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Executive Summary

In recent years, increased rates of salinity imbrug the Keith Lake/Salt Bayou coastal wetland
system of Jefferson County, Texas, have affectegtbductivity and integrity of freshwater
wetland components. Historically, Salt Bayou wdieeah to intermediate wetland that
transitioned into brackish conditions near the dstwaam confluence with Taylor Bayou and
Sabine Lake. Construction of the Gulf Intracoagfaterway in1933, however, severed Salt
Bayou from approximately 60 percent of the uppairdige basin, thus eliminating the primary
source of freshwater inflow to the wetland as \aslha natural connection to Sabine Lake. For
decades, direct precipitation has been the mairceaf freshwater for this wetland and the only
source available to ameliorate salinity intrusidtresently, two sources of saline water
contribute to sustained increases in salinity thhmut the system. These two sources include (1)
the Keith Lake Fish Pass which connects Keith La&k/Bayou to the Sabine-Neches Waterway
and the Sabine Lake Estuary and (2) erosion abélaeh ridge along the McFaddin National
Wildlife Refuge property which allows Gulf seawatewash into interior marshes during high
tides and storm surges.

Historically, this coastal wetland was exposedaline waters via relatively short-term, small-
scale local connections to tidally influenced water infrequent, large-scale storm surge events
from which it recovered. The present large-sgadesistent sources of saline water entering
through the Fish Pass or over the beach ridge, c@dlwith the lack of freshwater inflow to
flush the system and two relatively recent majaribane events (Rita and Ike) exacerbate
wetland loss. Area land managers at the J.D. MepWildlife Management Area and
McFaddin National Wildlife Refuge recognize the wnjance of maintaining a balance between
the historical freshwater wetland function, whishpresently threatened, and the contemporary
estuarine functions which also are important. &fe, land managers are interested in
evaluating management strategies which can incfeast@wvater resources and reduce salinity
intrusion. This study was designed to exploredtfiectiveness of using passive, inverted
siphons to supply freshwater from the watershethrmfrthe Gulf Intracoastal Waterway to
specified locations within the wetland to mitighigh salinity levels. In this manner, the siphons
would hydrologically reconnect and restore a pathe historic function of Salt Bayou.

As part of this study, data was collected at 1&tions in and around the Keith Lake/Salt Bayou
system from December 2005 to April 2007. Thestudhed water quality, water level, and
velocity measurements, as well as a bathymetriceguadditional data was obtained from other
sources. This data then was used to develop aifwtatala high resolution, three-dimensional
baroclinic hydrodynamic and salinity transport siation model of the region using the SELFE
modeling software. The model domain encompassedpkn water features of Salt Bayou,
including the Fish Pass, and other external drisach as the Sabine-Neches Waterway, the Gulf
Intracoastal Waterway, Sabine Lake, and the GuMexico. The model then was used to
evaluate the effectiveness three siphon-flow reémarios (constant flow: 1.42fs and

2.48n/s, and a linearly decreasing flow: 1.42sndecreasing to Ofs) at each of three locations
(Star Lake, Willow Lake, or the Salt Bayou Outfddly the target year of 2003. Model results
showed that all siphon locations were able to rediainity within a local area, but the extent of
salinity reduction varied throughout the year. Btar Lake siphon, installed in the upper
reaches of the system, yielded a broader redurtisalinity, particularly in the westernmost

Vii



areas. This was most likely a function of the tmraenhancing the natural downstream pattern
of flow in the system. The Willow Lake and Salty®a Outfall siphons, located in the center of
the system, primarily have a localized effect dmgg reduction. These locations may work
against the natural circulation patterns in theesysand also may be rendered less effective by
prevailing winds driving surface flows to the noahd east in the Salt Bayou. Overall, barring
water supply and engineering feasibility issuesciwlwere not explored in this study, passive,
inverted siphons were shown to be an effective owefbr providing freshwater to reduce
salinities across the Salt Bayou system.
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1. INTRODUCTION

1.1. Background

Located in Jefferson County, near Sabine Pass s] &xaKeith Lake/Salt Bayou wetland system
covers 78,241 acres and is protected in largelyavicFaddin National Wildlife Refuge (58,800
acres), J.D. Murphree Wildlife Management Areat(8alyou Unit 15,300 acres), and Sea Rim
State Park (4,141 acres). Although this systebuisa remnant of what was once a much larger
watershed extending north as far as Beaumont, Tex#se southeastern corner of the state
(Figure 1.1), it is still a large wetland compleongposed of hydraulically connected shallow
lakes and small bayous (Figure 1.2). Historicatig still importantly, this coastal wetland
serves as a winter home for ducks, geese, and wilgestory waterfowl, which are part of a
diverse assemblage of freshwater to brackish vegetand marsh fauna. However, a
combination of natural processes and human aetsyithost notably navigation channels, has
modified the landscape connecting what was onae@ominantly freshwater wetland system to
tidal waters with marine salinities. Over timeg ihflux of saline water has contributed to a
significant change in and loss of freshwater maegfetation throughout a wide area of the
wetland. At the same time, there has been anaeerm the production of estuarine fish and
shellfish species as access points facilitate sggamd egress through various control structures
and the Keith Lake Fish Pass (USDA/SCS 1976, S1€180, Fisher 1988, Joint Water
Management Concept Plan1990). Under current donditthe system serves as an important
site for wetland flora, migratory waterfowl, andwesine speciesAt issue then is finding a
balance between the historical freshwater wetlamttfion and the more contemporary
estuarine functions which are controlled by thednake of fresh and salt water in the system.

In recent decades following the reopening anduesiring of the Keith Lake Fish Pass (Fish
Pass) in 1977, the system has slowly transitiooe@itds estuarine conditions with negative
consequences to the freshwater wetland componénéshwater plants are dying and the soils,
no longer held together by growing roots or acogefrom peat accumulation, are eroding. In
addition, the often windy conditions in this regicreate wave action which further mechanically
erodes emergent vegetation, increasing the arepesf water (N. Kuhn, TPWPers. comn).



O’Connell (2006) cited similar patterns of erosinrthe coastal wetlands of the Louisiana
Chenier Plain. In large measure, the changes wéxdan Salt Bayou are a reflection of the
strong influence of the Keith Lake Fish Pass a@&iiits a continuous exchange of large
volumes of saline water from the Sabine-Neches Wate (SNWW, Fisher 1988). However,
land subsidence, which is considered a factorenritial formation of these coastal marshes
(Lay and O’Neil 1942), presents an additional aadle, along with relative sea level rise and
erosion of the beach ridge, for this systehie goal of this study is to develop a hydrodynamic
and salinity transport model for the Keith Laket32dyou wetland system for use in modeling
and evaluating proposed salinity mitigation scenario inform management decisions.
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Figure1.1 Location of Salt Bayou wetland system in Jeffar€ounty, Texas.
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Figure 1. Important features of the Salt Bayou wetlandesysin Jefferson County, Texas. The present siteeoKeith Lake
Fish Pass corresponds to the historic locationittielKeith Lake, which was filled in with dredgeail in 1966.



1.2. Recent Threatsand Mitigation Efforts

Wetland conditions within the Salt Bayou watershade been threatened and deteriorating since
construction of the Gulf Intracoastal Waterway (GWVvin 1933. Once constructed, the GIWW
severed as much as 60% of the historic upper wegerahich once extended as far as Stowell,
Texas (Fisher 1988), cutting off a major supplyreshwater to the wetlands, lakes, and channels
in Salt Bayou. With two exceptions, Salt Bayoudnigally was characterized as a fresh to
intermediate wetland marsh with salinities avergd@ss than 4ppt (USDA/SCS 1976).

Spatially, the salinity gradient increased towalaslower reaches, near the historic confluence
with Taylor Bayou and Sabine Lake, where brackmditions were common as a result of tidal
action. Storm surges associated with tropicahssosind hurricanes also contribute to periodic
influxes of saline water across the system (Tallellay and O’Neil 1942, Joint Water
Management Concept Plan 1990). However, in theclagury, water navigation projects have
restricted surface run-off and instream flow frdme tipper watershed and, in addition to erosion
of the beach ridge, have facilitated the influxsafine Gulf waters to the interior marsh (Table
1.2, Figure 1.2). Accelerated rates of local lanldsidence and relative sea level rise also affect
marsh elevation and the structure of wetland ptamtmunities. In this system, land subsidence
and conversion of marsh to open water has beetifiddrin localized areas north of Clam Lake
on the McFaddin NWR and attributed to decades dfdgarbon production (Mortoet al.

2001). Presently, there are three main threatsetgystem: (1) lack of freshwater inflow, (2)
saltwater intrusion through the Fish Pass, andd®)vater overwash along the eroded southern
beach ridge (Figure 1.3). Further land subsidamckrelative sea level rise may exacerbate these

threats in the long term.

Tables 1.1 and 1.2 provide a detailed timelineveings that have shaped the hydrological and
ecological conditions of the Keith Lake/Salt Bay®gystem. The first major alteration to the
natural hydrology occurred with construction of BBVW in 1933. In addition to breaking the
hydrological connection to the upper watershednobbdredging bisected the watershed cutting
off the natural outflow into Taylor Bayou and suipgently into Sabine Lake. This bisection also
created two access points for estuarine organisihsatwater to enter the now isolated
southern portion of the watershed (USDA/SCS 197®)ese access points correspond to the



present day location of the Star Lake and Salt Baymtrol structures (Figure 1.2, 1.3). The

Star Lake control structure is located where thé/®1 crossed the historic upper Salt Bayou

watershed, and the Salt Bayou control structuvehisre the GIWW crossed the lower reaches.

Table1.1 Timeline of hurricanes and tropical storm eveifscting the hydrological and ecological
conditions of the Keith Lake/Salt Bayou systeml éMents were recorded from the National Weather
Service and National Hurricane Center.

Date | Tropical Storm or Hurricane Event

1865 Hurricane landfall along Texas/Louisiana bordestrstsurge inundates Calcasieu Lake and
Grand Chenier, September 13

1866 | Tropical storm landfall at Port O’'Connor b

1871 | Three hurricanes land on the Texas coast,ZH3ndune 9, September 30-October 2

1877 | Hurricane landfall on Texas coast, Septembelr7l

1879 | Hurricane landfall along upper Texas coasgusti22-23

1882 | Tropical storm landfall at Sabine Pass, Seipteri4

1886 Tropical storm _Iandfall near Sabine Pass, Jundlddded the coast several miles inland and
inundated Sabine Pass with 7ft of water.
Hurricane (Category 2) near Sabine Pass, Octdhdiobded the coast up to 20 miles inland

1888 | Hurricane landfall at Galveston, July 5

1891 | Hurricane landfall near Sabine Pass, July 13

1895 | Tropical storm landfall at Bolivar Peninsulxtober 6

1897 Hurricane (Category 1) landfall in western LouisiaBeptember 13, Sabine Pass inundated
with 6ft of water and rice fields in Taylor Bayolere destroyed

1898 | Tropical storm landfall at Bolivar Peninsu&ptember 28

1900 | Hurricane (Category 4) landfall GalvestonndlaSeptember 9

1915 | Hurricane (Category 3) landfall west of Galeadsland, August 17

1932 | Hurricane (Category 4) landfall south of Gatee Island, August 14

1938 | Hurricane (Category 1) western Louisiana, Atidd; high tides on upper Texas coast

1940 | Hurricane (Category 2) east of Sabine Pasg#tw/; storm surge 21.1

1941 | Tropical storm landfall west of Sabine Paspt&nber 15

1942 | Hurricane (Category 1) landfall near Galvesfargust 21; storm surge 7’ at High Island

1943 | Hurricane (Category 1) landfall at Bolivar Penla, July 27; 17.76” rainfall at Beaumont

1946 | Tropical storm landfall east of Sabine Pasise 16

1947 | Hurricane (Category 1) landfall at Galvest&land, August 24; 3.6’ tide at Sabine Pass

1957 | Hurricane Audrey (Category 4) landfall easBabine Pass, June 27
Tropical Storm Bertha landfall east of Sabine PAsgust 9

1959 | Hurricane Debra (Category 1) landfall eadtreeport, July 24

1961 | Hurricane Carla (Category 4) landfall neart Ravaca, September 11

1963 | Hurricane Cindy (Category 1) landfall neariHigiand, September 17

1970 | Tropical Storm Felice landfall north of Galiwwas September 15

1979 | Tropical Storm Claudette landfall near Salpiaes, July 2; 13" rainfall at Port Arthur

1980 | Tropical Storm Danielle landfall near Galvest®eptember 5; 17" rainfall at Port Arthur

1983 | Hurricane Alicia (Category 3) landfall Gahasisland, August 18

1982 | Tropical Storm Chris landfall near Texas/L@ra border, September 11

1986 | Hurricane Bonnie (Category 1) landfall wesBabine Pass, June 16

1987 | Unnamed tropical storm landfall near Texasitiana border, August 9




Date | Tropical Storm or Hurricane Event

1989 | Hurricane Chantal (Category 1) landfall attHigjand, August 1; caused beach erosion
Hurricane Jerry (Category 1) landfall at Galvestontober 16

1998 Tropical Storm Frances landfall at Corpus ChriS&ptember 11; storm surge 5.4ft at Sabine
Pass

2005 | Hurricane Rita (Category 3) landfall at Salitass, September 24

2007 | Hurricane Humberto (Category 1) landfall aiRdddin NWR, September 13

2008 | Hurricane Ike (Category 2) landfall at Galeesisland, September 13

Historically, prior to construction of the railrodgtween Port Arthur and Sabine Pass in 1861
and the Port Arthur Canal (later part of the Saihieehes Waterway) in 1899, estuarine
organisms had access to Salt Bayou via its cororeatith Taylor Bayou which emptied into
Sabine Lake. No other direct access existed, ¢éxtemg flood events when sheet flow
connected Little Keith Lake to Sabine Lake. (Etdeith Lake was filled with dredge spoil in
1996 but originally was located in the vicinitytbke present day Fish Pass.) After construction
of the railroad, which ran on an elevated bermalloesidents reported flooding problems in Salt
Bayou. A cut through the railroad berm relievembtling and created a direct connection
between Little Keith Lake and Sabine Lake (morecgpally, the Port Arthur Canal). In the
mid-1870’s, construction of a small boat canalva#d modest access without causing major
impacts to the freshwater conditions within systdnis likely this boat canal utilized the
existing railroad cut. According to an 1898 leftem the Secretary of War (Gillham 1989),
when the Port Arthur Canal was connected to Sabass (1899), dredge spoil was deposited
along the canal thus closing tletranceto Little Keith Lake and sealing off any direct
hydrological connection (J. Sutherlin, J.D. Murgh¥®MA, pers. commn).

As a result of the continual deepening and widewintpe Port Arthur Canal, a connection to
Little Keith Lake reformed. This likely occurrediihg the 1920’s when the ship channel was
dredged to 150ft wide by 30ft deep. In 1933, wtienGIWW was constructed, the U.S. Army
Corps of Engineers (USACE) constructed a waterrobsetructure between Little Keith Lake

and the ship channel. This structure, along vindsé installed concurrently on the GIWW at the
Star Lake and Salt Bayou outfalls, eventuallyifeib disrepair, again resulting in saltwater
intrusion to the system. In 1966, dredging-relaetities on the SNWW resulted in formation
of a spoil levee and the filling in of Little Keiltake. This subsequently sealed any connection



between Salt Bayou and the SNWW and Sabine Lak®AISCS 1976, Joint Water
Management Concept Plan 1990).

In the years following filling of Little Keith Lakehe estuarine function of the wetland, along
with recreational and commercial fishing reportediglined (USDA/SCS 1976). Although this
information cannot be verified for the Keith LakatSB8ayou system, it is known that
impoundment of the Neches and Sabine rivers in B9651966 impacted productivity of the
shrimp fishery in the Sabine Lake estuary (Whiteé Berret 1974, TDWR 1981). Efforts to
reverse this reported decline led to the Keith DAkster Exchange Pass Fish and Wildlife
Development plan (USDA/SCS 1976), which recommeratettruction of a “relatively
shallow, straight line channel” 3,100 feet long) I&et wide, and six to eight feet deep.

This recommendation, however, was in contrasteaotiginal, meandering channel design
proposed by local land managers C.D. Stutzenbdk&ND) and J. Neaville (Soil Conservation
Service). In fact, local land managers were novigled an opportunity to review or comment on
the final plans as presented in the USDA/SCS repad the plan was approved as written with
ecological consideration passed over for easeapgrimplementation (J. Sutherlin, J.D.

Murphree WMA pers. comn).



Table1.2 Timeline of events affecting the hydrological awblogical conditions of the Keith Lake/Salt
Bayou system. Information is taken from the J¥ifstter Management Concept Plan (1990) unless
otherwise noted.

