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Executive Summary 

 Introduction 

The Municipality  of  Anchorage  Project Management  and  Engineering Department  (MOA  PM&E)  has 

contracted with CRW  Engineering Group,  LLC  (CRW)  to  provide  professional  services  to  develop  and 

evaluate  alternatives  to  upgrade  East  42nd  Avenue  (42nd  Avenue)  from  Lake Otis  Parkway  to  Florina 

Street (see FIGURE 1 for project location and vicinity map). The purpose of the project is to upgrade 42nd 

Avenue to meet current MOA Design Criteria  for a  local roadway. The existing roadway  in the project 

corridor  is  narrow with  no  pedestrian  facilities  and  discontinuous  curb  and  gutter,  storm  drain,  and 

lighting  infrastructure. The existing roadway pavement has deteriorated over time.  Improvements also 

include  replacing  the Anchorage Water  and Wastewater Utility  (AWWU) water main  from  Lake Otis 

Parkway to Piper Street. 

Improvements are expected to include: 

 Road structural section 

 Asphalt pavement and curbs and gutters 

 Storm drain system infrastructure 

 Pedestrian facilities 

 Street lighting 

 Signage and landscaping 

 Approximately 2,700 feet of water main replacement 

The  project  is  currently  funded  through  the  design  study  phase  only.  Additional  funding  will  be 

necessary to complete design and construction of the project.   

Stakeholder comments were solicited using  the Context Sensitive Solutions  (CSS) process  through  the 

following venues: 

 Project Website and Interactive Project Map 

 Direct Mailings (3) and Electronic Newsletters (9) 

 Door‐to‐Door Business Outreach 

 Project Questionnaire 

 University Area Community Council Meeting Presentations (4) 

 Community Open House Meeting (1) 

 Business Open House Meeting (1) 

 Agency Coordination Meetings 

The Design Study Report (DSR) evaluates existing and future conditions and a range of conceptual design 

alternatives. Preliminary recommended improvements are summarized below. 
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Figure 1 ‐ Project Location and Vicinity Map 
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 Recommended Improvements 

Based on comments received from public, agency, and business stakeholders and requirements of MOA 

Title 21, Design Criteria Manual (DCM), and AWWU Design and Construction Practices Manual (DCPM) 

the preferred alternatives for the project corridor are as follows: 

A. Preferred Alternative Typical Cross Sections 

To accommodate any on‐street parking needs but not designate parking  lanes, no roadway  traffic 

markings are proposed along the project corridor for any of the segments. 

1. Segments A & B: Lake Otis Parkway to Piper Street: Alternative 1 is the preferred alternative 

with two, 10‐foot wide travel  lanes, 3.5‐foot wide shoulders, and barrier (Type 1) curb and 

gutter  (see FIGURE 2). An 8‐foot wide paved pathway  is proposed on  the north side of  the 

roadway and a 5‐foot wide concrete sidewalk is proposed on the south side of the roadway. 

The  non‐motorized  facilities would  be  detached  from  back  of  curb where  feasible.  This 

section balances  the needs of  the  commercial and multi‐family  residential  context of  this 

area which  observed  no  on‐street  parking  needs.  The  barrier  (Type  1)  curb  provides  for 

designated  driveways  and  additional  vertical  separation  between  the  travelled  way  and 

pedestrian facilities. 

Figure 2 ‐ Segments A and B – Preferred Typical Section 
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2. Segment C: Piper Street to Dale Street: Alternative 1  is the preferred alternative with two, 

10‐foot wide  travel  lanes, a  single 7‐foot wide parking  lane, and  rolled  (Type 2)  curb and 

gutter (see FIGURE 3). No roadway traffic markings are proposed, effectively allowing parking 

along either side of the roadway. Pedestrian  facilities will consist of 5‐foot wide sidewalks 

on both sides of the roadway, detached  from the back of curb by 3  feet to accommodate 

installation of individual mailboxes. This section balances the needs of the single‐ and multi‐

family homes (up to 4‐plex) of this area which observed on‐street parking needs. The rolled 

(Type 2) curb and gutter is proposed due to the close spacing between the wide residential 

driveways along  this  segment, as  there  is  insufficient  room  to construct barrier curb with 

curb cuts at each driveway.   

 

3. Segment D: Dale Street to Florina Street: Alternative 1 is the preferred alternative with two, 

10‐foot wide travel lanes, 3.5‐foot wide shoulders, and barrier (Type 1) curb and gutter (see 

FIGURE 4). Pedestrian facilities will consist of 5‐foot wide concrete sidewalks along both sides 

of the roadway, attached to the back of curb. This section balances the needs of the high 

density and multi‐family  residential context of  this area which observed on‐street parking 

needs  but  also  has  sufficient  off‐street  parking  associated with  each  parcel.  The  barrier 

(Type 1) curb provides for designated driveways and additional vertical separation between 

the travelled way and pedestrian facilities. 

   

Figure 3 ‐ Segment C – Preferred Typical Section 
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B. Other Recommended Improvements 

1. Design  and  Posted  Speed  Limit: Maintain  the  current  posted  speed  limit  of  25 MPH.  A 

Design speed of 25 MPH  is proposed. By using a  lower design speed than required by the 

DCM,  the vertical curves proposed along the alignment can better match  into the existing 

topography and ROW.   

2. Roadway Horizontal and Vertical Alignment: The project roadways will  typically  follow  the 

center of the ROW. The proposed profile for 42nd Avenue will force high/low spots by raising 

the grades to a minimum of 0.65%. 

3. Landscaping:  Proposed  landscaping  will  be  in  character  with  the  adjacent  residential, 

business, and park properties. Landscaping will focus on retaining existing vegetation where 

feasible  and  installing  new  landscaping  and  features  that  fit  the  context  of  the  corridor. 

Where new  landscaping elements are  installed  it will maintain  clear  sight  lines and avoid 

creating comfortable or hidden areas where transients may loiter or sleep. Opportunities for 

green  infrastructure,  specifically along  Folker Park, will be  sought  to  incorporate  into  the 

landscaping design to retain and treat stormwater. 

4. Retaining Walls: Retaining walls will be installed to reduce impacts to adjacent infrastructure 

and properties. It is anticipated that a retaining wall will only be required adjacent to Parcel 

104  and  along  Hickory  Place,  but  the  exact  locations  and  extents  of  retaining walls will 

require further refinement during the design phase. 

5. Lighting: A continuous LED  lighting system, consistent with current MOA standards will be 

installed along the roadway.  

6. Storm Drain: The proposed drainage improvements consist of the following: 

 Replace aging 42nd Avenue (West) system to align with new roadway improvements 

and  maintain  separation  distance  from  proposed  water  main  from  Lake  Otis 

Parkway to Laurel Street 

 Extend  42nd Avenue  (West)  system with  new  piping  from  Laurel  Street  to  Parker 

Place to provide continuous storm drain system 

Figure 4 ‐ Segment D – Preferred Typical Section 
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 Upgrade outfall pipe to open channel/Fish Creek headwaters at Lake Otis Parkway 

and 42nd Avenue to accommodate future improvements to connecting subsystems 

 Remove  sediment  from  open  channel/Fish  Creek  headwaters  and  replace  2 

downstream driveway culverts 

 Replace  aging  42nd  Avenue  (East)  system  from  Piper  Street  to  Florina  Street  to 

accommodate current design storm and improve overall surface drainage 

 Install catch basins at new roadway low points and other low lying areas to alleviate 

ponding issues 

 Replace catch basins and leads as required to match new curb and gutter 

 Provide positive roadway drainage to minimize ponding 

 Provide water quality treatment for storm runoff 

7. Water:  The project will replace approximately 2,700 feet of AWWU water main along 42nd 

Avenue  from  Lake Otis  Parkway  to  Piper  Street. All main  line  valves, water  services  and 

AWWU owned  fire hydrants will be  replaced. Design and  construction of  the water main 

improvements are being done as part of the 42nd Avenue Upgrade Project.  

8. Traffic Calming: Traffic calming features will be installed as part of the 42nd Avenue Upgrade 

project.  Locations  and  types  of  traffic  calming will  be  further  refined  during  the  design 

phase. 

9. Intersections:  The  existing  all‐way  stop‐controlled  intersections  at  Laurel  Street,  Folker 

Street, and Dale Street will be removed. Stops signs will be reinstalled for the minor street 

as the stop‐controlled street. 42nd Avenue is considered the major street at the intersection 

with Laurel and Folker Streets but  is the minor street at the  intersection with Dale Street. 

Channelization and intersection layout at Lake Otis Parkway will be unchanged.  

10. Driveways:  Curb  returns will  be  typically  installed  at  commercial  properties  (including  8‐

plexes and greater) and curb cuts will be  installed  for  residential homes  (7‐plex and  less). 

Driveway widths for parcels with existing full‐frontage access that were constructed prior to 

the AMC code restricting driveway widths will be reconstructed with wide or  full‐frontage 

access, if needed to accommodate required on‐site parking.  

 Construction Schedule, Phasing and Project Costs 

A. Construction Schedule and Phasing 

It is anticipated that the project will be phased over multiple construction seasons to accommodate 

funding availability of between $2 and $3 million. Phasing for construction  is expected to begin at 

Lake Otis Parkway  and work eastward.  Ideally  the  first phase would  terminate  at Piper  Street  in 

conjunction with the proposed water main improvements, however funding availability may instead 

require an intermediate phase between Lake Otis Parkway and Piper Street. 

Based upon anticipated project funding availability, the current schedule calls for design of the 42nd 

Avenue improvements to begin in 2021 and construction of Phase 1 beginning in 2023. 
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B. Project Costs 

Following  is  a  summary  of  estimated  project  costs  for  the  entire  project  for  the  Alternative  1 

preferred alternative: 

Table 1 ‐ Summary of Estimated Project Costs 

Category 
Alternative 1 

(preferred) 

Design & Management Total (estimated)  $2,238,000 

ROW Acquisition Total  $162,000 

Utility Relocation (15% Contingency) Total  $1,280,000 

A. Design, ROW Acquisition, Utility Relocation  $3,680,000 

   

Construction   

Roadway Improvements  $4,989,000 

Drainage Improvements  $1,487,000 

Illumination Improvements  $421,000 

Water Improvements  $1,776,000 

Construction Subtotal  $8,673,000 

Construction Contingency (15%)  $1,301,000 

Construction Management / Inspection / Testing  $711,000 

B. Total Estimated Construction Cost (rounded)  $10,685,000 

   

C. Overhead / Grant Accounting  $2,535,000 

   

Total Estimated Project Cost (A + B + C)  $16,900,000 
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 Introduction  

The Municipality  of  Anchorage  Project Management  and  Engineering Department  (MOA  PM&E)  has 

contracted with CRW  Engineering Group,  LLC  (CRW)  to  provide  professional  services  to  develop  and 

evaluate  alternatives  to  upgrade  East  42nd  Avenue  (42nd  Avenue)  from  Lake Otis  Parkway  to  Florina 

Street (see FIGURE 1 for project location and vicinity map). Alternatives developed for analysis will follow 

Complete  Streets  design  methodologies  to  balance  corridor  improvements  for  all  users,  including 

motorists,  bicyclists,  pedestrians,  and  persons with  disabilities, while minimizing  impacts  to  existing 

residences and businesses in the project area. A Complete Streets design considers walking, biking, and 

transit as efficient modes of transportation and of equal importance to vehicular modes. Improvements 

also include replacing the Anchorage Water and Wastewater Utility (AWWU) water main from Lake Otis 

Parkway to Piper Street. 

In addition to CRW, the project team includes: 

 Huddle AK (Public Involvement) 

 Bettisworth North Architects & Planners (Landscape Architecture) 

A. Project Purpose and Goals 

The purpose of the project  is to upgrade 42nd 

Avenue  to meet current MOA Design Criteria 

for  a  local  roadway.  The  existing  roadway  in 

the  project  corridor  is  narrow  with  no 

pedestrian  facilities  and  discontinuous  curb 

and  gutter,  storm  drain,  and  lighting 

infrastructure.  The  existing  roadway 

pavement has deteriorated over time.  

Improvements are expected to include: 

 Roadway structural section 

 Asphalt pavement and curbs and gutters 

 Storm drain system infrastructure 

 Pedestrian facilities 

 Street lighting 

 Signage and landscaping 

 Approximately 2,700 feet of water main replacement 

B. Project Approach 

Prior  to  beginning  this  Design  Study  Report  (DSR),  the  project  team  submitted  a  Technical 

Memorandum  to  MOA  PM&E,  MOA  Street  Maintenance,  and  MOA  Traffic  Department  which 

outlined  the  conceptual  roadway design elements. The Technical Memorandum  intended  to gain 

42nd Avenue lacks existing pedestrian facilities 
(viewing west at Laurel Street) 
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concurrence from the MOA Departments on the design elements before presenting the concepts to 

the public.  

A meeting was held on August 5, 2019 with PM&E, Traffic, and Street Maintenance to discuss the 

conceptual  roadway design  elements.  The draft  Technical Memorandum was  submitted  for  their 

review  and  comment.  Review  comments  and  responses  from  the  draft  Technical Memorandum 

were  incorporated and the Final Technical Memorandum was submitted September 27, 2019. See 

APPENDIX O for the Final Technical Memorandum.   

Following  the  Technical  Memorandum  and  concurrence  on  the  conceptual  roadway  design 

elements,  the  project  team  organized  a  survey  and  several meetings  with  the  public  and  area 

businesses to identify and document issues and concerns that could potentially be addressed as part 

of  this  project.  Public  surveys  and  meetings  included  (see  SECTION  XVI  for  a  full  summary  of 

Stakeholder Coordination/Public Involvement): 

 Community Council Meeting #1 (November 7, 2018) 

 Survey Questionnaire (mailed/emailed in February 2019) 

 Community Council Meeting #2 (October 2, 2019) 

 Pubic Open House #1 (October 17, 2019) 

 Business Stakeholder Meeting (October 24, 2019) 

 Community Council Meeting #3 (February 5, 2020) 

Comments  from  these  meetings  were  used  to  identify  project  issues  and  concerns  with 

improvements  along  the  corridor. Documents  and  figures presented  to  the public  and  input  and 

comments received from stakeholders can be found in APPENDIX L. 

C. Evaluation Factors 

The Design Study Report will consider the following factors during the evaluation of improvements 

for the project corridor. 

 Stakeholder input and needs 

 Conditions of existing area 

 Neighborhood connectivity 

 Previous planning and design documents 

 Traffic, pedestrian, and bicycle volumes and crash history 

 Vehicle speeds and on‐street parking 

 Intersection and driveway sight distances 

 Area drainage patterns and infrastructure 

 Environmental impacts 

 Right‐of‐Way (ROW) restrictions 

 Adjacent neighborhood and property owner impacts 

 Emergency access 

 Utility relocation requirements 

 Project costs   
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Figure 1 ‐ Project Location and Vicinity Map 
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 Existing Conditions  

42nd Avenue is a local road that spans 4,350 feet from Lake Otis Parkway (west) to Florina Street (east). It 

is situated north of East Tudor Road and south of the Providence Medical Center complex and University 

of Alaska Anchorage.  The  existing  roadway  abuts  70  parcels  consisting  of  a mixture  of  single  family 

housing, multifamily housing, and office buildings, primarily medical. See FIGURE 5 and FIGURE 6 for parcel 

location maps. 42nd Avenue is a two‐lane roadway throughout the entire length of the project, and the 

posted speed limit is 25 miles per hour.  

A. Previous Studies/Reports 

1) Anchorage Bowl 2020 Comprehensive Plan (MOA ‐ 2001)  

The Anchorage Bowl 2020 Comprehensive Plan (Anchorage 2020 Plan) was developed  in 2001. 

Policy 1 of the 2020 Plan states: “The Land Use Policy Map shall guide  land use decisions until 

such  time  as  other  strategies  are  adopted  that  provide more  specific  guidance.”  Strategies 

include Neighborhood, District, or Functional Plans. Thus,  the UMED District Plan  (see below), 

supersedes the Land Use Plan  

2) Anchorage 2040 Land Use Plan (MOA ‐ 2017)  

The Anchorage 2040 Land Use Plan (2040 LUP) is a visual guide for growth and development in 

the Anchorage Bowl and  is aligned with the visions and goals of the Anchorage 2020 Plan. The 

2040 LUP  incorporates  the adopted neighborhood and district plans, public  facility plans, and 

recent analysis into a land use amendment element of the Anchorage 2020 Plan. The 2040 LUP 

features  policies  and  strategies  and  a  land  use  plan  map,  which  recommends  future  land 

development  patterns  and  shows where  land  uses may  occur within  the Anchorage Bowl  to 

accommodate future growth.  

Map 3‐1 in the 2040 Plan identifies the project area as a Candidate Future Reinvestment Focus 

Area. These areas are second to the initial priority Reinvestment Focus Areas and could become 

top  priorities  as  phasing  progresses.  The  2040  LUP  designates  Reinvestment  Focus Areas  for 

direct  infrastructure  investment,  incentives  and  other  actions  to  catalyze  infill  and 

redevelopment.  Infrastructure  investment  includes  streetscapes,  sidewalks, drainage  systems, 

utilities, parks, schools, and civic amenities. 

Map  3‐1  of  the  LUP  also  identifies  the  project  area  as  a Greenway  Supported Development 

(GSD)  Corridor.  GSD  aims  to  restore  creek  sections  or  other  natural  functions  during 

redevelopment with open channels, drainage features, and/or mini‐greenbelts. Linear features 

of GSD can also  include pedestrian,  trail, street, or greenways. The 2040 LUP  identifies, as  its 

second priority for GSD:  

 Eastern  extension  of  the  midtown  Fish  Creek  GSD  from  the  channel  of  Fish  Creek 

drainage near Lake Otis Parkway, crossing Lake Otis eastward  to generally  follow 42nd 

Avenue to Dale Street and into the UMED.  

Specific policies from the 2040 Plan that are directly related to this project are listed below: 
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 Policy 3.2: Promote  the development of main  street,  transit‐oriented,  and mixed use 

corridors that help meet the city’s need for retail, services, jobs, and housing: and that 

support these uses and adjoining neighborhoods with access to multiple modes of travel 

and attractive pedestrian environments. 

 Policy 6.1: Provide  sufficient  transportation  infrastructure  to  support  the  growth  that 

the  Anchorage  2020  Plan  anticipates  in  Centers,  Corridors,  other  employment  areas, 

and neighborhoods. 

 Policy 6.2: Provide new or upgraded pedestrian and local/collector street connections in 

centers  and  commercial  corridors  to  improve  access  to  and  from  surrounding 

neighborhoods. 

 Policy 6.3: Adopt and execute a Complete Streets policy  to design  streets  to  serve all 

users including pedestrians, transit riders, and bicyclists, and align the design and scale 

of streets to be compatible with compact, accessible, and walkable land use patterns. 

 Policy 8.2: Provide new and  improved trails, greenbelts, and other pedestrian  facilities 

as alternative travel ways connecting open spaces, neighborhoods, and centers. 

 Policy  8.3:  Provide  greenways  and  trail  extensions  into  designated  centers  and 

reinvestment  focus  areas,  to  improve  their  connectivity  with  the  trails  system  and 

overcome barriers to neighborhoods. 

3) UMED District Plan (MOA – 2016) 

The UMED District  Plan  (UMED  Plan)  is  an  area  land  use  study  completed  at  the  request  of 

UMED District organizations and in partnership with the MOA. The purpose of the UMED Plan is 

to assess existing development  issues,  identify  future  land uses, and assist  in  identifying new 

strategies and programs for implementation. The plan places emphasis on developing complete 

streets  with  sidewalks,  adequate  lighting,  relocated  utility  boxes  and  poles,  and  buffer 

landscaping. This aims to support the quality of life in residential neighborhoods.  

The plan  identifies  the addition of  sidewalks  to 42nd Avenue between  Lake Otis Parkway and 

Dale  Street  as  a  short  term  (1‐3  years)  proposed  improvement  to  support  the  pedestrian‐

friendly walking environment in the UMED District. 

Specific goals from the UMED Plan directly related to this project are listed below: 

 Plan  for  a pedestrian‐oriented UMED Village  to  serve  as  the  identifiable heart of  the 

District  to  be  a  go‐to  destination  for  the  District  to  serve  the  needs  of  residents, 

students, staff, and visitors. 

 Develop a UMED District  identity to unite the publicly owned rights‐of‐way at primary 

entrances to the UMED by  implementing UMED District Design Guidelines,  including (a 

full list of design guidelines are found in Section 3.3. of the UMED Plan):  

o Treat Piper Street as a principal gateway into the District. 

o Treat  Dale  Street,  Piper  Street,  Florina  Street, Wright  Street,  Cornell  Court,  40th 

Avenue, and 42nd Avenue as entrances to the UMED District by acknowledging it as a 

gateway with monument and landscaping treatment appropriate to its context.  
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o Connect  public  open  spaces with multi‐use  pathways  consistent with MOA  trails 

plans connecting adjacent neighborhoods and the regional trail system. 

o Extend  direction‐finding  signage  to  trails  where  appropriate  and  celebrate 

significant points of connection to the trail system 

o Design streets to encourage driving at appropriate speeds, making appropriate use 

of traffic calming measures. 

o Maintain  equity  between modes within  streets  and  intersections  throughout  the 

District. 

o Control street intersections to regulate vehicular flows to acceptable levels. 

o Minimize conflicts between vehicles and pedestrians by introducing controls at busy 

crossing points. 

o Minimize frontage areas used for surface parking 

 Design  and  implement  roadway  sections  that  are  complete  streets,  accommodating 

pedestrians,  active  transportation,  public  transit,  and  vehicles.  Design  streets  that 

encourage pedestrian use and address the needs of pedestrian and bicycle traffic. 

 Coordinate standards for lighting, street furnishings, and signage with other corridors in 

the district to create a consistent and understandable circulation system.  

 Continue  to  support  the pedestrian  friendly walking environment  found  in  the UMED 

District.  

o Add sidewalks to 42nd Avenue between Lake Otis Parkway and Dale Street.  

o Provide 5‐ to 10‐foot wide multi‐use paths with landscaping where R.O.W. permits. 

 Design roadways and trails to minimize vehicle and human/animal conflicts.  

 Reinforce  the  natural  landscape  and  ecology  of  the  District  by  use  of  appropriate 

materials and techniques, such as placing an emphasis on native plantings in naturalistic 

patterns.  

 Listen to and  incorporate residential and neighborhood community council  input early 

in the process.  

4) Tudor Road Corridor Study (2006) 

The  Tudor  Road  Corridor  Study  evaluated  transportation  issues  along  Tudor  Road  between 

Bragaw  Street  (now  Elmore  Road)  and  Lake  Otis  Parkway  and  analyzed  overall  access  and 

transportation issues adjacent to the corridor. This study was conducted in advance of the many 

development and transportation projects planned for the area. Public outreach from the study 

identified the following concerns/comments applicable to the 42nd Avenue project: 

 Cut through traffic on 42nd and 46th Avenues 

 Lack of pedestrian facilities along 42nd Avenue 

Traffic volumes along 42nd Avenue (in 2003) were 4,500 vehicles/day between Lake Otis Parkway 

and Piper Street and 2,200 vehicles/day from Piper Street to Florina Street. The public perceived 

most of this traffic as cut‐through traffic, but an origin‐destination study conducted as part of 

the corridor study determined that the majority of this traffic  is  local traffic that collects onto 

42nd Avenue because  there  is no alternative east/west  intra‐neighborhood  routes  to disperse 



  MOA Project #18‐06 

  42nd Avenue Upgrade 

    Draft Design Study Report  

  7  June 2020 

traffic. This  issue has  largely been addressed with construction of the new, east‐west collector 

roadway of 40th Avenue. Current traffic volumes along 42nd Avenue are discussion in SECTION V. 

At the time of the study, the signalized intersections on Tudor Road included Lake Otis Parkway, 

Folker  Street, and Bragaw Street  (now Elmore Road). This  study  recommended  removing  the 

signal at Tudor Road/Folker Street and installing a new signal at Tudor Road/ Piper Street. This 

change was subsequently constructed and there is now a signal at Tudor/Piper but no signal at 

Tudor/Folker.  In conjunction with  the new signal at Piper Street,  the study also  identified  the 

need  to construct an additional connection between Tudor Road and Providence Drive, which 

was accomplished with the Piper Street expansion to Providence Drive.  

5) Tudor Area Traffic Calming Study (2006) 

As part of  the Tudor Road Corridor Study, MOA Traffic also undertook  the Tudor Area Traffic 

Calming  Study.  The  intent  of  the  study was  to  identify  transportation  and  safety  issues  that 

improve  pedestrian  and  non‐motorized  accommodations  and  reduce  travel  speeds  and  cut‐

through  traffic  in  residential  areas.  Roadways  and  intersections  were  evaluated  for  traffic 

calming needs, including 42nd Avenue (Lake Otis Parkway to Florina Street) and the intersection 

of 42nd Avenue/Dale Street.  

As part of the overall planned improvements for the project area, the study recommended the 

following improvements along 42nd Avenue: 

 Upgrade the roadway to urban standards, including pathways or sidewalks on both side 

of the roadway 

 Install a diverter at Folker Street 

 Install chokers at Wright Street, Piper Street, and Dale Street 

With the construction of the alternative east/west collector roadway (40th Avenue) removal of 

the  traffic  signal at Tudor/Folker, and  the addition of a new  traffic  signal at Tudor/Piper,  the 

traffic  volumes  along  42nd  Avenue  have  reduced  significantly  since  2003.  The  diverter 

recommendation is no longer warranted and will not be carried forward.  

6) Chester Creek Watershed Plan (MOA – 2005) 

The Chester Creek Watershed Plan was prepared  to guide development  in  the Chester Creek 

Watershed and recommends policies and objectives that are most beneficial to the watershed 

as a whole. General overall goals of the plan include improving water quality and managing the 

quantity of water discharged during storm events. Approximately half of the project falls within 

the Chester Creek Watershed area.  
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B. Planned and Recent Area Development 

1) Folker Park Improvements 

Folker  Park  Improvement  project  was 

constructed  by MOA  Parks  &  Recreation 

Department  in  fall  2019.  It  included  two 

intertwined  ADA  accessible  8‐foot  wide 

paved  trails,  fitness  area,  playground, 

paved  labyrinth,  and  a  reflexology  area. 

Trail  lights were also  installed  throughout 

park in the spring of 2020. 

2) Parcel 155 Site Improvements 

Parcel  155  is  an  undeveloped  lot  located 

on  the  southwest  corner  of  the  42nd 

Avenue  and  Piper  Street  intersection, 

owned by Legacy LLC and Providence Real 

Estate  LLC.  A  conceptual  plan  for  the 

parcel  (and  the  adjacent  Parcel  to  the 

south of Parcel 155) has been developed and it includes a 100,000 square foot building and 

a  parking  lot with  305  spaces,  two  driveways,  and  landscape  islands.  This  is  a  potential 

project with no construction plans or a  timeline  for construction. The 42nd Avenue design 

team  will  coordinate  with  the  Parcel  155  owners  during  detailed  design  to  ensure  the 

potential site improvements are accounted for. 

C. Project Area Context 

1) Community Council 

The project area is within the boundaries of the University Area Community Council (UACC). The 

UACC  currently  ranks  the  42nd  Avenue  Upgrade  project  as  the  highest  capital  improvement 

project priority  in  their boundary  limits.  The UACC  issued  a  resolution on November 1, 2017 

requesting  “a  full Traffic Engineering Study”  for 42nd Avenue between  Lake Otis Parkway and 

Florina Street “for  the purpose of pedestrian, child, and motorized and non‐motorized vehicle 

safety.” The UACC subsequently issued a resolution on February 5, 2020 requesting MOA to give 

“the highest priority funding” for “a segment of the East 42nd Avenue Project that  includes the 

necessary work between Folker Street and Wright Street to eliminate frequent flooding.” 

2) Demographics 

The population  in Anchorage has grown steadily over  the past decades but has been  recently 

declining  since  2014.  Recently  published  (May  2020)  population  projections  by  the  State  of 

Alaska show that Anchorage is expected to grow 5% total between 2019 and 2045. To plan for 

Folker Park improvements, completed in 2020 
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the long‐term, the 2040 LUP used a “healthy yet moderate” growth rate of 0.8% over a 25‐year 

horizon. The 2040 LUP anticipates little to moderate growth in the project area. 

3) Zoning and Land Use  

Existing zoning along 42nd Avenue is a mixture of Residential‐Office (R‐O) and mixed residential 

(R‐2M & R‐3). See FIGURE 2 for area zoning. 

 R‐2M  (Mixed  Residential)  is  intended  for  a  variety  of  single‐family,  two‐family,  and 

multi‐family dwellings, with gross densities between 5 and 15 dwelling units per acre. 

The minimum  lot  size  varies between  2,400  to  20,000  square  feet depending on  the 

number of dwelling units. Minimum setbacks on R‐2M zoned properties are 20 feet for 

the front, 5 or 10 feet for the sides depending on the number of dwelling units, and 10 

feet for the back.  

 R‐3  (Mixed  Residential)  zoning  is  intended  primarily  for multi‐family  and  townhouse 

development with low‐rise, multistory buildings with gross densities between 15 and 40 

dwelling  units  per  acre.  The minimum  lot  size  varies  depending  on  the  number  of 

dwelling units. Minimum  setbacks on R‐3  zoned properties  are  20 or  10  feet  for  the 

front depending on the number of dwelling units, 5 feet for the sides, and 20 or 10 feet 

from the back depending on the number of dwelling units and  if the  lot  is abutting an 

alley. There is also one R‐3SL parcel along 42nd Avenue which is essentially the same as 

the R‐3 designation with special limitations. 

 R‐O  (Residential‐Office)  allows  for  small‐  to  medium‐  sized  office  buildings  for 

professional, business, and medical outpatient  service use. This  zoning also allows  for 

multifamily residential, group living, and visitor accommodations. The minimum lot size 

is 6,000  square  feet. Minimum  setbacks on R‐O  zoned properties  are 10  feet  for  the 

front, 5 or 10‐15 for the sides depending on use and building height, and 15 or 10 for 

the rear depending on adjacent zoning. There are also R‐OSL parcels along 42nd Avenue 

which are essentially the same as the R‐O designation with special limitations.  

Existing  land use designations as outlined  in the 2040 LUP along 42nd Avenue are a mixture of 

designations, as outlined below. See FIGURE 3 for area land use designations. 

 Compact Mixed Residential – Low:  this designation provides  for a compatible, diverse 

range of  single‐family, attached, and  smaller‐scale apartment housing and  is primarily 

associated with R2M zoning. Uses  include single‐family, two‐family and other compact 

housing, townhomes, and smaller apartment structures. Density is 5 to 15 units per acre 

and lot sizes are generally 6,000 square feet or larger.   
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Figure 2 ‐ Project Area Zoning 

 Compact  Mixed  Residential  –  Medium:  this  designation  provides  for  multi‐unit 

apartment  and  townhouse  living  and  a mix  of  compact,  single‐family,  and  attached 

housing and  is primarily associated with R‐3  zoning. Uses  include  townhomes, garden 

apartments, low‐rise apartments, and single‐ and two‐family homes with a density of 10 

to 30 housing units per acre.  

 Urban Residential – High: this designation provides for urban  living opportunities close 

to  major  employment  centers,  such  as  the  UMED.  This  designation  is  primarily 
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associated  with  R‐4  zoning.  Uses  include  apartment  buildings,  condominiums, 

townhomes,  and  compact  single‐  and  two‐family  homes with  a  density  of  15  to  80 

housing units per acre.  

 Main Street Corridor: this land use designation provides for commercial and mixed‐uses 

within  urban  neighborhoods.  Main  streets  feature  transit  access,  wider  sidewalks, 

pedestrian amenities, and street tree  landscaping and  is primarily associated with B‐3, 

B‐1B, RO, and R‐3 zoning. Uses  include a mix of retail, services, office, public  facilities, 

Figure 3 ‐ Project Area Land Use Designations 



  MOA Project #18‐06 

  42nd Avenue Upgrade 

    Draft Design Study Report  

  12  June 2020 

and housing with a density of 15 or more units per acres.  

 Park or Natural Area: this designation provides for active and passive outdoor recreation 

needs,  greenbelts,  and  trail  connections  and  is  primarily  associated with  PR  and  PLI 

zoning. Uses include parks, passive park areas, outdoor recreation facilities, community 

gardens, trails, and natural habitats.  

4) Varying Area Contexts 

42nd  Avenue  consists  of  varying  contexts,  including  businesses,  a  park,  single‐family,  multi‐

family, and high‐density multi‐family housing. There are  four distinct roadway segments along 

the project corridor: 

a) Segment A: Lake Otis Parkway to Laurel Street 

This  segment  consists  primarily  of  businesses,  including  outpatient medical  services  and 

medical related businesses. Multiple, large parcels along this portion of 42nd Avenue contain 

full‐frontage pavement and driveway access. This segment  is strip‐paved with no curb and 

gutter or pedestrian facilities.  

b) Segment B: Laurel Street to Piper Street  

This segment consists of businesses, a retirement home (Providence Horizon House), a park 

(Folker Park), multi‐family (over 7‐plex) housing, and some single family homes. Driveways 

within  this area are generally distinct driveways with designated access  to  the parcel and 

off‐street  parking.  This  segment  is  strip‐paved  with  no  curb  and  gutter  or  pedestrian 

facilities, except for a separated path in Folker Park that parallels 42nd Avenue.  

c) Segment C: Piper Street to Dale Street 

This segment consists of single family and multi‐family (up to 4‐plex) housing with a total of 

30  residential driveways. Many of  the parcels  along  this  segment  consist of wide or  full‐

frontage access to accommodate the two‐, three‐, and four‐plex units interspersed with the 

single‐family  homes.  Many  of  these  structures  were  constructed  prior  to  the  1983 

Anchorage  Ordinance  that  limited  driveway  width.  Parcels  along  this  segment  have 

42nd Avenue, Segments A & B: businesses (left) and Folker Park and multi‐family housing (right) 
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individual mailboxes and many structures are set close to the roadway with  limited on‐site 

parking space. This segment  is currently strip‐paved with no curb and gutter or pedestrian 

facilities. 

d) Segment D: Dale Street to Florina Street 

This segment consists of high‐density and multi‐family housing and one business located at 

the northeast quadrant of the Dale Street intersection. Most of the adjacent parcels within 

this segment have full‐frontage driveways and unrestricted access, with parking both on and 

off the parcel being utilized by residents. This segment currently has rolled (Type 2) curb and 

gutter but no pedestrian facilities. 

Additional items that establish the area context are outlined below.  

a) Schools 

Project area students are within the following school boundaries: 

 Lake Otis  Elementary  School  (west  of  Piper  Street)  and  College Gate  Elementary 

School (east of Piper Street) 

 Wendler Middle School 

 East High School 

Transportation  is provided by Anchorage School District  (ASD)  for students who  live more 

than 1.5 miles from their neighborhood school. Students who  live within 1.5 miles of their 

neighborhood school are within  the designated walking boundary; although, other  factors 

also  influence  if a safe walking  route  to school can be established, such as street crossing 

requirements,  presence  of  pedestrian  facilities,  maintenance  of  pedestrian  facilities, 

lighting,  etc. Although  all of  42nd  is within  the designated walking boundary of  Lake Otis 

Elementary School and the majority of 42nd Avenue is within the designated walking area of 

Wendler Middle School, ASD provides bus service for all grade levels and all students along 

42nd Avenue. Bus service is also provided for College Gate Elementary and East High School. 

Segment C with single family homes 
and wide driveways 

Segment D with multifamily homes 
and full frontage access 
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Along the project corridor, school bus stops are located at the following locations: 

 42nd Avenue at Hickory Place 

 42nd Avenue at Folker Street 

 42nd Avenue at Wright Street  

 42nd Avenue at 3221 E. 42nd Avenue 

 42nd Avenue at Florina Street 

b) Public Parks 

Folker  Park  is  located  at  the 

northeast  corner  of  42nd  Avenue 

and  Folker  Street.  The  park  is 

owned and managed by  the MOA 

Parks and Recreation Department. 

The park  is 2.02 acres  in  size and 

features  benches,  art,  flowers, 

entwined ADA accessible pathway 

(a  longer  fitness  path  and  a 

reflective‐paced  healing  path). 

These features were added as part 

of  the  Folker  Park  Improvement 

Phase  1  project  which  was 

completed in fall 2019. Trail lighting was installed throughout the park in the spring of 2020. 

Residents from Horizon House utilize this park for outdoor recreation.  

c) Public and Religious Institutions 

There are no known public or religious institutions along the project corridor. 

D. Environmental Constraints 

1) Wetlands/Creeks 

There are no mapped wetlands, creeks, or other water bodies along the project corridor based 

on MOA Watershed Management Services (WMS) Wetland Mapping data. However, the existing 

42nd Avenue storm drain system outfalls across Lake Otis Parkway into an existing open channel 

ditch just outside the west limits of the project. This ditch is mapped as the headwaters of Fish 

Creek per WMS mapping. 

2) Contaminated Sites  

According to the Alaska Department of Environmental Conservation (ADEC) Contaminated Sites 

Program Database,  there  are no  active  contaminated  sites within  the project  area. However, 

parcel 155 has been subject to contamination originating from a fuel distribution system serving 

Piper Mobile Home Park. The mobile park is no longer present onsite and the lot is considered 

vacant. In 2012, ADEC determined that cleanup is complete and the site is designated a status of 

Improvements to Folker Park at the intersection 
of Folker Street and 42nd Avenue (2019) 
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“Cleanup Complete –  Institutional Controls.” ADEC has been trying to contact the owner since 

2017  to  verify  compliance  with  Institutional  Controls  but  has  not  received  a  response  (last 

recorded effort was in May 2019). 

3) Flood Plain 

A  review  of  the  Federal  Emergency Management  Agency  (FEMA)  Flood  Insurance  Rate Map 

(FIRM) #0200050762D shows that a portion of the project area is within Zone AE, a special flood 

hazard area subject to inundation by a 100‐year flood. A small section of 42nd Avenue just east 

of Lake Otis Parkway and portions of the adjacent parcels are within the flood plain; see FIGURE 4 

for the FEMA flood plain map.  

These  areas  have  a  base  flood  elevation  determined  and will  require  an MOA  Flood Hazard 

Permit for work within the flood plain.  

E. Roadway Characteristics and Function 

1) Facility Description 

42nd Avenue extends 4,350  feet between Lake Otis Parkway and Florina Street. Between Lake 

Otis Parkway and Laurel Street the existing pavement width varies from approximately 30 to 34 

feet with curb and gutter at the Lake Otis  intersection curb returns only. From Laurel Street to 

Dale  Street,  the existing pavement width  is  typically approximately 26  feet with no  curb and 

gutter except for at the Piper Street raised intersection. East of Dale Street, the pavement width 

is  approximately  30  feet with  rolled  (Type  2)  curb  and  gutter on both  sides of  the  roadway. 

There are no pedestrian or bike facilities present, except for the detached pathway along Folker 

Park  and  the  short  sections  of  sidewalk  installed  at  the  Piper  Street  raised  intersection. 

Currently, the road has no on‐street parking restrictions.  

The  existing  roadway  grades  are  generally  flat,  varying  between  0.1%  and  0.8%,  with  the 

exception  of  the  eastern  1,000  feet  of  the  project  area  where  the  existing  grade  is 

approximately 4%.  

2) Roadway Function 

The functional classification affects the basic design criteria  including design speed, number of 

lanes, lane and shoulder width, right‐of‐way (ROW) width, distance between intersections, and 

alignment. The most current version of the Official Streets & Highways Plan (OS&HP)  lists 42nd 

Avenue as a local road. 

3) Condition of Facilities 

The  existing  conditions  of  the  roadway  pavement  in  the  project  area  includes  significant 

pavement distress along the alignment including transverse and longitudinal asphalt cracks and 

potholes.  Pavement  patches  are  present  in multiple  locations  along  the  alignment.  The  road 

shoulders  contain  potholes  in  many  locations  due  to  the  lack  of  adequate  drainage 

infrastructure.  
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F. Lighting  

Street lighting is inconsistent along the project corridor and, for much of the roadway, is limited to 

street intersections. Existing lighting conditions for roadway segments are summarized below: 

Figure 4 ‐ Flood Plain Map 
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Segments A, B, and C: Lake Otis Parkway to Dale Street 

There are MOA owned street  lights at the  intersection of 42nd Avenue with Laurel Street and with 

Piper Street. The pole at Laurel Street  is direct  imbedded and the two poles at Piper Street are on 

concrete foundations. There are ML&P owned lights at the intersection of 42nd Avenue with Hickory 

Place,  Folker  Street,  and Wright  Street.  Additionally,  there  is  one ML&P  owned  light  along  42nd 

Avenue  between  Piper  Street  and Dale  Street. All  of  the ML&P  lights  are  on wood  power  poles 

except for the  light pole at Folker Street which  is direct  imbedded. All of the existing  light fixtures 

are Light‐Emitting Diode (LED).  

Segment D: Dale Street to Florina Street 

There are continuous MOA owned street lights along this segment, starting on the east side of Dale 

Street. The poles are direct imbedded and have LED fixtures. 

G. Landscaping 

Segment A (Lake Otis Parkway to Laurel Street) 

The  intersection  of  42nd  Avenue  and  Lake Otis  Parkway  is marked  by  an  absence  of  any  formal 

landscaping  and  is  comprised  of mostly  paved  surfaces with  small  patches  of  poorly maintained 

lawn. Midway along this segment, the character of the landscaping changes to commercial lots with 

maintained formal landscape beds and groomed lawn. No pedestrian or bicycle facilities exist along 

this segment.  

Segment B (Laurel Street to Piper Street) 

Laurel  Street  to Piper  Street  is  a mix of detached  single  family homes, multi‐family housing,  and 

large apartment complexes. Existing landscape conditions in this segment vary from dense stands of 

native vegetation comprised mostly of cottonwood to well maintained landscape beds, street trees, 

and groomed lawns at the apartment complexes.  

This segment also  includes Folker Park along  the north side of 42nd Avenue. Anchorage Parks and 

Recreation Department recently completed construction at Folker Park, updating the park to make it 

an “Intergenerational Healing and Fitness” park. The park has an asphalt pathway running along 42nd 

Avenue from the southeast corner of the park to the Folker Street and 42nd Avenue intersection. No 

other pedestrian or bicycle facilities exist along this segment. 

Segment C (Piper Street to Dale Street) 

At  the  intersection  of  42nd  Avenue  and  Piper  Street,  streetscape  improvements,  installed  in 

approximatly 2005, include tree and shrub plantings, decorative concrete walls, gateway pergolas at 

each corner spanning the sidewalks, raised crosswalks, and changes in pavement color and texture 

at  the  crosswalks.  The  new  sidewalks  along  42nd  Avenue  installed  as  part  of  the  Piper  Steet 

improvements end approximately twenty feet east and west of Piper Street. 

The area between Piper Street and Dale street is comprised of primarily single to four‐plex homes. 

The  landscape treatment varies from yard to yard, but generally consists of  lawn, a few trees, and 
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occasional woody  shrub  plantings.  The  pedestrian  experience  in  this  segment  is  complicated  by 

numerous extra wide driveways, a  lack of sidewalks or bike  lanes, and cars parked  in the right‐of‐

way. 

Segment D (Dale Street to Florina Street) 

There  is very  little  landscaping on either  side of  the  street along Segment D. Most of  the area  is 

paved  for driveways or parking. A rolled  (Type 2) curb and a slight change  in elevation  is the only 

thing  that differentiates  the  street  from  the  adjacent properties  for  a majority of  the  alignment. 

Where lanscape does occur, it is in the form of lawn and formal landscape beds with shrubs and tree 

plantings. While  the paved surface allows  for pedestrian and bicycle  traffic at  the back of curb  in 

some places, no specific protected pedestrian or bicylce facilites exist in this segment. 

There  is an existing  trail connection  to  the University of Alaska  trail system  just north of  the 42nd 

Avenue  and  Florina  Street  intersection. Although  the  trail  connection  is  paved  and marked with 

bollards, there is no wayfinding signage at the intersection or at the end of Florina Street indicating 

that the pedestrian connection leads to the University. 

H. Utilities 

Existing  utilities within  the  project  area  include  telephone,  cable  television,  electric,  fiber  optic, 

storm drain, natural gas, water, and sanitary sewer (See APPENDIX A for the layout, size, and type of 

existing utility). The  location of utilities  in the project planning documents and drawings are based 

on utility company facility maps and utility company locates. 

1) Water  

Anchorage Water  and Wastewater  Utility  (AWWU)  has  identified  a water  pipe  replacement 

project on 42nd Avenue from Lake Otis Parkway to Piper Street which will be included as part of 

this 42nd Avenue Upgrade project.  

The project area  is primarily  served by a public, piped water  system owned and operated by 

AWWU. The water main along 42nd Avenue within the project area  is 8  inches  in dimeter, cast 

Streetscape and raised crosswalk at the intersection 
of 42nd Avenue and Piper Street (viewing west) 

Pedestrian walking along 42nd Avenue 
(between Piper and Dale Streets viewing east) 
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iron  (CI) pipe west of Piper Street and ductile  iron  (DI) pipe east of Piper Street. The depth of 

bury of the water mains are generally 10 feet or more below ground surface. This segment has 

been  selected  due  to  the  age  of  the  cast  iron  pipe  and  the  numerous  breakages  that  have 

occurred  along  it  (8  incidents  between  1997  and  2019).  Service  lines,  hydrants,  valves,  key 

boxes, and other water appurtenances are located throughout the project area.  

The 8‐inch cast iron water main was installed in 1966 per record drawing information shown on 

AWWU Plan Set 7964 and 7965. The existing water main generally has 10 feet or more of earth 

cover based on the record drawing  information,  in addition to field  information  identifying the 

elevation of  the  top of nut  for several water valves with  respect  to  the existing grade surface 

elevation.  

The horizontal alignment of the water main generally lies below the north edge of the roadway 

pavement  the entire  length of  the project  limits. The existing alignment does not  include any 

angled  fittings, however  small deflection angles at  fittings or at pipe  joints may occur  slightly 

affecting the alignment.  

The majority of the valves within the project limits were installed in the 1960’s and 1970’s and 

may pose a challenge to actuate,  if they haven’t been exercised on a regular basis or recently 

confirmed they can  isolate a specific water service area. Verifying the ability of the gate valves 

function during the design phase will confirm the approach of the water main temporary water 

design and better prepare AWWU and  the contractor prior  to construction of  the new water 

system. The recent AWWU project Lake Otis 36th – 42nd Water Rehabilitation Project (Plan Set 

10547) installed a new 8‐inch gate valve that isolates the 42nd Avenue project on the west side, 

at  the  intersection  of  Lake  Otis  Parkway  and  42nd  Avenue.  This  gate  valve  is  new  and  is 

expected to operate smoothly when exercising between the open and close positons. 

The following parcels maintain and are served by private wells along 42nd Avenue: Parcels 107, 

117 and 156. 

2) Sanitary Sewer 

The project area is also served by a public, piped sewer system owned and operated by AWWU. 

The  gravity  sewer mains  in  the  project  area  are  8  inches  in  diameter  and made  of  DI  and 

asbestos concrete (AC) pipe. West of Folker Street, the sewer system flows west, towards Lake 

Otis Parkway. Between Folker Street and Piper Street, the system flows towards Wright Street, 

where the sewer then flows south. Between Piper Street and Dale Street, properties are served 

by  sewer mains  that  run along  the back  side of  their properties,  located  in utility easements. 

This system, along with the system that runs along 42nd Avenue east of Dale Street, both flow 

towards  the  system along Dale Street, which  flows north,  towards 40th Avenue. Service  lines, 

manholes, cleanouts, and other sewer appurtenances are present throughout the project area. 

3) Storm Drain 

See SECTION III: DRAINAGE ANALYSIS  for summary of the existing storm drain facilities in the project 

area. 
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4) Electric 

Municipal  Light &  Power  (ML&P)  owns  and  operates  overhead  (OH)  and  underground  (UG) 

electric  lines,  junction  boxes,  below  grade  vaults,  switch  cabinets,  roadway  lights  and  utility 

poles  in  the  project  area.  An  underground  electric  vault  is  located  within  and  below  42nd 

Avenue, just east of Lake Otis Parkway, with multiple lines in conduits running north, south, and 

east  from  this vault. A 12.5 kV, 3‐phase, 4 wire,  in conduit,  runs along  the  south  side of 42nd 

Avenue  from this vault to Piper Street. This  line runs through three vaults  (one west of Laurel 

Street, one  east of Roson Court,  and one west of Piper  Street.)  From Piper  Street  to  Florina 

Street, properties are generally served  from overhead electric  lines that run along the back of 

the  property,  located  in  utility  easements. ML&P  has  not  indicated  any  future  extension  or 

improvement plans within the project area. 

5) Telephone  

Alaska Communications  (ACS) owns and operates OH and UG  telephone and  fiber optic  lines 

within  the project area. ACS has underground  telephone and  fiber optic  lines  that  cross  Lake 

Otis Parkway at 42nd Avenue and underground copper telephone  lines that cross 42nd at three 

other locations but they do not have any active lines that run along 42nd Avenue. However, ACS 

does own an underground duct  that  runs along  the south side of 42nd Avenue  from Lake Otis 

Parkway  to Piper Street. ACS owns one pole along  the project corridor  (at Wright Street) but 

utilizes  other  utility  company  poles  to  serve  the majority  of  properties  from  overhead  lines 

along the back side of the property. ACS has not indicated any future extension or improvement 

plans within the project area. 

6) Cable  

General Communications,  Inc.  (GCI) owns and operates UG and OH cable and  fiber optic  lines 

within  the  project  area.  GCI’s  lines  cross  42nd  Avenue  at  three  locations.  At  Parcel  111,  an 

underground cable line runs along the north side of 42nd Avenue for approximately 300 feet. No 

other GCI facilities are located along 42nd Avenue as all other properties are served by GCI from 

infrastructure that runs along the back of the property in utility easements. GCI infrastructure in 

the  project  area  also  includes  utility  poles  and  pedestals.  GCI  has  not  indicated  any  future 

improvement plans within the project area. 

7) Natural Gas  

ENSTAR Natural Gas (ENSTAR) owns and operates natural gas facilities within the project area. 

Natural gas mains along 42nd Avenue are 1‐¼ or 2  inches  in diameter and are made of steel or 

plastic. These lines run on the south side of the roadway between Lake Otis Parkway and Laurel 

Street and between Wright Street and Florina Street and on the north side of the roadway from 

Laurel  Street  to  Wright  Street.  Numerous  services  and  mains  cross  42nd  Avenue  providing 

natural gas service to neighborhoods and residences surrounding the project area. There are no 

pressurized transmission gas mains within the project area. ENSTAR has not indicated any future 

natural gas extension or improvement plans within the project area.  
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I. Right‐of‐Way (ROW) and Easements 

The existing ROW  for 42nd Avenue  is 66  feet west of Piper Street and 60  feet east of Piper Street. 

There are several government lots along the corridor including Parcels 101, 105, 110, 111, and 161. 

All of these government  lots have 33‐foot Roadway Reservations by patent. Parcels 108, 109, 155, 

and part of Parcel 104 have a 30 foot dedicated ROW with a 33‐foot Roadway Easement. 

