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Summary:

In September 2010, Christchurch, New Zealand whgstto aM, 7.1 earthquake. Following a
further ~5,000 aftershocks it was hit by anotlky 6.2 earthquake in February 2011. As part of the
Civil Defence response team, Christchurch City @iduequired unstable boulders in the Port Hills

to be identified and secured before further trensordd dislodge them. This paper describes the

process of applied GIS to capture locations of fia@tkazards, collate appropriate levels of spatial
data, map the hazardous locations for rapid digioh to field teams and identify at risk areas for
prioritised stabilisation.
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1. Introduction

Following the 10 Km deepdyw 7.1 earthquake on a previously unknown fault iimeSeptember
2010, Christchurch was thrown into turmoil with tiai response teams deploying practiced
procedures to rescue people trapped in buildingst@amestore critical services. With limited access
to infrastructure information that was also trappecdcouncil offices, maintenance teams restored
what was understood as critical access ways angbipgnstations for potable water and wastewater.
These services, although being restored, were femnelquire a more strategic approach to restoring
single catchments at a time to ensure connectfitetworks.

The aftershock oMy 6.2 struck six months later in February 2011. disveentered at only 5 Km
deep, much closer to the city and was during they lmidday lunch hour. Beyond the death toll, the
aftermath had, again, left many without serviced lmdowners unsure if their sites could ever be
built on again. This was then followed by a thieldstating aftershock &flyy 6.0 in June 2011. The
figure below supplied by GNS Science (2011) illasds the ongoing tremors that had to be endured
whilst response teams carried out their work.
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Figure 1. lllustration of Initial Earthquake and Major Afs#rocks

Although these aftershocks were expected, theitotand severity was not. Having recently dealt
with similar procedures, response teams employedesgfic techniques to restore essential services.
This included checking residential properties tesuga their stability inside and security from
surrounding hazards.

2 Hazard I dentification Process with supporting Maps

The remedial work described in this paper takeseplaetween the February 2011 and June 2011
aftershocks.

2.1 Rockfall Hazard | dentification

The first major aftershock had sent dislodged bensldolling down cliff faces and through houses.
Building inspectors were sent to review the saferidshouses and capture locations of properties at
risk. This did not include the potential for thentauing aftershocks causing further damage.
Therefore as an immediate requirement, geotechsteare sent to survey the surrounding hillsides
and capture the GPS locations of potential hazards.

2.2 Equipment Utilised

Geotech teams were under tight timeframes to iffehtizard locations as it was unknown when

another significant aftershock may occur. The teagsesl Garmin GPS units and a TG-810 Olympus
Digital Camera with built-in GPS chip to provide ypmints as GPX files and geotagged

Exchangeable image file format (EXIF) photos. Aga®ss was quickly established to convert these
formats into useable geodatabases and shapefilesaftping in ESRI ArcGIS.

2.3 Initial Base Maps

Using a mixture of historic and newly provided datee author delivered base maps, off-site from
over 1,000 Km away, of the catchment scope to deoain overview for further prioritisation as seen



below.
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Figure 2. Sector 7 Rockflls and Landslide Hzard ase dMaipe Port Hills

Zones and areas within zones were identified tp pebritise work. Potential rockfall hazards were
identified for stabilisation or to be blasted imttanageable pieces. With this information, easily
transportable maps were generated in Google Eadfdalivered through Google Maps to teams at
different locations. These provided field teamshwiications of site works including blast sites, as
shown below.
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Figure 3. Google Maps showing areas

within zones and pasbibkt sites



2.4 The Need to be On-Site

As further maps were required in quick succesgtomauthor travelled to Christchurch to assist with
forming a procedure to collate hazard areas arideslehaps for use in the field and for presentation
to Civil Defence to ensure consistency with otlesponse teams.

The temporary Civil Defence headquarters had setenpers for GIS data with a dedicated team of
GIS Analysts and database administrators produniags on demand as seen in the following
photos.

Figure 4. Civil Defence Temporary Headquarters GIS Team

With access to relevant spatial data, appropriedtufe-sets were utilised to further enhance dpatia
analysis to support the teamigh resolution Digital Elevation Models (DEMs) hladen captured to
show the differences in ground elevations betwaBPAR taken after the September 2010 earthquake
and after the February 2011 earthquake. These alsoeused to create contours for tin models to
show the severity of the Port Hills area. Furtleatdire-sets were also captured of rockfall location
landslides, pipe infrastructure, road infrastrueturvers, tracks, pylons. Residential houses were
being allocated with a green / yellow / red stickeindicate the level of existing damage. Thesewe
being continuously updated and provided an indicadif the worst liguefaction affected areas.

