.713 ac



Type IA 24-hr  2yr Rainfall=2.60"A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 6HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 22S: North System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 0.54 cfs @ 7.90 hrs,  Volume= 0.179 af,  Depth= 2.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2yr Rainfall=2.60"

Area (sf) CN Description

39,400 98 Paved parking, HSG C

39,400 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 22S: North System

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Type IA 24-hr

2yr Rainfall=2.60"

Runoff Area=39,400 sf

Runoff Volume=0.179 af

Runoff Depth=2.37"

Tc=5.0 min

CN=0/98

0.54 cfs



Type IA 24-hr  2yr Rainfall=2.60"A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 7HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 25S: South System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 1.09 cfs @ 7.90 hrs,  Volume= 0.357 af,  Depth= 2.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2yr Rainfall=2.60"

Area (sf) CN Description

78,800 98 Paved parking, HSG C

78,800 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 25S: South System

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

1

0

Type IA 24-hr

2yr Rainfall=2.60"

Runoff Area=78,800 sf

Runoff Volume=0.357 af

Runoff Depth=2.37"

Tc=5.0 min

CN=0/98

1.09 cfs
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  Printed  11/4/2019Prepared by Hewlett-Packard Company
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Summary for Pond 26P: Chambers

Inflow Area = 1.809 ac,100.00% Impervious,  Inflow Depth = 2.37"    for  2yr event
Inflow = 1.09 cfs @ 7.90 hrs,  Volume= 0.357 af
Outflow = 0.22 cfs @ 5.95 hrs,  Volume= 0.357 af,  Atten= 80%,  Lag= 0.0 min
Discarded = 0.22 cfs @ 5.95 hrs,  Volume= 0.357 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 6.88' @ 10.45 hrs   Surf.Area= 1,060 sf   Storage= 3,031 cf

Plug-Flow detention time= 113.1 min calculated for 0.357 af (100% of inflow)
Center-of-Mass det. time= 113.1 min ( 785.7 - 672.6 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#3 0.00' 8,028 cf 20.00'W x 53.00'L x 20.00'H Prismatoid
21,200 cf Overall - 1,131 cf Embedded = 20,069 cf  x 40.0% Voids

8,813 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.22 cfs @ 5.95 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.22 cfs)
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Pond 26P: Chambers
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Summary for Pond 28P: Chambers

Inflow Area = 0.904 ac,100.00% Impervious,  Inflow Depth = 2.37"    for  2yr event
Inflow = 0.54 cfs @ 7.90 hrs,  Volume= 0.179 af
Outflow = 0.11 cfs @ 6.00 hrs,  Volume= 0.179 af,  Atten= 79%,  Lag= 0.0 min
Discarded = 0.11 cfs @ 6.00 hrs,  Volume= 0.179 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 6.61' @ 10.33 hrs   Surf.Area= 540 sf   Storage= 1,482 cf

Plug-Flow detention time= 106.1 min calculated for 0.179 af (100% of inflow)
Center-of-Mass det. time= 106.0 min ( 778.6 - 672.6 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #2
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 4,094 cf 15.00'W x 36.00'L x 20.00'H Prismatoid
10,800 cf Overall - 565 cf Embedded = 10,235 cf  x 40.0% Voids

4,487 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.11 cfs @ 6.00 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.11 cfs)

Pond 28P: Chambers
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Time span=0.00-30.00 hrs, dt=0.05 hrs, 601 points
Runoff by SBUH method, Split Pervious/Imperv.

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=39,400 sf   100.00% Impervious   Runoff Depth=3.37"Subcatchment 22S: North System
   Tc=5.0 min   CN=0/98   Runoff=0.76 cfs  0.254 af

Runoff Area=78,800 sf   100.00% Impervious   Runoff Depth=3.37"Subcatchment 25S: South System
   Tc=5.0 min   CN=0/98   Runoff=1.53 cfs  0.507 af

Peak Elev=14.58'  Storage=6,424 cf   Inflow=1.53 cfs  0.507 afPond 26P: Chambers
   Outflow=0.22 cfs  0.507 af

Peak Elev=14.01'  Storage=3,142 cf   Inflow=0.76 cfs  0.254 afPond 28P: Chambers
   Outflow=0.11 cfs  0.254 af

Total Runoff Area = 2.713 ac   Runoff Volume = 0.761 af   Average Runoff Depth = 3.37"
0.00% Pervious = 0.000 ac     100.00% Impervious = 2.713 ac
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Summary for Subcatchment 22S: North System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 0.76 cfs @ 7.90 hrs,  Volume= 0.254 af,  Depth= 3.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10yr Rainfall=3.60"

Area (sf) CN Description

39,400 98 Paved parking, HSG C

39,400 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 22S: North System
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Type IA 24-hr

10yr Rainfall=3.60"

Runoff Area=39,400 sf

Runoff Volume=0.254 af

Runoff Depth=3.37"

Tc=5.0 min

CN=0/98

0.76 cfs
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Summary for Subcatchment 25S: South System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 1.53 cfs @ 7.90 hrs,  Volume= 0.507 af,  Depth= 3.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10yr Rainfall=3.60"

Area (sf) CN Description

78,800 98 Paved parking, HSG C

78,800 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 25S: South System
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Tc=5.0 min

CN=0/98

1.53 cfs
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Summary for Pond 26P: Chambers

Inflow Area = 1.809 ac,100.00% Impervious,  Inflow Depth = 3.37"    for  10yr event
Inflow = 1.53 cfs @ 7.90 hrs,  Volume= 0.507 af
Outflow = 0.22 cfs @ 4.45 hrs,  Volume= 0.507 af,  Atten= 86%,  Lag= 0.0 min
Discarded = 0.22 cfs @ 4.45 hrs,  Volume= 0.507 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 14.58' @ 13.94 hrs   Surf.Area= 1,060 sf   Storage= 6,424 cf

Plug-Flow detention time= 301.8 min calculated for 0.507 af (100% of inflow)
Center-of-Mass det. time= 300.8 min ( 964.1 - 663.3 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#3 0.00' 8,028 cf 20.00'W x 53.00'L x 20.00'H Prismatoid
21,200 cf Overall - 1,131 cf Embedded = 20,069 cf  x 40.0% Voids

8,813 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.22 cfs @ 4.45 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.22 cfs)
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Pond 26P: Chambers
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Summary for Pond 28P: Chambers

Inflow Area = 0.904 ac,100.00% Impervious,  Inflow Depth = 3.37"    for  10yr event
Inflow = 0.76 cfs @ 7.90 hrs,  Volume= 0.254 af
Outflow = 0.11 cfs @ 4.55 hrs,  Volume= 0.254 af,  Atten= 85%,  Lag= 0.0 min
Discarded = 0.11 cfs @ 4.55 hrs,  Volume= 0.254 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 14.01' @ 13.67 hrs   Surf.Area= 540 sf   Storage= 3,142 cf

Plug-Flow detention time= 288.7 min calculated for 0.253 af (100% of inflow)
Center-of-Mass det. time= 288.8 min ( 952.1 - 663.3 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #2
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 4,094 cf 15.00'W x 36.00'L x 20.00'H Prismatoid
10,800 cf Overall - 565 cf Embedded = 10,235 cf  x 40.0% Voids

4,487 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.11 cfs @ 4.55 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.11 cfs)

Pond 28P: Chambers

Inflow
Discarded

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Inflow Area=0.904 ac

Peak Elev=14.01'

Storage=3,142 cf

0.76 cfs

0.11 cfs



Type IA 24-hr  25yr Rainfall=4.10"A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 17HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Time span=0.00-30.00 hrs, dt=0.05 hrs, 601 points
Runoff by SBUH method, Split Pervious/Imperv.

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=39,400 sf   100.00% Impervious   Runoff Depth=3.86"Subcatchment 22S: North System
   Tc=5.0 min   CN=0/98   Runoff=0.87 cfs  0.291 af

Runoff Area=78,800 sf   100.00% Impervious   Runoff Depth=3.86"Subcatchment 25S: South System
   Tc=5.0 min   CN=0/98   Runoff=1.74 cfs  0.583 af

Peak Elev=19.71'  Storage=8,684 cf   Inflow=1.74 cfs  0.583 afPond 26P: Chambers
   Outflow=0.22 cfs  0.515 af

Peak Elev=18.92'  Storage=4,244 cf   Inflow=0.87 cfs  0.291 afPond 28P: Chambers
   Outflow=0.11 cfs  0.262 af

Total Runoff Area = 2.713 ac   Runoff Volume = 0.874 af   Average Runoff Depth = 3.86"
0.00% Pervious = 0.000 ac     100.00% Impervious = 2.713 ac
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Summary for Subcatchment 22S: North System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 0.87 cfs @ 7.90 hrs,  Volume= 0.291 af,  Depth= 3.86"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25yr Rainfall=4.10"

Area (sf) CN Description

39,400 98 Paved parking, HSG C

39,400 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 22S: North System
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Type IA 24-hr

25yr Rainfall=4.10"

Runoff Area=39,400 sf

Runoff Volume=0.291 af

Runoff Depth=3.86"

Tc=5.0 min

CN=0/98

0.87 cfs
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Summary for Subcatchment 25S: South System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 1.74 cfs @ 7.90 hrs,  Volume= 0.583 af,  Depth= 3.86"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25yr Rainfall=4.10"

Area (sf) CN Description

78,800 98 Paved parking, HSG C

78,800 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 25S: South System

Runoff

Hydrograph
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Type IA 24-hr

25yr Rainfall=4.10"

Runoff Area=78,800 sf

Runoff Volume=0.583 af

Runoff Depth=3.86"

Tc=5.0 min

CN=0/98

1.74 cfs
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Summary for Pond 26P: Chambers

Inflow Area = 1.809 ac,100.00% Impervious,  Inflow Depth = 3.86"    for  25yr event
Inflow = 1.74 cfs @ 7.90 hrs,  Volume= 0.583 af
Outflow = 0.22 cfs @ 3.75 hrs,  Volume= 0.515 af,  Atten= 87%,  Lag= 0.0 min
Discarded = 0.22 cfs @ 3.75 hrs,  Volume= 0.515 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 19.71' @ 16.99 hrs   Surf.Area= 1,060 sf   Storage= 8,684 cf

Plug-Flow detention time= 377.2 min calculated for 0.515 af (88% of inflow)
Center-of-Mass det. time= 294.2 min ( 954.3 - 660.2 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#3 0.00' 8,028 cf 20.00'W x 53.00'L x 20.00'H Prismatoid
21,200 cf Overall - 1,131 cf Embedded = 20,069 cf  x 40.0% Voids

8,813 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.22 cfs @ 3.75 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.22 cfs)
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Pond 26P: Chambers
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Summary for Pond 28P: Chambers

Inflow Area = 0.904 ac,100.00% Impervious,  Inflow Depth = 3.86"    for  25yr event
Inflow = 0.87 cfs @ 7.90 hrs,  Volume= 0.291 af
Outflow = 0.11 cfs @ 3.80 hrs,  Volume= 0.262 af,  Atten= 87%,  Lag= 0.0 min
Discarded = 0.11 cfs @ 3.80 hrs,  Volume= 0.262 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 18.92' @ 16.62 hrs   Surf.Area= 540 sf   Storage= 4,244 cf

Plug-Flow detention time= 368.0 min calculated for 0.262 af (90% of inflow)
Center-of-Mass det. time= 295.2 min ( 955.3 - 660.2 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #2
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 4,094 cf 15.00'W x 36.00'L x 20.00'H Prismatoid
10,800 cf Overall - 565 cf Embedded = 10,235 cf  x 40.0% Voids

4,487 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.11 cfs @ 3.80 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.11 cfs)

Pond 28P: Chambers
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Appendix E  

Geotechnical Report 

(See attached report) 
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Appendix F  

