




Rollover Pass Closure 
Project Narrative 

Supplement to the Department of the Army Permit Application 
 

 

Project Overview 
 

Rollover Pass, an artificial inlet created in 1955 to enhance recreational fishing opportunities, lies 
on the Bolivar Peninsula in Galveston County, Texas about 30 km (19 miles) northeast of the Galveston 
Bay entrance. The pass provides a tidal connection between the Gulf of Mexico and Rollover Bay in the 
southeastern portion of East Bay (Figure 1). Immediately after construction, Rollover Pass accelerated 
adjacent beach erosion rates by trapping littoral sediments, increased maintenance dredging requirements 
of the Gulf Intracoastal Waterway (GIWW) — which separates Rollover Bay from East Bay — by 
transporting littoral sediments from the gulf into the bay system, and affected environmental resources in 
the bay by increasing salinity levels. The proposed Rollover Pass Closure project will alleviate the above 
adverse impacts and return the project site to a more natural state by completely filling in the pass, from 
the gulf shoreline to the bay shoreline. 

 
The proposed project will use a hydraulic dredge connected to a floating pipeline (except for a 

short submerged segment across the GIWW) to pump fill material from the borrow source(s) to Rollover 
Pass. The project may use up to three potential sources including a nearby upland dredge material 
placement area (DMPA), the permitted Rollover Bay sand source (Galveston County, SWG 21755 and 
amendments), or the GIWW in the Rollover Pass vicinity in coordination with annual maintenance 
dredging conducted by the U.S. Army Corps of Engineers (USACE). Heavy equipment will grade the 
infill to meet the elevations of adjacent lands. The specified construction methodology will use a 
combination of permanently installed steel sheet pile walls and geotextile bags to close the pass while 
minimizing water quality impacts and structural impacts to the existing bridge and utilities. The existing 
State Highway 87 bridge, maintained by the Texas Department of Transportation (TxDOT), and all 
utilities that currently cross Rollover Pass will remain intact. Demolition and/or removal of the existing 
steel and concrete walls throughout the pass will occur after stabilization of the fill.  

 
Rollover Pass, a well-known fishing destination, provides recreational fishing opportunities that 

will no longer exist after project construction. To help compensate for the lost recreational benefits, the 
Texas General Land Office (GLO) intends to construct a recreational fishing pier. GLO plans to submit a 
separate permit application to address the pier. 

 
Project Authorization 

 
The 81st Texas Legislature, through Senate Bill 2043, has appropriated $5.85 million, available 

from September 1, 2009 through August 31, 2011, to the Texas GLO for the closure of any man-made 
pass that is causing negative effects, both environmental and/or erosional, to the adjacent land. The GLO 
plans to use this appropriation to close Rollover Pass. Notably, the GLO has also applied for a FEMA 404 
Hazard Mitigation Grant Program (HMGP) grant through the Texas Governor's Division of Emergency 
Management (DEM) to help defray the cost of closing Rollover Pass. The federal share for this grant 
would equal approximately $4.4 million, with a $1.45-million state match from the 81st Texas Legislature 
appropriation. If FEMA approves the 404 HMGP application, the remaining $4.4 million of the 81st Texas 
Legislature appropriation will become available for any additional costs to close Rollover Pass and the 
construction of a pier and/or any other recreational activities seen fit by the GLO, Galveston County, and 
the local community.  
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Note: FEMA has informed the GLO that approval of the HMGP will not occur until the USACE 
issues a permit for the project.  The GLO has sent NEPA coordination letters for this grant application to 
the following State and Federal Agencies: Texas Historical Commission (THC) for the State Historical 
Preservation Officer (SHPO), Natural Resources Conservation Service (NRCS), Texas Commission on 
Environmental Quality (TCEQ), GLO on behalf of the Coastal Coordination Council (CCC), Texas Parks 
and Wildlife Department (TPWD), and USACE.  Texas DEM contacted US Fish and Wildlife Service 
directly concerning this grant.  The GLO has received responses from four of the six agencies listed 
above: GLO-CCC, NRCS, TCEQ, and THC-SHPO.  Attachment A contains the responses.  

 
Supporting Studies 

 
Texas GLO contracted Taylor Engineering, Inc. to evaluate the historical impacts of Rollover 

Pass, evaluate the potential effects of pass closure on inland water hydraulics and salinity, develop an 
engineering plan to close the pass, and prepare a draft Environmental Assessment to support permitting of 
pass closure. Taylor Engineering continues to work towards completion of the above supporting analyses. 
However, due to funding restrictions (i.e., the August 31, 2011 appropriation deadline), Taylor 
Engineering submits this incomplete application to initiate the permitting process and engage the 
regulatory and commenting agencies.  

 
Taylor Engineering will submit the results of the above studies upon availability as Attachments 

B – F to this project narrative. To date, Attachment B contains a coastal processes analysis that supports 
project justification, Attachment C contains a preliminary closure plan that addresses methods (e.g., 
turbidity control measures and discharge pipeline routing) to minimize direct environmental effects of 
project construction, and Attachment D contains the results of a hydrodynamic and salinity modeling 
study. Attachment E, expected complete by January 22, 2010, will contain a draft Environmental 
Assessment. Finally, Attachment F, which may not be completed until February or March 2010 due to 
contractor availability, will include a geotechnical data analysis of the existing beach sediments and the 
proposed fill material.  

 
Project Meetings 

 
 Maintaining open lines of communication is critical during the permitting process. To date, GLO 
has held several meetings and teleconferences between appropriate federal, state, and local agencies to 
discuss the proposed project. Table 1 lists the dates, forums, and attendees of completed and scheduled 
meetings/teleconferences. GLO will continue to attend meetings and teleconferences as necessary during 
the permitting process.  
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Table 1 List of Project Meetings 
Date Forum Attendees 

August 18, 2009 Joint Evaluation Meeting, 
Galveston 

USACE, GLO, Taylor 
Engineering, TPWD, NMFS, 
USFWS, Galveston County 

August 21, 2009 Teleconference USACE, GLO, Taylor Engineering
September 22, 2009 Meeting at TxDOT, Houston TxDOT, GLO, Taylor Engineering 

October 20, 2009 Galveston County Coordination 
Meeting Galveston County, GLO 

November 6, 2009 Teleconference with USACE USACE, GLO 

November 18, 2009 Galveston County Commissioners 
Court Workshop 

Galveston County Commissioners 
Court, GLO 

November 24, 2009 Teleconference with TxDOT TxDOT, GLO, Taylor Engineering 

December 15, 2009 Galveston County and Local 
Coordination Meeting 

Galveston County, GLO, TPWD, 
GCRRGC, GCA, and Bolivar 

Chamber of Commerce 

February 6, 2010 
(Scheduled) 

Gilchrist Community Association 
Monthly Meeting (discussion of 
Rollover Pass and recreational 

options) 

GLO, GCA, GCRRGC 
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Attachment A 
NEPA Coordination Responses 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



         

       Coastal Coordination Council 
        P.O. Box 12873    ♦    Austin, Texas 78711-2873   ♦   (800) 998-4GLO ♦    FAX (512) 475-0680 

 
 

 
Chairman 

 
Jerry Patterson 

Texas Land Commissioner 
 
♦ 
 

Members 
 

Karen Hixon 
Parks & Wildlife Commission 

of Texas 
 

Jose Dodier 
Texas State Soil & Water 

Conservation Board 
 

Edward G. Vaughan 
Texas Water Development Board 

 
Ned Holmes 

Texas Transportation Commission 
 

Elizabeth Jones 
Railroad Commission of Texas 

 
H. S. Buddy Garcia 

Texas Commission on 
Environmental Quality 

 
Robert R. Stickney 

Sea Grant College Program 
 

Robert “Bob” Jones 
Coastal Resident Representative 

 
Jerry Mohn 

Coastal Business Representative 
 

George Deshotels 
Coastal Government 

Representative 
 

Bob McCan 
Agriculture Representative 

 
♦ 
 

Tammy Brooks 
Council Secretary 

 
Jesse Solis, Jr.  

Permit Service Center 
Corpus Christi 

1-866-894-3578 
 

Permit Service Center 
Galveston 

1-866-894-7664 
 

 
 
August 19, 2009 
 
Ms. Kayleigh Rust 
Texas General Land Office 
Coastal Resources 
PO Box 12873 
Austin Texas 78711-2873 
 
Re:  NEPA Review Request for FEMA 404 HGMP (DR-1791-TX) 
 Application for the Closure of Rollover Pass 
 
Dear Ms. Rust: 
 
Based on information provided to the Texas Coastal Management Program on the
above project, it has been determined that it will likely not have adverse impacts on
coastal natural resource areas (CNRAs) in the coastal zone.  However, siting and
construction should avoid and minimize impacts to CNRAs. If a U. S. Army Corps
of Engineers permit is required, it will be subject to consistency review under the
Texas Coastal Management Program.  
 
If you have any questions or concerns, please contact me at (512) 463-9212 or at
tammy.brooks@glo.state.tx.us.     
 
Sincerely, 

 
Tammy S. Brooks 
Coastal Coordination Council Secretary 
Consistency Review Coordinator 
Texas General Land Office 
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1.0 INTRODUCTION 

 
The Closure of Rollover Pass will immediately help reduce the rates of beach erosion along 

Bolivar Peninsula, reduce the required frequency and costs of Gulf Intracoastal Waterway (GIWW) 

maintenance dredging, and help improve the effectiveness of future beach restoration projects. The results 

of numerous studies — documenting the changes to the littoral system and their adverse impacts caused 

by Rollover Pass — from 1958 to the present support the above statement. This report summarizes the 

results of several past studies and introduces new data to demonstrate the Pass’ adverse impacts and to 

support the stated project benefits. This report also develops a 1999 – 2008 sediment budget that 

summarizes beach volume changes and the sediment transport magnitudes and pathways, both natural and 

artificial, near Rollover Pass for the recent pre-Hurricane Ike period.  

