
FHM/HSPF/MODFLOW-2000

The Florida Institute of Phosphate Research Hydrological Model (FHM) is a fully integrated hydrologic model that simulates the full water budget of surface 
water/groundwater systems and estimates their interaction. FHM comprises two off-the-shelf components; HSPF and MODFLOW. HSPF (Hydrological 
Simulation Program - FORTRAN), supported by the EPA and USGS, simulates the surface water system including basin water budget and reach reservoir 
water budget. MODFLOW-2000, supported by the USGS, computes the aquifer water budget. Integration codes link the two models. Basin recharge is 
determined through the analysis of the surface water budget. This recharge is then used by the ground water model, which in turn calculates base flow to the 
reaches. Knowledge of base flow combined with storm water runoff yield the all-important reservoir budget.

Figure 1: The mobile hydraulic testing laboratory (MHTL).

Figure 13: Rotated 3-D image of the 
Pecos River meander bend in Figure 12.

Figure 8: EFDC model of non-dimensional erosion around a 180° 
bend in a stream with a non-cohesive sediment bed.

In an effort to salvage water by reducing ET, tamarisk has been eradicated along the banks of the Pecos River. Thirty years 
ago the Bureau of Reclamation cleared most of the flood plain of tamarisk except for a 50-foot buffer growing on each 
riverbank for wildlife cover and bank stabilization. Although the motives for tamarisk removal are born from a desire to 
increase river flow, potential negative impacts must be considered.

o The hope is that tamarisk removal will successfully free water that would otherwise be lost to ET and that this extra water 
will flow into the river to be stored in reservoirs.

o Pecos River Basin Example: Brantley Reservoir will be the primary repository of salvaged water. When tamarisk is 
removed from riverbanks, so too is the root system that stabilizes the banks; leaving bank sediments susceptible to erosion 
and subsequent accumulation in Brantley Reservoir (Figure 10).

o So, while water may be conserved through eradication of tamarisk, without riverbank stabilization, there may be 
significantly reduced storage capacity for the salvaged water. 

o It is also important to consider the biomass of dead tamarisk that could be washed downstream during a flood and 
damage bridges and/or increase the likelihood of river evulsions (changing course and impinging on private/public lands). 
See Figure 11.
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Bank Stability Research

In situ tamarisk evapotranspiration (ET) is difficult to evaluate because it depends on many factors such as climate, depth to water table, soil moisture, soil 
chemistry, age, disease, etc. To date, we are aware of no data that conclusively substantiate gains in stream flows after eradication. Furthermore, few data exist 
regarding the ET of replacement vegetation or evaporation from bare ground[1,2]. The question remains twofold:

oo Where does the water go?Where does the water go?

oo Are there negative consequences?Are there negative consequences?

With numerous loss pathways, it is impossible to determine the amount of salvaged water with only stream gage information. Thus, the progression of water 
through all potential pathways must be estimated. In short, proper characterization of conditions in the watershed is necessary to identify and quantify 
possible gains in river flow. Once the aquifer parameters are defined within a known confidence level, a detailed model of the regional groundwater basin can 
be used to estimate water salvage due to tamarisk eradication.

Aquifer Characterization Capabilities

Bank Mobility Due to Tamarisk Eradication

EFDC/CFD2000

� Environmental Fluid Dynamics Code (EFDC) incorporates hydrodynamics, salinity, temperature, dye, multi-size cohesive and non-cohesive sediments, 
toxicants, and water quality state variable transport into a comprehensive model. This three-dimensional model is based on a curvilinear-orthogonal grid in the 
horizontal, and a sigma (or stretched) transformation in the vertical. It uses a finite-volume/finite-difference formulation to ensure conservation of mass. 
EFCD could be used to model the evolution of a rive due to bank erosion. See Figure 8.

