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EXECUTIVE SUMMARY

The functioning of deltas is the result of external and internal inputs of energy and
materials.  These inputs are not constant over time, but occur as pulses, which occur over
different spatial and temporal scales (Day et al. 1995).  This report addresses the concept of
pulses within the context of coastal restoration in Louisiana. Existing diversion schemes were
used as full scale models to project the performance of future pulsing diversions.

A pulse scheme is an adaptively managed discontinuous discharge of water, sediment and
nutrients. In the context of this study, a working definition of pulsing is: “The application of
discontinuous diversion flows to a restoration area with active and inactive diversion periods
related to the hydrologic period of the restoration area as well as social-cultural considerations
for the maximization of the ecological and land building benefits.”

The following are considerations, that affect the timing, magnitude, and duration of the
pulse event: social issues (e.g. hunting and fishing interests), ecologic responses (e.g. effect of
diversions on nesting and recruitment periods), hydrologic response (e.g. available river flow and
energy head as well as flooding frequency and duration of diversions), spatial-temporal
hierarchies (e.g. frontal passages, tides, seasonal, annual level and decadal variations in the Gulf
of Mexico), design aspects (e.g. structure design and location), land-building response (e.g.
maximum sediment load in the Mississippi river).  Many of these factors conflict with each
other. For example, it may not be possible to maximize brown shrimp recruitment if the
diversions are scheduled to occur when there is a maximum flow and sediment concentration in
the Mississippi River.

A review of the Caernarvon monitoring and modeling studies shows an encouraging
outlook for pulsing as a method of wetland restoration and stabilization. The results have
identified some significant productivity improvements since the implementation of the
Caernarvon Diversion. The isohaline that separates intermediate and brackish marsh has been
moved downstream with consequent habitat switching. The evidence of land building is
inconclusive; however, there does not appear to be evidence of net land loss either. The
preliminary data from the Davis Pond Diversion Structure are consistent with the findings from
the Caernarvon Diversion Structure. For example, the field data for both diversions show high
nutrient uptake under pulsing or pulse-like operations.

Pulsing provides several potential advantages over the alternative of similar volumetric
diversions using continuous or run-of-the-river modes of operations. The group has identified the
following possible advantages:

a. Reduced loss of oyster beds.
b. Avoidance of critical recruitment periods.
c. Avoidance of social/cultural user conflicts.
d. Increased nutrient control, uptake and denitrification which could lead to lower

risk of harmful algal blooms and reduction in the potential for hypoxia in the open
water zone.

e. Better control of deposition/sediment retention.
f. Seasonal induction to take advantage of productivity and nutrient uptake

efficiency.
g. Better flushing of coarse sediment down the distributary channels.
h. Increase in water temperature.
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However, there could be some disadvantages of pulsing over run-of-the-river alternatives,
such as:

a. Additional structural and operational costs.
b. Possible limits on the maximum mass of sediment that can be diverted.
c. Operational plans may be complicated by diverse objectives.

The following evaluation models have been reviewed: three dimensional hydrodynamic
models, two dimensional hydrodynamic models, land building/habitat switching models, box
model, desktop models and physical models. The task group has identified appropriate uses of
each of these tools. In general, there is a need for information transfer amongst the users of all of
these tools.  The Task 11 Group did not find examples of box models applied to pulsing for the
proposed alternatives as mentioned in the Task 11 deliverables. The box models were based on
aggregated data obtained from Computation Fluid Dynamics models. The temporal averaging
was made on a monthly scale, which excludes pulses that last less than one month.

The following is a summary of recommendations from this task group:

1. Box models should be refined to take advantage of the detailed temporal and spatial data
that are generated by CFD models. The variables that can be transferred from CFD
models to box models are: hydrodynamics (currents and flooding), salinity, water
temperature, suspended solids concentration, sedimentation, water quality, and residence
time.

2. A demonstration project should be implemented to assess dynamic management of
pulsed diversions.

3. Future models should include fisheries submodels with simple preference criteria
possible based on salinity, turbidity, dissolved oxygen, and water temperature.

4. Fisheries species response to diversions needs to be investigated.
5. Algal bloom modeling needs to be included in future evaluation and screening models.
6. The risk posed by invasive species (e.g. exotic algae) requires urgent attention and

system wide monitoring.
7. Better modeling of nutrient processes both in the beneficially impacted area and in the

open water zone. How will pulsing operations impact the ‘dead zone’ in the coastal Gulf
of Mexico?

8. Now casting, similar to weather forecasting, using 1-D, 2-D and 3-D models should be
investigated as a means of informing the general public of the current

9. Models need to include boundary conditions that reflect the feedback on the marsh of the
Mississippi River plume (at Head-of-Passes) as well as the dynamics of the Gulf of
Mexico in response to such events as Frontal and Tropical systems.
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18.1. INTRODUCTION AND BACKGROUND

1.1. A Spatial-Temporal Hierarchy of Natural Subsidies

The functioning of deltas is the result of external and internal inputs of energy and
materials.  These inputs are not constant over time, but occur as pulses, which occur over
different spatial and temporal scales (Day et al. 1995).  This type of pulsing is not exclusive to
deltas, but applies to many natural systems, especially coastal ecosystems (e.g., Estuaries,
volume 18, 1995).  These pulsing events are arranged in a hierarchical manner and produce
benefits over different temporal and spatial scales.  These energetic events range from daily tides
to switching of river channels, which occur on the order of every 1000 years, and include frontal
passages, normal river floods, strong storms, and great river floods (Day et al. 1995, Table
18.1.1).  The primary importance of the infrequent events such as channel switching, great river
floods and very strong storms such as hurricanes is in sediment delivery to the delta and in major
spatial changes in geomorphology.  The more frequent events such as annual river floods,
seasonal storms such as frontal passages and tidal exchange are also important in maintaining
salinity gradients, delivering nutrients and regulating biological processes.