2.5 Improving the Hazar d Captur e Process

While on-site the author had the chance to stremmilie process of converting field captured notes,
waypoints and photos into useable maps. A formalss provided by the council to assist capturing
all relevant information and ensure a consistem¢llef detail between teams, as seen below. This
also assisted in standardising the informationfandat of field data.



Crrisicharch Fort Hills Rockfall Hizard Asesment

heckist Tor Detsie Fise Inspedions It Fage__ ot
Dotz /ol
- i | Cenrocimoer 22 |_=aw Gtrucrures =] Femasiation = Frotogracre.
¥ PA — M2 =1 s
5 & & B 0 " H £ 3 ] i § el s
5 = ,5.% wrar Size Dmpcr = &l § tg {3 - i : ulk)s i commanz
] g 1§ mElrd| s - il § z e| £ § e =
Ere (213 <|E 2 ¢ e gL £H8) 5 i = ¥

- i IS I HER L ¥ Lleo| ik ’qu T |Eli|d e

i " Bi| zdREiEG|R* EE A AN AT R Sk Y] 1125)8 pore i
DEOAAML NEE R -3 feri o2 ' X 1 X 1 ! L 241, 353 $0% 344 T30, 223 @l on the same 168
DEMOA/IDIL NI ST F-2) s [2m aw aw L x [ ] 1 [ 2 |winch peck orta siooe 2ndtip pechwerss 165
semean uesm nr | e wsmme imizmam N ' s . x 1
sefanil NeaR 23 | saes) wssese li2e s au X ¥ x i ¥ |38 g s 3 i s
DL Ne s 2 | smes) e litmcnsms 2 x x x x 3 |20 ng. 2m g & bowimerto e 227z 17
semean uesm o
DEOAAML NCE R -3 Eveg
DL Ne s ar | s
senan wam s | sl o
DEOAAML NCE R 235 72 EN] Az dcaE|Ei p:

Fi'gure 5.‘ Hazérd Capturé Form

To improve the quality of map outputs, mapbook gct§ were created so that teams could print each

area in detail with updated spatial data in a ctest extent, as seen below.
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Figure 6. Mapbook Extract Illustr
2.6 Cones of Risk

As more hazard areas were identified, the needdengtand the highest risk areas was required. A
micro study was requested for sites close to ulestadulders that would indicate the potential paths
it could travel. It was considered that there wdadda margin of error in the resting point dueh® t
irregular shape of the boulder, therefore the ranendation for the Cone of Risk was to use a 60°
angle from the boulders starting point. The outpas requested as seen below supplied by the
Christchurch City Council (2011).
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Figure 6. Cones of Risk Example Output
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With data supplied that provided a hillside contativas possible to use the Create Steepest Path
tool in ArcScene to find the likely path a bouldeould take if it rolled down the Port Hills. The
features were draped over a tin created usingahtur data. The output produced below was able to
be run for all scenarios of identified rockfall bads.
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Figure 7. 3D Model of Port Hills with Steepest Path of e&dulder

With an indicative resting point identified, the®80one of Risk could be placed in the middle of the
resting point. This enabled the use of the Inte¢isedool to identify all address parcels that the
Cones of Risk breached. These addresses weredgperted as higher risk areas.



3. Summary

As with all emergency response situations, the bedtmost appropriate data and resources is not
always available at ground zero. Through the useeaofote resources, available equipment and
dedicated response teams, the GIS analysts wezdaproduce useable outputs to keep emergency
teams mobile and on-task. Each emergency situatisndifferent lead times and requirements that
change with time as the risk subsides.

Further potential improvements in field capturehtdques were identified through the use of
Microdot technology where field teams, that do pafer to use to tablets and PDAs, can use hard
copy forms to capture field information and sengitdied electronic data back to base via a mobile
phone connection. Another improvement identifiegisvthe requirement to have multiple off-site
backups of information to reduce the risk of lirditeccess to vital and timely data.

The use of GIS to support emergency response ffo€hristchurch has been recognised as a vital
tool in ensuring accurate and real time spatiab daduld be turned around and delivered to

emergency services to assist and improve critieaisibon making. It is believed that the remedial

work to secure boulders between the February 20l June 2011 aftershocks was critical in

avoiding further damage to properties and theiupaats.
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