Operations and Maintenance Form 

(Operations and Maintenance will be provided at permit submittal) 
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1. CONSTRUCTION LAYOUT (ALL ACTUAL LINES AND GRADES) CONSTRUCTION LAYOUT (ALL ACTUAL LINES AND GRADES) SHALL BE STAKED BY A PROFESSIONAL SURVEYOR, REGISTERED IN THE STATE OF OREGON, BASED ON COORDINATES, DIMENSIONS, BEARINGS, AND ELEVATIONS, AS SHOWN, ON THE PLANS. 2. PROJECT CONTROL SHALL BE FIELD VERIFIED AND CHECKED PROJECT CONTROL SHALL BE FIELD VERIFIED AND CHECKED FOR RELATIVE HORIZONTAL POSITION PRIOR TO BEGINNING CONSTRUCTION LAYOUT. 3. PROJECT CONTROL SHALL BE FIELD VERIFIED AND CHECKED PROJECT CONTROL SHALL BE FIELD VERIFIED AND CHECKED FOR RELATIVE VERTICAL POSITION BASED ON THE BENCHMARK STATED HEREON, PRIOR TO BEGINNING CONSTRUCTION LAYOUT. 4. WHEN DIMENSIONS AND COORDINATE LOCATIONS ARE WHEN DIMENSIONS AND COORDINATE LOCATIONS ARE REPRESENTED - DIMENSIONS SHALL HOLD OVER COORDINATE LOCATION. NOTIFY THE CIVIL ENGINEER OF RECORD IMMEDIATELY UPON DISCOVERY. 5. BUILDING SETBACK DIMENSIONS FROM PROPERTY LINES BUILDING SETBACK DIMENSIONS FROM PROPERTY LINES SHALL HOLD OVER ALL OTHER CALLOUTS. PROPERTY LINES AND ASSOCIATED BUILDING SETBACKS SHALL BE VERIFIED PRIOR TO CONSTRUCTION LAYOUT. 6. CONTRACTOR SHALL PRESERVE AND PROTECT FROM CONTRACTOR SHALL PRESERVE AND PROTECT FROM DAMAGE ALL EXISTING MONUMENTATION DURING CONSTRUCTION. THE CONTRACTOR IS RESPONSIBLE FOR COORDINATING AND PAYING FOR THE REPLACEMENT OF ANY MONUMENTS DAMAGED OR REMOVED DURING CONSTRUCTION. NEW MONUMENTS SHALL BE REESTABLISHED BY A LICENSED SURVEYOR. 7. ALL CONSTRUCTION AND MATERIALS SHALL CONFORM TO ALL CONSTRUCTION AND MATERIALS SHALL CONFORM TO THESE PLANS, THE PROJECT SPECIFICATIONS AND THE APPLICABLE REQUIREMENTS OF THE 2018 OREGON STANDARD SPECIFICATIONS FOR CONSTRUCTION, THE 2017 OREGON PLUMBING SPECIALTY CODE AND REQUIREMENTS OF THE CITY OF WILSONVILLE. 8. THE COMPLETED INSTALLATION SHALL CONFORM TO ALL THE COMPLETED INSTALLATION SHALL CONFORM TO ALL APPLICABLE FEDERAL, STATE, AND LOCAL CODES, ORDINANCES AND REGULATIONS.  ALL PERMITS, LICENSES AND INSPECTIONS REQUIRED BY THE GOVERNING AUTHORITIES FOR THE EXECUTION AND COMPLETION OF WORK SHALL BE SECURED BY THE CONTRACTOR PRIOR TO COMMENCING CONSTRUCTION. 9. ATTENTION: OREGON LAW REQUIRES YOU TO FOLLOW RULES ATTENTION: OREGON LAW REQUIRES YOU TO FOLLOW RULES ADOPTED BY THE OREGON UTILITY NOTIFICATION CENTER. THOSE RULES ARE SET FORTH IN OAR 952-001-0010 THROUGH OAR 952-001-0090. YOU MAY OBTAIN COPIES OF THE RULES BY CALLING THE CENTER. (NOTE: THE TELEPHONE NUMBER FOR THE OREGON UTILITY NOTIFICATION CENTER IS (503) 232-1987). EXCAVATORS MUST NOTIFY ALL PERTINENT COMPANIES OR AGENCIES WITH UNDERGROUND UTILITIES IN THE PROJECT AREA AT LEAST 48 BUSINESS-DAY HOURS, BUT NOT MORE THAN 10 BUSINESS DAYS PRIOR TO COMMENCING AN EXCAVATION, SO UTILITIES MAY BE ACCURATELY LOCATED. 10. THE LOCATION OF EXISTING UNDERGROUND UTILITIES SHOWN THE LOCATION OF EXISTING UNDERGROUND UTILITIES SHOWN ON THE PLANS ARE FOR INFORMATION ONLY AND ARE NOT GUARANTEED TO BE COMPLETE OR ACCURATE. CONTRACTOR SHALL VERIFY ELEVATIONS, PIPE SIZE, AND MATERIAL TYPES OF ALL UNDERGROUND UTILITIES PRIOR TO COMMENCING WITH CONSTRUCTION AND SHALL BRING ANY DISCREPANCIES TO THE ATTENTION OF AAI ENGINEERING, 72 HOURS PRIOR TO START OF CONSTRUCTION TO PREVENT GRADE AND ALIGNMENT CONFLICTS. 11. THE ENGINEER OR OWNER IS NOT RESPONSIBLE FOR THE THE ENGINEER OR OWNER IS NOT RESPONSIBLE FOR THE SAFETY OF THE CONTRACTOR OR HIS CREW. ALL O.S.H.A. REGULATIONS SHALL BE STRICTLY ADHERED TO IN THE PERFORMANCE OF THE WORK. 12. TEMPORARY AND PERMANENT EROSION CONTROL MEASURES TEMPORARY AND PERMANENT EROSION CONTROL MEASURES SHALL BE IMPLEMENTED. THE CONTRACTOR SHALL ADHERE TO CITY OF WILSONVILLE FOR MINIMUM EROSION CONTROL MEASURES.  THE ESC FACILITIES SHOWN IN THESE PLANS ARE THE MINIMUM REQUIREMENTS FOR ANTICIPATED SITE CONDITIONS. DURING THE CONSTRUCTION PERIOD, ESC FACILITIES SHALL BE UPGRADED AS NEEDED FOR UNEXPECTED STORM EVENTS AND TO ENSURE THAT SEDIMENT AND SEDIMENT LADEN WATER DO NOT LEAVE THE SITE. 13. THE CONTRACTOR IS RESPONSIBLE FOR MAINTAINING ALL THE CONTRACTOR IS RESPONSIBLE FOR MAINTAINING ALL ROADWAYS, KEEPING THEM CLEAN AND FREE OF CONSTRUCTION MATERIALS AND DEBRIS, AND PROVIDING DUST CONTROL AS REQUIRED. 14. TRAFFIC CONTROL SHALL BE PROVIDED BY THE TRAFFIC CONTROL SHALL BE PROVIDED BY THE CONTRACTOR THROUGHOUT CONSTRUCTION. CONTRACTOR SHALL PROVIDE A TRAFFIC CONTROL PLAN TO CITY OF WILSONVILLE FOR REVIEW AND APPROVAL PRIOR TO COMMENCING CONSTRUCTION. 15. THE CONTRACTOR SHALL BE RESPONSIBLE FOR THE CONTRACTOR SHALL BE RESPONSIBLE FOR COORDINATING AND SCHEDULING ALL WORK WITH THE OWNER. 16. NOTIFY CITY INSPECTOR 72 HOURS BEFORE STARTING NOTIFY CITY INSPECTOR 72 HOURS BEFORE STARTING WORK.  A PRECONSTRUCTION MEETING WITH THE OWNER, THE OWNER'S ENGINEER, CONTRACTOR AND THE CITY REPRESENTATIVE SHALL BE REQUIRED.  17. THE CONTRACTOR SHALL HAVE A FULL SET OF THE THE CONTRACTOR SHALL HAVE A FULL SET OF THE CURRENT APPROVED CONSTRUCTION DOCUMENTS INCLUDING ADDENDA ON THE PROJECT SITE AT ALL TIMES. 18. THE CONTRACTOR SHALL KEEP THE ENGINEER AND THE CONTRACTOR SHALL KEEP THE ENGINEER AND JURISDICTION INFORMED OF CONSTRUCTION PROGRESS TO FACILITATE SITE OBSERVATIONS AT  REQUIRED INTERVALS.  24-HOUR NOTICE IS REQUIRED.  19. EXISTING SURVEY MONUMENTS ARE TO BE PROTECTED EXISTING SURVEY MONUMENTS ARE TO BE PROTECTED DURING CONSTRUCTION OR REPLACED IN ACCORDANCE WITH OREGON REVISED STATUTES 209.140 - 209.155.
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DEMOLITION 1. THE CONTRACTOR SHALL BE RESPONSIBLE FOR DEMOLITION THE CONTRACTOR SHALL BE RESPONSIBLE FOR DEMOLITION AND DISPOSAL OF EXISTING AC, CURBS, SIDEWALKS AND OTHER SITE ELEMENTS WITHIN THE SITE AREA IDENTIFIED IN THE PLANS. 2. EXCEPT FOR MATERIALS INDICATED TO BE STOCKPILED OR EXCEPT FOR MATERIALS INDICATED TO BE STOCKPILED OR TO REMAIN ON OWNER'S PROPERTY, CLEARED MATERIALS SHALL BECOME CONTRACTOR'S PROPERTY, REMOVED FROM THE SITE, AND DISPOSED OF PROPERLY. 3. ITEMS INDICATED TO BE SALVAGED SHALL BE CAREFULLY ITEMS INDICATED TO BE SALVAGED SHALL BE CAREFULLY REMOVED AND DELIVERED STORED AT THE PROJECT SITE AS DIRECTED BY THE OWNER. 4. ALL LANDSCAPING, PAVEMENT, CURBS AND SIDEWALKS, ALL LANDSCAPING, PAVEMENT, CURBS AND SIDEWALKS, BEYOND THE IDENTIFIED SITE AREA, DAMAGED DURING THE CONSTRUCTION SHALL BE REPLACED TO THEIR ORIGINAL CONDITION OR BETTER. 5. CONCRETE SIDEWALKS SHOWN FOR DEMOLITION SHALL BE CONCRETE SIDEWALKS SHOWN FOR DEMOLITION SHALL BE REMOVED TO THE NEAREST EXISTING CONSTRUCTION JOINT. 6. SAWCUT STRAIGHT MATCHLINES TO CREATE A BUTT JOINT SAWCUT STRAIGHT MATCHLINES TO CREATE A BUTT JOINT BETWEEN THE EXISTING AND NEW PAVEMENT. UTILITIES 1. ADJUST ALL INCIDENTAL STRUCTURES, MANHOLES, VALVE ADJUST ALL INCIDENTAL STRUCTURES, MANHOLES, VALVE BOXES, CATCH BASINS, FRAMES AND COVERS, ETC. TO FINISHED GRADE. 2. CONTRACTOR SHALL ADJUST ALL EXISTING AND/OR NEW CONTRACTOR SHALL ADJUST ALL EXISTING AND/OR NEW FLEXIBLE UTILITIES (WATER, TV, TELEPHONE, ELEC., ETC.) TO CLEAR ANY EXISTING OR NEW GRAVITY DRAIN UTILITIES (STORM DRAIN, SANITARY SEWER, ETC.) IF CONFLICT OCCURS. 3. CONTRACTOR SHALL COORDINATE WITH PRIVATE UTILITY CONTRACTOR SHALL COORDINATE WITH PRIVATE UTILITY COMPANIES FOR THE INSTALLATION OF OR ADJUSTMENT TO GAS, ELECTRICAL, POWER AND TELEPHONE SERVICE. 4. BEFORE BACKFILLING ANY SUBGRADE UTILITY IMPROVEMENTS BEFORE BACKFILLING ANY SUBGRADE UTILITY IMPROVEMENTS CONTRACTOR SHALL SURVEY AND RECORD MEASUREMENTS OF EXACT LOCATION AND DEPTH AND SUBMIT TO ENGINEER AND OWNER. STORM AND SANITARY 1. CONNECTIONS TO EXISTING STORM AND SANITARY SEWERS CONNECTIONS TO EXISTING STORM AND SANITARY SEWERS SHALL CONFORM TO THE 2018 OREGON STANDARD SPECIFICATIONS FOR CONSTRUCTION, SECTION 00490, "WORK ON EXISTING SEWERS AND STRUCTURES".  2. BEGIN LAYING STORM DRAIN AND SANITARY SEWER PIPE AT BEGIN LAYING STORM DRAIN AND SANITARY SEWER PIPE AT THE LOW POINT OF THE SYSTEM, TRUE TO GRADE AND ALIGNMENT INDICATED WITH UNBROKEN CONTINUITY OF INVERT. THE CONTRACTOR SHALL ESTABLISH LINE AND GRADE FOR THE STORM AND SANITARY SEWER PIPE USING A LASER. 3. ALL ROOF DRAIN AND CATCH BASIN LEADERS SHALL HAVE ALL ROOF DRAIN AND CATCH BASIN LEADERS SHALL HAVE A MINIMUM SLOPE OF 2 PERCENT UNLESS NOTED OTHERWISE IN THE PLANS. WATER 1. ALL WATER AND FIRE PROTECTION PIPE SHALL HAVE A ALL WATER AND FIRE PROTECTION PIPE SHALL HAVE A MINIMUM 36-INCH COVER TO THE FINISH GRADE. 2. ALL WATER AND FIRE PRESSURE FITTINGS SHALL BE ALL WATER AND FIRE PRESSURE FITTINGS SHALL BE PROPERLY RESTRAINED WITH THRUST BLOCKS PER DETAIL. 3. ALL WATER MAIN / SANITARY SEWER CROSSINGS SHALL ALL WATER MAIN / SANITARY SEWER CROSSINGS SHALL CONFORM TO THE OREGON STATE HEALTH DEPARTMENT REGULATIONS, CHAPTER 333. EARTHWORKS 1. CONTRACTOR SHALL PREVENT SEDIMENTS AND SEDIMENT CONTRACTOR SHALL PREVENT SEDIMENTS AND SEDIMENT LADEN WATER FROM ENTERING THE STORM DRAINAGE SYSTEM. 2. TRENCH BEDDING AND BACKFILL SHALL BE AS SHOWN ON TRENCH BEDDING AND BACKFILL SHALL BE AS SHOWN ON THE PIPE BEDDING AND BACKFILL DETAIL, THE PROJECT SPECIFICATIONS AND AS REQUIRED IN THE SOILS REPORT. FLOODING OR JETTING THE BACKFILLED TRENCHES WITH WATER WILL NOT BE PERMITTED. 3. SUBGRADE AND TRENCH BACKFILL SHALL BE COMPACTED SUBGRADE AND TRENCH BACKFILL SHALL BE COMPACTED TO AT LEAST  95% OF THE MAXIMUM DRY DENSITY AS DETERMINED BY ASTM D-698. FLOODING OR JETTING THE BACKFILLED TRENCHES WITH WATER IS NOT PERMITTED.  PAVING 1. SEE ARCHITECTURAL PLANS FOR SIDEWALK FINISHING AND SEE ARCHITECTURAL PLANS FOR SIDEWALK FINISHING AND SCORING PATTERNS.
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1. GENERAL: MATERIALS SHALL BE NEW. THE USE OF GENERAL: MATERIALS SHALL BE NEW. THE USE OF MANUFACTURER'S NAMES, MODELS, AND NUMBERS IS INTENDED TO ESTABLISH STYLE, QUALITY, APPEARANCE, AND USEFULNESS.  PROPOSED SUBSTITUTIONS WILL REQUIRE WRITTEN APPROVAL FROM ENGINEER PRIOR TO INSTALLATION. 2. STORM AND SANITARY SEWER PIPING SHALL BE PVC PIPE STORM AND SANITARY SEWER PIPING SHALL BE PVC PIPE AS INDICATED IN THE PLANS. PIPES WITH LESS THAN 2' OF PIPES WITH LESS THAN 2' OF COVER SHALL BE C900/C905 PVC, HDPE OR DUCTILE IRON PIPE. 3. PRIVATE WATER MAINS 4-INCH DIAMETER AND LARGER PRIVATE WATER MAINS 4-INCH DIAMETER AND LARGER SHALL BE DUCTILE IRON PIPE SCH 80; AS INDICATED IN THE PLANS. 4. PRIVATE WATER LINES 3-INCH DIAMETER AND SMALLER PRIVATE WATER LINES 3-INCH DIAMETER AND SMALLER SHALL BE TYPE K COPPER OR PVC; AS INDICATED IN THE PLANS. 5. CONCRETE FOR CURBS, SIDEWALK AND DRIVEWAYS SHALL CONCRETE FOR CURBS, SIDEWALK AND DRIVEWAYS SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 3,000 PSI AT 28 DAYS.
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AutoCAD SHX Text
ALL WATER MAIN CROSSINGS SHALL CONFORM TO THE OREGON STATE HEALTH DEPARTMENT, CHAPTER 333. WATER MAINS SHALL CROSS OVER SANITARY SEWERS WITH A 18" MINIMUM CLEARANCE BETWEEN OUTSIDE DIAMETERS OF PIPE WITH ALL PIPE JOINTS EQUIDISTANT FROM CROSSING. HORIZONTAL SEPARATION BETWEEN WATER MAINS AND SANITARY SEWERS IN PARALLEL INSTALLATIONS SHALL BE 10'. MAINTAIN 12" MINIMUM VERTICAL DISTANCE FOR ALL OTHER UTILITY CROSSINGS AND 12" HORIZONTAL PARALLEL DISTANCE. IN CASES WHERE IT IS NOT POSSIBLE TO MAINTAIN THE MINIMUM 10' HORIZONTAL SEPARATION, THE WATER MAIN SHALL BE LAID ON A SEPARATE SHELF IN THE TRENCH 18" INCHES ABOVE THE SEWER.
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1. POSTED PROPERTY ADDRESS: NO POSTED ADDRESS POSTED PROPERTY ADDRESS: NO POSTED ADDRESS 2. BY GRAPHIC PLOTTING ONLY, THIS PROPERTY IS IN ZONE X, BY GRAPHIC PLOTTING ONLY, THIS PROPERTY IS IN ZONE X, OF THE FLOOD INSURANCE RATE MAP NO. 41005C0029D WHICH BEARS AN EFFECTIVE DATE OF JUNE 17, 2008 AND IS NOT IN A SPECIAL FLOOD HAZARD AREA. NO FIELD SURVEYING WAS PERFORMED TO DETERMINE THIS ZONE AND AN ELEVATION CERTIFICATE MAY BE NEEDED TO VERIFY THIS DETERMINATION OR APPLY FOR A VARIANCE FROM THE FEDERAL EMERGENCY MANAGEMENT AGENCY. 3. GROSS LAND AREA 137,871 SQUARE FEET OR 3.17 ACRES, GROSS LAND AREA 137,871 SQUARE FEET OR 3.17 ACRES, MORE OR LESS. 4. THE UNDERGROUND UTILITIES SHOWN HEREON ARE BASED THE UNDERGROUND UTILITIES SHOWN HEREON ARE BASED ON THE VISIBLE SURFACE FEATURES OF THE UTILITIES AND MARKINGS PROVIDED BY A 811 UTILITY LOCATE SERVICE PURSUANT TO SECTION 5.E.IV. AN EXACT LOCATION OF THESE UTILITIES WAS NOT PERFORMED FOR THIS SURVEY. BEFORE DIGGING, CALL THE APPROPRIATE LOCAL UTILITY LOCATE SERVICE FOR FIELD LOCATIONS OF UNDERGROUND UTILITY LINES. 5. AT THE TIME OF THE FIELD SURVEY, THERE WAS NO AT THE TIME OF THE FIELD SURVEY, THERE WAS NO OBSERVABLE EVIDENCE OF EARTH MOVING WORK, BUILDING CONSTRUCTION, OR BUILDING ADDITIONS WITHIN RECENT MONTHS. 6. PURSUANT TO TABLE A, ITEM 19, THERE ARE NO PURSUANT TO TABLE A, ITEM 19, THERE ARE NO APPURTENANT EASEMENTS LISTED IN THE REFERENCED TITLE REPORT. 7. PHYSICAL ACCESS TO PROPERTY VIA PUBLIC RIGHTS OF PHYSICAL ACCESS TO PROPERTY VIA PUBLIC RIGHTS OF WAY:SE 82ND AVENUE AND SE GLENCOE ROAD  8. EASEMENT RIGHTS: PLOTTABLE EASEMENTS ARE SHOWN EASEMENT RIGHTS: PLOTTABLE EASEMENTS ARE SHOWN FROM THE OWNER SUPPLIED TITLE REPORT.  NON-PLOTTABLE EASEMENTS ARE NOTED ON THE SURVEY AS BEING "NOT PLOTTED". BECAUSE OUR SERVICE IS LIMITED TO REPORTING ON EASEMENT LOCATIONS, WE STRONGLY RECOMMEND LEGAL COUNSEL BE RETAINED TO REPORT ON TITLE PAPERS IN THEIR ENTIRETY. 9. BASIS OF BEARINGS:THE BEARING OF NORTH 01 04'00" BASIS OF BEARINGS:THE BEARING OF NORTH 01°04'00"WEST ALONG THE WESTERLY LINE OF PARCEL 3 AS SHOWN UPON THAT CERTAIN MAP ENTITLED "PARTITION PLAT NO. 2013-010" RECORDED AS DOCUMENT NO. 2013-023203, CLACKAMAS COUNTY RECORDS, WAS TAKEN AS THE BASIS OF BEARINGS SHOWN UPON THIS SURVEY. 10. THERE ARE NO GAPS, GORES OR OVERLAPS BETWEEN THE THERE ARE NO GAPS, GORES OR OVERLAPS BETWEEN THE SUBJECT PROPERTY AND THE ADJOINING PROPERTIES OR PUBLIC STREET RIGHTS OF WAY SHOWN ON THIS SURVEY. THERE ARE NO INTERIOR GAPS, GORES OR OVERLAPS BETWEEN THE PARCELS WITHIN THE SUBJECT PROPERTY. 11. MAP AND TAX LOT NO. 12E29DD00190 AND 12E29DD00100.  MAP AND TAX LOT NO. 12E29DD00190 AND 12E29DD00100.  12. THIS IS AN AS-BUILT SURVEY PREPARED IN ACCORDANCE THIS IS AN AS-BUILT SURVEY PREPARED IN ACCORDANCE WITH THE MINIMUM STANDARD DETAIL REQUIREMENTS FOR ALTA/NSPS LAND TITLE SURVEYS. VERTICAL DATUM: (NAVD 88)    BENCHMARK:  BENCHMARK:  CITY OF PORTLAND BENCHMARK NO.1216; FOUND BRASS DISK IN TOP OF CURB MARKED "CITY OF PORTLAND BENCHMARK NO. 1216" HAVING A PUBLISHED ELEVATION OF 201.252' (COP DATUM) CONVERTED TO (NAVD 88) USING THE CITY OF PORTLAND CONVERSION OF +2.10'; ELEVATION = 203.352' (NAVD 88)  ON-SITE TEMPORARY BENCH MARK:  NORTHERLY HEAD BOLT OF FIRE HYDRANT NEAR THE SOUTHWESTERLY PROPERTY CORNER HAVING AN ELVATION OF 212.97' (NAVD 88)
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Executive Summary 

