PRELIMINARY RELATIVE EARTHQUARE HAZARD MAP OF THE CHILLIWACK AREA
SHCWING AREAS OF RELATIVE POTENTIAL FOR LIQUEFACTION
AND/OR AMPLIFICATICH OF GROUMD MOTION

vighor K. Le¥san, Patriek A, Bomghon, Danlal €. sldrom, Paul ¥, Metyesek, Britdash
Colminia Gaological Survey
Alax Sy, Bzyta I, Patia, LL Tee, Klobhn-Crippan Conaunltants Lid,
Robart F. Gazath, Thuchear Enginsering Ltd. (presembly with ADICSC)

!_ e 9 e ﬁ d ~ Sharp contaol

~ " fpproximote contact

_ — / § " Infercrsd contoct

D¥IrCDRCTICY

Farthquake hazard maps identify the relative potential for ground disturbance during an earthquake due to local geologic conditions, This
map (MAF 1) shows areas where the presence of soft or liquafiable a0ils may result in an ilncreased hazard, compared to other areas with
firm or nenliquefiable soils. Although the source and magnitude of earthquakes are difficult to predict, variations in soil behavior and
potential surface damage are largely controlled by mappable geologic and geotechnical conditions. Earthquake hazard maps, therefore can
be used for mitigative planning in seismically active regions. This map results from a geological and gectechnlcal stedy of the
€rilliwack region. The map is intended for regional purposes only, such as landuse and emergency planning and not for site specific
hazard evaluations. Although this map can be used with other criteria to help planners select potential areas for development, awvoid
geologically vulnerable areas and prioritize seismic upgrading programs, the map in no way replaces the need for site-specific
gootechnical studies pricr te new construction or upgrading of bulldings and other facilitles such as bridges. The map highlights the
need for these studies, especially in areas of high hazard. Although one or more hazards may be included in an earthquake hazard map,
only liquefaction aad amplification of ground molion hazards are evaluated here, Other hazards, such as earthquake-triggered landslides,
are not included on this map. In addition, the map shows where Ilgquefaction or amplification hazards are expected to be relatively leow or
high, but ne area on the map is entirely free from earthquake-induced ground shaking. Earthqguake hazards can be mapped at different
levels of certainty, with the amount, quality and cost of information required, generally increasing with each mapping level
(Klohn-Crippen, 19%4). For example, ligquefaction hazard maps can be grouped iInto liquefaction susceptibility f{level 1), liquefaction
potential {level 2) and liquefaction-induced ground displacement (level 3} maps. This map combinea level 1 and level 2 procedures and
could be augmented {at greater cost and effort) by level 3 hazard assessmenta,

Hazard

BEFTHITICHS

Tiguafaction refers to the tranaformation that cccurs when earthquake shaking {or other disturbancea) cause a soil to lose its strength
and behave like a liquid. The susceptibkility of a soil to ligquefaction 1s dependeat on factors such as grain size, density, deposit age
and water table depth. Recently deposited, loosely packed, wet granular soils (such as sanda} tend to be mast susceptibls to
liguefaction. When a soil liquefies, the amount of surface disturbance depends on the depth and thickness of the liquefiable layez{s),
the ground slope and the distance of the site from a free-face such as river bank, toward which the soil may move,
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Liquefaction susceptibllity is dependent on the phyaical characteristics of the soll and does not account for varlations in regional
selsmicity. However, liguefactlan poteatial includes an assessment of the prohbability of ligquefaction actvally cccurring by accounting
for the expected intenaity of seismlc shaking (based on past records of earthquakesa} as well as soil conditicns.

2xplificaticon of ground motion refers to an Increase in the intenaity of ground shaking at a site due to the soil conditiona. For
example, thick, soft soil depesits often amplify ground motions over and above the seismic motions on firm ground, The effects of
rescnance, which can increase the intensity of shaking in buildings of different heights, are not considered in this evaluation.
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The methodolegy used included: 1) collection of mainly existing geotechnical test hole and water well data (> 2400 logs from 390 sites,
shown on MAP 1 as dots); 2) 1:20,000-scale surficial geology mapping (Levson et al., 1996b); 3} integration of data in a Geographic
Information System {Meldrum et al., in press); 4) subsurface geological modeling; 5} production of a QOuatermary geclogy map {reflecting
the vpper 20 m; Monahan and Levson, in press); 6) assessment of ligquefaction susceptibility and liquefaction potentlal (INSET MAP 2) and
ground motien amplification hazards (INSET MAP 3); and 7) development of a combined liquefaction and amplification hazard map. The
methods used generally feollow those recommended by the Seismic Microzonation Task Group [(Klohn-Crippen, 1994}. Summaries of the program
have been provided by Levson et al. (1995, 1996a). The details of the methodologies and references for liquefaction and amplification
hazard mapping in the reglon are provided by Levacn et al. (in press) and Monahan et al. (in press), respectively. These methodologies
are only summarized briefly here. Reference ghould be made to these publications for a complete understanding of the pracedures vsed.
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LIQUEFACTION HAZARD MAPPING (INSET MAP 2)

® : Liquefaction susceptibility of each unit on the Quaterrary geclogy map was estimated based on established correlations bekween smoil types

’ R and liquefaction. Liquefaction potential was then quantitatively assessed using a method that accounts for the depth, thickness and
density of liguefiable layers and the seismic hazard, based on the National Building Code of Canada (NBCC) sgeismic model. The results
wvere expressed as a Liquefaction Hazard Index (LHI) and were determined for 59 test holes at 27 different sites. A range of LHI values
was assigned to each map unit. For more details see Levson et al. (in press). LHI does not account for lateral ground displacement on
slopes and towards free-faces such as a river banks. However, lateral movements are gualitatively considered in this evaluation as areas
near the banks of active and semi-active channels, are given a relatively high hazard rating,

GROUND MOTION AMPLIFICATION HAZARD MAPPING (INSET MAP 3)

