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CHAPTER 2

ENVIRONMENTAL
SETTING

The present study area lies within the Mississippi River deltaic plain of south central
Louisiana. The delta plain includes the lower portion of the present Mississippi River, its
present delta, and areas occupied by former deltaic systems of the river. This is an area
characterized by both fluvial and deltaic features, such as natural levees; abandoned and
relict distributaries; interdistributary basins, vast areas of saline, brackish and fresh marshes;
large saline and brackish bays; and coastal lakes, beach ridges and barrier islands. The
dynamic nature of this deltaic environment placed considerable constraints on the timing,
distribution, and functional nature of human habitation within the region. The following
discussion focuses on those aspects of the environment most critical to understanding human

adaptation to the area over time.
Geology

The Mississippi River delta plain is a massive wedge of alluvial and deltaic sediments
extending for almost 320 km (198 mi) along the coast of Louisiana and over 100 km (62 mi)
inland. Its geologic history is related to a sequence of episodes of delta building and
deterioration resulting from the progradation and subsequent abandonment of the present and
former Mississippi River courses and deltas over the past 9,000 years or so. Thus, the
Mississippi delta plain is a composite geomorphic feature consisting of numerous coalesced
delta complexes, which themselves are composed of numerous smaller units—commonly
referred to as delta lobes. The surface morphology of each delta plain and lobe is similar,

consisting of a network of distributaries that radiate out from an abandoned or active trunk



channel and are separated by interdistributary troughs consisting of vast areas of marsh,

swamp, ponds and lakes.

Between about 9,000 years ago and the present, the Mississippi River built several
delta complexes, each consisting of several delta lobes. The delta complexes represent major
shifts in the course of the Mississippi River. Drawing from Frazier's (1967) earlier work,
and relying on more recent archaeological data, Weinstein and Gagliano (1985:Fig. 1)
identified the following major delta complexes from oldest to youngest: Maringouin, Teche,
Metairie, LaLoutre (St. Bernard), Lafourche-Terrebonne, Plaquemines and Belize —the

modern delta complex (Figure 2-1).

The advance or retreat of shorelines is caused by the change in balance between rates
of sediment deposition and effects of subsidence and erosion by the sea. Deltas and
shorelines advance at the mouths of active streams that transport sediments seaward. Erosion
occurs near the mouths of inactive streams that cannot transport sufficient sediment to sustain
their position (Gagliano et al. 1975:9-15). Barrier islands are formed along delta margins as
a delta lobe goes through deterioration after abandonment. As a delta lobe is abandoned and
the deltaic surface begins to submerge through subsidence, the sand deposits that had been
distributed along the delta margin often remain as a series of barrier beaches or barrier
islands, separated from the retreating delta shoreline by a shallow bay or estuary (Williams et
al. 1992). With continued subsidence, the barrier sediments become subject to redistribution,
characterized by an inland migration of the island coupled with loss of sediment and a

decrease in the size of individual islands

The present project area falls within the abandoned Lafourche-Terrebonne delta
complex (see Figure 2-1). The most recent geological evidence indicates that the Lafourche-
Terrebonne delta complex began as a distributary (present day Bayou Lafourche) off of the
main trunk of the Mississippi River approximately 1,500 years ago (Tornquist et al. 1996).
This date is later than that proposed by earlier geological studies, but is in line with currently
available archaeological data from the Lafourche-Terrebonne region (Pearson and Davis

1995; Weinstein and Kelley 1992). Possibly after only about 500 years of progradation, flow



DELTA YEARS B.P.

1 MARINGOUIN 9000-6500

2 TECHE 5800-3900

3 METAIRIE 4800-3400 ?,‘

4 LA LOUTRE (St. Bernard) 3400-1800 & FT
5 LAFOURCHE-TERREBONNE— 2000-0 N
6 PLAQUEMINES 1000-0 o — L
7 BALIZE

CHENIER
PLAIN

Figure 2-1. Mississippi River deltaic complexes (Weinstein and Gagliano 1985:Fig. 1).



into the Lafourche-Terrebonne system from the main trunk of the Mississippi River began to
decrease, and the system began to deteriorate. Bayous Petit Caillou and Terrebonne, which
empty into Terrebonne Bay, constitute two now-relict channels that were components the
Lafourche-Terrebonne system. As the margins of the delta began to erode, barrier islands
were formed. The Timbalier Islands were created over only the last 300 years as erosion
from the Caminada-Moreau Headland at the mouth of Bayou Lafourche supplied sand for
barrier development. The Isles Dernieries are older and were formed by the erosion of the
Bayou Petit Caillou headland and beach ridges over the last 600 to 800 years (Williams et al.
1992:4).

Geomorphology

The landforms located at or near the surface in the study region have been formed by
deltaic activity within the past 9,000 years (Fisk 1952; Frazier 1967). The earliest episode of
delta building occurred between about 9,000 and 6,500 years ago when sea level was 40 to
60 ft below its present elevation. This delta, known as the Maringouin, once extended 40 to
50 mi beyond the present shoreline, but with subsequent sea level rise it was transgressed and
gradually eroded back (see Figure 2-1). Much of the onshore remnant of the Maringouin
Delta is now deeply buried beneath later deltaic deposits; however, Weinstein and Gagliano
(1985:122) have suggested that a relict beach ridge partially exposed west of Lake Penchant
may represent a reworked portion of the early delta. Other researchers have argued that this
feature is associated with the next stage of delta building and is therefore substantially
younger (Smith et al. 1986:64).

By about 5,800 years ago, sea level had risen to approximately its present level, and
the Mississippi began prograding a new delta, known as the Teche, into the shallow Gulf.
The trunk channel of this system has been reoccupied by bayous Teche, Boeuf, L’OQurse, and
Black. Its natural levees, composed of grayish brown silts and silty clays, have subsided

somewhat, but are still extant as surface exposures approximately one-half to one mile wide.

While the age and content of the Teche Delta are known in general terms, questions

remain concerning the period during which it was active and the location of its eastern limits.



Smith et al. (1986:61-62) suggest that deposition in the Terrebonne marsh area occurred
between 4,500 and 3,500 years ago and that the easternmost deposits are found in the vicinity
of Houma. Weinstein and Gagliano (1985:123) argue for a somewhat earlier period of
activity, 5800 to 3900 B.P., and, following previous researchers such as Russell (1940:1203)
and Fisk (1944), place the eastern margin of the Teche Delta about 30 mi east of Houma.
They identify several southwest trending distributaries including Bayou du Large, Bayou
Mauvais Bois and Small Bayou La Point, as having been initially formed by the Teche Delta.
Smith and his co-authors (1986:64-67) assign these to a later episode of delta building.

About 4,800 years ago, the Mississippi River began shifting out of the Teche course
and creating a new delta in the area of present-day New Orleans. Variously known as the
Cocodrie (Fisk 1944), Metairie (Weinstein and Gagliano 1985), or an early stage of the
St. Bernard Delta (Frazier 1967), it initially received only partial flow as a portion of the
Mississippi’s discharge continued down the Teche, building new distributaries now occupied
by Bayous Sale and Cypremort. As the Mississippi’s flow gradually shifted to the east, the
Red River, which had intersected the Mississippi south of the Marksville Prairie, occupied
the old Teche course and discharged directly into the Gulf through its distributaries. Several
authors have commented on the narrow and relatively steep Red River natural levees which
may be seen within the broad, gray levees of the Teche-Mississippi (Landreth in Newton

1985:111; Russell 1940:1205).

The duration of the Red’s occupation of the Teche course is not well established at
present. Russ (1975:163-166) suggests that the Red followed the Teche course only a short
time after the Mississippi abandoned it. He argues that the Red then shifted into a new
meander belt, occupied it for a time, and then abandoned it in favor of the Teche course once
again. Unfortunately, Russ has no absolute dates for any of these events. Archaeological
data from two widely separated localities bear on this problem. One of the localities is the
Gibson site (16TRS5), located west of the present study area. Mclntire (1958:63-64) took
several cores from the site and encountered a Marksville-age shell midden intermixed with
reddish silts that he interpreted as Red River deposits. Based on these findings, Mclntire

suggested that the Red was still occupying the Teche course at the time that the midden was



deposited (ca. A.D. 1 to 400). The other piece of archaeological evidence comes from the
modern Red River meander belt through Moncla Gap. Previous researchers have generally
placed the age of this meander belt at less than 1,000 years (Fisk 1944; Saucier 1974:Fig. 3),
but Pearson (1986) has recently noted that the apparent association of several early
Marksville sites with this feature argues for a considerably earlier date of establishment, on
the order of A.D. | to 200. Thus two sets of archaeological data suggest that the Red River
abandoned the Teche course about 1,800 to 1,900 years ago.

While the Red River continued to occupy the Teche course, the Mississippi began
diverting out of the St. Bernard Delta and gradually shifted its flow down Bayou Lafourche.
The Lafourche system reached its peak flow about 2,000 years ago, creating new delta lobes
east of the present study area and reoccupying old Teche distributaries such as Bayou Black

and Bayou L’Ourse.

About 1,000 years ago the Mississippi River again began shifting its course to the
eastern portion of the deltaic plain and building the Plaquemines Delta. A small amount of
flow continued down the Lafourche system, but this was probably not responsible for any
significant land formation within the present study area. This diminished flow continued
until 1904, when the source of Bayou Lafourche was artificially closed. After about
1000 B.P., subsidence and marine transgression became the dominant processes at work

within the Terrebonne marsh system.
Depositional Environments

The complex geomorphic history of the study area has resulted in an intricate and
constantly changing mosaic of environmental zones. Recent human activities have, in some
cases, dramatically altered the condition of these environmental zones (e.g., the clearing of
forests from natural levees), and in other cases they have accelerated the change from one
environmental type to another (e.g., the shift from fresh to brackish marsh). The study of
depositional environments has proven an effective method of reconstructing environmental

zones of the past. Depositional environments can generally be identified from maps or

10



remote imagery and often have distinctive lithological characteristics that can be identified in
subsurface borings and excavations. These environments can likewise be dated by a variety

of relative and absolute dating techniques.

One group of depositional environments found within the study region consists of a
series of fluvial features which include natural levees, point bars, abandoned channels,
abandoned courses, and distributary channels (Smith et al. 1986:10-16). In regard to the
present project, the most important of these are natural levees and distributary channels.
Natural levees are ridges formed through vertical accretion as a result of overbank flooding
along a stream. They parallel the channel and slope away from it. Natural levees are
presently exposed in parts of the study area, but they also occur in the shallow subsurface,
having been buried by subsidence beneath more recent swamp and marsh deposits.
Distributary channels are simply small stream channels that diverge from the trunk channel
of a deltaic system. Like the larger channels of the delta, they have associated natural levees,
but these have often subsided completely beneath the marsh. Bayou Grand Caillou
represents one of these smaller distributary channels, having once been a distributary of

Bayou Terrebonne, which, in turn, was a distributary of Bayou Lafourche.

Other depositional environments found within the study area include inland swamps,
and marshes. Inland swamps are poorly drained areas bordered by natural levees that support
swamp-forest communities. Though extensive swamps once existed along both banks of
Bayou Grand Caillou, those on the east side of the bayou have degraded considerably due to
salt water intrusion and have largely been replaced by marshes. Marshes support vegetation
composed predominantly of grasses and range in salinity from fresh to brackish to saline.
Because fresh water predominates on the west side of Bayou Grand Caillou, they are not

wide spread in that area.

Modern Setting

The present conditions affecting the study area are an ongoing part of the evolution of

the Lafourche-Terrebonne delta system, though much of that evolution has been driven by
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human alteration. Historically, Bayou Grand Caillou was used to connect the inland port
community of Houma and other smaller communities, plantations and farms with the Gulf of
Mexico. While the bayou continues to be used by recreational and commercial traffic
(primarily shrimp and fishing boats), much of the commercial traffic now travels along

navigation canals constructed in this century—particularly the Houma Navigation Canal.

