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Name of Model
Branched Lagrangian Transport model BLTM

Model Type

The BLTM is a general-purpose transport model for unsteady flow in a system of one-dimensional
channels. It routes any number of constituents. Reaction kinetics are contained in a single subroutine which
can be easily modified to fit a particular application. The model comes with three reaction kinetics
subroutines, a simple first order decay of each constituent, a temperature model, and the reaction kinetics
found in the EPA QUALZ2E water quality model.

Model Objective(s)
To route chemically interacting dissolved constituents through a series of inter connected one-
dimensional channels.

Agency and Office

US Geological Survey

12201 Sunrise Valley Drive
Reston, VA 20192

Tel 703 {648 5224} 476 9126
Fax 703 {648 5295} 476 9136
Email: hejobson@verizon.net

Technical Contact and Address

Dr. Harvey Jobson

415 USGS National Center
Reston, VA 20192

Tel 703 {648 5224} 476 9126
Fax 703 {648 5295} 476 9136
Email: hejobson@verizon.net

Model Structure or Mathematical Basis

The BLTM routes any number of interacting dissolved constituents through a system of bi-directional,
one-dimensional open channels. Flow hydraulics must be supplied externally, normally by a flow model
such as the DAFLOW model. The convective-diffusion equation is solved using a Lagrangian reference
frame that minimizes numerical dispersion. It can, therefore, be used to route sharp concentration gradients
such as occur in an estuary.

Model Parameters

The only model parameters are the dispersion coefficient and coefficients which define the chemical
inter-actions. Each constituent is assumed have one zero order reaction and to react with itself and each
other routed constituent as a first order reaction with an equilibrium concentration at which the reaction
ceases. This allows the user to define N + 2N? reaction coefficients, where N is the number of constituents
being routed, to define the interactions. Any coefficient can be a function of external variables such as
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solar radiation, internal variables such as depth or velocity, or the concentration of any routed constituent
such as temperature of dissolved oxygen concentration.

Spatial Scale
The model has been used to route constituents in rivers of all sizes, as well as flume flows. The largest
river system modeled is the Mississippi River basin form lowa to the Gulf of Mexico.

Temporal Scale

Typically the models is operated with a 1-hour time step, but the time step depends entirely on the
scale of the system. Generally it is operated using a daily time step when simulating transport in the
Mississippi River and with a very short time step when routing the dye concentration just downstream of an
instantaneous dye dump into a small stream.

Input Data Requirements

Input data includes the flow hydraulics including the discharge, flow area, top width, and tributary
inflow at each node for each time step. This information is typically supplied to a file by a flow model such
as DAFLOW, BRANCH, or FEQ. In addition a time series of the concentrations of each routed constituent
is needed for each inflow point and a time series of any external meteorological or other information that
may be used to compute the reaction coefficients. The dispersion coefficient and all reaction coefficients
must be defined for each subreach of the model.

Computer Requirements
The BLTM model operates under DOS on any 286, or better, machine. Depending on the application,
only 640K of memory and 1.5mb of disk space are required.

Model Output

The BLTM model produces concentration output at user specified locations and time intervals. In addition
for each time step and location {it supplies} the model can provide the parcel number, volume, time it
entered the branch, and a tabulation of the concentration when it entered the branch and the changes that
have occurred as a result of dispersion, tributary inflow, and each chemical reaction.

Parameter Estimation / Model Calibration

Calibration generally begins with assuring that the flow velocity provided by the transport model is
representative of the actual velocity in the river. When using the DAFLOW model to supply the hydraulics,
the water velocity can be adjusted independently of the hydraulic calibration. Once the timing is correct the
dispersion coefficient is calibrated and finally the reaction rate coefficients are adjusted such that the
computed and observed time series of concentrations agree.

Model Testing & Verification
The model has been tested against theoretical solutions and humerous sets of field data.

Model Sensitivity

Model sensitivity depends strongly on the constituent being routed. When routing a nearly
conservative substance, such as dye, timing (transport velocity) is usually the most important variable
followed by the dispersion coefficient. When the constituents are strongly interactive, the reaction
coefficients are generally the most significant variables.