Potential ground motion amplification has been estimated by comparison of the characteristics of each unit on the (Juaternary geology map
with soil classes adopted by the U.S. National Earthquake Hazards Reduction Program (Finn, 1996). The hazard for each map unit is
expressed as & range to reflect gecological varlation. For more details gee Monakan et al., (in press}. The magnitude of ground motion
> amplification varies with the intepsity of firm ground acceleration. For example, in the 1589 Loma Prieta earthquake, firm ground
daccelerations in the San Francisco Bay area were leas than 0.1 g, but at nearby sites on soft soils these accelerations were amplified to
more than 0.25 g (Clough et al., 1994). Consequently, the greatest damage occurred in areas underlain by soft scils. However, it has
‘ : been observed that at very high accelerations (such as 0.5 g) on firm ground, amplification at soft soil sites is negligible. In the
g ‘ Chilliwack region, the peak horizontal, firm~ground acceleration used for design, as required by the NBCC, is approximately 0.2 g. This
L & ; i acceleration has a 10% chance of exceedance 1In 50 years, or a 475 year return period. The amplification map 13 based on solls data from
i : , : the upper 30 metres. The effects of deeper soils that are present in the area but are poorly understood, and the effects of topography on
amplification, have not been considered. As noted above, the effects of resomance, which can preatly Ingease the Intensity of shaking for buildings of different heights have not been
considered. However, i general, Intensified shaking for low buildings could be anticipated where the depth o bedrock is relatively shallow, such as very close to the mountain front, Similarty, irtensifled shaking
for tall bufkiings could oocur where depth to bedrock s deeper.
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COMBINING LIQUEFACTION AND GROUND MOTICON AMPLIFICATION HAZARDS

3 TH@]& mm Eﬁmz ' Dl m@ @ E THE ! ' HI E ﬂiLj I ﬁ FAGK AREA A zimple, objective approach iz wsed here to combilne earthquake-induced ligquefaction and ground-motion amplification hazards into one pap usable
= i et . : i = by planners. The appreach iz conservative in that it reflects the highest rating from either of the two types of hazards. For map wnits with

: . liquefaction and amplification hazard ratings that span different ranges, the higher ends of the ranges are selected. For example, a map unit
) o SHOWING AREAS OE RELAT I’VE POTENTIM FOR LIQUEFACTIQN with a low tc high liguefaction hazard rating and a moderate amplification rating would be presented on this map as a2 moderate to high hazard
L Y ko oY . : | ; . ; : {i.e. the composite rating reflects the highest bounding wvalues, in this case the moderate amplification hazard at the bottom end and the high

Ag Rt Iiquefaction hazard at the top end). No attempt 1s made to add and/or average the two bazards to develop a combined relative hazard rating

) : ¥ | (}LSF )‘:{/\ MfQR MLIFI@T ION OF GR@UM MOT ION because the two types of hazards are distinct and are not simply additive, The basi¢ premise behind the map is that a high rating in either tyf;
Q

of hazard will result in an overall high earthquake hazard even though the rating ip the other type of hazard may be lower. Therafore,
0@3 significant damage way result from one type of hazard, such ax high amplification of ground motion, thiz will not be minimized by the possibility

o ‘ & % that minor liguefaction will occur in the area. Although ground motion amplification may increase the liguefaction hazard, this has been
7y considered in the assessment of liguefactlon potentjal. Furthermore, an I1ncreased liquefactien hazard generally does pot increase the

p amplification hazard.
Study area (Insel Map 1]
w syt Columbia The approach used here has the advantage that other types of earthquake hazards, such as selsmically-induced landsildes, can alsp be
British 'H",/—-
States

B incorporated. The merits of a non-averaging conservative dapproach are more obvicus in thiy example. A high landslide hazard rating clearly should
Unil not be reduced to reflect a low liguefaction or amplification rating in the same area, as it will matter little to a resident whose house is
destroyed by a landslide, for example, that the ligquefaction hazard on the property wax low!

LIMITATIONS ON MAP OSE

This map is reglonal in scope and indicates gensral areas where materigls susceptible to liquefaction or amplification are likely present. Map
unit boundaries are based on geological criteria and on limited borehole information only and, az such, the boundaries batween map wnits are
approximate and may change with additional data. The earthquake hazard at any one site may be higher or lower than shown due to gealogical
variations within map units, gradational and approximate map unit boundaries and the regiopal scale of this map. Furthermore, during an
earthquake, ground shaking will oecur throughout the map area, even in areas of lower hazard rating, but the hazard In the latter areaz wili
generally not be increased due to liguefaction or amplification. For these reasons, a low hazard rating on this map should not be interpreted as
freedom from earthgquake hazardsa, For more information on the technical aspects and limitations of earthquake hazard mapping in the chilliwack
drea, reference should be made to the technical waps from which this composite map was made (Levson et al., in press; Monzhan, et al., in press}).

The map ig intended for regional purposes only, such as landuse and emergency planning. In addition, only liguefaction and amplification hazards

R T o s are evaluated here. Potential effects from other hazards such as earthguake—induced landslides should also be considered in any comprehensive
. T, ; ST e

evalvpation of earthquake hazards in this area for landuse or emergency planning or any other purpose.

.

Earthgquake hazard maps can not be used to directly predict the amcunt of damage that will occur at any one site becavse many other factors such
a3 building design or building height must be considered. However, the maps can be used to estimate the relative hazard due to geclogical
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Hazard controls. Likewilse, earthquake hazard maps can not be used to estimate risk &z this 15 dependent on many other factors such 83 the mumber of
pecple present in the area at any one time and the types of facilities that are there. For example, although the earthquake hazard may be high in

@ fammer’s fileld, the risk of damage 1is obviously low, compared to the same level of hazard in a developed area of & city.
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Farthquake hazard maps identify the relative potential for ground disturbance during an earthquake due to local geologic conditions, This
map (MAF 1) shows areas where the presence of soft or liquafiable a0ils may result in an ilncreased hazard, compared to other areas with
firm or nenliquefiable soils. Although the source and magnitude of earthquakes are difficult to predict, variations in soil behavior and
potential surface damage are largely controlled by mappable geologic and geotechnical conditions. Earthquake hazard maps, therefore can
be used for mitigative planning in seismically active regions. This map results from a geological and gectechnlcal stedy of the
€rilliwack region. The map is intended for regional purposes only, such as landuse and emergency planning and not for site specific
hazard evaluations. Although this map can be used with other criteria to help planners select potential areas for development, awvoid
geologically vulnerable areas and prioritize seismic upgrading programs, the map in no way replaces the need for site-specific
gootechnical studies pricr te new construction or upgrading of bulldings and other facilitles such as bridges. The map highlights the
need for these studies, especially in areas of high hazard. Although one or more hazards may be included in an earthquake hazard map,
only liquefaction aad amplification of ground molion hazards are evaluated here, Other hazards, such as earthquake-triggered landslides,
are not included on this map. In addition, the map shows where Ilgquefaction or amplification hazards are expected to be relatively leow or
high, but ne area on the map is entirely free from earthquake-induced ground shaking. Earthqguake hazards can be mapped at different
levels of certainty, with the amount, quality and cost of information required, generally increasing with each mapping level
(Klohn-Crippen, 19%4). For example, ligquefaction hazard maps can be grouped iInto liquefaction susceptibility f{level 1), liquefaction
potential {level 2) and liquefaction-induced ground displacement (level 3} maps. This map combinea level 1 and level 2 procedures and
could be augmented {at greater cost and effort) by level 3 hazard assessmenta,