 

2.0 ADVERSE IMPACTS 

  
Rollover Pass’ adverse impacts on the coastal system began immediately after construction in 

1955 and continue today. The impacts — namely, accelerated beach erosion and increased deposition in 

the GIWW — arise primarily from the Pass’ flood-dominant characteristics that transport and deposit 

sediments into the Rollover and East Galveston bays and effectively diminish the natural sediment supply 

to the adjacent beaches. This process starves the beaches of the sand volume required to maintain the 

natural beach conditions; without this sand, erosion increases. Erosion also results from the trapping of 

littoral sediments against the Pass’ updrift side and through ebb tidal effects. Similar to the above flood 

tidal process, the Pass’ ebb tidal currents disrupt the natural longshore sediment transport by directing 

sediment offshore where they deposit in an ebb tidal shoal. Though the numerous studies disagree on 

impact quantities, the studies without exception acknowledge that Rollover Pass traps sediment that 

would normally reach the adjacent beaches, and consequently causes significant beach erosion and 

increases GIWW dredging requirements. The following sections discuss the initial effects of the Pass’ 

construction, the trapping effect of the Pass’ flood dominant characteristics, and beach erosion.  

 

2.1 Initial Effects 

 
The Texas Game and Fish Commission (now the Texas Parks and Wildlife Department) 

constructed Rollover Pass through a natural wash-over area, periodically breached during high tides and 

hurricanes, to improve local fishing conditions. The original Rollover Pass channel design included an 

80-foot (ft) bottom width, an 8-ft depth, and sloping earthen sides throughout except for a steel sheet pile 

bulkhead along the southwest side. Unanticipated tidal currents through the Pass caused extensive erosion 
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as construction neared completion; the Gulf entrance widened to about 500 ft and the channel bottom 

scoured to a depth of 30 ft under the Highway 87 bridge. Immediate protection measures included 

additional pilings to protect the bridge abutments, groins along the northeast side of the Pass to stop 

erosion, and a protective cover of shell, broken concrete, stone and other rubble along all exposed banks 

(Prather and Sorensen, 1972). Subsequent erosion during unusually high tides in spring and summer of 

1955 caused additional problems. The shoreline, extending approximately one mile southwest of the Pass, 

receded landward and undermined some houses, which were subsequently moved. Along the northeast 

side of the inlet; the Highway 87 bridge showed indications of possible scour damage. In November 

1955, in an effort to stop erosion, a steel sheet pile wall, or sill, was constructed across the Pass 40 ft 

south of the bridge to close the Pass temporarily. Shortly thereafter, alternative piles of the sill were 

driven 2 ft below mean sea level to reopen a portion of the Pass. The Pass remained partially open until 

inlet stabilization measures were enacted in 1958 – 1959 based on U.S. Army Corps of Engineers 

(USACE, 1958) recommendations. Today, although the Pass remains open and various structural 

improvements have stabilized the inlet, chronic erosion problems still persist.  

 

 The beach and channel erosion that occurred immediately after construction of Rollover Pass 

demonstrate the Pass’ significant sediment transport capability and its disruptive effect on the natural 

littoral system. The USACE, in 1958, authored the first of many reports aimed at correcting or managing 

the Pass’ adverse impacts. The following sections cite relevant published data regarding the Pass’ effects 

on the adjacent beaches and waterways. 

 

2.2 Sediment Transport into Rollover Pass  

 
Sediment transport directed into Rollover Pass represents the crux of the Pass’ adverse impacts. 

Field measurements and analytical conclusions reported in several past studies (e.g., Bales and Holley 

[1985], Mason [1981], and Prather and Sorensen [1972]) document the flood-dominant characteristics of 

the Pass. The strong flood tidal currents intercept the natural longshore sediment transport and carry the 

sediment predominantly through the inlet into Rollover Bay and then into the deeper waters of the GIWW 

where the majority of sediment is deposited. This process directly increases adjacent beach erosion and 

the frequency and hence increases costs to the USACE to dredge the GIWW navigation channel in this 

area. Several studies have calculated the sediment transport rate into Rollover Pass.  Although the 

estimates vary widely, the studies without exception agree that Rollover Pass adversely affects adjacent 

beach areas significantly by funneling sediments through the Pass into the adjacent Rollover Bay and 

GIWW areas.  
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Table 1 contains previously published estimates of sediment transport rates into Rollover Pass. 

The estimates, based on various calculation methods, range from 3,800 cy/yr to 290,000 cy/yr. Bales and 

Holley (1989) conducted a thorough analysis using three different methods. Bales and Holley 

acknowledged the limitations of all three calculation methods, and they considered the results based on 

longshore transport rates to be the least reliable due to the uncertainties in such rates and the results based 

on dredging records — “substantiated by limited direct measurements and by conditions in East Bay and 

Rollover Bay” — to be the most reliable. The dredging data presented in Bales and Holley document a 

dramatic increase in dredging requirements coinciding with the construction of Rollover Pass as shown in 

Figures 1 and 2. Notably, the Figure 2 data, which indicate a 290,000 cy/yr dredged-volume increase after 

Pass construction, include dredging volumes between GIWW stations 1900+00 and 2450+00. A more 

conservative estimate that includes only the portion of the GIWW within the confines of Rollover Bay 

indicates an 80,000 cy/yr increase in Rollover Pass dredging requirements (Bales and Holley, 1989). 

 
Table 1 Estimates of the Sediment Transport Rate into Rollover Pass 

Source 
Estimated Sediment 

Transport Rate 
(cy/yr) 

Basis of Estimation 

USACE (1958) 18,000 Beach erosion rates 

Bales and Holley (1989) 3,800 – 29,000 Percentage (i.e., 5 – 25%) of the  
longshore sediment transport rate 

Bales and Holley (1989) 9,000 – 26,000 Beach erosion rates 
Bales and Holley (1989) 240,000 – 290,000 GIWW dredging records 
Bales and Holley (1989) 80,000 GIWW dredging records 

Parchure (2000) 15,400 GIWW dredging records 
Pacific International 
Engineering (2002) >150,000 November 2000 – June 2001 bathymetric 

 survey comparisons 
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Figure 1 Observed Mean and Extreme Intracoastal Waterway Dredging Rates, Station 1700+00 to 

Station 2700+00, 1943–1980 (Source: Bales and Holley, 1989) 

 
 

 
Figure 2 Cumulative Volume Dredged from Gulf Intracoastal Waterway, Station 1900+00 to Station 

2450+00 (Source: Bales and Holley, 1989) 
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2.3 Beach Erosion 

 
The beaches in the Rollover Pass vicinity would naturally experience background erosion absent 

the effects of Rollover Pass. However, as discussed above, Rollover Pass causes accelerated beach 

erosion by reducing the natural sediment supply to adjacent beaches. Numerous studies have documented 

such effects in terms of shoreline and beach volume change rates.  

 

USACE (1958), as cited in Lockwood et al. (1974), calculated an average shoreline recession rate 

of 5 ft/yr from 1850 – 1956 (i.e., the data period selected by the study authors to represent pre-

construction conditions). Subsequently, the USACE (as cited in Lockwood et al, 1974) documented an 

increased shoreline recession rate of 8.5 ft/yr from 1956 – 1974 within the first mile (5,280 feet) 

southwest of the Pass compared to a recession rate of 3 – 4 ft/yr over the next 10 miles (mi). In separate 

studies, Morton (1975) and the USACE, as cited in Mason (1981), found that shoreline recession rates 

varied between 15 – 25 ft/yr and between 7 – 14 ft/yr, respectively. Through analysis of beach profile 

changes, Mason (1981) estimated that Rollover Pass causes an additional 26,080 cy/yr of beach volume 

loss (i.e., erosion) over a 14,000-ft-long shoreline segment southwest of the Pass. Through analysis of 

aerial photographs of the beach within 6,900 ft of each side of the Pass, Bales and Holley (1989) 

estimated the Pass causes an additional 9,000 cy/yr of erosion within their study area southwest of the 

Pass. The above estimates clearly indicate that Rollover Pass has increased the shoreline recession and 

beach volume loss rates of the nearby beaches. Figure 3 illustrates the effect of adjacent erosion, indicated 

by the landward retreat of the beach contours (6.0 ft, 2.5-ft, and -2-ft contours shown) southwest of the 

Pass relative to the contours northeast of the Pass. 

 

Recent studies by the USACE (2006) and Galveston County (2008) document beach changes 

without specifying the level of erosion caused by the Pass versus that caused by background conditions. 

The USACE (2006) calculated erosion rates of 42,500 cy/yr over an area extending 6,300 meters (m) 

(20,670 ft) southwest of the Pass and 36,000 cy/yr over an area extending 4,300 m (14,108 ft) northeast of 

the Pass. Galveston County (2008) analyzed 1999 – 2008 beach profile data to monitor beach changes 

associated with geotextile tube shore protection projects. The data, covering a 7-mile stretch of shoreline 

centered at the Pass, indicates the shoreline southwest of Rollover Pass receded 22.6 ft (2.5 ft/yr) on 

average and the northeast shoreline receded 4.5 ft (0.5 ft/yr). Though the above shoreline and volume 

changes do not specifically quantify the erosion caused by the Pass, the data clearly shows the 

southwestern (i.e. downdrift) beach suffers significantly more erosion than the northeastern beach. 
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Additionally, this erosion occurs despite the significant infusion of sand from beach and dune 

nourishment projects further discussed below. 

 

Notably, the Bales and Holley and USACE (2006) volume change estimates originate from 

shoreline changes. Bales and Holley applied a sediment-volume conversion factor, developed by USACE 

(1984), of 0.7 cy per square foot of beach eroded to convert shoreline change to volume change. USACE 

calculated volumes changes by translating beach profiles (surveyed in 2002) by appropriate shoreline 

change distances (based on analysis of 1974, 1982, 1995 aerials and 2000 LIDAR topography by the 

University of Texas Bureau of Economic Geology). The USACE (2006) results correspond to conversion 

factors of 0.784 cy per square foot of beach eroded southwest of the Pass and 0.659 cy per square foot of 

beach eroded northeast of the Pass. The current study applied the conversion factors derived from 

USACE to the shoreline changes presented in Galveston County (2008) to calculate 1999 – 2008 beach 

volume changes extending 3.5 miles southwest and northeast of the Pass. The results indicate 

approximately 36,167 cy/yr of sand erode from the beach southwest of the Pass and 6,053 cy/yr erode 

northeast of the Pass within the monitoring area.  