Existing easements on private properties vary  in width and  include: sanitary sewer, telephone and 

electric, utility, CEA ROW, roadway, water, and street  lighting. See APPENDIX  I for  layout of existing 

ROW and easements.  
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Figure 5 ‐ Parcel Location Map (1 of 2) 
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Figure 6 – Parcel Location Map (2 of 2) 
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 Drainage Analysis   

There  are  several  piped  storm  drain  systems  located 

along 42nd Avenue within the project  limits. Additional 

storm  drain  subsystems  extend  from  42nd  Avenue 

towards  Tudor  Road,  Lake  Otis  Boulevard  and 

numerous  other  connecting  side  streets.  These 

subsystems  eventually  discharge  flow  into  either  Fish 

Creek  to  the west or South Fork Chester Creek  to  the 

north.  

The majority  of  42nd  Avenue  is  strip  paved  and  lacks 

typical urban residential roadway features such as curb 

and  gutter  and  stormwater  infrastructure  to  help 

convey  stormwater  runoff. While  several  storm  drain 

systems do exist along  the project corridor, most only 

collect drainage at  intersections and do not provide a 

continuous  system  along  the  roadway.  This  has 

resulted  in  a  number  of  drainage  issues  within  the 

project  area  that  include  widespread  ponding  issues 

and deteriorating roadway surfaces. Additionally, many 

of these pipe systems that are in place were installed in 

the 1970s and 80s and are nearing or are at the end of 

their  design  life.  One  of  the  primary  goals  for  this 

project  is to  improve drainage along the entire project 

corridor to alleviate these issues and extend the life of 

the proposed road and pedestrian improvements.  

In order to evaluate the  infrastructure currently  in place, a condition assessment of the existing storm 

drain piping was conducted. Additionally, a hydrologic and hydraulic (drainage) analysis was performed 

to determine if the existing piping is adequately sized to meet MOA design criteria.  

The  information gathered  from  the condition assessment and  the existing condition drainage analysis 

will be used  to develop  the proposed  storm drain  system. The proposed drainage  improvements are 

discussed in SECTION IX. 

A. Existing Conditions 

1) Drainage Basin Delineation 

The drainage basins  that  contribute  runoff  to  the project  area were delineated using  several 

methods,  including  topographical mapping,  aerial  photography,  parcel  boundaries,  and MOA 

Watershed Management’s hydrography geodatabase (HGDB). Based on HGDB data, the project 

area spans across the Fish Creek and Upper Chester Creek watershed boundaries (MOA Subasins 

Existing drainage issues and deteriorated 
pavement along 42nd Avenue 
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175 &  788)  in  the Midtown  area.  Refer  to  FIGURE  1,  APPENDIX  F which  illustrates  the  project 

location and watershed boundaries. 

The larger scale watersheds and subbasins identified from HGDB mapping were further refined 

for this project to better reflect the drainage contributing directly to the project corridor, as well 

as  to  the connecting storm drain systems extending  to  the north and south. For  this drainage 

study, a total of 40 catchments were delineated within Subbasins 175 and 788 for the existing 

condition of the 42nd Avenue system. See FIGURE 2, APPENDIX F for the refined catchment areas. 

The  contributing  catchments  are  characterized  primarily  by  commercial  property,  densely 

spaced single family homes, multi‐family housing, and some wooded areas. The density of the 

housing  increases  the  impervious  surfaces  (roofs and driveways)  throughout  the project area, 

resulting  in  increased  runoff.  The  majority  of  stormwater  runoff  from  these  catchments  is 

generally directed toward the adjacent roadways, where it is conveyed by gravel shoulders and 

discontinuous curb and gutter  to several piped systems. These systems are described  in more 

detail in SECTION III.A.3). 

In order to develop the drainage model, each catchment was characterized in terms of its area, 

ground cover type, imperviousness, slope, soil type, and various other factors. Some of the more 

influential factors are briefly discussed below: 

a) Composite Curve Number 

A composite curve number was calculated  for each catchment area. The composite curve 

number  characterizes  the  storm  runoff  properties  for  a  particular  area  based  on  ground 

cover and  soil  type. For example, high  curve number values  (such as 98  for paved areas) 

result  in high runoff, with minimal  losses. Lower values (such as 70 for naturally vegetated 

surfaces), correspond  to an  increased ability of  the soil  to retain rainfall, and will produce 

much  less  runoff  than an  impervious  surface. The composite curve number combines  the 

different ground cover types, weighting them by the percentage of area for that particular 

catchment. 

a) Time of Concentration 

Time of concentration (Tc) is defined as the time for runoff to travel from the hydraulically 

most distant point of a watershed to the design point or point of interest per Section 4.6 of 

the  Anchorage  Stormwater  Manual  (ASM).  Travel  times  can  depend  on  many  factors 

including  catchment  size,  topography,  land  cover,  and  use.  There  are  several  different 

methods available to compute Tc. For this analysis, the SCS TR‐55 method was used. 

For  a  complete  summary  of  each  catchment  and  the  input  parameters  used  for  the 

hydrologic and hydraulic analysis, refer to APPENDIX F. 

2) Floodplains 

As  previously  discussed,  floodplains  have  been mapped  in  the  project  area  based  on  FEMA 

maps. Approximately, 275 feet of 42nd Avenue near Lake Otis Parkway intersection is mapped as 
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Zone  AE.  Areas  in  Zone  AE  are  subject  to  inundation  by  the  1‐percent‐annual‐chance  flood 

event. For additional information regarding floodplains within project area, refer to SECTION II. D.  

Additional investigation and analysis into the existing floodplains is anticipated in regards to the 

potential impacts of the roadway and storm drainage system improvements may have.  

3) Conveyance Systems 

The following provides a description of the existing storm runoff conveyance systems within the 

project area or systems adjacent to 42nd Avenue that influence drainage. The drainage systems 

described  below  are  owned  and  maintained  by  either  MOA  or  Alaska  Department  of 

Transportation and Public Facilities  (ADOT&PF). See FIGURE 7  for existing  storm drain  systems 

map. 

a) 42nd Avenue (West) System 

The 42nd Avenue (West) storm drain system extends from Wright Street to the outfall pipe 

located on the west side of the Lake Otis Parkway/42nd Avenue  intersection. This system  is 

discontinuous,  with  no  piping  installed  along  42nd  Avenue  from  Laurel  Street  to Wright 

Street besides catch basin  inlets  located at each of the  intersections. This segment of 42nd 

Avenue  currently  does  not  have  curb  and  gutter  installed.  At Wright  Street  and  Folker 

Street,  piped  storm  drain  systems  convey  flow  to  the  south  and  connect  into  a  system 

located  in Tudor Road. This segment of the Tudor Road system runs westward and  is then 

conveyed north along Laurel Street. From Laurel Street, the system  it  is routed west along 

42nd Avenue to the outfall near Lake Otis Boulevard. Additional side street storm drain pipes 

extend north from Laurel Street and Hickory Place that connect to the 42nd Avenue (West) 

system,  as well  as  some  adjacent  private  systems  from  commercial  properties.  The  42nd 

Avenue  (West)  system  generally  flows westward  and outfalls  into  an open  channel ditch 

west of Lake Otis Boulevard. Per WMS mapping, the ditch  is mapped as the headwaters of 

Fish  Creek.  Storm  drain  pipe  ranges  in  size  from  10‐inch  to  30‐inch  and  was  mainly 

constructed of corrugated metal pipe (CMP) in 1970s.  

Based  on  feedback  from MOA  Street Maintenance,  the  outfall  pipe  of  the  42nd  Avenue 

(West) system can be partially to fully submerged in the ditch during large rain events. This 

tailwater condition results  in flow restriction  in the 42nd Avenue system and flow from the 

creek backs up into this system. 

b) 42nd Avenue (East) System 

The 42nd Avenue (East) storm drain system extends from Florina Street to Piper Street. This 

system consists of  two subsystems  that  run northward along Piper Street and Dale Street 

and eventually tie into one another along 40th Avenue and discharge into South Fork Chester 

Creek. Similar to the 42nd Avenue (West) system, this system is also discontinuous, with curb 

and gutter only  installed east of Dale Street and at  intersections. A piped system extends 

along 42nd Avenue west of Dale Street to Florina. Runoff from this system ties into the Dale 

Street system. Curb  inlets are  installed at the  intersection of Piper Street and 42nd Avenue. 
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Runoff collected from these inlets flows northward into the Piper Street system. Storm drain 

pipe along 42nd Avenue ranges in size from 10‐inch to 18‐inch and was mainly constructed of 

CMP  in 1980s. Piping at 42nd Avenue/Piper Street  intersection was constructed of 12‐inch 

corrugated polyethylene pipe  (CPEP)  in 2010. Piping along Dale Street was constructed of 

36” reinforced concrete pipe (RCP) in 1977. 

c) Tudor Road System 

Although  the  Tudor  Road  storm  drain  system  is  located  entirely  outside  of  the  project 

boundaries,  it contributes a significant amount of  runoff  to  the 42nd Avenue  (West) storm 

drain system. Piping extends along Tudor Road from Piper Street to Lake Otis Parkway. This 

system  generally  flows  westward  and  connects  with  the  42nd  Avenue  (West)  system  at 

Laurel Street, Folker Street, and Wright Street. Piping in Tudor Road was constructed of 18‐

inch to 30‐inch CMP in 1970s.  

d) Lake Otis Parkway System 

Similar  to  the  Tudor  Road  system,  the  Lake Otis  Parkway  storm  drain  system  is  located 

outside of project boundary and contributes a significant amount of stormwater runoff  to 

the 42nd Avenue (West) system. The Lake Otis system extends along Lake Otis Parkway from 

36th Avenue to Tudor Road. The northern segment of the system  flows southward toward 

42nd Avenue and  the southern segment  flows northward. Both north and south segments 

connect  with  the  42nd  Avenue  (West)  system  at  a  manhole  located  in  the  Lake  Otis 

Parkway/42nd Avenue  Intersection, which  is  just  upstream  of  the  Fish  Creek  outfall  pipe. 

Piping in Lake Otis Parkway was constructed in different phases. The northern segment was 

constructed of  18‐inch  and  29‐inch  x  18‐inch CMP  in  the  1970s.  The  south  segment was 

constructed of 18‐inch CPEP in 2009. 

4) Water Quality Treatment 

Based on available storm drain record drawings and HGDB data, water quality treatment is not 

being provided for the 42nd Avenue (West) system. Water quality treatment is provided for the 

42nd  Avenue  (East)  system  by  two  OGSs  located  near  the  South  Fork  Chester  Creek  outfall 

according to HGDB mapping data. No Green Infrastructure (GI), also referred to as Low Impact 

Development (LID), is currently being implemented along the project corridor. 

5) Storm Drain Condition Assessment  

In late June to early July 2019, Municipality of Anchorage (MOA) Street Maintenance inspected 

the  existing  storm  drain  system  using  a  closed  circuit  television  (CCTV)  camera  along  42nd 

Avenue  from  Lake  Otis  Parkway  to  Florina  Street  and  the  connecting  side  streets.  For  the 

complete CCTV Storm Drain Condition Assessment Memorandum, refer to APPENDIX E. 

The data collected for each pipe was used to score/grade the condition of the infrastructure to 

determine if replacement was warranted. Pipes with significant defects were identified and are 

anticipated to be replaced. FIGURE 1 and PIPE CONDITION SUMMARY TABLE in APPENDIX E summarizes 

the deficiencies identified in the report. 
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Note that several CMP pipe segments located along the project corridor were not assessed using 

CCTV. Based on record drawing info, these pipe segments are nearing the end of their design life 

and were assumed to be replaced as part of this project. 

6) Drainage Concerns 

Significant ponding occurs throughout the project  limits due to flat grades, discontinuous curb 

and  gutter,  and  inadequate  storm  runoff  collection  and  conveyance  systems.  Poor  drainage 

typically  leads  to  roadway degradation,  such as heaving,  cracking, and pavement  failure over 

time.  42nd  Avenue  is  showing  significant  signs  of  pavement  distress  due  to  these  issues 

throughout the project boundaries.  

The storm drain condition assessment identified several issues with many of the pipes installed 

along 42nd Avenue. These issues included pipes with significant debris buildup, root intrusion at 

joints, metal  loss  and  pinholes,  and  ovality  issues.  A majority  of  the  pipe  along  the  project 

corridor was installed in the 1970s and 80s and is nearing the end of its design life and therefore 

is assumed to require replacement.  

Based on information from MOA Street Maintenance, the 36‐inch CMP outfall pipe on the west 

side of Lake Otis Boulevard is partially to fully submerged during large storm events. Raising the 

elevation of the outfall to alleviate this issue is not an option due to the downstream elevation 

of the open channel ditch/Fish Creek, the roadway and surrounding topography.  

A. Hydrologic and Hydraulic Analysis 

A hydrologic and hydraulic (drainage) analysis provides the basis for locating and sizing storm drain 

infrastructure within the project area. Analysis of the model includes calculating the peak discharge 

from each drainage basin and peak capacities of each pipe segment  for both  the existing and  the 

proposed conditions. This process helps determine where problem areas for the existing system are 

located and ensures the proposed storm drain system is properly sized. Preparation and evaluation 

of the drainage model was performed  in accordance with the ASM. Supporting data and modeling 

for the drainage analysis can be found in APPENDIX F. 

In addition to sizing the conveyance systems, the drainage model provides runoff flows and volumes 

to size water quality treatment systems. Per the ASM, treatment must be provided for stormwater 

runoff  generated  from  the  first  0.52  inches  of  rainfall.  As  noted  in  above,  there  is  no  known 

treatment provided along the project corridor. Proposed methods for treatment will be discussed in 

SECTION IX. 

1) Updated MOA Stormwater Management Policies 

MOA updated their stormwater‐related design criteria to meet the most recent Alaska Pollutant 

Discharge  Elimination  System  (APDES)  and  Municipal  Separate  Storm  Sewer  System  (MS4) 

permit requirements and policies. These updates are reflected  in the ASM, which was adopted 

by  the  Anchorage  Assembly  and  as  of  January  2019  all  projects  must  comply  with  the 

stormwater design criteria. 
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Some of the more notable changes to the updated stormwater design criteria that will  impact 

this project include increased design storm depths and the preferred use of Green Infrastructure 

(GI) for water quality treatment. 

2) Design Storm Depth and Distribution 

The new design storms outlined  in the ASM are based on data from the National Oceanic and 

Atmospheric  Administration  (NOAA)  released  Volume  7  of  Atlas  14,  Precipitation‐Frequency 

Atlas of  the United States  (Atlas 14). Atlas 14  is considered  the most up‐to‐date design storm 

analysis available for Alaska and for the majority of the United States. 

Per ASM Table 4.2‐1 (MOA Design Storm Depths), the following design storms and depths were 

evaluated to predict runoff response and meet design requirements: 

 Water Quality Treatment: 90th Percentile, 24‐hour – 0.52‐inches. 

 Conveyance Design and Peak Flow Control: 10‐year, 24‐hour – 2.28‐inches. 

 Project Flood Bypass: 100‐year, 24‐hour – 3.59‐inches. 

It should be noted that both the volume and peak  intensity for the majority of Atlas 14 design 

storms increased significantly compared to the previous MOA design storms. 

Similar to the design storm depths, the storm distribution was also updated based on Atlas 14 

data to better reflect the shape of storms  in the Anchorage and Eagle River areas. The design 

storm distribution used for drainage modeling is based on the hyetograph provided in Appendix 

D of the ASM, as required in Section 4.2.4 of the ASM. 

3) Orographic Factor  

Based on project  location, a 1.08 orographic  factor was applied  to  the design storm volumes. 

Refer to FIGURE 4.2‐3 in APPENDIX F. 

4) Model Information 

A  drainage model  was  assembled  to  analyze  the  existing  and  proposed  conditions  of  each 

contributing catchment, as well as the conveyance systems contributing to storm drain systems 

within  the  project  area.  The model was  developed  using  2016 Autodesk  Storm  and  Sanitary 

Analysis (SSA) computer software. 

The NRCS SCS TR‐55 TOC method was used to model precipitation  loss and to estimate runoff 

from each catchment. As noted in SECTION III.A, a composite curve number was calculated based 

on  land cover type for each catchment area. The drainage analysis approach  is consistent with 

the guidelines provided in the ASM. 

The existing  storm drain piping  systems  included  in  the model were  input based on  surveyed 

data, record drawings and  information from the condition assessment report. This  information 

includes pipe size, type, inverts, and slopes.  
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5) Model Results 

A total of 40 contributing catchments were delineated and evaluated for runoff response for the 

existing condition. These catchments were grouped based on the piped system the runoff will 

be conveyed to. The peak stormwater runoff during the 10‐year, 24‐hour design storm event for 

each of these catchments is shown on FIGURE 2 in APPENDIX F. The peak flow being conveyed from 

the project corridor at specific design points is also shown on this figure. 

The modeling  effort  indicates  that  the  existing  storm  drain  pipe  is  undersized  in  numerous 

locations along 42nd Avenue and the contributing side streets subsystems and  is  inadequate to 

accommodate  the  10‐year,  24‐hour  design  storm  event.  The  peak  flow  during  the  simulated 

storm  causes pipes  to  surcharge,  and overtop manholes  and  flow  into  the  roadway at  select 

locations. Complete modeling results for the existing drainage systems described in SECTION III.A 

are provided in APPENDIX F, as well as maps that can be used to identify the location of each pipe 

segment to help correlate with the pipe results from SSA.  

Several of the subsystems that experience surcharging and overtopping during peak  flows can 

be attributed  to a bottleneck effect.  In many cases, a downstream pipe  is  insufficiently  sized, 

which  results  in water backing up  into  the upstream  system. This occurs on  the most of  the 

subsystems  that  connect  or  contribute  to  pipe  systems  on  42nd  Avenue.  This  bottleneck 

condition decreases the peak flow at each of the design points, as runoff is essentially metered 

out downstream from undersized pipe upstream. Additionally, the model does not account for 

the volume of runoff that overtops manholes. The overtopping flow, in effect, is removed from 

the model, decreasing peak flows in the respectively storm drain system. 
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Figure 7 ‐ Existing Storm Drain System Map 
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 Geotechnical Analysis  

A. Existing Conditions 

CRW conducted a geotechnical  investigation for the 42nd Avenue Upgrade project, which consisted 

of reviewing existing historic borehole logs and completing a field investigation in the project area.  

1) Historic Bore Logs 

Test  holes  completed  by MOA  and  for AWWU  projects were  reviewed,  dating  from  1976  to 

2017. Bore  logs, with boring depths ranging from 6.0 to 16.5 feet below ground surface (BGS), 

indicate  that  the  area  is  generally  comprised  of  sand  and  gravel with  varying  fines  content. 

Occasional layers of sandy silt to silty sand were noted from Lake Otis Parkway to Folker Street 

at depths of 2 to 4 feet BGS. A layer of peat starting at 8 feet BGS was encountered in AWWU’s 

36th Avenue to 42nd Avenue project which extended to 10.3 feet BGS.  

The groundwater table in the project corridor was generally found at 7 to 9 feet BGS, but was as 

shallow as 3 feet BGS in some locations, and was not encountered in several of the borings.  

2) CRW Field Investigation  

CRW’s  geotechnical  field  investigation  was  conducted  in  May  2019;  the  final  Geotechnical 

Report  was  published  in  February  2020  and  can  be  found  in  APPENDIX  G.  The  investigation 

included  drilling  and  sampling  23  borings  along  42nd Avenue  and  one  boring  on  an  adjacent 

property. Fourteen piezometers were installed to monitor groundwater levels.  

Based on the recovered samples, the existing pavement along 42nd Avenue is generally 2 inches 

thick. Soil conditions consist typically of 2 to 8 feet of granular fill underlain by coarse grained 

material. The granular  fill classification varies between well‐  to poorly‐graded sand and gravel 

with  varying  fines  content.  The  coarse  grained material  below  the  granular  fill  ranged  from 

clean, poorly‐  to well‐graded sand and gravel  to silty sand and gravel.  In BH‐07  thru BH‐22, a 

gray silt was observed which undulated along the project alignment. This silt was encountered in 

depths varying from 7.5 to 15 feet BGS. See the Geotechnical Report for detailed soil boring and 

laboratory testing information.  

The groundwater  table was observed during drilling at depths  ranging  from 5  to 15  feet BGS, 

with  several borings not encountering  groundwater.  Subsequent  groundwater measurements 

varied between 5.4 to 14.8 feet BGS with one boring not indicating subsequent groundwater. 

Seasonal frost was not observed in the borings at the time of drilling. 

Photoionization  detector  (PID)  readings  were  collected  for  each  sample  during  the  field 

investigation per the MOA Design Criteria Manual (DCM) to screen for potential contaminants. 

Past  practice  in  Anchorage  has  been  to  perform  additional  analytical  testing  if  PID  readings 

exceed 20 ppm. PID readings ranged from 0.0 to 20.4 parts per million (ppm) with all but one 

reading less than 6 ppm; however, no action was recommended for the one reading of 20.4 ppm 
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as this reading was considered a false positive due to contamination from drilling materials (see 

APPENDIX G for further discussion). 

B. Recommendations 

The recommended road structural section was developed based on a Berg one‐dimensional thermal 

analysis to determine a design that limits the depth of frost as required by the MOA DCM for the use 

of the Limited Subgrade Method. The analysis uses the default Anchorage climate parameters with 

typical  soil  parameters  for  classified  fill  and  native  soils.  The  recommended  structural  section  is 

shown in FIGURE 8 in APPENDIX G as follows:   

 2 inches of asphalt concrete 

 2 inches of leveling course 

 16 inches of MOA Type II‐A classified material 

 2 inches of rigid board insulation (R4.5 per inch minimum) 

 24 inches of MOA Type II classified material 

 Separation geotextile  

The thickness of the recommended section totals 46 inches. If the rigid insulation is increased from 2 

inches to 3 inches, the Type II classified fill can be reduced from 24 inches to 15 inches, resulting in a 

total section thickness of 38 inches.  

Board insulation is recommended to extend a minimum of 4 feet beyond the back of the curb when 

no pathway/sidewalk  is present. When sidewalk/pathway  is present,  the  insulation should extend 

one foot minimum beyond the back of the sidewalks/pathway; however, the pathway/sidewalk will 

not perform as well as the curb.  

Longitudinal transitions between insulated and non‐insulated sections should include extending the 

insulation 8  to 12  feet  into  the non‐insulated  section,  reducing  the  insulation  thickness along  the 

extension to minimize the possibility of differential heave. The insulation can be tapered from an R‐

value of 9 to an R‐value of 4.5 in the transition zone. The subgrade transition should be tapered at a 

10 horizontal to 1 vertical  (H:V) slope,  if construction distances permit, but should not be steeper 

than 5H:1V.  

A geotextile should be used for separation between the structural section and the existing subgrade. 

Geotextile  should  be  placed  on  top  of  the  existing  soils  prior  to  placement  of  classified  fill  and 

insulation and extended up the sides of the excavation.  

Any  existing  fill  that meets MOA  Type  II  and  Type  II‐A  classified  fill  gradations  can be  reused  as 

classified fill  in the roadway structural section. It  is anticipated that the majority of existing fill and 

native soils along 42nd Avenue contain frost susceptible material and will not meet MOA Type II and 

II‐A classification.  

No subdrains are required as part of the project based on groundwater level measurements.  

Water  lines  should  be  bedded,  backfilled,  and  compacted  per  AWWU  Design  and  Construction 

Procedures Manual  (DCPM). With  the presence of groundwater, bedding material Chip E may be 
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required  to  allow  groundwater  to drain  away  from  the water pipe. Chip  E material  should meet 

ASTM D2321.  

Water  lines must  be  buried  to  adequate  depths  to  protect  from  freezing  per  AWWU  DCPM.  If 

adequate burial depths cannot be achieved, alternate freeze protection measures such as insulation, 

heat tape, or some combination of methods are recommended. 

Other utilities lines should be installed per the utility owner’s requirements for depth, bedding, and 

backfilling.  
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 Traffic and Safety Analysis  

A. Existing Traffic Volumes and Operations 

Existing  traffic  data  was  gathered  from  MOA  and  the  State  of  Alaska  for  the  project  area. 

Additionally,  new  traffic  data  was  gathered  in  select  locations  by  CRW.  The  following  table 

summarizes traffic data used for this study.  

Table 1 ‐ Traffic Data Summary 

Location  Date  Speed 
Bike/Ped 

Count 

Volume (Link 

counts) 

Turning 

Movements 

42nd Ave. and Laurel St. 
10/3/2019 & 

10/5/2019 
  X     

42nd Ave. and Folker Park  6/21/2019  X    X   

42nd Ave. and Folker Park  10/30/2019  X    X   

42nd Ave. – Between Piper 

St. and Dale St. 
6/21/2019  X    X   

42nd Ave. west of Wright St.  11/6/2019  X    X   

42nd Ave. and Laurel St.  5/10/2016        X 

42nd Ave. and Laurel St.  8/1/2018        X 

42nd Ave. and Folker St.  8/1/2018        X 

42nd Ave. and Piper St.  6/3/2015        X 

42nd Ave. and Dale St.  6/27/2018        X 

42nd Ave. and Dale St. 
10/10/2019 & 

10/12/2019 
  X     

B. Traffic Volumes  

The existing annual average daily traffic (AADT) volume was determined using the volume data (link 

counts) taken at 42nd Avenue  in June, October, and November of 2019 and the turning movement 

counts at Laurel Street, Folker Street, Piper Street, and Dale Street in August of 2018, June of 2015, 

and June of 2018 respectively. Seasonal adjustments were factored into the AADT using the nearest 

permanent traffic recorder on Tudor Road west of Tudor Center Drive. 

The Anchorage Metropolitan Area Transportation Solutions (AMATS) travel demand model includes 

forecasted  future daily  traffic  volumes  for higher  volume  roadways.  The model does not  include 

future traffic volumes for 42nd Avenue. 

Although much of the area north and south of the project area  is built out, traffic volumes on the 

roadways are anticipated  to  increase as  the  local population grows. Much of  the  traffic on  these 

roadways is destination based and will increase as the population rises. There is a large undeveloped 

parcel (Parcel 155) on the southwest corner of Piper Street and 42nd Avenue that, when developed, 
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is also expected  to contribute  to  the projected  traffic volumes  (See FIGURE 5  for parcel numbers). 

Local  population  rates were  obtained  from  the  Anchorage  2040  Land Use  Plan which  estimates 

population growth between 0.3% and 1.1% with a 0.8% annual growth rate. A 0.8% growth rate was 

used to determine traffic volumes  in the anticipated construction year  (2025) and the design year 

(2045). 

The following table summarizes AADT for 42nd Avenue. 

Table 2 ‐ AADT Traffic Data 

Roadway  Location 
2025 Daily Traffic 

Volumes1 

2045 Projected Daily 

Traffic Volumes1 

42nd Ave.  Lake Otis Pkwy. to Laurel St.  2,730  3,200 

42nd Ave.  Laurel St. to Piper St.  1,950  2,280 

42nd Ave.  Piper St. to Dale St.  1,390  1,620 

42nd Ave.  Dale St. to Florina St.  1,580  1,850 

1. Annual Growth Rate of 0.8% Source: Anchorage Land Use Plan 2040. 

C. Traffic Characteristics 

42nd Avenue exhibits different traffic characteristics in the project area and has been separated into 

four separate segments for traffic analysis as follows:  

1. Segment A: Lake Otis Parkway  to Laurel Street  is primarily commercial and  fully built out. 

Parcels in this area are zoned RO or RO SL. 

2. Segment B:  Laurel  Street  to Piper  Street has  a mixture of business  and  single  and multi‐

family residential developments as well as Folker Park. Parcels in this area are zoned RO SL, 

R‐2M, R3, or R3 SL. 

3. Segment C: Piper Street to Dale Street is primarily residential and fully built out. The parcels 

in this segment are zoned R‐2M. 

4. Segment D: Dale Street to Florina Street is primarily residential and fully built out. Parcels in 

this location are primarily zoned R‐3 and RO. 

Development and  zoning  in  the project area  is not anticipated  to change  substantially and  traffic 

characteristics are expected to remain relatively consistent for the life of the project.  

Future development of  the parcel on  the  southwest  corner of  the  42nd Avenue  and  Piper  Street 

intersection may increase traffic volumes in the area. Conceptual plans of this parcel includes a new 

100,000 square foot building with direct access to Piper Street and 42nd Avenue. The development 

schedule and timeline for this parcel has not yet been determined. 

Design hour volume (DHV) represents traffic volumes during the peak hour and was estimated using 

the  30th  Highest  Hour  of  the  closest  permanent  traffic  recorder.  Directional  distribution  (DD), 

representing  the  distribution  of  traffic  during  the  peak  hour, was  estimated  using  available  link 
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counts and turning movement counts. Peak Hour Factors (PHF) are a measure of the uniformity of 

the  traffic and used  to convert volumes  to 15 minute  increments  for operations analysis. PHF  for 

each segment were determined using available link counts and turning movement counts. 

Traffic data for each segment is summarized in the following table and provided in APPENDIX H.  

Table 3 ‐ Existing and Future Traffic Characteristics 

Location  DHV  DD  PHF  ESAL 

42nd Ave. ‐ Lake Otis Pkwy. to Laurel St.  9.5%  70/30  .92  325,000 

42nd Ave. ‐ Laurel St. to Piper St.  9.5%  60/40  .92  232,000 

42nd Ave. ‐ Piper St. to Dale St.  9.5%  60/40  .92  165,000 

42nd Ave. ‐ Dale St. to Florina St.  9.5%  60/40  .92  188,000 

D. Speeds 

The  current  posted  speed  limit  for  42nd  Avenue  is  25 miles  per  hour  (mph).  The  traffic  speed 

analyses conducted by CRW  in  June, October and November of 2019 recorded  the 85th percentile 

speed as follows: 

Table 4 ‐ Observed Speeds 

Road Segment  Location  Date 
85th Percentile Speed 

Eastbound  Westbound 

42nd Ave.  At Folker Park  06/21/2019  29 mph  28 mph 

42nd Ave.  At Folker Park  10/30/2019  27 mph  28 mph 

42nd Ave.  West of Wright St.  11/06/2019  27 mph  27 mph 

42nd Ave.  Piper St. to Dale St.  6/27/2019  25 mph  26 mph 

The 85th percentile speed is the speed at which 85 percent of the drivers are driving at or below and 

is typically used to determine a reasonable posted speed  limit for a given roadway. The remaining 

15 percent of drivers whose speed is above the 85th percentile are the minority and considered to be 

exceeding the reasonable speed. Posted speed  limits are often set at the 85th percentile speed but 

can be set lower where high volumes of pedestrians and bicyclists are present.  

The roadway may be considered eligible for installation of traffic calming measures if the observed 

85th  percentile  speeds  exceed  the  posted  speed  limit  by more  than  6 miles  per  hour.  The  85th 

percentile  speeds  along  42nd Avenue  are  1‐4 mph  higher  than  the  posted  speed  limit. However, 

speed  is  not  the  only  criterion  used  to  determine  the  need  for  traffic  calming  measures. 

Furthermore,  improvements  to  the  roadway will  likely  increase  speeds  on  42nd  Avenue  due  to 

wider street sections and smoother driving surface. The probability of serious  injury or death to a 

pedestrian struck by a vehicle  increases substantially with vehicle speed. A study by the  insurance 

company AAA found that the risk of severe  injury for a pedestrian struck by a vehicle  is 10% when 
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the vehicle speed is 16 mph but increases to 90% when the vehicle is traveling 46 mph. The risk of 

pedestrian death is 10% when struck by a vehicle travelling 23 mph and increases to 90% when the 

vehicle  is  travelling  58 mph.  Limiting  traffic  speeds  on  the  project  corridor  could  help  improve 

pedestrian and bicyclist safety. 

E. Collision Data 

Collision Data was  reviewed  for  the project area between 2012 and 2018. A  total of 33 collisions 

were reported within the project corridor on 42nd Avenue and the cross streets: Laurel Street, Folker 

Street, Wright  Street,  Piper  Street,  Dale  Street,  and  Florina  Street  during.  A  summary  of  these 

collisions,  including their  locations and characteristics,  is provided  in TABLE 5 below and  included  in 

APPENDIX H.  

Table 5 ‐ Project Area Collision History: 2012‐2018 

Intersection 

Collision Type 

Total 
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Laurel Street  2    1          3 

Folker Street  3        1      4 

Wright Street  6              6 

Piper Street  10    1    2      13 

Dale Street  2        2  1    5 

*No fatalities were reported in the collision data. 

ADOT&PF provides statewide average collision rates at a variety of intersection configurations based 

on  number  of  approaches  and  traffic  control  types.  The  average  collision  rate  represents  the 

approximate  number  of  collisions  that  are  expected  at  a  study  intersection  based  on  the  total 

number of vehicles entering  the  intersection. The average collision  rate was used  to calculate  the 

critical collision rate for each study intersection as summarized in TABLE 6 below. Only intersections 

with over 3 collisions within the seven year study period were analyzed.  

Per  the ADOT&PF Highway Safety  Improvement Program  (HSIP) Manual,  intersections are  flagged 

for further review when the safety  index, calculated by the observed collision rate over the critical 

collision rate, is greater than or equal to 0.9 or if the intersection has experienced one fatal or two 

major  injuries  in  the past  five years. None of  the  intersections on  the project corridor exceed  the 

critical  collision  rate. However,  collision  rates  at  Piper  Street  and Wright  Street both  exceed  the 

statewide average, and the intersections should be reviewed for safety concerns. 
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Table 6 ‐ Intersection Collision Rate Analysis 

Intersection: 

42nd Avenue @ 

Total 

Collisions 

Annual Million 

Entering 

Vehicles (MEV) 

Collision 

Rate (per 

MEV) 

ADOT 

Average 

Collision 

Rate 

Critical 

Collision 

Rate 

Safety 

Index 

Laurel Street  3  9.96  0.30  0.73  1.23  0.24 

Folker Street  4  12.52  0.32  0.73  1.17  0.27 

Wright Street  6  7.92  0.76  0.57  1.07  0.71 

Piper Street  13  19.16  0.73  0.57  0.88  0.83 

Dale Street  5  15.59  0.32  0.73  1.12  0.28 

F. Side Street Intersections/Access Control 

The intersection of Lake Otis Parkway is a channelized intersection with left turns from 42nd Avenue 

onto Lake Otis Parkway prohibited. This  intersection  is “minor street stop controlled”  intersection 

with 42nd Avenue being the stop controlled approach.  

Eleven  side  streets  intersect 42nd Avenue  in  the project area.  Four of  these  intersections are  tee 

intersections:  Hickory  Place,  Roson  Court,  Brantley  Place,  and  Parker  Place.  The  remaining  side 

streets (Laurel Street, Folker Street, Wright Street, Piper Street, Dale Street, and Florina Street) are 

four‐way intersections. 42nd Avenue access is as follows: 

1) Segment A: Lake Otis Parkway to Laurel Street 

This segment has six commercial driveways and two residential driveways. Many of the parcels 

include wide access and parking areas across the full site frontage. These configurations make 

access and circulation unclear to drivers and  increase conflict points between vehicles utilizing 

the driveways and the street traffic. The intersection of Laurel Street is a four‐way, all‐way stop 

intersection. 

2) Segment B: Laurel Street to Piper Street  

This segment has nineteen residential driveways. Two parcels have parking access across the full 

site frontage (Parcels 163 & 108). Two driveways are connected to undeveloped parcels (Parcels 

109 & 155). Hickory Place, Roson Court, Brantley Place, and Parker Place are tee  intersections 

with stop control on the minor streets; 42nd  is the major street at each of these  intersections. 

Folker Street  is a  four‐way, all‐way  stop  intersection. Wright Street  is a  four‐way  intersection 

with stop control on Wright Street. Piper Street  is a four‐way intersection with stop control on 

the minor street (42nd Avenue).  

3) Segment C: Piper Street to Dale Street  

This segment has thirty residential driveways and ten of the parcels have parking access across 

the full site. The intersection of Dale Street is a four‐way, all‐way stop intersection. 
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4) Segment D: Dale Street to Florina Street  

This  segment  has  one  commercial  driveway  (Parcel  126)  and  thirteen  residential  driveways; 

street frontage  is primarily driveway access or parking areas. Eight of the parcels have parking 

access across the full site frontage. Two of these parcels (Parcel 127 & 129) have parking that is 

perpendicular  and  immediately  adjacent  to  the  street,  requiring  vehicles  to make  back  out 

parking maneuvers  into  the  street.  Two  parcels  (Parcels  135  and  136)  have  on‐site  parallel 

parking directly  adjacent  to  the  street  along  the  full  lot  frontage.  The  intersection of  Florina 

Street is a four‐way intersection with stop control on 42nd Avenue and 42nd Circle. 

The proposed design will incorporate MOA driveway access standards wherever possible to improve 

the  safety  and  operations  of  the  corridor.  However  some  of  these  parcels  may  require 

nonconforming rights determinations to continue to function.    

G. Level of Service Analysis 

A  Level of  Service  (LOS)  analysis was performed  in  accordance with  the  Transportation Research 

Board’s Highway Capacity Manual, 2010 for each of the major intersections including Laurel Street, 

Folker  Street,  Piper  Street,  and  Dale  Street.  The  analysis  used  Trafficware  Synchro  (Version  10) 

software. The MOA intersection operation standard for urban areas allows a minimum LOS D during 

the design year. LOS analysis was not completed  for 42nd Avenue at  the  intersection of Lake Otis 

Parkway because proposed roadway improvements do not extend through the intersection. 

1) 42nd Avenue and Laurel Street 

The intersection of 42nd Avenue and Laurel Street operates as an all‐way stop intersection. There 

is currently one approach lane in each direction. LOS was determined for both the construction 

year (2025) and the design year (2045). In 2025, the intersection will operate at an overall LOS 

of A with a total delay of 8.3 secs. None of the approaches operate with a LOS less than A. In the 

design year (2045), the intersection will continue to operate at a LOS of A with a total delay of 

8.6 secs.  

2) 42nd Avenue and Folker Street 

The intersection of 42nd Avenue and Folker Street operates as an all‐way stop intersection. There 

is currently one approach lane in each direction. LOS was determined for both the construction 

year (2025) and the design year (2045). In 2025, the intersection will operate at an overall LOS 

of A with a total delay of 8.6 secs. None of the approaches operate with a LOS less than A. In the 

design year (2045), the intersection will continue to operate at a LOS of A with a total delay of 

9.2 secs.  

3) 42nd Avenue and Piper Street 

The intersection of 42nd Avenue and Piper Street operates as stop controlled intersection where 

the minor approaches (42nd Avenue) are the stop controlled approaches. There is currently one 

approach lane in each direction. LOS was determined for both the construction year (2025) and 

the design year (2045). In 2025, the 42nd Avenue approaches will each operate at a LOS of B with 
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an  average  delay  of  13.6  secs.  In  the  design  year  (2045),  the  42nd  Avenue  approaches  will 

deteriorate  to  a  LOS  of  C  with  a  total  delay  of  15.9  secs.  LOS  C  exceeds  the  minimum 

requirements for LOS during the design year and is acceptable.  

4) 42nd Avenue and Dale Street 

The intersection of 42nd Avenue and Dale Street operates as an all‐way stop intersection. There 

is currently one approach lane in each direction. LOS was determined for both the construction 

year (2025) and the design year (2045). In 2025, the intersection will operate at an overall LOS 

of A with a total delay of 8.8 secs. None of the approaches operate with a LOS less than A. In the 

design year (2045), the intersection will continue to operate at a LOS of A with a total delay of 

9.5 secs.  

H. All‐Way Stop Analysis  

An all‐way stop analysis based on current conditions was performed on the  intersections of Laurel 

Street, Folker Street, Wright Street, Piper Street, and Dale Street utilizing  recommendations  from 

the  latest edition of the Manual of Uniform Traffic Control Devices (MUTCD) guidelines. Currently, 

the following intersections along 42nd Avenue within the project corridor are all‐way stop controlled: 

Laurel  Street,  Folker  Street,  and  Dale  Street. Wright  Street  and  Piper  Street  are  two‐way  stop 

controlled, but  these  intersections were also analyzed  for all‐way  stop warrants due  to  the crash 

history at  these  intersections. 42nd Avenue  is considered  the major street at  the  intersection with 

Laurel, Folker, and Wright Streets but  is  the minor  street at  the  intersection with Piper and Dale 

Streets.  

The MUTCD provides warrants  for when an all‐way  stop  should be considered at an  intersection. 

Applicable warrants for the intersections on 42nd Avenue include: 

 Crash rate: five or more crashes in a 12‐month period that are susceptible to correction by 

installation of a multi‐way stop. 

 Intersection Volume: (must meet both of the following conditions): 

o The  combined  minimum  vehicular  volume  from  the  major  street  approaches 

averages at least 300 vehicles per hour for any eight hours during an average day. 

o The  combined  minimum  vehicular  volume  from  the  minor  street  approaches 

averages at least 200 vehicles per hour for the same eight hours.  

 Combination: Where no single criterion is established but 80% of their minimum values for 

the crash rate and major and minor intersection volumes are met. 

The MUTCD  also  allows  the  option  of  installing  an  all‐way  stop  on  residential  streets  of  similar 

classification where installing the all‐way stop will improve the traffic operations of the intersection.  

Each of the previously noted  intersections were analyzed to determine  if  it met the criteria for an 

all‐way stop.  

 Six years of crashes were reviewed to determine the number of crashes in the highest year.  
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 Existing  intersection  count  data  was  reviewed  to  determine  the  eight  highest  hours  of 

vehicular volumes for the intersection.  

Results of  the analysis are  summarized  in TABLE 7 below. None of  the  intersections,  including  the 

existing all‐way stop intersections, currently meet the warrants for an all‐way stop.  

Table 7 ‐ 42nd Avenue All‐Way Stop Analysis 

Intersection: 42nd 

Avenue @ 

Crashes in a 

12 month 

period 

Crash 

Warrant 

Met? 

Highest Hour Int. 

Volume 

Intersection 

Warrant 

Met? 

Combined 

Warrant 

Met? Major  Minor 

Laurel Street  1  No  283  120  No  No 

Folker Street  1  No  233  229  No  No 

Wright Street  2  No  190  50  No  No 

Piper Street  4  No  388  181  No  No* 

Dale Street  2  No  300  154  No  No 

*Meets criteria for the mid‐day peak only and not 8 hours of the day 

On May 7, 2020, CRW met with MOA Traffic and PM&E to discuss existing and possible proposed all‐

way  stop  controlled  intersections  along  the  project  corridor.  Removing  the  existing  all‐way  stop 

intersections will cause a change  in traffic patterns and may result  in additional crashes. However, 

existing  all‐way  stop  signs  likely were  installed  for  traffic  calming measures.  Stop‐signs  are  not 

considered  appropriate  traffic  calming  methods.  Installing  un‐warranted  stop  signs  can  create 

unsafe  conditions. MOA  Traffic  recently  collected  video  data  of  the  42nd  Avenue/Folker  Street 

intersection which shows some non‐compliance of  the stop signs at  this  intersection. MOA Traffic 

requested that all‐way stops not be re‐installed.  

It  is recommended to remove all existing all‐way stop controls and  install stop signs on the minor 

approach  only.  See  FIGURE  8  for  the  recommended  stop‐control  approaches  along  the  project 

corridor. 

I. Sight Distance Analysis 

Adequate  sight  distance  is  necessary  at 

intersections  to  allow  the  driver  of  a 

stopped  vehicle  at  a  minor  road  a 

sufficient  view  of  the  intersecting  main 

roadway to decide when to enter or cross 

the main  roadway.  If  the  available  sight 

distance  for  a  minor‐road  vehicle  is  at 

least equal to the required stopping sight 

distance of  the major  road  vehicle,  then 

drivers  have  sufficient  sight  distance  to  Sight distance issues on Wright Street at 42nd Avenue 
(viewing northwest) (photo from Google) 
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anticipate and avoid collisions. However,  in some cases, a major‐road vehicle may need to stop or 

slow to accommodate the maneuver from the minor‐road vehicle. Therefore, to provide safe traffic 

operations, intersection departure sight distances should exceed stopping sight distances along the 

major road. 

The intersection departure sight triangles, per requirements of the DCM, have been drawn at each 

intersection within  the  project  area  for  each  alternative  to  determine  any  potential  issues;  see 

APPENDIX  J  for  intersection  departure  sight  triangles.  Features  listed  below  that  hinder  the  sight 

triangle  should  be  removed  or  reset  to  be  outside  of  the  intersection  departure  sight  triangles 

where feasible. Existing light poles, utility poles, and parked vehicles are not specifically noted in the 

list below. Existing items within intersection departure sight triangles are: 

1. Various locations: existing trees and landscaping over two feet tall. 

2. 42nd Avenue and Piper Street  intersection north/south views:  landscape  features  including 

landscape walls and vegetation. 

3. 42nd Avenue and Wright Street intersection west view: trees and landscaping. 

4. 42nd Avenue and Parker Place intersection west view: dumpster. 

The  landscape  features  at  42nd  Avenue 

and Piper Street were installed as part of 

the  Urban  Design  Commission  (UDC) 

landscaping  requirements  for  the  Piper 

Street  project.  The  MOA  Planning 

Director  reported  that  there  should  not 

be  an  issue  with  removing  the  existing 

landscaping  that  impedes  the departure 

sight triangles and that the project is not 

required  to  go  through  a  UDC  review 

provided:  

 Legitimate  reasons  for  the  need 

to remove the landscaping is documented, and 

 The public is included in the process, including the community councils, Providence Hospital, 

and other public agencies.  

New  landscape  plantings  will  be  limited  to  areas  outside  of  the  intersection  departure  sight 

triangles. New  light poles will  also be  located outside  the  sight  triangles where  feasible.  Existing 

features located on private property that conflict with the intersection departure sight triangles are 

difficult  to  remove  or  relocate  since  they  are  outside  of  the  ROW  and  not  owned  by  the MOA. 

However, Title 21 requires: “sight distance triangles shall be unobstructed as required by the traffic 

engineer”  for  development  (21.06.030.C.8)  and  “all  landscaping  and  screening  materials  shall 

comply with  the  clear  vision  area  requirements  of  the  traffic  engineer”  (21.07.080.F.2.b), which 

requires property developers and owners to comply with clear sight distance triangles.  

Sight distance issues on 42nd Avenue at Piper Street 
 (viewing northeast, photo from Google) 
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J. Parking Study 

Two  on‐street  parking  studies 

were  conducted  along  the 

project  corridor  between  Lake 

Otis Parkway  and  Florina  Street. 

The  first  parking  study  was 

completed  in  late June 2019 and 

the  other  study  completed  in 

early  November  2019.  The 

purpose  of  the  studies  were  to 

document the existing use of on‐

street  parking  and  to 

approximate the demand for on‐

street  parking  along  the  project 

corridor  for  consideration  in  the 

design  of  proposed 

improvements.  Each  parking 

study  was  based  upon 

observations  from  four  separate 

site  visits,  documenting  parked 

vehicles  located  along  the  roadway  and  within  visible  adjacent  parking  lots.  Site  visits  were 

organized to include one weekday afternoon/evening and one weekend afternoon/evening.   

The parking studies showed there was sufficient off‐street parking for most of the project area but 

was almost at capacity in a few specific lots on the eastern half of the project corridor. The greatest 

demand  for  on‐street  parking  on  42nd Avenue was  between  Piper  Street  and  Florina  Street.  The 

parking studies are included in APPENDIX H. 

K. Pedestrian and Bicycle Study  

A total of four, twenty‐four hour pedestrian and bicycle counts were collected at the intersections of 

42nd Avenue/Laurel Street and 42nd Avenue/Dale Street in October of 2019. The counts were taken 

during  a weekday  and  a weekend  at  each  intersection.  TABLE  8  below  summarizes  the  24‐hour 

pedestrian counts and TABLE 9 summarizes the 24‐hour bicycle counts.  

MOA Traffic has received requests to  install additional crosswalk delineation (striping, signs) at the 

north leg of the 42nd Avenue/Folker Street intersection. Residents of the Providence Horizon House 

use the Folker Park for outdoor recreation and thus cross Folker Street at 42nd Avenue. MOA Traffic 

plans to  install a handicap sign on the north end of the 42nd Avenue/Folker Street  intersection. An 

additional pedestrian count study  is currently being conducted at the  intersection of Folker Street 

and 42nd Avenue to determine actual pedestrian crossing demand.  

On‐street parking needs along 42nd Avenue 
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Table 8 ‐ Pedestrian 24 Hour Counts 

Intersection: 

42nd Avenue @ 
Date 

East‐

bound 

West‐

bound 

Total East/ 

Westbound 

North‐

bound 

South‐

bound 

Total North/ 

Southbound 

Laurel Street  
Thursday, 

10/03/19 
30  17  47  14  12  26 

Laurel Street 
Saturday, 

10/05/19 
13  3  16  20  8  28 

Dale Street  
Thursday,  

10/10/19 
17  24  41  3  11  14 

Dale Street 
Saturday, 

10/12/19 
9  33  42  7  14  21 

 

Table 9 ‐ Bicycle 24 Hour Counts 

Intersection: 

42nd Avenue @ 
Date 

East‐

bound 

West‐

bound 

Total East/ 

Westbound 

North‐

bound 

South‐

bound 

Total North/ 

Southbound 

Laurel Street  
Thursday, 

10/03/19 
0  0  0  1  0  1 

Laurel Street 
Saturday, 

10/05/19 
1  0  1  0  0  0 

Dale Street  
Thursday, 

10/10/19 
0  1  1  1  3  4 

Dale Street 
Saturday, 

10/12/19 
0  0  0  1  0  1 

L. Traffic Calming & Pedestrian Safety 

Survey results from the project questionnaire (see SECTION XVI for Public Involvement) indicated that 

27 out of the 41 respondents have concerns about speeding along 42nd Avenue. However, based on 

the  existing  traffic data,  it  appears  that  speeding  issues  are more of  a  community perception of 

speeding rather than documented speeding.  

It is anticipated that the public may express concern with removing existing stop signs in conjunction 

with perceived concerns about speeding.  Information regarding  the unsafe conditions  that can be 

created from un‐warranted stop signs, data regarding current non‐compliance of existing stop signs, 

stop  signs  are  not  proper  traffic  calming measures,  and  the  use  of  appropriate  traffic  calming 

measures to control speed will be shared with the public.  

If  speeding  is  a  concern,  appropriate  traffic  calming measures  could  be  installed.  Traffic  calming 

measures which may be appropriate along 42nd Avenue,  in order of preference  from MOA Traffic, 

include:  
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1. Neckdowns and chokers 

2. Raised intersections, speed cushions, etc.  

3. Voluntary Speed Compliance (VSC) signs 

Furthermore, the pedestrian crossing at the intersection of Folker Street and 42nd Avenue could be 

considered  to  be  formally  identified  with  striping  and  signage.  Raised  intersections  and  speed 

cushions are appropriate calming measures  if there are  large truck counts. VSC signs are the  least 

preferred measure  due  to maintenance  concerns  and  are  not  recommended  along  the  project 

corridor.  

Potential locations for traffic calming measures are listed below. These are conceptual locations and 

types  and may  change  during  detailed  design  development.  See  FIGURE  8  for  conceptual  traffic 

calming types and locations. 

 Locations where  stop  signs are  removed –  install a neckdown  for  the non‐stop controlled 

approach (at Laurel Street, Folker Street and Dale Street) 

 At Wright Street – install a neckdown for the east/west approach  

 At Piper Street – re‐install the neckdown and raised intersection  
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Figure 8 ‐ Conceptual Traffic Control and Traffic Calming 
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 Design Criteria and Standards 

Project design criteria are based on  the  roadway characteristics,  functional classification, and  road or 

facility  ownership.  42nd  Avenue  is  classified  as  a  secondary  (local)  urban  residential  roadway  and  is 

owned and maintained by MOA. AWWU owns and maintains the water main in the project area. 