Hazard

BEFTHITICHS

Tiguafaction refers to the tranaformation that cccurs when earthquake shaking {or other disturbancea) cause a soil to lose its strength
and behave like a liquid. The susceptibkility of a soil to ligquefaction 1s dependeat on factors such as grain size, density, deposit age
and water table depth. Recently deposited, loosely packed, wet granular soils (such as sanda} tend to be mast susceptibls to
liguefaction. When a soil liquefies, the amount of surface disturbance depends on the depth and thickness of the liquefiable layez{s),
the ground slope and the distance of the site from a free-face such as river bank, toward which the soil may move,
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Liquefaction susceptibllity is dependent on the phyaical characteristics of the soll and does not account for varlations in regional
selsmicity. However, liguefactlan poteatial includes an assessment of the prohbability of ligquefaction actvally cccurring by accounting
for the expected intenaity of seismlc shaking (based on past records of earthquakesa} as well as soil conditicns.

2xplificaticon of ground motion refers to an Increase in the intenaity of ground shaking at a site due to the soil conditiona. For
example, thick, soft soil depesits often amplify ground motions over and above the seismic motions on firm ground, The effects of
rescnance, which can increase the intensity of shaking in buildings of different heights, are not considered in this evaluation.
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The methodolegy used included: 1) collection of mainly existing geotechnical test hole and water well data (> 2400 logs from 390 sites,
shown on MAP 1 as dots); 2) 1:20,000-scale surficial geology mapping (Levson et al., 1996b); 3} integration of data in a Geographic
Information System {Meldrum et al., in press); 4) subsurface geological modeling; 5} production of a QOuatermary geclogy map {reflecting
the vpper 20 m; Monahan and Levson, in press); 6) assessment of ligquefaction susceptibility and liquefaction potentlal (INSET MAP 2) and
ground motien amplification hazards (INSET MAP 3); and 7) development of a combined liquefaction and amplification hazard map. The
methods used generally feollow those recommended by the Seismic Microzonation Task Group [(Klohn-Crippen, 1994}. Summaries of the program
have been provided by Levson et al. (1995, 1996a). The details of the methodologies and references for liquefaction and amplification
hazard mapping in the reglon are provided by Levacn et al. (in press) and Monahan et al. (in press), respectively. These methodologies
are only summarized briefly here. Reference ghould be made to these publications for a complete understanding of the pracedures vsed.
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LIQUEFACTION HAZARD MAPPING (INSET MAP 2)

® : Liquefaction susceptibility of each unit on the Quaterrary geclogy map was estimated based on established correlations bekween smoil types

’ R and liquefaction. Liquefaction potential was then quantitatively assessed using a method that accounts for the depth, thickness and
density of liguefiable layers and the seismic hazard, based on the National Building Code of Canada (NBCC) sgeismic model. The results
wvere expressed as a Liquefaction Hazard Index (LHI) and were determined for 59 test holes at 27 different sites. A range of LHI values
was assigned to each map unit. For more details see Levson et al. (in press). LHI does not account for lateral ground displacement on
slopes and towards free-faces such as a river banks. However, lateral movements are gualitatively considered in this evaluation as areas
near the banks of active and semi-active channels, are given a relatively high hazard rating,

GROUND MOTION AMPLIFICATION HAZARD MAPPING (INSET MAP 3)

Potential ground motion amplification has been estimated by comparison of the characteristics of each unit on the (Juaternary geology map
with soil classes adopted by the U.S. National Earthquake Hazards Reduction Program (Finn, 1996). The hazard for each map unit is
expressed as & range to reflect gecological varlation. For more details gee Monakan et al., (in press}. The magnitude of ground motion
> amplification varies with the intepsity of firm ground acceleration. For example, in the 1589 Loma Prieta earthquake, firm ground
daccelerations in the San Francisco Bay area were leas than 0.1 g, but at nearby sites on soft soils these accelerations were amplified to
more than 0.25 g (Clough et al., 1994). Consequently, the greatest damage occurred in areas underlain by soft scils. However, it has
‘ : been observed that at very high accelerations (such as 0.5 g) on firm ground, amplification at soft soil sites is negligible. In the
g ‘ Chilliwack region, the peak horizontal, firm~ground acceleration used for design, as required by the NBCC, is approximately 0.2 g. This
L & ; i acceleration has a 10% chance of exceedance 1In 50 years, or a 475 year return period. The amplification map 13 based on solls data from
i : , : the upper 30 metres. The effects of deeper soils that are present in the area but are poorly understood, and the effects of topography on
amplification, have not been considered. As noted above, the effects of resomance, which can preatly Ingease the Intensity of shaking for buildings of different heights have not been
considered. However, i general, Intensified shaking for low buildings could be anticipated where the depth o bedrock is relatively shallow, such as very close to the mountain front, Similarty, irtensifled shaking
for tall bufkiings could oocur where depth to bedrock s deeper.
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COMBINING LIQUEFACTION AND GROUND MOTICON AMPLIFICATION HAZARDS

3 TH@]& mm Eﬁmz ' Dl m@ @ E THE ! ' HI E ﬂiLj I ﬁ FAGK AREA A zimple, objective approach iz wsed here to combilne earthquake-induced ligquefaction and ground-motion amplification hazards into one pap usable
= i et . : i = by planners. The appreach iz conservative in that it reflects the highest rating from either of the two types of hazards. For map wnits with

