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ABSTRACT ^ ^^ ^ ^^^^ ^^^^^ I^^^HH^^^H 

Barnard, P.L., Erikson, L.E. and Hansen, J.E., 2009. Monitoring and modeling shoreline response due to 

shoreface nourishment on a high-energy coast. Journal of Coastal Research, SI 56 (Proceedings of the 10th 

International Coastal Symposium), 29 - 33. Lisbon, Portugal, ISSN 0749-0258. 

Shoreface nourishment can be an efficient technique to feed sediment into the littoral zone without the order of 

magnitude cost increase incurred by directly nourishing the beach. An erosion hot spot at Ocean Beach in San 

Francisco, California, USA, threatens valuable public infrastructure as well as safe recreational use of the beach. 

In an effort to reduce the erosion at this location, a new beneficial reuse plan was implemented in May 2005 for 

the sediment dredged annually from the main shipping channel at the mouth of San Francisco Bay. From 2005 to 
2007, approximately 230,000 m3 of sand was placed annually at depths between 9 and 14 m, in a location where 
strong tidal currents and open-ocean waves could potentially feed sediment onto the section of beach 

experiencing critical erosion. The evolution of the disposal mound and adjacent beach were monitored with 12 

multibeam bathymetric surveys, and over 40 high-resolution beach topographic surveys. In addition, sediment 

transport processes were investigated using sediment grab samples, acoustic Doppler profilers, and two separate 
models: a cross-shore profile model (UNIBEST-TC) and a coastal area model (Delft3D). The results of the 

monitoring and modeling demonstrate that the disposal mound may be effective in dissipating wave energy 
striking this vulnerable stretch of coast with negligible shadowing effects, but a positive shoreline response can 

only be achieved by placing the sediment in water depths less than 5 m. 

ADITIONAL INDEX WORDS: Beaches, Shorelines, Modeling, Shoreface Nourishment_ 

INTRODUCTION 
Shoreface nourishments have had mixed results (e.g. HANDS, 

1991; DUIN et al., 2004) due in part to variations of cross-shore 

transport magnitudes and alongshore transport gradients in the 

shadow of disposal mounds. One of the more heavily analyzed 
shoreface nourishment projects was in Egmond, The Netherlands 

(DUIN et al., 2004), where a carefully designed mound was 

constructed to weld to the outer surf zone bar. While the project 
resulted in positive onshore bar migration and -45% of the 

sediment added to the littoral system was still present after 3 

years, there was no noticeable impact on the beach itself, and the 

relatively shallow depth (7.5 m) of the mound produced lee side 
and shadowing effects that noticeably impacted cross-shore and 

alongshore transport processes. Monitoring and modeling efforts 

suggest a time period of 5-10 years before a significant beach 
response could result from a single nourishment event. 

DOUGLASS (1995) proposed an empirical model of mound 

migration based on data from the milder wave climates of the 
Atlantic and Gulf Coasts, which illustrated that mound migration 
rate varies to the 4th or 5th power with depth, and thus at shallower 

depths wave forcing increases dramatically. These studies point 
out that depth, nourishment volume, shape, and nourishment 

frequency must all be jointly considered when designing a project. 
This paper reports on the results of 3 successive years of shoreface 

nourishment on a high-energy coast with strong wave and tidal 

forcing, using a combination of intensive field monitoring and 

numerical modeling. 

STUDY AREA 
Ocean Beach in San Francisco, CA, USA, is a seven kilometer 

long north-south trending sandy beach that stretches south from 

Point Lobos to Fort Funston (Figure 1). It encompasses a high 

energy system that is strongly affected by tidal currents from the 

adjacent Golden Gate that reach 1.5 m/s alongshore, and a deep 
water mean significant wave height of 2.5 m (BARNARD et al., 

2007A), but heights can exceed 10 m in the nearshore during 
winter storms (J. HANSEN and P. BARNARD, unpubl. data). The 

beach is located in the shadow of a large ebb tidal delta at the 
mouth of San Francisco Bay that has a significant impact on 

alongshore wave variability and focusing (ESHLEMAN et al., 
2007). The southern portion of Ocean Beach has been eroding for 
decades (HAPKE et al., 2006), while a recent comparison of 
datum-based shorelines indicates an average retreat rate of -1.1 

m/yr over the last decade (BARNARD et al., 2007A) and a 

pronounced trend of accretion in the northern and central portions 
of the beach and erosion in the southern portion since 1997-98. 