A. Project Design Standards 

The PM&E Design Criteria Manual  (DCM) provides detailed design criteria  for  the development of 

roadways and infrastructure within the MOA. The documents listed below provide additional design 

guidance, standards and requirements for this project. 

 Anchorage Pedestrian Plan (APP), 2007, MOA. 

 Anchorage Bicycle Plan, 2010, MOA. 

 Official Streets and Highways Plan (OS&HP), 2014, MOA. 

 Anchorage Bowl 2020 Comprehensive Plan, 2001, MOA. 

 Anchorage 2040 Land Use Plan, 2017, MOA. 

 2035 Metropolitan Transportation Plan (MTP), 2012, MOA. 

 Anchorage Stormwater Manual (ASM), July 2017, MOA. 

 Neighborhood Traffic Calming Policy Manual, 2016, MOA Traffic. 

 Roadside Design Guide (RDG), 4th Edition, 2011, American Association of State Highway and 

Transportation Officials (AASHTO). 

 A  Policy  on  Geometric  Design  of  Highways  and  Streets,  7th  Edition  (AASHTOGB),  2018, 

AASHTO.  

 Manual on Uniform Traffic Control Devices (MUTCD), 2009 with Revisions 1 and 2, Federal 

Highway Administration (FHWA). 

 Alaska DOT&PF Preconstruction Manual (PCM), 2019, ADOT&PF. 

 Alaska Traffic Manual (ATM), 2015, ADOT&PF. 

 Proposed Accessibility Guidelines  for Pedestrians  in Public Right‐of‐Way  (PROWAG), 2011, 

United States Access Board. 

 Anchorage Municipal Code Title 21 – Land Use Planning. 

 A Strategy for Developing Context Sensitive Transportation Projects, 2008, MOA. 

 Vision Zero Final Report, 2016, MOA. 

 AWWU Design and Construction Practices Manual, 2018, AWWU. 

B. Design Criteria Summary 

A  summary of  roadway design  criteria pertinent  to  this project  can be  found  in  TABLE  10 below. 

Potential  deviations  from  design  criteria  are  described  in  SECTION  XVIII.  Detailed  lighting  design 

criteria is discussed in SECTION VII. E. 
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Table 10 ‐ Design Criteria Summary 

  Criteria  Design Standard Value  Reference 

Traffic 

Data 

Functional Classification 
Secondary Street: 

Urban Residential 
OSH&P 

42nd Avenue: AADT – 2025  1,390 – 2,730 vpd  Assumed Growth 

42nd Avenue: AADT – 2045  1,620 – 3,200 vpd  Assumed Growth 

Design Vehicle  WB‐50  DCM 6.4 B 

Design Structural Loading  HS 20   

Design Speed  30 MPH  DCM Table 1‐6 

Posted Speed  25 MPH  DCM 1.5.E 

Horizontal 

Alignment 

Horizontal Curve Radius, Minimum, No 

Super‐elevation 
150 ft  DCM Table 1‐9 

Stopping Sight Distance, Min  200 ft  DCM Figure 1‐20 

  Clear Sight Triangle Length  335 ft  DCM Figure 1‐19 

  Vertical Grade, Maximum  6.0%   DCM 1.9.D.2.b 

Vertical 

Alignment 

Vertical Grade, Minimum 
0.5% for street with 

curb and gutter 
DCM 1.9.D.2.a 

Vertical Curve K‐Value, Min Crest Curve  19  DCM Figure 1‐16 

Vertical Curve K‐Value, Min Sag Curve  37  DCM Figure 1‐17 

Cross 

Section 

Street width (measured to back of curb)  38 feet  DCM Table 1‐6 

Number of Moving Lanes  2  DCM Table 1‐6 

Number of Parking Lanes  2  DCM Table 1‐6 

Shoulder Width (No Parking Lane)  3.5 ft  DCM Table 1‐6 

Curb & Gutter 
Type 2 (DCM) 

Type 1 (Title 21) 

DCM Figure 1‐13 

Title 21.08.050.G 

Side slopes  2H:1V maximum  DCM 1.9.D.5 

Clear Zone  12 feet minimum  See SECTION VI.C.4)  

Sidewalk Requirements & Width 
Both sides of roadway,   

5 ft 

DCM Figure 1‐13, 

Title 21.07.060.E.2 

Sidewalk Separation from Back of Curb 
7 ft (for collectors and 

higher classification) 
DCM 4.2 H 

Inter‐

sections & 

Driveways 

Curb Return Radii at Side Streets 
20 ft (local/local) 

30 ft (local/collector) 
DCM Figure 1‐22 

Driveway width: up to 7‐plex 
14 – 20 ft;  

(28 ft with restrictions) 
DCM Appendix 1D 

Driveway width: commercial or ≥ 8‐plex   24 – 34 ft  DCM Appendix 1D 

Max driveway grade: residential  ± 10%  DCM Appendix 1D 

Max driveway grade: commercial, ≥ 8‐plex  ± 8%  DCM Appendix 1D 

Landing grade/length: residential  ± 2% for 12 ft  DCM Appendix 1D 

Landing grade/length: commercial, ≥ 8‐plex  ± 2% for 20 ft  DCM Appendix 1D 
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C. Specific Design Criteria 

The appropriate  street  section  is determined by  traffic volumes and  land use. The DCM  classifies 

42nd Avenue as a secondary (local) street. Secondary streets typically have lower design volumes and 

often provide direct access to adjacent  lots. Based on Title 21 Land Use Zoning, 42nd Avenue  is an 

“urban” street. Urban streets are required to include a paved surface, curb and gutter, sidewalks or 

trails, street lights, traffic control devices, street signs, landscaping, and storm drains. 

1) Design Speed 

The design  speed governs various geometric  features of  the  roadway and  should be a  logical 

speed with  respect  to anticipated speed  limit,  topography, and  functional classification of  the 

roadway. The design  speed affects  the  length of  sight distance available along  the  roadway’s 

horizontal alignment and vertical profile, particularly at  intersecting  roadways and pedestrian 

facilities.  As  design  speeds  increase,  longer  sight  distances  are  required  to  provide  more 

reaction time and braking distance to respond to roadway obstacles.  

The  DCM  indicates  a  secondary  roadway with more  than  1,000  Average  Daily  Traffic  (ADT) 

should have a design speed of 30 MPH. Generally, the posted speed limit should be the same as 

the 85th percentile speed. 

2) Accessibility Guidelines 

The  current  requirements  for  accessibility  in  the  MOA  are  based  on  the  Americans  with 

Disabilities Act (ADA). The project uses guidelines published in Proposed Accessibility Guidelines 

for Pedestrian  Facilities  in Public Right‐of‐Way,  July 26, 2011  (ADA Guidelines) by  the United 

States Access Board. A summary of some of the ADA design criteria pertinent to the project  is 

provided below: 

 R302.3  –  The  continuous  clear  width  of  pedestrian  access  routes  shall  be  4.0  feet 

minimum. 

 R302.4 – Where the clear width of pedestrian access routes is less than 5.0 feet, passing 

spaces shall be provided at intervals of 200 feet maximum. 

 R302.5 – Where pedestrian access routes are contained within a street or highway right‐

of‐way,  the  grade  of  pedestrian  access  routes  shall  not  exceed  the  general  grade 

established for the adjacent street or highway. 

 R302.5.1  –  Where  pedestrian  access  routes  are  contained  within  pedestrian  street 

crossings, the running grade of the pedestrian access route shall be 5% maximum. 

 R302.6 – The cross slope of pedestrian access routes shall be 2% maximum. 

 R304.3 – Parallel curb ramps shall include a turning space with minimum dimensions of 

4.0 feet x 4.0 feet at the bottom of the ramp. 

 R304.3.2  –  The  running  slope  of  the  curb  ramp  shall  be  in‐line with  the  direction  of 

sidewalk travel and shall be 5% minimum and 8.33% maximum but shall not require the 

ramp length to exceed 15.0 feet maximum. The running slope of the turning space shall 

be 2% maximum in any direction. 
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 R304.5.1  –  The  clear width  of  curb  ramp  runs  and  turning  spaces  shall  be  4.0  feet 

minimum. 

 R304.5.2 – Grade breaks at the top and bottom of curb ramp runs shall be perpendicular 

to the direction of the ramp run. 

 R304.5.3 – The cross slope of curb ramps and turning spaces shall be 2% maximum. 

The  Public  Rights‐of‐Way  Accessibility Guidelines  recognize  that  it  is  not  always  possible  for 

altered  elements  (reconstruction  of  existing  facilities)  to  fully  comply with  new  construction 

requirements because of existing physical constraints. The guidelines state: 

Where  existing  physical  constraints make  it  impractical  for  altered  elements, 

spaces,  or  facilities  to  fully  comply  with  new  construction  requirements, 

compliance is required to the extent practicable within the scope of the project. 

Existing physical constraints  include, but are not  limited  to, underlying  terrain, 

right‐of‐way availability, underground  structures, adjacent developed  facilities, 

drainage, or the presence of a notable natural or historic feature. 

All elements included in the project that cannot meet the requirements of ADA due to technical 

infeasibility should be documented. 

3) Roadway Cross Section 

Based on the DCM, secondary urban roadways with over 1,000 ADT and houses located on both 

sides of the roadway should have a street width of 38 feet (measured from back of curb) with 2 

travel lanes, 2 parking lanes, curb and gutter, and pedestrian facilities. The typical lane width for 

a  local  street  is  10 or  11  feet depending on  existing  and  forecasted neighborhood  densities, 

zoning, and traffic volumes. If a parking lane is not provided, shoulders should be provided with 

typical widths of 3.5 feet for urban local streets.   

Per the DCM Figure 1‐13, 5‐foot wide sidewalks must be provided on both sides of a local street. 

It  is  preferable  for  the  sidewalks  to  be  separated  from  the  roadway  to  provide  pedestrian 

comfort and  safety,  increase  intersection  sight distances, and provide  room  for  snow  storage 

however separation is not required for a local roadway. A clear area of 7 feet beyond the back of 

curb  is required for snow storage. The sidewalk can be considered as part of the snow storage 

area.  Roadway  sections with  narrow  shoulders  provide  little  room  for  snow  storage  on  the 

street and require snow to be temporarily plowed behind the curb. This may impede pedestrian 

passage on an attached sidewalk and/or buffer area during major snow events until the snow is 

cleared. 

4) Roadway Clear Zone and Horizontal Offset 

The DCM defines the roadway clear zone to be: 

…the  total  roadside  border  area,  starting  at  the  edge  of  the  traveled  way, 

available  for safe use by errant vehicles. The desired width of the clear zone  is 

dependent on the traffic volume, design speed, and roadside geometry. 
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The DCM  references AASHTO’s Roadside Design Guide  (RDG)  for  rural conditions  (i.e. no curb 

and gutter) but  it  is unclear as  to  the applicability of  the clear  zone concept  to curbed urban 

roadways.  In  2011,  FHWA  published  on  their website  the  following  guidance  regarding  clear 

zone along curbed roadways: 

Since curbs are now generally recognized as having no significant containment 

or  redirection  capability,  clear  zone  should  be  based  on  traffic  volumes  and 

speeds, both without and with a curb. 

The recommended clear zone width is a function of the design speed, traffic volume, functional 

classification of the roadway, and the side slope of the roadway. The clear zone required for a 

urban roadway with a design speed of <40 MPH and an ADT of 1,500 to 6,000 is 12 to 14 feet, 

with a foreslope of 6H:1V or flatter.   

However, the AASHTOGB, similar to the DCM, recognizes the  impracticability of constructing a 

full clear zone in urban areas in accordance with the RDG.   

Where establishing a full‐width clear zone  in an urban area  is not practical due 

to  right‐of‐way  constraints,  consideration  should  be  given  to  establishing  a 

reduced  clear  zone or  incorporating as many  clear  zone  concepts as practical, 

such as removing roadside objects or making them crashworthy.  

The typical minimum roadway cross section for a  local road will meet the minimum clear zone 

width of 12 feet specified  in the RDG (3.5‐foot wide shoulder + 2‐foot wide curb + 5‐foot wide 

sidewalk + 1.5‐foot wide sidewalk shoulder = 12 feet). 

5) Landscaping 

42nd Avenue  from  Lake Otis Parkway  to  Florina  Street,  is  classified  as  a  local  road,  therefore 

there are no  specific design  requirements  for  landscaping defined within  the DCM. However, 

landscape work for this project will meet the General Considerations for Landscape Installation 

and Maintenance in the DCM Section 3.3. New landscape plantings will also meet the guidelines 

for  tree  and  shrub placement  in  sight  triangles  found  in Title 21  and  the AMATS Vision  Zero 

solutions Toolbox. 

However, 42nd Avenue  lies  in  the boundaries of  the UMED District Plan, which places  special 

emphasis on “protecting natural resources and open space, planting more landscaping, creating 

a unique sense of place through quality design, and physically connecting places through multi‐

modal transportation networks.” Specific considerations from the UMED District Plan are outline 

in SECTION II.A.3) above. 

In  addition  to  the  UMED  District  Plan,  a  2017  Site  Plan  for  Folker  Park  shows  community 

gardens/perennial  beds  in  the  ROW  on  42nd Avenue,  along  the  south  edge  of  the  park.  The 

width of the ROW and the  location of the walkway  in this area may provide an opportunity to 

include a green infrastructure system such as a rain garden between the walkway and the road, 

designed per the 2017 Anchorage Stormwater Manual guidelines.  
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6) Storm Drain 

A summary of the pertinent storm drain design criteria per the Anchorage Stormwater Manual 

(ASM) is provided below: 

 Storm drain pipes shall be corrugated polyethylene pipe (CPEP) due to corrosion issues 

in Anchorage area. 

 Minimum diameter of storm drain pipe is 12 inches. 

 Minimum pipe slope is 0.30%. 

 The storm drain system shall not be surcharged during the design storm event. 

 At the design flow, minimum pipe flow velocity  is two feet per second (fps). Maximum 

pipe flow velocity is 13 fps. 

 Minimum depth of cover over a gravity storm drain pipe without thaw protection is four 

feet. 

 Insulation is required for pipes if the depth of cover is less than four feet. If storm drain 

pipe is located under a roadway structural section and insulation is included in roadway 

section, additional insulation for pipe is not required. 

 A thaw system is required if the depth of cover is less than three feet. 

 Maximum manhole spacing is 300 feet. 

 Minimum invert elevation difference across a manhole is 0.05 feet 

The  outfall  invert  elevation  of  a  storm  drain  or  subdrain  outfall  shall  be  the  highest  of  the 

following: 

 The one foot above the ordinary high water surface elevation of lakes and ponds, 

 One foot above the 100‐year water surface elevation of regulated streams, 

 One foot above the bankfull water surface elevation for non‐regulated streams, or 

 The highest elevation practical based on high water and the incoming pipe slope. 

7) Water 

The basis of design criteria for this water main improvement project is the 2018 AWWU Design 

and Construction Practices Manual  (DCPM) and  the 2015 Municipality of Anchorage Standard 

Specifications  (MASS).  Additional  design  criteria  may  be  in  the  form  of  manufacturer 

recommendations  and  industry  standards  for  design  fundamentals  not  covered  in  either  the 

DCPM or MASS.  
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 General Design Considerations 

A. Complete Streets 

A complete streets network is a roadway network that is safe, comfortable, and convenient for users 

of all ages and abilities and all modes of transportation. Complete streets should provide  facilities 

that balance the needs of pedestrians, bicyclists, transit users, motorists, and movement of goods. A 

network‐based  complete  streets  approach  recognizes  that,  while  all  roadway  users  need  to  be 

accommodated within  a  given  neighborhood  or  corridor,  no  single  street  can  accommodate  and 

prioritize  all  transportation  users  at  all  times.  Through  a  network‐based  approach,  MOA  can 

designate priority streets for a given mode to create a high quality experience for those users, while 

providing a high‐quality facility for other modes on parallel but equally convenient routes. 

B. Right‐of‐Way Acquisition 

A key element for the successful completion of any project is the acquisition of any required ROW, 

easements,  and/or  permits while  providing  fair  and  equitable  treatment  to  all  affected  property 

owners, tenants and lessees. 

The MOA’s process  for  residential and business acquisitions  (partial or  full)  follows  the guidelines 

addressed in the State of Alaska’s Acquiring Real Property for Federal and Federal‐Aid Programs and 

Projects  brochure,  the  Relocation  Services  for  Residential  Property  brochure,  and  the  Relocation 

Services  for Businesses, Farms & Non‐Profit Organizations brochure.  Individual parcel’s acquisition 

details are determined on a case‐by‐case basis and negotiated privately between the MOA and the 

property owner. 

In  general,  public  use  easements  (PUE)  are  required  in  areas  where  the  footprint  of  the 

improvements exceeds the ROW. Slope easements (SE) are required for areas where the cut and fill 

slopes are outside of the ROW and need to be maintained. Storm drain easements (DE) are required 

for  drainage  facilities  installed  on  private  property.  Temporary  construction  permits  (TCP)  are 

required  on  private  properties  for matching  new  driveway  grades  to  existing  driveway  grades, 

installation  of  storm  drain  footing  services  or  water  key  boxes  at  the  property  line,  and  the 

relocation, removal or repair of  improvements such as mailboxes, curbs,  landscaping, fencing, and 

encroaching  structures.  Temporary  construction  easements  (TCE)  allow  contractors  temporary 

access onto private property to construct improvements that are within the ROW but where there is 

insufficient space within the ROW to conduct the work. 

Property owners who have personal  improvements  in the ROW, such as  fences, retaining walls or 

landscaping boulders, have the option of applying for encroachment permits for the improvements, 

removing  them  at  their own  expense, or  allowing  the  corrective  action be  incorporated  into  the 

project design. Encroachment permits  for  fences,  rock gardens, planters, and decorative  retaining 

walls within the roadway clear zone are usually not granted. 
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C. Retaining Walls  

Along the north side of 42nd Avenue, just east of Hickory Place, the terrain increases steeply and thus 

a  retaining wall will  be  required  to  reduce  the  impacts  from  roadway  grading  and  slopes  onto 

private property. Retaining walls should also be installed as needed to minimize impacts to utilities, 

the environment, and adjacent properties. 

1) Retaining Wall Types 

Below  is a description of the four basic types 

of  retaining  walls  along  with  their 

characteristics.  Some  walls  may  be  a 

combination  of  types.  For  example,  many 

piling  walls  use  anchors  to  reduce 

embedment  depth  and  required  structural 

strength. 

a) Gravity and Semi‐Gravity:  

Gravity  and  semi‐gravity  retaining  walls 

rely on  the mass of  the wall  for stability. 

The  wall  mass  must  be  sufficient  to 

counteract sliding and overturning  forces 

from  the  retained  soil  in  addition  to 

adequate  bearing  capacity  and  global  stability.  Common  types  of  retaining walls  in  this 

category  include  gabions,  bin  walls,  modular  block,  mass  concrete,  and  mechanically 

stabilized earth  (MSE). Gravity and semi‐gravity walls are “bottom‐up” construction which 

requires  temporarily  removing soil behind  the wall sufficiently  to permit construction. For 

MSE walls, the reinforcement often extends horizontally into the embankment about as far 

as  the  exposed wall  face  is  tall,  however  the  horizontal  extent  increases with  surcharge, 

hydrostatic, and seismic loads. 

b) Piling:  

Piling  retaining  walls  have  structures  that  extend  significantly  below  grade  to  provide 

support  to  counteract horizontal  forces  from  the  retained  soils  in addition  to  considering 

global  stability  and  structural  requirements. Piling  retaining  structures  typically  consist of 

steel sheet piles or beams with lagging. Sheet piles are driven into the soil while beams can 

either  be  driven  or  drilled  and  set  into  holes.  Lagging  can  be  either  timber  beams  or 

concrete panel. Frequently,  the structural  face of a piling wall  is covered with a  facade of 

concrete blocks or panels. These are  typically more expensive  retaining walls but  they do 

allow construction with little to no removal of soil behind the wall.     

c) Cantilever:  

Cantilever retaining walls can be either gravity, semi‐gravity, or piling type walls. Gravity and 

semi‐gravity  walls  have  a  large  effective mass  due  to  the  soil  placed  over  a  horizontal 

Steep grades along north side 42nd Avenue, just east 
of Hickory Place (viewing northeast) 
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section (heel) of the wall that extends behind the wall into the soil. Gravity and semi‐gravity 

walls are typically constructed of cast‐in‐place, reinforced concrete and have a horizontal leg 

of  the  structure extending back  into  the  retained  soil. The  slope behind  the wall  typically 

needs to be temporarily removed during construction and can significantly increase cost on 

tall walls due to the required  length of the heel of the wall. Cantilever walls are relatively 

expensive  due  to  the  work  required  to  build  concrete  forms,  install  reinforcing,  pour 

concrete, and provide joints between pours. The concrete needs time to cure before the soil 

can be replaced behind the wall. Piling cantilever walls rely on their embedment below the 

ground to maintain stability and typically have maximum heights of 20 feet, at which height 

anchors need to be included to minimize deformations.  

d) Anchored:  

Anchored  (or  tieback)  retaining  walls  use  horizontal  elements  advanced  into  the  soil 

sufficiently behind the wall to counteract opposing horizontal forces from the retained soils. 

The anchors can vary but include soil nails, tieback cables or rods with deadman anchors, or 

helical  piles.  The  anchors  need  to  extend  considerably  behind  the  wall  and  potentially 

beyond the project  limits, which can have a significant  impact on buried utilities, adjacent 

properties, and future development. 

2) Retaining Wall Design Considerations 

The decision to construct a retaining wall should balance the cost of  installing a retaining wall 

with  the overall  impacts  to  current and  future utilities,  construction noise and  vibration, and 

adjacent  property  limits. General  locations  of  retaining walls  have  been  determined  but  the 

preferred wall type and extents will require further refinement during the design phase. Below 

are important considerations that affect the decision to provide a retaining wall and which type 

of wall should be constructed. 

a) Excavation Considerations:  

Gravity  and  cantilever  retaining walls  require  the  soil  behind  the wall  to  be  temporarily 

removed during  construction.  In  some  cases,  short  slopes  can be  cut  to near  vertical  for 

short  periods  of  time  to  reduce  impacts,  but OSHA  excavation  requirements  and worker 

safety must be considered in design. Piling walls can minimize excavation requirements thus 

reducing  impacts  to adjacent properties and structures; however,  the  installation of piling 

can result in unwanted noise or damage due to ground vibrations.  

b) Foundation Soils:  

Soils below  and  in  front of  any  retaining wall  require  adequate  strength  and  stiffness  to 

resist the developed forces on the wall. Soils with low strength and high compressibility may 

produce excessive movement and  result  in poor wall performance. Gravity and cantilever 

retaining walls are  feasible where moderate  to high  soil  strength and  stiffness  is present. 

Where  foundation soils are  low strength, a piling or anchor wall should be considered, or 

the poor soil can be replaced.  
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c) Groundwater/Drainage:  

Groundwater and surface infiltration needs to be removed from behind the retaining wall to 

reduce hydrostatic forces unless the retaining wall is designed for full hydrostatic force. The 

latter  solution  is  typically  uneconomical. Wall  types,  like  gabions,  are  inherently  porous 

while other  types,  like  reinforced  concrete,  require weep holes  to be  integrated  into  the 

design to relieve hydrostatic forces from water behind the wall. In areas where substantial 

groundwater  and  glaciation  is  expected,  a  subdrain  should  be  considered  to  direct  the 

runoff to drainage ditches or a piped storm drain collection system. 

d) Utilities & Structures:  

Some  types  of  retaining  walls  require  removing  or  disturbing  soil  for  a  considerable 

horizontal distance behind the face of the wall. For example, modular block walls, MSE, and 

anchored  walls  rely  on  horizontal  elements  that  may  impinge  on  existing  utilities  or 

structures behind the wall.  

e) Aesthetics:  

Retaining walls  are  highly  visible  along  a  roadway  corridor.  They  should  be  selected  to 

complement  the  landscaping  design  and  blend  in  with  the  surrounding  neighborhood. 

Additionally, retaining walls can be targets for vandalism like graffiti. 

f) Safety Fence or Handrail:  

When the exposed face of the retaining wall exceeds 2.5 feet, a fence, handrail, or guardrail 

on  top  of  the wall  needs  to  be  provided  for  safety. Where  space  is  limited,  a  fence  or 

handrail can be placed near the face of a reinforced concrete wall. Most other types of wall 

require the fence to be set back in the soil behind the wall with consideration given to safe 

fence post installation to avoid damaging any horizontal design elements behind the wall.  

g) Construction Schedule and Logistics:  

In some cases, the amount of time required to construct a retaining wall  is critical since  it 

can  affect  adjacent  property  owners  or  the  construction  schedule.  Reinforced  concrete 

headwalls take a considerable amount of time to construct since adequate curing time must 

be allowed before backfilling can occur. Pile driving can be  faster, but creates more noise 

and  ground  vibration  disturbance which may  affect  adjacent  property  owners.  The  large 

equipment required for pile driving may impede traffic flow.  

h) Maintenance:  

Retaining walls  and  associated  fences or handrails  should be designed  to  require  little,  if 

any, maintenance. Concrete surfaces can be coated with finishes that facilitate removal of 

spray paint vandalism. 

i) Cost:  

The estimated  installed cost  for retaining walls varies considerably  from $45  to over $200 

per  square  foot  of  the  exposed  vertical  face. Major  cost‐contributing  factors  include  soil 
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conditions,  wall  height,  tiebacks,  construction  access,  type  of  fence,  and  the  extent  of 

excavation behind or below the wall for construction.   

D. Mailboxes 

The  project  corridor  consists  of  a 

mixture  of  single  residences,  multi‐

family  residences,  apartment 

complexes,  and  office  buildings.  For 

the  latter  two,  mail  is  delivered  to 

secure boxes  located on or within the 

apartment buildings or to front offices 

of commercial establishments. For the 

remainder  of  properties,  individual 

mailboxes are present on both sides of 

the road. The project anticipates impacting these mailboxes.   

Previous  communication with  the United  States  Postal  Service  (USPS)  indicates  that  in  order  to 

change from individual to cluster mailboxes the following must occur:  

 Every affected  resident must agree  to  the  change  from  individual mailboxes  to  cluster.  If 

even one resident doesn’t agree, the mailboxes cannot be switched to cluster style. In order 

to  officially make  the  change  in mail  service,  a  signed  concurrence  from  each  owner  is 

required. 

 MOA is required to purchase the cluster mailboxes and install concrete foundations. 

From past PM&E project experiences, it is very hard to gain concurrence from all affected residents, 

thus this project plans to re‐install individual mailboxes. For individual mailboxes, if a new sidewalk 

is proposed, the sidewalk will need to be separated from the curb by a minimum of 3 feet so that 

the mailbox  can be  installed between  the  curb and  the  sidewalk.  Individual mailboxes  can be  re‐

used where  feasible.  If  the existing mailboxes do not meet  current postal  standards,  they will be 

replaced with new boxes that meet current standards.  If cluster mailboxes are elected, the design 

team will work with the USPS and residents to determine appropriate installation locations. 

E. Lighting  

Lighting  systems  shall  be  designed  to  the  DCM’s  Chapter  5  criteria  and  enhance  traffic  and 

pedestrian safety. A properly designed lighting system will: 

 Provide  the minimum maintained  average  luminance  and  illuminance  levels  specified  for 

roadways, sidewalks, and intersections. 

 Provide  a  uniformity  of  lighting  that  does  not  exceed  the maximum  ratios  specified  for 

roadways, sidewalks, stand‐alone pathways, and intersections. 

 Minimize construction and maintenance costs. 

 Avoid adverse impacts to adjacent properties. 

Individual mailboxes along 42nd Avenue between Piper Street and 
Dale Street (viewing west) 



  MOA Project #18‐06 

  42nd Avenue Upgrade 

    Draft Design Study Report  

  59  June 2020 

 Reveal hazards to pedestrians and vehicular traffic. 

The MOA has  retrofitted many existing  luminaire poles with  luminaires  that use LEDs as  the  light 

source and new roadway projects with lighting improvements now incorporate LED lighting into the 

design. The new proposed LED  lighting system for this project will be designed to provide the  light 

levels specified in the DCM as summarized below: 

1) Roadway (not including intersections): 

For  a  local  roadway  with  medium  pedestrian  activity,  the  DCM  recommends  a  minimum 

maintained average of 0.7 foot‐candles with an average‐to‐minimum uniformity ratio no greater 

than 6:1 and a veiling luminance ratio no greater than 0.4. 

2) Pedestrian Facilities: 

It is anticipated that pedestrian activity along the project roadways will be in the medium range 

per  Chapter  5  of  the  DCM.  For  adjacent  pedestrian  facilities within  the medium  pedestrian 

volume criteria, the DCM requires a minimum maintained average of 0.5  foot‐candles with an 

average‐to‐minimum uniformity ratio no greater than 4:1.  

3) Intersections: 

For  the purpose of  lighting  intersections,  the DCM uses  the  following  roadway  classifications 

based upon the ADT (note these do not apply to standard MOA DCM street classifications): 

 Major: over 3,500 ADT 

 Collector: 1,500 to 3,500 ADT 

 Local: 100 to 1,500 ADT 

Below,  in TABLE 11,  is a summary  from the DCM of  lighting  for  intersections. This table will be 

used  to  design  lighting  improvements  at  the  project  intersections.  Intersection  lighting 

classifications for the project intersections will be based upon the design year ADT as stated in 

SECTION V.B. 

Table 11 ‐ Illuminance for Intersections (MOA DCM Table 5‐5) 

Functional Lighting 

Classification 

Average Maintained 

Illuminance (low 

pedestrian area) 

Maximum 

Uniformity Ratio 

Major/Major  2.6  3.0 

Major/Collector  2.2  3.0 

Major/Local  2.0  3.0 

Collector/Collector  1.8  4.0 

Collector/Local  1.6  4.0 

Local/Local  1.4  6.0 



  MOA Project #18‐06 

  42nd Avenue Upgrade 

    Draft Design Study Report  

  60  June 2020 

The  luminaires will also provide a full cutoff  light distribution to reduce the negative effects of 

casting  light  on  nearby  properties  (especially  residences)  and  illuminating  the  night  sky.  To 

minimize  the  trespass of  light on  adjacent properties  and  reduce  glare,  luminaires  are  to be 

installed 30 feet above the pavement and fixtures in certain areas should have backlight control 

optics. 

All luminaire poles and light fixtures within the project area will be removed with the exception 

of the two luminaire poles at Piper Street. A new continuous lighting system with LED luminaires 

will be installed to meet minimum illumination requirements.    

F. Landscaping 

The overall goal of the landscape design is to limit impacts to existing vegetation where feasible and 

provide new  landscape amenities where space allows. The existing ROW provides  limited room for 

new landscape improvements in some segments.  

Landscape design considerations for this project will include the following where possible within the 

ROW: 

 Green Infrastructure stormwater system south of Folker Park (see discussion below) 

 Landscape amenities that reference the design language and design guidelines of the UMED 

district,  such  as  using  native  species  in  the  landscape  design,  providing  decorative  fall 

protection fencing at retaining walls similar in color and style to other landscape amenities 

in  the  area  (e.g.,  existing  fall  protection  railing  along  E.  40th Ave  near  Piper  Street),  and 

providing trail wayfinding signage where appropriate  

 Protection  of  existing mature  trees  in  the ROW  and  on  private  property  adjacent  to  the 

proposed improvements, wherever possible 

 Proper sizing and placement of planting beds for tree health 

 Protection of new plantings from moose grazing 

 Selection of plant material that  is appropriate to the application, neighborhood aesthetics, 

expected maintenance, and site microclimate 

An  opportunity  to  include  a 

green  infrastructure  system 

for  treatment  and  temporary 

retention  of  stormwater 

runoff  from  42nd  Avenue  at 

Folker  Park  will  be  explored 

during detailed design. FIGURE 

9  is  a  conceptual  section  of 

one  type  of  rain  garden  that 

could  be  used  to  capture 

stormwater from the adjacent 

surfaces.  Hyper‐accumulator, 
Figure 9 ‐ Example rain garden with vegetative swale 
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water‐tolerant plants will help capture pollutants and sediment before they enter the stormwater 

system. Bioswales also help reduce  the stormwater runoff volume and  flow rate, which eases  the 

burden of a large rain event on the downstream facilities. Long‐term performance of the rain garden 

will be contingent on performing on‐going maintenance. Potential green  infrastructure design  for 

this  area will  be  closely  coordinated with MOA  Parks  and  Recreation  Department, MOA  Street 

Maintenance Department and the MOA Watershed Management Department. 

Additional landscape design considerations will include proper placement of new plant materials to 

account for snow storage and clearing within the ROW. Placement of new planting will also adhere 

to requirements for clear sight lines at intersections per AMATS Vision Zero goals for transportation 

safety. 

G. Nonconformities 

MOA Code of Ordinances  Title 21.12 defines  “nonconformities”  as  legal uses,  structures,  lots, or 

signs  established  prior  to  the  effective  date  of  the  current  title,  or  future  amendments  to  the 

current title, that don’t conform to the requirements of the current title. The acknowledgement and 

relief  granted  to  existing  property,  land  uses,  and  structures  are  intended  to minimize  negative 

economic effects on development that was lawfully established prior to the current title. In all cases, 

the burden of establishing the existence of a  legal nonconformity  is solely the responsibility of the 

owner of the nonconformity. Verification of nonconforming status can be requested by the owner 

or on behalf of  the owner by  submitting  a Nonconforming Determination  application  along with 

supporting documentation to the MOA Planning Department for a determination. 

Improvements made to the structure or lot that require a permit from Building Safety may require 

dedicating a portion of the construction cost to bring the affected areas towards compliance with 

current  codes.  However,  if  improvements  do  not  require  a  permit,  the  area  is  not  subject  to 

upgrading to current standards. For example, per current code, improvements to lots that place fills 

(including pavement)  less than 1  foot  in depth, on natural terrain with a slope  flatter than 5H:1V, 

and do not obstruct drainage courses do not require a building safety permit.  

Two parcels along the project corridor have previously established nonconforming status. TABLE 12 

below provides a summary of these existing parcels and the relevant nonconformities (see FIGURE 5 

and  FIGURE  6  for  the  parcel  location  map).  Some  of  these  parcels  also  may  have  additional 

nonconforming  features  associated  with  the  lots  that  have  not  yet  established  nonconforming 

status, including:  

 Driveway widths exceed two‐fifths of the frontage of the lot. 

 Parking and maneuvering not entirely located on property. 

 Vehicles not able to enter abutting street in forward  

Depending on the preferred design, these additional nonconformities may need to be established in 

order  to  construct  the  proposed  project  improvements  and  not  negatively  impact  current 

development.  Since  the MOA  is making  improvements  to  the ROW with  this project,  the project 

team  will  work  with  the  owners  of  the  lots  in  order  to  gain  approval  from  them  to  submit  a 
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Nonconforming Determination application on their part. The MOA Planning Department will review 

the  application  and  determine  whether  a  property  has  valid  nonconformities.  Once  the 

nonconforming  uses  have  been  established,  the  design  team  will  work  with  the  MOA  Traffic 

Department in order to provide the safest possible roadway design. 

Table 12 ‐ Summary of Nonconforming Uses 

Parcel 

No. 

Year of Nonconforming 

Status Determination 
Nonconformity 

101  2017 

 The  office  building  encroaches  1.3’  into  the 

required 10’ north side yard setback. At the time of 

construction,  a  side‐yard  setback  required  5’  and 

this encroachment is a legal non‐conformity.   

 The  lack of continuous pedestrian access  from the 

street  to  the  primary  entrance  is  a  legal  non‐

conformity.  

 The  lack  of  interior  parking  lot  landscaping  and 

additional  perimeter  landscaping  at  the  east  and 

south perimeters are legal non‐conformities. 

156  2018 

 The  existing  dwelling  encroaches  2.2’  into  the 

required  5’  south  side  yard  setback.  The  dwelling 

was constructed prior to the effective zoning of this 

parcel  and  this  encroachment  is  a  legal  non‐

conformity.   

 The  gravel driveway was  constructed prior  to  the 

requirements  for  paved  driveways  and  is  a  legal 

non‐conformity 

 Note:  encroachment  of  the  shed  2.4’  into  the 

required  20’ west  primary  set  back  and  3.8’  into 

the  required  5’  south  side  setback  is NOT  a  legal 

non‐conformity as  the shed was constructed after 

the  effective  zoning  date  of  the  parcel  and  is  in 

violation of Anchorage Municipal Code 21.06.020 
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 Project Alternatives   

The 42nd Avenue project corridor has 11  street  intersections  (including Lake Otis Parkway and Florina 

Street) and serves 70 parcels. Roadway plan and profile drawings depicting alternatives for upgrades to 

the project and the locations of individual parcels can be found in APPENDIX B.  

A. Design Challenges 

1) Buffers 

Buffers between  curb  and pedestrian  and/or  bicycle  facilities  are desirable  to provide better 

separation  from moving  vehicles  and  provide  a  space  for  plowed  snow  to  be  stored  during 

winter. Ideally, pedestrian facilities are separated from the back of curb by a 7‐foot wide buffer 

space  to maximize  separation  from  the  travelled way  and  available  space  for  snow  storage. 

However,  limited right‐of‐way, existing utilities, close spacing of driveways,  impacts to existing 

infrastructure, and existing buildings set close  to  the property  line  limit  the areas where wide 

buffers can be provided without acquiring easements, moving  infrastructure, and/or relocating 

utilities.  

Residents may perceive the existing grassed ROW area  in front of their house as part “of their 

front  yard.”  Expanding  the  improvements  to  include  buffers may  be  perceived  as  impacting 

private property. Some private improvements also extend into the ROW. At driveway crossings, 

it is ideal for the pedestrian facility to be within at least 3 feet of the back of curb for increased 

visibility to drivers exiting or entering the driveway.  

2) Full Frontage Driveways and Parking 

The discontinuous and existing  rolled  (Type 2) curb along 42nd Avenue allows  for  full  frontage 

access to on‐property parking.  Installation of barrier (Type 1) curb along the roadway will  limit 

property access to driveway curb cut locations and could affect the ability for property owners 

to access parking spaces.  

Several properties appear to have nonconforming rights, based on the year of construction; this 

may allow the parcel to maintain full‐frontage access, lack of on‐site parking, and/or lack of on‐

site maneuvering.  These  properites were  reviewed  for  conformance  to Anchorage Municipal 

Code  (AMC) Title 21 parking  requirements and DCM driveway  requirements. Properties were 

analyzed  against  current  requirements  to  see  if  an  expanded  corridor  footprint may  reduce 

available on‐site parking  stalls  and/or  result  in  a non‐compliant property.  Parcels where  full‐

frontage  access,  full  frontage  parking,  and/or  available  parking  areas  are  a  concern  are 

described below in TABLE 13: 
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Table 13 ‐ Property Summary for Potential Nonconformities 

Parcel 

No. 

Construct‐

ion Year 

Item not to current  

MOA Code 

 
Parcel No. 

Construct‐

ion Year 

Item not to current  

MOA Code 

101  1976  Driveway width 
 

134  1974 
Driveway width; no 

on‐site maneuvering 

103  1983  Driveways widths 
 

137  1977 
Driveway width; no 

on‐site maneuvering 

108  1972 
Driveway width; no 

on‐site maneuvering 

 
138  1977 

Driveway width; no 

on‐site maneuvering 

113  1975  Driveway width    139  1971  Driveway width 

114  1999  Driveway width    140  1971  Driveway width 

116  1982  Driveway width    141  1965  Driveway width 

118  1973  Driveway width    144  1974  Driveway width 

119  1978  Driveway width    147  1974  Driveway width 

121  1972  Driveway width    148  1974  Driveway width 

122  1961  Driveway width    151  1995  Driveway width 

123  1995  Driveway width    152  1957  Driveway width 

124  1986 
Driveway width; no 

on‐site maneuvering 

 
153  1964  Driveway width 

126  1971 

Required parking 

spaces; driveway 

width; no on‐site 

maneuvering 

 

156  1953  Driveway width 

127  1978  Driveway width 
 

161  1983 
Number of 

Driveways 

128  1973  Driveway width 
 

163  1976 
Driveway width; no 

on‐site maneuvering 

129  1976  Driveway width    164  1998  Driveway width 

132  1978 
Required parking; 

driveway width 

 
171  1970  Driveway width 

133  1974  Driveway width    172  1976  Driveway width 

138  1977 
Driveway width; no 

on‐site maneuvering 
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3) Driveway Grades and Landings 

There are 75 existing driveways/access areas along the project corridor. Driveways will need to 

be  reconstructed  to match  into  the proposed  roadway design grades. The  length of driveway 

improvements  will  depend  on  the  proposed  grade  adjustments  required  at  each  driveway. 

Proposed conceptual driveway grades were analyzed for the preferred alternative only and are 

summarized along with existing grades in APPENDIX M. Proposed conceptual plan view driveway 

locations  and  reconstruction  limits  are  shown  on  the  roadway  plan  and  profile  drawings  in 

APPENDIX B. 

Many driveways do not have  the DCM  required  landings and have  relatively  steep grades  (9‐

14%)  up  to  the  existing  parking  lots  or  structures.  Proposed  improvements  will  widen  the 

roadway and  install pedestrian  facilities  that are ADA compliant  (2% max cross slope). Where 

pedestrian  facilities  cross  driveways,  the ADA  compliant  pedestrian  facility will  function  as  a 

partial  driveway  landing.  The  proposed  driveway  grades  shown  in  APPENDIX M  reference  the 

grade beyond the pedestrian facility. 

4) Driveway Curb Returns and Curb Cuts 

There are a  variety of existing driveway access  types along  the project  corridor  including  full 

frontage  access,  unrestricted  rolled  (Type  2)  curb  access,  and  paved  driveway  approaches 

without curbs.  

The MOA DCM requires curb returns be  installed at driveways accessing commercial buildings, 

including 8‐plex residential structures and greater. For driveways to residential structures up to 

7‐plex, either curb cuts or curb returns can be installed. Curb returns allow for vehicles to travel 

into/out  of  driveways  at  a  higher  speed.  However,  curb  returns  prevent  a  continuous 

gutter/concrete flow path for stormwater drainage across the driveway, compared to curb cuts 

that  construct  continuous  curb  and  gutter  across  the  driveway.  The  curb  cuts  also  promote 

positive drainage across the driveways, which will be critical along some sections of the corridor 

that have longitudinal roadway grades less than 1%. 

Curb  returns  are  proposed  to  be  installed  at  commercial  structures,  including  8‐plexes  and 

greater. However, many of  the parcels were constructed prior  to  the current AMC codes and 

DCM that require curb returns and also restrict driveway widths. Curb cuts and/or full‐frontage 

driveways may  be  required  at  these  parcels,  as  discussed  above,  if  the  curb  returns  restrict 

access to required parking and if the parcel has a nonconforming right.  

Between Piper Street and Dale Street, the existing roadway has rolled (Type 2) curb and gutter 

and  the  adjacent  parcels  are  closely  spaced  single‐  and multi‐family  units  (up  to  four‐plex). 

There  is  insufficient space to construct a barrier  (Type 1) curb with curb cuts  for these closely 

spaced  driveways  and  thus  a  rolled  (Type  2)  curb  is  proposed  along  this  section  to  provide 

access  to  the  parcels.  Roadway  cross  sections  are  discussed  in more  detail  in  the  following 

section.  
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5) Other Design Challenges 

Roadway  grades  are  typically  flat,  as  low  as  0.1%  percent  in  some  locations.  Roadway 

improvements will  require  forced high and  low  spots  to  facilitate adequate drainage. Grading 

beyond  the  roadway  improvements may be a challenge with  the  forced high  spots combined 

with the addition of curb and gutter. 

The limited ROW and adjacent developed parcels make for incorporating GSD elements difficult 

along the project corridor. 

B. Roadway Cross Sections 

The standard cross section for a Secondary Urban Street has two detached 5‐foot sidewalks and the 

roadway width varies depending on the ADT, as shown below in TABLE 14. 

Table 14 ‐ Secondary Urban Street Design Values 

AADT 
Street 
Width1 

Number of Lanes  Shoulder 
Width 

Curb & 
Gutter 
Type 

Pedestrian 
facilities4 

Design 
Speed 
(mph) Moving  Parking2 

301 – 
1,000 

33’  2 – 11’  1 – 7’  3.5’ 
Type 23 
(rolled) 

5‐foot wide, 
both sides 

25 

> 1,000  38’  2 – 10’  2 – 7’  3.5’ 
Type 23 

(rolled) 
5‐foot wide, 
both sides 

30 

1. Street width is measured from back of curb to back of curb.  
2. When off street parking is utilized, the parking lane may be eliminated and the street width 

reduced. Minimum 3.5’ shoulder sections are required if parking is eliminated. 
3. Anchorage Municipal Code 21.08.050.G requires the use of vertical, Type 1 curb and gutter. 
4. Anchorage Municipal Code 21.07.060.E.2 also requires sidewalks to be installed on both sides of all 

streets in Class A zoning districts. This area falls under Class A per 21.08.050.B, Table 21.08‐1. 

A  parking  study  was  performed  to  determine  on‐  and  off‐street  parking  demand,  as  discussed 

above. The parking studies are included in APPENDIX H. To accommodate any on‐street parking needs 

but  not  designate  parking  lanes,  no  roadway  traffic  markings  are  proposed  along  the  project 

corridor for any of the alternatives. This effectively allows use of the full roadway width for travel 

lanes and parking.  

Two different typical cross section alternatives were developed for each of the four segments along 

the project corridor. Due to the similar context and access requirements along Segment A (Lake Otis 

Parkway  to  Laurel Street) and  Segment B  (Laurel Street  to Piper Street), Segments A and B have 

been combined. All alternatives are described in more detail below. 

1) Segments A & B – Lake Otis Parkway to Piper Street  

This segment of roadway has projected (2045) traffic volumes over 1,000 vehicles per day and 

the observed 85th percentile speed  is 27 mph. There was no observed on‐street parking within 

this segment during the parking studies.  



  MOA Project #18‐06 

  42nd Avenue Upgrade 

    Draft Design Study Report  

  67  June 2020 

a) Alternative 1 (preferred):  

This  alternative  includes  two,  10‐foot  wide 

travel  lanes with  3.5‐foot wide  shoulders  and 

barrier  (Type  1)  curb  and  gutter  for  a  total 

roadway width (measured from back of curb) of 

31.0 feet (see FIGURE 10). An 8‐foot wide paved 

pathway  is proposed on  the north  side of  the 

roadway and a 5‐foot wide concrete sidewalk is 

proposed  on  the  south  side  of  the  roadway. 

The non‐motorized facilities would be detached from back of curb where feasible. 

Driveway access would be by curb return (commercial, including 8‐plex and greater) or curb 

cut  (residential,  including  7‐plex  and  below).  Exceptions  to  this  are  listed  below.  For  all 

alternatives  a  rolled  (Type  2)  curb will  be  proposed  for  curb  cut  driveways  that  exceed 

2/5th’s of  the  lot  frontage  to provide more protection of  the  sidewalk  than  the  standard 

Type 4 curb cut:  

 Parcel  172:  the  primary  driveway  to  P172  would  include  curb  returns,  but  the 

secondary driveway access, located along the eastern property line, would be a curb 

cut. The curb cut will also be a shared driveway to access the residential Parcel 171.  

 Parcel 163:  installing a curb  return would  reduce  the  required on‐site parking and 

thus a curb cut is proposed for P163. The driveway width would also exceed 2/5th’s 

of the lot frontage.  

 Parcel 161: the primary driveway to the parking  lot  located on P161 would  include 

curb returns. This parcel contains two structures, each with an underground parking 

garage with direct access to 42nd Avenue. 

The  driveways  to  access  the  parking 

garages would  be  curb  cuts.  This  parcel 

would have three driveways.   

 Parcel 108: Installing a curb return would 

reduce  the  required on‐site parking  and 

thus a curb cut is proposed for P108. The 

driveway width would also exceed 2/5th’s 

of the lot frontage. 

b) Alternative 2:  

This alternative includes two, 10‐foot wide travel lanes with a 3.5‐foot wide shoulder on the 

north side and a 7‐foot parking  lane on the south side and rolled (Type 2) curb and gutter. 

The total roadway width (measured from back of curb) of Alternative 2 is 34.5 feet. Two, 5‐

foot wide concrete sidewalks would be attached  to  the back of curb on both sides of  the 

roadways.  Driveway  access  would  be  designated  through  pavement  but  could  not  be 

enforced as rolled (Type 2) curb allows for full‐frontage access.     

Full frontage access to businesses (Parcel 101) 

Full frontage access to 4‐plex structure 
(Parcel 108) 
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Figure 10 ‐ Segments A and B typical cross sections 
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2) Segment C – Piper Street to Dale Street 

This segment of roadway has projected (2045) traffic volumes over 1,000 vehicles per day and 

the  observed  85th  percentile  speed  is  25.5 mph.  Parking  studies  indicate  there  is  on‐street 

parking demand along this segment.  

c) Alternative 1 (preferred):  

This alternative  includes  two, 10‐foot wide  travel  lanes with a  single, 7‐foot wide parking 

lane along  the  south  side of  the  roadway and  rolled  (Type 2)  curb and  gutter  for a  total 

roadway width (measured from back of curb) of 31.0 feet (see FIGURE 11). No roadway traffic 

markings  are  proposed,  effectively  allowing  parking  along  either  side  of  the  roadway. 

Pedestrian facilities would consist of 5‐foot wide concrete sidewalks along both sides of the 

roadway. The sidewalks would be separated  from the back of curb with a 3‐foot buffer  in 

order to provide space to install the individual mailboxes.    

Rolled  (Type  2)  curb  and  gutter  is  proposed  due  to  the  close  spacing  between  the wide 

residential driveways along  this  segment as  there  is  insufficient  room  to construct barrier 

(Type 1) curb with curb cuts at each driveway. The wider driveways are most likely allowed 

non‐conformities based on  the date of  construction of  the property; driveways would be 

reconstructed  to  match  existing  widths.  Driveway  access  would  be  designated  through 

pavement but could not be enforced as rolled (Type 2) curb allows for full‐frontage access.   

d) Alternative 2:  

This alternative  is  identical  to Alternative 1, except  that  the  travel  lanes would be 11  feet 

wide for a total roadway width (measured from back of curb) of 33.0 feet.   
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Figure 11 ‐ Segment C typical cross sections 
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3) Segment D – Dale Street to Florina Street 

This  segment of  roadway has projected 

(2045)  traffic  volumes  over  1,000 

vehicles per day  and  the observed  85th 

percentile  speed  is  25.5  mph.  Parking 

studies  indicate  there  is  on‐street 

parking demand along this segment.  

a) Alternative 1 (preferred):  

This  alternative  includes  two,  10‐

foot wide  travel  lanes with 3.5‐foot 

wide shoulders and barrier  (Type 1) 

curb and gutter  for a  total roadway 

width (measured from back of curb) 

of  31.0  feet  (see  FIGURE  12). 

Pedestrian facilities would consist of 

attached 5‐foot wide concrete sidewalks along both sides of the roadway.  