: . liquefaction and amplification hazard ratings that span different ranges, the higher ends of the ranges are selected. For example, a map unit
) o SHOWING AREAS OE RELAT I’VE POTENTIM FOR LIQUEFACTIQN with a low tc high liguefaction hazard rating and a moderate amplification rating would be presented on this map as a2 moderate to high hazard
L Y ko oY . : | ; . ; : {i.e. the composite rating reflects the highest bounding wvalues, in this case the moderate amplification hazard at the bottom end and the high

Ag Rt Iiquefaction hazard at the top end). No attempt 1s made to add and/or average the two bazards to develop a combined relative hazard rating

) : ¥ | (}LSF )‘:{/\ MfQR MLIFI@T ION OF GR@UM MOT ION because the two types of hazards are distinct and are not simply additive, The basi¢ premise behind the map is that a high rating in either tyf;
Q

of hazard will result in an overall high earthquake hazard even though the rating ip the other type of hazard may be lower. Therafore,
0@3 significant damage way result from one type of hazard, such ax high amplification of ground motion, thiz will not be minimized by the possibility

o ‘ & % that minor liguefaction will occur in the area. Although ground motion amplification may increase the liguefaction hazard, this has been
7y considered in the assessment of liguefactlon potentjal. Furthermore, an I1ncreased liquefactien hazard generally does pot increase the

p amplification hazard.
Study area (Insel Map 1]
w syt Columbia The approach used here has the advantage that other types of earthquake hazards, such as selsmically-induced landsildes, can alsp be
British 'H",/—-
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B incorporated. The merits of a non-averaging conservative dapproach are more obvicus in thiy example. A high landslide hazard rating clearly should
Unil not be reduced to reflect a low liguefaction or amplification rating in the same area, as it will matter little to a resident whose house is
destroyed by a landslide, for example, that the ligquefaction hazard on the property wax low!

LIMITATIONS ON MAP OSE

This map is reglonal in scope and indicates gensral areas where materigls susceptible to liquefaction or amplification are likely present. Map
unit boundaries are based on geological criteria and on limited borehole information only and, az such, the boundaries batween map wnits are
approximate and may change with additional data. The earthquake hazard at any one site may be higher or lower than shown due to gealogical
variations within map units, gradational and approximate map unit boundaries and the regiopal scale of this map. Furthermore, during an
earthquake, ground shaking will oecur throughout the map area, even in areas of lower hazard rating, but the hazard In the latter areaz wili
generally not be increased due to liguefaction or amplification. For these reasons, a low hazard rating on this map should not be interpreted as
freedom from earthgquake hazardsa, For more information on the technical aspects and limitations of earthquake hazard mapping in the chilliwack
drea, reference should be made to the technical waps from which this composite map was made (Levson et al., in press; Monzhan, et al., in press}).

The map ig intended for regional purposes only, such as landuse and emergency planning. In addition, only liguefaction and amplification hazards

R T o s are evaluated here. Potential effects from other hazards such as earthguake—induced landslides should also be considered in any comprehensive
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evalvpation of earthquake hazards in this area for landuse or emergency planning or any other purpose.

.

Earthgquake hazard maps can not be used to directly predict the amcunt of damage that will occur at any one site becavse many other factors such
a3 building design or building height must be considered. However, the maps can be used to estimate the relative hazard due to geclogical
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Hazard controls. Likewilse, earthquake hazard maps can not be used to estimate risk &z this 15 dependent on many other factors such 83 the mumber of
pecple present in the area at any one time and the types of facilities that are there. For example, although the earthquake hazard may be high in

@ fammer’s fileld, the risk of damage 1is obviously low, compared to the same level of hazard in a developed area of & city.
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: Earthquake hazard maps identify the relative potential for ground disturbance during an earthquake due to local geologic conditions. This

map (MAP 1) shows areas where the presence of soft or liquefiable soils may result in an increased hazard, compared to other areas with
firm or nonliquefiable soils. Although the source and magnitude of earthquakes are difficult to. predict, variations 'in soil behavior and
potential surface damage are largely controlled by mappable geologic and geotechnical conditions. Earthquake hazard maps, therefore can
be used for mitigative planning in seismically active regions. This map results from a geological and geotechnical ' study of the
Chilliwack region. The map is intended for regional purposes only, such as landuse and emergency planning and not for site specific
hazard evaluations. Although this map can be used with other criteria to help planners select. potential areas for development, avoid
geologically vulnerable areas and prioritize seismic upgrading programs, the map in no way replaces the need for site-specific
geotechnical studies prior to new construction or upgrading of buildings and other facilities such as bridges. The map highlights the
need for these studies, especially in areas of high hazard. Although one or more hazards may be included in an earthquake hazard map,
only liquefaction and amplification of ground motion hazards are evaluated here. Other hazards, such as earthquake-triggered landslides,
are not included on this map. In addition, the map shows where liquefaction or amplification hazards are expected to be relatively low or
i high, but no area on the map is entirely free from earthquake-induced ground shaking. Earthquake hazards can be mapped at different
bk ! ; TN = ' levels of certainty, with the amount, quality and cost of information required, generally increasing with each mapping level
O e Ao et tat et et e Tt ase e asacesetesesethietetetotetet™ 2 s | ), (Klohn-Crippen, 1994). For example, liquefaction hazard maps can be grouped into liquefaction susceptibility (level 1), liquefaction

! 7 ' potential (level 2) and liquefaction-induced ground displacement (level 3) maps. This map combines level 1 and level 2 procedures and
could be augmented (at greater cost and effort) by level 3 hazard assessments.

DEFINITIONS

Liquefaction refers to the transformation that occurs when earthquake shaking (or other disturbances) cause a soil to lose its strength
and behave like a liquid. The susceptibility of a soil to liquefaction is dependent on factors such as grain size, density, deposit age
and water table depth. Recently deposited, loocsely packed, wet granular soils (such as sands) tend to be most susceptible to
liquefaction. When a soil liquefies, the amount of surface disturbance depends on the depth and thickness of the liquefiable layer(s),
the ground slope and the distance of the site from a free-face .such as river bank, toward which the soil may move.

® Subsurface data sile

Liquefaction susceptibility is dependent on the physical characteristics of the soil and does not account for variations in regional
seismicity. However, liquefaction potential includes an assessment of the probability of liquefaction actually occurring by accounting
for the expected intensity of seismic shaking (based on past records of earthquakes) as well as soil conditions.

