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Starting with the Model T and ending 
with the Ranger pickup, the Ford Motor 
Company plant in St. Paul, Minnesota, 

rolled off the assembly line in 2011, planning 

neighborhood that looks to the future, using 
clean technologies and high-quality design 
for energy, buildings, and infrastructure. Its 

residential neighborhoods makes the site a 

to manage needs pertaining to energy, waste, 
transportation, landscape, and water.

a plan for publicly owned spaces and facilities 
at the Ford site. As part of this effort, the city 
and the Capitol Region Watershed District 
(CRWD; St. Paul) – a special-purpose local 

protects a 104-square kilometer (km2) (40-
mi2) watershed in the Twin Cities region 
of Minnesota – conducted a sustainable 
stormwater assessment of the Ford site. 

Stormwater runoff from the former Ford 
site primarily drains to one discharge point – 
Hidden Falls Creek, which flows to the nearby 

that the creek existed on the site until the 

to facilitate construction of the site, which 

downstream without treatment, destabilizing 

ment will mitigate existing impacts, but the  
approach must align with principles of 
sustainability. This requirement necessitated 

project-by-project approach to stormwater 

regional stormwater systems that can add 

green infrastructure within a public space. 
“Shared, stacked function” refers to situations 
in which green infrastructure is intended 

beyond stormwater management.

the historical Hidden Falls headwaters feature, 
fully naturalizing the existing downstream 
creek, reconnecting the future neighborhood 

path, and creating a model for sustainable, 

stormwater assessment for the Ford site had as 

managing stormwater: a standard “baseline” 
approach that handles stormwater on the basis 

Falls headwaters” approach that includes the 
restoration of the creek as part of a centralized 
green infrastructure corridor. The goal was to  

 

Methodology
 

as-usual stormwater management approach 
that meets the city’s and CRWD’s current 
regulatory standards. With this approach, 
each parcel would control its own stormwater, 
typically by means of such underground 

to meet minimum requirements. As the 

the right-of-way would be managed by means 

amenities and benefits would be accepted for 

assumed enhanced stormwater management 
goals to strengthen downstream protection. 
Runoff from the entire site would be managed  

 
in a centralized green infrastructure corridor,  

recreating the buried Hidden Falls headwaters 
feature. Downstream, Hidden Falls Creek 
would be restored, and associated natural 

The community would benefit from green 

 
of planning, research, and reporting, with the 

as follows:

Phase 1:
•  Preliminary research and reports were 

information.
•  A stormwater model was built using the 

hydraulic and hydrologic modeling software 
XP-SWMM to identify big-picture design 
parameters.

•  Conceptual designs and renderings 

completed.
•  City of St. Paul and CRWD staff worked 

together to define the features and functions of 

•  The concepts were presented to the public at 
an open house in June 2015. 

Phase 2:
•  Additional stormwater modeling was done 

•  City and CRWD staff reached a consensus 
about features that should be included in the 

•  Cost, benefit, and sustainability tradeoffs 

and economic benefits for both plans.
Estimated costs were benchmarked against 
similar projects in the region. The potential 

conducting a life-cycle assessment (LCA). 
LCA is a long-term assessment method that 
considers the use of energy and materials 
across the stages of a product’s life, from 
raw material extraction through end-of-life. 

Bob Fossum, 
Wes Saunders-Pearce, Nathan Campeau, and Matt Metzger explain the decision-

Analyzing alternatives for 
managing stormwater
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Typically, LCA estimates are used to obtain 
insights about tradeoffs and to inform decision-
making, planning, and design. For the LCA 

the project team used the Tool for Reduction 
and Assessment of Chemicals and Other 

impact assessment tool that quantifies potential 
impacts associated with such categories as 
ozone depletion, climate change, acidification, 
eutrophication, smog formation, human health 
impacts, ecotoxicity, and fossil fuel use.

 
is a systematic process for calculating and 
comparing the benefits and costs of a project 

of one project to those of another. The SROI 
process accounts for the project’s triple bottom 
line – its full range of economic, financial, 

calculated using AutoCASE®, a web-based tool 
that assigns monetary figures to infrastructure 
and building projects based on benefits and 
sustainable design features as well as 

 
the New York-based company Impact Infra- 
structure, enabled the authors to understand 

time; and present their case with confidence 

because they had credible data to back them up.
The project team worked to make reasonable 

definition at the early stage of this assessment 
made the comparison of stormwater manage-
ment options part science and part art. The 

landscape – instead of a neglected waste 
stream – could factor into future planning. 

