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 Designers often alter the native soil on project sites to achieve a variety of goals.  

Amended soils are created when a large percentage of organic material is added and mixed with 

existing topsoil to increase its water holding capacity and to promote vegetative growth.  

Amended soils are placed on disturbed areas with poor topsoil that will become lawn, recreation 

fields, open spaces and other areas. Another type of design is engineered filtration media.  These 

mixes of sand with soil or compost are placed in bioretention and infiltration basins to achieve 

two primary goals:  to increase the infiltration volume and to filter pollutants from stormwater.  

They are often composed of mostly sand with small additions of fine materials and organic 

matter.   

Amended Soils 

 The PA Stormwater BMP Manual recommends that amended soils be ripped or scarified 

before tilling and adding 1/3 compost to 2/3 topsoil.  Compost is usually 40–50% organic matter, 

so the amended soil contains about 15% organic matter.  A rough guideline for the percent of 

organic matter in soil that is necessary for plant growth is 5–10%.  This organic matter increases 

the soil’s water holding capacity, often increasing drought tolerance of the vegetation.  It also 

binds heavy metals and hydrocarbons, removing these pollutants from the water.  The organic 

matter will slowly break down, releasing nitrogen and phosphorus necessary for plant growth, 

but an excess of these nutrients can pollute the groundwater or wash into nearby waterways to 

create algal blooms.  It is important to remember that amended soils, which are high in organic 

matter and release nitrogen and phosphorus, should not be placed in infiltration basins where 

they could pollute the ground or surface water.  

 Selecting mature, well decomposed compost is critical to maintaining optimum levels of 

nitrogen in the soil and sustaining plant growth.  Immature compost is mostly carbon and causes 

microorganisms to take nitrogen from the soil to break the compost down.  A compost 

carbon:nitrogen ratio greater than 35:1 will temporarily stunt plant growth for several weeks.  A 

good carbon:nitrogen (C:N) ratio for mature compost falls around 20:1 to 25:1, but this ratio 

depends on the type of compost.   

 For example, weathered mushroom compost has an optimum C:N ratio of 30:1.  Manures 

have a lot of nitrogen at 10: 1 to 20:1 and should be applied sparingly to prevent nitrogen 

groundwater pollution.  Composted plant materials have high C:N ratios:  hay 55:1, leaves 70:1 

and woodchips 400:1.  Amending soils with fresh vegetation compost with high C:N ratios may 

require fertilizer to insure adequate grass growth.  The C:N ratio will decline as the compost 

matures or decomposes.  Additional information on mushroom compost and general compost 

standards can be retrieved from the Penn State Extension (1). 

 To assess compost maturity visually, look for a brown-black color, a crumbly texture 

with mixed particle sizes, an earthy smell (not sour, sweet or ammonia smelling), and no steam 

or warmth when wet.  Almost all of the particles should be less than 3/4” and about half should 

be less than ¼”.  Because compost varies greatly with type and age, it is important to get a lab 



analysis of the compost to prevent pollution or lack of plant nutrients.  A Penn State University 

Agricultural Lab analysis can provide data on pH, percent organic matter, C:N ratio, nitrogen, 

phosphorus, moisture and salt content for $40 to $75.  This can be combined with a soil analysis 

to get compost/topsoil ratios and fertilizer and lime recommendations specific for the vegetation 

proposed to be planted. 

Engineered Filtration Media for Infiltration 

 To promote optimum infiltration on basin bottoms, engineered filtration media are 

designed to be composed of a 6” well graded sand, with less than 5% fine sand.   Fine sand (0.02 

mm – 0.2 mm) limits infiltration severely.  A washed ASTM- C33 concrete sand with 2–4% fine 

sand will infiltrate well.  Please note that the PA Stormwater BMP Manual recommends the use 

of 6” of sand or gravel on infiltration basins with poor infiltration rates to increase the surface 

permeability of the basin.  Perhaps more importantly, this also provides immediate stabilization 

of the basin bottom as experience has shown that the lack of immediate and sufficient 

stabilization has led to infiltration failures soon after construction has been completed.  This is 

partly due to the impact of the rain drops hitting the exposed soil surface, breaking soil structure 

apart and allowing fine soil particles to infiltrate through the soil horizon, eventually clogging 

open pore spaces.    

 An engineered media that will allow infiltration, as well as reduce water pollution and 

support vegetation in a bioretention basin, needs to be deep– 24” to 36” (2).  By volume, this 

should be composed of the following: 85– 95% well graded sand (less than 5% of which is fine 

sand), 5% organic matter and 5–10% loam or sandy loam topsoil.  An alternative bioretention 

mix useful for sites with clay textured topsoil is composed of 70-85% sand with 15–30 % 

compost, calculated by volume.  No topsoil is included in this mix.  It is important to have 

densely planted, deep rooted vegetation in a deep mix.  This design will minimize the amount of 

nitrogen and phosphorus leached into the groundwater (3). 

 An alternative bioretention mix that increases phosphorus removal contains more fine 

soil particles.  Phosphorus levels will be reduced but infiltration rates will also be reduced.  This 

mix is appropriate for iron rich soils- as found in Montgomery County- that have low infiltration 

rates, perhaps for basins that will be under-drained or slowly released.  The filtration media is 

composed by weight of 60–75% sand (more than half of which is coarse sand), <12% fine gravel 

(<5mm), 2–5% organic matter and 25–40% silt or clay loam topsoil.  Dense vegetation should be 

planted to maximize phosphorus uptake (3). 

 To treat hydrocarbon and metal pollutants generated from impervious surfaces, the 

engineered media would be top coated with 2” to 4” of a well composted mulch.  A mulch 

compost with a high C:N ratio would be suitable.  The depth of mulch can be adjusted to balance 

the positive pollution removal traits of the mulch, with the negative effect of contributing some 

nutrients to infiltrating groundwater.  The ability of the underlying engineered mix to help absorb 

phosphorus onto clay soils will help determine this balance. 
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