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UNIT CONVERSION FACT ORS

Units used in this report and not conforming to the UDOT standard unit of measurement

(U.S. Customary system) are given below with their U.S. Customary equivalents:

SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 254 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in” square inches 645.2 square millimeters mm®
ft square feet 0.093 square meters m’
yd® square yard 0.836 square meters m®
ac acres 0.405 hectares ha
mi’ square miles 2.59 square kilometers km®
VOLUME
floz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m’
yd® cubic yards 0.765 cubic meters m?
NOTE: volumes greater than 1000 L shall be shown in m®
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or "t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m® cd/m®
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibffin® poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM S| UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in”
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?
ha hectares 247 acres ac
km? square kilometers 0.386 square miles mi
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft*
m® cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds b
Mg (or "t") megagrams (or "mefric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m® candela/m® 0.2919 foot-Lamberts
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibffin®

*Slis the symbol for the International System of Units. (Adapted from FHWA report template, Revised March 2003)

Note: Gravitational acceleration (symbolized gused in this report as a unit measure of acceleration, or the intensity
t he egevitatibnal ieldat the surface of the earth g is about 9.8 nm®r 32.2 ft/3.
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AASHTO American Association of State Highway and Taorsation Officials
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FHWA Federal Highway Administration

GMPE Ground Motion Predictive Equation

IM Intensity Measure

PBEE PerformanceBased Earthquake Engineering
PEER Pacific Earthquake Engineering Research
PSHA Probabilistic Seismic Hazard Analysis
UDOT Utah Department of Transportation

USGS United States Geological Survey
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LIST OF TERMS

Liguefaction Triggering Terms

Amax peak groundurface acceleration

CRR cyclic resistance ratio

CRRy =500 ~medianCRR(CRRcorresponding to a probability of liquefaction of 50%
CSR cyclic stress ratio

CSK uniform hazard estimate &fSRassociated with the reference soil profile
CSR'"™ site-specific uniform hazard estimate ©6R

gCSR correction factor for vertical stress

gCSRpga correction factor for soil amplification

CSRy correction factor for shear stress reduction

QCSRusk correction factor for magnitude scaling factor

gCSK & correction factor for overburden pressure

qCSR difference betwee@SR"™ andCSF* values

FC fines content (%)

FS factor of safety against liquefaction triggering

Fgste site-specific uniform hazard estimate B$.

Frea soil amplification factor

Kg overburden correction factor (Idriss and Boulanger model)

MSF magnitude scaling factor

My mean moment magnitude

N SPT blow count (uncorrected)

(N1)eo SPTresistanceorrected to 60% efficiency and 1 atm pressure

(N1)60,cs clean sangquivalent SPT corrected to 60% efficiency and 1 atm pressure
Nreq SPT resistance required to resist or prevent liquefaction

N,eqrEf uniform hazard estimate dfq associated with the reference soil profile
Nreg® site-specific uniformhazard estimatef Neq

oL difference betweeNsi,andNq values

Pa atmospheric pressurgé atm, 101.3 kPa, 0.2116 psf)

PGA peak ground acceleration

P probability of liquefaction

rq shear stress reduction coefficient

SPT Standard Penetratiorest

Vs 12 average shear wave velocity in upper 12 m (39.37 ft) of soil profile

z depth to middle of soil profile layer

) unit weight of soil (i.e. pcf, kN/f etc.)

Gy error term for either model + parametric uncertainty or parametric uncertainty

Ur error term for both model and parametric uncertainty
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total vertical stress in the soil

effective vertical stress in the soil

mean annual rate of not exceeding some given valk& of
mean annualate of notexceeding some given valueMt,
equivalent uniform cyclic shear stress

standard normal cumulative distribution function

Lateral Spread Displacement Terms

site

[logD,,]

[logD,]
aDwu

site
Dy

ref

median computed permanent lateral spread displacement (m)
closest horizontadistance from the site to the source (km)

earthquake moment magnitude
free-face ratio (%)

ground slope (%)

cumulative thickness (in upper 20 m) of all satad soil layers with corrected
SPTblowcounts (i.e.(N1)so) less than 15 blovi®ot (m)

average fines content of the soil comprising(%)

average mean grain size of the soil comprigiggmm)

Loading Parameter

Site Parameter

transformed (e.qg. log, In, square root) lateral spread displacement
uncertainty term (used in lateral spread displacement model)

logarithm of the lateral spread displacement adjusted fesgéeific conditions

logarithm of the lateral spread displacementegpondingo the reference site

adjustment factor for lateral spread displacement
site-specific hazardargeted lateral spread displacement

PostLiquefaction Free-Field SettlementTerms

CRR
CRR®
CRF?ite
CSR
CSK
CSF%ite

cyclic resistance ratio

cyclic resistance ratiassociated with the reference soil profile

cyclic resistance ratio for the site profile

cyclic stress ratio

uniform hazard estimate @fSRassociated with the reference soil profile
uniform hazard estimate @fSRassociated with the site specific soil profile

CSRs 2010 .armadjustedCSRto account for multdirectional shaking effects
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CSRie
DF,
Dr
FC
Frca
FSiq
Fgste
Fu
e
Fote
Kmd
Kww
Ke
min(.)

Mw
N

(N1)eo
(N1)60,cs

Sprofile
SPT

site-specific uniform hazard estimate ©6R

depth factor for soil sutayer

relative density

fines conten{%)

soil amplification factor

factor of safety against liquefaction triggering

site-specific uniform hazard estimate l6§_

limiting factor of safety (used in Ishihara and Yoshimine model)
limiting factor of safetyassociated with reference soil profile
limiting factor of safety associate with site soil profile
multidirectional correction factor for unidirectional applied loading
magnitude correction factor

nortlinear increase in cyclic resistacorrection factor

use minimum value inside parentheses mathematical operator

mean moment magnitude
SPT blow count (uncorrected)

SPTresistanceorrected to 60% efficiency and 1 atm pressure

clean sangquivalent SPT corrected to 60% efficiency and 1 atm pressure
SPT resistance required to resist or prevent liqguefaction

uniform hazard estimate dfeq associated with the reference soil profile
site-specific uniform haard estimat®f Niq

standard penetration test resistance of site profile layer

atmospheric pressuré atm, 101.3 kPa, 0.2116 psf)
peak ground acceleration

probability of liquefaction

estimated total settlement for spiofile using equivalent strain approach
Standard Penetration Test

thickness of soil sulayer

average shear wave velocity in upper 12 m (39.37 ft) of soil profile
maximum depth at which vertical strain can oc&ir £ 18 meters)
site-specific adjustment factor

vertical strain
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U caibrated ™ Site-specific strain calibrated for model néinearity

Vi vertical strain for the reference soil profile

gt site-specific vertical strain

CJ,,eqv, equivalent vertical strairof entire soil profile

G} max maximum limiting vertical strain for a soil layer

) unit weight of soil (e.g. pcf, kN/fnetc.)

Omax maximum limiting shear strain

Omin minimum limiting shear strain

. v, i mean annual rate of exceeding vertical strain

€ o mean value of the natural logarithm of vertical strain

Gy error term for either model + parametric uncertainty or parametric uncertainty
V2] effective vertical stress in the soil

a standard normal cumulative distribution function

T inversestandard normal cumulative distribution function

Seismic Slope Displacement Terms

InD natural logarithm of seismic slope displacement (cm)

k, yield acceleration (Q)

PGA peak groud acceleration (Q)

M earthquake moment magnitude (g)

S standard deviation for the scalar model

/y mean annual rate of not exceeding a seismic slope displacement value
D seismic slope displacement (cm)

GM, single ground motion parameter

T, initial fundamental period of the sliding mass (s)

f, soil amplification factor (from AASHTO 2012 Values of site factor table)
In D" natural log of seismic slope displacement adjusted for thes#eific conditions
InD™ natural log of seismic slope displacement cgponding to the reference site
DInD adjustment factor for seismic slope displacement
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ref
ky
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f site

ref
fa

yield acceleratiomdjusted for sitespecific conditiongg)

peak ground accelerati@djusted for sitespecific conditiongg)

yield acceleration for the corresponding to the reference site (g)

peak ground acceleration corresponding to the referendgkite
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EXECUTIVE SUMMARY

The purpose of the researphesenteds to provide the benefit of the full performance
based probabilistic earthquake hazard analysis, without requiring special software, training, and
experiencevhile using Standard Penetration Test (SPT) data from site soil bofiag#o this,
simplified madels of liquefaction triggeringlateral spread displacementgostliquefaction
settlements, and seismic slope displacemiatisapproximate the results of the full probabilistic
analysiswere developed These simplified methods are designtd require only a few
calculations programmed into a spreadstset aprovided liquefaction parameter maphis
report provides the derivation and validation of these simplified moddressing Tasks 1
through 8 of the pooled fund study nuber FHWA TPFR5(296) as specified in theesearch

contract.

The simplified procedure using the Boulanger and Idriss (2012) probabiligtefdction
triggering model iglerived based on principles from the Mayfield et al. (2010) derivation of the
simplified procedure for the Cetin et al. (2004) probabilistic liquefaction triggeniodel. The
simplified procedure for predicting lateral spread displacements is deriged ba the Youd et
al. (2002) empirical modelThe simplified procedure for vertical strains in a soil profile is
derived based on the Cetin et al. (2009) and Ishihara and Yoshimine (1992) volumetric strain
models The simplified procedure for seismic stodisplacements is derived basedtmn Rathje
and Saygili (2009), and Bray and Travasarou (2@80%plified empirical Newmark sliding block
models.The newsimplified procedurearebased on retrieving a referengarameteralue (i.e.

CSFE' (%), log Dy ™ &*, D) from a hazardtargetedliquefaction parameter mamnd

calculating sitespecific correction factors to adjust the reference valusepoesent the sie
specificconditions. The simplified procedures were validateg comparing the results of the
simplified analysis with a full performandmsed analysis for 10 cities of varying seismicity.
The results show that the simplified procedure is within 5% error of the full perforrbased

procedure.

To ensure that spatibias is not introduced into the liquefaction parameter maps, a grid
spaang evaluation was performed. Thadyspacings determined in the evaluation were used in

the development of the liquefaction parameter maps. These maps were created fo(olgska
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for liquefaction triggering and lateral spread are included in this reg@ofnecticut, Idaho,
Montana, South Carolina, and Utah at the 475, 1033, and 2475 year return pAariods.

addendum to this report will include completed maps for Alaska and @rego

The simplified procedures were compared with the deterministic and ppeafobilistic
procedures. The deterministic procedure digamtly ovepredicts hazardn regions 6 low
seismicity, slightly ovepredicts hazard in regions of mediuseismicity, and slightly
undepredicts hazard in areas of high seismicity when compared to the simplified procedure at
the 475 and 2475 year return periods. The ps@udoabilistic procedure retusnesults very
similar to the simplified method at the 1033 yearmefgiod.

To assist in implementing the simplified proceduigegdool was created to perform the
simplified calculationscalled SPLig SPLiqis available in spreaheet formand providesan
easily implemented procedum&.stepby-stepprocess igprovided in au s e madual additional
to this report, and will assist in the usef the SPLiqtool in those states for which liquefaction

parameter maps have been developed



1.0 INTRODUCTION

1.1 Problem Statement

The purpose of the researpfesenteds to develop a procedure thptovides the benefit
of the full performancédased probabilistic earthquake hazard analysis, without requiring special
software, training, and experienaghile using Standard Penetration Test (SPT) data from site
soil borings To do this, simplified mdels of liquefaction triggering,lateral spread
displacementspostliquefaction freefield settlement and seismic slope displacememntse
developed that approximate the results of the full probabilistic analsessimplified modks
need to be validated to ensure that the simplified models provide results that adequately

approximate the results from full performarz@sed modslat a given return period.

1.2 Objectives

The objective of this report is fwrovide simplifiedperformancebased procedures to the
members of thepooled fund study PF5(296) technical advisory committedAC) which
closely approximatehe results of full probabilistic analgs for liquefaction initiationlateral
spread displacemenpostliquefacion freefield settlements, and seismic slope displacements
This was done by performing the following steps:

1 Introduce the original models used to determine liquefaction hatiaedliquefaction
triggering, lateral spread displacemt postliquefaction settlement, and seismic
slope displacementsand provide indepth derivations that demonstrate the

development of the simplified methods

1 Validate the simplified models by performing a sfecific analysis for several

different sites usinthe simplified and full models
1 Asses proper gd spacing for map development

1 Create he hazardargeted liquefactionlateral spreadpostliquefaction settlement,

and seismic slope displacemgatrameter maps
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1 Compare the simplified procade with deterministic methed
1 Develop a tool to stredine the simplified procedure

These objectives specifically addreBasks 12, 3, 45, 6, 7 and &f the TPF5(296)

research contract

1.3 Scope

The states included in this research were: Alaska, Connectictp, Itéontana, South
Carolina,Utah, and Oregon Hazardtargeted liquefaction parameter maps were developed for
these states onlyith the exception of maps for Alaska (for pdiguefaction settlement and
seismic slope displacement) and Oregon which will use the 2014 US&fgrdgation data
when it becomes available However, the same principles used in the simplified procedure
provided in this report should apply similarly to other states. The final products of this research
are: 1) a final report describing the findingstloe research, d)quefaction parameter maps for
the states mentioned at the 475, 1033, and 2475 year return periods Sitdc3a spreadsheet

that performs the simplified procedures outlined in the report.

1.4 Outline of Report

The research conducted for tpioject is documented the followingsections of this
report

Derivation of the Simplified Models
Validation of the Simplified Models

Grid Spacing Study

Development of the Parameter Maps
Comparison with Deterministic Anadgs
Guide to the Simplified Procedu&eValidation
Conclusions

Appendices

=4 =4 4 -4 8 8 -5 2



2.0 DERIVATION OF THE SIMPLIFIED MODELS

2.1 Overview

This section describes the derivation of thepdified liquefaction triggeringlateral
spread displacemerostliquefaction gttlement, and seismic slope displacenmeatiels. The
original models will be introduced and the derivation process for the simplified models will be

described in detail.

2.2 Performance-based Liquefaction Triggering Evaluation

This section will provide thenecessary background to understand the simplified
performancebased liquefaction triggering procedure. A brief discussion regarding empirical
liquefaction triggering models will be provided, followed by a discussion of performzasss

implementation oftfiose models.

2.2.1Empirical Liguefaction Triggering Models

While the use of liquefaction hazard maps can provide a useful preliminary assessment of
liquefaction hazard for a site, most professionals rely uporsgéeific liquefaction triggering
assessmeribr use in design. One of the most widely used methods of assessment in engineering
practice today is the simplified empirical procedu8edd and Idriss 1971; Seed 1979; Seed and
Idriss 1982; and Seed et al. 198&8¢cording to this simplified procedure, liquefaction triggering
is evaluated by comparing the seismic | oading
triggering. Seismic loading is typically characterized using a cyclic stress €&®,which is
computed as:

t
CSR=—2 =650 v | 0
S, g g1



wheret . is the equivalent uniform cyclic shear stresgi is the effective vertical stress in the

soil, B g is the peak ground surface acceleration as a fraction of grastyis the total

vertical stress in the soil, ang is a shear stress reduction coefficient.

Soil resistance to liquefaction triggering is characterized by performing sesit isoil
test (e.g., standard penetration resistance, cone penetraigianes, shear wave velocity, etc.)
and comparing its results to those from documented case histories of liquefaction triggering.
Based on observation and/or statistical regression, a function for¢ite test can be delineated
that separedtaeccs itome ftlaiseu hliisquef @act ifaroon d daxee Al
delineated boundary is referred to as the cyclic resistance @RIR,and represents the unique

combinations ofCSRand insitu soil test values at which liquefaction triggers.

Engineers and geologists commonly quantify liquefaction triggering using a factor of

safety against liquefaction triggeringS . This parameter is calculated as:

_ Resistance CRR
FS = 2
Loading CSR

Kramer and Mayfield (2007) and Mayfield et al. (2010) introduced an alternative method
to quantifying liquefaction triggering. If usingdrstandard penetration test (SPT), tid&tRis a

function of (Nl) , Which is the clean sarghjuivalent, corrected SPT resistance for the soil

60- cs
layer. However, for a given level of seismic loading (&SR, the SPT resistance requirtal

resist or prevent liquefaction\ ., can be backalculated from theCRRfunction. This term

req !

N, can be used to computeéS, using a modified form of Equatiq@) as:

_CRR CRR(N)y, )
CSR  CRR N,)

Fs, 3

where CRR( N) denotes thaERRis a function ofgiven valueof SPT resistancey.



Mayfield et al. (2010) defined the relationship betwdéige actual SPT resistance for the

given layer Nsite, an0dNyeq as:

DNL :Nsite Nreq (4)

The relationship betweddSR CRR Nsie, andNreq iS shown graphically ifrigure2-1, after
Mayfield et al. (2010).

A A (b)
CRR CRR .
, ANL =0

ANL =| Nswle = Nreq

FSL.<1.0

CSR AN <0

CRR
FS.>1.0
AN >0

| | o oy
L L

(N1)so.cs (N1)s0,cs

Figure 2-1 Schematic illustration of: (a) definitions of FS, and giN,; (b) relationship
betweenFS, and gi\N, (after Mayfield et al. 2010)

2.2.2Performancéased Liguefaction Triggering Assessment

Simplified empirical liquefaction triggering procedures require the selection of seismic

loading parameters (i.e., peak ground surface acceleratigrand moment magnitud®! ) to

characterize a representative or design earthquake. When analyzing the liquefaction hazard from
a single seismic source, the process of selecting seismic loading parameters is relatively straight
forward and simple. Howevefew seismic environments exist where only a single seismic
source can contribute to liquefaction hazdrdmore complex seismic environmentgjssiic
hazardis usually calculated with a probabilistic seismic hazard ana{iZ$$1A), which often
produces a wide range of seismic loading parameter combinations, each associated with a
different likelihood of occurrence. Despite the wide variety of possible seismic loading

parameter combinations produced by &HA, engineersnust lect a single set of seismic

7



loading parameters that adequately characterize the complex seismicity of the site. Conventional

approaches to liquefaction triggering assessment typically utilize the deaggregation results
associated with the PSHA far,, at a targeted hazard level or return period to obtain that single
set of seismic loading paraters. Engineerselect either the median or mean moment
magnitude from the deaggregation results, and subsequently couple this selectéadeagth

the a__ value associated with the targeted return period. Unfortunately, these conventional

approaches were shown by Kramer and Mayfield (2007) to introduce bias into the computed

liquefaction triggering hazard.

Potential biases introduced into the liquefaction triggering assessment through the
improper and/or incomplete utilization of probabilistic ground motions and liquefaction
triggering models could be reduced through the implementation of a perforivases
approach(Franke et al. 2014aKramer and Mayfield (2007) presented such an approach, which
utilized the probabilistic framework for performaroased earthquake engineering (PBEE)
developed by the Pacific Earthquake Engineeftesearch Center (Cornell and Krakler
2000; Krawinkler 2002; Deierlein et al. 2003Jhis implementation of the PEER PBEE

framework assigned the joint occurrence M{, and a,_,, as an intensity measure, and either

FS or N, as the engineering demand parameter.

Kramer and Mayfield (2007) demonstrated that a hazard curveF&r could be

developed using the following relationship:

Ny Name
L A APEFS F%l 4., . mgbl, (5)
=1 i %

whereL . is the mean annual rate o6t exceeding some given value of factor of saf@, ;

s
PgFQ < FS| fla »M;  is the conditional probability that the actual factor of safety is less than

FS given peak ground surface acceleratmpn, and moment magnitude, ; D/amam is the

incremental joint mean annual rate of exceedanceafgr and m;; and N,, and N, are the



number of magnitude and peak ground acceleratiorements into which the intensity measure

Ahazard spaceo is subdivided.

The conditional probability component of Equati&) can be solved with any seledt
probabilistic liquefaction triggering relationship, but that relationship must be manipulated to
compute the desired probability. Assuming the inclusion of parametric uncertainty (i.e.,
uncertainty in SPT resistance and seismic loading), Kramer andieltay2007) solved the

conditional probability term using the Cetin et al. (2004) liquefaction triggering relationship as:

N,). (1+0.004C) -13.79FS C5 29.06 3.—82?£S~Li 0.66C 15+% 6
60 L &p

cra

-00: O

P&FS < FS| @u- M & a1

D> (D~ (D~ (TR~ D~ (D~

where F represents the standard normal cumulative distribution func(iltip)60 is the SPT

resistance corrected for atmospheric pressure and hammer asecgypued using Cetin et al.

(2004) FC is the fines content (in percentJ;SR is equal to Equatio(ll) using a,,, asinput;

and p, is atmospheric pressure (in the same units gy

Franke et al. (2014b) solved the conditional probability component of Eqy&jiosing
the Boulanger and Idriss (2012) probabilisigriefaction triggering relationship as:

: (Nl)GO,cs é( Nl)eo,cs 2§ (&1) 60,cs ’ d Nl 3 cs ) s
¢ 141 £ 126 8 Bas B 2% 26 In[CSR, FSp (")

e
e
N e O
PsFSL<F$|aaX,-,mEF§ & =
é
e

-0

e

(8)

where (Nl) is the SPT resistance corrected for atmospheric pressure and hammerasnergy

60
computed using Idriss and Boulanger (2008, ZOQ.UDSF)J. Is the magnitude scaling factor for
magnitudem, and is computed accordirtg Idriss and Boulanger (20081;rd)j is the depth
9



reduction factor for magnitudg and is computed according to Idriss and Boulanger (2008)
the depth correction factor and is computed according to laindBoulanger (2008), angl, is

equal to either 0.13 for model uncertainty alone or 0.277 for total (i.e., model + parametric)

uncertainty.

Similar to the relationship for computing a hazard curved8r, Kramer and Mayfield

(2007) derived a relationship for computing a hazard curvélfgras:

Ny Namax

/N* =3 apgNreq >N:eq| anax ! rq 8@"’“ ) (9)

B = R Y

where/ . is the mean annual rate of exceeding some given clearesaindilent required SPT

req

*

resistanceN,,,, and PgN,, > Nieq | 3. »M; is the conditional prioability that the actuaN,,,

*

is greater thanN,, given peak ground surface accelerat@yp, and moment magnituden, .

Kramer and Mayfield (2007) and Mayfield et al. (2010) used the Cetin et al. (2004) probabilistic
liquefaction triggering relationship (assuming the inclusion of parametric uncertainty) to solve

the conditional probability component of Equat{@as:

. ésvi
N’ -13.7CSR) -29.061f m) -S.SZI%E

35.2¢

|-O0: Ot

(10

PgNreq > Negg| Bha» M G 4.21

D> (D~ (D~ (TR~ - (D/

Frankeand Wright (2013) substitutetthe Boulanger and Idriss (2012) model for the

Cetin et al. (2004) model to develop an alternative conditional probability term for Eq(@tion

as:
* o * 2 3 ~ x4 ~
N, &N, © N, ON,_ & o)
e | 2 red ° & " 268 INCSR
141" 8126 87 B B2sF 8 K (11)

I:)gNreq > N:eql anax,i' TT] H:

(D>~ (D~ (DFID~ D~ (D
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where CSR; is computed with Equatiorf8), and s, is equal to either 0.13 for model

uncertainty alone or 0.277 for total (i.e., model + parametric) uncertainty.

2.3 Simplified Liquefaction Triggering Model

The Kramer and Mayfield (2007) performaruased liquefaction triggering procedure
summarizedn Section2.2.2is an effetive solution to mitigating the deficiencies introduced by
the conventional liquefaction triggering approach, which utilizes probabilistic ground motions
and a liquefaction triggering relationship in a deterministic manner. Unfortunately, the Kramer
and Magfield procedure is relatively sophisticated and difficult for many engineers and
geologists to apply in a practical manner. Specialized computatiantslisiach asVSlig(Kramer
2008) andPBliquefY(Franke et al. 2014d)ave been developed to assist thesdessionals in
implementing the performandssed procedure. However, even the availability of
computational tools is not sufficient for many professionals, who routinely need to perform

and/or validate liquefaction triggering hazard calculations apalrand efficient manner.

An ideal solution to this dilemma would be the introduction of a new liquefaction
analysis procedure that combined the simplicity and-tigardliness of traditional liquefaction
hazard maps with the flexibility and power of itespecific performancbased liquefaction
triggering analysis. Mayfield et al. (2010) introduced such a procedure, which was patterned
after the maghased procedure used in most seismic codes and provisions for developing
probabilistic ground motions foengineering design. Franke et al. (2014d) later refined the

Mayfield et al. simplified procedure for easier implementation in seismic codes and provisions

Mayfield et al. (2010) demonstrated with the Cetin et al. (2004) liquefaction model that
probabilstic estimates of liquefaction resistance (Neq) can be computed for a reference soil
profile across a grid of locations to develop contour plots called liqguefaction parameter maps. A
liquefaction parameter map incorporatifgq can be a useful todio evaluate the seismic
demand for liquefaction at a given return period becaysgis directly related taCSR(i.e.

Figure2-1). Mayfield et al. demonstrated how these magpede f e vakesaf & 9 could be

11



adjusted for sitespecific conditions and used to develop-specific uniform hazar estimates of

Nreq (i-€., N2°) and/orFS (i.e., FS™) at the targeted return periaat hazard level The

req

derivation of the simplified method for the Cetin et al. (2004) liquefaction triggering model will
notbe included in this repqgrbut is presented in detail in Mayfield et al. (20&0)l Franke et al.
(2014).

Because many engineers desire to evaluate liquefaction initiation hazard using either the
Youd et al. (2001) othe Idriss and Boulange2@08) (which is very similar to Youd et al. 2001)
liquefaction triggering curves for the SPT, a simplified uniform hazard liquefaction procedure
that incorporates the Boulanger and Idriss (2012) probabilistic liquefaction model can be
developed through approach similar to that used by Mayfield et al. (2010).

2.3.1Simplified Procedure Using the Boulanger and Idriss (2012) Probabilistic Liquefaction

Triggering Model

According to the probabilistic liquefaction triggering relationship developed by
Boulanger ad Idriss (2012), the probability of liquefacti®h is given as:

IN(CRR, _ps) - In( CSKR

P =
L s,

(12)

(DD~ ;E[ 04

where F represents the standard normal cumulative distribution functgn,s the total
uncertaintyof the liquefaction modebnd CRR _5y, is the cyclic resistance ratio corresponding

to a probaility of liquefaction of 50% (i.e. media@RR), which is computed as:

CRF;Lzsoo/D:expgavgl\ilieics %(@%)Gws glz)% Q%;ﬂa 2.67 (13

&26 5.4

¢
Unlike the Mayfield et al. (2010) simplified liquefaction procedure, which incorporates

the Cetin et al. (2004) liquefaction model, the simplified uniform hazard liquefaction procedure

site

for the Boulanger and Idriss (2012) liquefaction model cabeaderived to solve foNreq ina

convenient manner because of theotder polynomial equation i€RR (i.e. Equation(13)).

12



Fortunatéy, this simplified procedure can be modified to incorpo@RRand CSRinstead of
Nrege Which greatly simplifies theerivation ofthe new procedureand also makes it somewhat

more intuitive.

Figure 2-2 presents a generic soil profile representing a reference site originally
introduced by Mayfield et al. (201@nd used for the simplified Cetin et al. (2004) procedure
This reference soil profile cabe used with a full performandmsed liquefaction analysis
incorporating the Boulanger and Idriss (2012) probabilistic liquefaction mdéaehKe and
Wright 2013) tofind Neq at a depth of 6 meters for thargetedreturn period(Tg) or hazard

level. Be@use the value dfleq associated with the reference soil profile does not represent any

actual soil profile, Mayfield et al. (2010) distinguished it using the tefjjg. By substituting

N into Equation(13), the medianCSRassociated with the reference site (IGSF') at the

req
targeted return period can be computedother words,CSFE' represents a uniform hazard
estimate of the seismic loading that must be overcmrevent liquefaction triggerinif the
reference soil profile existed at the site of interBgtcomputing similar hazarthrgeted values

of CSF¥' at different locations across a geographic area, contoured liquefaction parameter maps

for CSF can be constructedhese maps will be calldijuefaction loading mapbecause they

convey information regardinghé seismic loading affecting liquefaction triggering, and to
distinguish them from liquefaction parameter maps, which convey information rega‘tlg‘fgng
BecauseCSRis often a decimal value less than unity, mapping the perce@®Bf CSR' (%)

allows formore precise contour mapping, as welleasier interpretation and interpolation for

design engineersFigure 2-3 presents diquefaction loading map of CSF (%) at a return

period of 1,033 years for a portion of the Salt Lake Valley in Utah.
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Figure 2-2. Reference soil profileused to develogiquefaction loading maps in the proposed
simplified uniform hazard liquefaction procedure
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Figure 2-3. Liquefaction loading map (Tr = 1,033 years) showing contours JdESK (%)

for a portion of the Salt Lake Valley in Utah.
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In interpretinga liquefaction loading map such as the one presentdeégure 23, a

gualitative assessment of relative liquefaction hazemwss a geographic araathe targeted

return periodcan be made. Higher values GSR' (%) imply higherlevels of seismic loading
for liquefaction triggering. Gils located inareas of highelCSF (%) will need greater SPT

resistance to prevent liquefaction triggering than soils located in ardasvef CSF' (%)

However, a liquefaction loading map by itself tells the engineer nothing regattte actual
liquefaction hazard at a site because the map does not account-fqregfie soil conditions. A
procedure will subsequently be derived and presented to correct the mapped liquefaction loading
valuesto sitespecific liquefaction loadingalues, which can be used to compute-sgecific
performancebased estimates of liquefaction triggering hazard at a targeted return period.

A liquefaction loading map should not be confused with a liquefaction hazard map,
which attempts to account fortaal soil conditions at each mapped location. The difficulty in
obtaining sitespecific subsurface data for all locations across a geologic region is significant
indeed. Furthermore, liquefaction hazard maps tell the engineer nothing regarding the
liquefaction triggering hazard with depth in the actual soils at the site. Thus, liquefaction hazard
maps constitute a preliminary hazard assessment and planning tool, and can hedpfelryo
engineersf used properly. However, liquefaction hazard map reshitald be interpreted with
caution and an understanding that local site conditions and actual liguefaction hazard may

deviate significantly from what is mapped.

2.3.1.1Site SpecificCorrection forCSF

BecauseCSF was developedising the reference soil profile, it must be corrected for
site-specific soil conditions and depths to be used in computingspéeific uniform hazard
values ofFS,, Py, andN.q If CSR™ represents the sigpecific uniform hazard value &SR
thenCSR" andCSR™ can be related as:

In(CSR*) =In( CSK') + TS (14)
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where qCSRis a sitespecific correctionfactor. Rearranging Equatiofi4), we can solve for
qCSRas:

2 ite
aCSR (15)

DCSR =n( CSK®) In( CSR) v o
¢

Similar to Equation(8), the magnitudeand stresgorrectedCSRfor level or neatevel

groundaccording to Boulanger and Idriss (20i2fomputed as:

&G
CSR =065 Snax r 1 0652 ( pga Aock) 0 1 1 16
PR sj g MSF '% si 9 MSF K,

whetre Fpga is the soil amplification factor corresponding to the peak ground acceler@®m, (
andPGA« is thePGA corresponding to bedrock (i.€s=760 m/s). Equations fog, MSF, and
Kg as definedn Idriss and Boulanger (2008, 2010) arevidedin later sections of this repoif
Equation(16) is substituted into Equatiqi5), then Equatiorfl5) can be rewritten as:

M-
o

SIIE site site ~ ~

éo 6 SV gangta GJG of:k % site @ é O

é . 5&7%' 9@% 0 Q Fsr[e T; ite 9
DCSR 4n &~ 17)

206 &g 8éF;g;@G o 0. A & 0

% e e O

g &i 2 gd G F” < '@f =

Because there should be no difference in the ground motions between the reference soil
profile and the actual soil profilePGAL = PGA®, . Therefore, Equatio(il7) can be simplified

as:

&

a3 e 5
si 9 o6 anne f) arsne 0 aMSF5|te bl K?ite
DCSR dn& o2 glned— gln 51N
ref ref ref ref (0]
aéisv QQngaB -QSF - Ig
o/ B O
c¢ T+

(18
= BSR +@BR 8RR  GRR GSFD



whereqCSR, C8Rpga C8HRi, C8HRusk a 63K aye sitespecific correction factors for
stress, soil amplification, shear stress reduction, earthquake magnitude, and overburden pressure,

respectively.

2.3.1.2Correction for Vertical StresgfCSR,

The relationship for the stress correction facgdZ SR is defined as:

B 8
s S, @

DCSR ﬂné%—ret (19
éds / O
gé% S, 8

If the liquefaction parameter map fOISR®" (%) was developed using the reference soil profile

shown inFigure2-2, then Equatiorf19) can be simplified as:

DCSR an&/ S = 20)

Mayfield et al. (2010) used weighiblume relationships to investigate the possibility of
simplifying the stress correction factor in their simplified procedure. By substituting specific
gravity and void rab for the vertical stress terms, and then by assuming that thepsitéic
void ratio and specific gravity were the same as those used in the reference soil profile, Mayfield
et al. developed a simplified equation for their stress correction factaxaisagimply a function
of depth and depth to groundwater. Mayfield et al. demonstrated that this simplified equation
was quite insensitive to changes in void ratio, and thus introduced relatively little error into their
computed results. A similar investigan was performed witlygfCSR, in this study to evaluate
the possibility of developing a simplified relationship for Equaf@®). However, we found that
a simplified equation after the manner demonstrated by Mayfield et al. introduces significant

error into the computed results of our proposed simplified liquefaction procedure, likely due to

17



the fact that our proposed procedurbased on a natural logarithm function (i.e. Equafids)),

whereas the Mayfield et al. (2010) simplified procedure is based on a linear relationship.

2.3.1.3Corredion for Soil AmplificationpgICSRpga

The relationship for the soil amplification factq@CSRga is defined as:

Slte

DCSR dnﬁ (2)

pga

If the value of F™

oa fOr the reference soil profile is fixed at 1, then the correction factor for soil

amplification can be written as:

DCSR_ =n aFSIQ'_g (Fe) (22

""P&T

Thus the only parameter required to calculate the soil amplification factor iE;éﬂwe

value from AASHTO 2012 Tabl3.10.3.21 corresponding to the site of interest. This table is

site

included here as a referendable2-1). ThePGAvalue used to determine, . from the table

should be calculated from the USGS 2008 (USGS 1996 for Alaska) interactive deaggregation
website for thereturn peiod of interest (e.g.2% probability of exceedance in 21 yearfg,=
1039).

