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1. INTRODUCTION
A partnership of stakeholder organizations worked together to develop this Clean Water Retrofit
Plan to guide implementation of sustainable stormwater retrofits at the Mt Hood Community
College (MHCC) campus in Gresham, Oregon. Project partners include MHCC, the Sandy River
Basin Watershed Council, the City of Gresham, East Multnomah Soil and Water Conservation
District, Metro regional government, and Intel Laboratories.
The Sandy River Basin Watershed Council retained Herrera Environmental Consultants (Herrera)
to perform a campus retrofit opportunity analysis and develop the plan. This entailed
identifying, evaluating, and prioritizing potential facility retrofit projects on the campus to
reduce stormwater runoff, improve water quality and habitat around the two creeks that meet
on campus. Planning phase objectives were to develop conceptual-level designs for a subset of
the highest priority projects based on a set of ecological, educational and other community
benefits. Project partners worked in tandem with Herrera to provide guidance and input
throughout the plan development.
This section summarizes sustainable stormwater practices, the project background, a brief
description of governing regulations, the plan objective, and the project approach. Subsequent
sections of this report detail the following:



Section 2 – Existing Conditions: provides a description of the campus including
physical location, land cover, topography, geology and soils, water resources, the
drainage/sewer system, and other infrastructure;



Section 3 – Opportunity and Feasibility Assessment: presents the results of an
opportunities and feasibility assessment with a list of potential retrofit projects;



Section 4 – Project Evaluation and Prioritization: describes the prioritization scheme
for selecting retrofit projects and presents the list of recommended projects both nearterm and long-term;



Section 5 – Retrofit Implementation Plan: provides information and describes steps
for near-term and long-term retrofit implementation; and



Section 6 – Concept Development: presents concept plans for the top three projects.

SUSTAINABLE STORMWATER PRACTICES
Sustainable stormwater practices encompass a suite of stormwater management techniques and
facilities that mimic natural hydrological functions to clean, slow, and reduce the volume of
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stormwater runoff. These practices manage stormwater and reduce flooding by using open
space, natural areas and native vegetation, in combination with engineered practices such as
green roofs, bioretention, vegetated swales, permeable pavement, and water harvesting. These
typically small-scale practices are distributed through a site or a basin to manage rain where it
falls using infiltration, evaporation, detention, and rainwater reuse. They are recognized by a
number of different names. In common industry parlance, low impact development (LID) and
green infrastructure are the most commonly used terms. The City of Gresham uses the term
“green development practices” in its 2007 implementation guide, Green Development Practices
for Stormwater Management. For simplicity, we refer to these practices as clean water or
stormwater retrofits throughout this plan.
Beyond stormwater management, these sustainable stormwater practices are also remarkable
for the significant additional or co-benefits that they provide including: improved air quality and
energy savings, reductions in the urban heat island effect, carbon sequestration, improved
wildlife habitat, enhanced property values, and jobs creation.

PROJECT BACKGROUND
Mt. Hood Community College is a leading post-secondary institution serving a broad
geographic and social swath of the East Portland metro area, the Highway 26 corridor south of
Mt. Hood, and the western extent of the Columbia Gorge. Its 126-acre campus in Gresham,
Oregon, sits at the confluence of Kelly Creek and Beaver Creek, two important fish-bearing
tributaries of the Sandy River.
Kelly Creek and Beaver Creek serve as habitat for native salmonids, including Endangered
Species Act (ESA)-listed Chinook and Coho salmon and steelhead. Both creeks are also on the
Clean Water Act’s 303(d) list for temperature impairment and have been the focus of restoration
efforts by project partners over the past decade. The MHCC campus with a vast area of
impervious surface represents a stormwater hotspot, concentrating warmed, polluted runoff
through several piped outfalls directly into Beaver and Kelly Creeks.
MHCC is celebrating its 50th anniversary in 2016. This occasion is serving as a catalyst for
reviewing and improving campus sustainability efforts. In addition to the stormwater retrofit
activities that are part of this plan, MHCC is also reviewing its overall master plan and taking
steps to become the nation’s first Salmon-Safe certified community college. Salmon-Safe is a
non-profit certification program whose mission is to transform land management practices so
Pacific salmon can thrive in West Coast watersheds.
The intent of this clean water retrofit planning effort is to build understanding and buy-in
among MHCC stakeholders, staff, faculty and students of the potential to convert the
community college from a stormwater hotspot into a leading example of scaled urban green
infrastructure.
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GOVERNING REGULATIONS
The City of Gresham’s Department of Environmental Services regulates stormwater management
on private property and requires the implementation of stormwater management facilities for
new construction or redevelopment sites. The design and construction of these facilities is
directed by two guidance documents: Water Quality Manual (City of Gresham 2003) and the
Green Development Practices for Stormwater Management (City of Gresham 2007).
The Green Development Practices for Stormwater Management manual establishes applicable
standards and provides guidance specific to the Pleasant Valley and Springwater Plan Districts in
Gresham. While the stormwater retrofits proposed in this plan are not in these Districts and do
not constitute new development or redevelopment, these standards and guidance documents
formed the basis of design for stormwater retrofit practices evaluated through this project to
ensure proposed projects would comply with or exceed local regulations.

PLAN OBJECTIVE
The overall objective of this plan is to provide MHCC with a sustainable approach for improving
the ecological health of the campus, including water quality and habitat in Kelly Creek and
Beaver Creek, through more effective stormwater and infrastructure management. The following
specific objectives are critical to this plan:



Minimize environmental impacts related to stormwater runoff generated from the
campus, especially to Kelly Creek and Beaver Creek aquatic habitat;



Maximize environmental benefits, including improved air quality and energy savings,
reductions in the urban heat island effect, carbon sequestration, and improved fish and
wildlife habitat;



Improve drainage conditions in areas where existing flooding or erosion is occurring;



Enrich campus learning culture by providing real-world demonstration of green
infrastructure techniques for course work and job training programs;



Minimize long-term maintenance needs;



Contribute to attainment of Salmon-Safe certification;



Obtain some relief from the City of Gresham’s impervious stormwater fees, to re-invest in
sustainable practices on campus; and



Improve campus landscape aesthetics.
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PROJECT APPROACH
Figure 1 depicts the approach used to develop the clean water retrofit plan for the MHCC
campus. We conducted several levels of evaluation to identify the best potential retrofit projects.
The evaluation started with a desktop assessment using geographic information system (GIS)
data to identify retrofit opportunity areas. This evaluation focused on the storm drainage
system, existing drainage issues, natural resources impacted by stormwater runoff, and the
physical characteristics of the campus area that affect stormwater retrofit feasibility. Following
the GIS assessment, we conducted field reconnaissance to identify site-specific retrofit project
opportunities and evaluate the potential project feasibility and benefits.
From the preliminary list of projects, we evaluated a mix of qualitative and quantitative
prioritization metrics to identify the highest priority projects. Project partners also compared
potential stormwater retrofits with campus master plans for future development. We used
this effort to rank the projects and identify near-term and longer-term retrofit priorities. Finally,
we developed concept designs for the top three sites. Concept designs include all the relevant
information required to begin full-scale site design for these projects.
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Figure 1. Project Approach Overview.
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Conceptual Retrofit Designs


Refine Designs, Costs and Benefits
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2. EXISTING CONDITIONS
This section briefly describes the physical setting, land cover, topography, geology and soils,
water resources, drainage and storm sewer system, and other utilities and infrastructure on the
MHCC campus. We compiled this information primarily from existing computer aided design
(CAD) files provided by MHCC, publicly available GIS data, aerial photography, and field visits.
This section also describes existing campus drainage issues, which we identified during
consultation with representatives of the MHCC Department of Facilities Management (Facilities).
We should note that the CAD data that depicted most of the land cover and infrastructure on
the campus was not georeferenced or to scale, so our attempts to integrate it with other GIS
data was ineffective. Both CAD and GIS data also were outdated in some instances compared to
2016 aerial photos. To overcome these deficiencies, we manually manipulated some data sets to
match aerial photos by either modifying existing linework or creating new linework where none
was previously present. Given these manual adjustments, quantities and numeric measurements
presented in this plan should be considered rough estimates.

PHYSICAL SETTING
The MHCC campus is located in the City of Gresham on its northeastern boundary shared with
the City of Troutdale. The MHCC campus is located within the Sandy River watershed and sits at
the confluence of Beaver Creek and Kelly Creek. Beaver Creek forms the eastern boundary of the
campus and Kelly Creek bisects the campus into two distinct north/south areas. An old earthen
dam on Kelly Creek serves as a land-bridge between the two areas of campus. The dam also
created an impoundment on the upstream side called the Kelly Creek Pond. The campus is
further bounded by Stark Street on the north, 257th Drive/Kane Drive on the west, and 17th
Street on the south. See Figure 2 for the site plan of the campus.

LAND COVER

Table 1. Land Cover Breakdown.
Land Cover

Area (acres)

% of Total

The main campus covers approximately 126
IMPERVIOUS
57.2
45.5%
acres, approximately 46 percent of which is
Buildings
13.4
10.6%
impervious (Table 1). Impervious areas include
Courtyards
1.7
1.3%
buildings, courtyards, parking lots, roads and
Parking Lots
24.1
19.2%
driveways, sidewalks, and sports facilities (e.g.,
Roads/Driveways
9.6
7.6%
tennis court and track). The pervious portion of
Sidewalks
4.5
3.6%
the property is predominantly lawn, landscaped
Sports Facilities
3.9
3.1%
planting beds, and other sports fields. Table 1
contains a breakdown of these land cover
PERVIOUS
68.4
54.5%
percentages across the campus. Parking lots (19
TOTAL
125.6
100%
percent) and buildings (11 percent) account for
most of the impervious area. See Figure 3 for the specific locations of all land cover features.
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The campus area north of Kelly Creek is comprised primarily of academic, administrative, and
maintenance buildings and associated parking lots, courtyards, roads, and walkways. The
campus area south of Kelly Creek is focused predominantly on sports and recreational uses with
a track and field venue, tennis courts, an aquatic center, baseball and soccer fields, and a
gymnasium. The south area is also served by parking lots, roads, and walkways.

TOPOGRAPHY
Topography at the campus is based on 5-foot contour data obtained from Metro’s Regional
Land Information System (RLIS). See Figure 4. The ground surface elevations range from a low of
approximately 230 feet in the northeast portion of the campus near the Maintenance Building to
a high of approximately 350 feet in the southern portion near the 17th Street entrance. The
campus grade generally falls to the east toward Beaver Creek, except in the central portion of
the campus where the grade falls toward Kelly Creek. Slopes get steeper approaching both of
the creeks with steep slopes greater than 50 percent in some areas immediately adjacent to
Kelly Creek and the Kelly Creek Pond. Grade changes elsewhere on the campus are generally
managed with a series of gentle slopes, ramps, and retaining walls.

GEOLOGY AND SOILS
The MHCC campus is situated near the boundary separating the Willamette Valley and Cascade
Range physiographic provinces. Underlying soils on the property consist primarily of urban
complex fill soils, Quatama loam, and Multnomah silt loam among others. Approximately 33acres are classified as Hydrologic Soil Group Type B soils, which are typically moderately welldrained with moderate infiltration rates. The remaining soils are Type C and D group, which are
typically poorly infiltrating. Figure 4 depicts surficial soils along with topography.

WATER RESOURCES
The MHCC campus lies at the confluence of Beaver Creek and its main tributary, Kelly Creek.
Both Beaver Creek and Kelly Creek serve as habitat for native salmonids, including ESA-listed
Chinook and Coho salmon and steelhead. Both creeks are also on the Clean Water Act’s 303(d)
list for temperature impairment.
The Beaver Creek corridor forms the eastern boundary of the campus. From MHCC, the creek
flows northeast where it eventually meets the Sandy River approximately 1.5 miles away. MHCC
property ends at the top of the steep embankment leading down to the creek. Metro owns and
maintains the Beaver Creek corridor. Along with other project partners, Metro has been
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assessing fish and creek health and spearheading instream and riparian restoration efforts on
Beaver Creek for many years. In addition to temperature impairment, some reaches of Beaver
Creek exceed water quality standards for pesticides and toxics due to historic and current
agricultural and urban activity within the watershed.
Kelly Creek flows to the east through the southern half of MHCC’s campus. Kelly Creek flow is
interrupted by an earthen dam that forms a roughly two-acre impoundment on the western
portion of the campus. The dam was built during early campus construction to facilitate foot
and small vehicle traffic between facilities on either side of Kelly Creek. The dam elevates stream
temperature and prevents the spring-fed water of Kelly Creek from flowing unimpeded into the
important native salmonid habitat of lower Kelly Creek and Beaver Creek,
The health of both of these streams is a critical driver for this clean water retrofit plan.

DRAINAGE AND STORM SEWER SYSTEMS
This section provides a brief overview of the stormwater system on campus and a summary of
drainage issues.

2.6.1.