 
 
 



 

 

 
 

Figure 3 2008 Beach Contours near Rollover Pass (adapted from Galveston County, 2008)
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3.0 1999 – 2008 SEDIMENT BUDGET 

 
A sediment budget delineates sediment transport magnitudes and pathways and tallies sediment 

gains and losses within a specified domain. A 1999 – 2008 sediment budget for Rollover Pass provides an 

update to historic analyses cited above and helps evaluate the recent effects of the Pass.  The sediment 

budget divides the Rollover Pass vicinity into three cells. These cells, illustrated in Figure 4, represent the 

beach extending 3.5 mi northeast of the Pass (cell 1), the beach extending 3.5 mi southwest of the Pass 

(cell 2), and the GIWW and Rollover Bay channel (cell 3). The following sections discuss the sediment 

budget input data — including beach volume changes, sediment transport rates, and beach nourishment 

and dredging data  — and the sediment budget results.  

 

3.1 Beach Volume Changes 

 
As discussed above, Taylor Engineering calculated beach volume changes within cells 1 and 2. 

The volume estimates, based on shoreline change data reported in Galveston County (2008) and sediment 

volume conversion factors derived from USACE (2006) data, indicate erosion of 6,053 cy/yr in cell 1 and 

36,167 cy/yr in cell 2. Notably, the conversion factors correspond to beach volume changes extending to -

4 m (-13 ft) NAVD 88, the depth of closure as determined by the USACE (2006). Thus, the above erosion 

volumes theoretically represent volume changes to the same depth. Also of note, preferable volume 

changes based on direct comparison of beach profile surveys extending to the depth of closure are 

unavailable; however, the above estimates appear reasonable based on historic estimates similar in 

magnitude. 

 

3.2 Longshore Sediment Transport Rates 

 
Estimated in numerous studies, the longshore sediment transport rate near Rollover Pass is a 

critical component of the sediment budget. Bales and Holley (1989) reported previous estimates including 

96,000 cy/yr (USACE, 1984), 75,000 cy/yr (Prather and Sorensen, 1972), 58,000 cy/yr (Mason 1981), 

and 54,000 cy/yr (Hall, 1976). All estimates represent a net southwesterly transport direction. The 

estimates of Mason and Hall include only wave-induced transport, whereas those of USACE and Prather 

and Sorensen include both wave and wind-current induced transport. Considering a separate USACE 

(1984) wind-induced transport estimate of 57,000 cy/yr, Bales and Holley (1989) present a possible 

75,000 cy/yr – 115,000 cy/yr range of total longshore transport. In their study, the authors assume that 

addition of the independent wave- and wind-induced transport rates (i.e., addition of the 57,000 cy/yr 

wind-induced transport rate to the wave-induced rates estimated by Mason [1981] and Hall [1976]) 
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reasonably represent the total rate. Recently, King (2007) applied numerical modeling techniques to 

simulate longshore sediment transport along Bolivar Peninsula. The sediment budget, which specifies the 

rate at the northeast boundary of cell 1, applies a transport rate of 91,600 cy/yr obtained from King.     

 
3.3 Sediment Transport into Rollover Pass 

 
As cited above, previous research led to a wide range of sediment transport estimates varying by 

an order of magnitude from 3,800 cy/yr to 290,000 cy/yr. This study selected a midrange of 80,000 cy/yr 

– 150,000 cy/yr based on data reported in Bales and Holley (1989) and PIE (2002). Notably, without any 

published data specifying the proportion of sand entering the inlet from the updrift and downdrift sides, 

this sediment budget assumes that 60% originates from the updrift beach. Notably, the 60% value 

corresponds to the southwesterly-directed proportion of gross sediment transport derived from King 

(2007). Numerical model results presented in King (2007) indicate gross sediment transport of roughly 

650,000 cy/yr and net southwesterly sediment transport of roughly 133,500 cy/yr at the Pass. This data 

suggests the southwesterly-directed component of gross transport equals 391,750 cy/yr (or 60% of the 

gross transport) and the northeasterly-directed component equals 258,250 (or 40% of the gross transport).  

   
3.4 Beach and Dune Nourishment and Dredging History 

 
The sediment budget includes an average annual artificial placement of 64,675 cy/yr and 155,901 

cy/yr of material onto the beaches northeast (cell 1) and southwest (cell 2) of Rollover Pass and removal 

of 185,668 cy/yr from the GIWW and Rollover Bay channel (cell 3) from 1999 – 2008. Taylor 

Engineering derived these quantities from annual beach and dune nourishment data (i.e., volumes, 

placement locations, and sand sources) from Galveston County (2008) and Texas General Land Office 

(personal communications) as presented in Table 2. Notably, cell 3 of the sediment budget corresponds to 

the reach associated with the dredging events documented in Table 2. Also, this analysis excludes a 2008 

project that placed 134,700 cy southwest of the Pass; this nourishment event occurred after the 2008 

survey used by Galveston County (2008) to determine shoreline changes. 

 
3.5 Sediment Budget Results 

 

Figures 5 and 6 illustrate alternative sediment budgets with differences that stem from different 

sediment transport rates entering the Pass. Alternative 1 (Figure 5) includes 80,000 cy/yr entering the 

Pass, and Alternative 2 (Figure 6) includes 150,000 cy/yr entering the Pass. Both alternatives specify the 

longshore transport rate (91,600 cy/yr) entering the domain cell 1 at the northeast boundary, the artificial 

transport (i.e. dredging and beach nourishment) magnitudes, and the proportions of transport entering the 
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Pass from updrift (60%) and downdrift (40%). All other transport rates — including transport into the 

GIWW from interior waters and longshore transport rates at the Pass (i.e. from cell to cell) and at the 

southwest domain boundary of cell 2— represent a balance of volumes such that the transport volume 

exiting a cell equals the sum of volumes entering the cell and volume changes within the cell. Both 

alternatives assume the net change within cell 3 equals zero (i.e., dredging rates equal deposition rates); 

thus, the sediment transport entering from interior bay waters equals the difference between the dredging 

rate and the sediment transport entering the Pass from offshore. Both alternatives assume zero offshore 

transport through the beach cell boundaries. 

 

Comparison of Alternatives 1 and 2 provide insight into sediment transport as follows: 

 

• Alternative 1 and Alternative 2 indicate that approximately 114,300 cy/yr and 72,300 

cy/yr travel from the northeast beach cell (cell 1) to the southwest beach cell (cell 2). The 

greater transport into the Pass (Alternative 2), which diminishes sediment supply 

downdrift, accounts for the volume difference.  

 

• Alternative 1 and Alternative 2 indicate that approximately 274,400 cy/yr and 204,400 

cy/yr exit downdrift of the southwest beach cell (cell 2). Both estimates appear higher 

than previously estimated rates; the assumption of zero offshore transport and a possible 

underestimation of the transport into Rollover Bay could account for the higher than 

expected rates. 

 

• Alternative 1 and Alternative 2 indicate 105,700 cy/yr and 35,700 cy/yr deposit into  cell 

3 via siltation from interior waters. The Alternative 1 estimate represents about 57% of 

the dredged volume. The Alternative 2 estimate represents about 19% of the dredged 

volume. Historic dredging records discussed above show evidence of increased 

deposition after construction of Rollover Pass, and several studies hypothesize that 

sediment transported from the beach rather than the bay region comprise the majority of  

deposited sediments. As such, the above results suggest that the 80,000 cy/yr transport of 

Alternative 1 underestimates the actual transport rate into the Pass.  
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Table 2 1999 – 2008 Sediment Budget Nourishment Data and Dredging Volumes 

Year 
Nourishment 

Type 
Volume 

(cy) Sand Source 

Northeast Shoreline Nourishments (Cell 1) 
2000 Beach 300,000 Rollover Bay3 (dredge placement) 
2000 Dune 22,0002 Upland source (truck haul) 
2001 Dune 17,800 Upland source (truck haul) 
2003 Beach 104,000 GIWW (dredge placement) 
2004 Beach 74,274 GIWW (dredge placement) 
2005 Dune 64,000 Upland source (truck haul) 
Total - 582,074 - 

1999 – 2008 annual average - 64,675 - 
Southwest Shoreline Nourishments (Cell 2) 

1999 Beach 175,000 GIWW (dredge placement) 
2000 Beach 138,400 GIWW (dredge placement) 
2000 Dune 22,0002 Upland source (truck haul) 
2001 Beach 126,000 GIWW (dredge placement) 
2001 Dune 6,600 Upland source (truck haul) 
2002 Beach 119,000 GIWW (dredge placement) 
2004 Beach 102,523 Upland source (truck haul) 
2004 Dune 8,247 Upland source (truck haul) 
2005 Beach 361,000 GIWW (dredge placement) 
2005 Dune 71,000 Upland source (truck haul) 
2006 Beach 87,737 GIWW (dredge placement) 
2007 Beach 185,600 GIWW (dredge placement) 
Total - 1,403,107 - 

1999 – 2008 annual average1 - 155,901 - 
Dredging Volumes (Cell 3) 

- 1,371,011 GIWW 
- 300,000 Rollover Bay channel3 1999 – 2008 Total1 
- 1,671,011 Cell 3 total 
- 152,335 GIWW 
 33,333 Rollover Bay channel3 1999 – 2008 annual average1 

 
 185,668 Cell 3 total 

1The data excludes a 2008 nourishment of the southwest shoreline that placed 134,700 cy of GIWW dredged 
material; this event occurred after the 2008 survey that defines the sediment budget period.  
2Event included placement of 44,000 cy southwest and northeast of the Pass, but the placement distribution is 
unknown to the study authors. Thus, the data presented above assumes equal distribution to both sides of the Pass. 
3The 2000 dredging event removed sediment from the permitted borrow area located along the Rollover Bay 
channel.