If an engineer prefers to use an empirical model for soil amplification, such as the
Stewart et al. (2003) model, tlECSRyga term can be adjusted for the desired model. For
example, in the Stewart et al. (2003) model, the median amplification fagtds defined as:

Fo.e = €xpga bin( PGA,,) (23)

where PGAqc IS in units of g,a and b are regression coefficients defined by Stewart et al.
(2003)
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Table 2-1. Values of Site FactorF 4, at Zero-Period on Acceleration Spectrum (from
AASHTO 2012 Table3.10.3.21)

Site Peak Ground Acceleration Coefficient (PGA)'
Class PGA< | PGA= | PGA= | PGA= | PGA >
- 0.10 0.20 0.30 0.40 0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 14 1.2 1.1 1.0

E 2.5 17 12 0.9 0.9

F? * * * ¥ *
Notes:

'Use straight-line interpolation for intermediate values of
PGA.

2Site-speciﬁc geotechnical investigation and dynamic site
response analysis should be performed for all sites in Site

Class F.

Using Equatior(23), the correction for the soil amplification factor can be written as:

AFst & iaexp(asite_'_ psite In( PG rsgf))

pga .
DCSngga 3n éﬁ:;ﬁ gln géXp(aref + bref In( PG rrecfk))

(24)
[ b*in(Poaz)) (@ b¥in( PoA))

There should be no difference betweRGA' and PGAS, , so Equatior{24) can be simplified

to:

DCSR A &° &) I PGA,)( B B) (25)

If the liquefaction parameter map fOISE®" (%) was developed using the reference soil
profile shown inFigure 2-2, thena™ = - 0.15, b™" = - 0.13 (seeStewart et al., 2003 and

Equation(25) would become

DCSR_ H &° @8.15 In{ PGAS)( B° 0.43 (26)
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2.3.1.4 Correction for Shear Stress Reductigi; SRy

The shear stress reduction facter,was defined by Boulanger and Idriss (2012, 2014)

as.
r,=expa +HM))] (27)
a=-1.01 ziR%21 5633 29)
' 8%1273 '
5=0.106 +0 .1815ir%i 5. %47 29
C 1.28

where z represents sample depth in meters Bhdis the mean moment magnitude. Thus the

equation folgCSRy becomes:

é site 5 é-eX asite + ﬁite O \t
DCSR dngel- ghee A SR “jtﬂ)
’ cla =+ gféxp(a'e + O OW)

(30

Both the site soil profile and the reference soil profile experience the same ground

motions, soM 3 =M . Therefore, Equatio(80) can be written as:

[x:SRd :(a site _def) Nﬂjite( ﬁ'te r_a (3 1)

Mayfield et al. (2010) demonstrated that thgerm in the Cetin et al. (2004) model is
relatively insensitive to the value ofl, for a particular rangeMy, = 5.97 to 7.70). This
observation allowed the correction factor fgto use a standartd,, value of 6.5 for all analyses.
In this study, they value fran the Boulanger and Idriss (201&hodel was found to be quite
sensitive taM,,. This sensitivity is clear ifigure2-4, which illustrates theariability of rq with

depth anavi,, (5.5 to 8.0). Due to the significant discrepancy betwegealues for differeni,,,
the simplified Boulanger and Idriss (Z)1method requiredM ** to remain in Equatior31).

For the reference soil profile used in this stuBliggre 2-2), h"" = -0.3408 andb "™ = 0.0385.
Thus Equatior{31) becomes:

DCSR Ha®™ @.34]) M'( & 0.038% (32)
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Equation(32) can also be written in terms dadepth to the sitspecific soil layer (in
meters) from the ground surfacg™ as:

2 site

DCSR % 0.6712 1-.1265@2?3 5t13%3

¢ ¢ = 33)
+M==29 0675 +0.118sif 2 +5.14%

2 128 ¢

where the value oM >* is themeanmoment magnitude from the 2008 (1996 for Alaska) USGS
interactive deaggregation website for the return period of inteeegt, 2% probability of

exceedance 21 yearsTr = 1039). The value afiCSRy varies with depth, and therefore must
be calculated for each layer in the sfeecific soil profile.

Iy
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
0.0

Mean

5.0 — - Mean +o
=— = ean -c
g 10.0
<
o
)
0 15.0
20.0
My, = 8.0
25.0

Figure 2-4. Shear stress reduction factori(y) vs. depth for a range oM,, values (5.5 to 8.0)

according to the Boulanger and Idriss (2012 model.

2.3.1.5Correction for Magnitude Scaling FactaCSRusk

If the MSF ascalculated in thddriss and Boulangef2008,2010) model is to be used,

then there should be no difference in the earthquake magnitude between the reference soil profile
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and the actual soil profile. In this cas¢SF"™® = MSF® which indicates thatfCSRyse = 0 and
thereforegq@CSRysk can be excluded fro Equation(18).

If the MSF as calculated in the updated Boulanger and Idriss (2014) model is to be used,
then MSF = f( N,Gops). BecauseMSF is a function of N, .., it is possible thaMSF" |
MSF*' becauseit is likely that (N,),, . varies with depth in the actual soil profil&hus

CSRyse must be included in Equatiofi8). Using the equation foMSF from the updated
Boulanger and Idriss (2014) model, this correction factor can be written as:

é site é é'MSite 6 6
AMSE G ad+(MSk -1)338.64ex%eTW 5 1.3255
_ a site O ® C (; - -
DCSRsr = gg o 6 M5 : YT 5 (34)

¢ 2 +(MSFy, -1)338.64ex%eTW 5 1.3254
¢ ¢ ¢t s -

o 2,

— a(Nl)GO,cs O -
¢ oY 7

where (Nl) represents the clean saeduivalent SPT resistance value corrected to 60%

60.cs
efficiency and 1 atm overburden pressasecomputed usinthe equations provided Hgriss
and Bouénger (2008, 2010) Note that there is no difference in the magnitude of the ground

motions between the reference map and the sftus M can be replaced withv ",
Therefore, fi the liquefaction parameter map fGISR" (%) was developed using the reference

soil profile shown irFigure2-2, then MSE' =1.417 and Equatio(84) can be written as:

max

é é. eé site 2% 5
A < (N 0 .
e & f 1)60,(:5 O'I'O 09 %_ é_ M site 6 6
2“2’”'\"88 315 0O (@.64expgeTW 6 1.325¢
4 T N ) ¢ - <
_me o (12 g (36)
DCSR- = In€ ———
e &-M3° 5
é 3.603ex9,eTW ) 0.447
é ¢ -
¢
€
e
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The value ofq@CSRusg must be calculated for each layer in the soil profile because

MSFis a function of(Nl)SOCS, which likely varies throughout the soil profile. The value of

M:2* is the mean moent magnitude from the 2008996 for Alaska) USGS interactive
deaggregation website for the return period of interesgt,2% probability of exceedance in 21
yeas, Tr = 1039). This should be the same valueVgs® used to calculate thgCSRy termin

Equation(33).

2.3.1.6Correction for Overburden PressurgCSR:

Both the ®12 and 2014 versions of the Boulanger and Idriss model use the same

overburden correction factdf:

K, =1 C.Ingor g1 (37)
¢h =
1 ©.3 (39

S

T18.9- 2.58/(N,)

60,.cs

whereP, is 1 atmosphere of pressure (i.e. 1 atm, 101.3 kPa, 0.2116 sfte that the value
(N1)s0.cs must be computed using the equations found in Idriss and Boulanger (2008, 2010).
Idriss and Boulangg010) commented that th& limit of 1.1 has a somewhaggligible effect.
Therefore, the simplified method derived here will not use the restrictidty.otHowever, the

limit of 0.3 for values ofC; will be incorporated. Now the correction tempCSR: can be

written as:
é_ . és, site &
_ &- Cj”elnae V) 8
éKS'te o o) Q
DCSR, =gt 6 e o (39
T :L cr Inas'V) 8
s bS] 0
¢ ¢ @ -

If the liquefaction parameter map OISR (%) was developed using the reference soil

profile shown inFigure2-2, thenC¢"®' = 0.147,K”*" = 1.06&, and Equatior§39) would become:



a 0.3 0 . )
& ] 0.8(s,)" 0
- aMIN | ! dbeg . ¢
’|‘ site 0 Pa s
£ 1189 258(N);; B¢
DCSR._ = ¢ — (40

5
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Note that if(Nl)eoCsi s restricted t oCy@sdefinediniEguationt h e

(38) will remain below its maximum value of 0.3.

2.3.1.7Equations for CS¥, N5’ FS, and R

Once theCSF' (%) is obtained from the appropriate (i.e. haztatheted) map and the

appropriate correctiofactors arecomputed using Equationi20), (22), (33), (36) (neglected if
using Idriss and Boulanger 20085F instead of the updated Boulanger and Idriss 205#)
and(40), the sitespecific hazardargetedCSR"™ can be computefbr site specific soil layei

using the following equatioffrom Equation(14)):
a jef 0
(csR*), =expgings > ) of osR, (+ ) (+csR (€9 (e (D
e g i | |
This (CSR‘“G) value can then be used to calcul&t ';e, FS., or P_ for sitespecific soil
layeri. To calculate the value O(Nfei;e),, solve the following polynomial iteratively (from
Equation(13)):
~ 0 oi 2 . 3 )
NSIte) 0 (mSII(—:‘)i quZIt . ( Mrzléj a

ha L0 @ 267

Te141 O @26 0 236 ®5.42 (CSR'te)) (42)
¢ ¢ ¢ =27

-I-CiiOz

Alternatively, the following closedorm regression equation will provide a very close

approximation ofN*™ given CSR"™ (R?=0.999):

req
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o , ) ) (43
aa 4 00 a a4 60

+ 17622 o) 0 54733 %) 0033
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Equation (43) is valid for 0.08¢ (CSR“E)_ ¢1.2¢. Outside of these bounds, the

polynomial should be solved iteratively.

To solve forthe uniformhazardFS_ for the soil layeli, use Equatiofl3) as

expgg( Nl)GO,cs)i g ((;ll)eo,cs)i _g( Nl&o,cs)i _‘_((gql) eog 2.67
CRR™ % 141 0 @®126 0 286 0 25 '
(Fs) :( )i _ & - ¢ - ¢ - € (44)
i (CSRite)i ( Csﬂ'te)i

To solve for the uniform hazafe| for the soil layer, usethe following relationship:

e é RF?Ite Og
: '”aé?pe)
e ite @ |
(R) = Fe O g —eF—n(( ) (49
¢ s, ug s
e u
e H

Where s, is 0.13 if parametric uncertainty (i.e., uncertainty in measufiNg,, _ and

estimating seismic loading) is neglected, andis 0.277 if parametric uncertainty is considered.
Because it is impossible to completely eliminate uncertainty when measuring parameters such as

(Ny) o, i the field, it is recommended that, = 0.277.

2.4 Empirical Lateral Spread Displacement Model

The simplified lateral spread displacement model is derived fromwidely-used
empirical lateral spread model originally presented by Bartlett and Youd (1995). Their model
was regressed from a large database of lateral spread case histories from Japan and the western
25



United States, and a large number of parameters related to qoérjpes, slope geometry, and

level of ground motion were statistically evaluated. Bartlett and Youd identified the parameters
that produced the best regression, and from those parameters regressed their original empirical
predictive relationship. Youd ei. (2002) later updated their original empirical model by using

an expanded and corrected version of the 1995 database. The updated Bartlett and Youd
empirical model has since been adopted as the state of practice in much of the world, and it is
routinelyapplied on a wide variety of projects in all types of seismic environments. The Youd et

al. (2002) updated empirical model is given as:

logD, =b, M BlogR bR hleg W plog S

where

D,, = median computed permanent lateral spread displacement (m)

M = earthquake moment magnitude

R = the closest horizontal distance from the site to the source (km)

W = the freeface ratio (%)

S=the ground slope (%)

T15=the cumulative thickness (in upper 20 m) of all saturated soil layers with corrected Standard
Penetration Test (SPT) blowcounts (i(®l)s0) less than 15 blows/foot (m)

F15=theaverage fines content of the soil comprisiing(%)

D50;5 = the average mean grain size of the soil comprigiggmm)

and R* is computed as
R = R 4(8&M-564 (47)

Model coefficientdy, throughbg are given irnlTable2-2.

Table 2-2 Regression coefficients for the Youd et al. (2002) empirical lateral spread model

Model bo b1 bz b3 b4 b5 b6 b7 b8

Ground slopg -16.213| 1.532 | -1.406 | -0.012| O 0.338 | 0.540 | 3.413 | -0.795

Free Face | -16.713| 1.532 | -1.406 | -0.012 | 0.592 0 0.540 | 3.413 | -0.795
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2.4.1 Full Performancebased_ateral Spread Model

Kramer et al. (2007)suggested that performanbased estimates of lateral spread
displacement could be computed by modifying an empirical lateral spreading model in such a
way so as to insert it directly into a probabilistic seismic hazard analysis (PSHA). Such a
modification could be performed by separating the model terms associated with seismic loading

(i.e. the Loading Parametdr,) from the model terms associated with local site and geometry
conditions (i.e. the Site Paramet8r). Therefore, a modified form of any gr empirical lateral

spread model could be written as:
D=L § e (49

whereD is the transformed (e.g. log, Isquare root) lateral spread displacement,lai®] ande

represent thapparentoading, site, and uncertainty terms.

Following the Kramer et al. (2007) framework, Franke and Kramerdj2@dmonstrated
how the Youd et al. (2002) empirical model fotelal spread displacement could be adapted to
develop fully probabilistic estimates of lateral spread displacement. The perforbesszbform
of the Youd et al. (2002) was shown to be:

logD, =L S @ (49)

where

L =M 4h,logR BF (50)
S={h blogW hkiogS pleg T blog(100 E) - blog+6Q, 0 (51
e= §pn, F'[P] (52
Siogn, =0.197 (53

If computing the probability of exceeding some given displacemkriEquation(53) can be

incorporated as:
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€ - [/ e -
P[D, >d] 4 _ go9d- loghb, ul= clogd -logD, (54)

6 S, N 10.197

D

Because a given site should produce a single val&etofbe used in design, the left side
of Equation(49) can be thought of as a simple linear functaf L with a constant yntercept
equal toS and a data spreacharacterized by as shown inFigure 2-5. BecauseS is
considered a constant value in the performarased analysis, multiple lateral spread hazard
curves could be developed for a site for different valueS dfFigure 2-6). Thus,the effectof
varying site and/or geometry conditions when computing probabilistic lateral spread

displacementsould be evaluated

[tog(d)-log D

log Dy T gy

log(d

Figure 2-5 Schematic diagram of the fully probabilistic lateral spread model with Youd et
al. (2002) (after Franke and Kramer 20%)
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Figure 2-6 Variations of lateral spread hazard curves as a function of the site terng
(after Kramer et al. 2007)

Though it is not an actual or measurable ground motion parameter, the apparent loading
parameter in Equatio(b0) is a function of magnitude and distance and attenuates in a manner
similar to measurable ground motion intensity measures described by trad&ronald Motion
Prediction EquationsGMPES. In the context of the Youd et al. (2002) model, the apparent
loading term, therefore, acts in a manner analogous hkatemsity Measurell/), the variation of

whose median value witd andR is described by Equatig0).

By incorporating Equations() and 61) into the probabilistic framework presented in
Equation (8) and assigning all of the uncertainty in the Yoeidal. (2002) model to the
conditional displacement calculation, a performanased model can be expressed in terms of

lateral spread displacement conditional upon the site parameter as:

s @S) AP[D, dS.L] D 59

wherel ;, s (d|S) is the mean annual rate of exceeding a displacement d conditional upon site

conditions S,N, is the number of loading parameter increments required to span the range of
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possible L values and D/, is the increment of the apparent loading parameter in hazard

space For a single sourc&quation(55) can also be written as

/DHlS(d|s):/g'_iP[DH d|s,L]AL,] (56)

where nn is the mean annual rate of exceeding a mim magnitude of interesor a given
seismic sourceBecause the loading parameter is a function of magnitude and distance (which
are commonly assumed te bhndependent in PSHA work) and can be affected by mailtipl

seismic sources, Equati¢h6) can be rewritten as:

Ng Nv  Ng

los (dIS)=8 1@ &80, >dIS.M m,R = M nrR 1 (57)
i=1 | &k E
which is very similar to the PSHA framewodommonly used to compute uniform hazard
estimates of ground motions. Therefore, Equati@® through (54) can be incorporated into
common seismic hazdranalysis software such &Z-FRISK or OpenSHAto develop uniform

hazard estimates of lateral spread displacement and displacement hazard curves.

2.4.2 Simplified Performancébased Lateral Spreddodel

If a generic reference site is used to com@@jthen aseries of performaneeased lateral
spread analyses could be performed across a grid to develop contour maps of lateral spread
displacement corresponding to various return periods of intdriesse maps are called lateral
spread reference map&or example, a reference site fthre derivation of the simplified
performancebased lateral spread procedure is presenté&igiure 2-7. This profile was chosen
based on the profile used to develop the full performarasged method to be consistévidlues
of 3.0m, 20%, and 0.2mm are computed for the lateral spread paramgidfs, andD50;s,
respectively. As shown ifrigure 2-7, the geometry of the site constitutes a ground slope
condition with ground slope (i.&) equal to 1%. The resulting value $f for the reference site,

as computedrom Equation(51), is therefore equal to 9.043.
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Figure 2-7 Reference solil profile used to derive the simplified performanebased lateral

spread approximation

The lateral spread displacement corresponding to the generic reference site could
therefore be obtained from the appropriate map and adjusted in order to provsjeesitie
lateral spread displacements corresponding to the destexh period. The equation for this
site-specific adjustment is given as:

site

[logD, ™ =[logD,, | + D), (58)

where [logD,, |*“is the logarithm of the lateral spread displacement adjusted fespeitafic

conditions, [logD,, ] is the logarithm of the lateral spread displacement corresponding to the

reference site (obtained from the map)dabD,, is the adjustment factor computed by the

engineer. Bysubstitutingequation(49) into Equation(58), the adjustment factor can be written

as:

D:)H :(L s )site (|: s )_ref (L site | ref)_ (S ref 49 site) (59)

However, because s =L ", Equation(59) can be simplified as:
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DDH :S ref S site (60)

If Equation(51) is subsituted forS, thenEquation(60) can be rewritten as:

DD, :ggo bfogW Rkleg S blog T bIOQ(lOO l1:5) 'QIOQ'H:BQS 0')1% (61)
@, +b, logV + logS 4 logE, blo§ 100 B) b g D5Q 0.5

By simplifying Equation(61) and inserting model coefficients and parametersthe

reference site, the adjustment factor can lmepeded as:

2T site
DDH :bgite bzlsitelog(wsite) Q_ﬁitelog( SS") 05'40|OgaT1§
¢
2 _ site X ite ~
ﬁ% 0 0.79510g200s" *0-1 B¢ o,
¢ B ¢ B

- O: Ot

(62)
+3.413lo

where b{"*and b denote sitespecific geometry coefficients dependent on the geometry model

(i.e. ground slope or frelace) and areprovided in Table 2-3. Paramet esit® with
superscript denote sispecific soil and geometry parameters determined from thepsisfic

soil information provided by the engineer.

Table 2-3 Site-specific geometry coefficients for computing the adjustment factoDDy

M o d el bOSIte b45|te bSSIte
Ground Slope| -16.213 0 0.338
Free Face -16.713 0.592 0

Once the reference lateral spread displacement is obt&imedthe appropriate (i.e.
hazardtargeted) map and the adjustment factaasiputed usindg=quation(62) and Table 2-3,

the sitespecific hazardargeted lateral spread displacement (in meters) can be computed as:

D3¢ = 1geoP I Ba) (63)
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2.5Performance-Based Postiquefaction Free-field Settlement Models

This section will provide a brief overview of the Cetin et al. (2009) and Ishihara and
Yoshimine (1992) podtquefaction freefield settement models and how they fit into the PEER

performancebased earthquake engineering framework.

2.5.1Cetin et al. (2009) Settlement Model

The Cetin et al (2009) method involves creating hazard curves of strain and,
subsequently, settlement for each sublayer $oil profile. Mayfield et al. (2010) demonstrated

the relationship between the cyclic stress ra&idRand the minimum SPT resistance required to

resist liquefaction triggering\,, as:
CSR= CRR N,) (64)
whereCRRi s the cyclic resistance ratio (i.e., t

Mayfield (2010) further showed that tl@&RR for a given soil layer could be computed with the
Cetin et al. (2004) probabilistic liquefactiomyering model as:

é | o ~
éNCetm_ 2906|nMW _382"‘?@9& 8-&52553— '1(FPL)

req

CRR=exp& cP =+
€ 13.79
€
e (65
where Nféﬁ“” is the N, according to the Cetin et al. (2004) probabilistic liquefaction triggering

curves,M , is earthquake moment magnitude, is initial vertical effective stressp, is
atmospheric presse (in same units as,, ), S, is the estimated model and parameter
uncertainty (standard deviation), aﬁdl(PL) is the inverse standard cumulative normal
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distribution of the probability dfquefaction (B, ). Cetin et al. (2004) used the simplifying
assumptions oM = 7.5,s = 1 atm. If these assumptions are combined with the assumption

that P, = 50% (focusing solely on the median liquefaction triggering curve), then Eq&&pn

can be simplified as

req

& 13.79

NS . 29 06*In(7.5) +15.25
CRR=expé

(66)

Cetin et al (2004) showed that if parametric uncertainty is excluded, the coefficients
29.06, 15.25, and 13.79 change to 29.53, 16185,18.32, respectively.

Cetin et al. (2009) also observed that effects from ndiréictional shaking have a
significant impact on the observed ptiguiefaction volumetric strains. Cetin et al. (2009)
computed the equivale@SRat 20 cycles of ordimersional direct simple shear loading at 1.0

atmosphere of confining streSSSR¢ ;1 51am @S:

CSReld

CSRg201p1atm™ Kmd—K N K. (67)

whereCSR,, is theCSRcomputed in Equatio(68), K, is the correction factor to convert the
multidirectionally appliedCSR,,, value to the value of a unidirectionally applied laboratory
CSR K,,, is the correction factor to convert t&&Rto a value corresponding toM,, = 7.5
earthquake, and, is the correction factor used to account for the nonlinear increase in cyclic

resistance to shear stresses with increasing confining effectiveestrBegause the assumptions

M, = 7.5 ands = 1 atm were already used in computiNﬁ?‘”, Equation(67) can be

simplified as:

CSR.,
CSRs201p1am= K <
md (69)

K,q=0.361 00;) 06.57 (70)
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where Dy, is the relative density (in percent) of the soil layBy, is often approximateds:

(Nl)eocs
Dg (%) 0, |—=
(7D

Once theCSRg,1p1am Values for eaciN . have beembtained for each sublayer in the

soil profile, the strain hazard curves for each sublayer can be calculated.

The methodology used to compute the strain hazard curves is that of the PEER
framework, which computes the mean annual rate of exceeding sgmeesing design
parameter EDP) given some intensity measure($)A ). Kramer et al (2014) showed that the
mean annual rate of exceeding some engineering demand parauwedsr a function of

intensity measu, im is given as:

Nim
/edp = a PéEDP edq’ IM Ir'F|| l:l /I!\ﬂ m
= (72)

Kramer et al (2008) and Kramer et al (2014) demonstrated that applyingdadqi@) to

the analysis of liquefactiemduced settlement yields:

NCSR
l,=a Pgeg >SRN gh
= (73

where g, is the strain of a given sublay& SR is the CSRg,, ;5 ,.m COMputed in Equatio(69),

N, is the N, ;.. computed from the blow count of a standard penetration test (SPTR/agg

is the incremental joint mean annual rate of exceedance for the given CSR. Furthermore, Kramer
et al (2008) and Kramer et al (2014) explained that:

R i
Pge, > HCSR Ng:eg—n%evs ne

e e (74)
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whereF ( )Z is the standard normal cumulative distribution functiop, is the mean computed
value ofIng,, ands,,, is the standard deviation of the probability function which was found to

be 0.61 by Cetin et al (2009). Cetin et al (2009) showed that the mean véiue oén be

computed as:

€ €780.416InCS +2.442.4650
éL.879Ing C FgSZO,lD,latm)' N,60,CS h 5.583
o =8 é 636.61N, ¢, + 306.732 i
100 75

im:5¢ N, g ®0, 0.05 ©CSRey01p10m ©-€

By repeating Equation@?3) and(74) for a wide range of strain values, a hazard ewfv
free-field postliquefaction volumetric strains can be developed for each soil sublayer.

The strains computed in Equatif#b) do not consider the uncainty in the soil
response, (i.e. the likelihood that the soil will liquefy given some level of ground shaking). This
uncertainty is represented by the probability of liquefacti®r).(whichwas shown by Ulmer et

al (2015) to be computed as:

P = F\' site ~ Nreq
8 421
€ ' (76)

If parametric uncertainty is ignored, thersbminator of Equatio(v6) becomes 2.7. To
account forP, , the mean value dfi ¢ computed in Equatio(¥5) is multiplied by theP,
computed in Equatiofv6).

Kramer et al (2008) explained that direct computation of volumetric strain distributions
from any volumetric strain relationship has been found to produce significant probabilities of
unrealisically large strain values, thus causing the assumption afdogpally distributed

volumetric strains. For low values &f ¢, ., the slope of the lognormal function increased
dramatically, resulting in infinitely increasing values whs with decreasing values &, ¢, ...

Extensive experimentation, however, has shown that soil has a limited ability to densify, and
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must be governed by some limiting maximum volumetric strain. Huang (2008) performed a
study to find tle maximum limiting value of vertical strain using the deterministic soil models of
Tokimatsu and Seed (1987), Ishihara and Yoshimine (1992), Shamoto et al (1998), and Wu and
Seed (2004). A weighted average of the four relationships was used to creataraeaded

relationship for the estimated mean limiting volumetric strain as showigume 2-8.

Tokimatsu

Ishihara

Shamoto

Wu

Weighted Aveg. ~~

Evmax %0

0 10 2) 30 40 50
NI 60

Figure 2-8 Mean limiting strain relationship derived from deterministic vertical strain
models (after Huang, 2008)

The relationship for the recommended mean limiting volumetric strain shokiguire

2-8 can be approximated as:

8, max(%0) = 9.2081 - 2.2418 I, Yoo

ev,max

(77)

The appoximation found in Equatio(v7) was used for this study. Huang (2008)

suggested that, because the maximum strain relationship is approx@natée uniformly

to 1.5*¢

V,max*

distributed over a range of 0.5},

max

In this study,g, ..., was distributed uniformly

,max

over this recommended range using increments of @02%
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Once the hazard curves were computed and weighted according to the recommendations
of Huang (2008), settlement hazard curves were computed. The details of the settlement
computation will be provided later in this section.

2.5.2Ishihara and Yoshimine (1992) Settlement Model

The Ishihara and Yoshimine (1992) method is similar to the Cetin et al (2009) method,
except that instead of computing strains as a functidDSJ#&, strains are computed as a function
of the factor of safety against liquefactidfy). Hazard curves of strain and settlement are
computed for each sublayer in a soil profile. H8 is computed for Boulanger and Idriss

(2012) N, values from 1 to 49 using the followinglationship provided by Ulmer et al (2015):

ééeNl,GOCS' Nreq g’é"ﬂNl,GO,CSZ _Nres 6 '\ﬁ{eo,cg 'Nresq
& 141 F 128 § % 238
FS, =expg

(79)

Once theF§,, values for eactN,,, have been obtained for each sublayer in the soil

profile, the strain hazard curves for each sublayer can be computed. This is done using the PEER
framework as explained in the Cetin et al (2009) method. Equ@Bpican be adjusted to

account for the change in intensity measure (fe8kto FS,,) as expressed by

NFSiq
l,=a P§¢ >uFS. N 2D
- =8 PEe > FS. N gL 79

Equation(74) is utilized again, withs,, = 1.12. Idriss and Boulanger (2008)

approximate Ishihara and Yoshimine (1992) volumetric strain curves as:

e =15 & 0:369 N, 3,c;) mih 0.08g,)
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where min(Q signifies the use of the minimum value found within the parenthesisganis

the limiting shear strain and is computet

Omax = G:S 2 (81)
a 4 1-F, 80
om =MEH O L FB RTE( IS
c C & U = (82)
gmax: g] if FSL ¢I§ (83)
where g, is computed as
=1.85 : 1~ [Masocs 9 2
glim ) %1 46 8
¢ - (84)
and F, is computed as
F,=.032 4.D, 6.0D.) (85

where Dy, is the relative density of the soil sublayer as a decimal.

It shauld be mentioned that the strains computed in Equé8@rdo not consider the

likelihood of liquefaction occurring, of, . To accounfor P, the following equation can be

applied as demonstrated by Ulmer et al (2015):
— - -3.61

A= an ( FS ) (86)

where FS is computed with the Boulanger and Idriss (2012) probabilistic liquefaction

triggering curves. If parametric uncertainty is ignored in the Boulanger and Idriss (2012) model,

then the exponent in Egtion (86) becomes7.69. To account foP, , the mean value dh g,

computed in Equatio(80) is multiplied by theR, computed in Equatio(86).
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Themaximum strain considerations introduced by Huang (2008) are also considered with

the Ishihara and Yoshimine (1992) model, w&h,,, uniformly distributed over a range of 0.5*

€, nax 10 1.5%€

V,max v,max*

2.5.3Settlement Computation

The method proposed by Cetin et al. (2009) to compute the settlement from the strain
hazard curves introduced an equivalent strain for the entire soil profile, defined as

e _ a. (ev,i Q BIE)
A ®F)

(87)

wheree, ., is the equivalent strain for the soil profile;; is the strain for a given sublayer in
the il profile; t, is the thickness of the given susceptible sublayer;@Rdis the depth
weighting factor of the given soil sublayer and is computed as:

18m

(89)

whered. is the depth of the given sublayer in meters. Because settlement is a function of strain,

depth, and tickness of the soil layer, it is compatible with the Cetin et al. (2009) and Ishihara
and Yoshimine (1992) models. The settlement for the soil profile is then computed as:

Sprofile = f @eqva ti (89)

wheres, ;. is the computed settlement for the soil profile @@ a calibration factor for

observed podiquefaction case histories and is equal to 0.9 for the Ishihara and Yoshimine
(1992) model and 1.15 for the Cetin et al. model (Cetin et al. 2009).
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2.6 Simplified Postliquefaction Free-field Settlement Models

The performancéased approximation of vertical strains in a $ajler summarized in
Sections 2.5.1 and 25is an effective solution to mitigating the deficiencies introduced by the
conventionalpr@Eibadi |l Aiptsiead a p pans xwhichautilizes n of
probabilistic ground motions to estimate vertical strains in a deterministic manner.
Unfortunately, the performandeased approach is complex and difficult for many engineers to
use in a practical manner. Specialized computationds teach asPBliquefY (Franke et al.
2014c) have been developed to aid in the implementation of the perforivesent procedure;
however, performing a performanbased analysis may still not be practical for professionals
who routinely need to perform amd/validate vertical strain hazard calculations in a rapid and
efficient manner.

An ideal solution to this dilemma would be the introduction of a new liquefaction
analysis procedure that combined the simplicity and-tigardliness of traditional liqueféion
hazard maps with the flexibility and power of a specific performancbased liquefaction
triggering analysis. Mayfield et al. (2010) developed a simplified,-beged procedure that
could be used to approximate performabesed liquefaction triggging using the Cetin et al.
(2004) liquefaction triggering model. Franke et al. (2014d) then refined the Mayfield et al.
simplified procedure for easier implementation in seismic codes and provisions.

Mayfield et al. (2010) introduced the idea, using @etin et al. (2004) liquefaction
model, that probabilistic approximations of SPT resistance required to resist liquefaction can be
computed for aeferencesoil profile (seeFigure 2-9) across a grid of geographic locations to
develop contour plots called liquefaction parameter maps. These liquefaction parameter maps
serve as a proxy for the seismic loading that affects liquefaction triggering andathdite
expected for a given return period. Since-sjpecific soil conditions are most likely different
from the referencerofile, Mayfield et al. demonstrated how the mapped reference parameter

values could be adjusted for s#pecific conditions.
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Figure 2-9 Reference soil profile used to develop liquefaction &mling maps in the proposed

simplified uniform hazard liquefaction procedure

In a similar manner to the Mayfield et al. (2010) liquefaction triggering procedure,

vertical strains for areferenceprofile can be probabilistically computed across a grid of
geographic locations. The calculated reference stragfs, , will be an indication of ground

motions; however, they will need to be adjusted for-gitecific conditions. A detailed
derivation of the vertical strain correction, both the Ishihara and Yoshimine (1992) and Cetin
et al. (2009) vertical strain models, will be given.

The simplified performanceébased posliquefaction settlement procedure using the
Ishihara and Ydsmine (1992) strain model builds upon the recently dgped simplified
performancebased liquefaction triggering proceduri@ that it requires boththe CSF" and
CSR™ from the Boulangerand Idriss(2012) triggering model. Similarlythe simplified post

liquefaction settlement procedure using tBetin et al. (R09) strainmodel will require both

N andN" obtaine from thesimplified performancebased liquefaction triggeringrocedure

req req
using he Cetin et al. (2004) triggering modé&he Year 1Final Reportof this study included the
derivation of the simplified performandmsed liquefaction triggering procedure using the
Boulanger and Idriss (2012) modéllease refer to Mayfield et al. (2010 clarification on the
simplified performancdased liquefaction triggering procedure using @etin et al.(2004)
model.

2.6.1Site-Specific Correction for Reference Strain using the Cetin et al. (2009) Model

Becausee™

\

was developed using the reference soil profile, it must be corrected for site

specific soil conditions and depths to be used in computings#eific uniform hazard values of
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e, If &' represents the sigpecific uniform hazard value of vertical strain for a particular

ref site

soil layer, thene,” and &, can be related as:

In(qf';‘;prox+0.01) =An( ?;ppmx 8.01) ( (90

where De is a sitespecific correction factor. A value of 0.01 was added to &jthand €' to

prevent a value of zero from occurring in the natural log operators. Rearranging E¢@@tion

we can solve for the correctidactorDe as:

In(g" . +0.01)

v, approx

In(€” __+0.01)

v, approx

(91)

Thus, the strain correction factor for a given soil sublayer can be estimated if valgfgsanfd

e’ are approximated from the reference soil information and the actual soil sublayer

information, respectivelyUsing the knowledge and assumptions presented in Equd@dns

(69), (70), and(75), and by treating the referencalgprofile shown in Figure -® as a single soill
layer (i.e.,i=1), € can beapproximatedusing the Cetin et al. (2009) pdijuefaction

volumetric strain model at a given return perasd

e e . 8CRR N %
é e780 416:)| +2424 465u 0
€t o 0.01 £1.8795 U g5 pgat
E.approx 21 11, 765.766 u v
é e u L (92
& 8 H v
Q? % 18- N, 02
gy
6 £ 421 G

ref . . - . . - - .
where N, is theminimum SPT resistance valygertaining to the Cetin et al. (2004) triggering

modelrequired to resist liquefaction in the eeénce soil sublayer shown in Figur®,2and is
obtained from the appropriate liquefaction parameter map at the desired return period. Note that

Equation(92) also assumes the incorporation®fin the computation of volumetric strains.
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e™ is approximatedn a similar manner tg*  using the Cetin et al. (2009) strain

V,approx v, approx

model:
e @ &  CRRN" 0 e o
é 7804182 R ) O(N,)T  2442.4650

_ é é 3.3610n( D) 0.579 0" s U

€ 0 ® 0.01 €1.8796-0 & . ' 0 5.58¢
¢ ; 636.613N, ), *806.732 0 93
E e v
A 3 site site A
Cg I; (Nl)eo,cs_ Nfetq 3.3
é @ 4.21 ol
e ¢ ~u

where N®° is the sitespecific minimum SPT resistance required to prevent liquefaction

req

triggering using the Cetin et al. (2004) model, as computed using the simplified performance

site

rocs 1S the sitespecific,

based liquefaction triggering procedure (see Year 1 Final Re;@Nlt)

clean sanekquivalent SPT resitance for the soil sublayer of intergsiand D3 is the

correspondingsite-specific relative densityf the soil sublayer of interegin percent)and is

calculated from Buation(71).