System Overview

This overview of the storm system is based on review of CAD data and field reconnaissance. A
brief summary of the system follows.
In general, stormwater runoff from the campus is collected and conveyed to one of 17 known
discharge points. Six of these points are located on the northern campus boundary, where
runoff from the northern portion of campus is discharged directly to the Multnomah County
storm sewer system along Stark Street. This municipal stormwater pipe discharges stormwater
via an outfall directly to Beaver Creek near the northeastern corner of campus. The remaining 11
discharge points are all free outfalls to either the Kelly Creek Pond (four outfalls) or Beaver Creek
(seven outfalls). Runoff from other discrete areas of campus is uncollected and flows overland
directly to the creeks. To better appreciate the relative runoff and pollutant contribution of each
discharge point, we delineated drainage areas for each point and the overland flow areas. See
Figure 5 for the storm system overview, including drainage areas and the location of all of the
known discharge points.
Water quality treatment and/or flow control of runoff generated from the campus is largely
absent. An exception to this is a large 120-ft long bioswale that treats flow from the new Early
Childhood Center complex. Based on conversations with Facilities’ staff, runoff generated from
the remainder of the campus is collected and conveyed directly or flows overland freely with no
treatment or control.
To further inform the plan, we characterized discharge drainage areas based on land cover (i.e.,
impervious and pervious areas). See Table 2. This also involved further characterization of
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impervious areas by their pollution generation potential. We employed a qualitative scheme in
this breakdown, which used the following designations: “High” pollution generation potential
was assigned to high-use parking lots and driveways; “Medium-High” potential was assigned to
low-use parking lots; and “Medium” potential was assigned to roofs, walkways, and courtyards.
“Low” potential was reserved for pervious surfaces in a subsequent analysis. We designated
high- and low-use parking lots based on parking lot occupancy counts conducted over the
2015-2016 academic year. The result of the counts suggested that Parking Lots A, E, F, G, H, W,
X, Y, and PL were all considered high-use, while the remainder were considered low-use.
Table 2. Drainage Area Characteristics.
Pollution Generation Potential
for Impervious Surfaces
Total
Area
(ac)

Impervious Area
(ac)

1

Beaver Creek

21” Municipal

12.3

7.9

7.0

0.0

0.9

4.3

2

Beaver Creek

8” Municipal

1.9

1.5

1.5

0.0

0.0

0.5

3

Beaver Creek

15” Municipal

13.5

5.9

0.5

4.9

0.5

7.6

4

Beaver Creek

6” Municipal

0.7

0.3

0.0

0.1

0.2

0.4

5

Beaver Creek

6” Municipal

0.4

0.2

0.0

0.2

0.0

0.2

6

Beaver Creek

10” Municipal

0.5

0.0

0.0

0.0

0.0

0.4

7

Beaver Creek

6” Outfall

2.1

0.5

0.2

0.0

0.3

1.6

8

Beaver Creek

18” Outfall

6.7

4.1

0.0

3.2

0.9

2.6

9

Beaver Creek

6” Outfall

0.3

0.2

0.0

0.2

0.0

0.1

10

Beaver Creek

6” Outfall

0.2

0.2

0.0

0.2

0.0

0.0

11

Beaver Creek

Outfall (unk dia)

18.7

12.9

0.0

2.1

10.7

5.9

12

Beaver Creek

18” Outfall

2.3

1.0

0.0

0.0

1.0

1.3

13

Beaver Creek

18”-10” Outfalls

22.1

9.8

0.0

7.3

2.5

12.2

14

Kelly Creek

12” Outfall

14.0

2.7

0.9

0.0

1.8

11.3

15

Kelly Creek

6” Outfall

2.3

0.9

0.9

0.0

0.0

1.4

16

Kelly Creek

8” Outfall

6.2

4.2

0.0

0.0

4.2

2.1

17

Kelly Creek

20” Outfall

6.3

2.8

1.1

1.7

0.0

3.4

18

Beaver Creek

Overland

5.1

1.6

1.3

0.1

0.2

3.6

19

Kelly Creek

Overland

9.7

0.3

0.0

0.0

0.3

9.4

125.5

57.2

13.5

20.2

23.5

68.3

TOTAL

Medium
(ac)

Pervious
Area
(ac)

Discharge
Location

Discharge Type

High
(ac)

Medium
-High
(ac)

Area
No.
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2.6.2.

Existing Drainage Issues

We identified several areas with existing drainage issues during field reconnaissance and in
consultations with Facilities representatives. For the purposes of future prioritization efforts, we
qualitatively rated these issues as “Minor,” “Moderate,” or “Severe” based on their impacts on
the environment, infrastructure, and/or campus resources. These issues are summarized in Table
3 below. An overview map of issue locations is presented in Figure 6 and photos (where
available) are presented in Figure 7.
Table 3. Drainage Issue Summary.
Issue
No.

Type

Location

Rating

Description
Significant runoff often sheet flows down driveway to
flood maintenance yard and building. Runoff flows
through building and causes significant erosion
downslope. Excess flow due to lack of catch basins on
long driveway and overwhelmed catch basins in Parking
Lots M and N. Underlying cause of catch basin failure
(e.g., clogged or undersized) is unknown.

1

Flooding,
erosion

Maintenance yard
and building

Severe

2

Flooding

Parking Lot H

Minor

3

Flooding

Parking Lot G

Minor

4

Flooding

Parking Lot F

Minor

5

Flooding

Parking Lot E

Minor

6

Flooding

Lawn between
Parking Lots D and E

Minor

Occasional flooding occurs in lawn between parking lots,
occasionally inundates sidewalk. Cause unknown.

7

Flooding

Building 13

Moderate

Frequent flooding occurs in walkway behind Building 13.
Cause unknown.

8

Crushed
culvert

Visual Arts

Moderate

Culvert under path behind Visual Arts complex has been
crushed. Flow currently diverting around culvert and
causing downstream erosion.

Moderate

Runoff overwhelms catch basin in southeast corner of
Parking Lot A and causes moderate erosion downslope,
including area around former restroom building. Unclear
if catch basin is clogged or undersized.
Frequent flooding occurs in the northeast corner of
Parking Lot Q and adjacent driveway due to overwhelmed
catch basins. Unclear if catch basins are clogged or
undersized.

9

Erosion

Parking Lot A

10

Flooding

Parking Lot Q

Moderate

11

Flooding

Parking Lot PL

Minor

12

Flooding

Parking Lot PL

Minor

13

Pool
discharge

Aquatic center pools

Minor

Occasional flooding occurs in parking lots near corner
catch basins. Unclear if catch basins are clogged or
undersized.

Occasional flooding occurs in western portion of Parking
Lot PL. Cause unknown.
The swimming pools are discharged to Kelly Creek Pond
via Outfall 14 annually in September (267,000 gal). Pool
filter pits are discharged monthly (30,000 gal). Chlorine is
neutralized prior to discharge. Pumping rates are 800 gal
per minute.
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Figure 7. Drainage Issue Photos.

ISSUE 1 – Location of flooding that routinely occurs in
Maintenance Building.

ISSUE 1 – Erosion occurring downslope from Maintenance
yard to Beaver Creek.

ISSUE 8 – Crushed culvert underneath path.

ISSUE 8 – Erosion occurring downgradient from crushed
culvert along path edge.

ISSUE 9 – Erosion below overwhelmed catch basin in
Parking Lot A.

ISSUE 9 – Erosion further downslope from catch basis in
Parking Lot A.
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OTHER UTILITIES AND INFRASTRUCTURE
In addition to the stormwater system, there are significant additional utilities and infrastructure
on the campus including, but not limited to, water, sewer, electric, fiber optic, subsurface vaults,
and building substructures. The design of stormwater retrofits needed to address potential
conflicts with this infrastructure. MHCC partners also emphasized the need for potential retrofits
to maintain existing functions including total parking spaces, typical campus use during
academic sessions and special events.
Of this other infrastructure, of particular interest is an abandoned 1-million-gallon underground
storage tank located beneath the courtyard between Buildings 16 and 17. The tank was
originally constructed as part of the cooling system but has been dormant and off-line since a
major malfunction more than 20 years ago. MHCC is currently investigating the structural
stability of the tank. If it is deemed to be sound, the tank could be considered as part of a
campus rainwater harvesting system.

November 2016
24

Clean Water Retrofit Plan

3. OPPORTUNITY AND FEASIBILITY
ASSESSMENT
This section discusses the identification of retrofit opportunity areas and the development of the
list of potential retrofit projects.

IDENTIFICATION OF RETROFIT OPPORTUNITY AREAS
We performed a desktop assessment of relevant information to gain a comprehensive
understanding of the campus storm sewer system and the physical characteristics of the campus
area that will affect stormwater retrofit feasibility. We also conducted interviews with Facilities’
staff to obtain information on existing stormwater management infrastructure, current system
performance, and future capital plans.
To facilitate analysis, we sub-divided the campus into opportunity areas based on land cover
type and/or linked stormwater infrastructure. These areas include: parking lots, buildings,
courtyards, roads/driveways, sports facilities, sidewalks, excess lawn, outfalls, and the dam.
Figure 8 contains a map of these potential opportunity areas.
We posed the following questions for each opportunity area to determine whether it should be
considered further for stormwater retrofits:



Does the area contribute to water quality or quantity issues?



Is there sufficient space to integrate stormwater retrofits into the area?



Are there existing plans for future capital investment in the area to leverage costs or that
would preclude or delay retrofitting? MHCC is currently updating its broader campus
master plan, which calls for significant investment in new buildings and facilities primarily
east of the main Academic Center Building.

An analysis of the opportunity areas in light of the three prioritization questions reveals that
many areas are worthy of further consideration. Table 4 presents a summary of this assessment.
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Kelly Creek
Pond

Figure 8.
Potential Opportunities Map.
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Table 4. Retrofit Opportunity Area Summary.

Parking Lots

Opportunity Area

Contribute to Water Quantity or
Quality Issues?

Space Available?

Future Capital
Investment?

Recommendation for Future
Retrofit Consideration

Lot A

Yes - unmanaged impervious; high
pollutant generation; direct
discharge to Kelly Creek Pond
(Outfalls 15 and 17); Drainage Issue
No. 9 (Table 3).

Yes - adjacent vegetated areas; parking
and drives are oversized; permeable
pavement opportunities

None identified

Retain

Lot B

Yes - unmanaged impervious;
medium-high pollutant generation;
direct discharge to Kelly Creek
Pond (Outfall 17)

Yes - permeable pavement opportunities

None identified

Retain

Lots C, D

Yes - unmanaged impervious;
medium-high pollutant generation;
direct discharge to Kelly Creek
Pond (Outfall 17)

Yes - parking and drives are oversized;
permeable pavement opportunities

None identified

Retain

Lots E, F, G, H

Yes - unmanaged impervious; high
pollutant generation; direct
discharge to Beaver Creek via Stark
St sewer (Outfall 1); Drainage Issue
Nos. 2 through 5 (Table 3).

Yes - parking and drives are oversized;
permeable pavement opportunities

None identified

Retain

Lots W, X, Y

Yes - unmanaged impervious; high
pollutant generation; direct
discharge to Beaver Creek via Stark
St sewer (Outfalls 1 and 2)

Yes - adjacent vegetated areas; parking
and drives are oversized; permeable
pavement opportunities

None identified

Retain

Lots M, N, P

Yes - unmanaged impervious;
medium-high pollutant generation;
direct discharge to Beaver Creek via
Stark St sewer (Outfall 3)

Yes - parking and drives are oversized;
permeable pavement opportunities

May be potentially affected
by future development
plans

Retain, but consider lower
priority (see reason in italics)

Lots J, K, L

Yes - unmanaged impervious;
medium-high pollutant generation

Yes - parking and drives are oversized;
permeable pavement opportunities

Yes, in footprint of future
development plans

Deferred for future
consideration (see reason in
italics)

Lot AM

Yes - unmanaged impervious;
medium-high pollutant generation

Yes - adjacent vegetated areas; permeable
pavement opportunities

Yes, in footprint of future
development plans

Deferred for future
consideration (see reason in
italics)
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Table 4. Retrofit Opportunity Area Summary.

Buildings

Parking Lots

Opportunity Area

Contribute to Water Quantity or
Quality Issues?

Space Available?

Future Capital
Investment?

Recommendation for Future
Retrofit Consideration

Lot PL

Yes - unmanaged impervious; high
pollutant generation; direct
discharge to Kelly Creek Pond
(Outfall 14); Drainage Issue Nos. 11
and 12 (Table 3).

Yes - parking and drives are oversized;
permeable pavement opportunities

None identified

Retain

Lot Q, R, S, T, U

Yes - unmanaged impervious;
medium-high pollutant generation;
Drainage Issue No. 10 (Table 3).

Yes - parking and drives are oversized;
permeable pavement opportunities

None identified

Retain

Lot V

Yes - unmanaged impervious;
medium-high pollutant generation

Yes - in adjacent vegetated areas; parking
and drives are oversized

None identified

Retain

Fisheries Lot

Yes - unmanaged impervious;
medium-high pollutant generation

Yes - in adjacent vegetated areas;
permeable pavement opportunities

None identified

Retain

Maintenance Lot

Yes - unmanaged impervious; high
pollutant generation; overland flow
to Beaver Creek; Drainage Issue No.
1 (Table 3).

Yes – catch basin intercept

None identified

Retain

Applied Technologies
Lot

Yes - unmanaged impervious;
medium-high pollutant generation

Yes - permeable pavement opportunities

Yes, in footprint of future
development plans

Deferred for future
consideration (see reason in
italics)

Academic Center

Yes - unmanaged impervious;
medium pollutant generation

Yes - adjacent vegetated areas and
courtyards

None identified

Retain

Applied Technologies

Yes - unmanaged impervious;
medium pollutant generation

Yes - adjacent vegetated areas

Yes, in footprint of future
development plans

Deferred for future
consideration (see reason in
italics)

Fisheries

Yes - unmanaged impervious;
medium pollutant generation;
direct discharge to Beaver Creek via
Stark St sewer (Outfall 4)

Yes - adjacent vegetated areas

None identified

Retain

Early Child-hood Center

No - runoff managed with existing
bioswale

Yes - adjacent vegetated areas

None identified

Deferred for future
consideration (see reason in
italics)
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Table 4. Retrofit Opportunity Area Summary.

Courtyards

Buildings

Opportunity Area

Contribute to Water Quantity or
Quality Issues?

Space Available?

Future Capital
Investment?

Recommendation for Future
Retrofit Consideration

Maintenance

Yes - unmanaged impervious;
medium pollutant generation;
overland flow to Beaver Creek;
Drainage Issue No. 1 (Table 3).

Yes – catch basin intercept

None identified

Retain

Visual Arts

Yes - unmanaged impervious;
medium pollutant generation;
Drainage Issue No. 8 (Table 3).