18,480 ft (3.5 miles)18,480 ft (3.5 miles)

DATE

PROJECT
C2009-063

DRAWN BY

JCH

NOV 2009

TAYLOR ENGINEERING INC.
10151 Deerwood Park Blvd., Bldg. 300, Suite 300

Jacksonville, Florida 32256

Figure 4
Sediment Budget Cells

CERTIFICATE OF AUTHORIZATION # 4815

-4  m (-13 ft) NAVD88 -4  m (-13 ft) NAVD88

SCALE: 1" = 4,000'

0 4,000' 8,000'

Cell 2 Cell 1

Cell 3

East Bay

Rollover Bay

Gulf of Mexico

GIWW

GIWW

Rollover Pass

12



18,480 ft (3.5 miles)18,480 ft (3.5 miles)

DATE

PROJECT
C2009-063

DRAWN BY

JCH

NOV 2009

TAYLOR ENGINEERING INC.
10151 Deerwood Park Blvd., Bldg. 300, Suite 300

Jacksonville, Florida 32256

Figure 5
Sediment Budget Alternative 1

CERTIFICATE OF AUTHORIZATION # 4815

-6.1-36.2

0.0

48.0

114.3
274.4

80.0

185.7 Dredged

105.7 Siltation

-4  m (-13 ft) NAVD88 -4  m (-13 ft) NAVD88

SCALE: 1" = 4,000'

0 4,000' 8,000'

155.9 from Beach and
Dune Nourishment

64.7 from Beach and
Dune Nourishment

32.0
91.6

Note: all values in 1,000 cy/yr

East Bay

Rollover Bay

Gulf of Mexico

GIWW

GIWW

13



18,480 ft (3.5 miles)18,480 ft (3.5 miles)

DATE

PROJECT
C2009-063

DRAWN BY

JCH

NOV 2009

TAYLOR ENGINEERING INC.
10151 Deerwood Park Blvd., Bldg. 300, Suite 300

Jacksonville, Florida 32256

Figure 6
Sediment Budget Alternative 2

CERTIFICATE OF AUTHORIZATION # 4815

-6.1-36.2

0.0

90.0

72.3
204.4

150.0

185.7 Dredged

35.7 Siltation

-4  m (-13 ft) NAVD88 -4  m (-13 ft) NAVD88

SCALE: 1" = 4,000'

0 4,000' 8,000'

155.9 from Beach and
Dune Nourishment

64.7 from Beach and
Dune Nourishment

60.0
91.6

Note: all values in 1,000 cy/yr

East Bay

Rollover Bay

Gulf of Mexico

GIWW

GIWW

14



15 

In summary, the sand transport rate into Rollover Pass remains debatable, but the sediment 

budget results suggest rates of 150,000 cy/yr or more are likely. Closing Rollover Pass would eliminate 

this sediment transport pathway and return the littoral system to a more natural state. In effect, the 

longshore transport will feed the beaches as naturally intended and alleviate the accelerated erosion rates 

caused by the Pass.  Eliminating the sediment pathway into the Pass will also reduce deposition in the 

GIWW and Rollover Bay and help decrease the high dredging frequency currently required to maintain 

the GIWW.  Additionally, future beach restoration projects, subject only to background erosion rates 

rather than the accelerated rates from the Pass, should perform more effectively. 
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4.0 CONCLUSION 

 
This report cited numerous studies from 1958 to the present that indicate Rollover Pass causes 

significant erosion of the adjacent beaches and increases the frequency and, hence, costs to dredge the 

GIWW. Such adverse impacts arise primarily from the Pass’ flood dominant characteristics that transport 

material from the natural littoral zone into the Pass interior. This report also developed an alternative 

1999 – 2008 sediment budgets that summarize the beach volume changes and the sediment transport 

magnitudes and pathways, both natural and artificial, near Rollover Pass for the recent pre-Hurricane Ike 

period. The sediment budget alternatives suggest that a sediment transport rate of 150,000 cy/yr or more 

into Rollover Pass appears likely. Collectively, the results of this study justify closure of Rollover Pass to 

help reduce erosion of the adjacent beaches, reduce the required frequency and costs of GIWW 

maintenance dredging, and help improve the effectiveness of future beach restoration projects. 
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Preliminary Rollover Pass Closure Work Plan 
 

 
 
Introduction 
 

Rollover Pass, an artificial inlet created in 1955 to enhance recreational fishing 
opportunities, lies on the Bolivar Peninsula in Galveston County, Texas about 30 km (19 miles) 
northeast of the Galveston Bay entrance. The Pass, which provides a tidal connection between the 
Gulf of Mexico and Rollover Bay in the southeastern portion of East Bay, causes beach erosion, 
increases the frequency and, hence, costs to dredge the Gulf Intracoastal Waterway (GIWW), and 
increases the salinity levels within interior waters. The proposed Rollover Pass Closure project 
will alleviate the above adverse impacts and return the project site to a more natural state by 
completely infilling the pass from the Gulf to the bay shoreline. 

 
The Texas General Land Office (GLO) requested Taylor Engineering, Inc. to develop the 

procedure to close Rollover Pass. This document details the preliminary work plan to complete 
this project objective. 
 
Project Overview 

 
The proposed project will use a hydraulic dredge connected to a floating pipeline (except 

for a short submerged segment across the GIWW) to pump fill material from the borrow 
source(s) to Rollover Pass. The project may use up to three potential fill sources including a 
nearby upland dredge material placement area (DMPA), the permitted Rollover Bay sand source 
(Galveston County, SWG 21755 and amendments), or the GIWW in the Rollover Pass vicinity. 
Material fill removal from the GIWW would coincide with annual maintenance dredging 
conducted by the U.S. Army Corps of Engineers (USACE). Heavy equipment will grade the infill 
to meet the elevations of adjacent lands. The specified construction methodology will use a 
combination of permanently installed steel sheet pile walls and geotextile bags to close the Pass.  
Implementing this methodology will minimize water quality impacts and structural impacts to the 
existing bridge and utilities. The existing State Highway 87 bridge, maintained by the Texas 
Department of Transportation (TxDOT), and all utilities that currently cross Rollover Pass will 
remain intact. Demolition and/or removal of the existing steel and concrete walls throughout the 
pass will occur after the fill stabilizes.  
 
Work Plan 
 

The project will include two or more separate operation sites. Rollover Pass comprises 
one operation site and the borrow area(s) comprises the additional operation site(s). As mentioned 
above, the project may use up to three potential fill sources. The Texas GLO is currently 
collecting geotechnical data at various DMPAs along Bolivar Peninsula. Upon receipt of the 
geotechnical reports (expected in early December 2009), Taylor Engineering will evaluate the 
DMPA sediment’s suitability for pass closure. If project construction coincides with the 
USACE’s maintenance dredging of the GIWW, the GLO will coordinate with the USACE to 
obtain and evaluate geotechnical data of the GIWW sediments. GLO will evaluate the permitted 
Rollover Bay sand source if the other sources cannot provide suitable material. Taylor 
Engineering will update this work plan as new data becomes available. Currently, this 
preliminary work plan describes construction methods at the Rollover Pass operation center and 
at a potential DMPA operation center.  
 



Preliminary Rollover Pass Work Plan 
 
Rollover Pass closure will involve three sequential construction phases, as detailed in 

Sheet 1 of the attached plans. Phase 1 will stop the tidal flow through the Pass by installing steel 
sheet pile walls adjacent to the steel sheet pile weirs on both sides of the State Highway 87 
bridge. This step also isolates the bridge to minimize the risk of impacts to the piles and other 
utilities or structural components. 
 

Phase 2 will infill the southern portion (Gulf side) of the Pass including the bridge section 
isolated in Phase 1. The first step installs two geotextile tubes (200-ft long and 20-ft in diameter) 
across the Pass to create cells. The attached plans illustrate the geotextile tube locations. The 
contractor will first create a stable bracket for each tube by driving numerous 30-ft long wooden 
piles into the pass bottom. The contractor will then fill the geotextile tubes — first, by pumping in 
seawater to establish their location between the brackets, and then by pumping in low quality 
material from the sand source. The second step of Phase 2 fills the cells created by the sheet pile 
walls and geotextile tubes. The contractor will begin filling the section under the bridge between 
the sheet pile walls and will dewater the section with a mechanical pump as necessary. The 
contractor will direct outflow from dewatering operations toward the Gulf (i.e., into the adjacent 
cell). The geotextile tube of the adjacent cell will help contain the outflow and, thus, help control 
turbidity. The contractor will fill the remaining cells from north to south. During this process, the 
geotextile tubes will continue to help contain outflow to minimize turbidity impacts. Additionally, 
the contractor will use turbidity screens as necessary to further minimize turbidity and erosion. 
The contractor will also screen and remove debris from the dredged slurry during pumping 
operations if required. 

 
To help stabilize the fill, the contractor will compact the fill in 6 in. lifts once the fill 

reaches an elevation of approximately 1.0 ft NAVD88. However, to minimize potential risk to the 
bridge piles, the contractor will not compact material placed within the bridge cell. Once the fill 
has stabilized, the contractor will begin complete removal of the existing concrete and steel sheet 
pile walls south of the bridge. The contractor will use suitable concrete rubble and metal materials 
to fill the large scour hole on the bayside of the sheet pile weir north of the bridge in Phase 3 
(discussed below); the contractor will truck all other demolished materials away from the site to 
an appropriate disposal location. Notably, the fill material used for the bottom of the cells may 
not meet beach quality criteria. However, the top layer above approximately 1.0 ft NAVD88 and 
the seaward portion of the fill will include only beach quality material. 

 
Phase 3 fills in the northern portion of the Pass. In the same manner described above in 

Phase 2, the contractor will install three geotextile tubes to create fill cells. The contractor will fill 
the cells beginning near the bridge and progressing northward towards Rollover Bay. The 
contractor will use any suitable material from the demolition activities of Phase 2 to fill the large 
scour hole on the bayside of the sheet pile weir north of the bridge. Again, the contractor will use 
turbidity screens as necessary to minimize turbidity impacts and erosion. The contractor will also 
compact all cells in 6 in. lifts once the fill reaches approximately 1.0 ft NAVD88. Once the fill 
has stabilized, the contractor will begin demolition of the existing sheet pile walls that line the 
Pass; the contractor will cut the walls 2 ft below the surrounding grade and remove the top 
portions. 
 

Preliminary DMPA Sand Source Work Plan 
 
 The contractor will use mechanical loaders to segregate beach quality, high quality, and 
low quality material within the DMPA site. The contractor, in coordination with the USACE and 



the GLO, will create an excavation transfer point where the hydraulic dredge can excavate the 
DMPA material. Mechanical loaders will move material into the transfer point from within the 
DMPA. The hydraulic dredge, securely moored and enclosed within multiple turbidity barriers, 
will pump the excavated slurry through a floating pipeline (except for a short submerged segment 
across the GIWW) to the Rollover Pass operation site. The location of the transfer point may 
dictate the use of several booster pumps to move the slurry through the pipeline. Sheet 2 
illustrates a possible pipeline route originating from DMPA 36, a potential sand source. The 
pipeline route will minimize impacts to any environmentally sensitive areas. The contractor will 
follow the site’s Stormwater Pollution Prevention Plan (SWPP). 
 