With reduced flow, Bayou Grand Caillou has degraded considerably during the
historic period (compare Figure 2-2 to Figure 1-1). Conversely, Bayou Pelton has been

substantially modified over the years and is now much larger than it once was.

Originally, Bayou Pelton was a minor stream (see Figure 2-2) that probably formed as
a small crevasse off of Bayou Grand Caillou. Depending on local water levels, however,
Bayou Pelton probably also served to drain the backswamps lying between Bayous Grand
Caillou and du Large back into Bayou Grand Caillou. Never carrying a large flow, Bayou

Pelton did not develop its own natural levees.

By the late nineteenth century, Bayou Pelton was apparently cut off from Bayou
Grand Caillou by a back protection levee that was erected along the west side of the latter
stream (Figure 2-3). With its flow even further reduced, Bayou Pelton was barely large

enough to be recorded by the USGS in 1891 (USGS 1894).

The September 1909 hurricane devastated the riverine system below Houma,
clogging all the channels, many with silt as well as trees and debris. Using a prior
emergency appropriation authority, the U.S. Army Corps of Engineers dredged portions of
Bayou Terrebonne and Little Bayou Caillou. The Rivers and Harbors Act of 25 June 1910,
meanwhile, created a new project to dredge Bayou Terrebonne, apparently ignoring the other
waterways. The purpose of the new program was to dredge a six-foot channel down Bayou
Terrebonne from Houma to deep water (Annual Report of the Chief of Engineers [ARCE]
1912). During the later part of 1915, a channel from the St. Louis Cypress Company bridge
in Houma to Bush Canal was excavated (ARCE 1916:2449). The Intracoastal Waterway

(IWW) was constructed through Houma in 1923 and later extended to Bayou Lafourche in

12



“NoOJ[IE) PUBIL) PUE UO0J[9J SNOABY JO SIZIS IANE[1 3y} JON "(BUBISINOT ‘95noy :ouwn 201JO pue 2)¥)S BUBISINOT “10)Y3IY "4V
Aq . TIAX ¥ ‘TIAX °L» popnua dew jeid jduoasnuewr 181 [idy o) JoAny 1ddissiSSIjAl 943 JO 1S9AN PILYSI( UIA)SEIYINOS 3Y) JO ISBF L]
a8uey ‘yinog gy diysumo], jo dew yepd [¢QT UE JO [1EIIP B UO PIE[IdA0 BAIE ApNIs 102014 UOISIAAI( II)EAMYSIL] UISEE Xneaapnog e YL ‘T-T aansiyg

EM~ o - \ < i e o > = -
e e e o P - .T...:..;L %.uf....,.w N..%._

13



puij jods B Jo UOIIEIO] PUE NO[[IE)) PURID noleg Jo YUrq JSIA AY) U0 3] uopdajoad yorq ay) joN
-318ueapenb ‘vumsmo ‘v SOHSN $681 2Y) JO [ILIIP € UO PIE[IdA0 Bate Apn)s 1223[01] UOISIIAI( JJBMYSII] UISBE XNEBAIPNOG e Y] ‘€-7 24n31y

1681 wouij st uoneurioyul pajardaq °

M,
™

* 4

e T e

14



Lafourche Parish (Barton et al. 2003). The waterway, however, did not immediately provide

deep water access to Houma.

In 1930, business leaders convened another meeting to pressure the U.S. Army Corps
of Engineers to provide a deep-water channel from Houma to the Gulf (U.S. Congress
1931:5). Major R.F. Fowler prepared a survey and plan for dredging a channel down Bayou
Le Carpe to Bayou Pelton and then to Bayou Grand Caillou. That bayou was then to be
dredged as far south as Dulac. Congress approved the dredging project in the River and
Harbor Act of 30 August 1935. The project was for a five-foot channel extending from the
intersection of Bayou La Carpe with the Intracoastal Waterway at Houma southward within
the bayou, utilizing Bayou Le Carpe, Bayou Pelton, and Bayou Grand Caillou (ARCE
1936:712-3).

Originally only about 1.5 mi (2.4 km) long (16 April 1831 manuscript plat map
entitled “T. XVIIL. R. XVIIL. E..” by A.F. Rightor, Louisiana State Land Office, Baton Rouge,
Louisiana), by 1931 Bayou Pelton had been connected to the Bayou Le Carpe system and
was over 6 mi (9.67 km) long (Odom 1931). Though Bayou Le Carpe was presumably
larger, the waterway soon became known as Bayou Pelton. Spoil from the 1930-1931
channelization of Bayou Pelton seems to have been deposited primarily on the south side of
the bayou in the project area vicinity (USGS 1944). Obviously, this work resulted in Bayou
Pelton becoming much enlarged and required the removal of at least some of the earlier back

protection levee.

Possibly before that work was undertaken, a series of small drainages were
channelized and interconnected by canals between Bayous Grand Caillou and du Large. Part
of that manmade waterway followed the 40 arpent line of several properties that faced Bayou
du Large to the west (USGS 1944). Consequently, the waterway became known as Forty
Acre Bayou—despite the fact that the system was more canal than bayou. Providing access
to the timber-rich swamps between Bayous Grand Caillou and du Large, Forty Acre Bayou
was extensively used to log area backswamps. To bring the cut timber to market, Forty Acre

Bayou was connected to Bayou Pelton (Figure 2-4) near the western terminus of the present
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Note the structures located along the bayous and that Bayou Pelton and Forty Acre Bayou had been dredged by the 1940s. Depicted

Figure 2-4. The Lake Boudreaux Basin Freshwater Diversion Project study area overlaid on a detail of the 1944 USGS Dulac, Louisiana, quadrangle.
information is from 1939.



project area. From there, timber could be floated out to Bayou Grand Caillou or, possibly, up
to Houma. Pullboat scars associated with early-twentieth century logging activity are clearly

visible along Forty Acre Bayou in 1950s aerial photography of the area (Figure 2-5).

The mid-twentieth century saw the introduction of oil and gas exploration in the
Bayou Pelton area. With that exploration came the need for increased access into formerly
inaccessible areas. To provide this access, Bayou Pelton was dredged once again and an oil
field canal dredged to the immediate northwest of the western terminus of the project area
(see Figure 2-5). The dredging of Bayou Pelton in the mid-twentieth century greatly
increased the width of the bayou and resulted in the removal of a small island created during
the earlier channelization of the stream near its intersection with Bayou Grand Caillou (see
Figure 2-4) (Ammann International Corporation 1956; USGS 1944). The widening of Bayou
Pelton may have resulted in the removal of several structures that had been erected along its

south bank in the early twentieth century.

Bayou Grand Caillou was similarly altered during the mid-twentieth century as well.
Roughly contemporaneous with that work, a pipeline canal was excavated on either side of
Bayou Grand Caillou a short distance south of Bayou Pelton. That pipeline canal is now
known as the East/West Gulf South Pipeline Canal and intersects with the North/South Gulf

South Pipeline Canal, which forms the eastern terminus of the project area.

In 1935 a group of Houma businessmen again got together to promote the
construction of a ship channel south to the Gulf. Two years later the Houma Harbor and
Terminal District issued a report urging the construction of a canal (Frederic R. Harris, Inc.
1937). A further effort was made in February 1939 when the Board of Commissioners of the
Houma Harbor and Terminal District issued a flyer arguing the case for the canal (Houma
Harbor and Terminal District 1939). Planning for the Houma ship canal, however, was
placed on hold during World War II, and it was not until 1954 that pro-canal forces coalesced
once again. Though the U.S. Army Corps of Engineers was interested in the project, local
leaders wanted to take advantage of the rapidly growing oil industry and passed a bond issue

in December 1955 to fund the project (The Waterways Journal 1962:19). After securing aid
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from the State Department of Public Works and an Army Corps of Engineers dredging
permit, the canal was dredged over a period of six months over the winter of 1957-1958. The
new canal was initially dug with a 300-foot top width, 150-foot bottom width and a 16-foot

depth and was officially opened as the Houma Navigation Canal in June 1962.

Unlike the sinuous 1930 Bayou Pelton waterway excavation, the new canal was quite
straight (Figure 2-6). Replacing the 1930 waterway, the Houma Navigation Canal
intersected both Bayou Pelton and Forty Acre Bayou near their juncture at the western
terminus of the project area—forming a small triangular island in the process. Spoil from the
1957-1958 excavation was deposited along both banks of the canal. As spoil from the 1930
excavation of Bayou Pelton was piled on the south side of the bayou, the new spoil was

simply added on top of it, creating a relatively high area on the newly created island.

In the late 1960s or 1970s, another oil or gas well was drilled to the immediate south
of Bayou Pelton (USGS 1964, 1980) (see Figure 1-1). To provide access to that well, Bayou
Pelton was apparently dredged yet again. On that occasion, dredge spoil was apparently

placed along the north side of the bayou.

Though not as altered as the Bayou Pelton segment of the project area, the eastern
half of the study area has also seen a number of landscape modifications over the past
century. By the mid-nineteenth century, the natural levees of Bayou Grand Caillou were
under sugar cultivation. Sometime in the early twentieth century, a structure was erected
along the east bank of Bayou Grand Caillou opposite the mouth of Bayou Pelton (see
Figure 2-4) (USGS 1944). Standing along the east side of Grand Caillou Road, the structure
may have been moved back when Grand Caillou Road was improved in the 1940s or early
1950s. Probably serving as a residence, it was joined by a secondary building by the mid
1950s (Ammann International 1956). Both structures were removed by 1964 (see

Figure 2-6) (USGS 1964).

In addition to the construction and subsequent removal of those structures, the

East/West Gulf South Pipeline was constructed through the area sometime between 1939 and
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1956 (Ammann International Corporation 1956; USGS 1944) (see Figures 2-4 and 2-5). The
North/South Gulf South Pipeline was likely laid about the same time. As noted above, the
present project area closely follows the former canal and terminates at the latter. These were
not the only excavations to occur in the area during this period. A back protection levee was
also constructed behind the agricultural fields to the north of the East/West Gulf South
Pipeline canal. The soil for the levee was obtained by digging an adjacent drainage canal
along the east side of the levee. Both the levee and adjacent canal will be improved as part of

the current project.

Since the mid twentieth century, there has been considerable salt water intrusion into
the marshes and swamps between Lake Boudreaux and Bayou Grand Caillou. As a result,
areas that were covered in marsh in the 1950s are now open water while the cypress swamps
that flanked the natural levee of Bayou Grand Caillou have degraded considerably (compare
Figures 1-2 and 2-5). In addition, there has been general subsidence throughout the region.
Indeed, former agricultural fields in the vicinity of the project area are now often innundated
and palmetto stands may be found in former sugarcane fields. Land loss has been

particularly pronounced in the aftermath of Hurricane Katrina (Figure 2-7).
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CHAPTER 3

ARCHAEOLOGICAL
INVESTIGATIONS

Prior to the initiation of the field investigations, a brief archaeological and historical
background study was conducted to determine what types of cultural resources might be
encountered during the survey. Towards these ends, archaeological site forms on file at the
Division of Archaeology, Louisiana Department of Culture, Recreation and Tourism, were
consulted to determine how many known archaeological sites had been previously recorded
within one mi (1.6 km) of the project area. That research revealed that only one site—the
Indian Mound-Grand Caillou site (16TR38)—is located within one mile of the present

project area, and then only barely.

The Indian Mound-Grand Caillou site (16TR38) is a Plaquemine period, multi-mound
group located on the west bank of Bayou Grand Caillou, approximately .95 mi (1.53 km)
south of the current project area (Figure 3-1). The site was initially identified by Randolph
Bazet in 1936 and was visited by William MclIntire and Fred Kniffen in 1952. At that time,
the site (then known as the Bayou la Carpe site) was described as “three earthen temple
mounds. One is 17 high, flat-topped, and 60’ square on top, oriented N-S. North of this
mound in a cane field is a smaller mound and W in the woods is another mound completing
the mound complex. Much Pottery was reported to have been in the plowed fields adjacent
to the mound complex” (xerographic copy of 13 August 1952 Louisiana State University site
card for site “Terrebonne Parish, TR-38,” copy on file at CEI, Baton Rouge). The “Pottery”
noted by Mclntire and Kniffen apparently refers to that collected in 1936 by Bazet.

