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ATTACHMENT NO. 1 

The grammatical and format errors in the draft have been corrected and are 
properly formatted and referenced to the rest of the report. We have added a 
summary conclusion and recommendation to the abstract. We have not tried to 
expand how the research can be applied to development of the coastal management 
plan. I believe the report describes enough of the various options for a 
definitive coastal management plan to be created. Our assignment was to review 
storm water protection issues and erosion issues. A comprehensive plan that 
would involve all of the issues especially the structural solutions and the 
building ordinances are not within the scope of this contract. 

We have rel isted all of the bibl iographies and put them in a standard 
format with numbers for reference in the report. We did not put the book, Living 
with the Texas Shore in the report since it is available for other people to use 
and we did not use it as part of our report. We took most of the reports listed 
in the bibliography and wrote a brief summary, recommendations, and conclusions 
so that readers of this document will have a good understanding about previous 
research that had been conducted about these various subject matt'!rs. 

This study was intended to indicate the types of problems, the types of 
solutions and some prioritization based on certain criteria. The study was not 
intended to be a full preliminary design with prioritization of all the areas, 
cost estimates of all the issues, and maintenance determination of the types of 
solutions. 

We have listed the conditional ,new, emerging shore protection technologies 
that were extensively discussed in the Texas A&M Report. We have moved Dr. 
Wang's report into the body of this report including the reference documents that 
Dr. Wang used with his report. 

In the section concerning subsidence and sea level rise, we have corrected 
some of the data and referred to the Bureau of Economic Geology historical data. 
We have not tried to determine the impact except to point out that sea level rise 
is an issue even though not a major one in terms of time versus rise. Subsidence 
is also an issue in some parts of Galveston County from ground water withdrawal 
and from oil and gas production. There are more major issues facing Galveston 
County with respect to protection from storm events than the sea level rise or 
subsidence. If ordinances are setup in the future that establish building 
setback lines, then the sea level rise and the subsidence would need to be part 
of that ordinance preparation process. 

We have compared 1953 and 1990 aerial photographs to determine the erosion 
rates. The rates shown are approximate rates per year based on these aerial 
photographs. Areas where the accretion is occurring and where the erosion is 
occurring are indicated. The accuracy of these projection is limited to the 
accuracy of the aerial photographic process. There were not sufficient funds in 
thi s project to determi ne from actual fi e 1 d surveys the exact of amount of 
erosion rate for these various areas. The computation of acreage lost from 
erosion is approximate based on the 1953 and 1990 aerial photography overlays. 
This calculation is not intended to be accurate but is intended to show a trend 
in those areas in the amount of acreage lost in 27 years. 
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The rankings of shoreline problems were established primarily based on the 
overa 11 economi c impact to Gal veston County. The beach and recreat i ona 1 
facilities are highly impacted from an economic standpoint and problems with 
structures, roads, ferry landings and the end of the seawall are also high 
priority because of the potential damage to structures. We have corrected the 
phasing tasks shown in the exhibits to accurately correspond with the phasing 
task described in the body of the report. 

Environmental concerns are always an issue but storm water protection was 
the basis of this report and identifying the areas needing protection from storm 
water erosion. Reducing or eliminating erosion will have a positive 
environmental effect because the eco-systems, including marshlands, wetlands and 
the dune systems all add to the positive side of the environmental issues. When 
these are lost due to the erosion, a negative environmental impact will occur. 

The closing of dune openings is a needed requirement for protecting the 
backshore sides of the island. It is also an economic and governmental decision 
about how the recreational visitors to the island can have access to the beaches 
without destroying the dune systems. I think Pocket Parks and parking lots 
behind the dune systems with "over the dune" access walkways or ramps are methods 
of solving this issue. Vehicular traffic through the dunes on the beach and 
around the dunes is quite destructive to the dune systems. 

Review of the previous reports and documentation indicated that the legal 
issues involved with erosion protection relate to state law with respect to 
public beaches and local ordinances with respect to building locations. The 
Comprehensive Coastal Management Plan when it is prepared by the General Land 
Office will probably establish some recommended thirty year and sixty year 
building set back plans based on expected erosion rates over the next thirty to 
sixty years. This is common in other areas of the country where the states have 
established these rates and tied them to the flood insurance requirements of the 
federal government. 

The overall implementation schedule is impossible to create until the 
source of funding is determined and the commitment is received from Galveston 
County, State of Texas, and the federal agencies related to storm water erosion 
protection. The cost estimates shown in the report and in the cost summary 
indicate that there are tremendous needs in Galveston County. An implementation 
plan, tied to funding, will need to be developed in the future. One of the key 
elements in this implementation and funding is the ability and willingness of the 
Corps of Engineers to replenish the beaches using their dredging operations. In 
a recent report the Corps was quoted as saying that the samples from the areas 
that they intend to dredge do not appear to have beach quality sand available. 
Therefore another source of beach qual i ty sand needs to be evaluated wi th respect 
to dredging and replenishment of the beach sands. Preparation of a maintenance 
schedule is also impossible and out of the scope of this report because the type 
of correction recommended is primarily beach nourishment and very little 
structural facilities. Beach nourishment maintenance will depend on the erosion 
rate along the beach and that varies between summer and winter and from year to 
year. 

-2-



GALVESTON COUNTY 
SHORELINE FLOOD PROTECTION RESTORATION 

AND IMPLEMENTATION PLAN 

TABLE OF CONTENTS 

Section Page No. 

I. Acknowledgment 

II. Galveston County Beach Preservation Association Membership List 2 

III. Abstract 6 
Summary: Sand Resources Discussion 8 
Summary of Cost Estimate 10 

IV. Research Shoreline Technologies and Approaches 13 

V. 

VI. 

A. Prior Report's Summaries and Recommendations 14 
B. Shoreline Technologies 64 
C. Sea Level Rise and Subsidence 66 
D. Texas A&M University -Shoreline and Implementation Options 68 

Identify and Prioritize Problem Area in the County 

A. County Zones 
B. Mapping of County Shoreline Erosion 

from 1953 to 1990/Problem Areas 
C. Field Survey Report 

1. Zone 1 - Bolivar Peninsula 
2. Zone 2 - Galveston Island 
3. Zone 3 - Mainland 
4. Aerial Photos 

D. Problem Areas 
1. Erosion Rating 
2. Listing and Description 

Review and Identify Alternative Technologies 

A. Alternatives Considered 
B. Alternatives Selected 

69 

69 

69 
70 
70 
73 
76 
77 
77 
77 
79 

93 

94 
9S 

VII. Alternative Phasing, Cost Estimates, and Schematics 99 

A. Bolivar Peninsula 
B. Galveston Island 
C. Mainland 

99 
102 
104 



Section 

TABLE OF CONTENTS 
(Cont'd) 

VIII. Funding Program and Options 
A. Federal 
B. State 
C. Local 
D. Private 

APPENDICES 

A. Bibliography 
B. Exhibits 

I. Zone Map Potential Sand Sources 
2. Zone 1 Bolivar Peninsula 
3. Zone 2 Galveston Island 
4. Zone I Bolivar Peninsula 
S. Zone 2 Galveston Island 
6. Zone 3 Lower Mainland 
7. Zone 3 Upper Mainland 
8. Bolivar Peninsula Profile 
9. Galveston Island & Bolivar Peninsula Dune Protection 
10. Jetty - Rollover Pass 
1 J. Groin Field Profile 
12. West Beach Profile 
13. Groin Modification 
14. Roadway Termination 
IS. Bay Shore Park 

Page No. 

106 
107 
126 
129 
131 

132 



-- I. ACKNOWLEDGMENT 

The Galveston County Beach Preservation Association (GCBPA) is composed 

of a variety of knowledgeable individuals representing diverse interests 

within the County. The Association was formed in the fall of 1988 by 

Galveston County Commissioners Court. GCBPA's goal is to reduce 

shoreline erosion and enhance the environment. This planning effort 

would not be possible without the support of GCBPA, Galveston County 

Commissioners Court, the City of Galveston, and the Texas Water 

Development Board. The efforts of the Galveston County Beach 

Preservation Association are to be commended. Their action is the 

reason Galveston County and the State of Texas are moving closer to the 

approval of a Coastal Management Plan for Texas and Galveston County. 



II. GALVESION OOUNIT BEAm PRESERVATION ASSOCIATION MEMBERSHIP usr 

Paula Allen 

Commissioner Eddie Barr 

Mr. Boch 

E. R. Bryant 

Mr. Frank Carmona 

C. C. Corbin 

Jacob & Elizabeth Dourbon 

Mr. Russell Eitel 

Cqnstable Joe Faggard 

T. M Ferris 

Mr. Frank Frankovich 

Jim Bateman 

Barbara Boos 

W. E. Eddie Burke 

Victor Carrillo 

Dr. Jim Creed 

Willis J. Duhon 

Sarah Emmott 

Paul Farce 

Mr. Tom Ferris 

Mayme Frederich 

Mr. John ArringtoJl 

Philip Bennett 

C. J. Boudreaux 

Elinor S. Burrus 

2 

Michael Catanea 

Georgeanna Deckard 

J. J. Eberling, Jr. 

Daphne Everage 

Dan J. Fay 

Mike Fitzgerald 

Laura Friedl 

Billie Barker 

Allen Bleigh 

Dan Bradley 

Armin Cantini 

David Cindric, P.E. 

David Desoroneaux 

Walt Ehresman 

Wells Fagg 

Mr. David Feinman 

Ed Flippo 

Roger Gilliam 

Steve Greenberg 

Mr. Pat Hartnett 

Ms. Sandra Hoover 

Ms. Sylvia Jackson 

Mr. Jed Kenna 

Vic Maceo 

L. W. Manning 

-----~----------------------



Alan McNeill 

Mr. Robert Morris 

Obie O'Brien 

Arnold Palmeri, Sr. 

Peter Gregg 

Bobby Hebert 

Joe Huff 

Commissioner Eddie Janek 

Mr. John E. Kenna 

Mr. Fredric Mann 

Caroline Mattlou 

Mr. Jim McCloy 

W. D. Myers 

Mike Osten 

Dr. Ed Grippon 

Judy Holland 

Mary Lee Huffman 

Eloise Jeter 

Bill Lauderbach 

Judy Manning 

Bill McFarland 

R. D. Moore 

T. H. Norman 

Petula Palmer 

Glenna M Pfister 

Mrs. Willard Hall 

Mr. Harold Holmes 

3 

Brenda Hustis 

Mr. Andrew Johnson 

Harry Leicht 

L. W. Manning 

Jane McInvale 

Kevin Moran 

Julia Nye 

Kendall Palmer 

Ruth Rabb 

Mr. Raymond Reesby 

Rick Rosenthal 

Michael Short 

Glen Smith 

Mr. Dave Srader 

Mr. Judson Tatum 

Y. H. Wang 

Jack Webb 

Anne Willis 

Mr. Lee Otis Zapp 

Jack Williamson 

Nathan Reynolds 

Herman Rudenberg 

Rebecca Shoup 

Brett Smith 

Mr. Nick Stepchinski 

Jim Vratis 

Keith Ware 



-

Dottie Wells 

Mr. Spencer Wood 

Dr. Stanley J. Zimmerman 

D. C. Challie 

Gordon Robinson 

Larry Schaefer 

Gene/Grace Smith 

Mr. & Mrs. James F. Stone 

Sally Wall 

Jerry Warren 

James Wheat 

Kartheryn Wood 

Pete Zummo 

Doug Thompson 

Capt. Gordon Robinson 

Dr. Don Scha ttel 

Ms. Mary Ellen Smith 

Roy Spillers 

Helen Stovall 

Dan Wallach 

Greg Waters 

Sheri Willey 

Mr. Gary Woods 

John Hardy 

Larry Chasteen 

Melanie Wiggins 

Diocese of Beaumont 

4 

Dudley G. Rench 

Charles Alberto 

Mr. & Mrs. C. C. Crutchfield 

Mr. & Mrs. Benny H. Hughes 

Mr. & Mrs. Carl Waldman 

Mr. & Mrs. C. W. Conn 

Mrs. Thomas Tyndale 

Dr. Jack G. McNeill 

Mr. & Mrs. Sam Dengler 

Ralph Mizell 

Carroll L. Lewis 

R. M. Phillips, DDS 

Joe Ramey 

Mr. & Mrs. George J. Schaumburg 

Mr. & Mrs. William Wilson 

Mr. & Mrs. Ed Edson, III 

Mr. & Mrs. E. J. Cordts, Jr. 

Mr. & Mrs. George E. Bryant, Jr. 

U.S. Judge Joe J. Fisher 

Mr. & Mrs. Will Ohmstede 

Jack Belton 

Joe Patrick 

Eugene McGowan 

Mrs. E. D. Dillon 

Mr. & Mrs. Reed Nichols 

Mr. & Mrs. Mark Steinhagen 

Mr. & Mrs. Jef C. Russell 



Mr. & Mrs. Edward H. Green 

Mr. Junker Spencer 

Mr. & Mrs. Ken Ruddy 

Mr. & Mrs. Dan Collie 

v. J. O'Sheli 

Charles Dyer, DDS 

Dr. Tim Humble 

Mr. & Mrs. James Mc Neil 

Mr. & Mrs. T. E. Moor 

Mr. & Mrs. Ray M Moore 

Mr. & Mrs. Thomas Sibley 

Mr. & Mrs. Don Streety 

Mr. E. G. Edson, Jr. 

Mr. & Mrs. Harold Bevil 

Mr. & Mrs. James Dishman 

Mr. & Mrs. Charles D. Foxworth 

Mr. & Mrs. Paul McGown 

Bob Witte 

Mr. Demetrios Mitromaras 

Ms. Jane Reese 

Ralph H. Sauer 

Sara Cheavens 

Mr. Jim Guidry 

Ms. Mary McKenna 

Mr. Hank Miscavits 

Mr. & Mrs. Willard J. Hall 

Mrs. Patrick T. Peyton 
5 

Mr. & Mrs. Don E. Prouty 

Ed Rismiller 

Rhonda Brown 

Ms. Quinta Wilkinson 

Mr. Peter Samuels 

Mr. Ray Addington 

David Carson 

Patricia Rostron 

Dr. & Mrs. Dan Karnick 

Mr. & Mrs. John M Green 

Ms. Doris Curry 

Chuck Lawrence 

Lamont Meaux 

Mr. Mike Hightower 

David Zacharias 

Mr. Tom B. Livesay 

E. Harvey Steinhagen, Jr. 

Ms. Ginger Ellis 

Gary Dimurio 

William G. Parker 

Dave Sader 



III. ABSTRACT 

The Galveston County Shoreline Flood Protection, Restoration and 

Implementation Plan is an effort to better manage and protect coastal 

resources within Galveston County. The intent of the plan is to 

identify, prioritize and plan for the reduction of shoreline erosion in 

the County. The planning area included all of the gulf and bay shores 

within Galveston County. Existing and future federal, state and local 

funding alternatives were explored to assist in expediting the 

implementation of planning recommendations. The planning effort called 

for the review of prior plans, reports and studies with the intent of 

updating and not duplicating prior data. Recommendations are intended 

to provide the most economically beneficial solution for each 

prioritized problem area with the intent of using existing state and 

federal programs where possible. This planning effect is intended to be 

a working plan which will change as Texas moves toward development of 

its coastal management program. Erosion predictions are intended for 

general planning purposes, only, and are not represented as accurate 

calculations. 

Summary 

The shorelines in the County were reviewed through an ·on the ground" 

observation. Net loss trends were determined by comparison of dated 

aerial USGS maps. With this information, the study zones were 

classified by five categories: 

1. High erosion rate (three to five feet per year); 
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2. Moderate or low erosion rate (one foot per year); 

3. Restored or stable beaches with active maintenance and 

nourishment program; 

4. Critical erosion area where development, recreational, or 

utility services are threatened; and 

5. Noncritical erosion areas where erosion processes are not 

currently threatening. 

In the addition to these classifications, four generalized categories of 

types of solutions were considered: 

I. Shoreline stabilization; 

2. Backshore protection; 

3. Inlet stabilization; and; 

4. Harbor protection. 

Erosion rates were predicated from historical mapping shoreline 

locations. The report's predictions and historical amounts are not 

intended to be accurate enough to establish setback lines policies or 

projections. These predictions and historical amounts are given only to 

indicate trends and to point out critical areas as defined above. Loss 

of shoreline is costly to the County and has potential impact on storm 

protection and damage from storm events. 

Sea level rise and subsidence does not appear to have significant impact 

along the Gulf shore but subsidence has been a major consideration on 

areas of the upper Galveston Bay. The Harris Galveston Coastal 
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Subsidence District has established a program to eliminate or minimize 

subsidence caused by withdrawal of ground water. 

Recommenda tions 

The recommendations for erosions repair and prevention are numerous and 

very costly for Galveston County. This report has identified the 

problem areas, recommended types of solutions and shown some cost 

analysis for recommended cost repair procedures. For Galveston County 

to fully utilize the data described in this report, an erosion control 

program needs to be developed. The needs would have to be classified 

as to potential damage and loss of property. the plan would also need 

to establish S, 10, 1 S, 20 year projects listing and discuss funding 

sources. The funding sources would need to have commitments for local 

share and from supporting agencies. The funding sources would be needed 

to help develope new and incorporate existing ordinances relating to 

activities that disturb the zones. Any plan would need to be updated on 

a regular basis considering the vast amount of issues and, have a 

structure for public comments, financial options and agency controls. 

Awareness of the scope of the problem that this report presents is only 

the beginning of the process required to establish a sound erosion 

control program that will be beneficial to Galveston County for years to 

come. 

SUMMARY; SAND RESOURCE DISCUSSION 

The replenishment of beaches is one critical element in the costs and 
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plentiful to replenish the beaches. However, because of the costs 

related to mining and spreading the sand, the most cost effective 

solution is for Galveston County to work with the Corps of Engineers and 

develope a joint project where dredging operators are combined with a 

beach nourishment program. The key to using dredged material is grain 

size analysis. In September, 1992 the Corps of Engineers reported 

analysis of the Ship Channel bottom. The analysis and conclusions 

stated the material was too finely graded and silty for beach quality 

sand. 

The Corps of Engineers Coastal Research Center at Fort Belvoir, Virginia 

produced a report in 1979 concerning sand sources. The report 

identified approximate quantities of usable beach grade sand in the 

following loca tions: 

I. Seaward of Rollover Pass - 6.8 to 8.9 million cubic yards; 

2. Seaward of seawall from the south jetty to 61st street - 27 

million cubic yards; 

3. Seaward of San Luis Pass - 30 million cubic yards; and 

4. Off Surfside Beach - 2.7 million cubic yards. 
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SUMMARY OF COST ESTIMATE 

A. Boliver Peninsula 

I. Beach Restoratjon 

a. Phase One-High Island to Rollover Pass $11,125,000 

b. Phase Two-Rollover Pass to Caplen $ 2,800,000 

c. Phase Three-Crystal Beach $ 7,000,000 

d. Phase Four-Crystal Beach West $ 2,500,000 

e. Phase Five-Highway 87 at Fort Travis $ 900,000 

f. Phase Six-Jetties and Bulkhead at 

Rollover $ 6,430,000 

g. Phase Seven-Sievers Cove/Stingray Cove Not Determined 

2. Inlet Stabilization 

'1. Phase One-Rollover Bay Not Determined 

3. Back Shore Protection 

a. 50 Dune Breaks $ 500,000 

4. Dune Outfalls Not Determined 

5. Dune Rebuilding Not Determined 
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B. Galveston Island 

I. Beach Restoration 

a. Phase One-Groin Field 

b. Phase Two-6lst Street to 8 mile Road 

c. Phase Three-Spanish Grant to Galveston 

Island State Park 

d. Phase Four-Galveston Island State Park 

to Indian Beach 

e. Phase Five-Sunbird Beach to Pointe San 

Luis 

2. Back Shore Protection 

a. Travel Air/Crash Basin 

b. 1-45 Feeder-Offatt Bayou 

c. Port Industrial Boulevard 

d. Sea wolf Park Entry Road 

e. Dune Breaks Along the Island 

3. Dune Rebuilding 

4. Groin Modification 

5. Break Waters 

a. Galveston Seawall 

b. San Luis Pass 

II 

$ 6,765,000 

$ 5,500,000 

$ 5,100,000 

$ 3,750,000 

$ 4,100,000 

Not Determined 

Not Determined 

Not Determined 

Not Determined 

$ 180,000 

Not Determined 

$ 2,000,000 

(each) 

$ 975,000 

$ 975,000 



c. Mainland 

I. Shore Stabilization 

a. Street Terminations 

(Backslope Draining) 

b. Bayshore Park 

$ 20,000 

(each) 

$ 156,250 

D. Maintenance costs are not determinable at this time because scope, 

timing and funding plans will help establish what types of 

facilities are going to be constructed. Maintenance could then be 

established. 
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IV. RESEARCH SHORELINE TECHNOLOGIES AND APPROACHES 

Overview: 

Oannenbaum Engineering Corporation (DEC), in association with Texas A&M 

University Research Center, Galveston, reviewed conventional, new and 

emerging shoreline protection technologies. DEC also reviewed prior 

reports, studies, and papers which have been prepared for specific 

problem areas in Galveston County and the upper Texas coast. A summary 

of some of the reports, studies, and papers reviewed is attached in 

Section "A." The intent of Section "A" was to insure that the 

recommendation of the planning effort did not duplicate prior efforts. 

Texas A&M's report in Section "0" is an overview of existing and new 

emerging technologies. Attached in Section "0" is Texas A&M's finding 

on shoreline technologies. Oannenbaum Engineering Corporation reviewed 

prior and current reports on shoreline erosion in Galveston County to 

ensure that this planning effort was not duplicating other planning 

efforts. 
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A. Prior Reports. Summaries and Recommendations 

Listed below are summaries and recommendations of some of the 

prior reports and studies that were obtained and reviewed to 

ensure that this planning effort did not duplicate prior 

studies. The reports were also reviewed to insure the 

recommendation did not conflict with state and federal coastal 

zone management. 

The review of prior reports and studies provided tremendous 

insight into the problems along Galveston County's shoreline 

as well as insight into alternatives to correct the problem 

areas. This section is intended to highlight the data 

reviewed. 

Evaluation of Existing Conditions and Possible Design 

Alternatives at Rollover Fish Pass. Texas (Bibliography No.2) 

This report recommends the following actions: 

1. The Pass itself should be rebuilt essentially as it is 

including the weir. 

2. Use of steel of steel sheet pilings for the retaining 

walls will probably mean that the Pass would need to be 

rebuilt again in about 25 years. If it is desired to 

extend the life of the project, consideration could be 
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given to using concrete or rubble retaining walls, as 

discussed at the end of Section 3.2.9. Design for the rubble 

retaining walls alternative should include a fixed-bed 

hydraulic model study of the Pass with the rubble retaining 

walls. 

3. If the pass is rebuilt with vertical walls of either steel or 

concrete and if the width of the channel is not changed 

significantly (say, no more than 10%, then a Hydraulic model 

study of the entire Pass would not be needed. (Also see items 

2 and 4 for other recommendations concerning hydraulic model 

studies.) 

4. If it is desired to reduce the probability of failure of the 

weir and to further protect the bridge abutments and piers, 

the scour holes at the weir should be filled with sand or 

rubble and the channel bed should be armored where the scour 

holes presently exist. If these changes are to be made, they 

should be studied in a fixed-bed hydraulic model of the weir 

and surrounding channel. 

5. The south end of the pass should be modified as shown in 

Figure 3.2 This would involve armoring both walls which 

extend into the Gulf with rubble, armoring the beach and 

seabed near the ends of the walls removing the sheet piling 
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which once acted as a groin east of the pass, and filling the 

indentation formed between the groin and east wall of the 

Pass. 

6. The north end of the Pass should be modified as shown in 

Figure 3.4 This would involve extending the retaining walls 

at the end of the Pass outward (to the east and west) to 

protect a portion of the Bay shore and armoring the bottom of 

the Bay near the end of the walls to prevent scour hole 

formation. 

7. A decision must be made as to whether beach nourishment is 

desired. 

a. If beach nourishment is not deemed to be warranted, no further 

actions are recommended. 

b. If beach nourishment is to be considered, it is recommended 

that the characteristics of the dredge spoil from the 

Intracoastal Waterway be investigated to determine if this is 

a suitable source of sand for the nourishment. (The 

characteristics of the spoil material dredged from the 

Intracoastal Waterway would also help to identify the source 

of the material which causes excess dredging to be required in 

the Waterway.) 
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- c. If the dredge spoil is determined to be unsuitable, then 

consideration can be given to dredging from Rollover Bay 

and doing the dredging in a manner to create a settling 

basin in the Bay. This alternative would require careful 

consideration of potential environmental effects and of 

the additional amount and size of sediment that would be 

deposited in the dredge region each year. 

d. Any sand obtained from offshore would probably be too 

expensive to be considered as a viable alternative. 

8. In order to quantify changes to the shoreline and beach near 

the Pass, Beach profiles should be obtained twice a year 

(summer and winter conditions) for the shoreline within two 

miles on each side of the Pass. Interpretation of aerial 

photographs for greater distances from the Pass should also be 

done to allow comparison with changes near the Pass. 

9. Sediment transport rates through the Pass are not known with 

any degree of certainty. If it is important to have 
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reliable estimate of the actual sand movement through the 

Pass, a comprehensive measurement program should be 

conducted in the Pass for a variety of tidal, wave, 

meteorological, and flow conditions. 

10. Monitoring of flows and sediment transport rates through 

the pass under the present conditions and for a period 

after reconstruction would provide data (for example, No. 

8 above) and an early indication of any unexpected 

changes associated with the reconstruction. 

Managing Coastal Erosion (Bibliography No.3) 

This document should be reviewed by both the County and City. 

It provides insight into the historical reasoning for various 

changes in the nation's coastal management program and, based 

on history, recommends management changes for the future. 

This document will play an important role in shaping federal 

coastal legislation in the future. This report recommends 

that ten times the local erosion rate be established as the 

set back requirement. 
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Preparing for Hurricanes and Coastal flooding: A Handbook for Local 

Officials (Bibliography No.4) 

Property damages that can be expected from hurricanes and coastal 

flooding are increasing year by year. In many places threat to life is 

increasing also. Most coastal communities are vulnerable to one or more 

different kinds of flooding and related hazards: 

1. frequent flooding from storm tides, inadequate storm drainage, 

or overflow of coastal streams; 

2. Hurricane storm surge and winds, particularly if the community 

is located on the Gulf or Atlantic coast; 

3. Storm-caused erosion of bluffs and beaches. 

This handbook focuses on two of the most common of these coastal 

hazards: tidal flooding and hurricanes. The handbook also focuses on 

the Atlantic and Gulf coasts, although much of the material on coastal 

flooding is just as revelant to the Pacific coast. 

There are measures that a community can take to help reduce damages from 

hurricanes flooding. Before deciding which measures are appropriate to 

your situation, it is essential to be a ware of the nature of the problem 

in your community, along with the responses already undertaken and their 

effectiveness. A community can draw on many sources of information to 

obtain this information, including local, state, and federal agencies, 

as well as private individuals and groups. 
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The following are techniques that can be used to respond to the 

community's coastal hazards: 

l. Keeping new development from hazardous areas, through regulations, 

acquisition of undeveloped areas, or persuasion; 

2. Promoting safe construction of development that occurs in hazardous 

areas, through regulations or by providing technical or financial 

assistance. 

3. Protecting natural systems, through regulations, beach nourishment, 

dune vegetation and maintenance, and protective structures, such 

as, groins and breakwaters; 

4. Protecting development from coastal flooding with structures, such 

as, seawalls, bulkheads, and revetments; 

5. Helping people leave risky areas before storms arrive through 

forecasting, warnings, and evacuation planning along with programs 

to increase public awareness of these systems and plans. 

6. Acquiring developed hazardous areas and relocating recovery actions 

that will reduce future losses. 

Recommendations: 

Many factors need to be considered in deciding which of these many 

techniques are most suitable for your community. Most communities will 

choose to use several of these measures in combination for greater 

effectiveness. The following are considerations to keep in mind when 

evaluating these measures: 

l. The degree of risk, or how vulnerable the community is to a 

particular hazard; 
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2. The effectiveness of a particular technique for limiting damage 

from hazard; for example, the capability of a protective structure 

to withstand hurricane forces; 

3. Cost of developing and implementing techniques; 

4. Public and political acceptability; 

S. Current level of awareness of the hazard; 

6. Legal limitations; 

7. Tax impacts; 

8. Availability of data needed to implement a response; 

9. Administrative enforcement and maintenance capabilities; 

10. Availability. or suitability. of alternatives; 

II. Impacts on natural coastal features and adjacent properties. 

The importance of each of these factors varies considerably, depending 

on the techniques that are most appropriate to the individual 

community's circumstances. 
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Coastal Management Solutions to Natural Hazards (Bibliography 

No.5) 

This report addresses coastal hazards and the options for 

dealing with these hazards involving environmental, economic, 

and political costs, where there is little consensus on how 

governments should respond to coastal hazards. Coastal 

hazards discussed in this report were catastrophic storms, 

long-term erosion and threats to natural resources. 

The Coastal Zone Management Act of 1972 (CZMA) was passed to 

encourage states to better manage the nation's coastal 

resources. At state level, an agency oversees implementation 

and administering of the program and federal funds. 

The following are management options that were most widely 

used by states: 

a. Managing Development; risk from coastal hazards is 

greatly diminished when development densities are 

reduced; 

b. Comprehensive Policies for Erosion Control Structures; 

these structures have the ironic effect of accelerating 

erosion, either in front of the development the structure 

is designed to protect, or downdrift. Therefore, sound 

beach nourishment requires that state and local 
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governments limit or prohibit erosion control structures; 

c. Beach Renourishment; renourishment may be viable in areas 

where development is particularly dense, or to protect 

important natural or man-made features. 

This report gives examples of state efforts to implement the 

options mentioned above. 

Galveston County Shore Erosion Study and Environment Impact 

Statement (Bibliography No. 10) 

This feasibility study to consider providing erosion control 

measures for the eroding Gulf and bay shorelines of Galveston 

County was authorized by a House Committee on Public Works and 

Transportation resolution adopted on October 10, 1974. A 

similar study of the Surfside Beach erosion problem in 

adjacent Brazoria County was authorized by a House Committee 

resolutions adopted on September 22, 1976. The combination of 

the Surfside study with the Galveston County Shore Erosion 

Study was recommended to the House Committee by DAEN-CWP-C 

letter dated February 4, 1976 because the two areas have 

overlapping basic data collection requirements. 

The study area includes the Gulf of Mexico and bay shorelines 

of Galveston County and the Gulf beach at Surfside in Brazoria 

County. Galveston County is located on the upper Texas coast 
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and Surfside Beach is located in Brazoria County, adjacent to 

Galveston County. The Galveston County portion of the study 

area contains approximately S3 miles of Gulf shoreline and 

about I SO miles of bay shoreline while the Surfside portion of 

the study area consists of a Gulf beach approximately 2 miles 

long. 

Field and office studies indicated that Gulf beach erosion was 

occuring along most of the upper Texas coast. The objectives 

of the study were to: 

1. Determine the needs and concerns of local people relating 

to shoreline erosion within the study area; 

2. Identify eroding shoreline areas, and determine the cause 

and rates of erosion; 

3. Delineate those shoreline areas where potential Federal 

interest exists; 

4. Develop and evaluate alternatives and make 

recommendations for solving the erosion problems. 

Two types of erosion problems are encountered in the study 

area: 

1. Bank or bluff erosion on the bay shorelines; and 

2. Gulf erosion. 

Both types result from the interactions of winds, waves, 

currents, water level changes, geologic activity (including 

subsidence), sediment availability, and the passage of 

storms. The Gulf beach erosion is the more difficult of the 

two, because of the difficulty in assessing the contributing 

degree of each of the above possible causes to the total 
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Alternative· 

No Action 

Relocation 

Bulkheads 

Revetments 

Breakwaters 

Groins 

erosion problem as well as having to consider the effects of 

inlets and their control structures. The erosion on the bay 

shoreline is somewhat less complex in that erosion results 

primarily from varying levels of wind-generated wave attack on 

the bank or bluffs. 

Alternative measures to be considered include beach 

nourishment; vegetation erosion control measures; and 

revetments, bulkheads, groins, breakwaters, and other similar 

structural measures. Combinations of measures will also be 

considered. All of these alternative measures are more 

thoroughly discussed in the study. 

Low Cost Shore Protection .... a Guide for Engineers and 

Contractors (Bibliography No. 11) 

The factors relating each available alternative to shoreform 

and shoreline use are summarized as follows: 

Methods Applicable to Various Shoreforms 

High Bluffs Low Bluffs Beaches Wetlands 

Rarely Rarely Rarely Rarely 

Sometimes Sometimes Sometimes Sometimes 

Usually Almost Always Sometimes Rarely 

Sometimes Almost Always Almost Always Rarely 

Rarely Rarely Almost Always Sometimes 

Almost Never Almost Never Almost Always Almost Never 
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AI1!:rnlUiv!:* High BIII((1 LQw 8111((1 B!:ach!:1 l\:!: 11 a n II ~ 
Beach Fills Almost Never Almost Never Almost Always Rarely 

Vegetation Almost Never Almost Never Sometimes Almost Always 

Infiltration 
and Drainage Almost Always Usually Almost Never Almost Never 
Controls 

Slope Rarely Usually Almost Never Almost Never 
Flattening 

Perched Rarely Rarely Almost Always Sometimes 
Beaches 

* Applicability is for the alternative used alone in the given 

situation. Combination devices are not included. 

CQmpatjbiljty of Ait!:rnUiv!:s l\:ith Shordin!: Us!:s 

AIt!:rnaliv!: SlrQlling Buhing Fishing BQuing 

No Action Sometimes Sometimes Usually Usually 

Relocation Sometimes Sometimes Sometimes Sometimes 

Bulkheads Usually Sometimes Almost Always Almost Always 

Revetments Usually Sometimes Usually Usually 

Breakwaters Almost Always Almost Always Almost Always Usually 

26 



AIts;rDativs; St[Qlling Bathing Fishing BQating 
Groins Usually Almost Always Almost Always Usually 

Beach Fills Almost Almost Always Usually Almost Always 

Vegetation Almost Never Almost Never Almost Always Rarely 

Infiltration 
and Drainage Almost Always Almost Always Almost Always 
Control 

Almost Always 

Slope Almost Always Almost Always Almost Always Almost Always 
Flattening 

Perched 
Beaches Almost Always Almost Always Almost Always Almost Always 

If the chosen alternative involves construction of a physical 

shore protection device, several key problems must be resolved 

before an adequate structural design is completed The first 

step is an evaluation of the potential water level and design 

wave height at the site. Other considerations include toe 

protection, filtering, flank protection, structure height, and 

various environmental factors. 

Rs;view Qf RS;PQrt Qn Gulf IntracQastal WUs;rway Ts;XIls. ErosiQn 

at ths; Wm End Qf BQlivar Ps;ninsula (Bibliography No. 12) 

This reports concludes that the erosion on the west end of 

Bolivar Peninsula is in a area of filled land that was built 

out into a water area in Bolivar Roads. Erosion of this 
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filled land under natural conditions would be expected and has 

occurred. The erosion is caused by wave wash against the 

land. A study of available data on shoreline surveys does not 

reveal a correlation between the construction of the Texas 

City dike or the Intracoastal Waterway bulkhead and changes in 

erosion on the end of the peninsula. A study of model study 

test of currents through Bolivar Roads shows that neither the 

Texas City dike nor the Intracoastal Waterway bulkhead cause 

any deflection of tidal currents toward the end of Bolivar 

Peninsula. Wash from the waves caused by vessels traversing 

Bolivar Roads may result in some erosion of the land, but such 

erosion is small and is an insignificant part of the total 

erosion. 

The report concludes that erosion of the end of Bolivar 

Peninsula is caused by natural forces and is not aggravated by 

any of the waterway improvements in the area that have been 

constructed by the Federal Government and that, therefore, the 

Federal Government has no responsibility to undertake 

corrective measures. 

Recommendations 

Accordingly, this report recommended that no improvement be 

authorized at this time to provide for control of erosion on 

the west end of Bolivar Peninsula. 
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Texas City & Vicinity. Texas Hurricane Protection 

Reconnaissance Report on Shore Erosion Impacting Project 

Levees (Bibliography No. 13) 

This report concluded that it was the intent of the planners in 

the per-authorization stage that the project levees should be 

stable during hurricanes and be free of costly maintenance. This 

intent was also the intent of the Congress. Policies regarding 

design deficiencies indicate that if a project development fails to 

account for natural processes, such as bank erosion, a design 

deficiency is indicated. The rapid erosion of the shoreline 

adjacent to certain reaches of the project levees represents a flaw 

in the Federal design. The major or dominant cause of the rapid 

erosion rate adjacent to the impacted reach of the hurricane-flood 

protection system is wind driven waves. 

Recommendation 

The report recommends that the lack of proper erosion protection 

for the reaches of levee from about station 193+75 to station 

277+00 and station 301+00 to station 317+00 should be approved as a 

design deficiency 

The report also recommends that erosion protection be provided at 

project cost with the Federal Government providing the engineering 

design and construction and contributing 65% of the cost of 
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installa tion. Local interest will provide 35% of the cost in 

accordance with the cost sharing requirement of Public Law 99-662. 

Local interest will operate and maintain the work upon completion. 

Texas Coast Inlet Studies. (Bibliography No. 14) 

This study, prepared by the Corps Coastal Engineering Research 

Center, is significant in that it addresses three inlets in 

Galveston County: San Luis Pass, Galveston Entry Channel, and 

Rollover Pass. The study identifies sand sources available for 

beach nourishment. It also states the Galveston entrance 

(including the jetties) effectively blocks any net westward 

transport of sediment to the beaches of Galveston Island. This is 

the first time the Corps has indicated that the Galveston jetties 

block sediment flow to Galveston beaches. 

Texas Coast Regional Inventory Report (Bibliography No. 15) 

This report's conclusion is that the beaches along the Texas coast 

are a valuable resource and receive extensive use for public 

recreation and enjoyment. The value of the shore area will 

continue to increase with the rapid development of the coastal 

zone. As the development increases, the erosion problem will 

become more acute and consequently more difficult and costly to 

control. FQr these reasons, the most efficient and economical 

methods of control should be employed without delay to preserve the 

beaches and shoreline of this state. 
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Coastal Mangement: Solutions to Our Nation's Coastal Problems 

(Bibliography No. 19) 

This report addresses the coastal zone and management of these 

coastal zones. The coastal zone is the dynamic area where the land 

meets the sea. It includes coastal waters and the adjacent 

shorelands; areas which strongly influence one another. It is 

composed of open waters, estuaries, bays, inlets, lagoons, marshes, 

swamps, mangroves, beaches, dunes, bluffs, and coastal uplands. 

The United States has over 95,000 miles of shoreline including the 

Great Lakes. The shoreline ranges from the rocky cliffs of Maine 

to the broad Louisiana wetlands, to the rich Hawaiian coral reefs. 

The wide climatic range is seen in the frozen plain of Alaska and 

the steamy mangrove swamps of Florida. The uses of the coastal 

zone are as diverse as its physical forms, including: housing, 

recreation, wildlife habitat, resource extraction, fishing, 

aquaculture, transporta tion, energy generation, commercial 

development, and waste disposal. 

More than half of the U.S. population resides in the coastal 

counties, on less than ten percent of the nation'S land. The 

coastal counties are five times denser in population than 

non-coastal counties, ten times denser along the Atlantic Coast. 

This population continues to grow dramatically. 

Commercial ports in the U.S. coastal zone number 189 and moved 1.3 

billion tons of cargo in 1986 alone. Almost forty percent of the 

industrial facilities in the U.S. are within a drainage basin of 

the Great Lakes drainage basin. Wetlands currently number about 11 
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million acres in the coastal zone. Wetlands serve as spawning, 

nursery, and feeding grounds for over sixty percent of the 

saltwater fish and shellfish harvested annually and contribute $17 

Billion and $13.S Billion, respectively, to the U.S. economy. 

Marine aquaculture is a growing industry. In 1986, the culture of 

Pacific salmon, shrimp, mussels, clams and oysters totaled S2,OOO 

tons, valued at $89 million. 

Development pressure is 3 to 4 times greater in coastal areas than 

in the rest of the country. Peoples' desire to be near the coast 

has resulted in the development of areas vulnerable to coastal 

storms. The Federal Flood Insurance Program, which insures 

structures in Flood prone areas, represents the Federal 

government's second greatest liability, second only to social 

security. As of August 1987, there were 64,000 policies under the 

Flood Insurance Program in coastal high hazard areas or v-zones; 

coverage valued at $S.2 billion. 

Coastal recreational facilities and water dependent uses, such as 

energy development and ports, must be sited in limited shoreline 

areas. Accommodation of such competing uses is important and 

extremely challenging. Coastal areas provide habitat for millions 

of waterfowl and other wildlife, including 100 threatened and 

endangered apecies. 

Coastal management attempts to reduce conflict among competing land 

and water .uses in the coastal zones while protecting fragile 

resources. Coastal management goes beyond traditional single-focus 

programs, which address only one use or resource (e.g. ports or 
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fisheries). Coastal management represents a comprehensive approach 

to managing the impacts of an activity on other uses and on a 

variety of coastal resources. 

The Coastal Zone Management Act, P.L. 92-583, was enacted by 

Congress in 1972 to improve the nation's management of coastal 

resources, which were being irretrievably damaged or lost due to 

poorly planned development. Specific concerns were the loss of 

living marine resources and wildlife habitat, decreasing open space 

for public use, and shoreline erosion. Congress also recognized 

the need to resolve conflicts between various uses that were 

competing for coastal lands and waters. 

States respond by developing new program policies or regulations, 

often with Federal funds. The Office of Ocean and Coastal Resource 

Mangement encourages states to improve their management programs 

through recommendations resulting from the periodic evaluation of 

state programs. The Coastal Zone Management Act is discussed more 

thoroughly in the report. 

Report on Galveston Bay. Texas for the Reduction of Maintenance 

Dredging (Bibliography No. 22) 

The intent of this study was to reduce maintenance dredging cost. 

A detailed study was performed on a1l navigation channels within 

the bay as we1l as circulation of sediments within the waterways. 

The recommendation of the report fa1ls into at least one of three 

basic actions: I) reduce the amount of sediment entering the bay; 

2) reduce recirculation of dredged material; 3) derive the greatest 
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benefit from the forces of nature. 

An extremely important point in the report IS mentioned in 

paragraph 336 on page 108, which reads: 

"336. Experience with the existing groin system 

appears to have been already sufficiently 

long to warrant the statement that equili-

brium has been reached. Although there is 

available an ample supply of drift sand, the 

spacing of the groins equal to three times 

their length appears to be excessive under 

the conditions existing at Galveston to 

arrest a sufficient portion of this sand for 

the formation of the desired beach, and for 

the full protection of the toe of the 

seawall." 

This statement is again made in paragraph 361 of pages 114 and 

liS. This statement is extremely important in identifying that the 

original design intent of the groin to provide a 300-foot wide 

beach for flood protection and recreation is not being achieved. 

This dredge report was never referred to in the 19S3 report to 

Congress. The dredge report clearly indicates that modifications 

to reduce sediment flow through the south jetties and to enhance 

the sediment holding capabilities of the jetties would reduce 

dredging cost. This would appear to be justifiable reasoning for 

placing dredge material on the beach and enhancing the holding 
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capacity of the groins and providing flood protection for the toe 

of the seawall. 

Paragraph 383 recommends work on the beach which would reduce 

dredging cost. The paragraph reads as follows: 

"383. Work on Galveston Beach. The plan of 

improvement proposes some riprapping of the 

outer faces of the concrete caps of the 

groins where needed, some dumping of sand at 

the toe of the seawall where needed, the 

construction of minor structures to 

supplement the action of the existing groin 

system over a length of approximately 4.3 

miles, and the protection of the dry base 

area in East Beach with salt cedars and sand 

fences. The details of this work are to be 

determined later, partly experimentally and 

partly on the basis of future inspection of 

results obtained elsewhere with similar 

methods." 
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Submerged Lands of Texas Galveston-Houston Area: Sediments. 

Geochemistry. Benthic Macrojnvertebrates. and Associated 

Wetlands (Bibliography No. 24) 

Surface sediment textures, sediment geochemistry, and benthic 

fauna of the State-owned submerged lands were mapped and 

described using bottom samples collected at l-mi(1.6-km) 

intervals from bays, estuaries, and lagoons and from the inner 

continental shelf. In addition, the distribution of wetlands 

in adjacent areas was mapped using color-infrared photographs 

taken in 1979. 

Textural maps of the Galveston-Houston area show that mud and 

sandy mud, having a mean grain size of between 5 and 8 are 

the dominant sediment types in bay-estuary-lagoon and 

inner-shelf areas. Generally, muds occupy the deeper, 

central-bay areas of Trinity and Galveston Bays, whereas, 

sandier sediments occur along the bay margins. Sediment 

distribution patterns in East and West Bays and in the 

southern part of Galveston Bay are more complex. Sandy 

sediments are associated with flood-tidal deltas at Bolivar 

Roads and San Luis Pass and with the modern barrier islands. 

Shelly sediments are locally abundant, primarily in 

association with oyster reefs. On the inner shelf, sand 

occupies the" nearshore zone along the beach and shoreface. 

This zone, which is extremely narrow along Bolivar Peninsula, 

broadens offshore from Galveston Island. Gulfward, mud and 
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sandy mud are widely distributed. Sandy mud occurs along much 

of the seaward perimeter of the study area and projects 

landward as "background" reentrants among other sediment 

types. Accurate trends of muddy sand and smaller patches of 

sand most likely delineate ancestral strandlines on the inner 

shelf. Shell represents only a minor fraction of shelf 

sediments. The distribution patterns of sediment types in 

many areas of the bays and in some areas on the inner shelf 

reflect different levels of wave and current energy mostly by 

water depth. 

Gulf Shore of Galveston Island. Texas. Beach Erosion Control 

SllutY (Bibliography No.25) 

This study reviews the erosion of Galveston beaches from the 

south jetties to Eight Mile Road. The study was initiated to 

determine if the south jetties were causing the erosion of 

Galveston's west beaches which were west of 61st Street. The 

study concludes that erosion in the study area was caused by 

na tu ra I processes. Part of the natural process includes a 

lowering of the Gulf bed over the whole area in front of 

Galveston Island from I to 3 feet. 

This could be attributed to subsidence or sea level rise. The 

Beach Erosion Board found no evidence to support the opinion 

"that erosiori of West Beach is caused by the Galveston 

Harbour's south jetties constructed by the United States, but 

concludes that the large and continuous accretion west of the 
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south jetties and lack of accretion east of the north jetties are 

presumptive evidence that the jetties have not caused erosion of 

West Beach." Because the study area and scope were limited, a full 

analysis of the entire coastal system was not performed; therefore, 

the recommendations reached have some unanswered questions. The 

study does indicate a continuous accretion on East Beach since the 

construction of the south jetties in the 1880's. One could 

conclude that the south jetties are trapping sediment which would 

normally be carried into the entry channel or along the coast. The 

south jetties in effect create a dead zone where longshore 

transported sediment is trapped. This zone extends from the end of 

the south jetties to the groin at 10th Street. Sediments carried 

naturally into this zone are trapped and cannot be removed by the 

natural process except under storm conditions. The fact that the 

jetties are trapping sand does create a negative impact on the west 

end of Galveston Island. There is, however, a positive effect on 

the east end. The report in paragraph 101 states, "The groins have 

been successful in stopping erosion along the toe of the seawall 

and in causing considerable fill below the water surface; however, 

the inner ends of the groins have not filled to capacity and the 

usable beach has not been built to the desired extent." 

"Enlargement of the beach in the groin system would require 

artificial replenishment of the beach material." 
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Report on Beach Erosion at Galveston. Texas (Bibliography No. 27) 

This report justified the installation of the groin field. The 

design intent of the groins is indicated on page 9 of the report, 

paragraph 26 reads as follows: 

"26. Groin Design - The height of the shore section of the 

groin along the beach from 12th Street west should be 

sufficient to impound sand at the toe of the seawall but 

not high enough to prevent the free passage of sand at 

normal berm elevation, which is approximately 5 feet. 

Hence, the elevation of +4 has been selected as proper. 

The citizens desire a beach approximately 300 feet wide. 

To provide this, the length of the shore section has been 

fixed at 100 feet, and the sloping section has been given 

a slope of I on 66 and will extend 200 feet beyond the 

shore section. The top of the offshore horizontal 

section will be at elevation +1 and should extend for 200 

feet, making the total length of the groin 500 feet. 

These groins should be spaced 1,500 feet apart and should 

be generally perpendicular to the face of the seawall to 

prevent flanking and to prevent scour at the toe of the 

wall during storms. Details of the design are on sheet 

3." 
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Report on Beach Erosion Control Cooperative Study of the Gulf Shore 

of Bolivar Peninsula. Texas (Erosion at Rollover Fish Pass) 

(Bibliography No. 28) 

This study concluded the most suitable method of shore recession 

control and stabilization was to construct sills at the highway 

bridge and Gulf end of the channel and side bulkheads through the 

pass, with toe protection to the bulkheads and sills, and provide 

for periodic nourishment of the beach southwest of the pass to 

alleviate erosional loss of the shore. No federal funds were 

recommended to be spent on the project. The Texas Game and Fish 

Commission submitted an application to dredge a channel from 

Rollover Bay to the Gulf in February, 1954. Work began on the pass 

in October of 1954 and was completed in February of 1955. 

Corrective action and additional protective works were found 

necessary to prevent excessive scour in the channel and erosion of 

adjacent shore immediately after construction began. The Corps 

estimated in 1958 that approximately 18,000 cubic yards of 

sediments lost annually could be attributed to the creation of 

Rollover Pass. They also estimated that 200,000 cubic yards of 

material were needed to stabilize the natural eroding beaches east 

of the Pass. Recommendations in the report were implemented by the 

State with the exception of beach nourishment. Accelerated erosion 

rates have continued around the Pass. Funds were recently 

appropriated to reconstruct the deteriorating bulkhead at the 

Pass. This work is in progress and includes a small nourishment 
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project on the backside of the new bulkhead along the Gulf shore. 

No long term beach stabilization project is currently planned. 

Beach erosion will continue unless a nourishment plan is 

implemented. Silting of the intracoastal waterway will also 

continue as tidal currents carry sediments across the waterway. 

The Corps did not address the impact of Rollover Pass on dredging 

costs along Intracoastal waterway at Rollover Bay. Dredging costs 

could be reduced if sediment flow across the waterway at Rollover 

Bay was reduced. The Corps is presently considering a silt trap 

for Rollover Bay and beneficial uses of dredge material from the 

intracoastal area. 

Estimated Costs for the Protection of Bridge Abutments and West 

Galveston Beach In the Vicinity of San Luis Pass 

(Bibliography No. 32) 

This report discusses bridge abutments in the area between West 

Galveston Island and the vicinity of the San Luis pass. Several 

structural and non-structural alternatives were evaluated taken 

from a field study done by John Herbich and Robert Morton. They 

are as follows: 

Structural Alternatives 

a. Jetty on West Galveston Island side; 

b. Jetties on both sides of the Pass; 

c. Offshore breakwaters; 

d. Seawall; 
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e. Revetment; 

f. Groins; and 

g. Protection for bridge abutments. 

Non-Structural 

a. Beach replenishment by hydraulic suction dredging from 

offshore sources (these alternatives are diagramed 

respectfully). 

The recommendation for protection of bridge abutments was 

construction of revetments around the abutment consisting of 

artificial blocks (such as tetrapods, dolosse, etc.), natural rack, 

concrete-filled containers, or concrete mats consisting of blocks 

held together with plastic cables. The report discusses each 

revetment material mentioned above along with the cost estimate of 

each. 

Coastal State Capacity for Marine Resources Management 

(Bibliography No. 34) 

This report discusses indicators of enhanced state capabilities in 

Marine affairs and prospects for an expanded state role in ocean 

policy. 

The emphasis on existing legal frameworks established by the 

federal government and apparent growth in coastal state 

interest in offshore issues raise a key issue, namely the 

capacity of coastal states to deal with marine resource issues 

in a substained and knowledgeable manner. In this report, 
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institutional capacity refers to the ability and commitment of 

a state to develop, staff, and sustain institutions capable of 

dealing with the emerging policies. The mere existences of 

institution does not guarantee effectiveness, continued 

political support, or immunity from bureaucratic obscurity. 

It does, however, suggest that a states ability to deal with 

coastal resource issues will be limited or enhanced in large 

measure by the kinds of institutions it can bring to bear on 

them. 

All coastal states have included marine issues among their 

historical responsibilities to preserve natural resources, 

protect public safety, and promote trade. This report also 

discusses two innovative pieces of legislation, the Sea Grant 

College program and the Coastal Zone Management program, 

helped expand traditional state capabilities by creating 

mechanisms for improving the management of coastal resources 

and involving university researchers in marine issues. This 

report further discusses the Coastal management Act of 1972. 

Also discussed is the institutional capacity and political 

commitment to ocean affairs varies widely among coastal 

states. Those states with the greatest capacity for dealing 

with marine issues are those with a mature set of 

ocean-related institutions in place, a high level of 

professional expertise in marine affairs within the state 

agencies, good working relationships between state agency 
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staffs and university ocean specialists, and the interest and 

commitment of political elites in the legislative and 

executive branches of government. 

Since the early 1970's North Carolina has developed a set of 

laws, institutions, and policies directed toward it's coastal 

and marine resources that has few peers among the coastal 

states. 

Texas stands in sharp contrast to North Carolina in terms of 

institutional capability to manage its marine environment. 

Two examples to illustrate the point. The first is the 

State's failure to establish a Coastal Management Program. 

The second is the difficulties in dealing with Galveston Bay 

issues. This lack of capability is largely the result of the 

State's history and political culture. There is no department 

of natural resources or the environment. In short, Texas, 

though organized to deal with specific marine uses and 

resources, is not administratively or politically structured 

to deal with the kinds of issues that involve multiple uses, 

overlapping jurisdictions, and technical expertise. 

In short, the State's current alignment of executive agencies, 

the absence of a legal framework for coastal management, and 

the apparent absence of incentives for closer interagency 

cooperation and collaboration make it highly unlikely that 

institutional arrangements for the management of coastal 
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and estuarine resources will emerge any time soon. Galveston 

Bay is a case in point. There is a large gap between the 

emerging consensus that Galveston Bay must be addressed as a 

system, and the existing institutional structure of state 

government fir addressing Galveston Bay in this manner. 

Lineations and Faults in the Texas Coastal Zone (Bibliography 

No.3S) 

This reports concludes that the land surface of the Texas 

Coastal Zone is inscribed by faults and lineations, which are, 

in part, the result of the propagation of Tertiary faults 

through the unconsolidated Pleistocene and Recent sediments. 

Lineations may be passive structural features representing 

wither surface extensions if Tertiary faults or joint 

patterns. Lineations are linear zones that can be several 

thousand feet wide. 

Lineations are coincident with the surface trace of many 

subsurface faults that have been extrapolated to the land 

surface. In the Houston-Galveston area of land subsidence and 

active faulting, lineations are coincident with several zones 

of active faults. Not all active faults are coincident with 

lineations. Lineations are commonly coincident with zones of 

differential subsidence in the Houston-Galveston area. 

Movement on some surface faults has been accelerated by a 

declining piezometric surface within the coastal aquifer 

system. Lineations in nonsubsiding zones appear to be passive 
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structural features that may pass along strike into active 

surface faults or zones of differential subsidence in areas of 

land subsidence. Differential subsidence may be a precursor 

to active faulting because it represents a flexing of the land 

surface before fault rupture. Lineations and subsidence 

profiles are valuable tools for identifying incipient faults 

in many areas. Important questions arising from the data 

presented in this report cover subjects including the 

mechanisms of fault activation, the relationship of faults to 

hydrologic boundaries, the relationship of subsidence to 

phenomena other than groundwater withdrawal, the consequences 

of groundwater production from different sections of the Gulf 

Coast aquifers, and the possible effectiveness of a 

ground-water mangement program for the Houston-Galveston area. 
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Texas Coastal Management Plan 1990-1991 (Bibliography No.36) 

The Texas Legislature recognized the many problems threatening 

the Texas Gulf Coast by passing Senate Bill 1571 in 1989. This 

legislation designated the General Land Office the lead agency 

in developing a comprehensive, long-term plan for state-owned 

coastal public lands. this is the first substantial legislation 

addressing coastal needs in Texas since 1973. 

Texas is one of two coastal states (excepting the Great Lakes 

states) that do not have federally approved and financed Coastal 

Zone Management Plans. 

This document presents the initial recommendations for the Texas 

Coastal Management Plan being developed under S.B. 1571. 

Over a third of the state's population and economic activity is 

concentrated in a tenth of its land area within 100 miles of the 

coast. It is projected that by the year 2000, more than 5.3 

million people will live in the first tier of counties bordering 

the Texas coast. The population living directly on the state's 

shoreline will have more than doubled between 1960 and 2010, 

according to projections by the U.S. Department of Commerce. 

Three issues emerged from five public meetings that were held as 

being of primary importance to the coastal public: coastal 

erosion/dune protection, wetland loss, and beach access. This 

document summarizes the management recommendations developed and 

approved for each of these issues by the citizens who 

participated in the workshops and by the Coastal Mangernent 

Advisory Committee. 
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The recommendations are as follows: 

Coastal Erosion and Dune Protection 

Develop coastal erosion demonstration projects to show the 

feasibility of different methods of slowing coastal erosion or 

alleviating the current deficiency in the sand budget. Manage 

placement of dredge material to replenish eroded areas as 

appropriate, establishing guidelines for stockpiling 

beach-quality dredged material that incorporate grain size and 

to.)xicity level standards. Increase planting of vegetation as 

a low-cost means of inhibiting bayshore erosion. Design a 

state program which can be certified under the 1988 

Upton-Jones Amendment to the National Flood Insurance Act. 

Established developement guidelines and setbacks in coastal 

areas based on historical rates of shoreline erosion. Support 

research and nursery projects to develop and cultivate 

disease-resistant vegetation adapted to local conditions. 

Seek government and private help in this effort. Require new 

dams, groins, and other structures which impede sand movement 

to be constructed with sediment bypassing systems, and, where 

feasible, retrofit existing structures to allow bypassing. 

Amend the Dune Protection Act to apply to all Texas coastal 

counties. Give coastal counties regulatory authority to 

manage beaches in unincorporated areas. Increase efforts to 

educate the public about the causes of erosion and the 

importance of barrier islands, dunes, and bays as a natural 

defense against storms and hurricanes. Evaluate the 

feasibility of bypassing sediment at dams to allow it 
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to reach the coast. Appoint the General Land Office as the 

lead state agency for coordinating erosion response planning 

among appropriate local, state, and federal agencies. 

State-Owned Wetlands 

Develop and adopt a State Wetland Conservation Plan for 

state-owned coastal lands, to be drafted by the Texas Water 

Commission, the General Land Office and other appropriate 

local, state, and federal agencies. Adopt a goal of no 

overall net loss of wetlands on coastal public lands and 

establish a policy framework for achieving that goal, with the 

Texas Parks and Wildlife Department responsible for monitoring 

and enforcement. Use a "networking" strategy to improve 

coordination among existing state and federal agencies with 

wetland permitting and protection responsibilities, perhaps 

employing memoranda of agreement (MOAs) and permit processing 

coordination. Reduce nonpoint-source pollution of Texas bays 

and estuaries, adopting standards developed by both state 

(Texas Water Commission and Department of Agriculture) and 

federal (Environmental Protection Agency) agencies. Provide 

for adequate seasonal freshwater inflows to Texas Bays and 

estuaries to help decrease contaminant concentrations and 

maintain overall estuarine productivity. Request the Texas 

Water Commission, the Texas Parks and Wildlife Department, and 

the Texas Water Development Board, in coordination with other 

agencies, to consider protection of wetlands as they determine 

the inflow requirements of each estuary. Examine the effects 

of boat traffic in sensitive wetlands. The Texas Parks and 
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Wildlife Department should coordinate a public effort to 

inform boaters of the sensitive nature of wetlands and proper 

boating procedures. The Texas Parks and Wildlife Department 

should conduct scientific studies to determine the effects of 

boat traffic in wetlands. Prepare long-range navigational 

dredging and disposal plans. As recommended in the 1990 Texas 

Outdoor Recreation Plan, encourage the Texas Legislature to 

require all local sponsors of navigation projects to prepare 

long-range dredging and disposal plans in coordination with 

the Corps of Engineers insuring adequate wetland protection. 

distribute public education materials, to be produced by the 

Texas General Land Office and the Texas Parks and Wildlife 

Department, explaining the importance of coastal wetlands. 

Beach Access 

Approve the proposed Texas Heritage Trust Fund for acquisition 

of parkland and environmentally sensitive areas, with a 

portion of the fund earmarked for quality beach access 

points. Mandate comprehensive beach access planning at the 

local level with state coordination. Give coastal counties 

the authority to design and implement comprehensive beach 

management plans. Require the General Land Office to act as 

the lead oversight agency for beach access planning. Require 

the General Land Office and the Attorney General's Office to 

develop. guidelines and rules, as appropriate, to address 

administrative questions arising from the open Beaches Act, 
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with the Texas Attorney General's Office maintaining 

enforcement of the Open Beach Act. Promote erosion-conscious 

development to minimize real property loss resulting form 

enforcement of the Open Beaches Act. Develop appropriate 

guidelines so that the state of Texas can be certified to help 

local or private landowners secure aid under the Upton-Jones 

Amendment to the Federal Flood Insurance Act. Disseminate 

educational materials concerning the Texas Open Beaches Act 

and the importance of preserving Texas natural beach areas and 

dune systems, with the Attorney General's Office, the General 

Land Office, the Texas A&M Sea Grant Program, and the Texas 

Education Agency working together to develop and distribute 

the materials. Provide a uniform bilingual beach access sign, 

design and produced by the State Department of Highways and 

Public Transportation and the General Land Office, to local 

governments on the coast. 

Shoreline Changes on Galveston Island Sabine Pass to Bolivar 

Roads An Analysis of Historical Changes of the Texas Gulf 

Shoreline (Bibliography No. 37) 

This report's conclusion is that changes in position of 

shoreline and vegetation line will continue with landward 

retreat (erosion) being long-term trend. The combined 

influence of interrupted and decreased sediment supply, 

relative sea-level rise, and tropical cyclones is 

insurmountable except in very local areas such as river 

mouths. There is no evidences that suggests a long-term 
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reversal in any trends of the major factors. Weather 

modification includes seeding of hurricanes (Braham and Neil, 

1958; Simpson and others, 1963), but control of intense storms 

is still in incipient stages of development. Furthermore, 

elimination of tropical storms entirely could cause a 

significant decrease in rainfall for the southeastern United 

States (Simpson, 1966). 

Borings on Galveston Island (Bernard and others, 1959) 

indicate that sand thickness ranges from 10 to 30 feet under 

most of the island; thickness increases to the east. 

Therefore, the sand stored in the barrier island should tend 

to minimize erosion and keep rates relatively low. 

The shoreline could be stabilized at enormous expense by a 

solid structure such as a seawall; however, any beach seaward 

of the structure would eventually be removed unless maintained 

artificially by sand nourishment (a costly and sometimes 

ineffective practice). The U.S. Army Corps of Engineers 

(197Ia,p.33) stated that "While seawalls may protect the 

upland, they do not hold or protect the beach which is the 

greatest asset of shoreline property." Moreover, construction 

of a single structure can trigger a chain reaction that 

requires additional structures and maintenance (Inman and 

Brush, 1973). 

Maintenance of some beaches along the Outer Banks of North 

Carolina has been the responsibility of the National park 

Service (Dolan and other, 1973). Recently the decision was 

made to cease maintenance because of mounting costs and the 
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futility of the task (New York Times, 1973). 

It seems evident that eventually nature will have its way. 

This should be given utmost consideration when development 

plans are formulated. While beach-front property may demand 

the highest prices, it may also carry with it the highest 

risks. 

Historjcal Shoreline Changes in Trinity. Galveston. West. and 

East Bays. Texas Gulf Coast (Bibliography No. 39) 

This reports concludes that except for shoreline advances 

associated with spoil disposal and minor accretion adjacent to 

some coastal structures, human activities tend to cause or 

contribute to shoreline retreat. The effects of decreased 

sediment supplied by the Trinity River, minor relative 

sea-level rise, and frequent, intense storms are nearly 

insurmountable despite wide-spread shoreline protection 

(particular in Galveston and western Trinity Bay). 

Furthermore, there is no evidence of a long-term reversal in 

any of the causes of shoreline erosion. In fact, some 

studies, such as tha t by Gornitz and others (1982), have 

demonstrated that magnitudes and rates of shoreline recession 

will increase if worldwide sea-level rise maintains or exceeds 

a pace comparable to that in past decades. Relative sea-level 

changes in the Galveston Bay area, caused by ground-water 

withdrawal, hydrocarbon production, and regional complication 

subsidence, occur in addition to global sea-level trends; thus 
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rates of erosion can only increase. Most unprotected 

shorelines in the Galveston Bay system will continue to 

retreat landward in response to natural erosional conditions 

that began before the 1800's and that have been enhanced since 

then by human activities. 

Shoreline and Vegetation-Line Movement. Texas Gulf Coast 1974 

to 1982 (Bibliography No. 40) 

This study concludes that historically, the shoreline and 

vegetation line along the Texas Gulf Coast have been 

erosional; this trend continued between 1974 and 1982 at a 

rate slower than that for earlier periods. Despite a slowing 

rate of relative sea-level rise and below-average hurricane 

incidence, approximately 45 percent of the shoreline of the 

vegetation line retreated. A net land loss of about 330 acres 

and a net loss of about 2,000 acres of vegetation occurred 

between 1974 and 1982. Rate of land loss, however, was lower 

between 1971 and 1982 (41 acres/yr.) than in the preceding 

decade (400 acres/yr.; Morton, 1977). 

Landfall of Hurricane Allen near Brownsville in 1980 was the 

most significant influence on shoreline and vegatation-Iine 

position, causing coastwide retreat. By 1982, shorelines in 

many coastal areas had recovered, but recovery of eroded 

vegetation lines was incomplete. Consequently, average rates 

of retreat calculated for the 1974 to 1982 period indicated 

that vegetation lines were retreating faster than shorelines. 

The most widespread and rapid retreat of shorelines and 
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vegetation lines occurred on large promontories such as the 

Rio Grande and Brazos-Colorado fluvial-deltaic headlands, 

where waves eroded relatively sand-poor deposits, and 

longshore currents carried them away. Sediment supplied from 

the erosion of these headlands helped reduce rates of 

shoreline erosion in other zones where longshore sediments 

converge. 

Indications of increasing rates of relative sea-level rise 

since 1982 coupled with passage of Hurricane Alicia in 1983 

suggest that the Texas coast is again undergoing rapid rates 

of shoreline and vegatation-line retreat similar to those 

observed during the late 1960's and early 1970's. Continued 

reduction in sediment contribution by the Rio Grande, Brazos 

River, and coast by jetty construction and channel dredging; 

and rising sea levels will all probably contribute to 

increased erosion rates in the future. 

Special Committee on Texas Coastline Rehabilitation 

(Bibliography No. 41) 

This report recommends that the Texas Coastal Program of 1980, 

a comprehensive mangement plan encompassing activities in all 

of the first tier counties along the Texas coast, should be 

reviewed, revised, updated and resubmitted to the governor. 

The General Land Office should be designated as the lead 

agency to develop a "networked" program involving all other 

agencies with responsibilities and authority on coastal 
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issues, including, but not limited to the Texas Parks and 

Wildlife Department, office of the Attorney General, Texas 

Water Commission, the Texas Water Development Board, and the 

Department of Highways and Public Transportation. 

Implementation of the Coastal Zone Management Program should 

be administratively housed with the General Land Office. 

Prior to submitting the Coastal Zone Management Plan to the 

governor, public input should be sought and presented at 

public hearings to be held in coastal communities. The 

governor is requested to review the plan for approval, and 

upon approval, shall submit the plan to the U.S. Secretary of 

Commerce/National Oceanic and Atmospheric Administration 

(NOAA) with the intent of having Texas participate in the 

federal Coastal Zone Management Program. 

A Coastal Resources Council should be created as an advisory 

group to the governor. A forum to assess and plan coastal 

management. 

Preliminary Designs of Improvements at Rollover Pass and 

Vicinity Bolivar Peninsula. Texas (Bibliography No. 42) 

This report concludes that there are both negative and 

positive aspects of this report and they are as follows: 

The negative aspect being that there are some discrepancies in 

the data on the flow through the fish pass. This confusion is 

the result of the discrepancies in approaching estimates of 

flow and literally movement in the historical data. Mason 
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(1981) describes two instances of historical disorder in the 

data. The first being, tide measurements made between 1887 

and 1890 were lost. The second case concerns tidal 

measurement between November 1956 and February 1957 with 

malfunctioning gages. 

Though these problems seem minor given the time frame, the 

literature indicates that much of the other work done in this 

area is a sketchy patchwork of short term study. 

Historically, others have studied the area, as Dr. Wang has, 

within a narrow deadline and this must make their conclusion 

suspect. Since the literature and their work are serious 

attempts to explain the previous processes, they should not be 

disregarded. What is obvious is the need for more study and 

it is believed that further delay is not warranted but that 

work should commence soon, whether their plan or another. 

With any modification or structure changes, this will 

invalidate some, or all, previous work; so as work takes 

place, constant monitoring will be necessity. This monitoring 

should be such that detrimental processes that arise can be 

nipped in the bud, by modifying the plan used. 

Dr. Wang discusses the positive aspect being that they are 

convinced that implementation of beach nourishment, the new 

and continuous duneline and widened berm, is overdue. While 

there may be those who have reservations on the financial 

expenditure, what they see is a good plan, partially completed 

at the outset, whose completion has been overlong delayed. 
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The on-going process of erosion are the result of three major 

influences: 

1. The damming of rivers 

2. Jettied ship channels and associates literally damming 

3. The cutting of a fish pass that allowed a loss in the 

longshore sediment budget 

A change can not be called for in the first two but, with this 

plan totally implemented, the impact of number three can be 

reduced. The hydraulic factors analysis generated the wave 

and current data needed to define the ROP erosion process and 

the condition in which their jetties must work The data was 

then incorporated in the structural design helping to derive 

the jetty lengths and material sizes. The jetties. as 

designed, should stop most of the sediment loss into the bay 

and withstand the forces developed by a 100 year storm. 

This report recommends that further study and construction 

begin as soon as possible. Delay will only worsen the 

situation. In the short term, property will be lost and 

marine populations in Texas Coastal waters will continue to 

decline. While we can put a short term price tag on the 

first, delay for the second could result in declines from 

which marine populations may never fully recover. 
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Beach Erosion in South Carolina (Bibliography No. 45) 

This publication offers several general management concepts 

which included better utilization of existing coastal sand 

resources to protect and enhance both developed and 

undeveloped existing shores in a natural manner. Hard 

structures are only recommended after it is determined that no 

other systems will work. This management approach should be 

strongly considered for Galveston County. 

Save Florida's Beaches: A Resource Protection Initiative 

(Bibliography No.50) 

This report addressed the appointment of a 14 member Task 

Force for the purpose of recommending possible stable funding 

source for the prepartion and implementation of Florida's 

Comprehensive Beach Management Plan. Florida's beaches are in 

trouble. Some 217 miles of beach front are in a state of 

critical erosion and the relatively few remaining areas of 

pristine beaches are rapidly disappearing and being 

developed. There are not enough beaches to meet the needs of 

Florida's tourist and residents. Time is fast running out for 

this precious and economic resource. The good news is that 

these problems can be solved. Scientists estimate that 80% of 

beach erosion in Florida is man-made. It is caused by sand 

loss at navigation inlets. Such erosion problems can be 

corrected at a relatively small cost. This report states that 
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it is not too late to acquire large tracts of remaining 

pristine beach, or to acquire new public beaches accessible to 

population centers. In this way, natural beaches can be 

preserved and recreational beaches better utilized. 

The Task Force agreed that any payment must come from those 

who benefit, both environmentally and economically, from 

healthy beach system. 

The following benefits were identified: 

1. A "Quality of Life Benefit" that accrues to all Florida 

residents akin to that provided by clean air, clean 

water, and moderate climate. Sunshine, water and beaches 

are valued and recognized part of Florida life and a loss 

of any of them would diminish the value of living here. 

2. A "Recreational Benefit" that provides Florida residents 

with the opportunity to directly experience and use 

beaches for recreation and enjoyment. 

3. An "Economic Benefit" for Florida residents and 

businesses who benefit from the enormous economic impact 

of beaches to state and local economies. 

Tourism alone provides: 1. $8 billion in annual beach 

related sales, 2. $500 million in beach-related state 

sales tax collections, 3. 320,000 beach-related jobs with 

a payroll of $1.9 billion. Other beach related 

activities, including development, add to this total. As 
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contrasted with many other natural resources, beaches have the 

capability of paying their own way. 

Coast In Crisis (Bibliography No.5l) 

This report addresses how the ever changing character of 

coasts makes them hazardous for people, and long term for 

buildings and structures. Population growth continues to 

accelerate along our Nation's coastline. This population 

explosion superimposed on the dynamic forces acting on coasts 

is leading to a coastal crisis marked by the following 

concerns: 

1. Coastal erosion at widely varying rates affects all 30 

coastal states and all of the U.S. Island Territories. 

2. During the past 200 years, more than half of our valuable 

wetlands have been lost due to a combination of natural 

processes and human intervention. 

3. Pollution of coastal areas has forced the closing of 

one-third of the Nation's shellfish beds, has restricted 

beach use, and has permanently contaminated ground water 

in some communities. 

4. In 'many coastal urban areas, hard-mineral resources such 

as sand and gravel for construction and beach nourishment 

are no longer available onshore. Offshore deposits may 

provide an alternative but pose environmental and 
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economic dilemmas. 

The crisis in the coastal zone is worldwide but is especially 

alarming in the United States, where an expanding and more 

affluent population combined with a variety of government 

subsidies over the past SO years have enabled widespread and 

often unwise development to take place. If present 

demographic trends of population growth and expanded 

development continue, and if sea-level rise brought on by 

potential climate changes also occurs, stress on our coastal 

environments will increase substantially. Ignorance and 

continued disregard of the geologic processes that constantly 

reshape our coasts are tragically intensifying the collision 

between people and nature. 

Coordinated multidisciplinary efforts are needed to improve 

our understanding of how coasts form and evolve. Many 

different scientific disciplines must be involved. Many 

different scientific groups can provide critical expertise in 

specific fields of research. Cooperation among Federal, 

State, and local agencies will ensure that this scientific 

expertise is applied in site-specific studies to solve the 

individual problems that make up the coastal crisis efforts 

focused on understanding our coast require efficient 

coordination to get maximum return from the limited resources 

available. 

Some e"ngineering practices and human activities that are 

incompatible with natural processes and that cause long-term 

harm to the coast can be modified to lessen their effect. In 
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other cases, erosion mitigation techniques that closely 

replicate natural processes, such as beach nourishment, sand 

dune creation, and shoreline restoration , can be used to 

provide temporary protection. In extreme circumstances, 

abandonment and relocation of communities might be the best 

alternative. 

Dealing effectively with the present coastal crisis and 

resolving future conflicts along our coast will require a 

combination of solutions that must be based on long-term 

societal needs and on sound scientific and technical 

knowledge, rather than emotional responses to short-term 

desires. Result of scientific investigations must be clearly 

communicated to coastal planners, engineers, and managers and, 

most important, to political decision-makers and the public. 

Only when these diverse groups understands the range of 

choices, and the cost (social, financial, and environmental) 

and risks associated with each choice, can prudent and 

enlightened decisions be made. 

Research and ficld investigations by the U.S. Geological 

Survey and other groups over the past few decades have 

enhanced our understanding of the process affecting the 

coasts, but many uncertainties remain. The earth-science 

community, (the USGS and other Federal and State agencies, 

departments of academic institutions, and private research 

organizations) is beginning to address many aspects of coastal 

evolution. Through focused and concerted efforts, earth 

scientists will be able to provide decision makers and the 
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public with the information and interpretations they need in 

order to plan wisely for the future of our coast. 

Bureau of Economic Geology Reports & Studies 

The Bureau has performed numerous studies along the Texas 

Coast and in Galveston County. These studies provide a good 

base for planning. Sand sources are identified, and 

historical sediment movements are indicated. Beach and 

shoreline vegetation changes resulting from storm impact has 

been documented. This data is extremely valuable in the 

development of a resource management program to reduce storm 

damage. These reports should be reviewed by the City and 

County and additional continued monitoring of the shores 

should be encouraged by the Bureau. 

B. Shoreline Technologies 

I. Texas A&M at Galveston acted as a technical subcontractor to 

DEC. A&M reviewed shoreline technologies and prepared the 

technical report titled Shoreline Protection and 

Implementation Options for Galveston County. Texas found on 

Page 68. 

2. The review of prior Congressional reports and dredge reports 

by the Corps of Engineers implied that the full design intent 

of the groin field was not being performed by the system 

installed. DEC requested Texas A&M to review the spacing of 

the groin field to determine if the original desired beach 
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could be achieved. The groin field report prepared by 

Professor Dr. Y. H. Wang, P.E. of Texas A&M University found 

in the above referenced technical report that is on Page 68. 

Summary 

The discussed methods of protecting the shoreline all have their 

merits and limitations. The engineer-planner can choose one single 

method or a combination of several methods for an intended project, 

depending on the primary purpose of the project, the degree of 

protection required, the acceptable ·side effects· or environmental 

impact, and the preference of the individual. In the final 

analysis, economic justification will play an important role in the 

decision making process of the method to be chosen. 

The problem areas on the shoreline of Galveston County are 

identified. Analyses of the problem areas are done in the light of 

the physical environment and literally characteristics of Galveston 

coast line. Optional methods for protecting the shoreline in each 

problem area are suggested. The selection process for a protection 

method in a problem area begins with the economic analysis. The 

final decision should be weighed with technical merit, 

environmental concerns and economical soundness. 

This report .has been updated to include the newest methods in 

shoreline protection. The main categories are: shoreline 

stabilization, backshore protection, inlet stabilization and harbor 

protection. There are structural and non-structural methods of 
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protection. The chart titled ·Classification of Coastal 

Engineering Problems (Page 94) indicates the various protection 

methods and considerations. 

C. Sea Level Rise and Subsidence 

While the measuring and modeling of sea level rise and subsidence 

were beyond the scope of this planning effort, the results of 

national and state studies should be noted and considered in this 

planning effort. A statistical analysis of global tide gauge 

records conducted by Gornitz and Lebedeff (1987) indicated the 

static rise in sea level is about 1.2 mm/year. Their analysis 

attributes sea level rise to thermal expansion of the upper ocean 

and melting of mountain glaciers. Any rise in sea level causes 

potential erosion problems to the beach/dune system. 