Driveway access would be by curb return (commercial, including 8‐plex and greater) or curb 

cut (residential, including 7‐plex and below). Exceptions to this are listed below:  

 Parcels  140  and  139:  these  parcels may  have  nonconforming  rights  for  driveway 

widths. Curb  cuts would be  installed and  the width  is proposed  to be  reduced  to 

current standards, as this does not prevent access to required parking.  

 Parcels 138, 137, 134, 133, and 132: these parcels may have nonconforming rights 

for  driveway widths.  Curb  cuts would  be  installed  and  the  driveway widths will 

exceed 2/5th‘s of the lot frontages. 

 Parcel 129:  this parcel may have nonconforming  rights  for driveway width. A curb 

cut would be installed and the driveway width will exceed 2/5th‘s of the lot frontage. 

In  addition,  this  parcel  currently  utilizes  the ROW  for  designated  on‐site  parking. 

Parking  spaces  in  the ROW would be  removed  and no driveway access would be 

designated at this location.  

 Parcel  127:  this  parcel may  have  nonconforming  rights  for  driveway width.  This 

parcel currently utilizes  the ROW  for designated on‐site parking. Parking spaces  in 

the ROW would be  removed and no driveway access would be designated at  this 

location.  

 

   

Full frontage access along 42nd Avenue between Dale 
Street and Florina Street 
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b) Alternative 2:  

This alternative  includes  two, 11‐foot wide  travel  lanes with a  single, 7‐foot wide parking 

lane along  the  south  side of  the  roadway and  rolled  (Type 2)  curb and  gutter  for a  total 

roadway width (measured from back of curb) of 33.0 feet. No roadway traffic markings are 

proposed,  effectively  allowing parking  along  either  side of  the  roadway. Driveway  access 

would be designated through pavement but could not be enforced as rolled  (Type 2) curb 

allows for full‐frontage access.   

Parcel 129: parking in ROW 
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Figure 12 ‐ Segment D typical cross sections. 
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C. Horizontal Alignment 

The  existing  roadways  within  the  project  corridor  are  generally  centered  on  the  existing  ROW 

centerlines with the exception of some of the side streets. The side streets that are not centered in 

the  ROW  are:  Hickory  Place,  Roson  Court,  and  Brantley  Place.  The  proposed  roadways  will  be 

typically  centered within  the  ROW,  however  during  design  development  the  proposed  roadway 

centerline locations may be adjusted to balance improvements within the ROW and limit impacts to 

adjacent properties and utilities. 

D. Vertical Alignment 

The  overall  intent  of  the  roadway  profile  is  to maintain  adequate  grades  for  drainage  along  the 

project  corridor  while  minimizing  adverse  effects  on  surrounding  driveways,  side  streets,  and 

infrastructure. The more the proposed roadway grade is changed from the existing grade, the more 

the  cut  and  fill  slopes will  impact  adjacent  properties.  Driveways  and  side  streets must  also  be 

adjusted  to match  the new  roadway  grades. The proposed  conceptual  roadway profiles  for each 

Alternative  are  shown  in  APPENDIX  B.  During  design  development  the  proposed  profiles  will  be 

iteratively modified  in more  detail  to  provide  a well‐balanced  design  that minimizes  impacts  to 

adjacent properties and provides acceptable driveway grades. 

The existing roadway grades in the project area are generally very flat, between 0.1% and 0.8% with 

the exception of one hill, with a grade of approximately 4.0%. While flat grades can be beneficial for 

matching  side  street  and  driveway  slopes  and minimizing  impacts  to  adjacent  properties,  it  can 

cause drainage issues and ponding. To ensure adequate grades for positive drainage, alternate low 

and high spots will be built into the roadway profile, with drainage inlets installed at the low points 

to catch surface drainage.  

E. Design and Posted Speed 

Based  on  comments  from  local  residents,  speeding  is  a  concern  along  42nd  Avenue  and  could 

potentially worsen as the roadway is improved. The project aims to not make speeding worse upon 

completion of the proposed project.  In order to minimize speeding along the corridor, conceptual 

traffic  calming  measures  have  been  incorporated  into  the  design  as  previously  discussed.  The 

proposed design/posted speed will match  the current posted speed of 25 MPH. The  lower design 

speed allows for the vertical curves proposed along the alignment to better match into the existing 

topography and ROW.   
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 Drainage Improvements 

The  condition  assessment  and  drainage  analysis  discussed  in  SECTION  III  identified  a  number  of 

deficiencies in the existing storm drain systems within the project limits, as well as contributing systems 

beyond 42nd Avenue. One of the primary goals  for this project  is to  improve drainage and correct any 

issues within the project corridor.  

The proposed drainage improvements consist of the following: 

 Replace  aging  42nd Avenue  (West)  system  to  align with  new  roadway  improvements  and 

maintain separation distance from proposed water main from Lake Otis Parkway to Laurel 

Street 

 Extend 42nd Avenue  (West)  system with new piping  from  Laurel Street  to Parker Place  to 

provide continuous storm drain system 

 Upgrade outfall pipe to open channel/Fish Creek headwaters at Lake Otis Parkway and 42nd 

Avenue to accommodate future improvements to connecting subsystems 

 Remove  sediment  from  open  channel/Fish  Creek  headwaters  and  replace  2  downstream 

driveway culverts 

 Replace aging 42nd Avenue (East) system from Piper Street to Florina Street to accommodate 

current design storm and improve overall surface drainage 

 Install catch basins at new roadway low points and other low lying areas to alleviate ponding 

issues 

 Replace catch basins and leads as required to match new curb and gutter 

 Provide positive roadway drainage to minimize ponding 

 Provide water quality treatment for storm runoff 

 Provide freeze protection for storm drain systems 

The proposed storm drain configuration as described below is shown on the plan and profile sheets in 
APPENDIX C. 

A. Hydrologic and Hydraulic Model Results 

A  hydrologic  and  hydraulic  (drainage)  model  was  developed  for  the  proposed  storm  drain 

conveyance system, similar to the existing conditions drainage model. The purpose of the proposed 

drainage model  is to properly size the new stormwater system and correct any  issues  identified  in 

the existing  system. The  two primary  systems  that will be upgraded are  the 42nd Avenue  (West) 

system from Lake Otis Parkway to Parker Place, and the 42nd Avenue (East) system from Piper Street 

to  Florina  Street.  Improvements  to  adjacent  and/or  connecting  storm  drain  systems  previously 

discussed that are outside of the project limits will not be upgraded as part of this project.  

A  total of 43 contributing  catchments were delineated and evaluated  for  runoff  response  for  the 

proposed  condition. The majority of  contributing  catchments within  the project boundaries were 

adjusted  in  size  due  to  account  for  the  addition  of  new  inlets  planned  along  42nd  Avenue.  For 

example, the four existing catchments C‐2.1 to C‐2.4 were subdivided into six new catchments (C‐2.1 

to C‐2.6) in the proposed model to better evaluate the overall effectiveness of the proposed system. 



  MOA Project #18‐06 

  42nd Avenue Upgrade 

    Draft Design Study Report  

  76  June 2020 

Peak runoff and pipe flows for the proposed drainage systems are reflected in FIGURE 3, APPENDIX F. 

The complete SSA modeling results can also be found in APPENDIX F.  

Note  that  several  pipe  segments  outside  the  project  boundary  are  still  experiencing  surcharging 

conditions  in the proposed model results. This has not changed from the existing condition model. 

However,  since many of  these  subsystems contribute  runoff  to  the proposed 42nd Avenue  (West) 

system, a separate drainage analysis was prepared  to correctly size  the pipe segments within  the 

project  corridor  in  the  event  these  contributing  subsystems  are  upgraded  in  the  future.  The 

proposed model  results  in APPENDIX  F  incorporates  the pipe  sizes  along 42nd Avenue  required  for 

these potential future upgrades outside the project limits.  

B. Replace 42nd Avenue (West) System – Lake Otis Parkway to Laurel Street 

The majority of existing storm drain pipe from Lake Otis Parkway to Laurel Street  is constructed of 

CMP. Some of this pipe was assessed using CCTV and was  found to be  in  fair condition. However, 

much of  it was not assessed knowing that the CMP pipe was nearing the end of  its design  life and 

will be replaced regardless of current condition. In addition, the existing pipe along this segment of 

roadway  is undersized to convey the design storm event. Pipe and structures along this stretch of 

roadway will be removed and replaced. 

The proposed storm drain pipe for this segment of 42nd Avenue ranges  in size from 30‐inch to 48‐

inch corrugated polyethylene pipe (CPEP) at the outfall. To meet separation distance from the water 

utility,  the  main  line  pipe  will  be  relocated  from  the  north  side  of  42nd  Avenue  to  roadway 

centerline. Type II manholes will be installed for main line pipe, with connecting catch basins located 

to  the north and  south  to  intercept curb  flow. Several  field  inlets are also  required at  low points 

behind the proposed pedestrian facilities to capture runoff from adjacent low lying properties.  

The  current  outfall  pipe  discharges  stormwater  runoff  into  an  open  channel  ditch/Fish  Creek 

headwaters  located on  the west  side of  Lake Otis Parkway. Over  time,  sediment  from  runoff has 

accumulated in the ditch resulting in a partially buried outfall pipe. This sedimentation decreases the 

overall capacity of the ditch and outfall pipe. To alleviate these  issues,  it  is recommended that the 

deposited sediment in the open channel be removed and the ditch be regraded to provide positive 

and continuous drainage to the west. Two 36‐inch CMP driveway culverts are  located  in this ditch 

downstream  of  the  outfall  and  likely  have  a  significant  amount  of  sedimentation,  as well.  It  is 

recommended  that  these  culverts  be  replaced  with  CPEP  culverts,  which  have  better  flow 

characteristics than CMP and do not corrode. Due to existing driveway elevation constraints  it will 

be difficult to upsize the driveway culverts to be a larger than the existing. The capacity of the open 

channel ditch downstream of the outfall has not yet been analyzed for the design peak flow event. 

While the open channel is outside of the project limits, it may be worthwhile to evaluate if the ditch 

is adequately sized for future upgrades/planning. 

Additional survey points were shot along Fish Creek, downstream of the open channel ditch along 

42nd  Avenue  and  at  the  Fish  Creek  culvert  crossing  beneath  Tudor  Road.  The  purpose  of  the 

additional  survey was  to  determine  if  the  open  channel  ditch/Fish  Creek  could  be  re‐graded  to 

provide an elevation drop between the outfall located on the west side of Lake Otis Parkway and the 
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open channel ditch bottom. This would also possibly help alleviate any  issues with raising the 42nd 

Avenue roadway grade within the flood plain by providing more downstream capacity during  large 

storm events. The survey points were analyzed and found that the existing open channel ditch/Fish 

Creek west of the outfall is very flat, with slopes ranging from 0.08%‐0.35%. It will not be possible to 

regrade  the  open  channel  ditch/Fish  Creek  to  provide  an  elevation  drop  at  the  outfall  pipe  as 

desired. 

C. Extend 42nd Avenue (West) System – Laurel Street to Parker Place  

There  is currently no storm drain  infrastructure extending along 42nd Avenue from Laurel Street to 

Piper Street, aside  from catch basins connected to subsystems at Folker Street and Wright Street. 

These two subsystems divert runoff to the Tudor Road system discussed  in SECTION III. The existing 

catch  basins  and  the  connecting manholes  at  these  intersections will  need  to  be  removed  and 

replaced  due  to  the  proposed  realigned  roadway  and  curb  and  gutter.  Runoff  from  these 

intersections  will  be  conveyed  to  the  proposed  system  on  42nd  Avenue.  Subsequently,  the  old 

connecting pipe segment from the Folker Street and Wright Street subsystems will be removed or 

abandoned in place, as those pipe segments will no longer be needed. 

The proposed storm drain system extension will consist of  installing CPEP ranging  in size  from 18‐

inch to 24‐inch  from Laurel Street to Parker Place. Existing water and sewer mains are  located on 

the north and south of  the  roadway,  respectively. To meet separation distance  requirement  from 

theses utilities, the storm drain pipe extension will be installed along the center of the road. Type I 

and II manholes will be installed along the roadway centerline, with connecting catch basins located 

to the north and south to  intercept curb flow. Type II catch basin manholes will be  installed at the 

intersection of 42nd Avenue and Wright Street, to connect leads to the east. The Type II catch basin 

manholes are installed under curb line to collect curb flow, while also providing safer maintenance 

access through a manhole opening off the roadway. This section of roadway is relatively flat, causing 

widespread  ponding  issues.  These  improvements  will  provide  a  continuous  storm  drain  system 

along this segment of 42nd Avenue and will alleviate the ponding issues.  

As requested by MOA Street Maintenance, storm drain manholes are also located along 42nd Avenue 

at  the  following  side  street  intersections: Roson Court, Brantley Place and Parker Place.  Installing 

these structures as part of the 42nd Avenue project allow extension of a storm drain system down 

the side street if necessary in the future. 

D. Replace 42nd Avenue (East) System – Piper Street to Florina Street 

The existing pipe  (CPEP) and  storm drain  structures at  the  intersection of 42nd Avenue and Piper 

were  installed  in 2010 and are  in good condition. However,  to match  the proposed curb  lines  the 

piping and structures will need to be replaced. The existing CMP piping west of Dale Street to Florina 

Street was  installed  in phases during mid‐1970s and mid‐1980s. The CMP piping  is  in  fair  to poor 

condition and  is nearing the end of  its design  life.  In addition to being  in poor condition,  it also  is 

undersized to handle the design storm event. This section of roadway is also relatively flat, causing 

significant ponding issues in low lying areas. 
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The proposed storm drain system at Piper Street will collect  runoff  from  the east and west along 

42nd Avenue via a combination of curb  inlets and Type II catch basin manholes using 12‐inch CPEP. 

Runoff collected by these structures will continue to direct flow into the Piper Street subsystem that 

flows north and eventually discharges into South Fork Chester Creek.  

The  proposed  storm  drain  system west  of Dale  Street will  be  18‐inch  CPEP.  Type  II  catch  basin 

manholes will be installed under the south curb line to collect flow and provide maintenance access 

for cleaning. Standard catch basins will be  installed along the north curb  line. The proposed storm 

drain  system  from Dale Street  to Florina Street will be upsized  to 24‐inch CPEP  to accommodate 

peak  design  flows.  Type  I  and  II manholes will  be  installed  along  the  roadway  centerline, with 

connecting catch basins to the north and south to intercept curb flow. Both systems east and west 

of  Dale  Street will  continue  to  direct  flow  into  the  Dale  Street  subsystem  that  flows  north  and 

eventually discharges into South Fork Chester Creek. 

E. Replace existing Catch Basins and Leads 

The proposed roadway layout will install new or adjust the existing curb line along the entire project 

corridor. In most cases, the locations of the existing catch basins will not line up with the proposed 

curb  line.  Therefore,  these  existing  catch basins will need  to be  removed. New  catch basins  and 

connecting leads will be installed to match the proposed curb line. 

F. Minimize Ponding 

The proposed roadway profile  is designed to establish high and  low points throughout the project 

corridor. These high and low points are used to direct roadway runoff to curb inlets. The curb inlets 

capture curb  flow and direct  runoff  to  the  storm drain  system, eliminating  standing water. These 

improvements will help alleviate ponding issues along the entire project corridor.  

G. Water Quality Treatment 

The new permit requirements referenced in ASM Section 3.B.1 state that stormwater management 

systems  are  to  provide  water  quality  treatment  through  the  use  of  Green  Infrastructure  (GI) 

whenever  feasible.  GI  treatment  techniques  include  methods  such  as  retention,  infiltration, 

bioretention, evaporation, and/or any combination of these techniques. 

In  some  cases GI  treatment may  be  determined  to  be  infeasible  due  to  site  constraints  such  as 

poorly infiltrating soils, high ground water, on‐site space constraints, shallow bedrock, etc. For cases 

where  GI  treatment  is  determined  to  be  infeasible,  water  quality  treatment  may  be  provided 

through the use of traditional gray infrastructure such as an oil and grit separator. 

Section 3.3.2.1 of the ASM also states that roadway projects with narrow ROW (60‐feet or less) may 

choose  to provide stormwater  treatment  through either GI or  traditional  treatment,  regardless of 

site constraints. The ROW corridor along 42nd Avenue project limits ranges between 60‐feet and 66‐

feet.  
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Due to the limited amount of ROW along the project corridor and the desire to provide pedestrian 

facilities on both sides of the roadway, providing water quality treatment solely through GI will not 

be achievable. However,  implementing small GI  features at select  locations along 42nd Avenue are 

being  considered  and  evaluated.  Continued  coordination  is  anticipated  with  MOA  Watershed 

Management Services, Traffic and Street Maintenance to discuss options to meet the GI treatment 

requirement, while maintaining other project goals. One GI option discussed  is to construct a rain 

garden at  the  south end of Folker Park  to  capture  runoff  from  the park and adjacent pedestrian 

facilities. Other  potential  options  include  bioretention  and/or  vegetative  swales  located within  a 

buffer between the back of curb and sidewalk to provide intermittent treatment. Initial discussions 

with MOA  Street Maintenance were  not  in  support  of maintaining GI  features  along  the  project 

corridor. 

As noted in SECTION III, MOA maintains two existing OGSs that treat runoff for the 42nd Avenue (East) 

storm drain  system, which  includes  the Piper Street and Dale Street  subsystems. These OGSs are 

located  just upstream of  the outfall  into South Fork Chester Creek and will provide water quality 

treatment  for  these  subsystems. Where  practical,  additional GI  features will  be  implemented  to 

provide additional treatment for these subsystems. 

An OGS  is proposed east of  Lake Otis Boulevard  to provide water quality  treatment  for  the 42nd 

Avenue (West) storm drain system. Due to lack of cover over the proposed storm drain though, the 

OGS may not be able to be  installed near the end of the storm drain system as desired. A bypass 

manhole will be installed upstream of the OGS for maintenance of the structure. Similar to the 42nd 

Avenue (East) storm drain system, GI treatment will also be implemented for this system, if feasible. 

H. Freeze Protection 

According  to  ASM  Section  5.3.3,  the minimum  depth  of  cover  over  a  gravity  storm  drain  pipe 

without thaw protection  is four feet.  Insulation  is required for pipes with a diameter  less than 30‐

inches if the depth of cover is less than four feet. However, if a storm drain pipe is located under a 

roadway structural section with insulation, additional insulation for the pipe is not required. A thaw 

system is required if the depth if the depth of cover is less than three feet.  

The roadway structural section  includes  insulation for this project, so additional  insulation will not 

be required for storm drain pipe that is located between three and four feet of cover. A thaw system 

may be warranted at  the west end of  the 42nd Avenue  (West)  storm drain  system due  to  lack of 

cover over several segments of  larger diameter pipe.  It  is assumed  that  there  is base storm drain 

flow  contributing  to  this  system  throughout  the  year  so  a  thaw  system may  not  be  required. 

Additional review and consideration for this area will be discussed with MOA Street Maintenance as 

the project moves forward. No heat trace system is currently included in the DSR project costs. 
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 Water Improvements 

The 42nd Avenue Upgrade project includes replacing the existing water main beginning at the Lake Otis 

Parkway  intersection and extending  to Piper Street. AWWU  is partnering with PM&E  to combine  this 

roadway  rehabilitation  project  with  the  proposed  water  main  project  improvement  that  has  been 

scheduled for several years. The combined project approach provides an excellent opportunity to lower 

the costs for each individual project by joining the two projects into the same design development and 

producing  a  single  construction  project.  Benefits  also  include  the  coordination  of  the  water  main 

alignment and other utilities that share space within the ROW for a compatible, long term solution. 

A. Alternative Evaluation  

The basis of the water main improvements use the preferred Alternative 1 roadway improvements 

design. Features of the new roadway  improvement  influence the design of the rehabilitated water 

main such as limits of asphalt pavement, curb and gutter locations, and other hardscape surfaces in 

addition to new and relocated utilities paralleling or crossing the water pipe.    

Alternative alignments of the water main were considered, and upon review did not meet the intent 

of  the  project  needs  or  fulfill  the  requirements  of  the  design  criteria  manual.  The  preferred 

conceptual water main alignment  (horizontal and vertical  layout) and  fire hydrant  layout  is shown 

on  the plan and profile drawings  included  in APPENDIX D. Since  the  roadway project  is a complete 

reconstruction  of  the  roadway,  the water  replacement  construction method will  be  by  open‐cut 

removal of existing pipe and installation of new pipe.  

B. Service Connections  

All  existing  water  services  currently  connecting  to  the  8‐inch  water main  will  be  removed  and 

replaced with a new service as part of the improvements, which includes a new water service pipe 

and  key box or  valve at  the property boundary where applicable. There are  small water  services 

(3/4‐inch  to 1.5‐inch) and  large water services  (6‐inch  to 8‐inch) within  the segment of  the water 

main replacement. Nearly every property boarding the 42nd Avenue alignment has an existing water 

service with  the exception of a  few properties  that are not developed or have another  source of 

water supply. TABLE 15 below identifies the existing size and proposed size for each parcel within the 

water replacement limits. Large diameter water services for commercial buildings between Lake Otis 

Parkway  and  Laurel  Street  will  be  increased  to  a minimum  of  8‐inch  diameter  as  a  benefit  to 

facilitate future fire protection systems or major property re‐development that may require higher 

flow  rates.  Residential  properties  served  with  a  ¾‐inch  diameter  pipe  will  be  increased  to  a 

minimum of 1‐inch diameter service  to conform  to MASS and DCPM  requirements with an added 

benefit of possible  increased pressure and  flow  to  the dwelling. Proposed water  services are not 

shown currently on  the water plan and profile drawings but will be added during detailed design 

development. 
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Table 15 ‐ Existing Water Services within 42nd Avenue Water Main Replacement  

Parcel ID 
Existing Water 

Service Size (inch) 

Proposed Water 

Service Size (inch) 
Comments 

101  6  8   

174  6  8   

102  6  8   

103  *  *   

104  *  *   

105  **  **   

106  **  **  Folker Park 

107  **  **  Served by water well 

108  1  1   

109  **  **  Vacant land 

110  0.75  1   

111  8  8   

155  **  **  Vacant land 

156  **  **  Served by water well 

157  *  *   

158  1.5  1.5   

159  0.75  1   

160  *  *   

161  8  8   

162  1  1 
Vacant land, not currently 
connected to water service 

163  1.5  1.5   

164  1.5  1.5   

165/166  6  6   

167  0.75  1   

167a  1  1  Property south of Parcel 167 

168  **  **  Parking lot for Parcel 169 

169  1  1   

170  1  1   

171  0.75  1   

172  1  1   

* Water service from roadway other than 42nd Avenue 

** No existing water service to property 

C. Temporary Water Service 

A complex temporary water system is necessary to provide continual service to the many residential 

properties and several commercial businesses affected by  the water main construction. There are 

critical medical businesses within the affected zone of temporary water that must maintain water 
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service on a near continuous basis to facilitate proper medical treatment, vital medical equipment, 

and  general  operations  of  their  services.  Initial  discussions  with  businesses  who  attended  the 

Business Stakeholder Meeting have occurred however detailed discussions with all affected medical 

businesses needing temporary water service will be completed during detailed design development 

to better understand any specific requests they may have and define any possible unique challenges 

that may occur to facilitate their requests during a water shut down event.  

Fire hydrants within the core project area or beyond the limits of work will supply the water for the 

temporary water systems. The network of  temporary piping will be placed on  the existing ground 

surface of  landscaped areas, parking  lots, driveway access, and roadways. When temporary piping 

crosses  locations where  vehicular  traffic  is  anticipated,  adequate  protection  is  necessary  using  a 

two‐sided ramp to completely cover the pipe or a shallow bury method are two possible options to 

employ.  

The current temporary water service approach  identifies three phases to  facilitate construction of 

the new water main and continued service to the AWWU water customers. The Temporary Water 

Service drawings graphically depict  these areas outlined  in colored  linework  to define each of  the 

phase boundaries as shown in APPENDIX D, SHEET D1.7 and as described in more detail below.  

1) Phase 1 – Lake Otis Parkway to Laurel Street 

The properties within  this phase are primarily medical  related businesses with  large diameter 

services. The impacted area of Phase 1 includes the adjacent properties along the south side of 

42nd Avenue and properties bounded by Laurel Street, Lake Otis Parkway and 40th Avenue. There 

is one property north of 40th Avenue and one property east of Laurel Street that is within Phase 

1 temporary water limits zone.   

The Phase 1 zone  is  isolated by closing the easterly 8‐inch gate valve at the Lake Otis Parkway 

intersection and the two 8‐inch gate valves at the intersection of Laurel Street and 42nd Avenue. 

The  six  properties  along  the  south  side  42nd Avenue would  be  served  by  a  temporary water 

system connecting via an existing hydrant east of Laurel Street, beyond the Phase 1 boundary. 

Temporary piping from the fire hydrant to Laurel Street will require a Temporary Construction 

Easement from the parcel owner where the piping is routed on. The alignment of the temporary 

water piping for the southerly properties can be placed within the 42nd Avenue ROW. Temporary 

water  service  for  several medical  office  buildings  north  of  42nd  Avenue would  be  served  by 

connecting to an active hydrant on Hickory Place to a hydrant within Laurel Street that will back‐

feed  the  supply  water  via  the  existing  water  main  that  currently  serve  these  buildings.  A 

temporary water  connection  to  each  business  is  not  necessary  for  this  scenario  since  each 

property will  receive water  supply  through  the  existing water  system.  The  temporary water 

service for the three properties with  large diameter services currently connecting to the water 

main within 42nd Avenue will require excavation  to  the depth of  the existing service, near  the 

ROW limits, for a direct connection.  The water pipe crossing at street and driveways will require 

protection from vehicular traffic. See APPENDIX D, SHEET D1.8 for Phase 1 temporary water service 

map. 
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2) Phase 2 – Laurel Street to Wright Street 

The area of Phase 2  includes a mix of single family, multi‐family, and high density multi‐family 

residential with  large and small diameter services. Phase 2  is  largest area of all the temporary 

water  systems which  encompass  several properties  along  the 42nd Avenue  roadway,  several 

properties on Wright Street (north of 42nd Avenue and that have AWWU water service), all the 

properties on Kimberlie Court,  all  the  lots on Roson Court,  and  all  the properties on Hickory 

Place, with  the  exception  of  the  Providence  Horizon  House,  served  by  a water main within 

Folker Street. The total affected properties  include, 24 single  family or multi‐family residential 

lots,  four commercial  lots, and  two high density  residential  lots  (College Place Condominiums 

and Deer Park Apartments). 

Isolating the Phase 2 area includes closing the (new, this project installed) easterly gate valve at 

the  intersection  of  Laurel  Street  and  42nd  Avenue  and  three  existing  gate  valves  at  the 

intersection of Wright  Street and 42nd Avenue. Properties on Roson Court and  the  two high 

density properties with  large diameter water services will be  isolated from the water main via 

existing gate  valves. Temporary water  service  to  the properties along  the  south  side of 42nd 

Avenue corridor will connect to an active hydrant located on Folker Street, south of the project 

limits, which is not affected by this projects work. The water pipe will connect to three existing 

hydrants to serve the high density housing properties and  feed the users through the existing 

water  system.  The  single  family  residences  and  multifamily  dwellings  can  be  served  by 

connecting to an exterior hose bib. Placement of the temporary piping to serve these properties 

can be located within the ROW of both 42nd Avenue and Folker Street.  

Temporary water service for the properties along Hickory Place will use the same two hydrants 

and piping  system as  the Phase 1  temporary  system  that  served  the medical office buildings. 

Once the new water main  is  installed  for the Phase 1 area, chlorinated, and  flushed,  it can be 

reinstated for use that could supply water to the hydrant on Laurel Street that would back‐feed 

into  the existing water main within Hickory Place. Temporary piping  from  the  fire hydrant  to 

Hickory Place will require a Temporary Construction Easement from the parcel owner where the 

piping  is  routed on. The properties along Hickory Place would  receive water service using  the 

existing water system and would not need a direct connection to individual buildings.   

Although temporary water is not needed to the north of project, along Folker Street, there will 

need to be a temporary shutdown of the water main that serves the Providence Horizon House 

and  Anchorage  Community  Mental  Health  facility,  both  of  which  are  large  commercial 

structures. The  temporary  shutdown will allow connection of  the new 8‐inch PVC pipe  to  the 

existing 8‐inch ductile iron pipe. See APPENDIX D, SHEET D1.9 for Phase 2 temporary water service 

map. 

3) Phase 3 –Wright Street to Piper Street   

The smallest area of all the Phases, this section includes three water services on the north side 

of 42nd Avenue that will require temporary water service connections during construction. The 

type  properties  include  a  single  family  residential, multi‐family  residential,  and  high  density 
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residential  (Country  Square  Residential).  The  high  density  residential  property  has  a  large 

diameter service and the two other properties have a small diameter service.  

The  isolation of Phase 3  requires  closing of  the  (new,  this project  installed) east  valve at  the 

intersection of Wright Street and 42nd Avenue and the two existing values at the intersection of 

Piper Street and 42nd Avenue. The source of water supply for the properties for Phase 3 is new 

hydrant located on the northwest quadrant of the 42nd Avenue and Wright Street intersection. 

The water main within Phase 2 will need to be chlorinated and flushed prior to being activated 

for use intended to serve as the water source. The temporary piping will extend along the north 

side of the ROW and connect to the outside hose bibs of the two smaller residential properties 

and  to  the  existing  private  fire  hydrant  located  within  the  Country  Square  Condominium 

complex.  Temporary  piping  on  the  Country  Square  Condominium  property  will  require  a 

Temporary Construction  Easement  from  the parcel owner.  The water will back‐feed  into  the 

existing water system to serve this high density residential facility. See APPENDIX D, SHEET D1.10 

for Phase 3 temporary water service map.   

D. Utility Trench Excavation and Backfill 

The new water main is a deep utility that will likely be installed as one of the first tasks of the project 

that requires removal of the asphalt pavement of the roadway surface to an excavated depth of 10 

feet, or more, below  the existing grade  surface. The utility  trench excavation will encounter  silty 

sands and silty gravels with a high water table that ranges between 5 feet and 15 feet below grade 

surface.  Although  the  in‐situ  soil  type  is  acceptable  for  trench  backfill,  the  wet  and  saturated 

condition may create a challenge for  immediate reuse as proper compaction requires an optimum 

moisture  content  near  6%  of  the  dry  weight  of  soil.  The  contractor  could  elect  to  manage 

segregation of wet and saturated soils from the lower sections of the trench excavation as a method 

to immediately reuse the upper trench section of drier soils as backfill. However, this approach may 

increase the project cost due to the necessary man‐hours spent on a segregation effort rather than 

importing new classified material for immediate placement. Additionally, the urban condition of the 

project with  limited  space within  the  ROW  for  equipment  and material  staging  near  the  trench 

excavation may  not  be  a  reasonable  approach.  Considerations  for maintaining  local  traffic  and 

emergency  vehicle  access  through  the  local  area  requires  adequate  space  adjacent  to  the  utility 

trench work. Quantities  for  the utility  trench excavation and backfill are calculated based on  side 

slopes of 1.5(H):1(V), however the use of trench box system may reduce the engineer’s estimated 

material if the contractor selects this method for pipe installation. The utility trench backfill between 

the top of the pipe bedding and bottom of the new roadway structural section will be replaced with 

Type II Classified Fill. The backfill of material placed within the new roadway structural section, up to 

the temporary roadway grade, should be Type III Classified Fill, given this is a temporary backfill that 

will ultimately be  removed and  replaced with classified  fill as part of  the  roadway  improvements. 

Type III Classified Material provides a competent base to temporarily support vehicular traffic. 
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 Right‐of‐Way Impacts 

Preliminary estimated easement and permit  requirements are summarized  in TABLE 16 below and are 

detailed  in  APPENDIX  I.  The  number  of  estimated  easements  and  permits  for  each  alternative  are 

identical, however larger temporary construction easements are required in Alternative 2 which results 

in a slightly higher  land acquisition cost compared to Alternative 1. As the planning and design of this 

project progresses, the required easements and temporary construction permits will be refined. 

Table 16 ‐ Estimated Right‐of‐Way Easements / Permits 

Alternative 

Public Use 

Easements 

(PUE) 

Slope 

Easements 

(SE) 

Drainage  

Easements  

(DE) 

Temporary 

Construction 

Easements (TCE) 

Temporary 

Construction 

Permits (TCP) 

1 & 2  7  0  3  24  83 
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 Utility Impacts 

When  roadway and drainage  improvements are made  in urban areas,  impacts  to utilities need  to be 

analyzed.  Existing  utility  facilities  are  shown  in  APPENDIX  A.  For  safety,  overhead  and  underground 

clearances must  be maintained. A minimum  of  18.5  feet  of  vertical  clearance  should  be maintained 

between  primary  overhead  electrical  lines  and  the  grade  of  the  roadway. ML&P will  be  notified  for 

relocation to any of these lines as required. 

In the ROW, the Municipality requires a minimum burial depth of 42 inches for buried gas lines, electric 

cables, fiber optic lines, telephone cables, and cable television lines. For the purpose of this report, it is 

assumed  that  the existing buried  facilities  in  the project area are buried at  the minimum depth. As a 

result,  any  reduction of  cover or  impacts  from  storm drain  improvements over  existing  facilities will 

require relocation of the facility. In some locations, the structural section excavation will impact utilities. 

In  these  locations  the  utilities will  either  require  relocation  or will  require  support  in  place  for  the 

contractor to work around the utility. 

AWWU requires a minimum depth of cover of 10 feet over their water mains and 8 feet over their sewer 

mains.  Changes  to  the  roadway  grade  along  the  corridor  are  minor  and  are  not  anticipated  to 

substantially reduce the existing cover over the water and sewer utilities. The assumed roadway cross 

section includes 2‐inches of rigid board insulation which would mitigate some reduction in cover above 

water and sewer mains. 

The utility relocation cost estimates for each Alternative are shown in APPENDIX K.  
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 Permitting and Agency Approvals  

Permits  and  agency  approvals  for  the  42nd  Avenue  Upgrade  project  required  for  construction  of 

proposed  improvements will be  limited. Because the roadway  is classified as a secondary (local) urban 

residential road,  it  is not necessary to obtain approval of the DSR  from the MOA Planning and Zoning 

Commission or the MOA Urban Design Commission. Anticipated permits and agency approvals required 

for design include: 

 MOA Flood Hazard Permit (see discussion below) 

 MOA Watershed Management Services Stormwater Plan Approval 

 ADEC  Approval  to  Construct  Storm  Drain  Improvements,  Approval  to  Construct  Water 

Improvements, and Separation Waivers (assumed) 

 Department of Natural Resources (DNR) Temporary Water Use Permit for dewatering 

 United States Army Corps of Engineers (USACE) Nationwide Permit, likely Nationwide Permit #3 

for regrading open channel ditch/Fish Creek 

A meeting was held with MOA Watershed Management Services and PM&E on May 14, 2020 to discuss 

the proposed  improvements  located within  the  flood plain.  Improvements  include  installing new curb 

and  gutter  and  pedestrian  facilities,  which  will  raise  the  existing  grade  within  the  flood  plain.  The 

proposed finish grade cannot be lowered, due to lack of cover over the storm drain facilities and need to 

up‐size the storm drain pipe. Based on the meeting, the following modeling efforts are required to raise 

the grade within the flood plain along 42nd Avenue and obtain the flood hazard permit:  

 Obtain Effective Model from FEMA.  

 Modify Effective Model to current software.  

 Modify Effective Model to existing conditions to make Corrected Effective Model.  

 Create a Proposed Model to compare against Corrected Effective Model to determine if raising 

the grade in the 42nd Avenue roadway will not raise the flood plain levels by more than 1 foot. 

The  Effective Model has been  requested  from  FEMA but  the  analysis will not be  completed prior  to 

submittal of the Draft DSR.  

Additional permits may be identified as the design develops. 
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 Construction Schedule and Phasing 

The  project  is  currently  funded  only  through  the  design  study  phase  and  additional  funding will  be 

necessary  to  complete design and  construction.  It  is anticipated  that  the project will be phased over 

multiple  construction  seasons  to  accommodate  funding  availability  of  between  $2  and  $3  million. 

Phasing for construction is expected to begin at Lake Otis Parkway and work eastward. Ideally the first 

phase would  terminate  at  Piper  Street  in  conjunction with  the  proposed water main  improvements, 

however funding availability may instead require an intermediate phase between Lake Otis Parkway and 

Piper Street. 

Based  upon  anticipated  project  funding  availability,  the  current  schedule  calls  for  design  of  the  42nd 

Avenue improvements to begin in 2021 and construction of Phase 1 beginning in 2023. 



  MOA Project #18‐06 

  42nd Avenue Upgrade 

    Draft Design Study Report  

  89  June 2020 

 Quantity and Cost Estimates 

A  summary  of  estimated  project  costs  for  the  proposed  improvements  is  presented  below  for  each 

Alternative. The final recommended alternative may  include elements from each alternative and could 

be higher or lower than the estimated costs provided below. The cost estimate shown below is for the 

entire project  corridor. A breakdown of  the ROW,  construction, utility, design and management  cost 

estimates can be found in APPENDIX K. 

Table 17 ‐ Summary of Estimated Project Costs 

Category 
Alternative 1 

(preferred) 
Alternative 2  

Design & Management Total (estimated)  $2,238,000  $2,239,000 

ROW Acquisition Total  $162,000  $164,000 

Utility Relocation (15% Contingency) Total  $1,280,000  $1,280,000 

A. Design, ROW Acquisition, Utility Relocation  $3,680,000  $3,683,000 

     

Construction     

Roadway Improvements  $4,989,000  $5,098,000 

Drainage Improvements  $1,487,000  $1,487,000 

Illumination Improvements  $421,000  $421,000 

Water Improvements  $1,776,000  $1,776,000 

Construction Subtotal  $8,673,000  $8,782,000 

Construction Contingency (15%)  $1,301,000  $1,317,000 

Construction Management / Inspection / Testing  $711,000  $720,000 

B. Total Estimated Construction Cost (rounded)  $10,685,000  $10,819,000 

     

C. Overhead / Grant Accounting  $2,535,000  $2,559,000 

     

Total Estimated Project Cost (A + B + C)  $16,900,000  $17,061,000 
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 Stakeholder Coordination/Public Involvement  

The public involvement for 42nd Avenue is following the MOA Context Sensitive Solutions (CSS) process 

as a general guide for best practices. The goal of the CSS process is to collaborate with all stakeholders 

to improve the roadway, balance diverse interests, find areas of compromise that address concerns, and 

solicit feedback from stakeholders. The project team began the public and agency outreach in October 

2018  with  the  identification  of  over  1,600  project  stakeholders.  See  TABLE  18  below  for  list  of 

stakeholders.  

Table 18 ‐ List of Stakeholders 

MOA Agencies  Other 

Project Management & Engineering 

Anchorage Water & Wastewater Utility (AWWU) 

Traffic  

Watershed Management Services 

Economic and Community Development 

Maintenance and Operations 

Planning 

Transit 

Parks & Recreation 

Anchorage Fire & Police Department 

Anchorage  Assembly  Members  Felix  Rivera, 

Forest Dunbar, Pete Peterson, and Meg Zaletel 

Vision Zero Anchorage 

Area  property  owners,  business  owners, 

property managers, employees and residents 

University Area Community Council  

Alaska Communications Systems (ACS) and GCI 

Municipal Light and Power (ML&P) 

ENSTAR Natural Gas Company 

Representative Ivy Spohnholz 

Representative Andy Josephson 

Senator Elvi Gray‐Jackson 

Senator Bill Wielechowski 

 

A. Stakeholder Involvement Activities 

A variety of  forms of outreach  to keep stakeholders aware of project meetings and updates were 

utilized, including website updates, mailed postcards, e‐newsletters, business stakeholder meetings, 

and a public open house. It also included in‐person delivery of meeting notices to businesses in the 

project area. 

The  public  involvement  consisted  of  open‐house  style  meetings,  website  updates,  in‐person 

presentations during Community Council meetings, and agency  scoping meetings. TABLE 19 below 

summarizes each major stakeholder coordination/public  involvement event for the duration of the 

project. 
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Table 19 ‐ Stakeholder Coordination/Public Involvement Events 

Date  Activity  Comments 

October 2018  Mailing List Developed  Over 1600 stakeholders 

October 2018 ‐ 

Present 

Website Development & 

Maintenance 

Launched and updated at key project 

milestones 

November 1, 2018  Interactive Map Active  Allows stakeholders to provide 

comments throughout duration of 

project 

November 6, 2018  Mailer & E‐Newsletter #1  Introduce Project & Field Work 

November 7, 2018  University Area Community 

Council Mtg. #1 

Presentation – Introduce Project 

December 2018  Posted Project Fact Sheet on 

the Website 

 

January 7, 2019  Meeting with Providence 

Health and Services 

(Providence) 

Discuss project and Providence 

owned properties along 42nd Avenue 

and future developments 

February 1, 2019 – 

February 28, 2019 

Online Questionnaire Launched  Query stakeholders about specific 

project area issues and concerns 

February 4, 2019  E‐Newsletter #2  Announce Questionnaire 

February 4, 2019  Mailer #2   Announce Questionnaire 

February 27, 2019  E‐Newsletter #3  Reminder to complete the project 

questionnaire 

March 29, 2019  E‐Newsletter #4  Announce Survey Crews in project 

area 

April 24, 2019  E‐Newsletter #5  Announce Geotechnical Field Work 

August 5, 2019  Agency Stakeholder Meeting 

with MOA Traffic & 

Maintenance 

Discuss conceptual proposed 

roadway design elements to gain 

concurrence 

October 2, 2019  Mailer #3 & E‐Newsletter #6  Announce Open House #1 

October 2, 2019  University Area Community 

Council Mtg. #2 

Announce Open House #1 

October 10, 2019  Door‐to‐door Business 

Outreach 

Announce Business Stakeholder 

Meeting – Add building managers to 

project contact list 

October 14, 2019  E‐Newsletter #7  Open House #1 Reminder 

October 17, 2019  Open House #1  Introduce project, preliminary 

designs and receive comments on the 

designs, existing conditions and 

issues in the project area. 
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Date  Activity  Comments 

October 24, 2019  Business Stakeholder Meeting   Introduce project and receive 

comments on existing conditions and 

issues in the project area. 

October 28, 2019  E‐Newsletter #8  Thank you for attending Open House 

#1 and Business Stakeholder Meeting 

January 2020  Revised Project Fact Sheet for 

Anchorage Transportation Fair 

 

January 8, 2020  University Area Community 

Council Mtg. #3 

PM&E and AWWU staff answered 

questions regarding recent water 

main breaks on 42nd Avenue 

January 17, 2020  E‐Newsletter #9  Announce Project at Transportation 

Fair 

January 23, 2020  Anchorage Transportation Fair  Present Preliminary Designs 

January 27, 2020  Providence Horizon House 

Presentation 

Provide presentation of Open House 

#1 graphics to Horizon House 

residents 

February 5, 2020  University Area Community 

Council Mtg. #4 

Answer project questions as the 

UACC prepared a project resolution 

May 7, 2020  MOA Traffic Department 

Meeting 

Discuss traffic analysis and traffic 

design elements 

May 14, 2020  MOA Flood Plain Administrator 

Meeting 

Discuss proposed improvements 

within the flood plain on 42nd Avenue 

B. Project Website  

The  project  website  (www.42ndavenueupgrade.com)  has  been  developed  for  ease  of  project 

information  sharing and  soliciting  comments  from  the public. Website  content  includes a project 

home  page  overview,  how  to  get  involved  page,  project  documents  and  other  resources  page, 

project team contact information, a link to provide comments and sign up for project updates, and 

an interactive map page to allow users to place comments along the project corridor on a map. The 

website will be updated as the project progresses.  

C. Agency Stakeholder Meeting  

The agency stakeholder meeting, held  in August 2019,  included  representatives  from MOA Traffic 

and Street Maintenance Departments. The purpose of the meeting was to discuss the traffic analysis 

and gain concurrence of the proposed conceptual roadway cross sections to present at the public 

Open House #1. 
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D. Community Council Meetings 

Project  representatives have  attended  the University Area Community Council  (UACC)  four  times 

since  the beginning of  the project  including November 7, 2018  to provide a project  introduction, 

October 2, 2019 to announce Open House #1, January 8, 2020 to answer questions from the UACC 

about  the  recent  water main  breaks  on  42nd  Avenue,  and  February  2,  2020  to  answer  project 

questions and support the UACC as they developed a resolution  in support of project funding. Full 

meeting summaries can be found in APPENDIX L. 

E. Public Open House Events 

Public Open House #1 was held on October 17, 2019 from 4:30 – 6:30 pm. The meeting was held at 

University Baptist Church (4313 Wright St.) and 15 community members were in attendance. Open 

House  #1  presented  scrolls  with  aerial  images  of  the  existing  layout  of  the  project  roadways. 

Attendees  left  comments  regarding  known  issues  or  concerns  of  existing  conditions  along  the 

project  corridor. Displays  also  included  a  project  timeline,  summary  of  proposed  improvements, 

questionnaire responses, and cross‐sections of conceptual designs. Comment sheets were provided 

for attendees  to  share written comments. Materials presented at  the Open House #1, comments 

received, and sign‐in sheets are included in the APPENDIX L in Open House #1 Meeting Summary. 

F. Business Stakeholder Meeting 

All  project‐adjacent  business  stakeholders  (business  owners,  building managers,  and/or  building 

owners) were  invited to attend an open house on Thursday, October 24th, 2019 from 2‐4 PM. The 

meeting was  held  at University  Baptist  Church  (4313 Wright  St.)  and  2  business  representatives 

attended.  A  full  summary  of  the meeting  including  all  comments  received  can  be  found  in  the 

APPENDIX L. 

G. Summary of Public Comments Received 

Comments  were  received  from  individuals  through  public  and  business  stakeholder  meetings, 

telephone  calls,  comment  forms and on‐line questionnaire  responses. Additional  comments were 

recorded on project scrolls, documented in meeting records and acquired from the interactive map 

on the project website. All project comments that were received from the beginning of the project 

through June 1, 2020 are documented in the APPENDIX L.  

Stakeholders and members of the public will have the continued opportunity to obtain information 

and provide feedback via the project website, interactive map tool, and through direct feedback by 

phone calls and emails to project staff. 
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 Design Recommendations 

Based on comments received from public, agency, and business stakeholders and requirements of MOA 

Title 21, DCM and AWWU DCPM, the preferred alternatives for the project corridor are as follows: 

A. Preferred Alternative Typical Cross Sections 

To accommodate any on‐street parking needs but not designate parking  lanes, no roadway  traffic 

markings are proposed along the project corridor for any of the segments. 

1. Segments A & B: Lake Otis Parkway to Piper Street: Alternative 1 is the preferred alternative 

with two, 10‐foot wide travel  lanes, 3.5‐foot wide shoulders, and barrier (Type 1) curb and 

gutter. An 8‐foot wide paved pathway is proposed on the north side of the roadway and a 5‐

foot  wide  concrete  sidewalk  is  proposed  on  the  south  side  of  the  roadway.  The  non‐

motorized  facilities  would  be  detached  from  back  of  curb  where  feasible.  This  section 

balances the needs of the commercial and multi‐family residential context of this area which 

observed  no  on‐street  parking  needs.  The  barrier  (Type  1)  curb  provides  for  designated 

driveways  and  additional  vertical  separation  between  the  travelled  way  and  pedestrian 

facilities.  

2. Segment C: Piper Street to Dale Street: Alternative 1  is the preferred alternative with two, 

10‐foot wide  travel  lanes, a  single 7‐foot wide parking  lane, and  rolled  (Type 2)  curb and 

gutter. No roadway traffic markings are proposed, effectively allowing parking along either 

side of the roadway. Pedestrian facilities will consist of 5‐foot wide sidewalks on both sides 

of the roadway, detached  from the back of curb by 3  feet to accommodate  installation of 

individual mailboxes. This section balances the needs of the single‐ and multi‐family homes 

(up to 4‐plex) of this area which observed on‐street parking needs. The rolled (Type 2) curb 

and  gutter  is proposed due  to  the  close  spacing between  the wide  residential driveways 

along this segment, as there is insufficient room to construct barrier curb with curb cuts at 

each driveway.  

3. Segment D: Dale Street to Florina Street: Alternative 1 is the preferred alternative with two, 

10‐foot wide  travel  lanes,  3.5‐foot wide  shoulders,  and  barrier  (Type  1)  curb  and  gutter. 

Pedestrian  facilities will consist of 5‐foot wide concrete  sidewalks along both  sides of  the 

roadway, attached to the back of curb. This section balances the needs of the high density 

and multi‐family residential context of this area which observed on‐street parking needs but 

also has sufficient off‐street parking associated with each parcel. The barrier (Type 1) curb 

provides for designated driveways and additional vertical separation between the travelled 

way and pedestrian facilities. 

B. Other Recommended Improvements 

1. Design  and  Posted  Speed  Limit: Maintain  the  current  posted  speed  limit  of  25 MPH.  A 

Design speed of 25 MPH  is proposed. By using a  lower design speed than required by the 
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DCM,  the vertical curves proposed along the alignment can better match  into the existing 

topography and ROW.   

2. Roadway Horizontal and Vertical Alignment: The project roadways will  typically  follow  the 

center of the ROW. The proposed profile for 42nd Avenue will force high/low spots by raising 

the grades to a minimum of 0.65%. 

3. Landscaping:  Proposed  landscaping  will  be  in  character  with  the  adjacent  residential, 

business, and park properties. Landscaping will focus on retaining existing vegetation where 

feasible  and  installing  new  landscaping  and  features  that  fit  the  context  of  the  corridor. 

Where new  landscaping elements are  installed  it will maintain  clear  sight  lines and avoid 

creating comfortable or hidden areas where transients may loiter or sleep. Opportunities for 

green  infrastructure,  specifically along  Folker Park, will be  sought  to  incorporate  into  the 

landscaping design to retain and treat stormwater. 

4. Retaining Walls: Retaining walls will be installed to reduce impacts to adjacent infrastructure 

and properties. It is anticipated that a retaining wall will only be required adjacent to Parcel 

104  and  along  Hickory  Place,  but  the  exact  locations  and  extents  of  retaining walls will 

require further refinement during the design phase. 

5. Lighting: A continuous LED  lighting system, consistent with current MOA standards will be 

installed along the roadway.  

6. Storm Drain: The proposed drainage improvements consist of the following: 

 Replace aging 42nd Avenue (West) system to align with new roadway improvements 

and  maintain  separation  distance  from  proposed  water  main  from  Lake  Otis 

Parkway to Laurel Street 

 Extend  42nd Avenue  (West)  system with  new  piping  from  Laurel  Street  to  Parker 

Place to provide continuous storm drain system 

 Upgrade outfall pipe to open channel/Fish Creek headwaters at Lake Otis Parkway 

and 42nd Avenue to accommodate future improvements to connecting subsystems 

 Remove  sediment  from  open  channel/Fish  Creek  headwaters  and  replace  2 

downstream driveway culverts 

 Replace  aging  42nd  Avenue  (East)  system  from  Piper  Street  to  Florina  Street  to 

accommodate current design storm and improve overall surface drainage 

 Install catch basins at new roadway low points and other low lying areas to alleviate 

ponding issues 

 Replace catch basins and leads as required to match new curb and gutter 

 Provide positive roadway drainage to minimize ponding 

 Provide water quality treatment for storm runoff 

7. Water:  The project will replace approximately 2,700 feet of AWWU water main along 42nd 

Avenue  from  Lake Otis  Parkway  to  Piper  Street. All main  line  valves, water  services  and 

AWWU owned  fire hydrants will be  replaced. Design and  construction of  the water main 

improvements are being done as part of the 42nd Avenue Upgrade project.  
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8. Traffic Calming: Traffic calming features will be installed as part of the 42nd Avenue Upgrade 

project.  Locations  and  types  of  traffic  calming will  be  further  refined  during  the  design 

phase. 

