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ABSTRACT

Over the years, various reaches of Ocean Beach, a 3.6 mile long beach located along the
Pacific coast of San Francisco between the Cliff House and the Fort Funston cliffs, have
suffered erosion at intermittent times and several seawa! ls have been installed in these
locations. During the ! 994/95 winter storm season, severe erosion occurred along an
unprotected reach between Sloat Blvd. and the Fort Funston cli As. A temporary revetment
was designed to address the immediate threat that this erosion represents to the Great
Highway and other City of San Francisco infrastructure. This revetment was designed to
be temporary and to provide protection imti! a permarient seawall could be funded and
built. Design of the revetment, a hybrid design that uses concrete-fi! led geotexti!e bags
and a buried quarrystone scour apron, involved coordination with various agencies, iti
particular, the Nations! Park Service, v ho owns the beach on which the erosion is
occurring. Thc revetment was designed using relaxed designed criteria so that it could
be constructed using the funds available, but still provide temporary protection to the
most critical areas, Because relaxed criteria were used, there will be a higher risk of
damage to the structure, and as such, a moIiitoring and emergency response plan is being
developed to provide guidance for monitoring the protected and unprotected sections in
this reach and to provide a framework for response to future erosion.

INTRODUCTION

Erosion along a 2,700 foot reach in the southern portion of Ocean Beach, Satt Francisco,
is a threat to valuable City infrastructure including; the 4-!ane Great Highway runniiig
alongside of Ocean Beach; the Lake Merced Tunnel, a 14-foot diameter conduit beneath
the highway south of Sloat Boulevard that transports combined stormwater and wastewater
to the Oceanside Water Pollution Control Plant; and, if left unchecked, the recently
constructed Oceanside Plant itself.

Miith an eye toward managing the risk of future erosion, the City and County of San
Francisco  the City!, in a joint project with the U.S. Army Corps of Fngineers  USACF!,
had a comprehensive investigation made into the beach processes a!ong Ocean Beach,
with special emphasis on the reach south of Sloat Boulevard, The final report was issued
in September 1996   JSACE l996!, and discusses the entire range of concerns with a
major shore protection project including; biological and environmental effects, physical
and engineering aspects, sociological impacts, and economic considerations, The report
concludes with the recommendation for a permanent seawall to be constructed along the
reach of Ocean Beach south of Stoat Boulevard, The   ity is presently pursuing funding
for the design and construction of a permanent seawal! a!ong this reach of Ocean Beach-
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Recent storm events that have led to accelerated local erosion of the bluffs in thisreach and loss of portions of a par k ing lot and v alking path above the bluffs, promptedthe City to design and install shoreline protection nteasures that could be constructed to
protect the shoreline until a permanent seawall can be constructed.The design of these measures was atypical in that they were purposefully designedwith limited design-lives in order to be built v. ithin the City's imposed budgetaryconstraints, to be easily dismantled or incorporated into the permanent seawall at thettme it is constructed, and to meet other agency-specified requirements. There is a higherpotential for damage to these shore! ine protection measures and. therefore, a monitoring
art J maintenance.'emergency response plan was an important part of this project,
This paper describes the design of these temporary measures and includes:A description of historic and continuing shoreline changes at Ocean Beach

A discussion of the need for a temporary structureThe project guidelines and regulatory agency approvals needed to implement the
proJectA description of the shoreline protection measures designed lor short-term protection
of the bluffs and City infrastructure behind the bluffs,W description of key components of a monitoring and emergency plan developed tomonitor the performance of the structure and respond to future erosion in the area.
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!shoreline C'halge at Ocealt Beach
!ihorc erosion is a recurring problem along  !»can f3»ach � a >.~> ntif» long coastline of
continuous hcach ~itft intermittent dunes and low tiluf fs, t'orming the ii»st»rrtmost limit
of thc   ity of'.'ian Francisco  Figurc l!, Th» cntir» h»ach is ~ipcn to dir»ct ivave a tack
from the Pactfic  kcan.

N. LI

0  E

O'SHA
SEAW
� 915-

GREAT
SEAWA

TARAV
�94tj

N. LOT

STUDY

PROJE

S, LOT

GREAT

S. LlMlT

FORT F
BLUFF

OCEAN BEACH

I !I 'I1' I I IPI,IIII tI III'' i!i I  jIj l!E    !I

l  !8

 'li.ingcs i» th» slior»linc;ind hcaclt profil»s at   i»can f3»ach ar» complex ltt  hat tile!
il ' 11tflu»n 'd h! hoth natur' I ciill i' ci]ts aild llultlan ac I'' I' t ius, As su»f1 cilltcf Usu>fts ahotitfiituri cf>.'iii >cs n> thc shor»h . ' '', ', ' ' ' c ' ' i c Iinc has»if iu1 historical, al c'}i}g»d data urc di I l I»lift ailil cali bc



nns]eading. Jn addition to direct impacts on the shoreline due to activities such as road
and seawall construction, mdirect activities that affect the erosion and accretion patterns
of'the shoreline along Ocean Beach include beach nourishment, sand mining  stopped in
1967!, and changes in the offshore San Francisco Bar from dumping of dredge sands
 Moffat and Nichol 1995'l. All of these have influenced the patterns of erosion along
Ocean Beach.

