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Sinkholes — Sudden Subsidence (Topic | 1)

sinkhole in Winter Park, FL; 5/10/81 %35 X

> collapse in karsi (Iimesiene) regiens
> canoonaie disselVes in Waier:

- Underground Caves

- SINKHOLES

NATURAL CAUSES:
subsurface wWeatnering
drought

“in 2015, USGS eslimaied damage
rrom nafural’sinkAGIES 16 e Al
$300+M/year™ (Wikipedia) Source: Abbott “Natural Disasters”

ke i et
Source: Wikimedia
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Anthropogenic Subsidence and' Sinkholes (1171

SlowW! SUSIGEREE

EXCESS grounawarerwitharawal
oll withdrawal

sUddensinkNGIES

EXCESS IMgation

failing pPIPES

leaking pools

-> subsurface wearnerng
-> collapse

SIO15 2025: Topic 12 - Mass Movements in Southern California Source: Wikipedia




Anthropogenic Subsidence (Topic 117 = Slow:

San Joaguin Valley: (ini@eniralValley)
»>drop oft grounadwarer y: 11970: 120/
»>subsidence of ground: 8.5.m

adeass Wiinlelreivell for
ielfanliple)

| »City

Pacific
Ocean

RO ECOVEIVA
1 dguiter collapseS

About 350 miles (560 km) across

ey Las Vegas
Source: USGS/Wikipedia since 1935, subsidence
by several m
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Anthropogenic Sinkholes - Mining

Fig. 34. Aerial view of
subsidence pits above an
abandoned underground
coal mine in the Powdel
River Basin of Colorado?
Collapse is occurring
obove “rooms” in the
mine where coal was
removed. Areas that have :t & -
not collopsed are above .;3--“”
the pillars of coal the N
miners left to provide

support. Note the dirt :

road for scale.

Be
source: Holzer “Living with Unstable Ground”



Sinkholes — Bomgkok 2025

Y2272
/14 am: local SOmI AEroSS, IheEn Grew.
* neara hospital & police
station
« closed indefinitely.

C@AUSES

* “undetermined”

* consfruction ofi Underground
subway. funnelland: station
undenway.

* area known for: soft soll
and subject to subsidence

* oNngoing heavy Monseon rain

* “leaky water main may: have
contributed”

BTW — unrelated but just in: a0 ) _
drill for second Gotthard furme CH got sfuck source: wikipedia
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Sinkholes — San Diego

Point Loma, San Diego; 19 Oct 2005 Genessee Ave near UCSD B 2023: Gilman Dr
- ‘ ‘ A 06 Oct 2011 massive repair
~ ‘ - residents relocation

o ~Tailing Undergrovnd Walernirasiruciune
| >U.S.: 10-807 Walerunaccounied for

(With 307 In cities)
> WO PAYS o repairse




Southern California and TecionIcs

Longterm Locker Transient Slip rel. Movement of

active plate boundany:for > 50 MioVrs e € &
Weiell<stesirelie (eleersiianielry orisl) “k il E
>compression across SAF and uplift e

>Taulling during past 15 Mioyrs

»>7Z0Nnes of weakness, steep cliffs

Prism

Cascade
{ Trench

= Triple
Yol > eliSi/ieslelefielen)y ?:\ i

San . ndreas Fault

SHAUlinG=>WeGkenEdichusi Hontecing Socdl
S-ANCIENT VEICARISIIE> We GKI@VETrS 370 fieben f;g(i/\yrs ago
S-weathering), eresion N

Yarific Dlate 3 -
["acific Plate | os Soa -

-earfhguakes =>landslides Angeles

~400 km

-250 mi Frinl
riple
Ridge 2 junction

seginent (".'.“ ”'.
% California—
Transtorm

\ Trench
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Coastal Southern California and Wearhenng

- chemical and physicallwearhenng
- fides, wave aftack -> Undercuis

wearthered sandstone -> clay; reduces iriction in glide horizon
weatherng can also happen farinland!l’-> |larger area invoelved

/ Gap, wedging open

Rock fall

source: Marshak “Earth, Portrait of a Planet”
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Palos Verdes Peninsula

h o Y 71 ey g

Pl T
1 [__Map__J{_Satelite ]| Hybrid |"
Y A b v
e

B

0 s -
Palos Verdes, SoCal a8 T
. G J

g - developen’r o)p) Upisielelle ejfailp)el

I Ve : ~,"' | 7Y - planting of non-native vegeétation

S N - irigation on unstable cliffs

9 - ignorance/disregard of iImminent rsks
&L

http://maps.google.com

RIGNESI coEsIdINEEe@iiNISeEE!