Yes - adjacent vegetated areas; walkways;
roof tops

None identified

Retain

GE Buildings

Yes - unmanaged impervious;
medium pollutant generation;
direct discharge to Kelly Creek
Pond (Outfall 16)

Yes - adjacent vegetated areas; walkways;
roof tops

None identified

Retain

Gym/PE

Yes - unmanaged impervious;
medium pollutant generation;
direct discharge to Kelly Creek
Pond (Outfall 16)

Yes - adjacent vegetated areas and
walkways

None identified

Retain

Aquatic Center

Yes - unmanaged impervious;
medium pollutant generation;
direct discharge to Kelly Creek
Pond (Outfall 14)

Yes - adjacent vegetated areas

None identified

Retain

Courtyard 11-13

Yes - unmanaged impervious;
medium pollutant generation

Yes - adjacent vegetated areas; permeable
pavement opportunities

May be potentially affected
by future development
plans

Retain, but consider lower
priority (see reason in italics)

Courtyard 13-15

Yes - unmanaged impervious;
medium pollutant generation

Yes - adjacent vegetated areas; permeable
pavement opportunities

None identified

Retain

Courtyard 15-16

Yes - unmanaged impervious;
medium pollutant generation

Yes - adjacent vegetated areas; permeable
pavement opportunities

None identified

Retain

Courtyard 16-17

Yes - unmanaged impervious;
medium pollutant generation

Yes - adjacent vegetated areas; permeable
pavement opportunities

None identified

Retain
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Table 4. Retrofit Opportunity Area Summary.

Other

Other

Sports Facilities

Opportunity Area

Contribute to Water Quantity or
Quality Issues?

Space Available?

Future Capital
Investment?

Recommendation for Future
Retrofit Consideration

Baseball Diamond

Limited – no connected impervious;
low pollutant generation

No - limited space outside of field

None identified

Deferred for future
consideration (see reason in
italics)

Track and Field

Yes - unmanaged impervious;
medium pollutant generation

Yes - adjacent vegetated areas; permeable
pavement opportunities

None identified

Retain

Tennis Courts

Yes - unmanaged impervious;
medium pollutant generation;
direct discharge to Kelly Creek
Pond (Outfall 16)

Yes - permeable pavement opportunities;
subsurface storage

None identified

Retain

Outdoor Pool

Yes - Drainage Issue No. 13 (Table
3).

Yes - adjacent vegetated areas

None identified

Retain

Softball Field

Limited - no connected impervious;
low pollutant generation

No - limited space outside of field

None identified

Deferred for future
consideration (see reason in
italics)

Roads/Driveways

Yes - unmanaged impervious; high
pollutant generation

Yes - adjacent vegetated areas; permeable
pavement opportunities

None identified

Retain

Sidewalks

Yes - unmanaged impervious;
medium pollutant generation

Yes - adjacent vegetated areas; permeable
pavement opportunities

None identified

Retain

Excess Lawn

Limited - no connected impervious;
low pollutant generation

Yes - lawn replacement with naturescaping

None identified

Retain

Outfalls

Yes - contributes to erosion;
delivers flow and pollutants to
creeks

Yes - downstream channel protection;
water quality/quantity retrofits

None identified

Retain

Kelly Creek Dam

Yes - increases temperature

Yes – dam removal

None identified

Retain
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IDENTIFICATION OF CANDIDATE RETROFIT SITES
This section provides a brief overview of the stormwater retrofit types considered in the plan
and the preliminary project list.

3.2.1.

Retrofit Practices Considered

A variety of clean water or stormwater retrofits exist to manage stormwater runoff from these
priority opportunity areas. In existing built-out environments, the challenge of identifying
appropriate practices is primarily spatial and structural in nature. While green infrastructure
practices are generally more versatile than traditional stormwater management practices such as
a large detention pond, there are still a number of considerations that govern their placement.
We considered the following practices for managing the priority opportunity areas identified in
Section 3.1:



Bioretention is a commonly used stormwater retrofit practice that employs a shallow
vegetated depression to retain or detain stormwater runoff. A bioretention facility
consists of a permeable, typically amended soil that is covered with a thin layer of mulch
and vegetation, including herbaceous plants, grasses, shrubs, and/or small trees.
Vegetation in the facility promotes evapotranspiration, maintain soil porosity, encourage
biological activity, and support nutrient uptake. Typically, bioretention facilities are
strategically placed to intercept and manage runoff near the source.



Permeable pavement facilitates infiltration of runoff through a permeable surface
media into a gravel subgrade. Permeable pavement comes in several forms. Permeable
concrete and asphalt mixes are effectively the same as the traditional paving materials,
but with the fine aggregates removed. Permeable pavers are individual paver units set
on a gravel subgrade with the spacing between pavers filled with small gravel to
facilitate infiltration. Use of permeable pavement encourages runoff detention and
infiltration to varying degrees depending upon the depth of gravel substrate and the
placement height of an underdrain pipe. Any runoff volume exceeding the permeability
of the permeable media or capacity of the underlying subgrade is carried downstream
via surface conveyance and/or an underdrain pipe.



Cisterns can be used to harvest roof water or other surface drainage for irrigation or
other non-potable uses. Cisterns are available in a variety of capacities and can be sized
to harvest sufficient water for the intended use. Cisterns can be placed either above or
below grade. Depending on siting and location of water reuse, cisterns may require a
pump and/or distribution system.
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Green roofs consist of a lightweight growing media and vegetation placed on the
rooftop to directly intercept rainfall and provide short-term detention. Green roofs can
be constructed directly on the roof surface using a layered membrane and liner system,
or they can be installed using proprietary floating tray systems. The entire available roof
surface may be utilized, provided the structure can support the full load, but obstacles
such as vents, access hatches, and HVAC systems should be avoided. Green roofs are
typically identified by the amount of growing media they contain. Extensive green roofs
have 3-6 inches of growing media, semi-intensive green roofs have 6-12 inches of media,
and intensive green roofs have greater than 12 inches of media. Green roofs can be
planted with a variety of sedum and similar succulent species; perennial grasses; and
small shrubs, depending on the extent of the growing media.



Naturescaping is a technique that can be used as a replacement for lawns or other
landscaped beds. Naturescaping emphasizes the selection of native plants that have
adapted to our soil and climate. Since native plants evolved to grow under local
conditions, they do not require watering (except during establishment), fertilizers, or
weed control chemicals. They do not require regular mowing and they are also less
susceptible to common pests and diseases. Naturescaping also provides food and
habitat to native birds, pollinators, and other wildlife. From a stormwater management
perspective, the native plants in a naturescaped area have increased root-depth and
density compared to a traditional lawn. This helps retain stormwater by improving soil
infiltration capacity and increasing evapotranspiration. Native plants can also provide
greater filtration of runoff.



Manufactured treatment devices (MTDs) are proprietary stormwater management
systems used primarily to treat stormwater runoff. MTDs include a number of different
forms, from hydrodynamic devices that settle or separate large particles to filtering
devices that remove smaller particles and even dissolved constituents. Some filtering
MTDs include vegetation within a filtering growing media. MTDs are modular and can
often be used in tight spaces where other practices may not be appropriate.



Regenerative Stormwater Conveyance (RSC) systems are outfall retrofits developed in
the Chesapeake Bay states. RSCs are an innovative approach to provide stormwater
treatment, infiltration, and conveyance within one system. They have been used as
ecosystem restoration practices for eroded or degraded outfalls and drainage channels.
RSCs utilize a series of shallow aquatic pools, riffle weir grade controls, native vegetation
and underlying sand and woodchip beds to treat, detain, and convey storm flow in the
outfall or drainage channel. They can be used in places where grades make traditional
stormwater practices difficult to implement. RSC systems combine features and
treatment benefits of swales, infiltration, filtering and wetland practices. In addition, they
are designed to convey flows associated with extreme floods (i.e., 100-year storm) in a
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non-erosive manner, which results in a reduction of channel erosion impacts commonly
encountered at conventional stormwater outfalls.

3.2.2.

Preliminary Project List

Based on the retrofit opportunity areas identified in Section 3.1 and the retrofit practice types
considered in Section 3.2.1, we conceived a list of potential retrofit projects following an initial
site walk in June 2016. This process yielded a list of 38 preliminary projects. Table 5 provides a
summary of the preliminary projects including the opportunity area, the location description,
project type, and a narrative of the potential retrofit project. Figure 9 provides a map of the
potential retrofit projects.

3.2.3.

Refined Candidate Retrofit Sites

We refined the candidate site list following a more intensive field reconnaissance visit in July
2016 and in consultation with project partners. We conducted the field evaluation to confirm
feasibility and constructability based on the following considerations:



Existing grading and surface drainage patterns could promote gravity flow to potential
retrofit locations (or require minor modification),



Sufficient space available for retrofits given appropriate setbacks,



Limited impact to campus uses (e.g., parking, pedestrian uses),



Campus conditions and operations do not preclude retrofit,



Drainage infrastructure to route stormwater runoff to and around the retrofit (e.g.,
downspouts and pipes) can be reasonably modified,



Opportunity for water quality or flow control improvement, and



Absence of existing stormwater treatment.

We retained a total of 23 projects in the refined candidate retrofit site list, identified as Projects
1 through 23 in Table 5. This list of projects is considered the master list of near-term project
recommendations. Appendix A provides a compendium of photos of these project locations.
The remaining 15 projects evaluated from the original list are potentially feasible, but we have
designated them as longer-term priorities based on feedback from project partners.
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Table 5. Preliminary Project Summary.
Project

Location

Opportunity
Area

Description

1

Parking Lot

Lot A

Bioretention

Parking spaces (10'x16.5') and driving lanes (32') are oversized. Center strip area has utilities.
Erosion occurring at SE corner of parking lot due to overwhelmed catch basin. Runoff
discharges directly to Kelly Creek Pond. Recommend restriping lot to create space for
bioretention along edge or corner of parking lot; adjacent open area near catch basin may
provide additional space.

2

Parking Lot

Lot B

Permeable
pavement

Accessible parking lot. Stalls are appropriately sized for use. Limited opportunities for
bioretention without losing parking capacity due to surrounding grade, utilities, and mature
vegetation. Recommend permeable pavement in parking stalls. Ensure surrounding vegetated
areas don't contribute sediment load to lot.

3

Parking Lot

Lots C, D

Bioretention and
permeable
pavement

Parking spaces (10'x15.5') and driving lanes (30') are oversized. Lots are relatively small, so
restriping would yield only modest space for bioretention. Recommend permeable pavement
in parking stalls and bioretention in center strips between stalls.

4

Parking Lot

Lots E, F, G,
H

Bioretention and
permeable
pavement

Parking spaces (10'x16') and driving lanes (28') are oversized. Also a few unutilized impervious
and vegetated areas exist around and within the parking lots. Due to high traffic, multiple
runoff collection points, and utility conflicts, this area represents an opportunity to perform a
more holistic demonstration retrofit. It is recommended that the retrofit design covers all lots
rather than a patchwork of smaller retrofits. Recommend restriping and improving wayfinding
for 1-way traffic to reduce impervious surface. Permeable pavement recommended in open
areas that are not directly under tree canopy. Install bioretention along center strip and/or
around edges of parking lot.

5

Parking Lot

Lots W, X, Y

Bioretention and
permeable
pavement

Parking spaces (10'x16') and driving lanes (28') are oversized. Recommend restriping to reduce
impervious area. Permeable pavement recommended in open areas that are not directly under
tree canopy. Install bioretention along center strip and/or around edges of parking lot. Could
also consider installing bioretention in place of planted berms where vegetation is sparse.

6

Parking Lot

Lots M, N, P

Bioretention

Overwhelmed catch basins at northern end of lots contributes to flooding locally and in the
maintenance yard downslope. Recommend bioretention treatment at existing catch basins to
treat runoff and manage flooding issues. Lot may change as part of long-term campus master
plan.

No.

Project Type

Description
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Table 5. Preliminary Project Summary.
Project

Location

Opportunity
Area

Description

7

Parking Lot

Lot PL

Bioretention

Parking spaces (9'x16') and driving lanes (26') are oversized. Existing trees are in poor health.
Recommend replacing all or part of existing planters for bioretention and/or restripe to
expand planters for bioretention.

8

Parking Lot

Lot Q, R, S, T,
U

Bioretention

Parking spaces (9'x16') and driving lanes (31') are oversized. Asphalt is in poor condition.
Flooding occurs at the northern end of the lot. Recommend restriping for one-way traffic to
reduce impervious area. Install bioretention retrofits at flooding catch basins.

9

Parking Lot

Lot V

Bioretention

Parking spaces (9'x16') and driving lanes (31') are oversized. Asphalt is in poor condition.
Existing trees are in poor health. Recommend bioretention retrofit of existing depression north
of parking lot. Restripe lot to reduce impervious surface and expand vegetated canopy and for
additional bioretention as needed.

10

Parking Lot

Maintenance
Lot

Intercept and
treat runoff with
MTD

Maintenance lot is a high-pollutant generating surface and erosion impacts stream.
Recommend trench drain to intercept drainage flowing through building and direct it to
existing catch basin. Install manufactured treatment device in catch basin to treat runoff.
Flooding of maintenance lot from runoff generated in other areas is managed with other
projects.

11

Courtyard

Courtyard
11-13

Courtyard
demonstration
projects

Courtyard 11-13 is considered the community hub and is the largest and most visible of all
campus courtyards. This courtyard provides the ideal location for a stormwater retrofit
demonstration comparable to Courtyard 13-15, but there are currently plans under
consideration to install a translucent cover over the courtyard. Should these plans be realized,
the stormwater retrofits would be unnecessary.

12

Courtyard

Courtyard
13-15

Courtyard
demonstration
projects

This courtyard has the ability to have the largest impact on student and faculty campus
experience and learning. Use bioretention and planters to provide some water quality
treatment, water education, and introduce sinuosity to courtyard space. Provide a visible
cistern that can demonstrate how much water is accumulated off of impervious surfaces
during different storm events. This provides the best place for smart displays that relay realtime information regarding storm events, water storage, and water usage to the campus
community. Employ permeable paver in-lays in part of the courtyard near existing conveyance
paths. Replace non-native vegetation with native demonstration gardens.

13

Building

Bathroom
Roof

Green roof

Extensive green roof; depends on structural capacity of building. Bathroom building provides
easily visible and accessible roof for demonstration and education.