In the 1960s, the land owner leveled the northernmost of the three mounds to increase

his acreage for sugar cane cultivation. In the process, an unknown number of skeletal
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One previously identified archaeological site—the Indian Mound-Grand Caillou site (16TR38)—is located within one mile of the Lake

Boudreaux Basin Freshwater Diversion Project study area.

Figure 3-1.



fragments associated with one individual were exposed, which were retained by the land
owner. In 1978, the same individual told Jeffery Altschul (1978:77) that Louisiana State
University had conducted a field school at the site. That work reportedly consisted of the
excavation of a trench from the base of the largest surviving mound to its summit. While
Altschul noted that the trench was still clearly visible in the mound, he could not locate any
record of those excavations. Hence, it is not known when that work occurred or what

materials were recovered.

While Neuman (1974) briefly mentioned the site as part of an Environmental Impact
Statement (EIS) study, it was not until Altschul (1978:77-83) visited the site in 1978 that
subsurface archaeological investigations were conducted there—at least for which the results
are known. In addition to mapping the site, Altschul made surface collections at 16TR38 as
well as conducting limited shovel testing and excavating three 1-byl-m test pits. Based on
his work, Altschul confirmed that the site dated to the Plaquemine period and that while site
16TR38 had been heavily disturbed, the two remaining mounds were worthy of further study.
Though the site was revisited by the South Central Planning and Development Commission
in 1982, no other investigations have been conducted there. At the time of the latter visit, it
was noted that the site was threatened by its use as a dirt bike trail. Though the local police
jury was interested in creating a park around the site and enclosing the area with a fence in
1982, the park apparently was never established and the current condition of the site is

unknown (DOA Site Files).

In addition to examining existing archaeological site data, various cartographic
sources were examined in an effort to determine how many, if any, improvements had been
made in the project area vicinity during the historic period. To more fully understand historic
development in the area, limited background research was also conducted to frame the

historic setting of the project area. Much of that information is presented in Chapter 2.

Based on collected cartographic and historic data, there is a very low potential for
cultural remains along the present channel of Bayou Pelton. Bayou Pelton was dammed by

the late nineteenth century, cut into by Forty Acre Bayou at the turn of the twentieth century,
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dredged and channelized in 1930-1931 and again in the 1940s or 1950s, crosscut by the
Houma Navigation Canal in 1957-1958, and dredged yet again in the 1960s or 1970s. Very
little, if any, of the original channel remains. Regardless of the degree of disturbance, Bayou
Pelton was never substantial enough to have its own natural levees, and, hence, no land

surfaces available for human occupation.

Unlike Bayou Pelton, Bayou Grand Caillou was a large enough stream to develop its
own natural levees. As such, there is a high potential (Figure 3-2) for human occupation
along its banks. Primarily used for agriculture during the historic period, a structure is
known to have stood within the project area on the east bank of Bayou Grand Caillou in the
early twentieth century (see Figure 2-4). When Grand Caillou Road was upgraded in the
1940s or early 1950s, however, the road apparently was straightened somewhat and the
required ROW took in that house location. Though the home was apparently moved back
and joined by another structure, both were removed in about 1960 (see Figure 2-5) (Ammann
International Corporation 1956; USGS 1944, 1964).

Across Bayou Grand Caillou and on the south side of Bayou Pelton were several
structures in the late 1930s (see Figure 2-4). Those structures were likely taken when Bayou
Pelton was enlarged in the mid-nineteenth century. One structure may have survived that
event, but was removed by 1964 (Ammann International Corporation 1956; USGS 1944,
1964).

Relatively low lying, occupation of the natural levees of Bayou Grand Caillou was
probably limited to those areas very near the bayou itself. Indeed, areas beyond about 200 m
(656 ft) from the bayou are inundated and have a low probability of containing cultural

remains.

Both banks of Bayou Grand Caillou were deemed to have a high probability of
containing cultural remains and were subjected to a pedestrian survey and shovel testing at
30-m intervals along 30-m transects (Figure 3-3). Outside of those areas, shovel testing was
limited to those areas that were not inundated (Figure 3-4)—which were very limited

(Figures 3-5 and 3-6). In inundated areas that were not amenable to pedestrian survey,
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Figure 3-3. Shovel testing along the east bank of Bayou Grand Caillou. Pink flaggon marks the
centerline of the Lake Boudreaux Basin Freshwater Diversion Project. Vegetation line in
background consists mostly of palmetto and marks the edge of lands that are often

- inundated. View is to the southeast.
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Figure 3-4. Shovel testing along the proposed ROW for the back
protection levee connecting the East/West Gulf South
Pipeline Canal to Cane Brake Subdivision. Note the wet
conditions and abundant palmetto. View is to the east.
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Figure 3-5. View along the proposed channel ROW for the Lake Boudreaux Basin
Freshwater Diversion Project on the east bank of Bayou Grand Caillou.
Note the standing water, palmetto and cypress trees that line the natural
levee of the bayou. View is to the southeast.

Figure 3-6. View along the proposed ROW for the back protection levee to be
constructed between the East/West Gulf South Pipeline Canal and Cane
Brake Subdivision. Note the wet conditions and abundant palmetto. View
is to the south-southwest.
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an air boat was used to traverse the project area and a visual inspection made of those areas
(Figure 3-7). A boat survey was also made along the waterways that pass through and
adjacent to the project area (Bayou Pelton, the back levee canal, and the East/West Gulf
South Pipeline Canal) so that a visual inspection could be made of the banks of those
waterways (Figures 3-8 and 3-9). In addition, a pedestrian survey was conducted along the
spoil banks of those waterways where possible (Figure 3-10). All shovel testing was
conducted until sterile subsoil was encountered and all excavated material hand troweled and
closely examined for cultural material (the heavy clays of the area precluded the use of Va-in
hard mesh screen). Representative soil profiles were taken across the project area
(Figure 3-11). The location of every shovel test was recorded through the use of a Trimble
GPS (Figure 3-12).

In terms of standing structures, virtually all of the buildings in the project area
vicinity post-date 1994 (compare Figures 1-1 and 2-7). One of the few exceptions is a
residence located on the east bank of Bayou Grand Caillou approximately 70 m (230 ft)
south of the project area. Even that dwelling, however, apparently post dates 1964 (USGS
1964). There are no structures 50 years old or more within or immediately adjacent to the

proposed project area.

Ultimately, only three areas were amenable to shovel testing: the triangular island
formed by the juncture of Bayou Pelton, Forty Acre Bayou, and the Houma Navigation
Canal; the west bank natural levee of Bayou Grand Caillou; and the east bank natural levee
of Bayou Grand Caillou. Each of these three areas is discussed below. The remaining

portions of the project area consist of inundated lands and spoil banks.

Triangular Island

The triangular island formed by the juncture of Bayou Pelton, Forty Acre Bayou, and
the Houma Navigation Canal is a man-made feature formed by the accumulation of dredge
spoil excavated from those waterways (Figure 3-13). As discussed in the previous chapter,

the formation of the triangular island likely began with the excavation of Forty Acre Bayou.
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Figure 3-7. Open water in the marshes along the proposed channel ROW for the
Lake Boudreaux Basin Freshwater Diversion Project. The tree line
follows the spoil bank of the East/West Gulf South Pipeline Canal.

Figure 3-8. View of the Back Levee Canal. Spoil from the dredging of the canal was
placed on its east (right) side. The canal will be redredged and the spoil
bank upgraded to serve as a back protection levee. View is to the east-
northeast.
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Figure 3-9. View down the East/West Gulf South Pipeline Canal. Trees along the north (left) side of the
canal are growing on the canal’s spoil bank. View is to the east-southeast.
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Figure 3-10. Surveying along the spoil bank of the Back Levee Canal.
View is to the northeast.
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Figure 3-11. Shovel testing the triangular island formed by the juncture of Bayou
Pelton, Forty Acre Bayou, and the Houma Navigation Canal.

Figure 3-12. Recording the GPS location of a shovel test excavated near the juncture
of Bayous Pelton and Grand Caillou. Bayou Pelton lies on the other side
of the tree line visible in background of the photograph. View is to the
northeast.
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Figure 3-13. The Lake Boudreaux Basin Freshwater Diversion Project study area overlaid on a detail of
the 2009 USGS Dulac, Louisiana, quadrangle depicting the locations of shovel tests
excavated on the small, man-made, triangular island formed by the juncture of Bayou
Pelton, Forty Acre Bayou, and the Houma Navigation Canal. All shovel tests were negative.
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Though the date of that excavation is not precisely known, the man-made “bayou” was extant
by the 1930s. In 1930-1931, Bayou Pelton was channelized and dredge spoil from that work
deposited on the south side of the bayou. In 1957-1958, dredge spoil from the excavation of
the Houma Navigation Canal was deposited on top of the 1930-1931 dredge spoil —creating
the island that exists today (see Figures 2-6 and 3-13).

Eroded back along the Houma Navigation Canal, the accumulated dredge spoil is
quite impressive along that waterway (Figure 3-14). Within the Houma Navigation Canal
cutbank are large quantities of rangia cuneata. Draped throughout the cutbank, the rangia are
obviously redeposited—almost certainly from the excavation of that waterway. Close
examination of those deposits (Figure 3-15) revealed that there are a number of large
articulated shells within them, suggesting that they are from a natural deposit rather than
from a culturally deposited midden. Examination of the cutbank failed to locate any cultural

material, further supporting the supposition that they are from a natural deposit.

Five shovel tests were excavated on the northern tip of the island (see Figure 3-13).
All were excavated in dredge spoil. The typical shovel test in this area encountered up to
46 cm of very dark grayish brown (I0YR 3/2) clay mixed with dark grayish brown
(10YR 4/2) clay mixed with rangia and oyster hash (Figure 3-16). Underlying that material
to a depth of 58 cm (the base of excavation) was an oxidized, sterile dark grayish brown
(10YR 4/2) clay. With the exception of a modern encampment on the island, no cultural

material was found either in the shovel tests or during the course of the pedestrian survey.

West Bank Natural Levee of Bayou Grand Caillou

As noted above, Bayou Pelton has undergone numerous alterations during the historic
period. Even along the natural levee of Bayou Grand Caillou there has been considerable
alteration of the channel. Not only has the bayou been dredged on multiple occasions, spoil
from those activities was piled along the north side of the bayou. In addition, a road
following the west bank of Bayou Grand Caillou has its turn-around at Bayou Pelton within

the present project area and a mobile home has been placed nearby on the south side of
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Figure 3-14. Exposed cutbank along the Houma Navigation Canal at the triangular island formed by the
juncture of Bayou Pelton, Forty Acre Bayou, and the Houma Navigation Canal. Note the
draped deposits of the dredge spoil and the copious amounts of Rangia cuneata. No artifacts
were found in this area. The COE survey marker on the top bank (right) roughly marks the
southern boundary of the project area. View is to the east.
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Figure 3-15. Examining the exposed cutbank along the Houma
Navigation Canal at the triangular island formed by
the juncture of Bayou Pelton, Forty Acre Bayou, and
the Houma Navigation Canal. Note the COE survey
marker on top bank directly above fieldcrew member.
View is to the northeast.
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Figure 3-16. Typical profiles of shovel tests excavated within the Lake Boudreaux Basin Freshwater
Diversion Project study area.
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Bayou Pelton. The latter area has also been altered by the excavation of assorted drainages

and an apparent oil field road.

Ten shovel tests were excavated along the south side of Bayou Pelton on the natural
levee of Bayou Grand Caillou (Figure 3-17). None of those shovel tests encountered cultural
material despite the fact that several structures are known to have stood in that general area
during the mid-twentieth century. As noted above, the widening of Bayou Pelton between
1939 and 1956 may have resulted in the removal of those structures. One structure may have
survived into the 1950s (Figure 3-18). However, the aforementioned street turn-around is
located at that particular locality. Low lying and covered with a scatter of modern debris and

trash, shovel testing was not conducted in the filled channel of Bayou Grand Caillou.