Final Design Considerations 

 
Final design of the closure plan requires coordination with Texas Department of 

Transportation (TxDOT) and other entities (i.e., Bolivar Peninsula Special Utility District 
[BPSUD], Camden Communications, and Entergy Texas) that currently maintain utilities across 
Rollover Pass. Such communications are necessary to prevent unintended impacts to existing 
utilities and to incorporate possible utility improvements into the project design. In addition to 
maintaining the State Highway 87 bridge over Rollover Pass, TxDOT maintains four stormwater 
pipes that currently open into Rollover Pass. Final design of the pass will require development of 
a drainage design that incorporates the existing pipes. BPSUD maintains a waterline attached to 
the bridge; final design could involve relocation or burial of the pipeline. Camden 
Communications maintains fiber optic lines bored underneath the pass, and Entergy Texas 
maintains electric lines above the pass.  
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1.0 INTRODUCTION 

Rollover Pass, an artificial inlet created in 1955 to enhance recreational fishing opportunities, lies 

on the Bolivar Peninsula in Galveston County, Texas about 30 km (19 miles) northeast of the Galveston 

Bay entrance. The Pass, which provides a tidal connection between the Gulf of Mexico and Rollover Bay 

in the southeastern portion of East Bay, causes beach erosion, increases the frequency and, hence, costs to 

dredge the Gulf Intracoastal Waterway (GIWW), and increases the salinity levels within interior waters. 

The proposed Rollover Pass Closure project will alleviate the above adverse impacts and return the 

project site to a more natural state by completely infilling the pass from the Gulf to the bay shoreline. 

 

The Texas General Land Office (GLO) requested Taylor Engineering, Inc. to evaluate the 

potential affects of the closure of Rollover Pass on inland water hydraulics and salinity. This report 

discusses a numerical modeling effort conducting by Taylor Engineering to analyze such affects of Pass 

closure. Following this brief introduction, Chapter 2 describes the general modeling procedures, the study 

area, and the model calibration. Chapter 3 presents the study methodology and model results. Chapter 4 

contains a brief summary of the study’s findings. 
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2.0 STUDY AREA, MODELING PROCEDURES, AND CALIBRATION 

2.1 Overview 

The study area lies on the northwestern side of the Gulf of Mexico and includes Rollover Pass, 

Rollover Bay, and Galveston Bay. Galveston Inlet and Rollover Pass connect the bays directly to the 

Gulf. Tides in the Gulf of Mexico generate tidal currents through these connections which exchange water 

between the bays and the Gulf. The tidal currents draw highly saline water into the bays from the Gulf of 

Mexico and expel saline water mixed with freshwater from the bays. Additionally, tidally controlled 

water level changes generate currents internal to the bays. These currents mix saline water from the Gulf 

with freshwater continuously entering the system through rivers and bayous. This study examines the 

affects of closing Rollover Pass, the primary conduit for water interchange, on the salinity concentration 

of waters in Rollover Bay and Galveston Bay. 

Tidal and river circulations in and around inlets, rivers, and bays control the introduction and 

mixing of saline ocean waters with freshwater from streams and rivers. Hydrodynamic models provide 

engineers a means to describe and study these circulations. Such models simulate flow by solving the 

governing equations for the fluid dynamic processes at a given location under specific water level and 

flow boundary conditions. 

This study employed two U.S. Army Corps of Engineers (USACE) two-dimensional finite 

element models (RMA2 and RMA4) to determine water conditions which would result from closing 

Rollover Pass. RMA2 computes water surface elevations and horizontal velocity components in two-

dimensional flow fields based on tidal or riverine flow data. RMA4 applies the hydrodynamic solution 

from RMA2 to simulate the advection-diffusion transport process of saline and freshwater through the 

system. 

Resource Management Associates, Inc. of Davis, California developed the hydrodynamic model 

RMA2 in 1973. Continuing modification and improvement by researchers at the USACE Waterways 

Experiment Station (WES) has resulted in a robust, well-established model. RMA2 solves the two-

dimensional transient, depth-averaged, fluid dynamic governing equations in a finite element scheme with 

specifications for roughness coefficients to describe bed friction, turbulent exchange coefficients for 

turbulence closure, and both flow and free surface boundary conditions. Additional capabilities include 

treatments for wetting and drying, Coriolis acceleration, wind stress, dynamic bed friction assignment by 

depth, Peclet number definition of turbulent exchange coefficients, and one-dimensional storage and flow 

structures. 
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RMA4, another Resource Management Associates program modified and improved by 

researchers at WES, applies the hydrodynamic solutions from RMA2 to simulate depth-averaged 

advection-diffusion transport processes. RMA4 can simulate the fate of constituents as conservative or 

non-conservative with a first order decay. Successful applications include investigating the physical 

processes of migration and mixing of a soluble substance in reservoirs, rivers, bays, estuaries, and coastal 

zones; defining horizontal salinity distributions; tracing temperature effects from power plants; 

calculating residence times of harbors or basins; optimizing the placement of outfalls; identifying 

potential critical areas for oil spills or other contaminant spread; evaluating turbidity plume extent; and 

monitoring other water quality criterion within game and fish habitats.  

The RMA2 model, calibrated with especially collected tidal stage and tidal velocity data, 

provides the hydrodynamic solution for the RMA4 model. The RMA4 model, calibrated with salinity data 

collected coincident with the tide data, estimates the salinity of the bays. 

2.2 Study Area and Model Domain 

Figure 2.1 shows the extent of the model domain. As noted, Galveston Inlet and Rollover Pass 

connect the bays directly to the Gulf of Mexico and provide the source of saline water in the bays. Trinity 

River provides 60 – 70% of the freshwater entering the study area with Buffalo Bayou, San Jacinto River, 

and Cedar Bayou providing the majority of the remaining freshwater input to the system. 

The model domain applied in this study derives from the TxBLEND (Matsumoto et al., 2005). 

Taylor Engineering converted this model to RMA2, added details of Rollover Bay, and updated Rollover 

and East Bays with bathymetric data collected by Naismith Marine Services from August 6 to 21, 2009 

(Figure 2.2). Figure 2.3 shows the bathymetry and model mesh in Rollover and East Bay, near Rollover 

Pass. 
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Figure 2.1 Model Domain 
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Figure 2.2 Extent of New Bathymetric Survey Data near Rollover Pass 
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Figure 2.3 Mesh and Bathymetry near Rollover Pass 

2.3 Hydrodynamic Model Calibration Data Collection and Tidal Characteristics 

Gauges at six stations located in the project area (Figure 2.4) provided tidal stage and velocity 

data. Two stations provided only tidal stage data, three stations provided only velocity data, and one 

station in Rollover Pass provided both tidal stage and velocity data. One additional station in the Gulf 

Intracoastal Waterway east of the project area provided tidal stage data for model boundary conditions. 

The tide gauges supplied continuous water level data from July 28 to September 3, 2009. Taylor 

Engineering collected velocity data over the water column with an Acoustic Doppler Current Profiler 

(ADCP) during discrete intervals (lasting at least five minutes) on July 29 and September 3, 2009. This 

data provided the required information for hydrodynamic model calibration. 
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Notably, collected salinity data only covers the late summer, early fall period. Time constrains 

did not allow data collection over an extended period. To predict the absolute value of salinity with any 

accuracy over several years requires calibration with salinity data for each season. Therefore, the model 

may not accurately predict absolute salinity values, but should reliably predict relative salinity between 

simulations with the Pass open and closed. 

National Oceanic and Atmospheric Administration (NOAA) stations 8771510 at Galveston 

Pleasure Pier and 8770971 Rollover Pass provided long-term tidal stage information. Table 2.1 

summarizes the tidal data from these stations. 

Table 2.1 NOAA Tide Data 

Tide Data 

STA 8771510, 
Galveston 

Pleasure Pier 
(ft-NAVD) 

STA 8770971, 
Rollover Pass 

(ft-NAVD) 

Mean Higher High Water (MHHW) 1.43 1.21 
Mean High Water (MHW) 1.24 1.13 
Mean Tide Level (MTL) 0.51 0.61 
Mean Sea Level (MSL) 0.50 0.61 
Mean Low Water (MLW) -0.22 0.03 
Mean Lower Low Water (MLLW) -0.61 -0.13 
Mean Tide Range (ft) (MHW – MLW) 1.46 1.10 
Diurnal Tide Range (ft) (MHHW – MLLW) 2.04 1.34 

 

2.4 Hydrodynamic Model Parameters and Boundary Conditions 

A Manning’s roughness coefficient (Manning’s n) value ranging from 0.015 to 0.035 provided 

the bed friction boundary condition within the model. The USACE recommends n = 0.02 – 0.025 for sand 

channels and 0.075 – 0.150 for winding or overgrown channels (Donnell et al., 2005); Chow (1959) 

recommends n = 0.035 for rivers, and the U.S. Geological Survey (USGS) recommends n = 0.012 – 0.026 

(Arcement and Schneider, 1989).  

A turbulent exchange coefficient value of 30 – 70 lb-sec/ft2 controlled the turbulence closure for 

the hydrodynamic model. This value falls within the 20 – 100 lb-sec/ft2 range the model developers 

recommend for flow in tidal estuaries (Donnell et al., 2005).  

The model calibration applied time-varying free surface water level boundary conditions from 

July 28 to September 3, 2009 offshore and on the Intracoastal Waterway east of the area of interest. 

NOAA tide measurements from Galveston Pleasure Pier provided the offshore water level boundary 
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conditions for the model while measured tide data in the Intracoastal Waterway provided the water level 

boundary at that site.  

USGS stream flow data from July to September 2009 provided freshwater input discharge data 

for model calibration. Taylor Engineering compiled the daily mean stream flow data for Trinity River, 

Cedar Bayou, San Jacinto River, and Buffalo Bayou for the calibration period and applied the data as 

time-varying freshwater input flows to the hydrodynamic model. An absence of data for Oyster Bayou 

precluded their inclusion in the model; however, because Trinity River contributes 60 – 70% of the 

freshwater to the system, the absence of Oyster Bayou freshwater input should have no significant affect 

on the study. Figure 2.5 indicates the boundary input locations for the time-varying freshwater input flows 

and water level boundary conditions. 