14

Excess Lawn

Entrance D
Open Space

Naturescape

Large area of lawn that is highly visible, but not preferred open use by students. Convert to
naturescaping to reduce long-term maintenance costs.

No.

Project Type

Description
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Table 5. Preliminary Project Summary.
Project

Location

No.

Opportunity
Area

15

Excess Lawn

Building 17
Open Space

Naturescape

Linear area with lawn that could be transformed into naturescaping to reduce maintenance
costs.

16

Excess Lawn

Lot AM
Open Space

Naturescape

Lawn area adjacent to Visual Arts complex that could be easily transformed into naturescaping
project.

17

Excess Lawn

Kane St
Culvert
Open Space

Bioretention

Large open space available downgradient of Aquatic Center on terrace of Kelly Creek.
Recommend installing diversion weir in storm manhole and directing piped runoff to
bioretention retrofit. Could also provide potential swimming pool discharge treatment.

18

Excess Lawn

Fisheries
Building
Open Space

Bioretention

Large open lawn space. Recommend large bioretention retrofit to treat runoff from adjacent
buildings, road and parking lots, including runoff generated in Parking Lot M that flows down
the road and floods the maintenance yard. Area contains groundwater well for fisheries use.

19

Other

Early
Childhood
Center Swale

Enhance facility

Existing bioswale is overgrown and was poorly designed. Regrade and revegetate with native
vegetation to provide better treatment and integrate with the landscape.

20

Other

Lot AM Ditch

Bioretention

Crushed culvert drains Visual Arts buildings. Recommend retrofitting existing ditch into
bioretention facility and repairing crushed culvert.

21

Other

NW Road
Planter
Retrofit

Bioretention

Existing planter contains non-native vegetation and is providing minimal habitat or canopy
value. Retrofit planter for bioretention treatment and revegetate with native vegetation.

22

Other

Track
maintenance
access

Reduce
impervious
surface area

Large underutilized impervious area. Reduce impervious surface and provide wayfinding for
maintenance vehicles as necessary.

23

Excess Lawn

GE Building
Hillslope

Naturescape

Vegetated hillside adjacent to GE Building could easily be transformed into naturescaping
project.

24

Road

Western
Road

Complete street
retrofit

Prioritize multi-modal transportation networks. Make the streets safe, easy, and accessible for
pedestrians and cyclists. Permeable pavement recommended for all non-vehicle traffic lanes.
Incorporate bioretention planters along road. Permeable crosswalks may be used as
stormwater storage.

Description

Project Type

Description
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Table 5. Preliminary Project Summary.
Project

Location

No.

Opportunity
Area

Description

25

Road

NW Road

Complete street
retrofit

Prioritize multi-modal transportation networks. Make the streets safe, easy, and accessible for
pedestrians and cyclists. Permeable pavement recommended for all non-vehicle traffic lanes.
Incorporate bioretention planters along road. Permeable crosswalks may be used as
stormwater storage.

26

Road

Entrance G
Road

Complete street
retrofit

Prioritize multi-modal transportation networks. Make the streets safe, easy, and accessible for
pedestrians and cyclists. Permeable pavement recommended for all non-vehicle traffic lanes.
Incorporate bioretention planters along road. Permeable crosswalks may be used as
stormwater storage.

27

Sidewalk

Central
Pedestrian
Area

Pedestrian
corridor
demonstration

With the addition of new buildings, incorporate permeable pavement where feasible. Planters
could be used to filter water and also to break up linear dimensions of site. Large quantities of
roof runoff may be able to be collected and reused for landscaped areas adjacent to this
pedestrian corridor.

28

Courtyard

Courtyard
15-16

Courtyard
demonstration
projects

Courtyard 15-16 is generally a lower redesign/retrofit priority due to fewer building access
points crossing this courtyard. The campus might encourage students to explore and use more
of the courtyard space if various types of naturescaping landscapes are used within these
courtyards.

29

Courtyard

Courtyard
16-17

Courtyard
demonstration
projects

Courtyard 16-17 is generally a lower redesign/retrofit priority due to fewer building access
points crossing this courtyard. The campus might encourage students to explore and use more
of the courtyard space if various types of naturescaping landscapes are used within these
courtyards. Consider tying into underground storage tank.

30

Courtyard

Courtyard 17

Courtyard
demonstration
projects

Courtyard 17 is generally a lower redesign/retrofit priority due to fewer building access points
crossing this courtyard. The campus might encourage students to explore and use more of the
courtyard space if various types of naturescaping landscapes are used within these courtyards.

31

Building

Building 2
Roof

Green roof

Building needs a new roof. Campus has considered tearing entire building down. If the
building could be structurally reinforced, it may be able to provide an extensive green roof
system on the new roof. Could also consider water capture and reuse throughout the building
if major retrofits are to occur.

32

Building

Building 3
Roof

Green roof

Extensive green roof; depends on structural capacity of building

Project Type

Description
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Table 5. Preliminary Project Summary.
Project

Location

No.

Opportunity
Area

Description

33

Outfall

Outfall 8

Regenerative
storm
conveyance
retrofit

RSCs utilize a series of shallow aquatic pools, riffle weir grade controls, native vegetation and
underlying sand and woodchip beds to treat, detain, and convey storm flow.

34

Outfall

Outfall 11

Regenerative
storm
conveyance
retrofit

RSCs utilize a series of shallow aquatic pools, riffle weir grade controls, native vegetation and
underlying sand and woodchip beds to treat, detain, and convey storm flow.

35

Outfall

Outfall 13

Regenerative
storm
conveyance
retrofit

RSCs utilize a series of shallow aquatic pools, riffle weir grade controls, native vegetation and
underlying sand and woodchip beds to treat, detain, and convey storm flow.

36

Sports
Facilities

Tennis
Courts

Storage

During court resurfacing, retrofit courts to incorporate subsurface stormwater storage. Replace
concrete bleachers, use area underneath for storage, potential for high visibility if used for
tennis tournaments

37

Sidewalk

Campus
Sidewalks

Permeable
pavement

Job training for most of these sustainable practices can come from collaborative design,
installation, and/or maintenance. Retrofit existing sidewalks as campus master plan is updated
and sidewalk arrangement and surfacing gets updated.

38

Other

Kelly Creek
Dam

Dam removal

Could have peak flow attenuation if floodplain access provided.

Project Type

Description
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Kelly Creek
Pond

Figure 9.
Potential Retrofit Projects Map.
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4. PROJECT EVALUATION AND
PRIORITIZATION
We evaluated and ranked the 23 near-term project recommendations based on a set of
qualitative and quantitative prioritization metrics that includes the following categories:
stormwater benefits, ecological benefits, education and community benefits, sustainability, and
economics. The intent of this effort was to identify the highest priority projects to implement
that together would meet overall project objectives to improve the campus’s water quality and
habitat functions.
The evaluation methods are presented below and the results are presented in the section that
follows.

PRIORITIZATION CRITERIA
We developed the prioritization scheme used to rank projects in collaboration with project
partners. We based the scheme on the following qualitative and quantitative prioritization
categories and metrics:



Stormwater
o Water Quality - Pollution Generating Potential
o Water Quality - Treatment Effectiveness
o Volume Managed - Impervious Area
o Addresses Existing Drainage Hotspot



Ecological
o Habitat Creation/Rehabilitation
o Campus Forestry Goals



Education and Community
o High Visibility
o Student Involvement (course work)
o Job Training (work study)



Sustainability
o Resource Usage Reduction
o Long-term Maintenance Reduction



Economics
o Cost per Drainage Area Managed
o Replicability/ Demonstration Potential
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In general, each qualitative metric received a score from 0 to 1 for each of the 23 candidate
retrofit projects. Higher scores suggest that the project more effectively satisfies the conditions
of the metric. We assigned the metric scores for a site using a relative comparison to the
remaining retrofit sites.
We calculated the quantitative metrics, which include “Volume Managed – Impervious Area” and
“Cost per Drainage Area Managed,” based on rough estimates of project drainage area, project
footprint, and planning level construction costs. We converted these quantitative metrics to a 0
to 1 scale by normalizing each value by the highest (or lowest) value in the category. We
estimated project drainage areas from the topographic map and derived project footprints from
rules of thumb relating project footprints to contributing drainage area for different facility
types. We based planning level construction costs on contractor bid tabs from similar past
projects and prices compiled by various agencies (e.g., Oregon Department of Transportation,
Washington State Department of Transportation). These estimated construction costs were
developed for planning and comparison purposes and will require refinement as the designs are
advanced.
The qualitative and quantitative metric scores were weighted in terms of importance and then
combined to determine an overall project priority score (scale from 0 to 100). Higher scores
reflect higher priority projects.
Table 6 presents the
assumptions used to
calculate project footprints
and estimated costs. Table 7
summarizes the project
drainage area, project
footprint, and planning level
construction costs estimated
for each near-term project.
Table 8 presents a summary
of the prioritization scheme,
including metrics, metric
weight, and rating scores.

Table 6. Quantitative Metric Assumptions.

Project Type

Project Footprint as
Percentage of
Drainage Area

Bioretention

Unit Construction
Costs (Exclusive of
Allied Costs1, 2,

6%

$35/sf

Permeable pavement

100%

$24/sf

Green roof

100%

$40/sf

Naturescaping

100%

$2/sf

NA

$36,000/unit

50%

$3/sf

MTD
Impervious removal

1 - Allied costs include design, project management, construction management, permitting, and
close out costs
2 – Unit cost is based on footprint of facility

RESULTS
Table 9 presents the results of the near-term project prioritization.
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Table 7. Quantitative Metric Summary for Near-Term Projects.

Project
No.

Location
Description

Project Type

1

Lot A

Bioretention

2

Lot B

Permeable
pavement

3

Lots C, D

4

Drainage
Area (sf)

Estimated
Project
Footprint
(sf)

Planning Level
Construction
Cost (Exclusive
of Allied Costs)

Planning Level
Construction
Cost per
Drainage Area

87,327

5,240

$183,000

$2.10

8,712

8,712

$209,000

$24.00

Bioretention and
permeable
pavement

27,878

4,293

$142,000

$5.08

Lots E, F, G,
H

Bioretention and
permeable
pavement

171,650

26,434

$867,000

$5.08

5

Lots W, X, Y

Bioretention and
permeable
pavement

133,294

20,527

$677,000

$5.08

6

Lots M, N, P

Bioretention

208,652

12,519

$438,000

$2.10

7

Lot PL

Bioretention

35,719

2,143

$75,000

$2.10

8

Lot Q, R, S, T,
U

Bioretention

226,512

13,591

$476,000

$2.10

9

Lot V

Bioretention

74,052

4,443

$156,000

$2.10

10

Maintenance
Lot

Intercept and treat
runoff with MTD

NA

NA

$36,000

NA

11

Courtyard
11-13

Courtyard
demonstration
projects

56,628

6,059

$200,000

$3.53

12

Courtyard
13-15

Courtyard
demonstration
projects

39,765

4,255

$140,000

$3.53

13

Bathroom
Roof

Green roof

1,742

1,742

$70,000

$40.17

14

Entrance D
Open Space

Naturescape

51,432

51,432

$103,000

$2.00

15

Building 17
Open Space

Naturescape

10,083

10,083

$20,000

$2.00

16

Lot AM
Open Space

Naturescape

5,925

5,925

$12,000

$2.00

17

Kane St
Culvert Open
Space

Bioretention

34,848

2,091

$73,000

$2.10

18

Fisheries
Building
Open Space

Bioretention

47,916

2,875

$101,000

$2.10
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Table 7. Quantitative Metric Summary for Near-Term Projects.

Project
No.

Location
Description

Project Type

Drainage
Area (sf)

Estimated
Project
Footprint
(sf)

Planning Level
Construction
Cost (Exclusive
of Allied Costs)

Planning Level
Construction
Cost per
Drainage Area

19

Early
Childhood
Center Swale

Enhance facility

30,492

1,830

$4,000

$2.00

20

Lot AM Ditch

Bioretention

56,628

3,398

$119,000

$2.10

21

NW Road
Planter
Retrofit

Bioretention

17,424

1,045

$37,000

$2.10

22

Track
maintenance
access

Impervious
reduction

32,136

16,068

$48,000

$3.00

23

GE Building
Hillslope

Naturescape

12,806

12,806

$26,000

$2.00

November 2016
46

Clean Water Retrofit Plan

Table 8. Prioritization Scheme Summary.
Category

Category
Weight

Metric

Metric
Weight

Notes

Rating
Category
HIGH

Water Quality - Pollution Generating
Potential

Water Quality - Treatment Effectiveness

Stormwater

7.5%

7.5%

Anticipated water quality improvements. Based on impervious surface
type (pollutant generation)

Anticipated water quality improvements. Based on treatment
effectiveness.

40%
Volume Managed

15%

Approximation of area of impervious surface managed by retrofit.
Actual area will depend on design.

Habitat Creation/ Rehabilitation

Ecological

5%

Based on drainage issues identified by Facilities staff.

Native vegetation for habitat enhancement.

10%
Campus Forestry Goals

High Visibility

Education and
Community

10%

20%

Student Involvement (course work)

Job Training (work study)

5%

10%

5%

5%

Design may include trees.

Highly traveled areas, predominantly the NW quarter of the campus.

Design and/or maintenance can be incorporated into class curriculum.

Maintenance of facilities can be incorporated into work study/job
training programs.