Date | Event

pre- | Although Salt Bayou drainage basin begins near &tpwWexas (Fisher 1988), watershed

1860 | features are not well-defined until Star Lake. Wadershed then drains from Star Lake
through Five-mile and Ten-mile cuts into Shell Lak&ater from Johnson, Keith, and Little
Keith Lake drains west toward Shell Lake and therimtoward the confluence with Taylor
Bayou. No natural connection exists between LK#éth Lake and Sabine Lake, though
flood events cause sheet flows over a low marghSatbine Lake.

1861 Eastern Texas Railroad Company constructi lineaconnecting Beaumont, Port Arthur and
Sabine Pass (Handbook of Texas Online)

1862 Local citizens report that the railroad betatks sheet flow from Salt Bayou into Sabine
Lake causing flooding in Salt Bayou; consequenttyia(gully) is made through the railroad
berm to relieve flooding in Salt Bayou thus conimegtittle Keith Lake to Sabine Lake.

mid- Mr. Keith opens a row boat canal from Little Keithke to Sabine Lake, possibly utilizing

1870s | the existing cut through the railroad berm (J. 8dth, J.D. Murphree WMApers. comn)

1898 Port Arthur Canal and Dock Company, Kansag Rdilroad, and Gulf Railroad connects the
Port Arthur Canal to the Sabine Channel (a 75fiewig 6ft deep channel from Sabine Pass to
Taylor's Bayou; Alperin 1977), forming part of th&ure Sabine-Neches Waterway
(SNWW).

Dredge spoil closes the entrance to the existozsd banal between Little Keith Lake and
Sabine Lake (J. Sutherlin, J.D. Murphree WNy&rs. comn)

1901 Rice growers on Taylor’s Bayou report salimityrrigation water used for rice fields (Alperin
1977)

1908 SNWW dredged to 100ft wide by 9ft deep (Alpei®77)

1916 SNWW dredged to 25ft depth (Alperin 1977)

1922 SNWW widened to 125ft (Alperin 1977)

1924 | Severe drought and peat fires result in caimenf marsh areas in Salt Bayou to open water
(Lay and O'Neill 1942)

1927 SNWW dredged to 150ft wide by 30ft deep (Alpd977)

Dredging activities along the SNWW likely hasterled reconnection with Little Keith Lake
(J. Sutherlin, J.D. Murphree WMAgers. comn)

1933 Gulf Intracoastal Waterway (GIWW) construcéedoss Jefferson County separating Salt
Bayou from upper watershed and its confluence Witflor Bayou and Sabine Lake.

Water control structures installed on the GIWW tair 8ake and Salt Bayou outfall. A third
structure reconnects Little Keith Lake with the SMiVand later a natural stream is expanded
to improve boat access between Keith Lake andelitdith Lake (USDA/SCS 1976, J.
Sutherlin, J.D. Murphree WMAers. comm) This provides estuarine species with three
access points to the system.

1946 SNWW dredged to 4001t wide by 36ft deep (Alpd977)

1947 Clam Lake OQil field discovered and begins putithn.

1950 | TPWD acquires land for the J.D. Murphree WM& lamed in 1963).

1958 Shell Lake Qil field discovered and begindpiaiion

early | Hurricanes Audrey (1957) and Carla (1961) likelyndged the existing water control

1960s | structures along the GIWW and Little Keith Laketkat they were no longer functioning and
allowed for the free exchange of tidal waters

1965 Impoundment of the Neches River and formatidoake Sam Rayburn reservoir (Handbook

of Texas Online)

SNWW dredged to 40ft depth (from 1965-1972, Alper®77)




Date Event

1966 Impoundment of the Sabine River and formationoledo Bend Lake reservoir (Handbook
of Texas Online)

As part of SNWW dredging activity, dredge spoitieposited into Little Keith Lake closing
off the connection between Little Keith Lake andbifa Lake.

1972 | TPWD acquires land for Sea Rim State Park.

1977 Keith Lake Water Exchange Pass plan approyd®kVD, Coastal Soil and Water
Conservation District, and the USDA SCS, Februa&y2SDA/SCS 1976)

Keith Lake water exchange pass (Keith Lake FigsPeonnects Keith Lake and Sabine
Lake. The channel is straight, 155ft. wide by 6.8&ep, September.

1980 McFaddin NWR established

1988 Keith Lake Fish Pass expands to 300ft. wid&Qf; deep (Fisher 1988) with 10-15ft depths

1989 Hurricane Jerry destroys a portion of Statghivay 87

1989 | Water control structure installed at the jiorcbf Star Lake and the GIWW, west of Perkin’s
Levee on McFaddin NWR. This structure served pbage the open pipes connecting the
system to the GIWW, which later were sealed off. Walther, McFaddin NWRpers.

comm)

1995 | Water control structure installed at Salt Baguitfall to replace the previous control
structure which had been in disrepair since th@E)®ence sealing this direct connection to
tidal waters (J. Sutherlin, J.D. Murphree WM#ers. comn)

1998 | Tropical Storm Frances damaged the beach, nidg®ving much of the sand resulting in
regular overwash events during high tides

2001 Keith Lake Fish Pass scours to a depth of (ftffatt and Nichol 2001)

2005 Hurricane Rita contributes to erosion alorglibach ridge (P. Walther, McFaddin NWR,
pers. commn)

2008 Hurricane Ike exacerbates erosion along thetbedge and inundating Salt Bayou with a
storm surge greater than 10ft (P. Walther, McFadiivR, pers. comn)

2009 USACE evaluating impacts of dredging SNWWriaathorized 48ft deep (J. Stokes,
USACE, pers. comn).

In September 1977, the exchange pass was dredgeeketahe specifications outlined by the
USDA/SCS (a straight channel 150ft wide x 5ft dek9¥,6). This reopening of the exchange
pass into what is now the Keith Lake Fish Passvatba greater range of tidal inflow to reach
Keith Lake and the associated chain of lakes, tieguh increased open water salinities and
rates of erosion within the wetland (Wern 1979]I%t980, O’'Connell 2001). Over time, tidal
action widened and deepened the Fish Pass soyth@8B, the Fish Pass had expanded to 300ft
wide and 10ft deep (Fisher 1988). This allowedsdleity gradient to impact interior marshes
upstream of Keith Lake, which included marshes deanson Lake, Salt Bayou, Shell Lake,
Salt Lake, Fence Lake and Knight Lake (Joint Wiktanagement Concept Plan 1990) and areas
further west. Today, the predominant source divsdér to the system enters via the Fish Pass

(Fisher 1988), with consequences to freshwater
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Figure 1.3 a) Historic (dotted yellow) and current (soliellpw) direction of flow in Salt Bayou. Flow
of water from the upper watershed was cut off afterstruction of the GIWW in 1933. Similarly, the
natural downstream flow was disrupted. Upon reomethe Fish Pass in 1977, the predominant
direction of flow was out through Keith Lake ane fhish Pass. Salinity intrusion to the wetlanduosc
via the Fish Pass and overtopping events alonbebkeh ridge (pink arrows), b) view of beach ridgestv
of McFaddin NWR entrance, c) Keith Lake Fish Paih view of a barge/oil platform passing in the
SNWW.
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conditions in the eastern portion of the watersheak nearly a century, the primary source of
freshwater to the marshes has been from direcipoi@oon over the area (USDA/SCS 1976,
Joint Water Management Concept Plan 1990). Whiteial precipitation averages 58 inches in
the region (City of Port Arthur precipitation gaud®76-2007), this is not a sufficient source of
freshwater to offset existing saltwater intrusion.

The Salt Bayou coastal wetlands are part of a ensystem, known as the Gulf Coast Chenier
Plain, which developed in areas bounded by nalewvaks formed from old beach ridges
(cheniers). However, after several decades difisalnfluence on the eastern end and following
Hurricane Rita in 2005, increased coastal erosiomgethe beach ridge permitted greater
frequency of overtopping events allowing Gulf watay inundate marshes along the southern
boundary of the system. These events occur wd3tidiin’s Levee (on Five-mile Cut) and
therefore affect the interior, western end of trersh which was previously insulated from large-
scale salinity impacts (Figure 1.2, Patrick Walth#8FWSpers. comn). At the time of this
writing however, the entire system is sufferingifircecent large-scale impacts of Hurricane lke.
In September 2008, the entire Salt Bayou watershelliding Keith Lake, was inundated by the
hurricane’s storm surge, which covered the margreater than 10ft of water (Berg 2009) and
further eroded the beach ridge along the southeundary. As of December 9, 2008, salinities
across most of McFaddin National Wildlife Refugecffaddin NWR) remain elevated at 20ppt,
and the marsh showed signs of stress with largesgre800 to 400 acres) having been converted
to open water. Detached and dying marsh plante aezumulating in the channels, causing
major blockages which affect water flow (P. WaltHéSEFW Spers. commn)

Two ongoing projects that will impact the systerdirle modifications to the Fish Pass to
reduce salinity intrusion and channel dredgingdepn the SNWW. Thus rather than reduce
existing levels of salinity, modifications to thesk Pass may serve only to offset potential
impacts resulting from increased currents and ialimrusion associated with the deepening of
the SNWW from the current authorized depth of 40#8ft (presently under feasibility study by
the USACE, J. Stokes, USACgers. comn). Nonetheless, a recent study of the Fish Pass
(funded by the Texas General Land Office (GLO))vmted alternatives for channel weir designs
to reduce salinity intrusion while still allowingpat access through the pass (Moffatt and Nichol

2001). Building on that study and following ingtam local land managers and stakeholders,
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the USACE currently is evaluating the effectivenefsseveral possible Fish Pass modifications
to reduce salinity intrusion while maintaining #iglity for fish ingress and egress under the

most likely future scenario of a 48ft channel beimglace.

Changes to the Fish Pass alone, however, arekebt to be sufficient to control the salinity
gradient throughout the system, especially in tiofdew local precipitation. Consensus among
system managers is that even with modificatiorthéd=ish Pass there will still be too much
saltwater entering the system and contributingésien and conversion of emergent marsh into
shallow muddy lakes. Therefore, to combat all sesiiof salinity, land managers are considering
the use of passive, inverted siphons (hereafterned to asiphong to bring fresh water from

the north side of the GIWW into the wetland aticalt junctions so as to maintain enough inflow
to push the salinity gradient down through theayst Siphons, when combined with a
coordinated operational strategy of existing ind¢structures to control flow through the

system, present a potential means of protectingeahdncing the wetland system.

The foundation for these management activities in@gd 990 through th8alt Bayou Project
Joint Water Management Concept Plahhis plan integrates conservation activitiethefthree
entities responsible for managing adjacent sectbtisis wetland, including J.D. Murphree
Wildlife Management Area (WMA), Sea Rim State Pankgd McFaddin NWR. The plan
outlines objectives and management actions for saction of the wetland with goals for
maintaining selected indicator species from eadhefresh and intermediate marsh
assemblages. In 2003, TPWD and J.D. Murphree WiMiher identified specific desired
conditions for the system. Although these weresttped to guide studies of modifications to
the Fish Pass, they too provide management goaledastudy presented here (N. Kuhn, TPWD,

pers. comn).

» Salinitiesentering the system should be reduced so thatrémge 0-10ppt at the
intersection between Keith and Johnson lakes, éxttepg drought or following
tropical storm events, and the salinity gradiemusth decrease, becoming fresher west of
the Fish Pass.

» Water velocitieghrough the Fish Pass should be reduced to l¢seasrosive forces.

» Marine fisheriesngress, egress, and productivity should not lgatneely impacted.
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» Plant diversity and soil conditiorshiould be restored to maintain the historic biedsity
and the west-to-east gradient of fresh to bradkialsh plant species, as well as to
provide conditions for marsh accretion to off-ag@dsidence and relative sea-level rise.

1.3. Project Goals

This study effort contributes to these goals byliog a detailed three-dimensional
hydrodynamic and salinity transport model of thétiK&ake/Salt Bayou system which is then
used to evaluate specific salinity mitigation stgi¢s. Such a model can evaluate a range of
management strategies from projects which wouldiregnajor investment, such as the
installation of freshwater siphons to connect tystesn to an upland watershed, to the
identification of simple, cost-effective measums;h as coordinating the use of existing internal
salt barriers which when enacted protect substgrei@entages of wetland. Following
discussions with local land managers and otheebtakers, however, the specific project goals
were refined to focus on evaluating the abilityreEhwater siphons to mitigate salinity intrusion
during a typical year. Land managers expressedast in being able to identify structures and
practices to manage endemic salt intrusion, assggpto extreme events. Considering the three
primary threats to the system, stakeholders eldotegtaluate the potential for freshwater
siphons to mitigate high salinities. This mitigetistrategy was selected, since the USACE had
already begun evaluating new designs for the Fasds Bo reduce salinity intrusion and since
overtopping along the Gulf beach ridge as a marernethreat was not well understood and

deemed too complicated to model at the time.
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2. DATA COLLECTION

To develop a detailed three-dimensional hydrodyoand salinity transport model of the Salt
Bayou watershed, TWDB staff collected or obtainathipmetric, hydrologic, meteorological,

and water quality data from various locations tigtoaut the system as well as data from the Gulf
of Mexico. Field data collection began in Decemb@®d5 and continued until April 2007.

TWDB staff collected long-term ambient water quatiata fromsevenocations within the Salt
Bayou watershed south of the GIWW (Table 2.1, FequR). Photo images of the system and
monitoring locations are shown in Figures 2.3 ad 2In partnership with the U.S. Geological
Survey (USGS), data was collected at a further $ttes in the GIWW and SNWW. Site
selection was based on discussion with local laadagers and in consideration of the needs for
model development and goals of the project. Intanig records were obtained for data
previously collected by other entities, as welirdermation on potential physical structures,
management strategies, and desired outcomes ftandehanagement of this system. The
resulting model was then applied to a target ydachvhad typical hydrological conditions. The
model was run for this target year with and witheartious management scenarios operational.

2.1. DataCollection

2.1.1. Bathymetry

In April 2007, under an agreement with the Texak$and Wildlife Department (TPWD),
TWDB collected bathymetric data throughout the 8algou system. These data were collected
to support the hydrodynamic and salinity transpuotieling effort and were not designed to
determine water volumes or to aid in navigatiorateDcollection was performed on April 10 —
12, 2007, using a Knudsen 200kHz echosounder etisgywith differentially corrected global
positioning system navigation equipment. The data processed using HydroEdit software
developed by TWDB (Furnans 2006) to convert wasgtll measurements to bathymetric
elevations by subtracting depths from the wateiaserelevations at the time of measurement.
Water surface elevations were recorded at fivetioea within the Salt Bayou system (Table 2.1)
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In addition to TWDB field data and to improve thethyymetric surface models representing the
entire system, other bathymetric datasets madéabl@afrom prior studies were incorporated.
These included data from surveys conducted dunioggts sponsored by the J.D Murphree
WMA and McFaddin NWR in June 2002 (Michael Rezsui@RWD pers. comn) and by
Exxon-Mobil (as part of the Golden Pass Pipelirggmt) in July 2006 (Bryan Trimm, Exxon-
Mobil pers. comn). Total coverage from all bathymetric surveyshewn in Figure 2.1. In

areas where no bathymetric data were available, BWiade water-depth approximations based
on field observations and general knowledge ofesystharacteristics. Additional details related
to Salt Bayou bathymetry are provideddippendix Aand in the TWDB reportlydrographic
Survey of the Keith Lake-Salt Bayou Systeothinaet al. 2007).

Bathymetric Datasets

e JD Murphree Survey

® McFaddin Survey
TWDB Survey
Exxon PipelLine Survey
Exxon Fish Pass Survey

* Exxon Pintail Flats Survey

Figure2.1 “Location of bathymetric data collection in Sa#ty®u watershed. Surveys were conducted
between 2002 - 2006 by several entities, includwpPB, TPWD, USFWS, and Exxon-Mobil.
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2.1.2.Velocity and Discharge

Long-term deployments of Sontek Argonaut acoustipfder velocity meters in either up-
looking or side-looking configurations measuredevatelocities at eight locations (Table 2.1,
Figure 2.2), including: Sabine Pass (USGS1), Pa$s (USGS2), Port Arthur Canal (USGS3),
GIWW at Salt Bayou Outfall (USGS4), channel betwbtrd and Shell lakes (JDM2), lower
Ten-mile Cut (JDM 4), upper Ten-mile Cut (MCF1)ddawer Five-mile Cut (MCF2). The
meters record average velocity in a cone-shapdtbsezxtending either horizontally (side-
mounted, side-looking configuration) or verticalbottom-mounted, up-looking configuration)
through a significant part of the channel crossigsec Additionally, short term measurements of
channel discharge were taken on two dates (Febfiaand April 10, 2007) at four locations
(JDM2, JDM4, MCF1, and MCF2) by measuring watewflacross channel widths using an
acoustic Doppler current profiler mounted on arepehdent flotation device (SonTek
RiverCAT System).