1. The proposed Trojan Storage facility will include the construction of three self-storage buildings, 
with a total gross floor area of 132,479 square feet, and a residential duplex on a vacant property 
located at the corner of SE 82nd Avenue and SE Glencoe Road in Clackamas County, Oregon.  

2. The trip generation calculations show that the proposed self-storage development is projected to 
generate an additional 15 trips during the morning peak hour, 24 trips during the evening peak hour, 
and 222 average weekday trips. 

3. No significant trends or crash patterns were identified at any of the study intersections that were 
indicitabive of safety concerns. In addition, none of the study intersections exhibit crash rates 
exceeding ODOT’s 90th percentile rate. 

4. Adequate sight distances are available at the proposed accesses of the site to SE Glencoe Road to 
ensure the safe operation of the intersections. 

5. Due to insufficient side-street traffic volumes, traffic signal warrants are not projected to be met at 
any of the unsignalized study intersections under any of the analysis scenarios. 

6. All study intersections are currently operating acceptably per ODOT standards and are projected to 
continue operating acceptably through the 2021 buildout year. 
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Project Description 

Introduction 

The proposed Trojan Storage facility will include the construction of three self-storage buildings, with a gross 
floor area of 132,479 square feet, and a residential duplex on a vacant property located at the corner of SE 
82nd Avenue and SE Glencoe Road in Clackamas County, Oregon. Based on correspondence with the 
Oregon Department of Transportation (ODOT), this report conducts safety and capacity/level of service 
analyses at the following intersections: 

1. The Wal-Mart access to SE 82nd Avenue that is offset to the north and limited to right-in/right-
out movements only; 

2. Goodwill driveway at SE 82nd Avenue; 

3. The full-movement Wal-Mart access to SE 82nd Avenue just north of SE Glencoe Road; and 

4. SE Glencoe Road at SE 82nd Avenue. 

The purpose of this study is to determine whether the transportation system within the vicinity of the site is 
capable of safely and efficiently supporting the existing and proposed uses, and to determine any mitigation 
that may be necessary to do so. Detailed information on taffic counts, trip generation calculations, safety 
analyses, and level of service calculations is included in the appendix to this report. 

Location Description 

The project site is located north of SE Glencoe Road, west of SE 82nd Avenue, south of SE Otty Street, and 
east of SE 79th Avenue in Happy Valley, Oregon. The subject site is located within a predominately 
commercial-use corridor along SE 82nd Avenue, with commercial uses to the north, east, and south, and high-
density apartments to the west.  

The project site includes two tax lots (00100 and 00190), which encompasses an approximate total of 3.2 
acres. The site is currently undeveloped and will take access to the greater transportation system via SE 82nd 
Avenue. Following development, the site will provide two accesses onto SE Glencoe Road. 

Vicinity Streets 

The proposed development is expected to impact two roadways near the site. Table 1 provides a description 
of each of the vicinity roadways. 
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Table 1: Vicinity Roadway Descriptions 

SE 82nd 

Avenue
ODOT Principal Arterial 5-6 

Lanes
35 mph 
Posted

Not 
Permitted

Partial 
Both 
Sides

Both 
Sides

Both Sides

SE Glencoe 
Road

Clackamas 
County

Local Road 2 Lanes 25 mph 
Statutory

Permitted 
Both Sides

None
Partial 
Both 
Sides

Partial Both 
Sides

Notes: Functional Classification based on Clackmas County Road Functional Classif ication Map .

On-street 
Parking

Bicycle 
Lanes Curbs SidewalksRoadway Jurisdiction Functional Classification

Cross-
Section Speed

 

Study Intersections 

A majority of site trips generated by the proposed development are expected to impact four nearby existing 
intersections of significance. A summarized description of these intersections is provided in Table 2. 

Table 2: Vicinity Intersection Descriptions 

1
RI/RO Wal-Mart 
Access at SE 82nd 

Avenue
Three-Legged Stop-Controlled WB Stop-Controlled

2
Goodwill Access at 

SE 82nd Avenue
Three-Legged Stop-Controlled EB Stop-Controlled

3
Full-Movement Wal-
Mart Access at SE 

82nd Avenue
Three-Legged Stop-Controlled WB Stop-Controlled

4
SE Glencoe Road 
at SE 82nd Avenue

Three-Legged Stop-Controlled EB Stop-Controlled

Number Intersection Geometry Traffic Control Phasing/Stopped Approaches

 

A vicinity map displaying the project site, vicinity streets, and the study intersections with their associated lane 
configurations is shown in Figure 1 on page 4. 
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Public Transit 

The project site is located near one TriMet transit bus line. The bus line has several stops located within a 
quarter-mile walking/biking distance of the site. Complete sidewalks and adequate crossing measures are 
available between the site and the nearest stops which serve the transit line. A summarized description of the 
transit line is shown in Table 3. 

Table 3: Transit Line Descriptions 

Day From To

Wk 4:15 AM 2:00 AM 5 to 30

Sat 4:35 AM 1:50 AM 10 to 30

Sun 5:20 AM 1:45 AM 10 to 30

BOLDED text indicates frequent service.

Bus Line #72 - 
Killingsworth/82nd

Swan Island, NE Portland, SE 
Portland, Clackamas Town 

Center

SE 82nd Avenue near 
shared site access with 

Goodwill

Service TimeTransit Line 
(TriMet) Service Area

Typical 
Headways 
(Minutes)

Nearest Stops

 

Pedestrian & Bicycle Facilities 

Sidewalks are provided along both sides of SE 82nd Avenue. Along SE Glencoe Road, sidewalks are not 
generally provided, except for a portion along the south side of SE Glencoe Road near the intersection with 
SE 82nd Avenue. Although sidewalks may not be provided along the majority of SE Glencoe Road, low traffic 
volumes and travel speeds (statutory residential speed of 25 mph) allow pedestrians the ability to safely walk 
along the shoulders of the roadway when necessary. 

Adequate crossing measures, such as marked crosswalks across SE 82nd Avenue, SE Otty Road, and SE King 
Road are available. The proposed development will enhance existing walkways within the area, whereby 
pedestrian safety and connectivity in the immediate vicinity will be maintained. 

The project site is located within a half-mile walking/biking distance of one bicycle route on SE King Road. 
For the east/west bicycle route of SE King Road, access to other north/south bicycle routes, including SE 
Fuller Road and SE Linwood Avenue, are available. The bicycle routes along SE King Road, SE Fuller Road, 
and SE Linwood Avenue are located along shared roadways and provide striped bicycle lanes which separate 
bicyclists from motor vehicle traffic.  

Results from a pre-application meeting indicate that ODOT recommends frontage improvements along the 
stretch of SE 82nd Avenue adjacent to the project site in order to bring the roadway up to local, ODOT, and 
ADA standards. In addition, Clackamas County has indicated that required improvements include a bike lane 
and an 8-foot wide sidewalk behind a minimum 5 ½ foot wide landscape strip. ADA improvements at the 
intersection of SE Glencoe Road at SE 82nd Avenue will include two ADA-compliant curb/sidewalk ramps at 
the northwest corner. 
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Based on an assessment of the surrounding area, and taking into account required frontage improvements 
along SE 82nd Avenue, sufficient pedestrian and bicycle facilities are available within the site vicinity to 
adequately and safely serve the proposed use in addition to the surrounding existing uses. 

Pending Transportation System Improvements 

According to ODOT staff, ODOT has a 2021-2024 State Transportation Improvement Program (STIP) 
safety project planned at the intersection of SE Glencoe Road at SE 82nd Avenue. The planned project will 
install an enhanced pedestrian crossing with median islands in order to improve safety for pedestrians and 
bicyclists crossing SE 82nd Avenue at this location.  

Site Trips 

Trip Generation 

The proposed Trojan Storage facility will include the construction of three self-storage facilities and an office 
space totalling 132,479 square feet. In addition to the proposed self-storage facility, a residential duplex is 
proposed to be constructed on the site as well. To estimate the number of trips that will be generated by the 
proposed development, trip rates from the Trip Generation Manual 1 were used. Data from Land Use Code 
151, Mini-Warehouse, was used to estimate the trip generation of the storage portion of the proposed 
development based on the square footage of the gross building floor area. Data from Land Use Code 220, 
Multi-Family Housing (Low-Rise), was used to estimate the trip generation of the duplex portion of the proposed 
development based on the number of dwelling units. Data from Land Use Code 710, General Office, was used 
to estimate the trip generation of the office portion of the proposed development based on the square 
footage of the gross building floor area. 