Texas coastal areas have recorded a relative rise in sea level of 

as much as 12 mm/year (a little less than 0.5 inches/year). The 

Bureau of Economic Geology report for Tide Gauge on Pier No. 21 

indicates a 6.3 inch rise in sea level during the 1908-1988 

period. Some subsidence is experienced because of large volumes of 

fluids are extracted from subsurface areas. Land loss to 

subsidence in the Houston-Galveston area is largely attributed to 

long term groundwater withdrawal from sha\1ow aquifers. Conversion 

from groundwater to surface water by cities, districts, 

authorities, and large water consumers within Harris and Galveston 

County is responsible for the stabilization of subsidence within 

these counties. This Stabilization is the result of regulation 
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established by the Harris-Galveston Subsidence District. 

Subsidence induced around large. mature oil and gas fields is 

locally concentrated along linear lines coinciding with the down 

thrust side of faults. 

Fluid extraction causes an apparent decline in pore pressure within 

the reservoirs and alters the state of stress near the faults. 

Because of the slope of the fault plain and its intersection with 

the land surface. reductions in land elevation commonly occur more 

than a mile away from the producing wells rather than directly 

above the reservoir. Relatively little is known about the severity 

of land loss caused by induced subsidence and the relationship of 

land loss to production history. fluid composition. local geology. 

and near-surface conditions prior to hydrocarbon or groundwater 

production. Coastal plain subsidence can manifest itself as land 

loss in two ways. The most easily recognized responses are direct 

losses caused by sinking of the land surface and subsequent 

permanent flooding that expands marine and intracoastal water 

bodies at the expense of upland and wetland resources. The second 

type of response is accelerated coastal erosion caused by lower 

elevations and thus greater inland penetration of storm waves and 

overwash. 
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IV. Research Shoreline Technologies and Appendices 

D. Texas A&M University's shoreline Protection and Implementation 

Options for Galveston County. Texas. 

Attached Reports 

I. Galveston Shoreline Restoration and Expansion. Undercurrent 

Stabiljzation Anchor Systems (Bibliography No. 33) 

2. Sailfish Point (Stuart) Florida: First Demonstration of the 

Dewatering Approach to Beach Stabilizatjon-Stabeach System and 

Comments on Stabeach System by Dr. X.H. Wang (Bibliography 

No. 49) 

3. Techniaue for Shoreline Erosion Control - The Mac-Blox System 

(Bibliography No. 47) 

4. An Introduction to Horizontal Dewatering System Inc. and 

Beach Preservation (Bibliography No. 45) 

5. The Use of Viscous Drag Mats to Prevent Shoreline Erosion 

(Bibliography No. 44) 

6. Shoreline Erosion Seminar Ouantitative Analysis and Design 

Aspects of Shoreline Protection in Galveston County. Texas 

(Bibliography No. 43) 
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FOREWORD 

The interpretation of shoreline protection varies with 
individual profession and background. To the recreational 
beachgoer, it is the restoration of eroded beach, to the harbor 
officers it is the maintenance of navigation channels and the 
calmness of water for un-interrupted loading/unloading of goods, to 
the naturalist it is wildlife and endangered species, to the 
coastal property owner it is flooding and loss of valuable coastal 
land during a storm. Solution to shoreline protection varies 
widely depending on the nature of the problems, the locality, and 
the degree of protection. The complex nature of the erosion 
problem has made the adoption of a solution difficult in the sense 
that there are multiple solutions to a single problem and a good 
solution for one purpose may be undesirable and/or unacceptable for 
another. For example, the Galveston Seawall serves well for the 
protection of the city from hurricanes, but the beaches in front of 
seawall have been disappearing. The jetties at the Galveston Bay 
entrance served to maintain the depth of the Houston Ship Channel, 
but they also have created a great offset between Galveston Island 
and Bolivar Peninsula. Taking beach sand away artificially and/or 
by natural causes results in erosion in certain areas of coastline, 
while on the other hand, projects of beach nourishment add enormou& 
sand volume into the littoral system. This can create problems 
equal to removing sand from the littoral system. 

The technology of providing protection to the shoreline is 
multi-faceted with numerous solutions to a single problem, and 
conflicting demands and goals for problem solving. With this in 
mind, the scope of this report cannot possibly include all aspects 
of shoreline protection, but rather, concentrates on established 
technologies in practice and illuminates the new and emerging 
technologies presently under testing for the protection of the 
shoreline with special reference to Galveston County. 

This final project report combines the four (4) progress 
reports previously submitted to DEC. New information and 
references considered to be relevant to this project are derived 
from the conferences of Coastal Sediment '91 and Coastal Zone '91 
and subsequently added to the final project report. 
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CHAPTER 1. AUTHORIZATION AND SCOPE 

SECTION 1.1. AUTHORIZATION 

The followinq is a final technical report authorized by the 
Dannenbaum Enqineerinq corporation (DEC) throuqh the Texas water 
Development Board Contract No. 90-483-771 and Galveston county/DEC 
subcontract No. RF-90-1142-6737 

SECTION 1.2. SCOPE 

This technical report starts with a comprehensive review of 
current, new and emerqinq technoloqies for shoreline protection. 
Followed the review, identification and analysis of the shoreline 
problems in Galveston County, Texas are performed and shoreline 
protection options for problem areas are recommended. 

The presentation of conventional current technoloqy for 
shoreline protection alonq with the planninq and desiqn 
considerations are based primarily on the practices of US Army 
Corps of Enqineers. These methods and technoloqy are found in the 
Shore Protection Manual, technical reports, and desiqn memoranda 
published by the US Army Corps of Enqineers. 

The new and emerqinq technoloqies are derived from the 
testinq/research/demonstration projects currently in proqress and 
from the regional, national and international conferences recently 
being held in the united States. Several new and innovative 
methods by the author himself are also introduced herein this final 
report. 

Location and characteristics of the problem areas alonq the 
Gulf of Mexico shoreline and the shoreline of Galveston Bay are 
identified and analyzed. A variety of protection options for each 
problem area are recommended. 

Final concludinq remarks and recommendations for further work 
are suqgested. 
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c- SECTION 2.1. INTRODUCTION 

(~ 

The technoloqies available for shoreline protection are 
extensive and enormous in volume and thus beyond the scope of this 
report. There are entire libraries dedicated to coastal 
enqineerinq and sciences. However, a qood report of various 
shoreline protection methods can be found in the recent edition of 
the Shore Protection Manual published by the Coastal Enqineering 
Research Center (1). This report focuses on the planninq and 
desiqn aspects of the established shoreline protection practices 
and elaborate on the possible effects on the adjacent shoreline and 
environment when these shoreline protection methods are adopted for 
use. 

This report also qives reviews on new and emerqinq 
technoloqies for shoreline protection. Information and testinq 
results available in the international conferences of Coastal 
Sediments '91 and Coastal Zone '91 are included. Some new and 
innovative methods such the duneline restoration technique and 
modification of Galveston Groin Field by the author are offered 
and elaborated in this final report. 

Information presented here-in will be qeneral enouqh not to 
infrinqe upon freedom of choice of desiqn enqineers as to which 
methodes) may be chosen. At the same time, there is sufficient 
information for an enqineer to acquire desiqn details, once the 
methodes) is chosen. 

SECTION 2.2. CURRENT TRENDS 

Coastal structures built decades aqo for maintaininq ship 
channels and protectinq uplands have shown their effects on 
adjacent shoreline. Public environmental awareness has steadily 
increased over the past decade. This has precipitated a preference 
amonq scientists and enqineers for a soft approach rather than 
buildinq structures for coastline protection. 

There is a reduced role by the federal qovernment in coverinq 
the cost of shoreline protection. Local and state qovernments are 
assuminq more of the financial share as well as the planninq and 
manaqement of their coastal affairs. This has stimulated qrowth of 
a new breed of service industry. Many innovative ideas have been 
funded and tested out in the field. This trend is expected to 
continue in the future. 
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SECTION 2.3. CLASSIFICATION OF SHORELINE PROTECTION METHODS 

2 • 3 • A. HARD STRUCTURES 

2.3.A.l. Structures parallel to the shoreline: Seawalls, 
revetments, bulkheads, and vertical pilinqs are the conventional 
coastal structures employed for the protection of upland from 
floodinq and land losses. A qood comprehensive review of these 
structures may be found in section 2.4.A. of this report. The 
detached offshore breakwater for beach erosion control are the 
newest versions parallel to the shoreline, discussed in Section 
2.4. D. A survey on the installations of detached offshore 
breakwaters worldwide may be found in reference (7]. 

2.3. A. 2. Structures perpendicular to the shoreline: Jetties, 
qroins and shore-connected breakwaters are the conventional coastal 
structures. The planninq quideline and desiqn criteria of this 
type structure are qiven in section 2.4.B. The weir-jetty, weir
qroin, and T-qroin are variations from the conventional. The 
emerqinq technoloqy for this type of structure is the submerqed 
qroin field, with reduced spacinq between elements, such as in the 
Holmberq Technoloqies and will be discussed in Section 2.S.B. 

2.3.B. SOFT STRUCTURES 

Materials added to the littoral system: Beach nourishment by 
dredqinq offshore or truckinq-in from inland are typical examples 
of soft structures. The planninq and desiqn aspects and the 
environmental impact of beach nourishment may be found in Section 
2.4.C. 

* Manipulation of the material within the system: Beach 
scrapinq and shapinq of submerqed bottom profiles 
with the help of qeotechnical cloths are the newest 
schemes proposed and/or tested in this country and 
abroad. These emerqinq technoloqies are reported in 
Section 2.S.A., 2.S.E., and 2.S.H. of this report. 

* Nearshore dumpinq: Good quality sand from dredqinq is 
dumped in shallow coastal water to form an offshore 
submerqed berm. It is hoped that the cross-shore 
transport process will move the sand onto the beach. 
Preliminary field test results are reported in Section 
2.S.G. of this report. 

* Sand fencinq: Sand fences and veqetation have been 
effectively used to catch wind blown sand for 
buildinq dunelines. Section 2.4.E. will discuss recent 
studies on this shore protection scheme. 
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* Damping of wave energy: Floating, suspended devices in 
water to damp the wave energy or to trip the wave to 
break before it reaches the beach, along with artificial 
sea grass are examples of soft structures. 

2 • 3 • C. NON -STRUCTURE MEASURES 

City and state ordinances have been utilized effectively to 
reduce manmade shoreline erosion. Lowering the coastal ground 
water table in an effort to encourage sand deposit on the beach 
through percolation is an innovative idea without employing 
structure. The pros and cons will be discussed in section 2.5.C. 

Lettjng nature take her own course is another way of handling 
the shoreline problem. However, in many locales, retreat is not 
feasible. 

SECTION 2.4. PLANNING & DESIGN CONSIDERATIONS 

2.4.A. STRUCTURES PARALLEL TO THE SHORELINE 

Seawalls, revetments, bulkheads, seadikes, and breakwaters are 
common structures along the shoreline. All such structures are 
here referred to as "seawalls". The engineering design of these 
structures is similar to the design of retaining walls on land; 
however, the planning and design considerations are different. The 
major differences comprise of the structure's effect on the 
adjacent shoreline, which will be outlined in the following [1]. 

2.4. A. 1. Planning and design considerations: The one feature 
in common to all types of seawall is that they separate land and 
water areas. Their primary function is to maintain existing fixed 
land boundaries. Protection of land includes only that directly 
behind the structure, adjacent areas are not protected. To 
maintain a beach in the vicinity of these structures requires 
companion works. The following are design considerations that 
should be considered for implementation of a seawall. 

* Shape of Seawall: There are a variety of seawall shapes; 
namely, vertical, sloping, convex-curved, concave-curved, 
and stepped. The selection of shape is determined by the 
usage of the structure since the shapes have differing 
characteristics. 

* Location: The location of the structure is where the 
shoreline recession must be stopped. Location is a key 
element for protection from erosion which will be 
discussed later. 
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* Length of Seawall: The length of the structure should 
include the length of protection needed for the upland in 
addition to end structures to prevent flanking. 

* Height of Seawall: The structure height is determined by 
wave runup and overtopping calculations. 

* Ground Elevation: The ground elevation changes within the 
structure's design life is based on the local 
erosion/accretion rate calculations. 

other planning and design considerations are depth of wall 
penetration, stability against saturated soil pressures, exposure 
to wave action, and availability of materials. 

2.4.A.2. Seawall and beach interaction: Critical reviews of 
the state of knowledge on the effects of seawalls on the beach may 
be found in reference [2]. Highlights of these reviews are 
presented in the following paragraphs. 

* Location: A seawall's impact on the beach is largely· 
dependent on its location on the nearshore profile. The 
further seaward they are constructed, the greater their 
influence and the less likely will a usable beach be 
maintained in front of the structure. A study of a 300 
km seawall along the Indian Ocean led Baba and Thompson 
[4] to recommend fronting the wall with a wide buffer 
beach which attacking storm waves could act on. This is 
one recommendation that is in line with the beach 
nourishment proposal for the Galveston Seawall. 

* Beach Profile: One effect of a seawall on beaches is the 
cause of a greater lowering of beach profile than would 
occur if no seawall were present. The shape of the beach 
profile along a seawall-backed beach remains stable and 
tends to be in equilibrium with the coarser grain sizes 
comprising the beach sediment. 

* Erosion: Beaches with and without seawalls suffer similar 
offshore sediment transport under erosive storm waves. 
The scour occurring in relation to a seawall is localized 
near the toe of the structure. The maximum scour depth 
is shown to be approximately equal to the wave height in 
deep water. Some quantitative results regarding the 
erosion rates at the end of a seawall is presented in 
reference [3]. The depth of erosion at the end of a 
seawall could amount to 10% of the wall length. The 
along shore erosion could be 70% of the wall length. 
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i Taking into account these planning and design considerations 
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should provide an adequate review process for implementation of a 
structure parallel to the shoreline. 

2.4.B. STRUCTURES PERPENDICULAR TO THE SHORELINE 

Groins, jetties, and shore-connected breakwaters are 
structures placed perpendicular or nearly perpendicular to the 
shoreline. However, they differ in dimension, length, and 
function. The groin system is singled out for discussion which 
follows. 

2.4.B.1. Planning and design considerations: For functional 
planning and design, the de~igner must consider the following. 

* Groin Height: The structure may consist of two horizontal 
end sections at high/low elevations. These two sections 
are connected with a sloping middle segment. It may also 
be a single narrow sloping structure on a shallow coast. 
The height of landward end is usually the elevation of 
maximum high water, plus the height of normal wave 
uprush. The hgight of seaward end is determined by the 
economy of construction and public safety. 

* Beach Alignment: When a groin is placed on the beach, the 
longshore drift builds up on the updrift side of the 
groin, thereby creating a fillet. The down drift side is 
deprived of this sediment and usually erodes. The 
designer must then determine the eventual beach alignment 
or the orientation of the shoreline near the groin. 
There are three aspects that need to be considered; the 
updrift and downdrift shoreline, the shoreline between 
the groins, and the beach alignment for reversing 
direction of longshore transport. The use of groins with 
gradually reduced lengths, transitional groins, helps 
ease out abrupt changes in shoreline alignment. 

* Groin Length: The shoreward end of the groin should be 
positioned to prevent flanking. The seaward end position 
should be determined by the amount of longshore transport 
to be intercepted. 

* Spacing of Groins: The spacing between groins should be 2 
to 3 times the groin length from the berm crest to 
the seaward end. 

2.4.B.2. Interaction of Groin and Coastal Processes: The six 
rules describing the interaction of groins and coastal processes by 
the U.S. Army Corps of Engineers are given below. 

13 



* Rule 1. Groins can only be used to interrupt longshore 
transport. 

* Rule 2. The beach adjustment near groins will depend on 
the magnitude and direction of the longshore transport. 

* Rule 3. The groin induced accumulation.of longshore drift 
on the foreshore will modify the beach profile and 
currents along the sides of groins. 

* Rule 4. water pushed by waves into a groin compartment 
will sometimes return offshore in the form of rip 
currents along the sides of groins. 

* Rule 5. The percentage of the longshore transport which 
bypass a groin will depend on groin dimensions, water 
levels, and wave climate. 

* Rule 6. The longshore drift that is collected in the 
updrift fillet is prevented from reaching the downdrift 
area, where the sand balance is upset. 

These rules are helpful to the engineer for both planning and 
design purposes. 

2.4.C. BEACH NOURISHMENT 

Beach effectively dissipates wave energy therefore is 
considered the first line of defense from storm erosion. 
Maintaining proper beach dimensions is deemed good shoreline 
stabilization practice. An eroded beach may be restored to a 
healthy one, width and slope, by adding new sand. Sand may be 
borrowed from an offshore source, inlet bay area, and/or land 
source. Economics is the major factor in determining sources. The 
planning and design considerations along with possible 
environmental factors follows. 

2.4. C .1. Planning and design considerations: A general 
guideline for planning and design of a beach nourishment project is 
found in reference (1). A brief summary is extracted which 
follows. 

* Longshore transport characteristics: The longshore 
transport characteristics may be described by (1) 
longshore transport rate, (2) predominant direction 
of longshore transport, (3) deficiency of material 
supply, and (4) survey data before and after project 
construction. 
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* Composition of native sand: Sand samples should be 
collected and analyzed during summer and winter seasons 
on the beach face and offshore bottom in a depth where 
littoral sand moves. These native sand samples are then 
compared with potential sediments to determine 
suitability. The sample analysis should include sand 
size, composition, shape, specific gravity, and fall 
velocity. If time and funds allow, samples should be 
taken for analysis on the distribution variations of 
these characteristics at different positions within the 
project site. 

* Selection of borrowed material: The textural pattern of 
native sand is the direct response of sand sorting by 
natural processes. Therefore, the "native composite" is 
used to evaluate the suitability of potential 
borrowed sand. Material finer than native sediment will 
move to a depth compatible ·with its size forming a 
nearshore slope flatter than the existing slope. 
Material coarser than native sediment tends to remain on 
the foreshore forming a steeper beach slope. Angularity 
and mineral content of borrowed material may also be 
factors in the redistribution of the placement. 

* Overfill factor: If complete compatibility between native 
beach sand and borrowed material is not achievable, an 
overfill quantity is used to mediate the difference. The 
overfill factor is a function of grain size distribution 
and sorting characteristics of native and borrowed 
materials. A quantitive basis through an empirical 
formula is available for estimating the number of cubic' 
meters of fill material required per cubic. meter of 
native beach sand. With project dimensions known, the 
required volume of borrowed material can be determined. 

* Renourishment factor: All beach nourishment projects need 
periodic replenishment. The question to be asked is how 
often replenishment or renourishment will be required. 
The borrowed material characteristics especially its 
textural differences from native beach sand is a 
major factor. Coarser sand will pass more slowly through 
the littoral system than finer grains. Different sand 
sizes will have differing residence times. To determine 
the periodic renourishment required, a ratio of the 
erosion of borrowed material to native beach sand 
(renourishment factor) is employed. This factor is a 
function of grain size distribution and sorting 
characteristics of borrowed and native materials, 
however, they are not mathematically related to one 
another. 
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* Berm elevation: The optimum berm height is preferably 
slightly above the storm berm. Higher elevation would 
require a larger volume of sand to fill the layer above 
the storm berm. Lower elevation than the storm berm, a 
ridge will form along the crest and high water will 
overtop, causing ponding of the backshore area. There 
are two ways to estimate the storm berm elevation at the 
project site; measurement of the actual storm berm height 
at nearby beach and using wave runup calculations (if 
available) • 

* Beach slope: There are two types of beach slopes to be 
considered; design beach slope and construction beach 
slope. These slopes are rarely the same due to the 
working limitation of equipment that place and !3hape the 
fill material. 

* Design beach slope: The design beach slope is for 
estimating the quantity of fill materials. The foreshore 
slope of a fill is designed parallel to the local or 
comparable natural beach slope above low water datum. 
The offshore slope is derived through synthesis and the. 
averaging of data within and adjacent to the project. 
site. Offshore slope is significantly flatter than the 
foreshore slope. The initial slope of any beach fill 
will naturally be steeper than that of the natural 
profile over which it is placed. The subsequent shape of 
the slope during and immediately after placement depends 
on the characteristics of the fill material and the 
nature of the wave climate. 

* Construction slope: During and after the placement of fill 
material, the selective sorting and winnowing processes 
by wave and current will eventually shape up the 
beach profile toward an equilibrium configuration. There 
are two construction strategies. First, the fill 
material is placed onshore at an elevation equal to the 
natural berm elevation. The readjustment of the fill is 
accomplished entirely by waves and currents that erode 
and redistribute the artificially piled material and 
remove the finer sizes through winnowing. The second 
method is to initially place more of the fill offshore. 
The redistribution of the material across the profile by 
waves and currents then takes place offshore rather than 
onshore. 

* Beach fill transition: A nourished beach segment may be 
compartmented with groins at the two extremes. 
Alternatively, it amy also be a long transition zone 
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smoothly connecting the nourished beach segment to the 
natural shoreline at both ends. In general, as the angle 
that the transition segment makes with the shoreline 
decreases, so does the rate of erosion per unit length of 
the segment; however, the volume of fill material will 
increase since the transition segment is longer. The 
choice of abrupt transition ends or smooth long 
transition zones depends on protection desired and 
economical factors. 

* Feeder beach: All nourished beaches need periodical 
replenishment. The location where stockpile material can 
be placed is called a feeder beach. The stockpile 
material is expected to be transported by littoral 
processes to the beach area downdrift of the stockpile 
location. The length of a feeder beach can be a few 
hundred meters to a kilometer long. The determination of 
dimensions is primarily governed by economic 
considerations. 

In practice, the quantity of beach fill material can vary from 
10 to 20 cubic yards per one foot of beach front. The 
renourishment period for a nourished beach ranges from 4 to 8 years 
depending on the storm frequency, previous erosional trend, and 
acceptable beach conditions in the locale. The extent of fill 
material in the underwater portion of the foreshore region also 
affects the renourishment time period. Specific details of a beach 
renourishment project may be found in district offices of the U.S. 
Army Corps of Engineers. These details are presented in the form 
of design memoranda. An analytical approach to assess the beach 
fill performance is given in reference [12]. 

With many beach nourishment projects being implemented, the 
price per cubic yard sand continues to soar. It varies from $4 to 
$8 in the southeastern region, to over $20 in the northeastern 
region where sand must be transported from great distances. The 
initial investment required of beach nourishment and renourishment 
projects is large. Funds can be raised through the selling of 
public bonds, subject to legislatIve vote and public referendum. 

2.4.C.2. Environmental impact: Beach nourishment projects 
invariably add huge quantities of materials into the littoral 
system. These materials are transported alongshore, trapped by 
inlets and navigation channels, and fill up bays. As a result 
flushing characteristics, salinity, circulation, and dissolved 
oxygen content of the nearby bays is affected. When planning a 
beach nourishment project these affects need to be considered, and 
better studies need to be undertaken so that adverse reactions will 
not take place. Insurance that the implementation of a planned 
renourishment project will not corrupt the sensitive coastal 
ecosystem is a major step in the approval process. 
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2.4.D. DETACHED OFFSHORE BREAKWATER 

There are two main types of breakwaters, detached offshore and 
shore connected, which have different functions. The function of 
a shore connected breakwater is to create calm water for safe and 
uninterrupted loading and unloading of goods. Harbors throughout 
the world comprise of these structures. A detached offshore 
breakwater is designed to protect a shoreline from wave action, 
serving as a littoral sediment trap. This type of structure is 
parallel to the shoreline and can be used for two main purposes, 
formation of tombalo or salient, discussed later. 

The detached offshore breakwater attenuates the incident wave 
energy through a sheltering effect and causes accretion of a beach 
on the leeward side of the structure. This type of shoreline 
protection is very popular in Japan, but is not used widely in the 
United States. The planning and design considerations involve 
determination of the following [14,15). 

• Permeability of breakwater: The permeability of the 
structure is directly linked to the wave energy 
transmission on the lee of breakwater segments affecting 
accretion/erosion rates. This transmission is confirmed 
by field experiments at Holly Beach and Santa Monica 
Beach in California (5). 

• Tombolo or salient: When the sediment deposits on the 
leeward side of a detached offshore breakwater completely 
fill the space between the structure and shoreline the 
fillet is defined as a tombolo. A tombolo cuts off the 
normal littoral transport and temporarily starves the 
down drift shoreline. It forces the longshore transport 
to pass seaward of the structure, leading to permanent 
loss of littoral sediment. A salient forms when the 
space between structure and shoreline partially fills, 
establishing an equilibrium of the littoral process. It 
allows drifting of sediment on the landward side of the 
structure while protecting the partial fill from erosion. 
Concluding, a tombolo may be used for widening a severely 
eroded beach, while a salient is used for stabilization 
of the shoreline. 

* Distance from the shoreline: Offshore breakwaters are 
generally implemented in water depths between 3 and 25 
feet. with beach profile known, the distance may be 
calculated. The distance from the shoreline also has 
effect on formation of a tombolo or salient. 

* Length of breakwater segment: Determination of breakwater 
length comprises of distance offshore and whether tombolo 
or salient formation is desired. A tombolo would 
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form when the ratio of shore distance to breakwater 
length is less than one. A salient forms when the ratio 
is greater than 1.5. Ineffectiveness of a breakwater to 
trap sediment on the leeward side occurs when the ratio 
is greater than two. 

Top elevation of structure: In .determining the top 
elevation of the structure, formation of a tombolo or 
salient needs to be known. A higher structure elevation 
would prevent wave overtopping, encouraging formation of 
a tombolo. Lower elevation of the structure would allow 
overtopping and presence of short crested waves would 
appear in the lee of the breakwater encouraging formation 
of a salient. 

* spacing between breakwater segments: A detached offshore 
breakwater system may consists of a single piece of 
structure or a series of segments separated by gaps. 
These gaps control the amount of wave energy reaching the 
leeward side of the structure. As a rule, gaps should be 
two wave lengths wide with the length of each segment 
less than the offshore distance. Fewer gaps of large 
width or narrow gaps with short segments are examples. 
Fewer gaps of large width produce large cuspate spits 
(salients), while narrow gaps produce smaller spits, 
forming a more uniform shoreline. Formation of rip 
currents at the gaps of the segments during storms cause 
sand from behind the structure to move offshore, inducing 
erosion. Properly designing the gap width will minimize 
this erosional aspect, as shown in the Holly Beach 
experiments. At Holly Beach a post hurricane survey 
indicated a 3 to 1 accretion/erosion ratio. 

* structure orientation: When the breakwater is oriented in 
the direction parallel to the incident wave crest, 
the least longshore component of wave energy will be 
diffracted into the lee of the structure. A low energy 
environment behind the breakwater would encourage 
sediment to deposit, therefore the structure should be 
aligned with predominant incident waves. 

other site considerations should include the local tide range" 
beach slope, sediment supply and characteristics, and wave climate. 

Attempts to stimulate circulation and sand transport behind a 
detached offshore breakwater using numerical analysis is presented 
in reference (13). The effort to understand the physical phenomena 
and to build a mathematical model is commendable. However, due to 
imperfection of the sediment transport, the model used in numerical 
simulation is not valid. 
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2.4.E. SAND FENCE AND VEGETATION 

Dry sand on the beach is transported in three ways, namely, 
suspension, saltation and surface creep. These natural 
transportation modes effectively sort the beach material. Smaller 
particles are removed from the beach and dune area. Medium-sized 
particles form the foredunes. Larger partic;l,es remain on the 
beach. The function of dunes is to conserve sand in the beach 
system. Dunes may be destroyed by waves and highwater levels 
associated with severe storms. Sand fencing and planting of 
vegetation may be employed to restore dunes. Guide lines for 
establishing sand fences and planting vegetation are given below 
[1, 10, 11]. 

The use of sand fences and vegetation as shoreline p~otection 
stems from the naturally occurring dune formations. Sand dunes are 
valuable, nonrigid structures created by the combined action of 
sand, wind, and vegetation, often providing a continuous protective 
system. When severe storms or erosional effects occur and nature 
fails to rebuild itself, artificial dunes can be constructed 
through planned sand fencing and vegetation. These methods are 
briefly described in the following. 

2.4.E.1. Sand fencing planning and design considerations: 
Various mechanical methods, such as fencing made of brush or 
individual pickets driven into to the sand, have been used to 
construct a foredune. Relatively inexpensive, readily available 
slat-type fencing (snow fencing) is used almost exclusively in 
artificial, nonvegetative dune construction. There have been 
numerous materials, from plastic fabrics to jute mesh, investigated 
for their uses in dune construction. 

Field implementation of dune building with sand fences under 
a variety of conditions have been conducted at several U.S. sites. 
The following guidelines are based on these observations. 

* Porosity: The ratio of area of open space to total 
projected area of about 50 percent should be used for 
fencing. Open and closed areas should be smaller than 5 
centimeters in width. The standard wooden snow fence 
appears to be the most practical and cost effective. 

* Location: Placement of the fence at the proper distance 
shoreward of the berm crest is critical. The fence must 
be far enough back out of reach from frequent wave 
attack. Usually placing the fence line to coincide with 
the vegetation line or foredune line gives good results. 

* Fence layout: Only the straight fence alinement is 
recommended by US Army Corps of Engineers. Fence 
construction with side spurs or a zigzag alinement does 
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not increase the trapping effectiveness enough to be 
economically justified. The fence should be parallel to 
the shoreline and need not be perpendicular to the 
prevailing wind direction. 

Trapping capacity: The trapping capacity is usually 
described as 2 to 3 cubic yard per linear foot of fence.
The foredunes constructed by sand fence and vegetation 
along Padre Island, Texas contain 275,000 cubic yard of 
sand per mile of beach over a time period of 5 to 10 
years [16). A recent formulation of sand transport rate' 
is given in reference [10). 

Rows of fencing: One single row of sand fence is the most 
cost-effective, however, double-fencing is found in many 
coastal regions. The spacing for a double-row fence 
should be 4 times the fence height. The dune height may 
be elevated by positioning the succeeding fence near the 
crest of existing dune. 

Height of dune: Using fencing allows the sand to 
accumulate to the height of the fence. Studies have 
shown that fencing with 50 percent porosity have filled 
to capacity within 1 year. Higher and steeper dunes are 
produced when lines of fencing are used at differing 
elevations and spacing. 

* Stabilization: Fence-built dunes can be stabilized with 
vegetation. Fencing is the first step of a two step 
process. The implementation of vegetation will, 
strengthen the dunes and keep the trapped sand in place. ' 

The accumulation of sand by fences, however, is not constant 
and varies widely with the location and time (season, year). 
Fences may remain empty for months following installation, only to 
fill within a few days by a single period of high winds. 

2.4. E. 2. Vegetation planning and design considerations: The 
following are considerations necessary for the implementation of 
vegetation for shoreline protection. 

* Plant selection: Selection of the vegetation should take 
into account adaptability to local conditions which 
include: sun exposure, high temperatures, inundation by 
saltwater, and drought. The plants that survive this 
environment are long-lived, rhizomatous or stoloniferous 
perennials with extensive root systems, stems capable of 
rapid upward growth, and tolerance of salt spray. The 
naturally occurring varieties of beachgrasses are the 
best choices. 
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* Plant processing: Plants should be dug so that most roots 
remain attached to the plant. Clumps should be separated 
so that transplanting can be done. Storing plants for 
long periods of time reduce the survival rate. 
Transplanting is recommended for problem areas, 
especially to combat erosion. Seeding is only used when 
erosional and/or wind effects aren't present. Close 
attention must be paid to disease control and 
compatibility. 

* Planting width: Plant spacing and sand movement must be 
considered in determining planting width. When little 
sand is moved for trapping, and plant spacing is dense, 
nearly all sand is caught along the seaward side of the 
planting and a narrow base dune is formed. If the plant 
spacing is less dense a wider dune is formed but its 
height is lower. Spacing and pattern should be 
determined by the characteristics of the site and the 
objective of the planting. 

The mechanism of retaining sand in the littoral regime for 
planting vegetation is the same as erecting sand fences. However, 
vegetation planting is season dependent. Species suitable for the 
coastal environment are limited. Plants are subjected to weather, 
disease and stress and need fertilization during planting time 
period. Plants beautify the coastal environment and provide a 
trapping capacity equal to that of sand fences. A recent study on 
Padre Island suggested that to duplicate the natural process of 
dune development and allows the dune field to migrate away from the 
foredune ridge, the planting should be spaced and be in irregular 
blocks (11). 

SECTION 2.S. EMERGING SHORELINE PROTECTION TECHNOLOGIES 

The following eight shoreline protection methods are either 
tested out in field demonstration projects or in the process of 
being tested in the field along the coastline in the united States 
and abroad. 

2.S.A. NATURE ASSISTED DUNE RESTORATION - NADR 

The dune line along a coast has two distinctive functions. 
First, it prevents water from overtopping causing flooding of 
uplands during storms. Second, it serves as a reservoir for 
storing beach sand. 

During a storm, the sea level rises to a dangerously high 
level. This high storm water level floods the upland and allows 
waves to attack properties, private and public. Both offshore 
breakwater and nourished beach will be submerged by the storm tide. 
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Most properties and coastal land losses are attributed to storm 
condi tions. Remedial methods in past decades have been the 
employment of seawalls, bulkheads, and revetments. Throughout the 
years these protective structures served their purpose well, e.g. 
the Galveston Seawall, but have shown their effects on beaches and 
shoreline. This has drawn the attention of scientists and 
engineers alike, causing them to consider alt~rnatives to building 
hard structures. Since the offshore breakwater and the higher berm. 
elevation of a nourished beach will be submerged by the storm high 
water level and cannot effectively protect the upland and 
properties, the method of establishing and/or restoring a dune line 
for the prevention of coastal flooding and land losses has 
become the center of attention in recent years. 

In reference to the storing capacity of a dune line, the 
volume equivalent to sand eroded during storms has been trapped and 
stored in foredunes adjacent to the beach. The foredunes 
constructed along the Oregon coast contain 900,000 cu.yd. per mile 
of beach over a time period of 30 years at C1atsop Beach [17]. 
This accumulation and trapping was primarily achieved by vegetation 
and sand fences. To speed up this natural process and reduce the 
time duration for the formation of a healthy dune line, Wang has 
suggested a method and procedure called NADR (Nature-Assisted Dune 
Restoration) [18,19]. An outline of Wang's method is described 
briefly in the following paragraph. 

The fundamental basis of finding and placing compatible sand 
along the coastal shoreline for dune restoration involves the 
concept of an equilibrium beach profile. Energy input (wind, wave 
current and tide) to the coastal zone is expended to shape the near 
shore boundary configuration. For a given energy level, the bottom; 
material acts and reacts with various governing forces in the. 
coastal zone to reach an equilibrium bottom profile corresponding 
to the energy level. There are two major mechanisms through which 
the equilibrium bottom profile is reached, namely, accretion and 
erosion. When the beach accretion phase is identified, a thin 
layer of sand on the beach is scraped away by a road grader. The 
natural forces will act to restore the beach profile, moving sand 
ashore. By repeating this process, large volumes of sand can be 
obtained for dune restoration. These sands are then placed along 
the dune line and held there by sand fences and vegetation to form 
a continuous dune line with dimensions compatible with local 
environment. During a storm, the sea level rises and waves reach 
to the dune line and the wave energy is expended to return the dune 
sand to the beach and offshore bars. After the storm, the "Nature
Assisted Dune Restoration" procedures start and a continuous dune 
line is restored to be ready for the next storm, thus the operation 
is cyclic. It is emphasized that this procedure is a closed 
operational system and no sand will be moved out of the littoral 
system. Sand is placed where it is needed and when it is needed. 
This operational process utilizes wave energy to send sand ashore 
replacing offshore dredging. This method simulates the natural 
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dune formation process by adding sand to the dune a little at a 
time, however, it contracts the time from years to months. 

Building a continuous dune line along the coastal land has not 
been easily accepted without concern for long-term effects. 
Geologists and geomorphologists believe that oceanic overwash is an 
important process in the landward migration of barrier islands. 
Since a foredune system blocks overtopping and prevents oceanic 
overwash, a continuous foredune is viewed as a threat to barrier 
island stability. This theory was overturned by a recent study 
conducted by Leatherman (20). Leatherman pointed out that oceanic 
overwash is not the dominant process for barrier island migration 
since the amount of sediment transported by overwash is too small. 
A far greater quantity of sediment is moved into bays and lagoons 
through old and new tidal inlets. Since the restored dune line is 
meant to be destroyed by storm tide and returning sand to the beach 
and offshore bar, the establishment of a continuous dune line can 
contribute to the stability of beaches as well as saving coastal 
land and properties. 

2.5.B. SUBMERGED GROIN SYSTEM 

2.5.B.1. Holmberg Technologies: Holmberg Technology's 
Undercurrent Stabilization Anchor Systems (USAS) appears to be 
groin-like structures (8). Like a groin field, the USAS has 
slender structure segments perpendicular to the shoreline. Unlike 
a groin field, the USAS is submerged in water, not necessarily 
connected to shoreline, and the distance between single segment is 
very short. According to Mr. Dick Holmberg, the USAS works like 
"speed-bumps", or "artificial delta regions" which act "as 
storage/feeder areas that load with transported sand during storms 
and then release sand again after the storm." 

The USAS may be an interesting concept. However, it lacks 
scientific and engineering details for implementation in the field. 
Mr. Holmberg must release the dimensions of the USAS structure, the 
depth of submergence, the location relative to the shoreline, 
construction material and methods. He must also explain in 
scientific and engineering terms how and why the USAS would work. 

Mr. Holmberg has submitted a proposal to Galveston county 
Beach Park Board of Trustees for "Restabilization of the Galveston 
County Coastline" which recommends installing two permanent USAS 
units for $2,490,000. This proposal along with comments on the 
proposal by Wang may be found in Appendix A of this report. 
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2.5. B. 2. Artificial Headland for Beach Improvement: Similar 
concept and technique is being tested on the coastline of South 
Africa. Assessment will be made when the information and data are 
made public by the investigating company. 

2 • 5. C • BEACH DRAIN SYSTEM 

There are several beach drain systems, namely, the StaBeach 
System, the Beach-Advancer System, and the Horizontal Dewatering 
System, etc •• These systems utilize beach face dewatering method 
to encourage sand deposit on the beach face. However, they differ 
in installation methods. During the wave uprush cycle, sand is 
brought onto the beach and the returning backwash cycle takes sand 
off the beach. The dewatering technique works on the backwash 
cycle. When the ground water table is lowered by pumping water 
out of the subsurface of the beach, sand movements are retarded by 
the effect of percolation during the backwash cycle, thus leaving 
additional sand on the beach. Figure 1 explains the concept more 
clearly. 
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The engineering design details should include the following: 

Buried piping system 
Pumping rate and capacity 
Ground water table line before installation 
Ground water table line during qperations 
Location and spacing of the pumping stations 

A general description of the Stabeach [21] and comments on the 
Stabeach concept by Wang is appended in Appendix B. 

Since last reported in the proqress report #2, the StaBeach 
system has improved its installation procedures. The so called 
"self-burial" technique that reduces costs for emplacing pipe has 
been developed [27]. The location of burying the drain pipe is 
also moved to the seaward of mean-low-water (MLW) in an attempt to 
widen the beach face. Testing projects are in progress at Long 
Beach, Maryland, St. Petersburg Beach and Vero Beach in florida 
[28]. 

The Horizontal Dewatering System [29] on the other hand has 
streamlined its operation by using specialized patented equipment 
to shorten the installation time and to reduce the excavation area 
for pipe burial. A general description of the Horizontal 
Dewatering system may be found in Appendix D. 

More beachface dewatering studies have been performed under 
the controlled laboratory conditions at Lehigh University. The 
study results are given below [30]. 

"There is no significant effect on the rate of erosion or 
accretion as measured at the stillwater line when the beach drain 
is used for the condition of no tide. There was however a buildup 
of sediment near the upward extent of the swash. In addition, the 
beach drain caused the resulting equilibrium profiles to be 
somewhat steeper in the region of the beach face when compared to 
the corresponding profile without the drain operating. These 
results indicate that the beach drain would not be effective in 
prototype installations where there is a negligible tide". 

2.5. D. MAC-BLOX, AN ENERGY ABSORBING REVETMENT 

In recent years, there have been developments of energy 
absorbing structure elements for shoreline erosion control. The 
Mac-Blox is only one example in the market place. The basic 
principles of shoreline structure for absorbing wave energy that 
Mac-Blox has incorporated in its design are 

* Sloping surface: To reduce wave slamming and rebounding 
* Rough surface: To impede and diffuse wave runup/rundown 
* Internal void spaces: To absorb and dissipate wave energy 
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Mac-Blox is made of concrete and weighs 300 pounds a piece. 
These blocks are placed to form a step-like sloping revetment and 
then locked together with concrete piling in groups of ten or more. 
The shape, dimension and various arrangement of Mac-Blox for 
shoreline stabilization may be found in Appendix C. 

2.5.E. A VISCOUS DRAG SYSTEM 

The Viscous Drag system is an "erosion control mat" which 
provides high resistance to water movement with 3.8 million square 
inches of wetted area (or drag surface) per mat. This large area 
of drag surface retards the current velocity and causes sediment to 
deposit in the "mat", thus, builds up a fiber reinforced soil bank. 
When this "soil bank" is placed along the shoreline in shallow 
coastal waters, it serves as an offshore breakwater to cause the 
formation of a tombolo on the shoreline. As a result, the beach is 
widened and the shoreline may thus be stabilized. 

The Viscous Drag System has been used as the underwater 
foundation soil to support the footings of a substructure, such as 
underwater pilings and pipe lines. However, it has not been so far 
utilized for shoreline erosion control. The principles and field 
layouts of the "erosion control mat" may be found in Appendix E. 

2.5. F. LITTORAL DRIFT MANIPULATION: T-GROIN AND HEAVY SAND 

This is an innovative and unique approach to shoreline 
protection [22]. This method combines beach nourishment and T
groin into one unit. The fill material for beach nourishment is 
shipped-in foreign sand and is heavier than local sand. This 
imported sand is not allowed to drift outside the project area; 
therefore, T-groin is employed to keep the foreign sand in place. 
The T-groin compartments are also used for altering the normal 
littoral drift direction. This is done by properly aligning the T
head of a groin in relation to dominant incident waves. This 
experimental project is heading toward completion and will have a 
5-year follow-up monitoring program of the testing project. 
Valuable technical information will be collected by the monitoring 

. program. 

A T-groin installation at Hilton Head Island, South Carolina 
is working well to protect the receding shoreline. The engineering 
design and arrangement for the Hilton Head Island project is given 
in Figure 2. 
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Figure 2. 

The mechanism at work for the T-groin is similar to that of 
detached offshore breakwater segments. However, there are 
significant differences. T-groins block the littoral drift 
completely. The offshore breakwater may be designed with 
appropriate distance from shoreline, structure permeability, and 
top elevation of the breakwater segments allowing the formation of 
a partial tombolo (or salient) so that normal littoral drift is not 
completely cut off. 

Since last reported in the progress report #2, the field 
experiment of the T-groin with heavy sand at Fisher Island, Miami 
is scheduled for completion. Aerial photographs indicated that the 
shoreline configurations match the engineering design well at the 
time of Coastal Sediment '91 Conference in Seattle, Washington. 

2 • 5 • G. DREDGED MATERIAL PLACEMENT 

The environmental effects of dredging practice and the desire 
to conserve sand resources in the coastal zone have led the US Army 
Corps of Engineers to consider alternatives to the disposal methods 
of dredged material. Toward this end, the US Army Corps of 
Engineers has been constructing the so-called experimental 
submerged berm on open seafloor offshore regions in Alabama, 
California, North Carolina, New York and Texas. These experiments 
were carried out in a variety of physical conditions in an attempt 
to provide answers to the following questions: 
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Whether sand in the submerqed berm will be retained in 
the nearshore zone or lost seaward. 

What are the forces necessary for dispersion of the 
material shoreward. 

What should be the desiqn criteria for establishinq a 
submerqed berm, such as berm dimensions and depth of 
submerqence, etc. 

The deqree of effectiveness of the submerqed berm for 
reducinq (i) wave damaqe to the shoreline, and (ii) 
the rate of coastal sand losses to deep offshore 
waters. 

What are the requirements for the desiqn of new equipment 
to economically and effectively place the sand in 
shallow water, such as the draft requirements and 
the releasinq mechanism for control of sand 
placements. 

In December 1990, the Dredqinq Research Proqram, US Army Corps 
of Enqineers formally released its first report on the performanc~ 
of an experimental submerqed berm (23J. An inconclusive result is 
reported in this experimental study. However, some enqineerinq 
details are worthwhile to briefly mention in the followinq: 

The experimental submerqed berm study is located at Sand 
Island, Alabama. 

The dimensions of the submerqed berm are 6000 ft. lonq, 
500 to 700 ft. wide across the base, and 6 to 7 ft. in 
heiqht. 

The sand diameter is 0.2 mm, the depth of sand placement 
is below 14 ft. and above 20 ft. MLLW depth contour qives 
a submerqence depth of 12 to 13 ft. from the crest of the 
submerqed berm. 

Monitorinq techniques include bathymetric surveys, 
sediment samples, side-scan sonar documentation, aerial 
photoqraphy, seabed drifters, and meteoroloqical wave and 
current meters. 

The size and shape of the submerqed berm remained 
unchanqed throuqhout the 12-month monitorinq time period. 
No evidence suqqested offshore loss of sand. 

Therefore, the experiment is considered inconclusive. 
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Judging from this most recent report put forth by US Army 
Corps of Engineers, it is perhaps still a few years away before the 
submerged berm concept can be implemented and adopted for general 
practice. 

2.5.H. BEACH PROFILE MANIPULATION 

The idea of beach scraping was formulated in the 1970's by 
Davenport, Smutz and Wang [24]. Later, Kana and Svetlichny had 
conducted an independent field experiment at Myrtle Beach, South 
Carolina and their findings were reported in 1982 [25]. This 
experiment involved moving 100,000 cubic meters sand from the lower 
beach to the backbeach over a 14 kilometer length of shoreline. 
Beach profiles were measured repeatedly to determine the effect of 
scraping and fill along a stable-to-slightly erosional beach. Kana 
and Svetlichny stated that "the purpose of the scraping and fill 
was to provide temporary erosion relief,'protect existing dunes and 
structures, and provide a wider recreational beach at high tide." 
The experiment indicated that results were mixed and were dependent 
on the pre-existing shoreline conditions, such as armored and un
armored dune lines, stable and erosional beaches. Kana and 
Svetlichny drew the following conclusions: 

Stable shoreline: Beach scraping should be highly 
preferred over armoring. 

Slightly erosional shoreline: Beach scraping is at best 
temporary, but may be a suitable interim measure until 
long-term solutions can be implemented. 

Highly erosional shoreline: Beach scraping will produce 
little benefit and may accelerate erosion of the 
backbeach. 

Per Bruun also conducted a field experiment at Hilton Head 
Island, South Carolina and published his results in 1983 [26]. 
Bruun reported that "beach scraping by skimming of thin surface 
layers where surplus material is available in the profile is not 
harmful, but rather beneficial as coastal protection of eroding 
dunes and dikes. Undertaken in a technically responsible way it 
also has beneficial rather than adverse effects on adjacent 
beaches. " He also concluded that "Beach scraping is a way of 
organizing available beach material in a more sensible way on short 
term basis. But it is a temporary measure only." 

Based on the concept of equilibrium beach profile elucidated 
in the section 2.5.A. the results of Kana and Svetlichny and Bruun 
are logical indeed. The energy input to the coastal zone is in 
equilibrium with the bottom configuration. When material is moved 
from lower beach to backbeach by scraping, this tips the 
equilibrium profile and natural forces will restore it by moving 
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away the excess material placed on the backbeach. An important 
point to be made here is that even though the beach scrap~ng can
not widen the eroding beach and is a temporary measure, it can be 
utilized very effectively and economically for building the dune 
line for prevention of flooding and coastal land losses [19). 

SECTION 6. FUTURE TRENDS 

New methods and ideas of shoreline protection will be funded 
and tested in laboratories and the field. A large share of these 
studies will be done by academia and industry, where previously 
they were predominately done by US Army Corps of Engineers. 

The "soft approach" to shoreline protection will continue, 
although hard structure cannot be completely avoided particularly 
for high energy coast. There will be a combination of "soft and 
hard" structures with soft structure dominating. 

There will be more efforts to deal with submerged bottom 
prof iles. A comprehensive look and treatment of the entire 
littoral bottom configuration will replace the piecemeal approach 
of treating the dune, the beach face, and offshore bars separately. 

More collaborating works between scientists, engineers and 
economists in coastal zone management will be seen. Industry, 
government and academia working together will be the future trend. 

SECTION 7. CONCLUSIONS 

The discussed methods of protecting the shoreline all have 
their merits and limitations. The engineer-planner can choose one 
single method or a combination of several methods for an intended 
project, depending on the primary purpose of the project, the 
degree of protection required, the acceptable "side effects" or 
environmental impact, and the preference of the individual. In the 
final analysis, economic justification will play an important role 
in the decision making process of the method to be chosen. 

There are two important conferences on shoreline protection 
and coastal zone management which has be convened this year. The 
conference on Coastal Sediments '91 is scheduled in June at 
Seattle, Washington and the conference of Coastal Zone '91 is in 
July at Long Beach, California. More than 800 technical papers, 
including one from the author, will be presented at these two 
conferences. After a review of these conference proceedings, this 
report has been updated to include the newest methods in shoreline 
protection. 
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CHAPTER 3 

IDENTIFICATION AND ANALYSIS OF SHORELINE PROBLEMS 

AND 

RECOMMENDATION OF SHORELINE PROTECTION OPTIONS 

IN 

GALVESTON COUNTY. TEXAS 
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SECTION 3.1. INTRODUCTION 

The Galveston region has several coastal problem areas that, 
need shoreline protection implementation. There are two functional 
entities that are common to all the project sites; the forcing 
function such as natural forces in the coastal zone and the 
response function such as location parameter's. understand these 
two functions and their interactions at different project sites 
will provide valuable information for better project decisions 
and/or implementation. 

3.1.A. PHYSICAL ENVIRONMENT 

When physical environment is mentioned in the coastal region 
thoughts on natural processes comes to mind. 

Location parameters such as the orientation of shoreline, 
sheltered or exposed, open to long or short fetch, bottom 
topography, and sediment materials, etc. Natural forces, such as 
waves, tides, winds, and currents, etc. that shape up the bottom 
configuration of the coast zone. The interaction of these two, or 
the natural processes, determine the shoreline change in that 
region. Shoreline changes are also possible through man's 
interference of the natural processes. Both natural and man made 
shoreline changes can be good or bad depending on whether or not 
the change induced effects are in the viewers' favor. 

The boundary of the Galveston shoreline facing the Gulf of 
Mexico starts from the intersection of State Highway 124 witbl 
Highway 87 at High Island, and ends at San Luis Pass. This 
shoreline has a general northeast-southwest orientation 
approximately 60 miles long. within this stretch of shoreline, 
there are two natural tidal inlets, Galveston Bay entrance and San 
Luis Pass, and one man made inlet, Rollover Pass. These inlets are 
separated approximately equidistant from each other, and all are 
connected to Galveston Bay. Rollover Pass and Galveston Bay inlets 
are requlated by structures, San Luis Pass has no requlating 
structure. 

Weather plays an important role in the physical makeup of the 
shoreline. The history of a location, especially data on shoreline 
parameters, provides guidelines to the understanding of the site's 
adjustments to natural forces. Understanding how a shoreline 
responds to these forces and taking into account all planning and 
design considerations will lead to an overall view of the 
location's attributes, therefore opening the door to solving the 
area's problems. 

The prevailing winds are mostly from the south and southeast 
directions with a speed of up to 15 knots. There are about 15 to 
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20 northeasters with speeds up to 50 mi/hr passing through this 
region during winter [1]. In the past century, there have been 
numerous hurricanes within a 200 mile radius of Galveston. 
Hurricane Carla in 1961 produced the greatest storm surge on record 
in the region [2]. High water levels greater than 5 feet can occur 
once every two to three years [2]. 

The astronomical tides vary between diurnal and semi-diurnal 
and are less than 2 feet. The wave climate in this area is 
generally mild, heights less than 2 feet half of the time. The 
average magnitude of longshore current is 0.8 ft/sec southwest 56' 
of the time and 0.67 ft/sec northeast [1]. 

3.1.B. GENERAL CHARACTERIZATION OF GALVESTON SHORELINE 

The general characterization of the Galveston shoreline takes 
into account the effects of location and natural forces on each of 
the individual areas, while trying to present an overall view of 
the region. Since the Galveston region is broken into eight (8) 
different problem locations, there would be eight different 
problems to be solved. The key for stabilizing, thereby solving, 
the shoreline problems is to investigate each individual location 
and the effects that it has on the other locations. 

The Galveston shoreline comprises of two main problems; 
erosional tendencies and unwanted accretion. Erosion problems 
occur near the High Island, Rollover Pass, and Galveston west:
beach, while unwanted accretion may be found in Rollover Bay, Big 
Reef, and Galveston West Bay. Structures are present and occupy 
the middle section of County's shoreline. The relationship of all 
these problem areas need to be investigated, and an overall 
regional understanding will provide answers to the coastal 
shoreline problems. The Galveston shoreline can be broken into 
four major areas for general characterization, as shown in the 
following figure. 
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Segment I: Location of this portion is the extreme northeast 
boundary, High Island to Rollover Pass. East of this segment is 
Sabine Pass and adjacent coastline that serves as a sediment supply 
source. Rollover Pass, southwest part of segment, serves as a 
sediment sink. This segment's shoreline is relatively straight 
with a northeast orientation. 

Segment II: This 
Galveston Bay entrance. 
forming a discontinuity 
orientation is slightly 
accumulation of sediment 

portion is from Rollover Pass to the 
The north jetty serves as the boundary, 
of longshore transport. The shoreline 
concave towards the south due to the 

on the north side of the jetty. 

Segment III: This area takes into account the Galveston Bay 
entrance to the west end of Seawall Boulevard. This segment has 
its littoral processes modified by man made structures. Sediment 
discontinuity occurs at the south jetty, then is influenced by the 
groinfield and seawall. Shoreline' orientation follows the 
structures, with little beach front being present. 

Segment IV: This portion contains shoreline from the end of 
the Galveston Seawall to San Luis Pass. This segment encompasses 
18 miles of natural sandy beaches with residential communities 
intermittently developed along the shoreline. The southwestern 
end, San Luis Pass, marks the boundary of the Galveston coastline, 
and serves as a sediment sink. 

The following are the individual projects within the Galveston 
region. Each has its own problems which, by the will of the 
public, need to be solved. These problems will be investigated and 
a solution will be given, along with options, in order to stabilize 
the shoreline. 
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SECTION 3.2. SHORELINE EROSION ALONG BOLIVAR PENINSULA 

There are three problem areas along Bolivar Peninsula, the 
shoreline between High Island and Gilchrist, Rollover Pass, and the 
road at the ferry landing. Problems at Rollover Pass and vicinity 
are complex and will be treated separately in the next section. 

3.2.A. SHORELINE BETWEEN HIGH ISLAND AND GILCHRIST 

3.2.A.1. The problem and analysis: The beach between High 
Island and Gilchrist is narrow. The waterline is close and 
parallel to State Highway 87. During severe storms this stretch of 
highway becomes inundated becoming vulnerable to washing out. The 
narrow beachfront and closing-in waterline is not an isolated 
phenomenon, a typical erosional scene is found along the shoreline 
between Sabine Pass and High Island. Some stretches of Highway 87 
is closed to traffic along this section~ 

3.2.A.2. The objective and solution: The single objective is 
to stop shoreline erosion. Since the problem is not isolated, it 
must be sol ved as a part of the bigger problem area from High 
Island to Sabine Pass. 

3.2.B. ROAD AT FERRY LANDING 

3.2.B.1. The problem and analysis: The shoreline erosion 
immediately after the ferry landing piers on Bolivar Peninsula 
threatens the integrity of the ferry landing road. The possible 
cause of the problem may be due to tidal currents interacting with 
the seawall, in place at Fort Travis, causing flanking erosion. 
Naturalists have suggested making the shallow water regions between 
the ferry landing and north jetty a bird sanctuary. 

3.2.B.2. Objectives: Stop the advancement of flanking at the 
ferry road location without interfering with the shallow water bird 
sanctuary. 

3.2.B.3. Options for attaining objectives: There are two 
ways to protect the ferry landing road; use of soft approach and 
hard structure. In this case the hard structures are preferred 
over the popular trend of soft approaches for the following 
reasons. 

The softer approach is to fill in the eroded area 
(approximately 25 acres in size) periodically in cooperation with 
the annual dredging schedules of the ferry landing piers which 
amounts to 200,000 cubic yard per year. The major drawback to this 
option is the reduction of shallow bay area by filling-in with 
materials. State and federal agencies and environmental groups 
have all expressed their concerns. 
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Armorinq is another option. The placement of a seawall or 
rubble mound revetment can be implemented. There are new desiqn$ 
of armorinq units for absorbinq and dissipatinq wave enerqy. These 
desiqns are aimed to replacinq the vertical bulkhead/seawall in 
sheltered areas, which may be worth lookinq into. This type of 
armorinq will be compatible with the Fort Travis shoreline and does 
not interfere with the natural bird sanctuary. 

A qroin system with proper desiqn of lenqth and spacinq can 
also serve the function of stabilizinq the shoreline without 
reducinq the shallow water bay bottom area. 

A detached small breakwater seqment parallel 
to encouraqe accretion in the erodinq area 
processes is another option can be worked out. 

to the waterline 
throuqh natural 

Finally, the use of the concept of a "feeder beach" could 
solve both the eroding shoreline problem at the ferry landinq road 
and the siltinq problem at the ferry landinq piers. This may be 
done by locatinq a feeder beach site on which the dredqinq material 
from the ferry landing piers may be placed and these materials are 
then distributed by waves and tidal current to the eroding area 
along the ferry landing road. 

SECTION 3.3. ROLLOVER PASS 

Rollover Pass was originally constructed by the u. s. Army 
Corps of Enqineers in an effort to create a marine nursery qround 
in unproductive waters of Galveston East Bay. Ever since the marl 
made cut was open, middle 1950's, excessive erosion has occurred on 
the downdrift and updrift ,sides of the cut. Rollover Bay is choked 
with massive sediment deterioratinq the water quality. A 
comprehensive plan usinq an integrated system approach was proposed 
by Wanq in NPreliminary Designs of Improvements at Rollover Pass 
and Vicinity, Bolivar Peninsula, Texas" (3). This document is 
supplied as Appendix F. 
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SECTION 3.4. GALVESTON SEAWALL AND GROIN FIELD 

3.4.A. STATEMENT OF PROBLEMS 

construction of the Galveston Seawall started in 1902 and now 
extends 10 miles. The groin field was constructed between 1936 and 
1939 with the final configuration completed.during 1968-70. The 
groin field occupies a seawall segment approximately 4.5 miles 
long. The main purpose of the seawall is for protection of the 
uplands behind it. The construction of the groin field is for 
stabilizing the shoreline by impeding littoral sand movement for 
protection of the seawall foundation. Both structures serve their 
intended purposes well. In the mean time, however, the degradation 
of beach in front of the seawall occurs. Today there is no 
appreciable recreational beach in front of the seawall. 

At present, the shoreline along the seawall appears stable, 
although waves directly pounding at the seawall are observed during 
rough weather. The integrity and safety of the existing seawall 
structure must be calculated since the investment of the structure, 
property, and life behind it is great. This cannot be taken 
lightly. Suppose a hurricane with the strength of "Hugo" directly 
hits Galveston Island. This hurricane may produce storm surges in 
excess of 20 feet with waves of 16 feet in height directly pounding 
at the seawall, causing scour of the structure toe. The ability 
and current conditions of the concrete slab and riprap aprons at 
the structure toe to withstand this scouring power is of interests 
to coastal engineers. 

3.4.B. OBJECTIVES 

The primary objective is to restore the beach in front of the 
Galveston Seawall. A secondary objective is to provide an extra 
measure of safety and integrity for the seawall under extreme 
conditions. 

3.4.C. OPTIONS FOR ATTAINING OBJECTIVES 

3.4.C.1. Plain beach nourishment: Beach nourishment is the 
most popular shoreline restoration and protection method in the 
United States. It has been widely adopted along the Pacific, 
Atlantic, and Gulf of Mexico shorelines. This method allows the 
designer to provide desired beach width, berm elevation, and beach. 
slope. The results are immediate and impressive. Since the 
objective is to restore a beach along the seawall for recreational 
purposes, beach nourishment is the only method that can deliver 
prescribed beachfront dimensions quickly. 
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The general technical information on the planning and design 
details regarding a beach nourishment project may be found in the 
previous progress report. The following is site specific 
information that the engineer should take into account in addition 
to the design considerations given previously. This information is 
by no means exhaustive. 

* Assume the project length will cover the full length of 
Galveston seawall. The end conditions (see section 
3.1. B.) of the project area will dictate the behavior and 
movement of new sand used in the beach nourishment 
project. 

* The continued growth of Stewart Beach, East Beach, and the 
Big Reef, along with the siltation of San Luis Pass and 
Galveston West Bay are observable. These phenomena 
suggests that there is no strong predominant littoral 
transport direction along the Galveston shoreline. The 
magnitude and direction of the longshore currents in 
Galveston coastal waters (see section 3.1.A.) suggests 
that the direction of longshore sediment transport is 
reversible. 

* After beach restoration is completed, it is expected that 
Stewart Beach, East Beach, and the Big Reef will continue 
to grow at a faster rate while the erosion rate along 
Galveston's west beaches will be slowed. 

* The Galveston Bay South Jetty and the ship channel at the 
northeast end of the proposed project area form a 
discontinuity of littoral transport. While the boundary 
condition at southwest end of the project area allows the 
littoral material to move with little obstruction. 

* Valuable lessons have been learned from the pilot (mini) 
beach nourishment project that took place in front of the 
San Luis Hotel during the Spring of 1985. Sand was 
trucked in from the east end of the island and dumped in 
front of the seawall between the groins. This pilot 
project provided clues on design berm elevation, design 
slope, overfill factor, erosion modes and rates, and the 
interaction between groins and the new sand. 
Unfortunately, the project was not well planned nor 
monitored to yield accurate scientific data for 
engineering planning and design purposes. 

* Data from the monitoring of the pilot project follows [4]. 

The monitoring period was 17 months 
- The native beach grain size ranged from 0.10 to 0.42mm 

The borrowed sediment grain size ranged from 0.08 to 
0.15 mm 
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~. The borrowed volume was 11,460 cubic meters 
The shoreline retreated 52 meters in 17 months 
16t of filling material was lost in 17 months 

(-

- Losses of beach material were due to: (i) movement to 
offshore, (ii) end losses, (iii) profile adjustment, 
and (iv) eolian transport. 

* The end losses at groins which .confined the dumped 
nourished sand indicated that the design berm elevation 
should not be much higher than the storm berm elevation 
in order to reduce the unwanted losses. 

* The eolian transport is significant in the pilot project. 
If the width of newly nourished beach is to include a 
parking strip along the seawall base, the eolian 
transport must be carefully considered. 

* The monitoring program indicated a 52 meters of shoreline 
retreat in 17 months. This high rate of shoreline 
retreat needs to be reduced. Further study of options 
for reducing the shoreline retreat rate is highly 
recommended. 

3.4.C.2. Groin field: A groin field alone may not be able to 
attain the primary objective described in section 5.B., since a 
groin field is already in place over the middle 4.5 miles of the 
Galveston Seawall. The existing groin system has variable lengths 
and spacing between individual elements. If a new groin field is 
chosen for trapping longshore drift and building a beach, the groin 
cross-section, groin length, and spacing must be checked and re
calculated. 

On the nontechnical aspect, to many individuals a groin field 
is not eye pleasing due to the crescent shape and segmentation of 
the beach. 

3.4. C. 3 • Offshore detached breakwater: Among the established 
methods of shore protection, the offshore breakwater is the one 
that could be used to protect as well as widen a beach. Projects 
that employ an offshore breakwater can be found on both the Pacific 
and Atlantic coasts. The planning and design criteria are given in 
the previous progress report. Site specific information pertaining 
to the project area are similar to those eluded in Section 2.4.C., 
namely, littoral sediment transport characteristics and boundary 
conditions. 

The south jetty cuts off the sediment supply to this region, 
the littoral transport in front of the seawall is one way from west 
beach to the South Jetty. The littoral movement in the reverse 
(southwest) direction carries little material since the groin field 
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is empty. Installation of offshore breakwater can slow down this 
mainly one way traffic of sediment movement. This would allow the 
littoral sediment to deposit on the beach in front of the seawall, 
and to reduce the growth rate of the Big Reef. 

Other nontechnical matters equally important in the processes 
of choosing offshore breakwater as a shoreline protection method 
are: (i) general public perception of soft versus hard structures 
and (ii) boating and recreational concerns, although no persistent 
hazardous situations have been reported in existing offshore 
breakwater locations. 

3.4.C.4. Nourishment plus updated groin field: As it was 
pointed out in Chapter 2 (Section 2.4.C.), the price of sand is 
soaring. The initial investment funds, subject to legislative vote 
and public referendum, are large. The fast rate of shoreline 
retreat after nourishment is reported by the mini pilot project at 
the San Luis Hotel. This provides an -incentive to find ways to 
keep nourished sand on beaches longer. 

As to economic considerations, the groin field is already in 
front of the seawall, to utilize these existing materials for 
protecting the nourished beach and seawall is natural. In 
addition, the shoreline and the groin field in front of the seawall 
have been relatively stable over the years. For these reasons one 
would logically consider the option of combining beach nourishment 
with an updated groin field as a means of keeping the sand on the 
beach longer. Although the beach in front of the seawall is fairly 
stable, it did not trap the sand to form a beach there. 

Recently, the design of a groin system to control the 
direction of littoral drift is undergoing field test at Miami. 
This very different concept in the design of a groin system 
provides a fresh thinking in shoreline protection. 

The final judgement on whether an updated groin field with 
beach nourishment is economically feasible lies with the 
differences of designs and anticipated results between the existing 
system and an updated groin system. 

3.4.C.5 Nourishment plus offshore detached breakwaters: The 
motivation of using the existing groin material to establish an 
offshore detached breakwater system for keeping sand on the beach 
longer is the same as mentioned in section 3.4. C. 4 • The reasoning, 
however, is a little different. The existing groin system in front 
of the seawall does not allow sand to accumulate on the beach. 
Aerial photographs have shown that offshore breakwaters lead to the 
formation of tombolos or salients. More information about offshore 
detached breakwaters at work in California may be found in Section 
3.5. of this report. 
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Whether the combination of nourishment and breakwater will be 
chosen depends on (i) economical analysis, (ii) the tolerance of 
hard structure to the soft approach for shoreline stabilization, 
and (iii) the offshore breakwater being less of an eyesore and not 
segmenting the beach as a groin. 

3.4.0. EMERGING NEW TECHNOLOGY APPLICATIONS 

Among the eight emerging shoreline protection technologies 
described in Section 2.5, the dune restoration method does not 
apply for this case. The beach drain system would not work due to 
the absence of beach to be drained. Both the dredge material 
placement technique and the subbottom profile manipulation method 
have inconclusive results. This leaves only the littoral drift 
manipulation as a possibility. 

The Galveston Bay south jetty cuts-off sediment supply at the 
northeast end of the project area. This renders a one way littoral 
transport direction toward the northeast. As a result, East Beach 
and the Big Reef continue to grow and the southwestern portion of 
the project area experiences a deficiency of sand causing the west 
beaches to have an erosional trend. 

The littoral drift manipulation technique may be employed to 
slow down the littoral transport in the project area, thus, 
stabilizing the beach in front of the seawall and slowing down the 
erosion occurring on west beaches. The test project in Miami which 
employs T-groin and heavy sand has a similar physical setting as 
Galveston. A close watch on the progress of this test project may 
aid the decision process for selection of shore protection method~ 
for Galveston. 

3.4.E. COMPARISON AND DISCUSSION AMONG THE OPTIONS 

The choice of the plain beach nourishment method should 
consider the re-nourishment period. An updated groin field would 
perform better than the existing groin field, although not by much, 
unless a completely different system aimed to control direction of 
littoral drift is employed. The offshore detached breakwater has 
proven its characteristics of protecting as well as widening a 
beach, but since it is a hard structure, many consider it an 
eyesore and/or safety hazard. 

The combination of soft and hard structures has merit of 
keeping sand on beaches longer. This choice should be determined 
by economical feasibility analysis. 

The emerging new technologies are still in their infancy. It 
would not be good for the first demonstration of these to be 
implemented in Galveston. This area has suffered and needs proven 
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projects to be employed. It should be encouraged to test some of 
the new methods, elsewhere, and to initiate new methods of our own 
at a later date. This would be a necessary condition to elevate 
the state of Texas to leading position in Coastal Zone Management. 
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SECTION 3.5. WEST END OF GALVESTON SEAWALL 

3.5.A. THE STATEMENT OF PROBLEM 

The erosion at the west end of the Galveston seawall is a 
typical scene of hard structures parallel to the shoreline. This 
erosion is known as flanking. During severe storms State Highway 
3005 will become inundated at the west end of the seawall. Since 
the highway is so close to the water's edge, citizens on the 
western portion of Galveston Island fear that they may be isolated 
from the city if the road is washed out at end of seawall. 

3.5.B. OBJECTIVE AND SOLUTION 

The single objective for this problem area is to stop the 
flanking at the west end of the seawall. There are a few options 
available described by the following. 

A soft approach to the problem is beach nourishment of the 
eroded area and prevention of flooding by re-establishing a dune 
line. Periodic renourishment with high frequency would be 
anticipated for this method. 

A more permanent solution with infrequent and minimum 
maintenance is to use an offshore detached breakwater. With proper 
design of top elevation, permeability, length of structure, and 
distance offshore, a smooth shoreline which would bridge the 
seawall and natural beach is achievable. Similar situations are 
found in Santa Monica and Channel Island shorelines in California. 
Records of the shoreline evolution at these two locations are shown 
on the next two pages. These pictures provide a clearer view on 
the offshore detached breakwaters work. 

Other options include a formation of a transition shoreline 
bridging the seawall and natural beach. This transition may 
consist of a series of groins with reduced lengths stretching out 
towards the southwest from end of seawall. 
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Santa Monica Offshore 

Detached Breakwater 

Beach 

--- Breakwater 

±:.:----- ------------------
----" 
,~@ 

Type- Rubble mound 
Length: 2000 ft. 

Top Elevation: 10 ft. above MlLW 
o i stance OffshOre: 2000 ft 

1934 

1975 

1983 

In 1934, when the breakwater was constructed, there was 
insignificant beachfront present. In the 1960's beach width 
increased to 800 feet wide. Due to lack of maintenance, the 
breakwater has slumped over the years. In 1983 the breakwater's 
top elevation was 6 ft. below MLLW, allowing for an increase in 
wave energy. This increase has since reached an equi 1 ibr ium state, 
providing a smooth and stable beachface. 
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The above two figures are aerial photographs of Channel 
Island, California. The top picture, taken in 1965, shows the 
eroded beach behind the breakwater. The lower picture, taken in 
the 1980's, shows the formation of a tombolo in the lee of the 
breakwater. The breakwater information follows: 

Type: 
Top Elevation: 

Length: 
Location: 

Rubble mound 
14 ft. above MLLW 
2300 ft. 
30 ft. bottom contour 

The Santa Monica and Channel Island breakwaters indicate the 
possibility of designing an offshore detached breakwater that 
allows just enough energy to leak in its lee so that a smooth and 
stable shoreline is produced. 
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SECTION 3.6. GALVESTON WEST BEACH 

3.6.A. THE PROBLEM AND ANALYSIS 

The major problem facing Galveston west beach communities is 
the retreat of shoreline causing flooding of property during 
storms. The narrowing'of the beach face is'also a concern. The 
west beach problems are categorized: failure of beach accretion,' 
presence of low lying areas, and little protection from storm 
surge. These three problems will be discussed, along with possible 
solutions, while keeping in mind the interrelationships of each.' 

The Galveston south jetty and empty groin field along the 
seawall provides no sediment supply to the west beach region. 
Also, the shoaling of San Luis Pass and Galveston west bay 
indicates a sediment sink providing no sediment. These two 
boundary conditions set the general erosional trend for the west 
beach. 

The west beach of Galveston Island has no appreciable 
accretion. Large volume of littoral material bypasses the 
beach front , continuing downcoast towards San Luis Pass (see San 
Luis Pass). This has caused numerous problems along the coastline 
which will be discussed later. Failure of West Beach to build 
itself, through accretion, has taken away the protective buffer 
zone that is needed during storm episodes. The Shore Protection 
Manual (5) states that a beachfront buffer zone is one of the best 
defenses against coastal property loss. 

The relationship of upcoast structures, jetties, groins, an4 
seawall, with littoral transport needs to be established so that 
when these are solved an accretion process can be started at West 
Beach. While the city has a seawall, the west end is left 
unprotected from storm surges. 

3.6.B. OBJECTIVES 

The objectives are to stop coastal land loss, prevent flooding 
of uplands, and widen the beach face for recreational use. 

3.6.C. OPTIONS FOR ATTAINING OBJECTIVES 

3.6. C. 1. Beach nour ishment with dune restoration: An initial 
beach restoration project is needed to establish a sound shoreline. 
However, beach nourishment alone can not stop flooding of upland 
and coastal land losses. The sea level rises during a hurricane, 
the nourished beach will be submerged under the stormy sea surface. 
The storm sea level allows the wave to attack higher coastal land 
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and is one of the major causes for land loss, flooding, and 
property damage. The proper remedial method is to build the 
duneline before a storm attack. During a storm, the dune line 
takes the brunt assault of storm and absorbs the destructive energy 
in order to save the land and property behind it. After the storm, 
the duneline is quickly restored ready for the next storm. A cost 
effective with minimal environmental impact method for dune 
restoration is proposed by Wang called Nat"ure Assisted Dune 
Restoration (NADRJ [6] found in section 6 of the previous progress 
report. The raising of land areas by dune restoration, and the 
implementation of a buffer zone through beach nourishment will 
stabilize the shoreline and reduce the storm surge damage on 
coastal property and land. 

3.6. C. 2 . Offshore detached breakwater with dune restoration: 
The offshore detached breakwater does not add material to the 
already sediment deficient region, rather, it slows down littoral 
sediment transport movement, thus slowing down the erosional trend. 
During storms the structure would trip waves to break offshore 
further increasing its erosion resistance. An offshore breakwater, 
however, cannot replace the function of a dune system. The 
combined use of a breakwater and dune restoration offers a better 
solution for the problems facing west end beaches. 

3.6.0. IMPLEMENTATION STRATEGY 

The not yet fully developed western beaches may not have the 
financial strength to carry out the suggested erosion control 
measures all at once. It may then be more realistic to implement 
low cost dune restoration first, while working up to a full 
implementation of a complete shore protection plan. 
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SECTION 3.7. SAN LUIS PASS 

3.7.A. THE PROBLEM AND ANALYSIS 

The recent trend occurring along the western extreme of 
Galveston Island, San Luis Pass, is that of unwanted massive 
accretion and erosion along the Pass. These in turn have created 
the re-alinement of the channel which has skewed toward the 
northwest direction. It is shown on the San Luis Pass map. 

It is observable, the bridge which spans the inlet has a 
beachfront below~ the channel has become narrower and deeper. A 
stronger tidal current is thus produced and it undermines the 
bridge piers and erode the shoreline along Mud Island. 

The nearby Galveston west Bay area have been filling with 
sand, circulation of bay waters have -been interrupted and the 
healthiness of bay related businesses have suffered. Solutions to 
the massive deposit of littoral materials need to be found. 

3.7.B. OBJECTIVE 

The multiple objectives should include: 

* Stabilize the skewed channel which runs through the Pass. 

* Revive the smothered bays by restoring the flashing and 
circulation of the inlet-bay system at Sand Luis pass. 

* Control the sediment movement along the shoreline to reduce 
the rapid siltation of the inlet-bay areas and the 
erosional trend at the Gulf shore near the Pass. 

3.7.C. APPROACHES TOWARD ATTAINING OBJECTIVES 

The San Luis Pass serves as a vital link which connects 
Galveston West Bay, Bastrop Bay, Christmas Bay and Chocolate Bay. 
The circulation and flashing pattern of this inlet-bay system is 
directly related to the well being of the ecosystem in that region. 
Therefore, a comprehensive system approach toward a solution is 
recommended. A report similar to the study of Rollover Pass and 
vicini ty is called for [3]. The study should include but not 
limited to the following. 

* Effects of upcoast and downcoast characteristics on the 
inlet-bay system. 

* Impact of man made shoreline protection measures on the 
inlet-bay system. 
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* If sand removal from the inlet-bay system is necessary for 
revive the choked system, then, this removal should be 
taken into account for replenishment supplies for beach 
nourishment projects along the seawall and Galveston west 
beach. 

SECTION 3.B. TEXAS CITY DIKE 

The Texas City dike opens to a fetch length of approximately 
30 miles in the north northeast direction. A northeaster with a 
wind speed of 50 miles per hour blowing for 3 hours could produce 
wuves in excess of 5 feet high. These waves break against the dike 
may cause scour at the structure toe as well as dislodgment of 
armoring units. It seems prudent to send divers to inspect the 
foundation before any preliminary solutions can be formulated. 
Once the nature of damages is known, maintenance and repair 
procedures can then be suggested. 

The shoreline between the Dollar point and Tide Gate has the 
same orientation as the Texas City Dike, therefore it subjects to 
similar wave actions. Shoreline condition there may need more 
attention than the Texas City Dike. 

SECTION 3.9. GALVESTON BAY SHORELINE EROSION 

3.9.A. THE PROBLEM 

The major problems facing the shorelines of Galveston Bay is 
erosion in shallow waters. 

3.9.B. SOLUTIONS 

Solutions to shoreline erosion in Galveston Bay consists of 
different employments of material to dampen waves. Vegetation is 
a natural dampener. As a wave approaches shallow water areas with 
vegetation (usually grasses) it dissipates energy. Another type of 
dampening can be employed by man-made materials. The use of man
made materials would serve better than vegetation in that the 
energy can be calculated and dampening can be implemented to 
varying degrees. The use of structures with specific shapes and 
characteristics can be refined to control the energy that waves 
will posses. 
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SECTION 3.10. DATA REQUIREMENTS AND ACQUISITION 

Data acquisition is expensive and time consuming. At the 
planning and preliminary design stages, it is adequate for 
engineers to use available historical data. For long term 
considerations, a plan to collect and establish a data base for 
Texas Coastal Zone Management and Galveston County is very much 
needed. 

SECTION 3.11. CONCLUSIONS 

The problem area on the shoreline of Galveston County are 
identified. Analyses of the problem areas are done in the light of 
the physical environment and littoral characteristics of Galveston 
coast line. optional methods for protecting the shoreline in each 
problem area are suggested. The selection process for a protection 
method in a problem area begins with the economic analysis. The 
final decision should be weighed with technical merit, 
environmental concerns and economical soundness. 
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SECTION 4.1. INTRODUCTION 

4.1.A. MOTIVATION 

The project of beach nourishment in front of the Galveston 
Seawall calls for 15 to 20 million dollars. It is logical to 
explore avenues through which more economical. ways to retain a 
beach in front of the seawall; the implementations can be scheduled 
in stages. 