Historic Response to Erosion
Since the late 1800s, man has extended the natural shoreline along the west coast o f San
Francisco seaward 200-250 feet through the deposition of imported sand, soils
construction debris largely during the construction of the Great Highway that runs the
length of Ocean Beach. Additional material was deposited lrom local construction projects
such as the Oceanside Water Pollution Control Plant at the south end of Ocean Beach
and the Westside Sewage Transport Box under the Great Highway north of Sloat
Boulevard.

Episodic shoreline retreat and beach erosion has affected much of Ocean Beach
ever since man began his modifications to the coastline and has threatened or damaged
infrastructure constructed along the coastline since the 1890s.

O'Siiaughnessy Seawall - ln response to early erosion, the City constructed the 4,600
i'oot-long curved concrete O'Shaughnessy Seawall at the north end, of Ocean Beach
between ]915 and 1929, This seawall was originally planned to be constructed along the
entire Ocean Beach shoreline to protect the highway and to make a boardwalk/arnusement
tourist area, Economic conditions halted the project in 1929  USACE 1996!. This structure
has prevented the loss of an extens ive promenade and the adjacent Great Highway located
next to the seawall.

Tarava15eawal  - Erosion 8,000 fcct south of the south end of the O'Shaughnessy Seawall
in 1931 and 1939 caused damage to a pedestrian tunnel under the highway at Taraval
Street. The City constructed the 662 foot-iong Taraval Seawall in 1941 to protect this
underpass  Berrigan 1985, Wegge1 1988!. This seawall is a 3-sided steel sheet pile structure
with a concrete cap that remains buried except during periods of high waves and tides. In
Vovemher 1983, the top 2 feet or so of the cap was uncovered during a major coastal
erosion event. Aside from this event, the Taraval Seawall is normally covered in sand
and has performed well in protecting the reach behind the structure,

Great Highway Seawall- The latest seawall was installed from 1987-1993 starting4400
feet south of the O'Shaughnessy Seawall for a 2,900 foot reach  Moffatt and Nichol
1995!. This seawall was needed to prevent damage to the highway and the Westside
Transport Box then under construction.  The Westside Transport Box is a conduit beneath
the Great Highway that delivers sewage and stormwater to the Westside Pump Station at
Sloat Boulevard,!

Beach Nourishment - Beach nourishment using excavated sand from construction projects
adjacent to Ocean Beach and from off-site locations in the early years of development
have had various degrees of success, depending on localized beach erosion processes.
Windblown sand has been a persistent problem along much of Ocean Beach north of
Sloat Boulevard, particularly along the O'Shaughnessy Seawall and intermittent areas
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south of there. The City, under a special usc permit with the Vationaf Park Service hasbeen removing excess sand from these areas since the early 1980s and nourishing the
beach areas where erosion has been a problem. Thc latest beach nourishment in the areasouth of Sloat Boulevard was in 1994 and consisted of 25,000 cubic yards of sand being
placed on a 1 V'.3H slope adjacent to the south parking lot located alongside the western
lane of the highway, This sand has almost cornplctcly eroded away since then,
Erosiott attd Accretion Along Ocean Beach
As mentioned above, evaluation of long-term erosional and accretional trends along
Ocean Beach is difrtctilt due to limitations of the existing database, effects of construction
along the coast and other human activities that can inAuencc the sediment loads in the
system. Short-term changes can be significantly influenced by episodic events such as
storms during the 19941'1995 season that caused 30 to 40 feet of retreat in the blue's in
areas south of Sloat Boulevard over the course of a f'ew days.

Both long- and near-term changes at Ocean Beach are discussed below. Althoughlong-term changes are important f' or planning and design of shore protection projects, itis the potential of'near-term changes such as those that occurred during 1994/1995 that
needs to be considered in decisions to implement immediate shore protection in the
study area.

lettg-term Trends

Figure 2 reproduces sediment transport patterns postulated in MofTat & Nichol �995!based on a synthesis of available data. Sources of sand that have been associated with
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pcean Beach include se Jitnent that is trattsported shoreward trom the San Francisco bar
that lies offsh«rc fr«»t t.!ccan Beach. In addition to sediment carried I'rom the bay and
deposited on tltc bar is ith ebb tides, additional sediments dredged from the bav and from
thc ship channel leading int« the ba! have histortcally been disposed of onto the bar just
south of the ship channel. I:rosi«n of the Fort Funston cliffs approztmatelv 0 6 miles
south nf Sl«at Boules atd als«contribute to the sand supp!!.

Beacit changes at tlccan Beach can be affected by a number of factors, including the
oipsliore bar, sed»neIEt tfailspnrt patterns. storm paths, sea level rise  both sh«rt term Qs
»ith I.I Nino csents a»d long tertn eustatic rises!, and localized vertical ntosements of
thc coast. F«r th» area s«ttth «t SI«at Ikoulcx ard, tl!e trend, as ntuch as it can be ascertained,
is tor c«nltnued cr«si«n ot tile bcacll.