Table 18.1.1 Temporal Scale of pulsing events in deltaic systems.

Event Timescale Impact

River switching 1,000 yrs Deltaic lobe formation
Net advance of deltaic
landmass

Major river floods 50-100 yrs Channel switching
initiation
Crevasse splay formation
Major deposition

Major storms 5-20 yrs Major deposition
Enhanced production

Average river floods Annual Enhanced production
Freshening (lower salinity)
Nutrient input
Enhanced 1º and 2º
production

Normal storm events
(Frontal passage)

Weekly Enhanced production
Organism transport
Net material transport

Tides Daily Drainage/marsh production
Low net transport

The major growth cycles of deltas takes place through the formation of new delta lobes.
A series of overlapping deltaic lobes is an efficient way to distribute sediments and continually
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build land over the entire coastal plain.  Evidence of major changes in the route to the sea, which
occur approximately every 1000 years (Roberts et al. 1980), and affect 1000's of kilometers, has
been documented for many deltaic systems (Coleman and Wright 1971, Wells and Coleman
1984, Van Andel 1967, Todd and Eliassen 1938, Freeman 1928, Ibañez et al. 1997, Tornqvist et
al. 1996, Kazmi 1984, Stanley and Warne 1993).  Channel switching occurs as the existing
channel lengthens and the slope decreases and the channel becomes less efficient.  Eventually,
the height of the river bed is raised (Freeman 1928) and the upstream levee is breached
permanently in favor of a more hydraulically efficient, shorter route to the sea.  This process is
pulse dependent as the breaching of the levee takes place during large flood events.  River flow
is never confined to one channel, but generally the primary channel receives on the order of 80%
of total discharge with the remainder divided among older distributaries (Gagliano et al. 1973),
thus insuring efficient dispersal of sediments over the entire deltaic plain.

Major river floods occur once or twice a century.  When conditions are right for channel
switching, the major shift in flow between channels normally occurs during great river floods.  In
addition, these floods are important in delivering major sediment pulses to the delta plain.  Both
of these processes are exemplified for the Atchafalaya delta in the great flood of 1973 on the
Mississippi River (Belt 1975).  Peak discharge for the 1973 flood was 24,100 m3s-1 (850,000
cfs); compared to a peak discharge of 25,200 m3s-1 for the great 1927 flood.  For several decades
prior to the 1973 flood, Atchafalaya Bay filled with fine grained sediments.  In 1973, large
amounts of coarse sediments were mobilized and the Atchafalaya delta became sub-aerial for the
first time (van Heerden and Roberts 1980).  It is mainly during floods such as the 1973 flood that
current velocities and bedload are large enough for course-grain material to reach the new delta
lobe and provide a foundation upon which to build land (Roberts et al. 1980).  The flood almost
undermined the control structure at Old River, which prevents the Atchafalaya from capturing
the Mississippi.  If the control structure were not in place, the major portion of the Mississippi
would probably have been captured by the Atchafalaya.  While every major river flood does not
result in delta switching, levees are breached and large amounts of sediments contribute to the
delta plain via overbank flooding at crevasses (Kesel 1988).  In the Ebro delta in Spain, the last
major switch in the position of the river mouth occurred during the large flood in 1937 (Ibañez et
al. 1996, 1997).  The effects of such events are clearly evident in areas affected by floodwaters.
In 1993-94, there were two “100-year” floods on the Rhone River. Massive flooding of the upper
delta occurred as the levee along the Petit Rhône broke in separate locations during each flood.
In sites affected by the floods, there was accretion up to 24 mm (Hensel 1997).  Accretion in
impounded habitats not impacted by the river was very low showing that these habitats were
largely uncoupled from riverine processes.

Large storms such as hurricanes and typhoons, occurring every 10 to 20 years, are
another pulsing mechanism, which supplies deltaic wetlands with sediments.  Baumann et al.
(1984) reported that two tropical storms were responsible for 40% of total accretion over a five-
year period in salt marshes in the Mississippi delta.  Cahoon et al. (1995b) reported that during
the passage of Hurricane Andrew in 1992, short term sedimentation rates in Mississippi delta
marshes were between 3-8 g/m2/day as compared to rates generally less than 0.5 g/m2/day during
non-storm periods.  Longer term accretion as measured by marker horizons was 2-12 times
higher than non-hurricane periods.  Storm events resuspend large quantities of bottom sediments
of coastal bays and the nearshore coastal ocean and deposit them on coastal wetlands.  Strong
storms breach barrier islands but they also mobilize large volumes of sand from offshore and
move it in front of beaches where transported to barrier islands by normal waves and winds.