The trip generation calculations show that the proposed development is projected to generate an additional 
15 trips during the morning peak hour, 24 trips during the evening peak hour, and 222 average weekday trips. 
The trip generation estimates are summarized in Table 4. Detailed trip generation calculations are included in 
the technical appendix to this report. 

 
1 Institute of Transportation Engineers (ITE), Trip Generation Manual, 10th Edition, 2017 
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Table 4: Trip Generation Summary 

Weekday
In Out Total In Out Total Total

Total 9 6 15 11 13 24 222

1 0 1 1 10Office 710 1,024 SF 1 0

1 1 0 1 14
Multi-Family Housing 

(Low-Rise) 220 2 units 0 1

1982213Self-Storage Facility

ITE 
Code

Size

151

Morning Peak Hour Evening Peak Hour

131,455 SF 8 5 10 12

 

Trip Distribution 

The directional distribution of site trips to and from the project site was estimated based on locations of likely 
trip destinations, locations of major transportation facilities in the site vicinity, and existing travel patterns at 
the study intersections. 

The proposed development includes two site accesses along SE Glencoe Road. The eastern-most site access 
will allow for ingress/egress to the proposed Trojan Storage facility while the western-most access will allow 
for egress only.  

In order to provide a conservative analysis, it is assumed that all of the site trips to and from the proposed 
development will use the eastern-most site access.  

The following trip distribution was estimated and used for analysis: 

• Approximately 60 percent of site trips will travel to/from the north along SE 82nd Avenue; and 

• Approximately 40 percent of site trips will travel to/from the south along SE 82nd Avenue. 

The trip distribution and assignment for the site trips generated by the proposed development during the 
morning and evening peak hours is shown in Figure 2 on page 8. 
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Traffic Volumes 

Existing Traffic Counts 

Traffic counts were conducted at the relevant major intersections on Tuesday, August 13, 2019, from 7:00 
AM to 9:00 AM and from 4:00 PM to 6:00 PM. Data was used from each intersection’s respective morning 
and evening peak hours. 

Figure 3 on page 10 shows the existing morning and evening peak hour traffic volumes at the study 
intersections. 

Background Volumes 

To provide analysis of the impact of the proposed development on the nearby transportation facilities, an 
estimate of future traffic volumes is required. In order to estimate the future traffic volumes for ODOT 
facilities, a linear growth rate of 0.853 percent per year was calculated for the traffic volumes along SE 82nd 
Avenue (OR-213) using ODOT’s 2037 Future Volumes Table. This growth rate was applied to the measured 
existing traffic volumes over a two-year period to determine year 2021 background volumes for the through 
traffic traveling along SE 82nd Avenue. A compounded growth rate of two percent per year for an assumed 
buildout condition of two years was applied to all other turning movement traffic volumes. 

In addition to the traffic volume growth described above, there is one in-process development that is 
expected to impact future traffic volumes at the study intersections. Since the SE Luther Road Multi-Family 
Mixed Use Development will likely be contributing trips to the transportation system by 2021, the site trips it 
is projected to generate were included in the 2021 background traffic volumes. A figure showing the total in-
process site trips generated by the development that are expected to impact the study intersections is 
provided in the appendix.  

Figure 4 on page 11 shows the projected year 2021 background traffic volumes at the study intersections 
during the morning and evening peak hours. 

Buildout Volumes 

Peak hour trips calculated to be generated by the proposed development, as described earlier within the Site 
Trips section, were added to the projected year 2021 background traffic volumes to obtain the expected year 
2021 buildout volumes. 

Figure 5 on page 12 shows the projected year 2021 site buildout year traffic volumes at the study intersections 
during the morning and evening peak hours.  
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Safety Analysis 

Crash Data Analysis 

Using data obtained from the ODOT Crash Data System, a review of the most recent available five years of 
crash history (January 2013 to December 2017) at the study intersections was performed. The crash data was 
evaluated based on the number of crashes, the type of collisions, the severity of the collisions, and the 
resulting crash rate for the intersection. Crash rates provide the ability to compare safety risks at different 
intersections by accounting for both the number of crashes that have occurred during the study period and 
the number of vehicles that typically travel through the intersection.  

The study intersections along SE 82nd Avenue (OR-213) are an ODOT facility which adheres to the crash 
analysis methodologies within ODOT’s Analysis Procedures Manual (APM). According to Exhibit 4-1: 
Intersection Crash Rates per MEV by Land Type and Traffic Control of the APM, intersections which experience 
crash rates in excess of the 90th percentile crash rate should be “flagged for further analysis”. For 
unsignalized, three-legged intersections in urban settings, the 90th percentile rate is 0.293. 

With regard to crash severity, ODOT classifies crashes in the following categories: 

• Property Damage Only (PDO); 

• Possible Injury – Complaint of Pain (Injury C); 

• Non-Incapacitating Injury (Injury B); 

• Incapacitating Injury – Bleeding, Broken Bones (Injury A); and 

• Fatality or Fatal Injury. 

Table 5 provides a summary of crash types, while Table 6 summarizes crash severities and rates for each of 
the study intersections. Detailed ODOT crash reports are included in the appendix to this report. 
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Table 5: Crash Type Summary 

Rear 
End

Turn Angle Fixed 
Object

Side 
swipe

Head  
On

Ped/ 
Bike

Other

1
RI/RI Wal-Mart Access 

at SE 82nd Avenue
1 2 0 0 0 0 0 0 3

2
Goodwill Access at SE 

82nd Avenue
2 1 0 0 0 0 1 0 4

3
Full-Movement Wal-

Mart Access at SE 82nd 

Avenue
2 5 0 0 0 0 0 1 8

4
SE Glencoe Road at SE 

82nd Avenue
2 6 0 0 0 0 1 0 9

Intersection
Total 

Crashes

Crash Type

 

Table 6: Crash Severity and Rate Summary 

PDO C B A Fatal

1
RI/RI Wal-Mart Access 

at SE 82nd Avenue
1 2 0 0 0 3 26,840 0.06

2
Goodwill Access at SE 

82nd Avenue
3 1 0 0 0 4 26,840 0.08

3
Full-Movement Wal-

Mart Access at SE 82nd 

Avenue
5 3 0 0 0 8 27,500 0.16

4
SE Glencoe Road at SE 

82nd Avenue
2 3 3 1 0 9 27,500 0.18

BOLDED text indicates a crash rate in excess of the 90th-Percentile CMEV per ODOT's APM.

Crash Severity
Crash RateIntersection

Total 
Crashes AADT

 

Based on a review of the crash data, there were two crashes which involved a pedestrian. An in-depth analysis 
of these crashes is detailed in the following sections. 

Goodwill Access at SE 82nd Avenue 

The intersection of the shared site access at SE 82nd Avenue had one crash that involved a pedestrian. The 
crash occurred when the driver of an eastbound, right-turning passenger car failed to yield right-of-way to a 
north/south traveling pedestrian who was utilizing the shoulder of the roadway. The pedestrian sustained 
injuries consistent with Injury C classification. 
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SE Glencoe Road at SE 82nd Avenue 

The intersection of SE Glencoe Road at SE 82nd Avenue had one crash that involved two pedestrians. The 
nighttime crash occurred when the driver of a north/south traveling passenger car struck two pedestrians 
who were traveling east/west across the intersection. According to the crash data, the pedestrians did not 
have the right-of-way and were wearing non-reflective clothing. Both pedestrians sustained injuries consistent 
with Injury A classification. 

Analysis Results 

Based on a review of the most recent five years of available crash data, no significant trends or crash patterns 
were identified at any of the study intersections that were indicative of safety concerns. In addition, none of 
the study intersections exhibit crash rates exceeding ODOT’s 90th percentile rate. Accordingly, no safety 
mitigation is recommended per the crash data analysis. 

Sight Distance Evaluation 

Intersection sight distance is an operational measure, intended to provide sufficient light of sight along the 
major-street so that a driver can enter the roadway without impeding the flow of through traffic. Sight 
distance along SE Glencoe Road was measured and evaluated in accordance with standards established in A 
Policy on Geometric Design of Highway and Streets 2 as well as per Clackamas Country Roadway Standards. For 
intersection sight distance, the driver’s eye is assumed to be 15 feet from the near edge of the nearest travel 
lane of the intersecting street and at a height of 3.5 feet above the minor-street approach pavement. The 
oncoming vehicle driver’s eye height along the major-street approach is assumed to be 3.5 feet above the 
cross-street pavement. 

Stopping sight distance is considered the minimum requirement to ensure safe operation of the driveway 
access. This distance allows the driver of a vehicle traveling on the major-street to react to a turning vehicle or 
other object in the roadway and come to a complete stop to avoid a collision. To ensure safe operation of a 
driveway, the extent of available intersection sight distance must at least equal the minimum required 
stopping sight distance. 

Per Clackamas County Roadways Standards, the design speed of SE Glencoe Road is assumed to be either the 
intended posted regulatory speed plus 5 mph, the existing posted regulatory speed plus 5 mph, or the 
measured 85th percentile speed of traffic (per Section 250.1.2 Design Speed). Based on a regulatory speed of 25 
mph (plus an additional 5 mph), the recommended intersection sight distance at the access intersection is 335 
feet to the east and west.  

It should be noted that the project site is located directly west of the intersection of SE Glencoe Road at SE 
82nd Avenue. As a result, actual speeds of westbound approaching traffic after turning from SE 82nd Avenue 
onto SE Glencoe Road are expected to be well below 35 mph due to vehicles either slowing to conduct the 

 
2 American Association of State Highway and Transportation Officials (AASHTO), A Policy on Geometric 
Design of Highways and Streets, 6th Edition, 2011. 



Trojan Storage Facility — Transportation Impact Study 16 

turning movement or accelerating from a stopped position. Conservatively, left-turning vehicles turning from 
SE 82nd Avenue onto SE Glencoe Road are assumed to conduct the turning movements at speeds around 20 
mph, while right-turning vehicles are assumed to conduct the turning movements at speeds around 15 mph. 
Therefore, the minimum required stopping sight distance necessary to accommodate westbound approaching 
vehicles along SE Glencoe Road would be 115 feet for vehicles making a left-turn from SE 82nd Avenue and 
80 feet for vehicles making a right-turn from SE 82nd Avenue, provided sight distances to the east of the 
access intersections are measured back to the intersection of SE Glencoe Road at SE 82nd Avenue. 

At the westernmost egress only site access, intersection sight distances were measured to be 468 feet to the 
west (to the intersection at SE 79th Avenue) and 390 feet to the east (to the intersection at SE 82nd Avenue). 
The recommended intersection sight distance is met for the westernmost site access. 

At the easternmost ingress/egress site access, intersection sight distance was measured to be more than 464 
feet to the west, limited by on-site vegetation. Intersection sight distance was measured to be 107 feet to the 
east looking at a vehicle making a right turn onto SE Glencoe Road from SE 82nd Avenue, and 168 feet to the 
east looking at a vehicle making a left turn onto SE Glencoe Road from SE 82nd Avenue. Since sight distance 
to the east of the access was measured to be greater than stopping sight distance and was measured back to 
the intersection of SE Glencoe Road at SE 82nd Avenue, adequate stopping sight distance is available to 
accommodate westbound approaching vehicles. 

Based on the sight distance analysis, both accesses are expected to operate safely. 

Access Management 

The proposed development has two site accesses along SE Glencoe Road. SE Glencoe Road is classified by 
Clackamas County as a local road. According to Clackamas County Roadway Standards 220.7, driveway 
access to local roads shall not be allowed within 25 feet of the right-of-way lines at an intersection. 
Accordingly, the easternmost site access for the proposed development should be located a minimum of 25 
feet from the right-of-way lines at the intersection of SE Glencoe Road at SE 82nd Avenue. 

Warrant Analysis 

Preliminary Traffic Signal Warrants 

Premilinary traffic signal warrants were examined for the unsignalized study intersections along SE 82nd 
Avenue to determine whether the installation of a new traffic signal will be warranted at the intersection upon 
completion of the proposed development. Due to insufficient side-street traffic volumes, traffic signal 
warrants are not projected to be met at any of the unsignalized study intersections under any of the analysis 
scenarios. 
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Turn Warrants 

Left and right-turn refuge lanes are primarily a safety consideration for the major street, removing turning 
vehicles from the through traffic stream. The turn lane warrants used implement the design curves developed 
by the Texas Transportation Institute, as adopted by ODOT. Turn lane warrants were evaluated based on the 
number of advancing and opposing vehicles, number of turning vehicles, travel speed, and the number of 
through lanes. 

Left-turn lane warrants were not evaluated for SE 82nd Avenue, as this roadway currently has a two-way left-
turn lane. 

Right-turn lane warrants were examined for SE 82nd Avenue at the intersection of SE Glencoe Road at SE 
82nd Avenue. Traffic counts collected at the intersection grouped volumes by approach and not by lane. 
Based on the assumption that 50 percent of the approach volume travel in the outside lane, right-turn lane 
warrants were not projected to be met under any of the analysis scenarios. 

Operational Analysis 

A capacity and delay analysis was conducted for each of the study intersections per the unsignalized 
intersection analysis methodologies in the Highway Capacity Manual 3 (HCM). Intersections are generally 
evaluated based on the average control delay experienced by vehicles and are assigned a grade according to 
their operation. The level of service (LOS) of an intersection can range from LOS A, which indicates very 
little or no delay experienced by vehicles, to LOS F, which indicates a high degree of congestion and delay. 
The volume-to-capacity (v/c) ratio is a measure that compares the traffic volumes (demand) against the 
available capacity of an intersection. 

Performance Standards 

The study intersections along SE 82nd Avenue (OR-213) operate under the jurisdiction of ODOT and must 
meet standards established in the Oregon Highway Plan. According to the Clackamas County Comprehensive 
Plan, intersections along SE 82nd Avenue (OR-213) are required to operate with a v/c ratio of 1.1 during the 
first hour of the evening peak of traffic. 

Delay & Capacity Analysis 

The v/c, delay, and LOS results of the capacity analysis are shown in Table 7 for the morning and evening 
peak hours. Detailed calculations as well as tables showing the relationship between delay and LOS are 
included in the appendix to this report. 

