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The Baltimore Loading Yard evokes a historical rail yard site, through 
contextual form, and metaphorical function. The site behaves as an active 
study model for the Baltimore Ecosystem Study, and provides learning 
opportunity and engagement from the Baltimore Public Schools.  The 
goal of the design is engage BES researchers with elementary and 
middle school students to document and discover methods for 
decreasing toxicity, mitigating climate changes, managing stormwater, 
and creating an urban forest.  There are three key site elements that are 
actively being studied and adapted – the tree nursery, the permeability 
and albedo test plot, and the bio-swales.  The site, in whole increases a 
multitude of connections both social and ecological.  The Loading Yard 
behaves as a comprehensive case study for ecosystem services, from 
which successful research developments can be applied throughout 
Watershed 263 and the rest of Baltimore.  It also produces street trees to 
be used throughout key street corridors.  
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Mt Clare (New Southwest)
272 vacancies /  75.7 acres

3.6 vacancies per  acre

Pigtown(Washington Vi l lage)
200 vacancies /  209.2 acres

making Mt Clare consistent  wi th Pigtown
(75.7 acres)  x  (  .9 vacancy rate)  = 68 vacancies
272(current  vacancies)  -  68 (proposed vacancies)
=204  homes reoccupied

create 1.4 mi les of  ecological  corr idor  f rom 
Gwynns Fal ls  to B&O Rai l road Museum, and
provide a l ternat ive t ra i l  route for  Gwynns 
Fal ls  Tra i l

connect  3 e lementary schools and 2 middle 
schools wi th in Watershed 263 as f i rs t  phase 
of  neural  network

27,00 sq f t .  t ree nursery
(27,000 sq f t  area)/ (16 sq f t .  pot- in-pot  nursery)
=1,600 t rees
1,600 t rees @ 70% success rate = 1,100 t rees 

1,100 2-2.5” cal .  t rees per 5 years

1,100 t rees per 5 years
2,200 t rees per 10 years
3,300 t rees per 15 years
4,400 t rees per 20 years

transplant  t rees f rom nursery to Bal t imore 
neighborhood ci ty  b locks

develop on-s i te t ree nursery to produce 
st reet  t rees for  Watershed263

provide access across 
rai l  corr idor to Carrol l  
Park to reoccupy vacant 
homes in Mt Clare

homes 
occupied

0.9 vacancies per  acre

1.4 miles of  ecological  corr idor

miles of  t ree covered sidewalks at  30 f t .  
spacing over 20 years f rom tree nursery

acres of  sub-watershed

cu f t .  of  water per storm event

B & O Rai l road Museum

integrated publ ic school network with 
BES study

inputs

functions

metaphysical
 outputs

physical 
outputs

monitoring intensity

learning / community

community access

street trees distributed to 
watershed 263 

ecosystem services

historic infrastructure

publ ic schools

removing barr iers

204

expanding ecology networks

l ink ing learning

managing stormwater

program re lat ionship -  30 scale

connect ions to s i te -  birdseye

community scale changes -  400 scale

si te concept

human-habi tat  connect ions

Bal t imore Loading Yard

N

125

35.5

1

48,450

7,500+84-100%

Southwest  Bal t imore Charter  School
Frankl in Square Elementary + Middle School
Har lem Heights Elementary + Middle School

create BES moni tor ing stat ion on s i te to 
integrate BES wi th Publ ic School  Programs

moni tor  wi th schools:
paving ( inf i l t rat ion rate + albedo /  temp.)
t ree product ion (success + qual i ty)
stormwater  (catchment and soi l  remediat ion)

provide stormwater  catchment for  35.5 acres 
of  sur face runof f  of  Watershed 263

8 bioswales capture and remediate water  for  
t ree nursery product ion

gal lons of  
stormwater  stored 
at  2% of  maximum 
bioswale capaci ty

remediate brownf ie ld condi t ions for :
PAH (polyaromat ic hydrocarbons)
PCB (polychlor inated biphynels)
TPH ( tota l  petro leum hydrocarbons)
heavy metal  contaminants

phytoremediat ion 
to safe levels in 
20 years
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EXISTING HARDSCAPE
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BIOSWALE B
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SUCCESSIONAL GROWTH FOREST
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N0           25            50                           100                                                     200 ft.