9. Intersections:  The  existing  all‐way  stop‐controlled  intersections  at  Laurel  Street,  Folker 

Street, and Dale Street will be removed. Stops signs will be reinstalled for the minor street 

as the stop‐controlled street. 42nd Avenue is considered the major street at the intersection 

with Laurel and Folker Streets but  is the minor street at the  intersection with Dale Street. 

Channelization and intersection layout at Lake Otis Parkway will be unchanged.  

10. Driveways:  Curb  returns will  be  typically  installed  at  commercial  properties  (including  8‐

plexes and greater) and curb cuts will be  installed  for  residential homes  (7‐plex and  less). 

Driveway widths for parcels with existing full‐frontage access that were constructed prior to 

the AMC code restricting driveway widths may be reconstructed with wide or full‐frontage 

access, if needed to accommodate required on‐site parking. 
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 Proposed Variances from Design Criteria Manual 

A. AMC Title 21 

AMC Title 21.08.050.G  requires  that curb and gutters be  in accordance with  the DCM and MASS. 

However,  it  also  states  that  “Curbs  shall  be  of  the  American  Association  of  State  Highway  and 

Transportation  Officials  (AASHTO)  vertical  type.”  A  variance  requesting  relief  from  these 

requirements for Segment C could be required from the MOA Urban Design Commission, however, 

the project is not required to be approved by the UDC as it is a local roadway.  

B. MOA DCM 

The  proposed  variances  from  the  DCM  for  this  project  will  be  justified  and  approved  under  a 

separate document during the design process. There are several design criteria that may not be able 

to meet  the MOA  DCM.  Below  is  a  list  of  potential  variances  for  this  project  for  the  preferred 

alternative. Additional variances may be required as the design progresses: 

 Roadway width –  the DCM  requires a  roadway width of 38  feet  (measured  from back of 

curb)  for  urban  residential  roadways  with  over  1,000  ADT.  One  parking  lane  may  be 

replaced with a shoulder, reducing the roadway width to 34.5 feet, if allowed by the platting 

authority. The proposed roadway width is 31 feet for all segments.  

 Curb  Type  – DCM  Section  1.9.F  requires  Type  2  (rolled)  curb  on  local  roadways.  Type  1 

(barrier)  curb  is  recommended  along  Segments  A,  B,  and  D  to  delineate  driveways  and 

prevent unnecessary full‐frontage access.  

 Design Speed ‐ the DCM requires a design speed of 30 MPH for a local roadway with traffic 

volumes  greater  than  1,000  vpd.  The  proposed  design  and  posted  speed will match  the 

current  posted  speed  of  25 MPH.  The  lower  design  speed  allows  for  the  vertical  curves 

proposed along the alignment to better match into the existing topography and ROW.   

 Driveway Width  –  the DCM  allows  for  driveway widths  (up  to  7‐plexes)  of  28  feet, with 

restrictions;  commercial  driveways  can  be  up  to  34  feet  wide.  Many  of  the  existing 

driveways exceed this width and are  located on parcels with structures constructed before 

adoptions of the code that restricted driveway widths. Proposed driveway widths will need 

to match existing driveway widths when a reduced width would impede access to required 

on‐site parking.  

 Number of Driveways – The DCM requires frontages with 50 feet or less have one driveway; 

frontages of 50 feet to 1,000 feet may have up to two driveways; and frontages over 1,000 

feet may  have  two  or more  driveways.  This may  not  be  reasonable  given  some  of  the 

existing lot and driveway configurations. 

 Driveway  landings  and  grades  –  The  DCM  requires  that  residential  driveways  have  a 

minimum  12‐foot  landing  length  and  a maximum  grade  of  ±10%;  commercial  driveways 

must have a 20‐foot  landing  length with a maximum driveway grade of ±8%. The grade of 

the  landings must be 2% maximum. Some of the driveways will not be able to meet these 

landing or grade requirements due to existing infrastructure and grades.  
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 Driveway Corner Clearance – The DCM  recommends  that  the minimum distance  from  the 

nearest face of curb of an intersecting public roadway to the nearest edge of driveway is 40 

feet for a local roadway (with less than 10 vehicles per hour). Several existing driveways do 

not  currently meet  to  this  requirement. Driveways will  typically be  replaced  in  the  same 

location because existing improvements on property restrict relocating the driveways. 

*** End Report *** 
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Water Improvement Drawings 
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Call before you dig.
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Memorandum 

Anchorage Office: 3940 Arctic Blvd. Suite 300, Anchorage, AK 99503 | (907) 562-3252   fax (907) 561-2273 

Palmer Office: 808 S. Bailey St. Suite 104, Palmer, AK 99645 | (907) 707-1352   www.crweng.com 

Date: April 1, 2020 

From: Marliese von Huene, P.E. & Joey Hegna, P.E. – CRW Engineering Group, LLC 

Project: 42nd Avenue Upgrade 

Project No: PM&E# 18-06 (CRW# 10142.00) 

Subject: CCTV Storm Drain Condition Assessment (FINAL) 

 

This memorandum presents the findings from the closed circuit television (CCTV) data review of the 

existing storm drain piping along East 42nd Avenue from Lake Otis Parkway to Florina Street and 

connecting side streets.  

Background 

The Municipality of Anchorage Project Management & Engineering Department (PM&E) plans to 

upgrade East 42nd Avenue from Lake Otis Parkway to Florina Street.  The storm drain pipe within the 

project area was inspected using a CCTV camera operated by Municipality of Anchorage (MOA) Street 

Maintenance in late June to early July 2019. MOA provided this CCTV data to CRW Engineering Group, 

LLC (CRW) for evaluation.  

The purpose of this condition assessment memo is to describe the condition of the pipe based on the 

CCTV video. The results of this assessment will serve as a tool to determine if the existing pipe should 

remain or be replaced in conjunction with the planned roadway upgrades. Some of the pipe segments 

reviewed extend outside of the anticipated roadway upgrade limits. As discussed with PM&E on 

12/12/19, pipe segments outside of the anticipated roadway upgrades will not be upgraded as part of 

the 42nd Avenue project. Instead, a storm drain manhole will be installed where the 42nd Avenue 

roadway improvements stop on the side streets and the storm drain pipe within the limits will be 

replaced as required.  Pipe segments that are in need of replacement but fall outside of the 42nd Avenue 

roadway improvement limits may be upgraded by MOA in the future as funding becomes available.  

CCTV Data Collection 

The CCTV data collection process works by operating a camera which is mounted on a self-propelled 

robotic crawler that is connected to a video monitor on the ground surface. The crawler is driven 

through the storm drain pipe to provide visual documentation of the condition of the interior walls of 

the pipe. The remotely controlled crawler and camera are typically inserted into the storm drain pipe 

from a manhole and are operated from the ground surface.  

The purpose for collecting video images of the interior of the storm drain pipe is to identify obstructions, 

structural deficiencies, damaged areas, sags, and confirm the pipe size and material type. For the most 

comprehensive pipe assessment, it is preferred to collect CCTV data when no water is present in the 

piped system. This typically requires bypassing stormwater flows or the work is performed during dry 

conditions and has no base flow. In most cases, however, some stormwater is present during CCTV 

recording, preventing the observer from assessing the condition of the pipe invert. 

CCTV Data Review 

CRW evaluated the CCTV data provided by MOA using GraniteNet software. This software is an interface 

that allows the observer to view the CCTV video images in detail and assess the condition of the interior 

of the pipe. The observer can input pertinent information into the CCTV data file while performing the 

assessment, such as pipe size, pipe material, installation date, location and type of defects, date of 
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inspection and any other notes relevant to the inspection. The findings and notes generated during the 

CCTV review process are then used to develop a comprehensive summary of the condition of each pipe 

segment.  

The CCTV data provided by MOA included video of approximately 2,943 linear feet (LF) of main line 

storm drain pipe. The videoed pipe consisted of 1,953 LF of corrugated metal pipe (CMP), 698 LF of 

reinforced concrete pipe (RCP), and 480 LF of corrugated polyethylene pipe (CPEP). The majority of pipe 

evaluated was installed in the 1970’s and 1980’s (CMP and RCP), with CPEP installed as part of a more 

recent roadway improvements project located along Piper Street in 2009. Of the pipes with available 

CCTV, approximately 92% of these pipes’ lengths were recorded. Approximately 210 LF was not 

recorded likely due to obstructions in the pipe. Several main line pipe segments along East 42nd Avenue 

and adjacent cross streets were not inspected with CCTV. Four of those pipe segments are CMP and 

were not inspected since they are assumed to be replaced as part of the project. One of the pipe 

segments was not inspected for unknown reasons.  

Pipe Inspection Results & Recommendations 

The condition of the storm drain pipe throughout the project 

corridor ranged widely from poor to good. Some of the issues 

identified included blockages due to debris, joint offsets, metal 

loss, pipe damage, and ovality issues. Ovality in pipes is generally 

known as ‘out of roundness’ and typically occurs when a circular 

pipe begins to collapse and becomes more oval in shape (see 

Photo 1).  

Refer to the Pipe Condition Summary Table (Appendix B) and the 

individual CCTV Inspection Forms (Appendix C) for a detailed 

assessment for each pipe segment that was inspected. A 

corresponding CCTV Inspection Map (Figure 1, Appendix A) 

provides an overview of the project area and the existing storm 

drain system along East 42nd Avenue and the adjacent side 

streets. Note that the pipe identification numbers used 

throughout this memo and the appendices are based on the 

naming convention provided in MOA’s GIS stormwater asset 

map.  

As noted above, several pipes have significant debris (rocks, soil, iron, etc.) deposited at the invert. 

These blockages reduce the overall capacity of the piping system and can further deteriorate the 

condition of the pipe. Figure 1 recommends these pipes to be cleaned and others to be cleaned and 

lined to improve flow efficiency and extend the life of the piped system. While cleaning these pipes is 

recommended and good practice, it won’t necessarily resolve the source of the debris entering into the 

pipe (joint offsets & holes). This is where lining, also known as cured in place pipe (CIPP), is an option to 

repair these pipes and reduce the amount of debris entering the system. CIPP is a trenchless method (no 

excavation required) for rehabilitating existing pipe. CIPP consists of a liner that is constructed of a soft 

fabric tube that is impregnated with resin. After the tube is inserted into the existing (host) pipe, it is 

inflated with water or air and cured until hard (see Photo 2). A CIPP liner provides a long-term fully 

structural repair to the host pipe. Further investigation would be required to determine if CIPP is a 

suitable repair option for the pipes noted on Figure 1. 

Photo 1 - Pipe with Ovality Issues 
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Photo 2 - CIPP Lining 

Several storm drain pipes (10702, 12873, 25184 & 29630) are identified on Figure 1 that require 

complete replacement. These pipes or certain segments of the pipe have significant enough defects 

where cleaning or rehabilitation is not a suitable long-term fix. Open cut excavation and removal and 

replacement of the pipe will be required for these pipes. 

The most notable pipe defects identified during review of the CCTV data include: 

• Pipe 10702 (CPEP) has significant ovality issues and inconsistent pipe grades along its length.  

• The walls and inverts of Pipes 25184 & 29630 (CMP) are partially or completely missing due to 

abrasion and corrosion. The CCTV investigation was not fully completed due to excessive debris 

buildup in the pipe. 

• Pipe 12873 (CMP) is in relatively good condition 

considering its age (installed 1977). However, 

one segment of pipe has significant deformation 

with damage (holes) and should be replaced 

(see Photo 3).  

• Two pipes (27801 & 31912) have blind 

connection laterals tying into the main line pipe. 

The lateral into Pipe 27801 is unmarked in GIS 

data and appears to be introducing rocks and 

other debris into the main pipe.  

• Joint offsets and infiltration were identified in 

several pipes. Some of these joints may be 

repaired by repairing or replacing pipe band or 

installing a pipe coupler such as the Mar Mac 

Polyseal Pipe Coupler manufactured by 

Advanced Drainage Systems, Inc. (ADS).   

Figure 1 still shows the original draft recommendations as described above, however per meeting with 

PM&E on 12/12/19, the 42nd Avenue project will replace all existing CMP pipe along 42nd Avenue.  

Photo 3 - Pipe 12873 (Holes) 
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42nd Avenue Upgrade

Pipe Condition Summary Table

MOA Pipe ID 

Number

SW Grid 

Map

Diameter 

(in) Material

Install 

Date

As‐built/ 

Drawing 

Name CCTV Date

CCTV 

Length  

(ft)

Length  

(ft) Pipe Condition Comments Recommendations

15092 1734 12 CMP 1986 1986‐88 7/1/2019 118 121 Good condition: significant debris buildup, pipe is perforated for a short stretch Cleaning recommended

31912 1734 30 CMP ‐ ‐ 7/3/2019 381 380 Fair condition: root intrusion common at joints, lateral pipe located at north end of pipe, 

significant debris/buildup in invert. 

Lining candidate

12873 1734 18 CMP 1977 1977‐530 7/1/2019 230 232 Good condition: pipe overall in good condition, except one short (approx. 2') section damaged Damaged section should be replaced

25184 1734 12 CMP 1977 1977‐531 7/1‐7/2/19 240 406

Poor condition: CCTV not completed due to severe debris/obstructions, surrounding soil & rock 

entering through pipe side wall, corrosion present
Replace Pipe

12473 1735 18 CPEP 2009 2010‐2176 7/2/2019 270 269 Fair condition: significant joint offsets allowing surrounding soil to enter pipe Lining candidate

23080 1735 18 CPEP 2009 2010‐2175 7/2/2019 59 62 Good condition: moderate debris present Cleaning recommended

10702 1735 18 CPEP ‐ ‐ 6/27/2019 150 152 Poor condition: pipe has significant ovality in areas with possible grade inconsistencies Replace Pipe

14456 1735 18 CMP 1984 1984‐7014 7/1/2019 364 366 Fair condition: joint offsets and infiltration common, some significant debris areas Lining candidate

27524 1735 36 Concrete 1977 1977‐826 7/3/2019 323 325 Fair condition: minor longitudinal cracking, joint offsets and infiltration Lining candidate

27801 1735 36 Concrete 1977 1977‐826 7/3/2019 370 372 Fair condition:  unmarked lateral discharges significant debris, significant iron deposits present 

throughout pipe.

Lining candidate

29194 1735 18 CMP 1984 1984‐7014 7/1/2019 393 393 Fair to Poor condition: significant infiltration and buildup at pipe joints and along walls. Metal 

loss and pinholes common water flow level to invert. 

Lining candidate, possibl full 

replacement

29630 1735 10 CMP ‐ ‐ 7/2/2019 19 56 Poor condition: Severe metal loss with missing invert and pipe walls. Surrounding soil and rock 

entering pipe, impeding flow. Significant grade break and ovality issues. CCTV not completed 

due to severe debris/obstructions. 

Replace Pipe

31442 1735 18 CMP 1984 1984‐7014 7/1/2019 27 32 Fair condition: small holes allowing water to enter into pipe, signifcant infiltration in several 

areas. 

Lining candidate

42nd Avenue and Laurel Street

42nd Avenue and Folker Street

42nd Avenue and Wright Street

42nd Avenue and Piper Street

42nd Avenue, including Dale Street & Florina Street

11/27/2019
42nd Avenue CCTV Summary

4/1/2020
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/1/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 15092

Location: Laurel Street, near 42nd Avenue intersection

Diameter: 12" 

Material: CMP (partially perforated)

Installation Year: 1986

Shape: Circular

Length (ft): 121

Flow Depth: 1/4 of diameter

Blockage: Moderate debris present in invert

Ovality: None

Condition: Good

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Pipe appears to be in good condition, but invert of pipe not visible 

due to debris present.  Pipe is perforated along one side for 

approx. 17 feet.

Image 1: Typical Pipe Condition, Debris present in 
invert

Image 2: Beginning of perforated section            
(on left side of image)
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/3/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 31912

Location: Laurel Street, near 42nd Avenue intersection

Diameter: 30" 

Material: CMP

Installation Year: Unknown

Shape: Circular

Length (ft): 380

Flow Depth: 1/4 of diameter

Blockage: Significant debris present in invert with root intrusion

Ovality: None

Condition: Fair

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Pipe appears to be in fair condition, but invert of pipe not visible 

due to debris present. Root intrustion common at joints. Lateral 

located at north end of pipe. Significant debris in invert with iron 

deposits. 

Image 1: Root Intrusion at 10 o'clock position Image 2: Lateral Pipe at 3 o'clock position, 
significant debris/buildup in invert

Page 2 of 13



42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/1/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 12873

Location: Folker Street, near 42nd Avenue intersection

Diameter: 18" 

Material: CMP

Installation Year: 1977

Shape: Circular

Length (ft): 232

Flow Depth: Minimal

Blockage: Minor debris present in invert

Ovality: None

Condition: Good with short segment requiring replacement

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Majority of pipe is in good condition. Exceptions include minor 

pipe deformation in one location, and more significant 

deformation and damage (holes) in another area.

Image 1: Minor deformation at 1 o'clock position Image 2: Deformation and damaged pipe 
segment (holes) at 2 o'clock position

Page 3 of 13



42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/1/2019 & 7/2/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 25184

Location: Wright Street, near 42nd Avenue intersection

Diameter: 12" 

Material: CMP

Installation Year: 1977

Shape: Circular

Length (ft): 406

Flow Depth: Minimal

Blockage: Severe debris present

Ovality: None

Condition: Poor

Other Notes:

CCTV Interior Pipe Images

Note: Photos are spotted, as camera lens was dirty during this inspection

Pipe Data

Majority of pipe has significant to severe debris buildup. CCTV not 

completed due to obstructions ‐ approx. 50 feet of middle section 

of pipe was not able to be videoed. Surrounding soil & rock 

entering through side wall of pipe.

Image 1: Severe Debris present in Invert Image 2: Surrounding Soil & Rock Entering 
through Pipe Wall at 1 o'clock position

Page 4 of 13



42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/2/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 12473

Location: Piper Street, near 42nd Avenue intersection

Diameter: 18" 

Material: CPEP

Installation Year: 2009

Shape: Circular

Length (ft): 269

Flow Depth: None

Blockage: Moderate debris present in invert

Ovality: None

Condition: Fair

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Signifant joint offsets in pipe, some appear to be allowing 

surrounding soil to enter pipe. Pipe walls appear to be in good 

condition.

Image 1: Debris in invert, likely from join offsets Image 2: Significant joint offset, no debris present 
upstream of joint
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/2/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 23080

Location: Piper Street, near 42nd Avenue intersection

Diameter: 18" 

Material: CPEP

Installation Year: 2009

Shape: Circular

Length (ft): 62

Flow Depth: None

Blockage: Moderate debris present in invert

Ovality: None

Condition: Good

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Pipe appears to be in good condition, but invert of pipe not visible 

due to debris present.  Moderate debris buildup throughout.

Image 1: Typical Pipe Condition Image 2: Moderate debris buildup near manhole
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 6/27/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 10702

Location: Florian Street, near 42nd Avenue intersection

Diameter: 18" 

Material: CPEP

Installation Year: Unknown

Shape: Circular

Length (ft): 152

Flow Depth: 1/4 of diameter

Blockage: Minor debris present in invert

Ovality: Yes, approx. 28% ovality

Condition: Poor

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Interior of pipe appears to be in good condition. Invert not visible 

due to water & minor debris present. Significant ovality issues in a 

large percentage of pipe and possible grade inconsistencies.

Image 1: Ovality Issues Image 2: Grade inconsistencies & Offset Joint
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/1/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 14456

Location: 42nd Avenue, near Florina Street intersection

Diameter: 18" 

Material: CMP

Installation Year: 1984

Shape: Circular

Length (ft): 366

Flow Depth: 1/4 of diameter

Blockage: Significant debris present in invert

Ovality: None

Condition: Fair

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Pipe appears to be in fair condition, but invert of pipe not visible 

due to debris present. Offset joints present.  Infiltration common 

at joints. Some sections of significant debris in pipe invert. 

Image 1: Offset Joint & Infiltration Image 2: Significant Debris in Invert
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/3/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 27524

Location: Dale Street, near 42nd Avenue intersection

Diameter: 36" 

Material: Concrete

Installation Year: 1977

Shape: Circular

Length (ft): 325

Flow Depth: 1/4 of diameter

Blockage: Minor debris present in invert

Ovality: None

Condition: Fair

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Pipe appears to be in fair condition, but invert of pipe not visible 

due to debris present.  Minor infiltration present at joints and 

debris buildup in sections. Minor longitudinal cracks in two 

sections. 

Image 1: Minor Longitudinal Cracks at 9 o'clock
position

Image 2: Infiltration at Joint Offset
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/3/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 27801

Location: Dale Street, near 42nd Avenue intersection

Diameter: 36" 

Material: Concrete

Installation Year: 1977

Shape: Circular

Length (ft): 372

Flow Depth: 1/4 of diameter

Blockage: Minor debris present in invert

Ovality: None

Condition: Fair

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Pipe appears to be in fair condition, but invert of pipe not visible 

due to debris present.  Debris buildup most prevalent downstream 

of unmarked lateral. Iron deposits present throughout pipe.

Image 1: Unmarked Lateral Pipe at 10 o'clock 
position

Image 2: Iron Deposits present in Pipe.
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/1/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 29194

Location: 42nd Avenue, near Dale Street intersection

Diameter: 18" 

Material: CMP

Installation Year: 1984

Shape: Circular

Length (ft): 393

Flow Depth: 1/4 of diameter

Blockage: Significant debris present in invert and along walls from infiltration

Ovality: None

Condition: Fair to Poor

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Infiltration and buildup common at joints and along walls. Metal 

loss and small holes common through pipe from flow level to 

invert. Water entered pipe through pinholes during CCTV. 

Image 1: Significant Infiltration and Buildup at 
Pipe Joints and along Walls

Image 2: Pinhole with Water Entering Pipe at
5 o'clock position
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/2/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 29630

Location: Florina Street, near 42nd Avenue intersection

Diameter: 10" 

Material: CMP

Installation Year: Unknown

Shape: Circular

Length (ft): 56

Flow Depth: 1/4 of diameter

Blockage: Severe debris present in invert and along pipe walls

Ovality: Yes, approx. 34%

Condition: Poor

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Severe metal loss with missing invert and pipe walls. Surrounding 

soil and rock entering pipe, blocking flow. One significant grade 

change with ovality issues. Iron deposits presents. CCTV not 

completed due to severe debris obstructions.

Image 1: Missing Invert and Pipe Wall, 
Surrounding Soil and Rock entering Pipe

Image 2: Significant Grade Break
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42nd Avenue Upgrade

CCTV Inspection Forms

General Inspection Data

CCTV Recording Date: 7/2/2019

CCTV Recorded By: MOA Street Maintenance

MOA Pipe ID Number: 31442

Location: Dale Street and 42nd Avenue intersection

Diameter: 18" 

Material: CMP

Installation Year: 1984

Shape: Circular

Length (ft): 32

Flow Depth: 1/4 of diameter

Blockage: Minor debris present in invert

Ovality: None

Condition: Fair

Other Notes:

CCTV Interior Pipe Images

Pipe Data

Pipe appears to be in fair condition, but invert of pipe not visible 

due to debris present. Infiltration present in several areas. Small 

holes allowing water to enter into pipe.

Image 1: Pinholes located at 4 o'clock position Image 2: Water entering pipe through hole at       
8 o'clock position
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Anchorage Stormwater Manual Volume 1 – Management and Design Criteria

December 2017 4 6 Section 4 – Estimating Stormwater Runoff

based on NOAA Atlas 14 data from AIA. A second distribution was developed for Girdwood based on data
from the Alyeska station. The resulting hyetographs are presented in Appendix D.

Figure 4.2 3: Orographic Factor Map (Anchorage)
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Figure 2
Existing Stormwater System

42nd Avenue Upgrade
Design Study Report

Date:   JUN 2020

Legend

Project Boundary

Existing Storm Drain Pipe

F-1.1 = Basin name
1.7 cfs = 10-yr, 24-hr peak flow

Peak Flow 
Leaving Project 
Area = 10.51 cfs

Peak Flow 
Leaving Project 
Area = 3.61 cfs

Peak Flow 
Leaving Project 
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Existing Model Pipe Layout
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Project Description
10142.00 42ndExistingStorm.SPF

Project Options
CFS
Elevation
SCS TR-55
SCS TR-55
Kinematic Wave
YES
YES

Analysis Options
Jan 21, 2020 00:00:00
Jan 22, 2020 00:00:00
Jan 21, 2020 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
1
40
55
52
3
0
0
0
52
0
52
0
0
0
0
0
0

Rainfall Details
SN Rain Gage Data Data Source Rainfall Rain State County Return Rainfall Rainfall

ID Source ID Type Units Period Depth Distribution
(years) (inches)

1 Rain Gage-01 Time Series 10-year, 24-hour, Anchorage Cumulative inches 0.00

        Outlets ...............................................................................
Pollutants ...................................................................................
Land Uses .................................................................................

Links...........................................................................................
        Channels ...........................................................................
        Pipes .................................................................................
        Pumps ...............................................................................
        Orifices ..............................................................................
        Weirs .................................................................................

Nodes.........................................................................................
        Junctions ...........................................................................
        Outfalls ..............................................................................
        Flow Diversions .................................................................
        Inlets .................................................................................
        Storage Nodes ..................................................................

Runoff (Dry Weather) Time Step ...............................................
Runoff (Wet Weather) Time Step ..............................................
Reporting Time Step .................................................................
Routing Time Step .....................................................................

Rain Gages ................................................................................
Subbasins...................................................................................

Enable Overflow Ponding at Nodes ...........................................
Skip Steady State Analysis Time Periods .................................

Start Analysis On .......................................................................
End Analysis On ........................................................................
Start Reporting On .....................................................................
Antecedent Dry Days .................................................................

File Name ..................................................................................

Flow Units ..................................................................................
Elevation Type ...........................................................................
Hydrology Method ......................................................................
Time of Concentration (TOC) Method .......................................
Link Routing Method ..................................................................



Subbasin Summary
SN Subbasin Area Weighted Total Total Total Peak Time of

ID Curve Rainfall Runoff Runoff Runoff Concentration
Number Volume

(ac) (in) (in) (ac-in) (cfs) (days hh:mm:ss)
1 C-1.1 1.01 93.86 2.46 1.82 1.83 1.10        0  00:11:39
2 C-1.2 0.89 93.06 2.46 1.75 1.55 0.78        0  00:18:05
3 C-1.3 5.13 87.40 2.46 1.31 6.70 2.48        0  00:34:30
4 C-2.1 5.46 85.09 2.46 1.15 6.31 2.71        0  00:25:44
5 C-2.2 0.64 86.28 2.46 1.23 0.79 0.31        0  00:30:55
6 C-2.3 4.88 86.88 2.46 1.27 6.20 2.99        0  00:20:45
7 C-2.4 1.46 94.00 2.46 1.83 2.67 1.49        0  00:14:11
8 C-2.5 10.88 91.85 2.46 1.65 17.90 13.38        0  00:06:07
9 F-1.1 1.41 96.30 2.46 2.05 2.90 1.70        0  00:11:24

10 F-1.2 2.78 92.86 2.46 1.73 4.81 2.28        0  00:20:45
11 F-1.3 3.75 95.12 2.46 1.94 7.28 3.57        0  00:18:18
12 F-1.4 2.23 93.86 2.46 1.82 4.05 2.93        0  00:06:31
13 F-1.5 2.87 93.61 2.46 1.80 5.15 3.41        0  00:09:05
14 F-1.6 2.09 96.79 2.46 2.10 4.40 2.45        0  00:12:42
15 F-1.7 3.35 94.99 2.46 1.93 6.44 1.53        0  01:11:34
16 F-2.1 3.07 97.44 2.46 2.17 6.67 2.96        0  00:20:34
17 F-2.2 4.60 96.54 2.46 2.08 9.55 4.08        0  00:23:17
18 F-2.3 2.82 96.67 2.46 2.09 5.90 4.27        0  00:05:00
19 F-2.4 6.61 90.64 2.46 1.55 10.23 2.96        0  00:53:30
20 F-2.5 3.60 88.40 2.46 1.38 4.96 3.24        0  00:10:16
21 F-3.1 1.50 94.00 2.46 1.83 2.75 1.47        0  00:15:24
22 F-3.2 2.39 95.61 2.46 1.99 4.75 3.16        0  00:08:10
23 F-3.3 1.13 94.10 2.46 1.84 2.07 1.20        0  00:12:48
24 F-3.4 2.24 90.00 2.46 1.50 3.35 1.39        0  00:27:54
25 F-3.5 1.32 94.66 2.46 1.89 2.51 1.04        0  00:26:06
26 F-3.6 5.06 92.57 2.46 1.71 8.63 3.93        0  00:22:36
27 F-3.7 3.85 78.63 2.46 0.79 3.06 1.08        0  00:33:46
28 F-4.1 1.51 81.24 2.46 0.93 1.40 0.69        0  00:18:21
29 F-4.2 1.91 91.09 2.46 1.58 3.03 1.55        0  00:18:00
30 F-4.3 3.27 92.86 2.46 1.73 5.65 2.66        0  00:21:03
31 F-4.4 7.13 88.31 2.46 1.37 9.78 6.73        0  00:08:48
32 F-4.5 0.47 94.55 2.46 1.88 0.89 0.56        0  00:10:18
33 L-1.1 0.88 96.36 2.46 2.06 1.81 1.32        0  00:05:00
34 L-1.2 2.73 96.33 2.46 2.06 5.61 4.10        0  00:05:00
35 L-2.1 2.75 94.00 2.46 1.83 5.04 3.82        0  00:05:00
36 L-2.2 2.31 96.91 2.46 2.12 4.88 3.52        0  00:05:00
37 L-2.3 3.09 97.34 2.46 2.16 6.67 3.45        0  00:14:33
38 L-2.4 3.74 96.40 2.46 2.06 7.73 5.22        0  00:07:18
39 L-2.5 3.92 95.98 2.46 2.02 7.92 2.54        0  00:41:04
40 L-2.6 6.98 93.21 2.46 1.76 12.30 7.46        0  00:11:39



Subbasin Hydrology

    Subbasin : C-1.1
          Input Data

Area (ac) ........................................................................ 1.01
Weighted Curve Number ............................................... 93.86
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.82 C 98.00
Woods & grass combination, Fair 0.19 C 76.00
Composite Area & Weighted CN 1.01 93.86

          Time of Concentration
TOC Method : SCS TR-55

Sheet Flow Equation :

    Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where :

    Tc = Time of Concentration (hr)
    n   = Manning's roughness
    Lf  = Flow Length (ft)
    P   = 2 yr, 24 hr Rainfall (inches)
    Sf  = Slope (ft/ft)

Shallow Concentrated Flow Equation :

    V  = 16.1345 * (Sf^0.5) (unpaved surface)
    V  = 20.3282 * (Sf^0.5) (paved surface)
    V  = 15.0 * (Sf^0.5) (grassed waterway surface)
    V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
    V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
    V  = 7.0 * (Sf^0.5) (short grass pasture surface)
    V  = 5.0 * (Sf^0.5) (woodland surface)
    V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
    Tc = (Lf / V) / (3600 sec/hr)

             Where:

    Tc = Time of Concentration (hr)
    Lf = Flow Length (ft)
    V  = Velocity (ft/sec)
    Sf = Slope (ft/ft)

Channel Flow Equation :

    V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
    R  = Aq / Wp
    Tc = (Lf / V) / (3600 sec/hr)

Where :

    Tc = Time of Concentration (hr)
    Lf = Flow Length (ft)
    R  = Hydraulic Radius (ft)
    Aq = Flow Area (ft²)
    Wp = Wetted Perimeter (ft)
    V  = Velocity (ft/sec)
    Sf = Slope (ft/ft)
    n  = Manning's roughness



Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 47 0.00 0.00
    Slope (%) : 10.64 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.16 0.00 0.00
    Computed Flow Time (min) : 5.05 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 75 0.00 0.00
    Slope (%) : 1.33 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.34 0.00 0.00
    Computed Flow Time (min) : 0.53 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 .014 0.00
    Flow Length (ft) : 194 158 0.00
    Channel Slope (%) : .52 .63 0.00
    Cross Section Area (ft²) : .2 .04 0.00
    Wetted Perimeter  (ft) : 4 1.31 0.00
    Velocity (ft/sec) : 1.12 0.83 0.00
    Computed Flow Time (min) : 2.88 3.19 0.00
Total TOC (min) ..................11.65

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.82
Peak Runoff (cfs) ........................................................... 1.10
Weighted Curve Number ............................................... 93.86
Time of Concentration (days hh:mm:ss) ........................ 0 00:11:39 



    Subbasin : C-1.2
          Input Data

Area (ac) ........................................................................ 0.89
Weighted Curve Number ............................................... 93.06
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.69 C 98.00
Woods & grass combination, Fair 0.20 C 76.00
Composite Area & Weighted CN 0.89 93.06

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .3 0.00 0.00
    Flow Length (ft) : 62 0.00 0.00
    Slope (%) : 3.23 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 14.03 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 93 0.00 0.00
    Slope (%) : 2.15 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.98 0.00 0.00
    Computed Flow Time (min) : 0.52 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .021 0.00 0.00
    Flow Length (ft) : 161 0.00 0.00
    Channel Slope (%) : .62 0.00 0.00
    Cross Section Area (ft²) : .2 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.76 0.00 0.00
    Computed Flow Time (min) : 3.54 0.00 0.00
Total TOC (min) ..................18.09

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.75
Peak Runoff (cfs) ........................................................... 0.78
Weighted Curve Number ............................................... 93.06
Time of Concentration (days hh:mm:ss) ........................ 0 00:18:05 



    Subbasin : C-1.3
          Input Data

Area (ac) ........................................................................ 5.13
Weighted Curve Number ............................................... 87.40
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/3 acre lots, 30% impervious 3.20 C 81.00
Paved parking & roofs 1.93 C 98.00
Composite Area & Weighted CN 5.13 87.40

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .3 0.00 0.00
    Flow Length (ft) : 81 0.00 0.00
    Slope (%) : 2.47 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 19.35 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 60 0.00 0.00
    Slope (%) : 1.67 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.63 0.00 0.00
    Computed Flow Time (min) : 0.38 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .028 .013 0.00
    Flow Length (ft) : 160 111 0.00
    Channel Slope (%) : .37 .37 0.00
    Cross Section Area (ft²) : .08 .08 0.00
    Wetted Perimeter  (ft) : 4 4 0.00
    Velocity (ft/sec) : 0.24 0.51 0.00
    Computed Flow Time (min) : 11.18 3.60 0.00
Total TOC (min) ..................34.51

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.31
Peak Runoff (cfs) ........................................................... 2.48
Weighted Curve Number ............................................... 87.40
Time of Concentration (days hh:mm:ss) ........................ 0 00:34:31 



    Subbasin : C-2.1
          Input Data

Area (ac) ........................................................................ 5.46
Weighted Curve Number ............................................... 85.09
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.76 C 98.00
1/4 acre lots, 38% impervious 4.70 C 83.00
Composite Area & Weighted CN 5.46 85.09

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 93 0.00 0.00
    Slope (%) : 2.15 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.09 0.00 0.00
    Computed Flow Time (min) : 16.51 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 111 0.00 0.00
    Slope (%) : 1.8 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.73 0.00 0.00
    Computed Flow Time (min) : 0.68 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .025 0.00 0.00
    Flow Length (ft) : 259 0.00 0.00
    Channel Slope (%) : .39 0.00 0.00
    Cross Section Area (ft²) : .2 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.51 0.00 0.00
    Computed Flow Time (min) : 8.55 0.00 0.00
Total TOC (min) ..................25.74

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.15
Peak Runoff (cfs) ........................................................... 2.71
Weighted Curve Number ............................................... 85.09
Time of Concentration (days hh:mm:ss) ........................ 0 00:25:44 



    Subbasin : C-2.2
          Input Data

Area (ac) ........................................................................ 0.64
Weighted Curve Number ............................................... 86.28
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.14 C 98.00
1/4 acre lots, 38% impervious 0.50 C 83.00
Composite Area & Weighted CN 0.64 86.28

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 81 0.00 0.00
    Slope (%) : 2.47 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.06 0.00 0.00
    Computed Flow Time (min) : 24.35 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .025 0.00 0.00
    Flow Length (ft) : 216 0.00 0.00
    Channel Slope (%) : .46 0.00 0.00
    Cross Section Area (ft²) : .2 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.55 0.00 0.00
    Computed Flow Time (min) : 6.56 0.00 0.00
Total TOC (min) ..................30.92

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.23
Peak Runoff (cfs) ........................................................... 0.31
Weighted Curve Number ............................................... 86.28
Time of Concentration (days hh:mm:ss) ........................ 0 00:30:55 



    Subbasin : C-2.3
          Input Data

Area (ac) ........................................................................ 4.88
Weighted Curve Number ............................................... 86.88
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Woods & grass combination, Good 0.78 C 72.00
Urban commercial, 85% imp 2.50 C 94.00
1/4 acre lots, 38% impervious 1.60 C 83.00
Composite Area & Weighted CN 4.88 86.88

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .11 0.00 0.00
    Flow Length (ft) : 104 0.00 0.00
    Slope (%) : .96 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.11 0.00 0.00
    Computed Flow Time (min) : 15.45 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 111 114 0.00
    Slope (%) : .9 .88 0.00
    Surface Type : Unpaved Paved Unpaved
    Velocity (ft/sec) : 1.53 1.91 0.00
    Computed Flow Time (min) : 1.21 0.99 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 399 0.00 0.00
    Channel Slope (%) : .5 0.00 0.00
    Cross Section Area (ft²) : .4 0.00 0.00
    Wetted Perimeter  (ft) : 2.92 0.00 0.00
    Velocity (ft/sec) : 2.15 0.00 0.00
    Computed Flow Time (min) : 3.09 0.00 0.00
Total TOC (min) ..................20.75

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.27
Peak Runoff (cfs) ........................................................... 2.99
Weighted Curve Number ............................................... 86.88
Time of Concentration (days hh:mm:ss) ........................ 0 00:20:45 



    Subbasin : C-2.4
          Input Data

Area (ac) ........................................................................ 1.46
Weighted Curve Number ............................................... 94.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Urban commercial, 85% imp 1.46 C 94.00
Composite Area & Weighted CN 1.46 94.00

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .11 0.00 0.00
    Flow Length (ft) : 63 0.00 0.00
    Slope (%) : 1.59 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.12 0.00 0.00
    Computed Flow Time (min) : 8.46 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 .013 0.00
    Flow Length (ft) : 226 367 0.00
    Channel Slope (%) : .44 .27 0.00
    Cross Section Area (ft²) : .4 .4 0.00
    Wetted Perimeter  (ft) : 2.92 2.92 0.00
    Velocity (ft/sec) : 2.02 1.58 0.00
    Computed Flow Time (min) : 1.86 3.86 0.00
Total TOC (min) ..................14.19

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.83
Peak Runoff (cfs) ........................................................... 1.49
Weighted Curve Number ............................................... 94.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:14:11 



    Subbasin : C-2.5
          Input Data

Area (ac) ........................................................................ 10.88
Weighted Curve Number ............................................... 91.85
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Urban commercial, 85% imp 9.58 C 94.00
Woods & grass combination, Fair 1.30 C 76.00
Composite Area & Weighted CN 10.88 91.85

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 17 0.00 0.00
    Slope (%) : 23.53 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 2.84 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 148 0.00 0.00
    Slope (%) : 1.35 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.36 0.00 0.00
    Computed Flow Time (min) : 1.05 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 322 0.00 0.00
    Channel Slope (%) : .62 0.00 0.00
    Cross Section Area (ft²) : .4 0.00 0.00
    Wetted Perimeter  (ft) : 2.92 0.00 0.00
    Velocity (ft/sec) : 2.40 0.00 0.00
    Computed Flow Time (min) : 2.24 0.00 0.00
Total TOC (min) ..................6.12

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.65
Peak Runoff (cfs) ........................................................... 13.38
Weighted Curve Number ............................................... 91.85
Time of Concentration (days hh:mm:ss) ........................ 0 00:06:07 



    Subbasin : F-1.1
          Input Data

Area (ac) ........................................................................ 1.41
Weighted Curve Number ............................................... 96.30
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.31 C 98.00
> 75% grass cover, Good 0.10 C 74.00
Composite Area & Weighted CN 1.41 96.30

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .01 0.00 0.00
    Flow Length (ft) : 85 0.00 0.00
    Slope (%) : 3.53 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 1.23 0.00 0.00
    Computed Flow Time (min) : 1.15 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 69 0.00 0.00
    Slope (%) : 1.45 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.45 0.00 0.00
    Computed Flow Time (min) : 0.47 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .022 0.00 0.00
    Flow Length (ft) : 325 0.00 0.00
    Channel Slope (%) : 1.23 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.55 0.00 0.00
    Computed Flow Time (min) : 9.79 0.00 0.00
Total TOC (min) ..................11.40

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.05
Peak Runoff (cfs) ........................................................... 1.70
Weighted Curve Number ............................................... 96.30
Time of Concentration (days hh:mm:ss) ........................ 0 00:11:24 



    Subbasin : F-1.2
          Input Data

Area (ac) ........................................................................ 2.78
Weighted Curve Number ............................................... 92.86
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.13 C 98.00
Woods & grass combination, Fair 0.65 C 76.00
Composite Area & Weighted CN 2.78 92.86

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 70 0.00 0.00
    Slope (%) : 2.86 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 11.74 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 187 128 0.00
    Slope (%) : 4.28 .78 0.00
    Surface Type : Grassed waterway Unpaved Unpaved
    Velocity (ft/sec) : 3.10 1.42 0.00
    Computed Flow Time (min) : 1.01 1.50 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .022 0.00 0.00
    Flow Length (ft) : 156 0.00 0.00
    Channel Slope (%) : .64 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.40 0.00 0.00
    Computed Flow Time (min) : 6.51 0.00 0.00
Total TOC (min) ..................20.76

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.73
Peak Runoff (cfs) ........................................................... 2.28
Weighted Curve Number ............................................... 92.86
Time of Concentration (days hh:mm:ss) ........................ 0 00:20:46 



    Subbasin : F-1.3
          Input Data

Area (ac) ........................................................................ 3.75
Weighted Curve Number ............................................... 95.12
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
> 75% grass cover, Good 0.45 C 74.00
Paved roads with curbs & sewers 3.30 C 98.00
Composite Area & Weighted CN 3.75 95.12

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 76 0.00 0.00
    Slope (%) : 22.4 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.13 0.00 0.00
    Computed Flow Time (min) : 9.58 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 153 80 0.00
    Slope (%) : 9.8 8.8 0.00
    Surface Type : Grassed waterway Paved Unpaved
    Velocity (ft/sec) : 4.70 6.03 0.00
    Computed Flow Time (min) : 0.54 0.22 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.013 0.00 0.00
    Flow Length (ft) : 478 0.00 0.00
    Channel Slope (%) : .8 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.00 0.00 0.00
    Computed Flow Time (min) : 7.95 0.00 0.00
Total TOC (min) ..................18.30

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.94
Peak Runoff (cfs) ........................................................... 3.57
Weighted Curve Number ............................................... 95.12
Time of Concentration (days hh:mm:ss) ........................ 0 00:18:18 



    Subbasin : F-1.4
          Input Data

Area (ac) ........................................................................ 2.23
Weighted Curve Number ............................................... 93.86
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.81 C 98.00
Woods & grass combination, Fair 0.42 C 76.00
Composite Area & Weighted CN 2.23 93.86

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 35 0.00 0.00
    Slope (%) : 40 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.14 0.00 0.00
    Computed Flow Time (min) : 4.09 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 114 91 0.00
    Slope (%) : 2.63 10.99 0.00
    Surface Type : Paved Paved Unpaved
    Velocity (ft/sec) : 3.30 6.74 0.00
    Computed Flow Time (min) : 0.58 0.23 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .022 0.00 0.00
    Flow Length (ft) : 283 0.00 0.00
    Channel Slope (%) : 2.12 0.00 0.00
    Cross Section Area (ft²) : .33 0.00 0.00
    Wetted Perimeter  (ft) : 2.1 0.00 0.00
    Velocity (ft/sec) : 2.87 0.00 0.00
    Computed Flow Time (min) : 1.64 0.00 0.00
Total TOC (min) ..................6.53

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.82
Peak Runoff (cfs) ........................................................... 2.93
Weighted Curve Number ............................................... 93.86
Time of Concentration (days hh:mm:ss) ........................ 0 00:06:32 



    Subbasin : F-1.5
          Input Data

Area (ac) ........................................................................ 2.87
Weighted Curve Number ............................................... 93.61
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.27 C 98.00
Brush, Poor 0.60 C 77.00
Composite Area & Weighted CN 2.87 93.61

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 45 0.00 0.00
    Slope (%) : 11.11 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.16 0.00 0.00
    Computed Flow Time (min) : 4.79 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 259 0.00 0.00
    Slope (%) : .77 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.78 0.00 0.00
    Computed Flow Time (min) : 2.43 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .028 0.00 0.00
    Flow Length (ft) : 92 0.00 0.00
    Channel Slope (%) : 4.35 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.82 0.00 0.00
    Computed Flow Time (min) : 1.88 0.00 0.00
Total TOC (min) ..................9.09

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.80
Peak Runoff (cfs) ........................................................... 3.41
Weighted Curve Number ............................................... 93.61
Time of Concentration (days hh:mm:ss) ........................ 0 00:09:05 



    Subbasin : F-1.6
          Input Data

Area (ac) ........................................................................ 2.09
Weighted Curve Number ............................................... 96.79
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.97 C 98.00
Brush, Poor 0.12 C 77.00
Composite Area & Weighted CN 2.09 96.79

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .01 0.00 0.00
    Flow Length (ft) : 68 0.00 0.00
    Slope (%) : 4.41 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 1.29 0.00 0.00
    Computed Flow Time (min) : 0.88 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 219 0.00 0.00
    Slope (%) : 1.83 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.75 0.00 0.00
    Computed Flow Time (min) : 1.33 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .016 0.00 0.00
    Flow Length (ft) : 234 0.00 0.00
    Channel Slope (%) : .43 0.00 0.00
    Cross Section Area (ft²) : .09 0.00 0.00
    Wetted Perimeter  (ft) : 6 0.00 0.00
    Velocity (ft/sec) : 0.37 0.00 0.00
    Computed Flow Time (min) : 10.50 0.00 0.00
Total TOC (min) ..................12.71

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.10
Peak Runoff (cfs) ........................................................... 2.45
Weighted Curve Number ............................................... 96.79
Time of Concentration (days hh:mm:ss) ........................ 0 00:12:43 



    Subbasin : F-1.7
          Input Data

Area (ac) ........................................................................ 3.35
Weighted Curve Number ............................................... 94.99
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.87 C 98.00
Brush, Poor 0.48 C 77.00
Composite Area & Weighted CN 3.35 94.99

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 149 0.00 0.00
    Slope (%) : .67 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.04 0.00 0.00
    Computed Flow Time (min) : 66.83 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 159 0.00 0.00
    Slope (%) : .63 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.61 0.00 0.00
    Computed Flow Time (min) : 1.65 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .016 0.00 0.00
    Flow Length (ft) : 148 0.00 0.00
    Channel Slope (%) : 1.35 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.80 0.00 0.00
    Computed Flow Time (min) : 3.09 0.00 0.00
Total TOC (min) ..................71.57

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.93
Peak Runoff (cfs) ........................................................... 1.53
Weighted Curve Number ............................................... 94.99
Time of Concentration (days hh:mm:ss) ........................ 0 01:11:34 



    Subbasin : F-2.1
          Input Data

Area (ac) ........................................................................ 3.07
Weighted Curve Number ............................................... 97.44
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.98 C 98.00
50 - 75% grass cover, Fair 0.09 C 79.00
Composite Area & Weighted CN 3.07 97.44

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 57 0.00 0.00
    Slope (%) : 5.26 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 13.59 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 281 0.00 0.00
    Slope (%) : .71 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.71 0.00 0.00
    Computed Flow Time (min) : 2.74 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.022 0.00 0.00
    Flow Length (ft) : 117 0.00 0.00
    Channel Slope (%) : .85 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.46 0.00 0.00
    Computed Flow Time (min) : 4.24 0.00 0.00
Total TOC (min) ..................20.57

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.17
Peak Runoff (cfs) ........................................................... 2.96
Weighted Curve Number ............................................... 97.44
Time of Concentration (days hh:mm:ss) ........................ 0 00:20:34 



    Subbasin : F-2.2
          Input Data

Area (ac) ........................................................................ 4.60
Weighted Curve Number ............................................... 96.54
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 4.28 C 98.00
Woods, Poor 0.32 C 77.00
Composite Area & Weighted CN 4.60 96.54

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 55 0.00 0.00
    Slope (%) : 1.81 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.05 0.00 0.00
    Computed Flow Time (min) : 20.23 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 225 0.00 0.00
    Slope (%) : .44 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.35 0.00 0.00
    Computed Flow Time (min) : 2.78 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 33 0.00 0.00
    Channel Slope (%) : 3.03 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.95 0.00 0.00
    Computed Flow Time (min) : 0.28 0.00 0.00
Total TOC (min) ..................23.29

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.08
Peak Runoff (cfs) ........................................................... 4.08
Weighted Curve Number ............................................... 96.54
Time of Concentration (days hh:mm:ss) ........................ 0 00:23:17 



    Subbasin : F-2.3
          Input Data

Area (ac) ........................................................................ 2.82
Weighted Curve Number ............................................... 96.67
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.65 C 98.00
Woods & grass combination, Fair 0.17 C 76.00
Composite Area & Weighted CN 2.82 96.67

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.09
Peak Runoff (cfs) ........................................................... 4.27
Weighted Curve Number ............................................... 96.67
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : F-2.4
          Input Data

Area (ac) ........................................................................ 6.61
Weighted Curve Number ............................................... 90.64
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 4.15 C 98.00
Woods, Poor 1.86 C 77.00
Woods & grass combination, Poor 0.60 C 82.00
Composite Area & Weighted CN 6.61 90.64

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .3 0.00 0.00
    Flow Length (ft) : 141 0.00 0.00
    Slope (%) : 2.13 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 31.98 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 181 0.00 0.00
    Slope (%) : 4.42 0.00 0.00
    Surface Type : Grass pasture Unpaved Unpaved
    Velocity (ft/sec) : 1.47 0.00 0.00
    Computed Flow Time (min) : 2.05 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .025 0.00 0.00
    Flow Length (ft) : 261 0.00 0.00
    Channel Slope (%) : .38 0.00 0.00
    Cross Section Area (ft²) : .09 0.00 0.00
    Wetted Perimeter  (ft) : 6 0.00 0.00
    Velocity (ft/sec) : 0.22 0.00 0.00
    Computed Flow Time (min) : 19.47 0.00 0.00
Total TOC (min) ..................53.50

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.55
Peak Runoff (cfs) ........................................................... 2.96
Weighted Curve Number ............................................... 90.64
Time of Concentration (days hh:mm:ss) ........................ 0 00:53:30 