Yearly river floods are another level of the hierarchical pulses responsible for distributing
riverine sediments and freshwater throughout the delta.  Similar to major river floods, but to a
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lesser extent, yearly floods typically topped natural levees and supplied a pulse of sediments,
nutrients and freshwater to wetlands.  The regularity of these pulses results in an annual and
predictable reduction of salinity and input of nutrients throughout the delta.  The biotas within
deltaic systems have adapted to this seasonality, and are therefore dependent upon their regular
occurrence (Day et al. 1989).

Frontal passages and other seasonal storms have been shown to be important in causing
sedimentation in deltaic areas of low tidal range (Baumann et al. 1984, Reed 1989, Roberts et al.
1989, Cahoon et al. 1995b, Day et al. 1995, Hensel 1997).  Currents generated by frontal
passages are also important in transporting organisms and organic matter into and out of
estuaries.

The daily rise and fall of tides leads to higher biological production and enhanced
interaction between wetlands and adjacent water bodies. The rise and fall of the tide allows
drainage of wetland sediments and permits fish to use the surface of the marsh for feeding during
periods of high tide.  Because of this, E.P. Odum (1971) called estuaries "tidally subsidized,
fluctuating water level ecosystems".

Currently, among several diversion projects, only Caernarvon is managed using pulsing.
At Caernarvon, pulsing resulted in more flow over marshes, more deposition of sediments on the
marsh surface, and a greater capture of sediments.  Flow over the marsh also resulted in a
substantial increase in water temperature which increased metabolic processes such as
denitrification.  This would result in more nutrients being retained in the system.  A pulsing
operation of diversion structures could be done with a north wind if a broad distribution of river
water in the estuary is desired.  Or, if more over marsh flow is desired, diversion could be done
during southerly winds. Based on lessons learned here, other sites could be managed
scientifically and efficiently.
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18.2. DEFINITION OF PULSING RELATIVE TO OBJECTIVES

The task group suggested a working definition of pulsing as follows: “Pulsing is the
application of discontinuous diversion flows to a restoration area with active and inactive
diversion periods related to the hydrologic period of the restoration area as well as social-cultural
considerations for maximization of the ecological and land building benefits.”

The task group concluded that the issue of fresh water diversion via pulses should be
considered relative to the alternative of continuous or run-of-the-river diversions. The alternative
of doing nothing was not included as a feasible solution to coastal land loss.

The following are considerations that affect the timing, magnitude, and duration of the
pulse event:

• Social aspects – Pulses are generally more acceptable to the public because conflicts
with the diverse users (e.g. shrimpers, oystermen, duck hunters) can be reduced.

• Design aspects - As much as possible pulses should mimic natural pulses and be
designed to maximize benefits.  The magnitude of a pulse should be sufficient to cause
over-land flow, but structural limitations will determine the maximum magnitude of a
given pulse. Riverine factors such as available flow, available head, rising or falling
stage, saltwater wedge, and location of the diversion from the Head of Passes (HOP)
will limit the magnitude of a pulse for a given structure.

• Land-building response - For maximum sediment deposition and associated land
building, pulses should be timed to the maximum sediment load in the Mississippi
river.  Sediment load is highest during the periods when discharge is rising and on
average the highest concentration occurs during March.

• Hydrologic response - Relating the pulse period to the hydrologic period tends to
maximize the trap efficiency and nutrient uptake, thus reducing the risk of open water
impacts on fisheries, hypoxia and algal blooms.  The hydrologic period is defined here
as the mean time that a water particle remains in the receiving basin.

• Spatial-temporal hierarchies - The impact of a pulse can be affected by frontal
passages, tides, and seasonal, annual land decadal variations in the Gulf of Mexico.

• Ecologic response – Pulses permit diversions to coincide with optimum growing or
nutrient uptake periods.

Many of these factors are in conflict. For example it is not possible to avoid conflicts with
brown shrimp if the diversions are scheduled to occur when there is a maximum flow and
sediment concentration in the Mississippi River.  A pulse scheme is an adaptively managed
discontinuous discharge of water, sediment and nutrients Consequently there is a need for a site-
specific adaptive management plan that maximizes the ecological and land building benefits
while minimizing sociological conflicts. The hydrologic period is the average time for a water
particle to flow through a receiving area or subarea. If the diversion period is much longer than
the time of travel through the area, there is an increased risk that some of the nutrients may short
circuit to the open water.  On the other hand, if the diversion period is much less than the
hydrologic period, then the mass of freshwater, nutrients and sediment may be insufficient to
achieve the project goals. An important differentiation between pulsing and continuous flow
diversions is that, for the same volume of water, the pulsing alternative will provide more over
marsh flow thus promoting nutrient uptake and sediment deposition.  The pulsing alternative also
provides flexibility in operations that can reduce conflicts with the multiple users of the resource.
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18.3. PROCESSES IMPORTANT IN THE EVALUATION OF PULSED DIVERSIONS

