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Results from Brine Discharge Modeling for the Proposed 3 June, 2009
Strategic Petroleum Reserve Richton Expansion

Executive Summary

The U.S. Department of Energy (DOE) is evaluating the development of new storage sites in the
Gulf of Mexico region to increase the capacity of the Strategic Petroleum Reserve (SPR) under
congressional directive. One of these sites is located at Richton, MS and is designed to store
160 million barrels of crude oil in underground caverns. The caverns are formed by controlled
pumping of fresh water into salt domes to dissolve the salt. The byproduct of this process is a
high salinity brine solution that is planned to be discharged in the Gulf of Mexico. Being of
higher density than the surrounding Gulf water, the brine remains near the bottom as it dilutes
with the ambient water in the vicinity of the discharge. A local area of higher salinity is created
by this discharge which is ultimately transported away by ambient currents and further diluted.

The solution to the problem of determining the fate of high salinity discharges requires two
modeling efforts, one to predict the currents in the area and a second to predict the transport of
the brine as a result of the discharge itself and currents in the Gulf of Mexico. Currents were
predicted from a previously applied and run hydrodynamic model of the area developed by the
U.S. Army Corps of Engineers (USACE). The model output data were used in the second
modeling effort. This effort consisted of two models i a near-field model to predict the local
dynamics and initial dilution of the brine plume as it exited the discharge structure and a far-field
model to predict the ultimate dilution as the plume was transported from the site by currents and
density-driven flow.

A time series of velocity, salinity, and temperature fields from the USACE hydrodynamic model
application was provided for this study by the USACE Engineer Research and Development
Center (ERDC) so that both summer and winter hydrodynamic conditions could be utilized in the
modeling. A time series of velocity, salinity, and temperature fields for the period 1 April through
30 September 1997 was used as input to define the summer conditions. A time series of
velocity, salinity, and temperature fields for the period February 2001 was used to define the
winter conditions for simulating the movement and dilution of the brine discharge.

The U.S. Environmental Protection Agency (USEPA) model UM3 (Visual Plumes model
framework) was used to simulate discharge near field dynamics. Hydrodynamic data from the
USACE/ERDC model were used as input for the UM3 modeling.

The ASA Lagrangian particle model was used to simulate the far-field transport of the discharge
plume as it moved in response to ambient currents and differences in density between the
discharge plume and surrounding water. The brine discharge plume transport case is more
complex than a particle model calculation can perform because it does not account for the force
of gravity acting on the density difference between the salty plume and the surrounding ocean,
which pushes the dense fluid down slope into deeper water. The Lagrangian model was
modified so that the motion of the plume responds to both ocean currents and density
differences. The modified particle model was used to simulate plume dilution and movement
away from the discharge using output from the USACE 3-dimensional (3-D) hydrodynamics
model.

To assess the abilities of the models to predict the behavior of the brine plume, a data set
developed from monitoring of a brine discharge from the Bryan Mound SPR facility in Freeport,
Texas was used to compare with model predictions. Measurements of salinity at the active
Bryan Mound discharge site during the 1980s provide horizontal and vertical dimensions of a
brine discharge plume resulting from discharge rates similar to those proposed for the Richton
site. Measurements of the vertical distribution of the brine plume collected directly over the
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diffuser and at points surrounding the diffuser indicate that the excess salinity from the
discharge extended up to 5.4 meters (17.7 feet) above the seafloor. The maximum excess
salinity measured during the entire 198071 1981 monitoring period was 6.9 parts per thousand
(ppt). The relatively low excess salinity maximums measured at Bryan Mound indicate that the
brine is diluting rapidly at a short distance from the diffuser and/or that the vertical
measurements never sampled the highest salinity portion of the discharge. Either way, the
measurements indicate that excess salinities above 7 ppt exist within a small volume of water
directly surrounding the diffuser.

There is generally good agreement between far-field model results and observation data from
Bryan Mound. The area enclosed by the far-field model-predicted 2-ppt excess salinity contour
compares well with the 2-ppt excess salinity contours defined from monitoring data collected on
two separate dates in August 1981. The major axis of the 2-ppt excess salinity areas also
compares well between the model prediction and the monitoring data at Bryan Mound.

The UM3 near-field model was run using a range of current speeds to simulate the near-field
dynamics of the discharge plume at the Bryan Mound and Richton North and South discharge
sites. Results of near-field modeling show that the discharge plume rises a few meters in the
water column and then descends, making contact with the bottom within a few meters from the
diffuser. UM3 predicts a rapid dilution (reduction of excess salinity) of approximately 85 percent
of the 263-ppt concentration discharge within a few meters of the diffuser. The near-field model
results suggest that salinity measurements taken at the Bryan Mound site were not of sufficient
resolution to measure salinity in the brine jet.

Model simulations were run for the length of time simulated by the Curvilinear Hydrodynamics in
3-D (CH3D) model, which is sufficient time for the discharge plume simulations in the far-field
model to demonstrate steady-state behavior. The summer model run was for 5 months, the
winter simulation for 1 month.

The model predicts that at the Richton North discharge site the mean extent of the excess
salinity for the 1- and 2-practical salinity unit (psu) concentrations will be 34.7 and 13.7 square
kilometers (13.4 and 5.3 square miles) respectively. Using the 1-psu contour to define the
footprint, the brine plumes from the north site are predicted to be narrow and long, typically 2 to
3 kilometers (1.2 to 1.9 miles) wide and between 10 and 15 kilometers (6.2 and 9.3 miles) long.
The extent of the 2-psu contours is typically 1 to 1.2 kilometers (0.6 to 0.74 mile) wide and
between 5.4 and 28 kilometers (3.4 and 17.4 miles) long. The major direction of plume
dispersion is toward the south or southwest for most of the simulation period. Discharge plume
vertical thickness at the Richton North site averages 5 meters (16 feet) with a maximum of 10
meters (33 feet). Figure 4.2.2-7 shows the plan view of the discharge plume during the winter
simulation period (mid-February). The brine plume dispersion during the winter is similar to that
during the summer period, which implies that the seasonal effect is minimal.

The model predicts that at the Richton South discharge site the mean extent of the excess
salinity for 1- and 2-psu concentrations will be 18.9 and 7.6 square kilometers (7.3 and 2.9
square miles), respectively, which is 45 percent smaller than that predicted at the north site.
Using the 1-psu contour to define the footprint, the brine plumes from the Richton South site are
predicted to be smaller compared to those of the Richton North site, typically 2 to 3 kilometers
(1.2 to 1.9 miles) wide and between 5 and 10 kilometers (6.2 and 9.3 miles) long. The major
direction of plume dispersion is toward the south for the period when the shape of the contour is
elongate. Discharge plume vertical thickness at the Richton South site averages 5 meters (16
feet) and has a maximum of 10 meters (33 feet), which is similar to the north site. The brine
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plume dispersion during the winter is similar to that during the summer period, which implies
that the seasonal effect is minimal.

The small variability in the flow direction of the plume to the west and south is a response to the
general northwest-southeast flowing tidal currents, but the model shows that the plume
generally flows down slope, perpendicular to the depth contours, into deeper water.
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