%
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Amplificatiom of ground motion refers to an increase in the intensity of ground shaking at a site due to the soil conditions. For
example, thick, soft soil deposits often amplify ground motions over and above the seismic motions on firm ground. The effects of
resonance, which can increase the intensity of shaking in buildings of different heights, are not considered in this evaluation.

METHODOLOGY

tererenelel

~
=

The methodology used included: 1) collection of mainly existing geotechnical test hole and water well data (> 2400 logs from 390 sites,
shown on MAP 1 as dots); 2) 1:20,000-scale surficial geology mapping (Levson et al., 1996b); 3) integration of data in a Geographic
Information System (Meldrum et al., in press); 4) subsurface geological modeling; 5) production of a Quaternary geology map (reflecting
the upper 20 m; Monahan and Levson, in press); 6) assessment of liquefaction susceptibility and liquefaction potential (INSET MAP 2) and
ground motion amplification hazards (INSET MAP 3); and 7) development of a combined liquefaction and amplification hazard map. The
methods used generally follow those recommended by the Seismic Microzonation Task Group (Klohn-Crippen, 1994)., Summaries of the program
have been provided by Levson et al. (1995, 1996a). The details of the methodologies and references for liquefaction and amplification
hazard mapping in the region are provided by Levson et al. (in press) and Monahan et al. (in press), respectively. These methodologies
are only summarized briefly here. Reference should be made to these publications for a complete understanding of the procedures used.

LIQUEFACTION HAZARD MAPPING (INSET MAP 2)

Liquefaction susceptibility of each unit on the Quaternary geology map was estimated based on established correlations between soil types
and liquefaction. Liquefaction potential was then quantitatively assessed using a method that accounts for the depth, thickness and
density of liquefiable layers and the seismic hazard, based on the National Building Code of Canada (NBCC) seismic model. The results
were expressed as a Liquefaction Hazard Index (LHI) and were determined for 59 test holes at 27 different sites. A range of LHI values
was assigned to each map unit. For more details see Levson et al. (in press). LHI does not account for lateral ground displacement on
slopes and towards free-faces such as a river banks. However, lateral movements are qualitatively considered in this evaluation as areas
near the banks of active and semi-active channels, are given a relatively high hazard rating.

GROUND MOTION AMPLIFICATION HAZARD MAPPING (INSET MAP 3)

Potential ground motion amplification has been estimated by comparison of the characteristics of each unit on the Quaternary geology map
with soil classes adopted by the U.S. National Earthquake Hazards Reduction Program (Finn, 1996). The hazard for each map unit is
expressed as a range to reflect geological variation., For more details see Monahan et al., (in press). The magnitude of ground motion
amplification varies with the intensity of firm ground acceleration. For example, in the 1989 Loma Prieta earthquake, firm ground
accelerations in the San Francisco Bay area were less than 0.1 g, but at nearby sites on soft soils these accelerations were amplified to
more than 0.25 g (Clough et al., 1994). Consequently, the greatest damage occurred in areas underlain by soft soils. However, it has
been observed that at very high accelerations (such as 0.5 g) on firm ground, amplification at soft soil sites is negligible. In the
Chilliwack region, the peak horizontal, firm-ground acceleration used for design, as required by the NBCC, 1s approximately 0.2 g. This
acceleration has a 10% chance of exceedance in 50 years, or a 475 year return period. The amplification map is based on soils data from
the upper 30 metres. The effects of deeper soils that are present in the area but are poorly understood, and the effects of topography on
amplification, have not been considered. As noted above, the effects of resonance, which can greatly increase the intensity of shaking for buildings of different heights have not been
conddaod.Hamwr.ingmlml.hm:hﬂmhmhﬂﬁhpmuhbeMmmmmWhWﬂMMuwdﬂubhmmm intensified shaking
for tall bulldings could occur where depth to bedrock is deeper.

COMBINING LIQUEFACTION AND GROUND MOTION AMFLIFICATION HAZARDS

A simple, abjective approach is used here to combine earthquake-induced liquefaction and ground-motion amplification hazards into one map usable
by planners. The approach 1s conservative in that it reflects the highest rating from either of the two types of hazards. For map units with

liquefaction and amplification hazard ratings that span different ranges, the higher ends of the ranges are selected. For example, a map unit
OF RELATIW POTENTIAL FOR LIQUEFACTION with a low to high liquefaction hazard rating and a moderate amplification rating would be presented on this map as a moderate to high hazard
(i.e. the composite rating reflects the highest bounding values, in this case the moderate amplification hazard at the bottom end and the high

liguefaction hazard at the top end). No attempt is made to add and/or average the two hazards to develop a combined relative hazard rating
MLIEICAT ION OF GROIIND MOT ION because the two types of hazards are distinct and are not simply additive. The basic premise behind the map is that a high rating in either type
of hazard will result in an overall high earthquake hazard even though the rating in the other type of hazard may be lower. Therefore, if
significant damage may result from one type of hazard, such as high amplification of ground motion, this will not be minimized by the possibility
that minor liquefaction will occur in the area. Although ground motion amplification may increase the liquefaction hazard, this has been

considered in the assessment of liquefaction potential. Furthermore, an increased liquefaction hazard generally does not increase the
amplification hazard.

PRELIMINARY RELATIY
SHOWING

(Insel Map 1)

The approach used here has the advantage that other types of earthquake hazards, such as seismically-induced landslides, can alsc be
incorporated. The merits of a non-averaging conservative approach are more obvious in this example. A high landslide hazard rating clearly should
not be reduced to reflect a low liquefaction or amplification rating in the same area, as it will matter little to a resident whose house is
destroyed by a landslide, for example, that the liquefaction hazard on the property was low!

OKm Skm LIMITATIONS ON MAP USE

This map is regional in scope and indicates general areas where materials susceptible to liquefaction or amplification are likely present. Map
unit boundaries are based on geological criteria and on limited borehole information only and, as such, the boundaries between map units are
approximate and may change with additional data. The earthquake hazard at any one site may be higher or lower than shown due to geological
variations within map units, gradational and approximate map unit boundaries and the regional scale of this map. Furthermore, during an
earthquake, ground shaking will occur throughout the map area, even in areas of lower hazard rating, but the hazard in the latter areas will
generally not be increased due to liquefaction or amplification. For these reasons, a low hazard rating on this map should not be interpreted as
freedom from earthquake hazards. For more information on the technical aspects and limitations of earthquake hazard mapping in the Chilliwack
area, reference should be made to the technical maps from which this composite map was made (Levson et al., 1n press; Monahan, et al., in press).

