
� �����������	
��
������
�

������������	��� �
�������
������	��

� �� ����!����"������������#$���%�&��
'!����	�����
��#(�)
�"��� �

*+�,�����
-�.�����$����
�����"/
0�����0�����������1
�
��

2

������	�

 �'��!)����3��4���+��

John C. Imhoff 1, Anthony S. Donigian, Jr. 1, Patrick N. Deliman 2, Anurag 
Mishra 1, Eileen C. Regan 1

.���� 5�% ��%�678� 1�� 7�0�	�
�  �  ��8� �8 �� ���767���,

78 ��66��7�8 



.�����$����
�����"�9�:;3<

�

Hydrocomp



�

=��(����������'�#��)������>?�9�:;*<



�

@A;�
,����

=

��
�$���,�������
�$���0�
B�#�
Watershed Modeling for Impact 
Assessment on U.S. Military 
Installations



0�
B�#��%��#��'��
�

• 5-year effort for DoD’s Strategic Environmental 
Research and Development Program

•Collaborative effort between ACOE’s Engineer 
Research and Development Center (ERDC), Eco 
Modeling, and AQUA TERRA

•Modeling efforts included use of 
� HSPF (133 subbasins, 131 reaches, 24 land uses) 
� EFDC/SEDZLJ (2700 channel cells) 
� WEPP& WEPP:Road (14 replacement OFEs for

HSPF unpaved road PERLNDs)
� AQUATOX (limited sites)
� Ikeda bank erosion (all EFDC/SEDZLJ ‘bank cells’)

� Sediment is THE issue!
�
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� Provide a management tool for addressing watershed 

impacts of activities on military installations 
� Develop model initially for Fort Benning (GA), but with an 

eye towards transferability to other installations
� Advance the science of watershed modeling by developing 

and demonstrating new modeling approaches and code by 
applying them to military land use challenges

Unpaved RoadsMilitary Training Prescribed Burning
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• A fully calibrated/validated watershed model of Fort
Benning's baseline conditions 
(i.e., FB Baseline Model )

• An Enhanced Baseline Model (EBM) of Fort 
Benning watersheds (i.e., FB EBM)

• Proof-of-principle applications using the FB EBM

• A military-enhanced watershed modeling system 
(i.e., BASINS.MIL )
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� Unpaved Road Simulation, 
Hybrid Modeling

� Military Training Intensity Methodology

� Multi-level Canopy and Prescribed 
Burning
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Before:

After:

• URs are one of the 24 land use types modeled  
using HSPF

• Extensive literature search performed to compile
unit area erosion values for URs   

• Generalized catchment-scale formulations 
calibrated using literature-based UR erosion targets

• URs modeled using hillslope-scale WEPP and  
WEPP:Road models

• Results replace all time series within the
watershed-scale model for UR erosion that were
previously simulated by HSPF  
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• Small-scale models with potential utility for military
applications were identified and documented 

• A proof of concept and demonstration of hybrid
modeling was achieved and reported in detail 

• Shared code (EXTMOD) needed to enable  
communication between HSPF and any small-
scale model was developed and tested

• Impact of road characteristics/parameters was 
investigated at a smaller than catchment scale 
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• Fundamental challenge remains: use knowledge, 
available data, appropriate level of  process 
representation and appropriate level of spatial and 
temporal detail to adequately represent the factors that
determine watershed response

• Successful implementation of a hybrid modeling 
framework is VERY dependent on the compatibility of 
the two models that are targeted for use.  Compatibility 
considerations include both those of model purpose and
modeling paradigms
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• Combining a deterministic model (HSPF) with a 
design model (WEPP:Road) introduces significant 
challenges  (Importance of storages, importance of
‘special actions’)

• Fundamental differences in how two models estimate
a process response can create additional challenges
to using a hybrid approach

• Deciding whether it is worthwhile to develop a re-
usable interface to support hybrid modeling support 
is not straightforward 
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Before:

After:

• Heavy Maneuver Areas (HMAs) are one of the 24 land
use types modeled using HSPF

• Absence of literature values for unit area erosion values
for HMAs – rely on minimal values for vegetative cover
& infiltration to represent impacts

• Developed relationships between mechanized training
intensity and model parameters that most strongly 
determine runoff and erosion

• Re-evaluation of parameter values used for baseline
simulation  
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2004: 219,224 Total MIMs for Fort Benning
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• Developed “bottom line” understanding of 
implications of typical mechanized training practices
to land condition and hydrologic and erosion 
responses:
� Methodology developed by CERL is most 

powerful and useful when data are available for 
non-uniform training load distribution across an 
installation, and when training areas are large 
compared to training load.

� For Installation areas that experience significant 
training loads it is defensible to use model 
parameter values that correspond to minimum 
infiltration rates and maximum vegetative loss to 
represent HMA land condition in lieu of utilizing 
the CERL methodology.   
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• Access limitations to training intensity data

• Currently no basis for considering non-uniformity
(spatial, temporal, or intensity) of training distribution

• Need for infiltration/cover impact data for different soils
types

• Infiltration relationship to # of vehicle passes is poorly 
studied and needs further investigation

DATA!
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Before:

After:

• Single layer canopy representation
• Representation of three different forest canopy

area/conditions corresponding to each year of a 
3-year understory burn and recovery cycle  

• Multi-layer canopy representation 
• Implementation of an approach to accommodate

fire impacts (through the use of time series input)
that reflects fire occurrence, intensity, and areal
distribution within the watershed 
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• Multi-level canopy provides a much improved 
conceptual representation of the plant compartment
by incorporating individual processes associated with
the forest overstory, understory, and potentially the 
forest floor and litter layer

• In conjunction with HSPF SPECIAL ACTIONS 
capability, the time series input option can be used to
assess the impacts of fire events (or other vegetative
perturbations) as well as  subsequent regrowth/return
to baseline conditions
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•Allowing user-defined time series approach to
parameterizing the plant canopy layers provides 
improved operational procedures for representing 
dynamic changing canopy processes.   However, it 
imposes greater demands on the user to accurately 
assess canopy parameters through a very flexible 
mechanism

• Incorporation of a dynamic plant growth model 
would greatly expand the process capabilities and 
potential applications for watershed impact 
assessment
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� Sediment is the key issue related to impacts of  

military activities on streams
� Modeling enhancements and strategies for military-

specific activities advance the state-of-the science of 
watershed modeling

� Watershed modeling system provides a scientifically 
credible tool to support management and funding
decisions 

� Components of the watershed modeling system are
directly transferrable to other installations
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Current HSPF Enhanced HSPF
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BRAC  Alt BEnhanced Baseline

HMA:                    2,290 to 17,267 ac
Tank Trails:              241 to 318 ac
Unpaved Roads: 11,649 to 10,740 ac 
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• BRAC Alt B land use used 
• Sediment loadings compared 

along Upatoi Creek
• Military contributions increase 

to 40% to 70% of total 
sediment load

• BMPs can be assessed to 
reduce these numbers
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Alternative B Recent Design
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Mean Peak TSS (mg/l):
BRAC-B  – 487 mg/l
With BMPs – 187 mg/l
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