Average 1«ng-tct nt treti ls in illc study at'ea sou'th of Sloat Boulevard. based on
shoreline: mapping and Iihotopratnmctry I'rom 19 9-1992, indicate an «s erage bluff toe
advattce ol 1-tiitit per year alottg a reach extending 2,500 feet south of %!oat Boulevard
and thc rctrc tt «f I -to«t pcr year in the reach just south of that. The long-term ads ance
may have more to do i~ ith man-induced changes than natural processes. I'.ven if this is a
real advance. these potential long-term gains have been overshadowed by near-term
losses duc to recent storm events.

Near-Term Trends
Near-tertn sh«rclinc changes ss ere addressed by Moflatt and Nichol �995} using beach
width as a measure ot' the changes. It was concluded that there was a high probability
that the beach w idth could decrease signiftcantly front what it was in! 993, the last year
of topographic data used in thei r study. The typical beach v 'tdth then of 175 feet underwent
seasonal decreases ot 50 feet, and tluctuations of 150 feet had been observed, The study
concluded that the beach in front ot the area of concern could disappear completely
during a future storm event. Waves running up the much diminished beach would then
impact and erode the bluff slopes.

Indeed, the erosion of 19941995 has born out the concerns in earlier studies. A
series of surveys by the City has documented the changes since April 1993. Unfortunately,
none ot the beach transects made by the Corps of Engineers in 1993 aligned with those



made by the City in 1995 and 1996. Figurc 3 shows locations of survey transects made
by thc City within the study area superimposed on top of a topographic map generated

ATKW NCJCAL I '0 IATTI I ~  C+CCC

TP

c~
v E H

~ R ANTIC TT WITH SPOT TIDI
ART TTHTTT TTCT ITTT CCSF ~T

HPHTA !
BI AC II II.QVE> TRANSi<TT
AND PQOH, I ARI A

112

based on thc Corps 1993 survey. Changes in the shoreline topography for the reach
between the two parking lots can be seen by comparing spot elevatiorts near the bluAs
from lhe City's survey with contours from the Corps survey. Figure 4 shows profiles of
the beach transects surveyed by the City from August 1995. April 1996, and October
1996 compared with cross sections scaled from the USACE April 1993 mapping. 1t is
readily apparent that dramatic erosion has taken place between 1993 and the present.

The present bluN and beach pro ftle at survey transect R 1  based on the 1996 survey!
represents a typical cross section for the heavily eroded area between the two parking
lots and is shown in Figure 5 in relation to the Great Highway, Lake Merced Tunnel, attd
thc storm drain for the Great Highway. The scaled profile from the Army Corps of
1'.ngtnccrs April 1993 mapping is superimposed for comparison. All elcvations are in
feet MLLW datum.

The National Park Service in August 1996 smoothed the bluff slope from
approximately .'�0 1'eet north of the entrance to South Lot to the sauth end of South Lot
to rid the area of unsightly remains of the destroyed steps and pathway including the



slope at transect k l, These changes in the bluff slope at k 1 >vere small and are not shown
iA Figure 4.
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Potential Future ChapgesI'or an eroding beach under the action of storms and complex, breaking wave p "year to year changes in beach topography cannot be predicted with any certainty'. Theamount of erosion in a given year depends on a large part on the severity ot' the winters«nn»n the North Pacilic Ocean. lt is appropriate to address potential future beach
proliles based on probabilities,The estimated return-period dune or bluA toe retreat for any given point on Oceanlieach in a single storin season based on projections in USACI=. �99 ! is shown as theI»est curve in Figure 6. Based on this curve, there is about a 5% chance that 25 feet ormore ot toe retreat will bc experienced in any one year. The other curv es were developedfrom thc I-year curve and are for cumulative retreats over '2-, 3-, 5-. and I A-year periods.F«example, the curve labeled "2 years" presents the probability that the retreat over the
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 'onversely, prnjcctcd hlufl toc positions can be estimated for given exceedcnce values.
The projected location ot the toc after an elapsed time of 10 years starting in 1993 is
plotted on l igure >, also. Blul'f slope ptoliles are shown for probabilities of 16%, 30"r'o,
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and 50'io based on an 1!.8 feet MLLE toe elevati<in for a tvprca! wititertitne beach A
worst-expected case for blusff recession v as judged to bc  ihere the beach p«,fr!e I�st
touches the croy n of the Lake Merced Transp >rt h<ix at it» c!<i»e»t approach t<i t!qe was[
edge of the highway. There is a ! 6"~o probability that tlti» could happen by the y ear at!t!;

The lVeed for Temporary Protection Measures
The study area, shown in Figures 1 and .i, w;r» thc reach fr«rn thc north end «f the g�nh
 'S!«'rt! Parking Lot to thc [erminus o  th»»and acce»» raiitp with the b«.'rch at the» i r[h
end <if'4 ruth Parking L it. '1'he b!uf'fs irt thi» area con»i»t <>I'a iratural f<irnta[i«n
 'o!ma F<irmati<irr -- coir»i»ting in<i»tly <>I'1'rr;rhlc»'md tlaat i» e;r»ily cr in[bled bi h;md
This foundati<in layer i» c<iycrcd with»;irid fr >in hot!i nett<ra! d«p<i»iti il] art ! ntart'»
interrrrittcrtt effort» at beach riourishrttcrrt.