SIO15 2025: Topic 12 - Mass Movements in Southern California




Palos Verdes Peninsula - Poriuguese Bena

©®2005 Google - Map data ©2005 NAVTEQ™ - Terms of Use
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Poriuguese Bend, Paloes VErades

permeable 1) setting sicige geology:
- dncient eartnilow.
- Seaward dipping Velcanic Uil
- Sitting on shale/volcanic ash

impermeable

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Former houses
a5

ﬁ(}, Former houses
£ L = Sea cliff

Sea level

Source: Abbott “Natural Disasters”

ok, as long as groundwater
below glide horizon and no other
water trickles from surface
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Poriuguese Bend, Paloes VErades

permeable 1) setting sicige geology:
- dnclent eartnilow:
- Seaward dipping Velcanic Uil

- Sitting on shale/volcanic ash
2) action:

water ->
Copyright © The McGraw-Hill Companies, Inc. Permission required for rep i displ WeOThering TO
bentonite clay

impermeable

ﬁ(}, Former houses
£ L = Sea cliff

Sea level

3) conseguence:
sliding mass

Source: Abbott “Natural Disasters”

water getting info glide horizon
lowers friction/resistance force
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Porfuguese bend, Palos Verdes, 1950s

Copyright © The McGraw-Hill Companies, inc. Permission required for reproduction or display.

1956-19885:

- moved down 200'm
- 0.3-2.5 cm/day.

- destroyed 150 heomes

RUMAN AcCHViTy:

-1950s county deposited 23m or il aithead

- development with N@'sewer system
sepfic fanks instead

- water got Infe glide hoernzen

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

- Former houses

Former houses

500 feet

Source: Abbott “Natural Disasters”
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Palos Verdes Peninsula - Por’ruguese Bend

-m_ Hybm

Wayfarers Chapel
popular wedding place
2023: historic landmark
2024: closed - shifting soil

Wayfarers Chapel, designed by Lioyd Wright, will join the Eames House, Hollyhock House, designed by Wright's famed father, Frank Lioyd Wright, and Watts Towers, among others, as
a National Historic Landmark in Los Angeles. (Genaro Molina / Los Angeles Times)

Source: LA Times

€ ,2005 Google Map dala € I20“5 NAVTEO ™ Terms of Us
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LOSSAN San Clemen’re Sec’rlon

’rrdin ’rrdck fle]al]
on PeAEn

San Diege—

San [Luis ©RIspe

*  ONE Ol NAIGNAS PUSIES]
San-LA 8M peopIE/VI
$1B in goods/yr
$12M repairs

lat 33.4036092 lon-117.6053972

elev 21 ft

eye'alt. 420 ft



LOSSAN — San Clemente 2023

After landslide, an Orange County beach town finds itself between
a bluff and a hard place

felll elesi)gs!

SUBSCRIBERS ARE READING >

CALIFORNIA
FOR SUBSCRIBERS

Dov Charney, Milo Yiannopoulos, Kanye West
and the battle over a Silver Lake compound

TRAVEL & EXPERIENCES
FOR SUBSCRIBERS

‘I've never seen anything like this": Death Valley
gleams with water, wildflowers and color

WORLD & NATION

‘The left has really let us down.” Why many
American Jews feel abandoned

SCIENCE & MEDICINE

Stanford scientist, after decades of study,
concludes: We don't have free will

CLIMATE & ENVIRONMENT

Officials urge California residents to brace for
flooding as El Nifio looms

A Spanish-style white building with red tile roof sits at the edge of a crumbling bluff. (A landslide in April 2023 damaged the historic Casa
Romantica Cultural Center and Gardens in San Clemente. )
ADVERTISEMENT
BY GABRIEL SAN ROMAN | STAFF WRITER
MAY 16, 2023 5 AM PT

Source: L.A. Times
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... ongoing clififcollapse
gefting ever Cleserio

frain frack
repeat $NM repairs

% 1985

Data S10, NOAA, U.S: Navy, NGA, GEBCO

w2
32.955996° lon -117.2673672 elev. 42ift
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San Diego Cliffs

nNOT exacily like Permuguese Bena e ST
BUT

- active EQ faults in S.B. county.

- sediments all the Way 1o
lierrasanta/I=135!