3.1 Mississippi River Hydrology

The monthly median flows at Tarbert Landing were developed from calendar year
computed flow records for 1993-2002 (Table 18.3.1.).  The median flows were adjusted, where
necessary, to ensure the median flows represented present operation of the Old River Control
Structures (ORCS) at 70-30 latitude flow.   The ORCS is a feature of the Mississippi River and
Tributaries (MR&T) flood control project.  These monthly median flows represent the amount of
water in the Mississippi River available for diversion, since Tarbert Landing is upstream of any
of the alternative diversion locations. Stages and discharge in the river are controlled by a system
of spillways and diversion structures in the New Orleans District.  During floods, the ORCS and
the Morganza Spillway are designed to limit the flow in the river to 1,500,000 cfs below the
Morganza Spillway and the Bonnet Carré Spillway just north of the City of New Orleans funnels
an additional 250,000 cfs off the river into Lake Pontchartrain so that the discharge past New
Orleans is no more than 1,250,000 cfs.  The implication of the flood control operation for the
lower Mississippi River is that the river will never see a discharge flood event greater than about
a 10-year recurrence flood event.  Events greater than the 10-year event are managed with the
spillway system up to the Project Design Flood, which has a recurrence interval of about once in
900 years.  It is apparent that MR&T flood control project eliminates the occurrence of overflow
impacts of very large floods on the lower Mississippi River.  Such events, though infrequent, are
trigger events that potentially have significant impacts on deltaic process.  River engineers and
scientists recognize that very large flood events contribute significantly to delta and/or sub delta
growth or delta switching and preclusion of these extreme events necessarily interrupts these
processes.  Furthermore, the USGS has estimated that there has been a reduction of over 50% in
the historical annual sediment load in the lower Mississippi River.  The effect of these controls
on the flood frequency curve below New Orleans is illustrated by Figure 18.3.1.  The upper
curve represents the historical frequency curve after the mandatory 30 % diversion to the
Atchafalaya and the lower curve is the flow downstream of the Bonnet Carré Spillway.

The magnitude and timing of a diversion is determined by the available flow and
sediment in the Mississippi River after deducting the upstream diversions. For the last 10 years,
the mean monthly Mississippi River Flow at Tarbert Landing varied from over 800,000 cfs in
April and May to less than 250,000 cfs in September with standard deviations of 250,000 cfs and
110,000 cfs respectively. The available sediment load follows a similar pattern. Another
limitation on the maximum diversion flow is available head (River Stage) at the point of
diversion. At the yearly low flow, the stage at New Orleans is less than 3 ft while at Point a la
Hache it is only 2 ft; the corresponding stages at the high monthly flow are 11 and 5.5 ft. One of
the consequences of the low stage on the lower river is that large and expensive structures are
required to deliver a prescribed flow. In general structures that are designed for pulsing will be
more expensive to construct and to operate. For practical reasons, diversions below Myrtle
Grove will likely be uncontrolled ‘openings’ through the natural or artificial levees. If the flow at
the Head of Passes falls below a certain limit (approximately 120,000 cfs) there is a risk of a
saltwater wedge in the River migrating upstream of the control sill.

The role of pulses from extreme flooding events on delta building has been severely
restricted by Flood Control and Old River diversion agreements that dictate the highest flows
that reach the River below New Orleans. For example, the present 1:30 year peak flow is about
1.25 million cfs compared to an historical peak of over 2 million cfs.
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Figure 18.3.1. Flood Frequency Curves for the Mississippi River Downstream of the Old River
Control Structure and Downstream of the Bonnet Carré Spillway.

3.2. Water Budget Analysis for Alternative Diversion Plans

The flows for each existing and proposed diversion were organized into spreadsheets by
Mississippi River mile, from upstream to downstream.  One spreadsheet was developed for each
alternative.  For each subprovince alternative, the monthly median flow through a diversion was
subtracted from the Mississippi River monthly median flow present upstream of the diversion to
produce the Mississippi River monthly median flow downstream of the diversion.  This process
was continued from the most upstream diversion for each alternative downstream to Venice, mile
10.7 AHP.  The existing diversion flows in Subprovince 1 and Subprovince 2 were added to the
spreadsheets for the alternatives for Subprovince 1 and 2, respectively.  See Table 18.3.2 for the
Water Budget spreadsheet used to access alternative plans and subprovince combinations.
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Table 18.3.1. Existing Conditions Mississippi River - Monthly Discharges in CFS X 1000. Statistics For Tarbert landing For Last 10-
yrs 1993 through 2002 70/30 Latitude Flow Distribution

January February March April May June July AugustSeptember October November December
median 466.67 705.83 809.67 830.67 848.17 672.00 483.00 317.33 225.17 242.67 315.00 376.83
avg 528.26 678.26 791.53 822.07 827.63 707.46 517.99 363.79 254.67 287.60 325.00 474.39
max 1054.67 1197.00 1486.33 1432.67 1213.33 1180.67 966.00 833.00 730.33 723.33 812.00 987.00
min 142.33 133.00 357.00 401.33 247.33 319.67 261.33 189.00 140.00 137.67 128.33 140.00
std dev 216.90 236.98 255.21 239.96 233.42 230.12 156.75 162.48 105.49 127.73 126.67 227.12
total vol DS 16376.03 19127.03 24725.17 24644.90 25536.23 21167.53 15816.97 11176.67 7632.57 8910.53 9823.57 14862.63

DSF = Day Second Feet
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Table 18.3.2.  Existing Conditions Mississippi River Water Budget - Monthly Median Discharges CFS X 1000
 Statistics For Tarbert Landing For Last 10-yrs 1993  Through 2002 70/30 Latitude Flow Distribution