 
Figure 2.5 Hydrodynamic Model Boundary Condition Points 
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2.5 Hydrodynamic Model Calibration Results 

A model’s calibration demonstrates its capability to reproduce observed hydrodynamic 

conditions. The correlation coefficient (the ratio of the covariance of two data sets to the product of the 

variance of the data sets) provides a statistical measure of the correspondence of two data sets. Two 

coincident data sets have a correlation coefficient of 1.0 (i.e., the data sets match), while correlation 

coefficients approaching zero indicate less correspondence between the data sets.  

The mean error (E = the average of the difference of between two data sets) provides another 

measure of the difference of two data sets. A positive value for the mean error indicates that the model 

overestimates the measured data, while a negative value indicates the model underestimates the data. 

Finally, the root-mean-square error (Erms = the square-root of the average of the square of the 

difference of between two data sets) indicates the absolute error of the compared data sets. Table 2.2 

gives the formulas for each of the error measurements. In Table 2.2, x = measured data, y = model data, 

N = total number of data points, σx
2 = variance of the measured data, σy

2 = variance of the model data, and 

σxy
2 = covariance of the measured and model data. 

Table 2.2 Error Measurement Formulas 

 Symbol Formula 

Correlation coefficient r2 
22

2
2

yx

xyr
σσ

σ
=  

Mean Error E ( )
N

xy
E

N∑ −
= 1  

Root-Mean-Square Error Erms 
( )
N

xy
E

N

rms
∑ −

= 1
2

 

 

Figures 2.6 – 2.8 compare the modeled tidal stage with the measured tidal stage data at the three 

tide stations shown in Figure 2.4. The figures show only a representative portion of the complete model 

calibration period from July 28 to September 3, 2009; however, the indicated correlation coefficient (r2) 

applies to the entire calibration period. Table 2.3 summarizes the tidal stage error measurements for each 

tide station over this period. Figures 2.6 – 2.8 and Table 2.3 indicate reasonable agreement between the 

modeled and measured tide water levels. 
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Figure 2.6 Sample Model Calibration Results at Tide Station 1 
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Figure 2.7 Sample Model Calibration Results at Tide Station 2 
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Figure 2.8 Sample Model Calibration Results at Tide Station 3 
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Table 2.3 Tide Station Error Measurement Summary 

 Tide 
Station 1 

Tide 
Station 2 

Tide 
Station 3 

Correlation coefficient 0.98 0.96 0.95 
Mean Error 0.27 0.04 -0.15 

Root-Mean-Square Error 0.30 0.16 0.23 
 

Figures 2.9 – 2.16 show plots of the measured velocities against the RMA2 model depth-averaged 

velocities. The figures show two periods for each of the four velocity stations — one in July 2009 and one 

in September 2009. Each figure displays the continuous model output and discrete point values for the 

measured data. The ADCP recorded velocity profiles over the water column. Analysis of the measured 

data converted the ADCP data to depth-averaged velocities. During the velocity data collection, field 

personnel noted high wind conditions which may have caused velocity variations the model failed to 

capture. The effect of wind on the water surface layer was notable in several data sets, particularly the 

July readings at Station 4. 

The discrete nature of the velocity measurements (i.e., non-continuous data) precludes the 

computation of the error estimates obtained for the tidal stage data. Tables 2.4 and 2.5 compare the 

average measured and modeled velocities at each location for the two data collection periods. The figures 

and table show adequate agreement between depth-averaged model velocities and ADCP velocities 

converted to depth-averaged velocities. Notably, the velocity stations in Rollover Pass and Rollover Bay 

— locations with the most up-to-date bathymetric data — showed the closest agreement. 

Table 2.4 Velocity Station Mean Velocity Comparison, Data Period 1 

 Velocity 
Station 1 

Velocity 
Station 2 

Velocity 
Station 3 

Velocity 
Station 4 

Measured Mean Velocity (ft/s) 1.75 1.21 0.60 0.69 
Modeled Mean Velocity (ft/s) 1.99 1.18 0.62 0.42 

Difference (ft/s) +0.24 -0.03 +0.02 -0.27 
 

Table 2.5 Velocity Station Mean Velocity Comparison, Data Period 2 

 Velocity 
Station 1 

Velocity 
Station 2 

Velocity 
Station 3 

Velocity 
Station 4 

Measured Mean Velocity (ft/s) 0.75 0.38 0.17 0.29 
Modeled Mean Velocity (ft/s) 0.87 0.27 0.93 0.26 

Difference (ft/s) +0.12 -0.11 +0.76 -0.03 
 

Overall, the comparison of measured and model data indicate that the model satisfactorily reflects 

the physical processes in the study area. 
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Figure 2.9 Model Calibration Results at Velocity Station 1, Data Period 1 
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Figure 2.10 Model Calibration Results at Velocity Station 1, Data Period 2 
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Figure 2.11 Model Calibration Results at Velocity Station 2, Data Period 1 
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Figure 2.12 Model Calibration Results at Velocity Station 2, Data Period 2 

 

18 



 

 

0.0

0.2

0.4

0.6

0.8

1.0

7/29/09
15:00

7/29/09
16:00

7/29/09
17:00

7/29/09
18:00

7/29/09
19:00

7/29/09
20:00

7/29/09
21:00

7/29/09
22:00

7/29/09
23:00

7/30/09
0:00

7/30/09
1:00

7/30/09
2:00

Ve
lo

ci
ty

 (f
t/s

)
Measured Model

 
Figure 2.13 Model Calibration Results at Velocity Station 3, Data Period 1 
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Figure 2.14 Model Calibration Results at Velocity Station 3, Data Period 2 
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Figure 2.15 Model Calibration Results at Velocity Station 4, Data Period 1 
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Figure 2.16 Model Calibration Results at Velocity Station 4, Data Period 2 
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2.6 Transport Model Calibration Data, Parameters and Boundary Conditions 

Taylor Engineering collected salinity data on August 4, 5, 12, and 13, 2009 at the eight locations 

shown in Figure 2.17. As with the velocity data, salinity data reflect discrete time periods and depths over 

the water column at the various locations. Analysis of the data provided depth-averaged values. 

Peclet number control automatically assigned the model diffusion coefficient for the transport 

model with a Peclet number equal to 20 throughout the model. The earliest measured data provided the 

initial salinity values throughout the system. 

 

Figure 2.17 Salinity Data Collection Stations 

N Salinity Station 1 

Salinity Station 2 
Salinity Station 3 

Salinity Station 4 
Salinity Station 5 

Salinity Station 6 

Salinity Station 7 

Salinity Station 8 

1 2 
US SURVEY MILES 



 

24 

2.7 Transport Model Calibration Results 

Figures 2.18 – 2.25 compare the modeled and measured salinity results. The figures show 

reasonable agreement between the modeled and the measured salinity. The data set contains 59 data 

points recorded between August 4 and 13, 2009. The model produced salinities within 2 parts per 

thousand (ppt) for 52 of the 59 measured data points or 88%. All model results fall within about 8 ppt of 

the measured data. Table 2.6 shows the mean measured salinity, mean modeled salinity, and the 

difference between the modeled and measured means at each station over the collection period. On 

average, the mean model and measured salinities differed by only 1 – 2 ppt. 

Table 2.6 Salinity Station Mean Salinity Comparison 

 Station 
1 

Station 
2 

Station 
3 

Station 
4 

Station 
5 

Station 
6 

Station 
7 

Station 
8 

Measured Mean 
Salinity (ppt) 25 24 26 30 27 30 33 37 

Modeled Mean 
Salinity (ppt) 26 25 28 30 26 31 32 36 

Difference (ppt) +1 +1 +2 0 -1 +1 -1 -1 

 

Overall, the comparison of measured salinity and model output indicate that the transport model 

satisfactorily reflects the processes in the study area. 
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Figure 2.18 Transport Model Calibration Results, Salinity Station 1 
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Figure 2.19 Transport Model Calibration Results, Salinity Station 2 
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Figure 2.20 Transport Model Calibration Results, Salinity Station 3 
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Figure 2.21 Transport Model Calibration Results, Salinity Station 4 
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Figure 2.22 Transport Model Calibration Results, Salinity Station 5 
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Figure 2.23 Transport Model Calibration Results, Salinity Station 6 
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Figure 2.24 Transport Model Calibration Results, Salinity Station 7 
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Figure 2.25 Transport Model Calibration Results, Salinity Station 8 
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3.0 LONG-TERM MODELING OF THE CLOSURE OF ROLLOVER PASS 

3.1 Methodology Overview and Boundary Conditions 

This study examines the effect of closing Rollover Pass on salinity in Rollover, East, and 

Galveston Bays. To accomplish this, the study needs to simulate salinity in the system over several years 

for the existing and proposed physical conditions of the study area (i.e., Rollover Pass open and Rollover 

Pass closed).  

Hydrodynamic models such as RMA2 generally command very high computational costs — in 

the form of prohibitively long model run times and large solution file sizes — to simulate extended time 

periods (i.e., multiple years). These high computational costs make such long-term hydrodynamic 

simulations impractical without the use of expensive high performance computing facilities running 

multi-processor clusters and parallelized hydrodynamic and transport models.  

However, an analysis of historic (1936 – 2009) daily stream flow records indicated generally 

consistent seasonal variations in the freshwater entering the bays. This analysis suggested that 

representative month-long hydrodynamic simulations with seasonally varying freshwater input would 

provide a computationally cost-effective method to simulate long-term hydrodynamic conditions. The less 

computationally expensive transport model (RMA4) can draw on the hydrodynamic model solutions 

representing the appropriate season and provide a numerical description of salinity transport processes 

spanning several years. 

