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Introduction

For more than a century, deltaic processes of the Mississippi River Delta have been severely
limited by artificial river levees, which prevent overbank flows dusimgng floods. The potential
negative effects to the delta of reduced freshwater, sediment and nutrients have been speculated for
equally as long. Historically, the water that was delivered in overbank flows to the adjacent marsh
contained freshwater, nuients and sediment that helped to sustain the marsh and counteract the
natural subsidence that occurs in Mississippi River Delta wetlands. Severing of the river from the delta
prevents the nourishment of the marsh, indirectly contributing to land lossugh sediment and
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Continuous river levees along the Mississippi River prevent overbank flow, and therefore, sediment from
reaching the adjacent deltaicetlands. The resulting sediment starvation prevents growth of new
wetlands and may weaken exiting wetlands resulting in wetlands more vulnerable to other impacts,
such as canals, subsidence, saltwater intrusion and hurricanes or storms.

To counteract the ffects of severing the connection between the river and the delta, focus has
been placed on reconnecting the river to the delta, mostly through the creation of artificial outlets along
the river. Historically, these artificial outlets were built along Mississippi River to manage flood stage
and basin side salinity. Just before and after the Great Flood of 1927, three large outlets were
constructed to alleviate flood stage of the Mississippi River and provide additional flood protection to
cities, such s New Orleans, including the Bohemia Spillway in 1926, the Bonnet Carré Spillway in 1932,
and the Morganza Floodway in 1954. In addition, approximately nine small river outlets along the river
were constructed in south Louisiana, between 1955 to 2003, gmilynto manage basin side salinity.
Although these artificial outlets were built for purposes other tharestablishing the landuilding
processes of the delta (I.E. sediment delivery), these various outlets provide insights into deltaic
processes andnore importantly, into the potential to restablish these processes on a large scale via
artificial outlets or river diversions. Considering that Louisiana has proposed spending $4.5 billion on
new river sediment diversiorts help restore coastal Louisia(CPRA 20924 (1 dzZReé 2 F (G KS&S af
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studying the basiside geomorphic and hydrologic effects of the Caernarvon Diversion, in operation for
23 years, some insights may dained into the processes and outcomes of diverting Mississippi River
water which can inform construction, operation and maintenance of future diversions proposed in the
Mississippi River Delta.

Location and Description

The Caernarvon Freshwater Diversistocated 15 miles downriver from New Orleans in
Plaguemines Parish near the Plaquemines/St. Bernard Pariskrigned ) and was constructed in
1991. The control structure was designed to divert up to 8,000 cfs from the Mississippi River into the
local estuary through five, 1 (4.6 m) gated box culverts using gravity flow that can only, in general,
flow when the Mississippi River stage at the Carrollton Gauge exceeds four feet (E2aujien 2006
Big Mar Pond, a failed agricultural impoundmes part of the receiving area for waters diverted 1.5
miles from the Mississippi River through a conveyance canal. Although the conveyance canal is directly
connected to Big Mar Pond, it is estimated to receive less than half of the Caernarvon Diversio
discharge due to the hydrologic efficiency to flow toward Bayou Mandeville and Lake Lery when
discharge from the diversion is below 2,500 cfs, which is most of the(@alele et al. 2007 Overland
flow onto the marsh platform in the receiving basin occurs, generally, when discharge from the
diversion exceeds 4,000 ¢fSnedden 20065nedden et al. 2007Below this discharge, the flow in
channelized in Bayou Mandeville and the Delacriox Canal which then flows Oak River.
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Discharge and Operation

The average annual discharge since 1992 is approximately 2,500 cfs representing just 0.2% of
the Mississippi discharge during a floéadlom 2001 to the present, the diversion structure has been
occasionally operated under a pulsing regimen to mimic hisabsgpring floods. From 1993 to 2001, the
average discharge through the diversion was 2,200 cfs. During this period, the diversion was closed 55%
of the time and flowed above 4,000 cfs (inducing overland flow) 9% of the time (averages and
percentages caldated from discharge data availabletatp://waterdata.usgs.gov/usa/nwis/uv?site_
no= 295124089542100). The maximum percent of time dischaeg@above 4,000 cfs during this time
period was 1994 at 16% followed closely by 1996 and 1994%tand 13%, rpsctively Figure 3.
Between 2001 and 2012, under the pulsing regime, the average discharge was 2,700. The diversion was
closed 40% of the time and flowed above 4,000 cfs 12% of the time. The maximum time the discharge
was above 4,000 cfs in this time pmt was in 2007 at 31% followed closely BM.@ at 27% and 2008 at
21% Figure 2. Also, during this time period, in 2010, the diversion was opened to maximum discharge
during the BP oil spill in an attempt to prevent oil from moving inland. In spring, 2tihg the historic
flood that occurred on the Mississippi River, the average discharge was 2,000 cfs but was closed 33% of
the time and above 3,000 cfs only 9% of the time.
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Figure2: Discharge at the Caernarvon Diversion from 1993 to 2012 in % time closed, below 1,000 cfs, 1,000
2,000 cfs, 2,003,000 cfs, 3,000 to 4,000 cfs and above 4,000 cfs. Discharges above 4,000, in general, induce
overland flow or flooding of the margtiatform in the receiving basin. Also shown is the maximum, average and
minimum stage in the Mississippi River at the Carrollton Gauge over the same time period.

