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INTRODUCTION

This Four Mile Run Green Infrastructure Preliminary Design report focuses on 20% design progress for green infrastructure 
associated with Schenley Park, more specifically, Panther Hollow Lake and Junction Hollow which includes conveying stormwater 
to the Monongahela River. This document is intended to summarize the Basis of Design Technical Memorandum prepared by 
Burns & McDonnell and expands on the stormwater and technical focus of the technical memorandum to include design 
considerations for park related scope and community programming within the park. This report also expands the discussion 
related to ecological restoration within Junction Hollow and around Panther Hollow Lake.    

The Basis of Design Technical Memorandum outlines the preliminary design finding at this 20% progress.  The memorandum 
also includes a number of Appendices related to technical analysis and site investigation that informed the memorandum. The 
following documents are included in the Basis of Design Technical Memorandum Appendices are: 

  Appendix A:  20 Percent Preliminary Design Plans
  Appendix B:  Geotechnical Memo
  Appendix C:  AWK Site Investigation Reports
  Appendix D:  Sediment Analysis Memo
  Appendix E:  Trenchless Sewer Evaluation Memo
  Appendix F:  Hydraulic And Hydrologic Summary
  Appendix G:  Opinion Of Probable Cost Table

Combined with this Four Mile Run Green Infrastructure Preliminary Design report and the Basis of Design Technical Memorandum, a 
20% Preliminary Design Drawing Set has been prepared. These drawings reflect the initial design progress for the improvements 
discussed in both previously mentioned documents.  Along with the drawing set indicating proposed improvements, an Appendix 
to the drawing set containing Survey of Existing Conditions is provided 
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EXECUTIVE SUMMARY

This report summarizes the findings and recommendations for  20% Preliminary Design of green infrastructure for portions 
Four Mile Run watershed (M-29); more specifically, the areas  of Schenley Park including Panther Hollow Lake Restoration 
and Stream Daylighting, through Junction Hollow, discharging to the Monongahela River at the ALMONO site. The Preliminary 
Design was lead by the Pittsburgh Parks Conservancy with Phronesis, LLC as prime consultant and Burns & McDonnell as 
consulting engineering.  The design is a result of collaboration between this design team, Pittsburgh Parks Conservancy, PWSA, 
and ALCOSAN. The objectives of this project are to:

• Create a holistic watershed-based design approach that addresses stormwater, transportation, and land use planning efforts
• Connect proposed green infrastructure nodes, corridors, and connections throughout Schenley Park and adjacent communities
• Remove stormwater only flow from the combined sewer system

The major features of the preliminary design are shown on the following page and includes the areas that currently drain 
to Phipps Run and Panther Hollow Run; Panther Hollow Lake; Junction Hollow; and a trenchless storm sewer. The stormwater 
runoff evaluation included the current drainage area to Panther Hollow Lake; immediate drainage area along Junction Hollow 
between Panther Hollow Lake and the Boundary Street; and potential future upstream storm sewer separation area(s). For the 
basis of discussion, the proposed project is broken into the following three components, including the proposed improvements 
at each site as summarized.

Wetland and Panther Hollow Lake
• Construction of a wetland forebay to manage runoff from the first 0.5-inch of precipitation
• Dredging out existing lake sediment and enhancing storage in the lake to increase the normal pool volume from 3 

acre-feet to 11 acre-feet
• Construction of a new stormwater only outfall under the CSX railroad daylighting into Junction Hollow

Junction Hollow
• Grading an open channel to achieve conveyance capacity in excess of 300 cfs. This provides peak flow capacity for up to 

the 1-percent (100-year) storm for the drainage area hydraulically connected to Panther Hollow Lake and within Junction 
Hollow

• Construction of storage and attenuation pools to provide additional future stormwater volume capture and provisions for 
future connections

• Construction of trenchless storm sewer 1,750 feet long connecting Junction Hollow to the ALMONO development on the 
bank of the Monongahela River

ALMONO Site
• Short open channel through site and closed conduit outfall at the Monongahela River
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EXECUTIVE SUMMARY -  OVERALL PLAN

SCHENLEY PARK

PANTHER HOLLOW LAKE
• wetland pretreatment
• improve lake
• outdoor spaces
• education

CJUNCTION HOLLOW
• daylight stream
• stormwater conveyance 
• trails
• ecological restoration
• recreation + education

ALMONO
• riverfront connection
• daylight stream
• coordinate with development
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OAKLAND

GREENFIELD

NORTH



Four Mile Run Green Infrastructure Preliminary Design 7

PITTSBURGH CLEAN AND GREEN PLAN

...6 priority watersheds were selected...

M29

The purpose of the City-Wide watershed Analysis is to create a stormwater overlay to inform responsible development and 
redevelopment through the stormwater lens. The City-Wide project intends to:

• Identify high-yield CSO reduction opportunity sites for green infrastructure interventions
• Coordinate with City departments and agencies to ensure a comprehensive evaluation is conducted
• Strategic urban planning based on stormwater management
• Explore and assess potential stream separation and day lighting opportunities

Phase One of the watershed Analysis focused on the sheds that generate the most combined sewer overflow volume and 
consist of six highly urbanized watersheds. The sheds vary in size and configuration and do not have surface flows that meet 
the river or have contributions from separated upstream sewer systems. The sheds were selected with an “80/20 approach” 
that recognizes that the 80% of stormwater is coming from 20% of the sheds, thus the focus on 6 sheds out of a total of the 
roughly 200 sheds in the City boundaries. The Four Mile Run watershed is 1 of the 6 priority watersheds.