    Subbasin : F-2.5
          Input Data

Area (ac) ........................................................................ 3.60
Weighted Curve Number ............................................... 88.40
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.27 C 98.00
Woods & grass combination, Good 1.33 C 72.00
Composite Area & Weighted CN 3.60 88.40

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 62 0.00 0.00
    Slope (%) : 8.06 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.15 0.00 0.00
    Computed Flow Time (min) : 7.04 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 56 282 0.00
    Slope (%) : 1.79 9.57 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 2.16 4.99 0.00
    Computed Flow Time (min) : 0.43 0.94 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 223 0.00 0.00
    Channel Slope (%) : 3.14 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.98 0.00 0.00
    Computed Flow Time (min) : 1.87 0.00 0.00
Total TOC (min) ..................10.28

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.38
Peak Runoff (cfs) ........................................................... 3.24
Weighted Curve Number ............................................... 88.40
Time of Concentration (days hh:mm:ss) ........................ 0 00:10:17 



    Subbasin : F-3.1
          Input Data

Area (ac) ........................................................................ 1.50
Weighted Curve Number ............................................... 94.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Commercial 1.50 - 94.00
Composite Area & Weighted CN 1.50 94.00

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .11 0.00 0.00
    Flow Length (ft) : 69 0.00 0.00
    Slope (%) : 1.45 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.12 0.00 0.00
    Computed Flow Time (min) : 9.44 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 241 0.00 0.00
    Slope (%) : .41 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.30 0.00 0.00
    Computed Flow Time (min) : 3.09 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .019 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Channel Slope (%) : 1 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.58 0.00 0.00
    Computed Flow Time (min) : 2.88 0.00 0.00
Total TOC (min) ..................15.41

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.83
Peak Runoff (cfs) ........................................................... 1.47
Weighted Curve Number ............................................... 94.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:15:25 



    Subbasin : F-3.2
          Input Data

Area (ac) ........................................................................ 2.39
Weighted Curve Number ............................................... 95.61
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.13 C 98.00
Woods & grass combination, Fair 0.26 C 76.00
Composite Area & Weighted CN 2.39 95.61

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .01 0.00 0.00
    Flow Length (ft) : 109 0.00 0.00
    Slope (%) : .92 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.76 0.00 0.00
    Computed Flow Time (min) : 2.40 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 128 202 0.00
    Slope (%) : .78 .5 0.00
    Surface Type : Grass pasture Paved Unpaved
    Velocity (ft/sec) : 0.62 1.44 0.00
    Computed Flow Time (min) : 3.44 2.34 0.00
Total TOC (min) ..................8.18

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.99
Peak Runoff (cfs) ........................................................... 3.16
Weighted Curve Number ............................................... 95.61
Time of Concentration (days hh:mm:ss) ........................ 0 00:08:11 



    Subbasin : F-3.3
          Input Data

Area (ac) ........................................................................ 1.13
Weighted Curve Number ............................................... 94.10
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.92 C 98.00
Brush, Poor 0.21 C 77.00
Composite Area & Weighted CN 1.13 94.10

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 21 0.00 0.00
    Slope (%) : 4.76 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.06 0.00 0.00
    Computed Flow Time (min) : 6.36 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .025 0.00 0.00
    Flow Length (ft) : 142 0.00 0.00
    Channel Slope (%) : .7 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.37 0.00 0.00
    Computed Flow Time (min) : 6.44 0.00 0.00
Total TOC (min) ..................12.80

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.84
Peak Runoff (cfs) ........................................................... 1.20
Weighted Curve Number ............................................... 94.10
Time of Concentration (days hh:mm:ss) ........................ 0 00:12:48 



    Subbasin : F-3.4
          Input Data

Area (ac) ........................................................................ 2.24
Weighted Curve Number ............................................... 90.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/8 acre lots, 65% impervious 2.24 C 90.00
Composite Area & Weighted CN 2.24 90.00

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 104 0.00 0.00
    Slope (%) : .96 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 24.93 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 77 0.00 0.00
    Slope (%) : 1.3 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.32 0.00 0.00
    Computed Flow Time (min) : 0.55 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .019 0.00 0.00
    Flow Length (ft) : 89 0.00 0.00
    Channel Slope (%) : 1.12 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.61 0.00 0.00
    Computed Flow Time (min) : 2.43 0.00 0.00
Total TOC (min) ..................27.91

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.50
Peak Runoff (cfs) ........................................................... 1.39
Weighted Curve Number ............................................... 90.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:27:55 



    Subbasin : F-3.5
          Input Data

Area (ac) ........................................................................ 1.32
Weighted Curve Number ............................................... 94.66
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.11 C 98.00
Woods, Poor 0.21 C 77.00
Composite Area & Weighted CN 1.32 94.66

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 29 0.00 0.00
    Slope (%) : 3.45 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.09 0.00 0.00
    Computed Flow Time (min) : 5.38 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 36 0.00 0.00
    Slope (%) : 5.56 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 4.79 0.00 0.00
    Computed Flow Time (min) : 0.13 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .019 0.00 0.00
    Flow Length (ft) : 371 0.00 0.00
    Channel Slope (%) : .27 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.30 0.00 0.00
    Computed Flow Time (min) : 20.59 0.00 0.00
Total TOC (min) ..................26.10

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.89
Peak Runoff (cfs) ........................................................... 1.04
Weighted Curve Number ............................................... 94.66
Time of Concentration (days hh:mm:ss) ........................ 0 00:26:06 



    Subbasin : F-3.6
          Input Data

Area (ac) ........................................................................ 5.06
Weighted Curve Number ............................................... 92.57
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 3.81 C 98.00
Woods & grass combination, Fair 1.25 C 76.00
Composite Area & Weighted CN 5.06 92.57

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .35 0.00 0.00
    Flow Length (ft) : 118 0.00 0.00
    Slope (%) : 10.17 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.12 0.00 0.00
    Computed Flow Time (min) : 16.79 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 85 0.00 0.00
    Slope (%) : 17.65 0.00 0.00
    Surface Type : Grassed waterway Unpaved Unpaved
    Velocity (ft/sec) : 6.30 0.00 0.00
    Computed Flow Time (min) : 0.22 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 .026 0.00
    Flow Length (ft) : 271 263 0.00
    Channel Slope (%) : .74 2.66 0.00
    Cross Section Area (ft²) : .04 1.76 0.00
    Wetted Perimeter  (ft) : 1.31 4.71 0.00
    Velocity (ft/sec) : 0.96 4.85 0.00
    Computed Flow Time (min) : 4.69 0.90 0.00
Total TOC (min) ..................22.61

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.71
Peak Runoff (cfs) ........................................................... 3.93
Weighted Curve Number ............................................... 92.57
Time of Concentration (days hh:mm:ss) ........................ 0 00:22:37 



    Subbasin : F-3.7
          Input Data

Area (ac) ........................................................................ 3.85
Weighted Curve Number ............................................... 78.63
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Woods & grass combination, Fair 3.39 C 76.00
Paved parking & roofs 0.46 C 98.00
Composite Area & Weighted CN 3.85 78.63

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 85 0.00 0.00
    Slope (%) : 4.71 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 19.55 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 394 104 0.00
    Slope (%) : 1.02 .96 0.00
    Surface Type : Woodland Unpaved Unpaved
    Velocity (ft/sec) : 0.50 1.58 0.00
    Computed Flow Time (min) : 13.13 1.10 0.00
Total TOC (min) ..................33.78

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 0.79
Peak Runoff (cfs) ........................................................... 1.08
Weighted Curve Number ............................................... 78.63
Time of Concentration (days hh:mm:ss) ........................ 0 00:33:47 



    Subbasin : F-4.1
          Input Data

Area (ac) ........................................................................ 1.51
Weighted Curve Number ............................................... 81.24
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/4 acre lots, 38% impervious 1.13 C 83.00
Woods & grass combination, Fair 0.38 C 76.00
Composite Area & Weighted CN 1.51 81.24

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .15 0.00 0.00
    Flow Length (ft) : 55 0.00 0.00
    Slope (%) : 1.82 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 9.21 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .021 .025 0.00
    Flow Length (ft) : 219 155 0.00
    Channel Slope (%) : .91 .65 0.00
    Cross Section Area (ft²) : .33 .08 0.00
    Wetted Perimeter  (ft) : 2.1 4 0.00
    Velocity (ft/sec) : 1.97 0.35 0.00
    Computed Flow Time (min) : 1.85 7.30 0.00
Total TOC (min) ..................18.36

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 0.93
Peak Runoff (cfs) ........................................................... 0.69
Weighted Curve Number ............................................... 81.24
Time of Concentration (days hh:mm:ss) ........................ 0 00:18:22 



    Subbasin : F-4.2
          Input Data

Area (ac) ........................................................................ 1.91
Weighted Curve Number ............................................... 91.09
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.31 C 98.00
Woods & grass combination, Fair 0.60 C 76.00
Composite Area & Weighted CN 1.91 91.09

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .3 0.00 0.00
    Flow Length (ft) : 46 0.00 0.00
    Slope (%) : 8.7 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 7.44 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 120 0.00 0.00
    Slope (%) : 1.67 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 2.09 0.00 0.00
    Computed Flow Time (min) : 0.96 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .019 0.00 0.00
    Flow Length (ft) : 281 0.00 0.00
    Channel Slope (%) : .71 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.49 0.00 0.00
    Computed Flow Time (min) : 9.62 0.00 0.00
Total TOC (min) ..................18.01

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.58
Peak Runoff (cfs) ........................................................... 1.55
Weighted Curve Number ............................................... 91.09
Time of Concentration (days hh:mm:ss) ........................ 0 00:18:01 



    Subbasin : F-4.3
          Input Data

Area (ac) ........................................................................ 3.27
Weighted Curve Number ............................................... 92.86
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.97 C 98.00
1/8 acre lots, 65% impervious 1.90 C 90.00
Urban commercial, 85% imp 0.40 C 94.00
Composite Area & Weighted CN 3.27 92.86

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .35 0.00 0.00
    Flow Length (ft) : 33 0.00 0.00
    Slope (%) : 9.1 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.09 0.00 0.00
    Computed Flow Time (min) : 6.33 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .019 0.00 0.00
    Flow Length (ft) : 427 0.00 0.00
    Channel Slope (%) : .7 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.48 0.00 0.00
    Computed Flow Time (min) : 14.72 0.00 0.00
Total TOC (min) ..................21.05

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.73
Peak Runoff (cfs) ........................................................... 2.66
Weighted Curve Number ............................................... 92.86
Time of Concentration (days hh:mm:ss) ........................ 0 00:21:03 



    Subbasin : F-4.4
          Input Data

Area (ac) ........................................................................ 7.13
Weighted Curve Number ............................................... 88.31
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.23 C 98.00
Gravel roads 3.90 C 89.00
1/4 acre lots, 38% impervious 2.00 C 83.00
Urban commercial, 85% imp 1.00 C 94.00
Composite Area & Weighted CN 7.13 88.31

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .35 0.00 0.00
    Flow Length (ft) : 15 0.00 0.00
    Slope (%) : 20 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 2.46 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 60 245 0.00
    Slope (%) : 3.33 .41 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 2.94 1.03 0.00
    Computed Flow Time (min) : 0.34 3.96 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .016 0.00 0.00
    Flow Length (ft) : 216 0.00 0.00
    Channel Slope (%) : .46 0.00 0.00
    Cross Section Area (ft²) : .6 0.00 0.00
    Wetted Perimeter  (ft) : 4.04 0.00 0.00
    Velocity (ft/sec) : 1.77 0.00 0.00
    Computed Flow Time (min) : 2.03 0.00 0.00
Total TOC (min) ..................8.80

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.37
Peak Runoff (cfs) ........................................................... 6.73
Weighted Curve Number ............................................... 88.31
Time of Concentration (days hh:mm:ss) ........................ 0 00:08:48 



    Subbasin : F-4.5
          Input Data

Area (ac) ........................................................................ 0.47
Weighted Curve Number ............................................... 94.55
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.14 C 98.00
Urban commercial, 85% imp 0.27 C 94.00
Gravel roads 0.06 C 89.00
Composite Area & Weighted CN 0.47 94.55

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .11 0.00 0.00
    Flow Length (ft) : 58 0.00 0.00
    Slope (%) : 1.72 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.13 0.00 0.00
    Computed Flow Time (min) : 7.67 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .025 0.00 0.00
    Flow Length (ft) : 191 0.00 0.00
    Channel Slope (%) : .52 0.00 0.00
    Cross Section Area (ft²) : .6 0.00 0.00
    Wetted Perimeter  (ft) : 4.04 0.00 0.00
    Velocity (ft/sec) : 1.21 0.00 0.00
    Computed Flow Time (min) : 2.64 0.00 0.00
Total TOC (min) ..................10.31

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.88
Peak Runoff (cfs) ........................................................... 0.56
Weighted Curve Number ............................................... 94.55
Time of Concentration (days hh:mm:ss) ........................ 0 00:10:19 



    Subbasin : L-1.1
          Input Data

Area (ac) ........................................................................ 0.88
Weighted Curve Number ............................................... 96.36
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.82 C 98.00
> 75% grass cover, Good 0.06 C 74.00
Composite Area & Weighted CN 0.88 96.36

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.06
Peak Runoff (cfs) ........................................................... 1.32
Weighted Curve Number ............................................... 96.36
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : L-1.2
          Input Data

Area (ac) ........................................................................ 2.73
Weighted Curve Number ............................................... 96.33
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.49 C 98.00
50 - 75% grass cover, Fair 0.24 C 79.00
Composite Area & Weighted CN 2.73 96.33

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.06
Peak Runoff (cfs) ........................................................... 4.10
Weighted Curve Number ............................................... 96.33
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : L-2.1
          Input Data

Area (ac) ........................................................................ 2.75
Weighted Curve Number ............................................... 94.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Urban commercial, 85% imp 2.75 C 94.00
Composite Area & Weighted CN 2.75 94.00

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.83
Peak Runoff (cfs) ........................................................... 3.82
Weighted Curve Number ............................................... 94.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : L-2.2
          Input Data

Area (ac) ........................................................................ 2.31
Weighted Curve Number ............................................... 96.91
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.10 C 98.00
< 50% grass cover, Poor 0.21 C 86.00
Composite Area & Weighted CN 2.31 96.91

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.12
Peak Runoff (cfs) ........................................................... 3.52
Weighted Curve Number ............................................... 96.91
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : L-2.3
          Input Data

Area (ac) ........................................................................ 3.09
Weighted Curve Number ............................................... 97.34
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.92 C 98.00
< 50% grass cover, Poor 0.17 C 86.00
Composite Area & Weighted CN 3.09 97.34

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .35 0.00 0.00
    Flow Length (ft) : 39 0.00 0.00
    Slope (%) : 2.56 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.05 0.00 0.00
    Computed Flow Time (min) : 12.02 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 55 194 0.00
    Slope (%) : 1.82 0.52 0.00
    Surface Type : Paved Paved Unpaved
    Velocity (ft/sec) : 2.74 1.47 0.00
    Computed Flow Time (min) : 0.33 2.20 0.00
Total TOC (min) ..................14.56

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.16
Peak Runoff (cfs) ........................................................... 3.45
Weighted Curve Number ............................................... 97.34
Time of Concentration (days hh:mm:ss) ........................ 0 00:14:34 



    Subbasin : L-2.4
          Input Data

Area (ac) ........................................................................ 3.74
Weighted Curve Number ............................................... 96.40
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 3.24 C 98.00
< 50% grass cover, Poor 0.50 C 86.00
Composite Area & Weighted CN 3.74 96.40

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .01 0.00 0.00
    Flow Length (ft) : 76 0.00 0.00
    Slope (%) : 1.32 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.81 0.00 0.00
    Computed Flow Time (min) : 1.55 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 87 162 0.00
    Slope (%) : 1.15 1.85 0.00
    Surface Type : Paved Paved Unpaved
    Velocity (ft/sec) : 2.18 2.76 0.00
    Computed Flow Time (min) : 0.67 0.98 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 197 0.00 0.00
    Channel Slope (%) : 0.51 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 0.80 0.00 0.00
    Computed Flow Time (min) : 4.11 0.00 0.00
Total TOC (min) ..................7.30

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.06
Peak Runoff (cfs) ........................................................... 5.22
Weighted Curve Number ............................................... 96.40
Time of Concentration (days hh:mm:ss) ........................ 0 00:07:18 



    Subbasin : L-2.5
          Input Data

Area (ac) ........................................................................ 3.92
Weighted Curve Number ............................................... 95.98
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 3.49 C 98.00
Woods, Fair 0.22 C 73.00
< 50% grass cover, Poor 0.20 C 86.00
Composite Area & Weighted CN 3.91 95.98

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .8 0.00 0.00
    Flow Length (ft) : 70 0.00 0.00
    Slope (%) : 2.86 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.03 0.00 0.00
    Computed Flow Time (min) : 35.58 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 87 0.00 0.00
    Slope (%) : 2.3 0.00 0.00
    Surface Type : Bare & untilled Unpaved Unpaved
    Velocity (ft/sec) : 1.52 0.00 0.00
    Computed Flow Time (min) : 0.95 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 .013 0.00
    Flow Length (ft) : 101 243 0.00
    Channel Slope (%) : 0.99 .82 0.00
    Cross Section Area (ft²) : .4 .04 0.00
    Wetted Perimeter  (ft) : 2.92 1.31 0.00
    Velocity (ft/sec) : 3.03 1.01 0.00
    Computed Flow Time (min) : 0.56 3.99 0.00
Total TOC (min) ..................41.08

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.02
Peak Runoff (cfs) ........................................................... 2.54
Weighted Curve Number ............................................... 95.98
Time of Concentration (days hh:mm:ss) ........................ 0 00:41:05 



    Subbasin : L-2.6
          Input Data

Area (ac) ........................................................................ 6.98
Weighted Curve Number ............................................... 93.21
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 5.58 C 98.00
Woods, Fair 0.87 C 73.00
Woods & grass combination, Fair 0.53 C 76.00
Composite Area & Weighted CN 6.98 93.21

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .3 0.00 0.00
    Flow Length (ft) : 79 0.00 0.00
    Slope (%) : 15.19 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 0.14 0.00 0.00
    Computed Flow Time (min) : 9.17 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 131 42 0.00
    Slope (%) : 12.21 2.38 0.00
    Surface Type : Unpaved Paved Unpaved
    Velocity (ft/sec) : 5.64 3.14 0.00
    Computed Flow Time (min) : 0.39 0.22 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 .013 0.00
    Flow Length (ft) : 154 253 0.00
    Channel Slope (%) : 7.14 .79 0.00
    Cross Section Area (ft²) : .4 .4 0.00
    Wetted Perimeter  (ft) : 2.92 2.92 0.00
    Velocity (ft/sec) : 8.14 2.71 0.00
    Computed Flow Time (min) : 0.32 1.56 0.00
Total TOC (min) ..................11.65

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.76
Peak Runoff (cfs) ........................................................... 7.46
Weighted Curve Number ............................................... 93.21
Time of Concentration (days hh:mm:ss) ........................ 0 00:11:39 



Pipe Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 C-P-1 3.61 0  12:21 5.75 0.63 3.44 1.31 0.86 0.58 0.00 Calculated
2 C-P-2 1.09 0  12:15 2.86 0.38 3.42 0.35 0.43 0.43 0.00 Calculated
3 C-P-3 2.47 0  12:30 7.47 0.33 3.79 0.27 0.59 0.40 0.00 Calculated
4 C-P-4 0.76 0  12:20 3.11 0.24 3.27 0.31 0.34 0.34 0.00 Calculated
5 C-P-5 7.48 0  12:22 43.83 0.17 4.63 1.20 0.83 0.28 0.00 Calculated
6 C-P-6 2.66 0  12:26 3.03 0.88 1.98 3.37 1.09 0.72 0.00 Calculated
7 C-P-7 0.31 0  12:25 2.27 0.14 2.91 0.43 0.21 0.25 0.00 Calculated
8 C-P-8 3.77 0  12:38 3.59 1.05 2.35 0.23 1.50 1.00 38.00 SURCHARGED
9 C-P-9 3.32 0  12:30 3.08 1.08 2.20 5.78 1.50 1.00 26.00 SURCHARGED

10 F-P-1 10.51 0  13:39 36.17 0.29 4.43 0.13 1.10 0.37 0.00 Calculated
11 F-P-10 1.27 0  12:48 1.20 1.06 2.56 0.28 0.83 1.00 46.00 SURCHARGED
12 F-P-11 1.07 0  12:30 1.12 0.95 2.35 0.27 0.65 0.78 0.00 Calculated
13 F-P-12 1.19 0  12:00 1.10 1.08 1.67 4.02 1.00 1.00 58.00 SURCHARGED
14 F-P-13 0.86 0  12:47 0.81 1.07 1.73 0.66 0.83 1.00 43.00 SURCHARGED
15 F-P-14 0.68 0  12:20 0.72 0.94 1.52 0.46 0.64 0.77 0.00 Calculated
16 F-P-15 1.52 0  12:20 7.27 0.21 7.31 0.03 0.31 0.31 0.00 Calculated
17 F-P-2 6.97 0  11:15 6.45 1.08 1.55 2.24 2.50 1.00 247.00 SURCHARGED
18 F-P-3 2.27 0  12:20 2.90 0.78 4.09 0.17 0.67 0.67 0.00 Calculated
19 F-P-4 17.26 0  12:16 21.98 0.79 4.98 1.61 1.66 0.67 0.00 Calculated
20 F-P-5 2.55 0  12:11 2.99 0.85 1.90 0.18 1.03 0.71 0.00 Calculated
21 F-P-6 2.54 0  12:11 2.85 0.89 4.12 0.68 0.73 0.74 0.00 Calculated
22 F-P-7 12.56 0  12:36 11.68 1.07 2.76 0.39 2.50 1.00 31.00 SURCHARGED
23 F-P-8 3.25 0  12:26 4.68 0.69 2.86 1.33 0.92 0.61 0.00 Calculated
24 F-P-9 1.02 0  12:25 1.85 0.55 3.48 0.20 0.44 0.53 0.00 Calculated
25 Link-07 12.62 0  12:12 11.68 1.08 2.79 1.88 2.50 1.00 38.00 SURCHARGED
26 Link-08 2.42 0  12:15 2.99 0.81 1.90 0.44 1.02 0.68 0.00 Calculated
27 Link-09 12.62 0  12:17 11.67 1.08 2.81 2.00 2.50 1.00 17.00 SURCHARGED
28 Link-10 2.90 0  12:21 7.07 0.41 3.84 2.54 0.67 0.45 0.00 Calculated
29 Link-11 11.58 0  12:20 12.32 0.94 2.85 0.42 1.93 0.77 0.00 Calculated
30 Link-12 7.77 0  12:58 13.18 0.59 2.82 3.22 1.37 0.55 0.00 Calculated
31 Link-13 4.28 0  12:01 8.06 0.53 2.67 1.73 1.02 0.51 0.00 Calculated
32 Link-14 3.07 0  12:16 5.89 0.52 3.52 2.99 0.76 0.51 0.00 Calculated
33 Link-15 4.45 0  12:48 4.12 1.08 2.75 1.36 1.50 1.00 42.00 SURCHARGED
34 Link-16 4.38 0  12:06 4.11 1.07 2.72 0.69 1.50 1.00 35.00 SURCHARGED
35 Link-17 4.88 0  12:22 4.54 1.07 3.00 0.72 1.50 1.00 10.00 SURCHARGED
36 Link-21 0.85 0  12:21 0.81 1.06 1.71 0.19 0.83 1.00 11.00 SURCHARGED
37 Link-22 1.42 0  12:28 1.31 1.08 1.99 2.96 0.91 0.92 0.00 > CAPACITY
38 Link-27 4.17 0  12:25 3.86 1.08 2.64 2.05 1.50 1.00 18.00 SURCHARGED
39 Link-44 0.30 0  16:39 6.34 0.05 1.87 0.45 0.22 0.15 0.00 Calculated
40 Link-45 3.86 0  12:10 11.67 0.33 5.92 0.05 0.59 0.40 0.00 Calculated
41 Link-46 1.24 0  12:10 10.41 0.12 8.90 0.03 0.23 0.23 0.00 Calculated
42 Link-47 3.77 0  11:43 3.37 1.12 1.48 2.52 1.50 1.00 112.00 SURCHARGED
43 Link-48 5.85 0  12:01 5.24 1.12 2.27 1.17 1.50 1.00 47.00 SURCHARGED
44 Link-49 6.01 0  12:03 5.38 1.12 2.32 0.43 1.50 1.00 40.00 SURCHARGED
45 Link-50 6.05 0  12:07 5.43 1.11 2.39 1.98 1.50 1.00 30.00 SURCHARGED
46 Link-51 4.45 0  12:15 14.46 0.31 7.20 0.09 0.57 0.38 0.00 Calculated
47 Link-52 4.19 0  12:26 3.98 1.05 1.75 2.83 1.26 0.85 0.00 > CAPACITY
48 Link-54 4.30 0  12:01 3.98 1.08 2.67 2.37 1.50 1.00 76.00 SURCHARGED
49 Link-55 8.10 0  12:56 7.55 1.07 2.78 0.29 2.00 1.00 57.00 SURCHARGED
50 Link-56 0.31 0  16:09 0.29 1.05 0.44 0.57 0.92 0.92 0.00 > CAPACITY
51 Link-57 0.30 0  16:08 0.28 1.07 0.42 0.63 1.00 1.00 428.00 SURCHARGED
52 Link-58 4.18 0  12:25 3.88 1.08 2.70 1.83 1.50 1.00 15.00 SURCHARGED
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Figure 3
Proposed Stormwater System

42nd Avenue Upgrade
Design Study Report

Date:   JUN 2020
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Proposed Model Pipe Layout
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Project Description
10142.00 42ndProposedStorm.SPF

Project Options
CFS
Elevation
SCS TR-55
SCS TR-55
Kinematic Wave
YES
YES

Analysis Options
Jan 21, 2020 00:00:00
Jan 22, 2020 00:00:00
Jan 21, 2020 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
1
43
68
65
3
0
0
0
65
0
65
0
0
0
0
0
0

Rainfall Details
SN Rain Gage Data Data Source Rainfall Rain State County Return Rainfall Rainfall

ID Source ID Type Units Period Depth Distribution
(years) (inches)

1 Rain Gage-08 Time Series 10-year, 24-hour, Anchorage Cumulative inches 0.00

        Outlets ...............................................................................
Pollutants ...................................................................................
Land Uses .................................................................................

Links...........................................................................................
        Channels ...........................................................................
        Pipes .................................................................................
        Pumps ...............................................................................
        Orifices ..............................................................................
        Weirs .................................................................................

Nodes.........................................................................................
        Junctions ...........................................................................
        Outfalls ..............................................................................
        Flow Diversions .................................................................
        Inlets .................................................................................
        Storage Nodes ..................................................................

Runoff (Dry Weather) Time Step ...............................................
Runoff (Wet Weather) Time Step ..............................................
Reporting Time Step .................................................................
Routing Time Step .....................................................................

Rain Gages ................................................................................
Subbasins...................................................................................

Enable Overflow Ponding at Nodes ...........................................
Skip Steady State Analysis Time Periods .................................

Start Analysis On .......................................................................
End Analysis On ........................................................................
Start Reporting On .....................................................................
Antecedent Dry Days .................................................................

File Name ..................................................................................

Flow Units ..................................................................................
Elevation Type ...........................................................................
Hydrology Method ......................................................................
Time of Concentration (TOC) Method .......................................
Link Routing Method ..................................................................



Subbasin Summary
SN Subbasin Area Weighted Total Total Total Peak Time of

ID Curve Rainfall Runoff Runoff Runoff Concentration
Number Volume

(ac) (in) (in) (ac-in) (cfs) (days hh:mm:ss)
1 C-1.1 1.19 93.86 2.46 1.82 2.17 1.31        0  00:11:39
2 C-1.2 0.62 91.93 2.46 1.65 1.02 0.53        0  00:17:31
3 C-1.3 5.13 87.40 2.46 1.31 6.70 2.48        0  00:34:30
4 C-2.1 4.45 90.00 2.46 1.50 6.66 3.30        0  00:19:28
5 C-2.2 1.29 90.00 2.46 1.50 1.93 1.52        0  00:05:00
6 C-2.3 1.84 91.01 2.46 1.58 2.90 2.05        0  00:07:48
7 C-2.4 0.59 88.34 2.46 1.37 0.81 0.64        0  00:05:00
8 C-2.5 2.35 89.49 2.46 1.46 3.43 2.63        0  00:05:44
9 C-2.6 2.12 90.52 2.46 1.54 3.26 2.51        0  00:05:33

10 C-2.7 10.87 91.85 2.46 1.65 17.88 13.36        0  00:06:07
11 F-1.1 1.42 96.30 2.46 2.05 2.92 1.71        0  00:11:24
12 F-1.2 2.60 92.85 2.46 1.73 4.50 2.13        0  00:20:45
13 F-1.3 3.57 95.12 2.46 1.94 6.92 3.39        0  00:18:18
14 F-1.4 1.54 85.43 2.46 1.18 1.81 1.36        0  00:06:31
15 F-1.5 1.17 97.08 2.46 2.13 2.50 1.61        0  00:08:06
16 F-1.6 2.09 96.82 2.46 2.11 4.40 2.45        0  00:12:42
17 F-1.7 3.35 94.99 2.46 1.93 6.44 1.53        0  01:11:34
18 F-1.8 2.32 94.55 2.46 1.88 4.37 2.92        0  00:08:30
19 F-2.1 3.07 97.44 2.46 2.17 6.67 2.96        0  00:20:34
20 F-2.2 4.60 96.54 2.46 2.08 9.55 4.08        0  00:23:17
21 F-2.3 2.82 96.67 2.46 2.09 5.90 4.27        0  00:05:00
22 F-2.4 6.61 90.64 2.46 1.55 10.23 2.96        0  00:53:30
23 F-2.5 3.60 88.40 2.46 1.38 4.96 3.24        0  00:10:16
24 F-3.1 1.50 94.00 2.46 1.83 2.75 1.47        0  00:15:24
25 F-3.2 2.39 95.61 2.46 1.99 4.74 3.15        0  00:08:10
26 F-3.3 1.13 94.10 2.46 1.84 2.08 1.21        0  00:12:48
27 F-3.4 2.24 90.00 2.46 1.50 3.35 1.39        0  00:27:54
28 F-3.5 4.59 78.63 2.46 0.79 3.64 1.28        0  00:33:46
29 F-3.6 2.92 92.05 2.46 1.66 4.85 2.53        0  00:16:58
30 F-3.7 3.06 91.69 2.46 1.63 4.99 2.31        0  00:22:15
31 F-4.1 1.32 90.00 2.46 1.50 1.98 1.22        0  00:11:42
32 F-4.2 2.57 83.00 2.46 1.03 2.64 1.49        0  00:14:05
33 F-4.3 2.05 90.00 2.46 1.50 3.07 2.41        0  00:05:00
34 F-4.4 7.77 87.97 2.46 1.35 10.47 7.20        0  00:08:48
35 F-4.5 0.47 94.55 2.46 1.88 0.89 0.56        0  00:10:18
36 L-1.1 0.88 96.36 2.46 2.06 1.81 1.33        0  00:05:00
37 L-1.2 2.73 96.33 2.46 2.06 5.61 4.10        0  00:05:00
38 L-2.1 2.75 94.00 2.46 1.83 5.04 3.82        0  00:05:00
39 L-2.2 2.31 96.91 2.46 2.12 4.88 3.52        0  00:05:00
40 L-2.3 3.09 97.34 2.46 2.16 6.67 3.45        0  00:14:33
41 L-2.4 3.74 96.40 2.46 2.06 7.73 5.22        0  00:07:18
42 L-2.5 3.92 95.98 2.46 2.02 7.92 2.54        0  00:41:04
43 L-2.6 6.98 93.21 2.46 1.76 12.30 7.46        0  00:11:39



Subbasin Hydrology

    Subbasin : C-1.1
          Input Data

Area (ac) ........................................................................ 1.19
Weighted Curve Number ............................................... 93.86
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.97 C 98.00
Woods & grass combination, Fair 0.22 C 76.00
Composite Area & Weighted CN 1.19 93.86

          Time of Concentration
TOC Method : SCS TR-55

Sheet Flow Equation :

    Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where :

    Tc = Time of Concentration (hr)
    n   = Manning's roughness
    Lf  = Flow Length (ft)
    P   = 2 yr, 24 hr Rainfall (inches)
    Sf  = Slope (ft/ft)

Shallow Concentrated Flow Equation :

    V  = 16.1345 * (Sf^0.5) (unpaved surface)
    V  = 20.3282 * (Sf^0.5) (paved surface)
    V  = 15.0 * (Sf^0.5) (grassed waterway surface)
    V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
    V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
    V  = 7.0 * (Sf^0.5) (short grass pasture surface)
    V  = 5.0 * (Sf^0.5) (woodland surface)
    V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
    Tc = (Lf / V) / (3600 sec/hr)

             Where:

    Tc = Time of Concentration (hr)
    Lf = Flow Length (ft)
    V  = Velocity (ft/sec)
    Sf = Slope (ft/ft)

Channel Flow Equation :

    V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
    R  = Aq / Wp
    Tc = (Lf / V) / (3600 sec/hr)

Where :

    Tc = Time of Concentration (hr)
    Lf = Flow Length (ft)
    R  = Hydraulic Radius (ft)
    Aq = Flow Area (ft²)
    Wp = Wetted Perimeter (ft)
    V  = Velocity (ft/sec)
    Sf = Slope (ft/ft)
    n  = Manning's roughness



Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 47 0.00 0.00
    Slope (%) : 10.64 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.16 0.00 0.00
    Computed Flow Time (min) : 5.05 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 75 0.00 0.00
    Slope (%) : 1.33 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.34 0.00 0.00
    Computed Flow Time (min) : 0.53 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 .014 0.00
    Flow Length (ft) : 194 158 0.00
    Channel Slope (%) : .52 .63 0.00
    Cross Section Area (ft²) : .2 .04 0.00
    Wetted Perimeter  (ft) : 4 1.31 0.00
    Velocity (ft/sec) : 1.12 0.83 0.00
    Computed Flow Time (min) : 2.88 3.19 0.00
Total TOC (min) ..................11.65

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.82
Peak Runoff (cfs) ........................................................... 1.31
Weighted Curve Number ............................................... 93.86
Time of Concentration (days hh:mm:ss) ........................ 0 00:11:39 



    Subbasin : C-1.2
          Input Data

Area (ac) ........................................................................ 0.62
Weighted Curve Number ............................................... 91.93
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.15 C 98.00
1/8 acre lots, 65% impervious 0.47 C 90.00
Composite Area & Weighted CN 0.62 91.93

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .3 0.00 0.00
    Flow Length (ft) : 66 0.00 0.00
    Slope (%) : 3.03 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 15.13 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 125 0.00 0.00
    Slope (%) : 1.6 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.57 0.00 0.00
    Computed Flow Time (min) : 0.81 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 104 0.00 0.00
    Channel Slope (%) : .96 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.10 0.00 0.00
    Computed Flow Time (min) : 1.58 0.00 0.00
Total TOC (min) ..................17.52

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.65
Peak Runoff (cfs) ........................................................... 0.53
Weighted Curve Number ............................................... 91.93
Time of Concentration (days hh:mm:ss) ........................ 0 00:17:31 



    Subbasin : C-1.3
          Input Data

Area (ac) ........................................................................ 5.13
Weighted Curve Number ............................................... 87.40
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/3 acre lots, 30% impervious 3.20 C 81.00
Paved parking & roofs 1.93 C 98.00
Composite Area & Weighted CN 5.13 87.40

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.3 0.00 0.00
    Flow Length (ft) : 81 0.00 0.00
    Slope (%) : 2.47 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 19.35 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 60 0.00 0.00
    Slope (%) : 1.67 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.63 0.00 0.00
    Computed Flow Time (min) : 0.38 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.028 0.013 0.00
    Flow Length (ft) : 160 111 0.00
    Channel Slope (%) : 0.37 0.37 0.00
    Cross Section Area (ft²) : 0.08 0.08 0.00
    Wetted Perimeter  (ft) : 4 4 0.00
    Velocity (ft/sec) : 0.24 0.51 0.00
    Computed Flow Time (min) : 11.18 3.60 0.00
Total TOC (min) ..................34.51

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.31
Peak Runoff (cfs) ........................................................... 2.48
Weighted Curve Number ............................................... 87.40
Time of Concentration (days hh:mm:ss) ........................ 0 00:34:31 



    Subbasin : C-2.1
          Input Data

Area (ac) ........................................................................ 4.45
Weighted Curve Number ............................................... 90.00
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/8 acre lots, 65% impervious 4.45 C 90.00
Composite Area & Weighted CN 4.45 90.00

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 93 0.00 0.00
    Slope (%) : 2.15 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.09 0.00 0.00
    Computed Flow Time (min) : 16.51 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 111 0.00 0.00
    Slope (%) : 1.8 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.73 0.00 0.00
    Computed Flow Time (min) : 0.68 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 133 0.00 0.00
    Channel Slope (%) : .75 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 0.97 0.00 0.00
    Computed Flow Time (min) : 2.29 0.00 0.00
Total TOC (min) ..................19.48

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.50
Peak Runoff (cfs) ........................................................... 3.30
Weighted Curve Number ............................................... 90.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:19:29 



    Subbasin : C-2.2
          Input Data

Area (ac) ........................................................................ 1.29
Weighted Curve Number ............................................... 90.00
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/8 acre lots, 65% impervious 1.29 C 90.00
Composite Area & Weighted CN 1.29 90.00

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.50
Peak Runoff (cfs) ........................................................... 1.52
Weighted Curve Number ............................................... 90.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : C-2.3
          Input Data

Area (ac) ........................................................................ 1.84
Weighted Curve Number ............................................... 91.01
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Urban commercial, 85% imp 1.34 C 94.00
1/4 acre lots, 38% impervious 0.50 C 83.00
Composite Area & Weighted CN 1.84 91.01

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .01 0.00 0.00
    Flow Length (ft) : 103 0.00 0.00
    Slope (%) : 1.94 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 1.01 0.00 0.00
    Computed Flow Time (min) : 1.70 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 81 0.00 0.00
    Slope (%) : 2.47 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 3.19 0.00 0.00
    Computed Flow Time (min) : 0.42 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .025 0.00 0.00
    Flow Length (ft) : 197 0.00 0.00
    Channel Slope (%) : .51 0.00 0.00
    Cross Section Area (ft²) : .2 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.58 0.00 0.00
    Computed Flow Time (min) : 5.68 0.00 0.00
Total TOC (min) ..................7.81

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.58
Peak Runoff (cfs) ........................................................... 2.05
Weighted Curve Number ............................................... 91.01
Time of Concentration (days hh:mm:ss) ........................ 0 00:07:49 



    Subbasin : C-2.4
          Input Data

Area (ac) ........................................................................ 0.59
Weighted Curve Number ............................................... 88.34
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.21 C 98.00
1/4 acre lots, 38% impervious 0.38 C 83.00
Composite Area & Weighted CN 0.59 88.34

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.37
Peak Runoff (cfs) ........................................................... 0.64
Weighted Curve Number ............................................... 88.34
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : C-2.5
          Input Data

Area (ac) ........................................................................ 2.35
Weighted Curve Number ............................................... 89.49
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.28 C 98.00
1/4 acre lots, 38% impervious 0.78 C 83.00
Urban commercial, 85% imp 0.66 C 94.00
Gravel roads 0.63 C 89.00
Composite Area & Weighted CN 2.35 89.49

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .01 0.00 0.00
    Flow Length (ft) : 88 0.00 0.00
    Slope (%) : 2.27 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 1.04 0.00 0.00
    Computed Flow Time (min) : 1.41 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 149 0.00 0.00
    Slope (%) : 1.34 0.00 0.00
    Surface Type : Grass pasture Unpaved Unpaved
    Velocity (ft/sec) : 0.81 0.00 0.00
    Computed Flow Time (min) : 3.07 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 90 0.00 0.00
    Channel Slope (%) : 1.11 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.18 0.00 0.00
    Computed Flow Time (min) : 1.27 0.00 0.00
Total TOC (min) ..................5.74

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.46
Peak Runoff (cfs) ........................................................... 2.63
Weighted Curve Number ............................................... 89.49
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:44 



    Subbasin : C-2.6
          Input Data

Area (ac) ........................................................................ 2.12
Weighted Curve Number ............................................... 90.52
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/4 acre lots, 38% impervious 0.65 C 83.00
Urban commercial, 85% imp 1.10 C 94.00
Paved parking & roofs 0.18 C 98.00
Gravel roads 0.19 C 89.00
Composite Area & Weighted CN 2.12 90.52

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.01 0.00 0.00
    Flow Length (ft) : 105 0.00 0.00
    Slope (%) : .95 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.76 0.00 0.00
    Computed Flow Time (min) : 2.30 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 168 0.00 0.00
    Slope (%) : 1.19 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 1.76 0.00 0.00
    Computed Flow Time (min) : 1.59 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 108 0.00 0.00
    Channel Slope (%) : .93 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.08 0.00 0.00
    Computed Flow Time (min) : 1.67 0.00 0.00
Total TOC (min) ..................5.55

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.54
Peak Runoff (cfs) ........................................................... 2.51
Weighted Curve Number ............................................... 90.52
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:33 



    Subbasin : C-2.7
          Input Data

Area (ac) ........................................................................ 10.87
Weighted Curve Number ............................................... 91.85
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Urban commercial, 85% imp 9.57 C 94.00
Woods & grass combination, Fair 1.30 C 76.00
Composite Area & Weighted CN 10.87 91.85

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 17 0.00 0.00
    Slope (%) : 23.53 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 2.84 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 148 0.00 0.00
    Slope (%) : 1.35 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.36 0.00 0.00
    Computed Flow Time (min) : 1.05 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 322 0.00 0.00
    Channel Slope (%) : .62 0.00 0.00
    Cross Section Area (ft²) : .4 0.00 0.00
    Wetted Perimeter  (ft) : 2.92 0.00 0.00
    Velocity (ft/sec) : 2.40 0.00 0.00
    Computed Flow Time (min) : 2.24 0.00 0.00
Total TOC (min) ..................6.12

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.65
Peak Runoff (cfs) ........................................................... 13.36
Weighted Curve Number ............................................... 91.85
Time of Concentration (days hh:mm:ss) ........................ 0 00:06:07 



    Subbasin : F-1.1
          Input Data

Area (ac) ........................................................................ 1.42
Weighted Curve Number ............................................... 96.30
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved roads with curbs & sewers 1.32 C 98.00
> 75% grass cover, Good 0.10 C 74.00
Composite Area & Weighted CN 1.42 96.30

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .01 0.00 0.00
    Flow Length (ft) : 85 0.00 0.00
    Slope (%) : 3.53 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.50 0.00 0.00
    Velocity (ft/sec) : 1.23 0.00 0.00
    Computed Flow Time (min) : 1.15 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 69 0.00 0.00
    Slope (%) : 1.45 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.45 0.00 0.00
    Computed Flow Time (min) : 0.47 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .022 0.00 0.00
    Flow Length (ft) : 325 0.00 0.00
    Channel Slope (%) : 1.23 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.55 0.00 0.00
    Computed Flow Time (min) : 9.79 0.00 0.00
Total TOC (min) ..................11.40

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.05
Peak Runoff (cfs) ........................................................... 1.71
Weighted Curve Number ............................................... 96.30
Time of Concentration (days hh:mm:ss) ........................ 0 00:11:24 



    Subbasin : F-1.2
          Input Data

Area (ac) ........................................................................ 2.60
Weighted Curve Number ............................................... 92.85
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.99 C 98.00
Woods & grass combination, Fair 0.61 C 76.00
Composite Area & Weighted CN 2.60 92.85

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 70 0.00 0.00
    Slope (%) : 2.86 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 11.74 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 187 128 0.00
    Slope (%) : 4.28 .78 0.00
    Surface Type : Grassed waterway Unpaved Unpaved
    Velocity (ft/sec) : 3.10 1.42 0.00
    Computed Flow Time (min) : 1.01 1.50 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .022 0.00 0.00
    Flow Length (ft) : 156 0.00 0.00
    Channel Slope (%) : .64 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.40 0.00 0.00
    Computed Flow Time (min) : 6.51 0.00 0.00
Total TOC (min) ..................20.76

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.73
Peak Runoff (cfs) ........................................................... 2.13
Weighted Curve Number ............................................... 92.85
Time of Concentration (days hh:mm:ss) ........................ 0 00:20:46 



    Subbasin : F-1.3
          Input Data

Area (ac) ........................................................................ 3.57
Weighted Curve Number ............................................... 95.12
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
> 75% grass cover, Good 0.43 C 74.00
Paved roads with curbs & sewers 3.14 C 98.00
Composite Area & Weighted CN 3.57 95.12

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 76 0.00 0.00
    Slope (%) : 22.4 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.13 0.00 0.00
    Computed Flow Time (min) : 9.58 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 153 80 0.00
    Slope (%) : 9.8 8.8 0.00
    Surface Type : Grassed waterway Paved Unpaved
    Velocity (ft/sec) : 4.70 6.03 0.00
    Computed Flow Time (min) : 0.54 0.22 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.013 0.00 0.00
    Flow Length (ft) : 478 0.00 0.00
    Channel Slope (%) : .8 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.00 0.00 0.00
    Computed Flow Time (min) : 7.95 0.00 0.00
Total TOC (min) ..................18.30

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.94
Peak Runoff (cfs) ........................................................... 3.39
Weighted Curve Number ............................................... 95.12
Time of Concentration (days hh:mm:ss) ........................ 0 00:18:18 



    Subbasin : F-1.4
          Input Data

Area (ac) ........................................................................ 1.54
Weighted Curve Number ............................................... 85.43
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.66 C 98.00
Woods & grass combination, Fair 0.88 C 76.00
Composite Area & Weighted CN 1.54 85.43

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 35 0.00 0.00
    Slope (%) : 40 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.14 0.00 0.00
    Computed Flow Time (min) : 4.09 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 114 91 0.00
    Slope (%) : 2.63 10.99 0.00
    Surface Type : Paved Paved Unpaved
    Velocity (ft/sec) : 3.30 6.74 0.00
    Computed Flow Time (min) : 0.58 0.23 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .022 0.00 0.00
    Flow Length (ft) : 283 0.00 0.00
    Channel Slope (%) : 2.12 0.00 0.00
    Cross Section Area (ft²) : .33 0.00 0.00
    Wetted Perimeter  (ft) : 2.1 0.00 0.00
    Velocity (ft/sec) : 2.87 0.00 0.00
    Computed Flow Time (min) : 1.64 0.00 0.00
Total TOC (min) ..................6.53

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.18
Peak Runoff (cfs) ........................................................... 1.36
Weighted Curve Number ............................................... 85.43
Time of Concentration (days hh:mm:ss) ........................ 0 00:06:32 



    Subbasin : F-1.5
          Input Data

Area (ac) ........................................................................ 1.17
Weighted Curve Number ............................................... 97.08
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.05 C 98.00
Gravel roads 0.12 C 89.00
Composite Area & Weighted CN 1.17 97.08

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .3 0.00 0.00
    Flow Length (ft) : 22 0.00 0.00
    Slope (%) : 13.64 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.11 0.00 0.00
    Computed Flow Time (min) : 3.44 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 185 0.00 0.00
    Slope (%) : 1.62 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.59 0.00 0.00
    Computed Flow Time (min) : 1.19 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .019 0.00 0.00
    Flow Length (ft) : 163 0.00 0.00
    Channel Slope (%) : 1.84 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.78 0.00 0.00
    Computed Flow Time (min) : 3.47 0.00 0.00
Total TOC (min) ..................8.10

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.13
Peak Runoff (cfs) ........................................................... 1.61
Weighted Curve Number ............................................... 97.08
Time of Concentration (days hh:mm:ss) ........................ 0 00:08:06 



    Subbasin : F-1.6
          Input Data

Area (ac) ........................................................................ 2.09
Weighted Curve Number ............................................... 96.82
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.97 C 98.00
Brush, Poor 0.12 C 77.00
Composite Area & Weighted CN 2.09 96.82

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.01 0.00 0.00
    Flow Length (ft) : 68 0.00 0.00
    Slope (%) : 4.41 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 1.29 0.00 0.00
    Computed Flow Time (min) : 0.88 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 219 0.00 0.00
    Slope (%) : 1.83 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.75 0.00 0.00
    Computed Flow Time (min) : 1.33 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.016 0.00 0.00
    Flow Length (ft) : 234 0.00 0.00
    Channel Slope (%) : 0.43 0.00 0.00
    Cross Section Area (ft²) : 0.09 0.00 0.00
    Wetted Perimeter  (ft) : 6 0.00 0.00
    Velocity (ft/sec) : 0.37 0.00 0.00
    Computed Flow Time (min) : 10.50 0.00 0.00
Total TOC (min) ..................12.71

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.11
Peak Runoff (cfs) ........................................................... 2.45
Weighted Curve Number ............................................... 96.82
Time of Concentration (days hh:mm:ss) ........................ 0 00:12:43 



    Subbasin : F-1.7
          Input Data

Area (ac) ........................................................................ 3.35
Weighted Curve Number ............................................... 94.99
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.87 C 98.00
Brush, Poor 0.48 C 77.00
Composite Area & Weighted CN 3.35 94.99

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.4 0.00 0.00
    Flow Length (ft) : 149 0.00 0.00
    Slope (%) : 0.67 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.04 0.00 0.00
    Computed Flow Time (min) : 66.83 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 159 0.00 0.00
    Slope (%) : 0.63 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.61 0.00 0.00
    Computed Flow Time (min) : 1.65 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.016 0.00 0.00
    Flow Length (ft) : 148 0.00 0.00
    Channel Slope (%) : 1.35 0.00 0.00
    Cross Section Area (ft²) : 0.08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.80 0.00 0.00
    Computed Flow Time (min) : 3.09 0.00 0.00
Total TOC (min) ..................71.57

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.93
Peak Runoff (cfs) ........................................................... 1.53
Weighted Curve Number ............................................... 94.99
Time of Concentration (days hh:mm:ss) ........................ 0 01:11:34 



    Subbasin : F-1.8
          Input Data

Area (ac) ........................................................................ 2.32
Weighted Curve Number ............................................... 94.55
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 1.82 C 98.00
Woods & grass combination, Poor 0.50 C 82.00
Composite Area & Weighted CN 2.32 94.55

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 45 0.00 0.00
    Slope (%) : 11.11 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.16 0.00 0.00
    Computed Flow Time (min) : 4.79 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 259 0.00 0.00
    Slope (%) : .77 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.78 0.00 0.00
    Computed Flow Time (min) : 2.43 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .028 0.00 0.00
    Flow Length (ft) : 65 0.00 0.00
    Channel Slope (%) : 4.62 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.84 0.00 0.00
    Computed Flow Time (min) : 1.29 0.00 0.00
Total TOC (min) ..................8.50

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.88
Peak Runoff (cfs) ........................................................... 2.92
Weighted Curve Number ............................................... 94.55
Time of Concentration (days hh:mm:ss) ........................ 0 00:08:30 



    Subbasin : F-2.1
          Input Data

Area (ac) ........................................................................ 3.07
Weighted Curve Number ............................................... 97.44
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.98 C 98.00
50 - 75% grass cover, Fair 0.09 C 79.00
Composite Area & Weighted CN 3.07 97.44

