October 3, 2019

3.3 Predicted Percent Mississippi River Water

One of the Delft3D model parameters allows accounting of the percentage of water in
each model grid cell that originated from the Mississippi River diversion. The purpose of
simulating this variable (percent Mississippi River water) was to show where the Mississippi
River water travels once introduced into the swamp. The boundary “concentrations” for this
variable were set to 100 for the inflow from the Mississippi River (via Hope Canal) and zero for
all other boundaries. The initial concentration was set to zero for the entire model grid.

Figures 3.4 shows the predicted values of percent Mississippi River water at the end of
7,20, 31, and 41 days. The model predicts that the Mississippi River water replaces the majority
of the water that existed in the swamp before start of the diversion; no significant amount of
water enters Blind River; and that the southern areas of Lake Maurepas are about 40%

Mississippi River water after 31 days.

3-6



After 7 days After 20 days

Percent Mississippi River Water (%)

210 02-Jan-2004 00:00:00 210 ¢ 15-Jan-2004 00:00:00
205} 205
200 200
4 1
£ 195 | B 195
x =
(] (]
®© 190 | © 190
c =
<) T
<] 9]
g 185} 8 185
> >
180 | 180 |
175 | 175
Hope Canal, 2000 cfs Hope Canal, 2000 cfs
170 . " h 2 . . . ) 170 . . . . . . )
1055 1060 1065 1070 1075 1080 1085 1090 1055 1060 1065 1070 1075 1080 1085 1090
x coordinate (km) —» x coordinate (km) —
After 31 days After 41 days
e R  Eah. -00- 100
210+ 26-Jan-2004 00:00:00 210 05-Feb-2004 00:00:00
90
205 205 1
80
200 200
| 70
T
195 E 195 k460
4 L 5
e
190 @ 190 g F 150
e |
5]
185 8 185 ' 40
>
30
180 - 180
175 175 4
10
Hope Canal, 2000 cfs Hope Canal, 0 cfs
170 1 L 1 L 1 L 1 170 L L . 4 " ' i
10556 1060 1065 1070 1075 1080 1085 1090 1055 1060 1065 1070 1075 1080 1085 1090 0
x coordinate (km) — x coordinate (km)—

Figure 3.4.  Predicted percent Mississippi River water contours at the end of 7, 20, 31 and
41 days.
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3.4 Predicted Total Nitrogen Transport

The TN results are shown in Figures 3.5 and 3.6 for summer and winter, respectively.
Note that the TN concentration for the Mississippi River inflow was higher for summer
(2.6 mg/L) than for winter (2.0 mg/L).

As expected, the highest predicted concentrations of TN are in Hope Canal and its
immediately surrounding areas north of Interstate-10. As the Mississippi River water spreads
into the swamp and even along channels (e.g., Hope Canal to Tent Bayou to Dutch Bayou), the
TN concentrations decrease due to losses from the water column that are simulated with the first
order decay rates.

Based on the spatial patterns of predicted TN concentrations in Lake Maurepas, it appears
that Dutch Bayou and Reserve Relief Canal are contributing similar loadings of TN to Lake
Maurepas. In both the summer and winter simulations, the predicted TN concentrations in the
southwest corner of Lake Maurepas (excluding the small areas right at the mouth of Dutch
Bayou and the mouth of Reserve Relief Canal) were between 0.8 and 1.0 mg/L at the end of
day 20. This represents a small increase over the assumed background concentration of
0.6 mg/L.

The TN in the Mississippi River water consists of approximately 71% nitrate, 2%
ammonium, and 27% organic nitrogen (based on long term averages of USGS data at Baton
Rouge and Belle Chasse). Among these three forms of nitrogen, nitrate is the form that is
expected to undergo the greatest losses from the water column because it can be removed from
the water column through denitrification (which is one of the most significant removal
mechanisms in wetlands) or uptake by algae or plants. By the time the Mississippi River water
reaches Lake Maurepas, the remaining TN is expected to consist mostly of organic nitrogen,
which is not available for algal uptake unless it is first converted back to inorganic nitrogen
through the process of mineralization, which is a relatively slow process.