� Computational Fluid Dynamics-2000 (CFD2000) is a general-purpose computational fluid dynamics software that offers an integrated environment to build 
model geometry, generate the computational mesh, specify boundary conditions and fluid properties, stipulate the solution method, and visualize the solution. 
CFD2000 can be used to model local erosion from the stream bed and river banks. Figure 9 is an example of the moving grid erosion model of the Pecos 
River.

Water Budget Modeling Capabilities

Surface Water/Groundwater Interaction

Figure 9: CFD2000 model of shear stress (erosion potential) on a
cross-section of the Pecos River.
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Figure 6: The patented ASSET Flume. Figure 7: Data collected with the ASSET Flume. The bedload 
fraction as a function of grain size and shear stress is indicated on 
the chart.

Figure 11: Dead tamarisk on the Pecos 
River banks.

Figure 10: Bank erosion on the Pecos River (dead tamarisk).

Figure 2: Inside the MHTL.

The SNL Hydrology Group continues to develop tools and techniques that afford unique characterization of complex groundwater systems including:
o The mobile hydraulic testing laboratory (see Figures 1 and 2), and
o nSIGHTS (n-dimensional Statistical Inverse Graphical Hydraulic Test Simulator, Figures 3, 4, and 5).

These tools allow SNL to:
o Characterize non-radial flow systems;
o Measure and model surface water/groundwater interaction; 
o Optimize hydraulic test data collection; and,
o Quantify uncertainty associated with aquifer parameter estimates.

Through monitoring and modeling, the goals are to generate a 3-D image of lateral migration of the bank (Figure 13) and to 
estimate sediment load in the river. Ultimately, an approximation of accumulation in Brantley Reservoir will be made. A 
moderate flow event that occurred in early October, 2003 provided the first chance to measure bank erosion. Bank loss was 
significant and it is clear that river banks will need to be re-vegetated. In an effort to realize New Mexico�s goal of water 
conservation, SNL can perform studies that provide insight into the selection of new vegetation that best prevents riverbank 
erosion and consumes a minimum of water.

Initial scouting has identified river sections ideal for study (Figure 12). SNL and collaborators plan to set up semi-permanent 
bank stability monitoring stations around several river bends where equipment and hypotheses can be tested. Physical 
measurements will be made with a Trimble Differential GPS instrument and a device that accurately measures riverbank 
slope profiles. In addition, pictures will been taken of the banks at each of the monitoring stations for record. The ASSET 
flume will provide unique data for prediction of bank stability and subsequent downstream sediment transport. These data 
can be incorporated into the combined hydrodynamic and sediment transport model under development at SNL.

Figure 3: Drawdown as a function of time and 
discharge (non-radial flow system).

Figure 5: Minimum SSE indicates highest 
confidence in transmissivity estimate.

Figure 4: Minimum SSE indicates highest 
confidence in storativity estimate.

Data Collection and Experimental Capabilities

Soil and sediments play an important role in water management and water quality. Issues such as water turbidity, associated contaminants, reservoir 
sedimentation, undesirable erosion and scour, and aquatic habitat are all linked to sediment properties and behaviors. In situ analysis is necessary to develop an 
understanding of the erosion and transport of sediments. Sandia National Laboratories has recently designed, constructed, and patented the Adjustable Shear 
Stress Erosion & Transport (ASSET) Flume that quantifies in situ erosion of a sediment core with depth while affording simultaneous examination of 
transport modes (bedload vs. suspended load) of the eroded material. 

Unique characteristics of the ASSET Flume:

o Erosion and Transport measurements�

� With depth below the sediment\water interface for consolidated and stratified sediments,

� At high shear stresses for flood and storm simulations,

� Conducted in the laboratory or, because the device is mobile, in the field for in situ measurements.

Applications include management of sediment stability, erosion, and transport issues for:

� Erosion control � Dredge deposits � Water turbidity � Associated contaminants

� Reservoir sedimentation � Scour � Aquatic habitat � Tamarisk eradication

Erosion Modeling Capabilities

Preliminary Studies

Future Directions

Figure 12: Picture of a Pecos River meander bend.