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.4 0.00 0.00
    Flow Length (ft) : 57 0.00 0.00
    Slope (%) : 5.26 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 13.59 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 281 0.00 0.00
    Slope (%) : 0.71 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.71 0.00 0.00
    Computed Flow Time (min) : 2.74 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.022 0.00 0.00
    Flow Length (ft) : 117 0.00 0.00
    Channel Slope (%) : 0.85 0.00 0.00
    Cross Section Area (ft²) : 0.08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.46 0.00 0.00
    Computed Flow Time (min) : 4.24 0.00 0.00
Total TOC (min) ..................20.57

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.17
Peak Runoff (cfs) ........................................................... 2.96
Weighted Curve Number ............................................... 97.44
Time of Concentration (days hh:mm:ss) ........................ 0 00:20:34 



    Subbasin : F-2.2
          Input Data

Area (ac) ........................................................................ 4.60
Weighted Curve Number ............................................... 96.54
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 4.28 C 98.00
Woods, Poor 0.32 C 77.00
Composite Area & Weighted CN 4.60 96.54

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.4 0.00 0.00
    Flow Length (ft) : 55 0.00 0.00
    Slope (%) : 1.81 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.05 0.00 0.00
    Computed Flow Time (min) : 20.23 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 225 0.00 0.00
    Slope (%) : 0.44 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.35 0.00 0.00
    Computed Flow Time (min) : 2.78 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.013 0.00 0.00
    Flow Length (ft) : 33 0.00 0.00
    Channel Slope (%) : 3.03 0.00 0.00
    Cross Section Area (ft²) : 0.04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.95 0.00 0.00
    Computed Flow Time (min) : 0.28 0.00 0.00
Total TOC (min) ..................23.29

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.08
Peak Runoff (cfs) ........................................................... 4.08
Weighted Curve Number ............................................... 96.54
Time of Concentration (days hh:mm:ss) ........................ 0 00:23:17 



    Subbasin : F-2.3
          Input Data

Area (ac) ........................................................................ 2.82
Weighted Curve Number ............................................... 96.67
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.65 C 98.00
Woods & grass combination, Fair 0.17 C 76.00
Composite Area & Weighted CN 2.82 96.67

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.09
Peak Runoff (cfs) ........................................................... 4.27
Weighted Curve Number ............................................... 96.67
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : F-2.4
          Input Data

Area (ac) ........................................................................ 6.61
Weighted Curve Number ............................................... 90.64
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 4.15 C 98.00
Woods, Poor 1.86 C 77.00
Woods & grass combination, Poor 0.60 C 82.00
Composite Area & Weighted CN 6.61 90.64

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.3 0.00 0.00
    Flow Length (ft) : 141 0.00 0.00
    Slope (%) : 2.13 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 31.98 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 181 0.00 0.00
    Slope (%) : 4.42 0.00 0.00
    Surface Type : Unpaved Unpaved
    Velocity (ft/sec) : 1.47 0.00 0.00
    Computed Flow Time (min) : 2.05 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.025 0.00 0.00
    Flow Length (ft) : 261 0.00 0.00
    Channel Slope (%) : 0.38 0.00 0.00
    Cross Section Area (ft²) : 0.09 0.00 0.00
    Wetted Perimeter  (ft) : 6 0.00 0.00
    Velocity (ft/sec) : 0.22 0.00 0.00
    Computed Flow Time (min) : 19.47 0.00 0.00
Total TOC (min) ..................53.50

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.55
Peak Runoff (cfs) ........................................................... 2.96
Weighted Curve Number ............................................... 90.64
Time of Concentration (days hh:mm:ss) ........................ 0 00:53:30 



    Subbasin : F-2.5
          Input Data

Area (ac) ........................................................................ 3.60
Weighted Curve Number ............................................... 88.40
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.27 C 98.00
Woods & grass combination, Good 1.33 C 72.00
Composite Area & Weighted CN 3.60 88.40

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.2 0.00 0.00
    Flow Length (ft) : 62 0.00 0.00
    Slope (%) : 8.06 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.15 0.00 0.00
    Computed Flow Time (min) : 7.04 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 56 282 0.00
    Slope (%) : 1.79 9.57 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 2.16 4.99 0.00
    Computed Flow Time (min) : 0.43 0.94 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.013 0.00 0.00
    Flow Length (ft) : 223 0.00 0.00
    Channel Slope (%) : 3.14 0.00 0.00
    Cross Section Area (ft²) : 0.04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 1.98 0.00 0.00
    Computed Flow Time (min) : 1.87 0.00 0.00
Total TOC (min) ..................10.28

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.38
Peak Runoff (cfs) ........................................................... 3.24
Weighted Curve Number ............................................... 88.40
Time of Concentration (days hh:mm:ss) ........................ 0 00:10:17 



    Subbasin : F-3.1
          Input Data

Area (ac) ........................................................................ 1.50
Weighted Curve Number ............................................... 94.00
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Urban commercial, 85% imp 1.50 C 94.00
Composite Area & Weighted CN 1.50 94.00

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.11 0.00 0.00
    Flow Length (ft) : 69 0.00 0.00
    Slope (%) : 1.45 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.12 0.00 0.00
    Computed Flow Time (min) : 9.44 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 241 0.00 0.00
    Slope (%) : 0.41 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 1.30 0.00 0.00
    Computed Flow Time (min) : 3.09 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.019 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Channel Slope (%) : 1 0.00 0.00
    Cross Section Area (ft²) : 0.08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.58 0.00 0.00
    Computed Flow Time (min) : 2.88 0.00 0.00
Total TOC (min) ..................15.41

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.83
Peak Runoff (cfs) ........................................................... 1.47
Weighted Curve Number ............................................... 94.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:15:25 



    Subbasin : F-3.2
          Input Data

Area (ac) ........................................................................ 2.39
Weighted Curve Number ............................................... 95.61
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.13 C 98.00
Woods & grass combination, Fair 0.26 C 76.00
Composite Area & Weighted CN 2.39 95.61

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .01 0.00 0.00
    Flow Length (ft) : 109 0.00 0.00
    Slope (%) : .92 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.76 0.00 0.00
    Computed Flow Time (min) : 2.40 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 128 202 0.00
    Slope (%) : .78 .5 0.00
    Surface Type : Grass pasture Paved Unpaved
    Velocity (ft/sec) : 0.62 1.44 0.00
    Computed Flow Time (min) : 3.44 2.34 0.00
Total TOC (min) ..................8.18

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.99
Peak Runoff (cfs) ........................................................... 3.15
Weighted Curve Number ............................................... 95.61
Time of Concentration (days hh:mm:ss) ........................ 0 00:08:11 



    Subbasin : F-3.3
          Input Data

Area (ac) ........................................................................ 1.13
Weighted Curve Number ............................................... 94.10
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.92 C 98.00
Brush, Poor 0.21 C 77.00
Composite Area & Weighted CN 1.13 94.10

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 21 0.00 0.00
    Slope (%) : 4.76 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.06 0.00 0.00
    Computed Flow Time (min) : 6.36 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .025 0.00 0.00
    Flow Length (ft) : 142 0.00 0.00
    Channel Slope (%) : .7 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.37 0.00 0.00
    Computed Flow Time (min) : 6.44 0.00 0.00
Total TOC (min) ..................12.80

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.84
Peak Runoff (cfs) ........................................................... 1.21
Weighted Curve Number ............................................... 94.10
Time of Concentration (days hh:mm:ss) ........................ 0 00:12:48 



    Subbasin : F-3.4
          Input Data

Area (ac) ........................................................................ 2.24
Weighted Curve Number ............................................... 90.00
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/8 acre lots, 65% impervious 2.24 C 90.00
Composite Area & Weighted CN 2.24 90.00

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .2 0.00 0.00
    Flow Length (ft) : 104 0.00 0.00
    Slope (%) : .96 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 24.93 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 77 0.00 0.00
    Slope (%) : 1.3 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 2.32 0.00 0.00
    Computed Flow Time (min) : 0.55 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .019 0.00 0.00
    Flow Length (ft) : 89 0.00 0.00
    Channel Slope (%) : 1.12 0.00 0.00
    Cross Section Area (ft²) : .08 0.00 0.00
    Wetted Perimeter  (ft) : 4 0.00 0.00
    Velocity (ft/sec) : 0.61 0.00 0.00
    Computed Flow Time (min) : 2.43 0.00 0.00
Total TOC (min) ..................27.91

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.50
Peak Runoff (cfs) ........................................................... 1.39
Weighted Curve Number ............................................... 90.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:27:55 



    Subbasin : F-3.5
          Input Data

Area (ac) ........................................................................ 4.59
Weighted Curve Number ............................................... 78.63
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Woods & grass combination, Fair 4.04 C 76.00
Paved roads with curbs & sewers 0.55 C 98.00
Composite Area & Weighted CN 4.59 78.63

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 85 0.00 0.00
    Slope (%) : 4.71 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.07 0.00 0.00
    Computed Flow Time (min) : 19.55 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 394 104 0.00
    Slope (%) : 1.02 .96 0.00
    Surface Type : Woodland Unpaved Unpaved
    Velocity (ft/sec) : 0.50 1.58 0.00
    Computed Flow Time (min) : 13.13 1.10 0.00
Total TOC (min) ..................33.78

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 0.79
Peak Runoff (cfs) ........................................................... 1.28
Weighted Curve Number ............................................... 78.63
Time of Concentration (days hh:mm:ss) ........................ 0 00:33:47 



    Subbasin : F-3.6
          Input Data

Area (ac) ........................................................................ 2.92
Weighted Curve Number ............................................... 92.05
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved roads with curbs & sewers 2.30 C 98.00
Brush, Fair 0.62 C 70.00
Composite Area & Weighted CN 2.92 92.05

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .4 0.00 0.00
    Flow Length (ft) : 116 0.00 0.00
    Slope (%) : 16.38 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.13 0.00 0.00
    Computed Flow Time (min) : 15.23 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 266 0.00 0.00
    Slope (%) : 3 0.00 0.00
    Surface Type : Paved Unpaved Unpaved
    Velocity (ft/sec) : 3.52 0.00 0.00
    Computed Flow Time (min) : 1.26 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 92 0.00 0.00
    Channel Slope (%) : 1.09 0.00 0.00
    Cross Section Area (ft²) : .4 0.00 0.00
    Wetted Perimeter  (ft) : 2.92 0.00 0.00
    Velocity (ft/sec) : 3.18 0.00 0.00
    Computed Flow Time (min) : 0.48 0.00 0.00
Total TOC (min) ..................16.97

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.66
Peak Runoff (cfs) ........................................................... 2.53
Weighted Curve Number ............................................... 92.05
Time of Concentration (days hh:mm:ss) ........................ 0 00:16:58 



    Subbasin : F-3.7
          Input Data

Area (ac) ........................................................................ 3.06
Weighted Curve Number ............................................... 91.69
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.37 C 98.00
Brush, Fair 0.69 C 70.00
Composite Area & Weighted CN 3.06 91.69

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .35 0.00 0.00
    Flow Length (ft) : 118 0.00 0.00
    Slope (%) : 10.17 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.12 0.00 0.00
    Computed Flow Time (min) : 16.79 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 85 0.00 0.00
    Slope (%) : 17.65 0.00 0.00
    Surface Type : Grassed waterway Unpaved Unpaved
    Velocity (ft/sec) : 6.30 0.00 0.00
    Computed Flow Time (min) : 0.22 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 .026 0.00
    Flow Length (ft) : 271 157 0.00
    Channel Slope (%) : .74 2.55 0.00
    Cross Section Area (ft²) : .04 1.76 0.00
    Wetted Perimeter  (ft) : 1.31 4.71 0.00
    Velocity (ft/sec) : 0.96 4.75 0.00
    Computed Flow Time (min) : 4.69 0.55 0.00
Total TOC (min) ..................22.25

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.63
Peak Runoff (cfs) ........................................................... 2.31
Weighted Curve Number ............................................... 91.69
Time of Concentration (days hh:mm:ss) ........................ 0 00:22:15 



    Subbasin : F-4.1
          Input Data

Area (ac) ........................................................................ 1.32
Weighted Curve Number ............................................... 90.00
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/8 acre lots, 65% impervious 1.32 C 90.00
Composite Area & Weighted CN 1.32 90.00

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .15 0.00 0.00
    Flow Length (ft) : 55 0.00 0.00
    Slope (%) : 1.82 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 9.21 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .021 .025 0.00
    Flow Length (ft) : 219 72 0.00
    Channel Slope (%) : .91 1.39 0.00
    Cross Section Area (ft²) : .33 .4 0.00
    Wetted Perimeter  (ft) : 2.1 2.92 0.00
    Velocity (ft/sec) : 1.97 1.87 0.00
    Computed Flow Time (min) : 1.85 0.64 0.00
Total TOC (min) ..................11.71

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.50
Peak Runoff (cfs) ........................................................... 1.22
Weighted Curve Number ............................................... 90.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:11:43 



    Subbasin : F-4.2
          Input Data

Area (ac) ........................................................................ 2.57
Weighted Curve Number ............................................... 83.00
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/4 acre lots, 38% impervious 2.57 C 83.00
Composite Area & Weighted CN 2.57 83.00

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .3 0.00 0.00
    Flow Length (ft) : 46 0.00 0.00
    Slope (%) : 8.7 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 7.44 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 120 0.00 0.00
    Slope (%) : 1.67 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 2.09 0.00 0.00
    Computed Flow Time (min) : 0.96 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .013 0.00 0.00
    Flow Length (ft) : 245 0.00 0.00
    Channel Slope (%) : .41 0.00 0.00
    Cross Section Area (ft²) : .04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 0.72 0.00 0.00
    Computed Flow Time (min) : 5.70 0.00 0.00
Total TOC (min) ..................14.09

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.03
Peak Runoff (cfs) ........................................................... 1.49
Weighted Curve Number ............................................... 83.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:14:05 



    Subbasin : F-4.3
          Input Data

Area (ac) ........................................................................ 2.05
Weighted Curve Number ............................................... 90.00
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
1/8 acre lots, 65% impervious 2.05 C 90.00
Composite Area & Weighted CN 2.05 90.00

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.50
Peak Runoff (cfs) ........................................................... 2.41
Weighted Curve Number ............................................... 90.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : F-4.4
          Input Data

Area (ac) ........................................................................ 7.77
Weighted Curve Number ............................................... 87.97
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.23 C 98.00
1/4 acre lots, 38% impervious 2.57 C 83.00
Gravel roads 3.90 C 89.00
Urban commercial, 85% imp 1.07 C 94.00
Composite Area & Weighted CN 7.77 87.97

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : .35 0.00 0.00
    Flow Length (ft) : 15 0.00 0.00
    Slope (%) : 20 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.10 0.00 0.00
    Computed Flow Time (min) : 2.46 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 60 245 0.00
    Slope (%) : 3.33 .41 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 2.94 1.03 0.00
    Computed Flow Time (min) : 0.34 3.96 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .016 0.00 0.00
    Flow Length (ft) : 216 0.00 0.00
    Channel Slope (%) : .46 0.00 0.00
    Cross Section Area (ft²) : .6 0.00 0.00
    Wetted Perimeter  (ft) : 4.04 0.00 0.00
    Velocity (ft/sec) : 1.77 0.00 0.00
    Computed Flow Time (min) : 2.03 0.00 0.00
Total TOC (min) ..................8.80

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.35
Peak Runoff (cfs) ........................................................... 7.20
Weighted Curve Number ............................................... 87.97
Time of Concentration (days hh:mm:ss) ........................ 0 00:08:48 



    Subbasin : F-4.5
          Input Data

Area (ac) ........................................................................ 0.47
Weighted Curve Number ............................................... 94.55
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.14 C 98.00
Urban commercial, 85% imp 0.27 C 94.00
Gravel roads 0.06 C 89.00
Composite Area & Weighted CN 0.47 94.55

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.11 0.00 0.00
    Flow Length (ft) : 58 0.00 0.00
    Slope (%) : 1.72 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.13 0.00 0.00
    Computed Flow Time (min) : 7.67 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.025 0.00 0.00
    Flow Length (ft) : 191 0.00 0.00
    Channel Slope (%) : 0.52 0.00 0.00
    Cross Section Area (ft²) : 0.6 0.00 0.00
    Wetted Perimeter  (ft) : 4.04 0.00 0.00
    Velocity (ft/sec) : 1.21 0.00 0.00
    Computed Flow Time (min) : 2.64 0.00 0.00
Total TOC (min) ..................10.31

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.88
Peak Runoff (cfs) ........................................................... 0.56
Weighted Curve Number ............................................... 94.55
Time of Concentration (days hh:mm:ss) ........................ 0 00:10:19 



    Subbasin : L-1.1
          Input Data

Area (ac) ........................................................................ 0.88
Weighted Curve Number ............................................... 96.36
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 0.82 C 98.00
> 75% grass cover, Good 0.06 C 74.00
Composite Area & Weighted CN 0.88 96.36

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.06
Peak Runoff (cfs) ........................................................... 1.33
Weighted Curve Number ............................................... 96.36
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : L-1.2
          Input Data

Area (ac) ........................................................................ 2.73
Weighted Curve Number ............................................... 96.33
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.49 C 98.00
50 - 75% grass cover, Fair 0.24 C 79.00
Composite Area & Weighted CN 2.73 96.33

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.06
Peak Runoff (cfs) ........................................................... 4.10
Weighted Curve Number ............................................... 96.33
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : L-2.1
          Input Data

Area (ac) ........................................................................ 2.75
Weighted Curve Number ............................................... 94.00
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Urban commercial, 85% imp 2.75 C 94.00
Composite Area & Weighted CN 2.75 94.00

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.83
Peak Runoff (cfs) ........................................................... 3.82
Weighted Curve Number ............................................... 94.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : L-2.2
          Input Data

Area (ac) ........................................................................ 2.31
Weighted Curve Number ............................................... 96.91
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.10 C 98.00
< 50% grass cover, Poor 0.21 C 86.00
Composite Area & Weighted CN 2.31 96.91

          Time of Concentration
User-Defined TOC override (minutes): 5

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.12
Peak Runoff (cfs) ........................................................... 3.52
Weighted Curve Number ............................................... 96.91
Time of Concentration (days hh:mm:ss) ........................ 0 00:05:00 



    Subbasin : L-2.3
          Input Data

Area (ac) ........................................................................ 3.09
Weighted Curve Number ............................................... 97.34
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 2.92 C 98.00
< 50% grass cover, Poor 0.17 C 86.00
Composite Area & Weighted CN 3.09 97.34

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.35 0.00 0.00
    Flow Length (ft) : 39 0.00 0.00
    Slope (%) : 2.56 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.05 0.00 0.00
    Computed Flow Time (min) : 12.02 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 55 194 0.00
    Slope (%) : 1.82 0.52 0.00
    Surface Type : Paved Paved Unpaved
    Velocity (ft/sec) : 2.74 1.47 0.00
    Computed Flow Time (min) : 0.33 2.20 0.00
Total TOC (min) ..................14.56

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.16
Peak Runoff (cfs) ........................................................... 3.45
Weighted Curve Number ............................................... 97.34
Time of Concentration (days hh:mm:ss) ........................ 0 00:14:34 



    Subbasin : L-2.4
          Input Data

Area (ac) ........................................................................ 3.74
Weighted Curve Number ............................................... 96.40
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 3.24 C 98.00
< 50% grass cover, Poor 0.50 C 86.00
Composite Area & Weighted CN 3.74 96.40

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.01 0.00 0.00
    Flow Length (ft) : 76 0.00 0.00
    Slope (%) : 1.32 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.81 0.00 0.00
    Computed Flow Time (min) : 1.55 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 87 162 0.00
    Slope (%) : 1.15 1.85 0.00
    Surface Type : Paved Paved Unpaved
    Velocity (ft/sec) : 2.18 2.76 0.00
    Computed Flow Time (min) : 0.67 0.98 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.013 0.00 0.00
    Flow Length (ft) : 197 0.00 0.00
    Channel Slope (%) : 0.51 0.00 0.00
    Cross Section Area (ft²) : 0.04 0.00 0.00
    Wetted Perimeter  (ft) : 1.31 0.00 0.00
    Velocity (ft/sec) : 0.80 0.00 0.00
    Computed Flow Time (min) : 4.11 0.00 0.00
Total TOC (min) ..................7.30

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.06
Peak Runoff (cfs) ........................................................... 5.22
Weighted Curve Number ............................................... 96.40
Time of Concentration (days hh:mm:ss) ........................ 0 00:07:18 



    Subbasin : L-2.5
          Input Data

Area (ac) ........................................................................ 3.92
Weighted Curve Number ............................................... 95.98
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 3.49 C 98.00
Woods, Fair 0.22 C 73.00
< 50% grass cover, Poor 0.20 C 86.00
Composite Area & Weighted CN 3.91 95.98

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.8 0.00 0.00
    Flow Length (ft) : 70 0.00 0.00
    Slope (%) : 2.86 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.03 0.00 0.00
    Computed Flow Time (min) : 35.58 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 87 0.00 0.00
    Slope (%) : 2.3 0.00 0.00
    Surface Type : Bare & untilled Unpaved Unpaved
    Velocity (ft/sec) : 1.52 0.00 0.00
    Computed Flow Time (min) : 0.95 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.013 0.013 0.00
    Flow Length (ft) : 101 243 0.00
    Channel Slope (%) : 0.99 0.82 0.00
    Cross Section Area (ft²) : 0.4 0.04 0.00
    Wetted Perimeter  (ft) : 2.92 1.31 0.00
    Velocity (ft/sec) : 3.03 1.01 0.00
    Computed Flow Time (min) : 0.56 3.99 0.00
Total TOC (min) ..................41.08

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 2.02
Peak Runoff (cfs) ........................................................... 2.54
Weighted Curve Number ............................................... 95.98
Time of Concentration (days hh:mm:ss) ........................ 0 00:41:05 



    Subbasin : L-2.6
          Input Data

Area (ac) ........................................................................ 6.98
Weighted Curve Number ............................................... 93.21
Rain Gage ID ................................................................. Rain Gage-08

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
Paved parking & roofs 5.58 C 98.00
Woods, Fair 0.87 C 73.00
Woods & grass combination, Fair 0.53 C 76.00
Composite Area & Weighted CN 6.98 93.21

          Time of Concentration
Subarea Subarea Subarea

Sheet Flow Computations A B C
    Manning's Roughness : 0.3 0.00 0.00
    Flow Length (ft) : 79 0.00 0.00
    Slope (%) : 15.19 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 1.5 0.00 0.00
    Velocity (ft/sec) : 0.14 0.00 0.00
    Computed Flow Time (min) : 9.17 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 131 42 0.00
    Slope (%) : 12.21 2.38 0.00
    Surface Type : Unpaved Paved Unpaved
    Velocity (ft/sec) : 5.64 3.14 0.00
    Computed Flow Time (min) : 0.39 0.22 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : 0.013 0.013 0.00
    Flow Length (ft) : 154 253 0.00
    Channel Slope (%) : 7.14 0.79 0.00
    Cross Section Area (ft²) : 0.4 0.4 0.00
    Wetted Perimeter  (ft) : 2.92 2.92 0.00
    Velocity (ft/sec) : 8.14 2.71 0.00
    Computed Flow Time (min) : 0.32 1.56 0.00
Total TOC (min) ..................11.65

          Subbasin Runoff Results
Total Rainfall (in) ............................................................ 2.46
Total Runoff (in) ............................................................. 1.76
Peak Runoff (cfs) ........................................................... 7.46
Weighted Curve Number ............................................... 93.21
Time of Concentration (days hh:mm:ss) ........................ 0 00:11:39 



Pipe Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 C-P-1 3.52 0  12:21 5.75 0.61 3.42 1.32 0.85 0.57 0.00 Calculated
2 C-P-10 3.26 0  12:20 6.25 0.52 3.58 0.74 0.77 0.51 0.00 Calculated
3 C-P-11 16.58 0  12:12 19.15 0.87 6.86 0.05 1.34 0.72 0.00 Calculated
4 C-P-12 16.05 0  12:12 17.35 0.93 6.30 0.55 1.43 0.76 0.00 Calculated
5 C-P-13 13.87 0  12:11 17.33 0.80 6.16 0.69 1.30 0.68 0.00 Calculated
6 C-P-14 11.74 0  12:11 13.41 0.88 4.85 0.94 1.44 0.72 0.00 Calculated
7 C-P-2 1.29 0  12:15 2.63 0.49 3.35 0.22 0.50 0.50 0.00 Calculated
8 C-P-3 2.47 0  12:30 7.47 0.33 3.79 0.27 0.59 0.40 0.00 Calculated
9 C-P-4 0.51 0  12:20 2.52 0.20 2.51 0.26 0.31 0.31 0.00 Calculated

10 C-P-5 21.47 0  12:12 43.83 0.49 6.19 0.90 1.44 0.49 0.00 Calculated
11 C-P-6 21.58 0  12:12 40.08 0.54 5.77 0.06 1.51 0.52 0.00 Calculated
12 C-P-7 5.33 0  12:15 6.35 0.84 4.03 0.13 1.05 0.70 0.00 Calculated
13 C-P-8 3.70 0  12:21 6.23 0.59 3.68 0.70 0.83 0.55 0.00 Calculated
14 C-P-9 3.25 0  12:21 6.25 0.52 3.58 0.74 0.76 0.51 0.00 Calculated
15 F-P-1 36.22 0  12:17 84.91 0.43 6.49 0.08 1.81 0.46 0.00 Calculated
16 F-P-10 10.50 0  12:16 46.51 0.23 11.96 0.07 0.64 0.32 0.00 Calculated
17 F-P-11 8.58 0  12:19 46.11 0.19 11.23 0.18 0.58 0.29 0.00 Calculated
18 F-P-12 1.18 0  12:10 47.57 0.02 11.02 0.04 0.17 0.11 0.00 Calculated
19 F-P-13 8.04 0  12:21 13.44 0.60 4.47 0.62 1.11 0.56 0.00 Calculated
20 F-P-14 8.06 0  12:20 13.44 0.60 4.48 0.87 1.12 0.56 0.00 Calculated
21 F-P-15 5.65 0  12:20 13.83 0.41 4.18 0.28 0.89 0.45 0.00 Calculated
22 F-P-16 2.28 0  12:20 6.20 0.37 3.24 0.61 0.63 0.42 0.00 Calculated
23 F-P-17 3.44 0  12:18 13.37 0.26 3.57 0.24 0.69 0.35 0.00 Calculated
24 F-P-18 3.44 0  12:18 6.24 0.55 3.62 0.92 0.79 0.53 0.00 Calculated
25 F-P-19 2.61 0  12:16 6.19 0.42 3.36 0.47 0.66 0.45 0.00 Calculated
26 F-P-2 30.11 0  12:17 39.65 0.76 6.17 0.31 1.93 0.65 0.00 Calculated
27 F-P-20 2.61 0  12:16 6.22 0.42 3.37 0.55 0.67 0.45 0.00 Calculated
28 F-P-21 2.61 0  12:16 6.36 0.41 3.43 0.28 0.67 0.45 0.00 Calculated
29 F-P-22 1.45 0  12:16 6.19 0.23 2.86 0.63 0.49 0.33 0.00 Calculated
30 F-P-23 1.46 0  12:15 6.24 0.23 2.89 0.36 0.49 0.33 0.00 Calculated
31 F-P-3 30.12 0  12:17 39.79 0.76 6.19 0.21 1.92 0.65 0.00 Calculated
32 F-P-4 30.12 0  12:16 39.95 0.75 6.21 0.13 1.92 0.65 0.00 Calculated
33 F-P-5 30.12 0  12:16 39.53 0.76 6.16 0.30 1.93 0.65 0.00 Calculated
34 F-P-6 28.24 0  12:16 44.47 0.63 9.59 0.26 1.44 0.58 0.00 Calculated
35 F-P-7 26.60 0  12:16 47.61 0.56 9.97 0.26 1.33 0.53 0.00 Calculated
36 F-P-8 3.31 0  12:20 6.25 0.53 3.60 0.32 0.78 0.52 0.00 Calculated
37 F-P-9 14.01 0  12:12 24.51 0.57 5.16 0.11 1.33 0.54 0.00 Calculated
38 Link-07 12.62 0  12:12 11.68 1.08 2.82 1.86 2.50 1.00 32.00 SURCHARGED
39 Link-08 2.42 0  12:15 2.99 0.81 1.90 0.44 1.02 0.68 0.00 Calculated
40 Link-09 12.61 0  12:17 11.67 1.08 2.84 1.98 2.50 1.00 18.00 SURCHARGED
41 Link-10 2.90 0  12:21 7.07 0.41 3.84 2.54 0.67 0.45 0.00 Calculated
42 Link-11 11.58 0  12:20 12.32 0.94 2.85 0.42 1.93 0.77 0.00 Calculated
43 Link-12 7.78 0  12:35 13.18 0.59 2.84 3.20 1.37 0.55 0.00 Calculated
44 Link-13 4.26 0  12:03 8.06 0.53 2.67 1.73 1.01 0.51 0.00 Calculated
45 Link-14 3.07 0  12:16 5.89 0.52 3.52 2.99 0.76 0.51 0.00 Calculated
46 Link-15 4.45 0  12:25 4.12 1.08 2.79 1.34 1.50 1.00 14.00 SURCHARGED
47 Link-16 4.34 0  12:17 4.11 1.06 2.72 0.69 1.41 0.94 0.00 > CAPACITY
48 Link-17 2.05 0  12:23 4.54 0.45 2.51 0.86 0.69 0.47 0.00 Calculated
49 Link-21 0.86 0  12:21 0.81 1.07 1.71 0.19 0.83 1.00 11.00 SURCHARGED
50 Link-22 1.42 0  12:28 1.31 1.08 1.99 2.96 0.91 0.92 0.00 > CAPACITY
51 Link-27 4.16 0  12:24 3.86 1.08 2.71 1.99 1.50 1.00 18.00 SURCHARGED
52 Link-44 1.64 0  12:00 6.34 0.26 3.04 0.28 0.52 0.35 0.00 Calculated
53 Link-45 3.86 0  12:10 11.67 0.33 5.92 0.05 0.59 0.40 0.00 Calculated
54 Link-46 1.25 0  12:10 10.41 0.12 8.88 0.03 0.23 0.23 0.00 Calculated
55 Link-47 5.05 0  11:55 4.52 1.12 1.96 1.90 1.50 1.00 68.00 SURCHARGED
56 Link-48 5.85 0  12:00 5.24 1.12 2.26 1.18 1.50 1.00 48.00 SURCHARGED
57 Link-49 6.01 0  12:03 5.38 1.12 2.32 0.43 1.50 1.00 40.00 SURCHARGED
58 Link-50 6.07 0  12:06 5.43 1.12 2.39 1.98 1.50 1.00 30.00 SURCHARGED
59 Link-51 4.45 0  12:15 14.46 0.31 7.20 0.09 0.57 0.38 0.00 Calculated
60 Link-52 4.06 0  12:26 4.52 0.90 1.91 2.59 1.04 0.70 0.00 Calculated
61 Link-54 4.30 0  12:02 3.98 1.08 2.68 2.36 1.50 1.00 61.00 SURCHARGED
62 Link-55 8.12 0  12:31 7.55 1.07 2.79 0.29 2.00 1.00 28.00 SURCHARGED
63 Link-56 1.67 0  12:20 1.59 1.05 2.33 0.11 1.00 1.00 0.00 > CAPACITY
64 Link-57 1.72 0  12:20 1.59 1.08 2.34 0.11 1.00 1.00 20.00 SURCHARGED
65 Link-58 4.18 0  12:25 3.88 1.08 2.70 1.83 1.50 1.00 15.00 SURCHARGED
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1. Introduction and Project Description  

CRW Engineering Group, LLC (CRW) is pleased to present this geotechnical investigation and design 
recommendations report to support the upgrades to East 42nd Avenue (42nd Avenue) in Anchorage, Alaska. 
A project vicinity map is shown in Figure 1. The project is being managed by the Municipality of Anchorage 
(MOA) Project Management and Engineering (PM&E) Department and the Anchorage Water and 
Wastewater Utility (AWWU) and has been assigned MOA PM&E project number 18-06. The project 
consists of upgrading approximately 4,350 linear feet of roadway along 42nd Avenue between Lake Otis 
Parkway and Florina Street. Improvements are expected to include a new roadway structural section, 
pavement, drainage improvements, pedestrian facilities, street lights, 3,000 linear feet of water main 
replacement, and landscaping. The project alignment is shown on Figures 2 through 7.  

The scope of work included: 

 Review of historical geotechnical investigations within and near the project area.  

 Performing a geotechnical field investigation which included advancing 24 boreholes along the 

project alignment and soil sampling. It also included advancing 1 penetrometer. 

 Installation of 15 piezometer wells for groundwater level monitoring.  

 Overseeing index laboratory testing of recovered soil samples including moisture content, grain 

size distribution including hydrometer, and Atterberg Limits. 

 Analysis of field observations and testing results.  

 Preparing the geotechnical report to provide recommendations for the project. 
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2. Existing Conditions  

42nd Avenue lies south of the University of Alaska (UAA) and Providence Hospital Medical district and has 
a west-to-east orientation. The roadway supports a variety of uses including: businesses, a park, single-
family, multi-family, and high-density multi-family housing. 

42nd Avenue is characterized as a local street and does not currently have pedestrian facilities except for 
a separated pathway located on the north side of 42nd Avenue within Folker Park, see Figures 3 and 4. The 
existing two-lane roadway surface width varies from approximately 26-36 feet wide, with no curb and 
gutter except between Dale Street and Florina Street, see Figures 6 and 7. 42nd Avenue shows significant 
pavement distress along the alignment including transverse and longitudinal asphalt cracks and potholes. 
The road shoulders along the project area are not paved and contain potholes. Pavement patches were 
present in multiple areas of the alignment, notably in areas with buried utilities.  

Surface water runoff is currently conveyed through a discontinuous piped storm drain network. The 
eastern half of the roadway flows north to outfalls along Dale Street (Figure 6) and Piper Street (Figure 5), 
see Figures 6 and 7. At Wright Street (Figure 4) and Folker Street (Figure 6), storm drainage flows south 
to the Alaska Department of Transportation and Public Facilities (ADOT&PF) Tudor Road storm drain 
system before it returns back to 42nd Avenue along Laurel Street (Figure 2). The system flows across Lake 
Otis Parkway and ultimately to the headwaters of Fish Creek. There are no treatment structures along the 
route. 
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3. Subsurface Investigation  

CRW’s geotechnical investigation consisted of drilling and sampling 24 boreholes (BH-01 through BH-24) 
and performing one penetrometer test (P-1) from May 3rd to May 7th, 2019 at the locations shown in 
Figures 2 through 7. Borehole locations were selected by CRW following the guidelines presented in the 
2007 MOA PM&E Design Criteria Manual (DCM) Section 1.7 – Soil Investigation Standards in addition to 
the 2018 Design and Construction Practices Manual (DCPM) from AWWU. The soil boring locations were 
approved by PM&E and AWWU prior to performing the field investigations. 

Initial boring locations were submitted to local utilities for gaining acceptable clearance from their 
facilities and were adjusted for traffic control safety and utility proximity prior to drilling. Select site 
investigation photographs can be found in Appendix C. 

3.1 Subsurface Drilling 

Drilling services were provided by Discovery Drilling Inc. (Discovery) of Anchorage, Alaska, using a truck-
mounted CME-75 drill rig equipped with a nominal 8-inch outer diameter (O.D.) hollow-stem auger. When 
drilling through the asphalt pavement, an approximately 12-inch diameter hole was cut in the pavement 
with a saw tooth bit prior to advancing the borehole.  

Traffic control was contracted by Discovery and provided by Northern Dame Construction of Wasilla, AK. 
Traffic control was performed in accordance with the requirements of the MOA approved traffic control 
plan.  

A CRW engineer supervised the field exploration program, recovered soil samples, and managed field 
operations. All borings were advanced to depths of 16.5 to 17 feet BGS, with the exception of BH-24 that 
was advanced to 41 feet BGS. BH-24 (Figure 3) was advanced in the Providence facility parking lot north 
of 42nd Avenue to assess subsurface conditions for potential retaining wall design.  

3.2 Sample Collection  

Soil samples were obtained by advancing an oversized split-spoon sampler into the soil beyond the 
bottom of the auger or by collecting cuttings from the auger. Samples were collected using a 3-inch outer 
diameter (O.D.) split-spoon sampler as a modified Standard Penetration Test (SPT). The sampler was 
advanced 18 to 24 inches, counted in 6-inch intervals, using a 340-pound automatic hammer. The number 
of blows required to drive the sampler each 6-inch interval is reported on the borehole logs. The blow 
counts shown on the borehole logs are field values that have not been corrected for overburden, sampler 
size, hammer energy, rod length, or other factors.  

Split-spoon samples were collected at approximately 2.5-foot intervals in the top 10 feet and every 5 feet 
thereafter. A surface grab sample just below the asphalt was also collected. Recovered samples were 
visually classified in the field before being individually sealed in double plastic bags and transported to the 
soils laboratory for additional testing. Field visual classifications were verified per laboratory testing. Soil 
characteristics, such as classification, consistency, moisture, and color were noted for each sample 
recovered. Classification was performed following the Unified Soil Classification System (USCS) according 
to ASTM D2487/D2488. Frost classifications of the soil were described according to the MOA Design 
Criteria Manual (DCM) standards.  
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3.3 Borehole Completion and Piezometer Well Installation  

All boreholes were backfilled with cuttings brought to the ground surface during drilling. In select borings 
(BH-01 thru 07, BH-09, BH-11, BH-13, BH-15, BH-17, BH-19, BH-21, and BH-24), a 1-inch PVC piezometer 
well was installed for groundwater level monitoring. The PVC pipe was hand-slotted the last 10 feet and 
was installed over the length of each boring. After the piezometer was installed, the annular space around 
the PVC was backfilled with cuttings. A 7-inch flush mount cover was installed at the surface with the 
annulus filled with pea gravel. A cold patch asphalt was placed around the flush mount to match the 
existing pavement surface where required. If no piezometer well was installed, the boring was backfilled 
with cuttings and a cold patch asphalt was placed at the surface to match the existing pavement where 
required.  

3.4 Groundwater Monitoring 

Groundwater levels were noted during drilling. Additional groundwater level measurements occurred in 
May 2019, approximately two weeks after completion of drilling. Groundwater measurements will be 
collected again in the fall. Groundwater levels observed during drilling and measurements after drilling 
are presented on the borehole logs, in Appendix A, and in this report in Table 1.  

3.5 PID Field Testing 

Soil samples were tested with a Photo Ionization Detector (PID) to estimate the presence of volatile 
organic compounds (VOC) after being placed into a polyurethane bags during sampling. The PID was 
calibrated at the beginning of each field day with 100-parts per million (ppm) isobutylene calibration gas. 
The PID used was equipped with a 10.2-eV lamp. Prior to screening, each sample was shaken or agitated 
for 15 seconds to assist volatilization. After vapor development, the PID sampling probe was inserted to 
about one-half the headspace depth and the highest measurement was recorded, which was normally 
between 2 and 5 seconds after probe insertion. Care was taken when inserting the sampling probe into 
the bag to avoid uptake of any moisture or soil particles. The field PID readings are presented on the 
borehole logs in Appendix A.   

3.6 Contaminated Soils Disposal  

No contaminated soils were encountered during the field investigation therefore no special handling due 
to potential contamination by petroleum hydrocarbon compounds or other potentially hazardous 
materials was required.  

3.7 Drive Penetrometer  

One drive penetrometer test was performed by advancing the NWJ drill rods using the 340-pound 
automatic hammer with blows counted per foot as the drill rod was advanced. The test was performed to 
aid in predicting pile driving behavior and provide some correlation to the Standard Penetration Test (SPT) 
for potential retaining wall options.  
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4. Laboratory Testing and Results  

Soil laboratory tests to evaluate index properties of recovered samples were performed by the Alaska 
Testlab (ATL) in their Anchorage facility. The laboratory testing program consisted of soil index tests to 
determine the water content, grain-size distribution including hydrometer, No. 200 Wash, and Atterberg 
Limits.  

The laboratory tests were performed in accordance with the test methods of ASTM International. In total, 
159 samples were submitted for testing. All samples were tested for their water content per ASTM D2216.  

Twenty-six samples were selected for grain-size distribution testing in accordance with ASTM D6913 and 
D422. The hydrometer test was completed on ten samples to determine frost classification. 

Eighteen samples were washed through the No. 200 mesh sieve in accordance with ASTM D1140.  

Nine samples were tested for their Atterberg Limits in accordance with ASTM D4318.  

One sample was tested for its organic content in accordance with ASTM D2974.  

Results of the laboratory testing are presented in Appendix B. Laboratory results are included on the 
borehole logs in Appendix A.  
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5. Historical Geotechnical Investigations  

CRW consulted the on-line MOA Soil Boring map to evaluate historic borings along 42nd Avenue. A brief 
discussion of the historic investigation and their findings are below. Historical logs and locations are 
included in Appendix D. 

5.1 Municipality of Anchorage Construction Division  

Test holes were completed by the MOA from 1976 through 1984 along 42nd Avenue between Lake Otis 
Parkway and Florina Street.  

Materials encountered from Lake Otis Parkway to Folker Street consisted generally of sand and gravel 
with varying fines content. Layers of sandy silt to silty sand and gravel were observed at 2 to 4 feet below 
ground surface (BGS). The borings were completed to depths of 6 to 9.5 feet BGS. Groundwater was 
encountered ranging from 7.5 to 8 feet BGS in select borings and was not observed in other borings.  

Materials encountered from Folker Street to Piper Street consisted of well graded gravel with sand and 
silt. The borings were completed from 9 to 9.5 feet BGS. Groundwater was encountered in one boring at 
a depth of 7 feet BGS and not observed in the other borings.  

Materials encountered from Piper Street to Florina Street consisted of well to poorly graded sand and 
gravel with silt. The borings were completed from 7 to 10 feet BGS. Groundwater was encountered in all 
but one boring and was observed to be from 7 to 9 feet BGS.  

5.2 AWWU Lake Otis Parkway Water Rehabilitation, 36th to 42nd Avenue  

DOWL completed eleven borings along Lake Otis Parkway from 36th Avenue to 42nd Avenue in addition to 
reviewing historical geotechnical information along Lake Otis Parkway (DOWL, 2016).  

Materials encountered at the intersection of Lake Otis Parkway and 42nd Avenue (TB-7 which was closest 
to our project) consisted of 8 inches of asphalt pavement overlaying sand and gravel fill with varying fines 
content. A peat layer was encountered below the fill at a depth of 8 feet that extended to 10.3 feet. Below 
the peat was silty sand that transitioned to a poorly graded sand with silt and gravel.  

Groundwater was encountered during drilling at depths ranging from 3 to 15 feet BGS. Groundwater 
readings collected in October 2016 recorded depths ranging from 2.2 to 9.8 feet BGS.  

5.3 AWWU 43rd Avenue from Dale to Piper Street  

Shannon and Wilson (S&W) completed four geotechnical borings in the vicinity of 43rd Avenue and Thorne 
Place (S&W, 2017).  

Materials encountered consisted of 2 to 4 feet of silty sand with gravel or gravel with sand which was 
identified as likely fill. S&W stated there was uncertainty on the geologic contact interface between the 
fill and native sands due to similarity between the two materials. The asphalt thickness was observed to 
be 1.5 to 2.5 inches thick. Below the sandy soils (i.e. fill and native sands) were alternating layers of sands 
with silt and gravel and gravel contaminating various amounts of silt and sand.  

Groundwater was encountered during drilling at depths ranging from 7.5 and 12 feet BGS. Groundwater 
readings collected in September 2017 recorded depths ranging from 7 to 12.2 feet BGS.  
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6. Site Conditions  

6.1 Geology  

The geology for the project area was determined from the Simplified Geologic Map of Central and East 
Anchorage, Alaska, as mapped by R.A. Combellick with the Alaska Division of Geologic and Geophysical 
Surveys (DGGS) in 1999 in addition to the 1972 map by Schmoll and Dobrovolny (Commellick, 1999; 
Schmoll and Dobrovolny, 1972). The geology of the project area consists primarily of Holocene alluvium 
which is made up of loose gravel and sand with some silt. A portion of the project, from approximately 
Laurel Street (Figure 2) to Folker Street (Figure 3), is mapped as a glacial drift with a composition ranging 
from diamicton to well-sorted sand and gravel and locally including silt and clay with little or no sand and 
gravel. Geologic conditions in the boreholes agreed with the general geology though variations between 
borings was noted.  

6.2 Pavement Thickness and General Soil Lithology  

The pavement thickness, where encountered, was 2 inches based on measurements of recovered 
samples.  

The subsurface conditions within the existing road prims where borings occurred generally consisted of a 
2 to 8 foot thick layer of granular fill underlain by coarse grained material. The granular fill classification 
mixed between well to poorly graded sand and gravel with varying fines content. The moisture content 
ranged between 2 and 27 percent and the average was approximately 7 percent. The fines content ranged 
between 4 and 39 percent and the average was approximately 15 percent. The frost susceptibility was 
determined to vary from F2 to F4 frost classification.  

The coarse grained materials below the granular fill ranged from clean, poorly to well-graded sand and 
gravel with low fines content to silty sand and gravel in select borings. In borings BH-01, 02, 04, 05, and 
17 a moist to wet, gray, silt ranging in thickness from 2 to 3 feet was observed within 10 feet below the 
surface.  

Below the coarse grained material from BH-07 thru BH-22 (Figures 3 thru 7), was a moist to wet, gray, silt 
that undulated along the project alignment. This silt was encountered in depths as shallow as 7.5 feet BGS 
but was as deep as 15 feet BGS.  

The encountered subsurface conditions generally agreed with the historic geotechnical investigation 
findings. Detailed subsurface conditions can be found on the borehole logs in Appendix A. It should be 
noted that subsurface conditions outside the existing road prism could vary from the borehole logs.  

6.3 Drive Penetrometer Results  

One drive penetrometer, P-01, was completed on the north side of 42nd Avenue just east of Hickory Place 
(Figure 3). The penetrometer was advanced to 22 feet BGS as noted with single digit blows per foot 
measured in the top 12 feet and steadily increased with depth until reaching 200 blows per foot (practical 
refusal). The results of the drive penetrometer are presented in Appendix A.  

6.4 PID Field Testing Results  

Standard practice in the MOA is to consider soil samples with PID readings of 20 parts per million (ppm) 
or higher potentially contaminated. Only one sample, at a depth of 5 feet BGS in BH-08, initially had a PID 
reading above this threshold at 20.4 ppm however subsequent readings of the sample after the field 
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investigation showed a decreased PID reading. It is CRW’s opinion that this sample was influenced from 
drilling materials which resulted in a false positive PID reading therefore no analytical testing was 
performed on the potentially contaminated soil. Samples were disposed of as previously stated.  

6.5 Groundwater Conditions  

Groundwater, if observed, is recorded on the borehole logs. Table 1 provides a summary of the 
groundwater levels at the time of drilling and subsequent measurements. All depths are relative to the 
existing roadway surface.  

 

Table 1 – Summary of Groundwater Levels   

Borehole 

Groundwater 
Levels While Drilling 

(feet) 

Groundwater 
Levels on 05/29/2019 

(feet) 

Groundwater 
Levels on 09/26/2019 

(feet) 

BH-01 5.0 5.2 5.7 

BH-02 5.3 5.3 5.4 

BH-03 10.0 5.9 6.1 

BH-04 7.5 10.5 10.7 

BH-05 Not Observed 13.4 14.8 

BH-06 Not Observed Not Encountered Not Encountered 

BH-07 5.0 8.8 8.7 

BH-08 Not Observed No Piezometer Installed No Piezometer Installed 

BH-09 7.0 6.2 6.5 

BH-10 6.0 No Piezometer Installed No Piezometer Installed 

BH-11 7.0 7.7 8.2 

BH-12 7.5 No Piezometer Installed No Piezometer Installed 

BH-13 7.5 7.8 8.2 

BH-14 7.5 No Piezometer Installed No Piezometer Installed 

BH-15 8.0 5.6 6.1 

BH-16 5.0 No Piezometer Installed No Piezometer Installed 

BH-17 5.0 5.2 5.6 

BH-18 5.0 No Piezometer Installed No Piezometer Installed 

BH-19 7.5 6.0 6.4 

BH-20 7.5 No Piezometer Installed No Piezometer Installed 

BH-21 Not Observed 5.8 6.2 

BH-22 Not Observed No Piezometer Installed No Piezometer Installed 

BH-23 5.0 No Piezometer Installed No Piezometer Installed 

BH-24 15.0 25.4 29.3 

 

6.6 Contaminated Site Review  

Soil samples were tested using a PID during the field investigation per MOA and AWWU requirements 
with results previously discussed in this report and values provided on the borehole logs. In addition, CRW 
consulted the Alaska Department of Environmental Conservation (ADEC) Contaminated Sites Program 
(CSP) on-line database for nearby recorded contaminated sites.  



Geotechnical Investigation | 42nd Avenue Upgrade February 2020 
 

   
MOA PM&E Project No. 18-06 Page | 9   

A review of the CSP database revealed three sites within 500 feet of the project as follows: 

 

1. Tudor Car Wash 
2621 East Tudor Road 
Hazard ID 23,712 
Located 390 feet south of 42nd Avenue  
Status: Cleanup Complete  
Discussion: Previously removed underground storage tanks and piping. Petroleum impacted soil 
and groundwater discovered during tank removal. Soil and groundwater downgradient meets 
the ADEC most stringent cleanup levels. Levels of benzene in soil and groundwater upgradient 
do no presently meet the ADEC most stringent cleanup levels.  

2. Residence  
4010 Piper Street  
Hazard ID 25,612 
Located 430 feet north of 42nd Avenue  
Status: Cleanup Complete  
Discussion: Previously removed heating oil underground storage tanks. Phase II investigation 
discovered tetrachloroethylene (PCE) contamination in one boring. ADEC reviewed the 
environmental records in 2011 and determined concentrations of PCE do not pose an 
unacceptable risk to human health or the environment.  

3. Piper Mobile Home Park  
4222 Piper Street  
Hazard ID 4,510 
Located 60 feet south of 42nd Avenue  
Status: Cleanup Complete – Institutional Controls  
Discussion: Petroleum contamination discovered during assessment activities in 2007. 
Subsequent studies determined diesel range organics (DRO) above cleanup level in one sample. 
ADEC is working to contact the property owner as of Feb 2019 and respond to previous 
correspondence to decommission the onsite monitoring wells.  
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7. Geotechnical Engineering Recommendations  

CRW has developed the following recommendations based on our understanding of the project scope and 
considering the data obtained during our geotechnical investigation.  

7.1 Site Preparation  

All pavement and pathways, existing fill, existing curbs and gutters, trees, stumps, and all other 
deleterious material should be cleared. Exposed subgrade at the bottoms of excavations should be 
scarified a minimum of 6 inches, moisture conditioned, and compacted to 95 percent of the maximum 
Proctor density as determined from ASTM D1557. If the subgrade cannot be moisture conditioned, we 
recommend the contractor overexcavate the subgrade a minimum of 1 foot and replace with non-frost 
susceptible (NFS) material.   

7.2 Utility Excavation  

Any excavations for utilities should follow proper local, state, and federal requirements, including 
Occupational Safety and Health Administration (OSHA) standards. The soil and groundwater conditions 
for utility excavations will vary.  