While conducting shovel testing along the north side of Bayou Pelton, one of the
systematic shovel tests (Shovel Test 7) revealed cultural material—a shard of modern green
bottle glass (i.e., Sprite bottle), a shard of a clear glass bottle and a small brick fragment—
between 0 and 25 cmbs. Though the recovered glass appeared to be of relatively recent
manufacture, the area was grided off into 10-m squares and shovel testing commenced on
that grid (Figure 3-19). In all, 22 shovel tests were excavated in that area (not including six
shovel tests excavated on the 30-m grid), seven of which yielded cultural material. In
addition to the aforementioned items, three pieces of whiteware, two pieces of ferrous metal,
a clear glass bottle fragment, another brick fragment, and four oyster shells were recovered
from depths of up to 35 cmbs. A piece of plastic was also recovered from a depth of 25 cmbs

from Shovel Test 8.

Generally, the shovel tests excavated in this area revealed from 6 to 17 cm of very
dark grayish brown (10YR 3/2) clay overlying sterile oxidized, dark grayish brown
(10YR 4/2) clays, regardless of whether the upper stratum of the test was positive or negative
(see Figure 3-16). Excavated in a low lying area, many of the shovel tests, particularly those
excavated more than 20 m from Bayou Pelton (Figure 3-20), quickly filled with ground
water. The slight difference in elevation between those shovel tests excavated nearer the

water’s edge is probably due to dredge spoil that was dumped along the edge of the bayou.
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Figure 3-19. Sketch map of the spot find located near the juncture of Bayous Pelton and Grand
Caillou.
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Figure 3-20. General view of the spot find located on north bank of Bayou Pelton (extreme left). Note
that the surface of Bayou Pelton is less than 20 cm below the ground surface, despite the fact
that this is the highest area in the immediate vicinity. View is to the north-northwest.
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Although there was not a noticeable spoil bank in the area of the positive shovel tests, a spoil
bank was extant to their immediate north (see Figure 3-19). All of the positive shovel tests

were located a short distance within the tree line that borders Bayou Pelton.

None of the numerous historic maps of the area depict any improvements along the
north side of Bayou Pelton—with the exception of a late nineteenth century levee (see
Chapter 2). Though not precluding the presence of improvements, the cartographic data
strongly suggests that the area was unimproved during the second half of the twentieth
century—the apparent time period of the few recovered artifacts. Low and wet (see
Figure 3-20), the area is not particularly amenable for habitation. Opportunistically located
at the end of a field road in the 1960s (see Figure 2-6), however, the area would have served
as a convenient trash disposal area. Indeed, some of the material is likely even more recent.
Noted on the ground surface of the area, but not collected, were several modern shotgun
shells and animal skeletons. The skeletons indicate that the area is still used for refuse
disposal while the shotgun shells suggest the area is sometimes used for “plinking.” Because
none of the recovered cultural material is necessarily greater than 50 years old and the two
items that could be reasonably dated (plastic and modern green glass) are of relatively
modern manufacture, this deposit is considered to be a spot find and not an archaeological

site.
East Bank Natural Levee of Bayou Grand Caillou

A total of 31 shovel tests were excavated along the east bank natural levee of Bayou
Grand Caillou (see Figures 3-17 and 3-18). Seven of those shovel tests were excavated
within the additional ROW needed to realign LA 57, the remainder within the ROW for the
channel of the diversion canal. Shovel testing was not conducted beyond 200 m from Bayou
Grand Caillou as the area was inundated (see Figure 3-5). Nearer Bayou Grand Caillou, the
typical shovel test encountered 10 cm of brown (10YR 4/3) clayey silt overlying a dark
yellowish brown (10YR 4/4) silty clay. The second stratum extended down to a depth of
21lcmbs and overlay an oxidized yellowish brown (10YR 5/4) clay. The third stratum

extended to the base of excavations at 31 cmbs. Farther from the river, the shovel tests
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encountered only dark gray (10YR 4/1) clay to the base of excavations, which quickly filled
with water. None of the shovel tests excavated along the east bank natural levee of Bayou
Grand Caillou yielded cultural material, despite the fact that several shovel tests straddled the
area that was occupied by two structures in the mid twentieth century (see Figure 3-18). The
lack of artifactual material is likely due in part to the short period of occupation—no more
than 20 years. The clean soils of the area combined with the very flat landform suggests that
the area may have been graded as well. Similarly there was no artifactual evidence of the

earlier structure in this area, probably because that locality is under the existing roadway.

In addition to the above shovel tests, five shovel tests were excavated along the ROW
for the back protection levee connecting the East/West Gulf South Pipeline Canal to Cane
Brake Subdivision (see Figure 3-4). That area was very wet and the shovel tests immediately
filled with water. In fact, the shovel tests filled so rapidly that it was not possible to record
the soil types. None of the shovel tests excavated along the East/West Gulf South Pipeline

Canal to Cane Brake Subdivision yielded artifactual material.
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CHAPTER 4

RESULTS

CEl was contracted by T. Baker Smith, of Houma, Louisiana, to conduct a Phase I
Cultural Resources Survey of the proposed Lake Boudreaux Basin Freshwater Diversion
Project (TE-32a) in Terrebonne Parish, Louisiana (see Figure 1-1). That survey revealed one
spot find consisting of a light scatter of late twentieth century cultural material on the north
shore of Bayou Pelton near its juncture with Bayou Grand Caillou. No archaeological sites

or standing structures over 50 years in age were encountered during the course of these

examinations.

The lack of cultural remains within the project area is due in part to its location and in
part to the number of disturbances that have occurred there over the years. The Lake
Boudreaux Basin Freshwater Diversion Project is located in an area that is largely inundated.
Trending roughly perpendicular to the area’s streams, the only natural levee crossed by the
project area is along Bayou Grand Caillou. However, much of the project area closely
follows Bayou Pelton, including at its intersection with Bayou Grand Caillou. Bayou Pelton
has been drastically modified over the past 100 years, probably destroying whatever cultural
resources there may have been along its banks. Similarly, Bayou Grand Caillou has been
dredged on numerous occasions, also potentially impacting area cultural resources. In
addition to waterway maintenance, the construction of roadways along Bayou Grand Caillou
has been detrimental to the preservation of cultural resources—former house sites now lie
under roadways. With the exception of Bayou Grand Caillou’s natural levees, there simply
are no landforms available for human occupation, past or present. As these investigations did
not reveal any archaeological sites or standing structures over 50 years in age, no further

work is recommended in regard to the Lake Boudreaux Basin Freshwater Diversion Project.



All records, photographs, and field notes associated with the project will be curated

with:

State of Louisiana
Department of Culture, Recreation, and Tourism
Division of Archaeology
P.O. Box 44247
Baton Rouge, Louisiana 70804-4247
(225) 342-8170

in the curation facility at:

Galvez Building
602 N. Fifth Street
Baton Rouge, Louisiana 70802
(225) 342-4475
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North Lake Boudreaux Basin Freshwater Introduction Project (TE-32a)
Project Information Sheet for Revised WVA
April 2010

The North Lake Boudreaux Basin Freshwater Introduction Project (TE-32a) was authorized by the
CWPPRA Task Force on April 24, 1997, as part of the 6th Priority Project List. The project,
sponsored by the U.S. Fish and Wildlife Service and the Louisiana Dept. of Natural Resources,
would affect 9,600 acres of cypress swamp, intermediate and brackish marshes located in
Terrebonne Parish. The project area extends northward from Bayou Butler and the north shore of
Lake Boudreaux to the treatment lagoons of the South Terrebonne Water Treatment Plant, and
between Bayou Chauvin to the east and Bayou Grand Caillou to the west (Figure 1).

Figure 1. Map depicting areas affected by the proposed project.
= ; s 1 3 AT b Legend

[ Nourishment Cells

W Bayou Pelton enlargment
North Forced Drainage Area
South Forced Drainage Area

Conveyance Channel

Project Justification Marsh loss within the project area has been high throughout the 1980's and
1990's due to subsidence, hydrologic alterations, and subsequent saltwater intrusion. The organic
freshwater marshes in this area have converted to open water and intermediate to brackish marshes.
Cypress swamps and wax myrtle thickets have also experienced substantial losses. Given the very
organic nature of area soils, high marsh loss rates are expected to continue unless salinities can be
lowered and stabilized. Based on marsh loss rates from 1983-1990, an additional 1,100 acres of




marsh in the project area will be lost over the next 20 years, and in 50 years, virtually all the
marshes north of Lake Boudreaux may be lost.

The Proposed Project The project has been designed to achieve the Coast 2050 Regional Strategy
#4, “Enhance Atchafalaya River influence to Terrebonne marshes, excluding upper Penchant
marshes”). Specifically, the project introduce fresh water from the Houma Navigation Canal
(HNC), when available. During periods of moderate to high Atchafalaya River flow, fresh water
from the Lower Atchafalaya River flows eastward through the Gulf Intracoastal Waterway to the
HNC, and then southward down the HNC to the Gulf of Mexico. Continuous salinity data from the
HNC near Bayou Pelton, reveal that at that location, fresh water conditions occurred at least 75
percent of the time during 1994 through 1999. On high tide, water levels in Bayou Grand Caillou
range up to 6 inches higher than the brackish waters within the marshes north of Lake Boudreaux.
The nutrients, sediments, and dissolved minerals in this water will enhance the growth of stressed
marsh vegetation, promote revegetation of shallow water areas, make area vegetation more tolerant
of seasonal brackish water conditions, and reduce plant die-offs. The introduced fresh water should
also improve the health of the remaining cypress trees and fresh to intermediate marshes in the
northwestern portion of the Lake Boudreaux Basin. A large (Primary Water Control Structure)
gated water control structures will be installed on the conveyance channel to prevent freshwater
drainage from the upper Lake Boudreaux Basin, and to prevent saltwater intrusion into the basin

Project Features The following is a list of planned project features (Figure 2).

1. Enlarge Bayou Pelton, and portions of Bayou Grand Caillou, to approximately 120" wide by 10’
deep to bring fresh water from the HNC to the proposed conveyance channel. Spoil will be
placed in 4 adjoining wetland nourishment cells.

2. Construct a conveyance channel (approximately 100" wide by 8' deep) from Bayou Grand
Caillou to the east/west running Gulf South Pipeline Canal located north of Lake
Boudreaux. Continuous spoil banks will be constructed on both sides of this channel.

At Hwy 57, install Primary Water Control Structure in the conveyance channel to prevent
freshwater backflow or saltwater intrusion into the project area from the HNC. This
structure, consisting of six 10ft by 10ft concrete box culverts, will be mechanized to open
and close automatically to admit fresh water when appropriate.

4, Rebuild Highway 57 on top of the main control structure

Install a boat bay structure (24-ft-wide by 2-ft-deep) on the wash-around channel connecting the
north/south Gulf South Pipeline Canal with Bayou Butler. This structure will help to direct
freshwater flows eastward toward Bayou Chauvin (see Type 2 structure — Appendix E).

6. Install an earthen plug on the Gulf South Pipeline Canal at Bayou Butler to ensure proper

functioning of the Bayou Butler boat bay structure.

7. Construct a forced drainage system from Canebrake northward to St. Louis Canal to prevent
project-induced higher water levels in the freshwater introduction area from aggravating
flooding of developed properties along the east side of Bayou Grand Caillou. This includes
possibly raising the existing aggregate road along the north boundary and replacing culverts
under that road.

8. Install an 8-ft-wide by 2.5-ft-deep flapgated, variable-crest weir in the conveyance channel spoil
bank to discharge fresh water northward via a large trenasse, into the degraded swamps
north of the conveyance channel (see Type 1 structure — Appendix E)

W
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Revision of the March 31, 2008 WV A was needed to assess construction impacts identified after completion
of the 95% project designs. The 2008 WV A assessed benefits and construction impacts for the proposed
conveyance channel only. Impacts associated with the forced drainage areas and Bayou Pelton enlargement
were not previously determined. Provided below is information regarding each of the January 2010 WV As
conducted and associated major assumptions.