- unstable cliffs (shale lbeneaih INTERNAL FAULTS
sandstone)

- Mt. Soledad

SCRIPPS SANDSTONE

ARDATH SHALE

N,
>
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Torrey PInes Slide 11949
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> ancient Aver fill'+ uplifi=> intemal faulis
> sparse vegetation (Torrey: PInes only: deep-rooting native)
> constant cliff erosion from albove and Pelow.
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MT. Soledaad slump, 3 Oct 2007, a.m.

psgifofdolaclad M. Rocd S esidenis baitied withicity
abour cracks sinee July.

2 home desiroyed
+ > 7/ uninhabitable

LAND SLIPPING ALONG SOLEDAD MOUNTAIN ROAD

Geologists say the hillside is succumbing to gravity because of a

combination of factors, including soil composition, possible effects
CCI uses: of a nearby fault and surface impacts of development.

- July earthquake clustere e o 0]
- vibrations from traffic?e

Slide plane

- breaking water main?
- Irigation?

SOURCE: San Diego Department of Engineering and Capital Projects UNION-TRIBUNE
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M1. Soledad: Recurring Slides

“we mapped a small, uncharted fault 37 ft San Diego City H
below the surface. The slides appears to have paciic = Road closed

Ocean Local access

broken along the same track as the fault” L = Preferved detour

LAJOLLA
SAN ! L Detail area

. DEGO ~ Nautilus St. 3

ejflsielsr & Siefpliilcielnir slielss 1%1—1994 N E—:;;:,;g;:'gge;:
> 1961 7 homes desireyed

repaired by residents.

seven homes under
construction
Yesterday:
Approximate Newhome CONSTrUCTion

area of landslide starud a landshde.

lm ) -

3
', M : '

Two homes were destroyed ‘\ 2 1990 ;

(x), 15 were declared R0

uninhabitable and 94 others

also were affected Area to return once Qasic

home values are estimated services are reored

at about $1 million. ———— i} Previous lands|Nes
UNICN TRISU

»>NhomeowWNET POoIlICY, dOES NoT cover landslides
»state law: 1998: seller o inform aboul: CURRENT

potential hazard; does not have 1o disclose previous landslides
»>Buyer: check city hazard map!
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Housing — San Diego Vs luena

South Par Tjuana

> build on Mesas > PUIld EVERWRETE

»hands off canyons
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Housmg San Diego Style

e, __L\"_'a’ G TR L S

e

> 100 Many: CANyoGNSse
»>ring in the BIg
machines!
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lijuana Mass Movemenis

- 1920: landslide closed tunnel in Carrizo Gorge

-1949: Torrey Pines slump (1 miles long)

- 1993: flooding in Tijuana triggers international disaster relief

-1997:. remnants of Hurricane Pauline triggers landslide in
Tierra Blanca, burying school with 10 children

- Aug 07, 02: Houses of Cerro Maravilla bulldozed by city
“unsafe due to landslide threat” (controversial)

- Jan 02, 03: Evacuation of Cumbres del Rubi (23 houses)
“overbuilt hillside could collapse after heavy rain”

- Feb 22, 03: small landslide due to inadequate drainage

-Since October 03: mudslides in county after fire

- winter season 04/05: numerous slides and sinkholes

—bé/OQ/] 8: mqjor slide destroyed 70 homes — Lomas del Rubi
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lMuana: 2/2 2018 Lomas Del Ruio]

Source: SD Union Tribune, GeoEngineer 70 homes

first signs 1/19/18
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Tuuc]no 2/2 2018 Lomas Del Ruio]

Source: SD Union Tribune, GeoEngineer 70 hOmeS

first signs 1/19/18
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lMuana: 2/2 2018 Lomas Del Ruio]

/

Source: SD Union Tribune, GeoEngineer 70 homes

first signs 1/19/18
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Tjuana: 2/2 2018 Lomas Del Ruio]

Source: SD Union Tribune, GeoEngineer 70 homes

first signs 1/19/18
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Source: SD Union Tribune, GeoEngineer FESESES : = et TR

S

ljuana: 2/2 DellRuU]

NEEA:
»>GEeologisis/gEB-ENGINEETS
»>developers wWho listen
»Government fhat cares

development at Valle del Pedregal
destabilized hillside?
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Whaiican we doe —
Hazard Assessment and Prevention:

Assessment Prevention

- slope steepness

- strength of substrate

- degree of water saturation .

- dip of bedding, joints, | - re-vegetation

foliation relative to slope | -re-grading
- vegetation cover - reducing subsurface water

_ climate (drainage, irrigation, leaky pools)
- undercutting - preventing undercutting
- seismicity (off-shore breakwater or pile of riprap)
' - constructing safety structures
(stabilize slope; retaining walls;
spray roadcuts with shotcrete;
protect highways with avalanches)
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