The map is intended for regional purposes only, such as landuse and emergency planning. In addition, only liquefaction and amplification hazards
are evaluated here. Potential effects from other hazards such as earthquake-induced landslides should also be considered in any comprehensive

fi 3 3 \ v ».,,,1 evaluation of earthquake hazards in this area for landuse or emergency planning or any other purpose.
egen y
2 p R ,,,,z"’ Legeﬁ d Earthquake hazard maps can not be used to directly predict the amount of damage that will occur at any one site because many other factors such
Hazard |[LHI sSh ontac i oo ol . as building design or building height must be considered. However, the maps can be used to estimate the relative hazard due to geological
-~ erp © L o G e v Hazard |NEHRP ~~ Sharp contect controls. Likewise, earthquake hazard maps can not be used to estimate risk as this is dependent on many other factors such as the number of
_______ ¢ 5] BT e » > S
‘ »” Approximate contact 78, % ¥, soi | » * Approximate contect people present in the area at any one time and the types of facilities that are there. For example, although the earthquake hazard may be high in
" Inferred contect 9 Gf g T * InFerred contect a farmer’s field, the risk of damage is obviously low, compared to the same level of hazard in a developed area of a city.
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a8 INTRODUCTION
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Reletive Earthguake Hazard

Earthquake hazard maps identify the relative potential for ground disturbance during an earthquake due to local geologic conditions. This
map shows areas where the presence of soft or liquefiable soils may result in an increased hazard, compared to other areas with firm or
nonliquefiable soils. Although the source and magnitude of future earthquakes are difficult to predict, variations in soil behavior and
potential surface damage are largely controlled by mappable geologic and geotechnical conditions. Earthquake hazard maps, therefore can
be used for mitigative planning in seismically active regions. This map results from a geological and geotechnical study of the Chilliwack
region. The map is intended for regional purposes only, such as landuse and emergency planning and not for site specific hazard
evaluations. Although this map can be used with other criteria to help planners select potential areas for development, avoid geologically
vulnerable areas and prioritize seismic upgrading programs, the map in no way replaces the need for site-specific geotechnical studies
prior to new construction or upgrading of buildings and other facilities such as bridges. The map highlights the need for these studies,
especially in areas of high hazard. Although one or more hazards may be included in an earthquake hazard map, only liquefaction and
amplification of ground motion hazards are evaluated here.

Hazard

DEFINITIONS

Liquefaction refers to the transformation that occurs when earthquake shaking (or other disturbances) cause a soil to lose its strength and
behave like a liquid. The susceptibility of a soil to liquefaction is dependent on factors such as grain size, density, deposit age and water
table depth. Recently deposited, loosely packed, wet granular soils (such as sands) tend to be most susceptible to liquefaction. When a soil
liquefies, the amount of surface disturbance depends on the depth and thickness of the liquefiable layer(s), the ground slope and the
distance of the site from a free-face such as river bank, toward which the soil may move.

Liquefaction susceptibility is dependent on the physical characteristics of the soil and does not account for varations in regional
seismicity. However, liquefaction potential includes an assessment of the probability of liquefaction actually occurring by accounting for
the expected intensity of seismic shaking (based on past records of earthquakes) as well as soil conditions.

e Subsurface dala site
Amplification of ground motion refers to an increase in the intensity of ground shaking at a site due to the soil conditions. For example,
thick, soft soil deposits often amplify ground motions over and above the seismic motions on firm ground. The effects of resonance, which
can vary the intensity of shaking in buildings of different heights, are not considered in this evaluation.

METHODOLOGY

The methodology used included: 1) collection of existing and new geotechnical test hole and water well data (> 2400 logs from 390 sites,
shown on map 1 as dots); 2) 1:20 000-scale surficial geology mapping (Levson ef al, 1996b); 3) integration of data in a Geographic
Information System (Meldrum ef al,, in press); 4) subsurface geological modeling; 5) production of a Quatemary geology map (reflecting
the upper 20 m; Monahan and Levson, in press); 6) assessment of liquefaction susceptibility and liquefaction potential (INSET MAP 2)
and ground motion amplification hazards (INSET MAP 3); and 7) development of a combined liquefaction and amplification hazard map.
The methods used generally follow those recommended by the Seismic Microzonation Task Group (Klohn-Crippen, 1994). Summaries of
the program have been provided by Levson ef al. (1995, 1996a). The details of the methodologies and references for liquefaction and
amplification hazard mapping in the region are provided by Levson ef al. (in press) and Monahan ef al. (in press), respectively. These
methodologies are only summarized briefly here. Reference should be made to these publications for a complete understanding of the
procedures used.

I,

LIQUEFACTION HAZARD MAPPING (INSET MAP 2)

Liquefaction susceptibility of each unit on the Quaternary geology map was estimated based on established correlations between soil types
and liquefaction. Liquefaction potential was then quantitatively assessed using a method that accounts for the depth, thickness and density
of liquefiable layers and the seismic hazard, based on the National Building Code of Canada (NBCC) seismic model. The results were
expressed as a Liquefaction Severity Index (LSI) and were determined for 69 test holes at 27 different sites. A range of LSI values was
assigned to each map unit. For more details see Levson et al. (in press). LSI does not account for lateral ground displacement on slopes
and towards free-faces such as a river banks. However, lateral movements are qualitatively considered in this evaluation as areas near the
banks of active and semi-active channels, are given a relatively high hazard rating.