1. East Subarea Receiving Marsh. This WV A is essentially the same as that of March 2008, except that
the TYO year was pushed back to 2011 for this and all WV As. Therefore, TYO acreage and percent marsh
have changed.

2. West Subarea Receiving Marsh. Construction impacts associated with the entire North Forced
Drainage Levee, 50% of the levee berm acreage, and the conveyance channel impacts were included within
this assessment. Marshes impacted by the South Forced Drainage area and levee were removed from this
WVA and addressed via a separate WVA. The acreage of spoil banks and levees created via construction of
the North Forced Drainage Levee/Berm and the spoil bank acreage of the Conveyance Channel has been
removed from the FWP project area; and the marsh acres impacted by these features, plus the borrow canal
acreage, have been removed from the TY1 FWP marsh acreage. Estimated freshwater introduction flows
remain the same as per the March 31, 2008 WVA.




3. North Forced Drainage Area Marsh. This area was not included within the USGS project area
boundary for the receiving area marshes. Impacts to this area were determined via separate WVA.

4. North Forced Drainage Area bottomland hardwoods WVA. Impacts to enclosed forested and shrub-
scrub areas were assessed in this model. Conveyance channel construction impacts to forested and shrub-
scrub areas adjoining this forced drainage area are included in this WVA,

5. South Forced Drainage Area. Because this area is partly within the USGS project area boundary, the
enclosed area and associated levee impacts were evaluated via a separate WVA (FWOP and FWP).
Consequently, those impacted areas have been removed from the West Subarea in order to fully address them
under the South Forced Drainage area WVA.

6. South Forced Drainage Area bottomland hardwoods WVA. Impacts due to construction of the levee
enclosing this area, plus impacts to forested and enclosed shrub-scrub areas were assessed in this model.

7. Bayou Pelton marsh WVA. Construction impacts to marshes within the bayou were assessed in this
WVA.

8. Bayou Pelton bottomland hardwoods WVA. This WVA assessed construction impacts to existing
forested habitats along the bayou banks. Shrub-scrub was lumped together with hardwoods in this WVA.

9. Bayou Pelton Nourishment Cells marsh WVA. This WV A assessed impacts to marshes in the 4 cells
that will receive material dredged from Bayou Pelton. It is assumed that after consolidation, fill area
elevations will be raised up to 6 inches.

10. Bayou Pelton Nourishment Cells bottomland hardwood WVA. This WVA assessed impacts to
hardwoods and shrub-scrub areas within the 4 cells that will receive material dredged from Bayou Pelton. It
is assumed that after consolidation, fill area elevations will be raised up to 6 inches.

Information on the above-mentioned WV As follows below:

East and West Subarea Receiving Marshes WVA. Marsh acreages and wetland loss rates were
obtained using the standard wetland loss formula/methods. Field observations indicate that in 2008, the West

Subarea consisted primarily of INT marsh. Likewise the East Subarea was primarily BR marsh. According
to 2006 USGS data:

West Subarea  (2006) East Subarea (2006)

Total Area = 6,782 ac Total Area = 2,822 ac
Water Area = 2,612 ac Water Area = 1,645 ac
Marsh Area=4,170 Marsh Area = 1,177 ac

Because 30 acres of West Subarea marsh & water are located in the portion of the South Forced Drainage
Area located within the USGS project boundary for the West Subarea, that acreage was removed from the
project area. Because 24.6 acres of that removed area was marsh, 24.6 acres were removed from the TY0
marsh acreage. The revised West Subarea baseline data are as follows:

Revised West Subarea Total Area = 6,782 - 30 = 6,752 acres
Revised West Subarea TYO marsh = 3,706 —24.6 = 3,681 acres

Construction of the North Forced Drainage Levee/Berm converts 9.21 acres of project area marsh to non-
wetlands, and construction of the Conveyance Channel converts 17.21 ac of marsh & water to non-wetland



spoil bank. Hence, the FWP project area was reduced by 26.42 ac to 6,726 acres. Likewise, total
construction marsh impacts of 35.0 acres were subtracted from the TY1 marsh acreage (9.21 ac - forced

drainage levee/berm, plus 25.79 ac - conveyance channel construction).

Table 1. FWOP and FWP marsh acres, West Subarea receiving marshes.

Project: TE32a - West Subarea (with Beqin | End ?{egi" E"d
construction impacts) gin | Ending ear ear | Loss
Year Year Acres | Acres Rate
Total 2006 2006
Marsh Water 1988 2006 6,379 | 4,170 | -0.023
Acres Acres Acres
6,752 4170 2,582 FWP Land Loss Reduction 0.16
FWOP FWP
Net
% % Marsh
L - (I\a/ulgrr::) Marsh (\;\izarteesr y| Y rate (I\z;‘srr;:) Marsh (\;Vc?faesr) acres

Year (V1) (V1)
2006 -5 4170 62% | 2,582 -5 4170 | 62% | 2,582 0
2007 -4 -0.0233 | 4,073 60% | 2,679 -4 -0.0233 | 4,073 | 60% | 2,679 0
2008 -3 -0.0233 | 3,978 59% | 2,774 -3 0.0233 | 3,978 | 59% | 2,774 0
2009 -2 -0.0233 | 3,885 58% | 2,867 -2 -0.0233 | 3,885 | 58% | 2,867 0
2010 -1 -0.0233 | 3,794 56% | 2,958 -1 -0.0233 | 3,794 | 56% | 2,958 0
2011 0 -0.0233 | 3,681 55% | 3,071 0 -0.0233 | 3,681 55% | 3,071 0
2012 1 -0.0233 | 3,595 53% | 3,157 1 -0.0196 | 3,574 | 53% | 3,178 | -21
2013 2 -0.0233 | 3,511 52% | 3,241 2 0.0196 | 3,504 | 52% | 3,248 -7
2014 3 -0.0233 | 3,429 51% | 3,323 3 -0.0196 | 3,435 | 51% | 3,317 6
2015 4 -0.0233 | 3,349 50% | 3,403 4 -0.0196 | 3,368 | 50% | 3,384 18
2016 5 -0.0233 | 3,271 48% | 3,481 5 -0.0196 | 3.302 | 49% | 3,450 | 31
2017 6 -0.0233 | 3,195 47% | 3,557 6 00196 | 3,237 | 48% | 3,515 | 42
2018 7 -0.0233 | 3,120 46% | 3,632 7 -0.0196 | 3,173 | 47% | 3,579 53
2019 8 -0.0233 | 3,047 45% | 3,705 8 -0.0196 | 3,111 | 46% | 3,641 64
2020 9 -0.0233 | 2,976 44% | 3,776 9 -0.0196 | 3,050 | 45% | 3,702 74
2021 10 -0.0233 | 2,907 43% | 3,845 10 -0.0196 | 2,990 | 44% | 3,762 | 84
2022 11 -0.0233 | 2,839 42% | 3,913 11 -0.0196 | 2,932 | 44% | 3,820 | 93
2023 12 -0.0233 | 2,773 41% | 3,979 12 -0.0196 | 2,874 | 43% | 3,878 | 101
2024 13 -0.0233 | 2,708 40% | 4,044 13 -0.0196 | 2,818 | 42% | 3,934 | 110
2025 14 -0.0233 | 2,645 39% | 4,107 14 00196 | 2,762 | 41% | 3,990 | 118
2026 15 -0.0233 | 2,583 38% | 4,169 15 -0.0196 | 2,708 | 40% | 4,044 | 125
2027 16 -0.0233 | 2,523 37% | 4,229 16 0.0196 | 2,655 | 39% | 4,097 | 132
2028 17 -0.0233 | 2,464 36% | 4,288 17 00196 | 2,603 | 39% | 4,149 | 139
2029 18 -0.0233 | 2,406 36% | 4,346 18 0.0196 | 2,552 | 38% | 4,200 | 146
2030 19 -0.0233 | 2,350 35% | 4,402 19 0.0196 | 2,502 | 37% | 4,250 | 152
2031 20 -0.0233 | 2,295 34% | 4,457 20 -0.0196 | 2,453 | 36% | 4,299 | 158




Table 2. FWOP and FWP marsh acres, East Subarea receiving marshes.

Begin End
Project: TE32a - East Subarea Begin | Ending | Year Year Loss
Year Year Acres | Acres Rate
Total 2006 2006
Acres Marsh Water 1988 2006 2,493 1,177 | -0.041
Acres Acres
2,822 1,177 1,645 FWP Land Loss Reduction 0.05
FWOP FWP
o % M’:?;h
Loss Marsh 0 Water Loss | Marsh ° Water

Year Y Rate (acres) I\/(Isl;s)h (acres) Y Rate (acres) I\/(Iia/qs)h (acres) acres
2006 -5 1177 | 41.7% | 1,645 -5 1,177 | 41.7% | 1,645 0
2007 -4 -0.0408 | 1,129 | 40.0% | 1,693 -4 -0.0408 | 1,129 | 40.0% | 1,693 0
2008 -3 -0.0408 | 1,083 | 384% | 1,739 -3 -0.0408 | 1,083 | 38.4% | 1,739 0
2009 -2 -0.0408 | 1,039 | 36.8% 1,783 -2 -0.0408 | 1,039 | 36.8% | 1,783 0
2010 -1 -0.0408 996 | 35.3% | 1,826 -1 -0.0408 996 | 35.3% | 1,826 0
2011 0 -0.0408 956 | 33.9% 1,866 0 -0.0408 956 | 33.9% | 1,866 0
2012 1 -0.0408 916 | 32.5% | 1,906 1 -0.0389 918 | 32.5% | 1,904 2
2013 2 -0.0408 879 | 31.2% | 1,943 2 -0.0389 883 | 31.3% | 1,939 4
2014 3 -0.0408 843 | 29.9% 1,979 3 -0.0389 848 | 30.1% | 1,974 5
2015 4 -0.0408 809 | 28.7% | 2,013 4 -0.0389 815 | 28.9% | 2,007 7
2016 5 -0.0408 776 | 27.5% | 2,046 5 -0.0389 784 | 27.8% | 2,038 8
2017 6 -0.0408 744 | 26.4% | 2,078 6 -0.0389 753 | 26.7% | 2,069 9
2018 7 -0.0408 714 | 25.3% | 2,108 7 -0.0389 724 | 25.6% | 2,098 10
2019 8 -0.0408 684 | 24.3% | 2,138 8 -0.0389 696 | 24.7% | 2,126 11
2020 9 -0.0408 657 | 23.3% | 2,165 9 -0.0389 669 | 23.7% | 2,153 12
2021 10 -0.0408 630 | 22.3% | 2,192 10 -0.0389 643 | 22.8% | 2,179 13
2022 11 -0.0408 604 | 21.4% | 2,218 11 -0.0389 618 [ 21.9% | 2,204 14
2023 12 -0.0408 579 | 20.5% | 2,243 12 -0.0389 504 | 21.0% | 2,228 14
2024 13 -0.0408 556 | 19.7% | 2,266 13 -0.0389 571 | 20.2% | 2,251 15
2025 14 -0.0408 533 | 18.9% | 2,289 14 -0.0389 548 | 19.4% | 2,274 15
2026 15 -0.0408 511 | 18.1% | 2,311 15 -0.0389 527 | 18.7% | 2,295 16
2027 16 -0.0408 490 | 17.4% | 2,332 16 -0.0389 506 | 17.9% | 2,316 16
2028 17 -0.0408 470 | 16.7% | 2,352 17 -0.0389 487 | 17.3% | 2,335 16
2029 18 -0.0408 451 | 16.0% | 2,371 18 -0.0389 468 | 16.6% | 2,354 17
2030 19 -0.0408 433 | 16.3% | 2,389 19 -0.0389 450 | 15.9% | 2,372 17
2031 20 -0.0408 415 | 14.7% | 2,407 20 -0.0389 432 | 15.3% | 2,390 17

Generally, the diversion would operate during periods of high and medium Atchafalaya River discharge
when freshwater conditions usually exist within upper reaches of the Houma Navigation Canal (FINC).
Based on 1994-1999 salinity data from the HNC at the Bayou LaCarpe gage (located 1.4 miles south of the
Bayou Pelton — HNC junction), salinities are less than 1.0 ppt for an average of 242 days/yr, and between 1.0
and 2.0 ppt for an additional 44 days per year. It is assumed that the diversion will be operated whenever
HNC salinities are less than 2.0 ppt (286 days per year).