2.1.3. Water Quality

Long-term deployments of water quality instrumeotatvere conducted at eight locations

(Table 2.1, Figure 2.2), including the Fish PasS@%$2), intersection of Keith and Johnson lakes
(JDM1), channel between Mud and Shell lakes (JDM@)thern edge of Salt Lake (JDM3),
lower Ten-mile Cut (JDM4), upper Ten-mile Cut (MQFbwer Five-mile Cut (MCF2) and
GIWW near Star Lake (MCF3). For this study, foeatter quality parameters included water
level, temperature, specific conductivity, andrsfi Each of the long-term data sets was
collected using one of the following instrumen@oastal Leasing Macro CTD, Eureka Manta,
Greenspan CTD350, Solinst 3001LTC. With assistémea the TPWD (J.D. Murphree WMA),
USFWS (McFaddin NWR), and Jefferson County Drainaggrict No. 6 (DD6), additional

water quality data were collected or obtained.
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Table 2.1 Monitoring Stations in or adjacent to the Keithkie/Salt Bayou system. J.D. Murphree WMA

stations are semi-monthly point measurements.othiér sites collected continuous data. Water gqualit
parameters include temperature, conductivity, &gland in some cases pH and dissolved oxygen.

Station Latitude Longitude Description Parameters Collecting
Name Agency
7300  29.76056 N 93.93806 W Keith Lake off HWY 87 Watﬁ;\%‘fa"ty' DD6
7600 29.68444N 94.03278 W Marsh Unit at Hwy 87 and Park Rd 69 Watfre\?e‘fa"ty' DD6
7800 29.69167 N  94.08056 W Upper Ten-mile Cut on Water Qually, - ppg
8000 2968528 N 94.18417 W Star Lake CoDnLtjz:okI ggtjnc;ure at ChevronWatﬁ:e\(IQelfality, DD6
8120 29.79278N 94.0004aW S Bgmilv(’:%grr‘;'hsst%‘gt”re at Watﬁre\?e‘fa"ty' DD6
JDM1  29.75599 N 93.97218 W Junction of Johnson Lake and - Water Quallty, - qyypg
JDM2  29.74290N  94.02958 W J””Ctiorr]‘ e(grSDheerL'];‘j‘;ﬁ S""B‘lgl"(”d Lake I\_’g %elr\?e‘fg‘g% TWDB
JDM3  29.71260 N 94.02060 W Souther edge of Salt Lake A QUaIY. - yypp
JDM4  29.71980N  94.04127 W Lower Ten-mile Cut W %elr\?e‘fggﬁ’y TWDB
MCF1 29.68964N  94.08294 W Upg‘fg;ﬁ_gﬂ';gﬁ on W ifr\?e”lgg% TWDB
MCF2 29.68958 N  94.11942 W Lower Five-mile Cut W 33\?532% TWDB
MCF3 29.6821tN  94.19662 W GIWW near Star Lake Watfre\%‘fa"ty' TWDB

USGS1 29.71000 N 93.85278 W Sabine Pass near Sabine Pass, TX Level, Velocity GS

USGS2 29.77500 N 93.94167W  Keith Lake Fish Pass at Hwy 87 Watﬁ;\%‘fa"ty' USGS

USGS3 29.79167 N  93.95083 W Port Arthur Canal in the SNWW Level, Velocity USGS

USGS4 20.79139N  94.00072w OV nearsalBayouContol - oyep velocty  usGs

C  29.74260N  94.02982 W J””C“Orr]‘ ecgrs[;‘:*;j;ﬁ S""B‘lgl"(”d Lake \yater Quality  JDM WMA

F 2079279N  94.00956 W "l "as';fu‘z‘:l}rhf ﬁqaa'ﬁsiag’iz‘é Control vy ater Quality  JDM WMA

| 20.77570N  93.94216 W Emrar}ﬁf]ég Of]emth‘hk: ;i\ls\?vsvass A&y ater Quality  JDM WMA

(@] 29.74423 N  93.98930 W Southern edge of Johnson Lake Water Quality JDMAVM
Q 29.72002 N  93.99248 W Eastern edge of Salt Lake Water Quality JDM WMA
T 20.72223N  94.04061 W Lower Ten-mile Cut Water Quality ~ JDM WMA

(Gar Flats — Old Wooden Weir)
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Figure2.2 Fatures of the Salt Bayou wetland system aratitmts of water monitoring stations supported lrgatentities; J.D.
Murphree WMA (sites A-V), TWDB (sites JDM1-4, MCRl-and USGS1-4), and DD6 (sites 7300, 7600, 78000 8and 8120).
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© I ®

Figure2.3 a) Star Lake Control Structure on the GIWW, Ipper Five-mile Cut with GIWW in
background, c) Five-mile cut, d) MCF2 station omd-imile cut, ) Clam Lake juncture with upstream
entrance to Ten-Mile Cut, f) MCF1 at upper Ten-Milet, Clam Lake in background and downstream is

to the left.
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Figure2.4 a) Perkin's Levee with Gulf of Mexico in backgral) downstream is to the left, b) Ten-

mile Cut and surrounding marsh, ¢) JDM4 statioT en-mile cut, d) Ten-mile marsh, e) JDM3 station
in Salt Lake, f) JDM2 station in Mud Lake, g) Jumet of Johnson Lake and Keith Lake where JDM1
station was located, h) USGS2 station at the Fass P
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2.2. Data Management

TWDB and USGS staff, under contract by TWDB, cdkekfield data for this project. Data
collected by USGS underwent standard USGS quadityrol procedures and was delivered to
TWDB in final form. Data collected by TWDB staffiderwent a semi-automated quality
control procedure. Raw water quality data filesrirmultiple instrument types for a given
monitoring location were automatically convertecatoommon ASCII text format and merged
together. Data in this common format was examaredicompared against spot-check field
measurements taken with an independent instrumeimtgdeach visit. Based on these
examinations and field notes, spurious data wesetifled and marked for deletion. A final
processed data file containing the entire periogtobrd with spurious data removed was
generated for each monitoring location. All dakesfwere stored as space delimited ASCII text
files. All original and intermediate data filesppessing scripts, and records of deleted data
points were archived. All field data collected tbis project are in digital form and available
from TWDB upon request. Additional sources ofadatailable in this system are listed in

Table 2.2and where applicable also are available on request.

Table 2.2 Additional sources of data

Source Years Description

Wern (1979) 1978 -1979 Monthly average salinities

Fisher (1988) 1984 -1986 Water Quality, Velocitylarevel

TPWD Coastal Fisheries 1986 - Present  Semi-momthtgr quality at random locations
J.D. Murphree WMA 1988 - Present Semi-monthly wateality at fixed locations

TWDB Datasonde Program 1991 - Present ~ Water Quaktyel in Sabine Lake
Moffat and Nichol (2001) 2001 - 2002 Water Qual¥glocity and Level
USACE 2001 - 2002 Salinity

Drainage District 6 2007 - Present ~ Water Qualigyél
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3. HYDRODYNAMIC AND SALINITY TRANSPORT MODEL

3.1. Background

TWDB uses a variety of two-dimensional (2-D) deptieraged and three-dimensional (3-D)
hydrodynamic and salinity transport models to poadhigh-resolution, dynamic simulations of
estuarine conditions over long-term periods coggaryear or more. These models allow us to
understand circulation patterns and transport pinemon within an estuary and to simulate the
effects of various management strategies. Thiptehaescribes the development of a
hydrodynamic and salinity transport model for thetK Lake/Salt Bayou system and its
application for the evaluation of some managemeategjies aimed at reducing salinity levels

throughout the system.

3.2. Choiceof Modd

In choosing a model for the Keith Lake/Salt Baygstem, the physical features of the watershed
were considered along with the capabilities reguiceconduct scenarios proposed by local land
managers. Salt Bayou is composed of a seriesatibghlakes (typically 2.5 to 3ft deep),
interconnected by narrow channels (ranging 5fta0ftlin width), and surrounded by low lying
marshes. Keith Lake is the easternmost lake isyatem and via a deep, narrow fish pass
connects the entire Salt Bayou watershed to tigede8abine Lake estuary and the saline waters
of the Gulf of Mexico. Strong prevailing winds eaa significant effect on directional water
movement within the system. The system is isol&t@md 60% of its historical upper watershed,
including its downstream drainage basin, Taylordayy construction of the GIWW (Fisher
1988). Hence, local rainfall and evaporation arpartant factors in the balance between fresh
and saline water.
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With these factors in mind, the following featuvesre considered important to selection of the
hydrodynamic model:

» A peer-reviewed track record in modeling estuasystems

» Ability to model cross-scale features efficiensych as simultaneously modeling narrow
channels, small lakes, and the Gulf of Mexico

» Ability to accurately model the effect of wind

» A turbulence closure model to capture the transffevind energy into the water column
* A robust wetting and drying feature for low lyingarsh areas

» Salinity and (water) temperature transport capiadsli

» Ability to use spatially variable rainfall, solduk, and air temperature data

* A 3-D baroclinic capability to capture stratificati effects in the Sabine-Neches
Waterway

* In-house experience with using the selected model

TWDB'’s in-house hydrodynamic and salinity transpaddel, TXBLEND, originally was
proposed for use in this project. TXBLEND is a v@nsof the BLEND model, developed by Dr.
William Gray of Notre Dame University, which hasgpedeveloped further over many years by
TWDB engineers for use in the shallow bays andaess of Texas (Matsumoto 1991, 2005).
While TxBLEND is the primary model used by TWDBrmany studies along the Texas coast, a
closer look at the challenges and requirementg¥eldping a model for the Salt Bayou system
revealed that TXBLEND would be inadequate. TxBLENR 2-D, depth-averaged model which
does not include a turbulence closure model, teatpes transport, or wetting and drying.

After careful consideration, the SELFE model (vans2.0d) was chosen as the best model for
use in this system. SELFE is a recently developestructured-grid hydrodynamic circulation
model designed for effective simulation of 3-D kahirdc circulation across river-to-ocean scales
(Zzhang and Baptista 2008). It uses a semi-imgiigite-element Eulerian-Lagrangian algorithm
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to solve the shallow water equations and is writterealistically address a wide-range of
physical processes, including atmospheric, oceanit riverine forcings. The numerical
algorithm is high-order, stable, and computatignefficient. It also naturally incorporates the
wetting and drying of tidal flats. SELFE has begteasively tested against standard ocean/
coastal benchmarks and applied to a number ofdoay®stuaries around the world (Foreraan
al. 2005, Oliveireet al. 2006, Diaset al. 2009, Wanget al. 2008). It has been used and tested
internally by TWDB for several years (Zhang 200808).

3.3. Modd Domain

Model development for the Salt Bayou system begém @onstruction of a triangular finite-
element grid, primarily using SMS grid generatioftware (SMS 2008). The grid domain
covers the lakes and bayous present within theBagtbu watershed (south of the GIWW) and
extends west through the Fish Pass into the Salake system, including both the SNWW and
GIWW, and finally connects to the Gulf of Mexic&rid density was adjusted to provide higher
detail in areas of interest and where needed tvwephysical features or for model stability.
Two final grids thus were developed and are name@riKl_20080421 l§ase grid Figure 3.1)

and KLGrid_20080506ngarsh grid Figure 3.2). The key difference between the gwds is

that thebase gridcovers the open water segments of the area, Wialaarsh gridalso includes

a portion of the marshes present in the systenbleTal summarizes the main features of the

two computational grids.

Table 3.1 Description of two model grids developed for tlat Bayou system.

Number of Number of
Name Computational  Computational Description
Nodes Elements
Base Grid KLGrid_20080421 21,216 35,744  Final grid without
marsh areas
Marsh Grid, KLGrid_20080506 57,622 111,631 nal grid with

marsh areas
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The final vertical grid resolution was set at siydrs to provide a good balance between
computational expense and ability to capture necgsow features. For development of the
base and marsh grid models, available bathymetey(dascribed previously fBection 2.1.1
Data Collection: Bathymetjywas interpolated to the open water nodal locatiarthe
computational meshMarsh gridelevations were set using the 30m Digital Elevatvodel

from the USGS National Elevation Dataset. The §aéxatural Resource Information Systems
higher resolution coastal LIDAR data could not bégamed in time to be included in the model.

Figure3.1 Ba Grid (KLGrid_2080421) shoig opn Warof the It Baou wetland sstem
included in the model domain.

Although themarsh gridmodel was tested, no production simulations werelacted on this
grid. Given the coarse resolution of the marshkialen data and the higher computational cost
associated with using tmearsh grid all calibration, scenario runs, and model residtscribed

in this report were conducted using these grid Hereafter, any further referencethe model
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implies use of the base grid. The marsh grid ard_tDAR data are mentioned in this report as

resources that are available to benefit futureistud

Figure3.2 Marsh Grid (KLGri2008056) sowing open wated wetlad areas of the al Bayou
system included in the model domain.

34. Modd Boundary Conditions
3.4.1.Inflows

Keith Lake and the Salt Bayou watershed are infledrby several sources of freshwater inflow.
In the model, these river boundary conditions apggsented by five model inflow points
corresponding to the Sabine and Neches riverskBagou, Taylor Bayou and the local Salt
Bayou drainage basin south of the GIWW (Figure.33ily inflow values for these boundary
conditions were taken from the TWDB coastal hydggldataset, which is estimated according
to methods documented in Longley (1994). Thissktases USGS streamflow gauge
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measurements for the relevant watersheds (Tabja®2g with rainfall-runoff estimates for
ungauged watersheds calculated from the Texas&laiinoff (TxRR) model. In addition to
gauged and ungauged sources of inflow, the histiodiataset is adjusted for known diversions
and return flows in the watershed. Diversion atdm flow data is provided by the Texas
Commission on Environmental Quality and is onlyikde through 2005. Together, the
gauged, modeled, diverted, and returned flows amgmed to provide an estimate of daily
surface water inflows for the five model inflow pts8 shown in Figure 3.3.

Within the Keith Lake/Salt Bayou system, howevégeam gauges are not present and so
estimated inflows applied to the Salt Bayou Watedsimodel inflow point (boundary condition)
are strictly determined by rainfall-runoff usingRR. The TxRR watershed delineation for Salt
Bayou is shown in Figure 3.4. The TXRR estimatdbbw time series for this watershed is
prone to having peak flows during rainfall evemsd aero flows in between events, but this
pattern is not representative of instream flowsinithe system. Therefore, to make the inflow
time series comparable to observed field data,rénmim inflow of 0.6n/s (21.18cfs) was
imposed at this boundary condition. Otherwise, Wh¥RR estimates were >0.6fs, the

TXRR estimated inflow value was applied. Fieldadats available for a short period of time,
but did not overlap with the modeling period ancteald not be used to directly set inflows in

the model.
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Figure3.3 Five model inflow points corresponding to magources of freshwater inflow (red boxes,
Sabine and Neches rivers, Taylor and Black bayanud the local Salt Bayou watershed) and two tidal
boundaries (blue boxes, Gulf of Mexico and westem of the GIWW) applied to the model.

Table 3.2 USGS streamflow gauges used for determining abhgtrology
and daily surface water inflows to thedy area.

Stream Gauge Description
8030500 Sabine River near Ruliff
8031000 Cow Bayou near Mauriceville
8041000 Neches River at Evadale
8041700 Pine Island Bayou near Sour Lake
8041500 Village Creek near Kountze
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Fige3.4 Watershed boundaries used by the TXxRR modetimate rainfall-runoff and streamflow in
ungauged watersheds. The Salt Bayou coastal Wmatbtdesignation (hatched area) was used to
calculate stream flow for the Salt Bayou Watersinéldw point in model simulations (see Figure 3.3).

3.4.2.Tides

Tidal elevations for Sabine Pass (DNR ID#016) watained from the Texas Coastal Ocean
Observation Network (TCOOMttp://lighthouse.tamucc.edu/TCOON/HomeBPagad applied

at the Gulf open boundary in SELF&tempts were made to use alternate datasets ingtle
ADCIRC ec2001_v2e Tidal Database (Mukai 2002),thase did not perform well. The time lag
between tide at Sabine Pass and the open Gulf bopntithe model were not significant. A
tidal boundary also was applied at the westernoéitide GIWW based on data from the DD6
Level Gauge at the Highway 124 bridge (Sensor IDO&3.
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3.4.3.Meteorology

Time-varying and spatially non-uniform meteorolaggs used to drive the model. A large
portion of the meteorology data was obtained froenNorth American Regional Reanalysis
(NARR) datasethttp://www.emc.ncep.noaa.gov/mmb/rreaniThis dataset has a 32km spatial
resolution and a three hour temporal resolutiohe @ataset includes wind field, air temperature,
precipitation, and solar radiation. NARR data wasd for the period prior to 2004, but NARR
precipitation data was replaced by higher resatudibm NEXRAD Stage lll precipitation data
from 2004 onwardshttp://www.srh.noaa.gov/anonymous/wgrfc/gpe_ximrg/

3.4.4. Salinity

Time varying salinity boundary conditions were sfpyed at three locations: (1) Gulf of Mexico
boundary, (2) upper reaches of Five-mile Cut, &)dHe western end of the GIWV&alinity
data was compiled from several sources includiegitRWD Coastal Fisheries Monitoring
Program (offshore), TPWD J.D. Murphree WMA semi-itintyndata, and TWDB data.