200 species 200 species 200 species 200 species 200 species

$2,8005 years $2,800 $1,200 $1,200 $2,800

$6,00010 years $6,000 $2,000 $2,000 $7,400

$16,20020 years $16,200 $4,000 $4,000 $19,400

1,000 species

$10,800

$23,400

$59,800

PAHPAH PCBPCB CdCd PbPb CrCr AsAs CuCu NiNi ZnZn
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 (polyaromatic hydrocarbons)

 (polychlorinated biphenyls)

  cadmium

  lead

  chromium

  arsenic

copper

nickel

zinc

red blood cell damage, immune suppression, cancer

reproductive and nervous system damages, cancer

kidney damage, fragile bones

neural development disorders, organ damage

cancer, liver damage, skin and nose irritation

skin, lung, bladder, kidney cancer

kidney and liver damage, hypotension, vomiting

breast and lung cancer, oxidative stress

nausea vomiting
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area (sq ft.) paver type subgrade material bonding pattern air high/low (°C)test 
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surface high/low (°C)

(x%)
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(x%)
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(x%)

(x%)

(x%)

(x%)
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(x%)

(x%)

(x%)
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soil moisture 
(15 cm)

soil moisture 
(30 cm)
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28 302933248248

0                 25              50 ft                        100 ft

Andropogon gerardii
Big Bluestem

Bouteloua gracilis
Blue Grama Grass

Agrostis capillaris
Common Bentgrass

Agrostis castellana
Highland Bentgrass

Artemisia vulgaris
Mugwort

Asclepias tuberosa
Milkweed

Achillea millefolium
Common Yarrow

Asclepias syriaca
Milkweed

Brassica juneca
Indian Mustard

Coreopsis lanceolata
Tickseed

Cynodon dactylon
Bermuda Grass

Elymus canadensis
Canada Wild Rye

Echinacea purpurea
Purple Coneflower

Lolium perenne
Perennial Ryegrass

Lupinus perennis
Wild Lupine

Pteridium aquilinum
Bracken Fern

Rudbeckia hirta
Black-eyed Susan

Betula pendula
Silver Birch

Betula nigra
River Birch

Betula nigra
River Birch

Betula populifolia
Gray Birch

Rhus typhina
Staghorn Sumac

Rhus copallinum
Winged Sumac

Salix nigra
Black Willow

totals

Eupatorium capillifolium
Dogfennel

Festuca rubra
Red Fescue

Panicum virgatum
Switchgrass

Schizachyrium scoparium
Little Bluestem

Sorghastrum nutans
Indian Grass

Spartina pectinata
Prairie Cordgrass

Silene vulgaris
Bladder Campion

Tagetes minuta
Southern Cone Marigold

Sporobolus heterolepis
Prairie Dropseed

Trifolium pratense
Red Clover

Trifolium repens
White Clover

Acer rubrum
Red Maple

Acer rubrum
Red Maple

Gleditsia triacanthos
Honey Locust

Gleditsia triacanthos
Honey Locust

Platanus acerfolia
Plane Tree

Platanus acerfolia
Plane Tree

Quercus sp.
Oak

Quercus sp.
Oak

image: Acer rubrum. abnativenursery.com. Accessed 4-14-2015.
image: Achillea millefolium. watershednursery.com. Accessed 4-14-2015.
image: Agrostis capillaris. nzflora.info. Accessed 4-14-2015.
image: Agrostis castellana. eweb.unex.es. Accessed 4-14-2015.
image: Artemisia vulgaris. flickriver.com  Accessed 4-14-2015.
image: Asclepias tuberosa. minnesotawildflowers.info.  Accessed 4-14-2015.
image: Asclepias syriaca.  thismia.com.  Accessed 4-14-2015.
image: Betula pendula. hdwalls.xyz.  Accessed 4-14-2015.
image: Betula populifolia. nature.org  Accessed 4-14-2015.
image: Betula nigra. inglesidenursery.com.  Accessed 4-14-2015.
image: Bouteloua gracilis.  finegardening.com.  Accessed 4-14-2015.
image: Brassica juneca.  herb-education.eu.  Accessed 4-14-2015.
image: Coreopsis lanceolata. actaplantarum.com.  Accessed 4-14-2015
image: Cynodon dactylon. actaplantarum.com.  Accessed 4-14-2015.
image: Echinacea purpurea. teddingtongardener.com.  Accessed 4-14-2015.
image: Elymus canadensis. pixgood.com.  Accessed 4-14-2015.
image: Eupatorium capillifolium.  jayen.co.  Accessed 4-14-2015.
image: Festuca rubra. pixgood.com.  Accessed 4-14-2015.
image: Gleditsia triacanthos. penninckxplantes.penninckx.org.  Accessed 4-14-2015.
image: Lolium perenne.  habitats.org.uk.  Accessed 4-14-2015.
image: Lupinus perennis. norcrossws.org.  Accessed 4-14-2015.
image: Panicum virgatum. flickriver.com.  Accessed 4-14-2015.
image: Platanus acerfolia. davesgarden.com.  Accessed 4-14-2015.
image: Pteridium aquilinum web.ewu.edu.  Accessed 4-14-2015.
image: Rhus copallinum. wetland.org.  Accessed 4-14-2015.
image:  Rudbeckia hirta. gardenexperiments.com.  Accessed 4-14-2015.
image: Salix nigra. commons.wikimedia.com.  Accessed 4-14-2015.
image: Schizachyrium scoparium.   finegardening.com.  Accessed 4-14-2015.