Existing OuSubProv January February March April May June July AugustSeptember October November
Proposed Diversions
third delta two
RM 165 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Convent/B one
RM 159 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Donaldson two
RM 173.5 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Pikes Peaktwo
RM 156.4 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Hope Canaone
RM 139.6 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Lac Des Altwo
RM 142.5 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Edgard  two
RM 137 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Reserve C one
RM 138.7 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Bonnet Ca one
RM 128 466.7 705.8 809.7 830.7 848.2 672.0 483.0 317.3 225.2 242.7 315.0
Davis Pondtwo 0.79% 4.0 5.3 5.3 5.3 5.3 5.3 3.0 2.0 2.0 2.0 3.0
RM 118.5 462.7 700.5 804.4 825.4 842.9 666.7 480.0 315.3 223.2 240.7 312.0
Caenarvonone 0.04% 0.3 0.3 0.3 0.4 0.3 0.3 0.2 0.1 0.1 0.1 0.2
RM 81.5 462.4 700.3 804.1 825.0 842.6 666.4 479.8 315.2 223.0 240.5 311.8
Oakville two
RM 70.3 462.4 700.3 804.1 825.0 842.6 666.4 479.8 315.2 223.0 240.5 311.8
Whites Ditcone
RM 64.5 462.4 700.3 804.1 825.0 842.6 666.4 479.8 315.2 223.0 240.5 311.8
Naomi Siphtwo 0.22% 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
RM 64.0 460.9 698.8 802.6 823.5 841.1 664.9 478.3 313.7 221.5 239.0 310.3
Myrtle Grovtwo
RM 59.5 460.9 698.8 802.6 823.5 841.1 664.9 478.3 313.7 221.5 239.0 310.3
West Pointtwo 0.22% 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
a la HacheRM 48.6 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
California Bone
RM 38.6 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
Port Sulph two
RM 38.7 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
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  Cont.
Table 18.3.2. Existing Conditions Mississippi River Water Budget - Monthly Median Discharges CFS X 1000
Statistics For Tarbert Landing For Last 10-yrs 1993  Through 2002 70/30 Latitude Flow Distribution

Existing OuSubProv January February March April May June July August SeptemberOctober Novembe
Proposed Diversions
Bayou Lamone
RM 33.0 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
Empire two
RM 29.5 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
Bastian Batwo
RM 25.5 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
Ft Jacksontwo
RM 17.9 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
Ft St Phillipone
RM 19.8 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
Benny's Baone
RM 8.0 459.4 697.3 801.1 822.0 839.6 663.4 476.8 312.2 220.0 237.5 308.8
Baptiste Coone 45.5 69.1 79.4 81.4 83.2 65.7 47.2 30.9 21.8 23.5 30.6
RM 11.5 413.9 628.2 721.7 740.5 756.4 597.7 429.6 281.3 198.2 214.0 278.2
Grand Pas two 40.9 62.1 71.4 73.2 74.8 59.1 42.5 27.8 19.6 21.2 27.5
RM 10.4 373.0 566.0 650.3 667.3 681.6 538.6 387.1 253.5 178.6 192.8 250.7
West Bay Rtwo 8.74% 40.7 61.8 70.9 72.8 74.4 58.8 42.2 27.6 19.5 21.0 27.3
assume 50K cfs 332.3 504.3 579.4 594.5 607.2 479.8 344.9 225.8 159.1 171.8 223.4
Cubits Gapone 58.5 88.7 102.0 104.6 106.9 84.4 60.7 39.7 28.0 30.2 39.3
RM 3.2 273.8 415.6 477.4 489.9 500.4 395.4 284.2 186.1 131.1 141.6 184.1
Pass a Louone 59.7 90.6 104.1 106.9 109.1 86.2 62.0 40.6 28.6 30.9 40.1
RM 0.0 214.1 324.9 373.3 383.0 391.2 309.1 222.2 145.5 102.5 110.7 143.9
South Passone 61.8 93.8 107.8 110.6 113.0 89.3 64.2 42.0 29.6 32.0 41.6
RM 0.0 152.3 231.1 265.5 272.4 278.3 219.9 158.0 103.5 72.9 78.7 102.4
Southwest two 152.3 231.1 265.6 272.5 278.3 219.9 158.1 103.5 72.9 78.7 102.4
Pass RM 0.0 0.0 0.0 -0.1 -0.1 -0.1 0.0 0.0 0.0 0.0 0.0 0.0
% flow Diverted 10.02%
for June
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6. COSTS AND BENEFITS

6.1. Cost for Pulsing Diversions versus Run-of-the River Diversions

A comparison of costs for run-of-the-river versus pulsing type of structures is perhaps
beyond the scope of this effort since in order for a comparison to be meaningful, it should be site
specific and each type of structure designed so it meets a common standard, whether the standard
is National Economic Development, NED, or National Ecosystem Restoration, NER, or a
combination of NED and NER benefits, the so called “optimum tradeoff analysis”.  These types
of analysis are routine for Corps of Engineers reporting and are described in ER 1105-2-100,
Section 2-3 (f), (Planning Process).