Rating Description
1

High-use parking lots and driveways

MED-HIGH

0.67

Low-use parking lots

MED

0.33

Roofs, walkways, courtyards

LOW

0.1

HIGH

1

Landscaped areas
Bioretention, bioinfiltration swale, catch basin insert, impervious removal

MED-HIGH

0.67

Combination of HIGH and MED efficiency BMPs

MED

0.33

Permeable pavement, green roof

LOW

0.1

Naturescaping

Rating score normalized by largest area
SEV

Addresses Existing Drainage Hotspot

Rating
Score

1

Most severe, frequent flooding and erosion

MOD

0.67

Moderate, frequent flooding

MINOR

0.33

Occasional flooding

NONE

0

No issues observed

HIGH

1

Naturescaping, large bioretention

MED

0.67

Smaller bioretention, bioinfiltration swale, combination of BMPs

LOW

0.33

Green roof

NONE

0

Permeable pavement, catch basin insert

HIGH

1

Naturescaping

MED

0.67

Large bioretention

LOW

0.33

Smaller bioretention, bioinfiltration swale, combination of BMPs

NONE

0

Green roof, permeable pavement, catch basin insert

HIGH

1

Courtyards, walkways, high-use parking lots

MED-HIGH

0.67

Moderate-use parking lots and landscaped areas

MED

0.33

Low-use parking lots and landscaped areas, driveways

LOW

0.1

HIGH

1

MED

0.67

Permeable pavement, green roof

LOW

0.33

Catch basin insert

Roofs, limited access locations
Naturescaping, bioretention, bioinfiltration swale

NONE

0

Impervious removal

HIGH

1

Naturescaping, bioretention, bioinfiltration swale

MED

0.67

Combination of BMPs, catch basin insert

LOW

0.33

Permeable pavement, green roof

NONE

0

Impervious removal
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Table 8. Prioritization Scheme Summary.
Category

Category
Weight

Metric

Resource Usage Reduction

Sustainability

Metric
Weight

5%

Notes

Resource reduction, e.g. energy reduction from thermal insulation or
reduced mowing, water use reduction from storage, etc

10%
Long-term Maintenance Reduction

5%

Reduces maintenance frequency from current conditions.

Rating
Category

Economics

15%

Rough assumed cost normalized over drainage area managed.

20%
Replicability/ Demonstration Potential

5%

Assessment of project replicability at MHCC and in larger community

Rating Description

HIGH

1

MED

0.67

Naturescaping or bioretention that replaces lawns

LOW

0.33

Combination of BMPs

Green roof, cisterns

NONE

0

Permeable pavement, bioretention, bioinfiltration swale

HIGH

1

Naturescaping or bioretention that replaces lawns

MED

0.67

Combination of BMPs

LOW

0.33

Green roof

NONE
Cost per Drainage Area

Rating
Score

0

Permeable pavement or bioretention in parking lots

Rating score normalized by lowest cost
HIGH

1

Highly replicable, multiple similar projects on campus

MED

0.67

Moderately replicable, few similar projects on campus

LOW

0.33

Minimally replicable, few similar projects in larger community

NONE

0

Unique project, unlikely to have similar projects
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Table 9. Near-Term Project Prioritization.

Fisheries Building

Student Involvement
(course work)

Job Training
(work study)

Resource Usage
Reduction

Long-term Maintenance
Reduction

Cost per Drainage Area
Managed

Replicability/
Demonstration Potential

15%

High Visibility

7.5%

Economics

Campus Forestry Goals

7.5%

Sustainability

Habitat Creation/
Rehabilitation

Total
Score

Education and
Community

Ecological

Addresses Existing
Drainage Hotspot

Location
Description

Impervious Area
Managed (acres)

Project
No.

Water Quality Treatment Effectiveness

Ranking

Water Quality - Pollution
Generating Potential

Stormwater

10%

5%

5%

10%

5%

5%

5%

5%

15%

5%

76

MED

HIGH

1.1

SEV

HIGH

MED

LOW

HIGH

HIGH

MED

HIGH

$2.10

LOW

73

MED-

HIGH

1.7

NONE

HIGH

MED

MED

HIGH

HIGH

MED

HIGH

$2.10

LOW

HIGH

5.2

MOD

MED

LOW

MED

HIGH

HIGH

NONE

NONE

$2.10

MED

HIGH

2.0

MOD

MED

LOW

MED-

HIGH

HIGH

NONE

NONE

$2.10

HIGH

1

18

2

9

Lot V

3

8

Lot Q, R, S, T, U

4

1

Lot A

5

12

Courtyard 13-15

6

4

Lots E, F, G, H

7

20

Lot AM Ditch

63

MED

8

17

Kane St Culvert

63

9

7

Lot PL

10

15

Building 17 Open

11

14

12

21

Open Space
HIGH
70

MEDHIGH

68

HIGH

HIGH
67

MED

MED-

0.8

NONE

HIGH

HIGH

HIGH

HIGH

MED

HIGH

MED

$3.53

HIGH

3.9

MOD

MED

LOW

HIGH

MED

MED

NONE

NONE

$5.08

HIGH

HIGH

1.3

MOD

MED

LOW

LOW

HIGH

HIGH

NONE

NONE

$2.10

LOW

MED

HIGH

0.8

NONE

HIGH

MED

LOW

HIGH

HIGH

MED

HIGH

$2.10

LOW

58

HIGH

HIGH

0.8

MINOR

MED

LOW

MED

HIGH

HIGH

NONE

NONE

$2.10

HIGH

56

LOW

LOW

0.0

NONE

HIGH

HIGH

MED-

HIGH

HIGH

MED

HIGH

$2.00

HIGH

HIGH

HIGH

MED

HIGH

$2.00

HIGH

HIGH

HIGH

NONE

NONE

$2.10

MED

HIGH
67

HIGH

MEDHIGH

Open Space

Space
Entrance D Open

HIGH
56

LOW

LOW

0.0

NONE

HIGH

HIGH

Space
NW Road Planter
Retrofit

MEDHIGH

56

MED-

HIGH

0.4

NONE

MED

MED

MED

HIGH
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Table 9. Near-Term Project Prioritization.

17

23

18

5

Lots W, X, Y

19

10

Maintenance Lot

20

3

Lots C, D

21

22

22

13

Bathroom Roof

23

2

Lot B

5%

10%

5%

5%

5%

MED

LOW

MED-

HIGH

HIGH

NONE

SEV

HIGH

Replicability/
Demonstration Potential

11

5%

Cost per Drainage Area
Managed

16

10%

Economics

Long-term Maintenance
Reduction

16

4.8

Resource Usage
Reduction

15

Early Childhood

HIGH

Job Training
(work study)

19

MED-

Student Involvement
(course work)

14

55

15%

High Visibility

Lots M, N, P

7.5%

Campus Forestry Goals

6

7.5%

Sustainability

Habitat Creation/
Rehabilitation

13

Total
Score

Education and
Community

Ecological

Addresses Existing
Drainage Hotspot

Location
Description

Impervious Area
Managed (acres)

Project
No.

Water Quality Treatment Effectiveness

Ranking

Water Quality - Pollution
Generating Potential

Stormwater

5%

15%

5%

NONE

$2.10

MED

HIGH

53

MED

HIGH

0.7

NONE

MED

LOW

MED

HIGH

HIGH

NONE

NONE

$2.00

LOW

53

LOW

LOW

0.0

NONE

HIGH

HIGH

MED

HIGH

HIGH

MED

HIGH

$2.00

HIGH

53

MED

MED-

1.3

NONE

HIGH

HIGH

HIGH

HIGH

MED

HIGH

MED

$3.53

HIGH

Center Swale
Lot AM Open
Space
Courtyard 11-13
GE Building

HIGH
53

LOW

LOW

0.0

NONE

HIGH

HIGH

MED

HIGH

HIGH

MED

HIGH

$2.00

HIGH

51

HIGH

MED-

3.1

NONE

MED

LOW

MED-

MED

MED

NONE

NONE

$5.08

HIGH

Hillslope

Track maintenance

HIGH

HIGH

49

HIGH

HIGH

0.7

SEV

NONE

NONE

LOW

LOW

MED

NONE

NONE

$0.00

NONE

36

MED-

MED-

0.6

NONE

MED

LOW

MED

MED

MED

NONE

NONE

$5.08

MED

HIGH

HIGH

33

MED

HIGH

0.7

NONE

NONE

NONE

LOW

NONE

NONE

NONE

NONE

$3.00

LOW

24

MED

MED

0.0

NONE

LOW

NONE

LOW

MED

LOW

HIGH

LOW

$40.17

MED

22

MED-

MED

0.2

NONE

NONE

NONE

MED

MED

LOW

NONE

NONE

$24.00

MED

access

HIGH
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5. RETROFIT IMPLEMENTATION PLAN
Based on the results of the planning and prioritization steps discussed in the preceding sections,
we recommend 23 near-term retrofit projects as well as 15 longer-term projects. Pending
funding availability, we recommend implementation of the near-term projects over the next 5 to
7 years and implementation of the longer-term projects within the 7 to 15-year horizon or as
related campus capital projects are undertaken.
The following sections summarize the project lists and provide recommendations on
implementation steps.

NEAR -TERM RETROFIT PROJECTS
This section discusses the early action projects and provides a quantified summary of
stormwater benefits and preliminary cost estimates for all near-term retrofit projects.

5.1.1.

Early Action Projects

Of the ranked 23 near-term retrofit projects, we designated seven projects as early action
projects. We recommend these projects for immediate pursuit of funding and implementation
over the next 1 to 2 years. The seven projects consist of the top six ranked projects per Table 9
plus a lower ranked project, Project 23 – GE Building Hillslope Naturescaping. We added Project
23 to the early action project list because it represents an easy naturescaping demonstration
whose plans for implementation were already underway as of the time of this plan development.
Table 10 presents the seven early action projects. For completeness, Table 11 reproduces the
remaining near-term projects.
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Table 10. Early Action Projects.
Project
No.

Project Name

Project Description

18

Fisheries Building
Open Space
Bioretention

Large open lawn space. Recommend large bioretention retrofit to treat runoff
from adjacent buildings, road and parking lots, including runoff generated in
Parking Lot M that flows down the road and floods the maintenance yard. Area
contains groundwater well for fisheries use.

9

Lot V Permeable
Pavement

Parking spaces (9'x16') and driving lanes (31') are oversized. Asphalt is in poor
condition. Existing trees are in poor health. Recommend bioretention retrofit of
existing depression north of parking lot. Restripe lot to reduce impervious surface
and expand vegetated canopy and for additional bioretention as needed.

8

Lot Q, R, S, T, U
Bioretention and
Permeable Pavement

Parking spaces (9'x16') and driving lanes (31') are oversized. Asphalt is in poor
condition. Flooding occurs at the northern end of the lot. Recommend restriping
for one-way traffic to reduce impervious area. Install bioretention retrofits at
flooding catch basins.

1

Lot A Bioretention and
Permeable Pavement

Parking spaces (10'x16.5') and driving lanes (32') are oversized. Center strip area
has utilities. Erosion occurring at SE corner of parking lot due to overwhelmed
catch basin. Runoff discharges directly to Kelly Creek Pond. Recommend
restriping lot to create space for bioretention along edge or corner of parking lot;
adjacent open area near catch basin may provide additional space.

12

Courtyard 13-15
Retrofit Demonstration

Retrofitting this courtyard has the ability to have the largest impact on student
and faculty campus experience and learning. Use bioretention and planters to
provide some water quality treatment, water education, and introduce sinuosity
to courtyard space. Provide a visible cistern that can demonstrate how much
water is accumulated off of impervious surfaces during different storm events.
This provides the best place for smart displays that relay real-time information
regarding storm events, water storage, and water usage to the campus
community. Employ permeable paver in-lays in part of the courtyard near existing
conveyance paths. Replace non-native vegetation with native demonstration
gardens.

4

Lots E, F, G, H
Bioretention and
Permeable Pavement

Parking spaces (10'x16') and driving lanes (28') are oversized. Also a few
unutilized impervious and vegetated areas exist around and within the parking
lots. Due to high traffic, multiple runoff collection points, and utility conflicts, this
area represents an opportunity to perform a more holistic demonstration retrofit.
It is recommended that the retrofit design covers all lots rather than a patchwork
of smaller retrofits. Recommend restriping and improving wayfinding for 1-way
traffic to reduce impervious surface. Permeable pavement recommended in open
areas that are not directly under tree canopy. Install bioretention along center
strip and/or around edges of parking lot.

23

GE Building Hillslope
Naturescaping

Vegetated hillside adjacent to GE Building could easily be transformed into
naturescaping project.
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Table 11. Remaining Near-Term Projects.
Project
No.

Project Name

Project Description

20

Lot AM Ditch
Bioretention

Crushed culvert drains art campus buildings. Recommend retrofitting existing
ditch into bioretention facility and repairing crushed culvert.

17

Kane St Culvert Open
Space Bioretention

Large open space available downgradient of Aquatic Center on terrace of Kelly
Creek. Recommend installing diversion weir in storm manhole and directing
piped runoff to bioretention retrofit. Could also provide potential swimming
pool discharge treatment.

7

Lot PL Bioretention

Parking spaces (9'x16') and driving lanes (26') are oversized. Existing trees are in
poor health. Recommend replacing all or part of existing planters for
bioretention and/or restripe to expand planters for bioretention.

15

Building 17 Open
Space Naturescaping

Linear area with lawn that could be transformed into naturescaping to reduce
maintenance costs.

14

Entrance D Open
Space Naturescaping

Large area of lawn that is highly visible, but not preferred open use by students.
Convert to naturescaping to reduce long-term maintenance costs.

21

NW Road Planter
Bioretention

Existing planter contains non-native vegetation and is providing minimal habitat
or canopy value. Retrofit planter for bioretention treatment and revegetate with
native vegetation.

6

Lots M, N, P
Bioretention

Overwhelmed catch basins at northern end of lots contributes to flooding locally
and in the maintenance yard downslope. Recommend bioretention treatment at
existing catch basins to treat runoff and manage flooding issues. Lot may
change as part of long-term campus master plan.

19

Early Childhood Center
Swale Enhancement

Existing bioswale is overgrown and was poorly designed. Regrade and
revegetate with native vegetation to provide better treatment and integrate with
the landscape.

16

Lot AM Open Space
Naturescaping

Lawn area adjacent to arts complex that could be easily transformed into
naturescaping project.

11

Courtyard 11-13
Demonstration

Courtyard 11-13 is considered the community hub and is the largest and most
visible of all campus courtyards. This courtyard provides the ideal location for a
stormwater retrofit demonstration comparable to Courtyard 13-15, but there are
currently plans under consideration to install a translucent cover over the
courtyard. Should these plans be realized, the stormwater retrofits would be
unnecessary.