Like the re»t  if Ocean f3cac!t. thi» area i» [rem«rid<i rs!y p ipular 1<>;ill type»  >I he;�lt
g<ier» -- »urf' 'rs, »urf fr»her», »unba[hcrs, t<i »crs, aitd t<iuri»t». 1!rc tw<i p<rrking l<>t» Qotrth
 il'.'<1<iat 13«ulcyard had becrt cori»tr ictcd a!<>rtg»i<!» tlic wc»t laiic <il'thc  >re;rt !lie!tizay
t i pr «y <de parking a»d access t<i thc beach hc! ii .

Recent »h<irelinc retreat» rn the ',7 ! t 1'«<it reaclt fr«rit!>! i tt �<><<le ;rrd» iut!t t«[he
I <irt I  »i»ton c!if'I'» pose an it»niin«nt t!rrcat t i thi» i» I'r:«trrrct rrc. %;r c» .<rrd liiuh ri<1cs
rn the winter of 1994. ! !<!.' cr<><fed thc»h<ircliitc, c;ru»»ig;i .: I-4[I I<>«t terre;rt .rird
<Acr»to«pened I»licit o'I thc bi If! slope  i cf 'ipp«ixlrli;ltely a, t[t!-f > >l r'«ac!'<, 11!e»e
«i cn! ~ pr<irrip[ed the [.'ity t i <»itigat« thc cni»i<it! it> th»»h«rt t«rin .ind t<i p!;<» f<ir,r nt irc
pcriit;<[terr[ long-tcriit »<>!<it itin I<i »h<ire «ro»i<in.

1'lie itt<ist pr !n<!uitced»h ireliitc retreat ii,r» [<>uiid I i hc thc !,9 t!-I'<><it Teaclr 'If >111
'rppr'oxrm;it«ly .« ! f'eet s iut!r  it N!<iat �<iuley,'ird t<i . [![f feet »<iulh <>I th<.' » >lit� edr'c <>I
thc 4«uth l.iit,;<rid rt i a» in tltt» re,rch th,rt the»tudy concentrated.

1rr I!re er >»i«nil e crit» <if ! 990 ! 9'Ps, the Nor[!t L<it ! »t al�  if it»;<ceo»» »tarn ays
t<i the beach,;md thc h!uff'ed e retreated t<i withirt H feet of thc wc»t cd c <>I I!re parking
area. At the S«uth Lot, erosion dcstr iyed 5 beach access »[aired ay» front th .' t<ip <il tile
bluff t i the beach, but lef't intact riprap mound» of 700 pound median   eight »trine» at
each  rt'the sites protruding ! t!-20 feet onto the beach. An asphalt pathway along the
hl iff' Icll onto the beach along with a storm drain  :onduit, C..'<incrcte debri» has been
exposed for several hundred feet in t!tis area. Figures 7, 8, and 9 sh<iw the «ppcarancc of
the pr«Iect area in July 1996,
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Rgure 1

 fop! SOuth lirnlt of temporary shore prOteCtran is the riprap rnaund  right edge!.
mvey 1ransect 5C is at leff edge of the photograph.  August 1V96!

goggm! Bluff face about halfway between the two parking tots. Painted
quarrystone near center of picture measures 4x4xb feet,  August 1996!
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ag ~e
 Top! f todod bluff vAth surfeits about to descend the blue slope to the beaCh.
Stakes ln the beach �ght edge of photo! ate at Survey Transect R1,  August 1996!

 Ikrlfeerl! North iirnrt Of tertipatary ShOre prateCtiOn at Sauth  9Oat! LOt tS at bluft tae
at the far < lgVt fenCe past on the bluff'S edge. Survey Trareect p2 is 20 feet left of
the beach stoke  August IPPb!
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F~re 9pop! Looking South from South end of South Lot. The Grecrr Highway is at the
upper left, one! the soutti limit of the temporary sho~e protection is the riprap
mound at the bluff toe  top center!.  August 19961

$8Ottottt! Approximately 180 feet north cf South Lot, looking South South limit of
temporary snore protection is the riprap mound ot the damaged pathway to
the beoch. Cor crete pipe  center! angled into the beach is an abandoned
wastewater pi pe
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n in<ist areas tlie bluff slope has been <iver stecpencd t<i a» angle <if Ptj-,
fr<i»i the t<ic t<i a l - l s f' » Jistance above the t<ic <cher<-' a x ertical cscarpit>ertt extends
a@tither 3-S feet t« tlie bf<iff c"ge-

pre ipitati<in run<if l'a»d foot traAic has caused further er<isi<in, is ith gullies exten2tng
lafldv;ard of tfle typical bluff edge in the area between thc tv< o park.ing i<its. ln March

7, <inc st<irm l iriiie j a gully that er<ided up to appr<i!<i»<ately l i feet fu
bfuft This erosi<inal feature is sh<ie n in l'igure l 0. f!ue to these m<irc recen t «vent», the

<~ l0
41jh III Awlp H I"» lilkl'I 1I'I 1I,I1

hl<tH edge i» n<e, less than l s f'ect f'rom the <vest edge of the  ireat Highway in one place
b«tvveen the tv< <i park»ig i<its.