4 • 1. B. SCOPE 

The work here is to utilize the existing groin field and 
modify it in a way that the new groin system can perform more 
effectively for retaining sand than the existing groin field. 
To achieve this goal, the existing groin field is analyzed and a 
new concept is introduced for the modification. A general layout 
is provided for cost estimation purposes. 

SECTION 4.2. ANALYSIS OF THE EXISTING GALVESTON GROIN FIELD 

According to the Corps of Engineers' 1984 reports, waves in 
the Galveston area are mostly from the southeast and south 
directions (56% are from the southeast). 

An analysis of the littoral transport directions indicated 
that sand placed between the existing groin elements will move in 
reversed directions depending on whether the incoming wave is from 
the southeast or the south. 

* The placed sand between the groin elements will move in 
the southwest direction toward San Luis Pass when the 
groin field is exposed to southeastern waves. Figure 
1 shows this general trend. 

* The placed sand between the groin elements will move in 
the northeast direction towards Stewart Beach when the 
groin field is exposed to southern waves. Figure 2 
shows this general trend. 

These sand movements will result in the loss of placed sand 
between the existing groins. 

SECTION 4.3. REDUCTION OF SPACING BETWEEN GROIN ELEMENTS 

The spacing between groin elements in front of the Galveston 
Seawall is mostly around 1500 feet with a few shorter ones of 900 
feet. Recent aerial photographs indicate that the short (900 feet) 
spacing has a marginal beach while the longer spans don't. This 
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observation motivates the study of reducing the span between the 
groin elements. 

A 500-foot long groin is inserted into all the long spans. 
The littoral transport direction is then determined. The analysis 
showed the similar trends to the existing groin field. 

* The placed sand between groin elements will move in 
the southwestern direction towards San Luis Pass when 
the groin field is exposed to southeastern waves. 
However, there are two exceptions between groin numbers 
6,7 and 2,3. Figure 3 indicates this trend. 

* The placed sand between groin elements will move in 
the northeastern direction toward Stewart Beach when 
the groin system is exposed to southern waves. Figure 4 
illustrates this general trend. 

* The new groin construction is estimated to be 6000 feet. 

As shown by these figures, placement of intermediate groins 
between the long spans gives results similar to the existing groin 
system, although transport rates differ. 

SECTION 4.4. CONCEPT OF MODIFICATION 

Along a sandy straight shoreline, for a given dominate 
incoming wave, the littoral transport direction is determined. The 
concept introduced here is that for a given incoming wave, the 
littoral transport direction can be manipulated to reverse its 
normal transport direction and the transport rate can also be 
reduced or increased. This concept is illustrated in Figure 5. 

SECTION 4.5. THE MODIFIED GROIN SYSTEM 

The concept introduced in Section 4 is utilized to mainly slow 
down the sand movement in the southeast direction; illustrated in 
Figures 1 and 3. Considerations are also given to incorporate the 
littoral transport due to southern waves (Figures 2 and 4) and 
waves from directions other than southeast and south directions. 
Notice the slanted T and L additions Which are optimized using 
incoming wave angles. A preliminary layout of the modified groin 
system is presented in Figure 6. 
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The highlights in Figure 6 are listed below: 

* The net direction of littoral transport are kept to a 
minimum compared to Figure 1 through 4. 

* The length of new groin construction is 4285 feet 
compared to the length required in Section 3 of over 
6000 feet. 

* The waterline marks the expected size and shape of the 
sand beach between the groin elements. 

* The slanted T-shape and L-shape groins are used to retain 
the placed sand within the groin elements. 

SECTION 4.6. CONCLUDING REMARKS 

From this analysis, the following conclusions are summarized. 

* Placement of sand within the existing groin field 
results in sand movement towards San Luis Pass with 
southeast wave direction. 

* Placement of sand within a groin system 
spacings (groin every 900 feet or less) 
in sand movement towards San Luis 
southeast waves. 

with 
also 
Pass 

shorter 
results 
during 

* Placement of sand within the modification of the 
existing groin system (Fig. 6) shows a reversal, 
which helps keep sand in place during southeast 
waves. 

The layout of the modified groin system needs a nourishment of 
sand from an external source, it is not meant to be used to collect 
sand but to retain the placed sand between groin elements. If the 
layout is adopted, the refined calculation must be done on: (1) the 
orientation of the Ts and Ls of the groin tips, (2) the length of 
the existing groins and the groin tips, (3) more incoming waves 
other than southeast and south directions need to be analyzed for 
transport direction and intensity. 

Since this report examines the situation based on wave 
direction alone, the final design of this groin system should 
include refraction analysis, taking into account breaker height and 
other conditions. 
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CHAPTERS 

CONCLUDING REMARKS AND RECOMMENDATION 
FOR FUTURE WORK 

SECTION 5. 1. CONCLUDING REMARKS 

In non-technical terms, shoreline problems in Galveston County 
may be characterized by the followinq. 

* The Most Visible project: The restoration of beaches in 
front of Galveston Seawall. 

* The Worst Eroded Shoreline Sites: The west-end of 
Galveston Seawall, Ferry Landinq road, and 
Rollover Pass. 

* The Most Economical Project: The project that will yield 
the hiqhest cost/benefit ratio is the "Dune Restoration 
on Galveston West Beach". 

* 

* 

The Most Innovative Project: Modification of the 
Galveston qroin field. 

Can Propel to Eminence: The projects that can propel the 
shoreline protection proqram of Texas to national and 
international eminence are: (i) dune restoration on 
Galveston West Beach, and (ii) the modification of the 
Galveston qroin field. 

It is hoped that these non-technical characterizations of 
Galveston County's shoreline problems would help decision makers to 
establish the priority for action acc.:ordinq to their own value 
system. 

SECTION 5.2. RECOMMENDATION FOR FUTURE WORK 

The work in the immediate future should be preparation for the 
project(s) to be put into action. Inteqral information needs to be 
collected for any project(s) to be properly desiqned and 
successfully executed in their finer analysis. These should 
include but are not limited to the followinq. 

* A Center for Texas Beaches and Shores (CTBS): A CTBS is 
to be established at the Galveston campus, TAMU, so that, 
the followinq proposed work and works in the future can 
be better handled. 
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* A laboratory model study: The proposed Galveston groin 
field modification in Chapter 4 has the merit of 
retaining sand for the newly nourished beach. It would 
be appropriate at this time to carry out a model study in 
the laboratory to show that how the Ts and Ls of the 
groin tips work. 

* Monitoring the variability of beach profiles: The length 
of the beach profile should be from the duneline to the 
sea bottom beyond the last seaward offshore bar. These 
profiles are necessary for proper determination of 
erosion/accretion rates as well as engineering designs. 

* Sand Source investigations: This should include the 
composition, grain size, size distribution, borrow sites 
and quantity available of the sand to be placed in front 
of the Galveston Seawall. 

* Wave and environmental information: The newest wave data 
applicable to Galveston area was produced in 1989 by the 
Coastal Engineering Research Center in Mississippi using 
the Gulf of Mexico hindcast method. Therefore, it would 
be more desirable to collect wave data in the nearshore 
region and in the breaker zone fronting Galveston Island. 

74 



(:-. 

APPENDIX A 

HOLMBERG TECHNOLOGIES 

AND 

COMMENTS BY WANG 

75 
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RESTABILIZATION OF GALVESTON'S COASTAL SHORELINE 
UTILIZING DICK HOLMBERG'S 

UNDERCURRENT STABILIZER ANCHOR SYSTEMS" 

Executive Summary The channelization of the rivers that empty into the Gulf has 
cut off both major sources of new sand from Galveston's coastal beach sand bUdlJCt. 
The deep dredging of navigation channels has forced the suspended inland erosIOn 
materials in rivers 10 bypass the beaches and deposit of the near-offshore bottom. The 
removal of the Gulfs shallow natural delta regions that once formed at the mouths of 
rivers also had long term ramifications. Resulting unnatural nearshore current patterns 
now SlOp near-offshore bottom sand from being fed into the beach budget by Datural 
processes during storms. 

Withoutthese natural delta region "speed-bumps" regulating their speed, the Gulfs 
parallel nearshore currents are able to attain destructive velocities during storms. They 
are now able to scour great quantities of sand from Galveston's beaches and nearshore 
bottoms. During storms, these sand laden currents are being diverted offshore by the 
dredged channels and protruding structures, taking what is left of Galveston's beaches 
with them. Like the river sediment. this sand is also being depositing on the near
offshore bottoms. 

The high quality sand on Galveston's near-offshore bottom is a plentiful source of 
new sand for its beaches and nearshores. The "Holmberg Method" of Coastal 
Restabilization technologically works with the forces of nature to re-introduce the natural 
processes which will once again move this new sand into Galveston's beach budget. It 
also prevents future losses of existing beach sand. 

Strategically placed "anificial delta regions" will be constructed along the Galveston 
coast to duplicate the regulatory and feeder functions that were once provided by natural 
deltas and shoals. They will reduce nearshore barrier current speeds, prevent scouring 
and eliminate the offshore diversion of beach sand. 

The artificial deltas will act as storage/feeder areas that load with transponed sand 
during storms and then release sand again after the storm. This sand is therefore retained 
in the beach budgello be shared by all inler-dependenl beaches in this coastal cell. The 
delta regions will continue to elevate and widen indefinitely, expanding and elevating 
their inter-related beaches with them. 

A minimum of two (optimally four) substantial pilot Undercurrent Stabilization 
Anchor Systems need to be constructed to initiate a broad scale program of bringing 
natural sand accretion processes back to the Galveston coastal area. The completed 
process of expanding and restoring its beaches to self-protective (net gain) modes will 
take approximately two to five years. 

The pilot systems will begm the process of neutralizing the diversionary negative 
influence of Rollover Pass, the Houston Ship Olannel and San Luis Pass. They will 
also begin countering the impact of the existing anti-nature type armoring. The program 
will be implemented without disturbing navi~ational interests or tourism. 

These highly visible anchoring pilot projects will publicly demonstrate the cost and 
environmental effectiveness of the nature based accretion technology alternative. They 
have been designed to unobtrusively blend into lIle beach environment until they become 
buried under accreting sand. 

The pilot systems will provide the georoorphic and scientific data necessary 10 
. complete the broad scale Coastal Restabilization program for the Galveston region. The 
viewable results of the pilots will SOlidify tbe metro-Galveston and 'ICxas population 
behind this program to permanently restore and preserve its Gulf coast heritage. The 
completed Coastal Restabilization program will be permanent and environmentally 
sensitive, yet cost significantly less than temporary armament or sand nourishment. 
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Mr. Pat Hallisey, Executive Director 
Galveston County Beach Park Board of Trustees 
613 19th Street 
Galveston, TX 77550 August 10, 1990 

RE: Restabilization of the Galveston County Coastline. 

Dear Mr. Hallisey, 
This letter is in response to the correspondence and materials 

sent to me over the last 6 months in regard to the implementation of a 
permanent shoreline restoration program for the Galveston County 
coastal shoreline. I have completed a thorough analysis of the 
materials submitted, and the related historical documentation available 
to me. I am confident that this region can be restored to a net expansion 
mode by reintroducing certain natural processes back into your 
shorelines. The enclosed historical summary of Galveston's coastal 
changes and the information on artificial delta formation should help 
you understand how this will be accomplished. 

The need for a minimum of two pilot anchor sites has been 
determined. One anchor site will be located on the Bolivar Peninsula, 
approximately 2 1/2 miles east (north) of Rollover Pass. The second 
anchor site would be constructed in the Bermuda Beach Spanish Grant 
area, approximately16 miles west (south) of the southjettie of 
Galveston Harbor. 

Substantial pilot Undercurrent Stabilization Anchor Systems 
must be utilized to initiate the program of bringing natural sand 
accretion processes back to the Galveston coastal area. These pilot 
Anchor Systems are designed to begin the process of neutralizing the 
diversionary negativ,.e influence of Rollover Pass, the Houston Ship 
Channel, San Luis pliss and the anti-nature type armoring that has 
been constructed along your shoreline. These initial Systems will be 
expanded upon after the initial pilot period. 



Mr. Pat Hallisey 
August 10, 1990 
Page two 

You have two pilot system design and construct optio~: 
1) Two demonstation size Undercurrent Stabilizer Anchor 

Systems at a cost of $749,000 each for a total of $1,498,000 

(Each will have to be extended and reinforced later) •. or 

2) Two full size Anchor Systems at a cost of $1,245,000 each for 
a total of $2,490,000. (They will 'not have to be extended or 
reinforced later.) 

The number of Stabilization Systems that will be constructed to 
complete the full Galveston area program will be determined from data 
acquired during the pilot period. The complete program will be 

permanent, will cost significantly less than temporary armament or 
sand replenishment, and won't interfere with deep water navigational 
interests. 

The restabilization of Galveston's coastal shoreline has to be 
targeted as the area's first priority. It will generate enormous future 
local, state and federal savings. The problems within the West 
Galveston Bay are also curable, but they cannot be properly engaged 
until the pilot coastal program is under way. 

Thankyou for your help and concern regarding our coastal 
shorelines and their related economies. It is time our nation brings 
·offense and restoration· to the forefront in our ongoing battle to stop 
our coastal destruction. 

DH/mrc 
Enc!. 

. 
• ~~ 
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SIMPLIFIED LINE GRAGHIC 
PILOT COASTAL RESTABILIZATION ANCHOR SYSTEM™ #1 

BOLIVAR PENINSULA Page I or l 
~ 

Canal City 

Gilcrest Gulf Haven 
Pilot Project 

IN ROLLOVER BAY 

Site II 87== 
...................... :::::::::::::::::::::::::::::::::::1r:::::::::::::::::::::::::~::::::::::::' 

Houston Ship ROIIoVI U - A='~'::'~"'I""'~'~-f-"-"-""""~"":~,~'~r Mexico C .. =~;:. .:r-~'=",:. Channel ... ~ __ _ 

• 

Area A will not experience as much accretion as B or C due to its proximity to Rollover Pass channel. 
Areas 8 & C will experience approximately the same rate of growth. 

The deep dredging of Houston Ship atannel destroyed the shallow delta region and shoals that naturally formed al its mouth. Withoullbc 
speed regulating controls provided by the original natural delta, storms are able to generate high velocity parallel currents which continually scour 
sand out of the nearshore bottoms and deplete Galveston's heachcs. 

The two pilot Rcstabilization Anchor System are designed to create anificial delta regions on both sides of the channel which will duplicate lhe 
speed regulating function thai the destroyed natural delta region once provided. The System will help nature to expand and elevate beaches to a 
self-protective and natural stale. II will hive I widespread posilive innucnce on relaled shorelines in boli. direclions. 

The pilot Restabilization Anchor System for lhe Bolivar Peninsula is designed 10 begin Ihe process of neulralizing the diversionary neplivc 
influence of Rollover Pass, the Houston Ship OIannel and Sabine Pass on Ihis inter·related slretch of shoreline. 1be initial System will be 
expanded upon after the initial pilot period. 

It will create a series of controlled uplifts to reduce lhe unnalural cunenland wave velocities Ihal have developed in the nearshore ara •• 
result of the: channelization of Ihis coasL This reduction during stonn events will induce the sand suspended in them to be deposited in the fonn of 
an anifICial delta region centered at the above project sile. By neutralizing the barrier curren .. , it will also allow .. nd to once again move into the 
sand budget from Ihe offshore bollom. The newly formed artifICial delta region will act as a storage/feeder region, accumulating new sand and 
distributing it to the intra-related bcac:hcs within lhe Houston Ship Channel to Sabine Pass coastal cell. 

Shonly af'tcr installation new sandbars will form seaward of the System's submerged structures. These new bars Ire the sides of the relocated 
nearshore curreg( tmup. Th!.' in~i.1 toca1izcd change in current Orientation will spread up and down the inter-related shorcline. Once lhis 
occurs, natural processes will contlOue to elevate and expand the bCarshorc bottom and landward beach profile incleftnitely. 

HOLMBERG TECHNOLOGIES 



~ 

SIMPLIFIED LINE GRAGHIC 
PILOT COASTAL RESTABILIZATION ANCHOR SYSTEM nI #2 

GALVESTON ISLAND N 

. S~ATE PARK 
ulstlna Shoreline Pdot Project 

______ --,1005 I . Jitc #12 

Jamaica Beach 
Bermuda Spanish I 

Beach Grant 

Page2or2 

::::::::::::::::: ::::::::::::: ::::::: ::: :::::::::::::::::~ .::: ~......... . .. ~~ ~:. ~ .~ .. -.:............................. ........ . 
Jl . I ··········::::ii:::::::::···········I················~·····~;::Jt;~::::::::::::::fi:::::::::::: 

I 
.ner .pprux. two yeall Expended SIIordlne 

San Lui. Pus • Approx. 16 Miles rrom Hou.clon Ship Channel .ner apprux. rour yeaII 

Areas A & C will experience approximately the same rate of growth. Houston Sblp 
OIInnd 

.. 
Area B will act as a storage/feeder area for this inter-related coastal cell, .. 

and will experience somewhat more expansion until the whole shoreline comes into balance. 

The Galvcston Island pilot SYl'tem will hegin the pmces.~ of rc:stabilizing the nearshore zone southwest of the Houston Ship Channel. Uke the 
pilot site on the Bolivar Peninsula, Ihis newly fonned artirlCial delta region will act as a storage/feeder region for the San L \D Pass to Houston 
Ship Channel coastal cell. . 

The size of the artifICial delta regions will expand a they load during storms, then shrink as they feed their adjacent shorelines after CIte events. 
Beaches on both sides will widen and elevate. Storm seasons exaggerate the growth cycle and calm seasons exaggerate the feeder cycle. The rate 
of shoreline expansion and nearshore shallowing is influenocd by long term weather cycles, the more natural energy available, the faster the 
rcslabilizalion process. 

The loading and discharging cycles will continue to expand and balance the inlra-related shoreline over In extended period of years. When the 
reslabilir.ed beaches widen and elevate suffICiently above the water lint; the sand dries and wind begins to move illindward. 1bc landward 
structures become completely buried in acx:reting sand. The beach profile becomes natter as its new elevation increases. 

The dry sand Ihat continues to build on the beach will have to be properly managed by revegetation to control dune migration landward of the 
beach. This will likely begin in the third or fourth year. 

The increased nearshore bottom elevation of. restabilized shoreline causes waves 10 break much fur.her offshore Ihcn they did prior to the 
installation. The elevated beaches, foredunc areas, rel.ted wildlife hahitats and buildings will no longer be subjeclto full fronlal wavc attack. 

Even during C8~clysmic events such IS hurricanes, damages will be dramatically reduced by the nearshore shallowing and widened beaches. 
Although rare major storm events may expose ,he top few inches of 'he System's structures, they will once apin become re-buried .. CIte induced 
della reforms after the event. A dramatic net inerease in the sector's sand budget may even result from such events. 

HOLMBERG TECHNOLOGIES 
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STAND.ALONE UNDERCURRENT STABILIZATION" 

Undercurrent Stabilizer Systems were designed and developed to be utilized on a stand-alone basis. 

without mechanical beach nourishment. Instead of using detrimental mechanical means, Undercurrent 

Stabilization assists nature in re-establishing a pro-gradation profile to a shoreline that has suffered long 
term net sand budget deficits. 

Sand accretion is induced without impacting adjacent stretches of beach. To the contrary, artifICial 

deltas also induce upcurrent and downcurrent accretion. Once the System reaches maturity, its intra

related area sand budget maintains a controlled equilibrium indefinitely. 

Several stand-alone pilot Undercurrent Stabilizer Anchor Systems are generally installed on a 

project shoreline prior to tbe completion of the area wide system. Anchor Systems are utilized to 

analyze the accretion characteristics of the inter-related shoreline project area. In most coastal regions, 
induced accretion rate.; are suffICient enough to provide a steady increase in recreational and protective 

beach area. When there is enough time available (two to four years) the stand-alone alternative is by far 

the most cost effcctive and environmentally compatible. -

STABILIZATION PLUS A ONE TIME BEACH NOURISHMENT 

In situations where time is absolutely critical, Undercurrent Stabilizers can be utilized in conjunction 

with a one time (full or partial) mechanical renourishmenl. Also, in rare cases where the induced 

accretion vs offshore diversionary loss ratio approaches equilibrium (1/1), a one time partial 

nourishment will accomplish an immediate and permanent expansion of critical beach areas. 

When used in conjunction with one mechanical nourishment, the Stabilizers are extended a distance 

offshore beyond the outside edge of the nourishment zone. An artificial delta region will form seaward 

of the renourishment area. Induced accretion will continue to elevate the bollom profile seaward of the 

nourishment, future losses will be eliminated and additional beach area will be gained landward of the 
water's edge. 

Undercurr~nt Stabilization plus one mechanical nourishment may be the only ecologically and 

economically viable option left to a community under certain existing poliJical situations. If a 

community has no other recourse, using Stabilizers as a foundation to a mechanical nourishment will 

help make an otherwise temporary program more en\'ironmentally sensitive and eliminate the need for 

future rcnourishments. The cost vs benefit ratio makes it a highly cost-effective alternative to creating 

an unnecessary dependency on continual renourishments. 

UNDERCURRENT STABILIZERS'" vs GROINS 
GROINS The basic design and methods of utilization of groin type structures have changed very 

little since their introduction to our coastal shorelines over a century ago. The traditional elevated groin 

structure is constructed of piled rocks, piled riprap, wood, steel, concrete and other materials. They do 

cot ecologically or Scientifically address the dynamic principles of aquatic motion or' 008Stal 

geo~orphology. Instead, they are constructed to create a mas.~ sufficient to forcefully trap a certain 

arno!;nt of sediment in flow in the nearshore currents and waves. 
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Although groins may gi\'e temporary protection to the property directly behind them, thl!)' how b«n 

proven to adversely impact their inter-deperrdent shoreline. Despite the differences in their filia! \ 

appearance, all groins (and other anti-nature armor alternatives) are based upon an adversarial 
relationship with natural shoreline processes. They are crude structures which reflect wave and current 

energy seaward and increase nearshore turbulence. This erodes the sand in front of them. reSUlting in 

deeper water, higher energy nearshore wave climates and the further magnification of unnaturally 

destructive parallel currents. They result in additional nearshore sediment being diverted offshore and 
out of the local beach sand budget. 

UNDERCURRENT STABILIZATION no In direct contrast co groins, artifICial delta regio!JS 
were developed to work with nature to neutralize the wide-scale offshore diversion of beach sand by 

dredged navigation channels and other anti-nature type water works. This is accomplished by assisting 
nature to reestablish control over aberrant nearshore lOne sediment flow patterns. ArtifICial delta 

regions replace the speed control and feeder functions of the natural deltas that were destroyed by 
environmentally insensitive navigation and coastal engineering practices. 

Our understanding of coastal sediment transport processes and the principles of aquatic motion has 
been dramatically increased by the efforts of an unlettered coastal pioneer named Dick Holmberg. He 
discovered the existence of destructive and unnatural nearshore currents over twenty five years ago by 
placing himself in special protective gear for first hand study of storm processes in nearshore areas. 

Although Holmberg's patented Undercurrent Stabilizer Systems '" (artificial delta regions) are 
constructed at near-right angles to the shore. that is where the similarity to their predecessor groir.s 

ends. Undercurrent Stabilizers utilize the energy in nearshore currents and waves. instead of fighting 
it. Comparing Stabilizers to groins is equivalent to comparing a board to the wing of a jet. By analogy. 

the Wright Brothers were able to achieve very limited and dangerous flight wi:hout a total 
comprehension of aerodynamic principles. But stable and safe flight wasn't successfully achieved until 

after those principles were fully understood and incorporated into aircraft designs. 

The scientific principles incorporated into Undercurrent Stabilizers are the reve!Se of aerodynamic 
principles which lead to air being redirected downward to give lift to a moving airfoil. Moving 

nearshore currents and waves are repleatedly deflected upward without creating a seaward change in 
their directional motion. Their velocities are reduced as they pass through a series of these dynamic and 
ultra-low profile ftspeed-bumps.· This induces the sand in flow to drop out ofsuspension and attach to 

the beach (accrete). Neutralizing the unnatural barrier currents also allows new sand to once again be 

moved in from the offshore bottom by natural storm processes. ""e sand that accretes to form an artificiol delta region wOf11d ha\'(~ otherwise been diverted offshore 
by the nDlligation channels and structures that the sand laden currents encounter. It would have been 

lost to the whole coastal shoreline's sand budget indefinitely. Instead. the newly formed artificial delta 

region acts as a storage/feeder region. accumulating new sand and distributing it to the intra-related 
beaches within its coastal cell. Sand is thus added to and retained within the sand budget, to be sbared 

by all the inter-dependent coastal beaches along great distances of shoreline. 

2 
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GEOMORPHOLOGY OF GALVESTON'S COASTAL BEACHES 

Prior to human interference with the Galveston area's coastline sediment 

transpon systems, inland erosion materials and offshore bottom sand was continually 

being added to ilS coastal sand budgelS through natural processes. Galveston's 

unaltered sedimentary shorelines enjoyed an extended period of net ,ain. lIS healthy, 

natural sandy beaches tended to grow, rather than wash away and ilS shallow 
nearshore areas were prolifIC benthic habitalS and spawnin,lreas. 

Massive amounlS of inland erosion materials are transponed in the rivers and 

streams that flow through 'R:xas and Louisiana Ind empty into the Gulf of Mexico. 

Prior to navigational intervention, their flows slowed as they reached the Gulf and the 

sediment in flow was deposited at the mouths of the rivers and streams, forming 

enormous shallow delta regions and shoals. A number of these original shallow 
mounds extended great distances out into the Gulf. . 

The original delta regions used to continually feed the Gulf shorelines with an 

abundant supply of new sand derived from the eroding inland sources. The backflow 

pressures created by the deltas were also critical to their related estuary and weiland 
ecosystems, including maintaining natural salinity levels. 

On healthy sandy coasts, bottom sand is driven shoreward by natural processes 

generated by storms. This was once another major source of new beach sand for the 

Galveston shoreline sand budget. After storms, new shoals and sandbars formed and 

welded to the beaches. Galveston's beaches and adjacent shorelands continually 

expanded and elevated as shoreward winds moved dry sand landward. It's pristine 

coastal landmasses were thus formed by natural water and wind accretion processes. 
A lack of understanding of, and concern for. these natural processes has destroyed in a 

few decades much of what nature took centuries to create. 

mE us. ARMY CORPS OF ENGINEERS 

Since ilS inception, the Corps of Engineers' domestic objectives have been to 

facilitate navigation and to design and develop federal water works and dams. Its 

actions have been based on numerical data derived from structural engineering 

sciences. Consequently, eanh SCiences, which study coastal landforms, their evolution 

and the processes at work on them, have been denied a role in our nation's coastal 

decision making and actions. 
The thrust oftbe Corps' coastal research and activities has always been directed 

toward keeping harbors, channels, shipping routes and reservoirs deep, and free of 

obstructions such as natural deltas, shoals and sand bars. Federal navigation works. 
dams and other water works were constructed and maintained without reasonably 

adequate understanding of, and concern for their long term environmental, financial or 
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sociological impact. Protecting and preserving beaches has always been given lowest 

recreational priority by the Corps. 
The dredging of navigational inlets has effectively broken our once inter

connected shorelines into independent sectors and destroyed their shallow delta 

regions. Their destruction and the engineered narrowing of the channels to speed their 

flow (to make them self-dredging) forced the massive amounl5 of eroding inland 

materials suspended in rivers to bypass the immediate sand budget of our beaches and 

deposit on the near-offshore bottom. 

The removal of the natural delta regions. located at sbort intervals along our 

shorelines, has resulted in the uncontrolled speed. size and destructive power of the 

nearshore currents. Without these natural ·speed-bumps· controls. storms are able to 

generate high velocity parallel currents which scour sand out of the nearshore bottoms 
and deplete our beaches. These unnatural currents also stop new sand. which moves 

shoreward from the offshore bottom during storms. from attaching to the beach. 

Dredge maintenance programs prevent the deltas from reforming. 

Hardening the shoreline by installing steel and wood bulkheads. seawalls. 

elevated grOins. rock revetments and other defense structures. reflects the wave and· 

current energy seaward and increases nearshore turbulence. This erodes the sand in 

front of them. resulting in deeper water. higher energy nearshore wave climates and 

the further magnifICation to the already destructive nearshore currents. 

As nearshore current speeds increase. more sand is scoured out of the nearshore 

area and the currents are able to hold more sand in suspension. These beach sand 

laden unnatural currents traverse the shoreline at over four miles an hour during 

storms. They are turned seaward when they reach the first dredged inlet structure and 

then combine with the constricted river flow. The river sediment and beach sand arc 

both forced to follow the channel's deep dredged track offshore. 

ArtifICially deep dredged channels and their related pier type structures are the 

primary sand loss points of our shoreline sand budgets. During storms. a portion of 

the sand in paralleltranspon is deposited at the side of each dredged inlet structure as 

the currents are diverted seaward. A small portion continues on around the inlet and 

down the shore. but a major quantity of sand is redirected offshore and out of the 

beach budget. 

Entrenched traditional coastal engineers and their related beach nourishment and 

rock contractors still only refer to a temporary blockage of sand by navigation 

structures. They claim that when the wind and current direction reverses. this material 

is redeposited back on the shorelines from which they were derived. These official 

coastal engineering assessments ignore the massive offshore diversion of beach and 

inland erosion materials caused by the deepeocd and narrowed channel itself. 
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Many public beaches are located adjacent to federal channels and piers. Over the 

years, thousands of swimmers have been dragged offshore and drowned by \be rip 

currents that have developed next to them. The Ocean and Atmospheric Science 

Encyclopedia, McGraw-Hili, 1988. describes this offshore diversion: "In places 

where a relatively straight beach is terminated on tbe down current side by 

obstructiOns, a pronounced rip current extends seaward. During periods of large 

waves having a diagonal approach to the shore, these rip currents can be traced 

seaward for one mile or more." 

Each anifJcial inlet is responsible for depleting great distances of the shoreline. 

inter-related through the sharing of sand. On sedimentary shorelines which cover 

wide geographic distances, instead of the sand transpon system becomlDg more laden 

with eroding sand as it flows downshore during storms, sand is extracted from the 

flow at each inlet interrupting the natural flow. ThuS on shorelines with closely spaced 

inlets, downcurrent transpon systems often contain less sand then their upcurrent 

counterparts. 

NAVIGATIONAL SERVITUDE VS 1lfE COASTAL RIPARIAN 

Environmentally concerned citizens, fIShermen. shoreline propeny owners and 

reson communities have protested the destruction caused by the Corps' water projects 

since their beginning. But, they were told by the U.S. Army Corps of Engineers that 

they were empowered to cut off coastal shoreline riparian propeny rights. without 

compensation, for the sake of navigation. The Corps has always operated under the 

assumption that river banks and open coastal beaches were both subject to navigational 

servitude under the commerce clause of the U.S. Constitution. [Art L § 8(3)1 

Over the years, rivers were replaced as the nation's ·primary highways of 

commerce" and a growing coastal tourism industry became vital to nation's economy 

as well as its quality of life. As coastal beaches increased in importance. Congress 

directed the Corps to begin shore protection programs. The Corps response was to 

defend against the forcc's of nature by constructing. recommending and permilling the 

use of coastal armoring. 

Each engineered alteration to Galveston's shoreline increased the amount of sand 

being siphoned out of the nearsbore areas. Its shoreline sand budgets have suffered an 

unprecedented period of continuing net loss. The shallow sandy near-offshore areas 

had slowly become deeper and deeper. The nearshore beach profiles steepened as they 

became vulnerable to increased wave action. When Galveston's nearshore areas 

became deep enough to allow large waves to encroach the water's edge. its wide 

elevated beaches and their related wildlife habitats were directly allacked. 
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By the mid-nineteen hundreds, coastal homes and other inland structures along 

most of our nations sandy coastlines were being assaulted because of the UDnatural 

deep water wave climates thaI had developed. Decades of protests and litigation lead 

to a 1967 U.S. Court decision that disasreed with the Corps' assumption that open 

coastal shorelines were subject to navigational servitude. Uniled Stales v Rands held 

that only those waters which ·are used. or are susceptible of being used. iIIlheir 

ordUuJry condition, as highways for commerce· are subject to the servitude. Shallow 

open coastal nearshore areas and shore lands Ife not. 

Subsequently, elected representatives from mutal states co-sponsored and 

helped pass Section III of the River and Harbor Act of 1968. Section 111 mandated 

that the Corps of Engineers ·study, investigate, prevent and mitigate shore damages 

attributable to Federal navigation works ... to be paid by the United States.· But, 

Congress failed to provide Section III with the tools necessary for an independent, 

unbiased and scientifICally valid assessment of the broad scale impact of federal 

navigation works on our shore lands. 

The Corps' resulting Mitigation of Shore Damage Reports grossly understated 

the true magnitude of attributable damages. These published mnclusions that ·our 

coastal losses arc primarily attributable to nature, not their Federal works," 

circumvented the Act's Congressional intent and reduced the Corps' culpability. In 
addition, the Corps' coastal regulatory policies and permit procedures discourage and 

obstruct private sector involvement in the development of ecologically based 

technologies aimed at restoring our shorelines and environment. Consequently, the 

attributable damage has significantly increased since Section 111 passed. 

Congress continues to authorize and allocate billions of dollars to the Corps' 

coastal war against nature. Mechanical dredging, anti-nature type armoring 

constructions, pumped beach nourishment programs and "hazard zone" mapping 

studies continue despite the rising opposition to these temporary, destructive and 

costly defensive approaches. 

Perpetual sand replenishment programs have become the treatment most 

recommended by the Corps and its recognized (and profitable) coastal consulting 

firms. The Corps' related coastal experts and contractors continue to embrace them -

long-term profits combine with the absence of contractor liability to provide an 

incentive for bureaucratic conflicts of interest - at the expense of coastal property 

owners, tax payers, investors, and our environment. 

The entrenchment of beach nourishment as the only recourse to coastal erosion is 

having the effects of perpetuating an unnecessary dependency on continual 

renourishments; avoiding the need 10 alter traditional Corp-project technologies; and 
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has impeded permanent, environmentally sensitive teclmulogics that have emerged in 

the private sector from fairly oompeting with the elite Corp oontractors. 

ACCRETION BASED SHOREUNE EXPANSION nCHNOLOOY 

A growing number of scientists, environmentalists, legislators and educators 

have begun to publicly disagree with the Corps' published oonclusions that our sandy 
shoreline losses are of natural origin. They have amassed substantial documentation 

that the ongoing coastal shoreline destruction is not an incurable nalural phenomenon. 

Costly and destructive armoring. beach renourishments and mandatory retreat via 

set-back laws (hazard zoning) are divening the blame and burden to the innocent 

victims Those most ooncemed about our coastal environments are finally demanding 

that we focus on the actual cause instead of blindly treating the symptoms. This group 

is being lead by an unlellered coastal pioneer named Dick Holmberg. 
Holmberg discovered the existence of unnatural and destructive parallel currents 

over thiny years ago by placing himself in special protective gear for first hand study 

and observation of storm processes in nearshore areas. He also made discoveries 

about offshore sand supplies and the shoreward migration of this imponant sand 

source for beaches. A key to his discoveries was the fact that unnatural nearshore 

tracking currents act as barriers to incoming sediment. 

The history of accretion based shoreline restoration and expansion technology 

parallels Dick Holmberg's 33 year coastal shoreline career. It includes over 1,500 

traditional and high tech marine construction projects. The successful Holmberg 

Method of beach restoration is based to a large degree on his hard-won and unique 
understanding of complex nearshore dynamics. 

The new concept of working with nalure instead of fighting it met with strong 

opposition from the Corps and its traditional coastal engineers and oontractors. 

Holmberg was forced to develop this alternative coastal restoration method 

independently. His patented Undercurrent Stabilizer Systems'" neutralize abemnt 

pallems caused by modem engineered shorelines - without disturbing navigational 
interests. 

Although the Corps has issued his permits, monitored his unique underwater 

structures and received numerous documentation packages and client affidavits from 
Holmberg for years, they still appear to be in the earliest stages of recognizing his 

. discoveries. A June, 1990 New York Times anicle covered the Corps' latest research 

efforts at Duck. N.C.. It reponed their "discovery" of phenomena that Holmberg has 

been aware of and working with for many years - the existence of powerful parallel 

nearshore currents. The Corps researchers stated, "we were surprised by the very 

Page 5 I~ 



strong currents ... how they affect the beach we're not sure, but a big current carries a 

lot of sand around. W 

Since 1983, Holmberg has designed and constructed more than 150 waniflcial 

delta regionsw on private beaches along the Great Lakes and ocean shorelines with 

documented success. In 1989, Michigan became tbe first coastal state to fund major 

coastal expansion projects which utilize Holmberg's. much larger Coastal 

Restabilization Anchor Systems III • 

Strategically placed anificial delta regions duplicate the regulatory functions once 

provided by original natural delta regions. Nearsbore currents and waves are 

subjected to a series of uplifts as they pass through a grouping of these "underwater 

speed-bumps." Their velocities are reduced without redirecting them offshore, similar 

to an airfoil. During storms, the sand suspended in the currents is induced to accrete 

and be retained in the anificial delta regions. This sand in nearshore tianspon is 

prevented from being divened offshore and out of the beach budgets. 

The elimination of the high speed barrier currents also allows natural processes 

to once again move into the beach budget from the offshore bottom. Tnese anificial 

delta regions will permanently act as storage and feeder areas for thcir intcr-dcpendent 

coastal cells. Thc beaches return to a net expansion modc and rcmain self-protectivc 

indefinitcly. 

1IJIike groins, Holmberg's ultra-low profile underwater structures do not steal 

sand from adjaCDIt properties. To lite contrary, they induce new offshore sand to be 

oncc again added to thc whole scctor's sand budgct. Thcy act as storagc and feedcr 

arcas that bencfit the rest of thcir intcr-rclatcd shorelinc. 

The structures are usually completcly buried under accrcting sand within the first 

two years. In catastrophic coastal situations wherc timing is absolutely critical, a 

Coastal Restabilization program can be augmented with a one time pumped sand 

nourishment (full or partial). 

An Undercurrent Stabilizer Systcm is a one-time expcnsc, requircs no 

maintenance, doesn't interfcre with navigational deep water intcrests or tourism, and 

costs less than temporary annament or sand replenishment. Major lending institutions 

have begun to remove coastal properties from the high-risk category once they have 

been restored through this technique and new, full-term mortgages have been extended 

to previously ineligible coastal propenies. 

It is only a mailer of time until state and fcderal legislators begin to facilitate 

accretion based shoreline restoration and expansion programs on a broad scale. 
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TWO PHOTOS TAKEN OCTOBER 1m ~ OCTOBER 1988 
GULF OF MEXICO SHORELINE, MANASOTA KEY 

ENGLEWOOD, SARASOTA COUNTY, FLORIDA 

Project Site: 7160 to 7040 Maoasota Key Rd. 

UNDERCURRENTSTABllJZERSYSTEM ft 

INSTALLED 1982 

Unstabilized erosion trend for Englewood Gulf of Mexico coastal area: 
2 to 3 root loss or beacb widtb aDd duDe ,per year 

Undercurr:nt Stabilizer System site 1983 to 1988 

net change in beach: 
70 root or net gain or beach width in nve years. 

Increase In beach elevation = S reet plus In Dve years. 
S year nearshore shallowing 500 reet plus rrom water's edge. 
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AERIAL PHOTO TAKEN JULY 27, 1"0 
GULF OF MEXICO SHORELINE, MANASOTA KEY 

ENGLEWOOD, SARASOTA COUNTY, FLORIDA 
Project Site: 7160 to 7040 Manasota Key Rd. 

UNDERCURRENTSTABllJZERSy~b 

INSTALLED 1'82 

SURVEY DONE BY 
LemoDde of Florida, IDC. 

DaDlel E. LemoDde PLS '2t09 
August 16, 1'90 

Unstabilized erosion trend for Englewood Gulf of Mexico coastal area: 
1 to 3 foot loss of beach width aDd dUDe per year 

Undercurrent Stabilizer System site 1982 to 1990 

net change in beach: 
Average of 10 foot of Det ,aiD of beach width per year. 

Increase in beach elevation = 6 feet plus over eight years. 
Nearshore shallowiDg 16() feet plus from water's edge. 
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TWO PHOTOS TAKEN JULY 1987 &: JULY 1988 

LAKE MICHIGAN NORTHEASTERN SHORELINE 

FRANKFORT, BENZIE COUNTY. MICHIGAN 

UNDEROJRRENT STABlllZER SYSTEM nr 

INSTALLED JULY 1987 
Project site located approximately 2 miles south of the 

Federal Navigation Channel at Franldon Harbor and approximately 
9 miles nonh of tbe Federal Navigation Channel at Arcadia Harbor. 

SPECIAL NOTE: Re.vegetation of the bluff face and induced foredune 
growth were implemented on the project site by Mr. Holmberg shonly after tbis 
shoreland had widened and elevated sufficiently to protect it from future wave 
attack. The 200 foot dune face is protected against wind erosion, rain and 
ground water seepage. Critical habitats for endangered species of wildlife have 
also been re-introduced to the project sileo . 

Unstabilized erosion trend for the south of Frankfon coastal area: 

3 to 5 foot average loss of beach width and bluff per year 

Undercurrent Stabilizer System site July 1987 to July 1988 

net change in beach: 

100 foot of net gain of beach width first year. 

Increase in beach elevation = 4 feet plus first yelar. 

Nearshore shallowing 300 feet plus from water's edge. 
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UNDERCURRENT STABILIZERS'" vs GROINS 

ELEVATED GROINS 

The basic design and methods of utilization of elevated groin type structures have changed very 
liule since their introduction to our coastal shorelines over a century ago. The traditional groin 

structure is constructed of piled rocks, piled riprap, wood, steel, concrete and other materials. 

They are constructed to create mass sufficient enough to withstand the forces inherent to the 

shoreline environment. Despite the differences in their final appearance, all groins are intended to 
forcefully trap a certain amount of sediment while allowing any access to continue around them in a 

longshore direction. Recent findings indicate this is not true. Although they may give temporary 

protection to the propeny directly behind them, they have been proven to adversely impact the 
adjacent shorelines. 

Groins are based upon an adversaria! relationship with natural shoreline processes. They do 
not ecologically or scientifically address the dynamic principles of aquatic motion or coastal 
geomorphology. Groins and other anti-nature type annoring structures reflect wave and current 
energy seaward and increase nearshore turbulence. This erodes the sand in front of them, resulting 

in deeper water, higher energy nearshore wave climates and the further magnification of 

unnaturally destructive parallel currents. Groins diven a significant portion of the suspended 

nearshore sediment offshore and out of the local beach sand budget. 

The understanding of coastal sediment transport processes and unnatural shoreline losses has 

been dramatically increased by the efforts of an unleuered coastal pioneer named Dick Holmberg. 

Although his Undercurrent Stabilizer Systems'" (generically referred to as anificial deltas) are 

constructed at right angles to the shore, that is where the similarity to their predecessor groins 
ends. By analogy; although the Wright Brothers were able to achieve very limited flight without 
the total comprehension of aerodynamic principles. But stable night was successfully achieved 
only after those principles were fully understood and incorporated into aircraft designs. 

In direct contrast to groins. Stabilizer Systems are dynamically designed to reestablish control 
over aberrant nearshore zone sediment flow pallems. Holmberg developed his aniflcial delta 

regions to replace the natural deltas destroyed by evironmentally insensitive coastal enginccring 

practices of the past. They help nature neutralize the wide-scale offshore diversion of beach sand 

by Federally dredged navigation channels and armoring. This is accomplished by utilizing the 
energy of the nearshore currents and waves instead of fighting them. 

The vast majority of sand that accretes in an aniflcial delta region would have been divcned 
offshore by the navigation channels and structures that the currents encounter. It would have been 

lost to the whole coastal sboreline's sand budget indefinitely. Instead, the newly formed aniflcial 

delta region adS as a storage/feeder region, accumulating new sand and distributing it to the intra-

related beaches within its coastal cell. Sand is tbus retained within the sand budget, to be shared ) 

by all the inter~ependent coastal beaches along great distances of shoreline. \ 
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STAND·ALONE UNDERCURRENT STABILIZATION'" 

Undercurrent Stabilizer Systems are usually designed and constructed on a stand-alone 

(without mechanical beach nourishment) basis to re-establish a pro-gradation profile to a shoreline 

lhat has suffered long term net sand budget deficits. A series of Stabilizers is installed near

perpendicular to the shoreline at regular intervals along the beach and on the nearshore bottom. 

They extend from the landward edge of the project area to a distance offshore, submerged, and 

following the existing bottom profile. Patented anchoring "Systems, foundations and flexible 

hinged construction techniques control the structural movement during the critical early stages of 

the anificial delta region fonnation. 

Each ultra-low profile structure creates an uplift similar to an airfoil. The sand laden nearshore 

currents and waves are elevated without creating a directional change in seaward motion. A 

grouping of Stabilizers creates a series of repeated uplifts which reduces the current and wave 

velocities, forCing the sand suspended in them to drop out of suspension and attach to the 

shoreline. The neutralization of these unnatural barrier currents also allows new sand to once again 

be moved in from the offshore bottom by natural processes during storms. 

Sand accretion is induced without impacting adjacent stretches of beach. To the contrary, 

anificial deltas also induce upcurrent and downcurrent accretion. Once the System reaches 

maturity, its intra-related area sand budget maintains a controlled equilibrium indefinately. 

Several stand-alone pilot Undercurrent Stabilizer Anchor Sy-stems are generally installed along 

a project shoreline area prior to the completion of the area wide system. Anchor Systems are 

utilized to analyze the accretion characteristics of the inter-related shoreline project area. In most 

coastal regions, induced accretion rates are sufficient enough to provide a steady increase in 

recreational and protective beach area. When there is enough time available (two to four years) the 

stand-alone alternative is by Car the most cost effective and environmentally compatible. 

STABILIZATION PLUS A ONE TIME BEACH NOURISHMENT 
In situations where time is absolutely critical, Undercurrent Stabilizers can be utilized in 

conjunction with a one time (full or panial) mechanical renourishment. Also, in rare cases where 

the induced accretion vs offshore diversionary loss ratio approaches equilibrium (l/l), a one time 

partial nourishment will accomplish an immediate and permenant expansion of critical beach areas. 

The Stabilizers extend offshore beyond the actual renourishment. An anificial delta region will 

form beyond the renourishment area. Induced accretion will elevate the offshore profile seaward 

of the nourishment, future losses will be eliminated and additional beach area will be gained. 

Stabization plus one nourishment may be the only politically and economically viable option 

left to a community under certain existing government policies. In a situation where a community 

has no other recourse, it will help make the program more environmentally sensitive and eliminate 

the need for future renourishments. The cost vs benefit ratio makes it a highly cost-effective 

alternative to creating an unnecessary dependency on continual renourishments. 
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IIOARtJ OF TRUSTEES 

TOM MANISON-CHAIRMAN 
CHARLES DELGADO 
JOHN SCHMIDT 
V£LMA ACREE 
II T SEARS 
60B WICKLANDER 
COMMISSIONER IIILL Y J PEGUES 

EXEClmV£ OIRECT01t 
PAT HAWSEY 

GALVESTON BEACH AND SHORE PRESERVATION COMMITI'EE 
CO CHAIRMEN PAT HALLISEY (COUNTY) & RUSS EITEL (CITY GAL V) 

Galveston Beach and Shore Preservation Committee 
613 19th St. 
Galveston, TX. 77550 
1-409-766-2411 or 1-713-337-3584 

Dr. John B. Anderson 
Rice Univ. Dept Geology 
P. O. Box 1892 
Houston, TX. 77251 

Dr. George H. Ward 
UT Research Scientist 
10100 Burnet Rd. 
Austin, TX 78758 - 4497 

Dr. Thomas Straw 
Western Hichigan Univ. 
Geology Department 
Kalamazo, Hichigan49008 

5150 

Secretary of Army 

Dr. John Herbich 
TX A&H Ocean Engineering 
TX A&H College 
College Station, TX77843 

3136 

Dr. Robert Horton 
UT Research Scientist 
Box X 
Austin, TX 78713 - 7508 

Dr. Frank Judd 
Pan American Univ. SPI 
Coastal Studies Lab. 
South Padre Is.TX 78597 

via The Honorable Jack Brooks 
House of Representatives 
2449 R.H.O.B. 
Washington, D. C. 20515 

Dr. Y. H. Wang 
TX AlH 
P. O. Box 1981-374 
Galveston, TX77554 

Dr. Herman Rudenberg 
Sierra Club 
3327 Ave. Q 1/2 
Galveston, TX77550 

Ralph Clark 
Chief Coaat Bureau 
3900 Comaonwealth 
Tallaha •• ee, FL32303 

R~ Galveston County shoreline restoration and expansion pilot projects. 
(1) 2 112 miles north of Rollover Pass (ad jaeent Highway 87), (2) West 
end of Seawall Galveston Island (ad jaceDt to Delanaro Parkl, and (3) 13 
mile road on West &tch (adjacent to Texas Parb aud Wildlife Par~ 
and planned pocket park). 

Dear Beach Authorities: 

Our Galveston Co_ittee wants to adopt methods of combatina 
erosion. Texas has not tried any of the many world known application of 
shore erosion abatement. Beach nourisMent. sand by passinl, littoral 
dumping, jetties. breakwaters, hardening of the shoreline, and man), 
other applications all have their problem.. This is why we are aakin, 
you to comment on what appears to represent a possible method least 
n";~~·;~"''1~l", with mAny snrcess projects in place. 



(
- f:.nclose three proposed project sites in Galveston County for 

'ilot projects of undercurrent stabilization anchor systems. Our 
;ommittee can only evaluate the successful use of this type projects. 
:t costs less and appears to cause a lot of accretion. Our evaluation 
leeds your help on technical evaluation of this restabilization 
~echnology that works with forces of nature to re-introduce the natural 
:>rocesses which will once again move new sand into Galveston's beach 
:)udget. Enclosed 21 pages demons trate appl ica tions and exhi bi ts two 
projects that are now in place. 

f-

c 

You endorsement is not needed, but we do need your evaluation of 
such a application as follows; 

1. page 2. HThe sand that accretes to for. an artificial delta 
region would have otherwise been diverted offshore by the navigation 
channels and structures that the sand laden currents encounter. It 
would have been lost to the whole coastal shoreline's sand budget 
indefinitely. Instead, the newly formed artificial delta region acts as 
a storage/feeder region, accumulating new sand and distributing it to 
the intra-related beaches within its coastal cell. Sand is thus added 
to and retained within the sand budget, to be shared by all the inter
dependent coastal beaches along great distances of shoreline. " 

Y2.Y.r evaluation New sand accretion is taken from a source 
that has previously been diverted offshore. Can you determine if this 
new sand is presently lost offshore, or does this new sand represent 
sand destined for another beach down stream. 

2. page 6 HUnlike groins, Holmberg's ultra-low profile 
underwater structures do not steal sand from adjacent properties. To 
the contrary, they induce new offshore sand to be once again added to 
the whole sector's sand budget. They act as storage and feeder areas 
that benefit the rest of their inter-related shoreline. w 

l2YI evaluation -- Generally a breakwater forms a tombolo out of 
new sand. Some claim this new sand is erosion from another adjacent 
beach. Can you comment on this projects claim that new sand accretion 
comes from littoral flow that would be lost to any beach. 

3. page 14,15,a29,b30,&c31 This enclosure demonstrate a 
location in Florida that has had 160 foot accretion since 1982. Would 
you like to see accretion demonstrated in Texas Coastal waters si.ilar 
to this Florida project, or would you consider it a waste of tiae. 

4. 
applied to 
project. 

Would you suggest what type project you would like to see 
abate erosion trends other than this proposed test pilot 

Your comments would help our Committee Justify selecting methods 
of co.bating erosion. If you have tiae we would greatly appreciate your 
input on this proposed pilot t. 

Address all correspondence to 
John M. Arrington 
7025 Kopman 
Houston, TX. 77061 
1-713-649-4795 or 1-409-737-2684 
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COMMENTS ON 
HOLMBERG TECHNOLOGIES 

Undercurrent Stabilization Anchor Systems 

by 

Dr. Y.H. Wan" P.E. 

General Comments: 

The Holmber, Technolo,ies - Undercurrent Stabilization Anchor 
System., as it is presented, appears to be a sales and 
co .. ercial document contained very little quantitative 
technical information. From the technical point of view, this 
company needs to provide more quantitstive technical 
information before bein, ,ranted the 2.5 million dollar 
contract. 

There are ,ood points as well as questionable points in Mr. 
Dick Holmer,'s proposal. Here I only raise some of the 
questionable points in the followin,. 

The Executive Summary: 

~r. Dick Holmber, indicated what he wanted to do for 
stabilizin, beaches on Galveston Island and Bolivar Peninsula. 
However, the subsequent text of his proposal did not provide 
enou,h evidences that be really can deliver the results as 
promised. 

Project Cost: 

A breakdown on the project costs is desirable for projects of 
experimental/pilot in nature. 

Work With Nature: 

Hr. Holmber, claims to work with the forces of nature to re
introduce the natural processes ••• However the site 
locations on Galveston Island and Bolivar Peninsula are un
natural. The installation of the -Anchor System" look.; like 
an artificial low profile submarine ridge in an otherwise 
s.ooth continuous shoreline. Subaarine ridge olt~n locuses 
wave ener,y rather than disperse it. 



Costal Re-stabilization Anchor System: 

No dimensions of the "Anchor System" to be installed on 
Galveston Island and Bolivar Peninsula are ,iven, 
Jud,in, from the two fi,ures on pa,es ~ and 5, the len,th of 
the anchor system is very short compared to the miles of 
beach to be expanded by the proposed system, This 
disproportionment is unlikely to be realized, 

Three Photo,raphs Showin, The "System" at work: 

Three photo,raphs showin, before and after the deployment of 
the "Anchor System" are not convincing for the following 
reasons. 

(al. So up-drift and dO""n-drift effects are sho"'·n. If 
the "Anehor System" indeed can aecrete beach miles 
away from the installation, ~r. Holmberg may have 
already shown them in those pictures. 

(b). The local accretion in the pictures may indicate the 
natural variability of the beach rather than the 
effect due to the installation of the "System". It 
is known that beach in that region may aecrete 3 to 
5 inches of sand in one tidal cycle durin, an 
ar.creting phase. 

• 
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Technlc~l Paper 2-d~ 

SAILFISH POINT (STUART) FLORIDA: riRST DKHONSTRATION 
or 'l'BI DEWA'l'DINO APPROACH TO BEACH STABILlZA'l'ION 

James H. Parks, Ph.D. 

Abstract: 

Regat.t.a Point.e, 
1001A Riverside Dr., 
Coast.al St.abilizat.ion, Inc. 
Palmet.t.o, Florida 34221 

Emeritus Professor 
Dept.. of Geological Sciences 
Lehigh Universit.y 
Bet.hlehem, Pennsylvania 

(Director, Center for Marine 
& Environment.al Studies) 

Wave uprush brings sand onto t.he beach -- and t.he ret.urning 
backswash t.akes sand off t.he beach. Dewatering t.he beachface 
retards t.hat. second st.age of taking sand off the beach, t.hereby 
leaving additional sand on t.he beach. 

By lowering t.he wat.er table near t.he high t.ide line, t.he 
.,.ystem creates an unsaturated zone under t.he be2'.ch face which 

allows downward percolation of wave run-up; and int.errupts t.he 
nat.ural jround water flow to the beach thus reducing the 
erodibility of t.he beachface. This reduces the ret.urn swash 
on the beach face, limiting the erosion process while leaving more 
sand on t.he beach. Comprehensive monit.oring of similar systems in 
Der~ark shows that. downstream beaches do not suffer effects of 
sufficient. magnitude to dist.inguish from normal fluctuations. 

The first beachface dewatering system in the United States is 
now being inst.alled on the Florida East. Coast at. Sailfish Point., 
near Stuart, Florida. The system is expect.ed to be in operation in 
Sept.ember, 1988. This new product has been named STABEACB System. 

INTRODUCTION 

Many different approaches have been tried in at.tempts t.o solve 
or alleviate t.he problems of beach erosion. "Hard" structures such 
as seawalls and revetments have been used to st.op erosion, but 
usually at the cost of 1055 of some beach. Groins (to hold sand on 
beaches) and jet.ties (to keep sand out of inlet channels) are 
partially successful 1n the short term, but have serious long term 
det.riment.al effects on dOWDst.ream beaches. Breakwaters of various 
kinds have also had a checkered history of successes and failures. 
Hard structures are lenerally quite expensive and have more or less 
adverse environmental effects. Less expensive "50ft" structures 
such as plastic seagrass (Rogers, 1987) and Lonsard Tubes have not 
been very effective. 

Until now, the only effective (but expensive) answer t.o the 
erosion of beaches has been beach nourishment -- the dredging of 
sand from offshore locations and t.he placing of t.hat sand on or 
near the eroded beach. A major problem with beach nourishment is 
that it sometimes doesn't last. -- in some cases a significant 
port.ion of t.he "new" sand is lost. in t.he next major st.orm or within 
a year or so (Bokuniewicz and Schubel. 1987: Domurat, 1987; Berron, 
1987: Pearson and RilSs, 1981; State of Florida, 1986; CERC, 1984; 
and Wiegel, 1987). Relat.ively recent.ly, sand bypassing (t.he 
periodic dredging of sand from sediment traps usually located 
inside of jett.ied inlets -- or from fixed or movable permanent 
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installations in a few cases -- and the placin, of that sand on or 
near downstream -feeder" beaches) has been proposed and put into 
practice in a few places with limited and partial success (Bruun, 
1974; Edee et al, 1987; Domurat, 1987; Herron. 1987; OSACE. 1984; 
and Wie,el, 1987). 

BOW TBI STABlACB SYSTIK WORltS 

A totallY new approach to the alleviation of beach erosion 
problems has recently been developed -- the STABEACH System. It 
involves a permanent installation of pipes .and pumps. but it is not 
a visible eyesore or physical obstruction as nearly everything is 
buried. out of sight and sound and below normal storm erosion. 

The beach is temporarily disrupted during installation of the 
STABEACH System (see FilUres 1. 2. and 3). When the installati'on 
has been completed. the beach will be returned to its pre-work 
condition (Fi,. 4). Operation of the system will then stabilize 
the beach, and over a period of months may Jdden. ft aps-reciably. 

7 

The scientific principles behind the effect produced by beach
face dewaterin, have long been known (Bagnold. 1940; Grant, 1948; 
Emery and Foster. 1948; Isaacs and Bascom, 1949; Duncan, 1964; 
Harrison et al, 1971; Harrison, 1972; Holland, 1972; Hachemehl et 
al, 1975; Waddell. 1976), but were not reduced to practice. 

Extensive long term full-scale controlled demonstrations in 
Denmark have shown that beachface dewatering systems have a 
positive effect on the treated beach and no noticeable side effects 
on downstream beaches (Hansen, 1986). A similar beach dewaterin, 
project in Namibia (Southwest Africa) is reported (Wiegel, personal 
communication) to have achieved spectacular success over a period 
of many years in sustaining a beach "wall" lIIoved 900 feet seaward 
to allow placer diamond mining in rock crevices beneath the former 
beach. This has been achieved on a coastline with a reported net 
littoral drift in excess of one million cubic meters per year. 

Wave-action brings sand to the active beachface. At the surf 
line where incomin, waves first "touch" bottom and "break", the 
resulting turbulence and agitation stirs up and throws some sand 
into suspension in the water, and a small portion of this suspended 
sand is carried onto the beachface by the wave run-up (Figure 5). 
Under normal conditions, the backswash running down the slope of 
the beachface (Figure 6) carries as much sand off the beach as was 
brought on durin, the upwash. Beaches are normally in a state of 
dynamic equilibrium -- erosion and accretion are always occurrin,. 
The net effect -- accretion minus erosion -- under a specific set 
of conditions (wave period, wave height, etc.) may be either 
negative (= retreat) or positive (= advance) on the position of the 
shoreline. This balance lIIay be tipped toward accretion -- beach 
advance -- by low frequency ,entle waves such as may occur durin, 
the summertime. Conversely, the balance may be tipped toward 
erosion by larger higher frequency steeper waves from storms. 
usually associated with wintertime, that tend to carry more sand 
off the beach than is brought on to it by the waves. 

With gentle low frequency waves, there is sufficient tillle 
between each wave run-up for a substantial portion of the water in 
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the upper beachface to drain down through the beachface sand to the 
water table, leavin, a zone of unsaturated sand that can absorb a 
small portion of the next wave run-up -- with the result that less 
water runs off the beacMace than ran up the beach face, and thus -" 
less sand is carried away than was broucht to the beachface. Each 
wave run-up and backswash leaves a few "extra" ,rains of sand on 
the beach -- with waves at 10 second intervals, this happens 8,640 
times in a 24 hour day, so a small quantity of sand added with each 
wave accumulates to a sicnificant quantity in a few days or weeks. 

With steeper, hiah frequency waves, there is not enouah time 
between waves for water to drain out of the upper beachface -- this 
zone remains saturated, and all of the run-up from one wave runs 
back off. Because the upper beachface sand is saturated with 
seawater, sand arains are more readily incorporated into the run
off bed load and thus more sand is carried off the beachface, 
resulting in net erosion. With waves at 7 second intervals, this 
happens 12,347 times in a 24 hour day, so beach erosion can be 
rapid. The water table may actuallY'become slightly elevated, 
causing a positive (seaward) seepaae of water through the 
beachface, further enhancina erosion by the backswash. 

Waves bring sand onto the beach -- and the returning backswash 
takes sand off the beach. The STABEACH System retards that 
second stage of takin, sand off the beach, thereby promotin, 
accretion and beach advance. 

The STABEACH System works by lowering the water table near the 
high tide line. This is accomplished by pumping water out of a 
buried horizontal filter pipe which creates an unsaturated zone 
under the beach face (Figure 7). This allows downward percolation 
of wave run-up similar to that occurrin, during summertime low 
frequency waves. Thus the return swash on the beach face is 
reduced, limiting the erosion process and leaving (putting) aore 
sand on the beach. The linear zone of lowered water table further 
acts to interrupt or cut off the local ground water flow towards 
the sea, thus reducing "positive seepage forces" on the beacMace, 
and thus decreasing the erosive effects of wave runoff. 

Comprehensive monitoring of the Danish installations since 
1985 shows that this "additional" sand apparently comes mostly from 
modifying the offshore bottom proflle (Figure 8), and that 
downstream beaches do not suffer any significant or measurable 
retreat (Bansen. 1986). Normal seasonal modifications of the 
offshore bottom profile produce semi-annual oscillations in the 
position of the shoreline: slight advances (accretion) during the 
summer, and retreat (erosion) during the winter (Figure 9). This 
process alone cannot account for the volume of sand involved in the 
documented advance of beaches by the action of beachface dewatering 
in Denmark. Bowever, strict application of this winter/summer 
process is only a two-dimensional view of what must be a three
dimensional process -- the third dimension is provided by longshore 
drift which for a part of the year replenishes the sand taken from 
the offshore bottom profile. 

Downstream beaches are not starved or eroded because the 
STABEACH System does not block or materially disturb the nearshore 
longshore drift of sand as does a groin or jetty. Of perhaps even 
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more significance, d groin or jetty will diver~ or force the 
remaining portion of the littoral drift out to an area further 
offshore for some appreciable distance downstream, so that the 
lon.shore drift cannot naturally nourish these downstream beaches. 
Without a continual supply of additional sand from the littoral 
drift to balance the natural transport of sand by waves breaking OD 
a beach, the result is net erosion and retreat of the beach. The, 
STABEACH System does not have this side effect. The STABEACB 
System extracts only a small percentage from the total volume of' 
sand moved by the littoral drift past that point on a beach, thus 
leaving the greater bulk of that sand in movement to proceed 
further down the coast, thus preventing downstream erosion. 

The sandy bulge alon, the coast produced by the STABEACB 
" System (Fisure 11) will shed a sicnificant steady volume of sand!, 

feeding into the downstream longshore drift, when the bul,e has 
accreted to the limits of effectiveness of the confilUratioD of the 
dewatered zone on the ori,in~l beachface, or when the system is 

,,'--- "turned off". This additional drift. may take the form of a smeared 
out continuous "accretion wave", as described by Inman (1987). 

Sand deposited on a beach by the STABEACB System enhancement 
of natural processes is winnowed and sorted by natural forces to 
be size-compatible with that specific beach -- incoDtrast with 
artificial beach nourishment using sand dredged from offshore 
"borrow" areas. This sand is usually.poorly sorted and either too 
coarse or too fine, leading to a rapid loss of substantial amounts 
(30 to 50 percent in the first few months is not uncommon) of that 
sand from the nourished beach. Some beach retreat is expected after 
renourishment because of profile adjustment, especially when the 
new sand is not properly distributed. 

Another potential benefit from the STABEACB System is 
accelerated compaction of newly placed beach nourishment sediments, 
to make them more resistant to erosion. It is a common practice in 
construction to compact sediments by inducing downward percolation 
with well-point dewatering. There could be significant economic 
benefits to widening an eroded beach to only half of the usual 
width by conventional beach nourishment, at a significantly reduced 
cost, and then stabilizing that beach with a STABEACH System 
emplaced before the added width is lost to early erosion. 

For a~normal installation at a recreational beach, after the 
beach has (aayanced se~wara'and built upward far enou,h for 
recreational ana7or-storm protection purposes, pumpin, could be~ 
reduced to a few hours per day or a few days per month to maint.in 
the balance of beach advance/retreat. After a major storm erosion 
event, the pumps could be run continuously for several days or 
weeks to rebuild the beaches quickly -- to "heal" the storm damage. 

The existence of a significant tidal range -- two to four feet 
or more -- is probably essential for efficient operation of the 
STABEACH System. Without tides (for example, sand beaches on the 
shores of the Great Lakes), sand would be accreted at one loca~ion 
only on the beachface; whereas with tides, sand would be accreted 
from the low tide strandline location across a significant distance 
of the beachface up to the high-tide location of the strandline. 
Furthermore, the tidal shifts would act as a ·pump" to take sand 
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accreted at the lower position and move it up the beachface with 
the risin, tide to the hi,her position. Durin, the subsequent 
lower tide positions of the strandline, the upper accretions would 
tend to dry out, and the sand would then be carried by on-shore 
winds to other parts of the beach (for instance, inland of the 
berm) to form sand dunes. 

CONTROLLED DIHONSTRATION O. BKACBJ'ACE DEWATERING IN DENHAlUt 

In 1985 a full-scale controlled demonstration facility was 
initiated along the extremely wave-battered North Sea coast at 
Torsminde (Jutland), Denmark, where the annual fluctuation of the 
coastline normally is ± 15 meters (37.5 feet), with an avera,e 
retreat rate of 4 meters (12 feet) per year (Bansen. 1986). The 
beachiace dewaterinc system was installed alon, a 500 meter stretch 
of beach. after extensive pre-installation survey in, of control 
(untreated) zones both upstream and downstream of the test zone. 
Extensive monitorin, (beach profilin,) of the control zones and 
test zone were carried out for well over a year. Operation of the 
system Quickly stabilized the beach (halted the retreat) and 
advance of the beach (widenin, and raisin,> took place for several 
months until a balance was achieved with a sicnificantly wider 
beach. Brief episodes of retreat caused by severe storms were 
Quickly "healed" within days. Net change in the test zone -- total 
change in the treated zone minus the mean of the upstream and 
downstream control zone changes -- av.ra,ed more than 20 meters 
(more than 60 feet) as determined by a re-analysis of data from 
Hansen (1986). shown in Figure 10. The "storm event" in Hay, 
resulting in effective retreat back to the baseline, was quickly 
"healed", significantly sooner than within the control zones. 

, ." 
, 

J j~ .~. -. - ........ SUPPLY or SAND AT HOLt POINTS 
, , 

On many barrier islands. beach retreat (net erosion) occurs at 
the "null point" (pos! tion of zero net 11 ttoral drift) near the 
midpoint of the island, while advance (net accretion) occurs at 
both ends of that island. At a null point, the same amount of 
littoral drift moves in one direction (for example. south) as moves 
in the opposite direction (for example, north), when summed up over 
a period of a year. The zero ne~ movement is found by subtracting 
the total northward movement from the total southward movement. 
The "gross" or total littoral drift at that ,eo,raphic point (the 
AYm of drift to south and to north) is the important quantity to 
the action of STABEACB System. Even at a null point, the gross 
drift can be quite large, thus providing an adequate supply of sand 
on which STABEACH System can operate. 

Where the null point results from zero drift in both 
directions, the STABEACH System may work by modifying the offshore 
bottom profile and allowing shoreward "bottom creep" of sand 
(driven by wave action) to bring that near-offshore sand to the 
beach where the system acts to hold it on the beachface. Normally, 
littoral drift will replenish that offshore sand. Seasonal changes 
in dominant wind direction may shift the location of the null point 
as much as several hundred yards or more, so that the spot that was 
a null point in summer will not be the null point in winter. Thus 
at some season, each spot along the beach will be away from a null 
point, and will have some supply of littoral drift sand. 
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COMPARISON WITa CONVSNTlONAL BEACH NOORISBMlNT 

(- Conventional beach renourishment involves rapid dumpins of 

.~ . \ ... 

laree volumes of "foreien" sand on the beach face or the near-shore 
area, literally buryine the local endemic fauna and flora under 
many inches of sediment. Many attached, burrowine and slow-movine 
animals and plants cannot respond rapidly enoush to this 
catastrophic disruption of their environment, and massive kills 
have occurred as a result. Environmentalist's objections on this 
basis have delayed and forestalled needed beach restorations. 

In sharp contrast, the action of STABEACB System ia eradual-
not any more sudden or catastrophic than the seasonal variations 
from a typical winter beach and offshore profile to a typIcal 
summer profile (FilUre 9), which most plants and animals easily 
adjust to and survive. STABEACB System produces and maintains an 
enhanced summer profile (a wider and more eently slopine beach
face), using nearby nearshore sand -- the same "quality" of sand 
that is on the beach. STABEACH System does not increase turbidity 
as does conventional dredging for conventional beach nourishment, 
nor otherwise stress the local flora and fauna. 

MONITORING AT SAILFISH POINT 

The success of the STABEACB System of beachiace dewatering in 
stabilizing and buildine the beach at.Sailfish Point can best be' 
demonstrated by comparine the treated stretch of beach with 
untreated "control" stretches of beach both to the north 
C'upstream" relative to direction of net littoral drift) and to the 
south ("downstream") over a significant period of time. A beach 
profiling monitorine plan has been established. Twelve locations 
will be measured alone traverses perpendicular to the beach, from 
the construction control line seaward to a water depth of 4 feet 
below mean sea level (HSL) , on a biweekly schedule. Three protiles 
will be within the treated zone, five protiles will be located up 
to 1500 feet north of the midpoint of the treated zone, and four 
profiles will be located up to 1000 feet south of the midpoint. 
Three sets of profiles were measured before the installation of the 
system began in AUlUst, 1988. Fieure 14 is a typical profile 
within the test section at Sailfish Point, showing normal summer 
fluctuations over a five week period. --'-

To establish long term trends in b~ach changes after the 
STABEACB System is placed in operation, Iraphic plots such as " 

, Figure 10 will be constructed. In this plot, the average posi~on 
of the HSL strandline (distance from a reference line based on ~he 
construction control line) of all control profiles is subtracted 
from the average position of the st.randline in all test zone : 
profiles for a given date, and this ~ difference (advance/ 
retreat) is plotted against time on the X-axis. When the test': 
accretes more than the control zones over a period of several < 
months, and/or when the test zone rebuilds ("heals") the effect., of 
s~orm erosion faster than the control zone -- then the: 
elfectiveness of the STABEACH System will have been demonstrated. 

DISCUSSION 

The design and installation of a STABEACH System is site-
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specific -- many factors must be taken into consideration. The 
method depends upon adequate permeability to allow drainace at a 
sufficient rate. Permeability depends upon particle size and 
sorting and the absence of clay/silt/organic layers. Other local 
factors that may contribute to the efficiency of operation are: 
wave climate, tidal range, slope of beach tace, shape ot offshore 
bottom profile, quality of offshore sand, quantity of gross (~ 
net) littoral drift. and direction and frequency of storm events. 

Conventional methods for beach restoration all have one or 
more of the following detrimental aspects: high cost, short life, 
unsightly physical structures, hazardous obstructions to leisure 
sports. side effects on downstream beaches, or other adverse 
environmental effects (for example, turbidity from dredging, 
disturbance of bird nesting or turtle egg-laying). 

As demonstrated durinl years of extensively monitored testing 
in Denmark. beachface dewatering has no apparent disadvantages: it 
is price competitive with other comparably effective procedures, 
has a long life with moderate annual operation and maintenance 
costs. no unsightly or hazardous surface structures, no observed 
bad effects on downstream beaches, and no other known adverse 
environmental effects. 

Installation of the STABEACH System requires dewatering of a 
stretch of beachiace so that a ditch may be dug below mean sea 
level for the emplacement of the drain pipes. A map or plan view of 
a typical installation is shown in Figure 11. A dia,rammatic cross 
section of the beach (Figure 12) shows the position of the STABEACH 
System installation. A longitudinal section (Figure 13). 
illustrates draina,e by Iravity from each end to a central sump and 
pump station. The output from the pump can be discharged out to 
sea, or as it is pure filtered seawater, may be used to "freshen" 
(oxygenate) stagnant inland lagoons or boat canals. A one thousand 
foot long module of STABEACH System may require disruption of the 
beach during installation for only a few weeks. 

CONCLUSIONS 

A new high-tecbnololY, effective and efficient method for 
beach restoration and management -- the STABEACH System --has been 
developed, Reports from Denmark and Namibia indicate excellent 
results from similar beachface dewatering systems. The method 
effectively stabilizes the beach. stops beach retreat, widens and 
bUilds-up beaches, and quickly "heals" storm erosion events, 
Comprehensive monitoring over several years at three installations 
in Denmark has demonstrated that downstream beaches do not suffer 
significant or measurable net erosion (retreat). No measurable 
negative environmental side-effects have been observed. 

The first beachface dewatering system in the United States is 
now being installed at Sailfish Point, near Stuart on the Florida 
East Coast. This first STABEACH System is expected to be in opera
tion by early September, 1988. Extensive beach profile monitoring 
is underway to demonstrate the effectiveness of the procedure. 
Significant savings in long-term costs are possible by combining 
partial beach nourishment with a STABEACH System installation to 
stabilize the beach and give the widened beach a longer life. 
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Fig. 1 - Power equipment in operation 
at Sailfish Point jobsite 

Fig. 2 - PUmp Station (vertical pipe) 
and temporary dewatering pump 

Installing the drain pipe 
temporarily dewatered tren 

Fig. 4 - Sailfish Point Beach ~~tQ~~ 
operation of STABEACH System 



( 

SATURATED ZONE 

• , , Oil' 

Fi •. 5 - Wave runup on beachface 
(normal water table) 
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Fig. 7 - Upswash and downward 
percolation with 
lowered water table 

SATURATED ZONE 

.,'Olt, 
Fi.. 6 - Backswash on beachface 

(noraal water table) 

ArT I: II 

Fii. 8 - Change in offshore bottom 
profile: sand from offshore 
bar is added to beach by 
action of STABEACH System 
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Fig. 9 - Profile A = summer 

Profile B = winter 
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Fig. 10 - Net change (advance/retreat) in 198 
at Torsminde, Denmark. Average of 
treated zone profiles minus 
average of all control profiles 



-~- ....... ~. +-

c •• ,. •••••• 

LAN 

MAP V 

o C E AN 

A..-. 

ADDED 

c .. " •••••• 

Fig. 11 - Diagrammatic'plan (map) view 
of STABEACH installation 

CROSS-SECTION 

Fig. 12 - Cross-section perpendicular to beach 
trend of STABEACH System installation 

LONGITUDINAL SECTION 

Fig. 13 - Longitudinal section parallel to beach 
(as viewed from sea) of buried pipes 
in relation-to·HHW OD beachface 
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Fig. 14 - Typical beach profile at Sailfish Point 
before installation of the STABEACH System 
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TEXAS A~M UNIVERSITY AT ~ALVESTON 
MITCHEU CAMPUS. P.O. lOX 1675. CALVESTON, TIXAS ~1675· (tOt) 740·4!>04 

ae".rtment of 
~ITIM( SYSTlMS ENC/NUIINC 

Mr. Raymond Reesby 
2701 Avenue 0 
Galveston, TX 77550 

Dear Ray: 

February 25, 1989 

Thank you for stopping by TAMUG and lending me the coastal st~bilization 
literature by Dr. James M. Parks. I have reviewed the literature package and 
am enclosing my comments regarding the STABEACH SYSTEM with this letter as you 
requested 

I look forward to seeing you in the upcoming meeting at the Moody Center 
on Harch 1. 

With my warmest personal wishes. 

Enclosure: 
xc: Hr. Pat. Hallisey 

Mr. Russell Eitel 

Sincerely, , 

I.~:'~[;! 
.Professor 

A P.zrl of Tb, T'z41 Ali.\{ t'n;,"I;'J 5JII'''' 

--\ 
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COMMENTS ON THE STABEACH SYSTEM 
. (A dewaterin, approach to beach stabilization) 

February 25, 1989 

A. The fundamental base: 

"Wave uprush brin,s sand onto the beach -- and the 
return in, backwash takes sand off the beach. Dewaterin, 
the beach face retards that second sta,e of takin, sand 
o~f the beach, thereby leavin, additional sand on the 
beach." 

This statement of Dr. James M. Parks aounds reasonable to .e. 
However, the statement has the followin, li.itation.: 

1. The sand deposits are confined in the swash zone which 
is a very small part of the beach face. 

2. The process of sand deposit within the swash zone can 
not continue to ,row beyond the natural beach slope. 
Therefore, the amount of deposit i. just a small volume 
to .ake the beach face look a little fuller. 

3. The beach face can not be widened by tbe proposed method 
as one ai,bt be misled by tbe fi,ure 11 and the 
statement OD pa,e 4, second para,raph from the bottom. 

4. In the fi,ure 14, the lar,e amount of sand accumulation 
is below the aean-sea-Ievel (MSL), not the swash zone. 
One possible explanation for this is: The bottom 
profile cban,es with chan,in, ener,y input (wave, tide, 
current, etc.) to the surf zone, not because of the de
waterin, system. 

B. Possible down aide of the Stabeach Syate.: 

C. 

Referrin, to fi,ures 7 ~ 8, the lowered water table in the 
landward direction may extend further inland beyond the dune 
line. This aay have ne,ative i.pacts on land ve,etation 
,rowth and affecta the dune line ecolo,y. 

How doea the Stabeach Syatem work for Galveaton Island? 