Once thecorrection factor for a given soil sublayer is computed using Equatéins

through(93), sitespecific adjusted strains can be computed for a given soil sublayer as:
ite — - < ref
&' =expg Delt) e 0.61 g 0.0 (94)

where €' is the reference adjusted straibtained from theppropriate Cetin posiguefaction

\

settlement parameter mapa return period of interest

Due to the nodinearity of the model, a calibration equation was developed to correct the

bias. The final simplified site strain can be calculated as:

€ e = 66896 OF)"  0:8833 (95)

v, calibrated
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where €7 is the site strain as calculated in equaii@4). Once e has been computed,

v, calibrated

equations(87) and (89) may be applied to obtain the equivalent strain and settlement for the

entire profile.

2.6.2Site-Specific Correction for Reference Strain wgthe Ishihara and Yoshimine (1992)
Model

The framework presented in Sectiorb.2 can also be applied to the Ishihara and
Yoshimine (1992) settlerm¢ model. We can useghation(90) to again define the correction
factor, De.

If the reference soil profile is treated as a single layer (i.el), then he adjusted
reference straimising the Ishihara and Yoshimii€992) model as demonstrated by Idriss and
Boulanger (2008) and later calibrated to observed-lppstfaction settlement case histories by
Cetin et al. (2009) can mgproximated as

ref o é = é,008 @ A ref-3.61

€l oo €0.3135 Gning @I Fsy%) (96)
e max  UY

where FS* is the factor of safety against liquefaction triggering for the reference soil sublayer

at the return period of interest using the Boulanger and Idriss (2012) model with the simplified

performancebased liquefaction triggering procedure (see Year 1 Final Report); andgithese

the limiting sheastrain for the refemce soil sublayeand is computed as:

Opex = 0 jq 21 (97)
agin 0

res % o ~0 re H

ot = & 03806 0o FS® i f (99)

i n
e §.035(2F5[ef e — 86
2 cFS-0.6194 29

ref

and whereg, | is computed as:

f¢' =0.1985 if FS' ¢ 0.619 (99
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O

3.
ref 0
g = 1859;1 1-( jg’cg g 0 iFS" @619 (100

The site-specific adjusted strain for a given soil sublaﬁf; can be approximated

pprox

using the Ishihara and Yoshimine (1992) model as:

. é .. ~ ..\ site d)os m \
e\ilgepp"’xo 81-5 é)(pg 0'369\/(Nl)6:>,cs gm"@ ite l(]EBFtGSGl) (10D

max

where (Nl)zic‘)eCS is theldriss and Boulanger (2008)ean sangquivalent SPT resistance value

for the soil sublayer ointerest; FS™ is the sitespecific factor of safety against liquefaction
triggering for the soil sublayer of interest at the return period of interest from the simplified
performancebased liquefaction triggering procedwi. is thesite-specificlimiting shear strain

for thesoil sublayemland is computed as:

o, = PSR f (102
agsne 6
. X .
gSIte @ é, 1 F site Oo If 2 >FS site ;FaSItE (1039
035(2 FSse )geFti o¢
site ane O
gns"ltaex = &le If F&Site ¢ Fasite (104)

where g is computed as

3.
(N )decs 8

=1, 85995& 1- O 10
Gin ES] 46 8 (109
g —
and F* is a limiting factor of safety computed: as
Fo°=0.032 +0.6Q/(N, )0, -0.16N,) o (106
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The correction factoiDe for a given soil sublayer using the Ishihara and Yoshimine

(1992) model can then be computed as:

De = In (\flfpprox OOJ)

|n( Q. 01)

v approx

(107)

where &% and €% are approximated at the return period of interest using Eus486)

approx V,approx

and(101), respectively.

Once De has been computed for the desired soil sublayer, thespsigfic, adjusted

postliquefaction volumetric strain for the soil sublayer can be computed as:
ite _ - < ref
&' =expg Deld) *e 0.61 @ 0.0 (109

ref

where € is the referencevolumetric strain obtained from theppropriatelshihara and

Yoshimne settlemenparameter mapt the desired return period

Again, due to the nehnearity of the model, a calibration equation was developed for the

Ishihara and Yoshimine strain:

& s = 142.91( )" 16:3284 %  0.6802" (109

v,calibrated —

Equations(87) and (89) from section2.5.3 can then be applied tes" to obtain

v,calibrated

equivalent strain ancetlement, respectively.

2.6.3Simplified Strain Summary

The simplified method consists of obtaining a reference strain value from a liquefaction
parameter map. The reference strains are calculated for the reference profile using the full
performancebased metbdology. The obtained reference strain value must then be corrected for
site-specific conditions using the equations presented in sectth i2.using the Cetin et al.
(2009) model and section&2 if using the Ishihara and Yoshimine (1992) model.
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2.7 Peaformance-Based Newmark Seismic Slope Displacement Models

Probabilistic assessment of earthquaiduced sliding displacements of natural slopes is
often based on permanent sliding displacement due to earthquake shaking. Empirical
probabilistic seismic sjme displacement models developed by Rathje and Saygili (2009) and
Bray and Travasarou (2007) were used to create a numerical tool to compute the full
performancebased seismic slope displacement. The capability to evaluate these models in a

probabilistic ranner washenadded tdPBLiquefY

2.7.1Rathje and Saydgili (2009) Model

The Rathje and Saygili (2009) model is an update and improvement of the Saygili and
Rathje (2008) model. The revised model includes a magnitude term that reduces scatter in the
model, andit also includes an improved estimate of the standard devialioe Rathje and
Saygili (2009)model presents both a scalar and vector models. For the purposes of this study the
scalar model is the only one used. The empirical displacement model is Ibaggu sliding
block displacements computed from recorded horizontal acceletatierhistories. Over 2,000
motions were used, and each was scaled by factors of 1.0, 2.0 and 3.0. Displacements were
calculated for kvalues of 0.05, 0.1, 0.2 and 0.3. Tgreposed model presented in 2009 was the

following:
0 10608 5 k & gk °
nD=489 -485%% 819649 #2497z 28 062
am - a@ax - amax(; + (11@

+0.72In(a,,,) 0. ss(lvl 4
where D is the seismic slope displacement in units of crkjsjs the yield acceleration and

a... IS peak ground surface acceleration both in units of g.,Misl the earthquake moment

magnitude. The overall stdard deviation for this new model is 0.95.

2.7.2 Bray and Travasarou (2007) Model

The Bray and Travasarou (2007) model utilizes a nonlinear fully coupledssipick
sliding block model. The model separates t he

di stribution of fAnonzeroo displacement, so th
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Newmark rigid sliding block case &0), the natural logarithm of the seismic displacement can

be computed as:

n(D)= 0.22 2.83ik,) 0.338 Ifk,))" 01566(K,) (@)

(111
+3.04In(a,,,) -0.244 Ifa,,))’ 0.278M }

where the standard deviation for this model is 0.67.

The methodology presented by Bray and Travasarou €arséxd to calculate the probability
of the seismic displacement exceeding a selected threshold of displacd)renta specified
earthquake scenario and slope properties.

2.7.3 Performancéased Implementation of Seismic Slope Displacement Models

The performancebased application of a seismic slope displacement model involves the
incorporation of a probabilistic hazard framework (Rathje and Saygili 2008). A hazard curve

showing the mean annual rate of exceeding a seismic slope displacEncantbe computed as:

/. =8 PgD > |GM, k gaLp (112

where§ PgD>d |GM,,k, is the conditional probability of exceeding displaceméngiven
a ground motion levdl and D/, is the incremental mean annual rate of exceedfnoethe

ground motion hazard curve. The sum in the equation represents the integration over all possible
ground motion levels. Because only a single ground motion parameter is used toDpyekiist
approach is considered a scgleobabilistic assessment.

2.8 Simplified Performance-Based Seismic Slope Displacement Procedure

The simplified performanebased seismic slope displacement procedure seeks to
approximate displacements calculated by thegdalformance based seismic slapgplacement
procedure described in Secti@/7.3 The models described above will be incorporated in the

simplified procedure at specific return periods.
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The sinplified seismic slope displacement model is derived from the following equation:

INnD*®=InD"™ + IBD (113

where D** is the actual performandmsed seismic slope displacement at the desired return

period, D" is a reference performantased seismic slope displacement based on a constant set

of reference conditions, aridin D is a displacement correction function.

While a series of performandmsed analyses can be performed with a constant set of
reference conditions to computeD™ at a desired return period across a geographic area, the

values ofln D**and DIn D are unknown and must be approximated. The value Bf'*® can be
approximaed with the Rathje and Saygi#009) model as:

2 2 3
site kySIte a

0 oenld
InD*° 4.89 -4, 8% 8 109. 64—@ 842 49— &
al@ax - max(!‘
° sne ~

-290% 8+072Ir(amax) 0.80M B

(114

where a__, is obtained from the seismic hazard curve &, at the return period of interest,

and kj“e is the sitespecific yield acceleration, which is usually estimated using a two

dimensional pseudstatic slope stability analysis.
Using the Bray and Travasarou (2007) model, theesgpproximation is computed as:
nD¥*° 022 283i{k) 0.338 Ifk™)) 0566k (m,,)

) (119
+3.04In(a,,) -0.244 I{a,,))” ©278M J

Similarly, the reference seismic slope displacement caappeoximated in order to
computeDIn D. The reference seismic slope displacement can be approximated using the Rathje

and Sayqgili (2009) model as:

Kk'e ~ 2 5 ref o3
nD™ © 4.89 - 485K 01964% 084249ifa
% 8 gedSye &

° ref ~

_290% 8+072|r( as,) 0.8M B
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where k;‘af is the constant reference yield acceleration, afifj is the peak ground surface

acceleration at the return period of interest from the seismic hazard curve corresponding to the

reference soil condition.
Using the Bray and Travasarou (2007) model, the reference seismic slope displacement

can be approximateds:

nD*° 022 283i{k) 033 Ifk)) om66(K") (<)
) (117
+3.04In(a[%,) -0.244 ) ©.27BM

With approximated values dfi D™ and In D", we can now approximat®in D as

DInD 4nD*® D™ (118

Substituting Equation§l14) and (116) into Equation(118), DInD for the Rathje and
Saygili (2009) model can be represented as:

o 02
4.85ékref kjlte 0 19 64 e Gk;IIEé ? 6
DIND) ... =g : B |
( )rathje PGAQ faref fSlte 8(PGA e U LS|teé£ H §
(119
~ i ° . 4, .
, 4249 Bk % 20.06% k' & akfﬁe 0 o 7omta"
- 9 LH0.79INge2—
(PGA) ?fsne 8 :E PGA e féé a;e gct).lu gfaref

where PGA is the hazardargeted peak ground acceleration corresponding to rock (i.e.,

V, 5, =760 m/s); and f;* and f are the reference and sitpecific soil amplification factors

(see Year Duarter 1 Update Repdrt
Similarly, DIn D can be approximate for the Bray and Travasarou (2007) model as:

‘ 2 kref ~ % ﬂ 6 k;ef éz d%/sne
(DIn D) 2. 83‘3In£frT 84n i3 u §+33$ In e ? In —
e

(120
S|te o) f 20
+0. 566InPGA)e"‘§fm 6"” % H@
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With this simplified performanecbased approach for estimating seismic slope
displacements, an engineer can compute uniform hazard estimates of seismic slope displacement
at a targeted hazard level in a relatively simple manner. Certain assumptionslackasemputs
such as the yield acceleration for the specific slope using limit equilibrium slope stability
methods. It is also required to obtain the probabilistic estimakRG# from the USGS NSHMP

website for rock (i.e.,V,,, =760 m/s) at the targeted hazard level. A sipecific soil

amplification factor for the ground motion is obtained from either the AASHTO seismic design
provisions (based on soil site classification) or from aspecific site response dysis.
Once approximations oDIn D are available, sitgpecific, hazardargeted estimates of

seismic slope displacement can be computed as:

D% =expginD™ + DD g @™ )exq InD] (121

where D™ is obtained from the appropriate seismic slope displacement reference parameter

map.

2.9 Summary

The derivations of the simplified liquefaction triggering and lateral spread displacement
models show howo approximate a full performandmsed analysis using simple calculations
and mapped reference paramet@ise simplified liquefaction triggering peedure is based on
the Boulanger and Idriss (2012) probabilistic model while the simplified lateral spread
displacement model is based on the Youd et al. (2002) empirical m@telsimplified post
liquefaction freefield settlement model is based on tGetin et al. (2009) and Ishihara and
Yoshimine (1992) volumetric strain models, while the simplified seismic slope displacement
procedure is based on Rathje and Saygili (2009), and Bray and Travasarou (2007) seismic slope

displacement models.
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3.0 VALIDATIO N OF THE SIMPLIFIED MODELS

3.1 Overview

The effectiveness of the simplified performaiti@sed procedure introduced in this report
depends on how closely they approximate the results of a completpetiéic probabilistic
seismic hazard analysis. To evaluate the accuracy of the introducelfisthnprocedures, a
comparison between the simplified and full performapased methods will be performed for
ten sites throughout the United States. These sites will be evaluated for three different return
periods: 475, 1033, and 2475 years.

3.1.1Sites usedh the Analysis

The sites chosen for the analysis were selected based on the range of seismicity of each
site, as well as their distribution across theited States Table 3-1 lists thelocation of these
sites as well as their latitudes and longitudes.

Table 3-1 Locations used for the validation of the simplified modis

Site Latitude | Longitude
Butte 46.003 | -112.533
Charleston | 32.726 | -79.931
Eureka 40.802 | -124.162
Memphis 35.149 | -90.048
Portland 45523 | -122.675
Salt Lake City| 40.755 | -111.898
San Franciscq 37.775 | -122.418
San Jose 37.339 | -121.893
Santa Monica] 34.015 | -118.492
Seattle 47.53 -122.3

The tools used to validate the liquefaction triggering model did not allow any sites in
Alaska at this point, so the site Anchorage, Alaska (Latitude 61.217, Longl4@®) was not
used in the validation procefs that model. However, the tools used to validate the lateral

spread displacement model did have the ability to analyze sites in Adaskee Anchorage site
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was used in the validation process for that modilen the posliquefaction settlement andeh
seismic slope displacement models were validated, the USGS 1996 Deaggregation website was

still available, so the Anchorage, AK point was used in the validation process.

3.2 Simplified Liquefaction Triggering Model Validation

To calculate the sitspecificCSR™ an assumed soil profile was applieceath site. The

parameters associated with this soil profile@esented ifrigure3-1.

Corrected SPT Resistance, (NV;)s
0 5 10 15 20 25 30
0

e | I AV

o Silty Sand
. Fines = 20%
L] v =19.62 kKN/m?
L (124.9 pcf)
. 75;12= 190 m/s
0 L (623.36 ft/s)
° Site Class D

6

Depth (m)

12

Figure 3-1 Site-specific soil profile used to validate the simplified performancéased model

3.2.1PBLiquefY

The site-specific analysis for the full performanbased method was performeding
PBLiquefY (Franke et al.2014). PBLiquefY was also used treate the liquefaction loading
maps used to determitiee reference valug.e. CSR®' (%)) necessary for the simplified method.
The 2008 UGS ground motion deaggregations were usedoth Ibhe full and simplified

methods

3.2.2Validation of the Simplified Performandgased Cetin et al. (2004) Model

Although the simplified performandsased Cetin et al. (2004) model will not be

validated in this report, other publications have verified ube of the simplified Cetin et.al
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(2004) model (Mayfield et aR010;Franke et ak014d). Mayfield et al.(2010)showed that the
computed uniform hazdrliquefaction results from thesimplified methodclosely match the
liquefaction hazard results frorhd full performancdased liquefaction analysis at the targeted
return period. In future quarterly reports, contour maps Mty from the Cetin et al. (2004)
model will be included along with contour maps@BR' (%) from the Boulanger and Idriss
(2014) model.

3.2.3Validation of the Simplified PerformandgasedBoulanger and Idriss (2012) Model

Using liquefaction loading maps (created usiPBLiquefY) and the soil profile selected
for the site specific analysis, the value ®BR"™ was determinedor each layer of thesite
specificsoil profile and for each site usirthe simplifiedperformancebased metho¢raw data
can be found in the AppendixTheseCSR™ values were converted tNeq values using
Equation(42). The resulting\req Values are displayed ifaigure 32 along with theN,q values
computed using the full performanbased method.Also included in this plot is Me Which is
the insitu clean sanegquivalent SPT resistance of the site soil profidote that both the full
performancebased and simplified performanbased methods yield almost identical results for
each city represented in this analys@verall, he difference between theo methodss within
an acceptable amoumithin 3.41% on average with a maximum differenc @5 blow counts
for Nreg).

The direct comparison of the two methods for three different return periods caeie
in Figure3-3. Each point on this plot represents a single layer in the site soil profile located in
one city for one return period (a total of 300 point&s sea@ in this plot, he simplified nethod
provides a good approximation of the results from a full probabilistic analysislfe between
0.996 and 0.997 and provides predictions &, that accountfor uncertainty in the model
parameters without the need fofull probabilistic analysisIt may seem that the highf Ralues
are too good to be true; however, it is important to note that this is a mathematically derived
relationship and is expected be closely correlated with the results of a full probabilistic
analysis. If these two valuebl§, from the simplified method anleq from the full method)
were randomly selected samples from a natural population, then theaki& would be reason

for suspicion.
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Figure 3-2 N, CSRu=7s4¢ =1 a(t%), FS, , and P_ with depth as calculated using (aj)he new simplified procedure, and (b) the

full performance-based procedure T, = 1,033 years)
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Figure 3-3 Comparative scatter plots forsimplified and full performance-based procedures
for (@) CSRu=7ss, ijatm(%), (b) FS., (c) P, and (d) DN,
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3.2.3.1Boulanger and Idriss (2014) Updat®dtiSF Term

During the production of this report, a revised Boulanger and Idriss (2014) model was
published. This revised model included a new definition ofMB# (as explained previously).
Though this report discussed the derivation of the simplified performzassd procedure for
both the updated Boulanger and Idriss (2014) model and the previous Boulanger and Idriss
(2012) model, the remainder of this research will be based on the 2012 versioM&Rh& his
includes validation of the simplified performandoased liquefaction triggering procedure, map
development, etcHowever, theSPLigsoftware developed as part of this research will allow the
user to specify the use tife 2014AMSFtermif desired

3.3 Simplified Lateral Spread Displacement ModeNalidation

To evaluate the sitspecific lateral displacement, a soil profile was assumed for each site.
These soil parameters apeesented inFigure 3-4. Values of1.0m, 5%, and 1.0nm were
computed for the lateral spread paramelegskis, andD50;s, respectively. As shown iRigure
3-4, the geometry of the site constitutes a ground slope condition with ground sloSedgeal
to 1%. The resulting value & for the site, agomputed fronEquation(51), is therefore equal
t0 9.846.

Loose to Medium-
dense Silty Sand

Fli =25%
1 m D5015 = 1.0 mm
(N1)go < 13

Dense Sand
(N1)go = 30

Figure 3-4 Site-specificsoil profile usedin the simplified lateral spread displacemenmodel

validation
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3.3.1 EZ-FRISK

To perform the sitespecific analysis for both the simplified and full performabesed
models, the software EERISK (Risk Engineering 2013) was utilize8or this analysis, the
USGS 2008 seismic source model (Petersen eR@08) was usedfor all locations but

Anchorage, Alaskarhe 1996 USGS seismic source model was used for that location.

3.3.2 Comparison of Results

Using EZFRISK and the soil profile selected for the site specific analysis, the lateral
spread displacement waketermined for each site using the simplified and-pgelfformance
based modelsThe results of analysis can be seedable3-2. As can be seen ithis table, the
results of the analysis for both models resulted in relatively similar results, with the values from
the simplified methodalling on averagewithin 3.9% of those predicted by full modeThe
observed discrepancy between the simplified fafidoerformancebased models was no greater

than 0073m at any site or any return period.

Table 3-2 Lateral spread displacements (mjor the site specific analysis using the two
models for the threedesired return periods

Simplified Model Full PB Model

Site 475Yrs 1033 Yrs 2475Yrs 475Yrs 1033 Yrs 2475 Yrs
Butte 0.001 0.003 0.008 0.001 0.003 0.008
Charleston 0.001 0.017 0.068 0.001 0.015 0.065
Eureka 0.738 2.321 3.737 0.728 2.248 3.724
Memphis 0.003 0.033 0.067 0.003 0.025 0.065
Portland 0.038 0.152 0.333 0.036 0.152 0.334
Salt Lake City | 0.162 0.437 0.726 0.167 0.438 0.726
San Francisco| 0.744 1.095 1.493 0.745 1.081 1.492
San Jose 0.312 0.574 0.857 0.312 0.574 0.857
Santa Monica | 0.171 0.400 0.719 0.172 0.400 0.719
Seattle 0.054 0.162 0.343 0.053 0.162 0.344
Anchorage 0.045 0.536 1.187 0.045 0.566 1.250
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Overall, the difference between the simplified and full performance based model is
within an acceptable amouaf error (defined by this report as 5%)he closeness of the fis
apparent when the results of both analyses are plotted against each other, which can be seen in
Figure 3-5 (these are actual displacement values, not averapes)R values for each return
period are larger than 0.9995, indicating that the approximation of the full method is very good.
These high Rvalues as well as the lack of atter of the resultsseem to be too close for a
simplified method; howevehecausehis is a mathematically derived relationstktijis expected
that the resultbe closely correlated wittihose of thdull probabilistic analysislf the fit was not

S0 cbse, than the mathematically derived equation would be suspect

XTr=475yrs R2=0.9999
OTr=1033 yrs |R2=0.9995

Simplified Lateral Spread Displacement (m)

ATr=2475yrs |R2 = 0.9997

0 1 2 3 4
Performance-based Lateral Spread Displacement (m)

Figure 3-5 Comparison of lateral spread displacements for the simplified and full

performance-based models
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3.4 Simplified Postliquefaction Free-field Settlement Model Validation

3.4.1PBLiquefY

The sitespecific analysis for the full performanbased method was performed using
PBLiquefY(Franke et al., 2014c)PBLiquefYwas also used to create the liquefaction loading

maps used to determine theference values (e.@’;:SFE‘*f (%),€* ) necessary to perform the

simplified settlement procedure. The 2008 USGS ground motion deaggregations were used in

both the full and simplified methods.

3.4.2Site Profiles

A full performancebasedanalysis was performed for five different soil profiles. The
proposed simplified procedure was performed for the same soil profiles using both the Cetin et
al. (2009) and Ishihara and Yoshimine (1992) models as explained in S2étiGoil properties
throughout the five profiles generally remained constant, with the exception of the SPT
resistance values. The soil properties for the five diffeseihfprofiles were as follows:

Depths ranging from 0 to 18 meters.
Soil Type: Silty Sand (SM)

V,,, : 190 meters per second

Plasticity Index: 0
Liquid Limit: 30 %
Water Content: 30%
Fines Content: 0 to 10 %
1 Unit Weight: 19.62 kN per dic meter
The water table on three of the analyzed profiles existed two meters below grade while the other

= =2 4 A4 -4 A -2

two profiles had a water table at ground surfddg,, (field observed SPT resistance) values for

the five different profiles can be seerFigure3-6.
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Figure 3-6 Field-observed SPT resistances for each soil profile.

3.4.3Validation of the Simplified Performand®ased Cetin et al. (2009) Model

Individual sublayer strains and total surface settlements were computed using both the
full performancebased method and theroposed simplified procedureOnce the full
perfomance based method was compukhg with the simplified method, tiseiblayer strains
and settlementwere plotted against each eth The results for sulayer strains can be seen in
Figure3-7 andFigure 3-8 with the abscissa as the full performaibesed results; the simplified
method values are plotted as the ordinate points. Ideally the plottezk\aiould line up on a
1:1 (i.e., 45degree agle) line.
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Figure 3-7 Individual Sublayer Cetin et al. Performance based strain vs. simplified strain

separated by return period
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Figure 3-8 Sub-layer Cetin et al. Performance based strain vs. simplified strain separated

by profile

Figure3-7 andFigure3-8 demonstrate a close relationship between the full performance

based method and the proposed simplified method. The HighalRes indicate relatively low

scatter along the relationship.

The plots associated with the Cetin et @D(9) volumetric strain model demonstrate a

close relationship between the full performabesed method and the proposed simplified

procedure. Areas of highest scatter exist for the data associated with profile 4. Profile 4 could be

consi der edc aassse as cfewarrs to o

wher e

per foot throughout the entire profile which is 18 meters thick.

3.4.4Validation of the Simplified Performandgased Ishihara and Yoshimine Model

f

el

d

observed

The full performance based results wailso plotted against thproposedsimplified

method utilizing the Ishihara and Yoshimine (298ettlement model. Thesultsare presented

in Figure 39 andFigure 310. Again, an ideal fit would be a 1:1 slope trend in the data.
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Figure 3-9 Ishihara and Yoshimine (1992) sudayer PBEE strains vs. simplified strains

separated by return period
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Figure 3-10Ishihara and Yoshimine (1992) suHayer PBEE strains \s. simplified strain
separated by profile

The reader will note that there is more scatter in the Ishihara and Yoshimine results
shown inFigure 3-9 and Figure 3-10 than in the Cetin et al. results shownFigure 37 and
Figure 38. Reasons/explanations for this increased scatter include the quadratic nature of the
Boulanger and Idriss (2012) liquefamrti triggering relationship upon which the Ishihara and
Yoshimine strains are being computed, and the highlylinear nature of the Ishihara and

Yoshimine relationships betweelRS and ¢, itself. The reader st also remember that the

simplified performancdased strain estimation procedure presented here inherently incorporates
the inaccuracies/errors from the simplified performaased liquefaction triggering procedure

as well as its own inaccuracies/esor herefore, much of the scatter that is apparefitgare 3

7 through Figure 3-10 can be attributed to these compounding errors, and will always be a
challenge asxiated with the simplified performant®sed computation of liquefaction effects

that are conditional upon liquefaction triggering analysis results. Furthermore, most of the scatter
shown inFigure 37 throughFigure3-10is associated with Soil Profile #4, which was created to

represent a fAworst case scenari oo in which al
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meters has( Nl)60 values less than 8 blows per 0.33 meter. This scatter appears aggravated

further in areas of low seismicity (i.e., where probabilistic PGA estimates are less than 0.2g) at
low return periods (e.g., 475 years). Fortunately, the scatter in the results is raitgidmaller

for more typical soil conditions in which the SPT resistances were either greater than 8 blows per
0.33 meter, or are more varied in SPT resistance and are not uniformly small.

The overarching challenge here is that the simplified methodtampting to closely
approximate the performantased results of a very complex, Aorear liquefaction effect
using a simple linear transfer function. As such, some level of scatter in the approximation is
going to be inevitable. However, the more imtp@@nt questi ons that shoul
the simplified procedure accurately approximate the full performbased procedur®n
averag® o , and AAre the scatter in the simplifiec
going to negatively impact my engineering dec
by evaluating the trendlines of the data pointEigure 37 throughFigure3-10, which showed
trendlines with slopes ranging from 0.99 to 1.01. Therefore, the data suggests that, on average,
the simplified performanebased volumetricstrain prediction procedure will accurately
approximate the results of the full performaf@sed volumetric strain prediction procedure
over many calculations.

The second important question can be addressed by evaluating the computed ground
surface setdments for each soil profile/site/return period combination. Ground surface
settlement plots comparing simplified performabesed settlements with the full performance
based settlements are presenteigure3-11 throughFigure3-14. Figure3-11 andFigure3-12
demonstrate that the simplified performat@sed procedure for the Cetin et al. (2009) approach
provides a good approximation of the fpkBrformancebased procedure, with trendlines
showing slopes of 1.0 and® Ralues greater than 0.968 for all three return periods and all five
soil profiles. Figures$-13 and3-14 demonstrate that the simplified performaih@sed procedure
for the Ishihara anoshimine (1992) approach is slightly less precise than the procedure for the
Cetin et al. (2009) approach, with trendlines also showing slopes of 1.02 atu@s greater
than 0.922 for all three return periods and all five soil profiles. However fromeFigure 3-13
and Figure 3-14 that the simplified performandeased procedure closely approximates the
settlementgrom the full performancdased procedure at predicted settlements that are less than

30 cm (i.e., 1 foot) for all soil profiles and return periods. Only Soil Profile #5 shows some slight
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deviation from the trendline at one of 30 possible site/return gp@dmnbinations within this
predictive range. Therefore, it appears that significant error in the predictetigpegiction
settlement will likely only occur in the instance that more than 30 cm of ground surface
settlement is predicted. In such cases likely that such errors would not substantially change
or affect the likely remediation that would be recommended by design engineers.

Because the simplified performanibased volumetric strain procedure closely
approximates the volumetric strains frahe full performancdased procedure on average, and
because the pr oc diguefactod ground curigce setlamens ascurately and
precisely approximate the pédgjuefaction ground surface settlements from the full
performancebased procade, it can be assumed to provide a reasonable approximation of the
full performancebased procedure for most typical design situations in most seismic
environments in the U.S. The engineer must be aware that the simplified perfoiraaade
procedure incgorating the Ishihara and Yoshimine (1992) volumetric strain model shows less
precision in its ability to approximate the full performai@sed approach when more than 30

cm (i.e., 1 foot) of total podiquefaction settlement is predicted, particulawpen a large

portion of the soil profile has very low SPT resistances ((.Nl,)GO <8 blowcounts per 0.33

meter).
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Figure 3-11 Cetin et al. (2009) PBEE settlements vs. simplified procedaisettlements

separated by return period
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Figure 3-12 Cetin et al. (2009) PBEE settlements vs. simplified method settlements

separated by soil profile
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Figure 3-13Ishihara and Yoshimine (1992) PBEE settlements vs. simplified settlements

separated by return period
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3.4.5Discussion

Some engineers may interpret frafigure 3-7 through Figure 3-14 that the simplified

performancebased settlement procedure tends to -pvedict settlements for very loose soils

(i.e., N<8). However, this interpretation is not accurate. Note ffigure 3-12 andFigure 3-14,

Soil Profile #4 showed both owgrediction and undepredictionin this scatteabout the 45

degree line In addition, overall settlement predictions, even with the very loose sgéra

included, tend to bgood approximations of the full performargased settlements (as shown in

Figure 3-11 through Figure 3-14) i particularly when the predicted settlements are less than

about 30 cm (i.e., 1 foot).
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Finally, some engineers may interpret these results as statintpuhaeismicity areas
should notbe concerned with quantifying liqguefactiomduced settlements. This statement stems
from the perception that our simplified procedures tends to-reglict strains in areas of low
seismicity,which is not true. uist as many cases of ungeedictionwereobserved as wer@ases
of overpredictionin areas of low seismicity. It can therefore be concluitbed very loose soill
layers n areas of low seismicity tertd show more scatter in their predicted plagiefaction
strains. However, when considerind af the strains collectively, the simplified procedure
closely approximates the results from the full performdvased procedure on average. This is
why the total computed settlements a tiround surface (as discussed above) tend reasonably
approximateof the full performancdased pocedure Rather than infer generic and generalized
recommendations Bad on these limited results, it iecommendd that liquefaction hazards
should be evaluated consistently everywhere, and that design decisions shobjddtgely

based on the results of those evaluations.

3.5 Simplified Seismic Slope Displacement Model Validation

To evaluate the accuracy of the simplified performamased procedure for seismic
slope displacements, reference parameterts;eéf: 0.1g and f* =1.0 were selected. Values
of kj“er anging from 0.1g to 0s.p5egciweirced sseilteec tceodn dfio
PGA and meanM were obtained forthe ten selected U.S. cities from the 2008 USGS
deaggregation for three return periods: 475 years, 1,033 years, and 2,475 years. Véfifes of
were obtained from current AASHTO seismic design provisions using tabulated valfigs of

as a function ofPGA. Subsequent values of melsin PGA, and f__. for the three return periods

pga

are summarized imable3-3 for the ten cities evaluated in this study.
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Table 3-3 Summary of Magnitude, PGA andf, site used for each city used in the validation

_ Tr =475 Tr=1033 Tr = 2475
Site Mean M| PGA fa Mean M | PGA fa Mean M | PGA fa
Butte 6.03 | 0.0834| 1.600| 6.03 |0.1206| 1.559 6.05 |0.1785| 1.443
Charleston 6.61 | 0.1513| 1.497| 6.87 |0.3680| 1.132 7.00 |0.7287| 1.000
Eureka 7.33 | 0.6154| 1.000f 7.40 |0.9662| 1.000 7.45 | 1.4004| 1.000
Memphis 6.98 | 0.1604| 1.479| 7.19 |0.3346| 1.165 7.24 |0.5711] 1.000
Portland 7.24 | 0.1990| 1.402| 7.29 |0.2980| 1.204 7.31 |0.4366/ 1.063

Salt Lake City| 6.75 | 0.2126| 1.375 6.84 0.4030| 1.097 6.90 |0.6717 1.000
San Franciscq 7.31 | 0.4394| 1.061 7.38 0.5685| 1.000 7.44 | 0.7254 1.000
San Jose 6.66 | 0.4560| 1.044| 6.67 0.5627| 1.000 6.66 | 0.6911 1.000
Santa Monica] 6.74 | 0.3852| 1.115 6.79 0.5372| 1.000 6.84 | 0.7415 1.000
Seattle 6.75 | 0.3110] 1.189 6.82 0.4444| 1.056 6.88 | 0.6432 1.000

The full performancédased seismic slope displacement equation as described in Section
2.7.3was implemented iRBLiquefYwith the reference values described above to compl(ite
for the en U.S. Citiest the three return periods of interest. AdditionaBLiquefYwas used to

compute sitespecific, full performancdased values ob** using the selected values bj“e at
each of the ten cities for all three return periods.-§ptecific values oikj“e were then used to

compute simplified approximations dd** using Equations(119), (120, and (121) and the
seismic loading values summarizedriable 3-3.