3.4.5. Initial Conditions for model calibration

Initial conditions for salinity were constructed mually by considering the available TWDB and
TPWD data throughout the system (Figure 3.5). Tematpre transport in the model had a fast
response to solar radiation and so it was not sacg$o develop an initial temperature
distribution. Instead, initial conditions for tesmature were based on January temperatures,
ranging 15-20°C in the system and set to 15°C tyinout the domain.
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Figure 3.5 Schematic representing the initial conditionsdalinity in the 2006 model run.

35.  Modd Calibration

3.5.1. Details

Hydrodynamics in SELFE were calibrated by companrgglel results for water surface
elevation, velocity, salinity, and temperatureigdd collected data at eleven sites throughout the

system for the year 2006. A description of datéected by TWDB and obtained from other
sources is available in the section@eata Collection(Section 2.2).
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Model parameters initially were set to values reg@mnded by the documentation and the
develope(SELFE 2007). For the most part, model parameters maintained at these
recommended values. The calibration process meaangisted of improving model boundary
conditions and filling gaps in data with additiosalurces of data or better estimates. Model runs
were conducted in baroclinic mode with a two-daypaup period for tides and a one-day ramp
up period for wind with a model time step of 45@®ts. The implicitness factor was set at 0.6.
A minimum diffusivity of 10°m?s was used throughout the grid, while a maximuffusiivity

was set to 18m?/s in the estuary and 16fs in the Gulf of Mexico. The bottom drag coefict

(Cd) was set to 0.0025 throughout the domain, hadjtiadratic drag formulation option was

used. The evaporation, precipitation, heat budget,Coriolis modules were used.

A sensitivity analysis was conducted with respedtifferent turbulence closure and transport
schemes available as options in the SELFE modeln@land Baptista 2008). The choice of
turbulence closure did not have a noticeable etiadhe model results. The turbulence closure
scheme used was a two-and-a-half equatiodl model with Kantha and Clayson’s stability
function (Umlauf and Burchard (2003) as modifiedGgiperinet al. (1988)). For the transport
schemes, both the Euler-Lagrangian transport opt@hthe mass conservative upwinding
option were tested. The upwind scheme was abigatoh field data better but showed little
salinity stratification in the Sabine-Neches watgyw The Euler-Lagrangian scheme showed
strong salinity stratification in the waterway lvas unable to capture the dynamics of salinity
transport as accurately as the upwind option. &iliitle data was available to determine
whether stratification was a regular event in thbiBe-Neches waterway the stratification issue
was not explored further, and the upwind schemecasen. A copy of the calibrated model
parameter input filparam.incan be found iM\ppendix B Electronic versions of all calibrated
model input files along with source code for SELEBd are available from TWDB.

The next few sections discuss comparisons of thigraeed model runs with 2006 field data
(Figures 3.6-3.9). We present model versus fiakd domparisons for water surface elevation,
salinity, and temperature at six monitoring sitéSGS2, JDM1, JDM2, JDM3, JDM4, and
MCF1 (see Figure 2.2 for site locations). In easimposite figure, graphs for each site are
arranged in an East-West orientation, with the kefp figure (a) representing the eastern-most
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site, USGS2 at the Fish Pass, and the bottom, figgire (f) representing the western-most site,
MCF1 in upper Ten-mile Cut. Velocity comparisoms presented for six sites, USGS1, USGS2,
JDM2, JDM4, MCF1 and MCF2. These are arrangedsimdar East-West orientation, with the
top, left figure (a) representing the eastern-rsgst USGS1 at Sabine Pass, and the bottom,
right figure (f) representing the western-most,SM€F2 in Five-mile Cut. The model also was
compared at other locations throughout the Sabake{Salt Bayou complex using data collected
by TWDB, TPWD, TCOON, and USGS. The model behasaidhese other sites was similar to

the representative sites presented here.

3.5.2.Calibration Results for Water Surface Elevation

In general, there is very good agreement betweemthdel results for water surface elevation
and collected field data (Figure 3.6). The fietdadis not referenced to a vertical datum so the
data shown in the figure are de-meaned values.comgarison technique is complicated by
gaps in the data as can be seen in Figures 3.GeFigure 3.6b, the field data seems to show a
long term trend of increasing water surface elevasit JDM1 that is not captured by the model
even though the model correctly captures smalldase elevation features. An analysis of the
data, field notes, and photographs suggests tisaisthot a trend but rather an artifact of the

temporary installation platform sinking into the dnover the year long deployment.

Further west in the system, water surface elevdtegins to be influenced more by the inflow
boundary condition being imposed at the Salt Bayatershed inflow boundary. The western
inflow boundary input is estimated from NEXRAD rkilt data which causes some
discrepancies between the model and data. FiguesJDM4) and 3.6f (MCF1) show large
spikes in water surface elevation that are modiéhets and do not match field data. These
spikes are caused by large inflow events estimagatie TXRR model from NEXRAD rainfall
data and applied at the Five-mile Cut inflow bouydalDM4 and MCF1 are located in narrow
channels. In reality, an increase in water surédeeation at these sites would cause over
banking flows into the marsh. Since the marsh tamduded in théase gridversion of the

model used for this project, these large inflowrggeshow up as abnormally high elevations.
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Figure3.6 Model generated surface water elevations cordparempirical measurements of surface
elevation data, at six long-term monitoring si{@3,USGS2, (b) JDM1, (c) JIDM2, (d) JIDM3, (e) JIDM4,
and (f) MCF1.
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3.5.3. Calibration Results for Velocity

The model captures water velocities in the eagiarhof the system fairly well. Figure 3.7 and
3.8 show that modeled water velocities match fith reasonably well at Sabine Pass (USGS1),
the Fish Pass (USGS2), and the intersection of Shké and Mud Lake (JDM2). All three sites
are strongly influenced by tides. Modeled velestcapture magnitude better than phase, and
further calibration focusing on velocities shoutthble the model to better simulate the velocity
phase.

Field measurements and model results demonstrateleed decrease in tidal influence between
the Fish Pass (USGS2), Shell Lake (JDM2), and Ioveer-mile Cut (JDM4, compare Figure
3.7a-d). This is consistent with results from EistL988) showing that flow rates in Ten-mile
Cut are only slightly affected by tidal ranges. dianally, model data at JDM4 captures the
salient features of instream flow except duringdainflow events (Figure 3.7d) although
magnitudes of modeled velocity are generally highan values measured in the field.
Adjustment of model bottom friction to account the presence of aquatic plants may improve
this behavior. This location is also affected by thanner in which inflows are applied to the
Salt Bayou Watershed inflow boundary (effectivdlg upstream reach of Five-mile Cut) and the
absence of wetlands to ameliorate inflows. Figl8el demonstrates through the long duration
signal that can be seen superimposed over tidetlftions. This longer signal is caused by
flows imposed at the Salt Bayou Watershed inflowriztary.

Moving west, in the upper reaches of Ten-mile ®UCF1) and in Five-mile Cut (MCF2) the
model does not correctly capture velocities (Fidguige-f and Figure 3.8e). As discussed
previously, the western part of the model domastiisngly influenced by the methods for
estimating and applying inflows at the Salt Bayoat&/shed boundary and by the absence of
marshes which leads to the absence of overbanking fn the current model. Improvement of

modeled water velocities in the model domain vatjuire solving these issues.

35



(a) uscst (h)

—  madel
— data

Velocity (mys)
Velocity (mys)

18 =18
“Wlan  Feb Mar Apr May  fun Ay Sep O Moy Dec "B lan Feb Mar AT May  Rin 1 Ay Sep Ocf Mow Dec
2004 2004
('3:]' jomz (d::l . Jorad
—  maodel
— data
1o [ ==
. R
£ £
-y E 0f
g g
-
Lo
“13an Feb Mar Bpr May Jun  Jul  Aup Sep O Mov De “Blan Feb Mar ADr May Jun Ul Ay Sep O Wow Det
Fite ] Fir ]
(&) ()
1s ol o MCF2 I
—  model
10 . — amta 1o ‘
T |
Ny | g1iren
£ '* | £ . (N JJL-".
r oo -1
: :
—as -y
-8 =18
-1

_lian Febs Mar Apr May Jun  jul Aug Sep Oof Mov  Dec im Fels Mar Apr May jun  jul  Asy Sep Dot Mow  Dec
Fiee Faee ]
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Figure 3.8 Model generated water velocities for August 2006pared to empirical measurements of
water velocities, at six long-term monitoring sjtés) USGS1, (b) USGS2, (c) JDM2, (d) JIDM4, (e)
MCF1, and (f) MCF2.
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3.5.4. Calibration Results for Salinity

The model captures major salinity trends during&@asonably well, but misses some spikes in
salinity and otherwise tends to underpredict silifitigure 3.9). Figure 3.9a shows the model’s
ability to represent salinity at the Fish Pass,clvhin a sense is the driver of salinity throughout
the system. Figures 3.9c to 3.9f show the moaddikty to capture salinity trends throughout
the system. From simulations, we know that thetevamost sites are influenced more by the

rainfall-runoff estimates from TxRR than by conaiits associated with the Fish Pass.

Figure 3.9b (JDM1) shows model results at the satetion between Johnson Lake and Keith
Lake, the primary location for which J.D. MurphM#/A has set a target salinity for wetland
management. The model’s response at this locatasncarefully examined. While the model
captures most major salinity swings, there arguaifstant number of events missed by the
model. Further analysis showed that there is gotexrbalance between four sources of water:

(1) Freshwater inflows primarily from the Sabineldteches rivers,

(2) Saline water coming from the GIWW,

(3) Saline water tidally forced into the systermirthe Gulf of Mexico, and

(4) Water (fresh or saline) flowing from Star Late the western side of the system.

The first three sources form a balance that detezsihe salinity of water being pushed into the
system through the Fish Pass, whereas the volutheadimity of water flowing downstream

from Star Lake determines the extent of salinityusion into the system. High salinities in Star
Lake and Five-mile Cut seem to be determined bipfamther than the Fish Pass. These factors
were not explored in the model but likely are retbto erosion along the beach ridge and

subsequent overwash from the Gulf of Mexico intashas west of Perkin’s Levee (Figure 1.2)

The Keith Lake/Johnson Lake area of the system sé¢eiire in a transition zone where salinity
shifts based on the balance between sources of ertering the system. The constantly shifting
balance creates a continual flux of saline andhfseser pulses traveling back and forth through
the system (Figure 3.10). This is in contrast®natural West-to-East, fresh-to-saline gradient
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which historically characterized Salt Bayou. Thighly transient and complex balance is

difficult for the model to capture.
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Figure3.9 Model generated surface water salinity compé&wesmpirical measurements of salinity, at
six long-term monitoring sites, (a) USGS2, (b) JONt) JDM2, (d) JDM3, (e) JIDM4, and (f) MCF1.

39



LB e RN s BN e =T R

e VTP o O e e e e b5

Figure 3.10 Model generated surface water salinity in theé Bajjou system reveals ever-changing
patterns of salinity zonation responding to shiftthe balance of four sources of water (a) day 55
(February 24, 2006), (b) day 168 (June 17, 20@§)ldy 204 (August 23, 2006), and (d) day 357
(December 23, 2006).
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3.5.5. Calibration Results for Temperature

The model shows excellent agreement between sietlVaater temperatures and field data for
2006 (Figure 3.11). This is surprising since norfivas made to calibrate the temperature
module in the model. It is our assumption thatrtiatively shallow nature of the system
precluded much lateral temperature transport, Bademperature variations were mostly due to
direct heating by solar radiation. Note also thattemperature profiles of field data are almost
identical at all sites.
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3.5.6. Summary of Model Calibration

The inflow and salinity boundary conditions at Fimde Cut have emerged as a critical
parameter in the modeling of this system, and miellts are sensitive to the specifications of
these boundary conditions. The inflow boundathtlocation is determined solely on rainfall-
runoff estimates, which are not as robust as irglestimated using USGS stream gauge data.
(No USGS stream gauges are located within theB2gibu watershed.) Therefore, the
estimation of inflows at this location may be ina@te for a number of reasons:

(1) The spatial resolution of NEXRAD precipitatidata is much lower prior to 2004
making estimates for those years less accurate.

(2) Rainfall-runoff estimates used to model inflostd=ive-mile Cut are based on an
existing watershed delineation used in the TWDBstaldhydrology dataset for
Sabine Lake and does not accurately delineate ¢t Kake/Salt Bayou system. For
example, in Figure 3.4, the TXRR watershed delioeanhcludes a portion of land
north of the GIWW which does not actually drairoii8alt Bayou, but rather into the
GIWW. The TxRR watershed boundary also excludeasawest of Star Lake. The
western boundary of this watershed lies 4.5 milestwf Star Lake (Fisher 1988);
none of this area is included though it likely go®s an important source of runoff to
Salt Bayou.

(3) The hydrodynamic model presently applies TxRibw estimates for the entire
watershed at upper Five-mile Cut. A more accurppgaach would be to apply
estimates of localized runoff at multiple infloncktions throughout the system.

(4) The hydrodynamic moddbdse grid Figure 3.1) excludes certain regions, such as
Wild Cow Bayou (refer to Figure 1.2), that may beixes or sinks of water.

(5) A lack of information regarding the operatidrtloe control structure at the juncture
of Star Lake and Five-mile Cut, which is used twage Star Lake from the rest of the
system, creates uncertainty in streamflow througb-kile Cut.

Salinity at Five-mile Cut is even more difficult determine than inflows. In the present model,
TWDB field data was used to set this boundary doorfor the 2006 calibration runs, but in
other yearsi(e., 2003), data availability is sporadic. Effortsrétate the 2006 salinity data at
Five-mile Cut to data available over a longer parguch as precipitation, were not successful.
Salinity at Five-mile Cut appears to be dependaaitiy on factors further west in the system,
rather than the Fish Pass. The highlighted areBgore 3.12 show periods when the interior
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marsh (as represented by MCF2 at Five-mile Cut)Higlder salinities than Keith Lake,
suggesting a western salinity source. This wadircoed with an evaluation of the timing of
salinity peaks which showed that the peaks recoati®iCF2 traveled east through the system.

The western GIWW boundary condition also emergedokeaisy more important than originally
expected. Water moving eastward along the GIWWrerine SNWW and influences salinity at
the Fish Pass. While reasonable estimates ofityadind water surface elevation were generated
using data from TPWD and DD6, a larger scale mtidlincludes surrounding bays may be

necessary to obtain better estimates of flows afidiges in the GIWW.
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Figure3.12 Salinity data collected from opposite ends ofghstem, JDML1 at the junction of Keith
Lake and Johnson Lake near the Fish Pass (gredyl@r2 in lower Five-mile Cut (blue), show
periods when salinity is higher at MCF2 in the westportion of the system, suggesting an additional
source of salinity to the interior marsh.
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4. DEVELOPMENT OF MANAGEMENT SCENARIOS

41. Feasbility

We developed a hydrodynamic and salinity transpardiel for the Keith Lake/Salt Bayou

system to serve as a tool for evaluating the piatieiot various management strategies to reduce
salinity levels in the system. Following a sewésneetings, area wildlife managers and other
stakeholders requested that TWDB evaluate thetefégess of passive, inverted siphons to
bring freshwater from the watershed north of thé&/l into Salt Bayou. This mitigation

strategy is based on the notion that water levelhgher in the marshes and lakes to the north
of the GIWW than south of the GIWW. This differena water level then can be used to drive
flow through a siphon, installed under the GIWWd amo Salt Bayou, bringing a new source of
freshwater into the southern marsh complex.

In partnership with Jefferson County Drainage bistlo. 6 (DD6), water level gauges were
installed to enable comparisons of water levelgitrer side of the GIWW. Using data from
2007 and part of 2008 for three gauge locationgl&t's Camp Upstream (north of GIWW),
Chevron Duck Camp Marsh, and Salt Bayou Outfallsfigboth south of GIWW, Figure 4.1),
we determined the following. Water level at Stupkdamp Marsh is generally higher than at
the two locations in the southern marsh. Howethere are times when the levels are lower on
the north side of the GIWW (Figure 4.2). Waterdlsvat the two locations south of the GIWW
do not follow the same trends, indicating thatghessure head available to run a siphon is
spatially variable. A more complete study of thaikability of water on the north side of the
GIWW and a better estimate of pressure head alaitaldrive water through the siphon is
needed to truly understand the feasibility of sagiroject to provide freshwater to the marsh.
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Sait Bayou Qutfall Marsh
[

_Stupka’s Camp Upstream

;

‘Chevron Duck €amp Marsh

Figure4.1 Three water level gauges installed and maintainetthe Jefferson County DD6. These
water level gauges enabled comparisons of watetdean either side of the GIWW at candidate
locations for the installation of freshwater siphoThe gauges are, from east to west, Salt BayfalD
Marsh, Stupka’s Camp Upstream (north of GIWW, eamWillow Lake), and Chevron Duck Camp
Marsh (near the original upstream source for Sédel.

