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The City of Corpus Chris0’s permit applica0on, CORMIX modeling, and the subsequent 

response to the TCEQ RFI do not, as a maDer of science, provide confidence that the planned 
installa0on of the Inner Harbor desalina0on plant will be protec0ve of water quality and 
ecosystem health. Specifically, the best state-of-the science indicates that the proposed 
desalina0on ouLall will create a persistent ver0cal salinity gradient in both the Inner Harbor (IH) 
and the Corpus Chris0 Bay Ship Channel (SC). This ver0cal salinity gradient will inhibit 
replenishment of dissolved oxygen to the boDom waters, crea0ng a hypoxic (low oxygen) 
"dead" zone along the boDom of the IH and SC, and possibly in Nueces Bay. The RFI specifically 
asked the applicant to consider "salinity gradients," but the approach presented in the response 
to the RFI used global mass balance arguments (i.e., total increase in salinity), which are 
irrelevant in the crea0on of local salinity gradients. Such local salinity gradients (i) can be 
produced with only small local salinity differences, and (ii) their persistence can cause hypoxia 
(low dissolved oxygen). The applicant does not address salinity gradients in any substan0ve 
form for the IH, the SC, or poten0al impacts to Nueces Bay. 

Three key concepts are needed to understand the fate and impact of desalina0on brine 
effluent in the "far field" --- i.e., beyond the near-field mixing of the diffuser and plume that are 
modeled by CORMIX: 
1. Higher salinity water (i.e., the far-field effluent) is heavier and forms a layer beneath lighter 

lower salinity water unless energy is applied for mixing.  We call such layers "stra0fica0on." 
2. Stra0fied water does not have a transport path from the surface to the boDom unless 

mixing energy is applied to raise heavier water up and s0r it with the lighter water. The 
existence of stra0fica0on is sufficient evidence that the mixing energy is not connec0ng the 
surface and boDom waters. 

3. Only water at the surface can obtain oxygen from the atmosphere; for boDom waters that 
are not mixed up to the surface, dissolved oxygen (DO) will slowly decline due to Sediment 
Oxygen Demand (SOD) of biological processes along the boDom. Thus, persistent 
stra0fica0on that isolates boDom waters leads to persistent low DO, i.e., "hypoxia." 
In general, hypoxia occurs when the wind and 0dal current mixing energy cannot keep up 

with the rate at which the effluent inflow reinforces salinity gradients. This idea can be 
understood by a cartoon of the evolu0on of an effluent plume in a typical desalina0on design 
with an offshore ouLall, as shown in Figure 1 on the next page, and as explained below. 

A`er near-field mixing by a well-sited ouLall diffuser, the effluent plume (as in Fig. 1) flows 
downhill along a sloped boDom so that the plume velocity (iner0a) creates mixing energy within 
the plume and entrains lighter water (i.e., pulls in and mixes lighter ambient water with the 
heavier water of the plume). This is the "iner0al far field" in Fig. 1. The entrainment of lighter 
ambient water weakens the plume (reduces its salinity), increases its thickness, and reduces its 
velocity. Entrainment provides DO renewal to the plume water, which can prevent or limit 
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development of hypoxia. If the plume reaches a flaDer region along the boDom it spreads out 
horizontally, becoming thinner and slower. However, in this "spreading far field" the velocity of 
the plume cannot generate sufficient mixing energy to entrain ambient water, which means the 
DO in the plume cannot be renewed and its salinity cannot be further reduced. The eventual 
destruc0on of the plume occurs as the mixing energy from the waters above (e.g., wind, waves, 
currents) progressively erodes the plume --- thinning it un0l it disappears.  The difference 
between entrainment (in the iner0al region) and erosion (in the spreading region) is cri0cal --- 
entrainment directly reduces salinity and increases DO in the plume, whereas erosion is simply 
scraping away successive layers of the plume without reducing the salinity or resupplying the DO 
in the remaining plume. Thus, in the spreading region the boDom SOD will con0nue to consume 
DO in the plume without renewal. Once the DO levels in the plume drop below the hypoxic 
threshold, hypoxia will persist un0l the plume is completely dissipated.  

In general, a well-sited ouLall is one where the 0me-of-travel for the effluent in the 
spreading region is sufficiently small such that the SOD cannot deplete the effluent DO before it 
reaches the plume frontal far field in Fig. 1. If the ambient mixing energy is low the 0me-of-
travel must be short to prevent hypoxia. In Corpus Chris0 Bay the best science indicates the 
0me interval to create hypoxia in a spreading plume can be as low as 24 hours (Hodges, 2010; 
Hodges et al., 2011). Note that well-designed offshore diffusers (i.e., outside a bay, as in Fig. 1) 
can be ideally sited such that the plume dissipates on the slopes of the iner0al far field while DO 
resupply is s0ll present, making hypoxia less likely. 