Approximately 2 km north of the erosion hot spot there is 
evidence of shoreward migrating, 5-10 m wavelength bedforms. 

As close as just 700 m offshore of the region experiencing erosion, 
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Figure 1. Map of the study area showing the location of the 
existing dredge disposal site (SF-8), nearshore dredge disposal site 
(Ocean Beach Disposal Site), grab samples, and tripod 
deployments. White depth contour lines are in 10 m intervals. 

multibeam surveys revealed that the Southwest Ocean Outfall, a 

pipe which transports one-third of the City of San Francisco's 

treated sewage out to sea, has been scoured by strong tidal 

currents, and may be severely exposed in water depths ranging 
from 10-14 m (BARNARD et al., 2007B). Despite massive 
amounts of sediment loss at the mouth of San Francisco Bay 

during the last half-century (~ 92 million m3; HANES AND 
BARNARD, 2007), there was also 4.3 million m3 of sediment 
accretion at the Main Ship Channel dredge disposal site, SF-8 
(Figure 1). Annual disposal of dredged sediment in this region 
since 1971 caused steady shoaling (up to 2 m locally) to the point 

where navigation has become hazardous, triggering the United 

States Army Corps of Engineers (USACE) to seek a new disposal 
site. 

In May 2005, the USACE established a test disposal site 
offshore and south of the erosion hot spot at Ocean Beach (Figure 
1) to: 1) avoid hazardous navigation at SF-8, 2) fill in scour holes 
on the Southwest Ocean Outfall Pipe to mitigate potential 
structural instability, 3) provide wave protection to the chronically 
eroding stretch of beach, and 4) establish a nearshore nourishment 

site where dredged sediment could feed into the littoral zone. 

As of 2008, annual channel maintenance dredge material had 

been placed at this site three times. This paper summarizes the 

performance of this program in the context of the morphological 
evolution of the beach and nearshore regions. More details of the 

data summarized here, including error and uncertainty analysis 
can be found in BARNARD et al. (2008). 

METHODS 

Monitoring 
The morphologic evolution of the test dredge disposal site and 

the adjacent coastal region were monitored from May 2005 to 
December 2007 with 12 multibeam surveys and 40 beach 
topographic surveys. Field measurements of waves and currents 

within the nourishment area were obtained with an acoustic 

Doppler current profiler (12 m water depth) to capture summer 

(June-July, 2005) and winter (January-February, 2006) tide and 
wave conditions (tripods, Figure 1). Offshore sediment sampling 
was also conducted, with emphasis immediately on and around the 

Ocean Beach disposal site (Figure 1), to determine if the grain size 
of the shoreface nourishment is suitable for bed load transport 
under the prevailing hydrodynamic conditions of the area, if it is 
compatible with sediment on the beach, and as input for numerical 

modeling efforts. 

Volume changes within the disposal area were estimated by 

gridding the multibeam bathymetry data into 2 m grids using a 
standard inverse distance weighting algorithm in Fledermaus?. To 

determine the location of initial dredge placements, the centroid of 
sediment mounds were inferred from bathymetric difference plots. 
The centroid was used as a proxy of the mound's center of mass 

assuming constant specific gravity and density of the material. 

Global positioning system (GPS)-based topographic beach 
surveys were conducted at least monthly during the study period. 
The surveys were conducted with an all terrain vehicle (ATV) 
equipped with a GPS receiver and antenna. Sediment volume and 

shoreline position were extracted from the gridded survey points. 
Volume and shoreline change were calculated by comparison of 

multiple surveys. Correlation between volume change and the 

position of a shoreline proxy such as mean sea level (MSL) is high 
(R2 values > 0.9) for most areas of Ocean Beach, indicating that 

both analyses provide similar results (HANSEN, 2007). The 
position of mean sea level (0.98 m above NAVD88; NOAA, 
2008) is used as a proxy for the shoreline in this analysis, and its 
position was analyzed at 135 cross-shore profiles using the Digital 
Shoreline Analysis System in ArcGIS? (THIELER et al., 2005). 