Figure 3-15 and Figure 3-16 below show the comparison of the full and simplified
performancebased seismic slope displacement predictions for both the Rathje and Saygili (2009)

and Bray and Travasarou (2007) models, respectively.
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Figure 3-15 Comparison of seismic slope displacementsr the simplified and full
performance-based models based on Rathje and Saygili (2009)
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Figure 3-16 Comparison of seismic slope displacements for the simplified and full
performance-based models based onrBy and Travasarou (2007)

As seen irFigure3-15 andFigure3-16, there is gnerally a good correlation between the
full-performance based procedure and the simplified perforraased procedure with both
models, although the simplified procedure using the Bray and Travasarou (2007) model provides
a better approximation of thelfgperformancebased results than the procedure using the Rathje
and Saygili (2009) model. The Rathje and Saygili (2009) model incorporaté%oeder

polynomial function of(ky/PGA), which can lead to greater discrepancies between the

simplified performancdased slope displacements and the full performbased slope
displacements at higher predicted displacements. Nevertheless, relatively highe? indicate

that thecorrelation accounts for nearly all tife variabilityin the mmputed response data. The
average discrepancy across all return periods and yield accelerations included in this study for

the simplified procedure using the Rathje and Saygili (2009) model was 4.9 cm. The average
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discrepancy for the simplified procedursing the Bray and Travasarou (2007) model was 0.8
cm. However, note that the simplified procedure incorporating the Rathje and Saygili (2009)
model accurately and precisely approximates the results of the full perforrased procedure

up to predicted idplacements of about 50 cm, which is a much greater displacement than what is
typically considered acceptable for most bridge foundations. For predicted displacements greater
than 50 cm, the engineer should interpret the results with caution, undergtanainthe
simplified Rathje and Saygili (2009) results may be imprecise. From these results we can
conclude that the simplified procedure for approximating probabilistic seismic slope
displacements will adequately approximate the results of a full peafar@based procedure for

most practical design applications, particularly if an allowable limit state of 30 cm (i.e., 12

inches) is specified for foundation design

3.6 Summary

Ten sites throughout the United States were analyzed using both the full and simplified
probabilistic procedures for three different return periods: 475, 1033, and 2475 ydaes.
simplified liquefaction triggering method and the simplified lateral spidiaglacement models
provided reasonable approximations of their respective full probabilistic metHdokh the
simplified postliquefaction freefield settlement procedurand the simplified seismic slope
displacement procedure demonstratedurate angreciseapproximations of their respeve
full performancebased procedures at predicted slope displacements of 30 cm or less. At greater
predicted displacements, the simplified procedure with the Rathje and Saygili (2009) model
showed more scatter in igbility to approximate the full performantased procedure. Caution

and engineering judgment should be used when such circumstances are encountergd.in desi
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4.0EVALUATION OF GRID SPACING

4.1 Overview

Because biases due to spacing of grid points in gridded seismic hazard analyses are
known to existthe grid spacing studwill evaluate the potential for bias to occur due to grid
spacing effects in a ghiled probabilistic liquefaction)ateral spread postliquefaction
settlement, and seismic slope displacement haasgsdssment. Because the stateslved in
this study comprise areas of varying seismicity levels, evaluations will be performed in each of
the states to assess the optimum grid spacindefeelopment of liquefactioand lateral spread

parameter maps in future tasks.

The grid spacing assessmewms performed by comparing interpolated results from a
simple 4point grid placed in various parts of tlwuntry with sitespecific results. The
difference between the interpolated and-specific resultsvasquantified. By minimizing these
computed differences, the optimum grid spacing for the liquefaction parameter maps in each

statewasobtained.

Note that this grid spacing study does not prevastimates of accuracy between the
simplified performancébased method and the full performaib@sed method.  The
measurements of error calculated in this grid spacing study reflect only the error involved in
interpolation between grid pointBor more nformation on the accuracy of the methods please
refer to Chapte2.0and3.0.

4.2 Performance-based Liquefaction Triggering Evaluation

This section will describe the methods used to derive a correlation between optimum grid
spacing andPGA for simplified performancéased liquefaction triggering evaluation. The
purpose of this correlation was to provide a simple, readibjilable, weldefined set of rules
for proper grid spacing across the states of interest. This set of rules is necessary because it is
impractical © perform an infinite number of full performanbased analyses to create the

liquefaction contour maps. It was necessary to determine a finite number of points to analyze.
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The set of rules created in this grid spacing study was used to define thenoptumber of
points which would be feasible to analyze in the amount of time given and would yield an

acceptable amount of error due to interpolation between analyzed points.

4.2.1Methodology for Preliminary Study

The preliminary grid spacing study first focdsen four cities in areas of varying
seismicity: Berkeley, California; Salt Lake City, Utah; Butte, Montana; and Clemson, South
Carolina withPGAvalues as shown ifable4-1. Though Berkeley is not located in one of the
funding states for this research, it was used as an extreme in the r&@Awdlues. The more
rigorous grid spacing study to follow incorporates a higher number of cities within the funding

states This preliminary study was used to decide wheB®A had an effect on optimum grid

spacing.
Table 4-1 Cities Used in Preliminary Grid Spacing Study
Cit Anchor Point PGA(Q)
[
y Latitude Longitude (Tr= 2475 years)
Berkeley, CA 37.872 -122.273 1.1340
Salt Lake City, UT 40.755 -111.898 0.6478
Butte, MT 46.003 -112.533 0.1785
Clemson, SC 34.683 -82.837 0.1439

Using a square grid (like the one showrFigure4-1) wi t h t he cityds an:t
center of the square, several grid spacings were tested. This preliminary testing process included
grid spacings of 1, 2, 4, 8, 16, 25, 35, and 50 k®2(01.24, 2.49, 4.97, 9.94, 15.5, 21.7 and 31.1
mi). Then a full performanekased liquefaction analysis was performed at each corner point
and the center anchor point to solve for Standard Penetration Test (SPT) blowcourggtean
equivalent and coroted to 1 atm pressure and 60% hammer efficiency) required to resist
liquefaction (i.e.Nreq) and percent cyclic stress ratio (i@SRb) at three return periods (475,

1033, and 2475 years). This process was repgateach city in the preliminary study.
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Figure4-1Layout of grid points centered on
An estimate of the liquefaction hazard at the center point (i.e. the interpolated value of

eitherNrefreq or CSF' %) was calculated using the four corner points. This interpolated value
was then compared to the actual value of the center point asatattuking a full performance
based liquefaction analysis. The difference between the interpolated value and the true value at
the center is called the error term. The error terms were normalized to the actual values at the
anchor points by calculatine percent error term as follows:

| InterpolatedValue ActualValde

300% (122
ActualValue

PercentError=

The maximum percent error (i.e. the maximum percent error across all return periods for
a given anchor point) became the deciding parameter in selecting optimum grid spacing for a
given location. The relationship between maximum percent error and gadgpaas analyzed
for each city and is discussed in the following section.

4.2.2 Results of Preliminary Study

The relationship between maximum percent error and grid spacing was analyzed for each
city and is displayed ifrigure 4-2, Figure 4-3, Figure 4-4, andFigure4-5. As can be seen in
these figures, the relationship between maximum pémeor and grid spacing is different for
each city. Berkeley had the higheBGA value (1.134@) out of the cities used in this
preliminary study and required the smallest grid spacing (approximately 5 km or 3.107 mi) to

restrict the maximum percent errto 5%. On the other hand, the maximum percent error for
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Clemson, which had the loweBtGA value (0.1439g), never exceeded 1% even with 50km
(31.07 mi) grid spacing. Based on these graphs, it appears that seismidt@Aphas an

impact on optimungrid spacing.
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Figure 4-2 Variation of maximum absolute percent error with increasing distance between

grid points (Berkeley, CA).
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Figure 4-3 Variation of maximum absolute percent error with increasing distance between
grid points (Salt Lake City, UT).
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Figure 4-4 Variation of maximum absolute percent error with increasing distance between
grid points (Butte, MT).
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Figure 4-5 Variation of maximum absolute percent error with increasing distance between

grid points (Clemson, SC).

4.2.3 Methodology for Grid Spacing Study

Based on the data from the pnaiihary study, it was hypothesized tiBAwas a major
factor in the relationship between grid spacing and maximum percent error. Specifically, it was
hypothesized that &GAincreases, the optimum grid spacing decreases. To estimate the effect
of PGAon optimum grid spacing, a similar study was conducted focusird$ oities from a

wide range oPGAVvalues Figure4-6).
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Figure 4-6 Range ofPGA values for cities included in final grid spacing study.

The desired outcome of the final grid spacing study Wwwageate a correlation between
PGAand optimum grid spacing in km. An equation for the fiestend line alone would not be
sufficient, because defining grid points to use in an analysis does not work well wiitteger
values for grid spacing andmwstantly changing distances between points. Therefore, it was
necessary to divide the different cities iRGAA bi ns o0 or defined ranges
were determined using the USGS 20®B8A hazard mapT; = 2475 years) as shown kigure
4-7. ThePGA hazard mapvas chosen because it was clear and readily available as a well
documentediefinition of which areas in the country had significantly differentreggy levels
compared to ot her dheebjextive of this suahi was tb geteimmes thd s .

optimum grid spacing for each color bin.
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Figure 4-7 USGS 2008 GA hazard map (T, = 2475 years).

As in the preliminary study, a full performanbased analysis was performed at the
anchor point of each city and at the corners of the grid surrounding the anchor point. This was
repeated for multiple grid spacings until the percent error was withiasomable amount. It
was determined that #@dAoptimum grid spacingo wo
shortest distance between grid points) which yielded a maximum percent error of 5% across all
return periods based @SRA6. This definitionis used because when the maximum percent error
based orCSR»% is limited to 5%, the interpolated valueNtq is within 1.5 blow counts of the
actual value calculated at the anchor point, as showkigare 4-8. This seemed to be a
reasonable amount of error, considering the inherent error in obtaining SPT blow counts during
soil exploration at a site. If the definition of optimum grid spacing was defined as tHestmal
grid spacing which yielded a maximum difference of 1.5 blow counts, then the values of percent
error based o€SR6 may be unacceptably high. For example, as shovigure 4-8, if the
maximum difference ifN,eq is 1.5 blow counts, the percent errorG$R6 could be as high as
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22.5%, which could cause substantial inaccuracies. Thus the definition of optimum grid spacing
was defined based @SRb6 and NoN;eq.
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Figure 4-8 Comparison of difference inNeq to max absolute percent error based ol€SR%.

Optimum grid spacing was determined using a plot of maximum percent error vs grid
spacing in km. Unique plots wereeated for each city to determine the optimum grid spacing.
Sample plots are provided HRigure 4-9, Figure 4-10, and Figure 4-11. Some <cities
followed a linear trend line while others followed a polynomial trend line. In each case, a
reasonable bedit line was used to determine optimum grid spacing. Some of the cities selected
for this study did not reach a maximum petcerror of 5%, even when the grid spacing was
increased to 50 knB{.07 m) or more. To avoid extrapolation, such cities (Hartford, BGA
= 0.0915; Bridgeport, CTRGA= 0.1149; Clemson, S®GA= 0.1439; Anchorage, AKRGA=
0.6161) were excluded fromhe final correlation betweeRGA and optimum grid spacing. A
description of the final correlation betweB@A and optimum grid spacing is included in the

following section.
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Figure 4-10 Variation of maximum percent error (based onCSR%) with increasing

distance between grid points for West Yellowstone, MT. (Orange zoneGA = 0.4187)
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Figure 4-11 Variation of maximum percent error (based onCSR%) with increasing

distance between grid points for Boise, ID. (Green zonBGA= 0.1232)

4.2. 4PGACorrelation

As described in the previous section, optimum grid spacing was determined for each city
included in the study that reached at least a maximum percent error of 5% b&38BoI(inot
Nreg). Optimum grid spacing was then plotted agalP&A as shown inFigure 4-12. The
vertical dashed lines indicate the boundaries betvir&@A bins as defined in the USGS 2008
PGAhazard map. The general trend of the poiRfs< 0.628)supportsthe hypothesis that as
PGA increases the optimum grid spacing decreases. A-thaveh lower bound was used to
determine the optimum grid spacing basedR@®A The lower bound line was chosen as a

conservative estimate of optimum grid spacing.
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Figure 4-12 Correlation betweenPGA and optimum grid spacing to achieve 5% maximum

absolute percent error (based orCSR%).

The hanedrawn lower bound shown Figure4-12 was used to determine the set of rules
for selecting grid spacing in the mapping procedure. Within B&Abin, a lowerbound value
for optimum grid spacing was selected. The set of nulelsides one optimum grid spacing

distance for eacRGADbin included in the studyTable4-2 summarizes this set of rules.
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Table 4-2 Proposed Set of Rules to Determine Optimum Grid Spacing within RGA Range

PGA Color Spacing Spacing

(km) (mi)

0-0.04 Gray 50 31.1
0.04-0.08 Blue 50 31.1
0.08-0.16 Green 30 18.6
0.16-0.32  Yellow 20 12.4
0.32-0.48 Orange 12 7.5

0.48-0.64 8 5.0
0.64+ 4 2.5

In summary, the correlation determined in this study provided a set of rules to use when

creating liquefaction loading maps f66R4 and liquefaction parameter maps Mg,

4.3 Empirical Lateral Spread Displacement Model

This section will describe the methods used to derive the optimum grid spacing to ensure
accuracy of interpolated points determined by the simplified perforrizaszd lateral spread
displacement evaluation. To ensure accuracy of thes niaterpolation between grid points must
result in values reasonably close to the results of an actual analysis at the same location. It was
determined that if the interpolated result was within 5% of an actual analysis at that site, then the
result was eceptable.

4.3.1Methodology for Grid Spacing Study

The methodology used to derive the optimum grid spacing for the simplified lateral
spread displacement model began with the selection of three cities in each state that represent
three different levels of s@nic hazard (with the exception of Connecticut which had essentially
uniform hazard across the state). Using the USGS 1996 and 2008 deaggregation websites the
PGA at each site was determined for the 2475 year return period. The hazard level at each site as
well as the hazard range for each state was found based on the same representation seen in the
USGS 2008 PGA hazard map for the 2475 year return period. This map and the subdivision of
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hazard level can be seenhkigure4-7, and a table listing each city with its corresponditgA

and hazard zone can be seeiiatle4-3.

Table 4-3 Grid Spacing Analysis Sites an®PGA

State Site PGA Hazard
Zone
Anchorage 0.618 RN
Alaska Fairbanks 0.414 Orange
Juneau 0.237 Yellow
Hartford 0.093 Green
Connecticut Norwich 0.086 Green
Danbury 0.121 Green
Salmon 0.375 Orange
Idaho Boise 0.136 Green
Pocatello 0.199 Yellow
Butte 0.179 Yellow
Montana Glendive 0.028 Grey
Billings 0.050 | Blue |
South Charleston 0.733 [PinkY
Carolina Greenville 0.142 Green
Columbia 0.225 Yellow
Salt Lake City  0.665 [Pk
Utah Moab 0.087 Green

Cedar City 0.285 Yellow

To assess the grid spacing, the reference lateral spread displacegfénwas found at
each city and then four locations surrounding the city at a set grid spacing. Using the city as an
anchor point, the four points were selected equidistant from the center creating a square. The grid
spacing is then the length of the sideshef square. This arrangement can be seé&igire4-1.
Using the four surrounding points, a value was interpolated at the center of the points and then
compared tohe actual value found at the site. This process was repeated for several grid
spacings and the % error was calculated. An example of this process can be seen for the city of
Charleston, South Carolina at a grid spacing of 15 km (9.32 mghbie4-4.
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Table 4-4 Grid Spacing Interpolation Example Calculation for Charleston, South Carolina
(32.783,-79.933) at 15 km(9.32mi) grid spacing.

Grid Spacing 15 km(9.32 mi)
DHref
(m)
32.850 | -80.000 | 0.829
32.716 | -80.000 | 0.522
32.850 | -79.866 | 0.479

32.716 -79.866 | 0.333
Interpolated R™ (m) | 0.541
Actual Dy (m) 0.513
Error (%) 5.41%

Latitude | Longitude

This proceswvas repeated for each city in the analysis at grid spacings of 5, 10, 15, 20,
25, 30, 40, and 50 km (3.1, 6.21, 9.32, 12.4, 15.5, 18.6, 24.9, and 31.1 mi). The grid spacing,
where the error is 5% or less, was then plotted ag&@gtto get an idea of howhe grid

spacing differs from site to site. This plot can be seéfigare4-13.
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Figure 4-13 Grid spacing based on 5% error plotted against PGA for all sites.
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As can be seen in this plot, there is significant scatter of the results. The seismic loading
of each location can be very different, so the way that the lateral spread analysis atteultes
be influenced heavily by this. In order to address this uncertainty, a line was fit to the data
(dashed line) than a lower bound (solid line) was drawn to represent the minimum grid spacing.
This lower envelope was used for all locations, with theeption of Utah and Alaska. Utah was
found to require a much finer grid spacing overall and so a specific grid spacing was created to
account for this. Alaska was given a slightly coarser grid spacing for two reasons: the first was
due to the analysis shavg Alaska being overall higher on this plot, and second that Alaska has
significantly more surface area than the rest of the states and required more analysis than the rest

of the states combined. These proposed grid spacings can be Sable#h5.

Table 4-5 Proposed Grid Spacing for Analysis Based oRGA Zone

General Utah Alaska

PGA Color (km) (km) (km)
0-0.04 Gray 40 25 45
0.04-0.08 Blue 30 20 35
0.08-0.16 ' Green 20 15 25
0.16-0.32 Yellow 15 12 20
0.32-0.48 | Orange 12 10 15

0.48-0.64 8 7 10
0.64+ 5 4 8

4.4 Performance-based Postiquefaction Settlement Evaluation

This section will describe the methods used to derive a correlation between optimum grid
spacing and’GA for the simplified performanebased posliquefaction settlement evaluation.
The purpose of this correlation was to provide a simple, readdylabe, well-defined set of
rules for proper grid spacing across the states of interest. This set of rules is necessary because it
is impractical to perform an infinite number of full performatesed analyses to create the
liquefaction hazard contour mapdt was necessary to determine a finite number of points to

analyze. The set of rules created in this grid spacing study was used to define the optimum
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number of points which would be feasible to analyze in the amount of time given and would

yield an accptable amount of error due to interpolation between analyzed points.

4.4.1Methodology for Grid Spacing Study

Year 1 of this study performed a preliminary study in which it was hypothesized that
expectedPGAvalues have an effect on optimum grid spacing. Sioadli, it was hypothesized
that asPGAincreases, the optimum grid spacing decreases. Please see the Year 1 report for more
details on the preliminary study. This report builds on the premise introduced in YeaPGtat

has an effect on the optimum gegacing.

To estimate the effect dGA on optimum grid spacing, a study was conducted also
focusing on 35 cities with a wide range BfGA values Figure 4-6). For each city, the
coordinates for an fAanchor pointo were selec

Figure4-1), a full performancdased liqguefactionrealysis was run for the anchor point using the

f ref

reference soil profile to obtain values €, and €g.;...vosninn « at three different return periods

(475, 1033, and 2475 years). The full performaipased method was alsonrdor four
surrounding coordinates at varying grid spacings. The testing process included grid spacings of
1, 2, 4, 8, 16, 25, 35, and 50 kilometers (0.62, 1.24, 2.49, 4.97, 9.94, 15.5, 21.7, and 31.1 miles,
respectively).

An estimate of the liquefactionakard at the center point (i.e. the interpolated value of

ref ref

either €., Or € haravosninin < ) WaSs calculated from the four corner points using a direct average of

the four corner points. This interpolated value was then cadpar the actual value of the
center anchor point as calculated using a full performbased liquefaction analysis. The
absolute difference between the interpolated value and the true value at the center is called the

error term. The error terms weraleulated for each city at each grid spacing as follows:

AbsoluteErrogy, , =| InterpolatedValyg, , - AnchorValy,| (123

whereCITY indicates the city of interest amds the grid spacing in question.

The error term calculated in equati@®4) is different from the erroterm introduced in

the Year 1 study which is a percent error. The absolute error was chosen as the error term for
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postliquefaction strains due to the nature of the extremely small strain v&ves.with very
small magnitude strain values, slight fluations in strain values can lead to a high percent error
even if the change is considered negligible.

The desired outcome of the grid spacing study was to create a correlation beG&en
and optimum grid spacing in km. An equation for the {fiestend line of PGA vs. optimum
grid spacing alone would not be sufficient, because defining grid points to use in an analysis
does not work well with nomteger values for grid spacing and constantly changing distances
between points. Therefore, it was necesda divide the different cities inteGAfibi ns o or
defined ranges of values. These bins were determined using the USGB&@ABG&zard map
(T, = 2475 years) as shown kiigure4-7. ThePGAhazard mapvaschosen because it was clear
and readily available as a welbcumenteddefinition of which areas in the country had
significantly different seismicity levels comparedo ot her ar e as ®hersfage, s mi c i
the objective of this study was to determine the optimum grid spacing for each color bin.

The maximum absolute error (i.e. the maximum absolute error between the Cetin (2009)
and Ishihara and Yoshimine (1992pdels across all return periods for a given anchor point)
became the deciding parameter in selecting optimum grid spacing for a given location. The
relationship between maximum absolute error and grid spacing was analyzed for each city and is

discussedhn the following section.

4.4.2 Results of Grid Spacing Study

The relationship between absolute error and grid spacing was analyzed for each city. It
was determined that #Aoptimum grid spacingo wo
shortest ditance between grid points) which yielded a maximum absolute error of 0.0015
(0.15%) across all return periods based on vertical strain. For example, if a full performance
based analysis was run for an anchor point and returned a strain value of 0.02n(2%golute
error of 0.0015 means that the interpolated value from the four corner points would lie within
0.0185 and 0.0215 (1.85%15%). In other words, for the reference soil profile as seEigure
2-9 which 12 is meters thick, an absolute error of 0.15% would result in settlement errbi8of
cm. This seemed to be a reasonable amount of error, considering fluctuations in settlement of 1.8

cm would not necesshr change decision making and mitigation procedures.
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It is again worth noting that this study was performed in an attempt to limit spatial biases
for reference profile This study does not ensure that the simplified performbased strains in
the siteprofile will be within  0.15% of the full performaneleased method. For a review on the
accuracy of the simplified versus full performaiiised method see the Year 2, Quarter 1 report
of this study.

Optimum grid spacing was determined using a plot of labs@rror vs grid spacing in
km. Unique plots were created for each city to determine the optimum grid spacing. Sample
plots are provided ifrigure 4-14, Figure 4-15, andFigure 4-16. Some <citiesdO dat
linear trend line while others followed a polynomial, or even logarithmic, trend line. In each
case, a reasonable béistcurve or line was used to determine optimum grid spacing. Some of
the cities selected for this stydparticularly those with IowPGA values, did not reach a
maximum absolute error of 0.0015 even when the grid spacing was increased to ZD&KmM (
mi) or more. To avoid extrapolation, a maximum grid spacing threshold of 50 km was set,
regardless of hoMow the error was. A description of the final correlation betwe&A and

optimum grid spacing is included in the following section.
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Figure 4-14 Variation of maximum percent error (based on Ishihara & Yoshimine 1992)

with increasing distance between grid points for Eureka, CA. (Pink zon&GA = 1.4004)
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Figure 4-16 Variation of maximum percent error (based on Cetin 2009) with increasing
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4.4.3PGACorrelation

As described in the previous section, optimum grid spacing was determined fortgach ci
included in the study that reached at least a maximum absolute error of 0.0015 beghkdron
reference strain (Cetin 2009 or Ishihara and Yoshimine 1992). Optimum grid spacing was then
plotted againsPGA as shown irFigure4-17. The vertical dashed lines indicate the boundaries
betweenPGA bins as defined in the USGS 20B&A hazard map. The general trend of the
points supportsthe hypothesis that @3GA increases the optimum grid spacing decreases. A
handdrawn lower bound was used to determine the optimum grid spacing baB&fonThe

lower bound line was chosen as a conservative estimate of optimum grid spacing.

100 \DEnver :
1

Chicagoy jphifadelphia_— ©klahoria City
\tanta Ne}zv_York CY — Grants Pass
./,’St' Lo ' Murray
q(ng
Bu

: |
e W'lle\NltestYell(?wsto Marion
1 @ ;|  @—QOlympia
|® Monltpelier

eaver 1 | o8 San Fran
! ! San Jose

Portland e_ -

e I\'(Iemphissanta Monica ® Eureka
o« o
Flathead Lake

— 1

19 Provo
— ® Berkeley

r\ t
Salt Lake City

Boise

8]
w

10
Los Angeles

’r Seattle

Grid Spacing for 5% Max Percent Error or 0.15% Absolute Error (km)
e ey Y,

0.0

o
]
o
~

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
PGA (g)

Figure 4-17 Correlation betweenPGA and optimum grid spacing to achieve 0.0015
maximum absolute error (based on minimum grid spacing between Cetin 2009 and
Ishihara & Yoshimine 1992)
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The hanedrawn lower bound shown Figure4-17 was used to determine the set of rules
for selecting grid spacing in the mapping procedure. Within B&Abin, a lowerbound value
for optimum grid spacing was seledt The set of rules includes one optimum grid spacing

distance for eacRGADbin included in the studyTable4-6 summarizes this set of rules.

Table 4-6 Proposed Set of Rules to Determine Optimum Grid Spacing within RGA Range

Spacing Spacing

PGA Color (km) (mi)
0-0.04 Gray 50 31.1
0.04-0.08 Blue 50 31.1
0.08-0.16 Green 40 24.9
0.16- 0.32 Y ellow 30 18.6
0.32-0.48 Orange 10 6.21
0.48-0.64 - 4.97
0.64+ 1.86

In summary, the correlation determined in this study provided a set of rules to use when

creating liquefaction parameter maps &%, and €'

IshiharaYoshimin €

4.5 Seismic Slope Displacement Model

This section will describe the methods used to derive the optimum grid spacing to ensure
accuracy of interpolated points determined by the simplified perfornizasmd seismic slope
displacement evaluation. To ensuezwacy of the maps, interpolation between grid points
must result in values reasonably close to the results of an actual analysis at the same location. A
common way to ensure that the mean value will be within a range is that of a 95% confidence
interval, or a corresponding 5% error. For this study, it was determined that if the interpolated
result was within 5% of an actual value computed at that site, then the result was acceptable. A
few cities were analyzed using the absolute difference instead &%herror as it will be
discussed in the following section because as a percentage these did not meet the criteria. When
looking at the absolute difference between the interpolated value and the actual value at the

99



anchor point corresponding optimum gricasmgs to displacements, no greater than 5cm were

recommended for the specific cities.

4.5.1Methodology for Grid Spacing Study

The methodology used to derive the optimum grid spacing for the simplified seismic
slope displacement model was the same as deddanltle previously addressed lateral spread
displacement modeUsing the USGS 1996 and 2008 Deaggregation websites the PGA at each
site was determined for the 2475 year return period. The hazard level at each site as well as the
hazard range for each stavas found based on the same representation seen in the USGS 2008
PGA hazard map for the 2475 year return period showdgime4-7.

The grid spacing for the casponding hazard zone was determined by calculating
seismic slope displacements on a grid as seEigure4-1. This process was repeated at 2 km, 4
km, 8 km, 16 km25 km, 35 km, and 50 km grid spacing, and the % error was calculated as
shown in Equatioifl25 . A plot of each city and simplified seisnslope displacement method
was generated and using best fit lines the optimum grid spacing corresponding to 5 % error was
identified as shown in the figures below.
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Figure 4-18 Variation of maximum percent error (based on Rathje & Saygili 2009) with

increasing distance between grid points for Eureka, CA. (Pink zone, PGA = 1.4004)

100



b
=
-]
R

g y = 3E-05%2 + 0.0021x + 0.007
& 15% R*=0.9602
£
M E
2 510%
<3
= 5
=
=T 5% s Optimum grid
é e spacing = 16.5 km
e !
0o |
0 10 20 30 40 50 60

Grid Spacing (km)

Figure 4-19 Variation of maximum percent error (based on Rathje & Saygili 209) with
increasing distance between grid points for Portland, OR. (Orange zonBGA = 0.4366)

20%
Bisw : :
g & {0 y=0.0004x2 + 0.0024x - 0.0031
=% B R*=0.9995
= by I8
2210%
<
!
] g ¥ . .
“ % 5% : Optimum grid
5 - spacing = 8.9 km
°
0% &=
0 10 20 30 40 50 60

Grid Spacing (km)

Figure 4-20 Variation of maximum percent error (based on Rathje & Saygili 2009) with
increasing distance betwen grid points for Butte, MT. (Yellow zonePGA=0.1785)
101



This process was repeated for each city showkigare4-6. The grid spacing, where the

absolute differace was 5 cm or less, was plotted agaRGiA to get an idea of how the grid

spacing differs from site to site. This plot can be seénguare4-21 below.

100 [ | 1 1 1 1
L 1 1 1
11 1 1 1 1
Chidago 1 1 1
ENVET 1 1
;g“ _Lﬂ;uktlanta 1 1 1
bl I | & Pharlottd ! !
g : ]:Ela:dela_hja e West .\:e wstone
= | I St. :Loms | lympia
2 N I I I I
w i 1 1 1 1
= ! Oklah+ma City, '
2 ' tsPas
8 : *{ N [ Yorld C1ty G-qan T ® Charleston
L*]
= \
L
=} 10 1 | % Boise ® Mayion
& | e ' L 1
= : I ! ® Santa I&omgg Angeles
5:3 PR ¢ Sea.tlle
B T a 1 Mem
¥ | b 1® Prove
mh : : : : ‘5“-1: I' Salt Lake Cii
PR R ] e
H . ake “e-o_
g e ! |a | © Hand-drawn lower
" P I I I e bound to use for
- Ll \ : , ® San Jose correlation
0
: : : : : : ® San Francisco
o 1 1 1
1 -+ ® Skagvay !
0.0 0.2 04 0.6 0.8 1.0 12 14 1.6 1.8 2.0
PGA (g)

Figure 4-21 Grid spacing based on 5% Error plotted against PGA for all sites.
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Five out of the thirty five cities used in the studigt not meet the criteria of 5% error.
These cities were Skagway (AK), Flathead (MT), Salt Lake City (UT), San Jose (CA), and San
Francisco (CA). After this observation, the absolute difference in centimeters was calculated for
these cities. The criteriaag to use 5 cm as the maximum allowable difference between the
actual value and the interpolated value and the proposed spacing the cities not meeting the 5%
error criteria. Once a grid spacing was assigned to the cities not meeting the criteria, &n overal
grid spacing was proposed as shown beloWahble4-7.

Table 4-7 Proposed Grid Spacing for Seismic Slope DisplacemeAnalysis

PGA Color Spacing Spacing

(km) (mi)

0-0.04 Gray 50 311
0.04-0.08 Blue 50 311
0.08-0.16 Green 20 12.4
0.16-0.32 Yellow 8 5.0
0.32-0.48 Orange 5 3.1
0.48-0.64 - 3 19
0.64+ 2 1.2

4.6 Summary

Based on the analysis outlined here, the grid spacing necessary to maintain accuracy in
the interpolated results was found. The grid spacings should result on average 5% difference
between an interpolated value and the result if an analysis were perfatittedsame sitfor
liquefaction initiation, lateral spread, and seismic slope displacerfentpost liquefaction
settlement, the grid spacing should result on an absolute difference of 0.0015 between an
interpolated value and the result if an analysexevperformed at the same siéhese grid

spacings will be very important in creating the grid of points that will be used in the analysis.
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5.0 MAP DEVELOPMENT

5.1 Overview

Now that the optimum grid spacing between points has been determined, the grid points
used in the analysis need to be determined, then those points need to be analyzed and the hazard
parameters calculated. Once the analysis has been conducted for edtfagridose points will
be used to create the liquefactidateral spreadpostliquefaction settlement and seismic slope

displacemenparameter maps for the target return periods.

This process required the use of several specialized software progmaoreaie thgrid
spacing and the maps the Gexyghical Information System (GIS) software ArcMap, developed
by ESRI Incorporated, was used extensively. To perform the simplified liquefaction initiation
analysis the softwar®BLiquefY developed in houset 8YU by Franke et al. (2014), was
utilized. To perform the simplified lateral spread displacement analysis, the progr&RIEK

created by Risk Engineering (2013) was used.

5.2Creating the Grid Points

The process was started by dividing each state intitoeechased on the USGS 2008
PGA hazard map. This was done using GIS shapefiles downloaded from the USGS website
representing the 2008 hazard map. BAGA hazard zone was assigned a grid spacing based on
the suggested grid spacing from the previous secliben using ArcMap, a grid of points with
latitude and longitude, was generated for each hazard zone at the specified grid #fiatiag.
zones were then combined into one general grid for the state.

Additionally, the representatives for each stateoimed in the research was asked to
provide any areas which they felt constitut ec
anywhere that a reduction in grid spacing was thought necessary to provide a more refined
hazard surface. Each AOC was then actedifor by modifying the general grid spacing rules to
reduce grid spacing in each AOC. This was accomplished differently faliffeeent methods
used in this report. For the liquefaction initiation method each AOC was elevated by two hazard

levels and he grid spacing for that area was based off the higher hazard. For example, if the
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AOC was in the nAgreendo section of the hazard
reduced to that of the fAorangeodo | evalAOCThe | a
to the Aredo | evel and used t HPBLiquefydg20l4)chasd gr i
the capability of calculating liquefaction settlements and seismic slope displacements
simultaneously for a given geographic coordinate; therefore, irr dodkémit the number of
performance based analysis runs, the governing (finer) grid spacing was run for both liquefaction
settlement and slope displacement. The governing grid spacing in all PGA zones was seismic
slope displacement. All the zones werentltembined into one general grid for the stafen

example of the subdivision and the overall grid of points for Utah can be sEguia5-1.
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Figure 5-1 Grid points for Utah combined with USGS 2008 PGA hazard map.
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5.3 Analysis of the Grid Points

Once the grid points were developed for all the states, the location of each of the points
was evaluated for ligdiaction and lateral spread hazard using the reference soil profiles
discussed in the previous report. Each point was analyzed for the 475, 1033, and 2475 year
return periods. Once all of the points for a particular state were successfully run, thenesaults
compiled and then imported back into ArcMap to begin the process of making the parameter

maps.