The challenge for effluent disposal in the Inner Harbor is that the iner0al and transi0onal 
far-field regions of Fig. 1 do not exist; i.e., the near-field mixing connects directly to a spreading 
far field, as shown in Fig. 2.  This spreading far field transports the stra0fied effluent plume 
inward into the IH and outward into the SC. Given the breadth and depth of the IH and SC, along 

Figure 1: Effluent plume evolu3on in the far field for offshore brine disposal (from Hodges, 2010). 
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with the effluent plume salinity at the edge of near field mixing, it can be shown that (i) the 
velocity of the plume will be small, and (ii) the plume velocity cannot generate mixing energy 
for substan0al entrainment. Thus, a`er the near-field mixing the plume salinity will not be 
significantly reduced and the plume DO will not be significantly renewed. Whether or not 
hypoxia develops depends upon (i) the SOD rate consuming DO, and (ii) the rate at which 0dal 
veloci0es and wind can erode (destroy) the plume and limit its horizontal extent. 

Computa0ons based on the approach in Hodges et al., (2011) indicate that shear veloci0es 
(i.e., the ver0cal gradients of horizontal velocity) from 0dal currents are too small to create 
entrainment mixing1. Furthermore, even with steady winds of 20+ mph, the erosion 0me for the 
plume will be 3-30 days (depending on the ini0al plume thickness). To re-emphasize, isola0on 
0mes of 24 hours can cause hypoxia in Corpus Chris0 Bay (Hodges, 2010; Hodges et al 2011). 
Thus, the best available science indicates that the proposed IH desalina0on ouLall will lead to 
persistent hypoxia in the IH and SC. 

The fundamental problem is that the proposed ouLall si0ng is in a rela0vely flat loca0on (IH) 
with liDle ambient mixing energy. The complete destruc0on of the far-field effluent plume will 
require days to weeks under most condi0ons. Any por0on of the channel boDom that is isolated 
by the plume for more than 24 hours is likely to become hypoxic. Thus, the far-field effluent 
plume within the IH and SC will cons0tute a large dead zone. 

The above conclusions are based on the best available science using known process scales2 
to evaluate outcomes. To improve upon this science requires a detailed mul0-dimensional 
computer model that captures ver0cal mixing physics and stra0fica0on, including wind, waves, 

 
1 The technical argument is that the Richardson Number is much greater than 1/4 so mixing is suppressed by 

the poten;al energy gradient of the stra;fica;on. 
2 For example, the energy generated at a given wind speed, energy required for mixing based on density 

gradients. The process scales and computa;on methods are provided in Hodges (2010) and  Hodges et al (2011).   
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Figure 2: Near and far field effluent plumes for the Inner Harbor brine ouEall. 
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and velocity shear that energize both entrainment and erosion3. Such a model should be 
validated against a real-world plume (e.g., the high salinity ouLlow from Oso Bay, as studied in 
Hodges et al., 2011). Importantly, the computer model must have sufficiently fine grid 
resolu0on in the ver0cal dimension to correctly capture entrainment and erosion4. The driving 
boundary condi0ons for the computer model are the ver0cal salinity gradient and mixed 
effluent flow at the edge of the near field, which are func0ons of the effluent produc0on rate 
and near-field mixing5.  

Based on the best available science, the following facts are beyond dispute:  
1. Far-field evolu/on of the effluent plume and possible development of a hypoxic dead zone 

depends on the effluent transport rate, the ver/cal salinity gradient, and the wind/current 
mixing energy from the ambient water that progressively erodes the plume.  

2. The overall mass balance of the broader bay (as presented by the applicant in answer to 
the RFI on salinity gradient issues) is en/rely irrelevant to development of salinity 
gradients and their dead-zone consequences.  

3. From the two points above, the applicant has not provided sufficient evidence that the 
proposed ouKall loca/on is protec/ve of ecosystem health. 
Furthermore, as a maDer of expert opinion based on the informa0on I have reviewed, I 

doubt that there is any configura0on of diffusers and ouLall placement in the Inner Harbor that 
can avoid development of a far-field stra0fied effluent plume, hypoxia, and ecosystem harm to 
the IH and SC. The lack of an iner0al far-field mixing regime at this loca0on renders this loca0on 
inappropriate for the applicant's proposal. 
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3 The QUAL-TX model does not meet this standard. The QUAL-TX model is a one-dimensional model that 

represents processes along the length of a river or channel and cannot represent the ver;cal compartmentaliza;on 
of processes that occur with stra;fica;on. 

4 At the ouPall, the effluent plume itself must be resolved with 15-20 grid cells in the ver;cal. As the plume 
erodes, at least 5 or more ver;cal grid cells should be maintained over the en;re plume length. Furthermore, the 
modeler must conduct a grid resolu;on study to ensure that numerical diffusion (model error) is not domina;ng 
the turbulent mixing model. These steps are required because modeling without sufficient ver;cal grid resolu;on 
will lead to an error known as "numerical diffusion" that causes ar;ficial mixing and dissipa;on of the plume. Such 
numerical diffusion will cause hypoxic areas to be underes;mated. 

5 This boundary condi;on might be computable by a model such as CORMIX --- if properly configured (CORMIX 
experts should weigh in on this issue). 
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