GROUND MOTION AMPLIFICATION HAZARD MAPPING (INSET MAP 3)

Potential ground motion amplification has been estimated by comparison of the characteristics of each unit on the Quaternary geology
map with soil classes adopted by the U.S. National Earthquake Hazards Reduction Program (Finn, 1996). The hazard for each map unit is
expressed as a range to reflect geological variation. For more details see Monahan ef al., (in press). The magnitude of ground motion
amplification varies with the intensity of firm ground acceleration. For example, in the 1989 Loma Prieta earthquake, firm ground
accelerations in the San Francisco Bay area were less than 0.1 g, but at nearby sites on soft soils these accelerations were amplified to
more than 0.25 g (Clough et al., 1994). Consequently, the greatest damage occurred in areas underlain by soft soils. However, it has been
observed that at very high accelerations (such as 0.5 g) on firm ground, amplification at soft soil sites is negligible. In the Chilliwack
, : : region, the peak horizontal, firm-ground acceleration used for design, as required by the NBCC, is approximately 0.2 g. This acceleration
P I/—\ e ‘ 1 m 1 m @ |/—\ ’:Q e i @ t 1 v e E @ r—\ J[J h U @ K e H @ Z @ r—\ d M @ has a 10% chance of exceedance in 50 years, or a 475 year return period. The amplification map is based on soils data from the upper 30

9 Q D metres. The effects of deeper soils that are present in the area but are poorly understood, and the effects of topography on amplification,

have not been considered.
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map usable by planners. 1he approach is conservative in that 1t reflects the highest rating from either of the two types of hazards. For map

F_\ O B G F O U m d M O t 1 O M g m l:) | l F\ 1 C @ t :|_ O ﬁ @ M d / O P L :|_ q U @ F_\ @ C L :|_ O ﬁ units with liquefaction and amplification hazard ratings that span different ranges, the higher ends of the ranges gg selected. For example,

a map unit with a low to high liquefaction hazard rating and a moderate amplification rating would be presented on this map as a moderate

to high hazard (i.e. the composite rating reflects the highest bounding values, in this case the moderate amplification hazard at the bottom

[ I Nse t, M ap ]_ ] end and the high liquefaction hazard at the top end). No attempt is made to add and/or average the two hazards to develop a combined

relative hazard rating because the two types of hazards are distinct and are not simply additive. The basic premise behind the map is that a

high rating in either type of hazard will result in an overall high earthquake hazard even though the rating in the other type of hazard may

be lower. Therefore, if significant damage may result from one type of hazard, such as high amplification of ground motion, this will not

be minimized by the possibility that minor liquefaction will occur in the area. Although ground motion amplification may increase the

liquefaction hazard, this has been considered in the assessment of liquefaction potential. Furthermore, an increased liquefaction hazard
O |/< m 5 |/< m generally does not increase the amplification hazard.

The approach used here has the advantage that other types of earthquake hazards, such as seismically-induced landslides, can also be
incorporated. The ments of a non-averaging conservative approach are more obvious in this example. A high landslide hazard rating
clearly should not be reduced to reflect a low liquefaction or amplification rating in the same area, as it will matter little to a resident
whose house is destroyed by a landslide, for example, that the liquefaction hazard on the property was low!

LIMITATIONS ON MAP USE

This map is regional in scope and indicates general areas where materials susceptible to liquefaction or amplification are likely present.
Map unit boundaries are based on geological criteria and on limited borehole information only and, as such, the boundaries between map
units are approximate and may change with additional data. The earthquake hazard at any one site may be higher or lower than shown due
to geological variations within map units, gradational and approximate map unit boundaries and the regional scale of this map.
Furthermore, during an earthquake, ground shaking will occur throughout the map area, even in areas of lower hazard rating, but the
hazard in the latter areas will generally not be increased due to liquefaction or amplification. For these reasons, a low hazard rating on

Hazard

V. High D) NG / a . . 5
[P it i Caits i s b W — ‘ Ny this map should not be interpreted as freedom from earthquake hazards. For more information on the technical aspects and
| Tean 7 > limitations of earthquake hazard mapping in the Chilliwack area, reference should be made to the technical maps from which this
Mod composite map was made (Levson ef al,, in press; Monahan, et al,, in press).
. The map is intended for regional purposes only, such as landuse and emergency planning. In addition, only liquefaction and
Ve Lbid amplification hazards are evaluated here. Potential effects from other hazards such as earthquake-induced landslides should also
———————— be considered in any comprehensive evaluation of earthquake hazards in this area for landuse or emergency planning or any
“ N other purpose.
LSI deta site 5 T Pl :
* Sheor wave data site s ; PR R 0 Earthquake hazard maps can not be used to directly predict the amount of damage that will occur at any one site because many

other factors such as building design or building height must be considered. However, the maps can be used to estimate the relative
hazard due to geological controls. Likewise, earthquake hazard maps can not be used to estimate risk as this is dependent on many other
factors such as the number of people present in the area at any one time and the types of facilities that are there. For example, although the
earthquake hazard may be high in a farmer’s field, the risk of damage is obviously low, compared to the same level of hazard in a

developed area of a city.

REFERENCES

Clough, G.W., Martin, J R. and Chameau, J.L. (1994): The Geotechnical Aspects; in Practical lessons from the Loma Prieta Earthquake, National Academy Press, pages
29-67.

Finn, L.W.D. (1996): Ground Motion Amplification Factors for Use in Building Codes; in Proceedings, Intemational Workshop on Site response, Port and Harbour
Research Institute, Japan. Volume 2, pages 105-117.

Klohn-Crippen Consultants Ltd. (1994): Preliminary Seismic Microzonation Assessment for British Columbia; B.C. Resource Inventory Committee, Report 17, 108

es.

Levsg:,g V.M., Monahan, P.A., Meldrum, D.G., Matysek, P.F., Watts, B.D., Yan, L. and Sy, A. (1995): Seismic Microzonation Mapping in Southwestern British
Columbia: A Pilot Project. Canadian Geotechnical Society, Trends in Geotechnique, 48th Canadian Geotechnical Conference, Volume 2, pages 927-936.

Levson, V.M., Monahan, P.A., Meldrum, D.G., Matysek, P.F., Gerath, R.F., Watts, BD., Sy, A. and Yan, L.(1996a): Surficial Geology and Earthquake Hazard
Mapping, Chilliwack, British Columbia (92G/1 and H/4). in Geological Fieldwork 1995, B.M. Grant and J.M. Newell, Editors, British Columbia Ministry of Energy,
Mines and Petroleum Resources, Paper 1996-1, pages 191-203.

Levson, V.M., Gerath, R F., Meldrum, D.G. and Monahan, P.A (1996b): Surficial Geology of the Chilliwack Area, NTS 92G/1E and H/4W. British Columbia Ministry
of Energy, Mines and Petroleum Resources, Open File Map 1996-12. .