After the diversion inflow stops on day 31, the predicted TN values throughout the

swamp and in Lake Maurepas return to near background levels by day 41.
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Figure 3.5 Predicted TN concentrations for summer at the end of days 7, 20, 31 and 41 days.
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3.5 Predicted Total Phosphorus Transport

The TP results are shown in Figure 3.7 and 3.8 for summer and winter, respectively. The
TP concentration for the Mississippi River inflow was similar between summer (0.26 mg/L) and
winter (0.25 mg/L).

As with TN, the highest predicted concentrations of TP are in Hope Canal and the
immediately surrounding areas north of Interstate 10.

For TP, the results are different between summer and winter due to the seasonal
difference in decay rates. As the water moves into the swamp and along channels, the decrease in
TP concentrations is greater for summer than for winter. This trend continues into Lake
Maurepas; the predicted TP concentrations in the southwest corner of Lake Maurepas are slightly
higher for winter than for summer.

Dutch Bayou and Reserve Relief Canal appear to be contributing similar loadings of TP
to Lake Maurepas.

After the diversion inflow stops on day 31, the predicted TP values decrease in the
swamp and in Lake Maurepas. By day 41, predicted TP values return to near background levels

in Lake Maurepas but are still higher than background in the swamp.
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3.6 Salinity Flushing Results

The purpose of this simulation is to demonstrate the freshening effect of the diversion on
a swamp that has experienced high salinity event due to a tropical storm. Figure 3.9 shows
contours of salinity after 7 days of diversion inflow. The initial water surface elevation and the
salinity is set to 1.0 ft, NAVDS88 and 5 ppt, respectively, throughout the entire study area (model
domain). In reality, the Central Swamp (south of Interstate-10) is very unlikely to have a storm
surge overtopping Interstate-10 resulting in a high salinity. However, due to the model
limitations, it is not possible to specify spatially varying values of initial salinity so the entire
domain is set to 5 ppt. Additionally, the constant salinity value of 1.5 ppt specified at
Pass Manchac (Lake Maurepas) boundary may not be realistic. However, this does not affect
results in our primary area of interest which is the swamp north of Interstate-10. Therefore, the
focus of presented results is this region. Also, note that the initial water specified for this
simulation is 1.0 ft, NAVDS88, higher than -3.0 ft, NAVDS&S, that was specified for the 41-day
diversion simulation. Therefore, the marginal inundation areas may not match for these two
simulations.

Figure 3.9 shows that salinity is rapidly flushed out of the swamp by diversion flow. As
expected, the flushing process is slower in the areas where little diversion flow reaches. The
7-day duration results demonstrate the freshening effects of the diversion flow. The results are
generally expected to be similar to those shown by the Percent Mississippi River Water

parameter in Figure 3.4; therefore, a longer simulation was not performed.
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After 7 days
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Figure 3.9. Predicted salinity concentrations at the end of 7 days.

3.7 Comparison with Previous Modeling Studies

The TN predictions discussed in Section 3.2 can be compared with two previous
modeling studies for the Maurepas swamp. Comparisons must be done with caution because
each study used different modeling approaches based on project objectives and available data.

Day et al. (2004) used output from a two-dimensional hydraulic model to calculate nitrate
transport and loss in the Maurepas swamp. The model simulated water being diverted from the
Mississippi River into Hope Canal and then moving through the swamp towards the Blind River,
Reserve Relief Canal, or Lake Maurepas. The swamp was divided into cells and the equation

used to estimate nitrate loss in each cell was:

Percent removal =-14.13 * LN (X) + 25
where X = nitrate loading entering that cell (g/m?/day)

The predicted losses of nitrate for water reaching Lake Maurepas were 87% and 81% for

diversion flow rates of 1,500 cfs and 2,500 cfs, respectively (Table 4.4 in Day et al. [2004]). It
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should be noted that this modeling study did not utilize a background concentration for nitrate
because existing concentrations of nitrate in the Maurepas swamp are low.

