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Soil Properties 

The stuff that makes a soil the 

“Elixir of Life” 

OR 

“The cause of failure” 



Soil Resource 
Requirements 

Min Max 

Oxygen in soil atmosphere (for root survival) 3% 21% 

Air pore space (for root growth) 25% 60% 

Soil bulk density of the surface 24” - 
93.6 lbs/ft3 (clays) 

109.3 lbs/ft3 (sands) 

Penetration resistance (moist)‡ 50 lbs/in2 
275 lbs/in2 (clays) 

300 lbs/in2 (sands) 

Water content 12% 40% 

Temperature limits for roots and soil biology 40°F/4°C 94°F/34°C 

Soil pH 5.5 7.5 

Soil Cation Exchange Capacity (CEC) of the 

surface 6” 
8 meq/100g >10 meq/100g 

Soil organic matter content of surface 6” only 3% 10% 

Soil organic matter content of subsoil - <1% 

Soil coarse fragment content of the surface 6” 

(rocks etc. >75mm) 
- <20% 

Source: developed from Coder, 2000 and Craul, 2006 

‡ see Soil texture table from Urban Soil Quality, USDA-NRCS for greater detail 



Particle Size Distribution 

• Particle size distribution in urban soils is 

much more important than soil texture. 

• There can be soils with the same soil 

textures, but extremely different 

reactions to outside forces usually 

induced by humans. 

• Particle size distribution is a plot of the 

percent of various particle sizes. 



Particle Size Distribution Chart 

Well Graded 

Poorly Graded 



The Packing Model 

• If you consider the number of contact points between 
the various distributions, the more contacts, the more 
dense the soil can become. 

• Therefore, not all soil textures are created equally. 



Proctor Compaction 

• “A” and “B” are soils 

with well graded 

particle size 

distributions 

• “C” and “D” are 

poorly graded 

particle sizes with 

significant amounts 

of sand sized 

particles.  

Holtz and Kovacs, 1981 



SOIL INFILTRATION 

PROPERTIES 



Granular Structure typically 

found under grasses. 

Subangular Blocky Structure 

typically found within ‘B’ 

horizons. 

Soil Structure 



Landuse  Series Horizon Range In/hr Percent decrease from 

Woodland Infiltration 

Woodland  Glenelg Topsoil 7.20 – 12.41 - 

Glenelg Subsoil 2.30 – 9.23 - 

Crops (rot)  Glenelg Topsoil 2.20 – 3.81 69% 

Glenelg Subsoil 0.20 – 2.47 91% - 73% 

Hay (cont)  Glenelg Topsoil 0.21 – 1.93 97% - 84% 

Glenelg Subsoil 1.30 – 9.60 43% - (+4%†)  

Urban (new)  Glenelg Topsoil 0.32 – 0.52 96% 

Glenelg Subsoil 0.04 – 0.49 98% - 94% 

Urban (mid)  Glenelg Topsoil 2.70 – 5.58 66% - 55% 

Glenelg Subsoil 0.21 – 0.55 91% - 94%  

Urban (old)  Glenelg Topsoil 5.30 – 34.29 26% - (+3%†) 

Glenelg Subsoil 0.22 – 16.00 90% - (+73†) 

White and Chibirka, USDA-NRCS, 2006 

†Soil structure, material and/or density variations 



Pit # 
Sample 

# 

Core 

Sample 

Depth 

(in) 

Ksat 

(in/hr) 

Predicted 

Ksat 

(in/hr) 

Dry Bulk 

Density 

(g/cc) 

Bulk 

Density @ 

Field 

Capacity 

(g/cc) 

Moisture 

Content 

@ Field 

Capacity 

(%) 

Pore 

Space 

(%) 

1 

H-1 12 5.64 1.319 1.40 1.72 18.0 47.2 

H-2 22 0.05 0.470 1.60 1.88 9.3 39.6 

H-3 39 0.03† 0.097† 1.78 2.05 8.5 32.8 

2 

E-1 4 2.73 0.963 1.45 1.88 23.3 45.3 

E-2 20 0.03 0.059† 1.81 2.13 10.0 31.7 

E-3 37 0.02† 0.166 1.63 2.05 13.4 38.5 

3 
F-1 4 7.50 1.824 1.28 1.62 18.0 51.7 

F-2 23 0.02† 0.057† 1.79 2.10 9.7 32.5 

5 

G-1 4 0.17 0.759 1.52 1.80 15.6 42.6 

G-2 20 0.00† 0.038† 1.93 2.21 8.2 27.2 

G-3 32 0.40 0.481 1.56 1.94 12.6 41.1 

† Most Restrictive Transmissive Layer for HSG 

Urban Soil Profiles at Princeton 





     

   



Pore Space 





M. Lamandé, et.al 2013 
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SOIL EROSION 



(Saxton & Rawls, 2006) 

Estimated Plant 

Available Water  
for bulk soil of CU soil with a 

clay loam and 86% coarse 

fragments versus a SBSS sand 

with 6.9% coarse fragments 

over a range of bulk densities. 

Coarse Fragment 

Content on 

Saturated 

Conductivity 



Rain Gardens 

CASE STUDIES 







Chemistry Building – Princeton University 

Before Plugs - 2010 Day after Hurricane Irene- 2011 

Michael Van Valkenburgh Associates 



Phipps Conservancy - Pittsburgh 



Phipps Conservancy - Pittsburgh 



Shoemaker Green – University of Pennsylvania 



Shoemaker Green – University of Pennsylvania 

Bed 0 – 6” 6 – 12” 12 – 24” 24”+ 

Bio-

Retention 

Basin 

100 150 250 300 

125 150 250 250 

100 150 225 200 

75 150 150 275 

50 175 275 300 

50 50 50 50 

50 100 175 250 

50 125 150 275 

50 50 50 50 

55 75 150 300 

Penetration resistance of the Bio-retention basin 
*In lbs/in2 

5 min 10 min 15 min cm/hr In/hr 

2.5 5.4 8.2 32.8 12.9 

1.9 4.0 6.2 24.8 9.8 

Infiltration Rate of the Bio-retention basin 
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Andropogon 



Dillworth Plaza 





Central Green 

Construction Limitations 

• Contaminated Site 

• Fluctuating water table 

• Limited Budget 

• Making donated soils 

work for the site. 

• Moderate site usage 

(lower than Shoemaker 

Green, DC Mall, or 

Central Park) 

 

Solutions 

• Bury the contaminated 

material with a “witness 

layer” (S3). 

• Adjusting installation 

procedures and QC for 

less robust planting soils.  

• Identifying those high use 

areas and adjusting 

planting soils and plants 

for those areas 

specifically.  



The Meadow 



Drainage Layer (S3) Functionality 
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