Big Bluestem 
Blue Grama Grass
Canada Wild Rye

Switchgrass
Little Bluestem
Indian Grass
Red Clover

White Clover

Common Bentgrass
Red Fescue

Common Yarrow
Mugwort

Indian Mustard
Dogfennel

Common Bentgrass
Highland Bentgrass

Mugwort
Indian Mustard

Southern Cone Marigold
Brackenfern

Bermudagrass
Switchgrass

Mugwort
Indian Mustard

Bermudagrass
Switchgrass

Mugwort
Indian Mustard

Common Bentgrass
Highland Bentgrass

Big Bluestem
Canada Wild Rye

Little Bluestem
Milkweed
Tickseed

Purple Coneflower
Black-eyed Susan
Bladder Campion

Little Bluestem
Indiangrass

Mugwort
Indian Mustard

Dogfennel

Common Bentgrass
Highland Bentgrass

Little Bluestem
Indian Mustard

Bladder Campion
Southern Cone Marigold

Black-eyed Susan

Switchgrass
Prarie Cordgrass

Wild Lupine
White Clover

~$60,000 in environmental 
benefits over 20 years on 
80,000 - 100,000 sq. ft.  site

~$200,000 in environmental benefits 
over 20 years from 4,400 trees planted 
and transplanted from nursery. 

ecosystem value
for site plantings

based on “Tree Benefit Calculator.” trees.maryland.gov. 2015.

(data referenced
on page 3)

(dye et. al 2011)

220 species 220 species 220 species 220 species 220 species

$1,5405 years $3,080 $1,980 $1,980 $1,540

$5,06010 years $6,600 $5,280 $5,280 $4,180

$13,20015 years $12,540 $12,540 $13,200 $10,560

1,100 species

$10,800

$10,800 --- --- ---

---

---

---$10,800

$10,800

$10,800

$10,800

$36,520

$98,560

$199,100

$23,400

$23,400

$23,400

$23,400

$59,800

$59,800

$59,800 $59,800

$21,12020 years

5 years

10 years

15 years

20 years

$17,820 $18,480 $24,640 $18,480 $59,800

ecosystem value
for site plantings

possible other 
tree evaluations cultivar diseases success rate age / dbh seasonality / other notes

total ecosystem 
value

nursery 
production

5 years of nursery 
production value

10 years of nursery 
production value

15 years of nursery 
production value

20 years of nursery 
production value

subtotals

based on “Tree Benefit Calculator.” trees.maryland.gov. 2015.

polychlor inated 
biphenyls cadmium lead chromium arsenic copper nickel z inc

polyaromat ic
hydrocarbons

years

3000 sq.  f t 3000 sq.  f t 1750 sq.  f t
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1800 sq.  f t
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cargo forest  -  successional  growth forest

scrapyard plaza

BES moni tor ing stat ion

permeabi l i ty  /  a lbedo test  p lots

gantry crane

soi l  /  water  moni tor ing -  b ioremediat ion swales

tree nurserynursery prep area

B&O rai lyard water  storage

remediate tox ins /  b ioswale test  p lots

faci l i tate corr idors /  t ree nursery

tox ins (mg/kg) /  heal th ef fects

enhance node /  successional  forest  growth

 permeabi l i ty  /  a lbedo paving /  test  p lots

s i te e levat ion -  30 scale (southwest  -  nor theast)

si te tox ins

plot mater ia l  /  implementat ion surface temp. inf i l t rat ion

rate above safety level  /  ef fect
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tree nursery specific

Cimon, Alex. (2012). “Urban Forests Case Studies: Challenges, Potential and Success in a Dozen Cities.” American Forests. 
pp.52-59. Americanforests.org. Pdf.
McNiel et al. (2015) “Physical and Economic Requirements for Pot-in-pot Nursery Production.” University of Kentucky. 
Ca.uky.edu
Robbins, James A. (2013) “Nursery Series: Starting a Wholesale Nursery – Part II.” University of Arkansas. Uaex.edu. 