...the top 30 watersheds were identified..
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FOUR MILE RUN WATERSHED (M-29) OVERVIEW 

Four Mile Run Watershed is a 3.7 square mile (2,378 acres) watershed east of downtown Pittsburgh. The watershed consists 
of four subwatersheds: Junction Hollow, Forbes Run, Panther Hollow, and Saline Run, shown in Figure 3-2. The watershed is 
within the combined sewer system (CSS) of Pittsburgh where stormwater runoff is collected and conveyed in the same pipes 
as sanitary sewer flows. During dry weather, the flow in the collection pipes is conveyed to the Allegheny County Sanitary 
Authority (ALCOSAN) wastewater treatment plant for treatment prior to discharge. During wet weather, the excess flow in 
the collection pipes overflows at discharge points causing a combined sewer overflow. For the Four-Mile Run Watershed, this 
overflow point is at Outfall M-29. The M-29 combined sewer overflow (CSO) volume in excess of 400 million gallons (MG) 
during a typical year.
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Due to the convergence of these multiple combined sewer lines and it’s low lying position the area at the base of Junction 
Hollow, also known as the Run, is subject to periodic flooding including surcharging flows out of the sewer up into the air.

FOUR MILE RUN WATERSHED FLOODING
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PREL IMINARY DESIGN BUILDS ON CLEAN AND GREEN CONCEPT 

The initial green infrastructure concept looked to improve Panther Hollow Lake with wetlands upstream for treatment and 
provide additional storm water capture volume. Water from the Lake and Panther Hollow should be conveyed with a daylight 
stream and Junction Hollow has the  potential to capture large volumes of stormwater. In addition, day lighting this stream 
provides a great amenity connecting to the river.  Additional runoff from Squirrel Hill (to the east) and Forbes Run (to the north) 
can be brought into this system.
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PREL IMINARY DESIGN PROCESS

STEP ONE
TECHNICAL ANALYSIS

1 2 3

STEP TWO
DESIGN FRAMEWORK

STEP THREE
IDENTIFY NEXT STEPS

To achieve the vision of green infrastructure the team used an iterative and integral process outlined below:

 > STEP ONE: Technical Analysis of Existing Conditions - Review and analyze existing conditions along with    
  a collaborative planning process with multiple City Departments, PWSA, and ALCOSAN
 > STEP TWO: Preliminary Design Framework Plan - Synthesized technical analysis into key focus areas and   
  community assets connected by corridors
 > STEP THREE: Identify Next Steps - Based on the preliminary design findings and technical analysis determine  
  the critcal next steps moving forward 

TECHNICAL
ANALYSIS:

site investigations
+

previous studies
+

guiding principles

SYNTHESIZE DATA, 
CREATE PRELIMINARY 

DESIGN FRAMEWORK:

nodes
+

community assets
+

corridors

IDENTIFY NEXT 
STEP PLANS AND 
OPPORTUNITIES:

individual project areas
+

implementation 
strategies

+
partnerships
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TECHNICAL ANALYSIS AND SITE INVESTIGATIONS

The design team collected additional technical information that was not available from previous studies in order to get a more 
complete picture of the overall watershed system. The focus of the preliminary design was to confirm that the conceptual project 
was technically feasible. The work focused on site investigations to obtain existing topographic information and infrastructure
features, the feasibility analysis of the trenchless installation, and preliminary hydrologic and hydraulic modeling to calculate 
viable stormwater storage and conveyance. Each of these items is discussed in further detail in the Basis of Design Technical
Memorandum.  The items are as follows: 

Location of Survey Locations for Geotechnical Borings Bathymetric Survey 
of Lake Bottom and 
Sediment Sampling

• Survey Of Existing Conditions
• Geotechnical Borings And Soil Test Pits
• Panther Hollow Lake Sediment Sampling
• Hydrologic & Hydraulic Analysis
• Field Observations 
• Existing Utility Mapping
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COLLABORATIVE PLANNING APPROACH

The City of Pittsburgh has many active planning pursuits that focus on the same streets, neighborhoods, and parks where green 
infrastructure is being targeted. By understanding the community assets, current planning processes, community goals, and 
engaging in stakeholder input the integration of green infrastructure can be “leveraged” into multiple smart infrastructure 
systems through a highly collaborative planning process. To achieve this goal, multiple meetings with the Urban Redevelopment 
Authority (URA), City Planning, Office of Mobility and Infrastructure, Public Works, and associated City agencies were 
conducted to obtain the relevant input from the City.

...the integration of green infrastructure can be “leveraged” into 
multiple Smart infrastructure systems..



Four Mile Run Green Infrastructure Preliminary Design14

This initial framework was shared with multiple City departments and stakeholders. Community outreach meetings were 
conducted at multiple levels. This involved small groups of key stakeholders like PWSA, URA, DPW, and ALCOSAN; or larger 
sessions with dozens of participates and key community stakeholders. When commentary necessitated changes, refinements 
were made. These refinements served to inform the next steps; developing the concepts identifying specific opportunities for 
GI within the watersheds.