Comparing the two alternatives
Benefits, costs, and tradeoffs were characteri- 

 
to the following factors:
•  Restoring and protecting Hidden Falls Creek, 

including a natural connection to the Ford site, 
and increasing recreation opportunities and 
public awareness of these resources

•  Treating stormwater as a resource, not a 
waste stream

comparison of St. Paul’s sustainability 
indicators for the Ford site

•  Increasing community benefits by enhancing 
community amenities, reducing significant 

resources
•  Using tools – lifecycle assessment and the 

estimating program AutoCASE – to conduct 

indicators for the Ford site.

The current condition of Hidden Falls Regional 
Park and Hidden Falls Creek represents 
the geological history along the Mississippi 

of the Ford Motor Company complex, a 
stream flowed southwest across the Ford 
site to the present-day Hidden Falls. That 
stream, which originated near what is now a 
nearby busy intersection, was buried during 

The hydrology of Hidden Falls Creek 
originates as stormwater runoff from the 

Advantages of Hidden Falls 
headwaters stormwater system

estimated at US$2.3 million 
($7.7 million more than standard system)

3/s, 
same as presettlement flow

green space and Hidden Falls Creek
•  Reduces greenhouse gas and energy footprints by 

32 percent
•  Reduces water footprint by 14 percent
•  Triples natural area and adds $3.3 million in benefits 

•  Outperforms baseline in 6 lifecycle assessment 
impact indicators, as measured by the EPA’s Tool for 
Reduction and Assessment of Chemicals and Other 

stormwater system outperforms 3 indicators.

6

Hidden Falls Headwaters

Stormwater management 
above ground 
With this alternative, runoff from the 
entire site would be managed with above 
grade features (see examples below) 
in a “centralized” green infrastructure 
corridor. The corridor re-creates the original 
headwaters feature. Downstream, Hidden 
Falls Creek would be restored and associated 
natural areas linked to the development. The 
community would benefit from green space 
and developers would not be required to 
manage stormwater on individual parcels. 
This option exceeds City and CRWD 
stormwater management requirements.

• Bioretention: A shallow area planted with 
deep-rooted plants and grasses; water 
flows into the garden, then soaks back 
into the ground and is filtered/released 
(see illustration below).

• Hardscape pavement: Pavement built 
with  materials that convey water to 
bioretention facilities. 

Green infrastructure
Open water

Map Key 4.8 acres bioretention 
(for runoff from entire site)

2.4 acres retention pond  

Enhanced public spaces 
along green spine

Improved recreation trail connection

Hidden Falls             
3.5 cfs 2-year peak                 
129 cfs 100-year peak

134 acres site extents

35 acres of existing 
residential watershed area to 
south treated on the Ford site

Hidden Falls Headwaters

Mississippi River

H

Acres Acres Acres 
Pond Biofiltration Green Space

2.4 4.8 3.5

Acres 10.7 Study Area Extent

Re-created Hidden Falls 
Headwaters
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surrounding watershed. The urbanization 
of the watershed, in conjunction with the 

created a high-energy stream. 

Creek or Hidden Falls Park. Peak flow 
would be reduced modestly from present-
day conditions, and the floodplain would 

Falls headwaters approach would reflect 
pre-settlement conditions more closely. The 
current flow rate of 6.6 m3/s (233 ft3/s) would 
decrease to 0.1 m3/s (3.5 ft3/s), while a more 
naturalized streambed would be created to 
promote filtration and infiltration of water. 

the project would direct runoff from a nearby 
14-ha (35-acre) existing residential watershed 
to be treated on the Ford site. Additionally, 

would restore ecological interaction among 
stream, wetland, and upland communities. 
In summary, the Hidden Falls headwaters 

of Hidden Falls and Hidden Falls Creek. 
One way to measure the successful 

goals, metrics, and indicators of success. 

sustainability indicators for the Ford site. 
These measure how well the city addresses 
the community’s present and future economic, 

understanding that all of these factors are 
interrelated. The Hidden Falls headwaters 

on 17 of 18 indicators. It is important to note, 

meet as many indicators as possible.