5.3.1Analysis of the Liguefaction InitiatigrPostLiquefaction Settlement, and Seismic Slope

Displacement Model&rid Points

The grid points used in the ligizetion initiation postliquefaction settlement, and
seismic slope displacementethod were analyzed using the USGS 2008 deaggregations for
Connecticut, Idaho, Montana, South Carolina, and Utah while the USGS 1996 deaggregations
were used for Alaskéonplete maps for liquefaction initiation are provided in this report, but
complete maps for poesiuefaction settlement and seismic slope displacement maps will be
made available when data is released by the USGS). Maps for Oregon will be created in the
future when the 2014 USGS deaggregations become availdtderocess utilized the ability of
PBLiquefY to run multiple sites sequentially.

5.3.2Analysis of the Lateral Spread Displacement Model Grid Points

Analyzing the grid points in EEFRISK requires that aeismic source model be used. To
analyze the points in Connecticut, Idaho, Montana, South Carolina, and Utah the USGS 2008
seismic source model. For Alaska, the USGS 1998 gridded source model and the USGS 2002
seismic source models were used to analyzeytisepoints. Only area sources and faults were
considered within 300 km of each site, with the exception of subduction zone sources which
were considered within 500 km.
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5.4 Creation of the Maps

Once the analyzed grid points were imported back into Arctleppoints needed to be
turned into a contour map. This was done by converting the individual points into a surface raster
using the Kriging tool. This tool interpolates between each point and makes a surface with a
value at every point. In order to ensuhat the contours of each state run all the way to the
border, the state shape is buffered slightly. The Kriging raster is created based on this buffered
shape. Once the Kriging raster is made, the raster surface needs to be converted into a contour.

To make the contour from the Kriging, first the spacing of the contours needs to be
determined. It is important that the contour spacing be fine enough that the detail of the map can
be read, but far enough apart that the contours can be read. The sp#donagyvitom map to

map based on this process. An example of a Kriging raster and contour for the state of Utah can
be seen irFigure5-2.

{

2T T >

a) b)

Figure 5-2 a) Kriging raster and b) contours for Utah (T, = 2475 yrs).

Once the proper contour spacing is determined for each map, the contour is labeled and
clipped to fit the state shapefile. Then a basearag reference features are added to provide
more detail about the topography to the parameter maps. An example of a completed liquefaction
parameter map dfeq can be seen iRigure5-3.
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Each model has different parameters represented by the contours on the map. The
liquefaction initiation model has two different parameters and therefore two different maps. The
first parameter is the reference value@$R6 as calculeed using the Boulanger and Idriss
(2014) model.CSRis usually given as a decimal but was changed to a percent to make reading
the maps easier. The second parameter is the reference vaNgqfas calculated using the
Cetin et al. (2004) model andgsven in units of SPT blowcounts. The lateral spread parameter
map shows the reference value of displacemesif’ & calculated using the Youd et al. (2002)

model, and is given in units of Log (meterspr postliquefaction settlement the first paranrete
is the reference value of stragf,, , as calculated using the Cetin (2009) model. Strain is

usually given as a decimal but was changed to a percent to make reading the maps easier. The

ref

second parameter is the reference value tfairs€,...avoshinin « @S Calculated using the Ishihara

& Yoshimine (1992) model and is also as a percent. The seismic slope displacement parameter

maps seismic slope displacement for the Rathje and Saygili (2009) mbgal%lm(séwg” ) in

centimeters, and Bray and Travasarou (2007) molaggmvam) also in centimeterCareful

attention needs to be given to the labeling of each map to ensure that map has the correct
parameter and that the reference value used anlater steps of the simplified method are

accurately read from the contours.

For this report, maps 0ESR%b, N DW®, €., & Dref

Cetin ? IshiharaYoshmin ¢ 1 Rathje& Saygil and

D ref

Braye Travasaro. WETE Made for eacktate at the 475, 1033, and 2475 year return periods with the
exception ofAlaska maps for the pesijuefaction settlement and seismic slqmeameteras
explained before. Connecticut was also an excepiotihhe 475 and 1033 year return periods for
CSR% and the 475 year return period fdeq. The maps for Connecticut show no variation in
those values and have uniform hazaXd{= 1, CSR% = 4.65%) across the state. Consequently,
those maps were not included. Additionally, maps for the cities of Anchorage, AK; Boise, ID;
Butte, MT; Charleston, SC; and Salt Lake City, UT were created. These maps can be viewed in
the Appendix: liguefaction pameter maps in AppendiB, lateral spread hazard maps in
Appendix C, postliquefaction settlement hazard maps in Appendix D, and seismic slope
displacement hazard maps in Appen#lixThe contours were adjusted for each map to make

reading it as user frielty as possible.
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These maps were provided to show the potential types of parameter maps that can be

created. Using the Kriging rasters that will be provided at the culmination of this research, each
state can create maps of any area in their state agwinile¢ the contour spacing and scale.

Nreq (Cetin)
2475 Year Return Period
Contour Interval: 1 Contour =1 SPT Blowcount

80 Miles
]

1 1 %
T
100 Kilometers

0 20
—t 1
|
0 25 50

Figure 5-3 Nyeq for Utah (T, = 2475 years).

5.5 Summary
To create the parameter and hazard maps, the state is subdivided into zones and a grid

spacing for each zone issagned. A grid of points is generated in ArcMap based on this grid
spacing. Then the points are analyzed using the specified perforimasee analytical software

(PBLiquefy, EZFRISK). These points are then imported into ArcMap and converted to a
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Kriging raster that is then used to create a contour of the reference parameter. Sample maps for
the states participating in this research study can be seen in the Appendix.
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6.0 COMPARISON OF PROBABILISTIC AND DETERMINISTIC ANALYSES

6.1 Overview

This sectiomprovides comparisons between the psepiddabilistic, deterministic, and
simplified performancédased procedures for estimatiiggefaction initiation hazardateral
spread displacemerostliquefaction settlement, and seismic slope displacemE&mnepurpose
of these comparisons is to identify how the deterministic procedure should be used in the

proposed simplified procedure.

6.2 Methodology

Three cities of varying seismicity were selected for the comparison study: San Francisco
(high seismicity), Saltake City (medium seismicity), and Butte (low seismicity). For each city,
three analyses were performed: probabilistic (simplified performbased procedure developed
as part of this research), pseystobabilistic (AASHTO), and deterministic. A degtron of

each analysis type is provided below.

6.2.1Simplified Performanc®ased Seismic Hazard Analysis

The simplified performanebased procedures involve retrieving a specified liquefaction
hazard parameter from a hazaéadgeted map developed using fulbpabilistic analyses. The
probabilistic analyses which created the liquefaction loading and lateral spread parameter maps
involve creating hazard curves which consider all possible combinations of the required seismic
hazard analysis variables and thespective likelihoods. Examples of these variables would be:
maximum horizontal ground accelerati@pa, moment magnitudéd,, or siteto-source
distanceR. These processes are discussed in greater detail in the previously submitted update
reports: Update Report Year 1 Quartentd Update Report Year 2 Quartefiof the simplified
performancebased methods, and Update Report Year 1 Quaged 2Jpdate RepbYear 2
Quarter Zor the development of the liquefaction loaditageral spreadpostliquefaction
settlement, and seismic slope displacenpanameter maps.

The parameters used for the comparison of deterministic and simplified methods for this

studywere: for liquefaction initiationCSR46™" for lateral spread)y™"; for postliquefaction
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settlement’*"; and for seismic slope displacemddt’. Each of the parameters were found at
the target cities for the 475, 1033, and 2475 year return periods.

6.2.1.1Simplified Liquefaction Initiation

For the simplified liquefaction initiation procedure the appropriate uniform hazard
targeted liquefaction loading map was identified for each site and valuESR&™ were

ref

obtained for the necessary return period$hese CSR6 - values were adjusted for soll

charateristics associated with the saassumed soil profilas was used in the validation of the

site

simplified method'shown inFigure3-1) to estimateCSR6™ values. This same soil profile was
used for all three analyses (probabilistic, psepidibabilistic, and deterministic). The values of
CSR46™™ were used to calculate factor of safety against liquefactih),( and cleansand
equivalent SPT blow count required to resist liquefaction initiatidgy)( This process wsa

previouslydescribed in greater detail in tberivation of the simplified procedure

6.2.1.2Simplified Lateral Spread Displacements

For the simplified pdormancebased procedure the appropriate lateral spread parameter
map was identified for each site and valuesDef*" were obtained for the nesary return

'f \were corrected

periods. Using a generic soil profiighownin Figure6-1), the values oDy
and theD*"® was determined for each city at the targeted return periods. The additional analyses
(pseudeprobabilistic and deterministic) for the comparison utilized same soil profileThis

process was previously described in greater detail in the derivation of the simplified procedure
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Figure 6-1 Soil profile used for the lateral spread displacement comparison study.

6.2.1.3Simplified PosLiquefaction Settlements

For the simplified liquefaction settlement procedure the appropriate uniform hazard

targeted liquefaction loading map was identified focheaite and values og, ..;,(%) and

€, oy (%) were obtained for the necessary return periods. These reference strain values were

adjusted for soil characteristics associated with an assumed soil profile (shBigar6-2) to

estimate e

v,Cetin

and €, values. This same soil profile was used for all three analyses

(probabilistic, pseudprobalilistic, and deterministic) to compute site strains at the selected

locations. This process is described in greater detail in CHaptand3.0.
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Figure 6-2 Soil profile used for the liquefaction initiation comparison study.

6.2.1.4Simplified Seismic Slope Displacements

For the simplified performandeased procedure the appropriate seismic slope
displacement parameter map was identified for each site and valDESwére obtained for the

necessary return period®"™

values could also be obtained using the refereraranpeter
interpolation tool with the known latitude and longitude of the site in question. Using a generic
yield acceleration valudy, = 0.1 g, the values @™ were corrected and ttiz®"® was determined

for each city at the targeted return periodbe Tadditional analyses (pseuplmbabilistic and
deterministic) for the comparison utilized the sapeeference value. The simplified procedure

is described in greater depth in Cha@€rand3.0.

6.2.2Deterministic Procedure

In the deterministic procedure, ground motions are obtained through a Deterministic
Seismic Hazard Argsis (DSHA). A DSHA involves deterministically assessing the seismic
sources in the nearby region of the site of interest and identifying the source which produces the
highest hazard in the area. The softwareHRISK was used to identify the top fiveismic
sources withirR00 km for San FranciscdButte,and Salt Lake City. The 2008 USGS Seismic
Source Model within EZARISK does not include some smaller faults in low seismic regions,

such as Butte. Thus, the governing fault for Butte (Rocker Fault)deasified using the USGS
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quaternary fault database (USGS et al., 2006). In the case of Salt Lake City and San Francisco,
EZ-FRISK provided values ofl,, PGA andR for both the 58 (i.e. median) and &4(i.e.

medi an + 0) percentiles according using the N
Western United State8¢ore and Atkinson, 2008; Campbell and Bozorgnia, 2008; and Chiou

and Youngs, 2008and weighting schemes shownTable6-1. For Butte, the 50 and 84"
percentileM,, values were estimated using a correlation with surface rupture length developed by
Wells and Coppersmith (1994), afA was calclated using the same three (NGA) models
based on measured dimensions and assumed characteristics of the Rocker Fault. Summaries of
the seismic sources considered in this DSHA and details of the Rocker Fault calculations are
providedin Tables A.1 and A.2espectively, in the appendix. Once the model inputs have been
determined through the DSHA they are entered into the respective empirical liquefaction hazard
models. A summary of the governing input variables utilized in the deterministic liquefaction

initiation and lateral spread displacement models are provideabie 6-2.

Table 6-1 NGA model weights used in the derministic procedure.

Attenuation Model Weight
Boore & Atkinson (2008) 0.333
Campbell & Bozorgnia (2008) 0.333
Chiou & Youngs (2008) 0.333

Table 6-2 Input variables used in the deterministic modelsdnax calculated usingFpga from
AASHTO code).

[ 9 jan +° 0
Distance | Mean | M€dian (50%) | Median + " (84%)

[km] My

Location Latitude | Longitude
PGA Amax PGA Amax

Butte 46.003 -112.533 4.92 6.97 | 0.5390 | 0.5390| 0.9202 | 0.9202

Salt Lake City | 40.755 -111.898 1.02 7.00 | 0.5911 | 0.5911| 1.005 1.005

San Francisco| 37.775 -122.418 12.4 8.05 0.3175 | 0.3754| 0.5426 | 0.5426

115



6.2.2.1Liquefaction Initiation

Estimations of liquefaction initiation potentiaF$%, N, and CSRA) were calculated
deterministically using equations from the Idrasd Boulanger (2008) liquefaction triggering

model. CSR% is found using the following equation:

1 100% (126)

CSR%) = 0.65%5—{( )

%
B

wn
I
™

where s, is the tdal vertical stress in the soik i is the effedve vertical stress in the soll;
am% is the peak ground surface acceleration as a fraction of gradBF is the magnitude

scaling factor as computed according to Idriss and Boulanger (2008&;the depth reduction
factor according to Idriss and Boulanger (2008); dtd the depth cosction factor and is

computed according to Idriss and Boulanger (2068 is calculated as:

g - CRR 1000CRF L
CSR _ CSRA) (127

2(N,)

CRR) =50% — eXp§ 146;-(:8 ( gzegcs 8% Wﬁoc (128)

where (N,), __ represents the clean saequivalent SPT resistance value corrected to 60%

60.cs
efficiency and 1 atm overburden pressure as computed using the equations provided by Idriss

and Boulanger (2008, 2010 is solved iteratively from the following polynomial:

~0 2 3 o
Nreq Oa req 0 I\% mrecfa

)
_ael_l 0@? 8@(3 ?_? 2.8 @In(GSF§ (129

6.2.2.2Lateral Spread Displacement

Estimations of lateral spread displacement for the deterministic preeesgound using

the equation from the Youd et al (2002) empirical lateral spread model. The model is a
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regression based on seismic loading parameters and site specific soil parameters. The seismic
loading inputs are shown ifable6-2, and the site specific soil inputs were drawn from the soll
profile seen irFigure6-1. With these values the lateral spread displacementisdound using

the following equation:

logD,, =h, §M BlogR KR hleg W blog S

+b, lod,; b, lo§ 100 F.) b# logD 59 G (130

whereDy is themedian computed permanent lateral spread displacemeril(im}heearthquake
moment magnitudeR is the closest horizontal distance from the site to the source ns)the
freeface ratio (%) Sis the ground slope (%]Jasis the cumulative thickness (in upper 20 m) of
all saturated soil layers with corrected Standard Penetration Test (SPT) blowcouns:js®.,
less than 15 blows/foot (mfy15is the average finesontent of the soil comprisints (%), D50:5

is the average mean grain size of the soil compri§iggmm), and R* which iscomputed as
R :10(0.89M- 5.6 4R (131)

The model coefficientby throughbg are given inTable2-2.

6.2.2.3PostLiquefaction Settlement

Estimations of liquefaction settlement potentia&, {, and ¢, ,,) were calculated

deterministically using equations from the Ishihara and Yoshimine (1992) and Cetin et al. (2009)
liquefaction settlement models. The vertical strain in a soil layer is calculated from the Ishihara

and Yoshimine model as:

&0 =15 & 0369(N),,. ) migo 0 (132

ngax
where (Nl)GOCs is the Idriss and Boulanger (2008) clean sand equivalent standard penetration

resistance corrected for overburden of 1 atmosphere and 60 percent hammer efficierscs.

maximum limiting shear strain and is calculated as:
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Grax =0 (133

if FS,, 2 2:
gim
gmax :min@ é 1- F 6 (134)
038 2 FS, g
c q q)g Siq_ Fa g
if 2>FS§, >F ,and
Irax = 8 (139

if FS, ¢ F,.
F, and g,, as introduced in equatidti34) are computed as:

F, =0.032 +0.69[(N,),.. 0.16N,)

4 M 8 @39
i, =1.859€1.1- s 20
gé 46 0

FS,, is the factor of safety against liquefaction and is explained in Chapter

The vertical strain in a soil layer can be calculated from the Cetin(@089) model as:

£780.4169Ir{CS : 3442.4659
evvcetm :1879 @Ié r( %SZO,lD,latrr) N,60,CS l:l 5‘58:
§ 636.613, .+ 306.732 i (137)

im:5¢ N, g, ®0,0.05 CSRg,01p10m &6

where CSRq,0;p1am 1S the field cyclic stress ratio value equivalent to unidirectional, 20 loading

cycle simple shear test performed under a confining stress of 100 kPa and is computed as

explained by Cetin et al. (2009), 4, is the corrected cleamisd equivalent SPT resistance.

6.2.2.4Seismic Slope Displacement

Estimations of seismic slope displacement for the deterministic process were found using

the equation(138) from the Rathje and Saygili (2009) and equat{@39) from Bray and
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Travasarou2007) seismic slope displacement models. Both models are based on the seismic
loading inputs as shown ifable6-2, and the site specific yield acceleration use@.1g. With

these values the seismic slope displacemetit, i® found using the following equations for:
Ak, © W ° o5, k& g k,

InD =4.89 -4.85?‘533—y 519.6 42.49— 28,062

cPGA 2 FEA ot ;PGE\E g PGA (139

+0.72In(PGA) +0.89(M 6)

InD= 0.22 2.83Ink, ) 06.33f IrK, ))2 015661k ) IN(PGA) .B#HN(PGA)
-0.244 In(PGA)* +0.278( -7)

(139

where D is the median computedeismic slope displaceme(m) at the siteky is the yield

accelerationPGAIis the peak ground acceleration, &ds theearthquake moment magnitude

6.2.3Pseudeprobabilistic Seismic Hazard Analysis

In the pseudgrobabilistic procedure, the variables used in the empirical liquefaction
hazard modelsre obtained from a Probabilistic Seismic Hazard Analysis (PSHA). Then these
variables are used in the same deterministic procedure outlined previously for both the
liquefaction initiation and lateral spread displacements. To find these variables uShig\aHe
USGS 2008 interactive deaggregation website (USGS 2008) was utilized. This procedure
involved entering the latitude and longitude of the target cities, then selecting the return period
for the analysis. Using this tool, the mean magnitiMdg),(pe& ground acceleratiorPGA) for
rock, and sourcéo-site distanceR) were obtained for a return period of 1,039 years for each

city of interest. The resulting values are summarizékchivle6-3.
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Table 6-3 Input values found using USGS 2008 Deaggregationsg= 1,039 years).

Location Latitude Longitude D'(?;[r?]gce Mean M,, PGA Foga
Butte 46.003 -112.533 24.9 6.03 0.1206 1.559
Salt Lake City 40.755 -111.898 4.20 6.84 0.4030 1.097
San Francisco  37.775 -122.418 12.0 7.38 0.5685 1.000
6.3 Results

Each city was evaluataging the three analysis types discussed previously (probabilistic,
pseudeprobabilistic, and deterministic). The following plots allow comparisons between the
three methods and help explain the purpose of deterministic analyses within the proposed

simplified performanceébased procedures.

6.3.1 Performancéased Liguefaction Triggering Assessment

6.3.1.1 Pseudeprobabilistic vs. Simplified Performandmsed

In each of the three cities analyzed, the results from the pgeababilistic procedure
suggested greateigliefaction hazard than the results from the performaased procedure.

The direct comparison of both methods is provideigure 63.
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Figure 6-3 (continued) Comparison of pseudeprobabilistic and simplified performance-

based values oNeq, CSR%, and FS,.
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6.3.1.2Deterministic vs. Simplified Performanbased

Direct comparison plotsF{gure 64 through Figure 66) show that the deterministic
analyses frequently owgredicted liquefaction hazard. This oygediction is especially
evident in the case of Butte wieethe simplified performandeased method estimatéde,
values as low as 3.1% of the determinidlig; values. This discrepancy could be because the
likelihood of the large Rocker Fault near Butte rupturing and achieving the 50% ground motion
is very bw. Therefore, in the simplified performanibased approach (which incorporates
likelihoods of seismic events in the calculations), the assochtgds much lower. These
comparison plots also highlight the significant discrepancy between thans®4" percentile
ground motions. In the case of San Francisco at the -3@atsreturn period, the B(ercentile
ground motions undegredict Nyeq While the 84" percentile ground motions ovpredict Nreg:

This discrepancy produces a dilemma for the engineer who has to decide which ground motions
appropriately characterize the liquefaction hazard for the given site. However, the simplified
performancebased procedure does not depewd this decision andcan provide a more

consistent estimate of liquefaction hazard.

©50% SF
084% SF
A50% SLC
A84% SLC
B 50% Butte
084% Butte

5 10 15 20 25 30 35 400 5 10 15 20 25 30 35 400 5 10 15 20 25 30 35 40
Nieq (Simplified PBT, = 475) N,eq (Simplified PBT, = 1,039) Neq (Simplified PBT, = 2,475)

Figure 6-4 Comparison of deterministic and simplified performancebased values oNeq.
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Figure 6-6 Comparison of deterministic and simplified performancebased values of

CSR%.

6.3.2 Empirical Lateral Spread Displacement Model

Once the analysis of the differelatteral spread displacememiethods was completed,
the data was examined and several charts were created, one for each city. These charts compare,
side by side, the results dfa simplified, pseudprobabilistic, and deterministic analyses. These

charts can be seenhigure 67, Figure 68, and Figure ®.
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Figure 6-7 Comparison of Deterministic, Pseudeprobabilistic, and Simplified methods for
Butte, MT (Latitude 46.033, Longitude-112.533).
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Figure 6-8 Comparison of Deterministic, Pseudeprobabilistic, and Simplified methods for
Salt Lake City, UT (Latitude 40.755, Longitude-111.898).
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Figure 6-9 Comparison of Deterministic, Pseudeprobabilistic, and Simplified methods for
San Francisco, CA (Latitude 37.775, Longitudel122.418).

The different cities are associated with regiorfs differing seismicity, and the
deterministic comparisons with the simplified results yield some interesting conclusions. In the
city with low seismicity, Butte seen iRigure 67, the deteministic method massively over
predicts the displacements predittey the simplified and pseugwobabilistic methods. This
result can be attributed to the deterministic procedure not accounting for the likelihood of the
Rocker fault rupturing, and predicts a displacement that may have an extremely low probability
of occurring. The medium seismicity city, Salt Lake City seefkigure 68, shows as well that
the deterministic method predicts displacements higher than the simplified and -pseudo
probabilistic procedures. In San Francisco, the high seismicity city, theésreselmuch more
similar at the 2475 return period, as can be seé&iigure 69. In this area the simplified method
for the 2475 year return period predicts a slightly higher displacement than the deterministic
mean value. The deterministic "8gercentié still predicts a higher value than the simplified
method at the 2475 year return period.
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6.3.3PostLiquefaction Settlement Model

6.3.3.1 Pseudeprobabilistic vs. Simplified Performandmsed

The results from the pseugboobabilistic procedure suggested greater liquefaction hazard
than the results from the performaruased procedure in Salt Lake City and Butte. These two
cities are considered medium and low seismicity areas, respectivelyeduits indicate that in
areas of high seismicity, such as San Francisco, the perforsfhased procedure suggests
higher liquefaction hazard than the psegdobabilistic procedure. The direct comparison of the
Cetin et al. (2009) model is shownkigure 610 and the direct comparison of the Ishihara and

Yoshimine (1992) model can be seerfrigure 611.
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Figure 6-10 Comparison of pseudeprobabilistic and simplified performance-based values

of vertical strain using the Cetin et al. (2009) model.
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Figure 6-11 Comparison of pseudeprobabilistic and simplified performance-based values

of vertical strain using the Ishihara and Yoshimine (1992) model.

6.3.3.2Determinstic vs. Simplified Performandmsed

Direct comparison plotsFH{gure 612 through Figure 47) show that the deterministic
analyses frequently owgredicted liquefaction hazard in areas of low and medium seismicity.
This overprediction is especially édent in the case of Butte where the simplified performance
based method estimated stramalues much lower than the deterministic strains. This
discrepancy could be because the likelihood of the large Rocker Fault near Butte rupturing and
achieving the 6% ground motion is very low. Therefore, in the simplified performdrased
approach (which incorporates likelihoods of seismic events in the calculations), the associated

strains are much lower.

In areas of high seismicity, such as San Franciscopén®rmanceased procedure
closely matches the deterministic hazard at they®&s return period. In the 1,033 and 2,475
year return periods, the performarizased method ovqaredicts the deterministic settlement
hazard. This is consistent with the ekfation that the performanbased method may predict

unrealistically high values of liquefaction hazard in areas of high seismicity.
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Figure 6-12 Comparison of deterministic and performancebased verticalstrains for the

Cetin et al. model (PB Return Period = 475 years).
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6.3.4Seismic Slope Displacement Model

Once the analysis of the different methods was completed, the data was examined and
charts were created for each city. These charts compare, side by side, the results of the
simplified, pseudgrobabilistic, and deterministic analyses using both Rathje & Saygili (2009)

and Bray & Travasarou (2007) methddhese charts can be seen below.
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Figure 6-18 Comparison of Deterministic Pseudeprobabilistic, and Simplified methods
using Rathje and Saygili (2009) for Butte, MT (Latitude 46.033, Longitudel12.533).
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Figure 6-19 Comparison of Deterministic, Pseudeprobabilistic, and Simplified methods
using Rathje and Sayqgili (2009) for Salt Lake City, UT (Latitude 40.755, Longitude
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Figure 6-20 Comparison of Deterministic, Pseudeprobabilistic, and Simplified methods
using Rathje and Saygili (2009) for San Francisco, CA (Latitude 37.775, Longitude
122.418).
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Figure 6-22 Comparison of Deterministic, Pseudeprobabilistic, and Simplified methods
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Figure 6-23 Comparison of Deterministic, Pseudeprobabilistic, and Simplified methods
using Bray and Travasarou (2007) for San Francisco, CA (Latitude 37.775, Longitude
122.418).

The different seismicity areas represented by the plots shown previously, and the
deterministic comparisons with the simplified results show interesting concluBignse 618
shows the deterministic method highly over predicts the displadsmaredicted by the
simplified and pseudgprobabilistic methods in areas of low seismicity such as Butte using the
Rathje & Saygili method. This result can be attributed to the deterministic procedure not
accounting for the likelihood of the Rocker faulipturing, and predicts a displacement with
extremely low probability of occurring. Similar behavior can also be observEtjure 621
when the Bray & Travasarou method is used in Butte.

The medium seismicity city, Salt Lake City seenFigure 619 using the Rathje &
Saygili method, shows that the deterministic method predicts displacements higher than the
simplified and pseudgprobabilistic procedures at return periods of 475 and 1,033 years. This is
not the case for the 2,475 year return perioavinch the simplified and pseugwobabilistic
procedures slightly over estimate displacements. The Bray & Travasarou method in the same

area, as observed Figure 622, showed at all return periods that theé"g#ercentile of the
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deterministic procedurever predicted displacements when compared to those computed with
the simplified and pseudarobabilistic procedures.

In San Franisco, the high seismicity citygimilar results for deterministic, simplified,
and pseudgrobabilistic procedures at the 25 return period were calculated, as shown in
Figure 620 when using the Rathje & Saygili method. When the Bray and Travasarou model is
used as shown ifigure 623 the simplified and pseudarobabilistic methods seem to over

predict seismic slope displavents.

6.4 Summary

This study analyzed several hazardsuefaction triggering, lateral spread, post
liquefaction settlement, and seismic slope displaceniéreg deterministic methods predicted
significantly more earthquake induced hazard than probabiliséithods in Buté® an area of
low seismicity. The deterministic results also generally showed more earthquake induced hazards
than the probabilistic results at high return periods in Salt Laked Gity area of medium
seismicity. In San Franciséoan area bhigh seismicity the deterministic methods predicted
slightly lower hazards than the probabilistic method, particularly at higher return periods. These
results suggest that the deterministic results could be used as arboppérin areas of high
seismcity, but in areas of low seismicity, the deterministic analysis could be optional. Engineers
performing analyses in areas of medium to high seismicity could choose to use a deterministic
anal ysi s as a Areal ity c h ec kased aeguits. nls both t h e ¢
deterministic and performandmsed methods are considered,ltveer of the deterministic and
the probabilistic resultshould govern the design.

This rule may seem countattuitive, but the idea is not completely foretgmvhen
devdoping a spectral acceleration design envelope, seismic building code (e.g., IBC 2012)
permits that the lower of the deterministic and probabilistic accelerations be used in design.
Likewise, in a liquefaction hazard analysis, the lower value should govéthe deterministic
value is lower than the performanrbased value, the combination of multiple seismic sources in
the performancéased analysis may suggest greater liquefaction hazard than would be caused by
a single earthquake event. Therefoleet det er mi ni sti c analysis pr
checko agai ns-basad analysig,amdfthe deternmistie results should be accepted.
If the performancdrased value is lower than the deterministic value, the nearby governing fault
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may hae a significantly low likelihood of rupturing within the design life of the structure. In
this case, the deterministic results could be considered too extreme (especially for some projects
which do not need to be designed to withstand such large evédisjefore, the performance

based results should be accepted as a representation of tHéetptiguefaction hazard.
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7.0 VALIDATION OF THE SIMPLIFIED LIQUEFACTION ASSES SMENT TOOL.:
SPLIO

7.1 Overview

This section provides a final validation 8PLig The purpose of this validation is not to
prove the accuracy of the methods as presented in Clga@tdihis validation will compare full
performancebased analyses against results generated 8hhiq at 15 different locations
throughout the states included in this study. For a @etakplanation of howSPLiqis used,
please referotheSPLiQUs er 6 s Manual accompanying this

7.2 Selection of Sites for \dlidation

To select sites for the validation 8PLiq three different locations representing main
cities within the states includedtimis study were selecte@lable7-1 below shows the list of the
sites used and their correspondi@Aand magnitude corresponding to 475, 1033, and 2475

year return priods.

Table 7-1 Sites Selected foSPLiqg Validation

rep

Tr=475yrs Tr=1033 yrs Tr=2475yrs
STATE CITY LAT

SLC 40.636 -111.905 0.204 6.71 0.391 6.80 0.638 6.85
uT Nephi 39.681 -111.839 0.133 6.44 0.240 6.60 0.400 6.72
Hurricane 37.177 -113.288 0.091 6.22 0.149 6.34 0.241 6.51
Boise 43.619 -116.219 0.056 6.06 0.083 6.08 0.123 6.09
ID Idaho Falls 43.494 -112.036 0.085 6.09 0.120 6.07 0.174 6.08
Challis 44.505 -114.23 0.178 6.06 0.258 6.12 0.375 6.21
Billings 45.768 -108.488 0.024 6.00 0.034 6.01 0.050 6.01

MT Butte 46.003 -112.555 0.082 6.03 0.119 6.04 0.176 6.05
Missoula  46.869 -113.983 0.088 6.03 0.132 6.06 0.198 6.08
Charleston 32.794 -79.946 0.156 6.61 0.376 6.88 0.740 7.01
SC Columbia  34.01 -81.05 0.075 6.46 0.136 6.51 0.224 6.42
Greenville 34.853 -82.383 0.051 6.14 0.084 6.09 0.143 6.00
Hartford 41.766 -72.654 0.028 5.84 0.050 5.89 0.092 5.89
CT New Haven 41.338 -72.935 0.029 5.75 0.053 5.80 0.099 5.84
Stamford  41.056 -73.542 0.035 5.61 0.072 5.64 0.148 5.70
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7.3 Liquefaction Triggering Validation

Five soil profiles that displayed a wide rargdeSPT resistance values over depths
ranging from O to 18 meters were selected. These profiles were usled $btLiqvalidation of
both liquefaction triggering and liquefaction settlement. The SPT profiles used in this validation

study can be seen kFigure7-1.
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Figure 7-1 SPT resistance profiles used for liquefaction triggering and liquefaction

settlement validation.

Figure7-2is a comparison plot of the Cetin et al. (2004) liquefaction triggering model.
Figure7-3 displays tle comparison plot of the Boulanger and Idriss (2012) liquefaction
triggering model . Nragehe phamge in SPT blgveountssmeguiredto i s @
bring the factor of safety against | Ngauefact.i
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values indicate that the soil layer analyzed will likely have a factor of safety against liquefaction

less than 1 for the return period of question.
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Figure 7-2 SPLiq validation results for liquefaction triggering Cetin et al. 2004 model
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Figure 7-3 SPLiqvalidation results for liquefaction triggering based on the Boulanger and
Idriss 2012 model

The results indicate th&PLigprovides &alose fit to the full performance based
liquefaction triggered procedure for both the Cetin et al. (2004) and Boulanger & Idriss (2012)
model s, particNrdgaal yesor Thesi hcwveasghFedramer ead
is attributed t&SPLigplacing a minimum Nreq threshold on calculatiSRLiqwill not allow
Nreq values less than zero; therefore, any instance where Nreq would be lesS#Pilain\ill
automatically assign an Nreq value of 1. This creates the higher scatter in areaseidriueity

or where site recorded SPT values are high.
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7.4 Lateral Spread Validation

To evaluate the sitgpecific lateral displacement, a soil profile was assumed for each site.
These soil parameters goeesented irFigure 3-4 as was done in the original validation for the
method For this validation five differend parameter values were selected which made up the 5
different soil profiles to test. TH® parametrs tested were 7.5, 8.5, 9.5, 18stomputedusing
Equation(51). Each soil profile was then tested at all 15 locations selected for this validation at
475 1033, and 2475 year return periods.

7.4.1 EZ-FRISK

To perform the sitspecific analysis for both the simplified and full performabeased
models, the software EERISK (Risk Engineering 2013) was utilized. For this analysis, the
USGS 2008 seismic souroeodel (Petersen et al. 2008as used

Figure 7-4 below shows the comparison between the full performaased lateral
spread analyses against the displacementspuetmd usingSPLig The average discrepancy
between both the full performarbased method and the simplified method was always less than
0.02 m with less than 5% error most cases.
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Figure 7-4 SPLiqvalidation results for lateral spread analysis based on the Youd et al. 2002

model

7.5Post Liquefaction Settlement

The 5 soil profiles shown iRigure7-1 were used for the validation of liquefaction
settlement usin@PLig SPLigwas used to compute simplified performathesed ground
surface settlements at 15 locations using the 5 differdrgrediles. The validation results can

be seen ifrigure7-5 andFigure7-6.
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Figure 7-5 SPLiqg validation results based on the Cetin et al (2009) model.
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Figure 7-6 SPLig validation results based on the Ishihara & Yoshiming1992) model.
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The SPLigliquefaction settlement results indicate that the Ishihara & Yoshimine (1992)
simplified modelcontains a higher amount of scatter than the Cetin et al. (2009) model. These
results are not new, however, as they are similar toah@ation results presented in Chapter 3
of this report. The results lie within the anticipated range of scatter. EngineerSBsiiggo
estimate liquefaction settlement should be awafgire7-5 andFigure7-6. Both the Cetin et
al (2009) and Ishihara & Yoshimine (1992) models show a more compact scatter pattern at

calculaed settlements less than 15 cm (5.9 in).
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7.6 Seismic Slope Displacement

The validation of the seismic slope displacement model embedde®&Rihiq was
performedfor all 15 sites presenteph Table 7-1. As was the case of the original validation, in
this case PBLiquefY was also ustdcompute the full performandsased site specific seismic
slope displacements in the areas of interests@heere later compared to the results generated
by SPLig The data generated for both the Rathje & Saygili (2009) and the Bray & Travasarou
(2007) models are shown below.
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Figure 7-7 SPLig validation of seismic slope displacement for the Rathje and Saygili (2009)

model.
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Figure 7-8 SPLiqvalidation of seismic slope displacement for the Bray and Travasarou
(2007) model.