The imincdiaie <ire,i «f cuncerri requiring> shore protection is thc 600-f<iot reach
bct<vee» the 2 parking i<its, sh<i<vn in Figure 3, <vhcre another eve»t like those in f 994t
1995 c<iuld daniage thc high<~ay and the st<irmwater drain li»c: that p irallel» th» v< estern
edge <if tfle pa< <.'Ilicilt.

'lhe f.ake Merccd 'l'iiiinel, sh<iv<» hel<i~v the highs ay in l.igure 5, is located belov<
thc gl<itlnd<< 'iter table. With l<iss <if the <!verbcaring ttnateri;il, hu<iya»cv force» could lit't
atld O'linage the c<iiicrete pipe unless it << as b illus'ted ivith ivater inside the pipe. Provi ded
Illal tile pipe feio'ilf1<:d i<it»et. further retreat of'the bluff <v<iuld be sfoived or eveE1 halted
iiilce the beach level er<ided hclii'<v the crov<'n, as the pipe <v ould act as a "sh<irc. protection
str»cturc." lt <i<i»f<f bc .i catastropliic ev'e»t ti.ir th» beach t<i l<iw<er far en<iL<gh thai the
pipe i~<iuM be u»dcrcut, I><»~e< er it is not an event otic «<iuld expect based <in ivhat is
k»<ivy» about Ihe area.

Jn the iiear-tcrni, there is a <»ie i» ti<,o chance tltat the hfufT ~'ill retreat iri/imd far
cn<i<igli h> thc >car 'tits. that the st<irirt drain a»d part <if the  ireat I-fighi~ay vvill he
<f iinaged <~ ith<iut sh<irc lir<itection in the area bctivee» th» trav<> parking I<its. the parking
i<its tlieinsclies ufs<i ii<i<d<f he damag~ed or destroyed, but the highivay a»d storrrt drain
<v<iuld be sp.ired i» these areas because they are fl.irther inland.
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Project Guidelines/Agency RequirementsThe need for immediate shore protection in the area between the two parking lots was of
concern to the City, the National Park Servi~e  NPS!, the California Coastal Commission
 CCC!, and the U.S, Army Corps of Engineers  USACE!. All of these agencies were
consulted during initial portions of the study in order to develop appropriate project
guidelines for the design and other agency requirements for implementation of the Anal
solution.

prltnary cottcerns and roies of each agency were:f!te Ct'p � As lead agency for planning and funding the shore protection structure, the
City was very concerned about damage to its infrastructure near the bluff and the adverse
itnpacts loss of the highway or damage to the Lake Merced Transport box would have
on the residents served by these public structures.

Noriortul Park Servi ce  A'PS! - In 1972, the City deeded the beach from the west edge of
the right-of-way of the Great Highway to the NPS for incorporation into the GoMen
Gate National Recreation Area. Because of this, no action could be taken by the City
beyond the western curb of the highway without full consent of the NPS. As such, the
NPS was consulted throughout the design study with regards to their concerns on various
design elements of the measures. As owner of the property on which the structure would
be placed, 1<PS v as interested in minimizing the impact that the structure would have on
the natural appearance and behavior of the seashore. NPS also coordinated with the U.S.
Fish and Wildlife Service regarding biological impacts including issues related to Snowy
Plover nesting habitat north of the site and impacts to swallows that live in the Fort
Funston cliffs.

The California Coasral Commission  CCC! - The CCC participated in the planning process
to help ensure that the project would not affect public access to the beach and that the
least intrusive means were used for erosion control.

C'orps of Engineer»  USACL! - USACE representatives were present at early coordination
meetings, largely to ensure that the City understood their permitting requirements and
timeframes so that the permit process ~ould not become an obstacle to timely construction
of the revetment. However, because the design of the revetment allowed all of the
construction on the surface of the beach to be above Mean High Water, no USACE
permit was required,

There were ample prior studies and recent large shoreline erosion to justify taking action
for slowing or halting the retreat of the shoreline in the interest of preserving costly
infrastructure. Further studies, although adding to the knowledge base, would only
lengthen the time before action could be taken, Thus, the City made the decision to
proceed as quickly as possible with the design of a temporary shore protection structure
to be installed in the summer of 1997 until a permanent solution to the erosion could be
put in place, which would involve a much longer process.Throughout the design process, the City provided the NPS, CCC, and USACE
information and drawings for their review and comments. Additionally, the CaliforniaDepartment of Boating and Waterways provided review and comments on the proposed
shore protection structure.
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l he follow'ing guidelines were developed for tlie design of the shoreline protection
rneasurcs based on the concerns of the above agencies