Model Reliability
Model stability and repeatability are excellent.

Model Application/Case Studies
The following are references to reports for projects that have used the BLTM model.

Broshears, Robert E., Clark, Gregory M., and Jobson, Harvey E., 2001 Simulation of stream discharge and
transport of nitrate and selected herbicides in the Mississippi River: Hydrologic Processes,
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Bulak, James S., Hurley, Noel M. Jr., and Crane, John S. Production, Mortality, and Transport of Striped
Bass Eggs in Congaree and Wateree Rivers, South Carolina, American Fisheries Society Symposium
14, 1993, page 29-37.

California Water Resources Control Board, 1994, Methodology for flow and salinity estimates in the
Sacramento-San Joaquin Delta and Suisun Marsh: Fifteenth annual progress report to the State Water
Resources Control Board in accordance with Water Right Decision 1485, Order 9, June 1994, 91 pages.

California Water Resources Control Board, 1995, Methodology for flow and salinity estimates in the
Sacramento-San Joaquin Delta and Suisun Marsh: Sixteenth annual progress report to the State
Water Resources Control Board in accordance with Water Right Decision 1485, Order 9, June 1995.

Conrads, Paul A., 1998, Simulation of temperature, nutrients, biochemical oxygen demand, and dissolved
oxygen in the Ashley River near Charleston, South Carolina: U.S. Geological Survey Water
Resources Investigations Report 98-4150, Columbia, South Carolina, 56 pages.

Conrads, P.A. and P.A. Smith, 1996, Simulation of Water Level, Streamflow, and Mass Transport for the
Cooper and Wando Rivers near Charleston, South Carolina, 1992-95: U.S. Geological Survey Water
Resources Investigations Report 96-4237, Columbia, South Carolina, 51 pages.

Conrads, P.A. and P.A. Smith, 1997, Simulation of temperature, Nutrients, Biochemical Oxygen Demand,
and Dissolved Oxygen in the Cooper and Wando Rivers near Charleston, South Carolina, 1992-95:
U.S. Geological Survey Water Resources Investigations Report 97-4151, Columbia, South Carolina,
58 pages.

Drewes, P.A. and P.A. Conrads, 1995, Assimilative Capacity of the Waccamaw River and the Atlantic
Intracoastal Waterway near Myrtle Beach, South Carolina, 1989-1992: U.S. Geological Survey
Water Resources Investigations Report 95-4111, Columbia, South Carolina, 58 pages.

Feaster, Toby D. and Paul A. Conrads, 2000, “Characterization of water quality and simulation of
temperature, nutrients, biochemical Oxygen Demand, and Dissolved Oxygen in the Wateree River,
South Carolina, 1996-98,” U.S. Geological Survey Water-Resources Investigations, Report 99-4234,
Columbia, South Carolina, 90 pages.

Toby D. Feaster, Paul A. Conrads, Wladmir B. Guimaraes, Curtis L. Sanders, Jr., and Jerad D. Bales, 2003,
Simulation of temperature, nutrients, biochemical oxygen demand, and dissolved oxygen in the
Catawba River, South Carolina, 1996-97: U.S. Geological Survey Water-Resources Investigations
Report 03-4092, Columbia, South Carolina, 123 p.

Hurley, N.M. Jr. 1991, Transport Simulation of Striped Bass Eggs in the Congaree, Wateree, and Santee
Rivers: South Carolina: U.S. Geological Survey Water-Resources Investigations, Report 91-4088,
Columbia, South Carolina.

Goodwin, C.R., 1991, Simulation of the effects of proposed tide gates on circulation, flushing, and water
quality in residential canals, Cape Coral, Florida: U.S. Geological Survey Open-File Report 91-237,
43 p.

Graf, Julia Badal, 1995, Measured and predicted velocity and longitudinal dispersion at steady and
unsteady flow, Colorado River, Glen Canyon Dam to Lake Mead: Water Resources Bulletin, American
Water Resources Association, Vol. 31, No. 2, April, P. 265-281.