3 Transportation Research Board, Highway Capacity Manual, 6th Edition and 2000 
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Table 7: Capacity Analysis Summary 

LOS Delay (s) v / c LOS Delay (s) v / c
1 RI/RO Walmart Access at SE 82nd Avenue

2019 Existing B 11 0.03 C 16 0.11
2021 Background B 11 0.03 C 16 0.12
2021 Buildout B 11 0.03 C 17 0.12

2 Goodwill Access at SE 82nd Avenue
2019 Existing B 14 0.02 D 30 0.17
2021 Background B 14 0.02 D 32 0.19
2021 Buildout B 14 0.02 D 33 0.20

3 Full-Movement Walmart Access at SE 82nd

Avenue
2019 Existing B 14 0.07 E 38 0.28
2021 Background B 15 0.07 E 43 0.33
2021 Buildout B 15 0.07 E 44 0.33

4 SE Glencoe Road at SE 82nd Avenue
2019 Existing B 13 0.03 C 18 0.08
2021 Background B 13 0.03 C 19 0.08
2021 Buildout B 13 0.04 C 22 0.15

5 SE Glencoe Road at Site Access

2021 Buildout A 9 0.01 A 9 0.01

BOLDED results indicate operation above acceptable jurisictional standards

AM Peak Hour PM Peak Hour

Based on the results of the operational analysis, all study intersections are currently operating acceptably per 
ODOT standards, and are projected to continue operating acceptably through the 2021 buildout year of the 
site. No operational mitigation is necessary or recommended at the study intersections. 

95th Percentile Queuing Analysis 

At the request of Clackamas County staff, a queuing analysis was conducted for the intersection of SE 
Glencoe Road at SE 82nd Avenue, specifically to examine the potential queue that could form along SE 
Glencoe Road as vehicles wait to turn onto SE 82nd Avenue. The queue length was projected based on the 
results of a Synchro/SimTraffic simulation, with the reported values based on the average back of queue and 
the 95th percentile queue lengths. The 95th percentile queue is a statistical calculation that means, with 95 
percent confidence, the average maximum queue will not exceed the reported value.  

During the evening peak hour, the projected average back of queue for eastbound vehicles was reported to be 
approximately 40 feet and the 95th percentile queue length was reported to be approximately 85 feet (rounded 
to the nearest 5 feet). Detailed queuing analysis worksheets are included in the appendix to this report. 
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Based on the analysis, the projected average queue length at the study intersection will not extend beyond the 
expected location of the eastern-most access, but the 95th percentile queue may extend back to the eastern-
most access.  

Conclusions 

No significant trends or crash patterns were identified at any of the study intersections that were indicative of 
safety concerns. In addition, none of the study intersections exhibit crash rates exceeding ODOT’s 90th 
percentile rate. 

Adaquate sight distances are available at the site access intersections on SE Glencoe Road to ensure safe 
operation. 

Due to insufficient side-street traffic volumes, traffic signal warrants are not projected to be met at any of the 
unsignalized study intersections under any of the analysis scenarios. 

All study intersections are currently operating acceptably per ODOT standards and are projected to continue 
operating acceptably through the 2021 buildout year. 
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Appendix 

 



Land Use: Mini-Warehouse
Land Use Code: 151
Setting/Location General Urban/Suburban

Variable: 1,000 Sq. Ft. GFA
Variable Value: 132

Trip Rate: 0.10 Trip Rate: 0.17

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 8 5 13 Trip Ends 10 12 22

Trip Rate: 1.51 Trip Rate: 1.95

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 99 99 198 Trip Ends 128 128 256

Source: TRIP GENERATION, Tenth Edition

50% 50%50%50%

TRIP GENERATION CALCULATIONS

AM PEAK HOUR PM PEAK HOUR

WEEKDAY SATURDAY

60% 40% 47% 53%



Land Use: Multifamily Housing (Low-Rise)
Land Use Code: 220
Setting/Location General Urban/Suburban

Variable: Dwelling Units
Variable Value: 2

Trip Rate: 0.46 Trip Rate: 0.56

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 0 1 1 Trip Ends 1 0 1

Trip Rate: 7.32 Trip Rate: 8.14

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 7 7 14 Trip Ends 8 8 16

Source: TRIP GENERATION, Tenth Edition

50%

TRIP GENERATION CALCULATIONS

AM PEAK HOUR PM PEAK HOUR

WEEKDAY SATURDAY

23% 77% 63% 37%

50% 50%50%



Land Use: General Office Building
Land Use Code: 710
Setting/Location General Urban/Suburban

Variable: 1000 Sq Ft Gross Floor Area
Variable Value: 1.0

Trip Rate: 1.16 Trip Rate: 1.15

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 1 0 1 Trip Ends 0 1 1

Trip Rate: 9.74 Trip Rate: 2.21

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution
Trip Ends 5 5 10 Trip Ends 1 1 2

Source: TRIP GENERATION, Tenth Edition

50% 50% 50% 50%

TRIP GENERATION CALCULATIONS

SATURDAY

PM PEAK HOURAM PEAK HOUR

WEEKDAY

86% 14% 16% 84%
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Traffic Signal Warrant Analysis
Project: 19136 - Trojan Self-Storage
Date: 9/27/2019
Scenario: Year 2021 Buildout

SE 82nd Avenue Walmart Access (North)
2 1

2698 30

Warrant Used:
X 100 percent of standard warrants used

70 percent of standard warrants used due to 85th percentile speed in excess
of 40 mph or isolated community with population less than 10,000.

Number of Lanes for Moving ADT on Major St. ADT on Minor St.
Traffic on Each Approach: (total of both approaches) (higher-volume approach)

WARRANT 1, CONDITION A 100% 70% 100% 70%
Major St. Minor St. Warrants Warrants Warrants Warrants

1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

WARRANT 1, CONDITION B
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

Note: ADT volumes assume 8th highest hour is 5.6% of the daily volume

Approach 
Volumes

Minimum 
Volumes

Is Signal 
Warrant Met?

Warrant 1
Condition A: Minimum Vehicular Volume

Major Street 26,980 10,600
Minor Street* 300 2,650 No

Condition B: Interruption of Continuous Traffic
Major Street 26,980 15,900
Minor Street* 300 1,350 No

Combination Warrant
Major Street 26,980 12,720
Minor Street* 300 2,120 No

* Minor street right-turning traffic volumes reduced by 25% 

Major Street: Minor Street:
      Number of Lanes:       Number of Lanes:

      PM Peak 
      Hour Volumes:

      PM Peak 
      Hour Volumes:



Traffic Signal Warrant Analysis
Project: 19136 - Trojan Self-Storage
Date: 9/27/2019
Scenario: Year 2021 Buildout

SE 82nd Avenue Goodwill Access
2 1

2677 40

Warrant Used:
X 100 percent of standard warrants used

70 percent of standard warrants used due to 85th percentile speed in excess
of 40 mph or isolated community with population less than 10,000.

Number of Lanes for Moving ADT on Major St. ADT on Minor St.
Traffic on Each Approach: (total of both approaches) (higher-volume approach)

WARRANT 1, CONDITION A 100% 70% 100% 70%
Major St. Minor St. Warrants Warrants Warrants Warrants

1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

WARRANT 1, CONDITION B
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

Note: ADT volumes assume 8th highest hour is 5.6% of the daily volume

Approach 
Volumes

Minimum 
Volumes

Is Signal 
Warrant Met?

Warrant 1
Condition A: Minimum Vehicular Volume

Major Street 26,770 10,600
Minor Street* 400 2,650 No

Condition B: Interruption of Continuous Traffic
Major Street 26,770 15,900
Minor Street* 400 1,350 No

Combination Warrant
Major Street 26,770 12,720
Minor Street* 400 2,120 No

* Minor street right-turning traffic volumes reduced by 25% 

Major Street: Minor Street:
      Number of Lanes:       Number of Lanes:

      PM Peak 
      Hour Volumes:

      PM Peak 
      Hour Volumes:



Traffic Signal Warrant Analysis
Project: 19136 - Trojan Self-Storage
Date: 9/27/2019
Scenario: Year 2021 Buildout

SE 82nd Avenue Walmart Access (South)
2 1

2746 45

Warrant Used:
X 100 percent of standard warrants used

70 percent of standard warrants used due to 85th percentile speed in excess
of 40 mph or isolated community with population less than 10,000.

Number of Lanes for Moving ADT on Major St. ADT on Minor St.
Traffic on Each Approach: (total of both approaches) (higher-volume approach)

WARRANT 1, CONDITION A 100% 70% 100% 70%
Major St. Minor St. Warrants Warrants Warrants Warrants

1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

WARRANT 1, CONDITION B
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

Note: ADT volumes assume 8th highest hour is 5.6% of the daily volume

Approach 
Volumes

Minimum 
Volumes

Is Signal 
Warrant Met?

Warrant 1
Condition A: Minimum Vehicular Volume

Major Street 27,460 10,600
Minor Street* 450 2,650 No

Condition B: Interruption of Continuous Traffic
Major Street 27,460 15,900
Minor Street* 450 1,350 No

Combination Warrant
Major Street 27,460 12,720
Minor Street* 450 2,120 No

* Minor street right-turning traffic volumes reduced by 25% 

Major Street: Minor Street:
      Number of Lanes:       Number of Lanes:

      PM Peak 
      Hour Volumes:

      PM Peak 
      Hour Volumes:



Traffic Signal Warrant Analysis
Project: 19136 - Trojan Self-Storage
Date: 9/27/2019
Scenario: Year 2021 Buildout

SE 82nd Avenue SE Glencoe Road
2 1

2746 16

Warrant Used:
X 100 percent of standard warrants used

70 percent of standard warrants used due to 85th percentile speed in excess
of 40 mph or isolated community with population less than 10,000.

Number of Lanes for Moving ADT on Major St. ADT on Minor St.
Traffic on Each Approach: (total of both approaches) (higher-volume approach)

WARRANT 1, CONDITION A 100% 70% 100% 70%
Major St. Minor St. Warrants Warrants Warrants Warrants

1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

WARRANT 1, CONDITION B
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

Note: ADT volumes assume 8th highest hour is 5.6% of the daily volume

Approach 
Volumes

Minimum 
Volumes

Is Signal 
Warrant Met?

Warrant 1
Condition A: Minimum Vehicular Volume

Major Street 27,460 10,600
Minor Street* 160 2,650 No

Condition B: Interruption of Continuous Traffic
Major Street 27,460 15,900
Minor Street* 160 1,350 No

Combination Warrant
Major Street 27,460 12,720
Minor Street* 160 2,120 No

* Minor street right-turning traffic volumes reduced by 25% 

Major Street: Minor Street:
      Number of Lanes:       Number of Lanes:

      PM Peak 
      Hour Volumes:

      PM Peak 
      Hour Volumes:



Project: 19136 Trojan Self-Storage
Date: 10/16/2019
Scenario: Year 2021 Buildout Conditions

Speed? 35 mph 56 kmh

10 26
354 646
No No

Note: If there is no right turn lane, a shoulder needs to be provided.
If this intersection is in a rural area and is a connection to a public street, a right turn lane is needed.

PM Peak Hour
Right-Turn Volume
Approaching DHV

Lane Needed?

AM Peak Hour
Right-Turn Volume
Approaching DHV

Lane Needed?
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see note
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LEVEL OF SERVICE 
 
 
 Level of service is used to describe the quality of traffic flow. Levels of service A to C 
are considered good, and rural roads are usually designed for level of service C. Urban streets 
and signalized intersections are typically designed for level of service D. Level of service E is 
considered to be the limit of acceptable delay. For unsignalized intersections, level of service E 
is generally considered acceptable. Here is a more complete description of levels of service: 
 
 Level of service A: Very low delay at intersections, with all traffic signal cycles clearing 
and no vehicles waiting through more than one signal cycle. On highways, low volume and high 
speeds, with speeds not restricted by other vehicles.  
 
 Level of service B: Operating speeds beginning to be affected by other traffic; short 
traffic delays at intersections. Higher average intersection delay than for level of service A 
resulting from more vehicles stopping.  
 
 Level of service C: Operating speeds and maneuverability closely controlled by other 
traffic; higher delays at intersections than for level of service B due to a significant number of 
vehicles stopping. Not all signal cycles clear the waiting vehicles. This is the recommended 
design standard for rural highways.  
 
 Level of service D: Tolerable operating speeds; long traffic delays occur at intersections. 
The influence of congestion is noticeable. At traffic signals many vehicles stop, and the 
proportion of vehicles not stopping declines. The number of signal cycle failures, for which 
vehicles must wait through more than one signal cycle, are noticeable. This is typically the 
design level for urban signalized intersections.  
 
 Level of service E: Restricted speeds, very long traffic delays at traffic signals, and traffic 
volumes near capacity. Flow is unstable so that any interruption, no matter how minor, will 
cause queues to form and service to deteriorate to level of service F. Traffic signal cycle failures 
are frequent occurrences. For unsignalized intersections, level of service E or better is generally 
considered acceptable.  
 
 Level of service F: Extreme delays, resulting in long queues which may interfere with 
other traffic movements. There may be stoppages of long duration, and speeds may drop to zero. 
There may be frequent signal cycle failures. Level of service F will typically result when vehicle 
arrival rates are greater than capacity. It is considered unacceptable by most drivers.  