Emphasis on Alternatives io Quarrystone - Determine if there are alternatives to
quarrystone or riprap revetment structures that would be suitable for the site
exposed quarrystone revetment should not be used unless it is the only feasible
method. NPS considers that quarrystone revetments would pose a safetv hazard io
people walking on the stones and provide habitat for rats that could disturb thc
swallows inhabiting Fort Funston cliffs south of the South Lot.
Tcrnporary Structure - Structure should be temporary and designed with a 5-1 ! year
life, and will be removed or incorporated into the pern>anent solution yet to be adopted
for the site.
Proven Methods - Selected alternative s! should be proven methods used in similar
high wave energy wave environments on open coasts.
Nn Beach Nourishment - Beach nourishment should not be considered as an
alternative. Since the site is an eroding beach, beach nourishment would be a recurring
operation and would require costly maintenance and disruption of the ecology and
public use of the area.
I'reserve Access - Access to and use of the recreational beach in front of the bluffs
should bc preserved to the fullest extent possible
i.imitcd Protectiori - Near-term erosion protection shall be placed only as necessary
ti! protect thc  ireat llighway and buried infrastructure rather than along the entire
1920-foot reach Nf'S considered that some damage to the parkmg lots would be
acceptable.
  onstruction Before Winter 1996/1997 � The design was to be constructable prior
to the 1996/1997 winter storm season,  This was the original goal, but subsequent
delays made it necessary to delay the planned installation until the summer or early
l'all of 19911. !
Streamline Permits - A structure that can be constructed above MHW �.3 feet
MLLW! was pre 'erred in order to reduce perniitting requirements.

Shoreline Protection Design
The design of the shoreline protection was done in two parts:

An initial asscssmcnt was made of areas immediately in need of shoreline protection
based on current �996! site conditions. identification and screening of alternatives was
done to idciitify irieasures that would satisfy the project guidelines, and recommended
alternatives were presented for protection of the areas of concern in the near-term,

immediate shoreline protection design in which a short-term structure for arresting
erosion in ihe most critical areas was designed.

The following presents ihe results of the alternative analysis from the initial assessment,
the design of the temporary toe protection revetment  TTPR! designed for protection of
the shoreline until a permanent seawall couldbe constructed, and the design ofan interim
measure to protect the blu As from further erosion over the 1997/1998 winter storm season.

Alternatives Analysis
iixtensive research into the suitability of alternative methods meeting the guidelines

l22



preserited above showed that there were few alternatives that one would have confidence
ui at the site based on papers in the professional literature and USACE �981, 1984,
1985!. Each poteritial alternative was evaluated using the guideliries above as well as the
followirig criteria:

Availability of design criteria and practices.
Survivability of the structure on an eroding beach in which the structure would be
exposed to higher wave energy as the beach erodes.
Performance of structures at other locations.
Availability of materials to meet the construction schedule,
Ease of construction.
Construction cost.
Maintenance.
Beach "footprint", The smaller, the better,
Aesthetics and beach access.

Table 1 shows the alternatives rejected during the initial screening and the reasons they
were rejected. Six types of structures were considered for further review These alternatives
v erc deemed to meet all or most of the design criteria. These were: �! Longard Tubes,
 .'! l'atented Sand Container Systems, �! Sandbags, �! Quarrystone Revetment, �!
Geotextile Bag Revetment, and �! Perched Beach.

TABLE l. APPROACHES REJECTKD DURING INITIAL EVALUATION
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These are presented and reviewed briefly below. Thc first three involve thc usc of soft or
semi-rigid containers made of'geotcxtile or nylon-type fabrics that are filled with wet
sand. Based on the review the last three methods were considered the most viable means
o f shore protection at Ocean Beach,

Lartgard Tubes, Longard tubes may be 6 feet in diameter and 100 feet long. They are
subject to damage froin vandalism and debris impacts and are prone to shifting. Their
use on an open coast was deemed to be impractical.

Patented Sand Conrairier Svsremr. These are relatively recent inventiims and have been
used from Florida to 'Hew York and have provided protection during hurricane storm
surge events  f3arris 19NN, 1989!. These systems have compartmentalized chambers in
the fabric tubes so that loss of sand from a damaged chamber does not lead to progressive
failure of the whole structure, The tubes are affixed to a geotextile fabric mat that forms
the scour apron. The entire structure is then covered with sand, At the present time,
design criteria are based on experience of the designer and not established practices, but
the science is evolving. Units also require special manufacture and strict monitoring to
ensure they are correctly installed. Because of cost, timely availability, and the fact they
would be placed on an eroding beach and become exposed lo damage or vandalism, they
were not considered a viable solution. Additionally, their performance under frequent
wave attack on an open coastline was a concern.

S<rndhags. Sandbags containing up to 4 cubic yards ot sand have been used for slope
protection on Arctic oil-rig artificial islands  Ciadd, circa 1 989! and in Southern Califorriia
at junta Beach approximately l 8 miles v est of Santa Monica. Performance has been
good, hut Zuma Beach lies in a partially sheltered area east of the Channel islands and in
a region subject to much less frequent wave action. Cover sand must he kept over the
bags to prevent vandalism or other damage. Sandbags were not considered to be a reliable
means of shore protection at Ocean Beach.

grrrrrr vsrone Revermen . This is the hest understood structure, as this method has been
around f' or centuries, and extensive design practices exist, A preliminary analysi s showed
that a median armor stone weight of 4,600 pounds would be needed. As discussed above,
quarrystone revetment designs were discouraged hy %PS because they are felt to present
safety harards and priivide habitat for rodents.