The contractor is responsible for trench stability, worker safety, and regulation compliance as he will be 
present on a day to day basis and can adjust efforts to obtain the needed stability. Surface runoff entering 
the excavation could present challenges and should be accounted for during construction. We anticipate 
excavations to use benching/sloping or shielding. If trench shoring, like cantilever or braced excavations, 
is utilized, additional recommendations for lateral earth pressures can be provided.  

Utility excavations above the water table may stand relatively steeply initially but fail suddenly without 
warning. As the in-situ soils dry, they will tend to ravel and slough to their natural angle of repose, which 
we estimate to be between 1.5 to 1.8H:1V (horizontal to vertical). Below the water table, or if surface 
water is allowed to enter the trench, in-situ soils may slough, soften, squeeze, slump over time or due to 
disturbance, to slopes of 2 to 2.5H:1V or flatter.  

Inspection of utility line subgrade should follow AWWU DCPM requirements and standards.  

Additionally, the sequencing of excavation for the utility line and the excavation for the roadway should 
be considered by the designers and the contractor. Should the roadway construction occur prior to utility 
installation, poor performance of the roadway may occur due to dissimilar material in the utility trench 
compared to the roadway structural section as well as damage and repair to any insulation and/or 
geotextile.  

7.3 Dewatering and Radius of Influence  

Subsurface conditions have relatively shallow groundwater relative to the anticipated water main 
replacement excavation based on measurements taken at the time of drilling and during subsequent 
readings. Excavations for the water main replacement are anticipated to be 12 feet BGS and groundwater 
levels were measured between 5 to 14.8 feet BGS (excluding BH-24). Groundwater conditions will vary 
with environmental variations and seasonal conditions, such as the frequency and magnitude of rainfall 
patterns, as well as man-made influences, such as existing swales. We recommend that the contractor 
determine the actual groundwater levels at the time of construction to determine groundwater impacts 
on the construction procedures, if necessary. We recommend the ground around any excavation be 
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contoured to direct surface water away from the excavation and to minimize surface water or runoff from 
entering the excavation.  

Based on the observed groundwater and anticipated excavation depths, dewatering will likely be 
required. Dewatering methods include open pumping, wellpoints, deep wells, ejector wells, cutoff 
methods, or some combination. Considering the geologic conditions we do not recommend open 
pumping, ejector wells, or cutoff methods due to the amounts of anticipated groundwater, depth to 
dense/hard layers, and cost. We recommend wellpoints or deep wells be considered for construction 
dewatering. Depending on spacing and size, wellpoints may be either standard 1.5 to 2 inch diameter or 
larger, 6 inch diameter suction wells (Powers et al., 2007).  

We recommend construction dewatering be the responsibility of the contractor. We recommend the 
contractor submit a dewatering plan for approval as part of the submittal process. The dewatering plan 
should show anticipated wellpoint/well layout and spacing including diameters, wellscreens, filters, and 
location of pumps, discharge point(s).  

Permits from the Alaska Department of Natural Resources, and potentially other local and state agencies 
will be necessary for construction dewatering.  

For preliminary planning, we have estimated pumping rates for the waterline excavation based on 
assumed dewatering effective width of 10 feet and drawdown of 7 feet. We estimated hydraulic 
conductivity from empirical and literature values based on the encountered soils ranging from 5 to 250 
FT/day with an average value of 100 FT/day with higher flows in the gravels and lower flows in the silty 
sands. We note there is tremendous uncertainty in conductivity estimates using empirical/literature 
values as they are affected by soil type, excavation/dewatering methods, and seasonal groundwater 
fluctuations, and will vary during construction.  

We estimate an initial required pumping rate of 1 to 21 gallons per minute per linear foot (GPM/FT) which 
decrease to steady-state pumping rates of 0.5 to 12 GPM/FT during dewatering efforts. We estimate the 
radius of influence of the cone of depression from dewatering to vary from 60 to 400 FT (measured from 
the center of the trench). These estimates do not consider the effect of “tailwater” from water flowing 
into the excavation due to the high permeability of bedding material.  

Dewatering activities should consider the potential for settlement when buildings and other infrastructure 
are within the radius of influence. When the water table is lowered compressible soils can consolidate, 
due to an increase of the effective weight of overlying soils. Consolidation has the potential to impact 
development adjacent to the project area. While construction and dewatering are anticipated to be of 
short duration and impacts minimal, considerations should be made as to whether monitoring of 
settlement is required. CRW’s geotechnical engineer will work closely with the designers to evaluate the 
magnitude of settlement and tolerable settlement values will be determined considering input from MOA, 
CRW designers, and Stakeholders during detailed design. 

If dewatering produces intolerable settlements the designers should perform pre- and post-condition 
surveys of the buildings and other infrastructure to evaluate if dewatering activities resulted in damage. 
In addition, survey points should be placed at and around building and other infrastructure locations to 
verify settlement due to dewatering. If settlement is observed during monitoring the contractor should 
reevaluate the dewatering technique to reduce the potential for continued settlement.  

7.4 Frost Depth and Permafrost  

Seasonal frost was not observed in the borings at the time of drilling.  
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Typical design frost depths are estimated between 8 and 11 feet BGS in Anchorage and are common for 
relatively dry granular soils. It should be noted that seasonal fluctuations of snow cover, temperatures, 
infiltration/evaporation, groundwater table, and other climatic effects will have an impact on the design 
frost depth therefore any calculated value should only be considered a reasonably estimated design value 
as deeper frost penetrations are possible. In addition, the presence of groundwater within the upper 11 
feet will also affect the frost depth in addition to the potential for ice lensing and heaving.  

We have estimated design frost depths based on the modified Berggren equation using the commercially 
available Microsoft DOS program Berg2 as discussed in the next section of this report.  

Permafrost was not encountered in the boreholes and is not expected at the project site.  

7.5 Recommended Road Structural Sections  

CRW has developed a recommended road structural section based on the current MOA DCM as outlined 
in Chapter 1 Streets, Section 1.10 Road Structural Fill Design. The structural section design uses the goal 
of reducing the freezing and thawing impacts to a specified percentage. 

The DCM recommends two methods for frost considerations in the structural section design: the 
Complete Protection Method and the Limited Subgrade Frost Penetration Method.  

The Complete Protection Method involves the removal of all frost susceptible subgrade soils beneath the 
roadway to the calculated frost penetration depth. These soils are replaced with non-frost susceptible fill. 
This method may be used regardless of the frost susceptibility of the subgrade soils. Board insulation may 
also be used in the subbase of the structural section to reduce the required depth of classified fill and 
backfill. The Complete Protection Method would require excavation and replacement of frost susceptible 
soils down to depths of 8 to 10 feet, excluding insulation, which is not economical and therefore is not 
recommended.  

The Limited Subgrade Frost Penetration Method attempts to restrict roadway surface movements to 
levels that will not adversely affect road surface life or quality. The method permits frost penetration into 
a frost susceptible subgrade equal to a maximum of 10 percent of the structural section design thickness.  

The frost depth was analyzed using the commercially available MSDOS computer program Berg2 written 
by Braley and Connor (Braley and Connor, 1989) as approved in the DCM. The analysis calculates the 
estimated total frost penetration depth and determines the recommended structural section. For our 
analysis, we used the program default climate parameters for Anchorage and assumed conservative 
surface freeze/thaw n-factors based on local practice and published values. Soil layers were assigned in 
the program with estimated dry unit weights of the soil and average or anticipated water contents. Soil 
thermal parameters were calculated from the equations built into the Berg2 program (see Braley and 
Connor for further discussion).  

7.5.1 Recommended Structural Section – Limited Subgrade Frost Protection Method 

In general, 42nd Avenue contains frost susceptible subgrade with a F2 to F4 frost classification within 8 
feet of the ground surface. Based on this, we recommend an insulated structural section using the Limited 
Subgrade Frost Penetration for the entire project alignment. We have developed a recommended 
structural section based on the Berg2 analysis, and have evaluated 2 and 3 inches of insulation. We have 
evaluated these insulation thickness to consider the potential savings of fill below the insulation by 
comparing 1 inch of insulation compared to fill amount. We do note that 4 inches of insulation is likely 
more economical than 3 inches and also provides better thermal protection and improved road 
performance. The insulation for the structural section in this analysis assumed a minimum R-value of R-
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4.5 per inch. Our recommended structural sections are presented in Table 2 and Table 3. A typical 
insulated section is presented in Figure 8 for 2 inches of insulation.  

 

Table 2 – Recommended Structural Section – 2 inches Insulation  

Layer 
Minimum Thickness, 

inches 

Asphalt Pavement 2 

Leveling Course 2 

MOA Type II-A 16 

Insulation  2 

MOA Type II 24 

Geotextile N/A 

Subgrade N/A  

Total Thickness 46 

 

Table 3 – Recommended Structural Section – 3 inches Insulation  

Layer 
Minimum Thickness, 

inches 

Asphalt Pavement 2 

Leveling Course 2 

MOA Type II-A 16 

Insulation  3 

MOA Type II 15 

Geotextile N/A 

Subgrade N/A  

Total Thickness 38 

 

See Appendix E for Berg2 analysis and detailed results. Note that the recommended structural section 
considers only minimum thicknesses.  

7.6 Rigid Insulation  

We recommend that rigid board insulation for the road structural section have a minimum compressive 
strength of 60 pounds per square inch (psi) and a maximum water absorption of 0.3 percent by volume in 
accordance with the current version of Municipality of Anchorage Standard Specifications (MASS). We 
recommend the insulation have a minimum R-value of R-4.5 per inch. We recommend a minimum of 12 
inches of loose fill be placed over the insulation to protect from wheel loads during construction and to 
prevent frost formation in the form of differential icing.  

Board insulation installation should be extended a minimum of 4 feet beyond the back of the curb when 
no pathway/sidewalk is present. Extending the insulation 4 feet will reduce the risk of the curb heaving 
up or “curb rolling”. The potential for curb rolling decreases as the distance the insulation extends beyond 
the back of curb increases. The 4-foot layout has protected the curb well on past projects especially where 
the curbs need to be protected due to the flat longitudinal roadway grades like those on 42nd Avenue. The 
insulation should extend 1 foot minimum beyond the back of the sidewalk/pathway but will not perform 
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as well as the curb. However, to increase the performance of the sidewalk/pathway, the owner could 
consider extending the insulation 4 feet as well. Additionally, insulation below separated pathways that 
are separated by 4 feet or more could be reduced to R-4.5 per inch to save cost but will not perform as 
well. 

Transitions between insulated and non-insulated sections should involve the extension of insulation out 
from the roadway section 8 to 12 feet with the thickness reduced in these areas to minimize the possibility 
of differential heave. The insulation can be tapered from an R-value of 9 to an R-value of 4.5 in the 
transition zone. The subgrade in transitions should be graded (tapered) at a 10H:1V (horizontal to vertical) 
slope if construction distances permit. We recommend the transitions not be steeper than 5H:1V.  

7.7 Geotextiles  

We recommend that a geotextile be used at the base of the structural section along the entire project 
alignment. The use of a geotextile reduces the effects of thaw weakening, prevents fines migration, and 
increases lateral drainage at the base of the structural section. If soil layers near the top of the water table 
are looser the geotextile will provide additional stabilization. 

We recommend a non-woven geotextile that meets MOA specifications similar to Class 2, Type A should 
be used. The geotextile should be placed on top of the excavated subgrade soils prior to placement of 
classified fill. The geotextile should be extended up the sides of excavations.  

Typical installation involves placing the geotextile transverse to the centerline in order to avoid large 
overlaps. Fabric joints should be overlapped according to manufactures recommendations. Fabric joints 
may require sewing together depending on subgrade conditions.  

7.8 Subdrains  

Based on the groundwater level measurements along the project alignment, subdrains are not required.  

7.9 Reuse of Material  

Fill and native material that meets the classification for MOA Type II and Type II-A fill can be reused as 
classified fill in the roadway structural section. It is anticipated that the majority of existing fill and native 
soils along 42nd Avenue contain frost susceptible material and will not meet MOA Type II and Type II-A 
classification.  

Fill and native material that meets the classification for bedding/backfill material can be reused in utility 
trenches.  

The amount and quality of reuse of material will vary depending on factors including lateral extent of 
deposits, transitional lithology, groundwater conditions and control during construction, and mixing of 
excavated materials. Higher fines content soils were encountered near the ground surface along the west 
side of the project which could make granular soils difficult to compact if mixed and water content 
increases. We recommend native material excavated for reuse be visually inspected for fines content and 
if the material becomes wet will require storage to be dried for reuse. This effort may be less efficient and 
cost more than complete removal and replacement with imported materials. 
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7.10 Soil Corrosivity Evaluation  

Based on the AWWU DCPM Water Pipe Selection Diagram and the absence of contaminated soils, we 
anticipate the waterline to be constructed of polyvinyl chloride (PVC) material therefore no corrosion 
evaluation is required.  

7.11 Utility Recommendations 

All utilities should be bedded, backfilled, and compacted per AWWU DCPM and PVC pipe installation 
manual as AWWU has more stringent requirements than the manufacturer. The satisfactory performance 
of piped utilities is highly dependent upon the quality of soil below and along the sides of the pipe. 
Considering the presence of groundwater, AWWU bedding material Chip E may be required to allow 
groundwater to flow down the bedding. Chip E material would need to be analyzed to meet ASTM D2321.  

AWWU standard is to adequately bury utilities to protect from freezing. If inadequate burial depths cannot 
be achieved as design proceeds, alternate methods such as insulation, active freeze protection like heat 
tape, or some combination are recommended. Recommendations on insulation for utility protection can 
be provided on request.  

7.12 Retaining Wall Recommendations  

A retaining wall is anticipated to be constructed on the north side of 42nd Avenue just east of Hickory 
Place. Based on the current project alignment and planned upgrades, the retaining wall is estimated to 
have a maximum height of 5 to 7 feet with the higher portions on the west end and decreasing in height 
moving east.  

It is uncertain at this time what type of retaining wall will be used however several types of retaining walls 
may be appropriate as listed below. Other options for slope reinforcement like micropiles, soil nailing, or 
Spiralnails are available however these methods require specialty contractors and are likely more 
expensive than a retaining structure.  

 Cast-in-Place (CIP) Concrete Wall (cantilever or counterfort)  

 Modular Gravity Walls (Bin or Gabion)  

 Mechanically Stabilized Earth (MSE)  

 Sheet pile wall  

 Soldier pile with lagging wall  

The design will need to consider the existing topography, native soil strength and stiffness, adjacent 
structures, and neighboring businesses and residences in the selection of the retaining wall. In addition, 
new retaining walls could increase loading of the new or existing utilities. Long term maintenance of 
utilities should also be considered in the selection of the future retaining wall.  

Walls like CIP Concrete, Modular Gravity, and MSE will require over-excavation into the existing slope 
along 42nd Avenue to construct, depending on the required geometry, which could be problematic for 
slope stability or to the existing infrastructure at the top of the slope. Sheet pile and soldier pile walls 
wouldn’t require as much excavation however they typically require larger construction equipment and 
commonly create disturbances like noise and ground vibration due to pile driving activities. It should be 
noted that the drive penetrometer encountered refusal at a depth of 22 feet therefore if sheet pile or 
soldier pile are selected, pre-drilling may be required beyond this depth. Additional retaining wall specific 
recommendations will be provided once a wall is selected.  
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We recommend backfill immediately behind the retaining wall be clean, free draining granular soils that 
are NFS like MOA Type II. We recommend a minimum of 4 feet of backfill between the back of the 
retaining wall and the native soil to minimize frost heaving forces. Alternately insulation could be used in 
lieu of NFS backfill to reduce frost penetration.  

We recommend proper drainage of surface water and runoff unless the retaining wall is designed for 
groundwater hydrostatic forces. The ground at the top of the wall should be capped to be relatively 
impermeable and graded to channel water flow away from the wall face. It is important to prevent surface 
water from infiltrating into the backfill and adding additional loading to the wall. We recommend the 
retaining wall, depending on type, include weep holes. In addition, we recommend horizontal drains be 
installed at the base behind the walls to collect and drain water away from the wall.  

We recommend the following soil parameters for the native soils and NFS backfill soils for the retaining 
wall design.  

 

Table 4 – Retaining Wall Soil Parameters   

Soil Type Total Unit 
Weight  

(pcf) 

Friction 

Angle, ’  
(°) 

Cohesion, 
c’  

(psf) 

Undrained 
shear strength  

(psf) 

Native Silts with sand  120 28 0 1,250 

Granular NFS Backfill   135 36 0 - 

 

Backfill materials behind the retaining walls should be placed in relatively thin lifts of six inches and 
compacted to a minimum of 95 percent of the Modified Proctor maximum dry density in accordance with 
ASTM D1557. We recommend compaction equipment be selected to ensure no damage to the wall during 
construction. Compaction verification of the backfill by a qualified inspector is also recommended. 

 

   



Geotechnical Investigation | 42nd Avenue Upgrade February 2020 
 

   
MOA PM&E Project No. 18-06 Page | 17   

8. Limitations and Closure 

The information submitted in this report is based on our interpretation of data from the field geotechnical 
investigation performed for this project. The conclusions contained in this report are based on site 
conditions as they were observed on the drilling dates indicated. It is presumed that the exploratory 
borings are representative of the subsurface conditions throughout the site. Effort was made to obtain 
information representative of existing conditions at the site. If, however, subsurface conditions are found 
to differ, we should be notified immediately to review these recommendations in light of additional 
information.  

If there is substantial lapse of time between the submittal of this report and the start of work at the site, 
or if conditions have changed due to natural causes or construction operations at or adjacent to the site, 
we recommend that this report be reviewed to determine the applicability of the conclusions considering 
the changed conditions and time lapse. Unanticipated soil conditions are commonly encountered and 
cannot fully be determined by collecting discrete samples or advancing borings. The client and contractor 
should be aware of this risk and account for contingency accordingly.  

This report was prepared by CRW for use on this project only, and may not be used in any manner that 
would constitute a detriment to CRW. CRW is not responsible for conclusions, opinions, or 
recommendations made by others based on data presented in this report.  
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Borehole and Penetrometer Logs 

 

 

 

 

  

Included in this section: 

1) Borehole Log Legend 

2) Borehole Logs (BH-01 thru BH-24) 

3) Drive Penetrometer Log  





SOIL CLASSIFICATION / LEGEND N.T.S.

4/25/2018

A-1

RELATIVE DENSITY / CONSISTENCY ESTIMATE USING

STANDARD PENETRATION TEST (SPT) VALUES

(FROM TERZAGHI & PECK 1996)

COHESIONLESS SOILS(a) COHESIVE SOILS(b)

RELATIVE
DENSITY

N60
(BLOWS/FOOT)(c) CONSISTENCY

N60
(BLOWS/FOOT)(c)

UNCONFINED
COMPRESSIVE

STRENGTH (TSF)(d)

VERY LOOSE 0 - 4 VERY SOFT 0 - 2 0 - 0.25
LOOSE 4 - 10 SOFT 2 - 4 0.25 - 0.50
MED DENSE 10 - 30 MEDIUM 4 - 8 0.50 - 1.0
DENSE 30 - 50 STIFF 8 - 15 1.0 - 2.0
VERY DENSE OVER 50 VERY STIFF 15 - 30 2.0 - 4.0

HARD OVER 30 OVER 4.0
(a) Soils consisting of gravel, sand and silt, either separately or in combination possessing no characteristics of plasticity, and exhibiting

drained behavior.
(b) Soils possessing the characteristics of plasticity, and exhibiting undrained behavior.
(c) Refer to ASTM D 1586-99 for a definition of N.
(d) Undrained shear strength, su = 1/2 unconfined compression strength, Uc. Note that Torvane measures su and Pocket Penetrometer

measures Uc.

Gravels or sands with 5% to 12 % fines require dual symbols (GW-GM, GW-GC, GP-GM, GP-GC,
SW-SM, SW-SC, SP-SM, SP-SC) and add "with clay or "with silt" to group name. If fines classify as
CL-ML for GM or SM, use dual symbol GC-GM or SC-SM.

Optional Abbreviations: Lower case "s" after USCS group symbol denotes either "sandy or "with sand"
and "g" denotes either "gravelly" or "with gravel."

CRITERIA FOR DESCRIBING MOISTURE

CONDITION (ASTM D 2488)

DRY ABSENCE OF MOISTURE, DUSTY,
DRY TO THE TOUCH

MOIST DAMP BUT NO VISIBLE WATER

WET VISIBLE FREE WATER, USUALLY
SOIL IS BELOW WATER TABLE

COMPONENT DEFINITIONS BY GRADATION

COMPONENT SIZE RANGE
BOULDERS ABOVE 12 IN.
COBBLES 3 IN. TO 12 IN.
GRAVEL 3 IN. TO NO. 4 (4.76 mm)
   COARSE GRAVEL    3 IN. TO 3/4 IN.
   FINE GRAVEL    3/4 IN. TO NO. 4 (4.76 mm)
SAND NO. 4 (4.76 mm) TO NO. 200 (0.074 mm)
   COARSE SAND    NO. 4 (4.76 mm)  TO NO. 10 (2.0 mm)
   MEDIUM SAND    NO 10 (2.0 mm) TO NO. 40 (0.42 mm)
   FINE SAND    NO. 40 (0.42 mm) TO NO. 200 (0.074 mm)
SILT AND CLAY SMALLER THAN NO. 200 (0.074 mm)
   SILT 0.074 mm TO 0.005 mm
   CLAY LESS THAN 0.005 mm

DESCRIPTIVE TERMINOLOGY FOR

PERCENTAGES (ASTM D 2488)

DESCRIPTIVE
TERMS

RANGE OF
PROPORTION

TRACE  0 - 5%
FEW 5 - 10%

LITTLE 10 - 25%
SOME 30 - 45%

MOSTLY 50 - 100%

SAMPLER ABBREVIATIONS

SS SPT Sampler (2 in. OD, 140 lb hammer) C Core (Rock)
SSO Oversize Spit Spoon (2.5 in. OD, 140 lb typ.) TW Thin Wall (Shelby Tube)
HD Heavy Duty Split Spoon (3 in. OD, 300/340 lb typ.) MS Modified Shelby
BD Bulk Drive (4 in. OD, 300/340 lb hammer typ.) GP Geoprobe
CA Continuous Core (Soil in Hollow-Stem Auger) AR Air Rotary Cuttings

G Grab Sample from surface / testpit AG Auger Cuttings

LABORATORY TEST ABBREVIATIONS

Consol Consolidation PM Modified Proctor TXCD Consolidated Drained Triaxial
Dd Dry Density PP Pocket Penetrometer TXCU Consolidated Undrained Triaxial
MA Sieve and Hydrometer Analysis MC Moisture Content TXUU Unconsolidated Undrained Triaxial
NP Non-plastic SA Sieve Analysis LL Liquid Limit
OLI Organic Loss SpG Specific Gravity PL Plastic Limit

P200 Percent Fines (Silt & Clay) TS Thaw Consolidation VS Vane Shear
PID Photoionization Detector TV Torvane Ω Soil Resistivity

UNIFIED SOIL CLASSIFICATION (ASTM D 2487)

FIGURE
A-1



FROZEN SOIL CLASSIFICATION / LEGEND N.T.S.

4/25/2018

A-2

FROZEN SOIL CLASSIFICATION (ASTM D 4083)

1. DESCRIBE SOIL
INDEPENDENT OF
FROZEN STATE

CLASSIFY SOIL BY THE UNIFIED SOIL
CLASSIFICATION SYSTEM

MAJOR GROUP SUBGROUP
DESCRIPTION DESIGNATION DESCRIPTION DESIGNATION

Segregated
ice not visible
by eye

N

Poorly bonded of friable Nf

Well
bonded

No excess ice Nbn

Excess ice Nbe2. MODIFY SOIL
DESCRIPTION BY
DESCRIPTION OF
FROZEN SOIL

Segregated ice
visible by eye
(ice less than
25 mm thick) V

Individual ice crystals or
inclusions Vx

Ice coatings on particles Vc

Random or irregularly
oriented ice formations Vr

Stratified or distinctly
oriented ice formations Vs

Uniformly distributed ice Vu

Ice greater than
25 mm thick ICE

Ice with soil inclusions ICE+soil type
3. MODIFY SOIL

DESCRIPTION BY
DESCRIPTION OF
SUBSTANTIAL ICE
STRATA

Ice without soil inclusions ICE

ICE BONDING SYMBOLS

No ice-bonded soil
observed

Poorly bonded or
friable

Well bonded

Candled Ice is ice which has rotted or otherwise
formed into long columnar crystals, very loosely
bonded together.

Clear Ice is transparent and contains only a
moderate number of air bubbles.

Cloudy Ice is translucent, but essentially sound
and non-pervious.

Friable denotes a condition in which material is
easily broken up under light to moderate pressure.

Granular Ice is composed of coarse, more or less
equidimensional, ice crystals weakly bonded
together.

Ice Coatings on particles are discernible layers of
ice found on or below the larger soil particles in a
frozen soil mass. They are sometimes associated
with hoarfrost crystals, which have grown into
voids produced by the freezing action.

Ice Crystal is a very small individual ice particle
visible in the face of a soil mass. Crystals may be
present alone or in a combination with other ice
formations.

Ice Lenses are lenticular ice formations in soil
occurring essentially parallel to each other,
generally normal to the direction of heat loss and
commonly in repeated layers.

Ice Segregation is the growth of ice as distinct
lenses, layers, veins and masses in soils,
commonly but not always oriented normal to
direction of heat loss.

Massive Ice is a large mass of ice, typically nearly
pure and relatively homogeneous.

Poorly-Bonded signifies that the soil particles are
weakly held together by the ice and that the frozen
soil consequently has poor resistance to chipping
or breaking.

Porous Ice contains numerous void, usually
interconnected and usually resulting from melting
at air bubbles or along crystal interfaces from
presence of salt or other materials in the water, or
from the freezing of saturated snow. Though
porous, the mass retains its structural unity.

Thaw-Stable frozen soils do not, on thawing, show
loss of strength below normal, long-time thawed
values nor produce detrimental settlement.

Thaw-Unstable frozen soils show on thawing,
significant loss of strength below normal, long-time
thawed values and/or significant settlement, as a
direct result of the melting of the excess ice in the
soil.

Well-Bonded signifies that the soil particles are
strongly held together by the ice and that the
frozen soil possesses relatively high resistance to
chipping or breaking.

FROST DESIGN SOIL CLASSIFICATION

(1)

FROST GROUP(2) GENERAL SOIL TYPE
% FINER THAN

0.02 mm BY
WEIGHT

TYPICAL USCS
SOIL CLASS

NFS(3)

(a) Gravels
Crushed stone
Crushed rock

0 - 1.5 GW, GP

(b) Sands 0 - 3 SW, SP

PFS(4) 

[MOA NFS]

(a) Gravels
Crushed stone
Crushed rock

1.5 - 3 GW, GP

[MOA F2] (b) Sands 3 - 10 SW, SP

S1
[MOA F1] Gravelly soils 3 - 6 GW, GP, GW-GM, GP-GM,

GW-GC, GP-GC

S1
[MOA F2] Sandy soils 3 - 6 SW, SP, SW-SM, SP-SM,

SW-SC, SP-SC

F1(5) Gravelly soils 6 - 10 GM, GC, GM-GC, GW-GM,
GP-GM, GW-GC, GP-GC

F2(5)
(a) Gravelly soils 10 - 20 GW, GP, GW-GM, GP-GM,

GW-GC, GP-GC

(b) Sands 6 - 15 SM, SW-SM, SP-SM, SC,
SW-SC, SP-SC, SM-SC

F3(5)

(a) Gravelly soils 10 -20 GM, GC, GM-GC

(b) Sands, except very fine silty
sands 6 - 15 SM, SC, SM-SC

(c) Clays, PI>12 -- CL, CH

F4(5)

(a) Silts -- ML, MH, ML-CL
(b) Very fine silty sands Over 15 SM, SC, SM-SC

(c) Clays, PI<12 -- CL, ML-CL
(d) Varved clays or other fine-grained

banded sediments
-- CL or CH layered with ML, MH,

ML-CL, SM, SC, or SM-SC
(1) From the U.S. Army Corps of Engineers (USACE), EM 1110-3-138, "Pavement Criteria for Seasonal Frost Conditions", April 1984
(2) USACE frost groups directly correspond to frost groups in Municipality of Anchorage (MOA) Design Criteria Manual (DCM).
(3) Non-frost susceptible
(4) Possibly frost susceptible, requires lab test for void ratio to determine frost design classification.

DEFINITIONS

(5) Consistent with MOA Definition.
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G
1

HD
2

HD
3A

HD
3B

HD
4

HD
5

HD
6A

HD
6B

137.8

135.4

132.9

132.3

130.4

127.9

122.9

121.9

121.4

100

50

100

75

83

83

67

100

9-8-6-10
(14)

0-3-3-1
(6)

4-6-10-8
(16)

4-10-11-15
(21)

11-13-20
(33)

MC = 6%

MC = 6%

MC = 43%

PP = 2.5 tsf
MC = 51%

PP

MC = 17%

MC = 12%

MC = 16%
Fines = 23%

P200
MC = 12%

AC

SP

SP-
SM

SP

ML

SP

SP

SM

SM

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 0.4

PID = 0.7

PID = 0

PID = 0

PID = 0

PID = 0

PID = 1.3

PID = 0.3

0.2

2.5

5.0

5.7

7.5

10.0

15.0

16.0

16.5

ASPHALT CONCRETE,
(AC) black
POORLY GRADED SAND
WITH GRAVEL, (SP) brown,
moist, [FILL]

POORLY GRADED SAND
WITH SILT AND GRAVEL,
(SP-SM) gray, moist

POORLY GRADED SAND
WITH GRAVEL, (SP) gray,
wet
SILT, (ML) brown, wet

POORLY GRADED SAND
WITH GRAVEL, (SP) gray,
wet

POORLY GRADED SAND,
(SP) gray, wet

SILTY SAND, (SM) 23%
fines, gray, wet

SILTY SAND, (SM) gray,
wet

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/3/19 COMPLETED 5/3/19

AT TIME OF DRILLING 5.00 ft / Elev 132.92 ft

AT END OF DRILLING ---

AFTER DRILLING 5.70 ft / Elev 132.22 ft

GROUND ELEVATION 137.918 ft
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BOREHOLE BH-01

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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Anchorage, AK 99503
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6

138.1

135.8

133.3

130.8

128.3

123.3

121.8

100

75

67

83

100

100

10-6-5-4
(11)

6-3-3-4
(6)

2-2-2-4
(4)

2-11-16
(27)

12-15-24
(39)

MC = 5%
MA

MC = 3%

MC = 16%

MC = 13%

MC = 18%

MC = 16%
Fines = 13%

SA

AC

SP-
SM

GP

ML

SP-
SM

SM

SM

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 0.4

PID = 0.6

PID = 0.6

PID = 0.2

PID = 0.3

PID = 0.2

0.2

2.5

5.0

7.5

10.0

15.0

16.5

ASPHALT CONCRETE,
(AC) black
POORLY GRADED SAND
WITH SILT AND GRAVEL,
(SP-SM) 39% gravel, 49%
sand, 12% fines, brown,
moist, [FILL], Frost Class:
MOA F2
POORLY GRADED
GRAVEL WITH SAND, (GP)
brown, moist

SANDY SILT, (ML) gray, wet

POORLY GRADED SAND
WITH SILT AND GRAVEL,
(SP-SM) gray, wet

SILTY SAND, (SM) brown,
wet

SILTY SAND, (SM) 5%
gravel, 82% sand, 13%
fines, brown, wet

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/3/19 COMPLETED 5/3/19

AT TIME OF DRILLING 5.30 ft / Elev 132.98 ft

AT END OF DRILLING ---

AFTER DRILLING 5.40 ft / Elev 132.88 ft

GROUND ELEVATION 138.277 ft
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BOREHOLE BH-02

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6

141.1

138.8

136.3

133.8

131.3

126.3

124.8

100

89

67

33

33

33

24-9-10
(19)

9-4-3
(7)

8-6-8
(14)

5-4-5
(9)

12-13-15
(28)

MC = 6%

MC = 3%

MC = 5%

MC = 4%

MC = 12%

MC = 10%

AC

SP

SP

SP

SP

GP

GW-
GM

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 1.5

PID = 0.6

PID = 1.4

PID = 0.8

PID = 0.6

PID = 0

0.2

2.5

5.0

7.5

10.0

15.0

16.5

ASPHALT CONCRETE,
(AC) black
POORLY GRADED SAND
WITH GRAVEL, (SP) brown,
moist, [FILL]

POORLY GRADED SAND
WITH GRAVEL, (SP) brown,
moist

POORLY GRADED SAND
WITH GRAVEL, (SP) brown,
moist

POORLY GRADED SAND
WITH GRAVEL, (SP) brown,
moist

POORLY GRADED
GRAVEL WITH SAND, (GP)
brown, wet

WELL GRADED GRAVEL
WITH SILT AND SAND,
(GW-GM) gray, wet

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/3/19 COMPLETED 5/3/19

AT TIME OF DRILLING 10.00 ft / Elev 131.27 ft

AT END OF DRILLING ---

AFTER DRILLING 6.10 ft / Elev 135.17 ft

GROUND ELEVATION 141.274 ft
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BOREHOLE BH-03

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2A

HD
2B

HD
3

HD
4

HD
5

HD
6

145.9

143.5

142.8

141.0

138.5

136.0

131.0

129.5

100

100

60

75

75

75

100

4-4-3-2
(7)

1-1-6-9
(7)

12-19-14-
29

(33)

15-15-17-
21

(32)

11-15-21
(36)

MC = 10%

MC = 39%

MC = 17%

MC = 17%
Fines = 26%

P200

MC = 8%
SA

MC = 12%

MC = 14%

AC

SP-
SM

ML

ML

SM

SP-
SM

SP

SP

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 0

PID = 0

PID = 0.1

PID = 2.2

PID = 0

PID = 0

0.2

2.5

3.3

5.0

7.5

10.0

15.0

16.5

ASPHALT CONCRETE,
(AC) black
POORLY GRADED SAND
WITH SILT AND GRAVEL,
(SP-SM) brown, moist,
[FILL]

SILT, (ML) brown light, moist

SILT WITH GRAVEL, (ML)
brown dark, moist

SILTY SAND, (SM) 26%
fines, brown, moist

POORLY GRADED SAND
WITH SILT, (SP-SM) 7%
gravel, 86% sand, 7% fines,
brown, wet

POORLY GRADED SAND
WITH GRAVEL, (SP) brown,
wet

POORLY GRADED SAND
WITH GRAVEL, (SP) gray,
wet

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/3/19 COMPLETED 5/3/19

AT TIME OF DRILLING 7.50 ft / Elev 138.52 ft

AT END OF DRILLING ---

AFTER DRILLING 10.70 ft / Elev 135.32 ft

GROUND ELEVATION 146.024 ft
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BOREHOLE BH-04

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6

152.2

149.8

147.3

144.8

142.3

137.3

135.3

100

33

33

50

75

75

2-1-1-2
(2)

1-1-1-2
(2)

1-5-8-9
(13)

10-13-14-
14

(27)

27-31-21-
23

(52)

MC = 6%
MA

MC = 5%

MC = 6%
SA

MC = 5%
AL

MC = 2%
Fines = 14%

P200

MC = 7%

AC

SM

GP

SM

ML

GM

GP-
GM

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 0.2

PID = 0.1

PID = 1.8

PID = 0.9

PID = 0.6

PID = 0

0.2

2.5

5.0

7.5

10.0

15.0

17.0

ASPHALT CONCRETE,
(AC) black
SILTY SAND WITH
GRAVEL, (SM) 21% gravel,
50% sand, 29% fines,
brown, moist, [FILL], Frost
Class: MOA F3
POORLY GRADED
GRAVEL WITH SAND, (GP)
brown, moist

SILTY SAND WITH
GRAVEL, (SM) 26% gravel,
50% sand, 24% fines,
brown, moist

GRAVELLY SILT, (ML)
brown, moist, non plastic

SILTY GRAVEL, (GM) 14%
fines, gray, moist

POORLY GRADED
GRAVEL WITH SILT,
(GP-GM) gray, moist

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/4/19 COMPLETED 5/4/19

AT TIME OF DRILLING --- Not observed

AT END OF DRILLING ---

AFTER DRILLING 14.80 ft / Elev 137.51 ft

GROUND ELEVATION 152.314 ft
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BOREHOLE BH-05

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6

152.5

150.1

147.6

145.1

142.6

137.6

136.1

100

75

75

75

75

100

32-13-12-
11

(25)

6-8-9-8
(17)

9-12-13-14
(25)

11-13-11-
10

(24)

45-41-26
(67)

MC = 3%

MC = 4%
Fines = 8%

SA

MC = 2%

MC = 3%

MC = 6%

MC = 6%
Fines = 12%

P200

AC

SP

GP-
GM

GP

GP

GP

GM

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 0.5

PID = 1.3

PID = 2.7

PID = 0.7

PID = 1.6

PID = 1.3

0.2

2.5

5.0

7.5

10.0

15.0

16.5

ASPHALT CONCRETE,
(AC) black
POORLY GRADED SAND
WITH GRAVEL, (SP) brown,
moist, [FILL]

POORLY GRADED
GRAVEL WITH SILT AND
SAND, (GP-GM) 53%
gravel, 39% sand, 8% fines,
brown, moist

POORLY GRADED
GRAVEL WITH SAND, (GP)
brown, moist

POORLY GRADED
GRAVEL WITH SAND, (GP)
brown, moist

POORLY GRADED
GRAVEL WITH SAND, (GP)
brown, moist

SILTY GRAVEL, (GM) 12%
fines, brown, moist

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/4/19 COMPLETED 5/4/19

AT TIME OF DRILLING --- Not observed

AT END OF DRILLING ---

AFTER DRILLING --- Not encountered

GROUND ELEVATION 152.621 ft
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BOREHOLE BH-06

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5A

HD
5B

HD
6

151.7

149.3

146.8

144.3

141.8

141.3

136.8

135.3

100

67

67

94

100

44

100

6-5-4-5
(9)

4-2-4-2
(6)

2-2-2
(4)

3-14-23
(37)

18-22-20
(42)

MC = 2%
MA

MC = 3%
Fines = 4%

MC = 5%

MC = 4%

MC = 10%

PP = 4.5 tsf
MC = 9%

PP

MC = 9%
AL

AC

GW

GW

SW

SW

SW

ML

ML

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 0

PID = 0.4

PID = 0

PID = 0.2

PID = 0

PID = 0

PID = 0

0.2

2.5

5.0

7.5

10.0

10.5

15.0

16.5

ASPHALT CONCRETE,
(AC) black
WELL GRADED GRAVEL
WITH SAND, (GW) 73%
gravel, 23% sand, 4% fines,
brown, moist, [FILL], Frost
Class: MOA NFS
WELL GRADED GRAVEL
WITH SAND, (GW) brown,
moist, [FILL]

WELL GRADED SAND
WITH GRAVEL, (SW)
brown, wet

WELL GRADED SAND
WITH GRAVEL, (SW)
brown, wet

WELL GRADED SAND
WITH GRAVEL, (SW)
brown, wet
SILT, (ML) gray, wet

SILT, (ML) gray, wet, non
plastic

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/4/19 COMPLETED 5/4/19

AT TIME OF DRILLING 5.00 ft / Elev 146.82 ft

AT END OF DRILLING ---

AFTER DRILLING 8.70 ft / Elev 143.12 ft

GROUND ELEVATION 151.82 ft
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BOREHOLE BH-07

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2A

HD
2B

HD
3

HD
4

HD
5

HD
6

152.6

150.3

149.6

147.8

145.3

142.8

137.8

136.3

100

100

50

75

50

75

100

10-11-16-
17

(27)

18-17-18-
24

(35)

38-24-25-
22

(49)

14-17-15-
15

(32)

12-20-20
(40)

MC = 8%

MC = 2%

MC = 12%
AL

MC = 4%

MC = 8%

MC = 8%
Fines = 8%

P200

MC = 8%
Fines = 18%

SA

AC

SP

SP

GM

SP

SP

GW-
GM

SM

PID = 4.1

PID = 0.7

PID = 5.4

PID = 20.4

PID = 3.1

PID = 0.7

PID = 0.6

0.2

2.5

3.2

5.0

7.5

10.0

15.0

16.5

ASPHALT CONCRETE, (AC) black
POORLY GRADED SAND WITH GRAVEL, (SP) brown,
moist, [FILL]

POORLY GRADED SAND WITH GRAVEL, (SP) brown,
moist, [FILL]
SILTY GRAVEL, (GM) brown, moist, non plastic

POORLY GRADED SAND WITH GRAVEL, (SP) brown,
moist

POORLY GRADED SAND WITH GRAVEL, (SP) brown,
wet

WELL GRADED GRAVEL WITH SILT AND SAND,
(GW-GM) 8% fines, brown, wet

SILTY SAND WITH GRAVEL, (SM) 34% gravel, 48%
sand, 18% fines, brown, wet

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/4/19 COMPLETED 5/4/19

AT TIME OF DRILLING --- Not Observed

AT END OF DRILLING ---

AFTER DRILLING ---

GROUND ELEVATION 152.785 ft
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BOREHOLE BH-08

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6

152.7

150.3

147.8

145.3

142.8

137.8

136.3

150

67

75

75

100

67

24-20-19-
22

(39)

28-13-8-14
(21)

7-9-9-12
(18)

11-11-13
(24)

38-23-31
(54)

MC = 4%
Fines = 7%

MA

MC = 3%
Fines = 5%

P200

MC = 5%

MC = 13%
Fines = 6%

SA

MC = 8%

MC = 12%

AC

GP-
GM

GP

GP

GW-
GM

GW

GW

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 2.2

PID = 5.4

PID = 3.2

PID = 0.6

PID = 3.2

PID = 1.6

0.2

2.5

5.0

7.5

10.0

15.0

16.5

ASPHALT CONCRETE,
(AC) black
POORLY GRADED
GRAVEL WITH SILT AND
SAND, (GP-GM) 53%
gravel, 40% sand, 7% fines,
brown, moist, [FILL], Frost
Class: MOA F1
POORLY GRADED
GRAVEL WITH SAND, (GP)
5% fines, brown, moist

POORLY GRADED
GRAVEL WITH SAND, (GP)
brown, moist

WELL GRADED GRAVEL
WITH SILT AND SAND,
(GW-GM) 52% gravel, 42%
sand, 6% fines, brown, wet

WELL GRADED GRAVEL
WITH SAND, (GW) brown,
wet

WELL GRADED GRAVEL
WITH SAND, (GW) brown,
wet

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/4/19 COMPLETED 5/4/19

AT TIME OF DRILLING 7.00 ft / Elev 145.83 ft

AT END OF DRILLING ---

AFTER DRILLING 6.50 ft / Elev 146.33 ft

GROUND ELEVATION 152.834 ft
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BOREHOLE BH-09

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6

150.1

147.6

145.1

142.6

137.6

135.6

100

33

29

29

46

46

7-2-2-2
(4)

1-1-2-1
(3)

1-4-3-3
(7)

4-4-5-5
(9)

29-20-25-
24

(45)

MC = 4%

MC = 5%
SA

MC = 6%

MC = 11%

MC = 12%

MC = 8%
Fines = 7%

P200

SP-
SM

GW

GW

SP

GW

GW-
GM

PID = 1

PID = 0.7

PID = 1.8

PID = 2.3

PID = 0.6

PID = 1.3

2.5

5.0

7.5

10.0

15.0

17.0

POORLY GRADED SAND WITH SILT AND GRAVEL,
(SP-SM) brown, moist, [FILL]

WELL GRADED GRAVEL WITH SAND, (GW) 53%
gravel, 44% sand, 3% fines, brown, moist, [FILL]

WELL GRADED GRAVEL, (GW) gray, moist

POORLY GRADED SAND WITH GRAVEL, (SP) brown,
wet

WELL GRADED GRAVEL WITH SAND, (GW) brown,
moist

WELL GRADED GRAVEL WITH SILT AND SAND,
(GW-GM) 7% fines, gray, moist

NOTES No asphalt or organic mat.

LOGGED BY MCH

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/4/19 COMPLETED 5/4/19

AT TIME OF DRILLING 6.00 ft / Elev 146.58 ft

AT END OF DRILLING ---

AFTER DRILLING ---

GROUND ELEVATION 152.581 ft
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BOREHOLE BH-10

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6A

HD
6B

152.1

149.6

147.1

144.6

139.6

138.6

137.6

100

75

75

58

58

100

100

11-4-4-5
(8)

8-7-10-11
(17)

23-14-12-
10

(26)

6-4-3-14
(7)

1-11-11-17
(22)

MC = 6%

MC = 8%

MC = 5%
Fines = 4%

SA

MC = 10%

MC = 12%
Fines = 29%

P200

MC = 11%

PP = 4.5 tsf
MC = 7%

PP

SW

GW

SP

SW-
SM

SM

ML

ML

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 0.6

PID = 0.2

PID = 1.9

PID = 1.5

PID = 1.6

PID = 0.5

PID = 1.3

2.5

5.0

7.5

10.0

15.0

16.0

17.0

WELL GRADED SAND
WITH GRAVEL, (SW)
brown, moist, [FILL]

WELL GRADED GRAVEL
WITH SAND, (GW) brown,
moist

POORLY GRADED SAND
WITH GRAVEL, (SP) 33%
gravel, 63% sand, 4% fines,
brown, moist

WELL GRADED SAND
WITH SILT AND GRAVEL,
(SW-SM) brown, moist

SILTY SAND, (SM) 29%
fines, brown, moist

SANDY SILT WITH
GRAVEL, (ML) brown, moist

SILT, (ML) brown, moist

NOTES No asphalt or organic mat.

LOGGED BY MCH

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/4/19 COMPLETED 5/4/19

AT TIME OF DRILLING 7.00 ft / Elev 147.59 ft

AT END OF DRILLING ---

AFTER DRILLING 8.20 ft / Elev 146.39 ft

GROUND ELEVATION 154.59 ft

D
E

P
T

H
(f

t)

0

5

10

15

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

IC
E

 B
O

N
D

PAGE  1  OF  1
BOREHOLE BH-11

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6

155.3

152.9

150.4

147.9

145.4

140.4

138.9

100

67

75

75

75

100

13-8-7-5
(15)

13-9-8-10
(17)

13-12-14-
17

(26)

7-7-6-11
(13)

9-23-24
(47)

MC = 7%
Fines = 11%

MA

MC = 6%

MC = 4%

MC = 8%

MC = 10%

MC = 8%
Fines = 48%

P200

AC

GW-
GM

GW

GW

GW

GW-
GM

GM

PID = 1.2

PID = 3.4

PID = 3.1

PID = 2.6

PID = 0.3

PID = 0.4

0.2

2.5

5.0

7.5

10.0

15.0

16.5

ASPHALT CONCRETE, (AC) black
WELL GRADED GRAVEL WITH SILT AND SAND,
(GW-GM) 50% gravel, 39% sand, 11% fines, brown,
moist, [FILL], Frost Class: MOA F2

WELL GRADED GRAVEL WITH SAND, (GW) brown,
moist, [FILL]

WELL GRADED GRAVEL WITH SAND, (GW) brown,
moist, [FILL]

WELL GRADED GRAVEL WITH SAND, (GW) brown,
wet, [FILL]

WELL GRADED GRAVEL WITH SILT AND SAND,
(GW-GM) brown, wet

SILTY GRAVEL, (GM) 48% fines, brown, wet

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/6/19 COMPLETED 5/6/19

AT TIME OF DRILLING 7.50 ft / Elev 147.92 ft

AT END OF DRILLING ---

AFTER DRILLING ---

GROUND ELEVATION 155.415 ft
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BOREHOLE BH-12

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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MATERIAL DESCRIPTION



G
1

HD
2

HD
3

HD
4

HD
5

HD
6

156.0

153.7

151.2

148.7

146.2

141.2

139.7

100

67

75

75

83

67

17-15-20-
23

(35)

46-17-15-
13

(32)

11-11-13-
13

(24)

16-5-6-5
(11)

11-11-30
(41)

MC = 5%

MC = 5%

MC = 5%
Fines = 7%

SA

MC = 10%

PP = 4.5 tsf
MC = 10%

LL = 17
PL = 15
AL, PP

PP = 4.5 tsf
MC = 12%

PP

AC

SW-
SM

SW-
SM

SW-
SM

GW

ML

ML

Piezometer

1-in. sch. 40.
PVC

1-in. sch. 40.
PVC slotted

PID = 1

PID = 0.5

PID = 0.8

PID = 1.4

PID = 0.3

PID = 1

0.2

2.5

5.0

7.5

10.0

15.0

16.5

ASPHALT CONCRETE,
(AC) black
WELL GRADED SAND
WITH SILT AND GRAVEL,
(SW-SM) brown, moist,
[FILL]

WELL GRADED SAND
WITH SILT AND GRAVEL,
(SW-SM) brown, moist

WELL GRADED SAND
WITH SILT AND GRAVEL,
(SW-SM) 40% gravel, 53%
sand, 7% fines, brown,
moist

WELL GRADED GRAVEL
WITH SAND, (GW) brown,
wet

SILT WITH GRAVEL, (ML)
gray, wet

SILT WITH GRAVEL, (ML)
gray, wet

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/6/19 COMPLETED 5/6/19

AT TIME OF DRILLING 7.50 ft / Elev 148.66 ft

AT END OF DRILLING ---

AFTER DRILLING 8.20 ft / Elev 147.96 ft

GROUND ELEVATION 156.163 ft
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BOREHOLE BH-13

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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CRW Engineering Group, LLC
3940 Arctic Blvd Ste 300
Anchorage, AK 99503
Telephone:  (907) 562-3252
Fax:  (907) 561-2273
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WELL DIAGRAM
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MATERIAL DESCRIPTION
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ASPHALT CONCRETE, (AC) black
WELL GRADED GRAVEL WITH SILT AND SAND,
(GW-GM) 62% gravel, 31% sand, 7% fines, brown,
moist, [FILL], Frost Class: MOA F1

WELL GRADED GRAVEL WITH SILT AND SAND,
(GW-GM) brown, moist, [FILL]

WELL GRADED GRAVEL WITH SILT AND SAND,
(GW-GM) brown, moist to wet, [FILL]

WELL GRADED GRAVEL WITH SAND, (GW) 71%
gravel, 25% sand, 4% fines, brown, wet, [FILL]

WELL GRADED GRAVEL WITH SILT, (GW-GM) brown,
wet

SILT WITH GRAVEL, (ML) 51% fines, gray, wet, non
plastic

NOTES

LOGGED BY DMB

DRILLING METHOD Hollow-Stem Auger

DRILLING CONTRACTOR Discovery Drilling, Inc. GROUND WATER LEVELS:

CHECKED BY SMH

DATE STARTED 5/6/19 COMPLETED 5/6/19

AT TIME OF DRILLING 7.50 ft / Elev 148.21 ft

AT END OF DRILLING ---

AFTER DRILLING ---

GROUND ELEVATION 155.708 ft

D
E

P
T

H
(f

t)

0

5

10

15

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

IC
E

 B
O

N
D

PAGE  1  OF  1
BOREHOLE BH-14

PROJECT NAME 42nd Avenue Upgrade

PROJECT LOCATION Anchorage, AK

CLIENT Municipality of Anchorage

PROJECT NUMBER MOA PM&E Project No. 18-06
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CRW Engineering Group, LLC
3940 Arctic Blvd Ste 300
Anchorage, AK 99503
Telephone:  (907) 562-3252
Fax:  (907) 561-2273
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MATERIAL DESCRIPTION