4.2.  Siphon Locations

The stakeholder group selected three potentiabsipdcations for scenario testing, Star Lake
Control Structure, Willow Lake, and the Salt Bayoontrol Structure (Figure 4.3). Locations
were based on two criteria: (1) availability oivater source close to the GIWW in the northern
marsh and (2) presence of an appropriate recewatgr body close to the GIWW in the

southern marsh. At each location we assume thertey siphon to be a single 5ft diameter high-

density polyethylene (HDPE) pipe. Siphon size determined based on stakeholder input,
taking into account the approximate cost of layargjngle length of pipe.
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Figure4.2 Comparison of water levels on the north sidehefGIWW (black line, Stupka’s Camp) to
water levels on the south side of the GIWW (greee, ISalt Bayou Outfall; blue line, Chevron Duck
Camp). Water levels at the two locations soutthefGIWW do not follow the same trends.

The three candidate locations for installation fleahwater siphon include:

Star Lake Control Structu&L) — Location of a siphon at the head of Stdee aimics

the natural hydrology of the system prior to huralteration. Freshwater would be

supplied by the northern section of Salt Bayoutmof the GIWW.

Note Star Lake has been excluded from the hydrodynamoidel domain, for several
reasons including: (1) it is typically hydrolodiigeseparated from the rest of the system
by a levy and control structure on Five-mile C@); data on salinity trends in Star Lake
are unavailable; and, (3) operations of the Fivi1@ut control structure are not known

in sufficient detail for application in the moddtor these reasons, it is difficult to include

Star Lake in the hydrodynamic model. Hence, tlae Sake siphon inflow is actually
applied at the Five-mile Cut inflow point in the d®b grid.
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Willow Lake (WL) — was chosen as a reasonable receiving mtabecause of its
proximity to Willow Slough and was considered togbgood source of freshwater (J.
Sutherlin, TPWDpers. comn).

Salt Bayou Outfal(SBO) — The Salt Bayou control structure was ch@sea receiving
location, because it is a practical location fa@tatling a siphon and has a water source
nearby in the northern marsh.

Sabine Lake

Salt Bayou
Control Structure | 7

Kelth Lake

ket
Shell Lake

Johnson Lake

Salt Lake

10/MiTe Cut

5 Mile Cut

Clam Lake

Gulf of Mexico

Figure 4.3 Features of the Salt Bayou wetland system alotig thiee proposed freshwater siphon
locations, from east to west, Salt Bayou Outfgdhsin, Willow Lake Siphon, and the Star Lake siphon.
Because Star Lake was not included in the modekdlora fourth location, shown at the lower end of
Five-mile Cut, represents the point at which estéddlows from the Star Lake siphon enter the syste
for model simulation.
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4.3. Choiceof Scenario Year

Area land managers are interested in the abilistrictures and practices to mitigate endemic
salt intrusion and not extreme events. Therefooal stakeholders requested that mitigation
scenarios be based on a year representing typidedlbgy, precipitation, and biology for the
system. To determine a typical year, we analyzedipitation and freshwater inflow for the
system using rain gauge data from the City of Ratiur (NWS COOP ID#417172, 1977-2007)
for precipitation and combined USGS stream gage fdatSabine-Neches freshwater inflows
(1977-2006). Years were ranked according to th@imalized deviation from a mean monthly
distribution for both precipitation and inflow (E&j). This ranking procedure calculated the
seasonal distribution of precipitation and frestewatflow for a particular year and compared
both to the mean historical distribution of pretagion and inflow. Hence, a particular year may
have a cumulative precipitation or freshwater wfkimilar to the average annual value, but still
may rank low if the seasonal distribution differsrh the average historical distribution. The

highest ranking years were considered to be mpstalfor the study area.

RanikofVear = Z MonthlyValue — nYear MonthiyMean

o < nYear MonthlyStd Deviation =
SumOverMonthsinY ear =

(1)

After ranking all years for precipitation and inftp1985 and 2003 were determined to be the
most representative of precipitation and inflowlflEa4.1). However, the stakeholder group
suggested that conditions during 1985 may not lesaiat for studying today’s management
issues, especially considering data availabilgyés for that time period. Instead, stakeholders
selected 2003 as the target year for evaluatingigffeon management strategy. In addition,
fisheries experts deemed 2003 as acceptable fimpiagical standpoint (J. Ditty, National
Marine Fisheries and J. Tolan, TPWa&rs. comn), in part because fisheries productivity (based
TPWD Coastal Fisheries data) appeared consistéimtpatterns of inflow and other factors.

49



Table4.1 Ten most typical years, for the period 1977-2@&7based on a ranking of the
normalized deviation of precipitation or freshwatdtow from the mean annual distribution
over the period of record.

Precipitation (1977-2007) I nflow (1977-2006)
Rank Y ear Normalized Y ear Normalized
Deviate Deviate
1 1997 6.022 1993 5.481
2 1985 6.303 1987 5.566
3 1983 6.928 1985 5.776
4 1995 7.715 1977 5.932
5 2003 7.887 1984 6.594
6 2007 7.960 2003 6.966
7 1994 8.094 1992 7.175
8 1977 8.244 1990 7.342
9 1981 8.394 2005 7.384
10 1996 8.509 1983 7.404

4.4. Siphon Flow Estimates

For simulation, siphon flows were estimated adlthe rate (V) provided by a single 5ft
diameter HDPE siphon based on the Hazen-William#dn loss equation (Eq. 2, Weiner and
Matthews 2003, p. 122). Total siphon length oDDf6éwas based on the width and depth of the
GIWW.

Vhope = k C R-%3(hy/L)%>* (2)

Where:
« ks a conversion factor for the unit system (k€B.3or US customary units, k=0.849 for
Sl units)
- Cis aroughness coefficient (set at C=155)
« R s the hydraulic radius
+ hsis the head loss.€., difference between water levels on either sidé® siphon)
« L is the total length of the siphon/pipe
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Siphon flow estimates were developed by assumiaigsiphon flow is unidirectional, with no
reverse flow when the water levels are higher enrttarshes south of the GIWW. Using water
level data available from 2007-2008 in this equattbe approximate flow supplied by a 5ft x
1,600ft siphon varied between 0 and 120cfs (04m3s; Figure 4.4). Since the estimated mean
siphon flow was 54cfs at Star Lake and 52cfs atdiilLake, 50cfs (1.42f#s) was chosen as
reasonable approximation of flow that could be med by a siphon in this region. This is an
idealized situation in which we assume that thesgmee of the siphon does not affect the relative
water levels and that the relative water levelscarestant throughout the model run. In reality,
the head of water present would decrease as Wates through the siphon and would vary due

to relative changes in water levels to the nortth swuth of the GIWW.
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Figure 4.4 Estimated siphon flows for (a) Star Lake with aamsiphon
flow of 54.24cfs and (b) Willow Lake with a meamplson flow of 52.42cfs.
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45. Scenarios Evaluated

A total of 12 scenarios were conducted to evaltieesalinity mitigation capabilities for each of
the three proposed siphon locations (Star LakeloWiLake, and Salt Bayou Outfall) for the
target year 2003. The scenarios can be dividedwid sets based on their objective goals. The
first set of scenarios included a full one-yeardation based on a reasonable, constant siphon
flow of 1.42n%/s (50cfs), to evaluate which location offered st net salinity reduction in the
system. The second set of scenarios includedestemittwo-month seasonal simulations,
conducted for each of the three siphon locatiansytluate the importance of siphon flow rate

on salinity mitigation at that location. The driffey flow rates consisted of:

1. A constant siphon flow of 1.42#s (50cfs)
2. A constant siphon flow of 2.84Hs (100cfs)

3. Alinearly decreasing siphon flow starting at 1.42{50cfs) and decreasing to Um
over the two-month period

These abbreviated simulations were necessary, sethe computational time associated with
conducting individual year-long model runs was lmay. Instead, two-month simulations were
selected to capture conditions during August arute®aber when salinity was highest in the
system. The first siphon flow rate, 1.42sn(50cfs), was based on the estimated averagefdiow
a 5ft diameter siphon, as calculated in the pressgrction and as used in the one-year scenarios.
The second siphon flow rate doubled the estimag8éni/s (100cfs). The last siphon flow rate
attempted to examine the effect of a decreasivg @leer time as water levels on both sides of
the siphons equalize. In reality, this reductiayruld not be linear and would depend on
available water supply. A summary of the scenatissussed in this report are presented in
Table 4.2.0ther scenarios, such as those with multiple adlipleons, were simulated but are
not presented since the results are similar tenthigidual siphon runs presented here.
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Table4.2 Summary description of 12 siphon flow scenaries@ated for salinity mitigation at three
locations, Salt Lake Control Structure (SL), Willbake (WL), and Salt Bayou Outfall (SBO).

Siphon Inflow Rate

Scenario Run Duration i
1.42m%s 28am¥s T 0\1\{ 4‘3'2‘3;2?3??0';‘3?? ly

1-year runs (2003) SL, WL, SBO - -

2-month runs (Aug & Sep 2003)SL, WL, SBO SL, WL, SBO SL, WL, SBO

The effectiveness of each scenario was evaluatediparing salinity levels at six
representative locations throughout the systeml€T@l3, Figure 4.5). These sites do not
necessarily correspond to the previously descritagd collection sites shown in Figure 2.3. Of
particular importance to this study is the mitigatof salinity levels in Keith Lake. Sites 1 and 2
correspond to the Fish Pass and the junction betieégh Lake and Johnson Lake, respectively.
Site 3 is near the Salt Bayou Outfall (control staue). Site 4 is near Demayah’s Dock at the
junction of Shell Lake and Mud Laké&ite 5 is in the center of Salt Laked Site 6 is in the
center of Clam Lake.

Table 4.3 Description of six locations selected for evalugsalinity mitigation based on model results
from 12 siphon flow scenarios.

Near by
L ocation Description Latitude Longitude Fied
Sites
SITE1 Keith Lake Fish Pass 20.77220IN  93.946218W  ooo0
SITE 2 Junction of Keith and Johnson Lake 29.754957N  93.970782W J‘][?,\%é
SITE 3  Salt Bayou Outfall (at control structure)29.788773N  94.010958W  JDM-F
SITE4  Junction of Shell and Mud lakes 29.742512N  94.029728W J‘]g,\%%:
SITE5 Center of Salt Lake 29.719398N  94.013695W J‘]DD,\'X'_%
SITE6 Center of Clam Lake 20.687558N  94.102066N  Mior >
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Figure4.5 Lcation of six sites representative of condiidnroughout Salt Bayou used for comparison oh#glmitigation
results generated by 12 siphon flow scenarios.
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5. RESULTS

5.1. Comparison of Recent and Historical Conditions

The study of the Keith Lake/Salt Bayou system begiin the goal of providing local land
managers a tool for evaluating management scerdegigned to reduce surface water salinity
throughout the system. One overall goal held &ff st McFaddin NWR and J.D. Murphree
WMA is to enhance the natural west-to-east patéfreshwater flow through the system. In
particular, TPWD and J.D. Murphree WMA have adopedrget salinity range of 0-10ppt for
the intersection between Johnson and Keith lakéseaexploring other mechanisms to reduce
salinity at this location and elsewhere in theays{N. Kuhn, TPWDpers. comn). The study
described herein addresses both of these managgoasatunder typical — as opposed to

extreme — conditions.

Data collection for model development occurred g in 2006 and provided an extensive
data set with high spatial and temporal resolutibthe system. A range of historical
precipitation, freshwater inflow, and salinity dalao was available from various sources for
additional analyses, including a comparative amalyshistorical conditions versus the target
year 2003 and model calibration year 2006. Analgéithese data sets shows:

1. Freshwater inflows to Sabine Lake and precipitatioross the region (as determined by
the City of Port Arthur rain gauge (NWS COOP ID#412)) have different temporal
distributions. Peak precipitation occurs in latenmer to fall while peak freshwater
inflows typically occur in the spring.

2. In addition to being ranked in this study as tfeafid 6" most typical year for
precipitation (1977-2007) and freshwater inflow8{Z-2006), respectively, year 2003 is
within £1s.d. of the mean for all months with resip® freshwater inflows and for 10
months (excluding May and September) with respeptécipitation. May 2003 had no
recorded precipitation, while September was ab@renal with 12 inches of
precipitation.

3. Year 2006 ranked in the bottom five years for athual precipitation (rank is 29/32)
and total freshwater inflow (rank is 26/30). Altlgh the cumulative amount of
precipitation and inflow for 2006 are not extrentég, seasonal distribution in 2006 is
very different from the historical pattern.
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4. Salinity varies both spatially and temporally wittand between years.

5.1.1 Recent Versus Historical Hydrology

Precipitation and freshwater inflow were obtainedd 30 year period beginning in 1977. Both
have strong patterns of inter-annual variabilityt bo long-term directional trends (Figure 5.1).
Mean annual precipitation is 58 + 12 inches, andmrennual total freshwater inflow to Sabine
Lake is 192,143 + 74,979cfs. In 2003, monthly gréation mimicked the long-term mean
pattern of seasonal precipitation (green line, Fedu2a); whereas, 2006 began with below
normal precipitation and transitioned to above radrby mid-year (blue line, Figure 5.2a).
Based on the definition of a typical year usingridueking procedure described in Section 4.3,
these conditions resulted in 2003 ranking as thm&st typical year for precipitation and 2006
as the 29 (out of 32 years). Freshwater inflow follows m#ar trend in that 2003 rankd'&nd
2006 ranks 28 during a 30 year period. Figures 5.2b showsittfws during January to April
of 2006 are severely depressed relative to a typéza €.g, 2003) while October 2006 is well
above the norm.
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Figure5.1 (a) Annual mean precipitation in the study regias reported by City of Port Arthur rain
gauge from 1977-2007 and (b) annual freshwatenwdlfrom combined USGS stream gauge data for
Sabine Lake (1977-2006).

57



o ®)

- - 500020 - -
L] mean mean

14 s 2003 || —+ Z003
|
| 2006 | e | | e=a F00E ||
12} ' i 1
-3 I 1 - oty
5 a VS S k
v
¥ { = 20000 ¥
P . o S
| ) \
o 1 L : |
L I
Il « p— BN * ‘\\
Fi o - | & N *
o —— N ¥ o " \i - .,
w ., —

i'.-.-. Febh Mar Mg May  Jjun il Awg  Bep Gt New  Des 'i'a.-. Febh Mpr  Apr May Jun  jul Ay Sep  Oxt Moy D

Figure 5.2 Comparison of average monthly precipitation aegHtikvater inflows during 2003 (green) and
2006 (blue) to the historical monthly average (@itine with +1sd as shaded area) for precipitation
(1977-2007) and freshwater inflows (1977-2006);pi@Kcipitation as recorded at the City of Port Arth
rain gauge and (b) total freshwater inflow from dned USGS stream gauge data for Sabine Lake.

5.1.2 Recent Salinity Trends

Early studies reported average salinities rangitg@ppt in Keith Lake prior to September 1977
and the opening of the Fish Pass (USDA/SCS 19&fipr opening the Fish Pass, salinities in
Keith Lake rapidly increased to 12ppt (Baktsal. 1974, Stelly 1980) and today frequently
remain at or above this level (Figure 5.3). Safidata is limited or unavailable prior to 1988, so
only recent, post-Fish Pass trends can be examifedunately, semi-monthly salinity data is
available for 15 sites in the J.D. Murphree WMAg($&gure 2.2 for site locations). Here, we
present data for six of the sites; I, F, and C witteriod of record from 1988-2007 and sites O,
Q, and T with a shorter period of record, 1999-208Anual mean salinity varied spatially
across the six sites, with sites closer to the Pi$s having slightly higher salinities (Figure)5.3
Additionally, salinity varied among years with sogears averaging a 5ppt increase. From 2001
to 2006, mean annual salinity at all sites incrddse5 to 10ppt. Although only two months of
data were available for 2007 (not shown) at the tohanalysis, records showed that salinities
dropped dramatically at all sites in the first par2007. It is unclear if this trend continued in
2007 and 2008. Interestingly, salinity peaks oacur996, 2000, and 2006. These peaks
correspond to years with unusually low volumesresitiwater inflow to Sabine Lake (Figure
5.1b). In addition, the 2006 salinity peak likelgludes residual effects from Hurricane Rita in
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2005. Similarly, residual effects from Tropicab8n Dean (August 1995) may have
contributed to the salinity peak seen in 1996. r&heas no corresponding tropical storm event

during or prior to the salinity peak in 2000.