Analysis of the stream flow records at Trinity River, Cedar Bayou, San Jacinto River, and Buffalo 

Bayou from 1936 to 2009 showed seasonally varying stream flow values roughly corresponding to spring, 

summer, fall, and winter. As noted in Chapter 2, no data exists for Oyster Bayou. Figure 3.1 combines 

stream flow data from 1936 to 2009 and shows the average daily stream flow statistics over a 

representative year. Figure 3.2 compares the total stream flow statistics to representative constant 

seasonal flows applied as model boundary conditions. Table 3.1 lists the model input stream flow values 

and the period of the stream flow record analyzed at each input location. 
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Figure 3.1 Representative Annual Daily Stream Flow Statistics at Model Input Location  
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Figure 3.2 Representative Annual Total Daily Stream Flow and Constant Model Input Stream Flow  
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Table 3.1 Model Stream Flow Input 

Input Location Winter 
Flow (cfs) 

Spring Flow 
(cfs) 

Summer 
Flow (cfs) 

Fall Flow 
(cfs) Record Period 

Trinity River 10,500 13,507 4,427 3,347 1936 – 2009 
Cedar Bayou 114 105 102 232 2001 – 2009 

San Jacinto River 2,189 1,747 755 1,611 1939 – 2009 
Buffalo Bayou 855 1,098 755 932 1936 – 2009 

Total 13,658 16,457 6,039 6,122 – 
 

Similarly, an analysis of the tidal record at Galveston Pleasure Pier from 2004 to 2009 developed 

representative tidal characteristics for each season. Figure 3.3 shows the weekly mean, high, and low 

water levels from the analysis period plotted against the model input water level. Figure 3.4 compares the 

month-long (28-day) model input tide boundary conditions applied to each season. Figure 3.3 shows that 

the representative tide follows the general pattern of mean high and low tide over the typical year. 

Additionally, the model input tide captures the higher mean tide levels seen in the late summer through 

fall months. Figure 3.4 shows that the representative 28-day periods capture typical spring and neap tides, 

and successive model periods do not introduce large discontinuities into the model water levels. Notably, 

a reduced tide range accompanies the higher mean tide levels in the late summer through fall months. 

3.2 Model Procedure 

The hydrodynamic simulations developed in this study consisted of four seasonally representative 

one-month (28-day) simulations on each of the two model domains (Rollover Pass open and Rollover 

Pass closed). Each simulation applied time varying tidal inputs (Figures 3.3 and 3.4) and constant 

freshwater inputs (Figure 3.2) to model a full lunar cycle (28 days) and yield a solution representative of a 

given season.  

Properly sequenced, the month-long seasonal simulations generate representative hydrodynamic 

conditions over multiple years. The transport model applied these hydrodynamic conditions to determine 

the circulation and mixing of saline water and freshwater throughout the system. The transport model 

applied a constant offshore boundary salinity of 37 ppt and 0 ppt at the stream flow input locations 

throughout the simulation. This boundary derived from the measured data collected from July – 

September 2009.  
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Figure 3.3 Model Tide Input vs. Measured Mean, High, and Low Tide Levels  
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Figure 3.4 Model Tide Input vs. Measured Mean, High, and Low Tide Levels
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Table 3.2 lists the one-month seasonal simulations applied for each calendar period. Notably, 

each hydrodynamic simulation covers 28 days with a full year requiring thirteen 28-day months. 

Table 3.2 Simulation Periods and Corresponding Hydrodynamic Simulations 

Calendar Period Number of 28-day 
Calendar Months 

Hydrodynamic Simulation 
(One-month Tide and Stream Flow 

Conditions) 
June – August 3 Summer 

September – November 3 Fall  
December – March 5 Winter 

April – May 2 Spring 
 

The transport model applied the initial salinity conditions of July 2009 from the calibration model 

to establish the initial salinity throughout the system. An initial “spin-up” simulation period of one-month 

(28-day) applied the summer hydrodynamic solution to the transport model and allowed the salinity 

throughout the model to stabilize before beginning the model production runs. Following this spin-up 

period, control programs scheduled the appropriate seasonal hydrodynamic solution files as input to the 

transport model as described in Table 3.2. The final transport model solution describes the salinity 

throughout the system with Rollover Pass open and closed over a typical three-year period. The model 

does not include episodic events such as hurricanes or other storms. 

Both the Rollover Pass open and closed models applied exactly the same boundary conditions 

throughout the simulation. The study assumes that closing Rollover Pass would not change the model 

parameters determined during the calibration process (i.e., bed roughness and eddy viscosity). The 

application of consistent conditions (i.e., bed roughness, eddy viscosity, stream flow, tide, boundary 

salinity) to both models should counter any unaccounted variability in boundary data (e.g., offshore 

salinity). The comparison of the models should remain consistent regardless of actual boundary 

conditions. 

3.3 Model Results 

Figures 3.5 and 3.6 show circulation patterns in Rollover and East Bays during typical winter 

tides and freshwater stream flows with Rollover Pass open and closed. The figures indicate that closing 

Rollover Pass reduces the flows along the channel in Rollover Bay, but does not appreciably affect the 

circulation in the rest of the Bay. 
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Figure 3.5 Winter Circulation in Rollover and East Bay with Rollover Pass Open 

 
Figure 3.6 Winter Circulation in Rollover and East Bay with Rollover Pass Closed 
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The transport model determined the salinity at each model grid point at half-hour intervals over 

three years. Post-simulation analysis of the model results examined time-varying salinity data at various 

stations (Figure 3.7) near Rollover Pass and determined seasonal average salinity throughout the model 

domain.  

Figures 3.8 – 3.16 show the time-varying salinity results for each of the three simulation years at 

three typical sample stations (Stations 4, 3, and 11). Appendix A contains similar plots for each station 

shown in Figure 3.5. Each plot compares the salinity for Rollover Pass the open and closed condition over 

the given simulation year and also plots the total freshwater input to the model during each season. Plot 

annotations indicate the average, maximum, and minimum salinity in ppt for each season with Rollover 

Pass open and closed.  

High salinities at the start of Year 1 derive from the initial salinity conditions applied to the 

models. These initial conditions reflect salinity levels more representative of the end of the summer 

season rather than the beginning. The models eliminate this effect by the end of the Year 1 fall season. 

Comparison of the plots at each sample station demonstrates that simulation Year 3 essentially 

duplicates Year 2, and the model reached an equilibrium condition after the first simulation year. 

Simulations beyond Year 3 should show no appreciable change. Tables 3.3 and 3.4 list maximum, 

average, minimum salinity with the Pass open and closed by season for simulation Year 2 at all sample 

stations (Figure 3.7). 
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Figure 3.7 Production Run Salinity Sample Points 
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Figure 3.8 Salinity Variation with Time, Station 4, Year 1 
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Figure 3.9 Salinity Variation with Time, Station 4, Year 2 
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Figure 3.10 Salinity Variation with Time, Station 4, Year 3 
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Figure 3.11 Salinity Variation with Time, Station 3, Year 1 
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Figure 3.12 Salinity Variation with Time, Station 3, Year 2 
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Figure 3.13 Salinity Variation with Time, Station 3, Year 3 
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Figure 3.14 Salinity Variation with Time, Station 11, Year 1 

49 



 

 

0

5

10

15

20

25

30

35

40

364 392 420 448 476 504 532 560 588 616 644 672 700 728

Time (days)

Sa
lin

ity
 (p

pt
)

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

fr
es

hw
at

er
 in

pu
t (

cf
s)

Station 11 Closed Station 11 Open Total FW Input

summer, closed: 
18.2, 22.1, 15

summer, open: 
18.9, 22.5, 15.2

fall, open: 25.7, 
27.2, 22.5

fall, closed: 25.7, 
27.2, 22

winter, open: 22.2, 
27.7, 18

winter, closed: 
21.5, 27.1, 17.3

spring, open: 
16.4, 18.4, 15

spring, closed: 
16.1, 17.3, 14.9

 
Figure 3.15 Salinity Variation with Time, Station 11, Year 2 
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Figure 3.16 Salinity Variation with Time, Station 11, Year 3 
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Table 3.3 Summer and Fall Salinity Values 

Summer, Year 2 Fall, Year 2 

Station Pass 
Condition 

Maximum 
Salinity 

(ppt) 

Average 
Salinity 

(ppt) 

Minimum 
Salinity 

(ppt) 

Maximum 
Salinity 

(ppt) 

Average 
Salinity 

(ppt) 

Minimum 
Salinity 

(ppt) 
Open 26.7 21.9 15.4 27.6 25.8 22.3 1 

Closed 21.5 17.7 15 27.2 25.5 21.4 
Open 31 23.4 16.3 32.2 27.8 23.3 2 Closed 22.1 17.9 15.2 27.9 26.1 21.9 
Open 26.4 21.5 15.2 27.5 25.7 22.3 3 Closed 21.5 17.7 15 27.2 25.5 21.5 
Open 34.1 27.7 21.4 35.1 30.5 25.2 4 Closed 22.4 18.1 15.3 28.5 26.6 22.1 
Open 31.5 23.9 15.4 30.5 26.4 22.3 5 Closed 21.9 18 15.1 27.4 25.7 21.8 
Open 35 28.3 17.1 35.5 30.9 23.4 6 Closed 22.4 18.3 15.5 28.7 27 22.3 
Open 25.5 20.2 15.1 27.2 25.6 22.2 7 Closed 21.6 17.8 15 27.2 25.5 21.5 
Open 26.5 21.4 16.8 29.7 27.7 24.2 8 Closed 24 20 15.8 29.7 27.6 24 
Open 22.4 19.1 15.1 27.2 25.7 22.3 9 Closed 21.8 17.9 15 27.2 25.6 21.7 
Open 22.3 18.9 15.1 27.2 25.6 22.3 10 Closed 21.7 18 15 27.2 25.6 21.7 
Open 22.5 18.9 15.2 27.2 25.7 22.5 11 Closed 22.1 18.2 15 27.2 25.7 22 
Open 22.7 19 15.4 27.3 25.9 22.7 

12 
Closed 22.4 18.6 15.3 27.3 25.8 22.4 
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Table 3.4 Winter and Spring Salinity Values 

Winter, Year 2 Spring, Year 2 

Station Pass 
Condition 

Maximum 
Salinity 

(ppt) 

Average 
Salinity 

(ppt) 

Minimum 
Salinity 

(ppt) 

Maximum 
Salinity 

(ppt) 

Average 
Salinity 

(ppt) 