soil toxicity specific

Dye et al. (2011). “Brownfields to Greenfields – A Field Guide to Phytoremediation.” YouAreTheCity. Youarethecity.com.
Ebbs, S. D. et al. (1997). “Phytoextraction of Cadmium and Zinc from a Contaminated Soil.” Journal of Environmental Quality. 
26:5 pp. 1424-1427.
Fiorenza, S., et al. (1999). “Phytoremediation of Hydrocarbon-Contaminated Soils” Vol. 2. Pp.7-29. CRC Press.
Gallagher et al. (2008). “Soil Metal Concentrations and Vegetative Assemblage Structure in Urban Brownfield.” Environmental 
Pollution 153: 351-361.
The Interstate Technology & Regulatory Council Phytotechnologies Team. (2009). “Phytotechnology Technical and Regulatory 
Guidance and Decision Trees, Revised.” ITRC. Pdf.
Marzena Szczyglowska et al. (2011). “Use of Brassica Plants in the Phytoremediation and Biofumigation Processes.” Interna-
tional Journal of Molecular Sciences. 12:7760-7771. Pdf.
Murray et al. (2000). “Evaluating Three Trace Metal Contaminated Sites: A Field and Laboratory Investigation.” Environmental 
Pollution 107: 127-135.
Porebska and Ostrowska.  (1999). “Heavy Metal Accumulation in Wild Plants: Implications for Phytoremediation.” Polish 
Journal of Environmental Studies. Vol. 8. 6:433-442. Pdf. 
Puget Sound Partnership. (2012). “LID Technical Guidance Manual: Appendix 6. Sampling of Plant Species Studied for 
Phytoremediation.” Washington State University Extension. Psp.wa.gov. Web.
Reid, Kanaley. (1987). “Worst-ever Pcb Levels at Rail Site U.S. Report Faults Septa Paoli Yard.” Philadelphia Inquirer. 
Accessed April 14, 2015. Philly.com. Web
Rofkar, Jordan R. et al.  (2007). “Analysis of Arsenic Uptake by Plant Species Selected for Growth in Northwest Ohio by Induc-
tively Coupled Plasma – Optical Emission Spectroscopy.” Communications in Soil Science and Plant Analysis. 38:2505-2517. 
Pdf.
Smith, K. E. et al. (2007). “Phytoremediation of Polychlorinated Biphehyl (PCB) – Contaminated Sediment.  American Society 
of Agronomy. 
Stone, Lynn M. et al. (2014). “Public Health Assessment: Gulf Mobile and Ohio Rail Yard.” Illinois Department of Public Health 
and the Agency for Toxic Substances and Disease Registry. Accessed April 13, 2015. Idph.state.il.us. Web.
Ukaegbu, Obi, and Mbakwem, Aniebo. (2015). “The Synergistic Approach/ Action of Plants and Rhizobacteria in Crude Oil 
Contaminated Soil Remediation in Nigeria.” Nature and Science. 13(2). Pdf.
U.S. EPA. (2015). “Paoli Rail Yard: Current Site Information.” Environmental Protection Agency. Accessed May, 13, 2015. 
Epa.gov. Web. 

Baltimore specific

Chevalier-Flick, Michelle. (2009). “Toxic Playground: A Retrospective Case Study of Environmental Justice in Baltimore, Mary-
land.” Ohio University. Pp.10-14. Pdf.
Groffman, Peter and M. K. Crawford. (2003). “Denitrification Potential in Urban Riparian Zones.” Journal of Environmental 
Quality. 32:1144-1149. Pdf.
“Tree Benefit Calculator.” trees.maryland.gov. 2015.
Yesilonis, L. D. et al. (2008). “Spatial Distribution of Metals in Soils in Baltimore, Maryland: Role of Native Parent Material, 
Proximity to Major Roads, Housing Age, and Screening Guidelines.” Environmental Pollution. 156:723-731. Pdf.
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 permeabi l i ty  /  a lbedo paving /  test  p lots -  deta i l remediate tox ins /  b ioswale test  p lots -  deta i lt ree nursery -  deta i l

enhance node /  successional  forest  growth
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(10) 225 square ft. permeability test plots

soil infiltration / temperature /compaction testing

reclaimed rail

cast-in-place concrete breaks

reclaimed building 
materials from 
deconstructed buildings

urban climate

urban climate

phytoremediate toxins

learning plants + soils / 
nutrient cycling

learning plants 
to grow street 
trees

construct and deconstruct

infiltrate

infiltrate

test conditions

1,100 + nursery trees

student testing

drip irrigation from 
bioswale water

pot-in-pot containers

site sourced
crushed aggregate

corrugated pipe overflow 
returns to bioswales

compacted subgrade

flow splitter

stormwater enters site from 
storm drains/ recycled 
water from tree nursery

students taking 
soil samples

bioswale
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