From the validatiorexercise the Rathje & Saygi({2009) model presented slight over
prediction of displaements in certain areas. Aftessting the sites of concern a few times, we
concluded that this model will slightly over predict displacements in areas of relativeRG@éw
when thek, value is very close to 04 (which was the value used in the generation of reference
parameters). This is a limitation of the original model, and not one of the simplified methodology
presented in this repoi®PLigwas programmed so thahen the combination of variables could
result in unreasonable computed displacements for the site of interest, the user will be prompted
to adjust thek, value entered and the Rathje & Sayqili (2009) displacement will not be reported
in the final summary foresults generated b$PLig Values computed using the Bray &

Travasarou (2007)nodel were always within the 5 % margin established in the original
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validation. More detailn generatingan appropriaté, value for the site can be found in the
SPLigU s e Ma@nual.
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8.0 CONCLUSIONS

8.1 Summary

The purpose fathe researcperformedwas to provide the benefit of the full performance
based probabilistic earthquake hazard analysis, without requiring special software, training, and
experience. Taccomplish this goakimplified modet of liquefaction triggeringateral spread
displacemets, postliquefaction settlement and seismic slopedisplacements were developed
thatreasonablyapproximate theasults of full performanebased analyseThe objective of this
report wa to introduce the dainal models used to determinearthquake hards (.e.
liquefaction triggering,lateral spread displacemergostliquefaction settlement, and seismic
slope displacement provide indepth derivations that demonstrate the development of the
simplified methods, validate the simplified models by performing aspéeific analysis for
several different sites usirtige simplified and full models, determisafficientgrid spacings for
the developmenof the liquefaction parameter maps, develop the liquefaction parameter maps
for the targeted states at the 475, 1033, and 2475 year return periods, compeselthef the
simplified methods against deterministic and psepidabilistic procedures, and then introduce
a tool for performing the calculations for the simplified methods.

8.2 Findings

8.2.1 Derivation of the Simplified Procedures

The derivations of the simplified liquefaction triggeringteral spread displacement
postliquefaction settlement, and seismic slope displacemexiels show how to approximate a
full performancebased analysis using simple calculations and mapped reference parameters. The
simplified liquefaction triggering procedure is based on the Bgelarand Idriss (2012)
probabilistic modelthe simplified lateral spread displacement model is based on theefaild
(2002) empirical model, the peltjuefaction settlement model is based on the Cetin e2@09)
and Ishihara and Yoshimir{@992)volumetric strain mode)sand the seismic slope displaceitnen
model is based on the Rathje & Saygili (2009) and the Bray & Travasarou (2007) probabilistic

models.
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8.2.2 Validation of the SimplifiedProcedures

Ten sites throughout the United States were analyzied bsth the full and simplified
probabilistic procedures for three different return periods: 475, 1033, and 2475 yE@es.
simplified liquefaction triggering method, theimplified lateral spread displacemerthe
simplified postliquefaction settlementand the seismic slopenodels provided reasonable
approximations of their respective full probabilistic methodsis shows that the simplified
procedures derived in this report can be used to approximate the results of a full probabilistic
procedure witout the need for special software, training, and experience.

8.2.3Evaluation of Grid Spacing

A grid spacing necessary to maintain accuracy in the interpolated results was found for
the liquefaction triggerindateral spread displacemepbstliquefaction gttlementand seismic
slope displacememhodels. These grid spacings resulted on avendttpea 5% difference
between an interpolated value and the result if an analysis were performed at the same site.
These grid spacings were very important in credtieggrid of points that was used in the
analysis.

8.2.4Map Development

The liquefaction parameter maps were developed for each statddiyidingthem into
zones andssigning agrid spacing for each zon€he gridpointswere thergenerated in
ArcMap based on this grid spacinghepointswereanalyzed using the specified performance
based analytical softwar@BLiquefY, EZ-FRISK), then imported into ArcMap and converted to

a Kriging raster that is then used to create a contour ajihaficrefererte parameter.

8.2.5Comparison with Deterministic Procedures

The results of this studghow for the 45, 1033,and 2475 year return periodsr
liquefaction initiation lateral spread displacemergpostliquefaction settlement, and seismic
slope displaceménthat deterministic methods severely opeedicted liquefaction hazard in

area of low seismicity. The deterministic results slightly oyeedicted liquefaction hazards
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area of medium seismicity. Andhiarea of high seismicityhe deterministic mthods slightly
underpredicted liquefaction hazard’ hese results suggest that the deterministic results could be

used as an uppdound in areas of high seismicity, but in areas of low seismicity, the
deterministic analysis could be optional. Engingenforming analyses in areas of medium to

high seismicity could choose to use a determ

simplified performancéased results.

8.3 Limitations and Challenges

During the production of this report, a reviseduBmger and Idriss (2014) model was
published. This revised model included a new definition ofMIS¢- (as explained previously).
Though this report discussed the derivation of the simplified performaasesx procedure for
both the updated Boulanger aiufiss (2014) model and the previous Boulanger and Idriss
(2012) model, the 2012 version of thiSFwas used throughout the report
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APPENDIX A: Supplementary Validation Data

The following tables are supplementary to the validation results of this report but are too
lengthy to include in the body of the text. The valueBahle A 1 are values usea ithe
calculation ofCSR"™ for each of the ten cities in the study. The vahf@6CSR were
retrieved from the hazatérgeted liquefaction parameter maps created using PBLiquefY. The
values of meaiM andPGAwere retrieved from the 2008 US@8aggregation website. Values
of Fpgawere retrieved from AASHTQO012 Table 3.10.3-:2. Table A 2 displays the results of
the simplified liquefaction triggering pcedure whilélable A 3 displays the results of the full

probabilistic liquefaction triggering procedure.

Depth conversion 2.5 m (8.20 ft), 3.5 m (11.48 f4,5 m(14.76 ft), 5.5 m (18.04 ft), 6.5
m (21.33 ft), 7.5 m (24.61 ft), 8.5 m (27.89 ft), 9.5 m (31.17 ft), 10.5 m (34.45 ft), 11.5 m (37.73

ft)
Table A- 1 Parameters Used in Simplified Liquefaction Triggering Procedure
Tr=1033 Tr =475 Tr = 2475
Location
ucsie M pea Ry, | wcsre MO pea  F |wesrt MO pea Fy,

Butte 10.37 6.03 0.1206 1.559| 7.434 6.03 0.0834 1.600| 14.671 6.05 0.1785 1.443
Charleston| 33.46 6.87 0.3680 1.132| 12.750 6.61 0.1513 1.497| 66.794 7.00 0.7287 1.000
Eureka 109.64 7.40 0.9662 1.000f 67.819 7.33 0.6154 1.000| 162.159 7.45 1.4004 1.000
Memphis | 34.73 7.19 0.3346 1.165| 14.811 6.98 0.1604 1.479| 61.245 7.24 0.5711 1.000

Portland 37.08 7.29 0.2980 1.204| 23.485 7.24 0.1990 1.402| 55.225 7.31 0.4366 1.063

Salt Lake 38.09 6.84 0.4030 1.097| 20.724 6.75 0.2126 1.375| 62.332 6.90 0.6717 1.000

City

San 68.49 7.38 0.5685 1.000| 50.860 7.31 0.4394 1.061| 90.113 7.44 0.7254 1.000
Frarcisco

SanJose| 57.89 6.67 0.5627 1.000| 45.322 6.66 0.4560 1.044| 72.345 6.66 0.6911 1.000
Msoanr;g 52.70 6.79 0.5372 1.000| 37.984 6.74 0.3852 1.115| 71.788 6.84 0.7415 1.000

Seattle 4729 6.82 0.4444 1.056| 32.213 6.75 0.3110 1.189| 67.879 6.88 0.6432 1.000
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Butte

Charleston

Eureka

Memphis

Table A- 2 Results from Simplified Liquefaction Triggering Procedure

Tr=1033 Tr=475 Tr=2475
Simple PB (tiriss & Boulangey Simple PB (tlriss & Boulangey Simple PB (triss & Boulangey
D(‘:Tﬁ’)th N;ﬁ‘gs Neq %CSR™ FS P Neg %CSR™ FS P Neg %CSR™ FS P
25 | 13.78 | 4.568 9.528 1.747 0.022| 1.000 7.434 2375 0.002| 8.740 12.467 1.335 0.148
35 | 15.62 | 6.554 10.867 1.691 0.029| 2.029 7.994 2299 0.001| 10.965 14.223 1.292 0.177
45 | 16.95| 7.780 11.749 1.681 0.030| 3.144 8.642 2.285 0.001| 12.344 15.377 1.284 0.183
55 | 19.87 | 8,522 12301 1.892 0.011| 3.811 9.049 2,572 0.000| 13.178 16.104 1.445 0.092
6.5 | 21.47 | 9.030 12.688 2.021 0.006| 4.266 9.335 2.748 0.000| 13.749 16.615 1.544 0.059
7.5 | 2312 | 9.356 12,940 2.213 0.002| 4.553 9.518 3.008 0.000| 14.111 16.945 1.690 0.029
85 | 24.83 | 9.553 13.094 2.487 0.001| 4.729 9.633 3.381 0.000| 14.336 17.153 1.899 0.010
95 | 27.79 | 9.685 13.197 3.238 0.000| 4.846 9.709 4.401 0.000| 14.484 17.291 2.471 0.001
105 | 29.76 | 9.772 13.265 4.036 0.000| 4.921 9.757 5.486 0.000| 14.581 17.382 3.080 0.000
115 | 31.81 | 9.848 13.325 5.346 0.000| 4.990 9.803 7.268 0.000| 14.669 17.465 4.079 0.000
25 | 13.78 | 18.765 21.832 0.762 0.836| 6.850 11.076 1.503 0.071| 26.706 38.365 0.434 0.999
3.5 | 15.62 | 21.090 25.043 0.734 0.868| 9.023 12.683 1.449 0.090| 28.077 44.043 0.417 0.999
45 | 16.95| 22.393 27.241 0.725 0.877| 10.406 13.769 1.434 0.097| 28.842 47.955 0.412 0.999
55 | 19.87 | 23.158 28.716 0.810 0.776| 11.284 14.485 1.606 0.044| 29.299 50.607 0.460 0.997
6.5 | 21.47 | 23.688 29.836 0.860 0.708| 11.919 15.016 1.708 0.027| 29.620 52.638 0.487 0.995
7.5 | 23.12 | 24.052 30.657 0.934 0.597| 12.362 15.393 1.860 0.013| 29.846 54.151 0.529 0.989
8.5 | 24.83 | 24.312 31.273 1.041 0.442| 12.676 15.664 2.079 0.004| 30.011 55.306 0.589 0.972
95 | 27.79 | 24519 31.781 1.344 0.143| 12.921 15878 2.691 0.000| 30.145 56.276 0.759 0.840
105 | 29.76 | 24.691 32.215 1.662 0.033| 13.120 16.053 3.335 0.000| 30.259 57.122 0.937 0.593
115 | 31.81 | 24.855 32.643 2.182 0.002| 13.310 16.221 4.392 0.000| 30.368 57.957 1.229 0.228
25 | 13.78 | 30.898 62.315 0.267 1.000| 26.775 38.616 0.431 0.999| 33.360 92.041 0.181 1.000
3.5 | 15.62 | 31.855 71.732 0.256 1.000| 28.158 44.432 0.414 0.999| 34.124 105.987 0.173 1.000
45 | 16.95| 32412 78.334 0.252 1.000| 28.938 48.494 0.407 0.999| 34.576 115.783 0.171 1.000
5.5 | 19.87 | 32.757 82929 0.281 1.000| 29.413 51.310 0.454 0.998| 34.860 122.624 0.190 1.000
6.5 | 21.47 | 33.008 86.554 0.296 1.000| 29.754 53.520 0.479 0.996| 35.069 128.038 0.200 1.000
7.5 | 23.12 | 33.193 89.368 0.320 1.000| 30.000 55.226 0.518 0.991| 35.223 132.260 0.216 1.000
8.5 | 24.83|33.334 91620 0.355 1.000| 30.187 56.581 0.576 0.977| 35.342 135.660 0.240 1.000
9.5 | 27.79 | 33.453 93596 0.457 0.998| 30.343 57.761 0.740 0.862| 35.443 138.653 0.308 1.000
10.5 | 29.76 | 33.559 95.388 0.561 0.981| 30.479 58.825 0.910 0.633| 35.533 141.378 0.379 1.000
11.5 | 31.81 | 33.661 97.183 0.733 0.869| 30.611 59.888 1.190 0.265| 35.620 144.113 0.494 0.995
25 | 13.78 | 19.764 23.120 0.720 0.882| 8.898 12,588 1.322 0.157| 25.676 34.955 0.476 0.996
3.5 | 15.62 | 22.022 26.578 0.692 0.909| 11.242 14.450 1.272 0.193| 27.188 40.195 0.457 0.998
45 | 16.95| 23.285 28.978 0.681 0.917| 12.754 15.731 1.255 0.206| 28.034 43.841 0.450 0.998
5.5 | 19.87 | 24.039 30.628 0.760 0.839| 13.730 16.598 1.402 0.111| 28.543 46.355 0.502 0.994
6.5 | 21.47 | 24570 31.908 0.804 0.785| 14.452 17.261 1.486 0.076| 28.906 48.315 0.531 0.989
7.5 | 2312 | 24946 32.882 0.871 0.691| 14974 17.755 1.613 0.042| 29.166 49.812 0.575 0.977
8.5 | 2483 | 25.225 33.645 0.968 0.547| 15.361 18.129 1.796 0.017| 29.361 50.991 0.639 0.947
95 | 27.79 | 25.454 34299 1.246 0.214| 15.681 18.444 2.317 0.001| 29.523 52.009 0.822 0.761
105 | 29.76 | 25.652 34.882 1.535 0.061| 15955 18.718 2.860 0.000| 29.663 52.918 1.012 0.483
115 | 31.81 | 25.841 35461 2.009 0.006| 16.220 18.986 3.752 0.000| 29.799 53.825 1.324 0.156
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Portland

Salt Lake
City

San
Frarcisco

San Jose

Tr=1033 Tr=475 Tr=2475

Simple PB (tiriss & Boulangey Simple PB (tiriss & Boulangey Simple PB (tiriss & Boulangey
D(‘;"Tﬁ’)th Néﬁgcs Neq %CSR™  FS P Neg %CSR™ FS P Neg %CSR™ FS P
25 | 13.78 | 21.346 25.447 0.654 0.937| 16.028 18.792 0.886 0.669| 25.152 33.443 0.498 0.994
3.5 | 15.62 | 23.426 29.272 0.628 0.954| 18.582 21.609 0.851 0.721| 26.736 38.474 0.478 0.996
45 | 16.95| 24583 31.940 0.618 0.959| 20.091 23.570 0.838 0.739| 27.621 41.987 0.470 0.997
5.5 | 19.87 | 25.274 33.783 0.689 0.911| 21.011 24.920 0.934 0.598| 28.155 44.417 0.524 0.990
6.5 | 21.47 | 25.765 35.227 0.728 0.874| 21.668 25.975 0.987 0.518| 28.537 46.324 0.554 0.984
7.5 23.12 | 26.116 36.336 0.788 0.805| 22.137 26.780 1.069 0.405| 28.812 47.790 0.599 0.968
8.5 24.83 | 26.379 37.213 0.875 0.685| 22.486 27.413 1.188 0.267| 29.019 48.953 0.665 0.929
9.5 27.79 | 26.597 37974 1.125 0.335| 22.775 27.960 1.528 0.063| 29.192 49.965 0.855 0.714
105 | 29.76 | 26.786 38.657 1.385 0.120| 23.025 28.449 1.882 0.011| 29.342 50.874 1.052 0.427
115 | 31.81 | 26.968 39.341 1.811 0.016| 23.265 28.937 2.462 0.001| 29.488 51.785 1.376 0.125
25 | 13.78 | 20.465 24.103 0.691 0.909| 13.594 16.475 1.010 0.485| 25.979 35.895 0.464 0.997
3.5 | 15.62 | 22608 27.641 0.665 0.930| 16.118 18.883 0.973 0.539| 27.431 41.183 0.446 0.998
45 | 16.95| 23.789 30.059 0.657 0.935| 17.651 20.521 0.962 0.555| 28.235 44.806 0.441 0.998
55 | 19.87 | 24.479 31.680 0.735 0.867| 18.585 21.613 1.077 0.395| 28.712 47.246 0.493 0.995
6.5 | 21.47 | 24.955 32906 0.779 0.816| 19.242 22.432 1.143 0.314| 29.044 49.099 0.522 0.990
7.5 | 23.12 | 25.282 33.804 0.847 0.726| 19.694 23.025 1.244 0.216| 29.275 50.466 0.567 0.980
8.5 | 24.83 | 25.513 34.472 0.945 0.581| 20.012 23.460 1.388 0.118| 29.442 51.493 0.632 0.951
9.5 | 27.79 | 25.698 35.022 1.220 0.236| 20.263 23.812 1.794 0.017| 29.576 52.346 0.816 0.768
105 | 29.76 | 25.851 35.491 1.508 0.069| 20.470 24.109 2.220 0.002| 29.687 53.078 1.009 0.488
115 | 31.81 | 25996 35.950 1.982 0.007| 20.667 24.399 2.920 0.000| 29.795 53.798 1.324 0.155
25 | 13.78 | 26.864 38.946 0.427 0.999| 24.088 30.742 0.541 0.987| 29.389 51.161 0.325 1.000
3.5 | 15.62 | 28.240 44.826 0.410 0.999| 25.811 35.367 0.520 0.991| 30.490 58.910 0.312 1.000
45 | 16.95 | 29.017 48.943 0.403 0.999| 26.769 38.596 0.512 0.992| 31.124 64.350 0.307 1.000
5,5 | 19.87 | 29.491 51.807 0.449 0.998| 27.346 40.831 0.570 0.979| 31.516 68.146 0.341 1.000
6.5 | 21.47 | 29.833 54.061 0.474 0.996| 27.757 42.583 0.602 0.966| 31.802 71.150 0.360 1.000
7.5 23.12 | 30.081 55.810 0.513 0.992| 28.053 43.931 0.652 0.939| 32.011 73.488 0.390 1.000
8.5 24.83 | 30.270 57.205 0.569 0.979| 28.275 45.000 0.724 0.878| 32.171 75.370 0.432 0.999
9.5 27.79 | 30.429 58.427 0.731 0.871| 28.460 45.929 0.930 0.603| 32.307 77.025 0.555 0.983
10.5 | 29.76 | 30.568 59.533 0.899 0.649| 28.622 46.766 1.145 0.313| 32.427 78.532 0.682 0.917
115 | 31.81 | 30.702 60.642 1.175 0.280| 28.777 47.602 1.497 0.073| 32.544 80.043 0.890 0.663
2.5 13.78 | 25.188 33.542 0.496 0.994| 22.491 27.421 0.607 0.964| 27.607 41.926 0.397 1.000
35 15.62 | 26.722 38.422 0.478 0.996| 24.368 31.409 0.585 0.973| 28.854 48.023 0.383 1.000
45 | 16.95 | 27.562 41.734 0.473 0.997| 25.390 34.113 0.579 0.976| 29.546 52.158 0.379 1.000
5.5 | 19.87 | 28.051 43.924 0.530 0.989| 25.981 35.900 0.648 0.941| 29.953 54.892 0.424 0.999
6.5 | 21.47 | 28.387 45558 0.563 0.981| 26.385 37.232 0.689 0.911| 30.233 56.928 0.451 0.998
7.5 | 23.12 | 28.614 46.728 0.613 0.961| 26.656 38.185 0.750 0.851| 30.423 58.385 0.490 0.995
8.5 | 24.83|28.773 47576 0.685 0.914| 26.845 38.875 0.838 0.739| 30.556 59.438 0.548 0.985
9.5 | 27.79 | 28.895 48.252 0.886 0.670| 26.991 39.425 1.084 0.386| 30.659 60.278 0.709 0.893
105 | 29.76 | 28.995 48.814 1.097 0.370| 27.108 39.880 1.342 0.144)| 30.742 60.975 0.878 0.681
115 | 31.81 | 29.089 49.359 1.443 0.093| 27.220 40.320 1.767 0.020| 30.821 61.649 1.156 0.301
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Santa
Monica

Seattle

Tr=1033 Tr=475 Tr=2475
Simple PB (tiriss & Boulangey Simple PB (tiriss & Boulangey Simple PB(Idriss & Boulangey
D(‘;"Tﬁ’)th N;-i‘;gcs Neq %CSR™  FS P Neg %CSR™ FS P Neg %CSR™ FS P
25 | 13.78 | 23.956 30.437 0.547 0.985| 20.730 24.493 0.680 0.918| 27.485 41.406 0.402 0.999
3.5 | 15.62 | 25.656 34.894 0.527 0.990| 22.832 28.070 0.655 0.937| 28.756 47.486 0.387 1.000
45 | 16.95| 26.586 37.933 0.521 0.991| 23.985 30.504 0.647 0.942| 29.465 51.641 0.382 1.000
5.5 | 19.87 | 27.130 39.964 0.582 0.975| 24.655 32.124 0.724 0.878| 29.886 54.427 0.428 0.999
6.5 | 21.47 | 27.505 41.493 0.618 0.959| 25.114 33.338 0.769 0.828| 30.180 56.534 0.454 0.998
7.5 23.12 | 27.762 42.606 0.672 0.924| 25.426 34.217 0.837 0.740| 30.384 58.076 0.493 0.995
8.5 24.83 | 27.944 43.427 0.750 0.851| 25.644 34.860 0.934 0.597| 30.529 59.225 0.550 0.985
9.5 27.79 | 28.088 44.098 0.969 0.545| 25.816 35.382 1.208 0.248| 30.645 60.169 0.710 0.892
10.5 | 29.76 | 28.207 44.666 1.199 0.257| 25.955 35.818 1.495 0.073| 30.742 60.973 0.878 0.681
115 | 31.81 | 28.320 45.220 1.575 0.050| 26.088 36.244 1.966 0.007| 30.835 61.763 1.153 0.303
25 | 13.78 | 23.208 28.820 0.578 0.976| 19.016 22.145 0.752 0.849| 26.908 39.111 0.426 0.999
3.5 | 15.62 | 25.007 33.047 0.556 0.983| 21.304 25.380 0.724 0.878| 28.247 44.864 0.410 0.999
45 | 16.95| 25991 35934 0.550 0.985| 22.577 27.583 0.716 0.886| 28.993 48.806 0.405 0.999
5.5 | 19.87 | 26.566 37.864 0.615 0.961| 23.320 29.050 0.801 0.788| 29.436 51.455 0.452 0.998
6.5 | 21.47 | 26.964 39.323 0.652 0.939| 23.830 30.151 0.851 0.720| 29.745 53.465 0.480 0.996
7.5 | 23.12 | 27.237 40.389 0.709 0.893| 24.176 30.948 0.925 0.611| 29.960 54.942 0.521 0.991
8.5 | 24.83|27.431 41.180 0.791 0.801| 24.419 31.533 1.033 0.454| 30.114 56.050 0.581 0.975
95 | 27.79 | 27.584 41.828 1.022 0.469| 24.610 32.008 1.335 0.148| 30.238 56.967 0.750 0.850
10.5 | 29.76 | 27.711 42.380 1.263 0.200| 24.765 32.406 1.652 0.035| 30.342 57.752 0.927 0.608
115 | 31.81 | 27.833 42920 1.660 0.034| 24.913 32.795 2.172 0.003| 30.441 58.524 1.217 0.239
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Butte

Charleston

Eureka

Memphis

Table A- 3 Results from Full Probabilistic Liquefaction Triggering Procedure

Tr=1033 Tr=475 Tr=2475
Full PB (ldriss & Boulanger) Full PB (Idriss & Boulanger) Full PB (ldriss & Boulanger)
D(;F’)th Nigoes| N, %CSR'® FS P | Neg %CSR® FS P | Ne %CSR® FS P
25 | 13.78 | 438 9408 177 0.020| 1 7.434 224 0.002| 889 12581 1.32 0.156
35 | 1562 | 6.29 10.682 1.72 0.025| 1.62 7.767 237 0.001| 11.09 14325 1.28 0.184
45 | 1695 | 7.47 11522 1.72 0.026| 2.65 8350 237 0.001| 12.47 15486 1.28 0.190
55 | 19.87 | 821 12.067 193 0.009| 3.29 8730 2.67 0.000| 13.36 16.266 1.43 0.098
6.5 | 2147 | 8.68 12421 207 0.004| 3.68 8968 2.86 0.000| 1391 16.761 1.53 0.062
75 | 2312 | 894 12619 227 0.002| 3.88 9.092 3.15 0.000| 14.27 17.092 1.68 0.031
85 | 2483 | 9.07 12.719 256 0.000| 3.96 9.142 356 0.000| 1446 17.269 1.89 0.011
95 | 27.79 | 9.09 12.735 336 0.000| 3.95 9.136 4.68 0.000| 1452 17.325 2.47 0.001
105 | 29.76 | 9.02 12.681 4.22 0.000| 3.87 9.086 5.89 0.000| 14.48 17.287 3.10 0.000
115 | 3181 | 8.9 12589 5.66 0.000| 3.73 8999 7.92 0.000| 14.37 17.185 4.15 0.000
25 | 13.78 | 19.25 22443 0.74 0.860| 6.38 10.745 1.55 0.057| 26.94 39.232 0.42 0.999
35 | 1562 | 21.54 25.762 0.71 0.889| 8.39 12.202 1.51 0.070| 28.37 45.472 0.40 0.999
45 | 16.95| 2285 28.104 0.70 0.899| 9.63 13.154 150 0.071| 29.2 50.012 0.39 1.000
55 | 19.87 | 23.68 29.819 0.78 0.815| 10.42 13.781 1.69 0.029| 29.75 53.497 0.44 0.999
6.5 | 2147|2423 31076 0.83 0.756| 109 14.170 1.81 0.016| 30.13 56.163 0.46 0.998
75 | 2312 | 246 31984 0.89 0.655| 11.18 14.399 1.99 0.007| 30.41 58.281 0.49 0.995
85 | 2483|2486 32654 1.00 0.504| 11.3 14.498 2.25 0.002| 30.61 59.879 0.54 0.986
95 | 27.79 | 25.03 33.108 1.29 0.179| 11.31 14.507 2.95 0.000| 30.76 61.127 0.70 0.902
105 | 29.76 | 25.13 33.381 1.60 0.044| 11.22 14.432 3.71 0.000| 30.86 61.984 0.86 0.702
115 | 31.81 | 25.19 33547 212 0.003| 11.06 14.300 4.98 0.000| 30.94 62.684 1.14 0.322
25 | 13.78 | 30.81 61.553 0.27 1.000| 27.15 40.044 0.42 0.999| 33.2 89.482 0.19 1.000
35 | 1562 | 31.88 72.010 0.26 1.000| 28.59 46.600 0.39 1.000| 34.08 105.096 0.18 1.000
45 | 16.95| 3255 80.1B 0.25 1.000| 29.44 51481 0.38 1.000| 34.66 117.738 0.17 1.000
55 | 19.87 | 32.98 86.133 0.27 1.000| 30 55.225 0.42 0.999| 35.02 126.741 0.18 1.000
6.5 | 21.47 | 33.33 91557 0.28 1.000| 304 58.203 0.44 0.998| 35.34 135.607 0.19 1.000
75 | 2312|3358 95759 0.30 1.000| 30.7 60.622 0.47 0.997| 35.58 142.853 0.20 1.000
85 | 2483 |33.78 99.337 0.33 1.000| 30.93 62596 0.52 0.991| 35.75 148.324 0.22 1.000
9.5 | 27.79 | 33.93 102.156 0.42 0.999| 31.11 64.217 0.67 0.929| 35.89 153.055 0.28 1.000
10.5 | 29.76 | 34.07 104.896 0.51 0.992| 31.25 65.527 0.82 0.767| 36.01 157.281 0.34 1.000
115 | 31.81 | 34.18 107.127 0.67 0.930| 31.36 66.588 1.07 0.404| 36.13 161.673 0.44 0.998
25 | 13.78 | 20.09 23568 0.71 0.895| 8.43 12.232 1.36 0.133| 26.17 36.513 0.46 0.998
3.5 | 1562 | 2235 27.163 0.68 0.921| 10.62 13.942 1.32 0.159| 27.73 42.462 0.43 0.999
45 | 16.95| 23.66 29.775 0.66 0.931| 11.99 15.076 1.31 0.165| 28.64 46.863 0.42 0.999
55 | 1987 | 245 31.733 0.73 0.869| 129 15859 1.47 0.083| 29.24 50.252 0.46 0.997
6.5 | 2147 | 25.08 33.244 0.77 0.826| 13.49 16.382 1.57 0.053| 29.67 52.963 0.48 0.996
75 | 2312|2549 34403 0.83 0.746| 13.87 16.725 1.71 0.026| 29.98 55.083 0.52 0.991
85 | 2483 | 258 35334 092 0.616| 14.08 16.917 1.93 0.009| 30.23 56.904 0.57 0.978
95 | 27.79 | 26.02 36.025 1.19 0.269| 14.18 17.009 2.51 0.000| 30.43 58.437 0.73 0.871
105 | 29.76 | 26.18 36.546 1.46 0.084| 14.17 17.000 3.15 0.000| 30.58 59.634 0.90 0.652
115 | 3181 | 26.3 36.946 193 0.009| 141 16.935 4.21 0.000| 30.69 60.539 1.18 0.278
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Portland

Salt Lake
City

San
Frarcisco

San Jose

Tr=1033 Tr=475 Tr=2475
Full PB (ldriss & Boulanger) Full PB (ldriss & Boulanger) Full PB (ldriss & Boulanger)
T M| Ny WCSR® PSP | Neg %CSR® FS P | Ne %CSR® FS P
2.5 13.78 | 219 26.367 0.63 0.952| 15.62 18.383 0.91 0.640| 25.97 35.866 0.46 0.997
3.5 15.62 | 24.02 30.584 0.60 0.967| 18.2 21.153 0.87 0.694| 27.61 41.939 0.44 0.999
45 | 16.95| 2527 33.771 0.58 0.974| 19.78 23.142 0.85 0.717| 28.59 46.600 0.42 0.999
5,5 | 19.87 | 26.09 36.251 0.64 0.945| 20.82 24.628 0.94 0.581| 29.25 50.312 0.46 0.997
6.5 | 2147 | 26.68 38.271 0.67 0.926| 21.56 25.795 0.99 0.508| 29.74 53.429 0.48 0.996
7.5 | 2312 | 27.13 39.965 0.72 0.886| 22.09 26.698 1.07 0.400| 30.11 56.017 0.51 0.992
85 | 24.83|27.48 41387 0.79 0.806| 22.48 27.402 1.19 0.266| 30.43 58.437 0.56 0.983
9.5 | 27.79 | 27.76 42595 1.00 0.495| 22.77 27.949 1.53 0.063| 30.69 60.539 0.71 0.896
105 | 29.76 | 27.99 43.638 1.23 0.230( 22.99 28.379 1.89 0.011| 30.89 62.245 0.86 0.707
115 | 31.81 | 28.18 44537 1.60 0.045| 23.15 28.701 2.48 0.001| 31.08 63.942 1.11 0.348
25 | 13.78 | 21.06 24996 0.67 0.929| 13.29 16.203 1.03 0.461| 26.28 36.878 0.45 0.998
3.5 | 15.62 | 23.18 28.762 0.64 0.947| 15.77 18532 0.99 0.512| 27.78 42.684 0.43 0.999
45 | 16.95| 24.38 31.438 0.63 0.953| 17.29 20.120 0.98 0.527| 28.65 46.916 0.42 0.999
5.5 | 19.87 | 25.13 33.381 0.70 0.904| 18.28 21.247 1.10 0.371| 29.21 50.072 0.46 0.997
6.5 | 2147 | 25.65 34877 0.74 0.866| 18.94 22,050 1.16 0.293| 29.6 52.504 0.49 0.995
7.5 | 2312|2599 35930 0.80 0.794| 19.38 22.611 1.27 0.197| 29.87 54.314 0.53 0.990
8.5 2483 | 26.24 36.745 0.89 0.668| 19.66 22.981 1.42 0.104| 30.07 55.727 0.58 0.974
9.5 27.79 | 2641 37.320 1.15 0.313| 19.83 23.210 1.84 0.014| 30.22 56.829 0.75 0.848
105 | 29.76 | 26.52 37.702 142 0.103| 19.9 23.305 2.30 0.001| 30.33 57.662 0.93 0.606
115 | 31.81 | 26.58 37.913 1.88 0.011| 19.91 23.319 3.06 0.000| 30.39 58.125 1.23 0.231
2.5 13.78 | 27.22 40.322 0.41 0.999| 2451 31.758 0.52 0.990| 29.39 51.169 0.33 1.000
3.5 | 15.62 | 28.66 46.969 0.39 1.000| 26.25 36.778 0.50 0.994| 30.6 59.797 0.31 1.000
45 | 1695 | 295 51.861 0.38 1.000| 27.26 40.482 0.49 0.995| 31.32 66.199 0.30 1.000
5,5 | 19.87 | 30.04 55511 0.42 0.999| 27.91 43.270 0.54 0.987| 31.81 71.239 0.33 1.000
6.5 | 21.47 | 30.47 58752 0.44 0.999| 28.38 45522 0.56 0.981| 32.16 75.235 0.34 1.000
7.5 23.12 | 30.76 61.127 0.47 0.997| 28.71 47.237 0.61 0.965| 32.46 78.955 0.36 1.000
85 | 24.83|30.97 62950 0.52 0.991|28.95 48560 0.67 0.925| 32.67 81.736 0.40 1.000
95 | 27.79 | 31.16 64.680 0.66 0.933| 29.15 49.716 0.86 0.708| 32.82 83.819 0.51 0.993
105 | 29.76 | 31.31 66.1® 0.81 0.777| 29.3 50.615 1.06 0.420| 32.94 85545 0.63 0.955
115 | 31.81 | 3143 67.278 1.06 0.418| 2941 51.294 1.39 0.118| 33.04 87.027 0.82 0.765
25 | 13.78 | 25.67 34.937 0.48 0.996| 23 28.399 0.59 0.973| 27.74 42,506 0.39 1.000
3.5 | 15.62 | 27.25 40.442 0.45 0.998| 24.89 32.734 0.56 0.981| 29.08 49.306 0.37 1.000
4.5 16.95 | 28.16 44.441 0.44 0.998| 25.95 35.803 0.55 0.984| 29.88 54.383 0.36 1.000
55 19.87 | 28.75 47.453 0.49 0.995| 26.64 38.127 0.61 0.963| 30.44 58516 0.40 1.000
6.5 21471 29.15 49.716 052 0.992| 27.09 39.809 0.64 0.944| 30.79 61.382 0.42 0.999
7.5 23.12 | 29.46 51.607 055 0.983| 27.41 41.095 0.70 0.904| 31.04 63578 0.45 0.998
85 24.83 | 29.67 52.963 0.62 0.960| 27.63 42.026 0.77 0.821| 31.28 65.814 0.50 0.994
9.5 27.79 1 29.82 53971 0.79 0.800| 27.78 42.684 1.00 0.498| 3145 67.478 0.63 0.950
105 | 29.76 | 29.92 54.662 0.98 0.530| 27.88 43.133 1.24 0.218| 31.57 68.694 0.78 0.816
115 | 31.81| 29.99 55.154 1.29 0.178| 27.93 43.362 1.64 0.037| 31.65 69.526 1.03 0.465
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Tr=1033 Tr=475 Tr=2475

Full PB (ldriss & Boulanger) Full PB (Idriss & Boulanger) Full PB (ldriss & Boulanger)

T M| Ny WCSR® PSP | Neg %CSR® FS P | Ne %CSR® FS P

2.5 13.78 | 24.77 32.419 0.51 0.992| 21.24 25278 0.66 0.934| 27.6 41.896 0.40 1.000

35 15.62 | 26.46 37.492 0.49 0.995| 23.34 29.092 0.63 0.951| 28.94 48,504 0.38 1.000

45 | 16.95| 27.43 41.178 0.48 0.996| 24.53 31.808 0.62 0.957| 29.75 53.497 0.37 1.000

5.5 | 19.87 | 28.02 43.778 0.53 0.989| 25.28 33.799 0.69 0.911| 30.28 57.281 0.41 0.999

Santa 6.5 | 21.47 | 28.47 45978 0.56 0.982| 25.78 35.272 0.73 0.875| 30.65 60.207 0.43 0.999
Monica 7.5 | 23.12 | 28.76 47.507 0.60 0.966| 26.13 36.382 0.79 0.806| 30.89 62.245 0.46 0.997
8.5 | 24.83 | 28.97 48674 0.67 0.927| 26.38 37.217 0.88 0.685| 31.08 63.942 0.51 0.993

9.5 | 27.79 | 29.13 49598 0.86 0.705| 26.55 37.807 1.13 0.329| 31.24 65.432 0.65 0.938

105 | 29.76 | 29.24 50.252 1.06 0.410| 26.65 38.163 1.40 0.111| 31.35 66.490 0.81 0.783

115 | 31.81 | 29.32 50.737 140 0.110| 26.71 38.379 1.86 0.013| 31.43 67.278 1.06 0.418

25 | 13.78 | 24.06 30.676 0.54 0.986| 19.42 22.663 0.73 0.867| 27.4 41.053 0.41 0.999

3.5 | 1562 | 25.87 35551 0.52 0.991|21.72 26.061 0.71 0.896| 28.82 47.835 0.38 1.000

45 | 16.95| 26,92 39.157 0.50 0.993| 23.04 28.479 0.69 0.907| 29.67 52.963 0.37 1.000

5,5 | 19.87 | 27.61 41939 0.55 0.983| 23.88 30.264 0.77 0.829| 30.24 56.979 0.41 0.999

Seattle 6.5 | 21.47 | 28.09 44.107 0.58 0.975|24.45 31.609 0.81 0.775| 30.66 60.290 0.43 0.999
7.5 | 23.12 | 28.45 45876 0.62 0.956| 24.84 32.602 0.88 0.680| 30.96 62.861 0.46 0.998

85 | 24.83|28.72 47291 0.69 0.911|25.11 33.326 0.98 0.533| 31.22 65.243 0.50 0.994

9.5 | 27.79 | 2892 48391 0.88 0.673| 253 33.856 1.26 0.200| 31.43 67.278 0.64 0.949

105 | 29.76 | 29.09 49.364 1.08 0.385| 25.43 34.228 156 0.053| 31.6 69.004 0.78 0.820

115 | 31.81 | 29.22 50.132 1.42 0.102| 255 34.432 2.07 0.004| 31.73 70.374 1.01 0.482

The folowing tables are supplementary to the validation of this repatile A 4 and

Table A 5 show the results from the simplified seismic slope displacement procedure®The D

values were generated from PBLiquefY using;%ivalue 0f0.1g. To calculate B® equation

(121) was used with af " value of 1,k*"™ of 0.1, 0.2, 0.3, 0.4, and 0.5 g arig®values from
a y

Table 3-3. Table A 6 shows the results of the full probabilistic seismic slope displacement

procedure. These values were all generated from PBLiquelev?Ifmf 0.1, 0.2, 0.3, 0.4, and

0.5 g andf*values fromTable3-3.