Minimum 
Salinity 

(ppt) 
Open 31.1 25.8 19.9 23.8 19.3 15.4 1 

Closed 27.2 22.3 17.8 17.8 16.6 15 
Open 32.9 26.8 20.6 29.4 21.7 16.4 2 Closed 27.5 22.3 17.9 17.9 16.7 15.4 
Open 31.2 25.3 19.2 23.5 18.5 15.2 3 Closed 27.2 22.2 17.7 17.7 16.4 15 
Open 35.2 29.4 21.9 33.1 26.2 18.7 4 Closed 27.9 22.3 18 18.1 17 15.7 
Open 33.6 26.4 19 29.5 20.1 15.3 5 Closed 27.5 22.2 17.7 17.7 16.6 15.1 
Open 35.8 30.3 19.6 34.3 26.1 16.4 6 Closed 28.2 22.4 18.1 18.5 17.2 15.9 
Open 30.6 24.3 18.5 21 17.2 15.1 7 Closed 27.2 22.1 17.6 17.5 16.3 15 
Open 31.1 24.5 19.1 22.2 18.3 16.1 8 Closed 28.5 22.3 18.1 20.6 17.8 15.9 
Open 29 23.1 18.3 19 16.7 15.1 9 Closed 27.1 21.8 17.4 17.4 16.2 14.9 
Open 28.3 22.9 18.3 19 16.7 15.1 10 Closed 27.1 21.8 17.4 17.4 16.2 14.9 
Open 27.7 22.2 18 18.4 16.4 15 11 Closed 27.1 21.5 17.3 17.3 16.1 14.9 
Open 27 21.6 17.8 17.9 16.3 15 

12 
Closed 27 21.1 17.2 17.2 16.1 14.8 
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A seasonal rise and fall of salinity evidenced in all plots corresponds to the fall increase in mean 

water levels shown in Figure 3.3. Higher offshore water levels combine with low freshwater input to 

increase salinity within the system. Salinity falls when water levels return to their normal winter-spring-

summer levels and freshwater inputs rise during the winter and spring. Lower freshwater inputs in 

summer cause salinities to rise — slowly during summer and more rapidly when high water levels return 

in fall. 

Figures 3.11 – 3.16 exhibit an episodic — several times monthly — rise and fall in salinity with 

Rollover Pass open at Stations 3 and 11 from winter through summer. Low salinities at these stations 

nearly reach the Pass closed salinity levels during these episodes. These patterns reflect salinity 

oscillations at Station 4 (Figures 3.8 – 3.10) near Rollover Pass, and follow the monthly spring-neap tide 

sequence illustrated in Figure 3.4. As spring tide approaches, more saline water enters the bays and 

salinity rises. As spring tide approaches less saline water enters the bays and salinity falls under the 

influence of freshwater input from the rivers and bayous. Higher mean tide levels and smaller tidal ranges 

during fall months (Figure 3.4) suppress this pattern at Stations 3 and 11.  

The response of Stations 3 and 11 indicates the closure of Rollover Pass should not appreciably 

affect salinity levels outside of Rollover Bay during the fall months — when the area experiences no 

salinity oscillations. During the winter through summer months, closure of the Pass eliminates the 

monthly salinity fluctuations and stabilizes salinity near Pass open low levels. 

Tables 3.3 and 3.4 indicate the largest change in seasonally-averaged salinity occurs in summer. 

Closing the Pass reduces seasonally-averaged salinity up to 10 ppt near the Pass (Station 6) and less than 

2 ppt about four miles from the Pass (Station 7). Peak salinity drops 16 ppt near the Pass and less than 4 

ppt about four miles from the Pass. 

Figures 3.17 – 3.24 plot contours of the seasonally-averaged salinity in Rollover Pass and East 

Bay for simulation Year 2. The figures show seasonally-averaged salinity contours with the Pass open, 

followed by contours with the Pass closed for each season. Figures 3.25 – 3.28 show contours of change 

in salinity (Pass closed minus Pass open) for each season. As noted in Chapter 2, the model calibration 

excluded multi-seasonal data comparisons and, thus, may not accurately predict absolute salinity values 

(Figures 3.17 – 3.24) but should reliably predict relative changes in salinity due to closing Rollover Pass 

(Figures 3.25 – 3.28). 

Figures 3.25 – 3.28 indicate seasonally-averaged salinity changes due to closing the Pass increase 

with proximity to the Pass. Closing the Pass minimally affects seasonally-averaged salinity (less than 2 

ppt change) beyond five miles from the Pass. In Rollover Bay, seasonally-averaged salinity may drop as 

much as 8 – 12 ppt during spring, summer, and fall and about 5 ppt during winter.  
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Figure 3.17 Average Salinity Contours, Rollover Pass Open, Summer Year 2 
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Figure 3.18 Average Salinity Contours, Rollover Pass Closed, Summer Year 2 
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Figure 3.19 Average Salinity Contours, Rollover Pass Open, Fall Year 2 
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Figure 3.20 Average Salinity Contours, Rollover Pass Closed, Fall Year 2 
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Figure 3.21 Average Salinity Contours, Rollover Pass Open, Winter Year 2 
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Figure 3.22 Average Salinity Contours, Rollover Pass Closed, Winter Year 2 
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Figure 3.23 Average Salinity Contours, Rollover Pass Open, Spring Year 2 
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Figure 3.24 Average Salinity Contours, Rollover Pass Closed, Spring Year 2 
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Figure 3.25 Contours of Average Salinity Change, Summer Year 2 
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Figure 3.26 Contours of Average Salinity Change, Fall Year 2 

64 



 

 

NNNN

 
Figure 3.27 Contours of Average Salinity Change, Winter Year 2 
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Figure 3.28 Contours of Average Salinity Change, Spring Year 2 
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4.0 SUMMARY 

Overall, the effects on salinity of closing Rollover Pass appear greatest within Rollover Bay. 

Seasonally-averaged salinity in the Bay may drop as much as 9 – 10 ppt from existing conditions during 

most of the year. Rollover Bay should experience at least a 3 – 4 ppt drop in seasonally-averaged salinity 

throughout the year.  

Within two miles of Rollover Bay, seasonally-averaged salinity may drop up to 2 – 4 ppt, but 

may experience no change from existing conditions during some portions of the typical year. Areas more 

than five – six miles from Rollover Pass should experience minimal changes (less than 2 ppt) in 

seasonally-averaged salinity. 
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Figure A1 Salinity Variation with Time, Station 1, Year 1 
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Figure A2 Salinity Variation with Time, Station 1, Year 2 
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Figure A3 Salinity Variation with Time, Station 1, Year 3 
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Figure A4 Salinity Variation with Time, Station 2, Year 1 
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Figure A5 Salinity Variation with Time, Station 2, Year 2 

A
-5 



0

5

10

15

20

25

30

35

40

728 756 784 812 840 868 896 924 952 980 1008 1036 1064 1092

Time (days)

Sa
lin

ity
 (p

pt
)

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

fr
es

hw
at

er
 in

pu
t (

cf
s)

Station 2 Closed Station 2 Open Total FW Input

summer, closed: 
17.9, 22.1, 15.2

summer, open: 
23.4, 31, 16.3

fall, open: 27.8, 
32.2, 23.3

fall, closed: 26.1, 
27.9, 21.9

winter, open: 26.8, 
32.9, 20.6

winter, closed: 
22.3, 27.5, 17.9

spring, open: 
21.7, 29.4, 16.4

spring, closed: 
16.7, 17.9, 15.4

 
Figure A6 Salinity Variation with Time, Station 2, Year 3 

A
-6 



0

5

10

15

20

25

30

35

40

0 28 56 84 112 140 168 196 224 252 280 308 336 364

Time (days)

Sa
lin

ity
 (p

pt
)

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

fr
es

hw
at

er
 in

pu
t (

cf
s)

Station 3 Closed Station 3 Open Total FW Input

summer, closed: 
27.6, 28.3, 25.8

summer, open: 
29.6, 31.7, 26.4

fall, open: 27.8, 
28.3, 27.4

fall, closed: 27.7, 
27.9, 27.4

winter, open: 25.6, 
31.6, 19.3

winter, closed: 
22.6, 27.9, 17.7

spring, open: 
18.5, 23.5, 15.2

spring, closed: 
16.5, 17.7, 15

 
 Figure A7 Salinity Variation with Time, Station 3, Year 1 
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Figure A8 Salinity Variation with Time, Station 3, Year 2 
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Figure A9 Salinity Variation with Time, Station 3, Year 3 
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Figure A10 Salinity Variation with Time, Station 4, Year 1 
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Figure A11 Salinity Variation with Time, Station 4, Year 2 
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Figure A12 Salinity Variation with Time, Station 4, Year 3 
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Figure A13 Salinity Variation with Time, Station 5, Year 1 

A
-13 



0

5

10

15

20

25

30

35

40

364 392 420 448 476 504 532 560 588 616 644 672 700 728

Time (days)

Sa
lin

ity
 (p

pt
)

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

fr
es

hw
at

er
 in

pu
t (

cf
s)

Station 5 Closed Station 5 Open Total FW Input

summer, closed: 
18, 21.9, 15.1

summer, open: 
23.9, 31.5, 15.4

fall, open: 26.4, 
30.5, 22.3

fall, closed: 25.7, 
27.4, 21.8

winter, open: 26.4, 
33.6, 19

winter, closed: 
22.2, 27.5, 17.7

spring, open: 
20.1, 29.5, 15.3

spring, closed: 
16.6, 17.7, 15.1

 
Figure A14 Salinity Variation with Time, Station 5, Year 2 
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Figure A15 Salinity Variation with Time, Station 5, Year 3 
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Figure A16 Salinity Variation with Time, Station 6, Year 1 
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Figure A17 Salinity Variation with Time, Station 6, Year 2 
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Figure A18 Salinity Variation with Time, Station 6, Year 3 
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Figure A19 Salinity Variation with Time, Station 7, Year 1 
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Figure A20 Salinity Variation with Time, Station 7, Year 2 
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Figure A21 Salinity Variation with Time, Station 7, Year 3 
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Figure A22 Salinity Variation with Time, Station 8, Year 1 
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Attachment E 
Draft Environmental Assessment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

  
Taylor Engineering expects to submit the draft environmental assessment by January 22, 2010. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

Attachment F 
Geotechnical Analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

Taylor Engineering expects to submit the geotechnical analysis report by March 2010. 
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