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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the 
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything 
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Suggested revisions are invited and should be submitted to the Director of Marine and Security, API, 1220 L Street, 
NW, Washington, DC 20005.
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Executive Summary 

• The behavior of oil washing onshore along beaches is dependent on the type and dynamics of the 
coastal setting. Sand beaches typically consist of ridges, flat berms and swales (runnels) that change 
constantly as sediments are reworked and redistributed by wave action.  

• Under normal wave and tidal conditions, oil is deposited in the upper intertidal zone. However, during 
high wave-energy events and moderate storms, oil can be carried to the upper beach and deposited 
in berm runnels and at the base of dunes. 

• During high wave and surge events accompanying large extra-tropical storms, tropical storms, and 
hurricanes, dune systems can be eroded and oil can be carried into back-barrier lagoons and 
wetlands. 

• Temporary containment of oil along open beaches involves construction of ridges of sand and boom 
deployment. More robust structures include armored baskets, rip-rap revetments, and gravel and 
sediment berms. 

• Containment of oil at breaches, in low-lying areas such as washovers, and small ephemeral channels 
(typically less than 200 m wide and 1 m deep) can initially rely on sand bags and barriers such as 
hard boom and Super Sacks, but the prevention of storm-induced incursion of oil requires the 
construction of bulkheads, rip-rap revetments or rock and sediment dams.  

• Barricades across tidal channels prevent tidal exchange and likely would cause sediment deposition 
and a straightening of the shoreline, which may result in oil burial.  

• Oil pooled adjacent to structures, particularly at barricaded channels, can be concentrated using 
sumps and removed with pumps or skimmers. 

• The development of protection strategies and tactics includes consideration of the operational 
constraints and of the potential consequences of the planned activities. Some of the primary 
response considerations (Section 5) are identified to assist planners and strategists ensure that 
proposed actions are conducted in a responsible manner to minimize additional impacts to the 
environment, including human uses. 
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Shoreline Protection on Sand Beaches 
Final Report 

1 Introduction 

Oil that reaches a sand beach following a spill onto water most frequently is deposited in the upper 
intertidal zone on falling tides. If water levels are high at the time oil washes ashore, because of spring 
tides or wind-induced surges, the oil can be deposited above the average high water level (HWL) in the 
supratidal zone (Figure 1.1) or can be carried across the beach into low-lying backshore areas such as 
wetlands, lagoons, salt ponds or estuaries. 

 

Figure 1.1 Sand beach backed by vegetated dunes. HWL = High (tidal) Water Level 

During elevated tide levels, one protection strategy to prevent oil from reaching these low-lying, and often 
environmentally sensitive, backshore areas is to construct a fixed or moveable barrier along the beach or 
across storm channels to contain the oil along the ocean shore. 

The purpose of this study is to describe: 

• The form and processes that characterize sand beaches. Sand beach forms include beaches backed 
by dunes or terrestrial environments and barrier islands and spits that are backed by wetlands, 
lagoons, salt ponds or estuaries. Shore zone processes are a combination of winds, waves and tides. 

• Conditions during which oil can be carried over a beach into the supratidal or backshore zones. 

• Strategies and tactics that can be used to intercept and contain oil as it overwashes beaches. 

• Response considerations for the design and implementation of the protection strategies. 
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2 API TECHNICAL REPORT 1150-1 

This report focuses on those strategies and tactics that can be used on sand beaches across low-lying 
areas, such as shallow storm passes, washover areas, and ephemeral channels. This report does not 
include possible plans for collecting or deflecting oil using boom at tidal inlets or in estuaries. Response 
strategies associated with the containment and control of oil on the waters of tidal inlets are the subject of 
a separate API report “Tidal Inlet Protection Strategies (TIPS)” (API, 2013b).  

A companion Field Guide (API, 2013a) summarizes and illustrates the tactics described in this report. 

2 Beach Character and Dynamics 

Although barrier island and tidal inlet shorelines are in quasi-equilibrium with the tidal and wave energy 
conditions of that coast, they are highly dynamic systems due to the cyclic pattern of storm erosion and 
post-storm recovery and are constantly evolving in response to long-term trends of sea-level rise (SLR) 
and waning sediment supply. Along some coasts, such as Louisiana, the lack of new sediment sources 
coupled with high rates of SLR has led to the evolution of many low narrow transgressive barriers that are 
migrating onshore through washover processes, particularly during storms. The susceptibility of these 
barrier types to washovers and breaching and transport of oil into back-barrier bays and wetlands during 
an oil spill event makes them priority sites for oil containment and backshore protection.  

There are many text books and published papers on sand beaches that provide additional material on 
beach character and shore-zone dynamics (e.g. Carter, 1988; Davis and FitzGerald, 2004; Hayes, 1979; 
Komar, 1998).  

2.1 Beaches, Barrier Islands and Spits 

Beaches, barrier islands and spits are ridges of sediment built by waves and wind above the intertidal 
zone. Barrier islands and spits typically parallel the coast and are separated from the mainland by a water 
body (lagoon or estuary) and/or wetland (marsh, mangroves). 