5

Lots W, X, Y
Bioretention and
Permeable Pavement

Parking spaces (10'x16') and driving lanes (28') are oversized. Recommend
restriping to reduce impervious area. Permeable pavement recommended in
open areas that are not directly under tree canopy. Install bioretention along
center strip and/or around edges of parking lot. Could also consider installing
bioretention in place of planted berms where vegetation is sparse.

10

Maintenance Lot MTD

Maintenance lot is a high-pollutant generating surface and erosion impacts
stream. Recommend trench drain to intercept drainage flowing through building
and direct it to existing catch basin. Install manufactured treatment device in
catch basin to treat runoff. Flooding of maintenance lot from runoff generated in
other areas is managed with other projects.

3

Lots C, D Bioretention
and Permeable
Pavement

Parking spaces (10'x15.5') and driving lanes (30') are oversized. Lots are relatively
small, so restriping would yield only modest space for bioretention. Recommend
permeable pavement in parking stalls and bioretention in center strips between
stalls.
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Table 11. Remaining Near-Term Projects.
Project
No.

Project Name

Project Description

22

Track Maintenance
Access Impervious
Reduction

Large underutilized impervious area. Reduce impervious surface and provide
wayfinding for maintenance vehicles as necessary.

13

Bathroom Green Roof

Extensive green roof; depends on structural capacity of building. Bathroom
building provides easily visible and accessible roof for demonstration and
education.

2

Lot B Permeable
Pavement

Accessible parking lot. Stalls are appropriately sized for use. Limited
opportunities for bioretention without losing parking capacity due to
surrounding grade, utilities, and mature vegetation. Recommend permeable
pavement in parking stalls. Ensure surrounding vegetated areas don't contribute
sediment load to lot.

5.1.2.

Project Stormwater Benefits

This section summarizes the estimated stormwater benefits (i.e., runoff volume managed) of
these projects on an average annual basis.
The City of Gresham’s 2007 Green Development Practices for Stormwater Management manual
requires stormwater facilities to provide management for a 1-inch rainfall event over a 24-hour
period. This is called the water quality volume throughout the remainder of the plan. We
assumed that all recommended near-term projects will at least meet this requirement (with the
exception of naturescaping projects). We should note that to obtain relief from the City of
Gresham’s impervious stormwater fees these stormwater retrofits would also need to meet a
detention requirement, which includes matching 25-year peak flow rates with pre-developed
conditions. At this point in the design process, there is not enough information to size facilities
for the detention requirement. As such, we are focusing initial sizing on meeting the water
quality volume requirement.
Based on the City of Gresham’s Spreadsheet for Development of Form SIM Sizing Factors, the
following equation is used to calculate the water quality volume.
V

= (P*/12) × Rv × SA)

Where:
V = volume, in cubic feet, required to be managed
P* = rainfall event depth (1.0”)
Rv = 0.90 (runoff coefficient for impervious cover)
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SA = impervious component of drainage area in square feet
Using this formula, the volume of runoff generated over a 1-acre impervious area from a 1-inch
storm is 3,267 cubic feet (or 24,437 gallons). As a conservative measure, we assumed infiltration
to be negligible in our calculations. This requires then that 24,437 gallons of storage capacity be
provided by each retrofit for every 1-acre of impervious cover that is managed.
We used long-term rainfall records to convert this event-based water quality volume to an
average annual volume. We obtained an 18-year (1998-2016) record of daily precipitation from
the Gresham Fire Dept. rain gage (at 1333 NW Eastman Pkwy), less than two miles from the
MHCC campus. Using the equation above with the daily rainfall record, we determined that in an
average year approximately 1,051,500 gallons of runoff are generated from a 1-acre impervious
area. Again, using the daily rainfall record along with an assumed dewatering time of 48 hours, a
facility designed to manage a 1-inch event over a 1-acre drainage area would manage
approximately 776,100 gallons in an average year. This represents a 74% capture rate of average
annual runoff.
We used these calculated runoff relationships with the estimated drainage areas for each of the
near-term projects to determine project-specific stormwater management volumes. Table 12
presents a summary of these calculated values for each near-term project.
Table 12. Stormwater Management Benefits for Near-Term Projects.

Project
Project Name

No.

Impervious
Drainage
Area (sf)

Water
Quality
Volume- 1inch storm
(gal)

Average
Annual
Runoff
Generated
(gal)

Average
Annual
Runoff
Captured
(gal)

18

Fisheries Building Bioretention

47,916

26,881

1,156,674

855,939

9

Lot V Bioretention

74,052

41,543

1,787,587

1,322,815

8

Lot Q, R, S, T, U Bioretention

226,512

127,073

5,467,914

4,046,257

1

Lot A Bioretention

87,327

48,990

2,108,041

1,559,950

12

Courtyard 13-15 Demonstration

39,765

22,308

959,912

710,335

4

Lots E, F, G, H Bioretention/Perm Pave

171,650

96,296

4,143,566

3,066,239

23

GE Building Hillslope Naturescaping

0

0

0

0

647,222

363,092

15,623,695

11,561,535

TOTAL EARLY ACTION PROJECTS
20

Lot AM Ditch Bioretention

56,628

31,768

1,366,979

1,011,564

17

Kane St Culvert Open Space Bioretention

34,848

19,550

841,218

622,501

7

Lot PL Bioretention

35,719

20,038

862,248

638,064

15

Building 17 Open Space Naturescaping

0

0

0

0

14

Entrance D Open Space Naturescaping

0

0

0

0

21

NW Road Planter Bioretention

17,424

9,775

420,609

311,251
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Table 12. Stormwater Management Benefits for Near-Term Projects.

Project
Project Name

No.

Average
Annual
Runoff
Generated
(gal)

Average
Annual
Runoff
Captured
(gal)

Impervious
Drainage
Area (sf)

Water
Quality
Volume- 1inch storm
(gal)

208,652

117,054

5,036,790

3,727,225

30,492

17,106

736,065

544,688

0

0

0

0

56,628

31,768

1,366,979

1,011,564

133,294

74,778

3,217,657

2,381,066

6

Lots M, N, P Bioretention

19

Early Childhood Center Swale Enhance

16

Lot AM Open Space Naturescaping

11

Courtyard 11-13 Demonstration

5

Lots W, X, Y Bioretention/Perm Pave

10

Maintenance Lot MTD

30,492

17,106

736,065

544,688

3

Lots C, D Bioretention/Perm Pave

27,878

15,640

672,974

498,001

22

Track Maintenance Imperv Reduction

32,136

18,028

775,751

574,056

13

Bathroom Green Roof

1,742

977

42,061

31,125

2

Lot B Permeable Pavement

8,712

4,887

210,304

155,625

TOTAL REMAINING NEAR TERM PROJECTS

674,646

378,476

16,285,700

12,051,418

TOTAL ALL NEAR-TERM PROJECTS

1,321,868

741,568

31,909,396

23,612,953

As a point of comparison, the approximately 57 acres of impervious surface on the MHCC
campus would generate approximately 60,100,000 gallons in an average year. Given this,
implementation of the early action projects would manage over 19% of average annual runoff
from the campus. Implementation of all near-term projects would manage over 39% of average
annual runoff.

5.1.3.

Preliminary Project Cost Estimates

We developed planning level construction costs from project footprints for near-term projects
for the purpose of prioritizing projects (see Section 4.1). We developed more refined project
cost estimates at this stage to facilitate implementation planning and future budgeting. These
more refined costs include rough estimates of allied costs, which include design, project
management, construction management, permitting, and close out costs. In addition, cost
estimates at this level of design typically include a contingency (as a percentage of the
estimated construction cost).
To develop a likely cost range for each project that accounts for allied cost and other project
uncertainties, we increased construction costs between 10 and 90 percent to develop “low” and
“high” cost estimates, respectively. These percentages varied, depending upon the assumed
project size and complexity. Factors that could increase the construction cost for a particular
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retrofit project site could be associated with potential conflicts with underground utilities,
difficult construction access, contaminated soils, or other such unknown issues. Factors that
could lower the construction cost could be associated with more efficient (smaller) retrofit
layout/size than estimated for this plan, ability to salvage onsite materials, or other such
opportune circumstances at a particular site.
Table 13 presents the assumptions and preliminary estimated cost range for all near-term
projects.
Table 13. Preliminary Cost Estimates for Near-Term Projects.

Project

Project
Footprint
(sf)

Planning
Level
Construction
Cost

Allied and
Contingency
Costs (% of
Construction)

Project Name

No.

Planning
Level Total
Project Cost
Range

18

Fisheries Building Bioretention

2,875

$101,000

30% - 50%

$131,000 $152,000

9

Lot V Bioretention

4,443

$156,000

30% - 50%

$203,000 $234,000

8

Lot Q, R, S, T, U Bioretention

13,591

$476,000

30% - 50%

$619,000 $714,000

1

Lot A Bioretention

5,240

$183,000

30% - 50%

$238,000 $275,000

12

Courtyard 13-15 Demonstration

4,255

$140,000

50% - 90%

$210,000 $266,000

4

Lots E, F, G, H Bioretention/Perm
Pave

26,434

$867,000

30% - 75%

$1,127,000 $1,517,000

23

GE Building Hillslope Naturescaping

12,806

$26,000

10% - 30%

$29,000 $34,000

TOTAL EARLY ACTION PROJECTS

$1,949,000

$2,557,000 $3,192,000

20

Lot AM Ditch Bioretention

3,398

$119,000

30% - 50%

$155,000 $179,000

17

Kane St Culvert Open Space
Bioretention

2,091

$73,000

50% - 90%

$110,000 $139,000

7

Lot PL Bioretention

2,143

$75,000

30% - 50%

$98,000 $113,000

15

Building 17 Open Space
Naturescaping

10,083

$20,000

10% - 30%

$22,000 $26,000

14

Entrance D Open Space
Naturescaping

51,432

$103,000

10% - 30%

$113,000 $134,000

21

NW Road Planter Bioretention

1,045

$37,000

30% - 50%

$48,000 $56,000

6

Lots M, N, P Bioretention

12,519

$438,000

30% - 50%

$569,000 $657,000
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Table 13. Preliminary Cost Estimates for Near-Term Projects.

Project
No.

Project
Footprint
(sf)

Planning
Level
Construction
Cost

Allied and
Contingency
Costs (% of
Construction)

Project Name

Planning
Level Total
Project Cost
Range

19

Early Childhood Center Swale
Enhance

1,830

$4,000

30% - 50%

$5,000 $6,000

16

Lot AM Open Space Naturescaping

5,925

$12,000

10% - 30%

$13,000 $16,000

11

Courtyard 11-13 Demonstration

6,059

$200,000

50% - 90%

$300,000 $380,000

5

Lots W, X, Y Bioretention/Perm Pave

20,527

$677,000

30% - 75%

$880,000 $1,185,000

10

Maintenance Lot MTD

NA

$36,000

30% - 50%

$47,000 $54,000

3

Lots C, D Bioretention/Perm Pave

4,293

$142,000

30% - 75%

$185,000 $249,000

22

Track Maintenance Impervious
Reduction

16,068

$48,000

10% - 30%

$53,000 $62,000

13

Bathroom Green Roof

1,742

$70,000

30% - 90%

$91,000 $133,000

2

Lot B Permeable Pavement

8,712

$209,000

30% - 75%

$272,000 $366,000

TOTAL REMAINING NEAR TERM PROJECTS

$2,263,000

$2,961,000 $3,755,000

TOTAL ALL NEAR-TERM PROJECTS

$4,212,000

$5,518,000 $6,947,000

LONGER -TERM RETROFIT PROJECTS
This section provides descriptions for stormwater retrofit projects identified for the MHCC
campus that may follow a longer implementation timeline. These projects can be pursued as
funding is available and/or as related campus capital projects are undertaken. As noted earlier,
we estimated the implementation timeline at 7 to 15 years for these projects. Table 14 presents
a summary of the 15 longer-term stormwater retrofit projects.
Figure 10 shows the yearly and the cumulative estimated stormwater management benefit of
implementing all near-term and longer-term stormwater retrofit projects over a 30-year
planning horizon.

November 2016
58

Clean Water Retrofit Plan

Table 14. Longer-Term Projects.
Project
No.

Project Name

Project Description

24

Western Road
Complete Street
Retrofit

Prioritize multi-modal transportation networks. Make the streets safe, easy,
and accessible for pedestrians and cyclists. Permeable pavement
recommended for all non-vehicle traffic lanes. Incorporate bioretention
planters along road. Permeable crosswalks may be used as stormwater
storage.

25

NW Road Complete
Street Retrofit

Prioritize multi-modal transportation networks. Make the streets safe, easy,
and accessible for pedestrians and cyclists. Permeable pavement
recommended for all non-vehicle traffic lanes. Incorporate bioretention
planters along road. Permeable crosswalks may be used as stormwater
storage.

26

Entrance G Road
Complete Street
Retrofit

Prioritize multi-modal transportation networks. Make the streets safe, easy,
and accessible for pedestrians and cyclists. Permeable pavement
recommended for all non-vehicle traffic lanes. Incorporate bioretention
planters along road. Permeable crosswalks may be used as stormwater
storage.

27

Central Pedestrian
Corridor
Demonstration

With the addition of new buildings, incorporate permeable pavement
where feasible. Planters could be used to filter water and also to break up
linear dimensions of site. Large quantities of roof runoff may be able to be
collected and reused for landscaped areas adjacent to this pedestrian
corridor.

28

Courtyard 15-16
Demonstration

Courtyard 15-16 is generally a lower redesign/retrofit priority due to fewer
building access points crossing this courtyard. The campus might
encourage students to explore and use more of the courtyard space if
various types of naturescaping landscapes are used within these courtyards.

29

Courtyard 16-17
Demonstration

Courtyard 16-17 is generally a lower redesign/retrofit priority due to fewer
building access points crossing this courtyard. The campus might
encourage students to explore and use more of the courtyard space if
various types of naturescaping landscapes are used within these courtyards.
Consider tying into underground storage tank.