Figure 5.4 compares recent trends in monthly ggldata collected by J.D. Murphree WMA at
six semi-monthly monitoring sites (see Figure 22dite locations). In addition to showing the
long-term mean (x1sd) monthly salinity, data foD2@nd 2006 are plotted to allow for
comparison to recent trends and to each other. thifodataset, the period of record depends on
the sampling location. Mean monthly salinity chesthroughout the year at all monitoring
locations, with most locations ranging between & &bppt (dashed line, Figure 5.4). Although
mean monthly salinities tend to be elevated ifinoteasing during the summer, all sites except
the entrance to the Fish Pass (Site I) experienlaei@ase in salinities during July. This may be
due to high precipitation combined with medium amiflevents during this period (see Figure
5.2a,b). Data for 2003 does not follow this loegat trend (green line, Figure 5.4) perhaps due
to lower levels of precipitation in July 2003 (gndene, Figure 5.2a). The system also shows
broad variation in salinity for any given monthgaedless of location (grey area, Figure 5.4).

In spring 2003, salinities across the system weset than normal, but became more typical of
the long-term trend during the rest of the yearcdntrast, 2006 began with high salinities at all
sites. In fact, sites F and C were exceptionatiy It>17ppt) and well above the normal range of
variation (Figure 5.4c, e). These high salinitjues can be attributed to both the effects of
Hurricane Rita which brought saltwater into thetsgsduring September 2005 and very low
freshwater inflow and rainfall during the first haf 2006. A large rainfall event in June and

July 2006 (Figure 5.2) likely is the reason salksitdecreased in the system during the summer of
2006.
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Figure 5.3 Annual mean salinity (based on TPWD'’s semi-mon#alnity data, +1sd as shaded area) at
six standard monitoring locations in the J.D. MugghWMA, (a) Site I, (b) Site O, (c) Site F, (d}e0Q,
(e) Site C, and (f) Site T. Sites |, F, and C waamnitored from 1988—-2007. Sites O, Q, and T were
monitored from 1999-2006, except from November 2@0@ay 2001.
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Figure 5.4 Comparison of TPWD semi-monthly salinity data 003 (green) and 2006 (blue) to the
long-term mean (dotted line, £1sd as shaded atesy atandard monitoring locations in the J.D.
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5.2. 2003 Base Model Run

5.2.1.Description

Each siphon scenario model run was developed frbasa run for the target year 2003. As
noted above, 2003 was chosen with stakeholder expthe target year for scenario development
and evaluation. This choice brought several chgs with regard to data availability. Certain
datasets were not available, had missing datagoe evailable at lower spatial and temporal
resolutions for 2003 compared to data availahitit2006. Attempts were made to fill in data
gaps with additional sources or approximations wimscessary. In particular, there were large
data gaps along the GIWW tidal boundary conditiod the Five-mile Cut salinity boundary
condition, both of which emerged as important fesgun the 2006 model calibration runs.
Another area of concern was the spatial resolWdfddEXRAD precipitation data which is much
lower at 16km x 16km in 2003 compared to 4km x 4RrA006. This drop in resolution means
that estimates of flow used to set the Five-mil¢ i@flow boundary condition were less accurate
in 2003 as compared to 2006. For the one-yearlation, initial conditions were constructed as
outlined inSection 3.4.%or model calibration; temperature initial condits were the same but
salinity conditions reflected the target year 20Bgure 5.5). To initiate two-month scenario
runs, the model was hot-started using model odtpuaugust 1 from the 2003 base run. This
involves using modeled water surface elevatiomaigf, salinity, and temperature from
midnight October 30 in the 2003 base run to geadta initial conditions for the two-month

scenario runs.

5.2.2.Comparison to Field Data

Although continuous field data is not available 2003, semi-monthly point measurements were
available, courtesy of TPWD/J.D. Murphree WMA, iaetl locations within the J.D. Murphree
WMA portion of the system (see Figure 2.2). Figbi@ shows model-predicted salinities versus
field measurements for six semi-monthly monitorsitgs (JDM-I, O, F, Q, C, and T). Plots are

arranged with the easternmost site in the uppeatef the westernmost site in the lower right.
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While the model was able to predict long-term sslittends in the system, it was unable to
capture shorter swings in salinity. In generad, tiodel did a better job predicting salinity in the
western half of the system. The model tended terpredict salinities during the summer

months in the eastern portion of the system..

Salinity (ppt

B
4

DobooooD

CRAGED2 2222 lk
cobooPNEDERSN R

Figure5.5 Schematic representing the initial salinity cadiodis in the 2003 model run.

It is presently unclear whether the underpredistdohity values are due to data gaps, incorrect
modeling assumptions, or salinity sources not mhetlin the model domain. In comparing sites
I, O, C, and T in Figure 5.7, salinity outside #ish Pass (Site JDM-I, red line) is lower than
salinities inside the system for much of the sumnidris indicates that there may be an
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additional source of salinity, such as overtopgtang the beach ridge due to high tides or
tropical storms€.g, Grace or Claudette) that is not accounted fohéenmodel. When the

TWDB 2006 continuous salinity data is plotted wddta from the nearest J.D. Murphree WMA
semi-monthly sampling location (Figure 5.8), twgntant lessons are revealed: (1) the semi-
monthly data does not capture the high-frequendgtian in salinity which is characteristic of
this system and (2) there are particular instande=e the two datasets differ by more than 5ppt.
This may be explained by sampling error, salinitgtgfication, or localized freshwater runoff
contributing to spatial variation in salinity. Ha#) the use of the semi-monthly salinity data to
drive the 2003 model runs may be one source of eaatributing to underpredicted salinity

values.
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Figure 5.6 2003 model-predicted salinities versus TPWD sewmitthly point measurements of salinity
at six standard monitoring locations in the J.D.rptuee WMA; (a) JIDM-I, (b) JIDM-O, (c) JDM-F, (d)
JDM-Q, (e) JIDM-C, (f) IDM-T.
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Figure5.7 TPWD semi-monthly salinity data in 2003 at fotarslard monitoring locations in the J.D.
Murphree WMA,; JDM-I (red), JDM-O (blue), JDM-C (gme), JDM-T (aqua). (See Figure 2.2 for
station locations.)

5.2.3. Applicability

In its present state of development, the modebisdeal for absolute predictions of salinity dt al
locations in the system, but is suitable for eviahggthe relative change in salinity following the
introduction of freshwater into the system via sipf. Despite particular instances of
incongruence, the model captures the major saliretyds occurring in the system for the target
year 2003. One exception is in the highly dynaregion near the Fish Pass that previously was
found to be an issue during model calibrati@ection 3.5.@iscusses this and other issues
related to model development, aBdction 6.4 Future ResearchtheDiscussionprovides

suggestions to improve model performance.
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Figure5.8 Comparison of TWDB continuous salinity measuretm@ith TWPD semi-monthly salinity
measurements collected in 2006 at four areas id.heMurphree WMA, (a) USGS2 and JDM-I, near
the Fish Pass, (b) JDM1 and JDM-O near the westdge of Keith Lake, (c) JDM2 and JDM-C near the
western edge of Shell Lake, and (d) JDM4 and JDM-Ten-mile Cut.

5.3. Scenario Results

Results for a total of 12 scenario runs are preskintthis section, including: (1) full one-year
scenario runs for each of the three siphon locat{&tar Lake, Willow Lake, and Salt Bayou
Outfall) and (2) shortened two-month seasonal fanesach of the three siphon locations. Three,
full one-year runs were used to evaluate salinitygation for each siphon location. These
scenarios were based on having a constant sipbarofl 1.42n/s (50cfs) throughout the target
year 2003. Additionally, a series of nine, two-rioruns were used to evaluate the performance
of each siphon under differing rates of flow, astant siphon flow of 1.42fs (50cfs), a
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doubled rate at 2.84i#s (100cfs) and a linearly decreasing siphon fltartimg at 1.42rfs
(50cfs) and decreasing to &is (Ocfs) over the two-month period. Results aesented for each
of the six locations.

5.3.1.0ne-year Scenario Runs

Results from the 2003 one-year model runs showrégatrdless of location, the addition of
freshwater flow through a siphon reduces salimtthie system (Table 5.1). However, the degree
and extent of salinity mitigation is based on siplacation and time of year, regardless of
consistency in siphon flow. Figure 5.9 providessaalization of modeled salinity values across
the system for the base run (no siphon) and thpe®s-location scenarios (Star Lake, Willow
Lake, and Salt Bayou Outfall siphons) for two seddalates, September 1, 2003 and November
15, 2003. These graphics clearly display thedbedéect of having a siphon located in the upper
watershedd.g.,Star Lake, Figures 5.9b). Although the Willow Ladd Salt Bayou Outfall
siphons are effective at reducing salinities, tifieceis usually localized (Figures 5.9c, d).

The Star Lake siphon is the most effective at redusalinity, with a decrease of more than 6ppt
at certain locations and times of the year (Figré® and 5.11). Moreover, the Star Lake
siphon is able to consistently reduce salinitiesughout the system during the model year. The
exception is Site 3 near the Salt Lake Outfall vehtee Star Lake siphon has little effect on
salinities.

The Willow Lake and Salt Bayou Outfall siphons bahaimilarly, reducing salinities between 0
and 4ppt, but only for certain times of the yeat ansites in the nearby vicinityd., Sites 2, 3
and 4, Figures 5.10 and 5.11). Unlike the Staelsikhon which mimics the natural west-to-
east pattern of flow through the watershed, a sipboated midway in Willow Lake or at the
Salt Bayou Outfall changes the pattern of circalain the system. This results in a slight
increase in salinity for the western portion of fystem €.g, Site 6, Figures 5.10f and 5.11f)
during certain times of the year.
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Table5.1 Salinity mitigation results at six representativeations following a one-year simulation for
each siphon under a constant 1.48rflow. Mean and maximum reduction in salinitpi)pare
compared to the no-siphon base run. Results atssh@wn in Figures 5.10 and 5.11.

1-Year Run, Constant Siphon Flow of 1.42m%/s
Control Structure

Sites Star Lake Siphon Willow Lake Siphon Siphon
Mean M ax Mean M ax Mean M ax

Site 1 -0.60 -6.23 -0.15 -3.25 -0.17 -3.56
Site 2 -2.04 -6.54 -0.66 -3.60 -0.71 -3.92
Site 3 -0.63 -2.17 -0.46 -1.14 -2.98 -5.06
Site 4 -2.70 -6.97 -0.83 -5.37 -0.59 -4.31
Site 5 -2.14 -4.97 -0.29 -1.60 -0.19 -1.23
Site 6 -2.85 -7.93 +0.08 -0.43 0 -0.29
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Figure5.10 One-year simulated salinities for four siphonaltban scenarios, no siphon (red), Star Lake
siphon (blue), Willow Lake siphon (green), Salt Baysiphon (aqua), for the target year 2003 at six
representative sites in the Salt Bayou waterste®&ife 1, (b) Site 2, (¢) Site 3, (d) Site 4,%ég 5, and
(f) Site 6. Reported values correspond to estichsidinities under a constant siphon flow of 1.48m
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Figure5.11 One-year simulated decrease in salinity for fophsn-location scenarios, no siphon (red),
Star Lake siphon (blue), Willow Lake siphon (gree®alt Bayou siphon (aqua), for the target yeai3200
at six representative sites in the Salt Bayou wgaemt, (a) Site 1, (b) Site 2, (c) Site 3, (d) 8itée) Site

5, (f) Site 6. Values correspond to the relatikarge in salinity when a siphon with a constan ftd
1.42ni/s is present versus compared to the base rumwitiiphon.
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5.3.2. Two-month Scenario Runs

Results from the two-month model runs for a cortssgphon flow of 1.42rs (Tables 5.2 to

5.4, Figures 5.12 to 5.14) are similar to those se¢he one-year model runs for the same level
of flow (Figures 5.10 and 5.11). Again, the Staké& siphon was most effective in reducing
salinities at all sites except near Site 3 (Shakd.near Salt Bayou Outfall; Table 5.2, Figure
5.12c). Under a constant siphon flow scenaria; S4&e siphon flows take 18 days before
beneficial effects propagate to the middle of tystesm (Site 4) and nearly a month before
reductions in salinity are observed at the FisltsR&ge 1; Figure 5.12a,d,f). This time lag is
based on the runs conducted so far and shouldengeiireralized to other years due to the highly
dynamic nature of the flow in this system.

Tables 5.2 to 5.4 and Figures 5.12 to 5.14 comghareffect of different siphon flow rates on net
salinity reduction effect (salinity mitigation) feach siphon location. The overall trend suggests
that as expected, greater rates of siphon flowmg#the ability of a siphon to reduce salinities.
However, this increased effectiveness is varialér time, ranging from less than 1ppt to over

6ppt.

In the model results, a linearly decreasing sipihmm rate has only limited impact on the ability
of that siphon to reduce salinity. This is likely artifact of the model and due in part to thelon
lag time for water to move through the system,@ecdhabove, and the short, two-month duration

of the model run.
The Star Lake siphon is the least affected by cingripe rate of freshwater flow through the

siphon (Figure 5.12). Among the three flow-ratee=sa the differences in salinity at each site
were less than 1ppt (Table 5.2).
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Figure5.12 Simulated change in salinity for three flow-rateenarios at the Star Lake siphon, a constant
flow of 1.42m/s (blue), a constant flow of 2.84fs (green), and a linear decrease in flow from %<

to On¥/s (aqua) for a two month time period from AugusSeptember 2003 at six representative sites in
the Salt Bayou watershed, (a) Site 1, (b) SiteRSite 3, (d) Site 4, (e) Site 5, (f) Site 6. Wed

correspond to the relative change in salinity,@agared to the base run with no siphons (red).
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Table 5.2 Salinity mitigation results at six representatiweations following a two-month simulation for
three siphon flow-rate scenarios conducted at tael%ke siphon. Mean and maximum reduction in
salinity at six locations, as compared to the mpitsn base run for 2003 are reported. Resultsaabso
shown in Figure 5.12.

2-Month Run, Star Lake Siphon

Siphon Inflow linearly

Sites Siphon Inflow 1.42m%s Siphon Inflow 2.84m%s decreasing from 1.42mYs
Mean M ax Mean M ax Mean M ax
Site 1 -1.15 -5.74 -1.25 -5.97 -1.14 -5.62
Site 2 -2.79 -5.87 -3.16 -6.15 -2.70 -5.82
Site 3 -0.01 -0.08 -0.01 -0.08 -0.01 -0.07
Site 4 -3.44 -6.39 -3.85 -6.56 -3.33 -6.35
Site 5 -1.03 -2.99 -1.18 -3.27 -1.02 -2.95
Site 6 -4.99 -7.85 -5.46 -7.88 -4.87 -7.87

The Willow Lake (Table 5.3, Figure 5.13) and SatyBu Outfall (Table 5.4, Figure 5.14)
siphons behave similarly for the most part, furtteelucing salinities by 1-2ppt under the
2.84ni/s siphon flow case. Although they do not redwadimities to the same levels throughout
the system as the Star Lake siphon, theyodically dramatically reduce local salinities. For
example, following a doubling of the siphon floweat both locations (2.84¥s), local

salinities (at sites 2 and 4) dropped by 4-6ppjFas 5.13a, d and 5.14a, d, respectively).

For all siphons, the effect of doubling the sipliom rate varied during the two-month period.
At times, a salinity reduction is difficult to dis €.g.,Star Lake Site 1) and at other times was
more than 5ppte(g.,Willow Lake Site 4). Results for the two-montimsilation with a linear
decrease in siphon flow were not informative assihauilation time was not enough to capture

the full effect of this decreasing flow throughdlg system.
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Table 5.3 Salinity mitigation results following a two-mongimulation for three siphon flow-rate
scenarios conducted at the Willow Lake siphon. tMaad maximum reduction in salinity at six
locations, as compared to the no-siphon base m20@3 are reported. Results also are shown iar&ig
5.13.

2-Month Run, Willow Lake Siphon

Sites Siphon Inflow 1.42m%s Siphon Inflow 2.84m%s difg;;:gﬂ%":ﬂ' Ilnzgﬁr?al/s
Mean M ax Mean M ax Mean M ax
Site 1 -0.04 -1.51 -0.22 -3.59 -0.05 -1.16
Site 2 -0.35 -1.89 -0.97 -4.23 -0.24 -1.48
Site 3 -0.01 -0.07 -0.02 -0.12 -0.01 -0.06
Site 4 -0.48 -4.75 -1.29 -7.85 -0.34 -4.24
Site 5 -0.37 -0.89 -0.57 -1.54 -0.28 -0.73
Site 6 +0.04 -0.18 -0.07 -0.20 -0.07 -0.20

Table 5.4 Salinity mitigation results following a two-mongimulation for three siphon flow-rate
scenarios conducted at the Salt Bayou Outfall siphdean and maximum reduction in salinity at six
locations, as compared to the no-siphon base m20f@3 are reported. Results also are shown inr€igu
5.14.