COMMUNITY OUTREACH REF INES THE VIS ION

...when commentary necessitated changes, refinements were made.

Community engagement meeting in the Greenfield neighborhood.
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PREL IMINARY 
DESIGN 
F INDING
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GREEN INFRASTRUCTURE F IRST APPROACH

To ensure a successful city-wide green infrastructure plan  the team used a process they defined as “strategic” urban planning. 
A process that is focused on developing a “green infrastructure-first” approach. This approach emphasizes the identification 
of opportunities that support both resilient infrastructure strategies and are catalytic redevelopment opportunities within 
sewershed. 

...opportunities that support both resilient infrastructure strategies and are 
catalytic redevelopment opportunities...

Community 
Needs 

Technical 
Metric

Economic 
Development

Green 
Infrastructure
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GUIDING PRINCIPLES FOR REGENERATIVE SYSTEM

1) Public Realm Investment = Cost Effective: 

2) Create Workforce Development Opportunities: 

3) Re-Establish Riverfront Connections: 

4) Complete Streets 

5) Focus on Healthy, Walkable Communities

6) Resilient Infrastructure

7) People, Planet, Place and Performance

The team established a set of Guiding Principles to further assist in the green infrastructure design within the watersheds 
that combined the data driven, technical metrics used to measure the effectiveness of CSO reduction within the watershed. 
These Guiding Principles emerged from decisions with the Pittsburgh Parks Conservancy, multiple City departments, and key 
community stakeholders. 

Many of these guiding principles support the quantitative outcomes for CSO reduction; others, however serve to broaden 
the lens and establish qualitative outcomes to improve the communities where these investments are being made, further 
complimenting the redevelopment and enhancement efforts proposed in these areas. The Guiding Principles offer an additional 
benefit they better leverage the limited resources of each City department into a shared effort. 

Improvements can be more efficiently shared across City departments when other planned 
improvements are coordinated.

Investment should provide jobs, especially within communities that would best benefit from access 
to new or better employment opportunities. 

Improve existing connections and create new riverfront connections that improve connectivity to 
the rivers and provide opportunities for daylighting streams and runoff.

Streets that focus multiple modes of transportation, placing emphasis on public transit, bicyclists, 
and pedestrians are considered complete, GI should be incorporated into these corridors 

Enhancing  corridors to improve walkability, providing improved access to recreation and healthy 
food.

Creating a smart system that more effectively and efficiently handles stormwater today and in 
the future.

Regenerative infrastructure forge a new model for urban growth and development that is  
innovative, inclusive and sustainable
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PREL IMINARY DESIGN FRAMEWORK

After the technical analysis was completed and Guiding Principles established, an important early step in this process identified 
the nodes, corridors, and connectivity that should be focused on when looking at opportunities for GI. This process is referred 
to as the Preliminary Design Framework. The Preliminary Design serves as a synthesis of the redevelopment plans, key 
corridors, and important nodes within the community while also achieving the technical metrics of stormwater capture and 
conveyance. The design also aligns with CSO reductions associated with removing key areas from the combined sewer. Nodes 
are important intersections of corridors or key areas within Four Mile Run. Furthermore, emphasis was placed on improved 
mobility, connectivity to rivers, and areas within the sewershed where ecological systems should be restored or enhanced.

STEP ONE
TECHNICAL ANALYSIS

1 2 3

STEP TWO
DESIGN FRAMEWORK

STEP THREE
IDENTIFY NEXT STEPS

 > STEP ONE: Technical Analysis of Existing Conditions - Review and analyze existing conditions along with    
  a collaborative planning process with multiple City Departments, PWSA, and ALCOSAN
 > STEP TWO: Preliminary Design Framework Plan - Synthesized technical analysis into key focus areas and   
  community assets connected by corridors
 > STEP THREE: Identify Next Steps - Based on the preliminary design findings and technical analysis determine  
  the critical next steps moving forward 

TECHNICAL
ANALYSIS:

existing conditions
+

previous studies
+

guiding principles

SYNTHESIZE DATA, 
CREATE PRELIMINARY 

DESIGN FRAMEWORK:

nodes
+

community assets
+

corridors

IDENTIFY NEXT 
STEP PLANS AND 
OPPORTUNITIES:

individual project areas
+

implementation 
strategies

+
partnerships
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STORMWATER CAPTURE

Based on projections outlined in the Basis of Design Technical Memorandum the following indicates the anticipated stormwater 
capture and CSO reductions.  

Four Mile Run Sewershed (M-29) 
• 2,378 Acre Drainage Area
• 423,500,000 Existing CSO Volume

Stormwater Capture
• 125,000,000 Gallons Removed From CSO Annually
• Based on Monitored Flow Data at Panther Hollow Lake   
• Includes Stream Base Flow and Wet Weather Events

CSO Reductions
• 31,900,000 Gallons Annually
• 7.5% CSO Reduction
• Based on Similar Drainage Areas to PWSA’s ‘Green First Plan’
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 STORMWATER PROPOSED FLOWS

The base condition of stormwater flow comes from subcatchment areas of Panther Hollow and Junction Hollow. The calculations 
and details of this Hydraulic Model are discussed in the Basis of Design Technical Memorandum.   