CH2M Hill (2013) conducted modeling to estimate total nutrient removal for multiple
planned and existing diversions along the Mississippi River. Based on objectives of this project
and the large area that it encompassed, this modeling was developed at spatial and temporal
resolutions that were much coarser than the DELWAQ modeling presented in this report. The
CH2M Hill modeling used the pKC* model (described in Section 2.1) with background
concentrations of zero for nitrate and ammonium, 0.6 mg/L for organic nitrogen, and 0.042 mg/L
for total phosphorus. The model predicted a 57% loss of TN and 46% loss of TP in the Maurepas
swamp for “average operations” (Table 14 of CH2M Hill [2013]).

In order to compare the DELWAQ results with these two studies, percentage losses of
TN and TP were calculated. For the summer simulations, Mississippi River water was introduced
into the swamp with concentrations of 2.6 mg/L TN and 0.26 mg/L TP. Water entering Lake
Maurepas at the mouth of Dutch Bayou at the end of day 20 had concentrations of approximately
1.2 mg/L of TN and 0.17 mg/L TP, resulting in percentage losses of 54% for TN and 35% for
TP. These percentage losses are similar to the results from CH2M Hill (2013). The percentage
loss for TN is lower than the nitrate losses calculated by Day et al. (2004), but nitrate losses are
expected to be greater than TN losses because nitrate can be removed from the water column
through denitrification and uptake by algae or plants, whereas organic nitrogen (the other
primary component of TN in Mississippi River water) can be removed from the water column

only by settling of the particulate fraction.

3.8 Comparison with Nutrient Concentrations in Lake Pontchartrain

The predictions of TN in the southern end of Lake Maurepas can be compared with TN
concentrations that were observed in Lake Pontchartrain after the Bonnet Carré Spillway was
opened in 2008 and in 2011. When the Bonnet Carré Spillway is opened, large volumes of
Mississippi River water are diverted into Lake Pontchartrain during a short time. This water

reaches Lake Pontchartrain quickly with minimal nutrient loss. In both 2008 and 2011, increased
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algae concentrations were observed in the lake (including cyanobacteria that and were
presumably caused by the nutrient loading from the diverted Mississippi River water.

In 2008, the spillway was open for about a month, with a total volume of diverted water
that exceeded the volume of Lake Pontchartrain (Bargu et al. 2011). The average concentration
of nitrate nitrogen that was measured within the plume during the spillway opening was
1.3 mg/L (Bargu et al. 2011). The modeling for Lake Maurepas does not specify what portions of
the TN are nitrate, ammonium, and organic nitrogen, but the TN in the water that reaches Lake
Maurepas is expected to be mostly organic nitrogen (see Section 3.2). If the predicted TN in the
southern end of Lake Maurepas is assumed to include about 0.5 mg/L of organic nitrogen (most
of the background concentration of TN is expected to consist of organic nitrogen), then the
predicted TN values of 0.8 to 1.0 mg/L in the southern end of Lake Maurepas would correspond
to nitrate concentrations of about 0.3 to 0.5 mg/L. These are much lower than the average nitrate
concentration measured within the plume in Lake Pontchartrain during the spillway opening
(1.3 mg/L).

In 2011, the spillway was open from May 9 to June 20, with a total volume of diverted
water that was approximately 330% of the combined volume of Lake Pontchartrain and the
downstream estuary (Smith 2014). The average concentration of nitrate nitrogen that was
measured along a transect extending from the Bonnet Carré Spillway to the approximate center
of the lake was 0.6 mg/L (individual values ranged from below the reporting limit up to
1.4 mg/L; Smith 2014). It is apparent that some dilution or other nutrient loss mechanisms
affected some of these values because the nitrate concentrations measured by the USGS in the
Mississippi River during the spillway opening ranged from 1.1 to 1.4 mg/L (3 samples at Baton
and 6 samples at Belle Chasse). Nitrate concentrations in Lake Pontchartrain near the spillway
were probably more similar to the Mississippi River values than the average concentrations
reported by Smith (2014) for an entire transect. As discussed above, the TN values predicted for
the southern end of Lake Maurepas correspond to estimated nitrate concentrations of about 0.3 to
0.5 mg/L, which are significantly lower than estimated nitrate concentrations in Lake