2-Month Run, Salt Bayou Outfall Siphon

Sites Siphon Inflow 1.42m%s Siphon Inflow 2.84m%s difg;;:gﬂ%":ﬂ' Ilnzgﬁr?al/s
Mean Max Mean Max Mean Max
Site 1 -0.06 -1.61 -0.19 -3.61 -0.04 -1.19
Site 2 -0.37 -2.13 -0.85 -4.23 -0.18 -1.66
Site 3 -3.22 -3.58 -3.23 -3.58 -3.21 -3.49
Site 4 -0.22 -3.36 -0.65 -5.88 -0.11 -2.90
Site 5 -0.19 -0.52 -0.38 -1.05 -0.19 -0.49
Site 6 -0.02 -1.02 +0.06 -0.17 +0.03 -0.33
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Figure5.13 Simulated change in salinity for three flow-ratenarios at the Willow Lake siphon, a
constant flow of 1.42fs (blue), a constant flow of 2.84fm (green), and a linear decrease in flow from
1.42n/s to OnY/s (aqua) for a two month time period from AugusSeptember 2003 at six
representative sites in the Salt Bayou waterstadite 1, (b) Site 2, (c) Site 3, (d) Site 4,%ég 5, ()
Site 6. Values correspond to the relative changailinity, as compared to the base run with nbaig
(red).
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Figure5.14 Simulated change in salinity for three flow-rateenarios at the Salt Bayou Outfall siphon, a
constant flow of 1.42##s (blue), a constant flow of 2.84f (green), and a linear decrease in flow from
1.42ni/s to On¥/s (aqua) for a two month time period from AugusSeptember 2003 at six
representative sites in the Salt Bayou waterste®&ife 1, (b) Site 2, (c) Site 3, (d) Site 4,%ég 5, (f)

Site 6. Values correspond to the relative changalinity, as compared to the base run with nb®ip
(red).
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6. Discussion
6.1. Hydrology and Salinity

Sabine Lake and the surrounding coastal wetlaraticplarly those within Salt Bayou have a
long history of modification which has altered Ibbgdrology, patterns of circulation, and the
influx of salinity. However, aside from earlieudtes which document persistent freshwater
conditions throughout the wetland (Baktsal. 1974) followed by rapid salinization upon re-
opening the Fish Pass (Wern 1979, Stelly 1980)oihesl datasets do not exist. Instead, this
study compared data from the study period (200328@6) to a contemporary data record
consisting of 30 years of precipitation and frestewanflow data for the region and nearly 20
years of salinity data for the wetland system. dRécecords of local annual precipitation and
freshwater inflows to Sabine Lake show no partictriends, but records of monthly precipitation
and inflow show differences in the timing of pealderts. Precipitation over the region (as
measured by the City of Port Arthur rain gaugekpea late summer to fall, whereas total
freshwater inflows to Sabine Lake peak in earlyrgpr Precipitation is the single direct source
of freshwater to Salt Bayou and an important factoeducing salinity across the wetland.
However, salinity within the wetland, particulathe eastern portion, is determined more by the
volume of freshwater inflows entering Sabine Lakecause these inflows affect the level of

salinity in water entering the system via the Fslss.

Area land managers are familiar with the varyingele and sources of salinity and the lack of
freshwater as factors which affect conditions wittiie Keith Lake/Salt Bayou systerfarom

this modeling exercise, however, fluctuating zafesalinity were identified and attributed to a
complex balance between four sources of waterfréshwater inflows from the Sabine and
Neches rivers, (2) saline water tidally forced itthe system from the Gulf of Mexico, (3) saline
water coming from the GIWW, and (4) water (fresisaline) flowing from Star Lake on the
western side of the systerhe three external sources of water determinsaheity of water
entering the system through the Fish Pass; whetfeagplume and salinity of water flowing
from Star Lake determines the extent of salinityusion caused by the other sources of water.
Under ideal conditions, Star Lake would supplyrgéaenough volume of freshwater to maintain
the historic west-to-east pattern of flow which lcbdisplace and dilute salinities lower in the
systemge.g.,Keith Lake. Presently though, the truncated veded (a result of the placement of
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the GIWW) is unable to supply sufficient freshwétews. Moreover, an additional source of
saline water (due to overtopping along the beatipeliincreases salinity levels in the water that
flows from Star Lake, further limiting the abilitf the system tpush-baclagainst the external
sources causing salinity intrusion through the Haks.

6.2. Modd Calibration and Caveats

A hydrodynamic and salinity transport model wasstonrcted to provide a tool for evaluating the
use of freshwater siphons as a strategy to maingdinced levels of surface water salinity in the
Keith Lake/Salt Bayou system. The model does atatlapturing water surface elevation and
velocities, except at the westernmost sites whiersaongly influenced by estimated inflows
applied at the Salt Bayou Watershed boundary cemditThe model does better at capturing
long-term trends in salinity than short-term fluations. As noted iection 5.2for the target
year 2003, the model underpredicts salinity atotegilocations within the system. While the
model underpredicted 2003 salinities and while 2088 not an ideal year for modeling
purposes, the relative reduction in salinity obedrin the model results is indicative of each
siphon’s potential to reduce salinity levels in fystem.

Another point for consideration is that the modelgently does not extend beyond open water to
include the marsh areas of the system. Moreowtlhopen water areas were includedy,

Star Lake, Wild Cow Bayou, etc. We expect tham#rshes were included, some portion of
freshwater from the siphons would permeate intantheshes, reducing the volume entering the
main channels, and possibly reducing the spatiaingxof salinity mitigation. Even so, a
reduction of salinity in the marsh could enhandmiga reduction in the open water, thus still

providing a benefit.

Finally, freshwater flow through each siphon isumsed to be constant throughout the year
(except in the two-month scenario examining a lirderease over time). The actual flow
provided by each siphon however will depend orréhetive difference in water level on either
side of the GIWW. Given that the effectivenesshef siphons varies throughout the year, this
suggests that siphons may not be able to supplyebessary flows during times when they
would be most effective at reducing salinities.

80



6.3. Effectiveness of Siphonsasa Mitigation Strategy

For this wetland system, the installation of alireater siphon can be an effective means for
managing open water salinities if sufficient waseavailable on the upstream side. Using survey
data from Pothinat al.(2007), the area of open water included in thedgghamic model is
estimated to be approximately 6,100 acres. Assgiainaverage depth of 3ft, the volume of
water represented in the hydrodynamic model islequEB,300 acre-ft. The siphon flow

estimate of 50cfs (1.42%s), given inSection 4.4and which is comparable to the rate of flow
recorded in 2006 in Five-mile Cut (TWDB data), pa®s 2,980 acre-ft of water in 30 days — a
volume equal to approximately 16% of the modeleslesy’s volume. If we assume an initial
salinity of 15ppt, no other source of fresh ormsakvater entering the system, and that siphon
flows flush an equivalent amount of saline waterafithe system, then at this rate of flow
salinity should decrease approximately 2.4ppt in&gs or 4.8ppt in 60 days. In a two-month
simulation, where other sources of salinity andawate present, the Star Lake siphon provided a
mean reduction of 2.28ppt for the six represengadites evaluated.

An in-depth comparison of three candidate locatimealed that (1) the ability of a particular
siphon to reduce salinity levels varies throughthwet year and (2) the extent of a siphon’s effect
on salinity reduction depends on locatiofhe model indicated that a siphon installechin t
upper reaches of the systene (the Star Lake siphon) will yield a broader redouetin salinity,
particularly in the western end of the system. Yehs, siphons installed mid-way through the
system ice., Willow Lake or at the Salt Bayou Outfall) will hayprimarily a localized effect on
salinity reduction. The Star Lake siphon seemdaktthe most effective at reducing salinity
intrusion. This is most likely because it enhartbesnatural downstream pattern of flow in the
system. Siphons at Willow Lake and the Salt Baaotfall are working against the natural flow
patterns in the system and also may be renderse@ftisctive by prevailing winds driving flow to
the north and east of the Salt Bayou (Fisher 1988).

Prior to this modeling study, the J.D. Murphree Wi#tablished a desired salinity maintenance

target of O to10ppt at the intersection of Keitlkké.@nd Johnson Lake (Site 2). Although the
analysis of siphon effectiveness considered sglinitigation at six locations within the Salt
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Bayou system, Site 2 is an important site for farttiscussion. The most effective siphon-
scenario case, for meeting this management gadlaisvhich assists in maintaining the salinity
target at Site 2. Following a one-year simulatibe, Star Lake siphon appears to be the most
effective choice, reducing salinity levels on agerbdy 2ppt and at times by over 6ppt (Table 5.1,
Site 2 and Figures 5.10b, 5.11b). The Willow Laké Salt Bayou Outfall siphons are less
effective, but are still able to reduce salinitiesaverage by 0.5 to 1ppt and at times over 3ppt
(Table 5.1). In the 2003 one-year base run witgipbons, modeled daily mean salinity
exceeded the target value on 47 days. Under asoef constant flow through the Star Lake
siphon, daily mean salinity exceeded the targebifity two days. This same inflow scenario
applied to the Willow Lake and Salt Bayou Outf@tireons resulted in the target salinity value
being exceeded on 24 and 23 days, respectivelgrabythis suggests that a siphon bringing an
additional source of freshwater to the system eavesas an effective management tool to
mitigate salinity impacts throughout the watersh&tlese results must be tempered by the need

to collect better information on the system towlfor a more adequate model calibration.

6.4. FutureResearch and Feasibility Studies

6.4.1.Improvements to the Hydrodynamic Model

Two hydrodynamic and salinity transport models waesented here, a model consisting only of
open waterlgase grig and a model which included marsh areas along eptn waterrfiarsh

grid). As previously stated, the base grid was sdletteuse in this study due to computational
limitations, though future modeling studies of thystem would benefit by using a marsh model
to better capture patterns of salinity distributeord dilution. Additional issues with the current
model include its tendency to underpredict absdatmities and the errors in the phase and
magnitude of water velocities at certain locatioBased on the knowledge gained from this
study, any future model should incorporate theofeihg features:

» Star Lake and Wild Cow Bayou sections of the wetlalong with estimated or measured
salinities for Star Lake

» Operations of the Perkin’s Levee control structure
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» Salinity inputs to the interior marsh due to ovppimg events along the beach ridge
* Improved estimation of rainfall-runoff over the SBayou watershed

» Improved application of the freshwater boundarydtbons within Salt Bayou by
applying disaggregated estimates of rainfall-rudfinultiple points within the
watershed

» Improved model calibration focused on modeling wa#docities more accurately

The ability of the model to predict absolute sajimalues may be improved as the elements
mentioned above are added. In terms of modelredilim, the frequency and extent of salinity
stratification in the Sabine-Neches Waterway amddication of the salinity front in the
waterway and in Sabine Lake are of concern. Thhsaomena are not well studied in this
region and may require additional data collectmprioperly capture in a hydrodynamic model.
Further model calibration aimed at properly capigithese features would improve the overall
ability of the model to simulate salinity and watefocities in the Keith Lake/Salt Bayou system.

At this stage, it is a challenge to accurately nhoagrshes, particularly ones as complex as in the
Salt Bayou complex, and extremely difficult if notpossible to accurately represent salinity
intrusion via the beach ridge. Presently, theradton between surface water salinity and soll
pore water salinity is poorly understood. Furtlestjmating salinity intrusion from the beach
ridge will require a separate overland flow modieittincludes high spatial resolution marsh
elevation and foliage data and takes into accdwnirtteractions between the saline sheet flow
and the marsh. This overland flow model then maiéd to be integrated with the hydrodynamic
model to properly represent the effects of salimtyusion via overtopping along the beach

ridge.

In contrast, it would be fairly easy to includeatigregated estimates of rainfall-runoff or to
incorporate marshes. Additional information thaid greatly enhance the ability of a
simulation model to capture system dynamics includé detailed records for the operation of
control structures within the wetland and (2) addil water quality and flow data throughout
the system at frequent (weekly or less) intervésthis study, model inconsistencies could not
be properly resolved due to the lack of adequdieityadata and information on water flow
within certain parts of the system. With additibdata, salinity sources could have been
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identified along with the effect of flow in Five-faiCut on the eastern part of the system. This
would have led to a better estimate of the mode#stern boundary conditions. TWDB
recommends that future data collection efforts $oon obtaining continuous water quality data.
While the J.D. Murphree WMA semi-monthly data wasemntial to conducting this study and in
itself is an excellent data set, it is unable fotgee the frequent fluctuations in salinity tha ar

common feature of this system.

While the improvements described here would enti@enodel to better represent the Keith
Lake/Salt Bayou system and would make it an everemaluable tool for evaluating proposed
management scenarios, this does not suggest thab#ience of these enhancements significantly
affects our overall conclusions about the viabidibd effectiveness of siphons to reduce salinities
within the system. Moreover, the existing modehptements the current study by the USACE
on modifications to the Fish Pass by providingriwst recent model of existing conditions

within the Keith Lake/Salt Bayou system.

6.4.2. Feasibility of Siphons as a Mitigation Strategy

The study presented herein should not be takercamprehensive feasibility study, but rather as
an exploratory analysis of using freshwater siphama salinity mitigation strategy. While this
analysis has shown the beneficial effect of praxgdreshwater inputs at three locations in the
Salt Bayou system, the analysis does so in onrapreliminary way. For a proper
comprehensive feasibility study, two additionalds&s are required. First, a water availability
study which analyzes the timing and volume of waiailable in the marshes north of the
GIWW will be required at each potential siphon lbma. This analysis is necessary to determine
whether the required head and volume of wateradae to provide sustained freshwater flow.
This study may be possible using the existing wiatezl data collect by Jefferson County DD6,
though additional data may be required. Seconéngmeering feasibility study is necessary to
consider all aspects related to constructing aceife siphon system across the GIWW. These
include, but are not limited to, intake and outtdksign, prevention of sediment deposition, and
maintenance procedures. One passive techniqueedeenting sediment deposition that may be
worth exploring is using multiple, smaller diamepgoes bundled together rather than a single
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large diameter pipe. Higher flows through the $emglipes should enable the inverted siphon
system to be self-cleaning (Butler and Davies 2@0¥34).
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7. CONCLUSIONS

The Keith Lake/Salt Bayou wetland complex is a dyitasystem presently exhibiting signs of
stress related to salinity intrusion caused by séexternal forces. For decades, this system has
been assimilating changes to the local hydrologysanrounding wetlands, but now requires
management and mitigation strategies to offseessrd rates of salinity intrusion and to restore
the historic biodiversity and functioning of thetlaed. In recent years, local land managers
have been working together to devise managemextegtes to mitigate and stabilize salinity
within the system. This key goal, held by both Jt®. Murphree WMA and McFaddin NWR, is
essential for ensuring conservation of this uniyedand system. The study presented here
provides an exploratory analysis for one of theoped management strategies aimed at
achieving this goal. From this study, area landiagers now can factor in basic knowledge that
the installation of a passive, inverted freshwatghon can serve to mitigate salinity within Salt
Bayou. In addition, it appears that the most ¢iffedocation for siphon installation is in the
headwaters of the system near Star Lake. Thisitmcanhances the natural downstream flow of
water, pushing against saline waters entering tiirabe Fish Pass, thus propagating the
beneficial effects over greater distances thaméagiy installed siphon in the middle of the
system €.g, Willow Lake or Salt Bayou Outfall).

86



ACKNOWLEDGMENTS

TWDB would like to acknowledge a number of peopid antities that made this study possible.
Financial assistance was provided to TWDB by theiehmental Protection Agency’s Gulf of
Mexico Program (Grant # MX964017-04), as resukh groposal written by David Brock. This
assistance when combined with in-kind support fidMDB, Texas Parks and Wildlife

(TPWD), J.D. Murphree WMA, McFaddin NWR, and Jedfen Co. DD6 contributed to our
ability to provide a more complete study of theteys TWDB conducted data collection,
modeling, and analysis for the project. TWDB stBfile Crockett, Tony Connell and Ron

Mohr provided assistance in the field. TPWD stifithan Kuhn, Jamie Schubert, and Jerry
Mambretti, provided guidance and access to impbresources and salinity and bathymetry
data. The J.D. Murphree WMA provided staff guidaaod assistance, access to boats, salinity
data, and accommodations at the bunkhouse. Sgadlyifiwe are grateful to Jim Sutherlin, J.D.
Murphree WMA Area Manager, and Amos Cooper. Thé&atidin NWR provided staff
guidance and assistance as well as access to [®sifically, we are grateful to Dean Bossert,
Refuge Manager, Patrick Walther, Mike Nance, araidC€Crenshaw. Jefferson Co. DD6
represented by Doug Canant and Jim Broussard sagpibiis project by installing additional
water quality and level stations in the Salt Bay@iland and providing TWDB staff with an
incredible helicopter tour over the system.