30

Courtyard 17
Demonstration

Courtyard 17 is generally a lower redesign/retrofit priority due to fewer
building access points crossing this courtyard. The campus might
encourage students to explore and use more of the courtyard space if
various types of naturescaping landscapes are used within these courtyards.

31

Building 2 Green Roof

Building needs a new roof. Campus has considered tearing entire building
down. If the building could be structurally reinforced, it may be able to
provide an extensive green roof system on the new roof. Could also
consider water capture and reuse throughout the building if major retrofits
are to occur.

32

Building 3 Green Roof

Extensive green roof; depends on structural capacity of building

33

Outfall 8 Regenerative
Storm Conveyance
Retrofit

RSCs utilize a series of shallow aquatic pools, riffle weir grade controls,
native vegetation and underlying sand and woodchip beds to treat, detain,
and convey storm flow.

34

Outfall 11
Regenerative Storm
Conveyance Retrofit

RSCs utilize a series of shallow aquatic pools, riffle weir grade controls,
native vegetation and underlying sand and woodchip beds to treat, detain,
and convey storm flow.
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Table 14. Longer-Term Projects.
Project
No.

Project Name

Project Description

35

Outfall 13
Regenerative Storm
Conveyance Retrofit

RSCs utilize a series of shallow aquatic pools, riffle weir grade controls,
native vegetation and underlying sand and woodchip beds to treat, detain,
and convey storm flow.

36

Tennis Court Storage

During court resurfacing, retrofit courts to incorporate subsurface
stormwater storage Replace concrete bleachers, use area underneath for
storage, potential for high visibility if used for tennis tournaments

37

Campus Sidewalk
Permeable Pavement

Job training for most of these sustainable practices can come from
collaborative design, installation, and/or maintenance. Retrofit existing
sidewalks as campus master plan is updated and sidewalk arrangement and
surfacing gets updated.

38

Kelly Creek Dam
Removal

Could have peak flow attenuation if floodplain access provided.

RECOMMENDATIONS
Implementation of the projects recommended above will significantly contribute to the
improvement of water quality and habitat in Kelly and Beaver Creeks, as well as the college’s
landscape, education programs, and culture. The following are recommendations for
implementing this plan and maximizing the benefits of the recommended projects.



Pursue grant and match funds for designing and constructing the early action projects;



Implement high visibility projects first to engage and educate students, faculty, and
visitors and to build momentum for subsequent projects;



Leverage expertise and resources of project partners for design review and related
support to reduce costs where possible;



Consider construction of smaller projects (e.g., naturescaping, impervious removal) by
student or other local organizations (e.g., Project YESS) to develop workforce training
opportunities;



Combine retrofit projects that are in close proximity and/or of the same facility type to
reduce design and construction costs;



Look for opportunities to partner retrofit projects with already-planned campus
construction projects to minimize costs and impacts;
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Collaborate with MHCC professors to incorporate the campus retrofits into their
coursework;



Host community events through non-profit organizations such as Depave and Friends of
Trees to increase awareness of campus impacts to the watershed and actions to mitigate
them;



Develop a tracking and monitoring program to catalog project implementation and
measure effectiveness;



Develop campus materials and interpretive displays to help educate and engage
students, faculty, and visitors on the importance of the stormwater retrofits and
watershed stewardship; and



Periodically update retrofit project priority lists and concepts to account for changing
priorities, new retrofit opportunities, new technologies, and changing site conditions.
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Figure 10. Cumulative Estimated Stormwater Management Benefit of Project Implementation.
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6. CONCEPT DEVELOPMENT
We developed conceptual designs for three of the seven early action priority projects identified
in Section 5. These projects were:


Project No. 1 – Parking Lot A Bioretention Retrofit



Project No. 4 – Parking Lot E, F, G, H Bioretention and Permeable Pavement Retrofit



Project No. 12 – Courtyard 13-15 Retrofit Demonstration

Note that these three projects selected for concept development were not the three top-ranked
projects, but were the fourth, fifth, and sixth highest rated projects. Per the prioritization
scheme, all six projects rated highly among the environmental impact metrics. We chose these
three projects as the first concepts to develop though because they had higher ratings under
the Replicability and Visibility metrics than the three higher ranked projects. We assumed that
these projects represented the best of the early action projects in terms of demonstration
potential and would more effectively engage and educate students, faculty, and visitors and
build momentum for future projects, while still providing a significant environmental benefit.
The design sizing and cost estimating methods and a summary of each of the concepts is
presented below in the sections that follow. More detailed exhibits that summarize and further
depict the relevant concepts for the three projects are presented in Appendix B. Each concept
exhibit includes:


Project description narrative



Overview map



Photos



Conceptual rendering



Design parameters



Project benefits



Preliminary cost estimate
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DESIGN SIZING
We sized the project retrofits iteratively with the intent of minimizing the practice footprint
within the available space and maximizing the runoff volume captured. The City of Gresham’s
2007 Green Development Practices for Stormwater Management manual requires stormwater
facilities to provide management for the water quality volume, (i.e., runoff from a 1-inch rainfall
event over a 24-hour period). As a conservative measure, we sized the stormwater retrofits
assuming that infiltration is negligible. As such, we calculated a simple storage volume to meet
the water quality volume.
We calculated the storage volumes (Sv) for the bioretention components using the following
equation:
∙

∙

∙

Where:
dpond = ponding depth (ft)
dmedia = media depth (ft)
dgravel = gravel depth (ft)
media = media porosity (assumed 0.25)
gravel = gravel porosity (assumed 0.30)
SAmedia = media surface area (sq ft)
SApond = average ponding surface area (sq ft)
We calculated the Sv for the permeable paving components using the following equation:
∙
Where:
dgravel = gravel depth (ft)
gravel = gravel porosity (assumed 0.30)
SA = pavement surface area (sq ft)

COST ESTIMATION
We estimated planning-level costs for the concepts based on a combination of contractor bid
tab information for recent projects in the region, vendor provided costs from similar projects,
professional experience with stormwater retrofit design and construction, and estimated
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quantities of materials for specific project components. Where the level of design detail
available for a proposed project component was sufficient to estimate quantities at the time this
plan was prepared, we used a quantity and single unit price to estimate cost for that
component. In cases where design detail was not sufficient to estimate quantities, we used an
estimated lump sum based on professional experience with similar systems.

CONCEPT FOR PARKING LOT A
Parking Lot A is a large, moderately-utilized lot on the western edge of the Mt Hood Community
College campus off of SE Kane Drive. Stormwater runoff from this lot is split at a center drainage
divide. Runoff from each side of the divide is collected in the corner of each drainage area and
conveyed directly to Kelly Creek Pond down slope. In addition to this untreated discharge,
runoff that flows to the SE corner of the lot frequently overwhelms an existing catch basin, flows
over the curb, and down the slope. This overflow is causing erosion of the slope and around the
foundation of a former restroom building.
This parking lot represent a significant untreated impervious area (approximately 2 acres). Given
that parking spaces (10’ wide) and driving lanes (32’ wide) are oversized by today’s standards,
there is opportunity to reduce the impervious footprint of the lot. Pedestrian access through the
parking lot is also generally poor and needs to be improved. The retrofit concept for this parking
lot begins with the recommendation to restripe the lot to accommodate angled parking, oneway traffic, and improved pedestrian access. The space gained from restriping will be used to
install bioretention along a center strip and the edges of each lot. Restriped walkways through
the parking lot will also serve to enhance safety and improve pedestrian passage through the
parking lot.
Additional information on this concept is presented in the exhibits in Appendix B.

CONCEPT FOR PARKING LOTS E, F, G, H
Parking lots E, F, G, and H are a series of parallel lots centrally located just west of the main
academic buildings on the MHCC campus. These parking lots collectively are the most heavily
utilized lots on campus. Stormwater runoff from these lots is collected in the corner of each and
conveyed, untreated, to the municipal storm sewer under SE Stark Street to the north. This storm
sewer discharges untreated flow directly to Beaver Creek less than 2,000 feet away.
These parking lots represent a significant untreated impervious area (approximately 5.6 acres).
Given that parking spaces (9 to 10’ wide) and driving lanes (28 to 32’ wide) are oversized by
today’s standards, there is opportunity to reduce the impervious footprint of these lots.
Pedestrian access through the parking lots and across this driveway is also generally poor and
needs to be improved. In addition, the aesthetics and habitat quality of the landscaped berms
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separating the parking lots represent another component needing improvement. Given the
central location, the vast area of untreated impervious area, and the need for better pedestrian
access, these parking lots represents an opportunity to perform a more holistic demonstration
stormwater retrofit. Retrofit demonstration in these parking lots is also of particular importance
for the college given that there are a number of other surface lots on campus that could benefit
from similar retrofitting.
The retrofit concept for these parking lots begins with the recommendation to restripe each lot
to accommodate angled parking, one-way traffic, and improved pedestrian access. The space
gained from restriping will be used to install bioretention along a center strip and the edges of
each lot. A permeable pavement walkway adjacent to the center bioretention strip will also serve
to safely route pedestrians through the parking lot to the main campus. Naturescaping the
vegetated berms will also be performed.
Additional information on this concept is presented in the exhibits in Appendix B.

CONCEPT FOR COURTYARD 13-15
Courtyard 13-15 is one of the primary thoroughfares and gathering spaces for students within
the MHCC campus. The courtyard is underutilized as an outdoor gathering space and
predominantly functions as a through-way for students moving from building to building. The
retrofit concept for this courtyard is intended to create an interactive, inspiring, demonstration
space that helps define the sustainable and ecological identity of the MHCC campus.
Current courtyard conditions are defined by six large raised concrete planters that were
designed to provide student seating, as well as provide room for planting trees and shrubs.
More than half of the planter seating is unavailable to students due to overgrown shrubs. The
planter arrangement is spaced so that face-to-face interactions and gathering between students
is difficult to facilitate. Other current attributes of the courtyard include the Joann Kay Borud
Memorial Garden to the west of the site, two wooden benches, a landscaped slope leading up to
the west parking area, a landscaped area bordering the east edge of the courtyard with mature
vegetation, and one covered circular picnic table.
The retrofit concept for Courtyard 13-15 transforms the space into an interactive place where
students can learn about the MHCC campus watershed, the salmon-bearing streams that run
through campus, and some of the new stormwater technologies used to collect and treat
stormwater prior to its release within Beaver and Kelly Creeks. The courtyard will feature a large
cistern that will capture roof runoff in a visible, artistic, and playful funnel that will allow the
campus community to see and hear the movement and capture of water during a storm. A large
area of the courtyard will have a pervious concrete area that maps out the MHCC campus
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watershed and uses dyed concrete to show the locations and shapes of Beaver Creek and Kelly
Creek. Artistic insets can display the types of salmonids found within the watershed. The square
planters will be removed from the space and in some areas, replaced by demonstration rain
gardens. The rain gardens will help break up the rectilinear patterns that currently dominate the
space and frame smaller gathering spaces within the courtyard itself. The planter bench seating
will be replaced with moveable furniture to maximize the flexibility the campus community has
in creating useable social spaces. The western hillslope that leads from the parking lots to the
courtyard will incorporate added native plant diversity to become a naturescaping
demonstration area. A map or key to the plants can be installed near the slope.
Additional information on this concept is presented in the exhibits in Appendix B.
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APPENDIX A
Photo Logs
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Project 1 - Catch basin in SE corner overtops causing
erosion downslope to old restroom building

Project 1 - Potential location for stepped downslope
bioretention facility

Project 1 - Erosion behind old restroom building.

Project 1 - Catch basin in SE corner overtops causing
erosion downslope to old restroom building

Project 2 - Accessible parking lot. Limited options for
bioretention.

Project 3 - Parking lot C
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Project 3 - Parking lot C center strip. Likely electrical utility
conflict, but may still be good for bioretention

Project 3 - Parking lot D

Project 4 - Parking lot E (east side)

Project 4 - Example of existing unutilized space in Parking
Lot F

Project 4 - Parking lot G (east side)

Project 4 - Parking lot E (west side)
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Project 4 - Parking lot G (west side)

Project 4 - Parking lot H (east side)

Project 5 - Parking lot W (example of underutilized
vegetated islands)

Project 5 - Parking lot Y

Project 5 - Parking lot X

Project 6 - Parking lot M
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Project 7 - Parking lot PL

Project 8 - Parking lot R

Project 9 - Existing depression north of Lot V. Candidate
for bioretention retrofit.

Project 8 - Parking lot Q

Project 8 - Parking lot S and T

Project 10 - Runoff flows through maintenance shed
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Project 10 - View from maintenance shed

Project 10 - Heavy equipment in maintenance yard

Project 11-12 - Courtyard

Project 11-12 - Courtyard

Project 11-12 - Courtyard

Project 13- Bathroom green roof
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Project 14 - Naturescaping potential for lawn in front of
Entrance D

Project 15 - Potential naturescaping candidate adjacent to
Building 17

Project 15 - Potential naturescaping candidate adjacent to
Building 17

Project 16 - Potential naturescaping area adjacent to art
buildings

Project 16 - Potential naturescaping area adjacent to art
buildings

Project 17- Open space downgradient of Aquatic Center

November 2016
A-6

Clean Water Retrofit Plan

Project 17- Open space downgradient of Aquatic Center

Project 17- Open space downgradient of Aquatic Center

Project 17 - Manhole that could be used for diversion
structure

Project 18 - Potential location for regional bioretention
facility

Project 18 - Existing area drain in field

Project 19 - Existing biofiltration swale that drains
childcare facility campus

November 2016
Clean Water Retrofit Plan
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Project 20- Culvert under path crushed and blocked with
sediment

Project 20- Erosion occurring on path as a result of
crushed culvert

Project 20- Erosion occurring on path as a result of
crushed culvert

Project 21 - Vegetated islands in front of childcare facility
campus. Potential planter retrofit opportunity.

