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Soil Reconstruction Guidance 
for Non-Tidal Mitigation Sites 

in Virginia
W. Lee Daniels and G.R. Whittecar

Old Dominion 
University

Talk Objectives
• Review Virginia and regional findings 

on mitigation site soil limitations.
• Describe currently recommended soil 

reconstruction procedures.
• Discuss active liaison and efforts with 

USCOE, DEQ and VDOT in this area.
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Non-tidal forested mitigation site 
under construction in early 1990’s.

Cooperative Studies with VDOT
• Mitigation site assessment 

studies in early 1990’s. 
Reviewed over 90 sites.

• Post-construction mitigation 
site monitoring at multiple 
locations in 1990’s.
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Cooperative Studies with VDOT

• Detailed study/critique of water 
budgeting procedures and on-site 
validation studies with ODU and USGS.

• Current study (soils/hydrology/ 
vegetation)  of 10 large recently 
constructed sites and field experiments 
(3) on soil reconstruction procedures.

Large mitigation site graded into compact, 
clayey subsoil materials with low SOM. 
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Fort Lee Drainage Gradient Studied 
by Cummings (1999). One of 15 
detailed study sites to date.

Wet/Ponded

S. Poorly 
Drained

Restored Soil in “Driest” Position

Angie’s 
Knees
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High OM 
wetland soil at 
Sandy Bottom 
Nature Park in 
Hampton. The A 
horizon here is 
over 30 cm thick. 
The annual 
hydroperiod of 
this soil 
fluctuates 
approximately 
1.5 m! 

High O.M, friable, loamy, and 
B.D. < 1.3 A and B horizons.

Hydric soil with 
relatively low 
organic matter 
content due to 
acidic and clayey 
near-surface soil 
conditions which 
limit faunal 
mixing.

You thought all 
hydric soils 
were loaded 
with OM?
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Summary of  “Soil Differences”
Work in the 1990’s by Genthner, Stolt 

and Cummings/Whitehead (available 
in journal articles and theses:

Mitigation site soils are much lower in 
organic matter and much more dense
throughout than native forested 
hydric soils.

Other Findings by Stolt et al.

• Most mitigation sites are considerably less 
variable in short-range microtopography 
than adjacent natural forested wetlands. 

• Addition of OM to mitigation site soils 
improves rooting biomass and 
development of redox features.
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Hummocks/mounds being reconstructed 
in Florida flatwoods cypress dome 
system.

Current Recommendations for 
Reconstructing Hydric Soils

1. Regrade the subsoil layer of the site, 
making all efforts to minimize compaction 
and limit rutting and smearing.

2. Rip and/or chisel plow the subsoil layer to 
attain a non-limiting soil bulk density (e.g. 
< 1.35 for a clay; < 1.75 for sands).
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Chisel-plowing and incorporating 
organics at a very rocky surface 
mining site.  In most wetlands, you 
need to count on a 100+ hp, 4WD 
tractor with flotation tires. 

Recommendations for 
Reconstructing Hydric Soils

3. Whenever possible, salvage and direct haul 
natural hydric or other native topsoil layers 
to form the new soil’s A horizon.

4. Supplement non-hydric soil materials with 
sufficient suitable organic amendments and 
thoroughly incorporate the materials to 15 
cm.  How much OM should we require?
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How Much and Which Organic 
Amendment?

Natural hydric soils in SE Virginia tend to 
contain anywhere from 3% to 10% humified
OM in the upper 10 cm or so.

Assuming 5% OM in the upper 15 cm, you need 
at least 50 tons per acre (112 Mg/ha) following 
turnover to mimic native soil conditions.  

Dry Experimental Block at Charles City – Rt. 199 Site
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Wood fines compost at 25 DT/Ac

Wood fines compost at 150 DT/Ac
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Redox levels in organic matter amendment rate plots.  Data 
gathered March 4, 2003 at a soil depth of 15 cm.
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Poster at this meeting!

How Much and Which Organic 
Amendment?

Assuming normal turnover OM retention rates, the 
amount of amendment requred to produce 5% stable 
soil OM quite large (150 or more tons per acre) for a 
one-time loading. However, this assumes a relatively 
high (5%) OM target rate! 

So, what we really need to sort out here is how much 
initial organic amendment we really need to induce 
sufficient redox conditions, etc., that will then allow 
OM to accumulate via natural additions. 
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Recommendations for 
Reconstructing Hydric Soils

5. Disk and/or rip the replaced hydric soil or the 
manufactured soil zone to remediate any 
grading associated compaction.

6. Wherever possible/feasible/economic, rebuild 
hummocks and pits etc., to recreate micro-
topographic variability

7. Apply any available leaves, wood chips, or 
other debris as a surface mulch. 
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Agency Interactions and 
Implementation

• The VDOT Transportation Research 
Council has supported this work since the 
early 1990’s in a series (4) of funded 
research programs. 

• Active interaction and sub-contracts with 
Rich Whittecar (ODU) and Jim Perry
(VIMS) in the areas of hydrology and 
wetland ecology.

Agency Interactions and 
Implementation

• Periodic in-house training of VDOT 
wetland specialists and workshops for 
DEQ and COE wetland inspectors.

• VDOT (Steve Russell) has developed an 
Excel-based “compost loading calculator”
and detailed specifications for suitable 
organic amendments.
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NORFOLK DISTRICT CORPS AND 
VIRGINIA DEPARTMENT OF ENVIRONMENTAL 

QUALITY RECOMMENDATIONS FOR 
WETLAND COMPENSATORY MITIGATION:

Including Site Design, Permit Conditions, Performance 
and Monitoring Criteria

Steve Martin – USCOE and Dave Davis – VA DEQ

(Ppublished July 2004;contains very specific 
guidance for OM, BD, micro-topography 
creation, etc. with references to published 
studies)

Agency Interactions and 
Implementation

• These basic soil reconstruction protocols were 
entered into the record of the U.S. Vs. New 
Dunn and U.S. Vs. RGM et al. trials. These 
reconstruction standards will/would be invoked 
in on-site restoration is attempted.

• Protocols published in new EPA Region III 
book on regional hydric soils and properties.    
//www.epa.gov/reg3esd1/hydricsoils/pdf/Hydric
SoilsMidAtlantic2_2004.pdf
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Conclusions
• Reconstruction of appropriate hydric soil 

conditions requires the return of appropriate 
levels of soil organic matter content and non-
limiting soil bulk densities. 

• Attention should also be paid to reconstructing 
surface micro-topography, surface drainage 
patterns, and replacing woody debris whenever 
possible.

Conclusions
• Beyond obvious economic constraints, the addition of 

organic amendments is limited by sheer physical 
incorporation maxima (around 100 Mg/ha or so) and 
the fact that remediation of high bulk density in fine-
textured wet soils can be very difficult.

• Active, persistent and long-term interaction with both 
the regulated community and their regulators is 
necessary to get soil reconstruction issues adequately 
addressed.
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Mitigation Site Established in Graded/Compacted 
Subsoil Materials 

If you build it (appropriate 
hydric soil conditions), they

(wetland species) will come”
Water budgeting procedures alone, regardless of 

how sophisticated, will not reconstruct 
appropriate hydric soil geochemical and 
physical conditions.

High bulk density “perching designs” used in 
many water balance based designs are 
antagonistic with appropriate hydric soil 
reconstruction.
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The selection of 
your target soil 
conditions for 
reconstruction is 
a very important 
part of the 
process.

We really don’t 
know as much 
about mass C in 
these soils 
(Mg/ha) as we 
should! 

High O.M, friable, loamy, and 
B.D. < 1.3 A and B horizons.
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