Beaches, barrier islands and spits are created by the alongshore and/or onshore transport of sediment by 
waves, winds, and currents and may be separated from adjacent shorelines or from other barriers by tidal 
inlets that exchange tidal waters with back-barrier lagoons, bays and wetlands. The form and dynamics of 
tidal inlets and response strategies associated with containment and control of oil on the waters of the 
different types of inlets are the subject of a separate report (API, 2013b).  

The form and character of a sand beach constantly changes on both long-term (years, decades, 
centuries) and short-term (hours, weeks, months) scales.  

2.1.1 Long-term Dynamics 

• The long-term dynamics and stability of sand beaches are related to sediment supply, rate of sea-
level rise, storm magnitude and frequency, and other coastal processes that affect the region. 

• Beaches with an abundant sand supply (alongshore or nearshore source) prograde seaward as sand 
accumulates in the intertidal and supratidial zones. Windblown sand creates dunes in the supratidal 
zone, which in turn can be stabilized by vegetation. Rising sea level and diminished sediment 
supplies can cause an entire beach or barrier system to migrate landward through time. 

• Erosion of the beach or barrier takes place when the long-term supply of sand to the beach system is 
limited and/or when wave processes remove more sand from the system, either by alongshore 
transport or offshore transport, than is supplied. 
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  SHORELINE PROTECTION ON SAND BEACHES 3 

• Long-term rates of change are a function of regional processes, so that sediment accumulation or 
erosion is more rapid in areas with high wave-energy levels associated with storm events or swell 
waves. 

2.1.2 Short-term Dynamics 

• Short-term dynamics are related to hourly, daily, weekly or seasonal changes in wave height and tidal 
water levels, and the effects of storm events, in particular during elevated storm surges. 

• In the intertidal and subtidal zones, sands are in constant motion due to wave turbulence and currents 
caused by breaking and shoaling waves. Rates of transport or redistribution at any given time are a 
function of wave energy so that greater volumes of sediment are in motion as wave energy and 
breaker heights increase.  

• Sand typically accumulates during periods of low wave heights and is eroded from the beach during 
high wave events (Figure 2.1). This “erosion” is usually temporary and the sand that had been 
transported offshore during storms is moved back onshore when depositional wave conditions return 
along the beach. 

• Wave energy levels change daily and seasonally. The erosion/recovery cycle is common as a result 
of storm events and may extend over a period of days or even weeks. At locations where there are 
distinctive high and low wave-energy seasons, the cycle may be an annual pattern with narrow, steep 
beaches in one season and a wide, flat intertidal zone during the low-energy period. 

• The zone in which waves actively rework and redistribute sediments changes as water levels and 
wave heights change. The intertidal zone is the “active” zone during low wave-energy periods and 
average or neap tides. Wave processes are active in the supratidal zone during periods of elevated 
water levels that result from high waves, spring tides, and/or storm surges. At these times, wave run-
up and overwash can reach the dune zone or transport water across the entire barrier and into the 
back barrier lagoon or wetland. 

2.1.3 Dunes 

The wind transport of sediment in the supratidal zone frequently creates sand dunes that, particularly 
when vegetated, stabilize the beach system in this dynamic environment. During high spring tides or 
storm surges dunes prevent overwash (and the oil it can carry) from flowing into the backshore and 
adjacent lagoon and wetland regions. Storm overwashing of barriers occurs where dunes have been 
dismantled after extended periods of erosion. Likewise, storm waves can breach a dune ridge and 
overwash channels may be cut through the dune ridge(s) to the backshore.  

2.1.4 Examples of Beach Forms  

Beaches commonly experience erosional and depositional cycles as a function of storm processes and 
post-storm accretion. Longer-term trends are associated with seasonal changes in wave a climate such 
as along the California coast, where wide sandy beaches produced by accretionary summer wave 
conditions are replaced by narrow beaches caused by large, shorter period winter waves that erode 
beaches. In other areas, beaches are eroded during prolonged periods of storm activity such as occurs 
along the US East Coast that is influenced by late fall and winter extratropical storms and on the US Gulf 
Coast affected by winter frontal systems. Beaches generally accrete during the spring and summer in 
both these regions (Figure 2.2). 
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Figure 2.1 Conceptual diagram showing (Profile A) a typical beach profile with a well-developed 
berm just above the high tide level and a convex intertidal profile. Profile B shows sand movement and 
changes in a beach profile as a result of storm erosion by waves, followed by erosion with a high, wind-
induced water level (Profile C), and accretion after the storm by normal wave action (Profile D). 

Along the Gulf Coast, and to a lesser extent along the East Coast, beaches also undergo extensive 
erosion during the passage of hurricanes and tropical storms. As seen in Figure 2.2, Fourchon Beach, the 
central Louisiana coast experienced cyclic shoreline changes during 2010-2011, but was severely eroded 
during Tropical Storm Lee on 2 September 2011 when the beach retreated 50 m.  