Galveaton shore is a low ener,y coastline. The differences·' 
between the auaaer and winter profilea are not aa ,reat as 
the fi,ure 9 aay have implied. Galveston shoreline ia auch 
aore different froa that of Den.ark and Namibia. 
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Grantinl the Stabeach System will put and keep a layer of 
sand in the swash zone durinl most of the winter aeason 
similar to the aituations in filures 7 • 8. But there ia no 
noticeable beach face erosion complain in Galveston. The 
beach erosion problems in Galveston are duneline loases,' 
land loaaea, and beach width narrowinl. The propoaed 
Stabeach System can not help in anyone of the problem. 
unique to Galveston shores. 
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MAC-BLOX 

AN ENERGY ABSORBING REVETMENT 
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INTRODUCTION: 

Technique for Shoreline Erosion Control 
Donald R. McCreary 

Mac-Blox Corporation 

"Good morning ladies and gentlemen ..... I am here to tell you 
about a very unique system for shoreline stabilization. The 
Mac-Blox Sloping Revetment System was developed in the Tampa Bay 
Area of Florida, beginning in the fall of 1989. It has been 
successfully applied there, to many shoreline problems that we 
have in common with the Galveston Bay Area. It is first and 
foremost a system of great strength, stability, and permanence. 
Yet it has environmental features that are so favorable that it 
is frequently considered as part of the environmental mitigation 
solution; rather than as part of the problem." 

~HAT IS MAC-BLOX ??? 

Well, here is a scale model of one Mac-Blox. (SHOW MODELl 
A "real live Mac-Blox" is made of concrete and weighs 300 pounds. 
These blocks are placed to form a step-like sloping revetment; 
and then locked together with concrete shear piling in groups of 
ten or more. The best way I can describe it quickly, would be to 
say that it is an engineered solution to many problems created by 
eroding shorelines and/or vertical seawalls. It is designed to do 
t\olO things: 

1. Reinforce an existing seawall 
2. Stabilize an eroding shoreline 

In both cases, it does these things by creating a step-like 
sloping revetment. It is similar to rip-rap rock revetments, 
except that it consists of these large, specially designed 
concrete blocks, which have a number of significant advantages 
over the rock structures. 

WHAT IS MAC-BLOX NOT ??? 

To avoid a very common misperception, let me diverge for just a 
moment to tell you what Mac-Blox is NOT!!!! It is SOT a block 
system for surface armoring of relatively flat slopes, above the 
waterline. The "woods are full" of this type of block system; I 
am sure most of you are familiar with them. 

Nor is Mac-Blox the same thing as the landscape blocks that you 
have seen used for planters and other near-vertical upland 
terraces. The Mac-Box SYstem is a different animal entirely from 
any of these!!!! It is much heavier, deeper, and stronger; and it 
is designed to live and work in the incredibly harsh and 
corrosi ve "SPLASH .ZONE" where wave energy crashes into shore I ines 
and destroys most other structures. 
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BASIC PRI~CIPLES OF SHORELI~E STABILIZATIO~: 

In recent years, the ideal shoreline structure for absorbing wave 
energy has been defined as having three important c/laracteristics 

1. Sloping - so waves do not slam, rebound, and cause erosion 
2. Rough - to impede and diffuse wave runup/rundown. 
3. Internal Spaces - to absorb and cushion wave energy. 

These are als0 important from an ertvironmental 
perspective, because these same spaces provide 
habitat and shelter for marine plants and animals. 

Mac-Blox has incorporated all three characteristics in it's basic 
design. 

Other, equally important design characteristics were drawn 
directly from the technology of rock structures that have proven 
themselves in countless applications throughout the world: 

1. Density of the solid mass - concrete is very close to rock 
2. Ratio of solid mass to internal spaces - approx. 80/20 
3. Slope Ratio - 2 horiz / 1 vertical for geometric stability 

EXISTING TECH~OLOGY: 

By far the most common attempt to stabilize shorelines in shallow 
coastal areas has been the use of vertical seawalls; usually of 
steel reinforced concrete. The Tampa Bay area of Florida where I 
live, is one of the most heavily seawalled areas in the world. 
UnfortunatelY these vertical seawalls violate most of the 
desirable parameters listed above. In addition, the uncoated 
steel reinforcement that was used in most of these walls ; in the 
corrosive environment of a salt water "splash zone" was a 
prescription for failure. 

These failures are now occurring at an alarming, and 
geometrically increasing rate. The basic premise of Mac-Blox is 
that it doesn't make good sense to temporarily patch these things 
up with tieback rods, and/or other "band-aid" type approaches. 
This only perpetuates the basic problem, which is the verticality 
of the structures. When we have to fix them, why not convert them 
to a permanent sloping revetment ; which is the way we should 
have been building them in the first place? 

There is much more I could tell you about Mac-Blox, but I 
subscribe to the theory that a picture is worth a thousand words, 
so let me show you some, and I will explain as we go. Then we can 
discuss any questions that you may have. 

HERE SHOW SLIDES, VIDEO, TRANSPARENCIES, ETC. 
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THE BALANCE OF THIS IS TO BE COVERED DURING 
SLIDE PRESE~TATION A~D DISCCSSIO~ 

PROBLEM OF OLDER VERTICAL SEAWALLS: 

Most knowledgeable people in the industry are a~are of the huge 
problem that exists in most coastal areas, with respect to older 
vertical seawalls, especially those of reinfor~ed concrete. These 
are caused by two basic problems with the way we have been 
building seawalls for the last forty or fifty years: 

1. Wave action slamming and bouncing against vertical 
walls causes turbulence, erosion, water turbidity, and 
a fairly sterile, unproductive aquatic environment. 

2. Highly stressed reinforced concrete, in a salt water 
environment, has very limited useful life because of 
oxidation/expansion of the reinforcing steel, and the 
subsequent breakdown of the structure. 

"BAND-AID SOLUTIONS \'S SLOPING REVET~lENTS: 

There are a number of temporary "band-aid" type approaches being 
applied now to patch these things up in a fairly primitive, labor 
intensive way. None of these represent a satisfactory long range 
solution, and none of these do anything to correct the basic 
problem of vertical walls. 

In the larger picture, there is no doubt that sloping revetment 
systems are going to replace vertical seawalls, in the vast 
majority of cases. This has already happened ~ith respect to new 
seawalls, Very few new vertical seawalls are being permitted now, 
without the protection of sloping revetments, but there are huge 
numbers of older seawalls that are nearing the end of their 
useful lives and should be converted. When the marginal cost of 
this permanent solution is very small, the temporary solutions do 
not make a great deal of sense. In many areas, it is likely that 
repairs involving sloping revetments will be mandated in the near 
future. 

PRO SLOPI~G (ROCK) REVETMENTS: 

For about the last fifteen years, the marine construction company 
of which I have been President, has been promoting the idea of 
sloping revetments as the most comprehensive solution to the 
problem of vertical seawalls. We have been using rip-rap rock for 
these revetments, because it was the only material that was 
practically available at the time. The rip-rap rock advantages 
over all other methods include simplicity, permanence, great 
structural strength, and good environmental qualities. 
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t-IAC-BLOX UlPRO\·E~IENTS: 

The ~ac-Blox System began ~ith all of the I:ell proven physical 
characteristics of rock structures, and added modern materials, 
structural integrity, great logistical advantages, cleaner 
appearance, user safety, and even better environmental qualities. 

ENVIRONMENTAL FEATURES: 

Mangroves, spartina, and similar plants, as well as many forms of 
small marine animals, thrive within the protection of the 
carefully designed internal spaces of the Mac-Blox System, these 
were very carefully developed, with input from regulatory and 
environmental agencies, to have all the desirable physical 
characteristics of rip-rap, and to improve upon rip-rap in all of 
these areas. 

HOK A~D KHY DEVELOPED: 

I am the inventor of, and hold the Patent, (currently pending) on 
the MAC-BLOX Sloping Revetment System, ~hich ~as developed in 
St. Petersburg, Florida, beginning in 1989. This ~as after 26 
years of experience in the marine construction business, being 
especially involved with many rock jetties, revetments, groins, 
sea~alls, bulkheads, weirs, docks and other types of structures 
in the water/land marginal area. This development was in response 
to increasing demand for sloping rip-rap revetments and seawall 
protection, in locations which were inaccessible for the heavy 
equipment required to install the rip-rap rock. 

EXCEEDS REGCLATORY REQUIRE~E~TS: 

From the beginning, the MAC-BLOX System was developed to be fully 
in compliance with both the requirements and preferences of 
knowledgeable regulatory ag~ncies and environmental consultants. 
Many of these characteristics came directly from Florida DER 
requirements for unconsolidated rip-rap; such as the 2:1 slope, 
(horizontal slope distance twice \'ertical slope distance), which 
is built into the modular MAC-BLOX System. The overall solid 
mass, vs interior spaces ratio, is the same as DER, and Corps of 
Engineers approved rip-rap rock structures. The MAC-BLOX System 
presents a very "rough" sloping surface to approaching I,-aves, and 
this together with the carefully designed, interconnecting 
interior spaces, dissipates wave energy in a way that is superior 
even to the rip-rap rock. 
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MODL'LAR CONCEPT: 

The Mac-Blox System is a modular concept. From the beginning I 
have envisioned that the block size ~ould probably be scaled up, 
(or perhaps down), for different applications. The size figures I 
gave you earlier are for the "standard" block. which \.Iorks ~ell 
for the great majority of low-to-medium energy .environments. This 
is the only size that has been produced to date, because of the 
ability to lock them together in large groups for different 
applications. I have had discussions ~ith a very ~ell kno\.ln 
testing facility, to explore the parameters of the system for 
higher energy applications; but to date this has not been done. 
If ~e were to use the system out here, (THIS BEING TEXAS AND ALL) 
I am sure that the blocks would have to be BIGGER here!!!! 

STRUCTURAL INTEGRITY A~D PER~ANENCE: 

By far the most important factor for anyone considering a 
shoreline stabilization system, is structural inte~ritv and lon~ 

ran~e securitv. The MAC-BLOX System is designed on the same 
simple, dependable, low stress structural principles that have 
been developed and proven on an empirical basis with the rip-rap 
rock. The MAC-BLOX are built entirely using modern Fibermesh 
Concrete. There is no steel to rust, expand, and crack the 
concrete. In addition. The cast-in place shear piling of the 
MAC-BLOX System provide quality-controlled structural integrity 
that is superior to the random interlocking of the rip-rap rock. 

AESTHETICS AND SAFETY VS RIP-RAP: 

In talking to many potential customers concerning sloping 
revetments of rip-rap rock, I have encountered significant market 
resistance in the areas of aesthetics and user safety. Regardless 
of the engineering and practical aspects involved I have had many 
people tell me that they simply do not ~ant a sloping revetment 
of rip-rap in front of their seawall because of the appearance 
and the fact that it tends to accumulate flotsam trash. This is 
aggravated by the danger of falling and/or severe leg injuries 
reslliting from trying to walk on the irregular surfaces. I have 
heard of at least one recent lawsuit concerning such an injury. 
In this case damages are being sought from a regulatory agency, 
for mandating a rip-rap revetment at a public park. 

The attractive mosaic appearance of the ~ac-Blox System, and the 
flat step-like surfaces are dramatic improvements over the 
aesthetic and safety features of the rip-rap rock. These features 
alone have given Mac-Blox a tremendous edge with engineers who 
are specifying jobs that ~ill have public access. 
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r COST EFFECTHE!\ESS: 

(-

When I mentioned before my 26 years experience in the ,-ery cost 
competitive field of marine construction --- I did so not merely 
to bore you to tears ---- but to give you an idea of "here I "'as 
coming fronl ~hen I designed the Mac-Blox System. In researching 
the "existing art" for m)- pateut application, I carr,e across some 
of the most elegantly designed and interesting "gadgets" that you 
can imagine. Unfortunately most of them were very impractical 
from the standpoint of cost effectiveness, 

In order for an idea to be successful in the competitive 
marketplace, it must be designed for efficient manufacture and 
efficient installation. The final result must compare favorably 
with alternative solutions, and must give good value for every 
dollar spent. 

At present, I am aware of no directly competitive system, and 
Mac-Blox has a very broad "Method Patent" which should preclude 
this for many years. I believe that it is important to maintain 
control of where and how it is used because the potential damage 
to this or any other new system from bad applications, is 
enormous. The closest thing to direct competition would be a 
sloping revetment of rip-rap rock. In some conditions, rip-rap 
rock is slightly cheaper than Mac-Blox. However Mac-Blox can be 
produced efficiently in a wide range of job conditions in which 
rock is cost prohibitive. 

When you consider the Mac-Blox Bonuses: 
Structural Integrity 
Aesthetics 

Mac-Blox meets the challenge of Cost 

Cser Safety 
Environmental Features 

Effectiveness very well: 

SPECIFIC APPLICATIO~S A~D DESIG~S TO DATE: 
(SHO" SLIDES & DRAW'I!\GS) 

SVM~IARY : 

Mac-Blox is proving to be an environmental Iv responsible solution 
to many of our shoreline problems in Tampa Bay and other areas of 
Florida. Many of the same problems exist in Galveston Bay, and I 
believe that this system would also be of great value here. I 
would be happy to make it available, and to work with those of 
you who are interested in specific applications in this area; or 
who might wish for more information on the System. 

Thank you for your kind attention. I would also like to express 
my thanks to Dr. Wang for his interest, and for the invitation to 
speak to you here 
today. 
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MAC - 8LOX T~· (THt: SEAWALL SOLUTION) 
A MODULAR SYSTEM OF CONCRETE RIP-RAP BLOCKS DESIGNED FOR: 

1. REINFORCING EXISTING SEAWALLS 

2. CONSTRUCTING NEW SEAWALLS WITH INTEGRAL SLOPING REVETMENT 

3. STABILIZING A SHORELINE WITHOUT A VERTICAL SEAWALL 

VERTICAL CYLINDRICAL ~ 

SPACES IN CENTER OF BLOCKS 

MATCH SUCCESSIVE LAYERS AND 

ARE USED FOR SHEAR PILING 

WHICH LOCK THE LAYERS TOGETHER. 

FLAT SURFACES TOP AND BOTTOM FOR __ ....J 

COST-EFFECTIVE PRODUCTION AND SAFE 

SURFACES FOR WALKING ON THE 

FINISHED REVETMENT. 

MULTI-FACETED, ROUGH. SLOPING SURFACE 

IS PRESENTED TO WAVE ENERGY APPROACHING FROM 

ANY ANGLE. IDEAL FOR BEST ENERGY ABSORPTION. 

'. 

_____ .. ";,. ) ,x Patent Pending 

./ 

~PERIMETER SHAPES MATCH WITH ADJACENT 

UNITS TO CREATE INTERNAL SPACES FOR: 

1. ANIMAL HABITAT 

2. PROTECTED GROWING SPACE FOR 
MARINE PLANTS 

3. HYDRAULIC SURGE SPACES FOR ABSORBING 
WAVE ENERGY 

SAME AMOUNT OF INTERNAL SPACES AS NATURAL 
STONE REVETMENTS. 

~ ~ HORIZONTAL GROOVES FOR COMMUNICATION 

~ BETWEEN VERTICAL CYLINDRICAL SPACES. 

MODULAR SYSTEM RESULTS IN· IDEAL 

2H : IV SLOPING REVETMENT WITH 

ROUGH SURFACE AND· INTERNAL SPACES 

TO ABSORB WAVE ENERGY. AND PR~VENT .. 

EROSION OF BOTTOM.MATERIAL. 

HAC-BLOt CORPORATION 

STANDARD BLOCK FEATURES 

4/19/90 DRY 
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9"" SHEAR PILING HOLES IN 
HAC-BLOX. CAST-IN-PLACE WITH 
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FILL WITH CRUSHED 
STONE. 
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- FILTER CLOTH UNDER BEDDING STONE Al\~ UP ....... WIU ... 

ON 
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MAC-BLOt :J[TTYtGROIN SECTIONS 

INTERCfJ#JNEcnNG, ImE~/OI< SPACES (IJElfTICIU. AND ~/ZOA1T11L) 
RJR DISSIPlmJl~ WAVE' EJlEPR{ fUJ{) P/tOVIDIJlr.:, HII8I1I1T 

FU MARlAlE LJ 

TYPICAl. CROSS ss:noiJ AT ff.8/ME7ER. OF MAc-8IAY . 

SIlEAJl. PILltJG, IhI.ES FILLED WITH C~HED 

S/IEAR 'PIu~ ~ I~ MIK;-~r 
CAST IN PLAcE WITt( 

rlS£RMESIi ~ 

57tWE 8E1JP1Ns, f!HI!/J.. F1CTfiiIG.~;ru_..; 

TIPICAL CRaSS SECT/QI} AT CENTER OF MAC-BW 

MAC-BLOX 
(PIfTEMr PEtJDaJe,) 

3/9/tJ DRM. 
5BH:r~ 
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NEW MAC-BLOX SEAWALL SYST~M 

(SLOPING REVETMENT BUILT-IN) 
COMPOSITE SECTION 5BHICW 
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PROPOSED FOR THE CITY OF WEST PALM BEACH 

NORTH FLAGU:R DRIVE AT CURREY PARK 

9" 0 SHEAR PILING HOLES IN MAC-BLOX 
CAST-IN-PLACE UITH 3500 ~SI FM CONC. 

9" e SHEAR PILING 
HOLES FILLED WITH 
CRUSHED STONE. 

~
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-. ' 
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10TTOM 

LAYER OF CRUSHED STONE REDDING. FILTER CLOTH UNDER ·REDDING STONE. 

9'-0" WIDTH OF MAC-RLOX SECTION 

MAC-RLOX 
PATENT PENDING 
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. HAC-BLOX SLOPING REVETMENT RETAINING WALL 

PROPOSED FOR BEN T. DAVIS PARK - TAMPA. FLORIDA PARKS DEPARTMENT 

Existing Asphalt Parking Lot 

Existing Concrete Sidewalk 
(Elevation Varies) 
Design Elevation 
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MAC-BLOX Sl.OP [f'.j(; RE\lETMENT RETAINING WALL 

PROPOSED FOR SILVER SANDS CONOOMINlUM 
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ST. PETERSBURG BEACH, FLA. 

Shear Piling Holes In Mac-Blox 
Fill With 3~OO PSI FM Concrete 

Shear Piling Hole Fille~ 

Excavate To Thifi LIne tt) 
For Construction 

Layer Of Florida Limestone 
Over Filter Fahric Mat 

With Crushed Stone 

9" 

MSL 

l" 

M:\('-III (l)' I'nt .. rot Penll1nl~ 

MAC-Bf.OX CORPORATION 

Standan1 Section 4BH27CW 

3/21/91 DRM 



Excavate To This Line 
For Construction 

HAC-BLOX SLOPING REVETMENT RETAINING WALL 

PROPOSED FOR ST. PETERSBURG BEACH EGAN PARK 

LGranUlar Fil7 I 

9" Continuous Concrete Curb 

Epoxy "II 
Coated Rebar'~~~ti:~~~If~~~ 

(Cast-In-Place) 

, Shear Piling Holes In Hac-Blox 
Fill With 3500 PSI FH Concrete 

9" , Piling Holes Filled 
With Crushed Stone 

Typical Height 
2:1 Slope 

cd\ 

3" ± Layer Of Crushed Stone Bedding 
Over Filter Fabric Hat 

7'-6" Width Of Hac-Blox Section 

HAC-BLOX CORPORATION 

Standard Section 4BHICRB 
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MAC-BLDX RIP RAP SYSTEM PLAN 
17900-17964 U S HIGH'WAY NORTH 
CLEAR'W ATER, FLORIDA 

RAISE EXISTING CURB 6' 
rOR 10' ON EACH SIDE 
Dr RIP RAP TO CONTROL 
RUN orF 

12'-0" 

r EXISTING ASPHALT 
/ ""ING LOT 

4' THICK CONCRETE 
INFILL BETVEEN EXISTING 
CURB AND MAC BLOX 

12'-OH 



2'-6' 

-------- -----------

MAC-BLOX RIP RAP SYSTEM SECTION 
17900-17964 U S HIGH\JAY NORTH 
CLEAR\JATER, FLORIDA 

TOP OF" EXISTING "'ALL AT 3.5' MSL 

CONCRETE INF"ILL 

NINE COURSE MACBLOX SYSTEM 
TOP OF" CONCRETE AT +6.0' MH'" 

13'-6' 

CONCRETE IN PILING HOLES 
\,11TH ONE #4 EPOXY COATED BA~ TYP 

6' CONCRETE CURB AT 
EDGE OF" REVETMENT 

6'-'3' 

12' CRUSHED STONE BEDDING 
ON F"IL TER CLOTH 
EXISTING BERM AT 0.0' MSL 



(-

(

0' 

. -

LOT 21 

LOT 20 
NORTH EAST PARK SHORES 
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BLOCK 4 
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/ 
.. .. 1191 42ND AVENUE N.E. 
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LOT 20 

EXISTING SEAVALL 
TOP OF CONCRETE 
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LOT 19 

PLACIDO BA YOU 

FOUR COURSE 
MACBLOX REVETMENT 
T.O.C. AT 2.3' MSL 

STEP DDVN 
MACBLDX 
AT END OF 
REVETMENT, 
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MAC-BLOX RIP RAP SYSTEM SECTION 
1020 FRIENDLY 'WAY SOUTH 
ST. PETERSBURG, FLORIDA 

EXISTING CROSS TIE 
RETAINING 'WALL 

F"INISHED GRADE CONCRETE LEVELING CURB ELEV T.o.C. 4.0' MSL 
SA'W CUT AT 9'-0' D.C. 
12' 'WIDE. HEIGHT VARIES (NoMINALL Y 8' HIGH) 
2 #5 BARS INTERRUPTED AT SA'W CUTS 

CONCRETE IN PILING HOLES 

CRUSHED STONE BEDDING 
ON F'lL TER CLOTH 

EPOXY COATED #5 BAR IN 
THIS AND REAR HAL~ HOLE ONLY 
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Horizontal Dewatering Systems, Inc. 

Horizontal Dewatering Systems, Inc. (lIDSI) is a Florida 
corporation organized in May of 1987. Though still a young 
company, HDSI's founder, Donald R. Justice, has more than 30 years 
of proven success in the underground construction industry. 

HDSI's initial efforts were directed at developing a cost 
effective dewatering system for that industry. However, those 
initial efforts soon evolved into a new technology that replaces 
the traditional, vertical wellpoint dewatering systems that have 
dominated the construction industry for decades. 

This new technology, called the Horizontal Well, is currently 
extracting non-potable, surficial aquifer ground waters from depths 
up to 20 feet. In less than 12 months, improved equipment designs 
will allow HDSI to work at depths of 25 feet. However, HDSI has 
already proven not only to be superior to the traditional vertical 
wellpoint systems, but exceptionally time and cost-effective as 
well. 

DUring the early installation and development work, it soon 
became evident to HDSI's senior management that the application of 
the Horizontal Well extraction and recovery concept possessed 
additional advantages when applied to other water resource 
recovery, reuse and environmental enhancement endeavors, inclusive 
beach stabilization. 

While continuing basic construction dewatering efforts, HDSI 
became convinced that the increasing value of water rights and 
declining sources of potable water made surficial recoveries even 
more important. That increased value is due in part to the natural 
hydrological cycle of water resources but more so by the need of 
states, cities and municipal authorities to access and use water in 
an environmentally responsible manner. Industrial and commercial 
enterprises have also created the need for site containment 
barriers, water cleanup and recharge and reuse. 

In fact, waste water effluent discharge into natural surface 
water bodies is the subject of much state and federal legislation, 
regulation and policy, and the water reuse concept has been 
accepted - and in some cases, mandated - as a method of protecting 
and prolonging precious water resources. 

To that end, Horizontal Wells have been installed as 
irrigation supply wells for agricultural operations like citrus 
groves and ferneries and even non-agricultural entities such as 
golf courses. HDSI has also used its system in cleanup efforts on 
contaminated sites - both for water and contaminate extraction - ~ 
and for aquifer recharge using treated and/or processed water. 
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cont'd. 

To date, HDSI has completed over .1,000 installations, 
utilizing nearly 300 miles of Horizontal Wells systems. This 
proven technology has been successfully used on both long and short 
term projects. Along the way, the company has developed many 
refinements in the system's capability and performance including 
better trenching production, extremely durable piping and filter 
materials, all adding to the overall performance of HDSI's highly 
skilled personnel. HDfI's acceptance in the marketplace is growing 
rapidly and serves to underscore the system's uniqueness as its 
major asset. 



How Does HDSI's Beach Preservation System Work? 

If the water table at a beach face is higher than sea level, 
water tends to run out of the beach face, carrying sand with it, 
into the retreating waves. 

However, if the water table at the beach face is artificially 
lowered below sea level, incoming waves drain into the beach face 
holding the sand in place, thus preserving the shoreline. 

That is, each incoming wave is composed of a mass of water 
moving above some mean water level. The greater the mass of water 
in the incoming wave, the more solid material transport capacity is 
created. The hydrostatic pressure of these incoming waves breaks 
up the beach face by forcing apart its grains of sand and, when 
combined with the outflow of water from the beach face - and the 
turbulence of the breaking wave suspends the sand in the 
retreating wave and results in the subsequent loss of beach 
material. 

If the hydrostatic pressure within the beach face could be 
locally reduced, the inflow of water from waves into the beach face 
would resul t in an adhesion between the grains of sand on the 
beach. If the reduction in hydrostatic pressure is substantial 
enough, the beach face becomes resistant to material suspension, 
transport by wave action, and the result is a significant reduction 
in beach face erosion. 

By removing water from the beach face, HDSI' s proprietary 
system controls the hydrostatic pressure, providing the desired 
result. Its groundwater recovery and control system has been used 
extensively for years across a wide array of applications. 
Specialized patented equipment. provides rapid, economic 
installation, while specialized operations and monitoring systems 
have been developed and are in use on the newest systems. The cost 
effective package of equipment, material and know-how can now be 
deployed in beach preservation. 

Horizontal Wells can substantially prolong the life of beach 
fill and renourishment projects by keeping the material in place 
longer and can reduce recurring renourishment programs, costly to 
taxpayers, owners and others involved in beach preservation. 
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Advantages of HDSI's Beach Preservation System 

Can be installed in a fraction of the time required for 
conventional sand drain dewatering systems. 

More cost effective than conventional systems. 

Dramatically less destructive than conventional systems and 
once completed, returns the beach front to its natural state. 

Environmentally friendly, even to sensitive turtle habitats. 

System components are long lived, even in hostile salt water 
environments. 

There are no hard structures to disrupt natural shore life. 

Depth of installation precludes storm damage. 

The system can be operated at variabl e rates, both 
automatically and manually. Once the shoreline is normalized, 
the system will function in a maintenance mode. 

costly recurring beach renourishment cycles are minimized. 



Quotes on Benefits & Advantages of the System 

"The benefits of this proprietarY system are multi-fold: 

• There are no physical above-ground or in-water impediments. 
This system, when installed and operating, offers no 
obstructions to walkers, strollers, swimmers or recreational 
use on the beach. 

• It offers no impediments to any animals, fish, birds or 
organisms that live in the beach. The exposed features are 
virtually unnoticeable and are located on uplands designed to 
have no inf I uence on any swimming organism. There are no 
structures to interfere with the swimming or feeding actions 
of fish or birds. 

• It is invisible. The beauty, aesthetics and function of the 
beach remains the same. 

• The system can be operated either manually or automatically. 
The function can be varied with natural changes in sediment 
transport rate, wave conditions, or seasonal requirements or 
can be adjusted to reduce the subsurface hydrostatic field on 
timing operational cycles. 

• The system can be operated at variable rates. Thus, sands can 
be induced to collect and the system can be operated allowing 
the shoreline to normalize. Once the shoreline is normalized, 
the system will function in a maintenance mode. 

Geo-Marine, Inc. 
Dr. Michael Stephen, Ph.D, P.G. 

Quotes on the Efficiency of the System 

"Changes in ocean still-water level and beach ground water 
level are the most important variables influencing changes in 
foreshore sand volume." Coastal Zone Conference, 1989. 

"This process can substantially prolong the residence time of 
beach fill material, extend project Ii fe and reduce the 
overall cost to the taxpayer." Dr. Michael Stephen, Ph.D., 
P.G., Geo-Marine, Inc. 

Commenting on the actual installation of a beach face 
dewatering system, Dr. Robert G. Dean of the University of 
Florida stated: "The [beach] segment within the system ..• has 
experienced a gradual increase and has been relatively stable 
compared to the adjacent segments ... " 
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Introduction 

The "Viscous Drag Mat- was designed to have a very high resistance to flow 

so that it could be applied to reduce wave and current energy. In addition, it had to 

be easily installed, cost effective, and reliable. 

The -viscous drag- component of the mat is manufactured out of a specially 

formulated propylene polymer. This polymer offers both a specific gravity of .87, a 

significant improvement in polymer design, and a high tensile strength. 

In order to achieve a very high density of buoyant tapes, a novel manufactur

ing process had to be developed. This allowed us to produce a mat that, when fully 

deployed on sea-bed, could achieve a tape density of up to one 1" x 5'3" tape per 

square inch. This would present a total wetted drag area of 3.8 million square 

inches uniformly distributed within 1109 cubic feet. 

Under water, the side face of the mat presented to the water current entry 

yields and the water velocity is then progressively diminished as the tapes, through 

the body of the mat, exert a continuous drag force on the current. The mat, in its 

installed position, is designed to accommodate water currents from any direction. 

As the velocity of the current is reduced within the confines of the mat, carried 

sediment particles lose their flight mode and settle within the mat tapes, eventually 

building up into a highly cohesive reinforced soil bank. 

Anchoring System 

Permanent retention of this high profile mass of buoyant tapes to the seabed is 

achieved through the use of a novel anchor. Each mat is anchored into the sea bed with 

24 of these ground anchors. The anchors are driven in pairs to a depth offourfeet. Each 

anchor in the pair has a minimum retention capability of two tons. Each mat, installed 

underwater in silty-sand, will have a minimum non-gravitational hold down of 48 tons. 



Once installed, the mat will develop into a soil bank approximately five feet high with 

a base measuring 16.25 feet by 13 feet. This soil bank alone will weigh approximately 

50 tons. 
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Bottom View of The Viscous Drag Mat 

Illustrating the Anchor Strapping Pat

tern. At the end of each strap pair, a pair 

of ground anchors is attached and driven 

down four feet. 

Product Life 

~'------Drive Tool 

_----Polyester 
Strapping 

_-----Anchor Plate 

Anchor Pair Bent Into Driving Position. 

As tension is applied to the anchor pair, 

it will open up and split into two sepa

rate plates. 

The mat has been designed for a long buried life. In meeting this require

ment, the propylene polymer used for the buoyant tapes has been found to have 

little to no change in physical characteristics after twenty years burial. 
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Installation 

Installation in deep water is carried out by divers using a -dispenser- allow

ing a standard 5 meter (16.25') length mat to be installed on bottom within five 

minutes (10 meter/33.5' length mats can also be accommodated). 

In shallow water an amphibious vehicle with a diver standby would be used, 

and runs of thirty meter (97.5') mats would be installed. Shorter runs could also be 

accommodated. 

I would describe the reinforced soil bank generated by the mat as an -Engi

neering Tool- that could be applied in shore protection. Off shore breakwaters, 

shore connected breakwaters, jetties, and groins name but a few of the possible 

applications. In some cases the mat is used as a foundation, and others to form the 

entire structure. 

Advantages 

I consider the following advantages as important considerations. 

1. The system is environmentally acceptable. The European Fishermen 

recommend its use; it is inert and attracts fish through all stages of development 

including the finally formed bank. Whereas in my experience, the use of dumped stone 

can drive fish from their habitat for periods of up to two years. 

2. The system is totally inert and will not contaminate the water. It does not 

adversely effect any marine life or vegetative growth. 

3. The finally formed bank is not rigid in structural terms. It contour-follows the 

bottom profile and blends into the seabed, its shape fashioned by the current. 

4. Soil particles settling within the mat are subject to vibration transmitted by 

the buoyant tapes agitated by the current. This results in an extremely high degree of 

soil compaction. 

5. The mat is immediately effective on deployment. 



6. The mat does not require any follow up maintenance, nor is it a sacrificial 

system requiring periodic nourishment. 

7. It also has a significantly lower installation cost when compared to traditionally 

used systems. 

Breakwaters 

In the course of carrying out a documentary study of coastal protection struc

tures, I have established that the offshore breakwater, when correctly applied, 

displays the highest level of beach accretion. Failures recorded could be categorized 

under two headings, positional and structural. 

In the case of position (location on bed), the results achieved were other than 

the primary engineering requirement. In other words, accretion and depletion of 

soil took place in the wrong zones. Not always a complete disaster, dredging and 

the introduction of additional diversionary structures were used as corrective 

mechanisms. 

Structural failures such as breaching and collapses due to current, wave 

energy, and scour occurred frequently. Cost had obviously dictated design, which 

had a direct effect on the stability and life of the structures. Well designed struc

tures, armored and monolithic in characteristic, survived and proved to be good for 

purpose in performance. 

The argument not to use the offshore breakwater because it creates local 

accretion and causes depletion elsewhere as a result of diverting soil from long 

shore sediment transport should not in any way mitigate against its use. It is my 

opinion that only a small percentage of the long shore transported sediment would 

be retained locally, and the onshore wave-carried sediment would be the major 

contributor to the beach until a state of ·soil build-up· equilibrium is attained. 
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Stages in the Growth of a Tombolo Sand Bar. 

Plan View. 

Erosion Control "Mats" Used to Create an 
Underwater Berm Inducing the "Tombolo· Effect. 
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Viscous Drag Mat - Oblique View 
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Ground Anchors 
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Reinforced Soil Bank - 6 years. 

Leman Field, Southern North Sea, Europe 

Note: Abundance of Normal Marine Life 
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Erosion Control Mat - Installations 

Date Client Application / Location 

May 87 Conoco Jack-Up Rig Scour Correction - Valiant Field 

Jul87 Shell Cable-pipeline Crossover Protection & Stabilization - Leman Field 

Jul87 Conoco Pipeline Free Span Correction - Viking Field 

Aug 87 Amoco Jacket Scour Correction - Leman Field 

Oct 87 Shell Pipeline Free Span Correction 

Dec 87 Shell Jacket Scour Correction - Sean RD 

Mar 88 Pennzoil. Holland Jack-Up Rig Scour Correction - Dutch Sector 

Apr 88 Shell Jack-Up Rig Scour Correction - Leman Field 

May 88 Pennzoil. Holland Jack-Up Rig Scour Correction - Dutch Sector 

May 88 Shell Jack-Up Rig Scour Correction - Morecambe Bay 

JUD 88 Amoco Jacket Scour Correction - Leman Field 

Jun 88 BP Sub Sea Housing Stabilization - Ravenspum Field 

JUD 88 Conoco Pipeline Scour Remedial Installations - 'V' Fields 

JUD 88 BP Spool Piece Free Span Correction - Ravenspum Field 

(- JuJ 88 Scottish Electricity Power Cable Stabilization Trials - Isle of Skye 

Jul88 BP Jacket Scour Correction - Cleeton Field 

Jul88 Hamilton Bros. Pipeline Free Span Correction - Esmond Field 

Jul88 BP Jacket Scour Correction - Ravenspum Field 

Aug 88 British Nuclear Fuels Pipeline Stabilization Trials - Sellafield 

Aug 88 Hydrocarbons GB Pipeline Free Span Correction - Morecambe Bay 

Aug 88 Shell Jack-Up Rig Stabilization - Leman Field 

Sep 88 Hydrocarbons GB Pipeline Stabilization - Morecambe Bay 

Sep 88 Waveny District Wave Energy Reduction - Corton Beach 

Sep 88 Amoco Pipeline Span Correction & Stabilization - Indefatigable I Leman Fields 

Sep88 Shell Pipeline Stabilization - Leman Field 

Sep 88 Phillips Spool Piece Stabilization - Della Field 

Oct 88 Mobil Jacket Stabilization - Camelot Field 

Oct 88 Phillips Spool Piece Stabilization - Della Field 

Nov 88 Shell Jack-Up Rig Stabilization - Leman Field 

Jan 89 Odeco. USA Jack-Up Production Rig Stabilization - Gulf of Mexico 

Feb 89 Mobil Jack-Up Rig Stabilization - Camelot Field 

( Feb 89 Mobil Pipeline Stabilization - Camelot Field 

Mar 89 Shell Jack-Up Stabilization - Sole Pit 



Erosion Control Mat - Installations 

Date Client A212lication I Location 

Apr 89 Shell Jack-Up Rig Stabilization - Leman Field 

Apr 89 Amoco Pipeline Free Span Correction - Indefatigable Field 

Apr 89 Arco Wellhead Protection Frame Stabilization - Weiland 

May 89 Shell Jack-Up Rig Stabilization - Leman Field 

May 89 Conoco S. Valiant Field Development / Viking BCIBD Platforms 

Jun 89 Odeco, USA Jack-Up Production Rig Stabilization - Gulf of Mexico 

Jun 89 Amoco Pipeline Free Span Correction -Indefatigable Field 

Jul89 Arco Wellhead Protection Frame Stabilization - Thames Oscar Field 

Jul89 Amoco Pipeline Free Span Correction -Indefatigable Field 

Aug 89 Shell Jack-Up Rig Stabilization - Leman Field 

Aug 89 Marenco Engine::ring Power Cable Scour Correction - Prince Edward Island, Canada 

Sep 89 Hamilton Bros. Subsea Valve Stabilization - Ravenspurn North Field 

Sep 89 Clough-Stena SALM Riser Stabilization - Timor Sea, Challis Field, West Australia 

Sep 89 Oceaneering / Amoco Jack-Up Rig Stabilization - Penrod 85 - Leman Field 1-

Oct 89 2W / Hamilton Bros. Scour Prevention - Cleeton / Ravenspurn Fields 

Nov 89 Shell Jack-Up Rig Stabilization - Rowan Gorilla 

Dec 89 Shell Production Riser Stabilization - Leman Field 

Feb 90 Shell Jack-Up Rig Stabilization - Cecil Provine 

Apr 90 Stena I Shell Scour Prevention - Sole Pit Field 

Apr 90 Stena I Amoco Pipeline Span Correction & Stabilization - Indefatigable & Leman Fields 

Apr 90 Conoco Jacket Stabilization - Viking BC Platform 

May 90 Shell Jack-Up Rig Stabilization - Galveston Key 

Jun 90 Phillips Jacket Stabilization & Correction - Hewett Field 

Jun90 Rockwater / Arco Umbilical/Pipeline Tie-Ins Stabilization - Weiland 

Jul90 Stena / Amoco Pipeline Stabilization - Indefatigable Field 

Aug 90 Shell Pipeline Free Span Correction & Stabilization - Leman Field 

Sep90 Stena / Amoco Pipeline Stabilization - Indefatigable Field 

Sep90 Shell Riser Stabilization - Leman Field 

Sep90 Rockwater I Shell Valve Frame Stabilization & Protection - Sean Field 

Sep90 Stena / Amoco Pipeline Span Correction & Stabilization - Indefatigable & Leman Fields 

Oct 90 Stena / Amoco Pipeline Stabilization - Indefatigable Field 

Nov 90 Stena / Amoco Pipeline Stabilization - Indefatigable Field -
Dec 90 Christi ani Morrison Domoch Bridge Scour Correction & Stabilization 
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ABSTRACT 

This design project, inspired and initiated by Dr. Y.H. Wang 

of the Maritime Systems Engineering (MASE) Department, Texas AAM 

University at Galveston, proposes some engineering alternatives 

to solve the excessive erosion in the vacinity of the man-made 

cut in Bolivar Peninsula called Rollover Fish Pass and to 

revitalize the now sediment choked Rollover Bay for the benefit 

of local residents on Bolivar Peninsula in particular and the 

well being of Texas coastline in general. 

Rollover Fish Pass was originally constructed in the middle 

fifties in an effort to creat a nursery area in the then 

unproductive waters of Galveston East Bay. This man-made cut is 

a flood dominated tidal inlet. These flood tides carry with them 

a large amount of littoral material (sand). 

material is returned to the Gulf during ebb 

A portion of 

tides, but 

this 

much 

remains. It is this facet of the Pass that has interrupted the 

natural flow of littoral material along Bolivar Peninsula. The 

net effect of this interruption has resulted in the severe erosion 

of the Gulf beaches, increased deposition of littoral material in 

Rollover Bay and the Gulf Intracoastal Waterway, and, the resulting 

~__ steady decrease of saline water entering into Galveston East Bay. 
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The design class takes an integrated system approach. The 

comprehensive plan involves using the sands deposited in Rollover 

B~y in two ~aYR. First, Rollover Bay would be dredged to a depth 

such that a marshland could be introduced. The sands thus 

recovered could then be used to restore and ~ourish the beaches 

where severe erosion threatens public and private property. 

Second, a pair of jetties to control the future movement of 

littoral material into the marshlands would be constructed. The 

plan then proposes using sand by-passing technology to minimize 

the interruption of littoral flow along the Bolivar Peninsula by 

pumping sediment around the Fish Pass and Jetties. Finally, an 

environmental assessment of all these proposed changes is made. 
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EXECUTIVE SUMMARY AND PROJECT RECOMMENDATIO~S 

1. Assessment of current problems in the Rollover vicinity 

1.1 Land losses: Four rows of houses have been lost to the 

Gulf • The trend of land losses continues at approxima-

tely 15 feet per year by some investigators. 

1.2 Beaches: Approximately a 2-mile long strectch of coast-

line on both sides of the Rollover Pass has no beaches 

and dunes. 

1.3 Highway and Bridge: The state highway 87 and the bridge 

across the Rollover Pass are threatened by the continuous 

loss of land. The citizens feel that a major storm may 

wipe out the bridge and a segment of highway 87 near the 

Pass, thus, cut Bolivar Peninsula in two parts. • 

1.4 The inlet channel: The steel sheet piles lining the 

inlet channel were badly corroded. Large waves and 

swells directly reached the inlet channel from the Gulf. 

Strong and swirl currents and eddies were observed in the 

Pass. Two drownings were reported in 1989. 

1.5 The Rollover Bay: The then 6-ft deep Rollover Bay is now 

choked up with sediments. Flushing of the Bay and 

salinity replenishment to the Bay water are impaired. 

During low tides, most parts of the Bay are dry and one 

can walk on it. 

1.6 The Intracoastal Waterway: The segment of Intracoastal 

Waterway north to the Rollover Bay is shoaling up by 

sediments from the Bay. -, 
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2. Improvements and solutions to current problems 

A system approach to provide answers to current problems must 

be adopted. The comprehensive plan includes: 

2. 1 The dune-beach system in the vicinity of 

will be restored to a size compatible to 

Rollover Pass 

the natural 

coastline on Bolivar Peninsula for prevent ina further 

land losses and for providing recreational use by general 

public. The sediment materials for dune and beach res

toration and nourishment will be derived from dredging 

the Rollover Bay. 

2.2 The re-vitalization of the now smothered Rollover Bay 

will be done by removing the bay sediment for dune-beach 

restoration and simultaneously to create a marshland in 

Rollover Bay for substantial increase of biological 

productivity and for the improvement of water quality 

in the Rollover Bay through increased flushing. 

2.3 The badly corroded steel piles lining the inlet channel 

walls should be replaced with corrosion resistant 

structure. 

2.4 The future sediment movement to the Bay and the 

created marshland will be slowed/prevented by 

newly 

the 

construction of a pair jetties. These jetties would also 

improve 

channel. 

the hydraulic conditions within the inlet 
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2.5 The interruption of littoral flow of sediment along the 

Bolivar Peninsula by jetties will be remediated by a sand 

by-pBHRing system which moves sediments around the Pass 

and Jetties to the down drift side. 

3. Assesment of environmental impact 

3.1 Volume exchan,e between Rollover Bay and Gulf will be 

increased due to dred,in" consequently, the flushing 

time will also be incresed by approximately 10 %. 

3.2 Positive increase of salinity, although minute, would 

occur after implementation of the project. 

3.3 The water quality of Rollover and Galveston East Bay 

will be improved because of the increasing volume 

exchan,e in the Rollover Bay and the decreasing sediment 

suspension after the completion of the project. 

3.4 A temporary loss of benthic population would occur due 

to dred,in" however, they are expected to re-establish 

their presence during or after the completion of the 

proposed plan. Shorebirds are to feed in the neighbor

ing area temporarily durin, the construction period. 

3.5 The bay bottom will be dredged to form contours and 

net works of small channels, thus allowing for snIt 

water inundation. The creation of a marshland would 

make the area more biolo,ically productive, and more 

species of biota would be able utilize the area. 

10 
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4. Cost-benefit consideration 

4.1 Cost of the project: 

Dune-beach restoration and nourishment 
Jetty construction 
Sand by-passing, pump station system t 

Total project costs 

'3,430,000 
3,840,000 
2,330,000 

$9,600,000 

, (alternative sand by-passin, scheme using dragline, 
the equipment rental fee is SI77,000/yr.) 

4.2 Benefits: 

* Prevention of further land and property losses 

* Avoiding relocation of State Highway 87 and the bridge 

across the Rollover Pass 

* Improvement of water quality in the Rollover Bay 

* Increased biota productivity due to creation of marshland 

* Increasing of tourism 

* Reducing dredging in the intracoastal waterway 

A~ accurate account of these benefits in terms of dollar 

value is not available at this time due to narrow deadline 

for this study. 

5. Recommendations 

5.1 It is recommended that the implementation of this 

proposed plan be carried out as soon as possible. 

5.2 The badly corroded steel sheet piles along the inlet 

channel should be replaced with more permanent corrosion 

resistant structures. 

11 



5.3 Effort to quantify the benefits in terms of dollar value 

should be made immediately. The cost-benefit ratio is 

important for securing Federal and State funds. 

5.4 More sand sample analyses to cover the depth and area of 

Rollover Bay must be done so that the source site of 

borrow material for beach restoration and nourishment 

can be finalized. 

5.5 Creation of marshland is a relatively new technology. 

Joint effort between engineers, 

is called for. Design aspect 

marshland should commence now. 

12 
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PART I Introduction 

1.1. Historical background and previous work on Rollover Pass 

The Rollover Fish Pass is a man-made and artificially 

stabilized tidal inlet opened in 1954-1955 on the upper Texas 

coast approximately 19 miles northeast of the Galveston Bay 

entrance on Bolivar Peninsula, Texas. Problems with scouring in 

the Pass caused a closing for the installation of steel sheet 

piles along the sides of the Pass. Since the re-opening in 1959, 

beach loss in the area around the pass has averaged 14 to 16 feet 

per year according to the U.S. Army Corps of Engineers (USACOE). 

Erosion for the two aides of the pass have differed since the 

re-opening in 1959-1960, with the rate of shoreline loss on the 

southwest side of the Pass exceeding that of the northeast. 

Numerous scientific studies on the inlet stability and the 

rate of littoral transport have been done in the past decades. A 

good re-count of these studies may be found in the paper by 

J.D. Bales and E.R. Holley which entitled Sand Transport In Texas 

Tidal Inlet published in the Journal of Waterway, Port, Coastal, 

and Ocean Engineering, Vol. 115, No.4, July, 1989 pp 427-443. 

1.2. Local Community Inputs 

On Septempber 13, 1989, the entire design class went to 

Bolivar Peninsula to attend a town meeting and to learn first 

hand regarding the problems, concerns and desires of improvements 

of citizens on Bolivar Peninsula. With the local community inputs 

(~_ the design group return to the class and started to formulate the 

objectives and tasks. On December 1, 1989, the Citizens on 
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Bolivar Peninsula were invited to Texas AiM University at 

Galveston in a presentation to hear the results that the design 

class has arrived at. Discussions and comments received during 

the presentation were incoporated into the final report. 

1.3. Objective and Scope of the Present Work 

The objective of present work focuses on the utilization of 

existing data accumulated by various investigators in the past 

decades for the design of improvements. 

on the Rollover Pass. 

It is not another study 

The scope of present work includes the following: 

* Prevent further loss of beach front land and property 

* Re-vitalize the Rollover Bay 

* Maintain the integrity of the highway 87 near the Pass 

and the bridge across the Rollover Pass. 

* The integrity and well being of the coastline along 

Bolivar Peninsula 

* The improvement of the hydraulic conditions in the 

inlet channel, but leave out the inlet structural 

improvement which has already been scheduled for 

construction by the Texas Parks and Wildlife Department. 

14 
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PART II PHYSICAL ENVIRONMENT 

11.1. Site description 

The man-made cut, artificially stabilized inlet channel 

which connects the Rollover Bay and Gulf of Mexico is called 

Rollover Pass. The Pass is located 19 mile northeast of 

Galveston Bay entrance and 38 miles southwest of Sabine Pass. 

The Rollover Pass is approximately 1500 feet long, 200 feet wide 

with variable depth ranging from 3 to 5 feet. The channel wall 

was lined with steel piles; concrete bulkhead were added later 

to the badly corroded steel pile sections seaward of the Rollover 

bridge. Steel piles were also driven across the channel 

immediately seaward of the Rollover bridge in the shape of a 

trapezoidal weir for the protection of the bridge foundation. 

The Rollover Bay is located near the east end of Galveston 

East Bay and is separated from the Galveston East Bay by the 

Intracoastal Waterway and the dr~d,e spoil areas. Free water 

xchan,es between East Bay, Rollover Bay and the Introcoastal 

Waterway are observeable. Durin, high tides, the water depth in 

the Rollover Bay is about 6 in. to 1 foot, while during lo~ tides 

most bay area are exposed and dry. The Rollover Bay emcompass an 

area of 2.3 million square yards. 

A two-mile long coastline on both sides of the Rollover 

Pass is severly eroded. The beach there is steep, short, shelly 

and with no sand on it. No duneline is in existance. 

The steel piles lining the inlet channel are badly 

corroded. During a rough weather, big waves and swells reach the 

channel directly from the Gulf, as a result of this. slushing, 

15 



swirl currents and eddies in the channel are clearly visible. 

Two drwonings were reported in 1989. 

11.2. Nearshore Environment 

11.2.1. Water levels 

Astronomical tide along Bolivar Peninsula is about 2 

feet on the average. Storm surge greater than 5 feet 

have occured every 2 to 3 year. 

lI.2.2. Coastal current and circulation 

The magnitude of the longshore current is generally 

strong during Winter and Spring; while durin, summer 

months the current is directed toward the northeast due 

to predominated on-shore ~inds. The speed of the long

shore current ranges from 0.67 ft/sec to 0.8 ft/sec. 

Il.2.3. Wave conditions 

Waves with heights exceeding 4.5 feet occur 1 to 3% 

of the time and wave height less than 2.0 feet occurs 

25 to 50% of the time. 

11.2.4. Weather fronts and storms 

There are about 15 to 20 polar fronts pass through the 

Rollover Pass region each year with wind speed up to 50 

miles per hour. Fifteen hurricanes have made landfall 

within 50 miles of Rollover Pass during the last fifty 

years. 

A ,ood re-count of the nearshore environmental conditions 

were summarized by Bales and Holley in 1989. 
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ABSTRACT OF BEACH RESTORATION AND NOURISHMENT PLAN 

The plan for restorin, and nourishin, the severely eroded 

beaches around the Rollover Fish Pass constitutes three 

sequential phases, namely, the understanding of the pysiology of 

the shoreline, the search in, for sand sources, and the design of 

the restored beach-dune dimensions and elevation. 

Past and present literature are surveyed, digested and 

compiled for the understanding of the physical environment. Sand 

samples are taken from the Rollover Bay and analyzed in the 

laboratory to evaluate their usability for beach restoration. 

Beach profiles are surveyed for the determination of restored 

beach-dune dimensions and elevation, and for the calculation of 

sand volume requirement. Finally, the cost and benefit are 

estimated and recommendations are presented. 
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1.1 Introduction 

1.1.1 Project Description 

The Scope of this chapter deals with our proposed renourish

ment of the Gulf shoreline, two miles to the north and two miles 

to the south of Rollover Fish Pass. Here the shore line has been 

severely eroded. The consensus in the literature, here see Bales 

and Holley (1986), who cite Morton (1975), and Seelig and Sorensen 

(1973) as claiming for the general trend, a loss of shoreline of 

five feet per year over the period between 1930 and 1984. We chose 

to use this figure as our bench mark because of it's general 

nature. We use this figure because this figure is the most 

believable for loss as a general trend and not simply over an 

arbitrary observation period. 

In using this figure we seem to ignore the major changes in 

shoreline as a result of catastrophic storms and tides. Since 

storm losses cannot be predicted except as general trends, we felt 

this was the only manageable way to arrive at a useable figure. 

We also believe that most of the catastrophic storm loss of beach 

results in offshore movement of littoral material, see COE Shore 

Protection Manual (1984). Some of the catastrophic shoreline loss 

can be prevented through care of vegetation and dune integrity. 

1.1.2 Proposed Implementation 

We propose to reclaim beach lost to material moved into 

Rollover Bay since the Rollover Fish Pass was cut in 1958. In 

order to do this we require on the order of one million cubic yards 

of sand (more exactly 830,000 cubic yards, see Appendix I). 



(-

(-

1-3 

Since Rollover Bay has absorbed some of the sand eroded from 

the Gul f Beaches, our plan of choice involves the use of the 

material that has been deposited there over the years. This 

material is, due to the sorting effect of the sand transport 

action, different in composition to the material currently on the 

Gulf beaches. This difference is due to the sorting effect of the 

hydraulic flow action that carried the sand into Rollover Bay. 

This sorting leaves the larger sand grains and only takes those 

grains that the fluid flow can carry. 

It is for that reason that our plan includes as part of the 

calculations, use of an overfill factor. OVerfill factor is the 

multiplier for the material put on the bea~h to compensate for long 

term loss of beach material due to the beach energy absorption 

characteristics. 

The final part of our plan will propose some methods to keep 

the beach and duneline thus created from being piled up on the 

Galveston Bay North Jetty or ir.to Rollover Bay. 

1.2 

1.2.1 

Physiology of the Shoreline today 

Dune/Berm/Bar conditions 

Our Survey (see Appendix II) indicated that the beaches 

between the Galveston Bay North Jetty and the Crystal Beach water 

tank were accretionary. The remainder of the beaches that we 

surveyed on Bolivar Peninsula were subject to erosion to one extent 

or another. 

The erosion beaches varied significantly as to width. The 

erosion beaches to the north of the Fish Pass were wider than those 
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to the south. Our hypothesis is that during the period of the 

survey, early November, what we were seeing was the result of the 

south western longshore transport of littoral material. The beach 

widths to the South West of the Pass were filling the fluid's sand

budget deficit caused by the trapping of sediment wi thin the 

Rollover Bay/GICWW/Galveston East Bay system. The difference in 

beach widths between north of the Pass and south of the Pass is 

about eighty feet in width. 

In addition to the errors induced by a one-time survey, 

ideally we should have surveyed the beaches at regular periods over 

the course of at least a year, we believe that the recent passage 

of Hurricane Gerry in October may have significantly changed the 

normal beach profiles. This could be deceptive because storm waves 

have the effect of carrying sand offshore. Gerry could have 

widened the beaches that we surveyed. According to the residents 

of Gilchrist that we met at the town meeting in October, the near 

direct hit from Hurricane Chantal eroded much beach during the 

summer of 1989. We feel that while the residents and visitors are 

entitled to easy access to the beaches, the current practice of 

removing the dunes at the ends of local streets to provide 

vehicular access to the water contributes to storm erosion. In 

addition, the practice of driving vehicles on the beaches near the 

berm and dUne should be discouraged in order to promote vegetation 

growth. 

1. 2.2 Littoral Transport Characteristics 

The littoral transport characteristics of the Gulf shore of 
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Bolivar Peninsula are not straight forward. The literature on the 

area seems often to be contradictory. Bales and Holley (1986)point 

out that short term trends are variable. In fact the 

climatological data indicates that currents' in the winter months 

are weak with no real evidence as to direction. For the remainder 

of the year data is more conclusive: 

June, July and August •••• strong current to Northeast. 

March, April, May, September, October and November ••. strong to the 

southwest. 

These southwestern currents are dominant only 56 percent of 

the year, on average. We take this to mean that with varying 

current direction the suspended 11 ttoral material entering Rollover 

Pass can come from either side of the pass. The net effect of this 

is that erosion rates are higher on the southwestern side of the 

pass. 

Figures vary widely as to the net longshore transport of 

littoral material. 

follows: 

The estimates of littoral transport are as 

Longshore Transport 

Net annual longshore transport near BOP has been calculated 

as 96,QQO eu yd (74.00 Cll m : USACQE 19840), no more than 75,QOQ 

cu yd (58.000 eu m: Prather and Sorensen 1972), 58 I 000 eu yd 

(.5,000 cu m: Mason 1981), and 54.000 cu yd (41.0CO cu mj Hall 

1976). The estimates of Mason (1981) and Hall (1976) apparently 

include only wave-induced transport; those of the USACOE 1984& and 

Prather and Sorensen (1972) are both for wove- and wind-current 

induced transport. The USACOE (19840) estimated the net wave-
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induced transport to be about 57.000 cu yd (44,000 cu ml. Thus. 

net annual longshore transport near ROP is probably between about 

75.000 cu yds (58,000 cu ml and 115,000 cu yd (88,000 cu ml, if 

it assumed that the independent estimates of wave-induced <S8.000 

CU fd) and wind-induced (57,000 cu yds) transport can be added. 

All of the studies concluded that the net littoral drift was to the 

southwest. 

According to the USACOE (1984b), tidal inlets can be assWlled 

to trap between 5 and 25\ of the net annual longshore transport. 

Based on that hypothesis, then, the net sand-transport rate through 

RQP would be between about 3,800 cu ydlyr (2,800 cu m/yr) and about 

29,000 cu ydlyr (22,000 cu m/yr), assuming a net annual longshore 

transport of between 75,000 cu yd (58,000 cu m) and 11S,000 cu yd 

(e8,000 cu ro). Because RQP is a relatively small inlet, it might 

be reasonable to presume that the ROP trapping rate would be in the 

lower portion of the reported 5 to 25\ range. (1) 

Due to the flood tide-induced transport we came to believe 

that since at the time of construction of the pass the average 

depth of water in Rollover Bay was 6 ft. Now of course the water 

depth is completely changed as we have sand bars, some of which 

have elevations in excess of a foot at mean lower high tide. This 

means to us that despite sea-level increase we have a net 

deposition in excess of 3 million cu yd of sand over the thirty 

year period. This directly contradicts Bales and Holley (1986) who 

use Fisher at al. (1972) to indicate that Rollover Bay is 

depositionaly stable. Our rough estimate is that on the order of 

118,200 cu yd are deposited per year. 

-------------.. ~.~. 
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1.2.3 Extrapolation of the Foreshore Slope 

Because of the time constraints imI,>osed upon us by the 

University's semester, we were unable to physically survey much of 

the area. One of the areas we were unable to survey was the off

shore Gulf surf zone out to the offshore bars. It would have been 

nice to be able to say where the bars were located; instead we had 

to extrapolate from the NOAA nautical charts 11332 and 11326. From 

these sources we obtained rough distances from the MLLW (Mean Lower 

Low Waterline) to the six foot contour on the chart. This was 

perhaps enough for a preliminary design but any final plan should 

include a complete survey of the off-shore waters in the area and 

involve several surveys over time to indicate seasonal changes due 

to changes in wave-induced sand bar movement. 

We did note as part of our survey, that on the day of our 

survey that there were three areas where the waves broke. The seas 

on the day of our survey were running about three feet. The 

nearest breaking zone was 30 ft from the water's edge. We took 

this to mean that the bar nearest to the beach was about 30 ft off

shore. 

It is important to re-iterate that the slope of the foreshore, 

also known as the active zone, will change with the seasons. This 

is the result of prevailing wave-energy and direction. 

1.3 Sand Source Study 

1.3.1 Regional Sediment Study 

As part of our over-all design, members of the MASE-407 class 
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collected sand samples from three sites in Rollover Bay and from 

the severe erosion beach on the Gulf. This sampling was carried 

out by Mike Duncan and Jung Yoon. 

Duncan and Yoon noted that as they collected the samples, that 

the sands' size diminished as a function of the depth they were 

taking them from. This observation was borne out when the design 

group's analysis of the sand samples was finished. 

Our hypothesis from this finding is that the sands in Rollover 

Bay have been deposited (we only able to sample to a depth of three 

feet) with the sands graded from the finer sands on the bottom to 

the larger sands on the surface. We believe to be in line with the 

historical evidence of the hydraulic deposition of Gulf beach sands 

as we have discussed before. The results of the sand analysis are 

discussed in greater detail in the evaluation and selection of 

borrow material and Appendix III. 

The composition of the Gulf beaches are similarly graded. The 

accretionary beaches towards the Galveston Bay North Jetty consist 

of relatively fine beach sands. The beach materials evident on the 

surface tend to get larger as one approaches Rollover Fish Pass 

from the west. In fact when the beach visibly steepens, about two 

miles south west of the pass, we noticed the presence of shells and 

shell fragments in the berm (the portion of the beach between the 

foreshore and the duneline). The shell may have been laid there 

deliberately to retard erosion, for which it is well suited; which 

is evident by it's continued presence on the beach over time. 

1.3.2 Evaluation and Selection of Borrow Material 
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Borrow sites are the sites from which beach renourishment 

materials, sand, can be obtained. The selection of these sites is 

complicated because the sites have to be considered for various 

characteristics. The most important of these characteristics are 

the suitability of the sand and the amount available. One must 

also consider the effects of removing the desired amount of sand 

on the sand budget and on the resident organisms. In addition the 

site must be evaluated in terms of the site's ability to renew it

self. 

We approached the selection of a borrow site with a number of 

group divined criteria. First due to time constraints, we could 

only consider in detail material that we could physically examine. 

(~ This approach is unacceptable for a larger-scale project as we were 

unable to directly examine any off-shore material'. Secondly, when 

we initially considered the project we had in mind fixed fiscal 

constraints as a primary facet of the design. 

F 

Later,in order to do a more complete study we had to come up 

with a complete plan; and then try to minimize the costs. We had 

two areas that we considered from the start. Our parameters ruled 

out consideration of the sites that the USACOE Galveston District 

selected in their Galveston county Shore Erosion Study; Feasibility 

Report and Environmental Impact Study for Beach Erosion Control 

(1985b). The areas that COE selected were Offshore Bolivar 

Peninsula and Offshore High Island; approximately 2.5 nautical 

l1iles south-southwest offshore of Crystal Beach and 3 nautical 

l1iles southwest offshore of High island respectively. 

We approached the renourishment of the severely eroded beaches 
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by first determining what we wanted to accomplish: 

1. Provide a berm of at least 100 ft wide. 

2. Establish a duneline at least 7 ft high continuously along the 

eroded 4 mile stretch of beach. 

Using the severely eroded beach profile we estimated that we 

would require 820,300 cu yd of sand to fulfill the task. This 

figure does not include the beach overfill. Overfill describes an 

empirical multiple of the volume of sand placed upon a renourished 

beach in order to ensure that enough grains of a size suitable for 

retention are provided. The overfill factor Ra is dependent on the 

choice of borrow material. 

The sites we considered were in Rollover Bay and offshore 

Bolivar Peninsula northeast of the Galveston Bay North Jetty. We 

quickly eliminated consideration of the second site due to our 

inability to judge the amount of material available. Initially, 

we had considered the site feasible in terms of a shore-based 

dredging rig. We were unable to judge an accurate refilling rate 

for an area on the site, especially considering possible changes 

in sediment transport 8S 8 result of construction of Jetties at 

Rollover Pass. Other negative factors are the difficulties in 

accessing enough sand from the beach. This left us only the 

option of an offshore based dredging outfit suitable for shallow 

water work. This and the Galveston District CaE were similar 

enough for us to use their data even though their site is described 

as lying in 20 ft of water because an offshore dredging outfit 

would probably have to work from that depth in towards the beach. 

The second site, that of the material inside Rollover Bay, 
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became more attractive the more we looked at it. For our uses, 

this material, we are certain, was deposited directly from sand 

taken from the severely eroded beaches that we wish to renourish. 

The benefits of the Rollover Bay site are as follows: 

1. Close proximity to the eroded beaches; no two points under 

consideration are more than three and a half miles apart. 

2. Removal of some of these sands can only improve the 

habitability of Rollover Bay and flushing of East Bay. 

3. Dredging of this area will make possible the introduction of 

marshland grasses and the establishment of a wetland area. 

The last two arguments, being of an environmentally 

enlightened motivation have the added benefit of enabling us to 

make a strong case for this site being chosen. 

Our analysis of these sands and the associated computations 

are in Appendix III. The grain size distribution data are used in 

Appendix IV to compute the overfill factor from the method 

described in James (1975) and USACOE (1984b) the Shore Protection 

Manual. The results of all these calculations was an overfill 

factor (Ra) of 1.4. 

We used Ra as a multiple of the material we plan to place in 

the foreshore (active zone). In round numbers this meant that we 

have to provide 188,000 cu yd of sand (60,000 cu yd extra over that 

required) in order to allow the unsuitable material to be carried 

away by the natural processes. 

1.4 Determination of Longshore Characteristics 

The longshore characteristics of Bolivar Peninsula are 
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governed by the littoral barrier of the Sabine Pass jetties to the 

northeast and the partial littoral barrier of the Galveston Bay 

jetties to the southwest. 

The addition of our jetties will alter the current 

characteristics of the longshore flow patterns. The jetties have 

been designed to block 90' of the longshore littoral flow. Some 

loss offshore is to be expected. The disruption caused by the 

jetties can not be definitively quantified prior to their 

construction. 

Our plan allows some flexibility in this regard with our drag 

bucket method of sand bypass. The feeder beach can be moved easily 

to maximize benefit on a year to year basis. 

1.5 Determination of Berm Elevation, Beach Width and Alignment 

1.5.1 Present Beach Elevations and Widths 

Our determination of berm elevations and beach widths was 

based on our survey of the Bolivar Peninsula beaches (see Appendix 

11). The results that we obtained were as follows: 



r 

(-

Profile 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Berm Elev (ft) 

5 

2 

3.2 

3 

3 

4 

2.8 

2 

1.5 

Beach Width (ft) 

230 

208 

170 

160 

120 

80 

120 

175 

120 

Dune Elev (ft) 

11.5 

9.3 

8.8 

7.3* 

6* 

6* 

7* 

5* 

5.5 

*Highest Elevation- Dune missing or incorporated into berm. 
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The beach alignment along the area was consistent throughou~ 

with the exception of those areas adjacent to the fish pass. The 

hard structures at the fish pass, the steel and concrete bulkheads, 

~ have created discontinuities in the alignment of the beach. 

1.5.2 Renourished Beach Profile 

The new beach profile that we would use to renourish the 

eroded beaches is a copy of the profile of the neutral beach that 

we found on Bolivar Peninsula. We believe this profile to be the 

most resistant to offshore littoral movement. The natural profile, 

as shown in Appendix II, was found between the accretion beaches 

and the erosional beaches. The existence of this beach results 

from normal wave action so we are confident that, with seasonal 

change, the profile will accommodate different water energy states. 

We calculated the cross-sectional area of the eroded profiles 

and overlaid them with our design beach (the neutral profile) and 
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found that the change on either side of Rollover Fish Pass to be 

similar(see also Appendix I). To the southwest, we plan to move 

the water line seaward one hundred and fifty feet. In addition we 

plan to include a dune line eight feet high and twenty feet wide. 

This over the two mile stretch will require 313,000 cu yds of fill. 

To the northeast, where the beaches are wider but lower, we 

would use the same dune line and elevation but will move the 

waterline seaward only seventy five feet. The sand required for 

the two mile stretch is 321,000 cu yds •. 

Both renourished profiles will feature the new dune line 

twenty feet seaward of the current dune/erosionary cliff face. The 

new berm width can be compared to that proposed by the COE. The 

COE plan proposes a beach width of two hundred feet for a one mile 

stretch. What they really are proposing is a feeder beach, being 

supplied with sand from offshore. Thus there are no provisions for 

dune formation. 

1.6 Determination of Beach Fill Transition 

1.6.1 Shore Based Dredging of Rollover Bay 

We considered this method of access to the sand bars in 

Rollover Bay. The method we initially considered would be to use 

earth moving equipment to throw up temporary levees during lower 

low tides. With an area thus protected, construction equipment 

could simply proceed to directly load trucks with the sand. The 

trucks could then proceed to the offloading point(s). 

With this method, we supposed that the sand movement could be 

done in short order. Unfortunately since we were unable to find 
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any similar operations in the literature, or data on how long our 

temporary levees would hold, we were unable to proceed further with 

this theory. 

Other proven methods of shore based dredging included building 

earthen vehicular ramps out into the bay and simple drag bucket 

operations from the shore. Neither method would be feasible for 

this task. 

1.6.2 Pipeline Dredging of Rollover Bay 

The use of either rotary head dredges or pump/jet dredging 

outfits in Rollover Bay was considered by the group. While this 

method is routinely used in many areas it was che belief of the 

group that either method would suspend too much of the lighter 

littoral material. The suspension of these materials in an 

• environmentally sensitive nursery area would not be acceptable. 

1.6.3 Drag Bucket Dredging from the Water 

This was the method that we finally chose. It has the 

following advantages over the other methods: 

1. This would access the larger grained sediments first. 

2. Since the Dredge would be mounted on a barge(s), this would 

allow selection of a shallow draft hull for complete access to all 

areas of the Bay. Additionally, the barge can be moved to offload 

the material with the same bucket, giving us a cost saVing. 

3. The barge can be offloaded to a number of shoreside storage 

dumps, this will allow some drying to occur. The dry material can 

then be handled more efficiently. 
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1.6.4 Placement of Material on the Eroded Beaches 

There are two possible methods of sand placement on the eroded 

beaches. The first is by using trucks to haul the dried material 

from the dumps to the renourishment sites. 

And the second is pumping the material from the barge through 

the fish pass and directly onto the eroded beaches through a 

pipeline. 

Both methods would require working the sand with earth moving 

equipment on the renourished beach to conform to our ideal beach 

profile. 

1.7 Determination of Feeder Beach Location 

Feeder Beaches are selected sites where sands are placed so 

as to fill the waters' sediment budget. The sands thus placed are 

sacrificial in nature and the site must also be considered in terms 

of vehicular access (as in our sand bypass plan) for periodic 

renewal. 

The location of feeder beaches depends on the planned size and 

shape of the feeder beach. The subject is covered in more detail 

in the sand bypass chapter of this paper. 

The beach survey in Appendix II was used to confirm that, due 

to net annual longshore littoral processes, the beaches to the 

south east of the fish pass are the most eroded. Thus the most 

advantageous location of any feeder beach would be south west of 

the fish pass and updrift of the most severely eroded beaches. 1-. 
The presence of any new hard structures must also be 



l 

( 

1-17 

considered in selection of a feeder beach site. The feeder beach 

should be located at least 200 yards from a hard structure (this 

depends on the length of the hard structure from the beach) if we 

are to get the material into the littoral flow field. 

1.8 Re-Establishment of Duneline and Dune Stabilization 

When the construction equipment completes a section of the 

duneline, we envision the immediate planting of vegetation to 

stabilize the dune. 

The existing native plants should be encouraged to overrun the 

new dunes. In the initial planting, panic beach grasses, (Panicum 

amarum), and sea oats, (Uniola paniculata) are recommended for 

rapid growth and durability, respectively. 

These plants will act as a virtual sand fence; at once holding 

the sand 1n place and trapping moving sand, thus encouraging dune 

growth. 

These plants ean be purchased from nurseries but are most 

often transplanted from in situ nurseries. Thus as soon as funds 

become available for this project, an effort should be made to 

establish such a nursery in the project area rapidly. 

1.9 Cost-Benefit Analysis 

1. 9.1 Benefits 

It is extremely difficult to put a price tag on recreation 

areas but it is even more difficult to price improvements in marine 

populations and the water qual1 ty bene!i ts. A partial list of 

benefits with estimated dollar valued benefits follows: 
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1. Property savings @ 5ft! yr ••• 2.43 acres saved per year. So over 

just a ten year period we are saving 24.25 acres. If we consider 

a median price of $40,000 per acre we are gaining a benefit of 

$970,000. 

2. In California, recently, a private company paid $10,000,000 to 

maintain a wetland half as large as that we can introduce in 

Rollover Bay. 

3. As there are no large resorts on Bolivar Peninsula we cannot 

find a figure for increased revenue for tourists using the beach. 

We can, however, claim a value increase for property on the 

beach front in the erosion areas of on the order of 10\. A 

conservative value for this increase is $ 2,000,000 total. 

1.9.2 Costs 

We estimate a construction time of eight months, granted that 

this is optimistic. We do believe the dredging to take at least 

that long, however, the placement of filIon the beach will take 

only half as long, 80 we take that as an average. 

The following is a list of costs: 

1. Dredge and trucks (per cu yd of fill moved) 

2. Earthmoving Equipment 

3. Barge and Handling Vessel 

4. Insurance and Overhead 

5. Contingencies and Surveys 

6. Vegetation 

Total 

$ 2,250,000 

$ 80,000 

$ 72 ,000 

$ 360,300 

$ 600,000 

$ 70.000 

$ 3,432,300 
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1.9.3 Cost-Benefit 

While this is simplistic, we find that the benefits out-weigh 

the costs by almost $ 10 million. Some of the benefits must be 

applied to other areas of this plan. 

1.10 Conclusions and Recommendations 

1.10.1 The Negative Aspects 

As you have read in the previous sections, and in the quote 

from Bales and Holley (1986), there are some discrepancies in the 

data on the flow through the fish pass. This confusion is the 

result of the discrepancies in approaching estimates of flow and 

littoral movement in the historical data. Mason (1981) describes 

two instances of historical disorder in the data. The first being 

where tide measurements made between 1887 and 1890 were lost. The 

second case concerns tidal measurement between November 1956 and 

February 1957 with malfunctioning gages. 

Though these problems seem minor given the time frame, the 

literature indicates that much of the other work done in this area 

is a sketchy patchwork of short term study. Historically, others 

have studied the area, as we have, within a narrow deadline and 

this must make their, and our, conclusions suspect. 

Since the literature and our work are serious attempts to 

explain the previous processes, they should not be disregarded. 

What is obvious is the need for more study. We believe that 

further delay is not warranted but that work should commence soon, 

whether our plan or another. With any modifications or structures 

changes will result, this will invalidate some, or all, previous 
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work; so as work takes place, constant monitoring will be a 

necessity. This monitoring should be such that detril!lental 

processes that arise can be nipped in the bud, by modifying the 

plan used. 

1.10.2 The Positive Aspects 

We are convinced that implementation of beach nourishment, the 

new, continuous duneline and widened berm, is overdue. While there 

may be those who have reservations on the financial expenditure, 

what we see is a good plan, partially completed at the outset, 

whose completion has been overlong delayed. 

The on-going processes of erosion are the result of three 

major influences: 

1. The damming of rivers 

2. Jettied ship channels and associated littoral damming 

3. The cutting of a fish pass that allowed a loss in the longshore 

sediment budget 

We can not call for change in the first two but, with this 

plan in toto, we can reduce the influence of the third. 

1.10.3 Recommendations 

We recommend that further study and construction begin as soon 

as possible. Delay will only worsen the situation. In the short 

term, property will be lost and marine populations in Texas coastal 

waters will continue to decline. While we can put a short term 

"\ 

price tag on the first, delay for the second could result in .--..,. 

declines from which marine populations may never fully recover. 
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APPBRDIX I 
Sand Requirements 

The following table lists the sands available and the sands 

required, according to our estimates, for the renourishment of the 

four miles of gulf beaches on either side of the Rollover Fish 

Pass. 