6.2. Pulsing and Environmental Benefits

6.2.1. Context

In the planning context the concept of ‘benefits’, either environmental or economic, is
usually derived from a comparison of one set of conditions with another. In LCA planning, the
benefits associated with alternatives were obtained by subtracting the values of the benefits
metrics associated with the no-action alternative from the values associated with each alternative.
To assess the effect of pulsing as a generic restoration option on environmental benefits, the
following approach has been adopted:

• Benefits metrics B1, B3, B4, B5 and B6 are those described in Hawes et al. (2003)
• The relative ‘Value’ of pulsing as a restoration option in terms of these metrics is based

around three restoration scenarios:
a. A diversion alternative with low flows, fairly constant through the year (monthly

regime based on RoR)
b. A pulsing scenario that periodically increases diverted flows above RoR to

simulate spring flood of the river over the Delta Plain
c. A diversion alternative with high flows, fairly constant through the year (monthly

regime based on RoR)

No new analysis has been conducted for this evaluation. Rather, results from prior
analysis is used to inform this comparison with alternative 5610 being assumed to approximate
scenario a, and alterative 7002 being assumed to approximate scenario c. However as all LCA
alternatives include features other than diversions the output from desktop models cannot be
used to directly describe the effect of diversions.

6.2.2. LCA Benefits Metrics

The benefits metrics used can be described as:
B1 Productivity and Habitat use – Habitat Quality
B3 Quantity of land
B4 Value of fish and wildlife habitat
B5 Nitrogen removal
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B6 Selected stakeholder interest issues:
Lower salinities group Otter, mink, alligators, dabbling ducks, largemouth bass
Moderate salinities group White shrimp, croaker, gulf menhaden, muskrat
Higher salinities group Oyster, spotted sea trout, brown shrimp
Commercial harvest species Brown and white shrimp, oysters, gulf menhaden, alligators
Recreational harvest group Largemouth bass, dabbling ducks, spotted sea trout
Oyster habitat Oysters

6.2.3. Benefits’ of Pulsing as a Restoration Approach

The ‘raw’ benefits output from subprovince 2 have been used to assess the relative
performance of no action versus low and high flow diversion scenarios in the Table 18.6.1.
below. The output from low flow scenarios and high flow scenarios has been generalized. The
Pulsed Diversion assessment is not based on analysis but professional assessment of how pulsing
river flow into basins influences environmental conditions.

Table 18.6.1. The ‘raw’ benefits output from subprovince 2.

Benefit
Metric

No Act ion
Condition

L o w  F l o w
Diversions

Pulsed Diversions High Flow Diversions

B1 Slight increase
in next decade
followed by
gradual decline
to below
current levels

Slight increase
over time

Likely increase driven
by fresher species
grouping and wetland
productivity.

Steeper increase over
time

B3 Continued loss
of land – up to
150,000 acres

Maintenance of
current wetlands,
some increase in
area.

Likely  mainta ins
current land area.
Potential to build new
land very dependent on
m a g n i t u d e  a n d
frequency of pulses.

M a i n t e n a n c e  o f
existing lands and
substantial increase in
land area over present
as delta building is
reinitiated.

B4 V e r y  f e w
nutrients are
removed as
l i t t le  r iver
w a t e r  i s
diverted (Davis
P o n d  a n d
Siphons)

Nutrient removal
dependent upon
loading and thus
amount of water
diverted. Greater
than no-action.

L i k e l y  n u t r i e n t
removal proportional
to water diverted.
Pulsing operation may
be optimized for this
benef i t ,  a l lowing
diversion of nutrients
and retention within
system.

Nutrient  removal
dependent on loading
and high volume
diversions result in
high removal, even if
% removed of that
diverted decreases
with shoter residence
times.

B5 Slight decrease
followed by
increase

Decrease over
time associated
with freshening of
habitats beyond
optimal range.

Pulsing changes water
quality and sediment
input but may not
influence marsh type
(important in B5), thus

Substantial decline
over no-action to
values approaching
50% of n-action by
year 50.
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declines likely.
B6 –
Low
sal.

Marked
increase over
time

Dramatic increase
over time

Increase due to
improvement in fresher
habitats (rather than
extension of same).

Dramatic increase
over time

B6 –
Mod
sal

Slight increase
over time

Stable/slight
increase over time

Operation may allow
increase in these
h a b i t a t s ,  v e r y
d e p e n d e n t  o n
magnitude and timing
of pulses.

Slight decrease over
time

B6 –
High
sal

Slight increase
over time

Dramatic decrease
over time

Any addition of
freshwater impacts
t h e s e  h a b i t a t s ,
operation may allow
pulsing to moderate
these impacts while
providing benefits in
other categories.

Dramatic decrease
over time

B6-
Comm
sp.

Slight increase
over time

Slight decrease
over time

Benefits to fresher
comm. sp. (alligators)
offset by impact to
shrimp, menhaden, etc.
Operations may help
address this to a
limited extent.

Slight decrease over
time

B6 –
Recr.
Sp.

Marked
increase over
time

Dramatic increase
over time

Benefits to fresher rec
sp offset impacts to
saline sp.

Dramatic increase
over time

B6-
Oyster

Slight increase
over time

Dramatic decrease
to total loss over
time

Even small diversions
have large effect –
pulsing cannot help but
decrease available
habitat for oysters.