B

A

• 176 Acres from Panther Hollow Run

• 94 Acres from Junction Hollow

• Manages 100 year peak flow

A

B

270 Acres Total Base Flow Capture Area  | 0.4 - 340  CFS Flow

LEGEND
Sewershed

Trunk Sewer
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STORMWATER FUTURE FLOWS

Separate stormwater flows from Panther Hollow and Junction Hollow provide base design for the channel. However, the 
channel design can accommodate additional future flows from strategic separation of portions of the Forbes Run or the 
Squirrel Hill watersheds provided peak flows from these areas are attenuated.  This is discussed in more detail in the Basis of 
Design Technical Memorandum and additional direction provided in Next Steps.  

B

A

• Base Flow Areas

• Potential Capture Area from Forbes Run + Oakland

• Potential Capture Area from Squirrel Hill

A

B

C

C

LEGEND
Base Flow Sewershed

Seperation Sewershed

Trunk Sewer

Preliminary Design Accommodates | 300 CFS  
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 FOCUS AREAS 

The preliminary design identifies three main areas of focus identified below:

A

B

C

A

B CPANTHER HOLLOW LAKE
• improve lake
• wetland pretreatment
• outdoor spaces
• education
• stormwater capture

JUNCTION HOLLOW
• daylight stream
• stormwater conveyance 
• trails
• ecological restoration
• recreation

ALMONO
• riverfront connection
• daylight stream
• coordinate with development
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PANTHER HOLLOW LAKE OVERVIEW

Panther Hollow Lake is a 2.25-acre lake located in the heart of Schenley Park. The lake has a concrete step edge and 
currently discharges to a 98-inch combined sewer located in Junction Hollow. The combined sewer conveys flows to the south 
where excess wet weather flows overflow to the river. During dry weather, discharges from Panther Hollow Lake are conveyed 
to the wastewater treatment plant where the water is treated along with other sanitary sewer flows. Junction Hollow is the 
natural drainage alignment for Panther Hollow Lake and a large portion of the Four Mile Run watershed. Construction of the 
combined sewers has intercepted the natural flows.  Proposed improvement include:
• Construction of a wetland forebay to manage runoff from the first 0.5-inch of precipitation.
• Dredging out existing lake sediment and enhancing storage in the lake to increase the normal pool volume from 3 

acre-feet to 11 acre-feet.
• Construction of a new stormwater only outfall under the CSX railroad day lighting into Junction Hollow. 
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 PANTHER HOLLOW LAKE OVERALL SYSTEM

The overall system of Panther Hollow Lake is comprised of three areas that work together to improve ecological health, 
provide stormwater capture, and improved park programming.  The details of this are provided in the Basis of Design 
Technical Memorandum and Preliminary Design Drawing Set.  Generally, they are as follows:
 

A B CPRETREATMENT WETLAND
• sedimentation removal
• energy dissipation
• improve water quality
• improved habitat
• overflow weir control flows
• cascading weir dissipates

LAKE
• stormwater capture
• emergent wetland at edge 
• improved habitat 
• more natural lake edge
• Smart control increase 

capture volume

OUTLET STRUCTURE AND PIPE
• permits 3 feet of storage over 

normal lake levels
• accommodates 100 year storm
• provides 60 inch pipe under 

railroad
• pipe conveys to stream

ABC
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 PANTHER HOLLOW PRETREATMENT WETLAND

ABC

A B CINFLOW INTO WETLAND PRETREATMENT WETLAND

CONTROL WEIRD E FBRIDGE/WATER CROSSING ROCK LEDGE CASCADE

ABCDE

BOARDWALK

F B

The pre-treatment wetlands will serve as a buffer for the stormwater flowing into Panther Hollow Lake from the Phipps Run 
and Panther Hollow Run. Typical Best Management Practices recommend that a pretreatment volume proportional to the 
water quality runoff event be managed upstream of the receiving water body to provide water quality benefits. This is based 
on research that most of the pollutants in runoff are resuspended during the leading edge of the storm’s hydrograph and 
typically during the first ½ inch of runoff. Wetlands provide key ecological functions like:
• Buffering storm events through energy dissipation 
• Filtering out pollutants through the waters residence time.  
• Unique habitat as a result of hydric soils, aquatic plants, surface water, snags, places for perching.  
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 PANTHER HOLLOW LAKE

Since its last restoration in the late 50s the lake has filled with sediment and is not functioning as a healthy, natural system. In 
order to address sediment in the future, a large pretreatment wetland will be upstream of the lake. The lake will be dredged 
to remove the approximate 5,500 cubic yards of excess sediment. Furthermore, the depth of the lake will be increased and 
regraded to provide additional stormwater capture.  Proposed regrading will increase the present volume of the lake at 3.0 
acre feet (~1  million gallons) to 11 acre feet (~3.6 million gallons).  The proposed regrading creates depth of 8 feet, the 
recommended pool depth to reduce eutrophic affects.  In addition to the stormwater and water quality benefits, this area 
provides great opportunity for education related to the natural systems as well as park programming like picnicking, fishing, 
and observing wildlife.