2.2 Oil Deposition  

2.2.1 Supratidal Berms 

Moderate to high-energy waves combined with elevated water levels that accompany high spring tides 
and storms can cause wave swash to flow across the berm crest and onto the supratidal berm, 
sometimes extending across the entire beach. During oil spill events, these conditions produce pooling of 
oil in low areas, such as berm runnels and at the base of the dunes. 
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  SHORELINE PROTECTION ON SAND BEACHES 5 

 

Figure 2.2 Beach profile sweep zone of a station surveyed along Fourchon Beach, LA covering the 
August 2010 to September 2011 period. The profiles illustrate erosional-depositions changes resulting 
from seasonal frontal systems and post-storm recovery as well as the erosional effects of Tropical Storm 
Lee (2 Sept 2011).  

2.2.2 Across Barrier Beaches (Overwash) 

Under non-storm conditions oil is typically stranded by falling tides in the intertidal zone. The oil may be 
refloated by subsequent rising tides and reworked into the sediments or transported away from the 
beach. The oil usually remains below the high water level (HWL), however, during spring high tides or 
periods of storm surges, oil can be washed into the supratidal zone or, during severe events, washed 
across the beach into sensitive backshore areas, such as wetlands, lagoons, ponds or rivers. Where the 
potential exists for oil to be transported to the backshore, either by broad overwash on low barriers or 
through overwash channels cut through dune ridges, strategies are designed to prevent the overwash 
process from occurring using different types of barriers based on the conditions of the area. This field 
guide focuses on those strategies and tactics that can be used on land to intercept and contain oil as it is 
washed ashore. 

• Oil washed ashore is deposited below the HWL under normal tide and wave conditions.  

• During spring high tides and low storm surges oil can be deposited in supratidal berm runnels and at 
the base of dunes. 

• During intense storms, oil can be transported across low transgressive barriers and into washover 
cuts through dune ridges to back-barrier lagoons and wetlands.  

• Strategies to prevent oil from reaching back-barrier settings rely on different types of barrier 
construction. 
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3 Response Strategies and Tactics  

The typical elements of a beach are the intertidal zone (terms in italics are defined in Section 7) below the 
High Water Level, the supratidal zone and the backshore. In Figure 1.1 the backshore of this barrier 
beach is a continuous dune system. The continuity of many individual barriers is broken by shallow tidal 
passes and overwash channels that can exchange tidal waters with back-barrier lagoons and the open 
sea during high tide or storm surges. Overwash and ephemeral tidal channels present a critical potential 
pathway for oil to enter lagoons. The transport of oil through these channels is controlled by water depth, 
which affects the duration of tidal flow and the strength of the tidal currents.  

The continuity of many barrier beaches also can be interrupted by permanent tidal inlets or passes that 
connect backshore lagoons to the open sea. Inlets provide an important potential oil pathway into tidal 
lagoons. The transport of oil through inlets is controlled by inlet size, tidal current velocity, and wave 
action. Protection, containment, and recovery strategies involve the use of floating boom to intercept, 
redirect or control the oil. These strategies and tactics are very different from those used on sand 
beaches to prevent oil washing over a beach and are the subject of a separate report (API, 2013b).  

There are numerous oil spill response manuals and Job Aids that provide additional material on beach 
protection strategies and tactics and a few of these are listed in the Reference section (Section 6). 

3.1 Shoreline Protection Objective 

The objective of an on-land response to oil washing ashore is to intercept or contain and control oil to 
prevent waves or storm surges from over-washing a beach and carrying oil into backshore areas.  

3.2 Shoreline Protection Strategies 

Three strategic protection options to intercept or contain and control oil as it washes ashore are to: 

a) Create a fixed barrier (sand dikes, bulkheads, armored baskets, rip-rap revetments, sand and gravel 
dams, etc.); 

b) Deploy a moveable barrier or boom; and/or 

c) Create a sump into which oil can flow for collection. 

This report focuses on tactics that are specific to sand beaches and that are land-based. Manuals that 
provide additional material related to this topic include: API, 2001; Environment Canada, 2010; 
ExxonMobil, 2008; and NOAA 1992, 2010a, 2010b. 

Section 3.3 provides a Decision Guide to assist with the selection of protection options for different sand 
beach environments. The guide is organized in terms of location on the shoreline, existing or anticipated 
wave energy, the feature of concern to be protected, and tidal channel or breach flow conditions. Options 
are based on typical responder experience and are intended to provide a starting point in the identification 
of appropriate tactics. Each situation is unique and must be assessed in consideration of the 
environmental conditions prevailing at the time of the response. Multiple or other related protection 
tactics, such as on-water recovery or diversion, may be appropriate to meet the needs of site-specific 
protection objectives.  

Section 3.4 summarizes the primary characteristics for eight generic sand beach protection tactics. 

 

Full document details: API TR 1150-1-2013

http://www.avadocuments.com/doc/api-tr-1150-1-2013
http://www.avadocuments.com/doc/api-tr-1150-1-2013

