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Executive Summary 
The 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).  Petroleum 
is stored in caverns formed by pumping fresh water into salt domes to dissolve the salt.  
Formation of the caverns involves pumping in fresh raw water to dissolve the salt, and pumping 
out the resultant brine.  The proposed Richton SPR would withdraw freshwater from the 
Pascagoula River which empties into Mississippi Sound and ultimately the Gulf of Mexico.  The 
effect of reducing the flow could result in salinity from Mississippi Sound traveling further up the 
Pascagoula River, potentially changing the salinity variation along the axis of the river. 

The purpose of this study is to determine present environmental conditions in the Pascagoula 
River, particularly the salinity structure, and then to estimate how that structure is affected by 
the raw water intake (RWI) at Merrill.  To determine potential changes in the salinity profile of 
the Pascagoula River, a one-dimensional (longitudinal) model was applied to the system.  
Salinity data from a period of low flow was used to calibrate the model, which was then 
validated with salinity data at various flows.  The model calibration scenario has a root mean 
square error (RMSE) of 2.24 ppt which represents a good fit of the model to the data.  Most of 
error can be attributed to the longitudinal variation of salinity, which is not consistent and in 
some cases increases at upstream stations.  The model validationsô RMSE ranged from 2.8 to 
4.8 ppt indicating that the model is providing a good fit to the data under a variety of flow 
regimes.   

To minimize the environmental impacts of the RWI, withdrawals will shut down when flows are 
less than 28.3 m3/s (1000 cfs) at the Pascagoula gage at Merrill.  To simulate worst case 
impacts at this flow rate, the model was applied using 95th percentile tidal amplitudes at the river 
mouth.  It is expected that the RWI will pump 190,000 m3/day (50 MGD) out of the river.  
Simulations at 28.3 m3/s (1000 cfs) both with and without the RWI were compared using 
predicted salinities along the length of the river, from the mouth to Cumbest Bluff, as well as 
changes in the upstream extent of salinity intrusion.  At Cumbest Bluff, the upstream extent of 
the model, a 0.04 ppt increase in salinity is expected with the RWI.  It is also expected that the 
extent of salinity intrusion, defined as the river location where the salinity is 1% of river mouth 
salinity, will increase by up to 1.1 km (0.7 mi) from 36.8 to 37.9 km (22.9 to 23.5 mi) with the 
RWI.   

In addition to the 28.3 m3/s (1000 cfs) case, the model was also run for 7Q10 flow conditions on 
the Pascagoula River combined with 95th percentile tidal amplitudes.  Under these conditions, at 
Cumbest Bluff, a 0.1 ppt increase in salinity is expected with the RWI.  It is also expected that 
the extent of salinity intrusion will increase by up to 1.2 km (0.7 mi) from 38.6 to 39.8 km (24.0 to 
24.7 mi) with the RWI. 

While the model was run for two worst case conditions, 28.3 m3/s (1000 cfs) and 7Q10, these 
are not representative of the average flow conditions on the Pascagoula River.  The model was 
also run for three moderate flow conditions near or below mean annual flow at Merrill: 79 m3/s 
(2790 cfs), 132.9 m3/s (4695 cfs), and 298.7 m3/s (10550 cfs).  Mean annual flow at the Merrill 
gage is 281 m3/s (9909 cfs) (USGS, 2009).  Under these flow conditions, the model did not 
show any change in the salinity concentration at Cumbest Bluff.  Differences in the extent of 
salinity intrusion with and without the RWI were also considerably less, ranging from 0 to 0.2 km 
(0 to 0.1 mi).   
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1.0 Introduction 
The 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).  Petroleum 
is stored in caverns formed by pumping fresh water into salt domes to dissolve the salt.  
Formation of the caverns involves pumping in fresh raw water to dissolve the salt, and pumping 
out the resultant brine.  The proposed Richton SPR would withdraw freshwater from the 
Pascagoula River with empties into Mississippi Sound and ultimately the Gulf of Mexico.  The 
effect of reducing the flow could result in salinity from Mississippi Sound traveling further up the 
Pascagoula River, potentially changing the salinity variation along the axis of the river. 

To determine potential changes in the salinity profile of the Pascagoula River, a one-
dimensional (longitudinal) model (Ippen and Harleman, 1961) was applied to the system.  The 
application of the model builds on previous modeling studies of the Pascagoula River system 
using DYNHYD and TOXI5 documented by HARZA (1995 & 1995).  Much of the same data 
used in the HARZA study, including the United States Geological Survey (USGS) cross-sections 
of the Pascagoula River, and annual USGS salinity profile surveys, were also used in applying 
the one-dimensional salinity intrusion model.  

The purpose of this study is to determine present environmental conditions in the Pascagoula 
River, particularly the salinity structure.  The salinity data was then used to calibrate the one-
dimensional salinity intrusion model.  After calibration, the model was tested in three validation 
runs which represented a variety of flow rates.  Finally, the model was applied using 7Q10 low 
flows in the Pascagoula River to determine potential salinity intrusion under worst case 
conditions. 

2.0 Description of the Study Area 
The Pascagoula River, located in southeastern Mississippi, is about 130 km (80 mi) long and 
has a drainage area of about 23,000 km² (8,800 sq mi).  It is one of the only undisturbed rivers 
to flow into the Gulf of Mexico and it provides abundant wildlife habitat as well as a variety of 
estuarine habitats along the southern portion where it is influenced by salt water intrusion from 
Mississippi Sound.   Approximately 27.4 km (17 mi) from the river mouth, the Pascagoula splits 
into a west branch (the West Pascagoula River) and an east branch (main stem Pascagoula 
River).   

The proposed Richton raw water intake (RWI) facility will be located near Merrill, MS 
approximately 130 km (80 mi) up the Pascagoula River, just south of the USGS Merrill gauging 
station (Figure 2.1-1) and near the confluence of the Leaf and Chickasawhay Rivers.  The 
extent of tidal influence in the Pascagoula River ends approximately 68 km (42 mi) upstream 
from the Gulf of Mexico.  The maximum extent of saltwater intrusion ever recorded occurred 
about 32 km (20 mi) upstream of the Gulf of Mexico during the 1963 drought (HARZA, 1994).   

Tides at the mouth of the Pascagoula are generally diurnal with an average tidal range of 
approximately 0.5 m (1.6 ft); the 95th tidal range percentile is about 0.9 m (2.8 ft) (NOAA, 2009).  
During the moonôs quadrature, about once every 14 days, the tides become semi-diurnal with a 
smaller tidal range.   
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At the USGS Merrill gage, mean annual flow in the Pascagoula is 281 m3/s (9,909 cfs).  
Extreme flows in the river range from 18.3 m3/s (648 cfs) in October 2000 to 4,980 m3/s 
(176,000 cfs) in February, 1961 (USGS, 2007).  The most recently calculated 7Q10 value is 
26.0 m3/s (917 cfs) (HARZA, 1995).  Salinity at the river mouth varies depending on actual tidal 
range and river flow, though it has been hypothesized that higher tides have a more significant 
effect on saltwater intrusion than low stream flows (HARZA, 1994).     

In April 1994, the USGS surveyed cross sections of the Pascagoula and West Pascagoula 
Rivers during a period of high flow when the banks were at full condition.  The depth gradient of 
the channels is relatively flat, though there are also a large number of holes along the thalweg.   

 

Figure 2.1-1. Area around the proposed Richton RWI along the Pascagoula River. 




