Table A7 shows the supplementary validations data for the volumetric strases loff

the Cetin et al. 2009 modelable A8 displays the Ishihara and Yoshimine 1992 volumetric

strain model supplementary validation data.
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Table A- 4 Results from Simplified Seismic Slope Displacement Procedure based Rathje

& Saygili 2009
Site D' Rathje & Saygili (cm) @l nD (Rathje D°'*® Rathje & Saygili (cm)
475 Yrs. | 1033 Yrs.| 2475 Yrs.] 475 Yrs. | 1033 Yrs.| 2475 Yrs.| 475 Yrs. | 1033 Yrs.| 2475 Yrs.
Butte <0.5 <0.5 0.7 15.3 3.3 15 0.0 13.8 3.2
Charleston <0.5 12.5 81.8 2.0 0.4 0.0 3.6 18.1 81.8
Eureka 96.0 280.1 670.9 0.0 0.0 0.0 96.0 280.1 670.9
ky'eEO.l Memphis 0.5 17.5 92.6 1.8 0.5 0.0 3.0 28.2 92.6
kySi‘e:O.l Portland 2.9 18.5 72.9 1.3 0.6 0.2 111 34.3 86.0
Salt Lake City 2.6 24.0 87.6 1.2 0.3 0.0 8.8 31.2 87.6
San Franciscp 47.6 105.5 205.0 0.2 0.0 0.0 55.8 105.5 205.0
San Jose 36.7 73.7 137.8 0.1 0.0 0.0 41.1 73.7 137.8
Santa Monicg 22.2 57.2 126.6 0.3 0.0 0.0 30.4 57.2 126.6
Seattle 12.5 42.7 117.8 0.6 0.1 0.0 21.9 49.4 117.8
Butte <0.5 <0.5 0.7 -33.7 -6.1 -1.7 0.0 0.0 0.1
Charleston <0.5 12.5 81.8 -2.6 -15 -1.2 0.0 2.7 25.6
Eureka 96.0 280.1 670.9 -14 -0.9 -0.5 24.4 119.3 387.1
Memphis 0.5 17.5 92.6 -2.2 -15 -15 0.1 3.9 21.3
ky’ef:O.l Portland 2.9 18.5 72.9 -15 -15 -1.6 0.7 4.1 15.0
kys"ezo_z Salt Lake City 2.6 24.0 87.6 -14 -15 -1.3 0.6 51 24.8
San Franciscp 47.6 105.5 205.0 -1.6 -1.5 -1.2 9.8 24.1 63.8
San Jose 36.7 73.7 137.8 -1.6 -1.5 -1.2 7.4 16.7 40.5
Santa Monicg 22.2 57.2 126.6 -1.5 -1.5 -1.1 4.8 12.2 40.5
Seattle 12.5 42.7 117.8 -1.5 -1.6 -1.3 2.8 8.7 31.6
Butte <0.5 <0.5 0.7 -347.7 -66.1 -14.1 0.0 0.0 0.0
Charleston <0.5 12.5 81.8 -26.2 -3.5 -2.3 0.0 0.4 8.5
Eureka 96.0 280.1 670.9 -2.6 -1.7 -1.2 7.1 49.7 212.0
Memphis 0.5 17.5 92.6 -20.9 -3.8 -2.8 0.0 0.4 5.8
ky'eEO.l Portland 2.9 18.5 72.9 -9.8 -4.4 -3.2 0.0 0.2 3.0
kys“e:o_g Salt Lake City 2.6 24.0 87.6 -8.1 -3.3 -24 0.0 0.9 7.8
San Franciscp 47.6 105.5 205.0 -3.2 -2.8 -2.3 2.0 6.5 21.2
San Jose 36.7 73.7 137.8 -3.1 -2.8 24 1.6 4.5 12.9
Santa Monicg 22.2 57.2 126.6 -3.4 -2.9 2.2 0.8 3.1 13.7
Seattle 12.5 42.7 117.8 -4.1 -3.2 -2.5 0.2 1.8 9.6
Butte <0.5 <0.5 0.7 -1368.6 -277.9 -60.2 0.0 0.0 0.0
Charleston <0.5 12.5 81.8 -112.9 -7.7 -3.3 0.0 0.0 3.2
Eureka 96.0 280.1 670.9 -3.8 -2.5 -1.8 21 22.0 115.5
Memphis 0.5 17.5 92.6 -90.1 -9.5 -4.2 0.0 0.0 14
ky'Efzo.l Portland 2.9 18.5 72.9 -40.8 -13.1 -5.8 0.0 0.0 0.2
kys“e:o_4 Salt Lake City 2.6 24.0 87.6 -32.6 -6.5 -3.5 0.0 0.0 2.6
San Franciscp 47.6 105.5 205.0 -5.8 -4.2 -3.3 0.1 1.6 7.8
San Jose 36.7 73.7 137.8 -5.6 -4.3 -34 0.1 1.0 4.5
Santa Monicg 22.2 57.2 126.6 -7.0 -4.5 -3.2 0.0 0.6 51
Seattle 12.5 42.7 117.8 -11.6 -5.7 -3.7 0.0 0.1 3.1
Butte <0.5 <0.5 0.7 -3757.7 -798.4 -180.7 0.0 0.0 0.0
Charleston <0.5 12.5 81.8 -333.6 -18.8 -4.4 0.0 0.0 1.1
Eureka 96.0 280.1 670.9 -5.6 -3.3 -2.3 0.3 10.4 64.5
Memphis 0.5 17.5 92.6 -267.9 -25.1 -6.6 0.0 0.0 0.1
kyref=0.l Portland 2.9 18.5 72.9 -122.8 -36.8 -12.3 0.0 0.0 0.0
kys“ezo_s Salt Lake City 2.6 24.0 87.6 -98.0 -14.7 -4.9 0.0 0.0 0.7
San Franciscp 47.6 105.5 205.0 -12.1 -6.7 -4.4 0.0 0.1 2.6
San Jose 36.7 73.7 137.8 -11.2 -6.8 -4.7 0.0 0.1 1.3
Santa Monicg 22.2 57.2 126.6 -16.6 -7.7 -4.3 0.0 0.0 1.8
Seattle 12.5 42.7 117.8 -31.9 -11.8 -5.2 0.0 0.0 0.6
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Table A- 5 Results from Simplified Seismic Slope Displacement Procedure based on Bray
& Travasarou 2007

Site D' Bray & Travasarou (cm) @ nD (Bray & DS'® Bray & Travasarou (cm)
475 Yrs. | 1033 Yrs.| 2475 Yrs.| 475 Yrs. | 1033 Yrs.] 2475 Yrs.| 475 Yrs. | 1033 Yrs.| 2475 Yrs.
Butte 0.5 0.7 2.1 1.2 1.0 0.8 1.7 2.1 4.7
Charleston 1.2 10.9 47.4 0.9 0.2 0.0 3.0 13.6 47.4
Eureka 44.3 1111 227.0 0.0 0.0 0.0 44.3 111.1 227.0
k0.1 | Memphis 1.7 11.6 40.3 0.9 0.3 0.0 4.1 15.4 40.3
kys"ezo.l Portland 3.7 10.5 26.1 0.7 0.4 0.1 7.5 15.0 29.0
Salt Lake City 3.8 16.6 49.5 0.7 0.2 0.0 7.4 19.6 49.5
San Franciscp 23.3 42.3 72.3 0.1 0.0 0.0 25.8 42.3 72.3
San Jose 234 39.1 63.0 0.1 0.0 0.0 25.2 39.1 63.0
Santa Monicqg  15.9 332 65.4 0.2 0.0 0.0 19.3 33.2 65.4
Seattle 10.0 23.1 51.4 0.3 0.1 0.0 13.9 254 51.4
Butte 0.5 0.7 2.1 -0.6 -0.6 -0.8 0.3 0.4 1.0
Charleston 1.2 10.9 47.4 -0.7 -1.2 -1.2 0.6 34 14.5
Eureka 44.3 1111 227.0 -1.2 -1.1 -0.9 12.7 38.0 89.9
Memphis 1.7 11.6 40.3 -0.7 -1.1 -1.3 0.8 3.7 11.2
kyre‘:O.l Portland 3.7 10.5 26.1 -0.8 -1.1 -1.2 1.6 3.5 7.5
kys"ezo.z Salt Lake City 3.8 16.6 495 -0.9 -1.2 -1.2 1.6 5.0 14.7
San Franciscp 23.3 42.3 72.3 -1.3 -1.3 -1.2 6.7 11.8 22.1
San Jose 23.4 39.1 63.0 -1.3 -1.3 -1.2 6.6 10.8 18.9
Santa Monicqg  15.9 33.2 65.4 -1.2 -1.3 -1.2 4.8 9.0 20.2
Seattle 10.0 23.1 51.4 -1.1 -1.3 -1.2 3.3 6.6 15.0
Butte 0.5 0.7 2.1 -1.8 -1.8 -1.8 0.1 0.1 0.3
Charleston 1.2 10.9 47.4 -1.8 -2.1 -2.0 0.2 1.3 6.3
Eureka 44.3 1111 227.0 -2.1 -1.8 -1.6 5.3 17.5 45.1
Memphis 1.7 11.6 40.3 -1.8 -2.1 2.2 0.3 1.4 4.6
ky’efzo.l Portland 3.7 10.5 26.1 -1.9 2.1 2.2 0.6 1.3 2.9
kys"L_o_3 Salt Lake City 3.8 16.6 49.5 -1.9 -2.2 2.1 0.6 1.9 6.2
San Franciscp 23.3 42.3 72.3 -2.2 -2.2 -2.0 2.6 4.8 9.5
San Jose 23.4 39.1 63.0 2.2 -2.2 2.1 2.6 4.4 8.1
Santa Monicg  15.9 33.2 65.4 -21 -2.2 -2.0 1.9 3.6 8.7
Seattle 10.0 231 514 -2.1 -2.2 -2.1 1.2 2.6 6.3
Butte 0.5 0.7 2.1 -2.8 -2.6 2.7 0.0 0.1 0.1
Charleston 1.2 10.9 47.4 -2.6 -2.9 2.7 0.1 0.6 3.2
Eureka 44.3 1111 227.0 -2.8 -2.5 2.2 2.6 9.4 25.8
Memphis 1.7 11.6 40.3 -2.6 -2.9 -2.9 0.1 0.7 2.3
ky'e‘zo.l Portland 3.7 10.5 26.1 -2.7 -2.9 -2.9 0.3 0.6 1.4
kysi‘ezo,4 Salt Lake City 3.8 16.6 49.5 2.7 -2.9 2.7 0.3 0.9 3.2
San Franciscp 23.3 42.3 72.3 -2.9 -2.9 -2.7 1.3 2.4 4.9
San Jose 234 39.1 63.0 -2.9 -2.9 2.7 1.2 2.2 4.1
Santa Monicg 15.9 33.2 65.4 -2.9 -2.9 -2.7 0.9 1.8 4.5
Seattle 10.0 23.1 514 -2.9 -2.9 -2.8 0.6 1.2 3.2
Butte 0.5 0.7 2.1 -3.5 -3.4 -3.3 0.0 0.0 0.1
Charleston 1.2 10.9 47.4 -3.3 -3.5 -3.2 0.0 0.3 19
Eureka 44.3 1111 227.0 -3.4 -3.0 -2.6 15 5.6 16.2
Memphis 1.7 11.6 40.3 -3.3 -3.5 -35 0.1 0.4 13
kyre‘zo.l Portland 3.7 10.5 26.1 -3.3 -3.5 -3.5 0.1 0.3 0.8
ky5“e:0_5 Salt Lake City 3.8 16.6 49.5 -3.4 -3.5 -3.3 0.1 0.5 1.8
San Franciscp 23.3 42.3 72.3 -3.5 -3.5 -3.2 0.7 1.3 2.8
San Jose 23.4 39.1 63.0 -3.5 -3.5 -3.3 0.7 1.2 2.4
Santa Monicg  15.9 33.2 65.4 -3.5 -35 -3.2 0.5 1.0 2.6
Seattle 10.0 231 514 -3.5 -3.5 -3.4 0.3 0.7 1.8
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Table A- 6 Results from Full Probabilisitic Seismic Slope DisplacemerRrocedure

Full PB Method Full PB Method
Rathje & Sayagili Bray & Travasarou
Site Latitude | Longitude
D" (cm) D" (cm)
475 Yrs 1033 Yrs 2475 Yrs 475 Yrs 1033 Yrs 2475 Yrs
Butte 46.003 -112.533 <0.5 0.8 3.3 1.0 2.4 5.3
Charleston| 32.726 -79.931 1.4 19.8 90.9 3.1 15.3 50.5
k°c0.1 Eureka 40.802 | -124.162 112.4 313.9 759.3 48.2 112.5 227.4
kS "=0.1| Memphis 35.149 | -90.048 2.6 28.8 109.4 4.2 16.5 44.4
Portland 45,523 -122.675 11.0 41.5 121.3 8.1 17.3 34.0
Salt Lake City| 40.755 -111.898 7.7 33.6 99.3 7.8 21.7 52.9
San Franciscp 37.775 -122.418 66.0 132.3 246.2 29.3 48.1 76.8
San Jose 37.339 -121.893 48.9 94.3 172.1 28.4 44.4 67.8
Santa Monicqd 34.015 -118.492 35.0 74.5 150.2 21.8 38.5 68.5
Seattle 47.53 -122.3 24.7 65.9 158.7 15.9 29.8 56.6
Butte 46.003 -112.533 <0.5 <0.5 <0.5 <0.5 <0.5 1.1
Charleston| 32.726 -79.931 <0.5 2.7 25.1 0.6 3.7 14.9
Eureka 40.802 -124.162 27.7 112.1 330.0 13.7 37.8 86.5
M emphis 35.149 -90.048 <0.5 3.7 24.1 0.8 3.9 12.3
k/°=0.1 Portland 45.523 -122.675 <0.5 3.9 16.8 1.7 3.9 8.4
k,Ste=0.2 | Salt Lake Cityf ~ 40.755 -111.898 <0.5 5.4 26.3 1.7 5.4 15.5
San Franciscp 37.775 -122.418 10.6 25.5 57.0 7.4 12.7 21.7
San Jose 37.339 -121.893 8.3 17.8 36.9 7.2 11.7 18.9
Santa Monicqg 34.015 -118.492 4.9 14.0 38.2 5.3 10.2 20.1
Seattle 47.53 -122.3 2.6 9.9 33.2 3.7 7.4 15.8
Butte 46.003 -112.533 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Charleston| 32.726 -79.931 <0.5 <0.5 7.9 <0.5 1.4 6.3
Eureka 40.802 -124.162 7.7 44.9 159.8 5.7 17.3 42.7
M emphis 35.149 -90.048 <0.5 <0.5 6.3 <0.5 1.5 5.0
ky°=0.1 Portland 45,523 -122.675 <0.5 <0.5 2.3 0.6 1.4 3.2
k,S'te=0.3 | Salt Lake City  40.755 -111.898 <0.5 0.9 8.1 0.6 2.1 6.5
San Franciscp 37.775 -122.418 1.7 5.8 16.2 2.8 5.1 9.0
San Jose 37.339 -121.893 1.4 3.9 9.8 2.8 4.7 7.7
Santa Monicj 34.015 -118.492 0.7 3.1 11.8 2.0 4.0 8.5
Seattle 47.53 -122.3 <0.5 15 8.5 1.3 2.9 6.5
Butte 46.003 -112.533 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Charleston| 32.726 -79.931 <0.5 <0.5 2.5 <0.5 0.7 3.2
Eureka 40.802 -124.162 2.1 19.1 82.4 2.9 9.3 24.2
M emphis 35.149 -90.048 <0.5 <0.5 1.4 <0.5 0.7 2.5
k'=0.1| Portland 45.523 | -122.675 <0.5 <0.5 <0.5 <0.5 0.6 15
k,S'e=0.4 | Salt Lake City  40.755 -111.898 <0.5 <0.5 2.6 <0.5 1.0 3.3
San Franciscp 37.775 -122.418 <0.5 1.1 4.7 1.3 2.5 4.5
San Jose 37.339 -121.893 <0.5 0.7 2.6 1.3 2.3 3.9
Santa Monicj 34.015 -118.492 <0.5 0.5 4.0 0.9 2.0 4.3
Seattle 47.53 -122.3 <0.5 <0.5 2.2 0.6 1.4 3.2
Butte 46.003 -112.533 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Charleston| 32.726 -79.931 <0.5 <0.5 0.6 <0.5 <0.5 1.8
Eureka 40.802 -124.162 <0.5 8.4 44.4 1.6 5.5 15.1
M emphis 35.149 -90.048 <0.5 <0.5 <0.5 <0.5 <0.5 1.4
ky°=0.1 Portland 45523 | -122.675 <0.5 <0.5 <0.5 <0.5 <0.5 0.8
k,5"®=0.5 | Salt Lake Cityl 40.755 -111.898 <0.5 <0.5 0.6 <0.5 0.5 1.9
San Franciscp 37.775 -122.418 <0.5 <0.5 1.1 0.7 1.4 2.5
San Jose 37.339 -121.893 <0.5 <0.5 0.6 0.7 1.2 2.2
Santa Monic 34.015 -118.492 <0.5 <0.5 1.2 0.5 1.1 25
Seattle 47.53 -122.3 <0.5 <0.5 <0.5 <0.5 0.7 1.8
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Table A- 7 Cetin Volumetric Strain supplementary validation data

Soil Profile Simplified Procedure Full PBEE
Profile | Location Tr DSeZtmhp[Ir(rE]] (NoeocS™ NreqSite Kk 8 BV“Ef Bvsite B, equiv K, oquiv Bvsite
2.5 10.63 3.01 1 0 3.06E18 0
3.5 12.63 5.79 0.997611 0 9.78E05 0
4.5 15.14 7.46 0.999204 0 3.24E05 0
5.5 17.28 8.52 1 0 3.06E18 0
475 6.5 19.3 9.16 1 0 3.06E18 16876505 0 0
7.5 21.31 9.51 1 0 3.06E18 0
8.5 23.31 9.62 1 0 3.06E18 0
9.5 25.27 9.55 1 0 3.06E18 0
10.5 27.15 9.36 1 0 3.06E18 0
115 29.01 9.1 1 0 3.06E18 0
2.5 10.63 11.42 | 0.891544 | 0.0013| 0.007815 0.00901
35 12.63 14.21 | 0.882104 | 0.0013| 0.008608 0.01083
4.5 15.14 15.88 | 0.910827| 0.0013| 0.00632 0.00729
5.5 17.28 16.93 | 0.940659 | 0.0013 | 0.004299 0.00559
1 Butte 2475 6.5 19.3 17.58 | 0.972204 | 0.0013| 0.002489 0.0038784 | 0.0046912 0.00356
7.5 21.31 17.93 | 1.001389 | 0.0013| 0.001064 0.00118
8.5 23.31 18.04 | 1.021715| 0.0013| 0.000193 0
9.5 25.27 17.97 | 1.031451| 0.0013 0 0
10.5 27.15 17.78 | 1.034526 | 0.0013 0 0
115 29.01 17.52 | 1.035157| 0.0013 0 0
2.5 10.63 7.59 0.955102 0 0.002064 0.00264
35 12.63 10.37 | 0.943005 0 0.002711 0.00226
4.5 15.14 12.04 0.961836 0 0.001722 0.00123
5.5 17.28 13.1 0.977851 0 0.000956 0
1033 6.5 19.3 13.74 | 0.990239 0 0.000408 0.00102126 | 0.0008533 0
7.5 21.31 14.09 0.99734 0 0.000109 0
8.5 23.31 14.2 1.000015 0 0 0
9.5 25.27 14.13 | 1.000532 0 0 0
10.5 27.15 13.94 | 1.000532 0 0 0
11.5 29.01 13.68 | 1.000532 0 0 0
2.5 10.63 9.26 0.922723 0 0.003898 0.00356
3.5 12.63 12.05 | 0.909841 0 0.004723 0.00328
4.5 15.14 13.72 | 0.934976 0 0.003165 0.00252
5.5 17.28 14.77 | 0.958916 0 0.001869 0.00157
475 6.5 19.3 15.42 | 0.980367 0 0.000842 0.00187682 | 0.0014218 0
7.5 21.31 15.77 | 0.995884 0 0.000169 0
8.5 23.31 15.88 | 1.003739 0 0 0
9.5 25.27 15.81 | 1.006284 0 0 0
10.5 27.15 15.62 1.006744 0 0 0
1 Charleston
11.5 29.01 15.36 1.006744 0 0 0
2.5 10.63 27.96 | 0.952548| 0.0227 | 0.030569 0.03155
3.5 12.63 30.75 | 0.966423| 0.0227 | 0.028336 0.0281
4.5 15.14 32.42 0.988206 | 0.0227 | 0.025116 0.02545
2475 55 17.28 33.47 1.006147 | 0.0227 | 0.022701 002166175 | 0.0214254 0.02215
6.5 19.3 34.12 | 1.023278| 0.0227 | 0.020576 0.02055
7.5 21.31 34.47 1.040893 | 0.0227 | 0.01856 0.019
8.5 23.31 3458 | 1.059395| 0.0227 | 0.01661 0.01522
9.5 25.27 3451 | 1.079489| 0.0227 | 0.014669 0.01333
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10.5 27.15 34.32 | 1.102829| 0.0227| 0.012623 0.0114
115 29.01 34.06 | 1.133268| 0.0227| 0.010252 0.00936
25 10.63 19.72 | 0.944922| 0.013 | 0.018414 0.01999
3.5 12.63 22.51 | 0.955289| 0.013 | 0.017196 0.01944
4.5 15.14 24.17 0.97878 | 0.013 | 0.014661 0.01606
5.5 17.28 25.23 | 0.999932| 0.013 | 0.012617 0.01412
1033 6.5 19.3 25.88 | 1.023568| 0.013 | 0.010568 001078697 | 0.0126263 0.01213
7.5 21.31 26.22 | 1.053755| 0.013 | 0.008267 0.01026
8.5 23.31 26.33 | 1.093395| 0.013 | 0.005703 0.00865
9.5 25.27 26.27 | 1.142258| 0.013 | 0.003124 0.00507
10.5 27.15 26.07 | 1.193914| 0.013 | 0.000949 0.00326
11.5 29.01 25.82 | 1.237485| 0.013 0 0.00106
25 10.63 28.1 0.952865 | 0.0216 | 0.029008 0.03066
35 12.63 30.88 | 0.966811| 0.0216| 0.026845 0.02701
4.5 15.14 32.55 | 0.988591| 0.0216| 0.023742 0.02442
55 17.28 33.61 | 1.006475| 0.0216| 0.021423 0.0229
475 6.5 19.3 34.25 | 1.023636| 0.0216 | 0.019374 002043331 | 0.0209146 0.01922
7.5 21.31 34.6 1.041217| 0.0216 | 0.017436 0.01756
8.5 23.31 34.71 | 1.059646| 0.0216 | 0.015566 0.0156
9.5 25.27 34.64 | 1.079575| 0.0216 | 0.013713 0.01363
10.5 27.15 34.45 | 1.102579| 0.0216 | 0.011769 0.01161
11.5 29.01 34.19 | 1.132467| 0.0216 | 0.009523 0.00944
2.5 10.63 40.02 | 0.950731| 0.0335| 0.04716 0.04635
3.5 12.63 42.81 | 0.965705| 0.0335| 0.043868 0.04219
4.5 15.14 44.48 0.98652 | 0.0335| 0.039652 0.03707
55 17.28 45.53 | 1.003292 | 0.0335| 0.036534 0.03304
Eureka 2475 6.5 19.3 46.18 | 1.018869| 0.0335| 0.03384 0.03561148 | 0.0325997 0.03018
7.5 21.31 46.53 | 1.034375| 0.0335| 0.031339 0.02701
8.5 23.31 46.64 | 1.049905| 0.0335| 0.028999 0.02583
9.5 25.27 46.57 | 1.065264 | 0.0335| 0.026838 0.02228
10.5 27.15 46.38 1.08014 | 0.0335| 0.024877 0.02058
11.5 29.01 46.12 | 1.094946 | 0.0335| 0.023047 0.01885
2.5 10.63 34.7 0.951316 | 0.0271| 0.037122 0.03983
3.5 12.63 37.48 | 0.965991| 0.0271 | 0.034415 0.03528
4.5 15.14 39.15 | 0.987201| 0.0271 | 0.030817 0.03132
5.5 17.28 40.2 1.004425| 0.0271| 0.028145 0.02854
1033 6.5 19.3 40.85 | 1.020578 | 0.0271 | 0.025824 002729223 | 0.0274852 0.02528
7.5 21.31 41.2 1.036818 | 0.0271| 0.023657 0.02377
8.5 23.31 41.31 | 1.053241| 0.0271| 0.021621 0.0203
9.5 25.27 41.24 | 1.069642| 0.0271| 0.019731 0.01866
10.5 27.15 41.05 | 1.085729| 0.0271 | 0.018007 0.01685
11.5 29.01 40.79 | 1.102175| 0.0271 | 0.016365 0.01489
2.5 10.63 11.48 0.8847 | 0.0017 | 0.009105 0.00621
3.5 12.63 14.27 | 0.875472| 0.0017| 0.00994 0.0061
4.5 15.14 15.93 | 0.904254| 0.0017 | 0.007471 0.00579
55 17.28 16.99 0.93372 | 0.0017 | 0.005319 0.00342
475 6.5 19.3 17.64 0.96524 | 0.0017 | 0.003368 0.00478839 | 0.0032654 0.00284
7.5 21.31 17.98 | 0.994723| 0.0017 | 0.001816 0.00198
Memphis 8.5 23.31 18.09 | 1.015259| 0.0017 | 0.000869 0
9.5 25.27 18.03 | 1.025148 | 0.0017 | 0.000447 0
10.5 27.15 17.83 1.02834 | 0.0017 | 0.000316 0
115 29.01 17.58 | 1.028997 | 0.0017 | 0.000289 0
2.5 10.63 26.88 | 0.952915| 0.0221| 0.029693 0.03259
2475 3.5 12.63 29.67 | 0.966609 | 0.0221 | 0.027533 002084148 | 0.0223492 0.02905
4.5 15.14 31.34 | 0.988498| 0.0221 | 0.024361 0.02654
55 17.28 32.39 | 1.006586 | 0.0221 | 0.021977 0.02336
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6.5 19.3 33.04 | 1.023947| 0.0221| 0.01987 0.02179
7.5 21.31 33.39 | 1.041968| 0.0221| 0.017855 0.01826
8.5 23.31 33.5 1.061305| 0.0221| 0.01587 0.01658
9.5 25.27 33.43 | 1.083195| 0.0221| 0.013823 0.0148
10.5 27.15 33.24 | 1.109906 | 0.0221| 0.011582 0.01299
115 29.01 32.98 | 1.145444| 0.0221| 0.008981 0.00903
25 10.63 20.81 0.94212 | 0.0141| 0.020204 0.0228
35 12.63 23.59 | 0.953506 | 0.0141| 0.018787 0.02019
4.5 15.14 25.26 | 0.976282| 0.0141| 0.016184 0.01876
5.5 17.28 26.32 | 0.996264 | 0.0141| 0.014129 0.01505
1033 6.5 19.3 26.97 | 1.017746| 0.0141| 0.012131 001231925 | 0.0142887 0.01304
7.5 21.31 27.31 | 1.044287| 0.0141| 0.00993 0.01092
8.5 23.31 27.42 | 1.079035| 0.0141| 0.007435 0.00909
9.5 25.27 27.35 | 1.123903| 0.0141| 0.004753 0.00755
10.5 27.15 27.16 1.17509 | 0.0141| 0.002289 0.00584
11.5 29.01 26.9 1.224489 | 0.0141 | 0.000384 0.00389
2.5 10.63 17.72 | 0.900522 | 0.0092| 0.018621 0.01979
3.5 12.63 20.5 0.907747| 0.0092 | 0.017718 0.01884
4.5 15.14 22.17 0.93168 | 0.0092 | 0.014962 0.01539
55 17.28 23.23 | 0.954779| 0.0092 | 0.012607 0.01378
475 6.5 19.3 23.87 0.98241 | 0.0092 | 0.010131 001058604 | 0.0113698 0.01014
7.5 21.31 24.22 | 1.018105| 0.0092 | 0.007399 0.00859
8.5 23.31 24.33 1.06289 | 0.0092 | 0.004584 0.00505
9.5 25.27 24.26 | 1.111511| 0.0092| 0.002139 0.00331
10.5 27.15 24.07 | 1.152771| 0.0092| 0.000458 0.00105
115 29.01 23.81 | 1.179429| 0.0092 0 0
2.5 10.63 26.08 | 0.949783| 0.0241| 0.03298 0.03794
3.5 12.63 28.87 | 0.963275| 0.0241| 0.030682 0.03465
4.5 15.14 30.54 0.98517 | 0.0241| 0.027253 0.03079
55 17.28 31.59 | 1.003316| 0.0241 | 0.024666 0.02797
portiand | 2475 6.5 19.3 32.24 | 1.020823| 0.0241 | 0.022369 002331514 | 0.0259157 0.02492
7.5 21.31 32.59 | 1.039182| 0.0241 | 0.020151 0.0217
8.5 23.31 32.7 1.059312| 0.0241 | 0.017923 0.01845
9.5 25.27 32.63 1.08292 | 0.0241| 0.015554 0.01506
10.5 27.15 32.44 | 1.112608| 0.0241 | 0.012907 0.01342
115 29.01 32.18 | 1.152077| 0.0241| 0.00988 0.01179
2.5 10.63 22.15 | 0.940207 | 0.0189| 0.027089 0.02871
35 12.63 24.93 | 0.952387| 0.0189 | 0.025255 0.02659
4.5 15.14 26.6 0.974665 | 0.0189 | 0.022169 0.02386
5.5 17.28 27.65 | 0.993771| 0.0189| 0.019774 0.02075
1033 6.5 19.3 28.3 1.013405| 0.0189| 0.01753 00178509 | 0.0188178 0.01709
7.5 21.31 28.65 | 1.036375| 0.0189 | 0.015155 0.01552
8.5 23.31 28.76 | 1.065651| 0.0189 | 0.012474 0.01201
9.5 25.27 28.69 | 1.104197| 0.0189 | 0.009448 0.01025
10.5 27.15 285 1.151669 | 0.0189 | 0.006371 0.00855
11.5 29.01 28.24 1.20376 | 0.0189 | 0.003654 0.00511
2.5 10.63 15.83 | 0.894003| 0.0076 | 0.017011 0.01526
3.5 12.63 18.62 | 0.896985| 0.0076 | 0.016652 0.01576
4.5 15.14 20.29 0.92296 | 0.0076 | 0.013752 0.01228
5.5 17.28 21.34 | 0.949702| 0.0076| 0.011153 0.01067
sLe 475 6.5 19.3 21.99 0.98209 | 0.0076 | 0.008449 000933661 | 0.0087834 0.00893
7.5 21.31 22.34 | 1.022624| 0.0076 | 0.005633 0.00527
8.5 23.31 22.45 | 1.068195| 0.0076| 0.003072 0.0035
9.5 25.27 22.38 | 1.109232| 0.0076 | 0.001201 0.00124
10.5 27.15 22.19 | 1.136256| 0.0076 | 0.000153 0
11.5 29.01 21.93 1.14926 | 0.0076 0 0
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25 10.63 27.06 | 0.952748| 0.0245| 0.033103 0.03555