Total loss of oyster
habitat

6.2.4. Summary

Pulsing of diversions as currently operated at Caernarvon is at a very small scale. When
considering the magnitude of river diversions necessary to produce a substantial reversal of
Louisiana coastal land loss, pulsing scenarios which are effective in that area likely are
associated with some adverse impacts to the system. The table compiled from modeling output
from LCA shows that even small diversions have impacts on sensitive aspects of ecosystem
function. If pulsed diversions are considered to be larger analogs of Caernarvon, the effect of the
baseflows (low flow RoR regime) already have impacts. The addition of pulses in most benefit
categories cannot ameliorate these impacts. However, they may achieve greater benefits than the
low flow scenarios without the higher impacts of high flow RoR regimes.
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6.3. Benefits and Impacts of Pulsed Diversions

To estimate the benefits and impacts of pulsed diversions, it is important to identify the
alternative to pulsed diversions.  Here we use a diversion with the same average annual flow as
the first alternative and no diversion as the second alternative.  The potential benefits and
impacts of these three alternatives are compared with respect to land change, primary production,
fish and wildlife habitat, and water quality.

Because diversions bring new sediment and nutrients as well as lower salinity, they are
expected to reduce the rate of land loss and build land over long periods of time.  Pulsed
diversions have the possibility of increasing these effects over diversions of similar flow, when
the pulse coincides with periods in which the river sediment load is high (generally in the early
spring).  Therefore, when timed right, a pulsed diversion can divert more sediment than a regular
diversion of similar average annual flow.  However, pulsed diversions could potentially scour
larger channels than regular diversions.

Nutrients are most needed for the growth of emergent plants during the early spring.
Without a diversion, plant growth is limited by nutrients.  Pulsed diversions have a higher
probability of achieving overland flow than regular diversions, especially at average annual
flows below 5,000 cfs.  Because a pulsed diversion will spread sediments and nutrients over
larger areas of wetlands, it may have a larger nourishment effect than a regular diversion.  This
should be especially beneficial during the early part of the growing season.

The effect of the three alternatives on fish and wildlife habitat depends greatly on the
assumed salinity gradient associated with each alternative.  In the evaluation of these effects, it is
assumed that no diversion results in less wetlands with a salinity gradient that consist largely of
brackish and saline marshes.  The regular diversion alternative is assumed to maintain a larger
area of wetlands, with a salinity gradient that consists largely of fresh to intermediate marshes.
The pulsed diversion is expected to maintain the largest area of wetlands, with a salinity gradient
that consists mostly of intermediate and brackish marshes.

Different wildlife species have different habitat requirements and therefore have different
responses to the three diversion alternatives.  Species that achieve the highest populations in
brackish wetlands such as muskrats and otters may be most benefited by a pulsed diversion.
These more saline wildlife species may be most negatively impacted by a regular diversion.
Wildlife species that achieve the highest populations in fresh to intermediate wetlands, such as
alligators, dabbling ducks, and mink, may be most benefited by regular diversions.  These fresher
species may be most negatively affected by the no diversion alternative.

Fish and shellfish species live in water, but many of them depend on wetlands as a
nursery habitat.  The potential effect of the three alternatives on fishery populations is species
dependent because species have different preferences for salinity, temperature, and habitat.
Metabolic rates and the growth rates of animals are temperature dependent.  The surrounding
water temperature governs the body temperature of fishery species.  Therefore, to the extent that
freshwater inflows change the temperature of estuarine waters, these flows may affect the growth
rates, and ultimately the productivity, of fishery species.  In the discussion below the following
assumptions on the effect of the three alternatives on water temperature are used.  Water
temperatures below 5ºC are expected in the river water during the winter months (December-
March).  The pulsed alternative is assumed to have a small negative impact in the fresh waters
close to the diversion during the early spring, but the water is assumed to achieve background
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temperature relatively fast due to the large air exposed surface during sheet flow that warms the
water.  The regular diversion alternative is expected to have a small negative impact in the fresh
and intermediate salinity zones during the early spring.  The no diversion alternative is assumed
to have no negative impact on fishery species based on temperature.

Habitat suitability for many estuarine dependent fish species have juvenile average
annual salinity optima between 10 and 25 ppt (e.g. gulf menhaden, spotted seatrout).  Although,
these species are sensitive to low temperatures, they do not commonly use the fresher areas were
these low temperatures occur.  These species should be most negatively impacted by the regular
diversion, due to the reduction of their brackish and saline habitats.  Pulsed diversions may be
the most beneficial alternative for these species, because they provide the vegetated wetlands
needed as a nursery as well as an adequate salinity regime.  The no diversion alternative is
probably slightly less beneficial due to the loss of nursery habitat associated with this alternative.

Some juvenile fishes, such as Atlantic croaker that use the estuary mostly during the
spring, have salinity optima between 5 and 15 ppt.  These species is expected to be most
benefited by the regular diversion alternative and least benefited by the no diversion alternative.
Fresh water species such as largemouth bass are expected to have a similar response.

Brown shrimp use the estuary as a nursery during the spring (March-May) and their
optimal habitat conditions occur between 10 and 20 ppt.  Therefore, this species is expected to
have optimal habitat conditions under the no diversion alternative and the least optimal habitat
condition under the regular diversion alternative.  White shrimp use the estuary as a nursery
during the summer (June-August) and their optimal habitat conditions occur between 1 and 15
ppt.  It is therefore expected that white shrimp will benefit most from the regular diversion
alternative and least from the no diversion alternative.

Oysters grow best in areas that have a long term average salinity between 10 and 15 ppt
and summer salinity ranging from 15 to 22 ppt.  These sessile filter-feeding organisms can not
survive heavy sedimentation.  Oyster production is stimulated by phytoplankton production.
Therefore oysters may benefit most from a pulsed diversion through the increased phytoplankton
production associated with the nutrient increase while maintaining brackish water conditions,
and reducing sediment deposition in open water areas.  The regular diversion alternative may
freshen the estuary too much during the early summer and smother oyster reefs with sediment
this alternative will move the peak oyster production further down the estuary and restrict it too a
relatively narrow band.  The no action alternative is likely limiting oyster production due to
restricted nutrient inputs.