Pontchartrain near the spillway.
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4.0 SUMMARY AND CONCLUSIONS

A two-dimensional Delft3D hydrodynamic and water quality model was developed and
calibrated for the study area. The model was applied to simulate water surface elevations,
velocity, TN, and TP under a diversion operation scenario. Under this 41-day scenario, the
diversion introduced a constant 2000 cfs of Mississippi River water into the swamp continuously
for 31 days followed by 10 days of closure. These simulations showed that after the Mississippi
River water reaches the north side of Interstate 10, its flow rate greatly exceeds the capacity of
Hope Canal, causing the water to flow into the swamp and spread west as far as Blind River, east
as far as Reserve Relief Canal (and slightly beyond), and northward into swamps along Dutch
Bayou.

The shallow and relatively slow flow through the swamp allows for nutrients to be
removed from the water column before the water reaches Lake Maurepas via Dutch Bayou and
Reserve Relief Canal. By the time the Mississippi River water reaches Lake Maurepas, it has lost
about 54% of its TN and 35% of its TP. Predicted concentrations of TN in the southern end of
Lake Maurepas correspond to nitrate concentrations that are much lower than observed
concentrations in Lake Pontchartrain that led to increased algae concentrations in 2008 and 2011
after opening the Bonnet Carré Spillway.

Based on these projection simulations, the proposed diversion of Mississippi River water
into the Maurepas swamp is expected to provide beneficial freshening and nutrients to a large

area of swamp without causing large increases in nutrient concentrations in Lake Maurepas.
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Figure A.14. Observed and predicted water surface elevations at gages S-10, S-16 and velocity
at S-9 under normal conditions.
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Figure A.15. Observed and predicted water surface elevations at gages S-4, S-9 and S-3 under
tropical storm conditions.
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Figure A.17. Observed and predicted water surface elevations at gages S-25, S-5 and S-24
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Figure A.18. Observed and predicted water surface elevations at gages S-10, S-16 and velocity
at S-9 under tropical storm conditions.
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Figure A.19. Maurepas swamp Delft3D model grid with the proposed diversion channel.
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Table B.2 (continued)

wetlands [9]

TP conc. TP conc. Hydraulic | First order “k” value
Description or entering leaving | TP percent| residence | decay rate | Average | for PKC*
name of wetland wetland reduction time for TP depth model
wetlands (mg/L) (mg/L) (%) (days) (1/day) (m) (m/yr) Comments
Stormwater Ranges are for 10 constructed
treatment not 0.048 — 4.4-34.2 wetlands receiving stormwater
wetlands in North 0.17-0.38 | 0.05-0.48 calculated 0.1-3.0 1.01F 0.1-0.3 | (median = in different regions of North
. 37.0) .
Carolina [7] Carolina.
Olentangy River Data were collected during
Wetland 0.148¢ | 00859 | 42.7% 4.10 0.136 | APProx- | 5y 5 | 19942001 and 2003 —2010.
Research Park [8] 0.4 Inflow is from Olentangy
River. Located in Ohio.
371 This is literature review of
atrge ted median = median = bl bl bl median = | wetlands with measured data;
COTSITUCTe 0.114 0.038 variabie ) variable - varlabie 125 | the PkC* model was

calibrated for each system.
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Concentrations leaving the wetland are affected by dilution as well as other (e.g., biological and chemical) processes.
The effects of dilution were excluded in the calculations for this reduction percentage.
Percent reduction was calculated as 100% minus the percent exported from the bay into the Gulf of Mexico.
Estimated value obtained from Table 1 in Hunter et. al. (2009).
PS1 = Pilot system #1, PS2 = Pilot system #2, PS3 = Pilot system #3, FSS = Fields scale system.
Calculated as “k” value for PkC* model divided by average depth. “k” values were calculated by the author.
Calculated using other information in the article.