Modeling 
To ascertain the fate, transport and overall stability of the 

current as well as potential future foreshore nourishments, two 

numerical modeling approaches were applied. The Delft3D model 
(ROELVINK and VAN BANNING, 1994; LESSER et al., 2004), 
coupled with SWAN (Simulating Waves Nearshore; DELFT 
UNIVERSITY, 2008) was used to compute vertically averaged 
currents and simulate transport in an area model which contained 

both tidal variations and waves. The SWAN model was forced 

with offshore wave measurements from the Coastal Data 

Information Program's Pt. Reyes wave buoy (p029; SCRIPPS, 
2008) located approximately 85 km northwest of the study area in 
550 m of water. 

The UNIBEST-TC (BOSBOOM et al., 2000) cross-shore 
profile model was used to study sediment transport and 

morphologic profile development in the cross-shore direction. The 

model assumes a sandy uniform coast and computes cross-shore 

sediment transports and the resulting profile changes under the 

combined action of waves and alongshore tidal currents. 

Alongshore tidal currents were generated in the model with 

constituents determined with a previously calibrated Delft3D area 

model. Wave conditions at the open boundary were calculated 

using SWAN. 

RESULTS AND DISCUSSION 

Bathymetric Changes 
Table 1 and Figure 2 illustrate the overall behavior of the 

shoreface nourishment during the entire monitoring period. The 

bathymetric contours have built out seaward considerably through 
3 dredge disposals over 2.5 years of monitoring. However, despite 

repeated attempts to target disposal on the outfall pipe, sediment is 
rapidly scoured away and the pipe appears exposed in each 
survey. This may be due to bed destabilization from the continual 

venting of effluent along the length of the pipe. Cross-sections 

Journal of Coastal Research, Special Issue 56, 2009 
30 

This content downloaded from 130.95.44.45 on Wed, 23 Apr 2014 04:43:23 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


_Barnard 
et 

al._ 

Table 1: Change statistics between successive multibeam surveys 
since surveys began in May 2005. The highlighted rows represent the 
surveys immediately after dredge disposal. For error analysis see 

BARNARD et al. (2008)._ 

Survey 

No. Date 

1 May 2005 
2 June 2005 

3 July 2005 
4 Oct 2005 
5 May 2006 
6 June 2006 
7 Nov 2006 

8 Jan 2007 

9 May 2007 
10 July 2007 
11 Nov 2007 

12 Dec 2007 

Mean 

Vertical 

Change (m) 
N/A 

0.44 

-0.24 

-0.03 

0.05 

0.12 

0.02 

0.12 

0 

0.19 

-0.29 

0.13 

Volume 

Change 

(m3) 
N/A 

335,643 

-190,259 

-24,701 

43,444 

93,368 

19,560 
94,404 
917 

151,769 
-233,814 

104,803 

Cumulative 

Change 

N/A 

335,643 

145,384 
120,683 

164,127 

257,495 

277,056 

371,459 
372,377 
524,146 

290,332 

395,135 

through the center of the disposal area demonstrate a progressive, 

long-term build-up of sediment of up to 2 m. The mound increases 

in volume and elevation as a result of each nourishment event, 
then slowly dissipates until the next annual placement. After three 

disposals more than half the deposited material remains within the 
target area, with a net accumulation of 395,135 +/- 120,000 m3 (of 
-630,000 m3 total) of sediment within the disposal area. 
Volumetric changes within the focus area show that a larger 

portion of the placed material left the control area in 2005 than in 

subsequent years. A trend of net accretion through the winter 

months is seen and suggests that future placement material may 
remain in the area for the winter season, providing a buffer in the 

form of wave energy dissipation and a potential source for onshore 

transport of sediments. However, the broad trend of volume loss in 

the summer and gain in the winter from the focus area is likely 
due more to the typical seasonal cross-shore sediment flux (-300 

m3/m/yr, BARNARD et al., 2007A) than shoreface nourishment 
influenced transport. 