LEVEL OF SERVICE CRITERIA

FOR SIGNALIZED INTERSECTIONS

LEVEL CONTROL DELAY

OF PER VEHICLE

SERVICE (Seconds)

A <10

B 10-20

C 20-35

D 35-55

E 55-80

F >80

LEVEL OF SERVICE CRITERIA

FOR UNSIGNALIZED INTERSECTIONS

LEVEL CONTROL DELAY

OF PER VEHICLE

SERVICE (Seconds)

A <10

B 10-15

C 15-25

D 25-35

E 35-50

F >50



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - AM Peak Hour Synchro 10 Report
MW Page 1

Intersection
Int Delay, s/veh 0.2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 1 17 550 16 9 587
Future Vol, veh/h 1 17 550 16 9 587
Conflicting Peds, #/hr 0 0 0 3 3 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 6 6 7 7 3 3
Mvmt Flow 1 18 598 17 10 638
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 949 311 0 0 618 0
          Stage 1 610 - - - - -
          Stage 2 339 - - - - -
Critical Hdwy 6.92 7.02 - - 4.16 -
Critical Hdwy Stg 1 5.92 - - - - -
Critical Hdwy Stg 2 5.92 - - - - -
Follow-up Hdwy 3.56 3.36 - - 2.23 -
Pot Cap-1 Maneuver 252 673 - - 951 -
          Stage 1 494 - - - - -
          Stage 2 682 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 247 671 - - 948 -
Mov Cap-2 Maneuver 422 - - - - -
          Stage 1 485 - - - - -
          Stage 2 682 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 10.5 0 0.1
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 671 948 -
HCM Lane V/C Ratio - - 0.028 0.01 -
HCM Control Delay (s) - - 10.5 8.8 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.1 0 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - AM Peak Hour Synchro 10 Report
MW Page 2

Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 9 10 8 557 567 21
Future Vol, veh/h 9 10 8 557 567 21
Conflicting Peds, #/hr 0 0 7 0 0 7
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 5 7 7 3 3
Mvmt Flow 10 11 9 605 616 23
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 956 327 646 0 - 0
          Stage 1 635 - - - - -
          Stage 2 321 - - - - -
Critical Hdwy 6.9 7 4.24 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.27 - - -
Pot Cap-1 Maneuver 251 660 902 - - -
          Stage 1 482 - - - - -
          Stage 2 699 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 245 656 896 - - -
Mov Cap-2 Maneuver 417 - - - - -
          Stage 1 474 - - - - -
          Stage 2 694 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.1 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 896 - 417 656 - -
HCM Lane V/C Ratio 0.01 - 0.023 0.017 - -
HCM Control Delay (s) 9.1 - 13.8 10.6 - -
HCM Lane LOS A - B B - -
HCM 95th %tile Q(veh) 0 - 0.1 0.1 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - AM Peak Hour Synchro 10 Report
MW Page 3

Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 25 23 553 32 25 551
Future Vol, veh/h 25 23 553 32 25 551
Conflicting Peds, #/hr 0 0 0 2 2 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 2 2 6 6 3 3
Mvmt Flow 27 25 608 35 27 605
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 985 324 0 0 645 0
          Stage 1 628 - - - - -
          Stage 2 357 - - - - -
Critical Hdwy 6.84 6.94 - - 4.16 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.23 -
Pot Cap-1 Maneuver 245 672 - - 929 -
          Stage 1 494 - - - - -
          Stage 2 679 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 237 671 - - 927 -
Mov Cap-2 Maneuver 414 - - - - -
          Stage 1 479 - - - - -
          Stage 2 679 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 12.5 0 0.4
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 414 671 927 -
HCM Lane V/C Ratio - - 0.066 0.038 0.03 -
HCM Control Delay (s) - - 14.3 10.6 9 -
HCM Lane LOS - - B B A -
HCM 95th %tile Q(veh) - - 0.2 0.1 0.1 -



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - AM Peak Hour Synchro 10 Report
MW Page 4

Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 8 4 7 577 571 5
Future Vol, veh/h 8 4 7 577 571 5
Conflicting Peds, #/hr 0 0 8 0 0 8
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 0 0 6 6 3 3
Mvmt Flow 9 4 8 634 627 5
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 971 324 640 0 - 0
          Stage 1 638 - - - - -
          Stage 2 333 - - - - -
Critical Hdwy 6.8 6.9 4.22 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.26 - - -
Pot Cap-1 Maneuver 254 678 913 - - -
          Stage 1 494 - - - - -
          Stage 2 704 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 248 673 906 - - -
Mov Cap-2 Maneuver 425 - - - - -
          Stage 1 486 - - - - -
          Stage 2 698 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.6 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 906 - 485 - -
HCM Lane V/C Ratio 0.008 - 0.027 - -
HCM Control Delay (s) 9 - 12.6 - -
HCM Lane LOS A - B - -
HCM 95th %tile Q(veh) 0 - 0.1 - -



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - PM Peak Hour Synchro 10 Report
MW Page 1

Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 38 1262 32 13 1265
Future Vol, veh/h 0 38 1262 32 13 1265
Conflicting Peds, #/hr 0 0 0 12 12 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 0 41 1357 34 14 1360
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 708 0 0 1403 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 6.9 - - 4.14 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.3 - - 2.22 -
Pot Cap-1 Maneuver 0 382 - - 483 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 378 - - 477 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 15.7 0 0.1
HCM LOS C
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 378 477 -
HCM Lane V/C Ratio - - 0.108 0.029 -
HCM Control Delay (s) - - 15.7 12.8 -
HCM Lane LOS - - C B -
HCM 95th %tile Q(veh) - - 0.4 0.1 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - PM Peak Hour Synchro 10 Report
MW Page 2

Intersection
Int Delay, s/veh 0.7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 28 52 19 1267 1230 35
Future Vol, veh/h 28 52 19 1267 1230 35
Conflicting Peds, #/hr 0 0 12 0 0 12
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 30 56 20 1362 1323 38
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2075 693 1373 0 - 0
          Stage 1 1354 - - - - -
          Stage 2 721 - - - - -
Critical Hdwy 6.8 6.9 4.14 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.22 - - -
Pot Cap-1 Maneuver 48 390 496 - - -
          Stage 1 209 - - - - -
          Stage 2 448 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 45 386 490 - - -
Mov Cap-2 Maneuver 173 - - - - -
          Stage 1 198 - - - - -
          Stage 2 443 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 20.9 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 490 - 173 386 - -
HCM Lane V/C Ratio 0.042 - 0.174 0.145 - -
HCM Control Delay (s) 12.7 - 30.1 15.9 - -
HCM Lane LOS B - D C - -
HCM 95th %tile Q(veh) 0.1 - 0.6 0.5 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - PM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 1.2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 41 58 1235 124 58 1199
Future Vol, veh/h 41 58 1235 124 58 1199
Conflicting Peds, #/hr 1 1 0 11 11 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 43 60 1286 129 60 1249
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2108 720 0 0 1426 0
          Stage 1 1362 - - - - -
          Stage 2 746 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 44 370 - - 473 -
          Stage 1 203 - - - - -
          Stage 2 430 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 38 366 - - 468 -
Mov Cap-2 Maneuver 152 - - - - -
          Stage 1 175 - - - - -
          Stage 2 430 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 25.5 0 0.6
HCM LOS D
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 152 366 468 -
HCM Lane V/C Ratio - - 0.281 0.165 0.129 -
HCM Control Delay (s) - - 37.7 16.8 13.8 -
HCM Lane LOS - - E C B -
HCM 95th %tile Q(veh) - - 1.1 0.6 0.4 -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019

Trojan Storage  08/16/2019 Existing Conditions - PM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 6 15 18 1353 1222 18
Future Vol, veh/h 6 15 18 1353 1222 18
Conflicting Peds, #/hr 1 1 15 0 0 15
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 5 5 2 2 2 2
Mvmt Flow 6 16 19 1409 1273 19
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2042 662 1307 0 - 0
          Stage 1 1298 - - - - -
          Stage 2 744 - - - - -
Critical Hdwy 6.9 7 4.14 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.22 - - -
Pot Cap-1 Maneuver 47 397 525 - - -
          Stage 1 214 - - - - -
          Stage 2 423 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 44 391 518 - - -
Mov Cap-2 Maneuver 174 - - - - -
          Stage 1 203 - - - - -
          Stage 2 417 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 18.5 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 518 - 288 - -
HCM Lane V/C Ratio 0.036 - 0.076 - -
HCM Control Delay (s) 12.2 - 18.5 - -
HCM Lane LOS B - C - -
HCM 95th %tile Q(veh) 0.1 - 0.2 - -



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - AM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 18 559 17 9 596
Future Vol, veh/h 0 18 559 17 9 596
Conflicting Peds, #/hr 0 0 0 3 3 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 6 6 7 7 3 3
Mvmt Flow 0 20 608 18 10 648
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 316 0 0 629 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 7.02 - - 4.16 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.36 - - 2.23 -
Pot Cap-1 Maneuver 0 668 - - 942 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 666 - - 939 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 10.6 0 0.1
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 666 939 -
HCM Lane V/C Ratio - - 0.029 0.01 -
HCM Control Delay (s) - - 10.6 8.9 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.1 0 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - AM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 9 10 8 566 576 22
Future Vol, veh/h 9 10 8 566 576 22
Conflicting Peds, #/hr 0 0 7 0 0 7
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 5 7 7 3 3
Mvmt Flow 10 11 9 615 626 24
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 971 332 657 0 - 0
          Stage 1 645 - - - - -
          Stage 2 326 - - - - -
Critical Hdwy 6.9 7 4.24 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.27 - - -
Pot Cap-1 Maneuver 245 655 893 - - -
          Stage 1 476 - - - - -
          Stage 2 695 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 239 651 887 - - -
Mov Cap-2 Maneuver 411 - - - - -
          Stage 1 468 - - - - -
          Stage 2 690 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.2 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 887 - 411 651 - -
HCM Lane V/C Ratio 0.01 - 0.024 0.017 - -
HCM Control Delay (s) 9.1 - 14 10.6 - -
HCM Lane LOS A - B B - -
HCM 95th %tile Q(veh) 0 - 0.1 0.1 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - AM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 26 24 562 33 26 560
Future Vol, veh/h 26 24 562 33 26 560
Conflicting Peds, #/hr 0 0 0 2 2 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 2 2 6 6 3 3
Mvmt Flow 29 26 618 36 29 615
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1004 329 0 0 656 0
          Stage 1 638 - - - - -
          Stage 2 366 - - - - -
Critical Hdwy 6.84 6.94 - - 4.16 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.23 -
Pot Cap-1 Maneuver 238 667 - - 921 -
          Stage 1 488 - - - - -
          Stage 2 672 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 230 666 - - 919 -
Mov Cap-2 Maneuver 407 - - - - -
          Stage 1 471 - - - - -
          Stage 2 672 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 12.6 0 0.4
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 407 666 919 -
HCM Lane V/C Ratio - - 0.07 0.04 0.031 -
HCM Control Delay (s) - - 14.5 10.6 9 -
HCM Lane LOS - - B B A -
HCM 95th %tile Q(veh) - - 0.2 0.1 0.1 -



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - AM Peak Hour Synchro 10 Report
MW Page 4

Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 8 4 7 586 580 5
Future Vol, veh/h 8 4 7 586 580 5
Conflicting Peds, #/hr 0 0 8 0 0 8
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 0 0 6 6 3 3
Mvmt Flow 9 4 8 644 637 5
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 986 329 650 0 - 0
          Stage 1 648 - - - - -
          Stage 2 338 - - - - -
Critical Hdwy 6.8 6.9 4.22 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.26 - - -
Pot Cap-1 Maneuver 248 673 905 - - -
          Stage 1 488 - - - - -
          Stage 2 700 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 242 668 898 - - -
Mov Cap-2 Maneuver 420 - - - - -
          Stage 1 480 - - - - -
          Stage 2 694 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.7 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 898 - 479 - -
HCM Lane V/C Ratio 0.009 - 0.028 - -
HCM Control Delay (s) 9 - 12.7 - -
HCM Lane LOS A - B - -
HCM 95th %tile Q(veh) 0 - 0.1 - -



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - PM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 40 1328 33 14 1309
Future Vol, veh/h 0 40 1328 33 14 1309
Conflicting Peds, #/hr 0 0 0 12 12 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 0 43 1428 35 15 1408
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 744 0 0 1475 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 6.9 - - 4.14 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.3 - - 2.22 -
Pot Cap-1 Maneuver 0 362 - - 453 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 358 - - 448 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 16.4 0 0.1
HCM LOS C
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 358 448 -
HCM Lane V/C Ratio - - 0.12 0.034 -
HCM Control Delay (s) - - 16.4 13.3 -
HCM Lane LOS - - C B -
HCM 95th %tile Q(veh) - - 0.4 0.1 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - PM Peak Hour Synchro 10 Report
MW Page 2

Intersection
Int Delay, s/veh 0.8

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 29 54 20 1333 1274 36
Future Vol, veh/h 29 54 20 1333 1274 36
Conflicting Peds, #/hr 0 0 12 0 0 12
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 31 58 22 1433 1370 39
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2163 717 1421 0 - 0
          Stage 1 1402 - - - - -
          Stage 2 761 - - - - -
Critical Hdwy 6.8 6.9 4.14 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.22 - - -
Pot Cap-1 Maneuver 41 377 475 - - -
          Stage 1 197 - - - - -
          Stage 2 427 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 38 373 470 - - -
Mov Cap-2 Maneuver 162 - - - - -
          Stage 1 186 - - - - -
          Stage 2 422 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 22 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 470 - 162 373 - -
HCM Lane V/C Ratio 0.046 - 0.192 0.156 - -
HCM Control Delay (s) 13 - 32.4 16.4 - -
HCM Lane LOS B - D C - -
HCM 95th %tile Q(veh) 0.1 - 0.7 0.5 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - PM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 1.3

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 43 60 1301 129 60 1242
Future Vol, veh/h 43 60 1301 129 60 1242
Conflicting Peds, #/hr 1 1 0 11 11 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 45 63 1355 134 63 1294
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2207 757 0 0 1500 0
          Stage 1 1433 - - - - -
          Stage 2 774 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver ~ 38 350 - - 443 -
          Stage 1 186 - - - - -
          Stage 2 415 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 32 346 - - 438 -
Mov Cap-2 Maneuver 138 - - - - -
          Stage 1 158 - - - - -
          Stage 2 415 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 28.3 0 0.7
HCM LOS D
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 138 346 438 -
HCM Lane V/C Ratio - - 0.325 0.181 0.143 -
HCM Control Delay (s) - - 43.1 17.7 14.6 -
HCM Lane LOS - - E C B -
HCM 95th %tile Q(veh) - - 1.3 0.6 0.5 -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 6th TWSC
4: SE 82nd Avenue & SE Glencoe Road 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Background Conditions - PM Peak Hour Synchro 10 Report
MW Page 4

Intersection
Int Delay, s/veh 0.3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 6 16 19 1421 1266 19
Future Vol, veh/h 6 16 19 1421 1266 19
Conflicting Peds, #/hr 1 1 15 0 0 15
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 5 5 2 2 2 2
Mvmt Flow 6 17 20 1480 1319 20
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2125 686 1354 0 - 0
          Stage 1 1344 - - - - -
          Stage 2 781 - - - - -
Critical Hdwy 6.9 7 4.14 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.22 - - -
Pot Cap-1 Maneuver 41 383 504 - - -
          Stage 1 202 - - - - -
          Stage 2 404 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 38 377 497 - - -
Mov Cap-2 Maneuver 163 - - - - -
          Stage 1 191 - - - - -
          Stage 2 398 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 19.1 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 497 - 278 - -
HCM Lane V/C Ratio 0.04 - 0.082 - -
HCM Control Delay (s) 12.5 - 19.1 - -
HCM Lane LOS B - C - -
HCM 95th %tile Q(veh) 0.1 - 0.3 - -



HCM 6th TWSC
1: SE 82nd Avenue & Walmart Access (North) 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Buildout Conditions - AM Peak Hour Synchro 10 Report
MW Page 1