Ger>rerrile Brig,.r, These «rc similar to sandbags except they are constructed ot geotextile
material and are filled with concrete. Because they are concrete filled, they do not have
the san>e potential f' or damage as the sand-filled concepts presented above. Geotextite
bags are filled in-place. and when stacked, are relatively solid. Therefore, they do not
present the saf'ely hazards or pittcntial rodent habitats that werc associated with
quarrystiine. On the other hand, because they create a more solid surface, they do not
have the saine energy absorption characteristics of quarrystone.
f7I er 'herl I/err  A. This design used a buried scour structure of armor stones approximatel
2S f''ect seaward»f the existing bluff toe, with median stone vveights of 3,200 pounds. App

toc rcvetnieiil of ct>ncretc-filled, '.'- cubic yard capacity geotextile bags would line the
tiie of'lh» hluff io an elevation approximately 6 feet above thc winter beach toe elevation.



A wave runup apron of Armorflex concrete mats on a 1V:2.5H prepared slope would
extend from the top of the bags to 3-5 feet belo~ the edge of the bluff. The scour apron
and area between it and the bags would be covered in smooth pebbles and cobbles. The
entire structure would then be covered with a layer of sand that would be eroded away
in one or 2 winter seasons. Wave action on the pebbles and cobbles would provide wave
energy absorption, yet still provide a walkable surface. A narrow strip of usable beach
would still remain when the beach eroded lower in front of the scour apron.

The alternative selected for development was a hybrid revetment that incorporated
geotextile bags along with limited amounts of quarrystone. The design, called the
Temporary Toe Protection Revetment  TTPR!, is described below.

Temporary Toe Protection Revetment Design
The structure that best met the design criteria above was a geotextile bag revetment that
incorporated limited amounts of quarrystone. This design is refered to below as the
Temporary Toe Protection Revettnent or TTPR. This was the structure that all the
organizations adopted as the approach to use, The preliminary versions in CH2M HlLL
 ! 996! were modi fied in response to cost considerations and more refined analyses during
the design process Table 2 lists the design basis for this temporary structure with the
understanding that more stringent criteria would have been used for a permanent structure.

TASLK 2. DESIGN PARAMETERS FOR THE OCEAN BEACH TEMPORARY
TOE PROl ECTiON REVETMENT.
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f h TTPR is shown in Figure l I. The main body of the revetment wotjldA plan view o t e is s own in
ends for transitionbc 570 feet long with an additional 20-foot length of structure at both ends or



to the natural surroundings. A cross section at beach transect R1 is shown in Figure 12
and is typical of the main body of the Tl'PR. The structure would require approximately
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the following material quantities.

Class A-Stones  median wt 2,700 Ib!
Class B-stones  median wt. 270 Ib!
Pebbles and Cobbles
Geotextile Bags  l.l CY capacity!
Concrete for Bags
Geotextile Filter Fabric
Sand Excavation and Backfill

1,070 tons
1,840 tons
1,190 tons

236 bags
930 CV

31,950 SF
4,600 CY

It was anticipated that the beach could erode below the crest of the A-stones in the scour
apron fronting the geotextile bags, with the eroded beach toe lying along the face of the
bottom row of A-stones. At this point, wave action would greatly increase at the structure
as the higher high tides would reach the bottom row of A-stones if the beach erodes far
enough. The TTPR was designed with the assumption that the permanent seawall would
be installed before the beach erodes below the bottom row of A-stones in the scour
apron. Static stability analyses showed that the geotextile bags will remain in place without
any A-stones in the scour apron. However, the dynamic response of the structure would
cause downward shining of the bags when the B-stones began to displace under wave
action. The structure, however, can be reinforced in response to an eroding beach if the
permanent structure is not built in time.

As designed, the estimated construction cost of the TTFR in 1996 dollars was $680
per linear foot of beach width, using a 10% adjustment for general conditions and 20%
for contingency.

Only minimal dewatering effort using pumps to remove excess water from the
excavation was assumed, with no co fferdams or sheet piles being placed. If more extensive
dewatering is required, the cost estimate would be considerably more. It was anticipated
that construction would be "in the wet" to the top layer of B-stone or even the top of the
pebbles and cobbles under the bottom row of geotextile bags, especially at tide elevations
higher than 4. I feet MLLW. The exact location of the groundwater table and its response
to tidal action is not known for the site.

STORM SEASON 1997 TEMPORARY REVETMENT DESIGN
Delays made it apparent that the TTPR could not be constructed until 1998. CH2M
HILL advised the City in July 1997 of the increased risk of erosion in the 1997i1998
winter because of the El Niito event developing along the eastern Pacific, as well as the
increase in the number of higher high tides starting in 1998 through 2013 compared to a
nadir in 1997.

ln I 983, another major El Niiio event comparable to the ongoing one was associated
with the highest water levels ever measured in the San Francisco region  8.7 feet MLLE
at the Presidio on January 27, I983!, which was 2 feet above the predicted high tide
elevation, Major shore erosion occurred along certain reaches of Ocean Beach, particularly
off Taraval S treet  the extent of erosion south of Sloat Boulevard was not documented!.
lf this storm surge had coincided with a predicted tide of 7 feet or more, the resulting
erosion at Ocean Beach would likely have been much worse.