Jobson, Harvey E., 1985 Simulating Unsteady Transport of Nitrogen, Biochemical Oxygen Demand, and
Dissolved Oxygen in the Chattahoochee River Downstream from Atlanta, Georgia: US Geological
Survey Water Supply Paper No-2264, 36 pages.

Jobson, 1987, Estimation of Dispersion and First-Order Rate Coefficients by Numerical Routing: Water
Resources Research, January, Vol. 23, No.1, P 169-180.

Jobson, Harvey E., 2001, Modeling Water Quality in Rivers using the Branched Lagrangian Transport
Model (BLTM): USGS Fact Sheet FS-147-00, March, 6 pages.

Myers, Donna N., Greg F. Koltun, and Donna S. Francy, 1998, Hydrologic and biologic factors affecting
fecal-indicator bacteria discharge in the Cuyahoga River and implications for management of
recreational waters, Summit and Cuyahoga Counties, Ohio: U.S. Geological Survey Water
Resources Investigations Report 98-?, ? pages. The report is in review, Sept, 1997.

Nishikawa Tracy, K. S. Paybins, J. A. Izbicki, and E. G. Reichard, "Numerical model of a tracer test on the
Santa Clara River, Ventura county, California,” Journal of the American Water Resources
Association, v. 35, no. 1, p. 133-142.

Paybins, Katherine Schipke, Tracy Nishikawa, John A. Izbicki, and Eric G. Reichard, 1997 "Statistical
analysis and mathematical modeling of a tracer test on the Santa Clara River, Ventura County,
California," Water-Resources Investigations, Report 97-4275, 19 pages.
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Rajbhandari, Haridarshan Lal, 1995, Dynamic simulation of Water Quality in Surface Water Systems
Utilizing a Lagrangian Reference Frame: Dissertation presented to the University of California
Davis in partial satisfaction of the requirements for the degree of Doctor of Philosophy, 264 pages.

Risley, John C., Relations of Tualatin River Water Temperatures to Natural and Human-Caused Factors:
U.S. Geological Survey Water-Resources Investigations, Report 97-4071, 143 pages.

Schoellhamer, D.H., 1987, Lagrangian modeling of a suspended-sediment pulse: ASCE National
Conference on Hydraulic Engineering, Williamsburg, Virginia, August 3-7, 1987, pp. 1040-1045.

Schoellhamer, D.H., 1988, Simulation and video animation of canal flushing created by a tide gate:
National Conference on Hydraulic Engineering, Colorado Springs, Colorado, August 8-12, 1988, pp.
788-793.

Michael G. Waldon, Paul A. Richards, and E. deEtte Smythe, 1999, Lagrangian Modeling and TMDL
Development in Low-Gradient Streams: Presented at the 1999 ASCE CSCE (Canadian Society for
Civil Engineering) Conference on Environmental Engineering Norfolk, Virginia, July 25-28, 1999, 7
pages.

Weiss, L.A., Schaffranek, R.W., and deVries, M.P., 1994, Flow and chloride transport in the tidal Hudson
River, New York, in Hydraulic Engineering '94:Proceedings of the American Society of Civil
Engineers, v. 2, p. 1300-1305.

Wesolowski, Edwin A., 1999, Simulation of effects of discharging treated wastewater to Sand Creek and
Lower Caddo Creek near Ardmore, Oklahoma: U.S. Geological Survey Water-Resources
Investigations Report 99-4022, 122 p.

Wiley, J.B., 1992, Flow and solute-transport models for the New River in the New River Gorge National
River, West Virginia: U.S. Geological Survey Open-File Report 92-65, 53 pages.

Wiley, J.B., 1993, Simulated flow and solute transport, and migration of a hypothetical soluble-

contaminant spill for the New River in the New River Gorge National River, West Virginia, U.S.
Geological Survey Water-Resources Investigations Report 93-4105, 39 p.

Documentation
Jobson, Harvey, E., and Schoellhamer, David H., 1987, Users manual for a branched Lagrangian transport
model: U.S. Geological Survey WaterResources Investigations Report 87-4163, 73 pp.
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