Water quality in the estuary is defined here with respect to phytoplankton production and
nitrogen transformation.  Phytoplankton production is limited by nutrients in the water column.
Water column nutrients are the lowest under the no diversion alternative and highest under the
regular diversion alternative.  Denitrification as well as emergent plant uptake should increase
under the pulsed diversion alternative as a result of sheet flow over the wetlands and decrease the
available nutrients for phytoplankton growth.
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18.7. MANAGEMENT AND POLICY ISSUES

7.1. Adaptive or Dynamic Management of Pulses

The following factors related to the management of pulses were identified by the Task 11 team:

• Hydrologic
• Physical limits – Q, Qs, Head
• peak-to-mean ratio
• pulse period and inter-pulse period
• seasonal variation in pulsing
• Annual,  year to year variations to adjust to River and site conditions

• Design for optimum effectiveness but reality is that these are often managed by most
restrictive social concerns.

• Biological -  For example: growing season, recruitment of fish and shellfish species, nesting
of alligators.

• Social restrictions– For example: duck hunters, oysters harvest.
• Response Behavior – Diverting, ,shutoff (elastic-hysterisis), design criteria (should we design

for maximum capability and flexibility v lower more likely operating flows)
• Big flood issue – divert when the adverse effects are masked.
• Dynamic Management - Public trust and best science. Need for feed back. Need to provide

timely information to the public. Monitoring data essential for dynamic management. Public
education. Now-casting

• Need for long term view to be simulated and transmitted to the public.
• Federal mandates, e.g. the 70:30 split at Old River and the 17 ft stage at the Carrolton Gage

for the Bonnet Carré.
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18.8. CONCLUSIONS

1. A review of the Caernarvon monitoring and modeling studies shows an encouraging
outlook for pulsing as a method of wetland restoration and stabilization. The results have
identified some significant productivity improvements since the implementation of the
Caernarvon Diversion. There appears to be an improvement in the land-water ratio and
the isohalines have been translated downstream with consequent habitat switching. The
evidence of land building is inconclusive; however, there does not appear to evidence of
net land loss either.

2. Pulsing provides several potential advantages over the alternative of similar volumetric
diversions using continuous or run-of-the-river modes of operations. The group has
identified the following possible advantages:

a. Reduced loss of oyster beds.
b. Avoidance of critical recruitment periods.
c. Avoidance of social/cultural user conflicts.
d. Increase nutrient control and uptake (denitrification). This could lead to lower risk

of harmful algal blooms and reduction in the potential for hypoxia in the open
water zone.

e. Better control of deposition/sediment retention.
f. Seasonal induction to take advantage of productivity and nutrient uptake

efficiency.
g. Better flushing of coarse sediment down the distributary channels.
h. Increase in water temperature

3. Some possible disadvantages pulsing over run-of-the –river alternatives are:
a. Additional structural and operational costs.
b. Possible limits on the maximum mass of sediment that can be diverted due to

possible restrictions on when diversion can be made. Some of this deficit in
sediment mass could be off-set by improved trap efficiency that can be expected
with pulsing.

c. Operational plans may be complicated by diverse objectives.
4. A range of evaluation models have been reviewed. These include: three dimensional

hydrodynamic models, two dimensional hydrodynamic models, land building/habitat
switching models and box or desktop models as well as physical models. The task group
has identified appropriate uses of each of these tools. In general there is a need for
information transfer amongst the users of all of these tools.

5. The Task 11 Group did not find examples of box models applied to pulsing for the
proposed alternatives as mention in the Task 11 deliverables. The box models were based
on aggragated data obtained from CFD models. The temporal averaging was made on a
monthly scale which excludes pulses that last less than one month.
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18.9. RECOMMENDATIONS

The following is a summary of recommendations from this task group:

• Box models should be refined to take advantage of the detailed temporal and spatial data
that are generated by CFD models. The variables that can be transferred form CFD
models to box models are: hydrodynamics (currents and flooding), salinity, water
temperature, suspended solids concentration, sedimentation, water quality, and residence
time.

• A demonstration project should be implemented to assess dynamic management of
pulsed diversions.

• Future models should include fisheries submodels with simple preference criteria
possible based on salinity, turbidity, DO, and water temperature.

• Fisheries species response to diversions needs to be investigated.

• Algal bloom modeling needs to included in future evaluation and screening models.

• The risks posed by invasive species (e.g.  exotic algae) requires urgent attention and
system wide monitoring.

• Better modeling of nutrient processes both in the beneficially impacted area and in the
open water zone. How will pulsing operations impact the ‘dead zone’ in the coastal Gulf
of Mexico?

• Nowcasting, similar to weather forecasting, using 1-D, 2-D and 3-D models should be
investigated as a means of informing the general public of the current and near term
conditions in the impact area of a diversion.

• Models need to include boundary conditions that reflect the feedback on the marsh of the
Mississippi River plume (at Head-of-Passes) as well as the dynamics of the Gulf of
Mexico in response to such events as Frontal and Tropical systems.
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