Tlie City and the NPS recognized that a higher than normal risk of substantial
erosion was possible in the 1997/1998 storm season. A low cost, easy-to-install design
was prepared for a one-vear shore protection structure that would be removed in the



summer of 1998 when the Tl'PR would be constructed, The only viable, low cost s~ tu
that could be installed before the onset of the winter stortns was a quarrystone revetent

Placed along the toe of the bluff. This was called the "Storm Season 1997 Tem~~
Revetment" and consisted of a 4-5 stone cross section of armor stone  median we;@<
2,700 Pounds! Placed directly on Mirafi 11205 non-woven geotextile cloth A one fo
deep trench was dug along the toe, and the filter cloth was placed from an elevation of
approximately 4 feet above the toe to along the bottom of the trench, with the ~or
stones placed directly on the fabric. The stones will be reused in the TTPR wh n it,-s
constructed in 1998.

Construction of the revetment was completed in October 1997
The structure was designed using relaxed design standards as the structure is only inte�~
to prevent catastrophic bluff slope erosion from wave undercutting for the 1 y�/1998
stortn season. It is anticipated that some of the stones could shiA in response to the
general lowering of the beach profile during the winter. Without this minimal structure
the survivability of the remaining bluff between the Great Highway and the beach was
doubtful,

Monitoring and Emergency Response
Once the TTPR is in place and until the permanent shore protection solution is installed,
cooperative managcinent of the beach will be required between the City, NPS, and the
CCC. The City is the principle organization responsible for taking action, and it is
responsible for all costs incurred, Continued beach erosion in the unprotected areas north
and south of the TTPR and maintenance in response to changes in the beach and TTPR
itself, will require action by the City to maintain an effective erosion protection structure
for the area between the two parking lots. Erosion will eventually damage or destroy the
parking lots, but as mentioned earlier, would have to be catastrophic tn extend to the
Great Highway. The management of the beach south of Sloat Boulevard, therefore, has
two primary objectives:  I! to monitor the 1920-foot reach and designate criteria for
takirtg action to prevent undue damage to the parking lots or make the decision to let the
parking lots go, and �! monitor the TTPR and immediate areas for changes and take
action ha~ed on those changes to preserve the shore protection's integrity.

At the time of this paper, a draft of Emergency Plan for Ocean Beach South of Sloat
Boulevard has been under review by the City and eventually by the other concerned
organizations lmpleinentation of the plan likely will not take place until affer the TTPR
is constructed.

This plan addresses responses by the City in coordination with other agencies for:1. Preventing catastrophic erosion in the critical area between the two parking lots and
for making repairs to the TTPK, including the installation of additional shore
protection abutting the north and south ends of the TTPR.

2. Monitoring erosion in the reach south of Sloat Boulevard.3. Installing temporary shore protection in areas outside the immediate area of concern
for the TTPR until a permanent shoreline maintenance solution is impiemented-

The emergency plan consists of the following sections:
Section 1,0 Introduction discusses the need for the plan and its objectives.Section 2.0 Organizations and Responsibilities lists the organizations that will be
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responsible for monitoring and inaintaining the temporary revetment and
f' or participating in decisions on responses to further changes to the
shoreline in the area of the revetment,
Existing Beach Processes and Design I.imitations summarizes the present
conditions of the beach and the limitations of the temporary revetment
design.
Monitoring Inspections and Surveys describes the monitoring
requirements including types of inspections and surveys, schedule and
frequency of monitoring, and documentation requirements.
Evaluating and Responding to Changed Conditions describes procedures
for evaluating damage, presents potential damage scenarios that require
action by the City, and defines procedures for responding to additiona1
erosion of the bluffs.
Recommendations for Sources of Material and Stockpiling presents
potential sources for obtaining materials needed to repair or maintain the
revetment and makes recommendations for stockp i ling materials required
for emergency repairs,

Section 3.0

Section 4.0

Section 5.0

Section 6.0

When the plan is finalized, probably in late 1998, it will form a basis for responding to
changes along the beach and should expedite the decision making process when action
must be taken. The plan will help ensure that CCSF can maintain the integrity of the
TTPR in a timely manner, which will reduce greatly the cost of maintenance.
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SUMMARY AND CONCLUSIONS
A temporary revetment was designed that would provide protection for City infrastructure
that is threatened by localized erosion. Because of the potential impacts of f4rther erosion,
it was important for the City to get a revetment designed and constructed without undue
delays.

All interested agencies were invited to participate from the start of the project to
make sure that they understood the issues  including the risks of not bui lding a revetment!,
to receive their comments and concerns early in the process, and to ensure the City
would meet all agency requirements.

A permit was received from NPS for construction of the revetment. Permits from
USACE and CCC were not required because the revetment is to be constructed outside
of their jurisdictions.

The revetment is an interim measure that is intended to provide protection to limited
areas of the shoreline that were considered to be at greatest risk until a more permanent
solution can be implemented. Relaxed design criteria were used to allow the revetment
to be constructed with the funds that the City had available.

Continued erosion is expected in the areas adjacent to the revetment that were not
protected. Also, because of the relaxed design cri teria, there is a higher risk of damage tothe structure, especially if the beach in front of the revetment recedes at a greater rate
than projected.

Because of the risks of continued erosion in the area, an important part of the projectwas the development of a monitoring and emergency response plan that will provide
guidelines to  he C ity for identifying and responding to further erosion in the area. The



plan, which is currently being completed, will establish rnortitoring procedures, defirte
dttsnage or erosion levels that will warrant response by the City, and define procedures
for response that have been agreed to by the City and NPS.
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