FWP wetland acreages were generated through the use of the Boustany Diversion Benefits



Model. Discharge inputs to that model were obtained from UNET modeling conducted during the project’s
engineering and design phase. As part of that effort, maximum and minimum discharges were reported for 4
input tidal cycles at 90% exceedance (low Atchafalaya River flow conditions) and 10% exceedance (high
Atchafalaya River flows).

Based on the HNC salinity data referenced above, the diversion would operate between the 0 percent and 78
percent exceedance conditions (286 days/yr). However, model-estimated diversion discharges (cfs) are

available for only 10% and 90% exceedance conditions as shown below.

Tabel 3. Model-predicted high Atchafalaya River flow conditions — 10% Exceedance

1st tidal 2nd tidal 3rd tidal 4th tidal
FLOWS cycle cycle cycle cycle
Station | Max | Min Max | Min | Max | Min | Max | Min
C 992 | 683 | 1031 | 62 | 846 | 492 | 684 | 334

Table 4. Model-predicted low flow conditions — 90% Exceedance
1st tidal 2nd tidal 3rd tidal 4th tidal
FLOWS | cycle cycle cycle cycle

Station | Max | Min | Max | Min | Max | Min | Max | Min
C 775 | -245 | 899 | -247 | 706 | -450 | 392 | -503

Station C is located on the conveyance channel just east of Bayou Grand Caillou. Flows at that location
represent the total amount of water that would be introduced into the upper Lake Boudreaux Basin. From the
above model outputs the following average discharges have been calculated as follows:

10% Exceedance: Ave Max Q = 888 cfs
Ave Min Q = Ocfs  ** assume zero as per Fig. 1 WL data & to simplify ana/ysis**
Average Q= 444 cfs

90% Exceedance: Ave Max Q = 693 cfs
Ave Min Q = 0 cfs **neg, Qs replaced w 0" due to control structure operations**

Average Q= 347 cfs

The average diversion discharge could be estimated by the mean flows of the predicted 10% exceedance
through 70% exceedance flows. As the model output provided only the 10% Max exceedance flows, the
20% through 70% Max exceedance flows were estimated from the difference between the 10% and 90%
exceedance flows. In all cases, Ave Min flows were assumed to be zero.

The following exceedance flow values used to calculate average flow are as follows:

Ave Max 10% Exc Q=888 cfs Ave Min Q=0 Average 10% Exc Q= 444 cfs
Ave Max 20% Exc Q=864 cfs Ave MinQ =0 Average 20% Exc Q= 432 cfs
Ave Max 30% Exc Q=839 cfs Ave MinQ=0 Average 30% Exc Q = 420 cfs
Ave Max 40% Exc Q=815cfs AveMinQ =0 Average 40% Exc Q = 408 cfs
Ave Max 50% Exc Q=791 c¢fs Ave MinQ =0 Average 50% Exc Q= 396 cfs
Ave Max 60% Exc Q=766 cfs Ave MinQ =0 Average 60% Exc Q= 383 cfs
Ave Max 70% Exc Q =742 cfs Ave MinQ =0 Average 60% Exc Q= 371 cfs

Annual average flow = average of the above 10% - 70% average exceedence flows such that:
Annual Average Diversion Discharge = 408 cfs

The proposed conveyance channel discharges directly into the west subarea. Water reaching the east subarea
would flow through the west subarea to get there. To apply the Boustany Model under these circumstances,

7



a portion of the average discharge is assumed to benefit only the west subarea and the remainder assumed to
affect only the east subarea. This assumed flow distribution was determined by multiplying the maximum
diversion-related stage increases (Table 1 and Figure 1) by the water acreage of each subarea to estimate the
volume of water added to each subarea due to the diversion.

Table 5. Model-predicted maximum project area stages.

10% Exceedance 10% Exceedance Overall
With-Project Baseline Stage

Area Max Stage (2" tidal cycle) | Max Stage (2™ tidal ycle) | Diff (ft)
SA2 1.96 1.61 0.35
SA4 1.93 1.61 0.32
SA5 1.84 1.60 0.24
SA6 1.85 1.61 0.24
SA7 1.81 1.60 0.21
SA8 1.84 1.61 0.23

The only stage increase output for the east subarea (LB3 storage area — see Figure 2), is a 0.21 foot
maximum increase over baseline conditions. This value, when multiplied by the 1,866 water acres (TYO0) of
the east subarea, yields 392 acre-ft of additional water. Similarly determined maximum stage increases
within the west subunit storage areas for SA6 = 0.24 ft, for SA7 =0.21 ft, and for SA8=0.23 ft. Those
storage areas contain the great majority of west subunit water areas. Water acreages for those storage areas
are visually estimated as: SA6 =24% SA7=38% SA8 =38%.

Multiplying those percentages by the total west subunit TY1 water acreage of 3,071 acres, allows the
estimation of storage area water acreages. Multiplication of those acreages by the above-listed storage area
stage increases, allows one to estimate the volume of additional water as follows:

SA6- 0.24x3,071 ac= 737 ac X 024 ft = 177 acre-ft (26%)

SA7- 0.38x3,071 ac=1167 ac X 021 ft= 245 acre-ft (35%)

SA8- 0.38x3,071 ac=1167ac X 0.23 ft= 268 acre-ft (39%)
690 acre-ft

Summing the volume increases for each subarea allows the calculation of total volume increase and percent
volume increase. Percent flow distribution is assumed to equal the percent volume increases.

East subarea volume increase = 392 acre-ft (36%)

West subarea volume increase = 690 acre-ft (64%)

1082 acre-ft

If the average diversion discharge is 408 cfs, then . . .
the east subarea would receive 408 cfs * 0.36 = 147 cfs
the west subarea would receive 408 cfs * 0.64 =261 cfs

Because the proposed diversion would not flow continuously during the days it operates, the number of
operation days (286) was multiplied by the fraction of hours per day during which diversion would occur
(12.9/24 — based on 1996 water level data). The result is a flow equivalent of 154 days of continuous 24-
hour-a-day introduction. Information on other Boustany Model inputs are provided below.
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Figure 4. Map depicting modeled water storage areas.
: L

LB3
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Nutrient Concentration:

Nitrogen and phosphorus data from DEQ station 0942 (Figure 5) in ppm were averaged for all dates
available resulting in an average input concentration of 1.2 mg/l.

Sediments

TSS data was calculated by averaging all TSS data from DEQ station 0942 and equaled 29.8
mg/l. This value was reduced to zero for the East Subarea since water is not introduced
directly into this area.

Bulk Density (g/cm3)
Bulk Density values for INT marsh (0.08 g/em® was used for the West Subarea. Bulk Density
values for BR marsh (0.16 g/em® was used for the East Subarea.
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Figure 5. Map depicting locations of DEQ water auality stations.

Average Depth (ft)

Based on depths measured during the Oct. 17, 2007, field trip, average depths were assumed to be
2.0 feet in both subareas.

% Nutrient Retention

As the percent nutrient retention value is specific only to nutrient uptake by emergent

marshes, the percent marsh acreage (see page 1) was used as an estimate of % Nutrient Retention.
FWP TY1 West Subarea % marsh = 53%
FWP TY1 East Subarea % marsh = 33%

% Sediment Retention

Percent sediment retention was estimated assuming that the marsh in this case was 100% effective in |
trapping TSS, large open water areas were 50% effective in trapping TSS, and small open water ‘
areas were 75% effective in trapping TSS. For the west subarea, a GIS analysis of the 6,726 acre |

subarea (FWP TY1) shows that under baseline conditions, large open water areas occupied an
estimated 900 acres (Appendix C):

Marsh = 3,585ac= 53.0% Therefore: 0.53 x 1.00 retention = 0.530

Small OW = 2,241 ac= 33.3% Therefore: 0.333 x 0.75 retention = 0.250

Large OW = 900ac= 13.7% Therefore: 0.137 x 0.50 retention = 0.0685
Total West Subarea = 085%
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To account for channelization losses the following protocol was used.

Channelization Loss = 0% Condition: No bayous or man-made channels to export introduced water out of area
Channelization Loss = 15% Condition: One shallow bayou available to export introduced water out of the project area
Channelization Loss = 30% Condition: Two shallow bayous available to carry introduced water out of the project area
Channelization Loss = 50% Condition: Discharge directly into maintained oil-field canals or similar-sized canals
Channelization Loss = 90% Condition: Diversion discharge directly into a deep-draft navigation channel

Assuming that the 30% loss condition is applicable to the project’s west subarea, the total TSS
retention was calculated as: 85% * 0.70 = 59% TSS retention

Construction Impacts

According to design information provided by T. Baker Smith, Inc., construction of the conveyance
channel and the north forced drainage levee would result in a TY1 loss of 35.00 acres of marsh
within the West Subarea. This acreage was removed from the FWP TY1 acreage (Table 1 on page 2.
There were no construction impacts to East Subarea marshes.

See Table 6 for Boustany Model inputs sheets and results. Resulting FWP land loss rate

reductions have been applied to the land loss worksheet shown in Tables 1 and 2.

WVA Inputs:
V1 values should be taken from Tables 1 and 2 (pages 2 and 3).

V2 — Submerged Aquatic Vegetation (both subareas)
FWOP TYO and TY! =5% FWP TY1
TY20=5% TY20

35%
45%

V3 — Interspersion (via use of interspersion “calculator’”)

West Subarea FWOP West Subarea FWP
TYO TY1l TY20 TY1l TY20

Class2-28% 25% 0% 25% 0%

Class3-63% 64% 36% 63% 55%

Class4— 9% 11% 64% 12% 45%

V3 — Interspersion (via use of interspersion “calculator”) — continued.

East Subarea FWOP East Subarea FWP
TYO TY1 TY20 TYl TY20

Class3—-36% 30% 0% 48% 0%

Class4—-64% 70% 31% 52%  60%

Class 5- 0% 0% 69% 0% 40%

V4 — Percent Shallow Open Water

West Subarea FWOP  West Subarea FWP East Subarea FWOP  East Subarea FWP
TY0O TY1 TY20 TY1l TY20 TYO0O TY1 TY20 TYl TY20
20% 20% 15% 20% 16% 15% 15% 10% 15% 12%

V5 — Salinity (ppt)
Discrete salinities were measured bi-monthly (Figure 6) from May 1998 — March 2001.
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Figure 6. Discrete project area salinity monitoring

stations.

Table 6. Salinity data project area discrete monitoring stations.

Annual Growing Season
Station Mean Mean
01 7.2 6.99
02 8.5 8.86
07 6.6 6.48
09 7.7 7.75
10 8.4 8.63
14R 7.8 7.14
Average 7.91 7.75

Intermediate marshes of the West Subarea are represented by an average of stations 07, 09, 01, 10,
and 02 (avg. = 7.75 ppt). The predominantly BR marshes of the east area were represented by an
average of stations 01, 02, 10, and 14R (avg. = 7.91 ppt).

FWP West Subarea: A salinity box model was used to estimate FWP for both subareas combined.
During the 242-day (8-month) freshwater introduction period, the salinity of introduced water was
assumed = 0.38 ppt (average 1994-1999 HNC @ Bayou LaCarpe salinities < 1.0 ppt = 0.38 ppt).
Bayou LaCarpe salinities range from 1.0 to 2.0 ppt for an average of 44 days per year (i.e., 1.5
months), consequently, it was assumed that introduction of 2.0 ppt water would occur for 2 months
(Sept and Dec). It was also assumed that no HNC water would be introduced for 2 months and that
during this time FWP salinities would equal FWOP salinities. A daily tidal amplitude of 0.19 feet
was obtained from 2.5 years of continuous data provided by DNR sonde TE-32-01. Tide and
receiving area salinities were assumed to be equal to the above calculated annual average salinity of
7.91 ppt. The receiving area acreage of 4,937 acres is the TYO total project arca water acreage.
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With those inputs, the project area salinity would be reduced to 3.13 ppt during the 8-month-long
freshwater introduction period (Figure 7)

Figure 7. Salinity box model inputs for the 8-month-long introduction of 0.38 ppt water.