Cross-sectional Areas; 

Northeast of Fish Pass .••••••••••••••• 91.1 sq yds 

(-- Southwest of Fish Pass •••••.•••••••••• ee.9 sq yds 

Sand for new cross-sectional areaSi 

Northeast f111 •••••••••••••••.•••••••• 320,000 cu yds 

Southwest f111 •••••••••••••••••••••••• 312,900 cu yds 

Active zone overfill (Total) ••••.••••• 188,OOO cu yds 

Total .................•............... 820,900 cu yda 

~~~~~~~~***~~*~*~*~~*~***~**************~~**~*~*~~*** 
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Also included are sketches of the proposed new beach profiles 

laid over the existing profiles. Also included are before and 

after plan drawings of Rollover Bay that show the East Bay access 

channel. 

Fig 1: Renourisbmenl profile Northeast of Fish Pas 

g.2&3: Renourlshmeot of Eros!on proh.le and 
Severe Erosion profUe Southwest of Fish Pass 
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The following is a table showing our determination of the 

sands our plan uses to renourish the Gulf beaches and fulfill the 

environment features of the wetland and saline water access to 

Galveston East Bay: 

Areas; 

Rollover Bay •••••••••••••••••••••••••• 2,297,193 sq yds 

Rollover Bay Sand Bars •••••••••••••••• l,520,OOO sq yds 

East Bay Water Access Channel ••••••••••• 200,OOO sq yds 

Sand Volumes 

Rollover Bay Sand Bars (new depth 1.5') 760,000 cu yds 

East Bay Access (nominal depth 6') 300,000 cu yds 

Galv€slon ~Y 

--~---/) 

Figure 2. Present View of Rollover Bay 
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This means that, on the face of it, we have the sand available to 

complete the plan as described. 

Briefly, the East Bay sal ine water access channel will connect 

the deepest part of the Rollover fish pass bay mouth with the East 

Bay three foot contour. The channel will cross the Gulf Intra

coastal Waterway; This should keep much of the flood tide in a 

cohesive stream through Rollover bay and reduce the water 

velocities amongst the marshland plants. Additionally, of course 

more of the saline water will access East Bay. 

Totals; 

Sand available 

Sand required 

1,060,000 eu yds 

820,900 eu yds 

******************************************************* 

F;sh Pass ---

Figure 3. Rollover Bay after proposed dredging 



p. 

1-27 

APPENDIX II 

This appendix contains the resul ts of our survey of the 
Bolivar Peninsula beaches. 

The survey took place on Sunday November" 12, 1989 
from 08:59 until 13:20. Tides: 

Lower Low: 0' Lower High: 0.9' 
Galveston Jetties, Low at 08:54 High at 16:52 
Sabine Pass, Low at 07:55 High at 15:41 

This appendix contains the following charts and diagrams: 

Page Figure 

2 Photo Copy of NOAA Chart 11331 showing Western area of 

Survey, Labled are profiles I, 2, 3; Accretion, Low 

Accretion and Neutral beach slopes respectively. 

3 Photo Copy of NOAA Chart 11331 showing Eastern area of 

Survey, Labled are profiles 5, 6, 7, 8; Erosion, Severe 

Erosion, Severe Erosion Near Rollover Pass, Severe Erosion 

Near Rollover Pass North East Side and One mile North East 

of Rollover Pass beach slopes respectively. 

4 Profile 1 ; Accretion Beach Slope 

5 Profile 2; Low Accretion Beach Slope 

6 Profile 3; Neutral Beach Slope 

7 Profile 4 i Hinor Erosion Beach Slope 

8 Profile 5; Erosion Beach Slope 

9 Profile 6; Severe Erosion Beach Slope 

10 Profile 7; Severe Erosion Near Rollover Pass 

11 Profile 8 ; Severe Erosion Near Rollover Pass North East 

Side 

12 Profile 9; Beach Slope One mile North East of Rollover 

Pass 
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APPDDIX III 

Rollover Bay Sand Analysis 

The following are the S-curves from which we derived our sand findings. 

The sites' locations in Rollover Bay are described in Chapter Four. 

Also included in chapter four's discussion of the sand samples is the raw 

data from which we derived these S-curves. 

The S-curves themselves are a plot of the grain size distribution on the 

Y axis, which progressively gets coarser; and on the X axis, is a function 

of sand grain size. The function of grain size is Grain-phi from the 

following formula: 

Grain-phi=-log 2(nominal grain diameter in mm) 

Graph Description 

1 S-curve Gulf beach sand sample Oft-1ft 

2 S-curve Rollover Bay Site il Oft-1ft 

3 S-curve Rollover Bay Site 11 l. Sft-3ft 

4 S-curve Rollover Bay Site 112 Oft-l. Sft 

5 S-curve Rollover Bay Site #2 l.5ft-2.5ft 

6 S-curve Rollover Bay Site '3 Oft-1ft 

7 S-curve Rollover Bay Site '3 1ft-2ft 

8 S-curve Rollover Bay Site '3 2.5ft-3ft 
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APPENDIX IV 
Computation of Overfill Factor Ra 

The following computations were aade acc9rding to the method 

set out in the COE shore Protection Manual, who attibute the 

formulas to James (1974). 

We used the S-curves in Appendix III to phi values at three 

different percentiles; 16", 50" and 84". From these values we 

calculated a Mean-phi which is equal to the sum of the three values 

divided by three. We also found a Sigma-phi aean value which is 

equal to the phi values at the 84" plus the 16" divided by two. 

Mean-phi and Sigma-phi are used as a statistical tool in the 

formulae: Y entry = Sigma-phi (borrow)/ Sigma-phi (native) 

X entry = (Mean-phi (borrow) -Mean-phi (native»)/ Sigma-phi(native) 

The X and Y entry values are used to enter James' Ra curves. 

Our values from the S-curves are as follows: 

Site 

Gulf 

Bay '1 

Bay t2 

Bay '3 

Depth( ttl 

0-1 

0-1 

1.5-3 

0-1.5 

0-1 

1-2 

2-3 

Mean-phi Sina-phi 

2.26 0.655 

2.35 1.185 

2.87 0.415 

2.96 0.34 

2.91 0.34 

2.85 0.325 

2.80 0.365 

From these entry values we get the tollowing Ra values: 

Averaged values-Bay sites 1&3 •••••• 7 < Ra < 10 

Bay Site '1 0-3ft .•••••••••••••.••• Ra=2.5 

Bay Site '1 0-lft .••••••••••••••••• Ra=I.4 
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Chapter 2 - JETTY DESIGR 

Designer.: Nicholas G. Kyprios & Mile. F. Gathright 

Abstract of Jetty Design 

The jetty design process incorporates two diatinct 

phases. The analysis of the hydraulic aituation define. the 

erosion problem and the type of solution. The preliminaIY 

jetty design derives the physical structure whose 

performance will achieve the proposed aolution. 

2 • 1 I DtroductiOD 

2.1.1 Pro~lam description - The major concern ot the 

local community, as expressed to ua at their town meeting on 

Wednesday, September 13, 1989, 1s the alarming rate of 

erosion occurring on the Gulf beaches near Rollover Pass. 

The aituation along the Rollover beaches constitutes the 

moat aevere loss of property and beach on Bolivar 

Peninsula'a Gulf coast. Surveying the beach profiles to the 

HE and SW of Rollover Fish Pas. proved that the most eroded 

profiles extended for a distance of two miles to the HE and 

three milea to the SW of the pass. The residents would like 

to keep the Fish Pass open since it is an important economic 

resource yet they don't want to lose any more homes to the 

sea. 
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The eroaion is attrlbuted to the tidal flow through 

Rollover Pass. The general understanding is that a 

predominantly flood tide through Rollover Pass carries 

sediments from the littoral drift into Rollover Bay. The 

sand deposited thara constitutas a deficiency of suapanded 

aand in tha littoral currant running along tha downdritt 

beach. The deficiency causas the watar to lift aadimant froa 

the nearshore area and the beach in order to replenish ita 

suspended load. The loss of that .and i. the essence of the 

beach er08ion problem. 

2.1.2 Project descriptign - The prohlem we propoae to 

.olve with our jetty design, is the loaa of sediment aupply 

from the nearshore zone downdrift of Rollover Pas8. The 

design method ia to extend two structures from the beach out 

into the littoral current, trapping the littoral tranaport 

updrift of Rollover Pass and keeping it tram antering tbe 

bay. The bay will experienca less shoaling and current 

conatrlction. The atructure. on the Gulf will cauae .and to 

accrete at their bases, forming a sand trap. The aand by

pass system can then redistribute the accreted sand, 

returning it to the beaches as needed. 

2.1.3 Reyiew of Jetty types - There are several types at 

structures used to stop beach eroslon: 

Offshore breakwaters (Fig. 3) are designed to reduce 

the wave energy between it and the beach, creating an 
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accretionary zon.. Note the tombalo., .and building up and 

bringing the shoreline out towards the breakwater. The 

breakwater does not .top littoral flow, which means 

sediments would still disappear into Rollover Bay. Also, 

breakwaters increaBe the erosion on the downdrift beache •• 

Groin fielda (Fig. 4) have been used in Miami and 

Galveston with little .uoc •••• The circulating current 

developed between the groin. carrie. sediment away rather 

letting it accrete. They do not trap enough sediment to 

create a nice beach and do increase erosion on beaches 

downdrift of the groin field. 

A weir jetty system is shown in Fig. 5. The weir face. 

the predominant littoral current allowing sediments into the 

low energy zone within the jetties. From this protected 

sandtrap a dredge vessel can aafely pick-up and redistribute 

the .and. The weir would not work well at Rollover Pasa 

aince we want to keep the sediments out of the flood 

dominated inlet and don't need the expense of a protected 

dredging area. 

Sand bypassing over an inlet is depicted in Fig. 6. 

The sand is trapped by the updrift jetty, creating an 

accreting beach. The sand trapped there is picked up and 

pumped over the inlet to the beach on the other side. The 

idea is to negate the effect of the inlet as a sand sink, 
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letting the sediment aupply continu. it. migration down the 

beach. Thi. inlet/bay configuration i •• imilar to that at 

Rollover Pa.s. The jetti •• at the inlet mouth al.o keep the 

channel open for navigation or tidal flow. Thi. is the type 

of jetty system that would work be.t at Rollover Pass. 

2.2 Hydraulic Pac tor. lXiatiDg at Rollover , ... 

2.2.1 Ri'torlcal chang •• in inlet physiography - The 

change. in beach width and profile and the location of the 

vegetation line and mean low waterline as calculated from 

aerial photographs, .attelite photograph. and surveys depict 

the historical change. that have occurred. The map in Pig. 7 

(MortoD 1975), show. measuring atationa along the Bolivar 

Peninsula. Rates of erosion were found for each spot over 

three different time frames; 1882-1930, 1930-1955 and 1955-

1910. Stationa 38-49 tall within the area affected by 

Rollover Pa.s. 

Charting the ero.lon rate. for easy comparison produced 

Fig. 8. The data from 1882-1930 1 •• eriea one, the blue 

line. This shows erosion that is attributed to the damming 

of the Missi.sippi and ita tributaries which decreased the 

natural movement of sediment. into the Qulf. 

The data for 1930-1955 (series 2 - red line) shows a 

stabilization of the Bolivar Peninsula beaches .s an 
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equilibrium condition waa approached. Thi8 i8 due to the 

beaches having adjusted their characteri8tics to the 

available sediment aupply. 

The data from 1955-1970 (aeries 3 - green line) depict8 

the conditiona since the opening of Rollover Pa8a. The 

erosion rates are higher; near the pas., than at any time, 

with an average loss of 15 teat per year. 

Sea level rise, whether due to land subsidence, global 

warming or any other reason., causes a relative decreaae in 

land above mean low water. The graph In Pig. 9 depicte the 

.ea level rise aa meaaured at Galve.ton. The data tram 1905-

1970 shows about a 1.3 ft. rise in aea level relative to the 

land. Ualng a 1/100 foot alope of the .ea bottom near the 

beach, we can attribute a 130 foot loss ot beach over that 

time to the relative aea level rise. 

2.2.2 Tid.l range - The lunar tides have. me.sured 

range of 1.4 ft. in the Galveston channel and 2.1 ft. in the 

Gulf (USACOE 1967). Higher change. in water level occur 

during high wind conditions and storm surge th.n during 

normal tide cycl ••• Strong offshore wind. push out the Gulf 

and Bay watere creating lower tides. Onshore winds and storm 

surge incre.se the water height creating higher tides. 
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2.2.3 Influence of East Bay - Although the tidal range 

between high and low tide is so small, there is a strong 

flood tide occurring through Rollover Pass. This is due to a 

four hour lag between the occurrence of high tide on the 

Gulf side of the Pass and high tide on the Bay side. The 

phase difference across this narrow pass creates a 

predominantly flood tide, meaning that the tide runs into 

the bay more often than out, and the velocities of the flood 

tide are greater than the ebb tide (Prather & Sorensen 

1972). Data from a 31 hour measurement of the flow 

velocities through the pass showed a flood tide velocity 

reaching 6 ft./sec. and an ebb tide maximum of only 2 

ft./sec. The estimated flood-tidal prism was five times that 

of the ebb tidal-prism (Mason 1981). This is the mechanism 

which is pulling the sediment from the littoral flow into 

the bay where it is deposited in a low energy environment. 

2.2.4 Wave and current in the pass - The current and the 

waves reflected within the pass c~eate very turbulent water

flow, especially on the Gulf side of the weir. 2 people had 

already drowned in the Pass this year by the time of the 

September town meeting. As depicted earlier, there is a 

strong predominantly flood tide passing through the pass. 

We want to keep the current as is since it is the 

salinity feed 'for East Bay and a fish migration route. 
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Reducing the wave energy in the pass is a factor in Mr. 

Gathright'. design. 

2.2.5 Wave and CUrrant in the Gul t - Th'e wave rose 

diagram (Pig. 10) depicts the oftshore wave data accumulated 

over ten years, for our general area. Using the data for 

waves propagating towards and along the shoreline we tind 

two illportant things. 

Pirst, the waves play the major role in creating the 

littoral flow. At different times of the year the 

predollinant flow direction changes froll towards the HI to 

towards the aw. OVerall the flow is to the SW 56-60 \ of the 

till8, and towards the HI 44-40\ ot the time. The transport 

ot sand therefore, occurs in both directions although the 

net littoral drift is to the SW. This agrees with the 

findings of previous studies (Bales' Bolley 1989, Prather' 

Sorensen 1984). Considering this we need to build two 

jetties of equal length to stop the flow of 8and into the 

bay froll both directions of littoral flow. 

The second aspect of the wave rose is the actual wave 

heights and the percentage of time that they occur. We .. de 

a graph (Pig. 11), from the rose data which shows that the 

8ignificant wave height 1s 3.5 feet. The 1/10 wave height, 

meaning that 90 \ of the time waves are leB8 than this 
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height, is 6.25 teet. These figures are similar to USAOOE 

estimates (USACOE 1967) tor the Galve8ton beacbfront. 

The wave height controls the di8tance that the littoral 

transport extends from the beach. Tbis i8 becau8e the waves 

nearshore break when their height • 0.78 times the water 

depth. It i. within thi8 breaking wave zone that the energy 

is high enougb to lift sediments off the sea floor and the 

beach. Thi. i. the mechanism that puts sediments into the 

littoral tran8port system. The width of the breaking wave 

zone i. therefore the distance to which our jetties must 

extend to ~top the littoral flow. OUr design would stop 80 

to 90\ of the littoral flow if constructed to a length of 

800 teet. 

The stability ot the jetty structures is de8igned so a8 

to survive the storm wave conditioDs likely to be 

encountered. The significant wave height during a 1/100 year 

storm is 8.1 ft., giving a de.ign wave height ot 8.9 ft 

(Fig. 12 &13) (USAOOB 1967). Thi. i. used to calculate the 

weight of the .tone. which will be 8ubjected to the breaking 

wave energy. We ch08e to design according to the significant 

wave height rather than the 1/10 wave height since the 

jetties are designed to be submerged during the large storm 

8urge needed to allow the larger wave8 heights to approach 

the shore. 
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2.2.6 Storm .urg •• Dd oyarw •• h - Rollovar P.a. is loc.ted 

.t tha narrowest and lowast elavation stretch of Bolivar 

Peninsul •• This makes it • likey burricane overwaah .re •• A 

100 ye.r storm would h.va • predict.d storm surge (Fig. 14) 

of 12.9 feet (USACOE 198'). Tbe 1900 .torm b.d • 1'.5 foot 

.urge .s meaaured at Galv.ston. Burric.ne J.rry put w.t.r on 

the parking lot at Rollov.r P.S8. 

Th. l.nd elevation .t Rollov.r is about 5 feet, 10 WI 

decided to design our jettie8 to a creat .lev.tion of 6 teet 

.bove MLW. Thi. will protect the pa.s from an incr ••• e ot 

storm surge due to piling up ot w.t.r 'gainst • t.ll jetty, 

.nd will protect the jettie. by allowing them to be 

submerged during such a powerful 8torm. 

2.2.7 Origip .nd depo8itiop of .edimept - The predominant 

torca in 8ediment tran.port is the littor.l drift. Figure l' 

is .n .eri.l photgr.ph showing the sediment in the littor.l 

tr.nsport .nd the p.th it take8. Rote the etfect of th. 

S.bina jettie8 pushing • l.rge b.nd of 8ediment out into the 

Gulf whare it will 8ettle. This con8titute •• 1088 of 

8ediment aupply for the downdrift be.ch ••• 

D.t. on tha Amount of sediment being moved by the 

littoral current is sketchy, no two researcher8 .gree. An 

.ver.ge figure would be .bout 100,000 cu. y.rd8 per year. 
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The sediment still in the littoral transport system 

after the effect of the Galveston and Sabine jetties, 

approaches Rollover Pass where much of the littoral flow is 

sucked into the bay where more sand is lost. Very little of 

the sand entering the inlet ever gets back out; the study of 

suspended sediment samples shows that the sand transport 

into the bay on a flood tide can be as much as 310\ of the 

transport out on the ebb tide (Bales' Bollsy 1985). 

After Rollover Pass has taken its toll, the water 

approaching the beaches dawndrift of the Pass carries little 

to no suspended sediment. The energy of the water, however, 

is the same and therefore it picks up sediment off the 

downdrift beaches to refill its sediment budget. This is the 

mechanism of erosion affecting the shoreline near Rollover 

Pass. 

2.2,8 Existing status of Qulf/Bay system - Although the 

Pass has been stabilized with bulkheads and a weir, the 

beaches have not stabilized, nor has the bay. Erosion 

continues on the beach and the bay is being choked off as 

shoaling continues. The erosionary mechanism seems unlikely 

to stop or be shoaled shut so the beaches can be expected to 

continue eroding. 

2.2.9 Proposed changes to BOP hydraulics - The jetties we 

are proposing are designed to reach out from the shore and 
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stop the flow of the littoral transport into the bay (Pig. 

15). The jetties will also keep the channel from scouring or 

shoaling so that the current through the pass will continue 

as a salinity feed and fish migration route. 

2.2.10 Ixpecte4 effects on sediment transport - The 

sediment will accrete at the jetty base and be bypassed over 

the inlet to the beach on the other side. We expect to stop 

80 -90 , of the littoral flow from entering the bay but we 

expect a smaller percentage of the sediment to actually 

accrete against the jetty. The jetty system will stop the 

loss of sediment into Rollover Bay and trap the sand where 

it can easily be reached for bypassing to the eroded 

beaches. 
/ 

PaDe - 11 



(-

2.3.1. Selection of jetty type The selection of the type 

of jetty involved the consideration of several different types of 

construction. Bach method of construction has advantage. and 

disadvantage. inherent in its design. The following paragraphs 

will briefly describe each method and its pros and cons. 

Timber-steal sheet-pile1 This consists of steel sheet-piles 

driven into the ground between vertical round timber piles and 

braces. This method was used to construct groins in Galveston in 

the 1930's. Bowever, by the early 1960's, the outer portion of 

these groins was damaged if not non-existent. While this is a 

cheap method, the design life is too short. 

Cantilever-steal sheet-pile: This is relatively the same as 

the previous method except that the piles are restrained at the 

top by a structural steel channel. This is what exists, or 

partially exists, at ROP. Again, the design life is too short, and 

the steel that is exposed to the salt water environment degrades 

to where it is dangerous to the structure itself as well as 

recreational fishermen. 

Prestressed-concrete sheet-pile: In this method, the jetty 

~ is an impermeable, prestressed concrete-pile with a concrete cap 
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that is ca8t in place. Due to the saltwater, the concrete 

contains no steel reinforcement. This would entail the proposed 

structure being massive and costly. Also, if this structure i. 

damaged, it is not easy to fix. 

Rubble-mound structures: Rubble-mound structures are 

constructed with a core of quarry materiala, as well aa finer 

material to fill the voida due to larger stones. Thia enables the 

core to be aandtight. The core ia then covered by a layer of armor 

stone. This armor stone, whether granite or concrete, must be 

heavy enough to be stable against design wave conditions. This 

structure takes quite a bit of material and i8 costly. However it 

has a 100 year deaign life and has been used successfully along 

much of the Texas coast. 

Much deliberation went into what type of construction should 

be used. After weighing the factors of coat and design life, it 

was decided to go with a rubble-mound structure with a granite 

cover layer. The main reasons for this decision are aa follows: 

1) the structure will act as a barrier to prevent 

the passage of littoral 8ediment 

2) it will be stable against the design wave forces 

3) excessive scour at the toe of the structure will 

prevented 

4) safe against foundation failure or excessive 

settlement 
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5) a 100 year design lite 

6) the materials are available in central Texas 

2.3.2. General Layout 

2.3.2.1. Jetty Length After 8tudy ot the littoral 8ediment 

tran8port, it was decided to stop a8 much ot the sand as possible. 

To accomplish thi8, two 800 toot jetties constructed normal to the 

shore will be proposed. This length enables the jetties to project 

beyond the breaker zone and stop 80\-90\ ot the sand transport. 

A longer jetty was considered, but stopping much more of the sand 

transport 18 unreali8tic and economically unfeasible. The 800 toot 

(- length is believed to be the optimum design length. 

East bar 

(-

Proposed jetties 
length = 800 feet 
seperation = 550 feet 
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2.3.2.2. Jettl' .pacing Careful con.ideration must be taken 

in determining the spacing between the two jetties. If they are 

too close, there i. the possibility of excessive scour and the 

undermining of the jetty foundation. If they are too far apart, 

shoaling could take place between them. After surveying the ReP 

park, it was decided to place the jetties on the edges of the park 

at the beach. The distance of separation will be 550 feet on 

centerline of the jetties. Thi. will enable natural wave activity 

to keep the channel open without any danger to the jetty 

foundations. 

2.3.3. Stability of the rubble-mound jetty 

2.3.3.1 Design waye selection The wave data accumulated 

for the ReP area was instrumental in determining the design wave 

height as well as the jetty lengths and the armor stone unit size. 

The design wave height used for this design is the average of the 

highest one-third of all waves, or B1n as discussed in Section 2.2. 

The actual value was determined to be a 8.9 foot wave. 

2.3.3.2. Selection of stability coefficient The stability 

coefficient is a dimensionless number that represents all variables 

having to due with the jetty except the structure slope, wave 

height and the specific gravity of water. Using Table 4-2 from 

chapter • of the Design of Breakwaters And Jetties, U. s. Army 
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Corps of Engineers, the coefficient used was chosen. This factor 

takes into account the number of armor layers, the type of wave, 

the part of the jetty, and the manner of armor layer placement. 

From the table, 2.0 is the lowest value for this particular design. 

This number was used because it will give the most conservative 

value when used in the Budson stability equation. 

2.3.3.3. Unit weight calculation of armor units Using the 

Budson Stability equation, as shown in the Shore Protection MAnUAl 

(SPM), a granite armor stone unit weight was determined to be 8640 

pounds. This figure is derived by assuming the unit weight of 

cover stone to be 160 pounds per cubic foot, a stability 

«- coefficient of 2.0 for the head and trunk, and a design wave of 9 

feet. Cover stones ranging in size from 4 to 6 tons each were 

chosen. These stones ware also found to be satisfactory from 

breaking waves under normal tide conditions. 

2.3.4. D.sign of Structure cross-aection 

2.3.4.1. Crest elevation and width The crest elevation 

will be 6 teet above MLW from the beach to the end of the jetty. 

This is due to the limiting factor of the ROP park and its status 

as a washover spot in the case of a hurricane. This will also 

provide easy access to many of ROP fishermen. 

16 



The crest width was determined using the methods of the SPM 

and was determined to be 11.5 feet. Taking into account the width 

of three cover stones, a width of 12.5 feet was accepted. This 

will also allow the jetty to be constructed ulling land based 

construction equipment. 

2.3.4.2. Concrete or asphalt CAP Due to cost, neither a 

asphalt nor concrete cap will be used in the design. Bowever, if 

it becomes necessary to install one in the future it can easily be 

done. 

2.3.4.3. Thickness of coyer lAyer For stabill ty, a minimum 

cover layer thickness is calculated using the SPM. This value 

depends on the size of a unit cover stone and numbers of layer. 

Using one layer and a unit cover stone weight of 8640 pounds, the 

minimum cover layer was seen to be 3.7 teet. This is not a problem 

with the size of cover stone chosen. 

Bottom elevAtion of primAry coyer lAyer In the 

SPM it is stated that "it the depth is lass than 1.5 times the 

design wave height then the armor units shall go all the way to the 

bottom." Considering a depth ot 8 teet at the outer end of the 

jetty, and a design wave of 9 feet, the armor units will go all the 

way to the bottom and onto the bedding layer. 

17 
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Cover layer 
Underlayer 

or corestone 

2.3.4.5. Toe berm for poyer layer stability As mentioned 

in the preceding paragraph, cover atones will be placed on tbe 

bedding layer next to the cover layer stones on the side slope. 

This will ensure stability of the structure against breaking waves. 

This berm will extend approximately 5 to 6 feet out from the side 

slope or the width of two cover atones. Any voida between the 

cover atone on the slope and the stone on the toe berm will be 

filled will core materials. Alao, core material will be placed on 

the outside of the cover layer units to protect against scour. 

2.3.4.6. Structure head and lee side coyer layer Since the 

(__ jetties are exposed to wave action on both side of the structure, 

cover stone will be used on both sides. The head, or outer end, 

18 



will be armored in the same manner, but will be constructed as a 

semi-circle. This is much the same as existing rubble-mound 

structures in Galveston. 

2. 3. 4 • 7 • Secondary cover layers and underlAyers The armor 

layer of granite coverstone will eUJIlinate the need for a secondary 

coverlayer. The cover atones will be CArefully placed to form an 

interlocking mass of stone with a minimum of voids. The 

underlayer, or core, will consist of stones reasonably well graded 

from 200 to 1000 pounds. This core stone will be placed on top of 

the bedding layer and any voids will be filled with 1/4 to 4 inch 

filler stone. 

2.3.4.8. Bedding lAyer and filter blanket layer The main 

purpose of the bedding layer is to give the structure a solid, 

level foundation. Using a well graded stone blanket from 2 inches 

to 200 pounds all the irregularities in the bottom are compromised. 

This blanket will extend 5 to 6 teet beyond the cover layer berm. 

Geotextiles were considered, but decided against due to the 

high cost and the success of similar structures in the area that 

do not incorporate geotextiles. Being that the tield of 

geotextiles is still very young, it is the view of the designers 

that geotextile use is atill very much trial and error. 
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2.3.4.9. Scour protection at toe Most of the scour exists 

when the waves rush back down the structure. This force would 

undermine the structure after time except that the extension of 

the bedding layer past the cover layer toe berm prevents this. 

2.3.4.10. Toe berm for foundation stability The extended 

toe berm provides excellent protection against scoor. This, in 

turn, provides sufficient protection of the structure foundation. 

2.4.5. Stability of rubble toun4ationB and toe protection 

Calculated bearing loads on the bottom under the structure 

were 1000 pounds per square toot, or 7 pounds per square inch. 

The foundation design is deSigned with this taken into account. 

The stability of the rubble foundation depends ultimately on the 

sand and other material below it. From what has been observed at 

other similar structures, it is believed that the foundation, the 

toe protection, and the structure itself are stable against all 

factora. 

2.3.6. 

The only drawback of this method of construction 1s the cost. As 

shown in Figure 2 the material cost come to just under two million 

dollars alone. However, when the cost is averaged out over the 

design life of 100 years, then the annual coat is only 38 to 40 

20 



Cover layer 44,000 tons $ 1,100,000 
Core stone 22,000 tons $ 400,000 
Blan ket ston e 17,000 tons .$ 309,000 
Filler stone 7,000 tons $ 136,000 

Equipment and labor $ 1,000,000 
Contingencies $ 500,000 
Engineering and design $ 100,000 
Administration and supervision $ 300,000 

TOTAL - $ 3,845,000 

thousand dollars a year. This also includes yearly maintenance 

cost which ranges from a few thousand dollars to nothing at all. 

A major benefit of these jetties is that,in conjunction with sand 

bypassing and beach renourishment, the jetties will help to 

stabilize and prevent erosion along the Bolivar peninsula. Also, 

in a recreational sense, jetty fishing will become a major drawing 

point for tourists. 

21 
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2.3.7. ConcluaioD aDd rec~n4atiOD. 

The hydraulic factors analys1s generated the wave and current 

data needed to define the ROP erosion process and the conditions 

in which our jetties must work. The data was then incorporated in 

the structural design helping to derive the jetty lengths and 

material sizes. The jetties, as designed, should stop most of the 

sediment loss into the bay and withstand the forces developed by 

a 100 year storm. 
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COST ANALYSIS OF MATERIALS 

TYPE SIZE COST "'!FREICHT 
*1 

(1) COVER STONE 6-8 ton. US/tOil T~IJC.'" 

(CRANITE) 8-10 ton. 

10-12 ton. 

12-14 ton. 

14-16 tona 

16-18 ton a 

Itt 
(2) CORE STONE 200-1000 lb1 .,/ ..... "4&~ 

$10"-' 
200-2000 lb. 

200-4000 lb. 

*2 
(3) FILLER STONE 1/2"-2" DIA $4.S0/toll TRuer: 

$19.S0/ton 

(4) BLANKET STONE 1/2"-200 lb. 
-Z. 

'A~" 
f"/~ 

*2 
(5) RIP-RAP 6"-12" DIA $6.00/ton RAIL 

(LIMESTONE) $19.S0/ton 
*3 

6' • -24" DIA $10. Olton TRUer: 
123.S0/ton 

]. Tf.XAS CRANITE CORPORATION, NEW BRAUNFELS, TEXAS 

2. SURTEX MATERIALS COMPANY, NEW BRAUNFELS, TEXAS 

3. McDONALD BROS., NEW BRAUNFELS, TEXAS 
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ABSTRACT 

When a coastal project Interrupts tbe littoral transport 

of sand and sediments along a coastline, a sand by-passing 

system can be Incorporated Into tbe proJect to aid In the 

redirection of tbe littoral transport In such a way as to 

by-pass the obstruction. For the projected construction of 

two parallel Jetties at Rollover Pass, a sand by-passing 

system was recommended to help redistribute the sand trapped 

by tbe to nearby eroding beaches. This report contains the 

Information and designs for two different sand by-passing 

systems which could be utilized for the Jetty project. 
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CHAPTER 3. SAND BY-PASS DESIGN 

3.1. INTRODUCTION 

3.1.1. PROJECT DESCRIPTION 

The proposed construction of two parallel Jetties at 

Rollover Pass will alter the sediment flow through the pass 

as well as along the coaat In order to create a .ore 

favorable sediment distribution. This alteration will create 

a zone of accretion Just to tbe Nortb-East of tbe nortb 

Jetty, as seen figure 3.1, while likewise creating an erosion 

state Soutb-West of the Jetty system. In order to balance 

the accretion/erosion states on either side of Rollover Pass, 

a sand by-pass system can be utilized. Sand by-paSSing Is 

the hydraulic of mechanical movement of sand from the 

accretion (up-drltt) side to the eroding (down-drift) side of 

an Inlet or harbor entrance. The nourishment ot the down 

drift beaches, by sand by-paSSing, can be accomplished by 

placing the by-passed sand all along the eroded beach or by 

creating a leeder beach. A leeder beach is an artificially 

widened beach serving to nourish down drift beaches [1:5-57]. 

A leeder beach lor the Rollover pass area wlil be described 

later_ 

3.1.2. REVIEW OF SAND BY-PASS SYSTEMS 

The subject ol sand by-passing Is not a new concept. 

In tact, the by-passing of Inlets and waterways has been 

occurring naturally since the creation of the earth. This 

1 
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Figure 3.1: Jetty Sand Trapping 

natural by-passing Is typically accomplished by sand bars 

which allow the passage of sand and other sediments along the 

seaward side of the particular barrier, as sbown In figure 

3.2, by-paSSing the inlet. Because the sediment :s 

restrained by the barrier, It cannot be drawn Into the Inlet 

and deposited Inshore wblcb reduces tbe amount of sediment 

available to nourish the beacbes lurther down tbe coast. 

Sand by-passing can also be accomplished by man made or 

mecbanical means, either by pbyslcal barrier (I.e. man made 

2 
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Figure 3.2: Natural Sand By-passing via Sand Bar [2:316] 

groins etc.) or mechanically removing the sand by physical 

displacement. The physical displacem~nt methods vary from 

physically removing tbe sediment to dynamically pumping the 

sediment from one point to another. For the Rollover Pass 

proJect, five dlfterent type ot sand by-passing systems were 

Initially considered. First was a Iloatlng dredge system. It 

was discounted because of tbe limited dratt at Rollover Pass 

and tbe excessive wave action. Second was the weir system 

which can be seen In figure 3.3. It was discounted because 

the system Is designp.d to trap sand Inside the Jetties. 

Because ot the contlguratlon of the Rollover Pass Jetties, 

sand would be permitted to Ilow Into the bay which Is a 

direct contradiction to the goal of the proJect. The third 

system considered was the fixed pump station which is 

3 
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Figure 3.3: Weir System [1:6-60] 

shown In figure 3.4. This type of system will be discussed In 

section 3.4.2. of this report. The fourth type of system to 

be conslder~d Is a Jet pump system. Although It Is 

relatively similar to the previously mentIoned fixed pump 

station system It was considered InfeasIble because of the 

cost and relative complexity compared to the amount of sand 

that Is to be by-passed. The fifth and last system to be 

considered 'was a construction type system. This system, which 

Is discussed In section 3.4.1. of this report, utilizes 

construction eqUipment to move sand from one place to 

another. 
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Figure 3.4: Fixed Pump Station [1:6-57] 

3.2. CHARACTERISTICS OF THE LITTORAL REGIME NEAR ROLLOVER 

Typically there Is little littoral drift during most of 

the year. The largest deposits 01 sediments occur during 

northerlies, polar fronts, and hurricanes. Since hUrricanes 

are Infrequent and unpredictable, they are omitted from 

consideration for by-passing operations but are considered 

for eqUipment survivability. Therefore, the predominant 

event which affects the littoral drift is the northerlies. 

The Individual factors producing the littoral flow are tbe 

wave and wind forces. As shown In figure 3.5, the wave rose 

diagram depicts that tbe wave forces are predominantly 

5 
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from the East and Suuth-East directions. Wind also plays an 

Important part In the littoral drift. Table 3.1 shows tbe 

relationship between tbe wave and wind transport rates. It 

also establlsbes tbat a combined rate of 99,880 cubic yards 

of sediment flows along tbe coastline around Rollover Pass. 

From the table, the neeatlve value determines tbat tbe 

predominant flow of sediment Is carried by tbe lone sbore 

current flowlne In tbe Soutb-Weat direction. 

DRIFT DUE TO WAVE: 
GROSS WESTWARD (-) 
GROSS EASTWARD (+) 

TOTAL GROSS 

DRIFT DUE TO WIND GENERATED CURRENT: 
NET DRIFT 

COMBINED NET DRIFT 

(CUBIC YARDS) 
-109,825 

55,145 
- 54,680 

- 45,200 
- 99,880 

Table 3.1: Summary of Littoral Drift Predictions for 

Rollover Fish Pass [3:24] 

3.3. VOLUME AND FREQUENCY OF SAND BY-PASS OPERATION 

The Jetties that are proposed are considered to trap 65 

percent of the littoral drift. Tberefore, the amount 01 

trapped sand that must be by-passed each year Is 

approximately 65,000 cubic yards. This estimation is based 

on the U.S. Corps of Engineers Shore Protection Manual, which 

states, "For high groins extending to a 1.2 to 3 meter (4 to 

7 



to foot) deptb below mean water level or mean lower low water 

level, or for erolns extendlne to a depth more than 3 ~ter., 

use 75 percent of tbe total lonesbore transport R [1:5-39]. 

Conslderlnc tbe fact tbat the 75 percent littoral drift 

stoppage Is based on the Atlantic coast, extrapolation was 

used to obtain a value of 65 percent for tbe Rollover Pass 

area. 

The frequency of the by-passlne operation is dependent 

on the type of by-paSSing system that Is used. The frequency 

could range from twenty to one ~oundred days. 

3.4. PRELIMINARY DESIGNS 

3.4.1. DESIGN A: DRAGLINE SYSTEM 

The dragllne system for sand by-passing Is to consist of 

a dragllne, bulldozer, and dump trucks. Once salld bas been 

trapped by the north Jetty, as seen in figure 3.6, the 
'-J 

dragllne will be driven along the beacb line and positioned 

so that it Is able to reach the sand that needs to be by-

passed. A dragline Is Similar to a crane, except it bas a 

scoop at the end as seen In figure 3.7 [4:9-47]. The scoop Is 

lowered and tben dragged across the desired excavation area, 

{Iliing the scoop. The scoop Is lifted and the sand Is placed 

in a dump truck. Once the dump truck Is filled, it Is driven 

to the south Jetty where the sand is dumped. It then returns 

to the dragllne. The route which tbe dump truck tollows Is 

shown In figure 3.6. The proposed route is given In order 

that the dumptrucks will not Interfere with eacb otber. A 

8 
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FI,ur~ 3.6: Ov~rvlew oC DrMgllne System 

Ceed~r b~ach Is to be made by the bulldozer on the South side 

oC Rollover Pass with the dumped material. 

The dragging procedure Is to be started close to the 

base oC the north Jetty as s;en In figure 3.6. The area Is 

to be excavated so that one particular spot Is not made Into 

a hole. When necessary the dragllnc 1s to move up and down 

9 



-.... 
Figure 3.7: Dragllne 

-(Il00'--.0 

the beach depending on how the sand Is trapped. The dragllne 

Is to move 65,000 cubic yards ot sand. Once the procedure 

has been finished, the excavated area will become relatively 

smooth, due to the wave action pushing sand Into the low-

lying areas. 

The sand from the dump trucks will be used to make a 

teeder beach. A feeder beach Is built or sand Jetting out 

Into the gult. Its purpose Is to let the sand erode 

naturally down to the adJacent beaches. It Is less expensive 

and less time consuming tban attempting to spread tbe sand 

out over an entire region or eroded beach. The feeder beach 

Is to be placed 700 fe~t South ot the south Jetty. This Is 

to minimize it's protection by the Jetty. If It were placed 

10 
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closer to the Jetty, the Jetty would act as a shelter to 

incoming waves. Since the inco.inc waves are predominantly 

trom the East or Southea.t directions as seen in tbe wave 

rose diagram, and tbe Jettie. are placed perpendicular to tbe 

beach, the angle ot incomIng waves la 45 degrees . Using a 

simple calculation tor wave detraction, tbe distance of tbe . 
teeder beacb from tbe Jetties I. estlaated at 570 teet. 

However, as a safety factor, tbe dlatance ot tbe feeder beacb 

trom the Jetties Is to be 700 feet, Insuring that tbe feeder 

beach will properly erode. The teeder beacb is 300 teet 

long, 75 Ceet wide, and 3 feet deep. It Is made by the 

bulldozer pusblng tbe sand seaward, each time it goes a 

little farther until a length ot 300 feet is met. Dan 

Sefcik, an engineer at Hunter Construction Company, was 

consulted, and agreed that the process of creating a feeder 

In such a way Is feasible [5]. 

The machinery consists ot a type 108 Link Belt number 50 

draglln£', 06 bulldozer and 5 to 6 dump trucks. The number ot 

dump trucks Is based on the time to drive and unload their 

load and return to the loading site. The time Is 

approximately ten minutes. This Is to minimize the use ot 

the dump trucks. 

In considering the cost analysis of tbe dragline system, 

see table 3.4, several tactors must be described. The cost 

of the dumptrucks Is Included In the price or the drllglln~ 

but the cost of the bulldoz£'r must be considered separately. 

The cost oC the operators, supervisors and/or any other 

11 



liabilities Incurred, such as Insurance, Is ,lven In an 

overhead factor wblch Is multiplied by the total cost of the 

eqUipment as seen In table 3.4. All equipment types and 

costs were derived from tbe Hunter Construction Company (5]. 

Due to the occurrence of burrlcanes, tbe tlae 

requirements for by-passin, operations are based on the polar 

fronts. Since most of the sand's trapped after stor .. , 

spring Is the best time for .and by-pa.slnc. April Is the 

cbosen montb, due to a hlgb tourist season In the summer. 

From calculations, the total time necessary for complete sand 

by-passing came to 20 to 30 days as seen In table 3.2. Tbls 

timetable has been confirmed by the Hunter Construction 

Company and the Corps of Engineers at Vicksburg, Mississippi. 

AMOUNT OF SAND 
CAPACITY OF DUMP TRUCK 
CAPACITY OF DRAGLINE SCOOP 
TIME FOR 1 SCOOP PLACED IN TRUCK 

= 
.: 

~ 

= 

65,000 CU.YD. 
14 CU.YD. 

2 CU. YD. 
1 - 1. 25 

AMOUNT OF SAND = 7 FILLS/TRUCK = 1 SCOOP 
CAPACITY OF DUMP TRUCK 

FOR: 1 MIN. 
1.25 MIN. 

= 
= 

22 DAYS 
28 DAYS 

Table 3.2: Dragllne Time Requirements 
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Tbe use of highway 87 Is limited to 80,000 pounds per 

vehicle. The weight of tbe dragllne ls tbe only piece of 

macblnery whlcb exceeds tbe limit of blghway 87, as seen In 

table 3.3. Tberefore a permit must be attained In order to 

exceed tbe welgbt limit. Tbl~ Is to be done by applying for 

a permit at tbe Texas HIgbway Department In Houston. Otber 

legal aspects may occur In tbe event tbat tbls proposal Is 

actually carried out, bowever, due to tbe scope of tbls 

c"'t.t (report), tbey will not be Mntioned. 

DRAGLINE = 82,000 lb. 

DUMP TRUCK = 48,000 lb. 

BULLDOZER • 32, OO~ lb. 

Table 3.3: Equipment Weights for Transport 

3.4.2. DESIGN B: PUMP STATION SYSTEM 

The pump station system Is designed as a {Ix~d station 

for the dredging of sand sediment from around the north-east 

j~tty at Rollover Pass. The pump station Is located 240 feet 

from the projected beach line (see figure 3.8). The base of 

the station Is of reinforced concrete construction placed on 

a set of driven piles lor vertical stability (see figure 

3.9). The base Is built Into the jetty structure to add 

13 
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Figure 3.8: Pump Station Overall View 

stability to the structure Itself, as shown in figure 3.9. 

The structure Is made oC steel framing with heavy currugated 

siding and roof. The crane assembly Is a hydraulically 

operated boom crane with a boom length of 50 feet and turn 

radius of 360 degrees. All controls for movement and 

positioning are powered by hydraulics. 

14 
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Figure 3.9: Pump Station Base/Jetty Integration 

I 
" The Intake (Le. suction) system Is based on the 

simplicity of a suction dredge. By this, a suction pump 

creates a Corce of great enough magnitude to pull the , sediment trom the sea floor along with water which acts as a 

suspending agent. This slurry solution can then be pumped to 

a point, via a piping network, where It can be discharged to 

areas of erosion. The Inlake nozzle Is suspended (rllm the 

boom by sleel cables (see figure 3.10). This configuration 

allows flexibility In the positioning of the suction nozzle 

permitting up to 60 feel or grealer reach Cor suction 

operations. 

15 



Figure 3.10: Crane and Intake Design 

Discharge ol tbe sediment Is accompllsbed via a piping 

system which carries the sediment from the pump station to a 

shore based booster pump wblch continues pumping the sediment 

along the discharge system. From the booster pump, the 

discharge pipe Is directed to a depth of 8 leet below the 

beach level where It proceeds under the jetty system. From 

there It rises to a depth ol 4 leet where the llrst of lour 

outlet valves Is encountered 80 feel lrom the south J~tty, 

see llgure 3.8. The outlet valve, see figure 3.11, consists 

ol an extension to the surface and a valve to open the 

pipeline Cor discharging onto the beach. A secondary pipe 

ma y be at t a c h edt 0 the 0 uti e t val ve If It I s d €' sir,," d t 0 

16 
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OUTLET VALVE 

DIRECTIONAL VALVE 

Figure 3.11: Outlet Valve Contlguratlon 

dlscbarge the sediment turther offshore. From tbis valve, 

the discharge pipe system proceeds to the rest of the outlet 

valves at 1760 toot Intervals. This discharge system allows 

the discharge or tbe sediment tor up to one mile south-west 

ot the Rollover Pass Jetties tacilitating fe~der beaches 

where they are n~eded. Figure 3.8 depicts the discharg~ line 

and the outlet points tor reference to the beach. 

The machinery necessary consists of a hydraulic unit 

with a 10 gallon minimum reserve capacity, a centrifuge type 

booster pump, and a Moyno 2J175Gl CSQ cavity pump, or similar 

centrlf.uge type pump, Cor the suction operations. The Moyno 

cavity pump Is capable of pumping 800 GPM which in 

considering an approximate 15\ [6] concentration of sediment 

17 



equates to about 87 cubic yards per bour of sediment 

transport. In considering the average elgbt hour work day, 

about 809 cubic yards of sediment can be transported per day. 

Tbe layout of tbe hydraulic unit and tbe auction pump can be 

seen in figure 3.12 wbere tbe position of tbe booster pump 

can be seen In figure 3.8. 

Figure 3.12: Equipment Layout 

18 
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3.4.3. COST-BENEFIT ANALYSIS OF DESIGNS A & B 

In considering the cost analysis of tbe two different 

systems, two different concepts must be considered. First 

the dragllne system Is based on a yearly operation. 

Tberefore table 3.4 describes the cost of a single by-passing 

operation contracted during the tl.e period tbat tbls report 

was researched. For the fixed pump station deslen, the costs 

are based on a ten year life-span of tbe equipment, see table 

3.5, even tbougb most of tbe system will be of use for a 

considerably longer time. 

RENTAL EQUIPMENT: 

DRAGLINE = $2.25 CU. YD. 65,000 CU. YD. = $146,250 

BULLDOZER = $5000 MONTH = 1 MONTH = 55,000 

SHIPPING: 

DRAGLINE ,- $2000 

BULLDOZER = 51000 

TOTAL : $154,270 

OVERHEAD " 1.15 

TOTAL = $177,410 

Table 3.4: Cost AnalysIs for Dragllne 

19 



BASE STRUCTURE = • 880,000 

BUILDING STRUCTURE = • 45,000 

BOOM SYSTEM = • 95,000 

DISCHARGE SYSTEM: 

PIPE SYSTEM = $ 195,000 

VALVES & MISC. = $ 95,000 

MACHINERY = S 120,000 

VARIABLE COSTS: 

MANPOWER = S 800,000 

OPERATION & MAINTENANCE :: S 100,000 

TOTAL = S 2,330,000 

Table 3.5: Cost Analysis for Fixed Pump Station 

,.j, ~. SELECTION BETWEEN ALTERNATIVE DESIGNS 

In taking Into consideration all of the mentioned facts, 

the dragllne system was chosen primarily because of the cost 

difference between the two systems. This Is not to say that 

the flXE'd by-passing system should be ruled out. Both system 

are feasible and are due equal conSideration. 
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ABSTRACT 
The Rollover fish pass is a man-made artificially stabilized 

tidal inlet opened in 1954-1955 on the upper Texas coast 

approximately 19 miles eas~ of the Galveston entrance on Bolivar 

peninsula [4:427). Problems with scouring in the pass caused a 

closing for the installation of steel sheet piles along the sides 

of the pass. Since the re-opening in 1959, beach loss in the 

area around the pass has averaged 14 to 16 feet per year according 

to the u.S. Army Corps of Engineers (USACOE) [4:434). Erosion 

rates for the two sides of the pass have differed since the 

opening in 1959-1960, with the rate of shoreline loss on the 

southwest side of the pass exceeding that of the Northwest. The 

implementation of an erosion control system at Rollover fish pass 

along the upper Texas coast will cause changes to occur within 

the existing environment. This statement is an analysis of these 

steps and will serve as guidelines for the construction and 

implementation of the system with a minimum of negative 

environmental effects. The scope of the report will include 

effects on the water hydrology of the Rollover and East bay 

systems, Changes in bay flushing and circulation, and effects on 

the surrounding areas including marsh lands and bay bottom. 

Bio-ecological effects will also be addressed. The environmental 

effects will be addressed to the memorandum dated 9 October 1989 

to Or. Y.H. Wang of Texas A&M University at Galveston concerning 

the characteristics of the project. 

i '---\ 



f-

1 

I. Introduction. 

1.1 Brief Problem Description. 

The Rollover fish pass was initially opened in 1954-1955 by 

dredging a channel 80 feet by 8 feet across an area of the 

Bolivar peninsula where the maximum land elevation did not exceed 

5 feet [4:429]. Stability problems with the pass caused the 

channel to scour to 500 feet wide at the seaward mouth and 30 

feet deep in aome locations [4:429]. In order to protect the 

structural integrity of the bridge crossing the pass, (highway 

87), the inlet was closed in 1955 by driving sheet piles across 

the inlet on the seaward side of the pass. With the installation 

of steel sheet piles along the sides of the pass, the inlet was 

opened again in 1959 by driving the sheet piles down to a depth 

of 5 feet below mean sea level (MSL) [4:429]. Average depths for 

the pass as of April 1989 show an average depth of 3 to 4 feet 

[USDOC. Chart 11331-SC]. 

Estimates of Erosion rates along the Gulf shore at the pass 

vary. These variations are shown in table I [4:434]. 
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From the data in the table, we can see that the rate of shoreline 

change on the southwest side of the pass exceeded by 2.1 feet per 

year. 

The change on the north east side for the period 1956 to 1984. 

These figures are taken for a linear distance of 6900 feet to 

either side of the inlet. The USACOE 1984 Study concluded that 

approximately 9000 cu. yards of sand per year are lost on the 

down-~rift side of the pass (6900 ft.) due to excess beach 

erosion [4: 434] • It has also been sho\om that the erosion rates 

for the ROP area have exceeded the pre-pass erosion rates by 

between 3 and 12 feet per year [4:435]. 

Based on a hypothesiS that net tidal-inlet sand transport is 

approximately equal to the excess beach erosion downdrift of the 

pass, it can be deduced that the net transport of sand through 

the Rollover fish pass is from 9000 to 26000 cu.yds per year. 

Note that these figures are not consistent with the rates 

calculated from excess dredging in the Gulf Int~acoastal Waterway 

(GIWW) [4:435J. Increased maintenance dredging of the GIWW since 

the opening of the ROP would indicate that a percentage of the 

material filling the GIWW is littoral material from the gulf 

funneled through the bay in constricted channels at velocities of 

up to 6 ftl sec. during the first portion of the flood 
[4:435J. 

tide 

In Rollover bay, severe sedimentation has occurred over the 

past thirty years due to the flood-dominant characteristics of 

the inlet. Indeed, visual inspection and photographs aken on 

Friday October 20, during the ebb tide show most of the bay 
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bottom exposed. Tidal data for the day supplied by the National 

Ocean Survey, U.S. Department of Commerce shows a low tide of 0.0 

ft above MLLW at 1439 hrs [USDOC 11331-SC]. The flood-domination 

of the inlet is causing littoral material to be drawn into the 

bay and deposited on the bay bottom. Soil -samples taken in 

October 1989 at several locations in the bay have shown a strong 

similarity to materials on the gulf side beaches in the area of 

the pass. These results will be presented in a later section of 

this report. 

1.2 Climate Characteristics, Galveston Bay System. 

1.2.1 Annual Rainfall. 

The climate of the Texas Gulf coast is generally 

characterized by short mild winters and long hot summers. The 

annual rainfall for the region averages about 45 inches. The 

amount of rainfall received on an annual basis has a direct effect 

on the salinity regimes in the East bay system. The east and 

Rollover bay systems are fed by a number of tributaries, 

including the Trinity river and the East bay bayou on the eat 

side of the ROP. During dry spells, the amount of evaporated 

water from the bay tends to cause a small corresponding rise in 

salinity since salt crystals cannot be evaporated. 

1.2.2 Wind Climatology 

Wind conditions in the gulf show predominant wind velocities 
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of 8 to 15 miles per hour from the south-southeast for more than 

60 percent of the year. As a result of the predominant wind 

conditions, longshore littoral transport is generally from east 

to west. On an annual basis, 15 to 20 fast moving polar fronts 

pass through the area bringing offshore or northerly winds of up 

to 50 mph (4:428]. These fronts are most common during the 

winter months; December, January and February. Preceding the 

passage of a front, a period of strong onshore winds (southerly) 

generate stronger than usual wave activity. 

1.2.3 Wave Climatology. 

The wave climate of the area can be described as fairly calm, 

with waves of height exceeding 4.5 feet occur only 1 to 3 percent 

of the time. Wave heights are less than 2 feet 25 to 50 percent 

of the time [USACOE 1984]. 

1.2.4 Storm Activity. 

From 1900 to 1984, twelve hurricanes made landfall less than 

40 miles from the Rollover pass. The greatest surge height was 

recorded in 1961 during Hurricane Carla, which came ashore 150 

miles southwest of the Rollover pass [USACOE 1984J. On average, 

surges greater than 5 feet have occurred at ROP every 2 to 3 

years [Morton 1975]. A discussion of the beach profile changes 

due to storm activity will be included in a later section. 

The following compilation presents a short summary of the 

general climatology for the ROP area. 
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· -
-TABLE II: Local Climatology. 
----------------------------------------------------------------

Predominant winds from the South-Southeast at 8 to 15 mph, with a 
number of strong polar tronts moving through the area during the 
winter months. 

Short Winter seasons with mild temperatures, 
of polar fronts moat common during the 
(December, January, and February). 

and the occurrence 
deep winter months 

Long, hot Summer seasons with high humidities and an average 
annual rainfall of 45 inches. 

The coastal area is subject to tropical storms of hurricane force 
at irregular intervals. This storm activity can result in rapid 
significant changes in beach profiles. 

('- NOTE: The winter beach profile is characterized by a steeper 

~ ,'---

nearshore slope and large offshore bars. 

1.3 Physical Charecteristics of the Rollover Bay Area 

1.3.1. Regional Sediment Charicteristics 

The Geomorphology ot the Texas Gulf Coast is that of a typical 

Depositional Barrier Island shoreline. Barrier island beaches are 

well sorted, coarse grained' sedimentary deposits which serve to 

protect inland. areas from storm activity and limit flow from 

estuarine bays and lagoons. Sediment is supplied to these beaches 

by material run-off from upland river systems and is carried down 
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the shoreline by longshore currents. The materials which comprise 

the barrier island beach are clastic sedimentary deposits which 

range in texture from clay to sand. Figure 1 illustrates a typical 

sediment distribution in the coastal zone. 

Fig. 1 from (9) p.61 
Environments of clastic deposition 

in the coastal zone. 

Shoreline configuration along a depositional coast is highly 

dependant on wave activity and sediment supply. Barrier islands 

will adjust their configuration to adapt to a changing wave climate 

or a fluctuation in sediment supply. Rollover Fish Pass (ROP) and 

Rollover Bay (ROB) are examples of this dynamic interaction between 

land and sea. 

ROB is, for the most part, a normal shallow water bay 

environment. Finer grained materials are concentrated in the low 

energy areas behind the dune line, while coarser grained sand is 

accumulated along the shoreline. The only peculiarity to be found 

in ROB is the presence of two bars which run on either side of ROP 
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back to the GIWW. These bars are approximately 100-150yds. wide, 

and were the subject of the sampling expedition to ROB. 

Three samples were taken from the bars along with one from the 

nearby gulf coastline. Sieve analysis performed on the samples has 

shown that the grain size of the bar material is larger than the 

size of material found in the rest of ROB. It has also been noted 

that a coarser grain size is prevalent along the neighboring 

shoreline. Material from the bars was typically from .106 - .150mm 

in diameter, whereas material from the beach ranged from .150 -

• 180mm. It is believed that the bar material is sediment which has 

been removed from the shoreline by severe erosion on the gulf side 

of ROP. It is also believed that this erosion/deposition process 

is resulting in the "suffocation" of ROB. As the hydraulic 

equilibrium of Galveston Bay seeks. to re-stabilize, the shoreline 

near ROP is migrating inland and re-forming in ROB, thus reducing 

circulation in ROB. Based on the results of the sieve analysis and 

the local geomorphology of the ROB area it has also been determined 

that the ROB bars are a suitable borrow site for a minor beach 

nourishment project. 

2.0 Effects on Water Hydrology • 

2.1 Volume Change at Rollover Bay. 

The initial phase of the plan requires the removal of 

material deposited into RO bay from the gulf. A dredging 

operation in the bay will undoubtedly change the water volume of 

the bay. As we know, the average high tide depth in the bay is 
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between 0.5 and 1 foot. The dredging operation is predicted to 

increase this average depth to 3 feet. The result is tripling 

the current fluid volume in the bay. This extra water has to 

come from somewhere, and the inflow will be the combination of 

water from the east bay and the Gulf of Mexico. 

2.2 Salinity: 

The salinity regime in the Galveston Bay system is the result 

of tidal fluctuations and freshwater inflow to the bay system. 

The area in question, ie. the Roll-Over bay, has a significantly 

lower average salinity on a year round basis than the western 

portions of the bay, depending on the ratio of fresh to salt 

water inflow to the region from the East bay system over the 

Texas Intracoastal waterway. A computer program has been 

developed to demonstrate that a salinity rise in the bay would 

occur as a result of a dredging operation. The development of 

such a program cannot be taken as the definitive answer to the 

salinity change dilemma, however; by showing that the conditions 

present in the bay favor a positive increase in salinity, it can 

be shown that the salinity of the ROB is a matter of 

concern. Parameters for the program have been taken from U.S. 

Department of Commerce Nautical chart No. 11331-SC, and from the 

1987 final report of the Galveston bay Navigation Study plan HSOG 

for the widening and deepening of the HOUston Ship Channel. 
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Parameters are as follows: 

1. Maximum tidal flow over a 25 hour period between .7 and 4.2 
ftls [Prather and Sorensen, 1972]. Flood and Ebb tidal values 
were not distinguished, but the report stated that R-O pass is a 
flood-dominant tidal inlet. 

2. Average baseline salinity in the East bay-ROP areas between 
16.9 and 17.2 ppt. with fluctuations of less than 1 ppt.(+I-) 
over the next fifty years to 2045. 

3. Average baseline salinity in the Gulf of Mexico of 28-29 ppt. 
depending on the average annual rainfall in the coastal region. 

4. Final dredge depth of 3 ft. in the RO bay dependant on the 
results of preliminary soil analysis completed at Texas A&M 
University in late 1989. 

S. Maximum tidal velocity of 6 ft./s through ROP during the 
flood tidal movement. 

6. A fixed control volume for analysis. 

The program uses a relation between the cross-sectional area 

of inlets from the bay and gulf systems including the TICW 

contribution. By modelling the RO bay with a simple program, we 

can show that a resultant rise of salinity due to dredging would 

occur. 

The ROP has been described as a flood-dominated tidal inlet, 

with evidence for and against this ascertation. Circumstantial 

evidence exists to show that ROP is in fact flood dominant. 

Observations have shown that the scour hole on the bay side of 

the weir tend to be deeper than the scour hole on the seaward 

side. The difference in depth indicates: 

(1) Flood flow velocities typically exceed ebb flow velocities. 

(2) Bedload transport to the weir is greater during the flood 
flow period. 
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In addition, Prather and Sorensen (1972) made velocity 

measurements in the ROP, primarily over a single 25 hour period. 

The velocity difference between the flood and ebb tidal flows 

respectively was 4.2 to 0.7 ft/sec. In 1981, C. Mason, in his 

-Hydraulics and stability of five Texas inlets" showed 6 and 2 

ft./sec over a 31 hour period for the flood and ebb flows. Bales 

and Holley also measured velocity in 1985 and found that the 

velocities on the flood and ebb tides were in fact very close 

i.e. 4.0 and 3.0 ft/sec •• The program uses a finite volume and 

simulates the flow of varied-salinity water into the volume as a 

percentage of the total finite volume. 

Using the velocity information above, and the assumption that 

the ROP is in fact flood dominant, The computer program was run 

to determine the change in salinity with respect to the increased 

volume of a dredged bay. The results are shown in APPENDIX I, 

and demonstrate that a positive increase, although minute would 

occur. 

From the results of the program rises the question of the 

effect of increased salinity on the bay. Trends for the year 

1989 have shown a significant reduction in the oyster population 

due to low salinity in the bay system. If the trend toward high 

freshwater inflow continues into the future, then the salinity 

rise would have no significant detrimental effect on the bay 

system. 

The Houston Ship Channel to the west provides a "salinity 

barrier" separating the east and west bay areas. As a result of 
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this separation, the bay salinity regimes are split at the 

Houston ship channel. An initial dredging of the pass and bay 

areas could potentially create a sub-surface channel allowing 

high-salinity water to penetrate into the bay. The resultant 

increase in average salinity could have an adverse effect on the 

organisms in the area, if the change in salinity is too great. 

The change predicted from the program; however, does not show a 

significant rise in salinity after implementation of the project. 

It is expected that the Trinity bay area would experience a rise 

in salinity of 1.10 ppt under plan 850 of the Galveston bay 

Navigation Study, 1986 involving the widening of the Houston Ship 

Channel. A similar rise, although smaller in magnitude, due to 

the dredging of Roll-Over bay could result due to the closer 

locality of the salt penetration. Roll-Over bay presently shows 

a baseline salinity of 16 ppt.j however a regime as high as 17 

ppt. could become the norm following a large-volume dredging 

project. The following data shows the present baseline salinity 

regimes in the east bay system according to the u.s. Army Corps 

of Engineers Galveston Bay Navigation Study of 1986: 

TABLE 1: Baseline Salinity in the East Bay System 
----------------------------------------------------------------

North Trinity bay, and deltaic marsh: 
Roll-Over Bay, Texas h.B7 to TIWW: 
Gulf of Mexico, Bolivar Peninsula: 

Predicted Salinity, RO bay after dredging 
to an average depth of 3 feet: 

11 

9-11 ppt. 
14-16 ppt. 
28-32 ppt .... D 

16.5-17 ppt. 



* Data taken from Galveston Bay Navigation Study, 1986 concerning 
plan H50 for the widening and deepening of the Houston Ship 
Channel from the Bolivar Roads entrance to the Houston 
turning basin. 

B. Bay Area Flushing: 

Definition of Flushing Rate: 

1. Freshwater Flow Definition. The time required for the bay 
volume to be replaced by 
freshwater inflow. 

2. Tidal Flow Definition. The time required to replace the bay 
volume through successive tidal 
exchanges. It should be noted that a 
typical tidal excursion in Galveston 
bay is between 4 and 6 miles. As a 
result, on the ebb tide, much pf the 
water does not leave the bay, but 
merely moves up and down the bay. 
This does not strictly apply in the 
R-O bay area due to the shape of the '~ 
R-O bay. 

[USACOE, 1986] 

The first factor to consider is the tidal differential for 

the ROP area. For the Entire Galveston Bay system, a 1 foot 

average diurnal tide can be assumed, but the actual differentials 

in the different parts of the bay vary. There is approximately a 

four hour lag between the occurrence of high tide on the gulf side 

of ROP and the high tide on the north side in the East bay. This 

phase difference is evidence that the water levels in the bay are 

more influenced by flow through the Galveston entrance than 

through the ROP [Bales and Holley, 1986; Mason, 1981]. The 

observed tidal median in the area is 0.55 feet [Prather and 
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Sorensen, 1986; USACOE, 1959]. The velocity measurements made by 

Bales and Holley in 1985 were taken at tidal differentials of 

0.6, 0.9, and 1.0 feet (above MLLW). Roll-Over pass obviously 

allows for increased circulation in comparison with the Northern 

sections of the bay and the Ship Channel. Because of the 

physical shape of the R-O bay, it is assumed that the water is 

exchanged on a regular basis due to the pass directly connecting 

it with the Gulf. At the present time, the average depth in R-O 

bay is approximately 0.5 to 1 foot (at high tide). During the 

ebb tide, much of the bay bottom is exposed as observed by team 

members on 20 October 1989. Depending on the volume of sediment 

to be removed from the system, the flushing time for the R-O bay 

I area could be reduced by up to 10 percent. There are several 

(- factors to be considered in this case: 

, 

~ , 
"." 

1. The salinity difference due to the increased inflow 
of gulf water into the bay. 

2. Depending on the calculation method, the flush rate 
reduction could be less than expected initially. 

3. According to the Galveston Bay Navigation Study, 
1986, the flushing rate has no apparent relation to 
higher fishery yields, even though analyses have 
been conducted by the Texas dept. of Water Resources. 

Turbidity and Water Quality: 

The water quality in the Galveston bay system is generally 

classified as good along the southern portions of the bay due to 

the close proximity of the Gulf of Mexico and frequent flushing 
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of the area for the aame reason. Although the water quality in 

the Trinity bay is also good, the salinity is much lower due to 

the outlet from the main channel of the Trinity river. The 

deepening of the R-O bay area is not expected to reduce the water 

quality in the bay because of the reduction of flushing time due 

to dredging. 

The amount of dissolved solids 1n the water column would be 

affected depending on the placement of a groin system around the 

pass. Currently, the plan 1s callinJ for the construction of 

parallel jetties on the gulf side of ROP to interrupt the littoral 

flow drawn into the pass by the suction formed in the bay by the 

tidal time lag. If the littoral flow is reduced, and the amount 

of suspended littoral material decreased accordingly, then it can 

be deduced that decreased sediment transport into the bay would 

accordingly decrease the suspended sediment percentage in the water 

column. It can be assumed that there will be a higher amount of 

suspended solidD in the bay during the construction phase, 

specifically during the dredge-portion of the operation. The 

dredging will stir up a considerable amount of the small sediment 

particles during material removal. The influence of the Galveston 

entrance on the tidal flow of the ROP area would therefore draw 

this mass of water further into the bay during correct tidal 

conditions. As a result, during the construction phase of the 

project, it is expected that the percentage of suspended solids in 

the water column of the east bay would increase. After the 

construction is complete, it is also expected that the suspended 
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solid percentage would decrease to normal or below-normal levels. 

Note that this 1s a construction and not a maintenance operation, 

involving the removal of "virgin" material from a source and 

re-deposition at another location. A maintenance dredging 

operation involves the removal of relatively more contaminated 

material for redeposition, and as such, it has been decided that 

material in close proximity to the TIWW not be considered in the 

calculation of available sediment resources in the Rollover bay. 

In short,a long-term decline in water quality is not expected. 
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:';.') Effects on ecological and blOl09l<:al svsteolls 

3.1 Effects on benthIc orQanlSmS 

The proposed design plan ~ill have a physical effects on 

benthos. or the bottom d~elling organisms including polychaetes, 

small crustaceans, and mollusks. Which are very important in the 

esturine food chain and contribute significantly 

productivity of the surrounding area. A temporary loss of 

benthic population ~oL.ld occur as a result of the proposed plan 

( 12) • 

This ~ould occur during the dredging operation. When 

the sediment is transported from the bay and piled up for the 

drYIng process, probably all of the organisms ~ould suffocate. 

In the constructlon of the Jetties, slmilar effects ~ould occur 

by movlng equipn.ent and the JE·ttv material. Ik'rl ng t he sand 

by-paSSing process, the benthlc orQanisms would suffocate while 

<b:Vnl. I:ElS 3-01. 

the bentt,ic OrQanlsms very tivnalf,i c 

I'ppn:lductive j-"t:P. and they are ",':pl?cted to reestabli!'.h their 

presence in these reQions or the adjacent regions <in the case of 

the jetties), either during or after the completion of the 

proposed plan (12 and b:Vol.I:EIS 4-2). 

Also, due to the relatIvely coarse characteris~lcs of the 
) 

local sediment. the gulfside environment is not very conducive to 

polychaete ~orm habitation but under our proposed plan, the beach 
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Thie:;, In turn, wi I I 

provIde more food sources for fISh and shorebirds (12). 

Since the effect on the benthos will be a temporary loss of 

food source for fish and shorebirds. the plan may cause the 

affected species to feed in the surround or adjacent area 

temporarily until the benthic community reestablIshes at the 

beach site and in the bay. We feel, therefore, that the long-term 

effects on the benthos will be minimal or nearly null (12). 

3.2 Effects on shorebirds 

The sand pit are~ inside the bay, which is one of the 

proposed sediment sources for the beach nourishment. is currently 

used as a bird loafing and feeding area. These birds include 

white pelicans. laughing gulls, ring-bliled gulls. Caspian terns. 

Foster's tern. bJ ack !"ki mn,et-!". and sevE't al J 

mentlon~d earlier. reduction In benthic population would caU5~ 

tt,,.. 

b:Vo}. 111:4). 

3.3 Effects of cre~tlon of mArshland 

With our proposed plan, after the dredging. the bay bottom 

will be contoured to farm small ch~nnFls. thus allowing for £alt 

water inundation. Also. the eastern section of the bay sand pit 

area will be dredged deeper than other area to allow small 

17 



~ny newly cre~ted wetlands (Ill. 

The creation of a wetland. very brlpfl~ de~crlbed. would 

entail the planting of vegetationCcordgrass) The 

creation of a wetland would also make the are~ more biologically 

productive, and more species of biota would be able utilize the 

area (11). 

The benefit from creating this wetland cannot be measured 

wi th a doll ar f i gLlre, but I woul d like to compare our proposed 

plan with a plan of an engineering firm in California. near L. A. 

MaguIre and Thomas Partners, a development firm owns 9~7 acres 

of wetland approximately an hour outside L. A. ThiS wetl~nd, due 

to the construction of the flood control lev~e, rpcelves poor 

quallty of water that drains from the vicinity. In or der for 

thlS firm to develop their land they don~ted ~16 acre~ of this 

wpt 1 and and $1 (I nn 11 i or. tot he Nat i onal Audat,on Soc i et ~ f 0 

restore the normal tided cycle throuClh th£- u,;aQF, of computer 

-lhE- creAtion of wetland, ir. thF.· propo~ed prnJPc:f, dc,f'~. nof 

require the l~rgf> Sl.l,n of .1Ionev as in thE? case at ttiP wetland in 

California and bring 011$ much benefit to the reqion. In other-

words, the cost of creating a wetland in itself is hiqh but in 

the proposed plan, twn henefit~ from ane plan ia qainnd hv 

improving shoreline conditlons of the Rollov~r Pass area and 

turning the ~ay into a more productive wetland. 
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.:;. I) Leg~l considerations 

The aim of this sections of the paper was to brln~ out somp 

aspects of the environmental concerns that may arlse from our 

proposed plan and to inform the community that if this plan is 

chosen, a much more in-depth study for the total feasibility, in 

every •• pect, must be made before the plan is submitted for 

.pproval. In order for this proposed prOject to get off the 

ground, and be submitted to the state for the allocation of 

funds, there is a list of environmental requirements that must be 

met. This meaning that this plan must cOIIIply with various acts 

and laws. This i. the list of various environmental require-

ments that I thought may apply to this proJect. There may also 

be other regulations that may be fulfilled. 

CURRENT LEGISLATION -----------------------------------------------------------------
CLEAN WATER ACT 

CLEAN AIR ACT 

COASTAL ZONE MANAGEMENT ACT 

ENDANGERED SPECIES ACT 

FISH AND WILDLIFE COORDJNA1IDN ACT 

MARINE F'ROTECTION, RESEARCH AND SANCTUARIES 

NATIONAL ENVIRONMENTAL POLICY ACT 

FLOODPLAIN MANAGEMENT (EXECUT IVE (JRDE-.R 1108S) 

PROTECTION OF WETLAND (EXECUTIVE OF\DER 11990) 

TEXAS COASTAL ZONE MANAGEMENT ACT 

TEXAS WATER QUALITY CERTIFICATE 

(6 t Vo 1 1. E IS: vii i - i x ) 



To: 
From: 

Date: 

APPENDIX 
MEMORANDUM 

Dr. Y.H. Wang, PhD. 
Mike Duncan 
Darrel Pelley 
Jung Ho Yoon 
09 October 1989 

Subject: Determination of Analysis areas for Environmental 
Impact Statement. 

Re: MASE 407-401 Design of a Erosion Control System for 
The Roll-Over Bay and Fish Pass. 

Environmental Impact and Feasibility Analysis Team 
Basic Project Characteristics for the Control of 

Erosion at Rollover Bay, Texas. 

Assumed Project for Reference: 

I. Initial dredging of the Roll-Over bay to a certain depth, 
creating a source of sediment for an initial local beach 
profile nourishment in the Fish Pass area. 

II. Design and construction of a sand by-pass system to 
continually nourish the beach profile. 

a. Construction of parallel rubble-mound jetties on the 
east and west sides of the R.O.P to maintain a 
steady beach profile through controlled interruption 
of the littoral transport into R-O bay. 

b. Design and construction of a pumping station to 
transport sediment to the beach along the west side 
of the pass from the collection area on the east 
side. 

III. Use of the pumping station to pump recovered sediment to 
the beach profile from the sediment collection area along 
the east side of the gulf coast at the fish pass. 

* Data partially supplied by Miles Gathright of the design team 
of MASE 407-401 
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FOREWORD 

The SHORELINE EROSION SEMINAR, GALVESTON COUNTY, TEXAS 
was organized as a technical conference concerning the .quantitative analysis and 
design aspects of combating beach erosion along the Galveston shoreline. There have 
been ample discussions and numerous debates on shoreline problems, solutions and 
management policies in the pasL Sometimes these issues generated enormous 
emotional public outcry. However, feelings without agenda cause stagnation and 
confusion. This conference is designed to move the process forward by providing an 
agenda for implementation. 

The SHORELINE EROSION SEMINAR started with the employment of 
conventional means for beach erosion control and followed with some new and 
emerging technology applications. The purpose of this program structure was to 
promote a broad exchange of information between regulators and practitioner, 
scientist and engineer, and environmentalist and developer. 

The editor acknowledges generous contributions of the speakers. Some of 
them traveled long distances from out of state in order to present their ideas. Many ,_ 
papers in the proceedings are derived from the project supported by Galveston 
County and the Texas Water Commission through Dannenbaum Engineering 
Corporation. Without their [mancial support this conference would not have been 
possible. The approval and encouragement of the sponsors is gratefully 
acknowledged. Special thanks are due to Mr. Pat Hallisey of the Galveston County 
Beach Park Board of Trustees for his support and encouragement. 

The logistical supports were provided by Mr. Ronnie Barcak who typed and 
formatted the proceedings, Mr. Paul Wilson, Ms. Rosann Heflin, Ms. Theo Byrne, 
Ms. Joyce Dryman, and Mr. Charles Lee all contributed to the smooth operation of 
the conference. 

It is hoped the energy exhibited during this initial undertaking will help form 
a basis for clearer understanding of the technology available to solve Galveston 
County's problems. 

Editor 
Y.H. Wang 
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OVERVIEW OF GALVESTON COUNTY 
SHORELINE PROBLEMS 

Y.H. Wang' 

ABSTRACT: This report identifies the problem areas on 
the shoreline of Galveston County, establishes objectives for 
treatment, and suggests options for remedial measures. This 
is presented in the light of understanding the physical 
environment and littoral transport processes of a much larger 
geographical frame. 

INTRODUCTION 

The Galveston region has several coastal problem areas that need shoreline 
protection implementation. There are two functional entities that are common to all the 
project sites; the forcing function such as natural forces in the coastal zone and the response 
function such as location parameters. Understanding these two functions and their 
interactions at different project sites will provide valuable information for better project 
decisions and/or implementation. 

When physical environment is mentioned in the coastal region thoughts on natural 
processes comes to mind. 

Location parameters such as the orientation of shoreline, sheltered or exposed, open 
to long or short fetch, bottom topography, and sediment materials, etc. Natural forces, such 
as waves, tides, winds, and currents, etc. that shape up the bottom configuration of the coast 
zone. The interaction of these two, or the natural processes, determine the shoreline change 
in that region Shoreline changes are also possible through man's interference of the natural 

• Professor and Professional Engineer, Texas A&M University at Galveston, P.O.Box 1675, 
Galveston, Texas 77553-1675 
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processes. Both natural and man made shoreline changes can be good or bad depending 
on whether or not the change induced effects are in the viewers' favor. 

The boundary of the Galveston shoreline facing the Gulf of Mexico starts from the 
intersection of State Highway 124 with Highway 87 at High Island, and ends at San Luis 
Pass. This shoreline has a general northeast-southwest orientation approximately 60 miles 
long. Within this stretch of shoreline, there are two natural tidal inlets, Galveston Bay 
entrance and San Luis Pass, and one man made inlet, Rollover Pass. These inlets are 
separated approximately equidistant from each other, and all are connected to Galveston 
Bay. Rollover Pass and Galveston Bay inlets are regulated by structures, San Luis Pass has 
no regulating structure. 

Weather plays an important role in the physical makeup of the shoreline. The history 
of a location, especially data on shoreline parameters, provides guidelines to the 
understanding of the site's adjustments to natural forces. Understanding how a shoreline 
responds to these forces and taking into account all planning and design considerations will 
lead to an overall view of the location's attnbutes, therefore opening the door to solving the 
area's problems. 

The prevailing winds are mostly from the south and southeast directions with a speed 
of up to 15 knots. There are about 15 to 20 northeasters with speeds up to 50 mi/hr passing 
through this region during winter [1]. In the past century, there have been numerous 
hurricanes within a 200 mile radius of Galveston. Hurricane Carla in 1961 produced the 
greatest storm surge on record in the region [2]. High water levels greater than 5 feet can 
occur once every two to three years [2]. 

The astronomical tides vary between diurnal and semi-diurnal and are less than 2 
feet The wave climate in this area is generally mild, heights less than 2 feet half of the 
time. The average magnitude of longshore current is 0.8 ft/sec southwest 56% of the time 
and 0.67 ft/sec northeast [1]. 

The general characterization of the Galvesto~ shoreline takes into account the effects 
of location and natural forces on each of the individual areas, while trying to present an 
overall view of the region. Since the Galveston region is broken into eight (8) different 
problem locations, there would be eight different problems to be solved. The key for 
stabilizing, thereby solving, the shoreline problems is to investigate each individual location 
and the effects that it has on the other locations. 

The Galveston shoreline comprises of two main problems; erosional tendencies and 
unwanted accretion. Erosion problems occur near the High Island, Rollover Pass, and 
Galveston west beach, while unwanted accretion may be found in Rollover Bay, Big Reef, 
and Galveston West Bay. Structures are present and occupy the middle section of County's 
shoreline. The relationship of all these problem areas need to be investigated, and an 
overall regional understanding will provide answers to the coastal shoreline problems. The 
Galveston shoreline can be broken into four major areas for general characterization, as 
shown in the following figure. 
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Segment I: Location of this portion is the extreme northeast boundary, High Island 
to Rollover Pass. East of this segment is Sabine Pass and adjacent coastline that serves as 
a sediment supply source. Rollover Pass, southwest part of segment, serves as a sediment 
sink. This segment's shoreline is relatively straight with a northeast orientation. 

Segment II: This portion is from Rollover Pass to the .Galveston Bay entrance. The 
north jetty serves as the boundary, forming a discontinuity of longshore transport. TIle 
shoreline orientation is slightly concave towards the south due to the accumulation of 
sediment on the north side of the jetty. 

Segment III: This area takes into account the Galveston Bay entrance to the west 
end of Seawall Boulevard. This segment has its littoral processes modified by man made 
structures. Sediment discontinuity occurs at the south jetty, then is influenced by the 
groinfield and seawall. Shoreline orientation follows the structures, with little beachfront 
being present 

Segment IV: This portion contains shoreline from the end of the Galveston Seawall 
to San Luis Pass. This segment encompasses 18 miles of natural sandy beaches with 
residential communities intermittently developed along the shoreline. The southwestern end, 
San Luis Pass, marks the boundary of the Galveston coastline, and serves as a sediment sink. 

The following are the individual projects within the Galveston region. Each has its 
own problems which, by the will of the public, need to be solved. These problems will be 
investigated and a solution will be given, along with options, in order to stabilize the 
shoreline. 
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There are three problem areas along Bolivar Peninsula, the shoreline between High 
Island and Gilchrist, Rollover Pass, and the road at the ferry landing. Problems at Rollovtr 
Pass and vicinity are complex and will be treated separately in the next section. 

SHOREliNE BETWEEN HIGH ISlAND AND GILCHRIST 

THE PROBLEM AND ANALYSIS: The beach between High Island and Gilchrist 
is narrow. The waterline is c10se and parallel to State Highway 87. During severe storms 
this stretch of highway becomes inundated becoming vulnerable to washing out The narrow 
beachfront and closing-in waterline is not an isolated phenomenon, a typical erosional scene 
is found along the shoreline between Sabine Pass and High Island. Some stretches of 
Highway 87 is c10sed to traffic along this section. 

THE OBJECTIVE AND SOLUTION: The single objective is to stop shoreline 
erosion. Since the problem is not isolated, it must be solved as a part of the bigger problem 
area from High Island to Sabine Pass. 

ROAD AT FERRY LANDING 

THE PROBLEM AND ANALYSIS: The shoreline erosion immediately after the 
ferry landing piers on Bolivar Peninsula threatens the integrity of the ferry landing road 
The possible cause of the problem may be due to tidal currents interacting with the seawall, 
in place at Fort Travis, causing flanking erosion. Naturalists have suggested making the 
shallow water regions between the ferry landing and north jetty a bird sanctuary. 

OBJECTIVES: Stop the advancement of flanking at the ferry road location without 
interfering with the shallow water bird sanctuary. 

OPTIONS FOR ATIAINING OBJECTIVES: There are two WHYS to protect the 
ferry landing road; use of soft approach and hard structure. In this case the hard structures 
are preferred over the popular trend of soft approaches for the following reasons. 

The softer approach is to fill in the eroded area (approximately 25 acres in size) 
periodically in cooperation with the annual dredging schedules of the ferry landing piel$ 
which amounts to 200,000 cubic yard per year. The major drawback to this option is the 
reduction of shallow bay area by filling-in with materials. State and federal agencies and 
environmental groups have all expressed their concerns. 

Armoring is another option. The placement of a seawall or rubble mound revetment 
can be implemented. There are new designs of armoring units for absorbing and dissipating 
wave energy. These designs are aimed to replacing the vertical bulkhead/seawall in sheltered 
areas, which may be worth looking into. This type of armoring will be compatible with the 
Fort Travis shoreline and does not interfere with the natural bird sanctuary. 
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A groin system with proper design of length and spacing can also serve the function 
of stabilizing the shoreline without reducing the shallow water bay bottom area. 

A detached small breakwater segment parallel to the waterline to encourage 
accretion in the eroding area through natural processes is another option can be worked ouL 

Finally, the use of the concept of a "feeder beach" could solve both the eroding 
shoreline problem at the ferry landing road and the silting problem at the ferry landing piers. 
This may be done by locating a feeder beach site on which the dredging material from the 
ferry landing piers may be placed and these materials are then distributed by waves and 
tidal current to the eroding area along the ferry landing road. 

ROLLOVER PASS 

Rollover Pass was originally constructed by the U.S. Army Corps of Engineers in an 
effort to create a marine nursery ground in unproductive waters of Galveston East Bay. 
Ever since the man made cut was open, middle 1950's, excessive erosion has occurred on 
the down drift and updrift sides of the cuL Rollover Bay is choked with massive sediment 