Sediment Distribution

The sediment load in the diverted water is carried into the Caernarvon bweostfall area
known as the Breton Basin. The sediment load has been found to be variable but generally increases
when the sediment load in the Mississippi River increases which generally occurs duringSluediden
2006 Snedden et al. 20Q7However, the timing and magnitude of sediment pulses in the Mississippi
River are not completely understo@hd ae variable Additionally, the timing and magnitude of the
sediment load that is carried through the Caernarvon DiverBiam the Mississippi Rivertmthe
receiving basimvasalso not clear. Thereforejree 2009, LPBF has been monitoring turbiditthef
discharge entering the Caernarvon Diversion. Using our turbidity measurements and an equation
relating turbidity to total suspended solids (TSS) or sediment load, developed by Snedden et fdr 2007
the Caernarvon Diversigoas well as collecting acldischarge data from the Caernarvon Gauge
total sediment load entering the Caernarvon Basin from December 9, 2009 through 2012 was calculated
In total, it was calculated that the Caernarvon Diversion delivered approximately 7,115,905 cubic feet
(201,500 cubic meters) of sediment to the receiving basin, including BigRare 3llustrates these
several important aspects of the diversion and sediment delivery. Often, the diversion is not operated at
times when there is high turbidity or sedimentld in the water and therefore, does not maximize
potential sediment capture and transfer into the receiving b&Biaker et al. 2013 From a sediment
delivery standpoint, the operation of Caernarvon has been highly inefficient.



In addition, calculations were made to determine how much sediment could be delivered if the
diversion was opened to maximum capacity (depending on river stage) to capture as much sediment as
possible that was in the river. Calculations were based on medgurbidity andcalculatedpotential
discharge in relation to river stage at Carrollton (potential discharge was capped at 8,000 cfs, the
reported maximum capacity of the diversion). By performing these calculations, it was determined that
over the samdime period, there was a potential for 19,069,000 cubic feet (540,000 cubic meters) of
sediment to be delivered through the diversion or 168% more sediment. It is understood that the
Caernarvon Diversion cannot be operated at maximum flow at all timesatomize sediment capture
as there are salinity concerns in the basin. Therefore, potential sediment delivery wakuéated to
maximize the diversion opening only when there was high sediment concentration in the diverted water
(during sediment spikeslising measured turbidity data. Under this pulsing during high sediment
scenario, 10,135,000 cubic feet (287,000 cubic meters) of sediment would have been delivered to the
receiving basin or 42% more sediment

Using the turbidity data, LPBF has been in aohivith the State of Louisiana, the operators of
the diversion, in an attempt to coincide diversion openings with sediment spikes at the diversion, in
order to maximize sediment captur@s shown irFigure 3 the increased sediment loads entering the
Caenarvon Diversion basin are not logliyed, generally occurring in two to three week long spikes.
Therefore the diversion would not have to be opened for extended periods of time to maximize
sediment capture, which would lessen or alleviate concerns aloeushlinities in the receiving basin.
After advocating for timed openings since 2010, in 2014 progress was made where the diversion was
opened to coincide with the second and third sediment spikes of the yaguwre 3, 2014 graphin the
future, LPBF witontinue to provide data to the State of Louisiana to maximize sediment capture when
salinities in the receiving basin allow for diversion operation.
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Caernarvon Delta and PrDelta Growth

Since the construction of the diversion, despite the undperation and depauperate sediment
delivery described above, sediment has been deposited in the Caernarvon receiving area. Over time,
there has been enough accumulation in some areas to peently support emergent wetland plant
life. Two studies conducted just south of Big Mar, one from 1996 to AGfite et al. 2006and another
in 1998(DeLaune et al. 20Q;3found significant sediment accumulation in the area, both mineral and
organic. In this area, cattailyphasp), bulltongue $agittaria lancifoli maidencaneRanicum
hemitoma) and bigpod sesbani&ésbania macrocarphave been replacing brackish marsh
vegetation.

In Big Mar Pond,ror to 2004, wetland growth (defined as persistent emergent wetland
vegetation in formerly open water) was negligible. Since 2004, wetland gr@mxiandgain) has been
significant Figure 4 and appears to be accreting annudllppez et al. 2004Imagery and field survey
allow quantification of the annual rate of wetland (delta) growth. Emergence of a delta after twelve
years of prior operation is due to the filling of pegisting accommodation space, and is consistent with
other recent deltassch as the Wax Lake Delta which did not become emergent until 31 years after
creation of the Wax Lake Outlet. This wetland growth is a result of an active delta that has two distinct
zones and, therefore, is referred to as the Caernarvon Delta Compleximgcthe delta (northeast
guadrant) and predelta (southwest quadrant) area&igure 5. In the delta, near the terminus of the
Caernarvon conveyance canal, a mineral platform of radiating bars and shallowénge(i.e. the delta
platform) has becomeegetated(Lopez et al. 2004 This has the typical delta geomorphology of bars
and small bifurcating distributary channelsdure §. In the predelta, in 2005, Huicane Katrina
pushed marsh balls from the surrounding marsh into Big Mar. The hurricane deposition in this zone
became nucleation points in which wetland extent expanded since Z8Q&r€ 4. This expansion was
initially flotant marsh, but is acting assadiment trap for fine sediment from Carnarvon Diversion
discharge, thus comprising a pdelta. The geomorphology of the prdelta seems shows north to
south lineation (slightly curved) which seem to be an imprint from Hurricane Katrina wratkpott
delta area was not significantly impacted by Hurricane Gustav in 2008. Further, the establishment and
expansion of woody vegetation, mainly black will&al{x nigrd, indicates that much of the flotant
marsh has converted into attached marsh.



Figure4: Land change in Big Mar Pond from 1998 to 2010. Notice the wrack and marsh balls deposited by
Hurricane Katrina in 2005 and significant delta growth by 2010.













