Costs and lifecycle assessment

benchmarked against similar projects in the 
region. The estimate included a 30 percent 
contingency for construction and for operation 
and maintenance (O&M), but not for planning, 
engineering, design, or construction manage- 
ment. An assumed life of 25 years was used to 
estimate lifecycle O&M costs. A 4 percent 
interest rate was assumed based on current 
city of St. Paul practice. 

The cost analysis produced the following  
key conclusions:
•  The baseline and Hidden Falls headwaters 

construction costs; the Hidden Falls 
headwaters option may cost 5 percent to 

 
$13.7 million)

•  Because the Hidden Falls headwaters 

construction cost per acre is 40 percent less 

reduces flows 75 percent more compared 

capital costs
•  The Hidden Falls headwaters approach may 

maintain the green infrastructure amenities
•  The possible shift of maintenance 

and the source of maintenance funding 
should be considered in further planning.

factors can be targeted for reduction during 
future planning and design efforts. In general, 

intense extraction or require significant 
amounts of energy, fuel, or potable water 

1 lists the design parameters for both of 

resources associated with those features.
On the basis of this comparison, the Hidden 

to require 32 percent less embodied energy 
– that is, the total energy consumed by a 
product during its lifecycle. The Hidden Falls 

result in a 14 percent smaller footprint in terms 
of greenhouse gas emissions and water use.

As noted earlier, AutoCASE was used 
for this analysis. The results show that the 
benefit-to-cost ratio for the Hidden Falls 

•  Larger, enhanced public spaces and recreation

•  Restoration of Hidden Falls Creek.

Conclusion

protection of water resources. Monetizing social 

Table 1. Design parameters of the baseline and Hidden Falls headwaters 
alternatives

Feature Baseline Hidden Falls 
headwaters

Underground storage 11,900 m3

(9.62 ac ft) 
None

Biofiltration 0.85 ha (2.1 ac) 1.9 ha (4.8 ac)

Pond None 1.0 ha (2.4 ac)

Reinforced-concrete pipe 
(RCP) trunk sewer

1,067 m 
(3,500 ft)

1,250 m 
(4,100 ft)

RCP manholes, catch basins 59 63

1.7 ha bituminous 
(4.3 acres)

None

Cast-in-place (CIP) walls None 549 m  
(180 ft)

Stone walls None 304.8 m
(1,000 ft)

Hidden Falls Creek Armored bank 
erosion protection

Streambank 
restorations and 
recreational trail

Electricity None Stormwater 
recirculation

None 3,344 m2 
(4,000 yd2)

Table 2. Estimated resource quantities required for each alternative*

*Electricity for pumping not included; district energy study for generation mix allocation pending

Feature Baseline Hidden Falls 
headwaters 

60.8 million (M) kg 
(134 M lb)

127 M kg 
(280 M lb)

Soil to be hauled 60.5 M kg
(133 M lb)

90.7 M kg 
(200 M lb)

3.2 M kg 
(7 M lb)

453,592 kg 
(1 M lb)

0 kg 861,825 kg  
(1.9 M lb)

Cast-in-place concrete walls 0 kg 2.7 M kg 
(6 M lb)

Steel reinforcement 0 kg 102,058 kg 
(225,000 lb)

Precast concrete 1.8 M kg 
(4 M lb)

2.3 M kg 
(5 M lb)

Iron castings 29,483 kg 
(65,000 lb)

9071 kg 
(20,000 lb)

Corrugated metal storage pipe 1.4 M kg 
(3 M lb)

0 kg

Polypropylene fabric 9071 kg
(20,000 lb)

454 kg 
(1,000 lb)

Riprap, large stone, aggregates 41.3 M kg 
(91 M lb)