Comparisons of the December 2006 to January 2007 survey 

grids demonstrate that material accreted shoreward and south of 

the initial mound placement, south of the pipe outlet. Exclusive of 

the post-dredge disposal surveys, the time periods with the most 
extensive bathymetric changes were coincident with the longest 

mean wave periods and greatest observed mean significant wave 

heights, indicating that the larger wave events of low wave 

steepness may provide a mechanism for onshore transport of 

sediments. 

Sub-aerial Beach Changes 
Comparison of topographic surveys from 2004 to 2007 indicate 

the sub-aerial beach has accreted immediately onshore of the 

nourishment site. The accretion, while noticeable in the data, 
cannot be definitively linked to the offshore nourishment. Figure 3 
shows the mean summer (May-July) position of the MSL 
shoreline in 2005, 2006, and 2007 relative to the 2004 location. 
Profiles 116-120 (nourishment is offshore of profiles 90 to 110) 
show a noticeable accretion signal in 2007, compared to 2004. 

Data from the summer of 2006 also show sub-aerial accretion, but 

their location, north and south of the nourishment site, is highly 
localized (< 300 m alongshore) and provides little evidence that 

^^^^^^^^^^^^^Hl Depth (m) 

^^^^^^^^^^BH Meiers (i?*it I 
II p^^UlHH|Ei Jill. II I 

ji^^^^^^^mi i * i 

BDepth 
Change (m) 

m<-> 

1 i>+* I 

q 125 250 

Meters 

Figure 2. A) Target area (see Figure 1) bathymetry from May 
2005, prior to initial dredge disposal. B) Bathymetry from 
December 2007, after 3 periods of dredge disposal. Black 
contour lines in A and B are in 1 m intervals. C) Vertical 

depth change between May 2005 and December 2007, 
showing the -400,000 m3 of sediment that has remained in 
the dredge disposal region since program inception._ 

these "peaks" are related to the nourishment. Moreover, the data 

from 2007 shows that the 2006 shoreline accretion is no longer 
present, and in all years erosion is prevalent throughout the region 
of interest. The magnitude of the shoreline accretion observed in 

Figure 3 is similar, or less, than the typical seasonal variability in 
the shoreline position observed onshore of the nourishment site. 

While it is possible that the shoreface nourishment is responsible 
for the observed accretion, the signal could also largely be a result 

of coincidental positioning of alongshore topography, i.e. horns 

and cusps. 

Oceanographic Measurements 
Estimates of the critical Shields parameter (0C, e.g. SOULSBY 

and WHITEHOUSE, 1997) indicate that near bottom currents on 
the order of 38 cm/s are capable of entraining and maintaining 
0.18 mm sized sediment grains in suspension under steady 
uniform currents. Based on empirical and theoretical relations 

presented by HANSON and CAMENEN (2007), it is estimated 
that 15 s waves producing currents on the order of 50 cm/s are 

necessary to entrain and transport sediments of 0.18 mm median 

grain size. Near bottom currents were measured during winter and 

summer of 2005 and 2006 (BARNARD et al., 2007A). The 
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Figure 3. Bar plot showing the average summer (May-July) 

position of the MSL shoreline relative to its 2004 position. Note 
the accretion at the north end of the beach and erosion of the 

middle and southern portion of the beach. The shoreface 

nourishment was placed offshore between profiles 90 and 110. 

If1"6* 1.4 

; IJ 

o.8r 

h*?12 m 
h=!l m 
h?5.6m 
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Figure 4. Relative volumetric shoreline change as a function of 

amount placed (A) for three different hypothetical water depths 
(B) as predicted with the cross-shore UNIBEST model._ 

frequency of occurrence of near bottom currents exceeding 40 

cm/s was about 13% during the winter and occurred 2-3% more 

frequently than in summer. As such, measured currents suggest 
that transport of placed dredge material was limited to episodes of 
stronger tides and episodic storm events. 