A B CROCK LEDGE CASCADE EMERGENT WETLAND NATURAL EDGE

D EACCESS TO WATER 8 FOOT DEPTH

ABCDE

F TEMPORARY STORMWATER CAPTURE 
SURFACE ELEVATION

F
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PANTHER HOLLOW NATURE + EDUCATION

By improving the health of the lake and provided additional ecological systems, like pretreatment and emergent wetland, 
the habitat of the area can be improved.  The different types of ecological zones within this system will be determined 
by the proposed conditions of moisture and soil and will align with different zones described in the Ecological Assessment 
section in Attachments of the Restoring the Health of Panther Hollow: A Plan for Watershed Restoration. This rich environment 
can be demonstrated through educational and interpretative programming activities. This experience can be multi-sensory 
with various types of interaction; from interpretative signage that offers self-guided information, to interactive “guided” 
experiences where young and old could interact with the natural systems. Close proximity to institutions offers research 
opportunities at a higher level.   
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 PANTHER HOLLOW COMMUNITY PROGRAMMING

In addition the stormwater and habitat improvements of the lake and its surrounding discussed on the previous page. The 
overall character of this area will be improved to provide a more natural lake edge and habitat with various areas for passive 
recreation and education.  This includes boardwalk overlooks and pathways adjacent to and within the various systems. Areas 
for informal picnicking and viewing of wildlife will also be provided. The area beneath the bridge provides a great focal 
space that orients people to the surrounding amenities and systems at Panther Hollow Lake and greater Schenley Park. Though 
the area is not currently accessible for all people with special mobility needs, the proposed railroad crossing would make the 
area more accessible, as such proposed improvement should accommodate as many different populations as possible.
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 JUNCTION HOLLOW OVERVIEW

Junction Hollow provides the stream channel for conveying stormwater from Panther Hollow Run, Junction Hollow itself, and 
future stormwater flows.  The existing conditions of Junction Hollow can be characterized as overgrown and invasive in terms 
of vegetation.  The valley will be regraded to accommodate the stream channel as well as provide two main trails. A 20 foot 
paved multimodal trail for bicycles and a 10 foot paved pedestrian trail for walkers and strollers.  A smaller 4 foot trail of 
gravel is also indicated as more informal nature trail.  The vegetation of Junction Hollow will be restored into appropriate 
areas referred to as restoration nodes discussed in the ecological restoration section of this report.    
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 JUNCTION HOLLOW CONVEYANCE OVERVIEW

Once stormwater flows from Panther Hollow Lake it daylights at a plunge pool to dissipate energy from the pipe and provide 
a more constructed wetland and amenity for gathering.  The corridor for the channel can be characterized as a stream and 
naturalized system. Once the channel reaches the south end of Junction Hollow the preliminary design proposes a trenchless 
storm pipe through the existing hill and under Interstate 376 towards the river.  Once this pipe crosses under 2nd Avenue it is 
daylight into an open channel before entering the River.

A
B

C

D

E

F

A

B

C

D

E

F

PANTHER HOLLOW 
LAKE

PIPED 
CONNECTION

PLUNGE POOL

STREAM CHANNEL 

TRENCHLESS 
STORM PIPE

OPEN CHANNEL
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 JUNCTION HOLLOW CONVEYANCE CHANNEL DESIGN

The base flow of stormwater capture comes from subcatchment areas of Panther Hollow and Junction Hollow.  The preliminary 
design of the channel accommodates flows of 300 CFS.  This accommodates a 100 year storm event for the base flow 
sub-catchment as well as future capacity for strategic separation of Forbes Run, Oakland, and Squirrel Hill as described 
earlier in Stormwater Flows.  Within the channel, natural vegetation and material will be provided along with concrete weirs. 
The details of the channel design and flow are discussed in detail in the Basis of Design Technical Memorandum.   

FUTURE CAPACITY

100 YR

10 YR

BASE FLOW 1.5” WQ EVENT 

VARIES VARIES11’ 11’

6-7’

9’

STREAM CHANNEL
• pools and riffles
• meandering
• boulder edge
• riparian vegetation

RIPARIAN EDGE
• mesic vegetation 
• habitat for wildlife
• stablized slopes
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 JUNCTION HOLLOW CONVEYANCE CHANNEL CHARACTER

The stream channel will function like a natural system providing a base flow channel that accommodates the day-to-day flow 
from Panther Hollow.  Natural material like boulders and vegetation area provided along the stream banks for stabilization 
and habitat.  During wet weather, the banks of the main channel will overflow to accommodate larger flows. In the next phase, 
more specific ecological zones and systems will be defined based on this ebb and flow of the stream. 

The corridor can be defined as a stream/naturalized system providing ecological functions of shade, energy dissipation, 
habitat, and human interaction. Streams are also unique habitats that transport water and sediment as well as provide space 
for in stream fauna.  The public has thus far asked for a naturalized system.  The stream will flood into the wetlands and 
riparian areas allowing for water quality improvements and slow seeping back into the newly created stream.  Trees will 
provide habitat, improved water quality, and shading of people. As much as possible, the waterway should be designed with 
pools and riffles to mimic the natural habitats of a stream with varied systems for different creatures and flora.