Salinity Box Model

Site: Sample
Salinity
Initial Salinity 791
Final Salinity 3.13
diff 4.78
Y%diff 60.5%

Receiver Salinity (ppt) 7.91
Receiver Area (water acres) 4937
Mean Depth (ft) 2.0
Receiver Volume (acre-ft) 9874
Total Volume 11159.015

For the 2-month-long introduction of 2.0 ppt water, project area salinities would be reduced to 4.16
ppt (Figure 8).

Figure 8. Salinity box model inputs for the 2-month-long introduction of 2.00 ppt water.
Salinity Box Model

Site: Sample
Salinity
Initial Salinity 701
Final Salinity 4.16
diff 3.75
%diff 47.4%

Receiver Salinity (ppt) 7.91
Receiver Area (water acres) 4937
Mean Depth (ft) 20
Receiver Volume (acre-ft) 9874
Total Volume 11159.015
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Using the above box model results, a FWP West Subarea average growing season (March through
November) salinity of 4.27 ppt is obtained by averaging the highlighted values below:

FWOP West Subarea FWP West Subarea (TY1 -20)
Jan Mean Sal=7.75ppt  Mean Sal = 3.13 ppt
Feb  Mean Sal=7.75ppt Mean Sal =3.13 ppt
Mar  Mean Sal=7.75ppt Mean Sal = 3.13 ppt
Apr  Mean Sal=7.75ppt  Mean Sal = 3.13 ppt
May Mean Sal=7.75ppt  Mean Sal = 3.13 ppt
Jun Mean Sal=7.75ppt  Mean Sal = 3.13 ppt
Jul Mean Sal=7.75 ppt  Mean Sal = 3.13 ppt
Aug Mean Sal=7.75ppt  Mean Sal = 3.13 ppt
Sep  Mean Sal=7.75ppt  Mean Sal =4.16 ppt
Oct  Mean Sal=7.75ppt  Mean Sal = 7.75 ppt
Nov  Mean Sal=7.75ppt  Mean Sal = 7.75 ppt
Dec  Mean Sal=7.75ppt  Mean Sal = 4.16 ppt

Average = 7.75 ppt

4.27 ppt

= average growing season salinity

East Subarea: For the brackish East Subarea, an average annual salinity of 4.10 ppt was calculated
as illustrated below:

FWOP East Subarea FWP East Subarea (TY1 -20)

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt

Average Annual = 7.91 ppt

V6 - Aquatic Organism Access
East Subarea: Secveral fixed-crest weirs exist in the project area. However, numerous spoil bank
breaks render those weirs ineffective in restricting water exchange. Consequently, baseline fisheries
access is considered to be unrestricted (SI = 1.0). This value will not change with project
implementation.

Mean Sal = 3.13 ppt
Mean Sal = 3.13 ppt
Mean Sal = 3.13 ppt
Mean Sal = 3.13 ppt
Mean Sal = 3.13 ppt
Mean Sal = 3.13 ppt
Mean Sal = 3.13 ppt
Mean Sal = 3.13 ppt
Mean Sal = 4.16 ppt
Mean Sal = 7.91 ppt
Mean Sal = 7.91 ppt
Mean Sal = 4.16 ppt

West Subarea: The construction of a boat bay type outfall management structure (8-foot-wide by 2-
foot-deep) in the north-south pipeline canal at Bayou Butler would restrict fisheries access through
that canal. Assuming that this pipeline canal provides 35% of the access and Bayou Chauvin
provides 65% of the access, FWP V6 was calculated as follows:

Pipeline Canal:
Bayou Chauvin:

0.35 * 0.5 rating =
0.65 * 1.0 rating
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0.825

North Forced Drainage Area Marsh WVA. This evaluation assesses impacts to intermediate
marshes within the proposed forced drainage area. Impacts covered include enclosure impacts plus
borrow canal impacts to existing marshes (Figure 9).

Figure 9. Map depicting North Forced Drainage Levee and wetlands enclosed by that levee.

i

According to GIS analysis: FWOP Total Project Area = 22.97 acres
Project areca marshes = 21.84 acres (95.1%)
Project area water = 1.13 acres

FWP construction of the pump station access road converts 0.03 acres of marsh to road,
hence, that acreage is removed from the FWP project area:

FWP Total Project Area = 22.9 acres
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V1 - Percent Marsh:
FWOP- as no natural marsh loss has occurred within the area, assume no FWOP marsh loss.

FWP TY1 construction impacts = 4.88 acres of borrow canal impacts
0.03 acres of pump station access road impacts
4.91 acres Total TY1 construction impacts

TY1 marsh=21.84 — 491 acres= 16.93 ac ( 16.93/22.9 = 73.9%)

FWP: with water surface pump-down to +1.0 ft = marsh level (see 95% design elevation transects),
and exclusion of salinity, assume no FWP loss (landowner to place permanent conservation
easement on enclosed forested and marsh habitat to preserve for wildlife habitat).

V2 — Submerged Aquatic Vegetation
FWOP all TYs — 0%
FWP all TYs—-0%

V3 — Interspersion
FWOP and FWP is a “carpet” marsh: 100% class 3.

V4 — Percent Shallow Open Water
Assumed all water consists of ditches FWOP and FWP, therefore V4 = 0%

V5 — Salinity
FWOP: assumed area salinity = 50 % of 7.75 ppt (West Subarea growing season ave) = 3.9 ppt
FWP: assumed area salinity = O ppt

V6 — Fish Access:
FWOP: unrestricted access, V6 =1.00
FWP: all access precluded, V6=0.00

North Forced Drainage Area bottomland hardwoods WVA. This assessment covers bottomland
hardwoods and shrub-scrub habitats that would be enclosed within the north forced drainage area (Figures 10
and 11), plus the forested/shrub-scrub habitats that would be impacted by construction of the conveyance
channel (see Figure 3). Dead tree tops and numerous dead trees indicate that woody vegetation within these
areas is severely stressed by inundation and salts. Project Area = 32.73 acres.

V1 — Tree Species Association
Due to presence of green ash and red maple: FWOP TY1 = class2
Assume continued death of trees results in: FWOP TY20 = classl

FWP Aug-Nov pump operations: pump#1 on elevation = +1.75 ft
pump#2 on elevation =+ 2.00 ft
pumps off elevation =+1.25 ft

FWP Dec-July pump operations: pump#1 on elevation = +1.50 ft
pump#2 on elevation =+ 2.00 ft
pumps off elevation =+1.00 ft

Should drought occur to reduce water levels below +1.0 ft, sluice gate will be open to restore

water levels provided salinity at or below 1.0 ppt. Therefore, assume that FWP species
composition is maintained.

18



V2 — Stand Maturity. See dbh worksheet attached to the WVA worksheet.
FWOP: assumed very minimal growth rates FWOP due to high stress and mortality.
FWP: assumed growth 50% of average bottomland hardwoods due to FWP wetness.

V3 — Understory/Midstory. Based on field observations.
FWOP: TY0 =TY1 = Understory 70% and Midstory = 30%

FWOP: TY20 = Understory 90% and Midstory =15%
FWP: TY0O=TY1 = Understory 70% and Midstory = 30%
FWP: TY20= Understory 65% and Midstory = 40%

Figure 10. Deteriorating shrub-scrub habitat at the north end of the North Forced Drainage Area.

Figure 11. Example of deteriorating bottomland hardwood forest in the North Forced Drainage
| x o L
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V4 — Hydrology: Pump#1-on stage would be 1.5 ft, pump#2-on stage would be 2.0 ft, and pump off stage
would be 1.0 ft. However, to preclude excessive dewatering during August through November,
pump#1-on stage would be raised to 1.75 feet and off stage raised to 1/25 ft.

FWOP: allTYs  =Class 1 (high water table causing waterlogging impacts): SI=0.1
FWP: TY1-TY20 = Class 2 (water table lowered): SI=0.5

V5 — Size of Contiguous Forest Area (applied to only hardwoods acreage)
FWOP: all TYs = Classl
FWP: all TYs = Classl

V6 — Surrounding Land Uses
FWOP & FWP: 25% =Forest/marsh and 75% =Development

V’7- Disturbance

FWOP & FWP: Type = Class 2 Distance = Class 2
FWOP Acreage: TYO0 =32.73 ac
TYl =32.73 ac
TY20=16.37 assume 50% decrease in area due to waterlogging
FWP Acreage: TY1 =30.05ac (2.68 ac conveyance channel construction impact)
TY20=130.05 ac Permanent conservation easement on remaining area

South Forced Drained Area Marsh WVA. This evaluation assesses impacts to intermediate
marshes within the proposed forced drainage area. Evaluated impacts include enclosure impacts
plus marsh impacts due to construction of the forced drainage levee and berm (Figure 12).

According to GIS analysis: FWOP Total Project Area = 44,98 acres
Project area marshes = 39.18 acres (87.1%)
Project area water = 5.80 acres

FWP construction impacts include: 0.2 acres due the pump station access road and 4.4 ac
due to levee/berm, for a total of 4.6 acres. FWP Total Project Area = 44.04 acres

Figure 12. Map depicting South Forced Drainage Levee and wetlands enclosed by that levee.
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V1 - Percent Marsh:
FWOP- as little natural marsh loss has occurred within the area, assume no FWOP marsh loss.

FWP TY1 construction impacts = 3.1 acres of borrow canal impacts
0.2 acres of pump station access road impacts
3.7 acres of levee/berm
7.0 acres Total TY1 construction impacts

TY1 marsh=39.18 — 7.0 acres = 32.18 ac (32.18/40.4 = 79.7%)

FWP: with water surface pump-down to +1.0= marsh level (see 95% design elevation transects),
and exclusion of salinity, assume no FWP loss other than a 25% development loss which
occurs at TY20 (remaining marsh = 24.14 ac or 59.74%).

V2 — Submerged Aquatic Vegetation
FWOP all TYs — 0%
FWP all TYs—0%

V3 — Interspersion
FWOP and FWP is 100% class 2.

V4 — Percent Shallow Open Water
FWOP: assumed 40% water is shallow = 2.32 ac
FWP TY1: Total water area = 8.2 ac, shallow water unchanged at 2.32 ac, V4 =28%
FWP TY20: sameas TY1

V5 — Salinity
FWOP: assumed area salinity = 50 % of 7.75 ppt (West Subarea growing season ave) = 3.9 ppt
FWP: assumed area salinity = 0 ppt

V6 — Fish Access:
FWOP: unrestricted access, V6=1.00
FWP: all access precluded, V6=0.00

South Forced Drained Area bottomland hardwoods WVA. This evaluation assesses impacts to
bottomland hardwoods and shrub-scrub wetlands within the proposed forced drainage area. Impacts
covered include enclosure impacts plus impacts due to construction of the forced drainage levee and
berm (Figure 13). Project area was formerly hardwoods, but now is 100% shrub-scrub = 12.15
acres consisting primarily of palmettos a few live oaks and other dead/dying trees.

V1 — Tree Species Association
FWOP and FWP = Classi

V2 — Stand Maturity. See dbh worksheet attached to the WVA worksheet.
FWOP: assumed very minimal growth rates FWOP due to high stress and mortality.

FWP Aug-Nov pump operations: pump#1 on elevation = +1.75 ft

pump#2 on elevation = + 2.00 ft
pumps off elevation =+1.25 ft
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FWP Dec-July pump operations: pump#1 on elevation = +1.50 ft
pump#2 on elevation = + 2.00 ft
pumps off elevation =+1.00 ft

Should drought occur to reduce water levels below +1.0 ft, sluice gate will be open to restore
water levels provided salinity at or below 1.0 ppt. Assumed that FWP growth is 50% of
average due to FWP wetness.