Project 21 - Vegetated islands in front of childcare facility
campus. Potential planter retrofit opportunity.

Project 22 - Oversized impervious area for track and field
delivery and staging

November 2016
A-8

Clean Water Retrofit Plan

Project 22 - Oversized impervious area for track and field
delivery and staging

Project 22 - Oversized impervious area for track and field
delivery and staging

Project 23 – Grassy hillside adjacent to GE Building

November 2016
Clean Water Retrofit Plan

A-9

APPENDIX B
Concept Exhibits

November 2016
Clean Water Retrofit Plan

MT. HOOD COMMUNIT Y COLLEGE CLEAN WATER RETROFIT
PARKING LOT A
Parking Lot A is a large, moderately-utilized lot on the western
edge of the Mt Hood Community College campus off of SE Kane
Drive. Stormwater runoff from this lot is split at a center drainage
divide. Runoff from each side of the divide is collected in the corner of each drainage area and conveyed directly to Kelly Creek
Pond down slope. In addition to this untreated discharge, runoff
that flows to the SE corner of the lot frequently overwhelms an
existing catch basin, flows over the curb, and down the slope.
This overflow is causing erosion of the slope and around the
foundation of a former restroom building.
This parking lot represent a significant untreated impervious area
(approximately 2 acres). Given that parking spaces (10’ wide)
and driving lanes (32’ wide) are oversized by today’s standards,
there is opportunity to reduce the impervious footprint of the lot.
Pedestrian access through the parking lot is also generally poor
and needs to be improved. The retrofit concept for this parking
lot begins with the recommendation to restripe the lot to accommodate angled parking, one-way traffic, and improved pedestrian access. The space gained from restriping will be used to
install bioretention along a center strip and the edges of each
lot. Restriped walkways through the parking lot will also serve
to enhance safety and improve pedestrian passage through the
parking lot.

Overwhelmed catch basin

Eroded slope

Wide spaces

Wide aisles

PARKING LOT A
EXAMPLES

O VE R AL L CONCEPT PLA N
•

Restripe to create one-way traffic with angled parking

•

Add striped pedestrian walkway along center

•

Add linear biorentention along center & south edge

•

Naturescape parking islands and edges

LEGEND
Naturescaping
Bioswale
Striped pedestrian walkway
Existing vegetation
Light post
Drain

PARKING LOT A
P R I O R I T I Z AT I O N M AT R I X

PR O JE CT SNAPSHOT
Parameter

Drainage Area Impervious (sf)
Runoff Generated - 1-inch (gal)
Total Runoff Volume Managed (gal)
Percent of Runoff Managed
Bioretention (sf)

Value

87,327
48,990
49,087
100%
5,910

P R OJE CT BENEFITS
Water Quality and Quantity
•

Removes unnecessary impervious surfaces from parking areas

•

Provides water quality treatment of stormwater runoff from impervious areas

•

Decreases peak flows that discharge to Kelly Creek Pond

•

Eliminates existing catch basin overtopping and resultant downslope erosion

Campus Sustainability

P R O J E C T D E S I G N PA R A M E T E R S
Design Elements

Lot A - East

Improves vehicular circulation

•

Provides safe and accessible pedestrian access to campus buildings

Length (Center) (ft)

•

Works in tandem with other projects and activities to redefine the future of
the campus as a more Provides a real-world example for campus coursework
where students gain design and installation skills

Area (Center) (sf)

Width (Center) (ft)

Width (Edge) (ft)
Length (Edge) (ft)
Area (Edge) (sf)

8

8

160

165

1,280

1,320

14 to 18

11 to 18

102

138

1,540

1,770

Provides a real-world example for campus coursework where students gain
design and installation skills

Ponding Depth (All) (ft)

0.5

0.5

Media Depth (All) (ft)

1.5

1.5

•

Engages with campus partners that employ students to help grow plant material and maintain campus landscapes

Gravel Storage Depth (All) (ft)

1

1

•

Supports work study jobs that train students how to maintain green stormwater
infrastructure

•

Provides opportunity to stage events with the campus community, neighbors,
and allies (e.g., Depave, Friends of Trees) to teach students about campus
sustainability

•

Total

Bioretention

•

Community Engagement

Lot A - West

2,600

3,310

MT. HOOD COMMUNIT Y COLLEGE CLEAN WATER RETROFIT
PARKING LOTS E, F, G & H
Parking lots E, F, G, and H are a series of parallel lots centrally located just west of the main academic buildings on the Mt
Hood Community College campus. These parking lots collectively are the most heavily utilized lots on campus. Stormwater
runoff from these lots is collected in the corner of each and
conveyed, untreated, to the municipal storm sewer under SE
Stark Street to the north. This municipal sewer discharges untreated flow directly to Beaver Creek less than 2,000 feet away.
Lot G looking west

These parking lots represent a significant untreated impervious
area (approximately 5.6 acres). Given that parking spaces (9
to 10’ wide) and driving lanes (28 to 32’ wide) are oversized
by today’s standards, there is opportunity to reduce the impervious footprint of these lots. Pedestrian access through the
parking lots and across this driveway is also generally poor and
needs to be improved. In addition, the aesthetics and habitat
quality of the landscaped berms separating the parking lots
represent another component needing improvement. Given
the central location, the vast area of untreated impervious area,
and the need for better pedestrian access, these parking lots
represents an opportunity to perform a more holistic demonstration stormwater retrofit. Retrofit demonstration in these
parking lots is also of particular importance for the college
given that there are a number of other surface lots on campus
that could benefit from similar retrofitting.
The retrofit concept for these parking lots begins with the
recommendation to restripe each lot to accommodate angled
parking, one-way traffic, and improved pedestrian access. The
space gained from restriping will be used to install bioretention
along a center strip and the edges of each lot. A permeable
pavement walkway adjacent to the center bioretention strip will
also serve to safely route pedestrians through the parking lot to
the main campus. Naturescaping the vegetated berms will also
be performed.

Pedestrian path heading into buildings

Potential space for bioswale

Opportunities for stormwater management
and pedestian walkways

PARKING LOTS E, F, G & H

PA R K I N G L O T G - D E TA ILED C ON C EPT

O V ERA L L CONCEPT PLAN

•

Restripe to create one-way
traffic with angled parking
Add linear biorentention along
center & north edge

•

Add permeable paver walkway along center

•

Add additional striped pedestrian walkways along edges

•

Naturescape existing landscaped berms

H

H

G

G
PA R K I N G L O T F - V I EW FR OM C A M PU S

Kane Drive

•

F

F
ce
Main Entran

E

E

Vehicular Traffic
Bioretention
Naturescaping
Pervious Pedestrian Walkway
Existing Pedestrian Walkways
Striped Pedestrian Walkways
Permeable Pavement

PARKING LOTS E, F, G & H
PR OJE C T SNAPSHOT
Parameter

Drainage Area Impervious (sf)
Runoff Generated - 1-inch (gal)
Total Runoff Volume Managed (gal)
Percent of Runoff Managed
Permeable Pavement (sf)
Bioretention (sf)
Naturescaping (sf)

P R I O R I T I Z AT I O N M AT R I X
Value

171,650
96,296
163,035
169%
13,765
16,540
27,000

P R OJE CT BENEFITS
Water Quality and Quantity
•

Removes unnecessary impervious surfaces from parking areas

•

Provides water quality treatment of stormwater runoff from impervious areas

•

Decreases peak flows that discharge to Beaver Creek

•

Decreases likelihood of occasional parking lot flooding that has occurred
historically

Campus Sustainability
•

Adds habitat and biological diversity through naturescaping of existing landscape areas

•

Improves vehicular circulation

•

Provides safe and accessible pedestrian access to campus buildings

•

Works in tandem with other projects and activities to redefine the future of
the campus as a more sustainable place to work, learn, and visit

Community Engagement
•

Provides a real-world example for campus coursework where students gain
design and installation skills

•

Engages with campus partners that employ students to help grow plant material and maintain campus landscapes

•

Supports work study jobs that train students how to maintain green stormwater infrastructure

•

Provides opportunity to stage events with the campus community, neighbors, and allies (e.g., Depave, Friends of Trees) to teach students about
campus sustainability

P R O J E C T D E S I G N PA R A M E T E R S
Design Elements

Lot E - Lot E - Lot F - Lot F West
East
West East

Permeable paver walkway
Width (ft)
6
Length (ft)
86
Area (sf)
516
Depth (ft)
1.5
Full-width permeable paver parking lot
Area (sf)
0
Depth (ft)
0
Bioretention
Width (Center) (ft)
8
Length (Center) (ft)
77
Area (Center) (sf)
616
Width (Edge) (ft)
6
Length (Edge) (ft)
104
Area (Edge) (sf)
624
0
Area (Islands) (sf)
Ponding Depth (All) (ft)
0.5
Media Depth (All) (ft)
1.5
Gravel Storage Depth (All) (ft)
1

Lot G - Lot G - Lot H - Lot H - Total
West
East
West East

6
113
678
1.5

0
0
0
0.0

6
172
1,032
1.5

6
51
306
1.5

6
267
1,602
1.5

6
41
246
1.5

6
309
1,854
1.5

0
0

7,531
1.5

0
0

0
0

0
0

0
0

0
0

8
104
832
6
170
1,021
300
0.5
1.5
1

0
0
0
0
0
0
0
0
0
0

8
154
1,232
6
231
1,387
300
0.5
1.5
1

8
42
336
6
81
488
0
0.5
1.5
1

8
240
1,920
6
293
1,756
300
0.5
1.5
1

8
32
256
6
60
357
0
0.5
1.5
1

8
282
2,256
6
377
2,259
300
0.5
1.5
1

6,234

7,531

7,448

7,892
1,200

MT. HOOD COMMUNITY COLLEGE CLEAN WATER RETROFIT
COURTYARD 13-15 DEMONSTRATION
Courtyard 13-15 is one of the primary thoroughfares and gathering spaces for students within Mt. Hood Community College. The courtyard is
underutilized as an outdoor gathering space and predominantly functions
as a through-way for students moving from building to building. The retrofit concept for this courtyard is intended to create an interactive, inspiring,
demonstration space that helps define the sustainable and ecological
identity of the Mt. Hood Community College campus.
Current courtyard conditions are defined by six large raised concrete
planters that were designed to provide student seating, as well as provide
room for planting trees and shrubs. More than half of the planter seating
is unavailable to students due to overgrown shrubs. The planter arrangement is spaced so that face-to-face interactions and gathering between
students is difficult to facilitate. Other current attributes of the courtyard
include the Joann Kay Borud Memorial Garden to the west of the site,
two wooden benches, a landscaped slope leading up to the west parking
area, a landscaped area bordering the east edge of the courtyard with
mature vegetation, and one covered circular picnic table.
The retrofit concept for Courtyard 13-15 transforms the space into an interactive place where students can learn about the Mt. Hood Community
College watershed, the salmon-bearing streams that run through campus, and some of the new stormwater technologies used to collect and
treat stormwater prior to its release within Beaver and Kelly Creeks. The
courtyard will feature a large cistern that will capture roof runoff in a visible, artistic, and playful funnel that will allow the campus community to
see and hear the movement and capture of water during a storm. A large
area of the courtyard will have a pervious concrete area that maps out
the Mt. Hood Community College Watershed and uses dyed concrete to
show the locations and shapes of Beaver Creek and Kelly Creek. Artistic
insets can display the types of salmonids found within the watershed.
The square planters will be removed from the space and in some areas,
replaced by demonstration rain gardens. The rain gardens will help break
up the rectilinear patterns that currently dominate the space and frame
smaller gathering spaces within the courtyard itself. The planter bench
seating will be replaced with moveable furniture to maximize the flexibility
the campus community has in creating useable social spaces. The western hillslope that leads from the parking lots to the courtyard will incorporate added native plant diversity to become a naturescaping demonstration area. A map or key to the plants can be installed near the slope.

View from the stairs

Existing planters

Existing planters

Proposed cistern

COURTYARD 13-15 DEMONSTRATION

E X A MPLES

O VE R AL L CONCEPT PLA N
Naturescaping

Educational cistern

Joann Kay Borud
Memorial Garden

Rain gardens
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Our Watershed

Movable seating

Planted trees

Existing
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COURTYARD 13-15 DEMONSTRATION
P R OJE CT SNAPSHOT
Parameter

Drainage Area Impervious (sf)
Runoff Generated - 1-inch (gal)
Total Runoff Volume Managed (gal)
Percent of Runoff Managed
Permeable Pavement (sf)
Bioretention (sf)
Cistern (gal)
Naturescaping (sf)

P R I O R I T I Z AT I O N M AT R I X
Value

39,765
22,308
34,271
154%
1,850
1,187
10,000
10,824

P R OJE CT BENEFITS
Water Quality and Quantity
•

Provides water quality treatment of stormwater runoff from impervious areas

P R O J E C T D E S I G N PA R A M E T E R S

•

Decreases peak flows that discharge to Beaver Creek

Design Elements

Campus Sustainability
•

Adds habitat and biological diversity through naturescaping of existing landscape areas

•

Provides harvested rainwater for landscape irrigation

•

Works in tandem with other projects and activities to redefine the future of
the campus as a more sustainable place to work, learn, and visit

Community Engagement
•

Serves as an educational focal point for students, staff, and visitors about the
importance of stormwater management and interaction with the Kelly Creek
and Beaver Creek watersheds

•

Provides a real-world example for campus coursework where students gain
design and installation skills

•

Engages with campus partners that employ students to help grow plant material and maintain campus landscapes

•

Supports work study jobs that train students how to maintain green stormwater
infrastructure

•

Provides opportunity to stage events with the campus community, neighbors,
and allies (e.g., Depave, Friends of Trees) to teach students about campus
sustainability

Permeable paver inlay
Width (ft)
Length (ft)
Area (sf)
Depth (ft)
Bioretention
Area (North) (sf)
Area (South) (sf)
Ponding Depth (All) (ft)
Media Depth (All) (ft)
Gravel Storage Depth (All) (ft)

Value
41
45
1,850
1.5
592
595
0.5
1.5
1