11.8 M kg 
(26 M lb)

Polyethylene pipe 454 kg 
(1,000 lb)

907 kg 
(2,000 lb)

Continued on page 33



 Events 2018
August

6-7 Washington DC, USA

Symposium on Affordability

Federation and American 
Water Works Association
www.wef.org

26-31 Stockholm, Sweden
SIWI World Water Week 
2018: Water, Ecosystems 

Organized by Stockholm 
International Water Institute
www.worldwaterweek.org

September

4-6 Mexico City, Mexico
Aquatech Mexico Exhibition, 
co-located with Global Resources 

Exhibition and Congress. 
WaterMex Conference held in 
cooperation with CONAGUA 
and supported by ANEAS
www.aquatechtrade.com

September 

8-10 Xi’an, China
International Sponge 
City Conference
Hosted by China Urban Water 
Association, Housing and Urban-

www.spongecity2018.com

9-11 Austin, Texas, USA
33rd Annual WateReuse 
Symposium
www.watereuse.org

16-18 Sydney, Nova 
Scotia, Canada
Annual Meeting, Atlantic Canada 
Water & Wastewater Association
www.acwwa.ca

16-21 Tokyo, Japan
World Water Congress & 
Exhibition 2018, organized by 
International Water Association
www.worldwatercongress.org

September 

24-28 Brooklyn, NY USA

Organized by Green Roofs 
for Healthy Cities, Green 
Infrastructure Foundation

29-October 3 New Orleans, 
Louisiana, USA
WEFTEC 2018, 91st Annual 
Technical Exhibition & Conference, 
held with Stormwater Congress.
Organized by Water 

www.weftec.org

October

15-18 London, England
Year in Infrastructure 
Conference 2018
Organized by Bentley 
Systems, Inc.
www.yii.bentley.com

October

17-18 Detroit, Michigan, USA
Great Lakes Restoration 
Conference, organized by Healing 
Our Waters-Great Lakes Coalition
www.healthylakes.org

19-22 Philadelphia, 
Pennsylvania, USA
American Society of 
Landscape Architects 
Annual Meeting and Expo
www.asla.org

October 

29-30 Portland, Maine, USA
CSO/Wet Weather 
Issues Conference
Organized by New England 

www.newea.org

Continued from page 24
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Events

Although the baseline and 
the Hidden Falls headwaters 

costs of similar magnitude, the 
latter greatly outperforms the 
former, scoring better on 17 of 
18 sustainability indicators. 
Beyond its benefits already 

urban heat island effects 25 
percent more than the baseline 
and reduces air impacts by 27 
percent compared to the baseline. 
What is more, the Hidden Falls 

feasible approach for re-creating 
the historical headwaters 
feature, which is paramount 

flows to Hidden Falls Creek. 
Of course, the Hidden Falls 

headwaters approach has 
certain tradeoffs. For example, 
up to 2.4 ha (6 ac) of the 54.2-ha 
(134-ac) site will be required 
for green infrastructure. 

for underground storage would 

land. Meanwhile, runoff from 
an adjacent neighborhood or 

neighborhoods will need to 
be routed to the Hidden Falls 
headwaters to control all flows to 
Hidden Falls Creek. At the same 
time, the green infrastructure 
will entail greater demands and 
expense associated with O&M. 

In 2017, the City of St. Paul 
adopted a Ford Site Zoning and 
Public Realm Plan that included 
the Hidden Falls headwaters 
approach. The Ford Motor 
Company is currently marketing 
the site. Once the site is sold to 

more detailed plans and phasing 

completed. Depending on market 
conditions, full buildout of the site 

Authors’ Note
Bob Fossum is program manager 
for the Capitol Region Watershed 
District. Wes Saunders-Pearce 
is water resource coordinator for 
the city of St. Paul, Minnesota, 
US. Nathan Campeau is a senior 
water resources engineer and Matt 
Metzger is a senior civil engineer 
for Barr Engineering Co. This 
article is based on a WEFTEC 
2017 paper titled “Sustainable 
Stormwater Management: 
Alternatives Analysis for the 
Future Ford Development Site.” 