Weirs within the channel are indicated on the Preliminary Design Drawing Set. This function to slow the flow of the water, 
maintaining an appropriate longitudinal slope down the channel, while also creating some of the habitat mentioned above.  
In order to counteract the force of flowing water, this will likely need to be cast-in-place concrete.  However, softening these 
with natural materials like stone will be explored in future phases. 
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 JUNCTION HOLLOW CONVEYANCE PLUNGE POOL

In order to dissipate energy from the pipe flowing from Panther Hollow Lake, a plunge pool is provided prior to the stormwater 
entering the stream channel. The character of this plunge will be more contemporary and less natural in character to blend 
the man-made structure of the plunge pool with the more natural setting of the stream channel.
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 JUNCTION HOLLOW CONVEYANCE TRENCHLESS STORM PIPE

The engineering team investigated the feasibility of trenchless utility tunnel from Junction Hollow to the ALMONO site. The 
feasibility analysis was completed using the best available information for the analysis, and assumed that an 84-inch microtunnel 
and casing would be constructed to house a proposed 60-inch reinforced concrete pipe (RCP) at a slope of 2-percent with 
an at-grade entrance and exit at each end of the tunnel. This requires approximately 1,110 linear feet. Relative cost for 
utility tunneling is estimated to be in the range of $3,100-3,600/LF excluding pipe, grouting, design and construction services. 
Additional detail is discussed in the Basis of Design Technical Memorandum in Appendix E - Feasibility Report for Trenchless 
Culvert at Schenley Park Stream Daylighting.
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 JUNCTION HOLLOW TRAILS AND MOBIL ITY

Along with the stream channel through Junction Hollow the preliminary design proposes two main circulation paths. One is 
a 10 foot paved trail for pedestrians, walkers, and strollers.  The other, a 20 foot wide paved path for bicycles and future 
multi-modal transportation. One of the key drivers for this is a multimodal transit connection between the ALMONO site and 
two universities located north of Schenley park: Carnegie Mellon and the University of Pittsburgh. Therefore, a corridor was 
held for such a connection. At the time of this report, no determination has been made as to the type, size or capacity of this 
transit vehicle. The alignment generally runs parallel to the railroad tracks.

A

B

C

D

A

B

10 FOOT TRAIL
walking
pedestrian

20 FOOT TRAIL
bicycles
more active

EXISTING RAILROAD

STREAM CHANNEL 

C

D



Four Mile Run Green Infrastructure Preliminary Design36

 JUNCTION HOLLOW ECOLOGICAL RESTORATION

Because of existing invasive species and disturbance for excavation, a good portion of Junction Hollow will need to be 
restored ecologically. At this preliminary phase, the different ecological zones can be categorized into three types: wetland, 
meadow, and woodland. Ecological zones will be designed to match the proposed conditions in terms of moisture, soils, aspect, 
and so forth. 

A B CWETLAND MEADOW WOODLAND

A

B
C

B

C
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 JUNCTION HOLLOW RESTORATION WETLAND

A stormwater capture area is indicated in the southern portion of Junction Hollow.  This graded depression will fill with water 
during larger storm events as well as be supplied with a source of water from the stream channel day to day.  Vegetation will 
be selected in the next phase to align with the varying conditions of this area.  A boardwalk and overlook at the wetland is 
proposed adjacent to the 10 foot trail, making this an ideal area for signage and education opportunities.   

Wetlands provide key ecological functions like buffering storm events through energy dissipation. This is achieved with multiple 
layers of vegetation, most importantly multi stemmed shrubs and taller herbaceous plants. Wetlands filter out pollutants 
through the waters residence time and should allow for water to come into the wetland systems and reside there. Wetlands 
provide unique habitat as a result of hydric soils, aquatic plants, surface water, snags, and places for perching.
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 JUNCTION HOLLOW MEADOW RESTORATION

Generally, meadow areas are focused on the east side of the channel meander where existing land forms will provide dryer 
conditions.  Meadows shall be comprised primarily of grasses with some forbes.  Depending on conditions, meadows can be 
more upland species in dryer conditions to more mesic herbaceous in flood-prone areas, with wetland species in wetter areas.  
Savannah ecosystems comprised of grassland and sparse trees can transition and blend meadows with adjacent woodlands.
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 JUNCTION HOLLOW WOODLAND RESTORATION

Woodlands can be defined as multi-layered deciduous forest (herbs, shrubs, understory trees, overstory trees, and snags) with 
the following ecological community types: Dry red oak forest, sugar maple basswood, forested wetland, and herbaceous welt 
and.  See the Ecological Assessment section in Attachments of the Restoring the Health of Panther Hollow: A Plan for Watershed 
Restoration for more specific definitions and lists of plant communities appropriate to this area.
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 JUNCTION HOLLOW RECREATION F IELD

Existing recreation field at the southern end of Junction Hollow are utilized for intramural and organization league sports 
like football and soccer. These fields are currently turf grass without permanent goals and so forth allowing for a flexible, 
adaptable field.  The community would like this more informal, flexible use to continue into the future.  The existing parking lot 
can be modified to include a stormwater capture island and potential pervious pavement.  This small gathering area adjacent 
the parking lot functions as a trailhead with signage as well as providing informal gathering areas for picnicking and so forth 
are recommended.
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 JUNCTION HOLLOW RECREATION F IELD

If additional stormwater capture is needed in the future to accommodate runoff from strategic separation of stormwater in 
Forbes Run and Squirrel Hill, substorage under the field can be provided. This subsurface storage allows for grass to grow 
above. This can provide the flexible grass field on the surface that the community wants while providing opportunities for 
capture below.  In order to provide a sense of scale, 1 foot of storage on the field would accommodate 336,000 gallons of 
stormwater.   