Intersection
Int Delay, s/veh 0.2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 18 563 17 9 601
Future Vol, veh/h 0 18 563 17 9 601
Conflicting Peds, #/hr 0 0 0 3 3 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 6 6 7 7 3 3
Mvmt Flow 0 20 612 18 10 653
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 318 0 0 633 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 7.02 - - 4.16 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.36 - - 2.23 -
Pot Cap-1 Maneuver 0 666 - - 939 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 664 - - 936 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 10.6 0 0.1
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 664 936 -
HCM Lane V/C Ratio - - 0.029 0.01 -
HCM Control Delay (s) - - 10.6 8.9 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.1 0 -



HCM 6th TWSC
2: SE 82nd Avenue & Goodwill Access 10/10/2019

Trojan Storage  08/16/2019 Year 2021 Buildout Conditions - AM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 9 10 8 570 581 22
Future Vol, veh/h 9 10 8 570 581 22
Conflicting Peds, #/hr 0 0 7 0 0 7
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 5 7 7 3 3
Mvmt Flow 10 11 9 620 632 24
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 979 335 663 0 - 0
          Stage 1 651 - - - - -
          Stage 2 328 - - - - -
Critical Hdwy 6.9 7 4.24 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.27 - - -
Pot Cap-1 Maneuver 242 652 889 - - -
          Stage 1 473 - - - - -
          Stage 2 693 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 236 648 883 - - -
Mov Cap-2 Maneuver 409 - - - - -
          Stage 1 465 - - - - -
          Stage 2 688 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.3 0.1 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 883 - 409 648 - -
HCM Lane V/C Ratio 0.01 - 0.024 0.017 - -
HCM Control Delay (s) 9.1 - 14 10.7 - -
HCM Lane LOS A - B B - -
HCM 95th %tile Q(veh) 0 - 0.1 0.1 - -



HCM 6th TWSC
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Intersection
Int Delay, s/veh 0.7

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 26 24 566 33 26 565
Future Vol, veh/h 26 24 566 33 26 565
Conflicting Peds, #/hr 0 0 0 2 2 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 2 2 6 6 3 3
Mvmt Flow 29 26 622 36 29 621
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1011 331 0 0 660 0
          Stage 1 642 - - - - -
          Stage 2 369 - - - - -
Critical Hdwy 6.84 6.94 - - 4.16 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.23 -
Pot Cap-1 Maneuver 236 665 - - 917 -
          Stage 1 486 - - - - -
          Stage 2 670 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 228 664 - - 915 -
Mov Cap-2 Maneuver 405 - - - - -
          Stage 1 469 - - - - -
          Stage 2 670 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 12.7 0 0.4
HCM LOS B
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 405 664 915 -
HCM Lane V/C Ratio - - 0.071 0.04 0.031 -
HCM Control Delay (s) - - 14.6 10.6 9.1 -
HCM Lane LOS - - B B A -
HCM 95th %tile Q(veh) - - 0.2 0.1 0.1 -
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Intersection
Int Delay, s/veh 0.3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 12 6 11 586 580 10
Future Vol, veh/h 12 6 11 586 580 10
Conflicting Peds, #/hr 0 0 8 0 0 8
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 0 0 6 6 3 3
Mvmt Flow 13 7 12 644 637 11
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 997 332 656 0 - 0
          Stage 1 651 - - - - -
          Stage 2 346 - - - - -
Critical Hdwy 6.8 6.9 4.22 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.26 - - -
Pot Cap-1 Maneuver 244 670 901 - - -
          Stage 1 486 - - - - -
          Stage 2 694 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 237 665 894 - - -
Mov Cap-2 Maneuver 415 - - - - -
          Stage 1 476 - - - - -
          Stage 2 688 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 12.9 0.2 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 894 - 474 - -
HCM Lane V/C Ratio 0.014 - 0.042 - -
HCM Control Delay (s) 9.1 - 12.9 - -
HCM Lane LOS A - B - -
HCM 95th %tile Q(veh) 0 - 0.1 - -
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Intersection
Int Delay, s/veh 1.3

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 0 12 12 9 6 0
Future Vol, veh/h 0 12 12 9 6 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 91 91 91 91 91 91
Heavy Vehicles, % 0 0 0 0 2 2
Mvmt Flow 0 13 13 10 7 0
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 23 0 - 0 31 18
          Stage 1 - - - - 18 -
          Stage 2 - - - - 13 -
Critical Hdwy 4.1 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.2 - - - 3.518 3.318
Pot Cap-1 Maneuver 1605 - - - 983 1061
          Stage 1 - - - - 1005 -
          Stage 2 - - - - 1010 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1605 - - - 983 1061
Mov Cap-2 Maneuver - - - - 983 -
          Stage 1 - - - - 1005 -
          Stage 2 - - - - 1010 -
 

Approach EB WB SB
HCM Control Delay, s 0 0 8.7
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1605 - - - 983
HCM Lane V/C Ratio - - - - 0.007
HCM Control Delay (s) 0 - - - 8.7
HCM Lane LOS A - - - A
HCM 95th %tile Q(veh) 0 - - - 0
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Trojan Storage  08/16/2019 Year 2021 Buildout Conditions - PM Peak Hour Synchro 10 Report
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Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 0 40 1336 33 14 1316
Future Vol, veh/h 0 40 1336 33 14 1316
Conflicting Peds, #/hr 0 0 0 12 12 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 0 43 1437 35 15 1415
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All - 748 0 0 1484 0
          Stage 1 - - - - - -
          Stage 2 - - - - - -
Critical Hdwy - 6.9 - - 4.14 -
Critical Hdwy Stg 1 - - - - - -
Critical Hdwy Stg 2 - - - - - -
Follow-up Hdwy - 3.3 - - 2.22 -
Pot Cap-1 Maneuver 0 359 - - 449 -
          Stage 1 0 - - - - -
          Stage 2 0 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - 355 - - 444 -
Mov Cap-2 Maneuver - - - - - -
          Stage 1 - - - - - -
          Stage 2 - - - - - -
 

Approach WB NB SB
HCM Control Delay, s 16.5 0 0.1
HCM LOS C
 

Minor Lane/Major Mvmt NBT NBRWBLn1 SBL SBT
Capacity (veh/h) - - 355 444 -
HCM Lane V/C Ratio - - 0.121 0.034 -
HCM Control Delay (s) - - 16.5 13.4 -
HCM Lane LOS - - C B -
HCM 95th %tile Q(veh) - - 0.4 0.1 -
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Intersection
Int Delay, s/veh 0.8

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 29 54 20 1341 1281 36
Future Vol, veh/h 29 54 20 1341 1281 36
Conflicting Peds, #/hr 0 0 12 0 0 12
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 93 93 93 93 93 93
Heavy Vehicles, % 0 0 2 2 2 2
Mvmt Flow 31 58 22 1442 1377 39
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2174 720 1428 0 - 0
          Stage 1 1409 - - - - -
          Stage 2 765 - - - - -
Critical Hdwy 6.8 6.9 4.14 - - -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.5 3.3 2.22 - - -
Pot Cap-1 Maneuver 41 375 472 - - -
          Stage 1 195 - - - - -
          Stage 2 425 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 38 371 467 - - -
Mov Cap-2 Maneuver 160 - - - - -
          Stage 1 184 - - - - -
          Stage 2 420 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 22.2 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 EBLn2 SBT SBR
Capacity (veh/h) 467 - 160 371 - -
HCM Lane V/C Ratio 0.046 - 0.195 0.157 - -
HCM Control Delay (s) 13.1 - 32.9 16.5 - -
HCM Lane LOS B - D C - -
HCM 95th %tile Q(veh) 0.1 - 0.7 0.5 - -



HCM 6th TWSC
3: SE 82nd Avenue & Walmart Access (South) 10/10/2019
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Intersection
Int Delay, s/veh 1.4

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Vol, veh/h 43 60 1309 129 60 1249
Future Vol, veh/h 43 60 1309 129 60 1249
Conflicting Peds, #/hr 1 1 0 11 11 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 0 - - 500 -
Veh in Median Storage, # 2 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 45 63 1364 134 63 1301
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2220 761 0 0 1509 0
          Stage 1 1442 - - - - -
          Stage 2 778 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver ~ 37 348 - - 439 -
          Stage 1 184 - - - - -
          Stage 2 413 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 31 344 - - 434 -
Mov Cap-2 Maneuver 136 - - - - -
          Stage 1 156 - - - - -
          Stage 2 413 - - - - -
 

Approach WB NB SB
HCM Control Delay, s 28.7 0 0.7
HCM LOS D
 

Minor Lane/Major Mvmt NBT NBRWBLn1WBLn2 SBL SBT
Capacity (veh/h) - - 136 344 434 -
HCM Lane V/C Ratio - - 0.329 0.182 0.144 -
HCM Control Delay (s) - - 44 17.8 14.7 -
HCM Lane LOS - - E C B -
HCM 95th %tile Q(veh) - - 1.3 0.7 0.5 -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon
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Intersection
Int Delay, s/veh 0.4

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 14 21 23 1421 1266 26
Future Vol, veh/h 14 21 23 1421 1266 26
Conflicting Peds, #/hr 1 1 15 0 0 15
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 500 - - -
Veh in Median Storage, # 2 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 5 5 2 2 2 2
Mvmt Flow 15 22 24 1480 1319 27
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2137 689 1361 0 - 0
          Stage 1 1348 - - - - -
          Stage 2 789 - - - - -
Critical Hdwy 6.9 7 4.14 - - -
Critical Hdwy Stg 1 5.9 - - - - -
Critical Hdwy Stg 2 5.9 - - - - -
Follow-up Hdwy 3.55 3.35 2.22 - - -
Pot Cap-1 Maneuver 40 381 501 - - -
          Stage 1 201 - - - - -
          Stage 2 400 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 37 375 494 - - -
Mov Cap-2 Maneuver 161 - - - - -
          Stage 1 189 - - - - -
          Stage 2 394 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 22.2 0.2 0
HCM LOS C
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 494 - 245 - -
HCM Lane V/C Ratio 0.048 - 0.149 - -
HCM Control Delay (s) 12.7 - 22.2 - -
HCM Lane LOS B - C - -
HCM 95th %tile Q(veh) 0.2 - 0.5 - -
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Intersection
Int Delay, s/veh 1.4

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 0 22 38 11 13 0
Future Vol, veh/h 0 22 38 11 13 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 96 96 96 96 96 96
Heavy Vehicles, % 5 5 2 2 2 2
Mvmt Flow 0 23 40 11 14 0
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 51 0 - 0 69 46
          Stage 1 - - - - 46 -
          Stage 2 - - - - 23 -
Critical Hdwy 4.15 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.245 - - - 3.518 3.318
Pot Cap-1 Maneuver 1536 - - - 936 1023
          Stage 1 - - - - 976 -
          Stage 2 - - - - 1000 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1536 - - - 936 1023
Mov Cap-2 Maneuver - - - - 936 -
          Stage 1 - - - - 976 -
          Stage 2 - - - - 1000 -
 

Approach EB WB SB
HCM Control Delay, s 0 0 8.9
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1536 - - - 936
HCM Lane V/C Ratio - - - - 0.014
HCM Control Delay (s) 0 - - - 8.9
HCM Lane LOS A - - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queuing and Blocking Report
Year 2021 Buildout Conditions - PM Peak Hour 10/09/2019

Trojan Storage SimTraffic Report
MW Page 1

Intersection: 4: SE 82nd Avenue & SE Glencoe Road

Movement EB NB NB NB SB SB
Directions Served LR L T T T TR
Maximum Queue (ft) 112 48 55 16 31 21
Average Queue (ft) 37 15 3 1 1 1
95th Queue (ft) 88 42 27 10 15 10
Link Distance (ft) 258 253 253 291 291
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)
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I.  Project Summary 

This report has been prepared to outline the existing and proposed on-site stormwater conditions for 

the Trojan Storage Happy Valley project.  This report is based on topographic survey and a geotechnical 

report. 

 

The site is located at SE 82nd Ave and SE Glencoe Rd in Happy Valley, Oregon. The site currently consists 

of roughly half pavement and a building pad and half meadow. 

 

See Appendix A – Existing Conditions. 

 

The project proposes construction of a new storage facility with associated parking and drive aisles. The 

project proposes a total of 117,400 SF of impervious area. All proposed impervious area will be collected 

and treated by proposed stormwater management facilities. 

 

See Appendix B – Site Plan and Appendix C – Storm Plan and Details. 

II. Stormwater Design 

Onsite stormwater will be managed in accordance with CCSD#1 Stormwater Standards dated July 1, 

2013. 

 

The onsite stormwater is divided into 2 basins. Both basins will convey stormwater from roof drains and 

catch basins into one of two drywell and rock storage detention/infiltration systems. Per the 

Geotechnical letter dated August 5, 2019 (Appendix H) the infiltration capacity of the native soil at the 

site of proposed infiltration is 18 in/hr. By providing a factor of safety of 2, a design infiltration rate of 9 

in/hr has been used in the design of the infiltration systems. Though WES standards only require 

detention and infiltration of runoff generated during a 2-year event, ODOT requires detention of the 10-

year and 25-year storm. To prevent runoff during storm events greater than the 2-yr event from 

reaching ODOT’s system in 82nd Ave, the onsite infiltration systems have been designed to fully infiltrate 

up to and including the 25-yr event. 

 

See Appendix D – Stormwater Calculations and Appendix E – Geotechnical Report. 

 

Water Quality is achieved as all runoff will be fully infiltrated. 
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III. Conveyance Calculations 

Stormwater conveyance has been sized for the 25-yr storm event per WES standards. 

 

See Appendix D – Stormwater Calculations (to be provided at permit submittal). 

IV. Operations and Maintenance 

See Appendix F – Operations and Maintenance (to be provided at permit submittal). 

VI. Downstream Analysis 

All runoff is managed onsite via infiltration. Because the proposed design will not contribute any runoff 

to the downstream conveyance system, analysis of downstream capacity is not applicable. 

VII. Engineering Conclusion 

Based on ODOT and WES requirements, the proposed site facilities will be adequately designed to 

manage the proposed development conditions and should be approved as designed. 
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Appendix A 

Existing Conditions  
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Appendix B 

Site Plan  
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Appendix C  

Storm Plan and Details 

(Details will be provided at permit submittal)
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Stormwater Calculations 

(Conveyance calculations will be provided at permit submittal) 



22S

North System

25S

South System

26P

Chambers

28P

Chambers

Routing Diagram for A19117.Trojan Storage Happy Valley
Prepared by Hewlett-Packard Company,  Printed 11/4/2019

HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 2HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

2.713 98 Paved parking, HSG C  (22S, 25S)

2.713 98 TOTAL AREA
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Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

0.000 HSG B

2.713 HSG C 22S, 25S

0.000 HSG D

0.000 Other

2.713 TOTAL AREA
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Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.000 0.000 2.713 0.000 0.000 2.713 Paved parking 22S, 25S

0.000 0.000 2.713 0.000 0.000 2.713 TOTAL AREA
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Time span=0.00-30.00 hrs, dt=0.05 hrs, 601 points
Runoff by SBUH method, Split Pervious/Imperv.