deteriorating the water quality. A comprehensive plan using an integrated system approach 
was proposed by Wang in "Preliminary Designs of Improvements at Rollover Pass and VICinity, 
Bolivar Peninsula, Texas" [3]. 
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GALVESTON SEAWALL AND GROIN FIElD 

Construction of the Galveston Seawall started in 1902 and now extends 10 miles. The 
groin field was constructed between 1936 and 1939 with the final configuration completed 
during 1968-70. The groin field occupies a seawall segment approximately 4.5 miles long. 
The main purpose of the seawall is for protection of the uplands behind it The construction 
of the groin field is for stabilizing the shoreline by impeding littoral sand movement for 
protection of the seawall foundation. Both structures serve their intended purposes well 
In the mean time, however, the degradation of beach in front of the seawall occurs. Today 
there is no appreciable recreational beach in front of the seawall. 

At present, the shoreline along the seawall appears stable, although waves directly 
pounding at the seawall are observed during rough weather. The integrity and safety of the 
existing seawall structure must be calculated since the investment of the structure, property, 
and life behind it is great This cannot be taken lightly. Suppose a hurricane with the 
strength of "Hugo" directly hits Galveston Island. This hurricane may produce storm surges 
in excess of 20 feet with waves of 16 feet in height directly pounding at the seawall, causing 
scour of the structure toe. The ability and current conditions of the concrete slab and riprap 
aprons at the structure toe to withstand this scouring power is of interests to coastal 
engineers. 

OBJECTIVES: The primary objective is to restore the beach in front of the 
Galveston Seawall. A secondary objective is to provide an extra measure of safety and 
integrity for the seawall under extreme conditions. 

OPTIONS FOR A IT AINING OBJECTIVES: Beach nourishment is the most 
popular shoreline restoration and protection method in the United States. It has been 
widely adopted along the Pacific, Atlantic, and Gulf of Mexico shorelines. This method 
allows the designer to provide desired beach width, berm elevation, and beach 
slope. The results are immediate and impressive. Since the objective is to restore a beach 
along the seawall for recreational purposes, beach nourishment is the only method that can 
deliver prescribed beachfront dimensions quickly. 

The general technical information on the planning and design details regarding a 
beach nourishment project may be found in the previous progress report The following is 
site specific information that the engineer should take into account in addition to the design 
considerations given previously. This information is by no means exhaustive. 

• Assume the project length will cover the full length of Galveston Seawall. The end 
conditions of the project area will dictate the behavior and movement of new 
sand used in the beach nourishment project. 

• The continued growth of Stewart Beach, East Beach, and the Big Reef, along with 
the siltation of San Luis Pass and Galveston West Bay are observable. These 
phenomena suggests that there is no strong predominant littoral transport 
direction along the Galveston shoreline. The magnitude and direction of the 
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(- longshore cunents in Galveston coastal waters suggests that the direction of 
longshore sediment transport is reversible. 

• After beach restoration is completed, it is expected that Stewart Beach, East 
Beach, and the Big Reef will continue to grow at a faster rate while the 
erosion rate along Galveston's west beaches will be slowed. 

• The Galveston Bay South Jetty and the ship channel at the northeast end of the 
proposed project area form a discontinuity of littoral transport While the 
boundary condition at southwest end of the project area allows the littoral 
material to move with little obstruction. 

• Valuable lessons have been learned from the pilot (mini) beach nourishment 
project that took place in front of the San Luis Hotel during the Spring of 
1985. Sand was trucked in from the east end of the island and dumped in 
front of the seawall between the groins. This pilot project provided clues on 
design berm elevation, design slope, overfill factor, erosion modes and rates, 
and the interaction between groins and the new sand. Unfortunately, the 
project was not well planned nor monitored to yield accurate scientific data 
for engineering planning and design purposes. 

• Data from the monitoring of the pilot project follows [4). 

The monitoring period was 17 months 
The native beach grain size ranged from 0.10 to 0.42mm 
The bonowed sediment grain size ranged from 0.08 to 0.15 mm 
The bonowed volume was 11,460 cubic meters 
The shoreline retreated 52 meters in 17 months 
16% of filling material was lost in 17 months 
Losses of beach material were due to: (i) movement to offshore, (ii) end 

lo~s, (iii) profile adjustment, and (iv) eolian transport 

• The end losses at groins which confined the dumped nourished sand indicated that 
the design berm elevation should not be much higher than the storm berm 
elevation in order to reduce the unwanted losses. 

• The eolian transport is significant in the pilot project If the width of newly 
nourished beach is to include a parking strip along the seawall base, the eolian 
transport must be carefully considered. 

• The monitoring program indicated a 52 meters of shoreline retreat in 17 months. 
This high rate of shoreline retreat needs to be reduced. Further study of 
options for reducing the shoreline retreat rate is highly recommended 
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A groin field alone may not be able to attain the primary objective since a groin field 
is already in place over the middle 4.5 miles of the Galveston Seawall. The existing groin 
system has variable lengths and spacing between individual elements. If a new groin field 
is chosen for trapping longshore drift and building a beach, the groin cross-section, groin 
length, and spacing must be checked and re-calculated. 

On the nontechnical aspect, to many individuals, a groin field is not eye pleasing due 
to the crescent shape and segmentation of the beach. 

Among the established methods of shore protection, the offshore breakwater is the 
one that could be used to protect as well as widen a beach. Projects that employ an 
offshore breakwater can be found on both the Pacific and Atlantic coasts. The planning and 
design criteria are given in the previous progress report. Site specific information pertaining 
to the project area are similar to those eluded earlier, namely, littoral sediment transport 
characteristics and boundary conditions. 

The south jetty cuts off the sediment supply to this region, the littoral transport in 
front of the seawall is one way from west beach to the South Jetty. The littoral movement 
in the reverse (southwest) direction carries little material since the groin field is empty. 
Installation of offshore breakwater can slow down this mainly one way traffic of sediment 
movement. This would allow the littoral sediment to deposit on the beach in front of the 
seawall, and to reduce the growth rate of the Big Reef. 

Other nontechnical matters equally important in the processes of choosing offshore 
breakwater as a shoreline protection method are: (i) general public perception of soft versus 
hard structures and (ii) boating and recreational concerns, although no persistent hazardous 
situations have been reported in existing offshore breakwater locations. 

The price of sand is soaring. The initial investment funds, subject to legislative vote 
and public referendum, are large. The fast rate of shoreline retreat after nourishment is 
reported by the mini pilot project at the San Luis Hotel. This provides an incentive to find 
ways to keep nourished sand on beaches longer. 

As to economic considerations, the groin field is already in front of the seawall, to 
utilize these existing materials for protecting the nourished beach and seawall is natural. In 
addition, the shoreline and the groin field in front of the seawall have been relatively stable 
over the years. For these reasons one would logically consider the option of combining 
beach nourishment with an updated groin field as a means of keeping the sand on the beach 
longer. Although the beach in front of the seawall is fairly stable, it did not trap the sand 
to form a beach there. 

Whether the combination of nourishment and breakwater will be chosen depends on 
(i) economical analysis, (ii) the tolerance of hard structure to the soft approach for shoreline 
stabilization, and (iii) the offshore breakwater being less of an eyesore and not segmenting 
the beach as a groin. 
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( Of the six major new technologies the dune restoration method does not apply for 
this case. The beach drain system would not work due to the absence of beach to be 
drained. Both the dredge material placement technique and the subbottom profile 
manipulation method have inconclusive results. This leaves only the littoral drift 
manipulation as a possibility. 

The Galveston Bay south jetty cuts off sediment supply at the northeast end of the 
project area. This renders a one way littoral transport direction toward the northeast As 
a result, East Beach and the Big Reef continue to grow and the southwestern portion of the 
project area experiences a deficiency of sand causing the west beaches to have an erosional 
trend. 

The littoral drift manipulation technique may be employed to slow down the one way 
littoral transport in the project area, thus, stabilizing the beach in front of the seawall and 
slOwing down the erosion occurring on west beaches. The test project in Miami which 
employs T-groin and heavy sand has a similar physical setting as Galveston. A close watch 
on the progress of this test project may aid the decision process for selection of shore 
protection methods for Galveston. 

The choice of the plain beach nourishment method should consider the re
nourishment period. An updated groin field would perform better than the existing groin 
field, although not by much, unless a completely different system aimed to control direction 
of littoral drift is employed The offshore detached breakwater has proven its characteristics 
of protecting as welJ as widening a beach, but since it is a hard structure, many consider it 
an eyesore and/or safety hazard. 

The combination of soft and hard structures has merit of keeping sand on beaches 
longer. This choice should be determined by economical feasibility analysis. 

The emerging new technologies are still in their infancy. It would not be good for the 
first demonstration of these to be implemented in Galveston. This area has suffered and 
needs proven projects to be employed. It should be encouraged to test some of the new 
methods, elsewhere, and to initiate new methods of our own at a later date. This would be 
a necessary condition to elevate the State of Texas to leading position in Coastal Zone 
Management 
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WEST END OF GALVESTON SEAWALL 

The erosion at the west end of the Galveston seawall is a typical scene of bard 
structures parallel to the shoreline. This erosion is known asjlanJdng. During severe storms 
State Highway 3005 will become inundated at the west end of the seawall. Since the 
highway is so close to the water's edge, citizens on the western portion of Galveston Island 
fear that they may be isolated from the city if the road is washed out at end of seawall. 

OBJECTIVE AND SOLUTION: The single objective for this problem area is to 
stop the flanking at the west end of the seawall. There are a few options available descn"bed 
by the fOllowing. 

A soft app~oach to the problem is beach nourishment of the eroded area and 
prevention of flooding by re-establishing a dune line. Periodic renourishment with high 
frequency would be anticipated for this method. 

A more permanent solution with infrequent and minimum maintenance is to use an 
offshore detached breakwater. With proper design of top elevation, permeability, length of 
structure, and distance offshore, a smooth shoreline which would bridge the seawall and 
natural beach is achievable. Similar situations are found in Santa Monica and Channel 
Island shorelines in California. Records of the shoreline evolution at these two locations are 
shown on the next two pages. These pictures provide a clearer view on the offshore 
detached breakwaters work. 

Other options include a formation of a transition shoreline bridging the seawall and 
natural beach. This transition may consist of a series of groins with reduced lengths 
stretching out towards the southwest from end of seawall. 
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Santa Monica Offshore 

Detached Breakwater 
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Type: Rt.tIb I e mound 
Lengt h: 2000 ft. 

Top Elevation' 10 ft. above MLLW 
Distance Offshore: 2000 ft. 

1934 

1975 

1983 

In 1934, when the breakwater was constructed, there was insignificant beachfront 
present. In the 1960's beach Width increased to 800 feet wide. Due to lack of maintenance, 
the breakwater has slumped over the years. In 1983 the breakwater's top elevation was 6 
ft. below MllW, allowing for an increase in wave energy. This increase has since reached 
an equilibrium state, providing a smooth and stable beachface. 
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The above two figures are aerial photographs of Channel Island, California The top 
picture, taken in 1965, shows the eroded beach behind the breakwater. The lower picture, 
taken in the 1980's, shows the formation of a tombolo in the lee of the breakwater. The 
breakwater information follows: . 

Type: Rubble mound 
Top Elevation: 14 ft above Mll.W 

Length: 2300 ft. 
Location: 30 ft bottom contour 

The Santa Monica and Channel Island breakwaters indicate the possibility of 
designing an offshore detached breakwater that allows just enough energy to leak in its lee 

.- ( so that a smooth and stable shoreline is produced. 
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GALVESTON~BEACH 

The major problem facing Ga]veston west beach communities is the retreat of 
shoreline causing flooding of property during storms. The narrowing of the beach face is 
aJso a concern. The west beach probJems are categorized: failure of beach accretion, 
presence of low ]ying areas, and Jitt]e protection from storm surge. These three problems 
will be discussed, along with possible solutions, while keeping in mind the interrelationships 
of each. 

The Galveston south jetty and empty groin field aJong the seawaJ] provides no 
sediment supply to the west beach region. Also, the shoaling of San Luis Pass and 
Galveston west bay indicates a sediment sink providing no sediment These two boundary 
conditions set the genera] erosional trend for the west ~ach. The west beach of Galveston 
Island has no appreciable accretion. Large volume of Jittoral material bypasses the 
beachfront, continuing downcoast towards San Luis Pass (see San Luis Pass). This has 
caused numerous problems aJong the coastline which will be discussed later. Failure of West 
Beach to build itself, through accretion, has taken away the protective buffer zone that is 
needed during storm episodes. The Shore Protection Manual [5] states that a beachfront 
buffer zone is one of the best defenses against coastal property loss. 

The relationship of upcoast structures, jetties, groins, and seawall, with littoral 
transport needs to be established so that when these are solved an accretion process can be 
started at West Beach. While the city has a seawaJJ, the west end is left unprotected from 
storm surges. 

OBJECTIVES: The objectives are to stop coastal land loss, prevent flooding of 
uplands, and widen the beach face for recreational use. 

OPTIONS FOR A IT AINING OBJECTIVES: Use of beach nourishment with dune 
restoration. An initial beach restoration project is needed to establish a sound shoreline. 
However, beach nourishment aJone can not stop flooding of upland and coastal land losses. 
The sea level rises during a hurricane, the nourished beach will be submerged under the 
stormy sea surface. The storm sea level allows the wave to attack higher coastal land and 
is one of the major causes for land Joss, flooding, and property damage. The proper 
remedial method is to build the duneline before a storm attack. During a storm, the dune 
line takes the brunt assault of storm and absorbs the destructive energy in order to save the 
land and property behind it After the storm, the duneline is quickJy restored ready for the 
next storm. A cost effective with minimal environmental impact method for dune restoration 
is proposed by Wang called Nature Assisted Dune Restoration (NADR) (6). The raising of 
land areas by dune restoration, and the implementation of a buffer zone through beach 
nourishment will stabilize the shoreline and reduce the storm surge damage on coastal 
property and land. 
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SAN LUIS PASS 

The recent trend occurring along the western extreme of Galveston Island, San Luis 
Pass, is that of unwanted massive accretion and erosion along the Pass. These in turn have 
created the re-alinement of the channel which has skewed toward the northwest direction. 
It is shown on the San Luis Pass map. 

It is observable, the bridge which spans the inlet has a beachfront below; the channel 
has become narrower and deeper. A stronger tidal current is thus produced and it 
undermines the bridge piers and erode the shoreline along Mud Island. 

The nearby Galveston West Bay area have been filling with sand, circulation of bay 
waters have been interrupted and the healthiness of bay related businesses have suffered 
Solutions to the massive deposit of littoral materials need to be found. 

OBJECTIVE: The multiple objectives should incJude: 

* Stabilize the skewed channel which runs through the Pass. 

• Revive the smothered bays by restoring the flashing and circulation of the inlet-bay 
system at San Luis pass. 

• Control the sediment movement along the shoreline to reduce the rapid siltation 
of the inlet-bay areas and the erosional trend at the Gulf shore near the Pass. 

APPROACHES TOWARD ATI AINING OBJECTIVES: The San Luis Pass serves 
as a vital link which connects Galveston West Bay, Bastrop Bay, Christmas Bay and 
Chocolate Bay. The circulation and flashing pattern of this inlet-bay system is directly 
related to the well being of the ecosystem in that region. Therefore, a comprehensive 
system approach toward a solution is recommended. A report similar to the study of 
Rollover Pass and vicinity is called for [3). The study should include but not limited to the 
following. 

• Effects of upcoast and downcoast characteristics on the inlet-bay system. 

• Impact of man made shoreline protection measures on the inlet-bay system. 

• If sand removal from the inlet-bay system is necessary for revive the choked 
system, then, this removal should be taken into account for replenishment 
supplies for beach nourishment projects along the seawall and Galveston west 
beach. 
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TEXAS CITY DIKE 

The Texas City dike opens to a fetch length of approximately 30 miles in the north 
northeast direction. A northeaster with a wind speed of 50 miles per hour blowing for 3 

. hours could produce waves in excess of 5 feet high. These waves break against the dike may 
cause scour at the structure toe as well as dislodgment of armoring units. It seems prudent 
to send divers to inspect the foundation before any preliminary solutions can be formulated 
Once the nature of damages is known, maintenance and repair procedures can then be 
suggested. 

'The shoreline between the Dollar point and Tide Gate has the same orientation as 
the Texas City Dike, therefore it subjects to similar wave actions. Shoreline condition there 
may need more attention than the Texas City Dike. 

GALVESTON BAY SHOREUNE EROSION 

The major problems facing the shorelines of Galveston Bay is erosion in shallow 
waters. 

SOLU110NS: Solutions to shoreline erosion in Galveston Bay consists of different 
employments of material to dampen waves. Vegetation is a natural dampener. As a wave 
approaches shallow water areas with vegetation (usually grasses) it dissipates energy. 
Another type of dampening can be employed by man-made materials. The use of man
made materials would serve better than vegetation in that the energy can be calculated and 
dampening can be implemented to varying degrees. The use of structures with specific 
shapes and characteristics can be refined to control the energy that waves will posses. 

CONCLUSIONS 

The problem area on the shoreline of Galveston County are identified. Analyses of 
the problem areas are done in the light of the physical environment and littoral 
characteristics of Galveston coast line. Optional methods for protecting the shoreline in 
each problem area are suggested. The selection process for a protection method in a 
problem area begins with the economic analysis. Data acquisition is expensive and time 
consuming. At the planning and preliminary design stages, it is adequate for engineers to 
use available historical data. For long term considerations, a plan to collect and establish 
a data base for Texas Coastal Zone Management and Galveston County is very much 
needed. The final decision should be weighed with technical merit, environmental concerns 
and economical soundness. 
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PROPOSAL FOR IMPROVEMENTS TO ROlLOVER PASS 
BOUV AR PENINSULA, TEXAS 

Darrel K. Pelley" 

Based on an Initial Study Performed in December, 1989 by: 

Dr. Y.H. Wang, PhD 
Miles F. Gathright 
Nicholas G. Kyprios 
Laura L Robinson 
Michael S. Vickers 

INTRODUCnON 

Michael E. Duncan 
William J. Hoffman 
Darrel K. Pelley 
Mark I. Sales 
Jung Ho Yoon 

During the fall semester of 1989, a study was performed by a group of students from 
the Maritime Systems Engineering department of Texas A&M University at Galveston in 
an attempt to determine causes and solutions for. the erosion problem at Rollover Pass, 
along the upper Texas Coast. This study was inspired and supported by the citizens of the 
Bolivar Peninsula, Mr. Eddie Barr, Galveston County Commissioner, Mr. Pat Hallisey, 
director of the Galveston County Beach Park Board, and Dr. Y.H. Wang, Professor of 
Engineering at the university. 

This report will attempt to summarize the findings and suggestions of the study and 
outline the proposed suggestions made for improvements to be made in the area. 

• Naval Architect, Waller Marine, 15311 Vantage Pkwy, Suite 250, Houston, Texas 77032 
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PROBLEM DISCUSSION 

The Rollover fish pass was initially opened in 1954-1955 by dredging a small channel 
measuring 80 feet wide and 8 feet across through a narrow section of the Bolivar peninsula 
where the maximum land elevation did not exceed 5 feet above sea level. Instability soon 
caused the channel to scour to a width of 500 feet wide at the seaward mouth, with water 
depths of 30 feet in some locations (Ref.1: p.429). In an effort to maintain the structural 
integrity of the Texas highway 87 bridge crossing the pass, the channel was closed by driving 
a line of steel sheet piles across its width on the seaward side of the bridge. The pass 
remained closed for the installation of steel sheet piles along both sides of the pass and was 
again reopened in 1959-1960. The sheet piles blocking the channel were driven down to a 
depth of approximately 5 feet below mean sea level (MSL) (Ref. 1: p.429) and form a 
trapezoidal weir to seaward of the bridge and intended to protect the bridge foundations. 
In the years since the reopening of the pass, accelerated erosion has threatened the property 
of residents, and highway 87, several sections of which have already been closed between 

'High Island and Port Arthur, Texas. 

STUDY JUSTIFICATION 

Since the reopening of the fish pass, erosion rates along the gulf coast in that region 

) 

vary considerably. According to the U.S. Army Corps of Engineers (USACOE), the average ) 
annual beach loss in the vicinity is 14 to 16 feet. A comparison of USACOE data and 
numerous other studies is shown in Table 1. Analysis of the data reveals the erosion rates 
for the southwest side of the pass exceed those for the northeast side by about 2 feet per 
year on average. The table data is based on a linear distance of 6,900 feet to either side of 
the pass. The 1984 study conducted by the USACOE concluded the annual quantity of sand 
lost on the down drift measured area to excess beach erosion was approximately 9000 cubic 
yards. Additionally, it can be noted that USACOE estimated erosion rates since the opening 
of the pass have exceeded the pre-pass erosion rates by 3 to 12 feet annually. 

In addition to determining how much sand is lost in the area annually, it is necessary 
to investigate the final destination of displaced littoral material. Visual inspection of the bay 
area adjacent to the pass on Friday, 20 October 1989 during the ebb tide showed a large 
percentage of the bay bottom completely exposed Tidal data for the same day provided 
by the U.S. Department of Commerce (USDOC Chart 11331-SC) shows a low tide of 0.0 
feet above MLLWat 2:39 pm. Evidently, severe sedimentation has occurred in Rollover bay 
over the past three decades due primarily to the flood dominant characteristics of the inlet. 
Additionally, it was noted by the design team that maintenance dredging rates for the Gulf 
Intracoastal Waterway (GIWW) in the area have increased since 1959-1960 when the pass 
was reopened. The erosion loss data, GIWW maintenance rates, and visual inspection 
results led directly to a hypothesis that the littoral material disappearing from the beaches 
along the northeast side of the pass were being deposited in the adjacent bay, while scouring 
effects on the southwest side of the pass were causing materials to be moved along the coast - ) 
and redeposited on the east side of the Galveston-Houston entrance. 
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GALVESTON BA Y CLIMATOLOGY 

The climate characteristics for the Galveston Bay system including Rollover pass are 
compiled below in tabular form and are based on statistical information gathered by the 
design team during the initial phase of the study in December, 1989. The parameters used 
in the design processes are directly related to the information below: 

ANNUAL RAINFAll 

The Texas Gulf Coast climate is generally characterized by long, hot summers and 
relatively short, mild winters. Annual rainfall for the region averages approximately 45 
inches. The recorded annual rainfall has a direct effect on the salinity regimes in the East 
bay system. The east and Rollover bays are fed by tributaries, including the Trinity river and 
the east bay bayou. The occurrence of long, dry periods corresponds to a slight increase in 
baseline salinity due to the inability of salt crystals to be evaporated 

WIND CHARACTERISTICS 

Wind conditions in the western Gulf of Mexico are characterized by wind velocities 
of 8 to 15 miles per hour from the south-southeast for more than 60 percent of the year. 
As a result of these predominant conditions, alongshore littoral transport is generally from 
east to west Each year, 15 to 20 fast moving polar fronts pass through the area bringing 
northerly winds at velocities of up to SO miles per hour. The period preceding the passage 
of a front brings strong southerly winds, generating stronger than usual wave activity in the 
area. 

WA VB PROPERTIES 

According to the U.S. Army Corps of Engineers (1984), wave heights in the area 
exceed 4.5 feet only 1 to 3 percent of the time. Wave heights of 2 feet or less occur 25 to 
SO percent of the time. Wave conditions in the region can therefore be descnbed as 
relatively calm. 

STORM ACTMTY 

During the period from 1900 to 1984, twelve hurricanes made landfall within 40 miles 
of Rollover pass. The greatest surge height was recorded in 1961 during hurricane Carla, 
which came ashore 150 miles southwest of Rollover pass (USACOE 1984). On average, 
surges greater than 5 feet have occurred in the locale every 2 to 3 years. This erratic storm 

"I' activity can result in significant beach profile changes. 
i 
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PROPOSED SOLUTION 

It was decided as a direct result of the preliminary research conducted by the group 
that the solution would consist of three (3) major phases; initial beach nourishment, design 
and construction of a jetty system at the pass to interrupt the littoral flow of material down 
the coast, and secondly, implementation of a sand bypass plan to periodically replenish the 
beaches on the down-drlft side of the pass. 

BEACH NOURISHMENT 

Because of the badly deteriorated beach profile, it was decided that a short term 
alleviation of the local erosion problem had to be found in order to build the permanent 
structures and allow the long term program to go into effect This first phase is to be 
accomplished in the form of beach nourishment Simply stated, the beaches would be 
nourished with borrowed sand, stabilizing the beach profile during the construction phase. 
In order to implement such a plan, it became necessary to find a suitable borrow site, where 
the grain size closely matched the assumed grain size missing from the beaches around the 
pass. On October 20, 1989, members of the design team made core samples from the 
exposed bay bottom at several locations in the bay during slack water between the ebb and 
flood tides. After sorting the materials according to grain size. it became apparent that a 
substantial amount of the material sampled in the bay was compatible to the material 
missing from the beaches. The results of the grain analysis seemed to provide some 
evidence that the flood dominant characteristics of the pass were causing littoral material 
to be drawn into the bay during the flood tidal cycles, choking the bay bottom. The amount 
of material required for the initial nourishment was calculated based on the following 
parameters: 

1. The 4 mile stretch of nourished beach would have a berm at least 100 feet 
wide at the completion of the operation. 

2. The nourishment would establish a .dune line at least 7 feet high running 
continuously along the entire stretch of beach. 

It was decided for cost effectiveness to use a shoreside dragline dredging system to 
remove 188,000 cubic yards of sand from the bay bottom to the gulf beaches over a stretch 
extending two (2) miles to either side of the pass. The dredged bay bottom elevation at -3 
feet would encourage the formation of wetlands around the fringes of the bay. As the 
operation moved away from the shore, the dragline would be moved on to a barge and 
floated into the bay to continue recovery. The recovered material is offloaded to a storage 
area for drying before being moved by dump trucks JO the beach. An alternative method 
would be to move the material to the beach directly from the barge via a pumping system, 
although it is assumed that the pumping method would be more costly. The sand is placed 
on the beach at the feeder beach locations discussed in the by-pass section of the 1989 study 

) 

) 

and summarized in the by-pass section of this report -') 
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( Finally, an attempt to stabilize the dune line would be made through planting 
naturally occurring dune grasses and allowing them to take over the dune line and effectively 
anchor the sand in place. Types to be used inc1ude Panic Beach Grass (Panicum amarum), 
and sea oats (Uniola paniculata). 

JETIY DESIGN AND CONSTRUCTION 

The jetty design team was required to select a jetty size and type consistent with 
environmental conditions prevalent along the gulf coast and a considerable design lifetime. 
Several types of common jetties were investigated before the final decision was made. Sheet 
pile jetties were considered for their low initial investment required for construction, and 
their relative ease of construction. Indeed, sheet pile jetties were constructed along the 
Galveston Island coast during the 1930's; however, within thirty years, the outer portions 
were severely damaged and wasted due to corrosion. This same condition can be observed 
today at Rollover pass where the sheet piles have deteriorated due over the course of time. 
A concrete sheet pile jetty, a wall with a concrete cap, was considered for its strength and 
impermeability to corrosion. Such a structure would have to be pre-stressed and cast in 
place. Additionally, the salt water environment eliminates the use of steel reinforcement. 
As a result, the structure would be massive and very expensive to construct. Repairs to 
damaged sections would be costly and difficult to perform. 

The jetty type finally selected is the rubble mound jetty with a granite cover layer, 
very common along the texas gulf coast, especially along the Galveston seawall. The rubble 
mound jetty is constructed with a core of quarry stone, finer material being added later to 
fill the cavities between the large stones and rendering the core sand-tight. The structure 
is protected by a layer of armor stone. The armor stone, usually granite or concrete must 
be heavy enough to remain stable against prevalent worst case conditions. Although rubble 
mound jetties are costly and time consuming to construct, they have a series of advantages 
not found with the other types: 

1. The rubble mound jetty has a normal design lifespan of 100 years based on 
design environmental criteria. 

2 The structure will act as a barrier to prevent the passage of littoral material. 

3. Rubble mound jetties are relatively safe against foundation failure and 
excessive settling. 

4. Excessive scour at the toe section of the jetty will be prevented. 

5. The required materials are readily available in central Texas. 

-, .. Following the study of the littoral transport system for the region, it became necessary 
to determine the required length of the structures. By projecting beyond the breaker zone, 
it is estimated that 80 to 90 percent of the littoral transport can be blocked. These 
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parameters relate to a jetty length of approximate1y 800 feet normal to the beach line at the 
pass. The extreme outer portions of the jetties protrude beyond the 6 foot depth contour 
offshore of the pass. In order to prevent excessive scour and foundation failure, it was 
determined through a survey of the park to space the jetties 550 feet apart, with the 
shoreside end of each jetty resting at the east and west boundaries of the park respective1y. 
Such a spacing a]]ows the natural wave action to keep the channel open without 
undermining the jetty foundations. 

The design environmental criteria selection is based on co])ected wave data for the 
region. The design wave height used is the average of the highest 1/3 of all waves 
encountered. The calculated value was determined to be 8.9 feet 

The U.S. Army Corps of Engineers Desian of Breakwaters and Jetties was used to 
determine the stability coefficient for the structures. The designers selected a value of 20 
in order to obtain the most conservative results from the stability equation for the unit 
weight of the cover layer. With a required unit weight of 160 pounds/cu. foot, stones with 
weights between 4 and 6 long tons each were selected. A cross section of the proposed 
structure can be found attached herein. The jetty design posses the fo]]owing characteristics, 
best summarized in tabular form: 

1. The crest elevation wi]] be 6 feet above ML W from the beach to the end of 
the jetty. The crest elevation is limited by the status of the park as a 
hurricane washover region. The 6 foot elevation will also allow easy access by 
recreational fishermen at the park. 

2 The minimum thickness for the armor layer is to be 3.7 feet, as determined 
from the USACOE Shore Protection Manual. Parameters include a unit 
weight of 8640 pounds per stone, one (1) layer. 

3. Since the depth of the structure "is less than 1.5 times the design wave height" 
[USACOE, SPM], the cover layer must extend all the way to the bottom and 
onto the bedding layer. 

4. A toe berm will be constructed at the ends of the cover layer to improve 
stability of the cover layer against breaking waves. 

The resultant jetty system will tend to cause some scouring directly adjacent to the 
pass to the west The implementation of a by-pass system as descnbed below will attempt 
to alleviate the scour effect while nourishing the beaches along the Bolivar peninsula 
between Ro]]over pass and the Galveston entrance. 
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SAND BYPASS SYSTEM 

Very simply stated, sand by-passing is the periodic relocation of sand from a natural 
collection area to a sand depleted area, usually by-passing a cut or inlet This technology 
is not new and has been used with success along the Florida coastline. For the purposes of 
this study, it was decided to investigate the two most common forms of sand-bypass systems 
and make a decision as to which system suited the particular application. The first option 
considered was the fixed by-pass system, by which littoral material is moved via permanently 
installed machinery at the site, including pumps, pipelines and associated power generation 
equipment. The second option was the mobile or portable by-pass system, by which sand 
is moved manuaUy, using earth moving equipment rented or leased only for the duration of 
operations annually. Following is a brief description of each followed by a summary of 
characteristics used in the design process. 

FIXED BYPASS SYSTEM 

As mentioned above, the fixed system employs permanent machinery on location to 
periodically move littoral material from the deposit zone to the depleted area. A 
preliminary step to the approach is a foundation pedestal which must be engineered into the 
rubble mound jetty and sufficiently strong to stand up to the elements over the duration of 
its useful life span. In this case, the pump house would be located on the eastern side of 
the pass, approximately one half the distance from the extreme offshore end and the beach 
line. Within the house would be installed the bypass machinery, pumps, powerpacks and 
other associated equipment. During operation, a boom fitted with a suction hose would be 
extended from the pumphouse flat over the deposit area. The material would be pumped 
through the hose and pump to a pipeline running parallel to the dune line down the beach 
to the west of the pass. The sand-water slurry would be deposited at or near the dune line 
with the water and small suspended particles returning to the gulf while the larger grains 
remained on the beach. This system has been used and proven successful along the Florida 
coast, where beach maintenance is important to the tourist industry. However, such a 
system would have a price tag of approximately $2,300,000.00 added to the initial investment 
of $4,000,000 for the jetty system. Also considered are the maintenance to permanently 
installed machinery in a salt environment, manning requirements, and upkeep during 
dormant periods. 

MOBILE SAND BYPASS SYSTEMS 

The other alternative considered is the mobile or portable by-pass concept The 
major components of such a plan involve the use of re.nted or leased equipment, paid for 
and maintained only for those periods during which operations commence. A dragline, or 
bucket loader will be used to scoop littoral material from the deposit area on the east side 
of the pass. The sand is to be loaded into dump trucks and transported down the beach to 
a point approximately 700 feet west of the pass. A bulldozer will spread the material out 
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into a feeder beach jutting out from the coast. By placing the feeder beach down current 
from the pass, the sheltering effect of the pass is minimized and the sand is allowed to be 
transported down the coast via the naturally occurring littoral transport system in motion 
along the coast. As can be seen from the cost analysis presented in the following section, 
the actual annual cost for the operation would be approximately $200,000. The simplicity 
of the mobile by-pass method allows the plan to be put into effect immediately after the 
completion of the jetty, as opposed to the time required for the construction of an elaborate 
fixed pumping system 

COST BENEFIT ANALYSIS 

The major obstacle to overcome with the solution proposed by the design team was 
the cost. Preliminary budget estimates predicted that the initial investment for the jetty 
construction would be near four (4) million dollars. Note that the budget estimate is based 
on U.S. dollars effective fourth quarter, 1989. A simple cost breakdown for the construction 
phase of the project follows below: 

Phase I, Beach Nourishment 

1. 

2 
3. 
4. 
5. 
6. 

Dredging and transportation of recovered material, 
based on the total cu. yardage to be moved 
Earth moving equipment 
Barge and Handling Vessel (Lease) 
Insurance and Overhead 
Contingencies and Overhead 
Vegetation 

TOT AI., Phase I 

Phase II, Jetty Construction 

1. 
2 
3. 
4. 
5. 
6. 
7. 
8. 

Cover layer stone, 44,000 LT 
Core stone, 22,000 LT 
Blanket stone, 17,000 LT 
Filler stone, 7,000 LT 
Equipment and Labor 
Engineering and Design 
Contingencies 
Project Management and Supervision 

$2,250,000 
$ 80,000 
$ 72,000 
$ 360,000 
$ 600,000 
$ 70,000 

$3,432,300 

$1,100,000 
$ 400,000 
$ 309,000 
$ 136,000 
$1,000,000 
$ 100,000 
$ 500,000 
$ 300,000 

Based on the predicted 100 year life span of the construction, the total investment 
relates to a yearly cost of 38,000 to 40,000 dollars per year. Additionally, the maintenance 

) 

) 

costs incurred for rubble mound jetties are minimal and would be realized primarily in the - ) 
case of storm damage repair. Since the costs outlined above are effective for the end of 
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( 1989, actual construction costs, including staging, logistics and labor rates may be significantly 
higher. However, through stabilization of the beach profLIe, and indirectly, the protection 
of highway 87, the bay, and the adjacent Intracoastal Waterway, an increase in the tourism 
industry to the area would be realized, along with increased property values and reduced 
maintenance dredging in the GIWW along the north side of the bay. 

A , 

Additionally there is a cost involved in the sand by-pass aspect of the project. The 
cost involved in maintaining the beach profLIe is annual and does not decrease after a large 
initial investment Rather, the cost of by-passing trapped littoral material is '')ost'' in a sense, 
meaning that the benefits realized through implementation are not financial. Below is a 
projection of the annual cost for material by-pass operations based on U.S. dollars effective 
fourth quarter, 1989: 

RENTED EQUIPMENT: 
1. Dragline $2.25/cu. yd. 
2. Bulldozer 

SHIPPING COSTS: 
1. Dragline 
2. Bulldozer 

TOTAL: 
TOTAL INCLUDING 1.15% OVERHEAD 

$146,250 
$ 5,000 

$ 2,000 
$ 1,000 

$ 154,270 
$ 177,410 

As can be seen, there is no required investment for equipment other than periodic 
rentals when sediment builds up at the eastern side of the jetty system. Over a ten year 
period from the completion of construction and the implementation of sand-bypass 
technology at Rollover pass, the total expenditure would be nearly $10,000,000. Some 
further study is required to determine the benefits as a function of predicted property values 
at the end of the ten year period. At the time of the initial study, the low number of 
permanent residents made benefits difficult to justify, however, the huge expenditure to 
reconstruct highway 87 further inland or as an elevated roadway far outweighs the 
investment outlined in this report 

ENVIRONMENTAL CONCERNS 

With the completion of this project, there would be some effects on the local 
environment. These are included in an itemized format and based on data collected during 
the study. Statistical data has also been supplied by the U.S. Army Corps of Engineers, 
Galveston, Texas. 
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VOLUME CHANGE TO ROLLOVER BAY 

Since the initial phase of the program requires the removal of material deposited in 
the bay from the gulf, there will be a volumetric increase to the bay. TIle average high tide 
water depth in the bay at present is between O.S and 1.0 feel The dredging phase of the 
operation is predicted to increase the average depth to three (3) feel The removal of the 
material will effectively triple the water volume in the bay, with the inflow composed of a 
combination of high salinity water from the gulf and lesser saline water from the east bay. 

SALINITY EFFECTS 

~ we know, the current salinity regime in the Galveston Bay system is the combined 
result of tidal fluctuation and fresh water inflow from the rivers feeding into the bay. 
Generally, the eastern sections of the bay have had a significantly lower average salinity than 
the western portions. For the purposes of the study, a simple program was developed to 
demonstrate a salinity rise in the rollover bay as a result of local dredging. The parameters 
used in the run were: 

1. Maximum tidal flow over a 25 hour period between 0.7 and 4.2 ft/sec. Flood 
and ebb tidal values are not discerned, however; the 1972 report by Prather 
and Sorenson indicated that the pass is a flood-dominant tidal inlet. 

2 An average baseline salinity in the bay is assumed to be between 16.9 and 17.2 
ppl with fluctuations of less than 1 ppt. through the year 2045. 

3. Gulf of Mexico baseline salinity of 28-29 ppt. 

4. Post dredge bay depth of 3 feet on average. 

S. Maximum tidal velocity of 6 ft/sec. during the peak of the flood tide. 

6. A fixed volume for analysis, i.e. a roughly calculated basin volume. 

Results of the program indicated that a rise in salinity of 0.5 to 1.10 ppt. could occur 
in the bay after dredging, depending of course on rainfall and fresh water inflow from local 
rivers. Additionally, increased salt wedge penetration into the bay as a result of opening the 
bay and pass would no doubt contnbute to the salinity rise. Under the USACOE plan HSO 
for widening and deepening the Houston Ship Channel (1986), it was noted that the channel 
forms a salt barrier between the east and west bays, indicating that the rise in salinity would 
be local rather than widespread. 
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( BAY FLUSHING 

Due to the shape of the bay and its short, direct connection with the gulf, it is 
assumed that the bay does flush regularly, albeit slowly. The greater depth in the bay 
combined with the flood dominant characteristics of the pass could conceivably reduce the 
bay flushing time by up to 10 percent At present there is a time lag of approximately 4 
hours between the occurrences of high tide at the Galveston entrance and the bay side of 
the pass. This is an indication that during the ebb tidal cycle, water is attempting to move 
down the bay to the Galveston Entrance rather than exit through the pass. This condition 
is 'likely a result of the choking of the bay with sediment 

CONCLUSIONS 

Perhaps the simplest conclusion to be drawn from the data is that the proposed plan 
would be a solution to the erosion problem in the region around Rollover pass. The initial 
beach nourishment would stabilize the beach profile for a length of time sufficient to 
construct a jetty system around the cut In addition to providing nourishment for the badly 
depleted beaches, the dredging operation in the bay would provide an area for the 
propagation of wetlands around the fringes of the bay. The new jetty system would interrupt 
the littoral transport around the pass, trapping sediment in a deposit area on the east side 
and directly adjacent to the pass. The vacuum effect, drawing large amounts of sediment 
into the bay would be counteracted by the jetty system. Periodically, the trapped sand would 
be collected from the deposit area and redistributed along the western side of the pass on 
feeder beaches. The sand would be moved from the feeder beaches by the natural littoral 
transport system and down the coast, emulating an uninterrupted littoral flow. 

The cost of the operation presents a drawback to the operation, however; it should 
be noted that the 1989 study did not tum up any low cost effective solutions to the problem. 
It would seem that the team located the most cost effective method to counteract the 
erosion problems along the upper Texas coast 
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DETACHED OFFSHORE BREAKWATERS FOR GALVESTON COUNTY 

Alan D. Black and Mike Strech' 

ABSTRAcr: The Gulf Coast regions of Galveston County, 
especially the west end of Galveston Island and the Bolivar 
Peninsula, are prone to physical loss of land. One viable 
solution to combat this erosion is the use of detached 
offshore breakwaters. 

INTRODUcrION 

As directed by Galveston County and the City of Galveston, Dannenbaum 
Engineering Corporation (DEC) has investigated various coastal sites that may warrant some 
measure to protect them from continued erosion. The focus of this discussion will center 
on the areas which are not currently protected by structures. Though erosion is very evident 
at the face of the Galveston seawall, erosion is occurring in many areas along the Gulf Coast 
and Intracoastal Waterway. The Texas Department of Transportation's 1990 aerial survey 
of the shorelines have been compared to the results from previous U.S.G.S. maps and some 
areas were found to exhibit significant erosion at many areas where no shore protection 
structures exist. If these areas are not incorporated into the County's comprehensive shore 
protection program, storm force waves would continue to erode existing coastal features. 

History shows that the storm force waves are the most significant to the shore line 
changes that occur in Galv.eston County, though the daily wave actions also can not be 
ignored. The recent surveys indicate that these ongoing shoreline changes will impact the 
existing economic and environmental balance. The Galveston seawall serves as a good 
example of the economic impacts that a shore protection system can create. Most large-

• Professional Engineers, Dannenbaum Engineering Corporation, 3100 West Alabama, 
Houston, Texas 77098 
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scale, tourist-related projects rely on the protection of the seawall and are located 
accordingly. Without this magnitude of protection, the investors might have been less 
ambitious with their developments. Even with this seemingly effective protection structure, 
we can see that the existing west end of the seawall could be the victim of these on-going 
shoreline changes. When this seawall is compromised, the commercial establishments which 
are protected by it are also at risk. As the seawall, subdivisions and roadways encroach 
upon the beach, their disruption of the natural dune build-up processes speeds the beach 
loss process that threatens the structures. Aerial surveys have shown the relevance of this 
process at two, west-end Galveston Island subdivisions and also along F.M. 3005. Even the 
intracoastal water way and its eco-systems are at risk as the Gulf wave actions widen existing 
(or open new) breaches in the barrier island. 

These future losses or changes are the subject of this study to identify sites which can 
no longer be overlooked. The key to a workable protection system centers on identifying 
sites that are at risk, prioritizing the mitigation steps, then implementing measures that will 
result in protecting Galveston County's beaches, land, resource and waterways. As the Flood 
Emergency Mapping Agency (FEMA) develops legislation to influence coastal developments, 
mitigation of these problems will serve as the only vehicle for protecting the real estate 
market and attraction to this island community. A workable protection program would 
significantly influence FEMA's 10, 30 and 60 year erosion rate estimates which will directly 
effect construction, insurability and attraction to this area. 

HISTORY 

These apparent shoreline changes have resulted from various mechanisms influencing 
the land. Among these, storm wave energy is the most dramatic. Exhibit 1 illustrates the 
storm surge experienced during Hurricane Carla, 7-12 September 1961, where high water 
elevations were 8 to 15 feet above mean high water. The wave forces were created by 
hurricane winds which range between 75 and 125 miles per hour at the eye of the storm. 
This storm came close to setting a new record highest water level above mean high water 
for Galveston which was set in August 1915 at 10.1 feet Where sites are protected by 
beaches and dune systems, the wave action erodes both as shown in Exhibit 2. The beach 
can change dramatically during a single storm event by this wave action process. In addition 
to the wave energy and its impact due to higher water levels, the direction also plays a 
significant role in the shoreline changing processes. Wave direction can be influenced by 
tidal changes, wind direction and physical, natural or man-made features. The Gulf Coast 
is the most susceptible to the highest wind generated waves created by the unobstructed 
fetch length typical of the open sea. The coast is continually influenced by wind and wave 
directions which are not normal (perpendicular) to the shoreline. Prevailing condition causes 
a longshore flow (along the beach) from east to west which carries sediments along with it 
Depending on the position of a hurricane, this wind generated wave action can be much 
more significant during the storm than this normal prevailing condition. This affect, 
combined with higher surge tides, can erode beaches and dune systems to the point of 
threatening commercial, public and private developments. Soils are typically classified as 
fine sands and with very little marine habitat activity that would hold existing submerged 
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( features (contours, sand bars, etc.) in place during an extreme storm event. For this reason, 
the unprotected shorelines are susceptible to the full storm wave energies limited on1y by 
the force of the storm. 

The Galveston seawall was constructed in 1904 to address the concerns felt after the 
Hurricane of 1900 "which killed 6,000 people and destroyed 3,600 homes at the island city" 
[Ref. 5, p.l]. Though this structure has shown good performance in various storms since the 
seawall construction, the beach has continued to recede. The largest erosion of the seawaU 
beach occurred during the storm of 1915 followed by various cycles of erosion and accretion 
which resulted in near total loss of the beach between 10th Street and 53rd Street by the 
year 1934. At this point, a cooperative beach erosion control survey proposed the 
construction of a groin system between 12th Street and 61st Street. Work continued through 
1970 to improve and maintain the seawall and groin field protecting Galveston [Ref. 5, p.25). 

Though these projects were essential to protect the city, little has been done to 
maintain other parts of the island which have also yielded under the force of the major 
storm events. The recent aerial survey highlights the histol)' of the unprotected beach areas 
and can be helpful for predicting the future progression of the erosion and accretion process. 
From this aerial survey and additional field observations, DEC has identified the following 
sites where new shore protection structures are proposed to be incorporated into the 
County's shore protection program. 

LOCATION 

1. Bolivar Peninsula 

Caplen/CI)'Stal Beach 

Fort Travis FerI)' landing 

2. Galveston Island 

61st Street to Pocket Park 1 
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DESCRIPTION 

Existing stable dune system occasional 
beach at auto access points. plus/minus 100 
ft beach replenishment, dune enhancement, 
and breakwaters 

Proposed beach replenishment and 
breakwaters 

South end of existing exposed end of 
seawall, lagoon, significant erosion potential, 
pocket park structure nearly in front of dune 
system, proposed beach replenishment, 
modification to seawall, breakwaters, or 
seagrass-like fabric 



Spanish Grant to 13 Mile Road 

Jamaica Beach to Indian Beach 

Sunbird Beach to San Luis Pass 

3. Mainland 

Bacliff/Kemah 

PROTECTION OPTIONS 

Proposed beach replenislunent, breakwaters, 
or fabric 

Proposed beach rep1enislunent, breakwaters, 
or fabric 

Proposed beach rep1enislunent, breakwater, 
or fabric 

Ship channel dredging, proposed 
breakwaters for wetland creation 

For each of the locations where these new shore protection structures are proposed, 
the facilities will be constructed to complement beach and dune replenishment. The theme 
of the proposed protection follows a general plan to build-up beach and dune systems to 
serve as the primary barrier to the forces of a major stonn event. The structure's role would 
complement the beach by reducing the affect of the daily erosion process (to hold the beach 
in place) and to aid in the energy absorption of the stonn wave forces. 

To maintain the shoreline given the usual wave climate at a site, the structure would 
need to limit the erosion effects resulting from longshore drift. This condition occurs at 
absolute location under consideration and results from non-perpendicular wave direction 
relative to the shore line. Driven by tidal changes and wind direction, the wave direction 
may vary fonn day-to-day or season-ta-season. The design of a protection structure must 
ensure that the longshore drift energy is reduced at the shoreline to negate the associated 
erosive wave energies. 

Stonn events magnify this effect with stronger wave forces that approach according 
to wind direction and magnitude. Since the Galveston area is subject to hurricanes, we can 
expect the wave direction to vary as the rotational winds move with the stonn. 

When considering a solution for protecting a given shoreline, we know that there are 
very few options that can provide consistent and reliable perfonnance for all of nature's 
variables. Most of the sites under consideration also involve aesthetics since they involve 
coastal beach fronts which support the tourist trade of the island city. Since these beaches 
are subject to tourist activities, bulkheads and revetments would not be acceptable. This 
leaves groins, jetties and breakwaters. Groins and jetties are long structures that project 
seaward from the shoreline to attempt to trap littoral drift at the shoreline and create an 
accretion area within its shadow. The existing groin field between 10th Street and 61st 
Street has shown relatively good perfonnance in front of the seawall, but these structures 
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( are not as favorable in swimming areas or where wave direction is dose to perpendicular 
to the shore. More perpendicular wave directions that may occur during a storm could 
reach the beach without any energy Joss due to a groin field. Jetties are more commonly 
singular structures that protect a specific site usually at channel or tidal inlet where littoral 
materials are detrimental. For this reason, jetties are not considered appropriate for 
maintaining or protecting a recreational beach front 

Shore-connected breakwaters, as proposed at the seawall, combine the groin field 
concept with additional energy dissipation at the seaward end by addition of breakwaters 
(tees). The concept effectively relocates the littoral zone to the area beyond the ends of the 
structures leaving a very controlled wave climate in the area between the shoreline and the 
relocated littoral zone. Since the construction cost would be relatively high for establishing 
8 system of shore-connected breakwaters, DEC feels that these structures would not be 
suitable at sites where groins are not already in place. 

OFFSHORE BREAKWATERS 

Offshore breakwaters appear to be the best solution for the task. They are designed 
to protect as shoreline on the leeward side of this linear structure which is usually oriented 
paralJel to the shore. Offshore breakwaters have been constructed to protect harbors or 
erodible shorelines, serve as littoral barrier-sediment traps, or a combined function. 
Examples of some applications in the United States are included in Exlubit 3. This list is 
not complete and overlooks Louisiana's 43 breakwater installations protecting Highway 82 
on that state's Gulf coastline. Unlike jetties and groin fields, these structures affect 
longshore transport a secondary condition resulting from their primary objective of reflecting 
or refracting incident wave energies. The structures require less materials (cost) than the 
shore-connected breakwater, but the engineer can design for similar results by forming a 
tombolo behind the structure. If desired, natural accretion can result in growth of the 
shoreline to the point where offshore breakwater becomes connected [Ref. Exhibit 4]. 
Tombolos usually disappear during a storm and then build-up again during normal 
conditions. Though this tombolo affect maximizes the length of shoreline for recreational 
uses, this may not be a preferred condition along the coastal shoreline on Galveston Island 
By allowing more wave energy past the offshore breakwater, tombolos can be prevented and 
longshore transport can continue between the shoreline and structure. In each case, offshore 
breakwater will perform the required daily and seasonal beach protection while also aiding 
energy dissipation of storm waves approaching the shore from any direction. 

The key to developing a system of offshore breakwaters centers around understanding 
to site specific marine environment If one understands the wave direction, significant wave 
height and range or periods, tidal variations and existing erosive processes, offshore 
breakwaters can create very predictable results. Exhibit 5 summarizes U.S. Army Corps of 
Engineer's recommended logic process for arriving to a design condition. As this logic 
diagram shows, this is unique for each location. The process attempts to simplify the 
historical and highly variable conditions at a given site down to one design condition. This 
condition should approximate the most significant daily and seasonal wave climate which is 
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expected to be erosive to the subject site. Extreme storm events are not included in this 
assessment since the primary purpose for these structures is to protect or aecrete the 
beaches. Though these structures will aid in energy dissipation during a storm, the storm 
surge will overtop the breakwater and the beaches will erode as a function of the remaining 
energy. After the storm, one can expect the shoreline to return to a new equilibrium state 
where beach naturally aecrete to the lee of the offshore breakwater. 

The primary application of this the DEC study proposes offshore breakwaters along 
the Galveston Island coastal shoreline. Historical data is readily available and thorough from 
the storm of 1900 to present. For the purpose of this study, DEC will focus on the littoral 
drift from east to west that is considered to be the prevailing condition [Ref. 7, p. 12J. The 
shoreline within the seawall groin fields is self-evident to the influence of this process. There 
is evidence of littoral drift between each pair of groins where aecretion occurs near the base 
of each groin. The deposits are weighted toward the west side of each pocket and most of 
the beach has eroded from the middle. This pronounced concave result could be reduced 
through offshore breakwaters which could limit the longshore transport to a manageable 
level and result in a much less pronounced concavity as illustrated in ExhIbit 6. Though this 
concept looks very good from the standpoint of long term beach protection, our current 
understanding of the costs indicate that breakwaters in the groin field may not be as feasible 
as expected With the present-day estimated costs of $5,000 per lineal foot for rubble 
breakwaters and $300 per lineal foot to replenish today's beach to constant 300-foot width, 
the initial cost for breakwaters would be substantially higher than for beaches. For example, 
600 feet of breakwater structure with 1,500 foot space between existing groins, would be 6.7 
times more expensive than beach replenishment. When compared to the needs at other 
unprotected sites previously noted, this additional cost at the seawall seems unjustifiable. 
Taking future beach replenishment costs into consideration (with 7% inflation), the cost of 
breakwater structures would pay for an beach replenishment in 15 years, plus 50 percent 
of a replenishment 30 years from now. For this reason, DEC is recommending beach 
restoration within the seawall groinfield. Natural littoral transport and extreme storm events 
will eventually erode the beach, but a less costly beach restoration program can maintain 
satisfactory protection for the seawall and Galveston properties. 

The expected benefits for offshore breakwaters apply more appropriately where sites 
are not currently influenced by shore protection structures. As noted by earlier 
presentations, offshore breakwaters could benefit the west end of the seawall where the 
erosion process is much more active and threatening. Similarly, public and private 
developments could benefit from offshore breakwater applications. As we had noted from 
the aerial photograph, these sites are influenced by their impact on the inherent obstruction· 
of landside; natural dune build-up processes. The dunes will continue to erode in front of 
these structures until the property is loosed or condemned. The low maintenance aspect of 
offshore breakwaters can provide long term reliable protection for these relatively remote 
beach and dune systems. 

Offshore breakwaters can be created in several ways. Though rubble mounds are 
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most common in the United States, similar effects have been accomplished by structures -, 
consisting of cellular sheet-pile, rock-filled concrete caisson, timber cnb, precast concrete 
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<. units and floating concrete cellular designs [Ref. I, p. 5-61]. The designs can reflect or 
deflect all of the incident wave energy with more common solid structures or permeable 
features can permit some wave energy through the structure. If a wide expanse of shoreline 
is to be protected, multiple breakwaters can be spaced to accomplish the desired cuspate 
spit or tombalo effect. 

Two of these possibilities, non-permeable rubble mounds and permeable or no
permeable, precast concrete units, are under consideration for Galveston County. Each of 
these have advantages. Rubble mound breakwaters are permanent structures made from 
quarry stone or concrete equivalents according to availability of materials. Once in place, 
this structure has low maintenance cost as seen in the seawall groin field and may other 
applications here in the United States. The U.S. Army corps of Engineers has studied this 
type of structuJ't;s and has published very detailed design guidelines. Initial installation would 
be started by floating construction methods, then as the structure grows to a suitable size, 
construction could continue from the top. k recommended by the Corps, a plan would be 
implemented where the breakwaters are constructed in phases. Careful attention would be 
paid to the effects at the shoreline, and additional length or additional structures could be 
added in response to the observations. Transportation and stock piling of material could be 
accommodated by barge where wave climates permit or as appropriate at a given site. 

The precast concrete unit breakwaters follow the same principal but have not been 
as rigorously studied for long term applications. Two of these systems have been considered 
for this study: 

BEACH PRISMS (TM) - Permeable triangular units available in heights ranging from two 
to six feet. The precast units are 6 to 8 inches thick and typicalIy tied together into workable 
10 foot long units (by post tension cables), then placed end-to-end. Earliest know 
installation showed good accretion in Queenstown, Maryland, 1986. 

BEACHSA VER(R) - Manmade reef designed as elongated triangular units that are placed 
and interlocked together on wide precast or monolithic foundations. The first application 
was placed in 1984 on the Long Island south shore (New York). Additional installations 
have been placed in New York and New Jersey. 

These precast units are expected to provide similar performance when compared to 
rubble structures, but the advantages center around the fleXIble applications for the 
structures. like rubble, the precast units could be transported, stock piled and constructed 
by a floating operation. The same phasing concepts would apply where initial installations 
could be surveyed for performance. There is an extra advantage of relative ease of 
movement if the structure is not in the correct location or if the structure is needed at 
another site. These structures are expected to be more cost effective than rubble structure, 
though local suppliers may be limited. Both of these manufacturers provide products that 
are designed for the marine environment and may be the best alternative for demonstration 
project in the Galveston area. 
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CONCLUSION 

DEC is recommending that the Gulf Coast regions of Galveston County should be 
the subject of an on-going maintenance program that mitigates the erosion processes that 
are detrimental to the local economy. A phased approach should identify sites and 
implement shore protection structures according to erosion rate, relative cost of expected 
loss and avaiJability of finds. Establishment of an order from most critical is necessary. We 
have identified three areas where offshore breakwaters should be considered These include 
the west end of the Galveston seawal1, the west end of Bolivar Peninsula between Fort 
Travis and the ferry landing and two subdivisions on the west end of Galveston Island. We 
can expect physical loss of land and property in the near future. If nothing is done, FEMA's 
work will stifle any additional development in these unstable areas. These offshore 
breakwaters will effectively stabilize these area and preserve the land's value and usefulness 
for the future. 
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Exhibit 4. Breakwater applications in the Chesapeake Bay [Ref. 6. 
45 

: 
! 

) 



~--------------------------------~ 

rl ,," •• 'I[ '[1'''' r-DC"" AT InuCTUlr 

c. ••••••• , .... 
Il' ••• I' ••••• .... 

.",1, 
,. ",r ... ,,_ 
II .""",'1 ., ..... ... ,." ...... " .. , .. , 

UTI" """,, "". ,I "'ul,-, .,/1 •• ' 
.. "U'"'' .'., ... , ..... ' .... '. 
In'" "",It'II! I ri"f".'lI' .. ,.".'U,} aT SIl[ 

"'.till,I, ••• ".,II,e 
• .., .. II '.'1" .,t, 

L.j ""'ITlUfi. I-
..., OU"" Of' 'IC 1 

I 
I 
I 
I 
I 

I 
I 

I OfU'IiI ... l DfI.GII I 
I • .awf I 

'n I IS ."lff L iii. I CI'" .... 'L •• ll ~ I 

... u "oca11011 t 'r ., ~'''''' UIIUAf ... , Uu fl "".,, h'· 
.... '.r, ....... ' I V .... , •••• ' ......... t IUIIOUI"'" '. DOUIiI'"[ .. , •• ca,".' , •• U, •• nq: ., •••• ,1.,., ""'U" .... '111 ,.', .&IIl tL'lIat( .h( eLl."rt 

l j C ... • •• ·.I .•.. C ••• • •• • ...... 

II '''''''' .", ... II •••• "" 
I CI'''t II , • .,1 '11" 

SU"ll.fIlT .... U 
II ••• , h'. .1 .......... , 

If ., •• cal".' JI '.ICII ,.11 

Ce .. I •••• r, ... 
II Sr."'IC ....... 

,. "'f 
It •• a, '1'1 

,I "'u, "" 
I 

I 

J I,'."'C •• ' .,vf ,.[.IIC' • ! .... 1[ 0' '",. 1001 

1'111,1".,'" '·'/'1' ••• ",,1,,_, J 
I 
j 

rl ,Ufh"", O[l'G" .'wE ~ "SUfo,ICIUlr SI'E 

•• I,U 1 •• _ •• 1 ••••• 1 •••• ' I 
I •• • ............... 

•• hu ,', ••••• ,,,.1 

- D, ".u I ' •• '''''' I '. 

{ ... ' ... ,,' ""'.'. t D'.H"O. a.D (0"01'1011 I', •• t ••••••••• ' ........ ,,,.,a' 
., IUuCJfo,Ia( s," 

I 
'tfDul"tT 'UL1SI1 
( D.'.'.· •• , •••••• u .. 
.""' .... ,, .1 ... ' •• 
( ••••••••• I 

I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, 
I 
I 
I 
I 
I 
I 
I L ______________ _ 

---------_____ ...J 

Exhibit 5. LogiC diagram for evaluation of marine environment. 

[taken from Ref. 1., Figure 7-6, p. 7-17] 
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DESIGN OF BEACH NOURISHMENT FOR GALVESTON ISLAND 

(SEAWALL AND THE WEST END) 

By Frank Frankoylch 

I. SHORELINE MOVEMENT 

The Galveston office of the Corps of Engineers, along with the Bureau of Economic 

Geology, has performed numerous studies along the Texas coast. Each of these studies 

has indicated that the ·prevailing winds along the Texas coast are from the south and 

southeast. From Louisiana, the coastline extends generally southwest to the coastal bend 

area of Corpus Christi." Waves generated by the south to southeast winds produce a net 

Uttoral transport from northeast to southwest along the upper coast." Frequently during 

the winter months, and occasionally during other seasons, changes in wind direction 

reverse the directions of littoral transport for short periods of time. In general,littoral 

movement of beach and shore material along the gulf shore is interrupted both by 

artificial structures and by tidal currents through passes between the gulf and 

inlandbys."( I) See Exhibit" A ".(2) The jetties at the entrance to the Galveston Ship 

Channel (constructed in the late 1880's) have effectively protected the channel from 

silting. They have also effectively blocked the flow of sediment to Galveston Island, 

disrupting the littoral process. Though the jetties protect the channel entrance, the 

channel requires periodic dredging to remove sediments which arc carried in from the 

gulf and out from the bay. In the past, this dredge material has been disposed of in the 

open gulf or used to fill government land on the east end of Galveston Island and 

Pelican Island. Land on both Galveston Island and Pelican Island have been 

substantially elevated due to the placement of dredge material. Tidal currents in and 

out of the bay have caused an accretion of sediment on the north side of the jetties 

known as Big Reef. The specific reason for the buildup in the Big Reef area has not 

been identified, but substantial material is being trapped at this location. 
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II. PROBLEM AREAS (PRIORITIZED) 

Galveston Island can be divided into three basic zones: East Beach, the Seawall, and 

West Beach. EAST BEACH has continued to accrete since the jetties were constructed 

in the 1880's. Accretion down drift of jetties is not typical. The classical case of sand 

movement at an inlet with jetties is for accretion to occur on the up beach and erosion 

to occur on the down beach. The accretion of sand on East Beach can be attributed to 

the shoreward transport of dredge material off the south end of the south jetties, and 

sediment transported from the groin field during seasonal changes and changes in the 

direction of the wind. Sediments carried shoreward arc trapped in an area of no 

longshore transport which extends from the end of the south jetties to the groin at 10th 

Street. The sea wall was constructed in several sections (sce Exhibit "B") (3) from 1902 

to 1963. The beaches in front of the seawall have continued to experience erosion since 

its beginning in 1903 and completion of the wall in 1963. See Exhibit "B." (3) The most 

significant loss of sand occurred during the 1915 storm. The beaches never recovered 

naturally from this loss. Continued erosion after 1915 threatened the seawall 

foundation and provided justification for the installation of tbe groin field in the 

1980's. Since that time, the groin field has held sufficient sand to protect the toe of the 

seawall under normal conditions. Ho~ever, the original design intent has not been 

achieved. The citizens of Galveston in the 1930's wanted a beach 300 feet wide in front 

of the seawall. A report to Congress justifying the groins' installation identified a 300-

foot wide beach as the design intent. A dredge report in the early 1940's indicated that 

"experience with the existing groin system appears to have been already sufficiently 

long to warrant the statement that equilibrium has been reached. Although there is 

available an ample su.pply of drift sand, the spacing of the groins equal to three times 

their length appears excessive under the conditions existing at Galveston to arrest a 

sufficient portion of this sand for the formation of the desired beach and full 
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III. 

protection of the toe of the seawall."(4) Beaches in front of the seawall from 61st Street 

to the end of the seawall have eroded. 

Although there is no danger of saltwater exposure to the concrete piling support within 

this section, there is concern about long term exposure of the steel sheet pile bulkhead 

at the toe of the seawall. Damage occurred at the base of the seawall during storms in 

the past. Substantial damage occurred during Hurricane Carla in 1961 when beaches 

still existed in front of this section of wall. The lack of beach increases the possibility 

of continued scouring at the base of the seawall which could expose the steel sheet pile 

wall along the base of the seawall to the salt water. The original groins were steel 

bu]kheading; however, this material failed after 30 years of continued exposure to salt 

water. 

WEST BEACH has continued to recede at an average of "1.8 to 2.6 feet per year." (8) 

The movement of the beach and dunes landward has created conflict between the 

Attorney General's Office and local residents. As dunes move inland and encroach on 

existing subdivisions, the beaches begin to narrow. Though citizens have tried to 

maintain and stabilize the dune line inJront of their homes, structures have been lost 

to receding beaches. As a result of this inland movement of beaches and dunes, 

Highway 3005 is vulnerable to storm damage from Pointe San Luis to Bay Harbour and 

from Sunbird to Indian Beach. Road damage may also occur at each of the 18 dune cuts 

which allow vehicular access to the beach. These cuts allow unobstructed storm surges 

to enter the back beach areas. 

SAND SOURCES 

Prior studies and reports have identified adequate sand sources on both the west and 

east ends of the Island. See Exhibits C and D.(S) The Corps of Engineers, the Bureau 
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of Economic Geology, and Texas A&M University have all identified sand of 

significant quantities to re-establish Galveston's beaches. Additional testing will be 

required to verify quality quantities and specific locations of sand sources. 

The Corps of Engineers has an active navigational channel dredging program. Every 

two to three years, the Corps dredges the Galveston channel. Approximately J.S to 4 

million cubic yards of material is removed and disposed of in the open gulf. Thus, in 

a ten year period, 15 to 40 million cubic yards of dredged material is lost in the gulf. 

Th.: Corps estimates that it would take 1,344,000 cubic yards of material to replenish 

the beaches within the groin field during initial construction. They are currently 

studying alternatives for using dredge material to replenish beaches with the bope of 

implementing a program in the 1993 dredge cycle. 

IV. BEACH DESIGN 

The beaches in Galveston have a consistent slope. See Exhibit E.(6) Factors which must 

be considered when designing the beach are: "I) littoral movement; 2) beach sand 

characteristics; 3) characteristics of sand sources; 4) beach berm evaluation and width; 

S) wave adjustment in offshore slope; 6.> beach fill transition; and 7) location of feeder 

beach."(7) The Texas coast has a relatively mild wave tidal curve with variation 

ranging on the average of two feet. The cycle of re-nourishment is reduced to 10 - 12 

years depending primarily on storm cycles. The Corps of Engineers is currently testing 

sediment within the channel to determine the quality and quantity for beach 

nourishment. The Corps report of 1985 indicated a typical restored beach section in 

front of the seawall and on West Beach (see Exhibits E and F) and recommended that 

the material be transported by truck to the groin field. DEC recommends that a wider 

back beach and foreshore be installed and that the ma terial be transported by dredging. 

The increased back beach and forebeach will provide additional shoreline flood 
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protection and recreational benefits. 

The primary movement of sand is from northeast to southwest. Therefore, the 

placement of sand within the groin field will result in the movement of this material 

to the southwest or to West Galveston Island. The groin field will act as a feeder beach 

until other replenishment phases of the plan can be implemented. Ideally, a feeder 

beach should be created at the end of the seawall, allowing sediment to move each 

direction depending on winds and seasonal changes. A feeder beach at this location will 

protect the end of the seawall from flanking and will feed the West Beach area which 

relies on a natural system for storm protection. 

V. PROJECT PHASING 

Dannenbaum Engineering Corporation recommends that the beaches on Galveston 

Island be renourished in the following five phases: Phase I • in front of the seawall 

from 10th Street to 61st Street; Phase II • 61st Street to the west end of the Seawall; 

Phase III • Spanish Grant Subdivision to Galveston Island State Park; Phase IV -

Galveston Island State Park to Indian Beach; and Phase V • Sunbird Beach to San Luis 

Pointe. In addition to beach replenishment, we recommend that dunes be installed on 

the beach in front of the Seawall and landscaping be planted to soften the hard 

structures in these three highly visible locations. (See Exhibits F and H.) Dunes should 

also be rebuilt on the west end of the Island where the dunes have been breached for 

vehicular access and by prior storms. If vehicular access is necessary to provide public 

parking, cross over ramps should be installed over the dunes to provide storm surge 

protection. 
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VI. 

(I) 

CONCLUSION 

Unless some replenishment action is taken to better manage the sediment resources 

within Galveston County, we will continue to sec our beaches erode. Better utilization 

of our sand resources can provide continued storm surge protection for existing 

structures. A management system will protect existing structures and thereby maintain 

and strengthen the County's tax base. We hope the city, county, state and federal 

lovernments will work actively in the future to protect Galveston County's number one 

Datural resource· its beaches. 
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Exhibit "A" - "Sediment Dispersal System and Sediment Barriers" 
(Taken from Ref. 2, Fig. 17, Pg. 21) 
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Core Depth 

Desfgnatfon NUlllber (rt) 

Offshore H!gh 3 20-33 
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Offshore P"l1 va.- II 18-28 
Peninstlla (Sitf' 81 

" 12 

~ 
Ofhhore South 14 18-32 .... J"tty (Site C) w. 

15 

17 

111 

San tufs PIISS 25 5-30 
Ebb Tidal Ddt" 
(Site 11) 27 

Offshore Freeport 34 111-2) 
(Site E) 
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C~ACTFRISTICS OF POSSIRLl OFFSHORE BORROW SITtS 

Standard Hud Estimated 
Thfckne". Hun Crain Deviation OVfO rburden Area Volume 

(ft) Dtameter (_) (phi unlts) (rt) 
- -

(l06!£.2) (10~3) 

11-27 0.11 to 0.16 O.~ to 1.0 None 31. 2 8.9 

6 0.16 to 0.23 o. $2 "J 1.01• 4 106.6 12.9 

:I 0.16 to 0.23 0.50 to 1.39 3 

7 0.12 to 0.19 0.51 to 1.06 None Z97.1 26.9 
; 

2 0.12 to 0.19 0.53 to 1.02 1 

le-30 0.13 to 0.17 0.4(1 to 0.81 2 

13 0.10 to 0.16 0.43 to 0.78 None 

5-30 0.13 to 0.24 0.37 to 0.60 Hone 135.6 30.3 

0.15 to 0.17 0.57 to 1.24 Honf' 

" 0.10 to n.12 0.61 to 0.88 8.6 2.7 

Exhibit "0" - "Characteristics of Possible Borrow Sites" 
(Taken from Ref. 5, Table 10, Pg. 143.) 
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ALTERNATIVE SAND SOURCES FOR 
BEACH NOURISHMENT 

by, Mark E. Leadonl and Y. R Wang2 

ABSTRACf: Beach nourishment has evolved over recent 
years as the preferred solution to beach erosion problems 
along developed coastal shorelines. Extensive beach 
nourishment projects have been conducted in the U.S. and 
have proven successful, such as at Miami Beach, Florida. 
Borrow source material for nourishment is generally obtained 
from offshore sites, tidal inlets and associated shoals, or from 
inland sand deposits. Selected borrow sites are based on 
consideration of availability, cost and quality of the borrow 
material. This paper will focus on these selection 
considerations with particular reference to Galveston Island. 
Retrieval of sand resources lost from beaches into inlet
related shoal systems generally provides a high quality sand 
for beach nourishment. Consideration should be given to the 
effect of sand excavation from inlet shoals on natural sand 
bypassing at the inlet to adjacent shorelines. 

Iprofessional Engineer Administrator, Florida Division of 
Beaches and Shores, 3900 Commonwealth Boulevard, Tallahassee, 
Florida 32399 

2professor, Department of Maritime Systems Engineering, 
Texas A&M University at Galveston, P.O. Box 1675, Galveston, Texas 
77553-1675 
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INTRODUcnON 

Beach nourishment has been conducted extensively along shorelines of the U.S. 
and other countries to restore eroded beaches in developed areas to provide storm 
protection as well as recreational benefits. Beach nourishment consists of the placement 
of beach compatible sand material from a source outside of the active beach system 
which is being restored. Such sand placement essentially results in a net gain of sand to 
the beach system and thus potential for adverse impact to the beach system and adjacent 
areas is low. The low impact potential exists provided the borrow material for the beach 
fill does not disrupt another component of the active sand sharing system and provided 
beach stabilizing structures which may accompany the fill do not disrupt sand transport to 
areas adjacent to the beach fill project Successful beach nourishment projects have been 
constructed in several coastal states in the U.S. such as in Florida. A total of over 50 
beach rourishment projects have been constructed in Florida including most of Dade 
County which contains the Miami Beach project where approximately 15 million cubic 
yards of sand was initially placed. 

A total of about 60 million cubic yards of sand has been placed as nourishment 
projects in Florida. In addition, about 28 million cubic yards of sand have been placed 
on beaches as nourishment as a by-product of inlet navigational dredging. 

Sand material placed on Florida's beaches has been obtained from various 
alternative sources. In a couple of cases, it has been economical and feasible to 
transport sand from inland sand deposits by truck or railcar for beach placement. 
However, the vast majority of sand has been obtained from offshore sources or, as 
mentioned, from inlets. In addition to sand obtained from navigational dredging 
operations, focus has increased in Florida on retrieving sand which has accumulated in 
inlet shoal systems and become essentially lost from beaches adjacent to the inlets. The 
quality of sand material contained in inlet shoals is generally found to be of a good 
quality for beach nourishment. This is understandable since the source of the majority of 
the shoal material is from adjacent beaches. 

The beaches of Galveston, Texas have experienced long-term erosion. Following 
the devastating hurricane of 1900, the massive Galveston seawall was constructed along 
the Gulf of Mexico shorefront to protect the city of Galveston from any recurring 
hurricane assaults. The Galveston beaches experienced some recovery and widening 
after completion of the seawall. However, in recent years erosion and shoreline 
recession has occurred along the Galveston shore and throughout other portions of 
Galveston Island. Erosion control along Galveston Island has become of major 
importance and beach nourishment through retrieval of lost sand resources is, at least in 
part, the apparent preferred erosion control solution. 
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Figure 1. Galveston Island Map Including Nearshore Dump Sites 
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BEACH EROSION ON GALVESTON ISlAND 

Galveston Island is a coastal barrier island of approximately 29 miles in length 
along the Texas coast and oriented in a northeast-southwest direction. The island is 
bounded by Galveston Bay and West Bay to the north and west, the Gulf of Mexico to 
the south and east, and by two tidal inlets at its ends, Galveston Bay Entrance at its 
northeast terminus and San Luis Pass at its southwest terminus (see Figure 1). The 
island is extensively developed particularly along its northeasterly end where the City of 
Galveston is located. The geomorphic behavior of Galveston Island is typical of other 
barrier islands where erosion losses occur in the middle portions of the island with 
deposition near ends of the island and into adjacent tidal inlet systems. Erosion 
problems have been exacerbated by the development along Galveston Island where 
structures are located in close proximity to eroding shorelines. 

; 
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Figure 2. Location Map of Alternative Sand Fill Sources 
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TIDAL INLET DEPOSmON 

In the case of Galveston Island, sand deposition has occurred at the Galveston 
Bay entrance and at San Luis Pass. Sand deposition at Galveston Bay entrance has 
occurred adjacent to the northeast tip of the island where sand bas transported over and 
through the rock jetty structure and into the inlet creating a large area of accretion 
immediately inside the jetty. Sand deposition at San Luis Pass has occurred 
predominantly into interior flood tidal shoals of West Bay and has created extensive sand 
deposits over a long time period (see Figure 2). 

Galveston Bay entrance is a Federally-authoriz.ed navigation channel and has been 
dredged extensively by the U.S. Army Corps of Engineers. Dredged material from the 
entrance channel has been dumped into ooth nearshore and offshore sites. Sand 
material dumped into these disposal sites by dredging has effectively been lost from the 
active sand transport system. Although some of the dredged material in the nearshore 
site may be affected by sand transport mechanisms, the benefit of that material to upland 
beaches will likely be minimal because of the water depth at which it has been placed. 
In addition, enlargement of nearshore shoals as a result of the sand dumping may 
negatively affect adjacent downdrift beaches by altering wave refraction patterns in 
nearshore areas. Optimum use of the dredged sand would be to return it to neighboring 
beaches where it will provide the greatest benefit, such as on Galveston Island. 

San Luis Pass has not been dredged routinely for navigation. The large deposits 
of sand contained in the Pass's flood tidal shoals represent sand which has been 