Numerical Modeling 

Cross-shore Profile Model 
The potential for onshore movement of a shoreface nourishment 

was tested by including various mound configurations in three 

distinct water depths. Figure 4 shows three hypothetical mound 
locations and quantities used with UNIBEST-TC. Predicted 
volumetric shoreline change is plotted against three different 

placement depths and volumetric quantities (d50=0.20 mm). The 

predicted volumes plotted on the abscissa of Figure 4A were 
normalized by the predicted volume change for the same 
simulation time period (summer 2006 through winter 2007) 
without any placement (32 m3/m). Model results clearly indicate 
that placement would need to occur in very shallow water (~5 m) 

in order for cross-shore transport to enable onshore movement of 

sand from a nourishment mound. 

Coastal Area Model 
The ability of a nourishment at Ocean Beach to increase wave 

dissipation and a corresponding shoreward reduction in flow 

velocities (termed the lee-effect) was investigated with the 
Delft3D model. Depth-averaged along-shore velocities on the lee 

side of three hypothetical nourishment mounds (2, 3, and 4 m 

thick), placed in 11 m of water, are plotted against northwest swell 
conditions (Tpo=12s and Dpo=300?) with offshore significant wave 

heights ranging from 2 m to 8 m as shown in Figure 5. Results 
indicate that wave energy dissipation due to the nourishment 

mound is negligible for the small 2-m-high mound (z/</=0.82, 
where z is the depth of the mound, and J=total water depth), but is 

significant for mounds of z/d<0.73 exposed to //so > 4 m. From the 

plot it is clear that larger mounds, which may be realized with 
continued shoreface placement of sediments, may eventually serve 

to decrease the along-shore velocities sufficiently to allow for 

increased deposition of sediment supplied by longshore sediment 
transport. 

Considering the depth-averaged contribution of both the along 
and cross-shore transport paths, the depth averaged two 

dimensional area model does predict some onshore transport of 

sediments. Inspection of single wave cases suggest that it is the 

larger waves from the northwest and smaller waves from the west 

or southwest that contribute to the onshore transport of sediments 

from the mound (BARNARD et al., 2008). Because the 

probability of occurrence of the larger waves is small compared to 

the occurrence of smaller wave heights from the west or 

southwest, the lower west to southwest incident waves contribute 

more to the onshore-directed sediment transport. Although the 

trend of onshore transport from west and southwest waves cannot 

be clearly ascertained in the measured field data, the model 

indicates that a small amount of onshore transport from an 

enlarged mound might be expected. 

0 
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I"015! 
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JZ 
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Figure 5. Model predicted alongshore currents at maximum 

ebb tide plotted against varying offshore significant wave 

heights (of high (Hso=7.7 m) and low (Hso=1.9 m) waves from 
the northwest (Dp=315?, Tpo=12s) and for the case with and 

without shoreface nourishment. Simulation results are for 

three mound thicknesses of 2, 3 and 4 m in a total water depth 
of d=U m. 
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CONCLUSIONS 
Approximately half of the sediment that has been placed in 
the nearshore disposal site over the 2.5 years of this study 
remains within the dredge focus area. 

There is little evidence based on topographic surveys that the 

nourishment resulted in accretion of the sub-aerial beach over 

the time period of this study. 
Cross-shore profile modeling suggests that dredge material 

must be placed in water depths of ~5 m or shallower to drive 

a positive shoreline response. 
Area modeling demonstrates that the new dredge site 

increases wave dissipation and has the potential to modify 
local sediment transport patterns. 

Any increase in beach width or wave energy dissipation 
related to the nourishment is only likely to be realized in the 
vicinity directly onshore of the nourishment site, which is 
several hundred meters south of the area of critical erosion. 

Larger waves from the northwest and smaller waves from the 

west or southwest contribute most to the onshore transport of 

sediments from the mound. 

Rigorous morphological and physical process monitoring and 

modeling of planned and/or existing shoreface nourishment 

sites worldwide is essential to identify the optimal location of 
sediment placement for the most desirable beach and 
nearshore response. 
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