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=39,400 sf   100.00% Impervious   Runoff Depth=2.37"Subcatchment 22S: North System
   Tc=5.0 min   CN=0/98   Runoff=0.54 cfs  0.179 af

Runoff Area=78,800 sf   100.00% Impervious   Runoff Depth=2.37"Subcatchment 25S: South System
   Tc=5.0 min   CN=0/98   Runoff=1.09 cfs  0.357 af

Peak Elev=6.88'  Storage=3,031 cf   Inflow=1.09 cfs  0.357 afPond 26P: Chambers
   Outflow=0.22 cfs  0.357 af

Peak Elev=6.61'  Storage=1,482 cf   Inflow=0.54 cfs  0.179 afPond 28P: Chambers
   Outflow=0.11 cfs  0.179 af

Total Runoff Area = 2.713 ac   Runoff Volume = 0.536 af   Average Runoff Depth = 2.37"
0.00% Pervious = 0.000 ac     100.00% Impervious = 2.713 ac
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Summary for Subcatchment 22S: North System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 0.54 cfs @ 7.90 hrs,  Volume= 0.179 af,  Depth= 2.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2yr Rainfall=2.60"

Area (sf) CN Description

39,400 98 Paved parking, HSG C

39,400 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 22S: North System

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Type IA 24-hr

2yr Rainfall=2.60"

Runoff Area=39,400 sf

Runoff Volume=0.179 af

Runoff Depth=2.37"

Tc=5.0 min

CN=0/98

0.54 cfs
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Summary for Subcatchment 25S: South System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 1.09 cfs @ 7.90 hrs,  Volume= 0.357 af,  Depth= 2.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2yr Rainfall=2.60"

Area (sf) CN Description

78,800 98 Paved parking, HSG C

78,800 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 25S: South System

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
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)

1

0

Type IA 24-hr

2yr Rainfall=2.60"

Runoff Area=78,800 sf

Runoff Volume=0.357 af

Runoff Depth=2.37"

Tc=5.0 min

CN=0/98

1.09 cfs
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Summary for Pond 26P: Chambers

Inflow Area = 1.809 ac,100.00% Impervious,  Inflow Depth = 2.37"    for  2yr event
Inflow = 1.09 cfs @ 7.90 hrs,  Volume= 0.357 af
Outflow = 0.22 cfs @ 5.95 hrs,  Volume= 0.357 af,  Atten= 80%,  Lag= 0.0 min
Discarded = 0.22 cfs @ 5.95 hrs,  Volume= 0.357 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 6.88' @ 10.45 hrs   Surf.Area= 1,060 sf   Storage= 3,031 cf

Plug-Flow detention time= 113.1 min calculated for 0.357 af (100% of inflow)
Center-of-Mass det. time= 113.1 min ( 785.7 - 672.6 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#3 0.00' 8,028 cf 20.00'W x 53.00'L x 20.00'H Prismatoid
21,200 cf Overall - 1,131 cf Embedded = 20,069 cf  x 40.0% Voids

8,813 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.22 cfs @ 5.95 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.22 cfs)
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Pond 26P: Chambers

Inflow
Discarded

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Inflow Area=1.809 ac

Peak Elev=6.88'

Storage=3,031 cf

1.09 cfs

0.22 cfs
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Summary for Pond 28P: Chambers

Inflow Area = 0.904 ac,100.00% Impervious,  Inflow Depth = 2.37"    for  2yr event
Inflow = 0.54 cfs @ 7.90 hrs,  Volume= 0.179 af
Outflow = 0.11 cfs @ 6.00 hrs,  Volume= 0.179 af,  Atten= 79%,  Lag= 0.0 min
Discarded = 0.11 cfs @ 6.00 hrs,  Volume= 0.179 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 6.61' @ 10.33 hrs   Surf.Area= 540 sf   Storage= 1,482 cf

Plug-Flow detention time= 106.1 min calculated for 0.179 af (100% of inflow)
Center-of-Mass det. time= 106.0 min ( 778.6 - 672.6 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #2
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 4,094 cf 15.00'W x 36.00'L x 20.00'H Prismatoid
10,800 cf Overall - 565 cf Embedded = 10,235 cf  x 40.0% Voids

4,487 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.11 cfs @ 6.00 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.11 cfs)

Pond 28P: Chambers

Inflow
Discarded

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Inflow Area=0.904 ac

Peak Elev=6.61'

Storage=1,482 cf

0.54 cfs

0.11 cfs
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Time span=0.00-30.00 hrs, dt=0.05 hrs, 601 points
Runoff by SBUH method, Split Pervious/Imperv.

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=39,400 sf   100.00% Impervious   Runoff Depth=3.37"Subcatchment 22S: North System
   Tc=5.0 min   CN=0/98   Runoff=0.76 cfs  0.254 af

Runoff Area=78,800 sf   100.00% Impervious   Runoff Depth=3.37"Subcatchment 25S: South System
   Tc=5.0 min   CN=0/98   Runoff=1.53 cfs  0.507 af

Peak Elev=14.58'  Storage=6,424 cf   Inflow=1.53 cfs  0.507 afPond 26P: Chambers
   Outflow=0.22 cfs  0.507 af

Peak Elev=14.01'  Storage=3,142 cf   Inflow=0.76 cfs  0.254 afPond 28P: Chambers
   Outflow=0.11 cfs  0.254 af

Total Runoff Area = 2.713 ac   Runoff Volume = 0.761 af   Average Runoff Depth = 3.37"
0.00% Pervious = 0.000 ac     100.00% Impervious = 2.713 ac
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Summary for Subcatchment 22S: North System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 0.76 cfs @ 7.90 hrs,  Volume= 0.254 af,  Depth= 3.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10yr Rainfall=3.60"

Area (sf) CN Description

39,400 98 Paved parking, HSG C

39,400 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 22S: North System

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Type IA 24-hr

10yr Rainfall=3.60"

Runoff Area=39,400 sf

Runoff Volume=0.254 af

Runoff Depth=3.37"

Tc=5.0 min

CN=0/98

0.76 cfs



Type IA 24-hr  10yr Rainfall=3.60"A19117.Trojan Storage Happy Valley
  Printed  11/4/2019Prepared by Hewlett-Packard Company

Page 13HydroCAD® 10.00-22  s/n 01638  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 25S: South System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 1.53 cfs @ 7.90 hrs,  Volume= 0.507 af,  Depth= 3.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10yr Rainfall=3.60"

Area (sf) CN Description

78,800 98 Paved parking, HSG C

78,800 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 25S: South System

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Type IA 24-hr

10yr Rainfall=3.60"

Runoff Area=78,800 sf

Runoff Volume=0.507 af

Runoff Depth=3.37"

Tc=5.0 min

CN=0/98

1.53 cfs
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Summary for Pond 26P: Chambers

Inflow Area = 1.809 ac,100.00% Impervious,  Inflow Depth = 3.37"    for  10yr event
Inflow = 1.53 cfs @ 7.90 hrs,  Volume= 0.507 af
Outflow = 0.22 cfs @ 4.45 hrs,  Volume= 0.507 af,  Atten= 86%,  Lag= 0.0 min
Discarded = 0.22 cfs @ 4.45 hrs,  Volume= 0.507 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 14.58' @ 13.94 hrs   Surf.Area= 1,060 sf   Storage= 6,424 cf

Plug-Flow detention time= 301.8 min calculated for 0.507 af (100% of inflow)
Center-of-Mass det. time= 300.8 min ( 964.1 - 663.3 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#3 0.00' 8,028 cf 20.00'W x 53.00'L x 20.00'H Prismatoid
21,200 cf Overall - 1,131 cf Embedded = 20,069 cf  x 40.0% Voids

8,813 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.22 cfs @ 4.45 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.22 cfs)
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Pond 26P: Chambers

Inflow
Discarded

Hydrograph

Time  (hours)
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F
lo

w
  

(c
fs

) 1

0

Inflow Area=1.809 ac

Peak Elev=14.58'

Storage=6,424 cf

1.53 cfs

0.22 cfs
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Summary for Pond 28P: Chambers

Inflow Area = 0.904 ac,100.00% Impervious,  Inflow Depth = 3.37"    for  10yr event
Inflow = 0.76 cfs @ 7.90 hrs,  Volume= 0.254 af
Outflow = 0.11 cfs @ 4.55 hrs,  Volume= 0.254 af,  Atten= 85%,  Lag= 0.0 min
Discarded = 0.11 cfs @ 4.55 hrs,  Volume= 0.254 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 14.01' @ 13.67 hrs   Surf.Area= 540 sf   Storage= 3,142 cf

Plug-Flow detention time= 288.7 min calculated for 0.253 af (100% of inflow)
Center-of-Mass det. time= 288.8 min ( 952.1 - 663.3 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #2
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 4,094 cf 15.00'W x 36.00'L x 20.00'H Prismatoid
10,800 cf Overall - 565 cf Embedded = 10,235 cf  x 40.0% Voids

4,487 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.11 cfs @ 4.55 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.11 cfs)

Pond 28P: Chambers

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=0.904 ac

Peak Elev=14.01'

Storage=3,142 cf

0.76 cfs

0.11 cfs
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Time span=0.00-30.00 hrs, dt=0.05 hrs, 601 points
Runoff by SBUH method, Split Pervious/Imperv.

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=39,400 sf   100.00% Impervious   Runoff Depth=3.86"Subcatchment 22S: North System
   Tc=5.0 min   CN=0/98   Runoff=0.87 cfs  0.291 af

Runoff Area=78,800 sf   100.00% Impervious   Runoff Depth=3.86"Subcatchment 25S: South System
   Tc=5.0 min   CN=0/98   Runoff=1.74 cfs  0.583 af

Peak Elev=19.71'  Storage=8,684 cf   Inflow=1.74 cfs  0.583 afPond 26P: Chambers
   Outflow=0.22 cfs  0.515 af

Peak Elev=18.92'  Storage=4,244 cf   Inflow=0.87 cfs  0.291 afPond 28P: Chambers
   Outflow=0.11 cfs  0.262 af

Total Runoff Area = 2.713 ac   Runoff Volume = 0.874 af   Average Runoff Depth = 3.86"
0.00% Pervious = 0.000 ac     100.00% Impervious = 2.713 ac
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Summary for Subcatchment 22S: North System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 0.87 cfs @ 7.90 hrs,  Volume= 0.291 af,  Depth= 3.86"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25yr Rainfall=4.10"

Area (sf) CN Description

39,400 98 Paved parking, HSG C

39,400 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 22S: North System

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr

25yr Rainfall=4.10"

Runoff Area=39,400 sf

Runoff Volume=0.291 af

Runoff Depth=3.86"

Tc=5.0 min

CN=0/98

0.87 cfs
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Summary for Subcatchment 25S: South System

[49] Hint: Tc<2dt may require smaller dt

Runoff = 1.74 cfs @ 7.90 hrs,  Volume= 0.583 af,  Depth= 3.86"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25yr Rainfall=4.10"

Area (sf) CN Description

78,800 98 Paved parking, HSG C

78,800 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 25S: South System

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
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)

1

0

Type IA 24-hr

25yr Rainfall=4.10"

Runoff Area=78,800 sf

Runoff Volume=0.583 af

Runoff Depth=3.86"

Tc=5.0 min

CN=0/98

1.74 cfs
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Summary for Pond 26P: Chambers

Inflow Area = 1.809 ac,100.00% Impervious,  Inflow Depth = 3.86"    for  25yr event
Inflow = 1.74 cfs @ 7.90 hrs,  Volume= 0.583 af
Outflow = 0.22 cfs @ 3.75 hrs,  Volume= 0.515 af,  Atten= 87%,  Lag= 0.0 min
Discarded = 0.22 cfs @ 3.75 hrs,  Volume= 0.515 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 19.71' @ 16.99 hrs   Surf.Area= 1,060 sf   Storage= 8,684 cf

Plug-Flow detention time= 377.2 min calculated for 0.515 af (88% of inflow)
Center-of-Mass det. time= 294.2 min ( 954.3 - 660.2 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #3
565 cf Overall - 6.0" Wall Thickness = 393 cf

#3 0.00' 8,028 cf 20.00'W x 53.00'L x 20.00'H Prismatoid
21,200 cf Overall - 1,131 cf Embedded = 20,069 cf  x 40.0% Voids

8,813 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.22 cfs @ 3.75 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.22 cfs)
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Pond 26P: Chambers

Inflow
Discarded

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Inflow Area=1.809 ac

Peak Elev=19.71'

Storage=8,684 cf

1.74 cfs

0.22 cfs
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Summary for Pond 28P: Chambers

Inflow Area = 0.904 ac,100.00% Impervious,  Inflow Depth = 3.86"    for  25yr event
Inflow = 0.87 cfs @ 7.90 hrs,  Volume= 0.291 af
Outflow = 0.11 cfs @ 3.80 hrs,  Volume= 0.262 af,  Atten= 87%,  Lag= 0.0 min
Discarded = 0.11 cfs @ 3.80 hrs,  Volume= 0.262 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Peak Elev= 18.92' @ 16.62 hrs   Surf.Area= 540 sf   Storage= 4,244 cf

Plug-Flow detention time= 368.0 min calculated for 0.262 af (90% of inflow)
Center-of-Mass det. time= 295.2 min ( 955.3 - 660.2 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 393 cf 5.00'D x 20.00'H Drywell  Inside #2
565 cf Overall - 6.0" Wall Thickness = 393 cf

#2 0.00' 4,094 cf 15.00'W x 36.00'L x 20.00'H Prismatoid
10,800 cf Overall - 565 cf Embedded = 10,235 cf  x 40.0% Voids

4,487 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 9.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.11 cfs @ 3.80 hrs  HW=0.20'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.11 cfs)

Pond 28P: Chambers

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=0.904 ac

Peak Elev=18.92'

Storage=4,244 cf

0.87 cfs

0.11 cfs



Trojan Storage Happy Valley 
 

 

G 

 

Appendix E  

Geotechnical Report 

(See attached report) 
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Appendix F  

Operations and Maintenance Form 

(Operations and Maintenance will be provided at permit submittal) 
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