essentially lost from the active Gulf-fronting beaches of Galveston Island. 

FEDERAL DREDGED MATERIAL DISPOSAL REGUlATIONS 

The Federal dredging regulations require the Corps of Engineers to place dredged 
material in the least-cost approved disposal site (9). Fortunately, it has often been the 
case in coastal states, such as Florida, that disposal of dredged sand onto beaches has 
turned out to be the least-cost alternative. Such cases usually have been in inner channel 
regions where dredging has been conducted by hydraulic pipeline dredge with direct 
pumpout capability. Generally, hopper dredges are used in deeper waters which are 
subject to higher seas. Hopper dredges require additional equipment for pumpout 
capability which generally increases the cost Thus, beach disposal from dredging by 
hopper dredge usually is not the least-cost alternative and necessitates the need for 
additional funds for beach placement (7,11). Such additional funds for beach placement 
must be obtained from non-federal sources, such as state and local government. 

In Florida, state law provides for state payment of up to 75% of the non-Federal 
cost of placement of inlet sand onto adjacent beaches (1). The Federal government may 
provide up to 50% of the added costs for beach placement as a cost sharing effort with 
the state, provided a favorable report supporting the cost-sharing is obtained from the 
Corps of Engineers (8,11). It is noted that the Federal government may also consider 
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the adverse impacts that a navigation inJet may have on the beaches of adjacent barrier 
islands and include an increase in percentage of Federal cost for a shore protection 
project on an adjacent beach to mitigate the adverse impact (6). 

BEACH NOURISHMENT FOR GALVESTON ISLAND 

Alternatives to the beach erosion problem on Galveston Island may include a 
combination of solutions. Such solutions may include increased restrictions on 
development on the island However, in locations where the beach has been eroded 
away and existing upland development provide justification, shore protection projects 
appear to be necessary. Shore protection projects may involve placement of hardening 
structures such as seawalls and revetments, or shore stabilization by structures such as 
offshore breakwaters. Restoration of eroded beaches to provide for increased storm 
protection and recreational benefits suggest beach nourishment as a preferred alternative. 

Beach nourishment in the case of Galveston Island may include a combination of 
obtaining sand for beach placement from the navigational dredging of the Galveston Bay 
entrance and the design and implementation of a beach nourishment project for a 
portion of the island. A major factor in consideration of beach nourishment iii the source 
of material for nourishment Potential alternative sources of sand for nourishment 
include offshore sources, some of which have been identified by the Corps of Engineers, 
and the sand deposits at both the Galveston Bay entrance and San Luis Pass. 
Consideration must be given in the selection process to the sand quality, cost and 
environmental impacts of each potential borrow source. Specific studies including these 
considerations should be conducted for each borrow source in the selection process. The 
quality of the sand in the inlet deposits is expected to be very similar to and compatible 
with the native beach sand. In fact, most of this identified inlet sand presumably was 
derived from the beaches of Galveston Island. 

It is generally the case with inlet sand that it is of a coarser grain size and more 
similar to native beach sand than offshore sand deposits. This is certainly by no means 
absolute. Offshore sand exploration has resulted in the location of a number of coarse
grained sand deposits in Florida. Likewise some of Florida's coastal inlets have 
consistently produced finer-grained sand in navigation channels and associated flood tidal 
shoals. But the trend for inJets to produce the coarser grained sand is apparent. This 
apparent trend is demonstrated in review of a limited data set depicted in Figure 3 where 
mean grain size for both inlet and offshore borrow material is compared with that of 
nearby native beach sands. 

The sand contained in the identified deposits at the Galveston Bay entrance and 
at San Luis Pass should be of a quality very similar to that found on beaches of 
Galveston Island. It is desirable to obtain a borrow sand material which is the same as, 
or coarser than, the native beach sand in grain size. The Corps of Engineers has 
developed methods by which to compare compatibility of alternative borrow sands with 
the native beach sand (3,9). The overfill of borrow sand vs. beach sand is calculated 
based on grain size and sorting differences between the native and borrow sands. 
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Figure 3. Inlet and Offshore Sand Grain Size Comparison 

Dean (2) used the equilibrium beach profile concept as a means of comparing alternative 
borrow sands with native beach sands. The equilibrium beach profile assumes the form 

hey) = Ay 'l/l 

where h is elevation, y is distance and A is a scale parameter. The scale parameter 
decreases with decreasing sediment size. Dean illustrated that a coarser-sized 
nourishment material produces a greater dry beach width per unit volume of sand. A 
representation of an illustration from Dean in Figure 4 shows resultant beach widths for 
varying borrow material grain sizes. The spreading of nourishment fill in the alongshore 
direction is also affected by sediment size where alongshore losses of fill may be greater 
with finer size sand. 
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The cost of use of each alternative sand source must also be specifically studied. 
There are a number of factors which 
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influence the costs of one alternative versus another. Generally, the costs are greatly 
influenced by the distance from the borrow area to the beach nourishment project site 
and by requirements for additional dredging equipment, such as booster pumps, etc. A 
nourishment project may result in a combination of borrow sites, using offshore material 
from borrow sites which are in reasonably close proximity to the nourishment site and 
using inlet sand from adjacent tidal inlets. Optimum use of sand dredged from inlet 
navigational dredging which is in close proximity to a nourishment project site should be 
incorporated into the project planning and design. Leadon (4) reviewed costs for 
nourishment from sand obtained from inlet navigational dredging and compared them 
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with costs for nourishment from offshore sources and found the unit cost of nourishment 
for the inlet sand, in general, to be significantly lower than for the offshore sand. An 
illustration of such a cost comparison is given in Figure S. The costs of placement of the 
inlet sand contained in Figure 5 reflect, in most cases, the added 
costs for placement of the inlet sand on adjacent beaches instead of in offshore sites. 
They also do not reflect any Federal 50/50 cost sharing discussed earlier, but only added 
costs which were provided 100% by non-Federal (State and local) sources. 
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Figure S. Cost Comparison of Nourishment from Inlet and Offshore 
Sources 

In using inlet sand for beach nourishment, analyses must be conducted to ensure 
that there is no increased disruption to material sand transport and bypassing processes 
which may be occurring at the inlet Such cases have been identified at some 
of the inlets along Florida's lower east coast, such as Jupiter Inlet, where studies have 
suggested maximum levels of aDowable sand removal from ebb tidal shoals to minimize 
impact to natural bypassing around the inlets (5). 
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In both cases of inlet and offshore sand sources, environmental studies must be 
conducted Environmental impact considerations 
may affect viability of use of an identified borrow source for a nourishment project. 

CONCLUSIONS AND RECOMMENDATIONS 

Beach erosion along portions of Galveston Island have resulted in loss of 
recreational beach and loss of storm protection to upland development Beach 
nourishment would serve to restore lost beach and recover the lost benefits. Review of 
alternative sand sources for beach nourishment should include analysis of sand deposits 
at tidal inlets adjacent to Galveston Island, as well as offshore borrow sites. Inlet sand is 
generally coarse-grained sand which provides good material for beach nourishment 
Considerations in the selection of a sand source for nourishment should include 
availability, cost, quality of the sand and environmental impacts. 

Efforts to obtain sand from inlet navigational dredging at Galveston Bay entrance 
for beach nourishment should be pursued. Cost-sharing with the Federal government for 
the added cost of placement of the navigational dredging sand on the beach may be 
available. Overall costs of beach nourishment where sand has been obtained from tidal 
inlets, including that from navigational dredging, have been lower than for nourishment 
from other alternative sources. Studies may show this to be the case for Galveston 
Island. 

REFERENCES 

1) Chapter 161, Florida Statutes, "Beach Shore Preservation Act" 
2) Dean, R.G., "Engineering Design Principles", Short Course on Principles and 

Applications of Beach Nourishment, Chapter 3, March 22, 1988. 
3) Hobson, R.D., "Review of Design Elements for Beach-Fill Evaluation", U.S. Army 

Corps of Engineers, CERC TP 77-6, June 1977. 
4) Leadon, M.E., "Use of Inlet Sand for Beach Nourishment in Florida", ASCE 

Coastal Zone '83 Conference, Volume III, June 1-4, 1983. 
5) Mehta, AJ. and Montague, CL, ''Management of Sandy Inlets: Coastal and 

Environmental Engineering Imperatives," ASCE Coastal Zone '91, pgs. 628-642, 
July 1991. 

6) PL 90-483, Sect 111 (Title 33, Sect. 426i, U.S. Code) 1968. 
7) PL 94-587, Sect 145 (Title 33, Sect 426j, U.S. Code) 1976. 
8) PL 99-662, Sect 933, Water Resources Development Act, 

Nov. 17, 1986. 
9) U.s. Army Corps of Engineers, Shore Protection Manual, 1984. 
10) U.S. Army Corps of Engineers, ER 1130-2-307, Oct. 31, 1968. 
11) U.S. Army Corps of Engineers, EC 1165-2-142, Dec. 15, 1987.22 

57 

) 

) 



\ 

SPACE SHUTTLE OBSERVATIONS OF 
SUSPENDED SEDIMENT, GALVESTON ISlAND 

Mike Duncan" 

ABSTRACT: Still photographs obtained from the U.S. Space 
Shuttle, and environmental satellite data are used to note 
patterns of coastal and estuarine sedimentation in the vicinity 
of Galveston, Texas. Multi-spectral analysis is used to 
distinguish variations in the radiometric response of 
sediments along the Texas Gulf Coast and within Galveston 
Bay. Distributions of sediment are examined with regard to 
the physical and hydrodynamic charctaristics of the bay and 
the nearshore area. 

• Engineer, Lockheed Engineering and Sciences, 2400 NASA Road 1, Houston, Texas 77058 
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Nearshore Berm for Galveston Island, Tx 

T. Neil McLellan· 

ABSTRACf: The high cost of beach protection has led 
many coastal zone planners to investigate effective lower cost 
alternatives for shoreline stabilization. One method currently 
being investigated by the U.S. Army Corps of Engineers is 
the use of dredged material to construct nearshore berms to 
protect the shoreline and augment the beach profile. Several 
projects have recently been completed and are currently 
under study. This paper investigates the potential of 
constructing an offshore berm near Galveston, Tx utilizing 
available borrow sources and equipment 

BACKGROUND 

Beach nourishment can be an effective method for augmenting, protecting and 
repairing a beach. The placed material also provides storm and flood protection to the back 
beach area. To date most beach nourishment projects involve placing suitable material from 
the dune area to the swash zone. The expensive of this type of beach nourishment often 
limits the quantity of material which can be placed on the beach. In addition, as wave action 
redistributes the material throughout the active beach profile, severe local erosion can occur. 
Within the last ten years the construction of several shallow draft split hull hopper dredges 
have created the potential for economical and effective placement of sediment in the 
nearshore. Placement in the nearshore can be a little as half the cost of onshore placement 
and can provide several of the same benefits. Two types of berms can be constructed in the 
nearshore, a stable berm designed to attenuate wave energy, or a feeder berm placed to 
augment the beach profile. Which type of berm to construct can vary on several different 
factors, including wave characteristics, type of material, equipment availability, and overall 
berm intent This paper will investigate the potential for a nearshore berm utilizing 
methodology developed by McLellan and Kraus (1991). 

) 

) 

• Civil Engineer, U.S. Army Engineer District, 444 Barracuda Dr., Galveston, Texas 77553-) 
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( NEARSHORE BERM CONCEPT 

Nearshore berms are submerged, high-relief mounds constructed para]]el to shore and 
are genera]]y divided into two categories, ca]]ed feeder berms and stable berms. Feeder 
berms are constructed of clean sand placed in relatively shallow water to enhance adjacent 
beaches and nearshore areas by mitigating erosive wave action and by providing additional 
material for the littoral system. Stable berms are intended to be permanent features con
structed in deeper water outside the littoral environment They may function to attract fish 
as well as reduce wave energy incident to the coast Specifically, the term "berm" refers to 
a linear feature that resembles a longshore bar, whereas the term "mound" applies to any 
configuration of artificially placed material 

Benefits to the beach are conveniently classified as either direct or indirect according 
to the type of material, berm elevation and length, wave climate, and depth of berm 
placement The direct benefit is widening of the beach by onshore movement of material 
from the berm. Indirect benefits are breaking of erosive waves, reduction of storm setup 
on the beach face, and creation of an artificial storm bar that will reduce erosion by 
satisfying part of the demand for sediment to be moved offshore during storms. 

FEEDER BERMS 

If a berm is placed in sufficiently shallow water and with sufficiently high relief, the 
higher erosive waves accompanying storms will break on its seaward slope and crest Broken 
waves of reduced height then reform and progress toward shore to break again with less 
energy. This energy-reducing mechanism provides an indirect benefit by reducing the 

t erosional demand of storms for sediment to be moved to the offshore. Material removed 
from the berm and transported shoreward during periods of accretionary wave conditions 
supplements the beach profile by becoming part of the littoral system, contributing to the 
total volume of material available for beach recovery. 

STABLE BERMS 

A stable berm is intended to be a relatively permanent bottom feature that attenuates 
higher waves, and it may function as a fish habitat Material from the berm is not expected 
to be transported to the littoral system and beach. Berms designed to be stable may be 
constructed of a wider range of materials and grain sizes than feeder berms. However, not 
all material will mound adequately or have the required stability to function as a stable 
berm. Projects have intentionally spread material with low mounding potential over a large 
area utilizing what is called thin layer disposal (Nester and Warren 1987). If a stable berm 
or mound consists of beaCh-quality sand, it can be used as a stock pile for future beach nour
ishment projects. 
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BERM DESIGN 

The site manager must follow several steps to determine the potential for successful 
berm design and construction. These steps include evaluation of: 

ii. Quantity and quality of material to be dredged. 

h. Availability of suitable equipment 

it. Local wave conditions. 

g. Economics of berm construction and alternatives. 

Material quality and quantity evaluations concern dredged sediment beach 
compatibility, mounding properties, and available volume. If the placed sediment grain size 
is compabble with beach samples, a feeder berm can be constructed. If the material is not 
compabble with the native beach material but does have mounding potential, a stable berm 
can be considered, whereas if the material is low-density fluid mud, mound construction is 
unfeasible. Past projects indicate that at least 150 cu m per linear meter is required to build 
a long feeder berm of significant height (above 1.5 m). Conical-shaped mounds placed in 
the nearshore focus wave energy behind them and should be avoided. Berm length should 
be several times the average local wavelength, and the berm should be oriented parallel to 
the trend of the shoreline to minimize wave focusing and depth limitations of the dredge, 
and maxirniu the extent of the shoreline to be protected. 

LocaI wave conditions determine the depth of placement for supplementing the 
supply of littoral material by feeder berms, as described below. Material to be placed at the 
design depth and crest elevation will require suitable equipment, usually a split-hull hopper 
dredge. Early nearshore berm construction attempts were limited by the available dredging 
technology which required water depths of over 11 m for safe dredge maneuvering. Early 
berms remained fairly stable and had little or no measured impact on the beach (McLellan 
1990). The relatively shallow draft, 6.7 m or less, and rapid split-hull placement technique 
allows the dredge to place material accurately and safely in the active littoral system. The 
dredges are equipped with modem electronic positioning, which can be used to ensure 
accurate placement for construction of a well dermed submerged feature. In addition, a 
growing number of split-hulled hopper barges are becoming available for dredging and 
placement projects. Recent projects have shown that these dredges are capable of 
constructing mounds of elevation above the loaded draft of the vessel. Table 1 lists the 
maximum measured crest elevations and loaded drafts of hopper dredges from several 
projects. 
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Table 1. Sand Berms BuD! to Near Hopper-Draft Depths-

Volume Peak Loaded Uaht 
1000 &Y. Draft Draft 

lpcatiop l:w Coptractor I2wI&t am .JIL .JIL .JIL 

Gilgo Beach, NY 1987 NATCO Nonherly h. 321 -2.3 4.7 1.5 

Udo Beach, NY 1987 NATCO Nonherly h. 270 -2.4 4.7 1.5 

Dam Neck, VA 1983 NATCO PadrelSugar h. 650 - 6.7 5.9 2.9 

New River, NC 1979 CoFJII Cunituck 300 -0.9 2.2 0.7 

Sand hland, AL 1987 GCTC Atcufalaya 4.3 1.5 
Mermentau 350 -3.0 4.3 1.5 

BraZOi/ 
Santiago, TX 1989 NATCO Manhattan h. 180 - 6.1 5.9 2.9 

Silver 
Strand, CA 1988 MaDSOn Newpon 75 -2.7 5.7 2.7 

NATCO ., Nonh American Trailing Co.; GCTC = Gulf Coast Trailing Co.; Corps ... Wilmington District, CoFJII 
of Engineers; Manson = Manson Construction and Engineering Co. 

-Hands, E. B, penonal communication, 1989 

Upon completing the evaluation procedure, berm design can begin. The design 
process entails determina'tion of placement location, timing of placement, and berm length, 

'width and crest elevation for a given volume of material. Ideally a nearshore berm would 
be constructed over a undisturbed stretch of beach. However, most are constructed near 
inlet channels, were the sediment is derived. Examination of the area must be conducted 
to ensure the berm is placed downdrift of the channel and away from channel effects. If 
seasonal reversals occur at the site, care should be taken to place the material during the 
season when it is most likely to move away from the channel. 

The annual cycle of beach advance during the summer and recession during winter 
(in the Northern Hemisphere) is well known. Onshore sand transport tends to occur during 
periods of waves with low steepness during summer (wave steepness is defined as wave 

" height H divided by wavelength L), whereas sand is moved offshore during periods of 
high steepness waves, as occur during local winter storms, hurricanes, and extratropical 
storms. Material placed in the nearshore in early or mid-summer will more likely reach the 
beach than material placed just prior to storm season when it will tend to be distributed in 
the offshore. 

Numerous criteria have been proposed to predict if a beach of a certain grain size 
will tend to erode or accrete under waves of a certain height and period. Here, discussion 

- f' is limited to cross-shore transport, omitting consideration of longshore sand transport and 
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wave angle. Larson and Kraus (1989) developed a criterion that incorporated deepwater 
wave steepness and the sand fall speed parameter HJ(w1), in which the subscript 0 de
notes the wave height in deep water, W is the sand fall speed in quiescent water, and T 
is the wave period. Kraus (1990) further verified the criterion with a data set of aecretion 
and erosion events recorded on beaches around the world and found the following simple 
approximation was consistent with the original conclusions of Larson and Kraus: 

_u < 3.2, accretion 
wT 

H. > 3.2, 
wT 

erosion 

(1) 

If the fall speed parameter is less than 3.2, then a beach will tend to aecrete, whereas if it 
is greater than 3.2, a beach will tend to erode. In Eq. 1, the significant deepwater wave 
height and peak spectral period should be used Fall speeds for common water tem
peratures and quartz grain diameters are given in Table 2, calculated by equations given 
Hallermeier (1981a). 

Because Eq. 1 was developed from data describing large aecretionary and erosional events, 
its application with all wave data should be viewed with caution at present It is emphasized 
that the criterion applies to beach change resulting from cross-shore sand transport without 
consideration of longshore processes. Kraus (1990) describes limitations of Eq. 1. If the 
design calls for a feeder berm, it is optimally placed as close to shore as possible within 
constraints of safe navigation of the dredge. A berm will break waves that have a height 
approximately equal to the water depth at its crest Placing the berm closer to shore, 
thereby decreasing the depth at the berm crest, will increase its potential to break waves, 
better protect the beach from erosive wave action, and promote movement of material 
forming the berm into the littoral zone. The greater the frequency of occurrence of wave 
breaking on a berm implies a greater potential for material to move off the berm and into 
the littoral environment Conversely, if waves break infrequently on a berm and the berm 
is not exposed to strong currents, it will be stable. 

Active beach profile change is an indication of the seaward extent of the littoral zone. This 
limiting depth is a function of the wave height, wave period, and sediment size and composi
tion, and it is most reliably determined by reference to repetitive profile surveys and bathy
metry maps for the site or a neighboring site that experiences the same wave climate. If 
adequate profile data do not exist, an analytic method introduced by Hallermeier (1981b, 
1983) can be used to estimate the limiting dep~h. Hallermeier defined an annual seaward 
limiting depth d.. of the littoral zone as, 

d. =2.3_10.9HoI2 
Boll Lo12 
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in which HolZ is the significant deepwater wave height exceeded 12 hr per year, and 
L olZ = gTlI(m) is the deepwater wavelength calculated with the 
wave period associated with H oIZ , where g is the acceleration due to gravity. In metric 
units, gl(2") = 1.56 m/secZ, whereas in American custom 
ary units gl(2") = 5.12 ft/secz. In arriving at Eq. 2, the original expres-

Table 2. Short Table of Fall Speed Values (m/sec) (Quartz Grains) 

Temperature Grain Size. mm 

Dei C !L.U JUQ ~ 1UQ ~ MQ 

10 .016 .023 .029 .035 .042 .048 

15 .017 .024 .030 .037 .043 .050 

20 .018 .025 .032 .039 .046 .053 

25 .019 .026 .034 .041 .049 .055 

sion of Hallenneier was modified by restricting consideration to quartz sand particles. Birke
meier (1985) tested Eq. 2 with high-quaJity data from the Coastal Engineering Research 
Center's Field Research Facility at Duck, North Carolina, and found that it held if the 
empirical coefficients were adjusted slightly for that site to give d..lHo12 = 1. 75 -
'9.2(HolzIL-.1Z), thereby validating the basic functional dependence of the equation. 

Berm Dimensions 

The overall dimensions and mounding characteristics of the benn depend on several factors 
including type and compaction of material, dredging and placement method, waves and 
currents during placement, and grain size. Once the proper depth and mounding potential 
have been detennined, the crest elevation will be directly related to the loaded and unloaded 
draft of the dredge (see Table 1). Required loaded vessel drafts may be reduced by light 
loading the dredge. This most likely will not increase the final crest elevation, but will 
decrease the required depth for safe navigation. 

The benn should be of sufficient length to avoid wave focusing by refraction. This 
phenomenon depends on the depth change at the benn, and wave height, period, and 
direction, and is presently under investigation. Existing benns are as short as 25 times the 
average wavelength and are not exhibiting wave focusing effects. The only reported problem 
occurred during construction of a benn at a Durban, South Africa, in which the ends tended 
to focus wave energy. The construction plan was changed to have 1 V (vertical) on 150 H 
(horizontal) end slopes in order to reduce these refraction effects (Zwambom, Fromme, and 
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Fitzpatrick 1970). 

The side slope achievable in berm construction is mainly a factor of grain size and sediment 
density, but the compaction of material, dredging and placement method, and currents 
during the placement also determine the final slope. At present little information is 
available on the angle of repose of dredge materials placed offshore. Several fine to 
medium sand berms have been constructed with side slopes ranging from 1 Von 100 H to 
1 V to 30 H. A stable berm constructed off Mobile, AJabama, of fine sand, silt, and clay 
dredged using a cJamsheJJ dredge and placed with a split-huJJ scow attained slopes of 1 V 
on 24 H to 1 Von 130 H (McLellan and Imsand 1989). 

Example Calculations for a Prgposed Nearshore Berm: Galveston Island. Texas 

Galveston Island area is an important resort area that is threatened by severe erosion 
(U.S Army Corps of Engineers, 1971). Several options, including beach nourishment, 
have been evaluated for reduction of this erosional trend. Williams, Prins and 
Meisburger (1979) identified several potential borrow sources for: a beach fill project for 
Galveston Island and vicinity. As indicated by their study, the median grain size for 
Galveston Island ranged from d.50=0.130 mm to 0.140 mm. A borrow source was 
identified off of Galveston's south jetty which had grain size ranging from d.50=0.10 mm 
to 0.19 mm. Beach fill material is most effective when it is similar or slightly courser that 
the natural beach fill. For this exercise, only that portion of the borrow material which is 
similar or courser that the natural material will be evaluated. 

At a minimum the berm should be at least 25 times the average wave length of the area. 
The average wave period at Station 11 is 5.6 s, which indicates a deep water wave length 
of 49 m. Approximately 150 m3 of sediment/m is required to construct a berm of 1.5 m 
to 2 m in elevation. The minimum volume of material required would therefore be 
18,375 m3• In general, this small amount of material would not be cost effective in a 
production operation. Production would more likely be on the order of 380,000 m3 or 
greater creating a berm 2,500 m long. 

Since the construction of a berm in Galveston Island would be relatively far from the 
Galveston Channels entrance, currents from the entrance should not be need to be 
evaluated. However, the large fillet formed by the jetty will need to be examined. The 
berm will need to be far enough downdrift so that shoreward moving material will not 
become trapped by the jetty's shadow. If the berm is constructed towards the east end of 
the island, care should be taken so that seasonal reversals will not move the sediment 
towards the fillet 

Long-term hindcast wave available from the Wave Information Study (WIS) will be used 
for the site. Table 3 gives statistical summaries of significant wave height H. and peak 
spectral period from all possible direction for the 20-yr hindcasts (1956-1975). Table 3 is 
from WIS Report 18 (Hubertz and Brooks 1989) and includes both sea and swell from 
Station 11 directly offshore of Galveston Island. WIS tables contain wave information 
corresponding to 3-hr intervals; this results in 58,440 possible events for a 20-yr period 
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( that includes five leap years. The above equation requires an estimate of the average of 
the highest waves in 12 hr of a year, which translates to 80 3-hr events in 20 yr of WIS 
summary table. The 12-hr annual average highest wave occurs with a frequency of 
(80/58,440)·100=0.14%. By inspection of Table 3 to determine an average wave height 
corresponding to this percentage, the following estimates are made: H=3.6 m and T=9.5 
sec at a hindcast depth of 18 m. Shoaling these waves out to deep water and neglecting 
refraction gives H..12=3.9 m and H..l/L..12=0.0277. Substituting into Eq. 2 yields: 

d..=3.9(2.3-10.9·0.0277)=7.8 m 

From these calcu1ations it can be seen that the berm needs to be placed within 
the 7.8 m contour to be considered an active part of the littoral zone and function as a 
feeder berm. 

Utilizing the WIS yearly summaries and inputing them into the above Eq. 1 an 
estimate of the onshore-offshore movement of the sediment can be completed. To 
facilitate the calculation the program ON-OFF (Kraus 1990) was used. Input to the 
program includes, wave height and period, water temperature and depth at the location 
of the wave height, and sediment grain size. The fall velocity is calculated within the pro
gram. For the purpose of this exercise, sediment grain sizes, d5O=0.130 mm, finest of the 
naturally occurring sands, and d5O=0.19 mm, coarsest of the borrow material, were used. 
From the above criteria, the results for the coarser sediment where D5O=.13 mm, Water 

Table 3. Percent Wave Occurrence, Galveston Island, 
Texas (WIS Station 11) 

Wave . Wave period (sec) 
Height 1.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11 + Total 
-'11-
0.25 720 80 184 1 5 -- 990 
0.75 7671 17611 6153 1644 422 34 18 -- 33553 
1.25 41 13993 23141 6981 1442 77 20 45695 
1.75 179 5542 8163 2551 59 8 1 16503 
2.25 711 2541587100 1 - - - 2653 
2.75 17 10 301 143 15 486 
3.25 1 22 46 6 75 
3.75 10 11 21 
4.25 1 1 
5+ 0 
Total 843231863 35748 170536309 435 118 19 0 0 

• Calculated at 18-m depth; 58440 events; percent times 100. 

Mean H. = 1.1 m; Largest H. = 4.0 m; Mean T=5.6 s. 

Temp=200 C, T=5.6 sec, H..=1.1 m; 
~ 

66 



1.1 -13.32 
0.0152.5.6 

Since the criteria, 13.32, is well above the prescnDed 3.2, erosion or an offshore 
movement of the material should be realized. Similar calculations for dso=O.19 mm 
provide a criteria of 8.5, again indicating an erosion of the material. 

Obviously this approach may be too simplistic for the Galveston Island area. According 
to the criteria used, all of Galveston's beaches would be under severe erosion. Although 
this is true in some cases, it is not true for the entire island. Most likely the problem of 
erosion prediction is within the wave data analyses. Waves were not refracted into the 
shoreline to determine their actual wave height when impacting the shoreline. A 
rigorous refraction diagram may indicate that waves are somewhat lower than predicted 
by the WIS study, this would in tum provide better criteria results for onshore 
movement. However, based on the analyses presented here, it is not recommended to 
construct an offshore berm with the material available without further study. The berm 
may break waves in the short term but would most likely provide no long term beach 
building. 

CONCLUSIONS 

A methodology for evaluating the design and performance of a nearshore feeder 
berm for Galveston Island is presented. By evaluating site specific wave data, available 
sediment quality and quantity and construction equipment available a systematic 
approach to nearshore berm construction is made available. Two separate sediment 
types were evaluated for berm construction. By utilizing WIS hindcast wave data and the 
available sediment data a minimum depth of placement and potential performance could 
be determined. This exercise showed that the available sands were too fine and would 
not make a viable nearshore feeder berm. Additional study, or coarser material, would 
need to be identified before a feeder berm should be constructed at Galveston Island. 
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TIlE MODIFICATION AND LAYOUT 
OF THE GALVESTON ISLAND GROIN FIELD 

Y.H. Wang! and R.G. Barcak2 

ABSTRACT: In the past hundred years or so, numerous 
groin fields have been constructed along the nation's 
coastline. Many of these have little or no existing beach in 
the groin field. This paper suggests a method for retaining 
sand in the groin field by moderately modifying the existing 
groin system. The application of this method is illustrated 
for the case of the Galveston groin field. 

INTRODUCTION 

The project of beach nourishment in front of the Galveston Seawall calls for 15 to 
20 million dollars. It is logical to explore avenues through which more economical ways can 
be found to retain a beach in front of the seawall. The idea at work here is to use the 
existing groin field. Thus modifying it in a way that the new groin system can perform more 
effectively for retaining sand than the existing groin field. By this moderate modification an 
economical solution to keep the nourished sand in place will exist. 
To achieve this goal, the existing groin field is analyzed and a new concept is introduced for 
determining the modification. A general layout is provided for cost estimation purposes. 

!Professor and Professional Engineer, Texas A&M University at 
Galveston, P.O. Box 1675, Galveston, Texas 77553-1675 

) 

2Research Assistant and Senior Student, Department of Maritime 
Systems Engineering, Texas A&M University at Galveston, P.O.Box ~ ) 
1675, Galveston, Texas 77553-1675 
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I.. ANALYSIS OF THE EXISTING GALVESTON GROIN FIELD 

According to the Corps of Engineers' 1984 reports, waves in the Galveston area are 
mostly from the southeast and south directions (56% are from the southeast). 

An analysis of the littoral transport directions indicates that sand placed between the 
existing groin elements will move in reversed directions depending on whether the incoming 
wave is from the southeast or the south. 

'" 

'" 

The placed sand between the groin elements will move in the southwest 
direction toward San Luis Pass when the groin field is exposed to southeastern 
waves. Figure 1 shows this general trend. 

The placed sand between the groin elements will move in the northeast 
direction towards Stewart Beach when the groin field is exposed to southern 
waves. Figure 2 shows this general trend. 

These sand movements wiIJ result in the loss of placed sand between the existing 
groins, which calls for some modification of the groins so that placed sand will be retained. 
This will reduce the renourishment process in the future. The initial modification used for 
analysis was the reduction of spacing between groin elements. 

REDUCTION OF SPACING BETWEEN GROIN ELEMENTS 

The spacing between groin elements in front of the Galveston Seawall is mostly 
around 1500 feet with a few shorter ones of 900 feet. Recent aerial photographs indicate 
that the short (900 feet) spacing has a marginal beach while the longer spans don't This 
observation motivates the study of reducing the span between the groin elements. With this 
in mind a 500-foot long groin was inserted into all the existing long (1500 ft.) spans. The 
littoral transport direction was then determined. The analysis showed the similar trends to 
the existing groin field. 

'" 

'" 

'" 

The placed sand between groin elements will move in the southwestern 
direction, towards San Luis Pass, when the groin field is exposed to 
southeastern waves. However, there are two exceptions between groin 
numbers 6,7 and 2,3. Figure 3 indicates this trend. 

The placed sand between groin elements wiIJ move in the northeastern 
direction toward Stewart Beach when the groin system is exposed to southern 
waves. Figure 4 illustrates this general trend. 

The new groin construction is estimated to be 6000 feet 

As shown by these figures, placement of intermediate groins between the long spans 
gives results similar to the existing groin system, although transport rates differ. By this 
analysis a different modification approach was studied as foIJows. 
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CONCEPT OF MODIFlCATION 

Along a sandy straight shoreline, for a given dominate incoming wave, the littoraJ 
transport direction can be determined. The concept introduced here is that for a given 
incoming wave, the littoral transport direction can be manipulated to reverse its normal 
transport direction and the transport rate can also be reduced or increased. This concept 
is illustrated in Figure 5. By using this concept a new idea for the modification for the groin 
field is analyzed. 

THE MODIFIED GROIN SYSTEM 

The concept (Figure 5) is utilized to mainly slow down the sand movement in the 
southeast direction; illustrated in Figures 1 and 3. Considerations are also given to 
incorporate the littoral transport due to southern waves (Figures 2 and 4) and waves from 
directions other than southeast and south directions. Notice the slanted T and L additions 
which are optimized using incoming wave angles. A preliminary layout of the modified groin 
system is presented in Figure 6. 

The highlights in Figure 6 are listed below: 

• 

• 

• 

• 

The net direction of littoral transport are kept to a minimum compared to 
Figure 1 through 4. 

The length of new groin construction is 4285 feet compared to the length 
required in Section 3 of over 6000 feet 

The waterline marks the expected size and shape of the sand beach between 
the groin elements. 

The slanted T-shape and L-shape groins are used to retain the placed sand 
within the groin elements. 

CONCLUSION 

From this analysis, the following conclusions can be summarized. 

• 

• 

• 

Placement of sand within the existing groin field results in sand movement 
towards San Luis Pass with southeast wave direction. 

Placement of sand within a groin system with shorter spacings (groin every 900 
feet or less) also results in sand movement towards San Luis Pass during 
southeast waves. 

Placement of sand within the modification of the existing groin system (Fig.6) 
shows a reversal, which helps keep sand in place during southeast waves. 
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( REMARKS 

The layout of the modified groin system needs an initial nourishment of sand from 
an external source, it is not meant to be used to collect sand but to retain the placed sand 
between groin elements. If the layout is adopted, the refined calculation must be done on: 
(1) the orientation of the Ts and l.s of the groin tips, (2) the length of the existing groins 
and the groin tips, (3) more incoming waves other than southeast and south directions need 
to be analyzed for transport direction and intensity. 

Since this report examines the situation based on wave direction alone, the final 
design of this groin system should include refraction analysis, taking into account breaker 
height and other conditions. 

LIST OF FIGURES 

FIGURE 1 Groin System with SE Waves 

FIGURE 2 Groin System with South Waves 

FIGURE 3 Short Span System with SE Waves 

FIGURE 4 Short Span System with South Waves 

FIGURE 5 Effect of Groin Orientation on Net Drift 

FIGURE 6 General Layout of Modified Groin System 
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Figure 1 Existing Groin System with Southeast Waves 
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Figure 2 Existing Groin System with South Waves 
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Figure 3 Short Span Groin System with Southeast Waves 
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• 
• 
• Figure 4 Short Span Groin System with South Waves 
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Effect of Groin Orientation 

on Net Drift Direction 
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• 
• 
• Figure 6 General layout of modified groin system 
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DUNE RESTORATION ALONG GALVESTON WEST BEACH 

INTRODUCTION 

Yu-Hwa Wang' 

ABSTRACT: The City of Galveston is protected from 
storm attack by the Galveston Seawall while the 
Galveston west beaches are vulnerable during a severe 
storm such as hurricanes. This paper suggests an 
efficient, low-cost and least environment-impact method 
to prevent coastal flooding and land/property losses on 
Galveston west beaches during storms. 

In 1989, the Galveston shoreline was severely eroded by two hurricanes and one 
tropical storm. State highway 87, which runs parallel to the coastline between Galveston and 
Port Arthur, has been closed to traffic due to severe erosion. To relocate highway 87 inland 
would be at the expense of filling-in the coastal wetlands, not to mention the cost of a new 
coastal highway. Similar situations have been in existence for a long time along the 
Louisiana coastline. The Louisiana approach is to build a series of offshore breakwater 
segments to slow down the erosion for saving the highways and wetlands. The shoreline 
stabilization techniques such as offshore breakwater and beach nourishment have their 
merits, however, during a storm, as the sea level rises, both offshore breakwaters and the 
nourished beaches will be submerged. The higher storm sea level will flood the highway and 
allow waves to attach the coastal highlands, thus, resulting in land and property losses. This 
paper suggests an efficient, low-cost and least environment-impact method to prevent coastal 
flooding and property losses on Galveston west beaches. 

J 

) 

'Professor and Professional Engineer, Texas A&M University at Galveston, P.O.Box - ) 
1675, Galveston, Texas 77553-1675 

79 



THE CONCEPT 

The fundamental basis of finding and placing compatible sand along the coastal 
shoreline for dune restoration involves the concept of an equilibrium beach profile. 

Energy input (wind, wave, current and tide) to the coastal zone is expended to shape 
the nearshore boundary configurations. For a given energy level, the bottom material acts 
and reacts with various governing forces in the coastal zone to reach an equilibrium bottom 
profJJe corresponding to the energy level. There are two major mechanisms through which 
the equibbrium bottom proflle is reached, namely, accretion and erosion. When the beach 
accreting phase is identified, a thin layer of sand on the beach is scraped away by a road 
grader; the natural forces will then act to restore the beach profile, thus, moving sand 
ashore. By repeating this process, large volum~s of sand can be obtained for dune 
restoration. 

These sands are then placed along the dune line and held there by sand fences and 
vegetation to form a continuous dune line with dimensions (height and width) compatible 
with the local environment. During a storm, the sea level rises and waves reach to the dune 
line and the wave energy is expended to return the dune sand to the beach and offshore 
bars. After the storm, the "Nature-Assisted Dune Restoration" procedures start and a 
continuous dune line is to be restored ready for the next storm, thus, an operational cycle 
is completed. 

It is to be emphasized that this procedure is a closed operational system and no sand 
will be moved out of the littoral system. Sand is placed where it is needed and when it is 
needed. This operational process utilizes wave energy to send sand ashore replacing 

. offshore dredging. This method simulates the natural dune formation process by adding 
sand to the dune a little at a time, however, it contracts the time from years to months. 

LABORATORY EXPERIMENTS 

The aforementioned concept was formulated in the middle 1970s when John 
Davenport, Morton Smutz, and Yu-Hwa Wang met to discuss the beach maintenance 
technique at Biscayne Bay, Florida. Later, John Davenport supported laboratory 
investigations which were carried out by two graduate students under Wang's supervision (1, 
2, 3]. 

The first laboratory study was conducted in 1977 and its results were reported in 
1978. An eleven by fourteen meter wave basin was used for the study. The testing 
procedures are re- descnbed (1, 7] as follows. 

1. A thin layer (30 mm thick) of natural Florida fine sand with a mean grain 
diameter of 0.2mm was placed on the basin floor. A smooth plan beach with 
an uniform slope 1 on 30 was created at one end of the test basin. 
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2. Wave with height of 25.4 mm, period 1.9 seconds were generated at the end of ) 
the wave basin opposite to the plan beach. 

3. As the waves were generated and propagated toward the uniform sandy beach, 
a breakerline was observed near the beach area. Observation of changes on 
the bottom configurations were (i) the formation of sand ripples on the entire 
basin bottom area, (ii) presence of sand bars in the nearshore region, (iii) 
changing of beach face slope, (iv) and the formation of a beach berm. After 
eight hours running time, the nearshore bottom configuration appeared to have 
reached a quasi-equihbrium state with a definite foreshore slope. 

4. Sand was then removed by gently scraping off a thin layer of sand from the berm 
and the foreshore slope area. The removed sand volume was measured 

5. The subsequent removal was carried out only if the beach were restored to its 
quasi-equilibrium configuration after the sand removal. In one experiment, 
19 consecutive removals were made. Every time, after the removal, the sand 
was consistently pushed ashore by the 25.4 mm waves to make up the quasi
equilibrium beach profile. 

6. The time between two removals was purposely varied to see whether or not the 
beach face slope might vary with respect to time exposure to waves. Some 
longer runs exceeded 24 hours. For the 19 consecutive removal experiment, 
the total running time was 350 hours. It was observed that the modified beach 
profile would be restored to its quasi-equilibrium configuration in four or five 
hours in most runs. 

7. The total sand volume removed in the 19-removal experiment was measured as 
approximately one cubic meter for a 25.4 mm wave over a total time period 
of 350 hours (including some longer runs). 

8. A dose observation of the processes revealed that when the slope was flatter than 
the quasi-equilibrium profile (i.e. after the sand removal from the beach), sand 
pushed up on the beach slope by waves would deposit; when the quasi
equilibrium profile was reached, the beach building process became self 
limiting, because the wet sand partides rolled back down the quasi-equilibrium 
slope as fast as they were pushed up by waves. This process could be likened 
by the phenomenon that dry loose materials roll down a slope when the static 
angle of repose has been reached. 

The encouraging results from this first experiment Jed to a second laboratory study 
[2, 3] in which the tests were carried out with two wave steepnesses (0.0056 and 0.0293) and 
three beach slopes (Ion 11.1, 1 on 16.6 and 1 on 33.3). The wave basin used was also 
larger (15 meter by 23 meter). A statistical analysis of the collected data indicated that the 
correlation between sand accumulation, beach slope, and wave steepness was coherent and 
good. This second experiment reaffirmed all the findings of the first experiment 
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FIELD EXPERIMENTS 

A field experiment was carried out by Per Bruun at Hilton Head Island, South 
Carolina The wash-up surplus material on the lower beach face is removed by a scraper 
and placed on the backbeach face as a measure for stabilizing the beaches. The suggested 
scraping area had a depth of one foot and a width of 100 feet This field experiment was 
reported in an article titled "Beach Scraping - Is It Damaging to Beach Stability?" [5J In his 
article, Per Bruun concluded that beach scraping was not harmful to beach stability and had 
beneficial effects on adjacent beaches. He further stated that beach scraping is a way of 
organizing available beach material in a more sensible way. 

Another field experiment to determine the response of natural beaches to artificial 
manipulation by sand scraping was carried out at Myrtle Beach, South Carolina by T.W. 
Kana and M. Svetlichny [6]. like Per Bruun's experiment, sand on the lower beach face was 
removed and placed onto backbeach face. The results of this experiment were mixed and 
depended on the backshore preconditions. Nevertheless Kana and SvetIichny stated that 
from an aesthetic as well as cost standpoint it should be considered as a shore protection 
option. 

In 1984, the oil spill from the tanker A1venus washed onshore along the entire gulf 
shoreline of Galveston Island. The tidal zone was blackened with thick layers of crude oil. 
The clean-up technique used was repeated removal of tar sand from the beach when the oil 
arrived. The removal was done by scraping away a layer of tar sand with front loaders and 
then trucked away. The effects of the A1venus oil spill clean-up technique on beach profiles 
were studied and reported in reference [4]. 

A recent field experiment was carried out by Wells and McNinch at Topsail Beach, 
North Carolina [7]. They concluded that on the annual time scale, scraping was effective 
and beneficial, however, it may be ineffective for a strong storm such as hurricane Hugo. 
They also counter argued that without scraping, the loss of sediment could have been even 
greater during the passage of hurricane Hugo. The success or failure of a scraping project 
may depend almost solely on how the scraping is carried out in terms of location and size 
of the borrow and fill sites, and the volume and rate of sediment removal. 

Field experiments conducted at Hilton Head Island, Myrtle Beach, and Topsail Beach 
were aimed at beaches. They revealed the response of a natural beach when the 
equilibrium conditions were altered. Per Bruun reported that no harm will be done to beach 
stability but it is only a temporary measure. Kana and Svetlichny said that the scheme is at 
best temporary. Wells and McNinch postulated that beach scraping may not be effective 
during strong storms. Their statements are logical consequences when examined under the 
context of the equilibrium beach profile concept. Sand moved from one part of the beach 
and then placed on another part changes the equilibrium profile; the natural forces will 
move the placed sand away and return to its equilibrium profile, thus, making the 
manipulation temporary. 
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NATURE-ASSISTED DUNE RESTORATION 

The harmless but temporary nature of beach profile manipulation did not perform 
well for widening the beach at Hilton Head Island, Myrtle Beach and Topsail Beach. 
However, it still can be a very valuable tool for dune restoration. The restored dune line was 
meant to be destroyed by storm tides during a hurricane. However, the land and the 
developments behind the duneline would be saved. This dune restoration procedure is 
repeatable and economical. 

Instead of making dune restoration a concentrated one-time effort, it is suggested to 
make it a regular event to be integrated into beach cleaning and maintenance programs. 
Many coastal counties already have a beach maintenance program in place. The beach 
scraping operation proposed by Per Bruun had a scraping area 100 feet in width and one 
foot in depth. A single operation will produce eleven cubic yards per one yard beach front 
length. The scraping area at Myrtle Beach was also extensive. To avoid these severe 
alterations of beach configuration, it is proposed to scale down the scraping area to fifteen 
feet wide and three inches deep [8]. The concentrated one-time operation is also broken 
up into multiple operations by a beach maintenance crew. The reason for these suggested 
changes is given in the following. The summer ridge profile in Figure l(a) of Bruun's paper 
is reproduced on the following figure. 

When this equilibrium profile is reached, wave energy will still be spent to continue 
moving sand around in a way that sand rolls down the beach slope as fast as the uprush can 
push it up. It is this excess drifting sand rolling up and down the equilibrium beach slope 
to be captured and placed on the duneline, not the sand already in the equilibrium beach 
profile. To catch these drifting sands, the equilibrium profile is gently tipped off by scraping 
a thin layer of sand (3 in. deep, 15 ft. wide); the excess drifting sand will fill the scraping 
area within one tidal cycle. A large volume of natural selected beach sand may be obtained 
by repeating the scraping procedure, at the same time, the beach profile is not severely 
altered and kept in tact for beach visitors during operations. The scaled down field scraping 
procedures, suggested by Wang and shown in Figure l(b), may be found in reference [8]. 
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LONG-TERM EFFECI'S AND CONCLUSION 

It has long been the concern of geomorpho]ogists that a continuous dune]ine blocks 
overtopping and prevents oceanic overwash, therefore viewed as a threat to barrier island 
stability and migration. A recent study by Leatherman (9] concluded that overwash is not 
the dominant process. Far greater quantities of sediment move into bays through old and 
new tidal inJets. Since the restored dune]ine is meant to be destructed by storm tide 
returning sand to the beach and offshore bars, the establishment of a continuous duneline 
can contnbute to the stability of beaches as well as saving coastal properties. The use of the 
beach scraping method to catch the excess drifting sand on an equilibrium beach slope for 
dune restoration is feasible. This method simuJates the natura] dune formation process and 
uses wave energy to send sand ashore. The operational procedures can be part of a regular 
beach maintenance program. It is cost-effective and has minimal environmental impact 
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TIIE USE OF VISCOUS DRAG MATS 
TO 

PREVENT SHOREUNE EROSION 

Peter Alsop' 

ABSTRACf: A viscous drag mat system can be 
implemented for combating shoreline erosion for specific 
areas with predetermined results. Sediment particles are 
manipulated so that a buildup occurs providing a reinforced 
soil bank. The use of these mats have numerous advantages 
over other protection methods. 

• President, Hydracor International, Inc. 1725 Duke Street, Suite 680, Alexandria, 
Virginia 22314 
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Introduction 

The -Viscous Drag Mat" was designed to have a very high resistance to flow 

so that it could be applied to reduce wave and current energy. In addition, it had to 

be easily installed, cost effective, and reliable. 

The -viscous drag" component of the mat is manufactured out of a specially 

formulated propylene polymer. This polymer offers both a specific gravity of .87, a 

significant improvement in polymer design, and a high tensile strength. 

In order to achieve a very high density of buoyant tapes, a novel manufactur

ing process had to be developed. This allowed us to produce a mat that, when fully 

deployed on sea·bed, could achieve a tape density of up to one 1" x 5'3" tape per 

square inch. This would present a total wetted drag area of 3.8 million square 

inches uniformly distributed within 1109 cubic feet. 

Under water, the side face of the mat presented to the water current entry 

yields and the water velocity is then progressively diminished as the tapes, through 

the body of the mat, exert a continuous drag force on the current. The mat, in its 

installed position, is designed to accommodate water currents from any direction. 

As the velocity of the current is reduced within the confines of the mat, carried 

sediment particles lose their flight mode and settle within the mat tapes, eventually 

building up into a highly cohesive reinforced soil bank. 

Anchoring System 

Permanent retention of this high profile mass of buoyant tapes to the seabed is 

achieved through the use of a novel anchor. Each mat is anchored into the sea bed with 

24 of these ground anchors. The anchors are driven in pairs to a depth offour feet. Each 

anchor in the pair has a minimum retention capability of two tons. Each mat, installed 

underwater in silty.sand, will have a minimum non-gravitational hold down of 48 tons. 
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( Once installed, the mat will develop into a soil bank approximately five feet high with 

a base measuring 16.25 feet by 13 feet. This soil bank alone will weigh approximately 

50 tons. 

18.26 ,. 

1 
1 
~ 

j 

Bottom View of The Viscous Drag Mat 

Illustrating the Anchor Strapping Pat

tern. At the end of each strap pair, a pair 

of ground anchors is attached and driven 

down four feet. 

Product Life 

Drive Tool 

Polyeeter 
Strapping 

Anchor Plate 

Anchor Pair Bent Into Driving Position. 

As tension is applied to the anchor pair, 

it will open up and split into two sepa

rate plates. 

The mat has been designed for a long buried life. In meeting this require

ment, the propylene pol,mer used for the buoyant tapes has been found to have 

little to no change in physical characteristics after twenty years burial. 
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Installation 

Installation in deep water is carried out by divers using a -dispenser- allow

ing a standard 5 meter (16.25') length mat to be installed on bottom within five 

minutes (10 meter/33.5' length mats can also be accommodated). 

In shallow water an amphibious vehicle with a diver standby would be used, 

and runs of thirty meter (97.5') mats would be installed. Shorter runs could also be 

accommodated. 

I would describe the reinforced soil bank generated by the mat as an "Engi

neering Tool- that could be applied in shore protection. Off shore breakwaters, 

shore connected breakwaters, jetties, and groins name but a few of the possible 

applications. In some cases the mat is used as a foundation, and others to form the 

entire structure. 

Advantages 

I consider the following advantages as important considerations. 

1. The system is environmentally acceptable. The European Fishermen 

recommend its use; it is inert and attracts fish through all stages of development 

including the finally formed bank. Whereas in my experience, the use of dumped stone 

can drive fish from their habitat for periods of up to two years. 

2. The system is totally inert and will not contaminate the water. It does not 

adversely effect any marine life or vegetative growth. 

3. The finally formed bank is not rigid in structural terms. It contour-follows the 

bottom profile and blends into the seabed, its shape fashioned by the current. 

4. Soil particles settling within the mat are subject to vibration transmitted by 

the buoyant tapes agitated by the current. This results in an extremely high degree of 

soil compaction. 

5. The mat is immediately effective on deployment. 
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6. The mat does not require any follow up maintenance, nor is it a sacrificial 

system requiring periodic nourishment. 

7. It also has a significantly lower installation cost when compared to traditionally 

used systems. 

Breakwaters 

In the course of carrying out a documentary study of coastal protection struc

tures, I have established that the offshore breakwater, when correctly applied, 

displays the highest level of beach accretion. Failures recorded could be categorized 

under two headings, positional and structural. 

In the case of position (location on bed), the results achieved were other than 

the primary engineering requirement. In other words, accretion and depletion of 

soil took place in the wrong zones. Not always a complete disaster, dredging and 

the introduction of additional diversionary structures were used as corrective 

mechanisms. 

Structural failures such as breaching and collapses due to current, wave 

energy, and scour occurred frequently. Cost had obviously dictated design, which 

had a direct effect on the stability and life of the structures. Well designed struc

tures, armored and monolithic in characteristic, survived and proved to be good for 

purpose in performance. 

The argument not to use the offshore breakwater because it creates local 

accretion and causes depletion elsewhere as a result of diverting soil from long 

shore sediment transport should not in any way mitigate against its use. It is my 

opinion that only a small percentage of the long shore transported sediment would 

be retained locally, and the onshore wave-carried sediment would be the major 

contributor to the beach until a state of "soil build-up· equilibrium is attained. 
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AppendizA Erosion Susceptibility Chart 

Appendiz B Formation of an Underwater Reinforced Soil Bank 

Appendix C Viscous Drag Mats Used To Create an Underwater Berm 

AppendizD Photographs of The Viscous Drag Mat System 

AppendixE Viscous Dag Mat Installations 
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Viscous drag created by mat 
fronds reduces current velocity 
depositing particles to form bank 

,~~~~~~::::.~ ....... . ~ . . . . . . . . ........ . .. . . . .. .. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

....... . . . . . .. . ... . .. . . . 

. . . . . .. . . . . . . . . . .. . . .. . . .. 

Particles carried 

by current flow 

2 Erosion Control "Mats" Surrounding a Pipeline. 
Underwater Viscous Drag to Reinforced Soil Bank. 
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'?horeline 

LJnderw?1ter Berm 

'?horeline 

'?horeline 

Stages in the Growth of a Tombolo Sand Bar. 

Plan View. 

Erosion Control "Mats" Used to Create an 
Underwater Berm Inducing the "Tombolo" Effect. 

94 



............. ) 

.: ::::: :::::: ::: ::::::-""" . 
,," "",, .... ",,",," ,,",,",,",,",," "",,",,",, ................. W t L I 
C

O:':':':.:':':":':":-:.:-:-:-:-:.:_>.". .. .. . a er eve 
:": -: .. :":":-: .. :-:-: .. :.: .. :-: -: -: -: -: -: .. :-:-:-: -: -: .................... " ........................ .. I·······~]IIIIJ}IJIIm~~~~~~~~~~~~~~ __ _ ... I .......................................... " ............ " .......... .. ...................... " .................... . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. " ................ " , .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. " .......... " ...... " " ...... " ........ " .. " .................................................. 

. .. .. .. .. .. " ............ " .. " .. " , ..................................................... " .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. " " .................. " ...................... " .......... .. 
- .... " ...................................... . .. .. .. .. .. .. " " .... " " " .... , " .................. " .. " ...................... " " . .. .. .. .. .. " ..................... , ..................................... .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

........... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. · ............... . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. . .... . .......................... 
, .......................... I 

.. .. .. .. • .. .. .. .. .. .. .. .. • .. .. I ........................................ .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. " ......... . 
.. .. .. .. .. .. .. .. .. • .. • .. I ................. .. 

.. .. .. .. .. ................... : -: .. : .. : .. : ~::::::: 

• ... I .. • .. .. .. .. .. .. .. .. .. I •.•••••••••.••••••••••.••.•..••.. . . 1'1/ "ter Leve 

·:I:::::::::::::::::::::::::::::::.::::·Jm~!~H) IT0}>~~~S7<>}ffii::::::::::::~:::::::::.:-=:.:.:-...... :zm. . .. aV.~VI =.:..:::.:... 
............................................ ::.:~~~................................................................................. 

. . . . . . .......... -: -: -: -: -: -: ::: : :: :: : : :: : : : : : : : : : ::: : : :: : : :: :: : : : : : : : :: :: ::: : : : : ;.:-:.:-: .... . 

.......... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. I .... .. 

• ... I .......... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. . .. .. .. .. .. .. .. .. " ................... .. , .......................... .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .... .. .. .... .. .. .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. . .. .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. . .. .. .. .... .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. I I.......................... W t L .. .. .. • .. .. .. .. .. .. .. .. .. .. .. .. .. .. /I er eve • • • • • • • • • • • • • • • • • • • • VI ........................................... _.... 81IillI~~ 
: ............................................................................................................... a .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. . .. .. .. .. .. . . .. .. .. 
.. • .. .. .. .. .. .. .. .. • .. I ............................................... I 

.............................................................................. I ...................................................................... I .................... .. 

.. .. .. .. .. .. .. I[ ........................................................................... . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .................................................................................... .. . . . . . ............ :-:-:-:-: -::::::::::::::::::::::::::::::::}} ~ < / {~>}: ~:}:::::::::::::::::::::::::-:-:-: 
......... ............... " .............................. " ..... " ... . 

- .................... .. 
~ .......... . Stages in the Growth of a Tambala Sand Bar. 

Side View. 

Erosion Control "Mats· Used to Create an 
Underwater Berm Inducing the "Tombolo" Effect. 

95 

I 

-) 



( 

Viscous Drag Mat - Oblique View 
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Erosion Control Mat - Installations 

Date Client Al2l2lication / Location 

May 87 Conoco Jack-Up Rig Scour Correction - Valiant Field 

Jul87 Shell Cable-pipeline Crossover Protection & Stabilization - Leman Field 

Jul87 Conoco Pipeline Free Span Correction - Viking Field 

Aug 87 Amoco Jacket Scour Correction - Leman Field 

Oct 87 Shell Pipeline Free Span Correction 

Dec 87 Shell Jacket Scour Correction - Sean RD 

Mar 88 Pennzoil, Holland Jack-Up Rig Scour Correction - Dutch Sector 

Apr 88 Shell Jack-Up Rig Scour Correction - Leman Field 

May 88 Pennzoil, Holland Jack-Up Rig Scour Correction - Dutch Sector 

May 88 Shell Jack-Up Rig Scour Correction - Morecambe Bay 

Jun 88 Amoco Jacket Scour Correction - Leman Field 

Jun 88 BP Sub Sea Housing Stabilization - Ravenspurn Field 

Jun 88 Conoco Pipeline Scour Remedial Installations - 'V' Fields 

Jun 88 BP Spool Piece Free Span Correction - Ravenspurn Field 

Jul88 Scottish Electricity Power Cable Stabilization Trials - Isle of Skye 

Jul88 BP Jacket Scour Correction - Cleeton Field 

Jul88 Hamilton Bros. Pipeline Free Span Correction - Esmond Field 

Jul88 BP Jacket Scour Correction - Ravenspum Field 

Aug 88 British Nuclear Fuels Pipeline Stabilization Trials - Sellafield 

Aug 88 Hydrocarbons GB Pipeline Free Span Correction - Morecambe Bay 

Aug 88 Shell Jack-Up Rig Stabilization - Leman Field 

Sep 88 Hydrocarbons GB Pipeline Stabilization - Morecambe Bay 

Sep 88 Waveny District Wave Energy Reduction - Corton Beach 

Sep 88 Amoco Pipeline Span Correction & Stabilization - Indefatigable I Leman Fields 

Sep 88 Shell Pipeline Stabilization - Leman Field 

Sep 88 Phillips Spool Piece Stabilization - Della Field 

Oct 88 Mobil Jacket Stabilization - Camelot Field 

Oct 88 Phillips Spool Piece Stabilization - Della Field 

Nov 88 Shell Jack-Up Rig Stabilization - Leman Field 

Jan 89 Odeco, USA Jack-Up Production Rig Stabilization - Gul f of Mexico 

Feb 89 Mobil Jack-Up Rig Stabilization - Camelot Field 

Feb 89 Mobil Pipeline Stabilization - Camelot Field 
) 

Mar 89 Shell Jack-Up Stabilization - Sole Pit 
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Date Client 

Apr 89 Shell 

Apr 89 Amoco 

Apr 89 Arro 

May 89 Shell 

May 89 Conoro 

Jun89 Odero, USA 

Jun89 Amoco 

Jul89 Arco 

Jul89 Amoco 

Aug 89 Shell 

Aug 89 Marenco Engineering 

Sep89 Hamilton Bros. 

Sep 89 Clough-Stena 

Sep 89 Oceaneering' Amoco 

Oct 89 2W 'Hamilton Bros. 

Nov 89 Shell 

Dec 89 Shell 

Feb 90 Shell 

Apr 90 Stena , Shell 

Apr 90 Stena I Amoco 

Apr 90 Conoro 

May 90 Shell 

Jun90 Phillips 

Jun90 Rockwater' Arro 

Jul90 Stena , Amoco 

Aug 90 Shell 

Sep90 Stena , Amoco 

Sep90 Shell 

Sep90 Rockwater' Shell 

Sep90 Stena , Amoco 

Oct 90 Stena , Amoco 
-of 

Nov 90 Stena , Amoco 

Dec 90 Christi ani Morrison 

Erosion Control Mat - Installations 

Application / Location 

Jack-Up Rig Stabilization - Leman Field 

Pipeline Free Span Correction -Indefatigable Field 

Wellhead Protection Frame Stabilization - Weiland 

Jack-Up Rig Stabilization - Leman Field 

S. Valiant Field Development' Viking BClBD Platforms 

Jack-Up Production Rig Stabilization - Gulf of Mexiro 

Pipeline Free Span Correction - Indefatigable Field 

Wellhead Protection Frame Stabilization - Thames Oscar Field 

Pipeline Free Span Correction - Indefatigable Field 

Jack-Up Rig Stabilization - Leman Field 

Power Cable Scour Correction - Prince Edward Island, Canada 

Subsea Valve Stabilization - Ravenspum North Field 

SALM Riser Stabilization - Timor Sea, Challis Field, West Australia 

Jack-Up Rig Stabilization - Penrod 85 - Leman Field 

Scour Prevention - Cleeton' Ravenspurn Fields 

Jack-Up Rig Stabil ization - Rowan Gorilla 

Production Riser Stabilization - Leman Field 

Jack-Up Rig Stabilization - Cecil Provine 

Srour Prevention - Sole Pit Field 

Pipeline Span Correction & Stabilization -Indefatigable & Leman Fields 

Jacket Stabilization - Viking BC Platform 

Jack-Up Rig Stabilization - Galveston Key 

Jacket Stabilization & Correction - Hewen Field 

Umbilical' Pipeline Tie-Ins Stabilization - Welland 

Pipeline Stabilization - Indefatigable Field 

Pipeline Free Span Correction & Stabilization - Leman Field 

Pipeline Stabilization -Indefatigable Field 

Riser Stabilization - Leman Field 

Valve Frame Stabilization & Protection - Sean Field 

Pipeline Span Correction & Stabilization -Indefatigable & Leman Fields 

Pipeline Stabilization - Indefatigable Field 

Pipeline Stabilization - Indefatigable Field 

Dornoch Bridge Scour Correction & Stabilization 
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ENERGY ABSORBING REVETMENTS FOR 
BAYSHORE EROSION CONTROL 

Donald R. McCreary· 

ABSTRACT: Many of Galveston Bay's shoreline problems 
can be solved by renovating the vertical existing structures with 
concrete sloping revetments. This idea can also be implemented 
so that all forms of erosion along low energy coasts can be 
stabilized using the Mac-Blox system, which is explained by 
description and application. 

INTRODUCTION 

A unique system for shoreline stabilization is the Mac-BIox Sloping Revetment System 
developed in the Tampa Bay area of Florida. Since the fall of 1989 it has been successfully 
applied to shoreline problems common to the Galveston Bay area. It is a system of great 
strength, stability, and permanence. It has environmental features that are so favorable that 
it is considered as part of the environmental mitigation solution; rather than as part of the 
problem. 

DESCRIPTION 

The Mac-Blox is made of concrete and weighs 300 pounds. They are placed to form 
a step-like sloping revetment; locked together with concrete shear piling in groups of ten or 
more. It is similar to rip-rap revetments, except it consists of large, speciany designed concrete 
blocks, which have a number of significant advantages over rock structures. The Mac-Blox 
system is not used as surface armoring of flat slopes above the waterline. It is designed to 
work within the splash zone where wave energy crashes into shorelines and destroys most 
other structures. A single Mac-Blox is shown in Figure 1. The basic features of the Mac-Blox 
is as follows: 

• President, Mac-Blox Corporation, 1444 20th Street North, St Petersburg, Florida 33713 
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Figure 1 
2 

1 

3 _-oJ 

4 -' _--'-_L-_____ ~ 

1. CYUNDRICAL SPACES: Vertical cylindrical spaces in the center of each block 
match successive layers and are used for shear piling which lock the layers together. 

2. PERIMETER SHAPE: The perimeter shape of each block match with adjacent 
units to create internal spaces for 1) animal habitat, 2) protected growing space 
for marine plants, and 3) hydraulic surge space for absorbing wave energy. 
1be Mac-Blox bas the same amount of internal spaces as natural stone revetments. 

3. FLAT SURFACES: Flat surfaces top and bottom provide cost-effective production 
and safe surfaces for walking on the finished revetment 

4. MULTI-FACETED: The multi-faceted, rough, sloping surface is presented to wave 
energy approaching from any angle for optimum energy absorption. 

s. HORIZONTAL GROOVES: Horizontal grooves are used for communication between 
vertical cylindrical spaces. 

This modular system results in ideal 2H : 1 V sloping revetment with rough surfaces 
and internal spaces to absorb wave energy, and prevent erosion of bottom material. 
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BASIC PRINCIPLES OF SHOREUNE STABIUZATION 

In recent years, the ideal shoreline structure for absorbing wave energy has been defined 
as having three important characteristics. 

1. SLOPING - so waves do not slam, rebound, and cause erosion. 

2 ROUGHNESS - to impede and diffuse wave runup/rundown. 

3. SPACES - internal to absorb and cushion wave energy while providing habitat for 
marine plants and animals. 

Mac-Blox has incorporated all three characteristics into it's basic design. Other, equally 
important design characteristics were drawn directly from the technology of rock structures 
that have proven themselves in countless applications: 

1. DENSITY - mass of concrete is very close to rock. 

2 RATIO OF SPACES - solid mass to spaces approx. 80/20. 

3. SLOPE RATIO - 2 horizl1 vertical for geometric stability. 

EXISTING TECHNOLOGY 

By far the most common attempt to stabilize shorelines in shallow coastal areas has 
been the use of vertical seawalls; usually of steel reinforced concrete. The Tampa Bay area 
of Florida is one of the most heavily seawalJed areas in the world. Unfortunately these vertical 
seawalls violate most of the desirable parameters listed. In addition, the uncoated steel 
reinforcement that was used in most of these walls is a prescription for failure because of 
the corrosive environment of the salt water spla.sh zone. These failures are now occurring 
at an alarming rate. The basic premise of Mac-Blax is that it doesn't make sense to temporarily 
patch these up. The basic problem of the structure's verticality will only perpetuate. These 
existing structures should be converted to a permanent sloping revetment and Mac-Blox is 
the optimum system that should be incorporated. Figures 2 &. 3 show a Mac-Blax system 
used to prevent failure of a vertical seawall at PinelJas Bayway-SL Petersburg, Florida. 

MAC-BLOX FEATURES 

IMPROVEMENTS - The Mac-Blox system began with all of the welJ proven physical 
characteristics of rock structures, and added modem materials, structural integrity, 
great lOgistical advantages, cleaner appearance, user safety, and even better 

J 

) 

environmental qualities. - ') 
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ENVIRONMENTAL - Mangroves, spartina, and similar plants, as well as many forms 
of small marine animals, thrive within the protection of the carefully designed 
internal spaces of the Mac-Blox system. These were carefu)ly developed, with 
input from regulatot)' and environmental agencies, to have all the desirable physical 
characteristics of rip-rap, and to improve upon rip-rap in all of these areas. 

REGUlATORY REQUIREMENTS - From the beginning the Mac-Blox system was 
developed to be fully in compliance with both the requirements and preferences 
of knowledgeable regulatory agencies and environmental consultants. Many 
of these characteristics came directly from Florida DER The overall solid mass 
YS interior space ratio, is the same as DER, and Corps of Engineers approYed 
rip-rap rock structures. The Mac-Blox system presents a very rough sloping 
surface to approaching waves, and this together with the carefully designed 
interconnecting interior spaces dissipates wave energy in a way that is superior 
even to the rip-rap rock. 

MODUlAR CONCEPT - The Mac-Blax system ~ a modular concept From the beginning 
a scaling factor was envisioned for block sizes for different applications. These 
parameters are related to the wave energy environment and can be scaled for 
use almost anywhere. 

STRUCTIJRAL IN'IEGRITY - By far the most important factor for anyone considering 
a shoreline stabilization system, is structural integrity and long range security. 
The Mac-Blox system is designed on the same simple, dependable, low stress 
structural principles that have been developed and proven on an empirical basis 
with the rip-rap rock. The Mac-Blox are built entirely using modern Fibermesh 
Concrete. There is no steel to rust, expand, and crack the concrete. In addition, 
the cast in place shear piling provides quality controlled structural integrity that 
is superior to the random interlocking of rip-rap rock. 

AESlHETICS AND SAFETY - Mac-Blox has a significant advantage in attractiveness 
and safety over rip-rap rock. The flat steplike surfaces make easy walkways. 
The attractive mosaic appearance is a dramatic improvement over rough irregular 
rip-rap. 

COST EFFECTIVENESS - In order for an idea to be successfu) in the competitive 
marketplace, it must be designed for efficient manufacture and installation. 
The final result must compare favorably with alternative solutions and give good 
value for every dollar spent When considering the advantages of using Mac-Blox 
over rip-rap revetments no questions should be raised about the cost effectiveness 
of Mac-Blox. 
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CONCLUSION 

Mac-Blax • proving to be an environmentally responstbJe solution to many of our shorelirx: 
problems in Tampa Bay and other areas of Florida. Many of the same problems exist in 
Galveston Bay, and there is belief that the system would be of tremendous value. Located 
in the appendix are various examples of Mac-Blox used in different situations in Florida. 
These examples win give a good basic idea to the workability of implementing a system in 
the Galveston Bay area. 

APPENDIX 

UST OF FIGURES: 

Mac-Blox Dimensions 

Mac-Blox Jetty/Groin Sections 

Mac-Blox Rip-Rap System Plan 

Mac-Blox Rip-Rap System Section 

New Mac-Blox Seawall System 

Mac-Blax Sloping Revetment Wall #1 

Mac-Blox Sloping Revetment Wall #2 

Mac-Blox Sloping Revetment Wall #3 
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MAC-BLOX J£TTyifiROIN 5£C.DONS 
INTERCfJlJIIEcnNG, INTE~JOIl. SPACES ("~TlCA' AND Jlr;lbZDA/11II..) 
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SHEAR 'PrIJ~ JCas tAl MIC-~X 
CA$T IN PLAcE WITt{ 

JrI/jERMESIi ~ 

) 
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~-----------~) 
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MAC-BLDX RIP RAP SYSTEM PLAN 

17900-17964 U S HIGH'w'AY NORTH 
CLEAR\J ATER, FLORIDA 

RAISE EXISTING CURB 6' 
FOR 10' ON EACH SIDE 
Of RIP RAP TO CONTROL 
RUN Off 

12'-0" 
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r. EXISTING ASPHALT 
/ P •• "NG LOT 

4' THICK CONCRETE 
INfILL BETIJEEN EXISTING 
CURB AND MAC BLOX 



2'-6' 

MAC-BLOX RIP RAP SYSTEM SECTION 
17900-17964 U S HIGH\JAY NORTH 
CLEAR\JA TER, FLORIDA 

TOP or EXISTING "ALL AT 3.5' MSL 

CONCRETE INrILL 

NINE COURSE MACBLOX SYSTEM 
TOP or CONCRETE AT +6.0' MHIJ 

13'-6' 

CONCRETE IN PILING HOLES 
IJITH ONE .4 EPOXY COATED BA~ TYP 

III 

6' CONCRETE CURB AT 
EDGE or REVETMENT 

6'-'3' 

12' CRUSHED STONE BEDDING 
ON rIL TER CLOTH 
EXISTING BERM AT 0.0' MSL 

.J 

., 
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III 
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'''(~'fINJJ)!I>. +5. () MSL 
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EPOXIE COATED 
REBAR 

FIl.TER Cl.OTH ~ 

+2.0 MSt. 

NEW KAC-BLOX SEAWAll. SYSTf.M 

(SLOPI NG KEVETMENT 11lI1I."'- I N) 
COMPOSITE SECTION 58HICW 
MAC-BWX COKP. 9/17/91 I>RM 

.,,-., 

PIWPOSF.D FOR THE CITY OF WEST PAl.M BEACH 

NOKTII FLAGLER DKIVE AT CUKREY PARK 

9" " SHEAR PILING HOl.ES IN KAC-Bl.OX 
CAST-IN-PLACE (,lITH 3500 PSI FM CONC. 

9" 0 SHEAR PIl.ING 
HOLES FIl.l.ED WITH 
CRUSHED STONE • 

• rEXISTlNG 
: o· BOTTOM 

o 4 

OF CRUSHED STONE BEDDING. FIl.TER CI.OTH UNDERBEDDING STONE. 

9'-0" WIDTH OF MAC-BLOX SECTION 

KAC-BLOX 
PATENT PENDING 
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. HAC-BLOX SLOPING REVETMENT RETAINING WALL 

PROPOSED FOR BEN T. DAVIS PARK - TAMPA. FLORIDA PARKS DEPARTMENT 

Existing Asphalt Parking Lot 

Existing Concrete Sidewalk 
(Elevation Varies) 

)( 
o ..... 
III 
I 
u ::11 Filter Cloth 

"--' 

+3.75 HSL 
9" 0 Shear Piling Holes in Hac-Blox. Fill With 3500 PSI FM 

Concrete and Place (1) 16 Epoxy Coated Rebar Per Hole 
(@ 18" Ctra. Both Ways) 

Existing Beach (Elevation 

Hac-Blox'Layers 
(9" High; 2:1 Slope) 

KSL 

Filter Cloth 

Crushed Concrete Bedding 
Stone (2:1 Slope) 

Width Of Section 

~- "-
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HAC-BLOX SLUPI"'!: I{EVETMENT RETAINING WALl. 

PIHlI'OSEO FOR SILVER SANIlS CONDOMINIUH ~T. PETEI{SRUI{C BEACH, FLA. 

1).5" ---

[Gr1lnUlar Flll--""\IF~.·I;·~·1 

Excavate To Thlr. I.ine <t) 
For Construction 

I.ay,>r Of F\(lricla I.imesto"e 
Over Vilter Fahric Mat 

Shear Piling Holes In Mlle-Mlox 
Fill With 3500 PSI I'M Concrete 

Shear Piling Hol~ FiJle~ 
Wltl. Crushed Stone 

9" Typical Hel~ht 
2: I S lope 

~ 

Seetinn 

MAC-RI.OX COkPOkAT I ON 

Standar~ Section 4BH27CW 

3/21/91 Uk" 
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Excavate To Thia Line 
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MAC-BLOX SLOPING REVETMENT RETAINING WALL 

PROPOSED FOR ST. PETERSBURG BEACH EGAN PARK 

~ Fill -"J ~~1"'~6 • '--- Granular "~1~:~~ 
9" Continuous Concrete Curb 

(Cast-In-Place) 

Shear Pll1nl Holes In Kac-Blox 
Fill With 3500 PSI PH Concrete 
__ :; 9" II P11inl Holea ,Filled 
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Over Filter Fabric Hat 

7' -6" Wid 

Wlth Crushed Stone 
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2:1 Slope 
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Standard Section 4BHICRI 
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JETPUMP APPUCATION FOR BEACH 
REPLENISHMENT AT BIG REEF 

GALVESTON, TEXAS 

M.McMahon1 & B.Gates2 

ABSTRACT: This proposal is a design to increase the 
recreational beach area at Galveston's groin field. A 
permanent pumping station is installed utilizing the closest 
renewable sand source for nourishment material. Moveable 
jet pumps are considered for their use underwater to 
optimize the best efficiency in removing the sand. 

INTRODUCIlON 

There is a growing economical need for more recreational beach area on Galveston 
Island. The only efficient way to increase the beach is by nourishment With a large area 
of accumulated sand located closeby, there is a possibility of dredging and pumping the sand 
to directly to Galveston beaches. 

PHYSICAL ENVIRONMENT 

In 1934 the Beach Erosion Board, Corps of Engineers, found that in order to protect 
the Seawall and recreational beach a system of groins needed to be constructed. The board 
also concluded that there was a possibility that the groin system would not be nourished by 
natural action and that other means of beach nourishment might become necessary. The 
original purpose of the groin field has functioned as intended by stopping erosion at the 
seawall. The shoreline is considered essentially stable at the groin field, however beach 

Senior Enqineerinq Student, Texas A"M University at 
Galveston. 

2 Senior Enqineerinq Student, Texas UM University at 
Galveston. 
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nourishment in this area would be susceptJble to erosion. The erosion would be caused by 
shortening the effective length of the groins, therefore increasing the new beach materials 
exposure to wave forces and longshore transport Down drift beaches would then benefit 
from the eroded material of the groins. One reason that the beaches are not nourished 
naturally is because of the construction of the Galveston entrance jetties. Jetty construction 
(1880's) disrupted the ebb tidal delta. Any net westward transport has apparently been 
stopped by the jetties at the Galveston entrance causing the beaches on the island to starve. 
The inlet does, however, receive longshore sediment transport from both the north and 
south directions. One possible source of sand for nourishment is the massive deposits at the 
south fillet (Big Reef) along the north side of the south jetty. 

A sediment budget was done on Galveston Island of approximately 54,000 feet from 
the South Jetty to Scholes airfield. This area is backed by the seawall for its entire length. 
Small amounts of sand may pass over the seawall from the sand being blown, but the 
majority will accumulate at the base. The eolian transport potential is assumed to be 1 cy/ft 
of beach front due to the presence of the seawall. Sand blown across the South Jetty into 
the Galveston Channel is also considered. A measurement of 335,000 cubic yards per year 
is calculated ·,yjthin this reach. Approximately 59,000 cubic yards is assumed to be 
transported shoreward from the south jetty from the disposal area. 

OPTIONS TO TIlE PROBLEM 

Sediment could be dredged from offshore and deposited on the beaches of Galveston, 
although this may not be cost effective. A dredge cannot normally operate year round or 
in all wave conditions. This would mean that beaches would get nourished only when the 
dredge was able to operate. Also the dredge would be on standby if the beaches should only 
need periodic nourishment. A solution to these problems is construction of a permanent 
pumping station. The pumping station, by using jet pumps, could operate in virtually any 
wave climate or time of year. The pump station could also have the capabilities of moving 
the pumps around to find the best sediment deposits. 

SOLUTION 

The method of sand bypassing using submersible jet pumps would consist of a 
pumphouse housing a clear water pump and a booster pump. The clear water pump would 
draw water into the station through a suction line and force it out through an injection line 
to feed the jet pumps. The jet pumps create a sand/water slurry that would be fed back into 
the pumphouse through a discharge line. The slurry would then be discharged to a spoil 
area through booster pumps. 

The single jet pump consist of a pipe section containing a nozzle, 2 suction inlets, a 
mixture chamber, diffuser, and a discharge outlet A clearwater pump forces water through 
the nozzle. The high velocity fluid is forced into a mixing chamber and through the diffuser 
where some pressure energy is recovered as the velocity slows. This induced flow at the 
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( suction opening is created by negative pressure produced in the diffuser. When the suction 

opening is connected to a pipe that is buried in the sand the slurry is drawn into the pump. 
The use of a conventional dredge pump or booster pump downstream of the jet pump helps 
move the material through the pipeline. 

The two jet pumps should be able to pump a combined total of 150 cubic yards per 
hour as a minimum. The water supplied needed for operation equates to 450 gallons per 
minute for each pump, a total of over 900 gpm. The water supply line should be a 8. 795 
10 polyethylene pipe to reduce frictional head. The slurry discharge pipe should be of 
adequate size in order to keep the solids in suspension. The booster pumps should maintain 
a minimum velocity of 9 feet per second. A total of 16 booster pumps are needed spaced 
approximately 2300 feet apart. 

The pumphouse would be located at 94 degrees 43.65' longitude and 29 degrees 20' 
latitude, approximately 600 feet north of the South Jetty and 150 feet south of the Big Reef. 
The jet pumps are attached by flexible hoses for moveability. The length of jet discharge 
to the booster pump is around 400 feet. 

CONCLUSION 

The nourished beach would rise on a 1 to 30 slope from mean low water to an 
elevation of +4.0 with 170 feet of recreational beach area. From the mean low water point 
new material will extend down to a 1 to 50 Slope. With 2 million cubic yards of material 
needed to nourish the existing groin field total nourishment should take close to 4 years. 
The estimated costs are as follows: 

Beach Nourishment Cost Estimate (Preliminary) 

Description 

Pumping Equipment 
Pipe 
Structures 
Computer equipment 
Contingencies 
Eng.& Design 
Administration 
Interest (Construction) 

Unit/Quantity 

$7.39!linear ft 
17 @ 200 sq.ft ea 

17 
(15%) 
(7%) 
(8%) 
(7.5%) 

Approx. Total 
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$ Cost 

$ 500,000 
$ 300,000 
$ 140,000 
$ 750,000 
$ 138,000 
$ 64,400 
$ 73,600 
$ 70,000 

$2.050,000 
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HORIZONTAL DEWATERING SYSTEM 
FOR 

SHOREUNE STABIUZATION 

Donald R. Justice' 

ABSTRACf: A beach preservation system is implemented 
using underground dewatering. The main idea behind the 
system is that incoming water waves are drained through the 
beachface, leaving sand accumulations. This system can 
lengthen project life of nourishment projects and ultimately 
preserve the sand on beaches. 

~ • President, Horizontal Wells, A Division of H.D.S,!., P.O.Box 150820, Cape Coral, 
Florida 33915 
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Horizontal Dewatering Systems, Inc. 

Horizontal Dewatering Systems, Inc. (HOSI) is a Florida 
corporation organized in May of 1987. Though still a young 
company, HDSI's founder, Donald R. Justice, has more than 30 years 
of proven success in the underground construction industry. 

HOSI's initial efforts were directed at developing a cost 
effecti ve dewatering system for that industry. However, those 
initial efforts soon evolved into a new technology that replaces 
the traditional, vertical wellpoint dewatering systems that have 
dominated the construction industry for decades. 

This new technology, called the Horizontal Well, is currently 