FUTURE SUBSURFACE STORMWATER STORAGE
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 JUNCTION HOLLOW NORTH GATEWAY

At the north end of Junction Hollow, west of Panther Hollow Lake, the preliminary design proposes of small plaza/parking 
area. This area would serve as an informal gathering space on special events and a parking and wayfinding area acting as 
trailhead for Junction Hollow and Panther Hollow (after the future railroad crossing).  The area should provide planting where 
possible and incorporate pervious pavement.  Beyond wayfinding signage for the trails, interpretive signage regarding the 
park could also be provided here.  The area shown in the plan below is approximately 100 feet diameter which accommodates 
turn movements of emergency vehicles. 
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 JUNCTION HOLLOW SOUTH GATEWAY

The southern access into Junction Hollow exists to the parking lot south of the recreation field from Boundary.  This experience 
currently lacks any identity associated with Schenley Park.  Two points of gateway currently exist, one at an existing railroad 
bridge, and the other at play courts beneath Interstate 376. Although the scope of this green infrastructure does not address 
this, we recommend this being explored in more detail in the next phase.  The recommendation now is to focus attention on 
improving the gateway at Saline, beneath the Interstate.  The structure of the bridge and existing play courts lend themselves 
to an enhanced entry and gateway for the south edge of Schenley Park.   
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 ALMONO RIVERFRONT CONNECTION

The conceptual development plan for the ALMONO site includes an open channel stream component 
(https://www.almono.org/vision/). Additionally, the ‘Green First Plan: A City-Wide Green Infrastructure Assessment’ completed 
for PWSA in 2016 also depicts an open channel near the location of the proposed trenchless storm sewer pipe outlet. The 
proposed design includes roughly 280 linear feet of open channel immediately downstream of the trenchless sewer outlet. 

When designing interfaces with open conduit and closed conduits for stormwater, public safety is often considered along with 
managing the possibly erosive velocities. One method to address both is to submerge, or partially submerge, the trenchless 
storm sewer pipe outfall, located at the upstream end of the site. This restricts public access and creates a small permanent 
pool to serve as an energy dissipating basin. This pool is created by the stormwater pipe inlet structure shown on the drawings.
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OPINION OF PROBABLE COST

Based on projections outlined in the Basis of Design Technical Memorandum the following indicates the anticipated stormwater 
capture and CSO reductions.  

Panther Hollow Wetland and Lake
• Pretreatment Wetland   $    185,000
• Panther Hollow Lake   $    453,000
• Panther Hollow Lake Outfall  $ 1,096,000
 Subtotal    $ 1,734,000

Junction Hollow
• Junction Hollow Channel  $  1,108,000
• Pedestrian Trail    $      97,000
• Multimodal Trail    $    489,000
• Trenchless Stormwater Pipe  $  7,039,000

 Subtotal    $ 8,733,000

ALMONO Site
• Pipe and Structure   $    275,000
• Open Channel    $    493,000
 Subtotal    $    768,000

Allowances     $    943,000
Indirect Costs    $  2,510,000
Contingency     $ 4,407,000
Contractor Profit    $ 1,528,000

TOTAL       $20,623,000 
   

needs landscape 

and amenities
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ANTICIPATED COST PER GALLON

Based on projections outlined in the Basis of Design Technical Memorandum, the following indicates the anticipated stormwater 
capture and CSO reductions.  

Panther Hollow Wetland and Lake
• Pretreatment Wetland   $    185,000
• Panther Hollow Lake   $    453,000
• Panther Hollow Lake Outfall  $ 1,096,000
 Subtotal    $ 1,734,000

Junction Hollow
• Junction Hollow Channel  $  1,108,000
• Pedestrian Trail    $      97,000
• Multimodal Trail    $    489,000
• Trenchless Stormwater Pipe  $  7,039,000

 Subtotal    $ 8,733,000

ALMONO Site
• Pipe and Structure   $    275,000
• Open Channel    $    493,000
 Subtotal    $    768,000

Allowances     $    943,000
Indirect Costs    $  2,510,000
Contingency     $ 4,407,000
Contractor Profit    $ 1,528,000

TOTAL       $20,623,000 
   

needs landscape 

and amenities
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NEXT STEPS
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NEXT STEPS FOR GREEN INFRASTRUCTURE AND BEYOND

The 20% Preliminary Design provides a road map for the next steps towards implementation.  During the process of preliminary 
design, additional scope was identified beyond that of green infrastructure.  This scope needs to be completed in conjunction 
with green infrastructure to ensure its success; however, additional funding and consultants should be brought on to address 
these issues.  
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 1 -  HILLS IDE RESTORATION 

The hillside adjacent to Panther Hollow Lake and Junction Hollow are not part of the scope for green infrastructure, however,  
they negatively impact the success of the green infrastructure below if not addressed.  Based on feedback from the community 
and PPC, the areas below indicate areas of existing landslide and hillside lacking healthy vegetated cover.  To address these 
issues, the following should be added to the local team:
• geotechnical/civil engineer to address stability of slopes 
• ecologists to address revegetation of disturbed areas as well as restore existing systems in poor health
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POORLY 
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2 -  STRATEGIC STORMWATER SEPARATION 