Figure 13. Shrub-scrub habitat in the area to be enclosed by the South Forced Drainage
Levee.

V3 — Understory/Midstory. Based on field observations.
FWOP: TY0=TY1 = Understory 30% and Midstory = 50%

FWOP: TY20 = Understory 90% and Midstory =15%
FWP: TYO=TY1 = Understory 30% and Midstory = 50%
FWP: TY20= Understory 30% and Midstory = 45%
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V4 — Hydrology: Pump#1-on stage would be 1.5 ft, pump#2-on stage would be 2.0 ft, and pump off stage
would be 1.0 ft. However, to preclude excessive dewatering during August through November,
pump#1-on stage would be raised to 1.75 feet and pump off stage would be raised to 1.25 ft.

FWOP: allTYs  =Class | (high water table causing waterlogging impacts): SI=0.1
FWP: TY1-TY20 = Class 2 (water table lowered): SI=0.5

V5 — Size of Contiguous Forest Area (hardwoods only)
FWOP: all TYs = Classl
FWP: all TYs = Classl

V6 — Surrounding Land Uses
FWOP & FWP: 25% =Forest/marsh and 75% =Development

V7- Disturbance

FWOP & FWP: Type = Class 2 Distance = Class 2
FWOP Acreage: TY0 =12.2ac
TYl =122ac
TY20= 6.1 assume 50% decrease in area due to waterlogging
FWP Acreage: TY1 =122ac
TY20= 9.1 ac assume 25% decrease in area due to development

Bayou Pelton Marshes WVA. Impacts to marshes associated with enlargement of Bayou Pelton
are assessed here (Figure 14). According to GIS analysis:

FWOP Total Project Area = 13.9 acres
Project area marshes 7.7 acres (55.4%)
Project area water 6.2 acres

V1 - Percent Marsh:
FWOP - as the marsh area has increased over time, assume a 0.5 ac increase at TY20

TYO =7.7ac
TY1 =7.7 ac
TY20=8.2 ac

FWP all TYs = 0.0 ac (all marsh converted to enlarged bayou channel)

V2 — Submerged Aquatic Vegetation
FWOP all TYs = 65%
FWP allTYs= 0%

V3 — Interspersion
FWORP all TYs: marsh is a “carpet” marsh: 100% class 3.
FWPall TYs: 100% class5

V4 — Percent Shallow Open Water
FWOP all TYs: 70%
FWP all TYs: 0%

V5 — Salinity
FWOP TYO0and TY1: V5=0.79 ppt (LCA modeling average of B2 area in yr 2015)
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FWOP TY20: V5=0.58 ppt (LCA modeling average of B2 area in yr 2025)
FWP = same as FWOP

V6 — Fish Access:
FWOP and FWP: unrestricted access, V6=1.00

Figure 14. Map of the Bayou Pelton enlargement footprint and adjoining nourishment areas.

Bayou Pelton bottomland hardwoeods WVA. Impacts to bottomland hardwoods and shrub-scrub
habitats along the banks of Bayou Pelton are assessed here. Impacts include 0.99 acres bottomland
hardwoods and 0.52 acres shrub-scrub habitat. The total project area = 1.51 acres.

V1 — Tree Species Association
FWOP all TYs=class5
FWPall TYs = classl (lowest possible score)

V2 — Stand Maturity. See dbh worksheet attached to the WVA worksheet.
FWOP: assumed growth 50% of average bottomland hardwoods due to FWP wetness.
FWP: all trees removed — used O dbh
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V3 — Understory/Midstory. Based on field observations.
FWOP: TY0=TY1 = Understory = 20% and Midstory = 35%
FWOP: TY20 = Understory = 15% and Midstory = 25%
FWP: TY1l = Understory 0% and Midstory 0%
FWP: TY20= Understory 0% and Midstory 0%

V4 — Hydrology: FWOP and FWP: all TYs = Class 2

V5 — Size of Contiguous Forest Area
FWOP and FWP: all TYs= Class 1

V6 — Surrounding Land Uses: FWOP & FWP: 100% =Forest/marsh
V7- Disturbance
FWOP & FWP: Type = Class 3 Distance = Class 1
FWOP Acreage: TYO =151ac
TY1l =1.51ac
TY20=1.51 ac
FWP Acreage: TY1l =0.0 ac
TY20=0.0 ac

Bavou Pelton Nourishment Cells marsh WVA. The combined acreage of the 4 nourishment cells are
evaluated here. Based on design estimates, the placement and consolidated of fill will raise elevations
within these cells by up to 6 inches. Containment dikes will be degraded one year after construction.

According to GIW Analysis: marsh acreage = 80.30 (96.1 %)
water acreage = 3.29
Total acreage = 83.59

V1 - Percent Marsh:
FWOP: assume no marsh loss, V1 =96.1 %
FWP: assume all water areas converted to marsh, V1 =100%

V2 — Submerged Aquatic Vegetation
FWOP and FWP, all TYs=0

V3 — Interspersion: FWOP and FWP: all TYs: marsh is a “carpet” marsh: 100% class 3.

V4 — Percent Shallow Open Water: FWOP and FWP: all TYs: 100%

V5 — Salinity
FWOP TYOand TY1: V5=0.79 ppt (LCA modeling average of B2 area in yr 2015)
FWOP TY20: V5=0.58 ppt (LCA modeling average of B2 area in yr 2025)
FWP = same as FWOP

V6 — Fish Access:
FWOP: unrestricted access, V6=1.00
FWP: TY1 V6=0
FWP: TY20 V6=1.0

Bayou Pelton Nourishment Cells bottomland hardwoods WVA. Effects on enclosed bottomland
hardwoods and shrub-scrub habitats are assessed in this WVA. Based on design estimates, the placement
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and consolidation of fill will raise elevations within these cells by up to 6 inches. Containment dikes will be
degraded one year after construction.

According to GIS analysis: shrub-scrub =15.05ac
Bottomland hardwoods = 1.52 ac
Total Area =16.57 ac

V1 — Tree Species Association
FWOP all TYs = classl (lowest possible score)

V2 — Stand Maturity. See dbh worksheet attached to the WVA worksheet.
FWOP: assumed no growth of bottomland hardwoods due to FWOP wetness.
FWP: assumed growth 50% of normal growth

V3 — Understory/Midstory. Based on field observations.
FWOP: TY0 =TY1 = Understory = 60% and Midstory = 50%

FWOP: TY20 = Understory = 65% and Midstory = 55%
FwP: TYl = Understory = 60% and Midstory = 50%
FWP: TY20= Understory = 40% and Midstory = 55%

V4 — Hydrology. Assume that forest health is limited by excessive wetness and that wetness will become

more optimal with nourishment
FWOP all TYs = Class 2
FWP all TYs = Class 3

V5 — Size of Contiguous Forest Area: FWOP and FWP: all TYs = Class 1

V6 — Surrounding Land Uses
FWOP & FWP: 100% =Forest/marsh

V7- Disturbance
FWOP & FWP: Type = Class 4 Distance = Class 3

FWOP Acreage: TYO =16.57ac
TY1l =16.57 ac
TY20=16.57 ac
FWP Acreage: TY1l =16.57ac
TY20=16.57 ac

Table 7. Summary of Project Benefits/Impacts

Hardwoods
Benefit/Impact Area Hardwoods Net TY20 Marsh Net Marsh Net
Net AAHUs Acres| AAHUs| TY20 Acres|
East Boudreaux Basin Receiving Marshes 137.68 17.15
West Boudreaux Basin Receiving Marshes 459.17 157.58
North Forced Drainage Area Marshes -5.23 -4.91
North Forced Drainage Area Hardwoods I 1.95 13.69
South Forced Drainage Area Marshes -11.63 -6.96
South Forced Drainage Area Hardwoods I 1.10 3.04
Bayou Pelton Marshes -3.96 -8.20
Bayou Peiton Bottomland Hardwoods | -0.64 -1.51
Bayou Pelton Nourishment Cells Marshes -2.23 3.29
Bayou Pelton Nourishment Cells Hardwoods 1.29 0.00
TOTAL 3.70 15.21 573.81 157.95
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Appendix A

2006 Habitat Data
| 10/28/2006 | West1 | West2 | East | TOTAL
Out 3 1 0 4
Swamp 599 3 0 602
Developed Ag Other 33 23 0 56
Fresh Marsh 998 4 0 1002
Intermediate Marsh 2 2258 132 2392
Brackish Marsh 0 306 1045 1351
Saline Marsh 0 0 0 0
Swamp Water 223 4 0 227
Developed Ag Other Water 1 0 0 1
Fresh Marsh Water 106 3 0 109
Intermediate Marsh Water 0 1925 118 2043
Brackish Marsh Water 0 351 1527 1878
Saline Marsh Water 0 0 0 0
1965 4878 2822 9665
Project Area = 1,928 4.854 2,822 9.609 |
1988 Habitat Data
| Oct 1988 data |  West1| West?2 | East | TOTAL
Out 3 1 0 4
Aquatic Bed Floating 6 37 0 43
Aquatic Bed Submerged 0 0 7 7
Fresh Water 2 1 0 3
Estuarine Water 2 329 321 652
Fresh Marsh 2 0 0 2
Intermediate Marsh 722 2067 1300 4089
Brackish Marsh 0 1805 1037 2842
Saline Marsh 0 0 0 0
Estuarine Marsh 0 0 0 0
Cypress Forest 566 76 2 644
Bottomland Forest 304 27 32 363
Dead Forest 0 0 0 0
Bottomland Shrub/Scrub 334 476 122 932
Shore/Flat 0 0 0 0
Agriculture/Pasture 0 0 0 0
Upland Barren 0 0 0 0
Upland Forest 3 15 0 18
Developed 1 8 1 10
Upland Shrub/Scrub 20 36 0 56
1965 4878 2822 9665
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West1+2
Sw+FM = 1604
Int+ BR = 2566
4170
East
BR = 1177
West1+2
FM + Sw = 1785
INT + BR = 4594
6379
East
Sw+ INT + BR = 2493



Appendix B

10% Exceedance Model Outputs (cfs)

1st tidal 2nd tidal 3rd tidal 4th tidal All Tidal
FLOWS cycle cycle cycle cycle Cycles
Location | Max | Min | Max | Min | Max | Min | Max [ Min Max | Min
A 1066 | 836 | 1098 | 792 | 976 | 673 | 823 | 523 | 1098 | 523
B 240 71 265 16 279 151 289 | 194 289 16
C 992 | 683 | 1031 62 846 | 492 | 684 | 334 | 1031 62

90% Exceedance Model Outputs (cfs)

1st tidal 2nd tidal 3rd tidal 4th tidal All Tidal
FLOWS | cycle cycle cycle cycle Cycles
Location | Max | Min Max | Min | Max | Min | Max | Min | Max | Min
A 734 | 172 | 847 | -162 | 674 | -369 | 439 | -436 | 847 [ -436
B 149 | -108 | 165 | 142 | 169 -92 164 17 169 | -142
C 775 | -245 | 899 | -247 | 706 | -450 | 392 | -503 | 899 | -503
Appendix C

Figure C-1. Map showing large open water zones of each subarea.
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APPENDIX J

LADNR RECORDING GAGE - HNC@DULAC MHW MLW
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Marc J. Rogers

From: CIiff Li [chi@ftn-assoc.com]

Sent:  Tuesday, May 11, 2010 2:07 PM

To: Marc J. Rogers

Cc: Marc Johnson

Subject: HNC @ Dulac datum info (Lake Boudreaux)

Marc,

As best as | can determine, here are the tidal gage datums for the HNC @ Dulac gage:

Mean High Water (MHW) = 1.52 ft NAVD88
Mean Low Water (MLW) = 0.31 ft NAVD88

Cliff H. Li - Hydrologist
FTN Associates Ltd.

3 Innwood Circle #220
Little Rock, AR 72211

chl@ftn-assoc.com
http://www.ftn-assoc.com

(501)225-7779 (voice)
(501)225-6738 (fax)

* * * ok

5/11/2010