extracting non-potable, surficial aquifer ground waters from depths 
up to 20 feet. In less than 12 months, improved equipment designs 
will allow HDSI to work at depths of 25 feet. However, HDSI has 
already proven not only to be superior to the traditional vertical 
wellpoint systems, but exceptionally time and cost-effective as 
well. 

During the early installation and development work, it soon 
became evident to HOSl's senior management that the application of 
the Horizontal Well extraction and recovery concept possessed 
additional advantages when applied to other water resource 
recovery, reuse and environmental enhancement endeavors, inclusive 
beach stabilization. 

While continuing basic construction dewatering efforts, HDSI 
became convinced that the increasing value of water rights and 
declining sources of potable water made surficial recoveries even 
more important. That increased value is due in part to the natural 
hydrological cycle of water resources but more so by the need of 
states, cities and municipal authorities to access and use water in 
an environmentally responsible manner. Industrial and commercial 
enterprises have also created the need for site containment 
barriers, water cleanup and recharge and reuse. 

In fact, waste water effluent discharge into natural surface 
water bodies is the subject of much state and federal legislation, 
regulation and policy, and the water reuse concept has been 
accepted - and in some cases, mandated - as a method of protecting 
and prolonging precious water resources. 

To that end, Horizontal Wells have been installed as 
irrigation supply wells for agricultural operations like citrus 
groves and ferneries and even non-agricul tural entities such as 
golf courses. HOSl has also used its system in cleanup efforts on 
contaminated sites - both for water and contaminate extraction -
and for aquifer recharge using treated and/or processed water. 
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cont'd. 

To date, HDSI has completed over 1,000 installations, 
utilizing nearly 300 miles of Horizontal Wells systems. This 
proven technology has been successfully used on both long and short 
term projects. Along the way, the company has developed many 
refinements in the system's capability and performance including 
better trenching production, extremely durable piping and filter 
materials, all adding to the overall performance of HDSI's highly 
skilled personnel. HDSI's acceptance in the marketplace is growing 
rapidly and serves to underscore the system's uniqueness as its 
major asset. 
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How Does HDSI"s Beach Preservation System Work? 

If the water table at a beach face is higher than sea level, 
water tends to run out of the beach face, carrying sand with it, 
into the retreating waves. 

However, if the water table at the beach face is artificially 
lowered below sea level, incoming waves drain into the beach face 
holding the sand in place, thus preserving the shoreline. 

That is, each incoming wave is composed of a mass of water 
moving above some mean water level. The greater the mass of water 
in the incoming wave, the more solid material transport capacity is 
created. The hydrostatic pressure of these incoming waves breaks 
up the beach face by forcing apart its grains of sand and, when 
combined with the outflow of water from the beach face - and the 
turbulence of the breaking wave suspends the sand in the 
retreating wave and results in the subsequent loss of beach 
material. 

If the hydrostatic pressure within the beach face could be 
locally reduced, the inflow of water from waves into the beach face 
would resul t in an adhesion between the grains of sand on the 
beach. If the reduction in hydrostatic pressure is substantial 
enough, the beach face becomes resistant to material suspension, 
transport by wave action, and the result is a significant reduction 
in beach face erosion. 

By removing water from the beach face, HDSI' s proprietary 
system controls the hydrostatic pressure, providing the desired 
result. Its groundwater recovery and control system has been used 
extensively for years across a wide array of applications. 
Specialized patented equipment. provides rapid, economic 
installation, while specialized operations and monitoring systems 
have been developed and are in use on the newest systems. The cost 
effective package of equipment, material and know-how can now be 
deployed in beach preservation. 

Horizontal Wells can substantially prolong the life of beach 
fill and renourishment projects by keeping the material in place 
longer and can reduce recurring renourishment programs, costly to 
taxpayers, owners and others involved in beach preservation. 
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Advantages of HDSI's Beach Preservation System 

• Can be installed in a fraction of the time required for 
conventional sand drain dewatering systems. 

• More cost effective than conventional systems. 

• Dramatically less destructive than conventional systems and 
once completed, returns the beach front to its natural state. 

• Environmentally friendly, even to 'sensitive turtle habitats. 

• System components are long lived, even in hustile salt water 
environments. 

• There are no hard structures to disrupt natural shore life. 

• Depth of installation precludes storm damage. 

• The system can be operated at variabl e rates, both 
automatically and manually. Once the shoreline is normalized, 
the system will function in a maintenance mode. 

• Costly recurring beach renourishment cycles are minimized. 
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Quotes on Benefits & Advantages of the System 

"The benefits of this proprietary system are multi-fold: 

• There are no physical above-ground or in-water impediments. 
This system, when installed and operating, offers no 
obstructions to walkers, strollers, swimmers or recreational 
use on the beach. 

• It offers no impediments to any animals, fish, birds or 
organisms that live in the beach. The exposed features are 
virtually unnoticeable and are located on uplands designed to 
have no influence on any swimming organism. There are no 
structures to interfere with the swimming or feeding actions 
of fish or birds. 

• It is invisible. The beauty, aesthetics and function of the 
baach remains the same. 

• The system can be operated either manually or automatically. 
The function can be varied with natural changes in sediment 
transport rate, wave conditions, or seasonal requirements or 
can be adjusted to reduce the subsurface hydrostatic field on 
timing operational cycles. 

• The system can be operated at variable rates. Thus, sands can 
be induced to collect and the system can be operated allowing 
the shoreline to normalize. Once the shoreline is normalized, 
the system will function in a maintenance mode. 

Geo-Marine, Inc. 
Dr. Michael Stephen, Ph.D, P.G. 

Quotes on the Efficiency of the System 

"Changes in ocean still-water level and beach ground water 
level are the most important variables influencing changes in 
foreshore sand volume." Coastal Zone Conference, 1989. 

"This process can substantially prolong the residence time of 
beach fi 11 material, extend project life and reduce the 
overall cost to the taxpayer." Dr. Michael Stephen, Ph.D., 
P.G., Geo-Marine, Inc. 

Commenting on the actual installation of a beach face 
dewatering system, Dr. Robert G. Dean of the University of 
Florida stated: "The [beach] segment within the system ... has 
experienced a gradual increase and has been relatively stable 
compared to the adjacent segments ... " 
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V. IDENTIFY AND PRIORITIZE PROBLEM AREAS IN THE COUNTY 

A. County Zones: For Study Purposes 

Dannenbaum Engineering Corporation divided Galveston County into 

three coastal zones: I) Boli var Peninsula. 2) Galveston Island. 

and 3) the Mainland. Each of these zones has specific problem 

areas which were prioritized based on a review of 1990 aerial 

photographs and field observation of the shores. 

indicated on Exhibit I. Section VII. 

Zones are 

Coastal Problems may be classified into four generalized 

categories: I) shoreline stabilization; 2) backshore protection; 3) 

inlet stabilization. and 4) harbor protection. These categories 

are discussed in Section VI. 

B. Mapping of County Shoreline from 1953 to 1990 (Erosion and 

Accretion Rates - See Exhibits I - 15. Appendices) 

Dannenbaum Engineering Corporation used United States Geological 

Survey Maps as historical base maps for Galveston County's 

shorelines. The 1990 shorelines were digitized from aerial 

photographs and placed on the photo-revised U.S. Geological Survey 

Maps. Erosion and accretion rates were then calculated based on 

shoreline differences. The accuracy of this methodology depends 

highly upon the accuracy of the base maps and the digitization from 

aerials. To increase the accuracy. aerial photographs of I inch 

equals 400 feet were used. These large photos provide greater 

accuracy during the plotting of 1990 shores. Inaccuracies do exist 

in a11 current systems for calculating erosion rates; however. the 
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review of aerial photographs is still the most widely used 

methodology in plotting erosion. Another method (used by the City 

of Galveston) is to take known NGVD data from beach monuments and 

accumulate erosion rates and elevation data. 

It is not the intent of this planning effort to establish a legal 

erosion rate to be used by the state. county. city. or private 

sector. The calculated erosion rates of this plan are intended to 

provide a guide for the development of future storm damage and 

erosion prevention flood protection planning. Further survey and 

modeling is required to obtain an exact erosion rate. 

C. Field Survey Report 

Field Surveys were conducted July. 1991 by car and by boat. All 

the beaches on Galveston Island and the Bolivar Peninsula were 

driven during July. 1992 to observe the beach and dune 

characteristics and to identify and document specific problems not 

evident in aerial photographs. Bay shores for Bolivar. Galveston 

and the Mainland were observed by boat to identify and document 

specific problems along the bay. 

1. Zone 1 • Bolivar Peninsula (See Exhibit 2. Appendices) 

The Bolivar beach varies in width from SO to 200 feet. The 

dunes vary in height from 4 to 10 feet. In general. the wider 

beaches appear in undeveloped areas and the narrow beaches 

appear in developed areas. Natural drainage outfall to the 

gulf has eroded the beaches at several locations. The 

intracoastal waterway runs parallel with the peninsula and 
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creates a barrier making parcels on the peninsula only 

accessible by water. Many of these unaccessible areas are 

used as dredge disposal sites by the Corps of Engineers. 

Dredge material appears to be discharged onto the islands and 

allowed to flow freely into the bay. The bay bottom at these 

discharge points is somewhat unstable. We observed 6 to 12 

inches of silt within the bay off the shore of these beaches 

created by dredge discharging. In general, the bay shore 

along the peninsula is protected by grasses. The marshes 

along the shore are extremely important habitats for the fish 

and wildlife productivity within the Bay. The shoreline along 

the bay is shallow, except at specific cuts in the peninsula, 

which allow small boat traffic to pass through. Erosion at 

these cuts appeared very active. The banks on the south side 

of the intracoastal waterway range in height from 0 to 2 

feet. Grasses help stabilize the south banks. The banks on 

the north side of the intracoastal range in elevation from 6 

to 12 feet. These high bluffs appear to have been established 

by ponds holding the dredge material from the intracoastal 

waterway. These embankments protect the intracoastal from 

storms out of the north. 

Numerous small subdivisions exist along the peninsula in 

Gilchrist, Caplen, Crystal Beach and Port Bolivar. Each of 

the subdivisions on the gulf side of Highway 87 have beach 

access for vehicular traffic. Driving on the beaches along 

the peninsula is unrestricted. Only in a limited number of 
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areas are vehicles not allowed on the entire beach. The 

effectiveness of the dune system to prevent storm surge damage 

has been greatly reduced due to these breaches (cuts) in the 

dune system. Approximately 50 dune cuts were identified in 

our field survey. 

The peninsula drains both to the bay and to the gulf. 

Numerous outfall ditches empty into the intracoastal from 

Highway 87. Most subdivisions south of Highway 87 from 

Crystal Beach to Port Bolivar drain into a lagoon which runs 

parallel with Highway 87. The lagoon discharges at various 

points into the gulf. Lagoon discharges need to be routed 

into the intercoastal canal and the discharges onto the gulf 

beaches eliminated. These discharges cause beach erosion and 

breaches in the dune system. State Highway 87 provides the 

only land access and egress for the peninsula residences and 

businesses. This road is threatened at each end of the 

peninsula. There is approximately 42,250 feet (8 miles) of 

beach from Chambers County to Rollover. Less than 200 feet of 

land protects the highway from the gulf. In Chambers and 

Jefferson Counties, Highway 87 has been closed due to erosion 

damage. Prior storms have destroyed the dunes and caused the 

destruction of this State Highway. The likelihood of 

continued damage to Highway 87 due to storms and the normal 

erosion process is very high. The beaches and dune system 

currently provide the only storm surge protection. Highway 87 

also faces possible erosion damage near the ferry landing. 
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Riprap and sand fill are constantly being dumped along the 

highway right-of -way to effectively create a levee for the 

highway's protection. Erosion in this area appears 

accelerated by the hard structures (retaining walls and 

riprap) at Fort Travis County Park. Erosion patterns created 

in this area are a classical case of flanking. This pattern 

will continue unless corrective action is taken. Highway 87 

may need to be elevated to form a dike. A dune system may 

need to be constructed along the dike to also protect ~he 

road. 

Erosion near Rollover Pass is due primarily to the tidal 

exchanges through out of this man-made inlet. Numerous 

studies have been performed on the Pass (Report on Beach 

Erosion Control Cooperative Study of the Gulf Shore of Boliver 

Peninsula. Texas (Bibliography No. 27), and Evaluation of 

Existing Conditions and Possible Design Alternatives at 

Rollover Fish Pass, (Bibliography No.2) All have indicated 

that the Pass is extremely erosion active, and Rollover Bay 

has continued to silt since the Pass was cut in the 1950's. 

The silting of Rollover Bay also creates increased maintenance 

costs for dredging the intracoastal waterway which crosses 

Rollover Bay. 

2. Zone 2 - Galveston Island (See Exhibit 3, Appendices) 

The gulf shore of Galveston Island can be divided into three 

areas: East Beach, the seawall, and West Beach. East Beach 

has continued to accrete since the construction of the jetties 
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in the late 1880's. The beaches in front of the seawall 

within the groin field were designed to stabilize but have 

eroded to their current locations. West of 6 1st Street 

beaches have also eroded. Over 200 feet of beach width has 

eroded in front of the seawall west of 61st Street. Stairs in 

front of the seawall west of 61st Street now lead to rock 

revetment which protects the toe of the seawall. Beaches have 

eroded away. Gulf waters now hit rock revetments at the base 

of the seawall west of 61st Street. This action is creating 

additional erosion at the base of the revetments. A dropoff 

of 2 to 4 feet exists along this section of the seawall. 

Scouring and erosion of subsurface sediments will continue 

along the section of shore because of the lack of a beach. 

The attached illustration (on Page 74) shows what has occurred 

and what will occur unless corrective action is taken. 

The stone revetments have subsided due to their foundation 

being washed out or weakened in 

subsidence will probably continue 

several 

unless 

areas. This 

the beach is 

restored. Waves could eventually be breaking against the 

sea wall if the beach is not restored. This would be an 

undesirable condition. The beaches west of the seawall vary 

in width from 50 to 180 feet. Dunes west of the seawall vary 

in height from 4 to 10feet. In general, beaches are wider in 

the area where development has not occurred and narrower in 

areas where development exists. Vehicular access is allowed 
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in limited areas on West Beach. Eighteen breaches (cuts) in 

the dune system provide vehicular access. 

The west bay shores of Galveston Island consist of grassy 

wetlands where development has Dot occurred. These shorelines 

are protected by salt grasses. Where organized development 

has occurred, bulkheads of various materials have been 

installed. Bulkheading generally consists of treated wood, 

concrete, metal, or a combination of these materials. The bay 

along most of the island is extremely shallow, making access 

even by boat extremely difficult. Channels have been cut from 

deeper waters in the bay to the various subdivisions along the 

Island. Typically, material removed by dredging is placed on 

shore behind bulkheading to build up the land within the 

development. Generally, bulkheads within the west end 

developments are well kept. There are some damaged bulkheads 

on undeveloped lots. These bulkheads appear damaged by 

erosion and by lack of maintenance. 

The shores along Offatt Bayou appear relatively stable because 

of extensive bulkheading and revetments. In one area, 

however, the bayou has eroded extremely close to the feeder 

road at Interstate 45. Erosion also appears to be threatening 

Travel Air Drive near the Crash Basin. 

Galveston Bay from Interstate 45 to the Pelican Island Bridge 

appears stable in areas where bulkhead and revetments have 

been installed due to structural restraints. Erosion is 

occurring at different rates along this section of the bay. 
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Erosion is slowly encroaching on Port Industrial Road at one 

location and the Pelican Island Causeway approach. 

3. Zone 3 - The Mainland 

The lower Mainland shores of the west bay consist mainly of 

grassy marshland. The banks along the intracoastal waterway 

from Jones Bay to the Brazoria County Line are relatively 

undeveloped except for the McGines pits and the old Flamingo 

Isle development. Grasses protect the shores along the intra

coastal waterway. Dredge material from the waterway is 

discharged openly onto the Island between the intracoastal and 

west bay. Dredge discharges have formed high bluffs which 

protect the intracoastal and mainland shores (marshlands) from 

high winds and waves. The shores of Jones Bay consist of 

grassy marshland and appear stable. The marshland on the 

mainland is threatened by further subsidence and sea level 

rise. 

Galveston Bay from the causeway to Snake Island is also grassy 

marshland except for a stone revetment around Snake Island. 

The majority of the shoreline of the bay from Snake Island to 

the Brazoria County Line is unprotected shores. The Texas 

City Dike provides a protective barrier for this section of 

the bay. A stone revetment around Snake Island has been 

enlarged substantially from 1974. Snake Island has been 

elevated by dredge fill from the Texas City Channel. The 

south side of the Texas City Dike is stabilized through the 

use of large stone revetments. The north side, while 

76 



appearing stable, is subject to wave action from across the 

bay and from Houston Ship Channel traffic. Concrete riprap is 

continuously being placed along the banks for protection. 

4. Aerial Photos 

The following aerial photos graphically illustrate the erosion 

problem along Galveston County's shores. Photos of the three 

zones, Bolivar, Galveston, and the Mainland, are presented. 

The photos clearly indicate the need for a management plan 

which better utilizes our sand resources, in certain areas and 

structural protection in others. Sand resources have been 

identified by Sediment Distribution. Sand Resources. and 

Geologic Character of the Inner Continental Shelf Off 

Galveston. Texas (Bibliography No. 23) and available sand 

quantities estimated. These locations are generally shown on 

Exhibit "I", Appendices. 

D. Problem Areas 

I. Erosion Rating 

This plan is intended to review and update prior reports and 

studies, thereby identifying and prioritizing the shoreline 

erosion areas in Galveston County which are responsible for 

substantial flood damage and property loss. A National 

Shorelin.e Study Texas Gulf Shore Regional Inventory by The 

United States Army Corps of Engineers, page 14, (1971) defined 

critical erosion areas as "where the rate of erosion indicates 

that action to halt the erosion may be justified, when 

considered." 
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All erosion problem areas could be indicated on the coastal 

maps of the County. These maps could to provide general 

location guidance to the user. The erosion problem areas 

could be named in accordance with the best description of 

their geographical location. 

Some other areas of the County identified as having low, 

moderate, or no erosion problems (see Page 78A for 

definitions) may become an erosion problem area if additional 

development occurs In other areas, the currently low or 

moderate erosion rates may be substantially accelerated. 

Changes in weather conditions and unpredictable major storm 

events will play a predominate role in the creation or 

deletion of erosion problem areas. The list of Galveston 

County's erosion problem areas will probably continue to 

expand given long term growth of coastal development and 

recreation interests, the rise in sea level, and the growing 

shortage of available sand to naturally replenish the beaches 

during major coastal storm erosion events. For these reasons, 

the focus of this study was to investigate the system which 

not only re-establishes the eroded area, but helps retain the 

restored areas. 
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THE EROSION PROBLEM AREAS 
CATOGORIES 

I. High erosion rate or recent significant erosion conditions. 

II. Moderate or low erosion rate. 

III. Restored beaches with an active maintenance nourishment program or stable 
beaches. 

C. Critical erosion areas where sUbstantial development, recreational 
interests or utility services are threatened. 

N/C. Noncritical erosion areas where the erosion processes do not currently 
threaten any substantial development or recreational interests. 

Erosion Problem Area II _C_ 

BOLIVAR PENINSULA 

GULF: 
High Island X X 

Gil chri st X X 

Rollover Pass X X 

Crystal Beach X 

Point Bolivar X 

BAY: 
Point Bolivar X X 

Crystal Beach X X 

Rollover Pass X X 

Gil chri st X X 

GALVESTON ISLAND 

GULF: 
East Beach X X 

Groin Field X X 

West Seawall Note 3 X 

West Beach X Note 2 X 
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Erosion Problem Area _1_ II _C_ 

GALVESTON ISLAND 

BAY: 
West End X X 

Port of Galveston X X 

East End X X 

MAINLAND 

West Bay X X 

Ti ki Island X X 

Texas City 

Texas City Dike X X 

San Leon X X 

Bacl iff X X 

Kemah X X 

* Note: 

1. The basis of this comparison was established by comparing maps 
prepared at various times and by observing erosion problem areas 
during visits to the sites. The accuracy of erosion rates and 
erosion losses is limited to the accuracy of the maps used (i.e. 
1953 - 1990). 

2. Some of the west beach is accreting. 

3. The west end of the seawall was not constructed until 1962. 
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2. Listing and Descrjption 

Each problem area identified was evaluated to determine its 

impact on the coast. High erosion areas with little negative 

impact did not have a high priority ranking. High problem 

areas that could have a severe effect on the health, safety, 

environmental, and economic condition of the region were 

designated high priority. The highest problem areas are 

listed first and the remaining problem areas are then listed 

in descending order. 

A. Zone I - Bolivar Penjnsula (See Exhibit 4, Appendices) 

I. Shoreline Stabilizatjon 

a. Phase One - Gulf Shores from High Island to Rollover 

This section of the Gulf shore is ranked as the highest 

problem area within Zone I because potential loss of 

Highway 87 would cut off access to the mainland. 

Sixty-two acres have been lost to erosion from 1953 to 

1990 in this 44,500-foot section of beach. The 1.64 foot 

per year loss was determined by overlaying shoreline maps 

of those dates and measuring the acreage lost. The 

accuracy is limited by the accuracy the mapping and 

projections are intended primarily to indicate trends. 

This section of the peninsula is relatively undeveloped. 

Portions of this beach have been declared a restrictive 

zone based upon the Coastal Barrier Resource Act of 

1990. This designation prevents the issuance of federal 

flood insurance and other federal assistance for 
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development within the area. Highway 87 provides the 

only land access from the peninsula. 

The Highway 87 R.O.W. is 100 to ISO feet from the Gulf 

shore near High Island. If this road were destroyed. the 

peninsula would be cut off from the Mainland. Dunes 4 to 

8 feet are the only highway 

protection. Highway 87 above High Island has eroded into 

the Gulf. and a severe storm would result in loss of the 

dune protection and thus allow highway damage. A safe 

evacuation route is essential for the residents of the 

peninsula and needs to be maintained. 

b. Phase Two - Gulf Shores from Rollover to Caplen 

This section of Gulf shore ranks as the second highest 

problem area within Zone I. Sixty acres have been lost 

to erosion from 1953 to 1990 in this 14.000-foot section 

of beach. Erosion has been approximately 6 feet/year. 

This section of the Bolivar Peninsula has one of the 

highest erosion rates due to Rollover Pass. Houses have 

been lost in the past and more homes are threatened at 

this time. Storm damage would probably destroy several 

homes. 
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c. Phase Three - Gulf Shores Along Crystal Beach 

This section of the Gulf Shore includes numerous 

subdivision developments along the peninsula. It is the 

most populated area on the peninsula. Two acres have 

been lost to erosion in this 28,OOO-foot section of beach 

from 1954 to 1990. This area is not considered a high 

erosion zone; however, the base flood elevation for the 

peninsula has been raised resulting in many homes being 

below the base flood elevation. Additional storm surge 

protection is needed for these residences. 

d. Phase Four - Gulf Shores West of Crystal Beach 

This 1 O,OOO-f oot section of beach stretch has lost 20 

acres of land from 1953 to 1990. This area is less 

developed and is not considered a high erosion zone but, 

like Area D above, the base flood elevation has been 

raised and many existing homes are now below the base 

flood elevation. Additional storm surge protection is 

needed for these residences. 

e. Phase Five - Highway 87 at Fort Travis 

The shoreline between Fort Travis and the current Ferry 

Landing (6,000 feet) is a high erosion zone. Fifty-two 

acres have been lost to erosion from 1953 to 1990. This 

equates to 10.2 feet per year loss. The shoulders of 

Highway 87 are underwater during severe tidal changes and 

a severe storm could possibly damage the highway 

preventing ferry use. 
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f. Phase Six - Rollover Pass 

The beaches on each side of Rollover Pass have continued 

to erode. New bulkheads proposed to stabilize the inlet 

banks extend to the Gulf shores. The termination of the 

hard structures will cause additional erosion of the 

beaches. A system is needed to prevent erosion and trap 

sediments along the Gulf shore. Beaches on both sides of 

the jetties should be replenished periodically as part of 

the intracoastal dredging maintenance cycle. 

g. Phase Seven - Sievers Cove/Stingray Cove 

These openings from the intracoastal waterway provide 

water access to East Bay. The shore of these openings 

have eroded. Additional increases in the opening will 

expose development on Peninsula to increasing wave action 

from the bay. 

2. Inlet Stabjlization 

a. Rollover Pass 

Rollover Pass has been studied by numerous entities. 

Each has concluded the Pass is unstable. The movement of 

tidal waters in and out of Rollover Bay has accelerated 

erosion. The intide movement carries sediment into 

Rollover Bay. A system is needed to reduce Gulf shore 

erosion and block sediment flow into the bay. 
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3. Backshore Protection 

a. Dune Breaks Along the Peninsula's Gulf Shores 

Fifty-three dune breaks exist along the Peninsula 

al!owing storm surges to enter the backshore area. Each 

of these openings is a break in the natural storm 

protection system. Development adjacent to the dunes as 

weI! as a decreased sediment supply has created a decline 

in the size of the dunes. This reduces their storm 

protection capabilities. Dune openings should be closed 

to prevent storm surges from entering the backshore area. 

b. Dune Height Along the Peninsula's Gulf Shores 

Continued erosion along the upper Texas coast and the 

reduction in sediment availability along the upper Texas 

coast has decreased beach width, thereby reducing dune 

heights. Subsidence and sea level rise has also 

contributed to the decrease in elevation of the dunes. A 

dune enhancement program should be developed. 

B. Zone 2 - Galveston Island (See Exhibit S, Appendices) 

I. Shoreline Stabjlization 

a. Phase One - Groin Field Gulf Shores - 10th Street to 61st 

This is the highest priority because of the visibility 

and not potential damage to the seawall. This 

24,OOO-foot section of beach front is the most highly 
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visible stretch of beach within the County. The above 

water usable beach within this reach has continued to 

diminish since the seawall was constructed. Groins were 

installed to retain sediment in front of the seawall; 

however, the original design of the "above water" beach 

has never been established. Since the 1930's, the Corps 

has been trying to get the City to artificially nourish 

its beaches by hauling in sand because the groin cells 

have not filled naturally. Nourishment is needed to 

provide full protection to the toe of the seawall. The 

erosion rate along this section of beach is not high, but 

the protection of the seawall toe is essential. Corps 

reports that indicate storm damage for various hurricanes 

do not specifically break down damage cost except in the 

Hurricane Carla report of 1961. According to the report, 

this storm caused $150,000 damage to the seawall toe east 

of 61st Street. At today's cost, the storm damage would 

increase and the amount of damage would also increase due 

to the reduction in above water surface beach sand. 

Replenishment of the beach in front of the seawall would 

provide the original designed beach for the groin field. 

The Corps and the City of Galveston are working on a plan 

to replenish the beaches by using dredged materials from 

the Corps maintenance dredging program for the waterways 

near Galveston. Drainage along this section of seawall 

is generally provided by sheet flow over the wall and 

onto the beach. However, from 18th Street to 35th Street 
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a raised sidewalk with curbs is provided along the top of 

the seawall with curb inlet No.5 for drainage. This 

provides a concentrated flow of water at each discharge 

point causing erosion of beaches. Erosion prevention 

methods are as referred to in Texas A&M's Report located 

on Page 68A. 

b. Phase Two· Seawall· Gulf Shores· 61st Street to 8·Mjle 

This 11,200·foot section of Zone 2 is ranked as the 

second highest priority. The erosion rate in this zone 

is high. Beaches in front of the seawall have eroded 

leaving the water's edge against the base of the 

seawall. Stairs which once led to a beach now lead to 

stone and concrete revetments which protect the base of 

the wall. Hurricane Carla in 1961 caused $525,000 damage 

to this section of the seawall. Storms since Carla have 

continued to erode beaches in front of this section 

causing continuing damage to the wall's stone revetment. 

Above and below water beaches have continued to erode. 

Flanking is occurring at the end of the seawall creating 

a threat to a condominium project, city park, county 

park, state highway, city infrastructure, and the end of 

the seawall. Highway 3005 is within 400 feet of the 

shore. The high erosion rate is partly due to the 

seawall itself. A Class 5 storm could cut the 
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Island in half since Sweetwater Lake is directly north of 

this highly eroding beach. Beach renourishment is needed 

to prevent or reduce storm damage. 

c. Phase Three - Gulf Shores - Spanjsh Grant to Galveston 

Island State Park 

This 7,600-foot section of beach is ranked third on the 

prioritized list. The erosion rate is high. Beaches and 

dunes are the only storm surge protection provided within 

this reach. Four dune breaks provide access to the beach 

for vehicles. These breaks allow storm surges to 

penetrate the back shore area. Several homes are 

currently within the dune system. The dunes arc 4 feet 

high within this zone. Sand fences, Christmas trees, and 

other systems have been used to capture limited sand 

supplies. This beach is the center of five sections 

which are proposed for renourishment. 

d. Phase Four - Gulf Shores - Galveston Island State Park to 

Indian Beach 

This section extends 8,200 feet along the Gulf and is 

ranked fourth on the priority list. The erosion rate is 

moderate. Three dune breaks exist allowing beach access 

for vehicles. State Farm Road 3005 is 500 to 700 feet 

from the Gulf shore along this section of beach. The 
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City of Jamaica Beach is included in this section of 

beach. Roadside ditches within Jamaica Beach drain 

toward the beach creating additional beach erosion. Dune 

fences and other materials have been used in an attempt 

to stabilize the dunes. Beach replenishment and dune 

enhancement are needed to prevent storm damage. 

e. Phase Five - Gulf Shores - Sunbird Beach to Pointe San 

This 20,500-foot section of beach is rated as a high 

erosion zone. Beaches and dunes are the only storm surge 

protection provided within this reach. Four dune breaks 

provide access to the beach for vehicles. These breaks 

also allow storm surges to penetrate the backshore area. 

Dunes are 4 feet high within this zone. The shoreline is 

within 400 feet of S.H. F.M 3005 which provides the only 

emergency evacuation route for the west end of the 

Island. Erosion along this reach of shore is accelerated 

because of its proximity to San Luis Pass. Sand fences, 

Christmas trees, and other systems have been used to 

capture limited sand supplies. Beach nourishment is 

proposed for this reach. The proposed nourishment 

project extends west of Bay Harbour in order to provide 

protection for F.M 3005. 
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2. Backshore Protection 

a. Dune Breaks Along the West End of the Island 

A total of 15 dune breaks exist which allow vehicle 

access to the beach. Each break penetrates the existing 

dune removing its storm surge protection. Dune heights 

vary at each break from 4 to 6 feet. The majority of the 

breaks have a paved road leading from F.M 3005 to the 

dunes. Each break should be closed to prevent storm 

surge damage. Alternate parking and dune crossovers 

could be constructed to provide beach access. 

b. Dune Height Along the West End of the Island 

Dunes along the west end of the Island have continued to 

decline in height due to storms and a lack of sand 

supply. Generally, dunes are higher and wider in 

undeveloped sections of the Island where the dune system 

is allowed to receive sediment from each direction. Dune 

heights vary from 4 to 6 feet. Dunes 10 to 12 feet once 

existed on the west end of the Island; however, these 

dune heights have never reestablished after major storms 

such as Alicia and Carla. A dune enhancement program is 

needed. 

c. Seawolf Park Entry Road (See Exhibit 3) 

Since 1953, the Galveston Channel and Texas City Channel 

side of Pelican Island, leading to Sea wolf Park, has 

continued to erode. The erosion is primarily due to 
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waves generated from ship traffic and tidal currents. 

Erosion along the Texas City Channel side of Pelican 

Island is severe. This contributes to silting in the 

channel. Stabilization of the banks is needed to protect 

against further erosion and possible road damage. The 

City Parks Department is investigating additional park 

attractions for Sea wolf Park and the entry drive must be 

protected. The park was developed with a federal grant 

and shore protection would protect this investment. 

d. 1-45 Feeder Road at Orfatt Bayou 

The problem is the road is being encroached on by 

erosion. 

e. Groin Modifications 

Add ·Tees· and ·L's· to the end of the groin to hold and 

trap sand. 

f. Breakwaters at the End of the Seawall 

Place three SOO-foot precast breakwaters to protect 

against flanking. 

C. Zone 3 - Mainland Shoe Stabilization (Bay Shores)(See Exhibits 6 

and 7, Appendices) 

I. Street Termination Along the Bay 

Install bulk heading along the bay to provide erosion 

protection and prevent flanking. Bulkhead should match 

existing material. 
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2. Bay Shore Park 

The County's Bayshore Park is one of the most severe cases of 

erosion along the bay shore. The southeast section of the 

park has an unprotected shore, and erosion of the 10 to 

l2-foot bluff is encroaching on the park road. The north 

shore of the park has been protected with rip-rap which 

appears to have stabilized the northwest park shore. The 

southeast shore is used by swimmers, boaters, windsurfers, 

crabbers and fisherman. Remediation recommendation must take 

into account accessibility to the shore for these activities. 

The shore consists of mainly clays. Remediation is needed to 

prevent loss of the road. 

3. San Leon - Bayshore Street west of 24th and 21st Streets at 

the Bay 

This street is threatened by severe erosion along the bay. 

Concrete riprap, old storm pipes, and old bricks have been 

dumped along the shore to retard the erosion. A severe storm 

will cause road damage. 

4. Bay Shores Where Bulkheads Do Not Exist (Upper Mainland) 

The lack of bulkheading along the shore in a limited number of 

areas has resulted in severe erosion at these locations. 

These properties are privately owned and the lack of shoreline 

protection is causing damage to adjacent properties. Shore 

stabilization is required. 
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5. Dickinson Bay 

The north shore of Dickinson Bay is developed, and in 

most cases, individual property owners have taken 

precautions to protect against erosion. Street 

termination remediation work is needed in some areas to 

protect adjacent shores. The south shore of Dickinson 

Bay is undeveloped and erosion appears active near the 

base of the Texas City levee. Remediation is necessary 

to protect the levee. 

6. Texas City Levee - Dickinson Bay to the Texas City ~ 

Erosion is occurring along the base of the levee in 

several locations. This problem was identified by both 

the County and the Corps of Engineers. A remediation 

project was completed in 1990. It included the 

installation of riprap to protect the levee toe. Some 

areas along the levee did not receive riprap, and they 

must be closely monitored. Riprap was placed below grade 

in the majority of the area where it was installed in 

position to protect the seawall toe from projected 

erosion. 

7. Texas City Dike to Virginia Point 

The north side of the Texas City Dike faces a continuing 

erosion problem because it faces continual tidal forces 

as well as storm and ship channel traffic. This side of 

the dike is exposed to the open bay. Erosion protection 
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is needed to maintain the stability of the dike. The bay 

shore along Swan Lake is grassy marshland. Barren 

islands exist along the bay side of Swan Lake. These 

islands are eroding due to wave action from the open bay. 

8. Virginia Point to the Brazoria County Line (West Bay) 

This section of the bay has some of the bay's longest 

stretches of marshland which are being subjected to 

continuing subsidence and erosion along the intracoastal 

waterway. These marshlands must be protected from the 

wave action of the open bay and boat traffic along the 

intracoastal waterway. 
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VI. REVIEW AND IDENTIFY ALTERNATIVE TECHNOLOGIES 

Coastal engineering problems may be classified into four general 

categories: (I) shoreline stabilization, (2) backshore protection (from 

waves and surge), (3) inlet stabilization, and (4) harbor protection. 

Coastal problem areas may be placed under one or more of these 

categories. Once the problem area was categorized into a particular 

classification, various design solutions available within each category 

were reviewed. The following diagram shows shoreline protective 

alternatives for the four general categories. 
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The problem areas identified along Galveston County's shores were 

classified and alternative design solutions were reviewed to identify 

the solution which provided the most beneficial long range solution. 

B. Alternatiyes Selected 

Zone 1 - Bolivar Peninsula (See Zone I Exhibit 4, Section 

VII.) 

1. Shore Stabilization 

Gulf shore erosion: beach replenishment (see Bolivar 

beach profile exhibits) 

a. Phase One (High Island to Rollover Pass) 

b. Phase Two (Rollover Pass to Caplen) 

c. Phase Three (Crystal Beach) 

d. Phase Four (Crystal Beach) 

e. Phase Five (Port Bolivar) 

f. Phase Six (Jetties and Bulkhead at Rollover Pass) 

g. Phase Seven - Sievers Cove/Stingray Cove 

Revetment along the base each side of the opening 

(request Corps to investigate). 
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2. Inlet Stabilization 

a. Rollover Bay 

Dredge the bay near the intercoastal; place material 

on the beaches at Rollover (request Corps to 

in vestiga te). 

3. Backshore Protection 

a. Dune Breaks Along the Peninsula (See Dune Protection 

Plan Exhibit) 

Fifty dune breaks exist along the peninsula. Fill, 

grade, pave, and landscape each opening. 

b. Dune Height 

Elevate the existing dunes for storm protection. 

Zone 2 - Galveston Island (See Zone 2 Exhibit 5, Section VII.) 

I. Shore Stabilization 

Gulf Shore Erosion: Beach Replenishment (See Groin and 

West Beach Exhibits) 

a. Phase One (Groin Field - 10th Street to 6lst Street) 

b. Phase Two (6lst Street to 8 Mile Road) 

c. Phase Three (Spanish Grant to Galveston Island State 

Park) 
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d. Phase Four (Galveston Island State Park to Indian 

Beach) 

e. Phase Five (Sunbird Beach to Pointe San Luis) 

f. Dune Breaks Along the Island 

Eighteen dune breaks exist along the Island. Fill, 

grade, pave and landscape each opening. 

g. Dune Height Along the Island 

Elevate the existing dunes for storm protection. 

2. Backshore Protection 

a. Seawolf Park Entry Road 

Riprap to prevent continuous erosion along the 

navigation channels (request work to be accomplished 

by the Corps). 

b. Port Industrial Boulevard 

Protect the shore near the road. Place, fill and 

riprap along the shore to protect the road. (City / 

County /State) 

c. Travel Air/Crash Basin 

Long term - raise the road; short term - fill and 

rip rap of banks. (City) 
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d. 1-4S Feeder - Offatt Bayou 

Long term - raise the road; short term - fill and 

riprap of banks 

e. Groin Modifications 

Add "Tees" and "L's" to the end of the groin to hold 

and trap sand. ( See Chapter 4, page 6S of Texas 

A&M's "Shoreline Protection and Implementation 

Options for Galveston County, Texas") 

f. Breakwaters at the End of the Seawall 

Place three SOO-foot precast breakwaters to protect 

against flanking. 

Zone 3 - Mainland 

I. Shore Stabilization (Bay Shores) 

a. Street Termination Along the Bay 

Install bulkheading along the bay to provide erosion 

protection and prevent flanking. Bulkhead should 

match existing material. 
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VII. ALTERNATIVE PHASES. COST ESTIMATES AND SCHEMATICS 

A. Zone I - Bolivar Peninsula (See Zone I Exhibit 4, Appendices) 

1. Shore Stabilization 

Gulf shore erosion: beach replenishment (See Bolivar Beach 

Profile Exhibit 8, Section VII.). The estimated cubic yard of 

sand needed to renourish Bolivar's beaches is 32.22 cubic 

yards per linear foot. Estimated dredging cost equals 

S3.50/c.y. Each time a pump booster station is added, the 

cost increases approximately Sl.OO/c.y. A pump station is 

needed every 10,000 feet. 

a. Phase One (High Island to Rollover Pass) 

Sand source - Gulf shoal; 4 pump stations required. 

44,500' @ $250.00/L.F. - SII,I25,OOO 

Because of the length and cost of this phase, we suggest 

the project be divided into three sections as illustrated 

on Exhibit 8. 

b. Phase Two (Rollover Pass to Caplen) 

Sand source - Gulf shoal; 2 pump stations required. 

14,000' @ S200.00/L.F. .. S 2,800,000 

c. Phase Three (Crystal Beach) 

Sand source - Gulf shoal or Galveston Channel; 4 pump 

stations required. 

28,000' @ S250.00/L.F. S 7,000,000 

98 



d. Phase Four (Crystal Beach West) 

Sand source - Gulf shoal or Galveston Channel; 4 pump 

stations required. 

10,000' @ S250.00/L.F. S 2,500,000 

e. Phase Fjve (Highway 87 at Fort Travis) 

Sand source - Galveston entry channel; I pump station 

required. 

6,000' @ $150.00/L.F. = $ 900,000 

f. Phase Six (Jetties and Bulkhead at Rollover, See Exhibit 

10, Section VII.E) 

1,600 L.F. @ S4,OOO.OO/L.F. = $ 6,400,000 

ISO L.F. @ S200.00/L.F. = $ 30,000 

g. Phase Seven - Sievers Cove/Stingray Cove 

Revetment along the base each side of the opening 

(request Corps to investigate). 

2. Inlet Stabilization 

a. Rollover Bay 

Dredge the bay near the intercoastal; place material on 

the beaches at Rollover (request the Corps investigate 

dredge cost saving alternatives and better resource 

management for storm protection). 
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3. Backshore Protection 

a. Dune Breaks Along the Penjnsula (See Dune Protection Plan 

Exhibit 9, Section VII.) 

Fifty dune breaks exist along the peninsula. To fill, 

grade, pave, and landscape each of these openings would 

cost approximately $10,000 each. 

SO x $10,000 - $500,000.00 Total 

b. Drainage Outfalls 

Drainage outfalls along beach shall be rerouted to 

outfall into bay or intracoastal canal. Cost has not 

been determined. 

c. Dune Height Along the Peninsula 

Rebuild and enhance the peninsula's dune system. Request 

that the Corps allow mining of their dredge disposal 

sites for dune enhancement purposes. Allow individuals 

to use the material to rebuild dunes along the 

peninsula. The material would be free. Cost of hauling 

and installing would be the responsibility of the 

individual property owner or neighborhood association. 

Loading cost could be provided by the county. A small 

fee could be assessed by the County to cover operating 

costs only. A program such as this could extend the life 

of the dredge site and provide extremely needed dune 

enhancement. 
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B. Zone 2 • Galveston Island (See Zone 2 Exhibit 5, Appendices) 

I. Shore Stabilization 

Gulf Shore Erosion: Beach Replenishment (See Groin and West 

Beach Exhibits I I and 12, Section VII.) 

a. Phase One (Groin Field) 

Sand source· big reef; 4 pump stations. 

20,500' @ S330.00jL.F. - S 6,765,000 

b. Phase Two (6lst Street to 8 Mile Road) 

Sand source· big reef; 6 pump stations. 

22,000' @ S250.00jL.F. S 5,500,000 

c. Phase Three (Spanish Grant to Galveston Island State 

Park) 

Sand source· San Luis Pass shoal; 7 pump stations. 

15,000' @ S340.00jL.F. .. S 5,100,000 

d. Phase Four (Galveston Island State Park to Indian Beach) 

Sand source· San Luis Pass shoal. 

15,000' @ S250.00jL.F. = S 3,750,000 

e. Phase Five (Sunbird Beach to Pointe San Luis) 

20,500' @ S200.00jL.F. .. S 4,100,000 

2. Backshore Protection 

a. Tra vel Air jerash Basin 

Long term • raise the road; short term • riprap banks of 

road. 
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a. 1-45 feeder - Offatt Bayou 

Highway Department - long term - raise the feeder; short 

term - riprap banks 

b. Port Industrial Boulevard 

City ICounty IState - raise road - riprap banks 

c. Sea wolf Park Entry Road 

Request the Corps to riprap to prevent shoaling into the 

navigation channel. 

e. Dune Breaks Along the Island (See Dune Protection Plan 

Exhibit 9, Appendices) 

Eighteen dune breaks exist along the island. To fill, 

grade, pave and landscape each of these openings would 

cost approximately $10,000 each. 

18 x 10,000 = $180,000.00 - City and Parks Board 

f. Dune Height Along the Island (See Exhibit 12, Appendices) 

Rebuild and enhance the island's dune system. Request 

that the Corps allow mining of their dredge disposal 

sites for dune enhancement purposes. Allow individuals 

to use the material to rebuild dunes along the 

peninsula. The material would be free. Cost of hauling 

and installing would be the responsibility of the 

individual property owner or neighborhood association. 

Loading cost could be provided by the county. A small 
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fee could be assessed by the County to cover operating 

costs only. 

h. Groin Modifications (See Exhibit 13, Appendices) 

Add "Tees" and "L's" to the end of the groins to hold and 

attract sediment. 

54,OOO/L.F. x 500 L.F. - S2,OOO,OOO.00 each 

i. Breakwaters 

Install prefabricated breakwaters to prevent flanking at 

the end of the Galveston seawall. 

3 x 5650/L.F. x 500 L.F. = 5975,000.00 

Breakwaters at San Luis Pass 

3 x S650/L.F. x 500 L.F . .., 5975,000.00 

C. Zone 3 - Mainland 

I. Shore Stabjlizatjon 

a. Street Termination at the Bay (Sec Exhibit 14, 

Appendices) 

Backslope drain extensions, bulkheading, riprap at 

outfall, and backfill and grading 520,000 each. 

b. Bayshore Park (See Exhibit IS, Section VII.) 

Create a perched beach with a bag wall or Mac blocks 

installed to stabilize the shore, cutting and relocation 

of fill soil along the shore and planting and seeding 

along the shore. 
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C. Zone 3 - Mainland (continued) 

c. Cost Estimate 

Description l.!ni1 Ouantity AmQunt 

Bag Wall $75.00 L.F. 1,400 Ft. $105,000 

Excavation $ 4.00 C.Y. 3,800 C.Y. $ 15,000 

Sand $ 6.50 C.Y. 2,500 C.Y. $ 16,250 

Planting $20,000 L.S. S 20.000 

TOTAL $156,250 
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VIII. FUNDING PROGRAMS AND OPTIONS 

The intent of this section is to investigate coastal funding 

alternatives which exist today, tomorrow and could possibly be available 

in the future for federal, state, and county governments. Arranging 

financial funding for coastal projects requires consideration of three 

fundamental components: 

I. t::hoosing tools to access revenues; 

2. Establishing mechanisms to manage the flow of funds; and 

3. Creating the institutions for financial management. 

The most common forms of securing revenues include taxes, user fees, 

intergovernmental grants, and debt difference. Taxes are suited to 

finance different types of activities. Property and sales taxes finance 

activities which benefit the entire community, whereas user fees are 

appropriate to raise funds from select groups of beneficiaries. The 

method chosen to access revenue, manage those revenues, and create the 

institution to manage those funds must be selected and established by 

the local, city, county, or state agencies. The methodology selected 

depends on the specific programs identified in each location. Analysis 

must be made to identify the program which will work best for a 

particular location. The following federal, state, and county funding 

section will illustrate the options available today and possibly be 

available in the future. 
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A. Federal Funding 

The following federal agencies have regulatory or research 

responsibilities for the Gulf coast: 

1. Federal Emergency Mangement AgencY (independent federal 

organization) administers the National Flood Insurance Program 

(NFIP), which provides federally subsidized insurance protection in 

many coastal and flood-prone areas of the United States. Making 

NFIP self-supporting and eliminating federal subsidies are major 

goals. 

2. National Oc:eanlc: and Atmospheric: Administration (U.S. Department 

of Commerce) conducts studies of wetlands and coastal habitats that 

support marine resources; prepares nautical charts and geodetic 

surveys of coastal areas; monitors storm activities; operates an 

environmental satellite system; administers a grants program for 

marine research. 

3. o..:N"'a ... t..,lo ... n ... a .... I_ .... P .... a .... r...,k'---'S..,e ... r .... v...,Ic:~e(U .S. Depart ment of 

administers an extensive system of public: 

the In terlor) 

lands, Inc:ludlng 

lakeshores and seashores, set aside for tbe protec:tion of natural 

environments, tbe preservation of bistorlc: properties, and tbe 

educ:atlon and enjoyment of our c:ltlzens. 

4. Natural Sc:lenc:e Fougdation (independent federal organization) 

supports fundamental, long-term coastal research in the earth 
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sciences and in engineering fields. This support is made through 

grants, contracts, and agreements awarded to universities and other 

research groups. 

5. U.S. Army CorDs or EpalDeers (U.S. Department of Defense) 

conducts applied research and development for design, construction, 

operation, and maintenance activities related to harbors, 

navigational waterways, and coastal protection. The Corps also 

administers laws for protecting navigable waters and related 

coastal resources such a~ wetlands. 

6. U.S. Coast Guard (U.S. Department of Transportation) is 

responsible for enforcing laws related to the protection of marine 

environments; provides a national response center that investigates 

oil and chemical spills, initiates penalty actions, and monitors 

and coordinates cleanups. 

7. U.S. EDflroDmeDtal Protec:tloD Agency (independent federal agency) 

funds and conducts contaminant studies and related coastal 

research; regulates the discharge of coastal pollutants and the 

disposal of dredged sediments. 

I. U.S. Fish aDd Wildlife Servlc:e (U.S. Department of the Interior) 

manages extensive coastal lands as wildlife preserves; conducts 

research on coastal wetlands, fish and wildlife populations, and 

changes in habitat. 
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9. U.S. Geol021cal Suney (U.S. Department of the Interior) conducts 

research on the geologic framework of coasts and on 

sediment-transport processes; collects and analyzes hydrologic 

data; makes topographic, geologic, and hydrologic maps of coastal 

areas; investigates ancient and modern coastal environments. 

10. U.S. Minerals Muagemept Sen Ice (U.S. Department of the 

Interior) studies the potential impact of offshore activities, 

including the placement and construction of petroleum pipelines, on 

coastal wetlands and resources; funds research through State 

geoscience agencies for identifying mineral resources in the 

coastal zone. 

The Office of Management and Budget each year updates its catalog of 

Federal and Domestic Assistance. The following pages are excerpts from 

the 1991 Addition. Many of these programs are currently being utilized 

by both state and local government. 

Two of these agencies currently manage programs created by federal 

legislation which could provide funding assistance to Galveston County. 

These agencies are the Federal Emergency Management Agency (FEMA), and 

the U.S. Army Corps of Engineers. 

Federal Emergency Muagement Agency 

Legislation was introduced in 1991 that would revise the National Flood 

Insurance Program. The legislation is H.R. 1236, The National Flood 

Insurance Mitigation and Erosion Management Act of 1991. Section 402 of 
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this act establishes a Mitigation Assistance Program which allows the 

director to make grants to states, communities participating in the 

national insurance program, and any individual. Certain qualifications 

must be met in order to qualify for the grant funds. A copy of the 

draft legislation is attached in the Appendix. Activities eligible for 

mi tiga tion are: eleva tion of structures, reloca tion of structures, 

flood-proofing of structures, provision of technical assistance by 

states to communities, and acquisition by states and communities of 

property. Grants are limited to $5 million for each state or community 

and $250,000 to an individual. The legislation also establishes a 

mitigation transition pilot program. Grants can be made to states, 

communities and individuals to carry out eligible mitigation 

activities. Each year $1,250,000 will be available to carry out this 

pilot program. 

The mitigation program of H.R. 1236, if passed and implemented, could be 

extremely beneficial to Galveston County's coastal and inland areas 

which have repeat flood claims. While the enactment of this legislation 

will be beneficial, sections of the legislation could be viewed as 

restrictive. Minimum land use restriction will be mandatory within 

established 10, 30 and 60 year erosion zones. Communities designated as 

erosion-prone would be required to incorporate setbacks in their zoning 

laws to continue participation in the National Flood Insurance Program. 

The following activities would be prohibited: relocation, new 

construction or substantial improvement of any structure consisting of I 

to 4 dwelling units seaward of the 30-year erosion setback; and new 
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construction or substantial improvement of any structure consisting of I 

to 4 dwelling units that is not readily moveable located seaward of the 

60-year erosion setback. The legislation also authorizes FEMA to 

provide erosion mitigation assistance for structures that are relocated 

or demolished. The intent of the legislation is to use the Federal 

Emergency Management Agency (FEMA) to implement and enforce the National 

Coastal Management Program through the existing National Flood Insurance 

Program (NFIP) and make the NFIP actuarially sound to cover all claims 

out of premium income and thereby reduce future dependence of federal 

tax money to subsidize the program. (Note: FEMA legislation the 50 year 

setback per established yearly erosion rate did not pass congress.) 

FEMA has not yet exercised its legislative authority to identify 

flood-related erosion zones in coastal areas. It is extremely important 

that cities and counties participating in the National Flood Insurance 

Program play a part in the establishment of their 10, 30 and 60 year 

setback lines. 

line. Stable 

Varying erosion rates will produce a varying setback 

beaches or accreting beaches will have stable or 

decreasing setback restriction on updated FEMA maps. The NFIP was 

revised in 1986 with the introduction of the Upton Jones Amendments, 

Section 544 of the Housing and Community Development of 1987. This 

amendment was the first time insurance benefits could be received prior 

to actual damage or loss occurring. The Upton-Jones Amendment is a 

tentative step in the direction of a strategy that emphasizes retreat 

from eroding shorelines. This represents a means of reducing NFIP loss 

payments and promoting public coastal management objectives. Upton 
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Jones, to date, has had a modest influence on the owners of property at 

risk with only 266 claims filed as of August, 1989. It is felt that 

this is due to FEMA's definition of the ·zone of imminent collapse" 

which reads as follows: ".. .as area subject to erosion adjacent to 

the shoreline of an ocean, bay or lake and within a distance equal to 10 

feet plus 5 times the average annual long term erosion rate for the 

site, measured from the reference feature." The zone of imminent 

collapse is too narrow and restrictive to accomplish the intent of the 

Upton Jones Amendment. The narrow zone leaves little margin of error 

for miscalculation of the Average Annual Erosion rate and mislocation of 

a reference feature. A larger margin of error is needed to afford more 

time to relocate threatened structures. H.R. 1236's establishment of 

10, 30 and 60 year erosion lines and restriction of development activity 

in those zones will in effect broaden the zone of imminent collapse. 

FEMA is also continuing to update their Flood Insurance Rate Maps. In 

coastal areas, the update includes wave height analysis for coastal 

zones. The regional office in Denton recently updated the wave height 

analysis for the Bolivar Peninsula and the base flood elevation 

increased. An update in the FEMA maps for Galveston Island is needed. 

In addition, sections along the Bolivar Peninsula's undeveloped areas 

have been declared restrictive zones. Restrictive zones cannot 

participate in any federal funding assistance programs involving 

insurance, water, sewer, roads, etc. Any development or reconstruction 

within a restrictive zone must be paid by the owner's or developers in 

full. 
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CorDS or EORlpeers 

Congress has provided general authority to the Corps of Engineers in 

several laws. The Secretary of the Army and the Chief of Engineers are 

authorized to plan, design and construct certain types of water resource 

improvements without specific Congressional authority. 

The continuing authority's program consists of: 

1. Small flood control projects, Section 205 Flood Control Act of 

1948, as amended (33 U.S.C. 701s). 

2. Clearing and desnagging, Section 3 River & Harbor Act of 1945, as 

amended (33 U.S.C. 70Ig). 

3. Emergency streambank and shoreline protection of public works and 

nonprofit public services, Section 14, Flood Control Act of 1946, 

as amended (33 U.S.C. 70Ir). 

4. Small navigation projects, Section 107, River and Harbor Act of 

1960, as amended (33 U.S.C. 577). 

5. Snagging and clearing for navigation, Section 3, River and Harbor 

Act of 1945 (33 U.S.C. 603a). 

6. Small beach erosion control project, Section 3, River and Harbor 

Act of 1962, as amended (33 U.S.c. 426g). 

7. Mitigation of shore damages attributable to navigation projects, 

Section III, River and Harbor Act of 1968 (33 U.S.c. 426i). 

Each continuing' authority program must follow specific program 

policies. These policies set certain limitations and guidelines which 

are followed by the Corps in administering these programs. Statutes 

which could be utilized by the county and city are as follows: 
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(33 U.S.C. 70ls) Small flood control projects; appropriations; 

amount limitation for slnlle locality; conditions 

"The Secretary of the Army is authorized to allot from any 

appropriations heretofore or hereafter made for flood control, not 

to exceed $40,000,000 for anyone fiscal year, for the construction 

of small projects for flood control and related purposes not 

specifically authorized by Congress, which come within the 

provisions of section 701 a of this title, when in the opinion of 

the Chief of Engineers such work is advisable. The amount allotted 

for a project shall be sufficient to complete Federal participation 

in the project. Not more than $5,000,000 shall be allotted under 

this section for a project at any single locality. The provisions 

of local cooperation specified in section 70lc of this title shall 

apply. The work shall be complete in itself and not commit the 

United States to any additional improvement to insure its 

successful operation, except as may result from the normal 

procedure applying to projects authorized after submission of 

preliminary examination and survey reports." 

(33 U.S.C. 701r) Emerlency streambank and shoreline 

protection of public work and nonprofit public services 

(protection or hllhways, bridge approaches, public works, 

and non profit public services). 

"The Secretary of the Army is authorized to allot from any 

appropriations heretofore or hereafter made for flood 

control, not to exceed $12,500,000 per year, for the 
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construction, repair, restoration, and modification of 

emergency streambank and shoreline protection works to 

prevent damage to highways, bridge approaches, and public 

works, churches, hospitals, schools, and other nonprofit 

public services, when in the opinion of the Chief of 

Engineers such work is advisable: Provided, That not 

more than $500,000 shall be allotted for this purpose at 

any single locality from the appropriations for anyone 

fiscal year." 

(33 U.S.C. 426a) Small beach erosion control project 

"The Secretary of the Army is authorized to undertake 

construction of small shore and beach restoration and 

protection projects not specifically authorized by 

Congress, which otherwise comply with section 426e of this 

title, when he finds that such work is advisable, and he 

is further authorized to al10t from any appropriations 

hereafter made for civil works, not to exceed $30,000,000 

for anyone fiscal year for the Federal share of the costs 

of construction of such projects: Provided, That not 

more than $2,000,000 shall be al10tted for this purpose 

for any single project and the total amount allotted shal1 

be sufficient ·to complete the Federal participation in the 

project under this section including periodic nourishment 

as provided for under section 426e(c) of this title: 

Provided further, That the provisions of local 
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cooperation specified in section 426e of this title shall 

apply: And provided further. That the work shall be 

complete in itself and shall not commit the United States 

to any additional improvement to insure its successful 

operation, except for participation in periodic beach 

nourishment in accordance with section 426e(c) of this 

title, and as may result from the normal procedure 

applying to projects authorized after submission of survey 

reports." 

The referred Section 426e is as follows: 

(33 U.S.C. 426e) Federal aid In protection of shores 

(a> Declaration of polley 

"With the purpose of preventing damage to the shores of 

the United States, its Territories and possessions and 

promoting and encouraging the healthful recreation of the 

people, it is declared to be the policy of the United 

States, subject to the following provisions of sections 

426e to 426h of this title to assist in the construction, 

but not the maintenance, of works for the restoration and 

protection against erosion, by waves and currents, of the 

shores of the United States, its Territories and 

possessions. 
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(b) Federal contribution; maximum amount; exceptions 

The Federal contribution m the case of any project 

referred to in subsection (a) of this section shall not 

exceed one-half of the cost of the project, and the 

remainder shall be paid by the State, municipality, or 

other political subdivision in which the project is 

located, except that (I) the costs allocated to the 

restoration and protection of Federal property shall be 

borne fully by the Federal Government, (2) Federal 

participation in the cost of a project for restoration and 

protection of State, county, and other publicly owned 

shore parks and conservation areas may be, in the 

discretion of the Chief of Engineers, not more than 70 per 

sanctum of the total cost exclusive of land costs, when 

such areas: Include a zone which excludes permanent human 

habitation; include but are not limited to recreational 

beaches; satisfy adequate criteria for conservation and 

development of the natural resources of the environment; 

extend landward a sufficient distance to include, where 

appropriate, protective dunes, bluffs, or other natural 

features which serve to protect the uplands from damage; 

and provide essentially full park facilities for 

appropriate public use, all of which shall meet with the 

approval of the Chief of Engineers, and (3) Federal 

participation in the cost of a project providing hurricane 

protection may be, in the discretion of the Secretary of 

116 



the Army, acting through the Chief of Engineers, nor more 

than 70 per centum of the total cost exclusive of land 

costs. 

(c) Periodic beach Dourlshmeot; "coostructloo" defloed 

·When in the opinion of the Chief of Engineers the most 

suitable and economical remedial measures would be 

provided by periodic beach nourishment, the term 

·construction" may be construed for the purposes of 

sections 426e to 426h of this title to include the deposit 

of sand fill at suitable intervals of time to furnish sand 

supply to project shores for a length of time specified by 

the Chief of Engineers. 

(d) Shores other thaa public 

Shores other than public will be eligible for Federal 

assistance if there is benefit such as that arising from 

public use or from the protection of nearby public 

property or if the benefits to those shores are incidental 

to the project, and the Federal contribution to the 

project shall be adjusted in accordance with the degree of 

such benefits.· 

117 



(e) Authorized p.aDS 

No Federal contributions shall be made with respect to a 

project under sections 426e to 426h of this title unless 

the plan therefor shall have been specifically adopted and 

authorized by Congress after investigation and study by 

the Coastal Engineering Research Center under the 

provisions of section 426 of this title as amended and 

supplemented, or, in the case of a small project under 

section 426g of this title, unless the plan therefor has 

been approved by the Chief of Engineers. 

(33 U.S.C. 426f) Payments to States, etc. 

The Secretary of the Army is authorized to reimburse local 

interests for work done by them, after initiation of the 

survey studies which form the basis for the project, on 

authorized projects which individually do not exceed 

$1,000,000 in total cost: Provided, That the work 

which may have been done on the projects is approved by 

the Chief of Engineers as being in accordance with the 

authorized projects: Provided further. That such 

reimbursement shall be subject to appropriations 

applicable thereto or funds available therefor and shall 

not take precedence over other pending projects of higher 

priority for improvements." 

118 



(33 U.S.C. 4261) Shore damaae prnentlon or mltlaatlon 

"The Secretary of the Army is authorized to investigate, 

study, plan, and implement structural and nonstructural 

measures for the prevention or mitigation of shore damages 

attributable to Federal navigation works, if a nonFederal 

public body agrees to operate and maintain such measures, 

and, in the case of interests in real property acquired in 

conjunction with nonstructural measures, to operate and 

maintain the property for public purposes in accordance 

with regulations prescribed by the Secretary. The costs 

of implementing measures under this section shall be cost

shared in the same proportion as the cost-sharing 

provisions applicable to the project causing the shore 

damage. No such project shall be initiated without 

specific authorization by Congress if the federal cost 

exceeds 52,000,000." 

The continuing Authority programs outlined above could be utilized by 

Galveston County or the City of Galveston. For instance, the city could 

utilize the Small Flood Control Project Program to implement a storm 

surge damage reduction program for the west end of Galveston Island and 

the county could implement the same program for the Bolivar Peninsula. 

Dune breaks now allow tidal surges to enter the back shore area. The 

cost associated with correcting the dune breaks on Galveston Island and 

the Bolivar Peninsula fall well within the federal project limitation for 

this program. 
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The Small Flood Control Project Program could also be utilized by 

Galveston and the county to prevent future flood damage caused by erosion 

and unstable shores at the end of the seawall. This particular area 

includes federal, state, county, and city property. Each entity's 

property will be damaged in a hurricane. The end of the seawall would 

also Qualify under other Federal assistance programs which will be 

mentioned later. 

The Emergency Streambank and Shoreline Protection of public works and 

nonprofit public services (sectivn 14) program could be utilized to 

correct and stabilize the bay shore along the north side of Sea wolf Park 

on Pelican Island where the access roads are extremely close to the bay 

shores. A return of the existing revetment would prevent continuing 

flanking and road damage. The Sea wolf Park was developed with Federal 

grant funds. It appears this project meets the Qualifying criteria for 

this program. 

The Small Beach Erosion Control Program (section 103) could be utilized 

to fund the numerous beach erosion projects within the county. These 

projects include: Rollover Pass Beach replenishment project, the ferry 

landing (Hwy. 87) protection plan, the groin field beach renourishment 

plan and renourishment of the beach at the west end of the seawall. 

Restoring and stabilizing of these beaches would greatly enhance the 

storm surge protection capabilities of these beaches. 

would prevent increases in future losses. 
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The Secretary of the Army is also authorized under other legislation to 

assist States and other public entities in developing and enhancing 

coastal areas. This program includes (33 U.S.C. 426j) placement on State 

beaches of sand dredged in constructing and maintaining navigation inlets 

and channels adjacent to such beaches. 

"The Secretary of the Army, acting through the Chief of 

Engineers, is authorized upon request of the State, to 

place on the beaches of such State beach-quality sand 

which has been dredged in constructing and maintaining 

navigation inlets and channels adjacent to such beaches, 

if the Secretary deems such action to be in the public 

interest and upon payment by such State of 50 percent of 

the increased cost thereof above the cost required for 

alternative methods of disposing of such sand. In 

carrying out this section, the Secretary shall give 

consideration to the State's schedule for providing its 

share of funds for placing such sand on the beaches of 

such State and shall, to the maximum extent practicable, 

accommodate such schedule." 

The Water Resources Development Act of 1990 includes several new sections 

(306, 309 and 319) which could affect Federal participation in shoreline 

projects. 
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Section 306 requires the Secretary to include environmental protection as 

one of the primary missions of the Corps of Engineers in planning, 

designing, constructing, operating, and maintaining water resources 

projects. Subsection (d) establishes a Wetland Restoration and 

Enhancement Demonstration Program. The secretary is to report to 

Congress on what opportunities exist to enhance the nation's wetlands. 

Each District Corps office with jurisdiction over wetlands will assist in 

developing the report. 

Section 309 reads as follows: 

"SEC. 309. SHORELINE PROTECTION. 

Not later than I year after date of the enactment of this 

Act, the Secretary shall transmit to Congress a report on 

the advisability of not participating in the planning, 

implementation, or maintenance of any beach stabilization 

or renourishment project involving Federal funds unless 

the State in which the proposed project will be located 

has established or committed to establish a beach front 

management program that includes: 

(I) restrictions on new development seaward of an erosion 

setback line (based on preproject beach size) of at least 

30 times the annual erosion rate; 

(2) restrictions on construction of new structural 

stabilization projects, such as seawalls and groins, and 

their reconstruction if damaged by 50 percent or more; 
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(3) provisions for the relocation of structures in 

erosion-prone areas; 

(4) provisions to assure public access to beaches 

stabilized or renourished with Federal funds after January 

I, 1991; and 

(5) such other provisions as the Secretary may prescribe 

by regulation to prevent hazardous or environmentally 

damaging shoreline development." 

The report to Congress will be available to the public by the first 

quarter of 1992. It is presently being reviewed internally by the 

Corps. A recommendation to proceed with these funding restrictions could 

delay funding to Texas since the state's management plan is not as 

restrictive as Section 309. Recommendations in this report should be 

closely monitored by the the state and local officials. In addition, 

similar legislation has been introduced as a revision to the National 

Flood Insurance Program (HR 1236) which will be discussed later. 

Section 319 of the 1990 Water Resource Act revises Section 22 of the 1974 

Water Resource Development Act (42 U.S.C. 1962d-16). A phased-in fee 

program is established which allows the Corps to recover a maximum of 50% 

of the total cost of providing planning assistance. The statutes read as 

follows: 

1962d-16. Comprehensive plans ror development, utiliza

tion, and conservation or water and related resour<:es 
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Federal and State Cooperation 

The Secretary of the Army, acting through the Chief of 

Engineers, is authorized to cooperate with any State in 

the preparation of comprehensive pians for the develop

ment, utilization, and conservation of the water and 

related resources of drainage basins located within the 

boundaries of such State and to submit to Congress reports 

and recommendations with respect to appropriate Federal 

participation in carrying out such plans. 

(b) Authorization of appropriations; aeneral and State 

limitation 

There is authorized to be appropriated not to exceed 

$6,000,000 annually to carry out the provisions of this 

section except that not more than $300,000 shall be 

expended in anyone year in anyone State. 

(c) "State" defined 

For the purposes of this section, the term "State" means 

the several States of the United States, the Commonwealth 

of Puerto Rico, Guam, American Samoa, the Virgin Islands, 

the Commonwealth of the Northern Marianas, and the Trust 

Territory of the Pacific Islands. 
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Section 319 FEES FOR DEVELOPMENT OF Sf ATE WATER PLANS. 

Section 22 of the Water Resources Development Act of 1974 

(42 U.S.C. 1962dd-16), is amended -

(I) by redesignating subsections (b) and (c), and any 

reference thereto, as subsections (c) and (d), 

respectively; and 

(2) by inserting after subsection (a) the following new 

subsection: 

"(b) FEES-

"(I) ESTABLISHMENT AND COLLECTION - For the purpose of 

recovering 50 percent of the total cost of providing 

assistance pursuant to this section, the Secretary of the 

Army is authorized to establish appropriate fees, as 

determined by the Secretary, and to collect such fees from 

States and other non-Federal public bodies to whom 

assistance is provided under this section. 

"(2) PHASE-IN - The Secretary shall phase in the cost 

sharing program under this subsection by recovering -

"(A) approximately 10 percent of the total cost of 

providing assistance in fiscal year 1991; 

"(B) approximately 30 percent of the total cost in 

fiscal year 1992; and 
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"(C) approximately 50 percent of the total cost in 

fiscal year 1993 and each succeeding fiscal year. 

"(3) DEPOSIT AND USE • Fees collected under this 

subsection shall be deposited into the account in the 

Treasury of the United States entitled, 'Contributions and 

Advances, Rivers and Harbors, Corps of Engineers (8862)' 

and shall be available until expended to carry out this 

section." 

B. State FUDdigg 

The State of Texas is in the infant stages of developing its Coastal 

Management Plan. Senate Bill 157 I introduced by Chet Brooks in 1989 

directed the General Land Office to develop a Coastal Management Plan for 

the state. Recommendations for the Texas Coastal Management Plan were 

presented to the Governor and the 72nd Legislative Session in January, 

1991. Coastal Management Bills H.B. 1622 and H.B. 1623 were introduced 

by Representative Mike Martin in 1991. H.B. 1622 dealt with wetland 

issues along the Texas coast. House Bill 1623 dealt with beach erosion, 

dunes and beach access. These bills were signed by Governor Ann Richards 

in 1991. Public law developed from the bills were submitted to the 

National Oceanic and Atmospheric Administration (NOAA) for approval as 

part of the Texas Coastal Management Program. 

The state has also applied and received a grant for $200,000 for further 

development of the state's Coastal Zone Management Program (CZMP) from 

NOAA's Office of Ocean and Coastal Resource Management. Acceptance of 
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the state's CZMP is still pending. If the state's CZMP is accepted by 

NOAA, Texas could receive one to two million dolIars in federal funds for 

Coastal Zone Management Projects. Coastal counties which qualify (meet 

the minimum federal guidelines) could receive some federal assistance. 

TypicalIy, the federal funds are matched by state and local funds to 

develop comprehensive projects. Unfortunately, the state has not 

identified a source of revenue to generate the needed state matching 

funds. 

The only state program available for shoreline flood protection is 

administered by the Texas Water Development Board (TWDB). TWDB programs 

have loan funds available for planning, design, and implementation. The 

Texas Water Development Fund Program has low interest loan funds 

available. Recent legislation was passed granting the Board the ability 

to fund beach nourishment projects through the flood control account of 

the Texas Water Development Fund. This has caused delays in the fulI 

utilization of these programs. The Texas Water Development Board's 

Research and Planning Program, however, offers planning assistance grants 

for flood control projects. This funding method was used for this 

planning effort. Grants by the Board for flood protection planning are 

limited to 50% of the total cost of the project, except that the Board 

may provide up to 75% of the total cost to political subdivisions which 

have unemployment rates exceeding the state average by 50% or more, and 

which have a per capita income which is 65% or less of the state average 

for the last reporting period available. This means local entities must 

contribute 50% of the total planning cost. As another part of the flood 
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protection planning grant program, the non-Federal sponsor of a 

cost-shared feasibility study, by the Corps, related to flood protection 

planning may apply to the Board to obtain grant funds for a portion of 

the 50% local share of the cost. Typically, the Board share is 50% of 

the local share or 25% of the total study cost. This agreement by the 

Corps and TWDB is an attempt to solve flooding problems at reduced cost 

to the local entities. Several entities across the state have taken 

advantage of this program and have active cooperative planning programs 

underway. 

If the planning efforts provide feasible solutions which meets federal 

guidelines, the Corps will apply to Congress for federal assistance. The 

problem with the federal process is the time it takes to conceive, plan, 

and initiate a project is typically 6 to 12 years. This is why the 

state's acceptance into the federal CZM program is essential. It is also 

the reason Texas must develop a more attractive funding source to 

supplement local funds. A large portion of the state is not within the 

coastal zone and inland counties tend to not easily identify with coastal 

problems. Requesting citizens in EI Paso to approve assistance in 

funding a beach nourishment project in Galveston County is difficult. 

The revenue stream generated by the state should mostly come from the 

coastal zone where people have an interest and investment. Grants, 

debts, private capital and tax increment financing have all been used by 

other states, and these options are discussed under local funding. 
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C. Local (City or Couph) FvpdlPl 

City and county governments have several revenue generating options 

available for shoreline flood protection and restoration projects. These 

options are taxes, user fees, intergovernmental grants, debts, private 

capital and tax increment financing. Tax options can be generated 

through the passage of special legislation or under existing 

legislation. There are three general categories of taxes: income, 

property, and consumption (sales). Income taxes are not considered 

appropriate for shoreline flood protection projects. Property taxes and 

consumption taxes are better ways of funding projects which provide 

regional benefits. Coastal flood control projects are region problems. 

Property taxes have been used to fund regional drainage projects 

throughout Texas. Galveston County could implement a county-wide 

drainage tax, based on property evaluation, which could finance flood 

control projects throughout the county. Special Improvement Districts 

could be established for the specific purpose of implementing shoreline 

flood control projects. The establishment of small districts or 

authorities allow the local government to have direct control over 

proposed projects; however, small districts or authorities typically 

cannot generate enough revenue to implement often needed large projects. 

Preferably, districts or authorities would be established on a 

county-wide basis to provide a broader tax base to implement larger 

projects. A broader tax base could decrease the individual tax burden. 

Tourist attraction areas often use sales taxes on lodging, meals and 

entertainment to equitably generate revenues to finance public 

facilities. The tax is typically sized to accommodate the seasonal 
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nature of the tourist business. 

Consumption taxes have traditionally singled out certain commodities for 

special taxation such as gas, cigarettes and liquor. These commodity 

taxes provide a narrow tax base that can target beneficiaries of specific 

products or services. 

Fees for public services are intended to establish a direct link betv'een 

demand for services and the cost to provide them. Fees are the most 

equitable means of matching program costs and program beneficiaries. 

Fees must be set to fully cover the cost of service. 

Typically, fees are calculated on use (user fees) or on the impact 

(impact fees) imposed on the system. User fees are currently in 

existence by both the county and city through parking fees charged at 

beach park facilities. This program could be expanded to cover costs 

associated with various improvements. Impact fees transfer the cost of 

service improvements directly back to the landowner who received the 

benefit. Typically, impact fees are collected in a lump sum at the 

beginning of a project. 

Intergovernmental grants are simply the transfer of fees or taxes 

collected at a higher level of government to a lower level of 

government. If the Texas Coastal Management Plan is accepted by NOAA, 

the state will be able to receive federal grant funds. Currently, the 

state receives federal funds under the National Estuarine and Marine 

Restoration Program for Galveston Bay. 
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Debt financing can be a source of capital to distribute the burden of 

repayment over the life of the project. Debt can be financed for the 

short or long term. Bonds are generally sold to finance public 

projects. User fees or taxes are pledges to repay the bonds. General 

obligation and revenue bonds are the two methods widely used for 

financing. General obligation bonds pledge a specific portion of taxable 

income to repay the bonds. Revenue bonds, on the other hand, pledge 

revenues generated from projects to repay the bonds. General obligation 

bonds are considered much safer than revenue bonds and, therefore, have a 

lower interest rate than revenue bonds. 

D. Private Funding 

Private capital is another method of financing projects. This method has 

been allowed in Galveston where developer George Mitchell funded the 

replenishment of a small section of beach in front of his hotel and 

condominium project. Typically, the private developer benefits either 

directly or indirectly. The ability to attract private capital is 

somewhat limited by economics of the project and tax reforms. 
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EXHIBIT 8 

DANNENBAUM ENGINEERING CORPORATION 
HOUSTON, TEXAS " 

TEXAS A&M UNIVERSITY GALVESTON 

GAL VESTON COUNTY'S SHORE LIt£ FlOOD PROTECTION, 
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OANNENBt.UM ENGINEERING CORPORATION 
HOUSTON, TEXAS 
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EXHIBIT 14 

DANNENBAUM ENGINEERING CORPORATION 
HOUSTON, TEXAS 

TEXAS A&M UNIVERSITY GALVESTON 
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RESTORATION AND II'LEIlENTAUlN PLAN 

FOR 
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EXHIBIT 15 

DANNENBAUM ENGINEERING CORPORATION 
HOUSTON, TEXAS 

TEXAS A&M UNIVERSITY GALVESTON 

GAl. VESTON COUNTY'S SHORE LItE FLOOD PROTECTION, 
RESTOOATION AND III'I.EIlNTATION PUN 

FOR 
GAlVESTON COUNTY AN) TI£ CITY Of GALVESJ(ft 

AND THE TEXAS WATER OEVELOPtIENT BOARD 