The current preliminary design accommodates a peak flow for a 100 year storm from the subcatchment areas of Panther 
Hollow and Junction Hollow.  There is capacity in the current design of the stream channel for additional flow from strategic 
separation of stormwater from the combined sewer in Forbes Run, Oakland, and Squirrel Hill.  The Basis of Design Technical 
Memorandum discusses these scenarios (for 20%, 40%, and 60% separation) in more detail.  The recommendation is:
• preliminary design for this strategic separation to determine the feasibility and cost 
• determine if Junction Hollow stream channel should be enlarged to accommodate flow beyond current design 
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 3 -  PANTHER HOLLOW LAKE RAILROAD CROSSING

An existing constraint that is not part of the green infrastructure project that will need to addressed and coordinated with all 
future improvements is providing a safe crossing over the existing railroad on the west side of the lake.  Three basic types of 
crossings can be provided.  First, a traditional steel and concrete pedestrian bridge.  The second, a more sculptural and artful 
version of the traditional pedestrian bridge.  The third, is a land bridge incorporating elements of planting and soil merging 
the structure and earth.  These images were shared with the community and their preference was the land bridge.  In order to 
align the timeline for completion of the crossing and green infrastructure the following next steps are recommended: 
• coordinate with CSX Transportation regarding railroad crossing
• select structural engineer for preliminary design to determine a Opinion of Probable Cost
• engage in additional community outreach regarding the design

• Traditional pedestrian bridge

• Artful and sculptural bridge

• Land bridge



Four Mile Run Green Infrastructure Preliminary Design52

60% DESIGN 

The next step for the preliminary design is to advance the level of detail, design, and engineering to the next phase which 
is 60%. This more refined level of design and pricing provides the team with a more accurate picture of the project.  At this 
phase, the best approach for implementation can be determined. During the 60% Phase, the following are Implementation 
Challenges to be addressed. 

For this project to be developed into a constructible project, there are several implementation challenges that need to be 
addressed in the next phase of the project. These implementation challenges are generally factors outside of the immediate 
project owners’ control that have an impact on the design and/or construction schedule. A list of some of these factors is 
included below; listed from downstream to upstream through the project alignment.

1. Monongahela River outfall permit or connection to current ALCOSAN outfall
2. ALMONO site easement for tunnel outfall and open channel construction
3. ALMONO site coordination with ALCOSAN Outfall M29 tunnel shaft easement
4. Stormwater Trenchless Design
 a. Permitting/coordination with PennDOT, property owners adjacent to alignment, additional field investigations
 b. Availability of tunneling equipment
 c. Defining allowable work hours
5. Junction Hollow
 a. Defining the work space required for tunnel connection
 b. Coordination/relocation of underground utilities (electrical, gas, water, combined sewer)
 c. Defining limits of clearing and grubbing, channel excavation, fill placement for transit alignment
6. Panther Hollow Lake
 a. Identify logistics at the railroad crossing (permanent stormwater conduit and temporary above grade crossing for  
 construction access)
 b. Designing near a 50-inch water main
 c. Defining the limits of clearing and grubbing, size and function of pretreatment wetland.

A project of this scale, with as many key stakeholders and decisions anticipated, needs to have decisions made very early 
during the final design of the project.
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 PROJECT PHASING SCHEDULE 

Project construction phasing and therefore overall schedule is largely linked to the delivery method selected for the project. 
However, the following general durations of construction activity can be anticipated. 

This schedule should be considered conceptual in nature and will be impacted by the implementation challenges presented 
previously, expeditious review by City of Pittsburgh departments and regulatory agencies. This schedule should be revised 
based on the project delivery method, likelihood of achieving the optimum review and design times, and availability of 
resources to complete the work. 
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KIT OF PARTS ENHANCES ADAPTABIL ITY OF CONCEPTS

GI concepts will be refined in the next stage using a “kit of parts approach”. With this approach, multiple opportunities exist 
that best suit the needs of each area. Within the upper portion of the watershed, the kit of parts would focus on collection. 
Here pervious pavement shifts the constraint of traditional concrete and asphalt roadways (impervious surfaces) that shed 
stormwater as runoff and provides opportunities where pervious solutions help to reduce runoff from these surfaces by 
allowing stormwater to be absorbed into the ground and subsurface capture areas. Examples include pervious concrete, the 
use of non-rigid pavers, and open-celled pavers. Bioswales are constructed, linear depressions intended to convey stormwater 
towards a drainage feature, or intercept flow along the length of a parking lot or green field. Bioswales encourage infiltration 
into the groundwater table, and help to filter contaminates out of stormwater prior to overflow in the larger capture areas 
Detention areas are basins used for capture, often vegetated with native plants, they are not designed to permit permanent 
impoundment of water. Instead, they are designed to detain the volume for up to 48 hours. The basin is designed with 
aggregate below the topsoil to hold stormwater and not drown plant material. These basins serve watersheds larger than two 
acres. 
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REPL ICATION IN OTHER SEWERSHEDS

As the City looks to implement The Green First Plan: A City-Wide Green Infrastructure Assessment into other watersheds around 
Pittsburgh. The approach outlined in the document can be replicated. A process that first identifies opportunities and constraints 
based on existing conditions and other collaborative planning efforts and then, synthesizes this information into priority nodes 
and community assets that are connected with GI corridors.  Finally, the approach provides designs and implementation 
strategies to make the City more resilient while also revitalizing communities.
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“Designing a dream city is easy, 
rebuilding a living one takes imagination.”

        - Jane Jacobs
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