TWDB also acknowledges the USACE, specifically Jargtokes and Gary Brown, for
providing data, bathymetry, and model grids fromirtistudies of the Sabine-Neches Waterway.
Exxon-Mobile too provided raw survey data from thbathymetry surveys of Keith, Johnson,
and Shell lakes. Dr. Clint Dawson (Center for Subface Modeling, University of Texas at
Austin), provided access to parallel computinglfiaes and provided technical assistance that
enables us to use a parallel version of the hydraayc model. Dr. Yinglong Zhang (Center for
Coastal Margin Observation and Prediction, Oregealth and Science University) provided
guidance and advice in the application of the SEbi#iglel to the Salt Bayou system. We
specifically thank him for providing early acceeptrallel versions of the SELFE model that
enabled us to model the system effectively. TWDBEBnawledges the Texas Advanced
Computing Center at The University of Texas at Aufdr providing high performance
computing resources that have contributed to theareh results reported within this paper
(TACC, http://www.tacc.utexas.ejiu

In closing, beyond those folks listed here, theeeennumerous local stakeholders and additional
staff from the agencies who contributed to the sss©f this project. TWDB appreciates
assistance of the Gulf of Mexico Program stafftipatarly Mary Van Pelt and Gerald

Binninger. The comments provided by B. AustinKihn, J. Matsumoto, M. Rezsutek, A.
Schrift, R. Solis, J. Sutherlin, R. Swafford, andNralther greatly improved the accuracy and
clarity of this report.

87



LITERATURE CITED

Alperin, L.M. 1977. Chapter 3. Transformation lsétSabine. InCustodians of the Coast:
History of the United States Army Engineers at &stion.Galveston District, United States
Army Corps of Engineers, Galveston, Texas.

Bales, D.P., B.A. Burnett, G. Chambers, B.F. Hegsan, J.O. Jones, J.L. Parlsey, R.R. Roden,
and R.L. Savino. 1974Biological, Geological, and Physical-Chemical Pareters of a
Southeast Texas Estuaridational Science Foundation SOS Grant # GY-11b8far

University, Beaumont, Texas.

Berg, R. 2009Tropical Cyclone Report, Hurricane Ike (ALO92008ational Hurricane Center,
23 January 20009.

Butler, D. and J.W. Davies. 2004Irban Drainage 2" edition. Taylor and Francis, New York,
New York.

Dias, J.M., M.C. Sousa, X. Bertin, A.B. Fortunaad A. Oliveira. 2009. Numerical modeling
of the impact of the Ancéo Inlet relocation (RiafRosa, Portugal)Environmental Modelling &
Software 24: 711-725

Ditty, Jim. National Marine Fisheries Service. &htommunication to N. Kuhn at TPWD,
Jim.ditty@noaa.gov.

Fisher, J.C. 1988Hydrologic Data for the Salt Bayou Estuary Near iBalPass, Texas,
October 1984 to March 1986U.S. Geological Survey Open-file Report 88-4923p.

Foreman, M.G.G., D. Stucchi, Y.-L. Zhang, and ABéptista. 2005. Estuarine and tidal
currents in the Broughton Archipelagstmospherie-Ocead4:47-63.

Furnans, J.F. 200@-ydroEdit User's Manual Texas Water Development Board. Austin,
Texas. 33p.

Galperin, B., L.H. Kantha, S. Hassid, A. Rosa®88. A quasi-equilibrium turbulent energy
model for geophysical flowgournal of Atmospheric Sciend&:55-62.

Gillham, R. 1898. Letter of Mr. Robert Gillhamhi&f Engineer, Kansas City, Missouri, March
19, 1898. Pages 26-33, [Bhip Canal at Sabine Pass, Texas—Letter fromeheetary of War,
transmitting a letter from the Chief of Engineemsrésponse to the joint resolution of Congress
approved May 28, 1898, relating to a ship canalSabine PassTexas, 58 United States
Congress, ¥ Session: House of Representatives, Document Nb. Bdashington, DC. 42p.

Kuhn, N. Texas Parks and Wildlife Department. Hrmammunication August 15, 2007,
nathan.kuhn@tpwd.state.tx.us.

Lay, D.W., and T. O’'Neil. 1942. Muskrats on thexde Coast.The Journal of Wildlife
Managemen6:301-311.

88



Longley, W.L. 1994.Freshwater Inflows to Texas Bays and Estuariesidfgoal Relationships
and Methods for Determination of Need®epared by Texas Water Development Board and
Texas Parks and Wildlife Department. Texas Pankis\dildlife Press, Austin, Texas. 386p.

Matsumoto, J. 1991Simulation Analysis of Changes in Flow ExchangééUpper Laguna
Madre with Removal of Portions of the John F. Kelyn€auseway Texas Water Development
Board staff report. 46p.

Matsumoto, J. 200Effects of Structures and Practices on the Cir¢alaind Salinity Patterns
of Galveston Bay, Texa3.exas Water Development Board staff report. 131p.

Moffatt and Nichol Engineers. 200Hydraulic Modeling for the Keith Lake Cut Shoreline
Protection Project #1033repared for the Texas General Land Office, Seipée 2001.

Morton, R.A., N.A. Purcell, and R.L. Peterson. 20®hallow stratigraphic evidence of
subsidence and faulting induced by hydrocarbonymtion in coastal Southeast Texas. USGS
Open File Report 01-274 http://pubs.usgs.gov/of/2001/0f01-274/index.html

Mukai A. Y., J. J. Westerink, R. A. Luettich JmadaD. Mark. 2002.Eastcoast 2001: A tidal
constituent database for the western North Atlar@iclf of Mexico and Caribbean Sea.
Technical Report ERDC/CHL TR-02-24. U.S. Army Emegr Research and Development
Center, Coastal and Hydraulics Laboratory, Vickgbiississippi. 201p.

Pothina., D., J.F. Furnans, and T. Connell. 20@ydrographic Survey of the Keith Lake-Salt
Bayou SystemPrepared by Texas Water Development Board foitkas Parks and Wildlife
Department. 12p.

O’Connell, J. 2006 Coastal Marsh Restoration Using Terraces: EffectdMaterbird Habitat
in Louisiana’s Chenier Plain A Master’s Thesis submitted to Louisiana Stateversity. 110p.

Oliveira, A., A.B. Fortunato, and L. Pinto. 2008odeling the Hydrodynamics and the Fate of
Passive and Active Tracers in the Guadiana Estuzsiuarine, Coastal and Shelf Science
70:76-84.

Rezsutek, Michael. Texas Parks and Wildlife Deparit. Email communication March 15,
2005, michael.rezsutek@tpwd.state.tx.us.

SELFE. 2007.SELFE 2.0d User ManualOregon Health and Science University, Portland,
Oregon.

SMS. 2008Surface Modeling System (SMS) 10.0 Users Mairalironmental Modeling
Systems Inc., South Jordan, Utah.

Stelly, T. D. 1980Currents and biota at the Salt Bayou Weir and teg¢lKLake Water

Exchange Pass of Sea Rim State Pl&ksters Thesis submitted to Department of Biology,
Lamar University, Beaumont.

89



Stokes, Janelle S. U.S. Army Corps of Engine&msail communication March 27, 2009.
janelle.s.stokes@usace.army.mil.

Sutherlin, Jim. Texas Parks and Wildlife DeparttdrD. Murphree Wildlife Management
Area, jim.sutherlin@tpwd.state.tx.us.

Joint Water Management Concept Plan. 183#)t Bayou Project Joint Water Management
Concept Plan for Sea Rim State Park, McFaddin MatidVildlife Refuge, and Murphree
Wildlife Management Arealexas Parks and Wildlife Department and U.S. FrghWildlife
Service. 34p.

Texas Department of Water Resources. 19dbine-Neches Estuary: A Study of the Influence
of Freshwater Inflows LP-116. Texas Department of Water Resourcestidulexas.

Tolan, Jim. Texas Parks and Wildlife Departmdamail communication to N. Kuhn at TPWD,
james.tolan@tpwd.state.tx.us.

Trimm, Bryan. Golden Pass LNG Terminal c/o Exxonlil@evelopment Company. Email
communication February 21, 2007, bryan.a.trimm@arxabil.com.

Umlauf, L., Burchard, H., 2003. A generic lengtlalgcequation for geophysical turbulence
models.Journal of Marine Researoft235—-265.

U.S. Department of Agriculture and Soil Conservat8ervice. 1976Keith Lake Water
Exchange Pass: Fish and Wildlife Development ResoQonservation & Development
Measure Plan.Prepared for the Texas Parks and Wildlife Depantnand Coastal Soil and
Water Conservation District.

Walther, Patrick. U.S. Fish and Wildlife ServiddcFaddin National Wildlife Refuge. Email
communication December 9, 2008, patrick_walther@jos

Wang, C.F., H.V. Wang, and A.Y. Kuo 2008. Mass Gowative Transport Scheme for the
Application of the ELCIRC Model to Water Quality @putation.Journal of Hydraulic
Engineering 134:1166-1171.

Weiner, R.F., and R.A. Matthews. 200Bnvironmental Engineering" edition. Butterworth-
Heinemann, Amsterdam.

Wern, J.L. 1979 Preliminary Report on the Macrobenthic Study at Bea State Park and
Adjacent Keith Lake Prepared for the Texas Parks and Wildlife Depant. 23p.

White, C.J., and W.S. Perret. 1974. Short terfieces of the Toledo Bend project on Sabine
Lake, Louisiana. pp. 710-72a A.L. Mitchell (ed.),Proceedings of the 37Annual Conference,
Southeast Association Game and Fish CommitteesSpiatgs, Arkansas, 1973

Zhang, Y.-L. 2006Adaptation of the ELCIRC model to Texas bays ahehass. Report
submitted under contract #0504830543 to Texas Wadgelopment Board, Austin, Texas. 12p.

90



Zhang, Y.-L. 2008Hydrodynamic Model AdaptatioReport submitted under contract
#0704830669 to Texas Water Development Board, Ausexas. 16p.

Zhang, Y.-L., and A.M. Baptista. 2008. SELFE: A semplicit Eulerian-Lagrangian finite-
element model for cross-scale ocean circulatiDnean Modelling21: 71-96.

91



APPENDIX A: Bathymetry

Complete details of the generation of model bathgyyrege found in Pothinat al. (2007);
however, selected portions are repeated in thisrapip.

Table A.1 Description of Processed Survey Data

. Vertical .
Description Datum Datum Processed Data File Name
NAD83 State
Merged Plane Texas NAVDSS KeithLake Merged_StatePlaneTXSouthCentralUSft
survey data  South Central NAVD88.csv
Zone (feet)
'g;?{lpﬂzttfd NADS3 State
YMEUY " Plane Texas KeithLake_Interpolated_StatePlaneTXSouthCentraUS
for Keith NAVD88
South Central ft. NAVD88.csv
Lake/Salt
B Zone (feet)
ayou
Hydrodynami
¢ Model
Bathymetry UP@%S?m) Mﬁgce?ea KL-Sabine_Model NAD83UTM15_ MSL.csv
for Entire
Domain

Generation of Model Bathymetry

To generate bathymetry for the TWDB hydrodynamiagsidhe merged and extrapolated
bathymetry dataset was converted from NAVD88 to iM8ea Level (MSL). Since there exists
no established datum conversion from the NAVD88&iwakdatum to tidal MSL datum, we
chose to approximate a conversion by subtracti8g fzet. This 2.32 feet value is the average
correction that was used in converting soundinglgefo bathymetric elevations based on field
level measurements in the TWDB survey. Shallowlgpobwater that the survey boats were
unable to traverse were set to be 1.3 feet NAVDafproximately -1 foot MSL).

Another model bathymetric dataset developed foodeating project of the Sabine-Neches
Waterway was obtained from the U.S. Army CorpsfiBeers (USACE). This data was
referenced to the Mean Low Tide (MLT) tidal daturhe USACE dataset was clipped to
exclude areas covered by the merged bathymetrseiatiescribed in this report. The USACE
data was then referenced to the same MSL dataedf\W¥DB hydrodynamic model bathymetry
by subtracting 1 foot. This shift was calculatezhira comparison of an overlapping region in
the Sabine-Neches Ship Channel.
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Table A.2 Description of Individual Bathymetric Surveys

Vertical Datum

Survey Year Horizontal Datum  Vertical Datum Adjustment (ft) Raw Data File Name
NADS83 State Plane
TWDB 2007 Texas South Central NAVD88 0.0000 KL_TWDB_Bathymetry GeoNAD83_ Feet.csv
Zone (feet).
NAD83 State Plane
Exxon-Mobil Pipeline 2006 Texas Central Zone Not Referenced +1.6530 KL_Exxon_PipeLine_StateRlagentralUSFt.csv
(feet).
NADS83 State Plane
Exxon-Mobil Fish Pass 2006 Texas South Central Not Referenced +0.5128 KL_Exxon_FishPass_StatePk8wuthCentralUSft.csv
Zone (feet).
NADS83 State Plane
Exxon-Mobil Pintail Flats 2006 Texas South Central NAVD88 +0.0000 KL_Exxon_Pintail_STatePlaneTxSouthalUSft.csv
Zone (feet).
J.D. Murphree WMA 2002 Geographic NAD83  Not Refexh +2.5922 KL_JDM_Bathymetry GeoNAD83_ Feet.csv
McFaddin NWR 2002 Geographic NAD83  Not Referenced 1.6185 MCF_Bathymetry GeoNAD83_ Feet.csv
U?rﬁg dEelsg'\:i‘éV)W NAD83 UTM15 (m) Mean Low Tide -1.0000 USACE_SNWWAD83UTM15_MLT.csv
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APPENDI X B: Calibrated M odd Parameters

SELFE v2.0d parameter input file (param.in) for @#nal Calibrated Model Run

KLGrid_20080421 SabPassTides Jan06-Dec06
01/01/2006 00:00:00 CST

Oipre

0 ntracers

0 iwrite

0 imm

0 ihot

1 ics

-124 46.25 slamO sfea0

0 ihorcon

0.6 implicitness

01 baroclinic/barotropic

11.0 coldstart

365. rnday

12. ramp

45. dt

|

1 nadv

15. 15. dtb_max

0.01 hO

0 nchi (0: Cd; 1: roughness)

1 ncor (O: f-plane; 1: variable)

2 45. nws

11! Windramp

0 liwindoff

1 1 heat salt budget evap

3 turbulence closure (0 const.; 1 step functibR;P; 3 MYG)
KL KC

1i.c.

0 40. ntip

0 nbfr

8 nope

361001 !Ocean

20102 'Bayou

0.0

20102 !Sabine

0.0

20102 !Neches

0.0

20102 'Taylor

0.0

31001 ICWW

40200 !Siphon @ Willow Lake
0

50101 !5 MileCut

80 1920 ! 1hr output, new file each day
0 elevation: iof,touts,toutf,spool
0 pressure

Bl




airt

humidity

solar

short wave rad
long wave rad
upwelling flux
downwelling flux
total flux

evap rate

precip rate

Wind speed

Wind stress

dahv

Vertical velocity
Temperature in C
Salinity in psu
Density in kg/m"3
eddy diffusivity
eddy viscosity
Turbulent kinetic energy
Turbulent mixing length
zcor

Horizontal velocity
Test output

1 NHSTAR

50 1000 1.e-12

0 iflux ihcheck

10 Ilgint_mom

1l.e6 h_bccl

O islip

0 86400. 400. 0. 401. 0. inu_st, step_nu,
|

0 mmm

2 idrag

|

OFRPPFRPOO0OOCOORPFPOFRPROOOOOOOOOOOOoO

1 ihhat

1 1 upwind

0. 0.

0.5 ! Shapiro Filter
51 50.

10 !maxvel

0 inunfl

1 indvel

0.5 5. s[12] mxnbt
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APPENDI X C: Description of Accompanying DVD

This report is accompanied by a DVD that contalhfedd data collected as part of this project,
calibrated model and scenario run input files,3B& FE version 2.0d source code, analysis
scripts, figures, animations and a copy of thioreprhis DVD is available from TWDB upon
request.

Table C.1 Folder Layout on Accompanying DVD

Folder Description

Analysis Scripts Python, Shell and Fortran programs written to arealjata and mode

results
Animations Video clip animations of model and seceneuns
Bathvmetr Raw and processed bathymetry data, including TWBtBymetric
Y y survey final report.

Field Data gz)ecl)c; data collected by TWDB and USGS December 208%ril

. High resolution maps and figures from analysisathdand model
Figures results
Model SELFE v2.0d Source Code, SMS format base and maosle! grids,

Input files for calibrated model and scenario runs
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