Levson, V.M., Monahan, P.A_, Meldrum, D.G., Sy, A., Yan, L., Watts, B.D. and Gerath, RF. (in press): Liquefaction Susceptibility and Liquefaction Potential Hazard
Map, Chilliwack, British Columbia (92G/1 and H/4). British Columbia Ministry of Energy, Mines and Petroleum Resources, Open File.

| iguefactien Hezard Map
G g oun d M O L 1 an Q m p ( :i_ F_\ j_ 5 Meldrum, D.G., Monahan, P.A. and Levson, V.M. (in press): Lithological data from geotechnical test holes and water wells in the Chilliwack Area, British Columbia
(92G/1 and H/4). British Columbia Ministry of Energy, Mines and Petroleum Resources, Open File.

(Insel Map 2)
Monahan, P.A., Levson, V.M., Meldrum, D.G., Sy, A., Yan, L. and Watts, B.D., (in press): Ground Motion Amplification Hazard Map, Chilliwack, British Columbia

Uk Skm : [ I NMEE t, M & p 3 ] (92G/1 and H/4). British Columbia Ministry of Energy, Mines and Petroleum Resources, Open File.
: Monahan, P.A. and Levson, V.M. (in press): Quaternary Geology Map (Upper 20 Metres), Chilliwack, British Columbia (92G/1 and H/4). British Columbia Ministry of

OIK m Blkm Energy, Mines and Petroleum Resources, Open File.

I




Hazard L5551

® SI date site

e Subsurface dala sile

8: SF,
= oF sF|F’
N\
27® %% ““““ 15 .
14 %
I
Ref er Lo 8
accompanyling F e
Lexl for ] i

exp lanalion
ana §or

1mitlalions
on  use .,

o 13 4 B R ot
. —"E HIG&
FisA

.
Fofe’s

)
Rk R 3
A
= w L)
‘A
"
J!

Fp

Study area

British Columbia
United States

OKm

5LIMINARY LIQUEFACTION
POTENTIAL

CHILLIWACK AREA

KM

Viclor M. Leuson,
Palrick A. Monahan,
Daniel G. Meldrum,

(B.C. Geological Survey

Alex Sy,

Ld Yo,

Bryen D. Waltls,
(Klohn - Crippen
Lonsultents LLd, )

Robert Gerath,
( Thurber
Engineering Ltd. )



Hazard

NEHRP

® Shear wave dala sile

e Subsurface dala sile

Refer Lo

accompanying

LexlT for

explanation

and for

|l imitalions

on use

s
A
Fraser River
,q HIHS“E"“ "?
FI,.A l‘i
18
sF £
sk,
.SF‘
sk Bl FI’
I :: Sie
":,.“ 'l":’. :
Z L
gl
\ =
i
Ne§,
FesL = ~
I,A—]
2 e I%
FFr/L ~ :
A
1A
Fr/0 (?b o
T~ 1*a
M s
JJ&J. 64;3 :
= Lo | .
he
c
LzT/
vﬂ
e 1A
E:

gF -

N

U L
e mm ™
¢

B
TRANS - CANADA

C HIGE;Q;h
: FL,A

Fp

Us

GROUND MOTION AMPLIFICATION

HAZARD MAP

OKm

Palrick A.

VYiocLor
Daniel

M.
5.

Levuson ,

Cb

Monahan ,

Me |l drum,

(B.C. Geological

Alex Sy,

L1 Ya#,

Bryan D.

(K| ohn

Consultanls Ltd. )

Walls,
Crippen

Roberl Gerath,
( Thurber

Engineering L1d. ]

Suruvey



e S ey g e R e e S e e e e -

R Active river al luvium
Semi-active channels and l|large sloughs

Fraser River alluvium with preseruved channel and bar Lopography

§&QFPOSQP River alluvium with thick overbankK fines /
B cbondoned creek channel s and small sloughs . N
- Proximal Vedder Fan &
B Distal Vedder Fan e~ .
%% Vedder Fan chennels
Upper colluvial / alluvial fan 0 . J
2 Lower colluvial / alluvial fan and slope base deposits ~ -
I.lFWoodplain swamps and bogs E%rJ——“
B Thin organic deposils and undifferentiated al luvium s - < =
B Lacustrine sediments ] [ _5/ A “'.’
R Cheam Landslide deposits X v o -
g% 0l luvial sand overlying slide debris L} A
Bl oess S % - 5
. Steeply eroded Pleistocene sedimentls s
. Till end undifferentiated grevels and sands B
-Bedr*ock

[:]Qnthropogenic

.. Apparentl landslide scarp

* Subsurface dala 2

P,

r @ 9.

\M : A;I‘{‘\F\“ f |
S

surf iclal Geology Map
Uraftl — Lasl updaled Jan. 25, 1996

OKm 5Km




Fraser Al luvium

Active River Channels

Semi-active and ebandoned chennels and sloughs
Gravel ly Al luvium
Sandy al luvium = m} l

Older gravelly Al luvium

Lerge Paleo-channel
alluvium w/ surface Fines M ULES Ll L ho NP O g
....... =
Vedder Fan
[
- Il Upper fon A7
/4 Gravel |y Fan / Gravelly Al luvium ,f = I A
V. ....‘I
7] Sand & Gravel Fan
” /) Fen with thickK surface fines . e .
Thin Fan / Lacustrine 74 D - )\
[l Fean and minor chennels .; | RS ”W}‘T:
. ARg)Y? C
" = - [ XA
Lacustrine E Al pid . ;
i o =\ 90920069542, Colluvial / Alluvial Fans
| | " Upper Fan
;g' . Lower Fan
3y Col luvium w/ surface fines
) = \W?= Other
-\*ﬂ—hm;;;:ﬁ:“-. """"""""" : Slide debris with interbedded sends end grevels
...... ; i) Fine sediments, organics and mer|
N\ Pleistocene tLill and thin till over oulwash
N Eroded Pleistocene sediments
Il. Folian Silt, minor orgaenics and |akKe sedimenls

ey . Bl Bcdrock

‘ ‘4*‘23
f
iy

AN

Quaternary Sedimenlary Facles

Lo 20 m deplh
Draft — Last Updatled Jan. 26, 1996

OKm 5Km




	BCGS_OF1996-25
	BCGS_OF1996-25_map0_BW
	BCGS_OF1996-25_map0_colour
	BCGS_OF1996-25_map1
	BCGS_OF1996-25_map2
	BCGS_OF1996-25_map3
	BCGS_OF1996-25_map4
	BCGS_OF1996-25_map5