35 12.63 29.85 | 0.966472| 0.0245| 0.030768 0.0322

4.5 15.14 31.51 | 0.988389| 0.0245| 0.027339 0.0282

55 17.28 32.57 | 1.006401| 0.0245| 0.024773 0.02553

2475 6.5 19.3 33.22 | 1.023719| 0.0245| 0.0225 002355876 | 0.0237945 0.02223
7.5 21.31 33.56 | 1.041719| 0.0245| 0.020321 0.01903

8.5 23.31 33.67 1.0609 | 0.0245| 0.018187 0.01768

9.5 25.27 33.6 1.082461 | 0.0245| 0.015998 0.01424

10.5 27.15 33.41 | 1.108578| 0.0245| 0.013612 0.01277

11.5 29.01 33.16 | 1.143098| 0.0245| 0.010848 0.00914

25 10.63 21.4 0.948283 | 0.0177 | 0.024245 0.02496

35 12.63 24.18 | 0.960149| 0.0177| 0.022598 0.02472

4.5 15.14 25.85 | 0.982846| 0.0177| 0.019701 0.02172

55 17.28 26.91 | 1.002502| 0.0177| 0.017436 0.01836

1033 6.5 19.3 27.55 | 1.023315| 0.0177| 0.015259 001529816 | 0.016799 0.01686
7.5 21.31 27.9 1.048277| 0.0177 | 0.012913 0.0131

8.5 23.31 28.01 | 1.080747| 0.0177| 0.010241 0.01144

9.5 25.27 27.94 | 1.123223| 0.0177 | 0.007291 0.00803

105 27.15 27.75 | 1.173542| 0.0177 | 0.004447 0.00676

11.5 29.01 27.49 | 1.225119| 0.0177| 0.00211 0.00321

2.5 10.63 25.2 0.949686 | 0.0226 | 0.03095 0.03011

3.5 12.63 27.98 0.96303 | 0.0226 | 0.028776 0.02848

4.5 15.14 29.65 | 0.985018| 0.0226 | 0.025481 0.02581

55 17.28 30.7 1.003318 | 0.0226 | 0.022988 0.02233

475 6.5 19.3 31.35 | 1.021111| 0.0226 | 0.020761 002155216 | 0.0210946 0.0207
7.5 21.31 31.7 1.040063 | 0.0226 | 0.018581 0.01717

8.5 23.31 31.81 | 1.061482| 0.0226 | 0.016335 0.01547

9.5 25.27 31.74 | 1.087625| 0.0226 | 0.013872 0.0138

10.5 27.15 31.55 1.12124 | 0.0226 | 0.011099 0.01014

11.5 29.01 31.29 | 1.165178| 0.0226 | 0.008036 0.00839

2.5 10.63 32.45 | 0.951473| 0.0333 | 0.046647 0.04643

3.5 12.63 35.24 | 0.965911| 0.0333 | 0.043498 0.04214

4.5 15.14 36.91 | 0.987296| 0.0333 | 0.039199 0.03898

55 17.28 37.96 | 1.004733| 0.0333 | 0.035991 0.03499

San Fran | 2475 6.5 19.3 38.61 | 1.021165| 0.0333 | 0.033189 003488472 | 0.0327585 0.03019
7.5 21.31 38.96 1.03777 | 0.0333| 0.030559 0.02714

8.5 23.31 39.07 | 1.054654| 0.0333| 0.028076 0.02415

9.5 25.27 39 1.071657 | 0.0333 | 0.025753 0.02287

10.5 27.15 38.81 | 1.088672| 0.0333| 0.023595 0.01962

115 29.01 38.55 | 1.106993| 0.0333| 0.02144 0.01629

2.5 10.63 28.58 | 0.952371| 0.0286| 0.039177 0.03973

3.5 12.63 31.37 | 0.966341| 0.0286 | 0.036495 0.03508

4.5 15.14 33.04 | 0.988066 | 0.0286 | 0.032658 0.03108

55 17.28 34.09 | 1.005928| 0.0286 | 0.029778 0.02829

1033 6.5 19.3 34.74 | 1.022945| 0.0286 | 0.027246 002858211 | 0.0270398 0.02511
7.5 21.31 35.09 | 1.040374| 0.0286 | 0.024846 0.02372

8.5 23.31 35.2 1.058523| 0.0286 | 0.022538 0.0205

9.5 25.27 35.13 | 1.077856| 0.0286 | 0.020276 0.01721

10.5 27.15 34.94 | 1.099665| 0.0286 | 0.017944 0.01575

11.5 29.01 34.68 | 1.127522| 0.0286 | 0.015269 0.01228

2.5 10.63 23.17 | 0.952489| 0.0213| 0.028609 0.0293

3.5 12.63 25.95 | 0.965269 | 0.0213| 0.026639 0.02742

San Jose | 475 4.5 15.14 27.62 | 0.987612| 0.0213| 0.023472 001927922 | 0.0200739 0.02472
55 17.28 28.67 | 1.006509| 0.0213 | 0.021043 0.02137

6.5 19.3 29.32 | 1.025455| 0.0213 | 0.018815 0.01977

7.5 21.31 29.67 | 1.046806| 0.0213 | 0.016528 0.01633
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8.5 23.31 29.78 | 1.073015| 0.0213| 0.014009 0.01484

9.5 25.27 29.71 | 1.107222| 0.0213| 0.011139 0.01141

10.5 27.15 29.52 | 1.150873| 0.0213| 0.008054 0.00988

115 29.01 29.26 1.20262 | 0.0213| 0.005077 0.00686

25 10.63 29.38 | 0.952443| 0.0338| 0.047286 0.04531

35 12.63 32.16 | 0.966571| 0.0338| 0.044174 0.04121

4.5 15.14 33.83 | 0.988231| 0.0338| 0.039776 0.03605

5.5 17.28 34.88 | 1.006006 | 0.0338| 0.036476 0.0338

2475 6.5 19.3 35.53 | 1.022895| 0.0338| 0.033575 003516337 | 0.0312521 0.02911
7.5 21.31 35.88 | 1.040126| 0.0338| 0.030832 0.02624

8.5 23.31 35.99 | 1.057922| 0.0338| 0.028209 0.02328

9.5 25.27 35.92 | 1.076511| 0.0338| 0.025678 0.02043

10.5 27.15 35.73 1.09676 | 0.0338| 0.023142 0.01735

115 29.01 35.47 | 1.121769| 0.0338| 0.020299 0.01439

25 10.63 26.1 0.953812 | 0.0272 | 0.036848 0.03696

3.5 12.63 28.89 | 0.967365| 0.0272| 0.034361 0.03589

4.5 15.14 30.56 | 0.989351| 0.0272| 0.030647 0.02996

55 17.28 31.61 | 1.007571| 0.0272 | 0.027844 0.02724

1033 6.5 19.3 32.26 | 1.025146| 0.0272 | 0.025352 002637278 | 0.0256463 0.02418
7.5 21.31 32.61 | 1.043571| 0.0272| 0.022946 0.02101

8.5 23.31 32.72 | 1.063762| 0.0272 | 0.020527 0.01802

9.5 25.27 32.65 | 1.087421| 0.0272| 0.017956 0.01684

10.5 27.15 32.46 | 1.117152| 0.0272| 0.015081 0.0136

11.5 29.01 32.2 1.156685| 0.0272| 0.011786 0.01042

2.5 10.63 21.63 | 0.946942| 0.0181| 0.025017 0.02742

35 12.63 24.42 | 0.958868 | 0.0181 | 0.023325 0.02534

4.5 15.14 26.08 | 0.981518| 0.0181| 0.02037 0.02255

55 17.28 27.14 | 1.000994| 0.0181| 0.018074 0.01925

475 6.5 19.3 27.79 | 1.021376| 0.0181| 0.01589 001614304 | 0.017865 0.01758
7.5 21.31 28.13 | 1.045805| 0.0181 | 0.013532 0.0141

8.5 23.31 28.24 | 1.077295| 0.0181 | 0.010862 0.01266

9.5 25.27 28.17 1.11862 | 0.0181| 0.007891 0.0093

10.5 27.15 27.98 | 1.168218| 0.0181 | 0.004977 0.00621

11.5 29.01 27.72 | 1.220181| 0.0181 | 0.002527 0.00487

2.5 10.63 29.13 | 0.952209| 0.0301 | 0.041498 0.04326

35 12.63 31.92 | 0.966258| 0.0301| 0.038686 0.04073

4.5 15.14 33.59 | 0.987932| 0.0301| 0.034692 0.03548

5.5 17.28 34.64 | 1.005728| 0.0301| 0.031697 0.03114

San_ta 2475 6.5 19.3 35.29 | 1.022651| 0.0301| 0.029065 0.03049678 | 0.0302798 0.02851
Monica 7.5 21.31 35.64 | 1.039934| 0.0301| 0.026577 0.02574
8.5 23.31 35.75 | 1.057824| 0.0301| 0.024195 0.02288

9.5 25.27 35.68 | 1.076612| 0.0301 | 0.021888 0.01997

10.5 27.15 35.49 | 1.097288| 0.0301 | 0.019559 0.01689

11.5 29.01 35.23 | 1.123102| 0.0301 | 0.016928 0.01375

2.5 10.63 24.77 0.95381 | 0.0258 | 0.03486 0.03496

3.5 12.63 27.56 | 0.967054| 0.0258 | 0.032522 0.03373

4.5 15.14 29.23 | 0.989186 | 0.0258 | 0.028926 0.02977

5.5 17.28 30.28 | 1.007651| 0.0258| 0.026198 0.02512

1033 6.5 19.3 30.93 | 1.025687 | 0.0258 | 0.023747 002453259 | 0.0243569 0.02386
7.5 21.31 31.28 | 1.045078| 0.0258| 0.021328 0.02075

8.5 23.31 31.39 | 1.067348| 0.0258| 0.018798 0.01764

9.5 25.27 31.32 | 1.095016| 0.0258| 0.015986 0.0145

10.5 27.15 31.13 | 1.130783| 0.0258| 0.01282 0.01129

11.5 29.01 30.87 1.1769 | 0.0258 | 0.009395 0.00994

Seattle 475 2.5 10.63 20.02 | 0.939978| 0.0151 | 0.021809 00133331 | 0.0153664 0.02446
3.5 12.63 22.8 0.950667 | 0.0151 | 0.020408 0.02213
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4.5 15.14 24.47 | 0.973781| 0.0151| 0.017621 0.0192
55 17.28 25.53 0.99448 | 0.0151| 0.01538 0.01773
6.5 19.3 26.18 | 1.017364| 0.0151| 0.01315 0.01408
7.5 21.31 26.52 | 1.046358| 0.0151| 0.010652 0.01235
8.5 23.31 26.63 1.08448 | 0.0151| 0.007845 0.01088
9.5 25.27 26.56 | 1.132354| 0.0151| 0.00495 0.00778
10.5 27.15 26.37 | 1.183782| 0.0151| 0.002459 0.00436
115 29.01 26.11 | 1.229164| 0.0151| 0.000681 0.00244
25 10.63 28.15 | 0.953088| 0.0282| 0.038466 0.04168
35 12.63 30.93 | 0.967045| 0.0282| 0.035824 0.03879
4.5 15.14 32.6 0.988826 | 0.0282 | 0.032031 0.03335
55 17.28 33.66 | 1.006708| 0.0282| 0.029189 0.02914
2475 6.5 19.3 34.3 1.023864 | 0.0282 | 0.026673 002795938 | 0.028201 0.02622
7.5 21.31 34.65 | 1.041433| 0.0282| 0.024292 0.02315
8.5 23.31 34.76 | 1.059838| 0.0282| 0.02199 0.02018
9.5 25.27 34.69 | 1.079706| 0.0282| 0.019707 0.01708
10.5 27.15 34.5 1.102587| 0.0282| 0.017313 0.01574
11.5 29.01 34.24 | 1.132268| 0.0282 | 0.014541 0.01227
2.5 10.63 23.83 | 0.951105| 0.0224 | 0.030436 0.03204
3.5 12.63 26.61 | 0.964093| 0.0224 | 0.028344 0.03023
4.5 15.14 28.28 | 0.986292| 0.0224 | 0.025057 0.02613
55 17.28 29.34 | 1.004885| 0.0224 | 0.022558 0.02321
1033 6.5 19.3 29.98 | 1.023414| 0.0224 | 0.020274 0.02085441 | 0.0217059 0.01994
7.5 21.31 30.33 | 1.043786| 0.0224| 0.017978 0.01875
8.5 23.31 30.44 | 1.068118| 0.0224| 0.015502 0.01542
9.5 25.27 30.37 | 1.099379| 0.0224 | 0.012694 0.01199
10.5 27.15 30.18 | 1.139745| 0.0224| 0.009597 0.01043
11.5 29.01 29.92 | 1.189564 | 0.0224 | 0.006451 0.00875
2.5 10.53 3.00714 1 0 3.06E18 0
3.5 15.26 5.7933 1 0 3.06E18 0
4.5 19.88 7.46115 1 0 3.06E18 0
55 18.02 8.51608 1 0 3.06E18 0
475 6.5 20.69 9.16444 1 0 3.06E18 3.0646E18 0 0
7.5 21.05 9.51046 1 0 3.06E18 0
8.5 26.59 9.62099 1 0 3.06E18 0
9.5 23.69 9.56229 1 0 3.06E18 0
10.5 29.67 9.36062 1 0 3.06E18 0
115 32.46 9.10304 1 0 3.06E18 0
2.5 10.53 11.4249| 0.88826 | 0.0013| 0.008086 0.01021
35 15.26 14.2111| 0.953185| 0.0013| 0.003543 0.00402
4.5 19.88 15.8789| 1.009609 | 0.0013| 0.000701 0.00149
Butte 55 18.02 16.9339| 0.957943| 0.0013 | 0.003269 0.00457
2475 6.5 20.69 17.5822| 0.997294 | 0.0013 | 0.001251 000231838 | 0.0032595 0.00295
7.5 21.05 17.9282| 0.997558 | 0.0013 | 0.001239 0.00294
8.5 26.59 18.0388| 1.033768 | 0.0013 0 0
9.5 23.69 17.9701| 1.02477 | 0.0013 7E05 0
10.5 29.67 17.7784| 1.035179| 0.0013 0 0
11.5 32.46 17.5208| 1.035199 | 0.0013 0 0
2.5 10.53 7.58716 | 0.952922 0 0.002178 0.00224
3.5 15.26 10.3733| 0.985314 0 0.000621 0
4.5 19.88 12.0412| 0.998992 0 4.11E05 0
1033 5.5 18.02 13.0961| 0.985497 0 0.000613 000049117 | 0.000315 0
6.5 20.69 13.7445| 0.996639 0 0.000138 0
7.5 21.05 14.0905| 0.996614 0 0.000139 0
8.5 26.59 14.201 | 1.000532 0 0 0
9.5 23.69 14.1323| 1.000251 0 0 0
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10.5 29.67 13.9406| 1.000532 0 0 0
11.5 32.46 13.6831| 1.000532 0 0 0
25 10.53 9.26354 | 0.919723 0 0.004085 0.00312
3.5 15.26 12.0497| 0.96971 0 0.001337 0.00177
4.5 19.88 13.7176| 0.999793 0 8.44E06 0
5.5 18.02 14.7725| 0.971439 0 0.001255 0
475 6.5 20.69 15.4208| 0.994069 0 0.000245 0.00094432 | 0.0006733 0
7.5 21.05 15.7669| 0.994113 0 0.000243 0
8.5 26.59 15.8774| 1.006665 0 0 0
9.5 23.69 15.8087| 1.004659 0 0 0
10.5 29.67 15.617 | 1.006744 0 0 0
115 32.46 15.3594| 1.006744 0 0 0
25 10.53 27.9618 | 0.951136| 0.0227 | 0.030804 0.031
35 15.26 30.748 | 0.997525| 0.0227 | 0.023836 0.02459
4.5 19.88 32.4158| 1.038245| 0.0227 | 0.018853 0.0182
55 18.02 33.4707| 1.013723| 0.0227| 0.02174 0.02118
Charleston | 2475 6.5 20.69 34.1191| 1.036829 | 0.0227 | 0.019011 001946917 | 0.0192621 0.01835
7.5 21.05 34.4651| 1.038433| 0.0227 | 0.018832 0.01843
8.5 26.59 34.5756 | 1.093517 | 0.0227 | 0.013414 0.01257
9.5 23.69 34.5069 | 1.063546 | 0.0227 | 0.016194 0.01554
10.5 29.67 34.3153| 1.14062 | 0.0227 | 0.009725 0.00966
11.5 32.46 34.0577| 1.203634 | 0.0227 | 0.005829 0.00657
2.5 10.53 19.7206| 0.943143| 0.013 | 0.018629 0.02148
3.5 15.26 22.5067 | 0.996836| 0.013 | 0.012903 0.01524
4.5 19.88 24.1746| 1.059839| 0.013 | 0.007842 0.01032
55 18.02 25.2295| 1.01101 | 0.013 | 0.011627 0.01289
1033 6.5 20.69 25.8779| 1.047514| 0.013 | 0.008716 0.00888826 | 0.0111304 0.01169
7.5 21.05 26.2239| 1.04885 | 0.013 | 0.008619 0.01178
8.5 26.59 26.3344| 1.17399 | 0.013 | 0.001729 0.00443
9.5 23.69 26.2657| 1.103544| 0.013 | 0.005119 0.00707
10.5 29.67 26.074 | 1.244054| 0.013 0 0.00131
11.5 32.46 25.8165| 1.274067| 0.013 0 0
2.5 10.53 28.0968 | 0.951478| 0.0216 | 0.029231 0.03016
3.5 15.26 30.883 | 0.997841| 0.0216 | 0.022518 0.02333
4.5 19.88 32.5508 | 1.038497 | 0.0216 | 0.017726 0.0187
5.5 18.02 33.6057 | 1.014062| 0.0216 | 0.020497 0.02189
475 6.5 20.69 34.2541| 1.03713 | 0.0216| 0.017873 001833304 | 0.019118 0.01895
7.5 21.05 34.6001| 1.038737| 0.0216| 0.0177 0.01703
8.5 26.59 34.7106 | 1.093382| 0.0216| 0.012522 0.01292
9.5 23.69 34.6419| 1.063738| 0.0216| 0.015172 0.01598
10.5 29.67 34.4503| 1.139625| 0.0216 | 0.009027 0.00979
11.5 32.46 34.1927| 1.201758| 0.0216 | 0.00531 0.00651
2.5 10.53 40.02 | 0.949497 | 0.0335| 0.047442 0.04754
Eureka 3.5 15.26 42.81 | 0.992935| 0.0335| 0.038431 0.03797
4.5 19.88 44.48 | 1.029676 | 0.0335| 0.032079 0.02942
55 18.02 45,53 | 1.009901 | 0.0335| 0.035368 0.03212
2475 6.5 20.69 46.18 | 1.030516 | 0.0335| 0.031945 00332176 | 0.030395 0.02802
7.5 21.05 46.53 | 1.032259| 0.0335| 0.03167 0.0284
8.5 26.59 46.64 | 1.074914| 0.0335| 0.025551 0.02181
9.5 23.69 46.57 | 1.053127| 0.0335| 0.028534 0.02424
10.5 29.67 46.38 | 1.098604 | 0.0335| 0.022612 0.01731
115 32.46 46.12 | 1.119868| 0.0335| 0.020216 0.01441
2.5 10.53 34.6958 | 0.950035| 0.0271| 0.037367 0.03928
1033 3.5 15.26 37.482 | 0.994617 | 0.0271| 0.02964 002517577 | 0.0248289 0.03014
4.5 19.88 39.1498 | 1.032757 | 0.0271 | 0.024184 0.0247
55 18.02 40.2047| 1.011369 | 0.0271| 0.027126 0.02759
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6.5 20.69 40.8531| 1.032872| 0.0271 | 0.024169 0.02312
7.5 21.05 41.1991| 1.034582| 0.0271 | 0.023946 0.02344
8.5 26.59 41.3096| 1.079951| 0.0271 | 0.018612 0.01603
9.5 23.69 41.2409| 1.056695| 0.0271 | 0.021211 0.02077
10.5 29.67 41.0493| 1.10613 | 0.0271 | 0.015988 0.01338
11.5 32.46 40.7917| 1.132817| 0.0271 | 0.013603 0.01012
25 10.53 11.4807| 0.881549 | 0.0017 | 0.009385 0.00767
35 15.26 14.2669| 0.946243| 0.0017 | 0.004504 0.00373
4.5 19.88 15.9347| 1.002919 | 0.0017 | 0.001426 0
5.5 18.02 16.9897| 0.951053 | 0.0017 | 0.004206 0.00213
475 6.5 20.69 17.638 | 0.99051 | 0.0017 | 0.002024 000309611 | 0.0021653 0.00176
7.5 21.05 17.9841| 0.990779| 0.0017| 0.00201 0.00174
8.5 26.59 18.0946| 1.02755 | 0.0017 | 0.000348 0
9.5 23.69 18.0259| 1.018325| 0.0017 | 0.000736 0
10.5 29.67 17.8342| 1.029022 | 0.0017 | 0.000288 0
115 32.46 17.5766| 1.029045| 0.0017 | 0.000287 0
2.5 10.53 26.8838 | 0.951471| 0.0221| 0.029929 0.03391
3.5 15.26 29.67 | 0.998231| 0.0221 | 0.023053 0.02586
4.5 19.88 31.3378| 1.039713| 0.0221 | 0.018098 0.01961
55 18.02 32.3927| 1.014292| 0.0221 | 0.021021 0.02242
Memphis | 2475 6.5 20.69 33.0411| 1.037839| 0.0221 | 0.018302 001862041 | 0.0204465 0.01964
7.5 21.05 33.3871| 1.039419| 0.0221| 0.01813 0.01969
8.5 26.59 33.4976 | 1.099007 | 0.0221 | 0.012465 0.01212
9.5 23.69 33.4289| 1.065748| 0.0221 | 0.015438 0.01687
10.5 29.67 33.2373| 1.153765| 0.0221 | 0.008428 0.00942
115 32.46 32.9797| 1.223143| 0.0221 | 0.004506 0.00644
2.5 10.53 20.8078| 0.940476| 0.0141| 0.020415 0.0222
3.5 15.26 23.594 | 0.991679 | 0.0141| 0.014583 0.01613
4.5 19.88 25.2618 | 1.048283| 0.0141| 0.009622 0.01282
55 18.02 26.3168 | 1.006233 | 0.0141 | 0.013176 0.0158
1033 6.5 20.69 26.9651| 1.038683 | 0.0141 | 0.010372 001035401 | 0.0124403 0.01236
7.5 21.05 27.3111| 1.040065| 0.0141 | 0.010261 0.01256
8.5 26.59 27.4217| 1.154709 | 0.0141 | 0.003203 0.00506
9.5 23.69 27.353 | 1.088105| 0.0141| 0.006847 0.00945
10.5 29.67 27.1613| 1.232542| 0.0141| 0.00011 0.00232
11.5 32.46 26.9037| 1.274546| 0.0141 0 0
2.5 10.53 17.7174| 0.898562 | 0.0092 | 0.018872 0.0192
35 15.26 20.5036 | 0.955628 | 0.0092 | 0.012526 0.01369
4.5 19.88 22.1714| 1.027861| 0.0092 | 0.006733 0.00724
5.5 18.02 23.2264 | 0.968085| 0.0092 | 0.011371 0.01284
475 6.5 20.69 23.8747| 1.011191| 0.0092 | 0.007891 000839562 | 0.0091143 0.00814
7.5 21.05 24.2207| 1.012335| 0.0092 | 0.007809 0.00807
8.5 26.59 24.3313| 1.138003 | 0.0092 | 0.001023 0.00257
9.5 23.69 24.2626 | 1.073748 | 0.0092 | 0.003988 0.00536
10.5 29.67 24.0709| 1.182606 | 0.0092 0 0
Portland 11.5 32.46 23.8133| 1.194647| 0.0092 0 0
2.5 10.53 26.0823 | 0.948333| 0.0241 | 0.033236 0.03723
3.5 15.26 28.8685| 0.995235| 0.0241| 0.025791 0.02838
4.5 19.88 30.5363| 1.037323| 0.0241| 0.020367 0.02128
5.5 18.02 31.5912| 1.011126| 0.0241| 0.023618 0.02517
2475 6.5 20.69 32.2396 | 1.035014| 0.0241| 0.020638 002085727 | 0.0225717 0.02107
7.5 21.05 32.5856| 1.03657 | 0.0241| 0.020455 0.02126
8.5 26.59 32.6961| 1.100382| 0.0241| 0.013956 0.01474
9.5 23.69 32.6274 | 1.064064 | 0.0241 | 0.017426 0.01879
10.5 29.67 32.4358| 1.161106 | 0.0241 | 0.009257 0.01042
11.5 32.46 32.1782| 1.233434| 0.0241 | 0.005035 0.00754
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25 10.53 22.1459 | 0.938669 | 0.0189 | 0.027329 0.02798
35 15.26 24.9321| 0.987778| 0.0189 | 0.020502 0.02163
4.5 19.88 26.5999 | 1.038183| 0.0189 | 0.014979 0.01549
55 18.02 27.6548| 1.00271 | 0.0189| 0.018726 0.01969
1033 6.5 20.69 28.3032| 1.03139 | 0.0189| 0.015649 001547905 | 0.0163027 0.01509
7.5 21.05 28.6492| 1.032819| 0.0189 | 0.015507 0.01509
8.5 26.59 28.7597| 1.132288| 0.0189| 0.00755 0.00981
9.5 23.69 28.691 | 1.073295| 0.0189| 0.011831 0.01226
10.5 29.67 28.4994 | 1.213271| 0.0189| 0.00322 0.00582
11.5 32.46 28.2418| 1.269812| 0.0189| 0.00097 0.00271
25 10.53 15.8333| 0.891571| 0.0076 | 0.017308 0.01653
35 15.26 18.6194| 0.954978 | 0.0076 | 0.010681 0.0107
4.5 19.88 20.2873| 1.035025| 0.0076 | 0.004878 0.00578
55 18.02 21.3422| 0.965818 | 0.0076 | 0.009752 0.00969
475 6.5 20.69 21.9906 | 1.015402| 0.0076 | 0.006094 0.00700709 | 0.0072078 0.0068
7.5 21.05 22.3366 | 1.016342| 0.0076 | 0.006033 0.0068
8.5 26.59 22.4471| 1.127484| 0.0076 | 0.000478 0
9.5 23.69 22.3784| 1.078287 | 0.0076 | 0.002577 0.00385
10.5 29.67 22.1867| 1.15051 | 0.0076 0 0
115 32.46 21.9292| 1.154399| 0.0076 0 0
2.5 10.53 27.0598 | 0.951327 | 0.0245| 0.033354 0.0369
3.5 15.26 29.846 | 0.998019 | 0.0245| 0.02594 0.02782
4.5 19.88 31.5138| 1.039356 | 0.0245 | 0.020597 0.02037
55 18.02 32.5687| 1.014102| 0.0245| 0.02374 0.02447
sLe 2475 6.5 20.69 33.2171| 1.037566 | 0.0245| 0.020808 002116828 | 0.0217209 0.02031
7.5 21.05 33.5631| 1.03915 | 0.0245| 0.020622 0.02048
8.5 26.59 33.6736| 1.097888| 0.0245| 0.014556 0.0137
9.5 23.69 33.6049 | 1.065245| 0.0245| 0.017729 0.01619
10.5 29.67 33.4133| 1.151326| 0.0245| 0.010248 0.00948
11.5 32.46 33.1557| 1.219793| 0.0245| 0.005988 0.00699
2.5 10.53 21.3975| 0.946675| 0.0177 | 0.024476 0.02633
3.5 15.26 24.1836 | 0.997222| 0.0177 | 0.018024 0.01943
4.5 19.88 25.8515| 1.051263 | 0.0177 | 0.01265 0.0149
55 18.02 26.9064 | 1.012064 | 0.0177 | 0.016409 0.01737
1033 6.5 20.69 27.5548 | 1.042921 | 0.0177 | 0.013394 001324899 | 0.0149202 0.01448
7.5 21.05 27.9008 | 1.044336| 0.0177| 0.013265 0.01469
8.5 26.59 28.0113| 1.153245| 0.0177 | 0.005519 0.00765
9.5 23.69 27.9426| 1.089239| 0.0177 | 0.009605 0.01182
10.5 29.67 27.7509 | 1.233967| 0.0177| 0.001758 0.00361
11.5 32.46 27.4934| 1.282962| 0.0177 | 2.96E05 0.00188
2.5 10.53 25.1953| 0.948248 | 0.0226 | 0.031193 0.03156
3.5 15.26 27.9815| 0.99553 | 0.0226 | 0.024023 0.0249
4.5 19.88 29.6493| 1.038715| 0.0226 | 0.01873 0.01857
55 18.02 30.7043| 1.011273| 0.0226 | 0.021969 0.02135
475 6.5 20.69 31.3526 | 1.035779| 0.0226 | 0.019057 001914822 | 0.0192203 0.01854
7.5 21.05 31.6986 | 1.037312| 0.0226 | 0.018886 0.01859
8.5 26.59 31.8092| 1.107258 | 0.0226 | 0.012203 0.01129
San Fran 9.5 23.69 31.7405| 1.066663 | 0.0226 | 0.015824 0.01587
10.5 29.67 31.5488| 1.1748 | 0.0226| 0.007439 0.00883
11.5 32.46 31.2912| 1.248464 | 0.0226 | 0.003589 0.0046
2.5 10.53 32.4538| 0.950133| 0.0333| 0.04695 0.04761
3.5 15.26 35.24 | 0.995248| 0.0333| 0.037705 0.03612
2475 4.5 19.88 36.9078 | 1.034073| 0.0333| 0.031128 003225553 | 0.0300164 0.02984
55 18.02 37.9627| 1.011859| 0.0333 | 0.034751 0.03211
6.5 20.69 38.6111| 1.033799| 0.0333 | 0.031171 0.02815
7.5 21.05 38.9571| 1.035481 | 0.0333 | 0.030911 0.0285
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8.5 26.59 39.0676 | 1.082447| 0.0333 | 0.024366 0.02059
9.5 23.69 38.9989 | 1.058247| 0.0333| 0.02757 0.02456
10.5 29.67 38.8073| 1.111444| 0.0333| 0.020941 0.01688
115 32.46 38.5497| 1.145683 | 0.0333 | 0.017405 0.01263
25 10.53 28.5838 | 0.950963 | 0.0286 | 0.039457 0.0391
35 15.26 31.37 | 0.997155| 0.0286 | 0.031163 0.03012
4.5 19.88 33.0378| 1.037524| 0.0286 | 0.025225 0.02297
5.5 18.02 34.0927| 1.013424| 0.0286 | 0.028639 0.02738
1033 6.5 20.69 34.7411| 1.036323| 0.0286 | 0.025387 002600219 | 0.0243433 0.02307
7.5 21.05 35.0871| 1.037939| 0.0286| 0.02517 0.02336
8.5 26.59 35.1976| 1.091066 | 0.0286 | 0.018837 0.01686
9.5 23.69 35.1289 | 1.062533| 0.0286 | 0.022053 0.01903
10.5 29.67 34.9373| 1.134289| 0.0286 | 0.014666 0.01286
11.5 32.46 34.6797| 1.193012| 0.0286 | 0.010097 0.00826
25 10.53 23.1656 | 0.95098 | 0.0213| 0.028849 0.03072
3.5 15.26 25.9517| 0.999693| 0.0213| 0.021895 0.02213
4.5 19.88 27.6196| 1.047293| 0.0213| 0.016479 0.01784
55 18.02 28.6745| 1.015076 | 0.0213 | 0.020012 0.02035
475 6.5 20.69 29.3229| 1.042096 | 0.0213 | 0.017014 001688376 | 0.0177867 0.01771
7.5 21.05 29.6689 | 1.043577| 0.0213| 0.01686 0.01779
8.5 26.59 29.7794| 1.132819| 0.0213 | 0.009259 0.01084
9.5 23.69 29.7107| 1.079746 | 0.0213 | 0.013409 0.01335
10.5 29.67 29.5191| 1.212763 | 0.0213 | 0.004566 0.00535
115 32.46 29.2615| 1.279086 | 0.0213| 0.001708 0.00263
2.5 10.53 29.3758| 0.951084 | 0.0338 | 0.047596 0.04673
35 15.26 32.162 | 0.997053 | 0.0338| 0.038105 0.03504
4.5 19.88 33.8298| 1.037052| 0.0338| 0.031306 0.02703
55 18.02 34.8847| 1.01341 | 0.0338| 0.035177 0.03298
San Jose | 2475 6.5 20.69 35.5331| 1.036085| 0.0338 | 0.031456 003226069 | 0.0287253 0.0272
7.5 21.05 35.8791| 1.037717 | 0.0338 | 0.031203 0.02756
8.5 26.59 35.9896 | 1.088906 | 0.0338 | 0.024099 0.01826
9.5 23.69 35.9209| 1.061794 | 0.0338 | 0.027664 0.02392
10.5 29.67 35.7293| 1.127867 | 0.0338 | 0.01965 0.01499
11.5 32.46 35.4717| 1.180924 | 0.0338 | 0.014649 0.00907
2.5 10.53 26.1018 | 0.952358 | 0.0272 | 0.037125 0.03833
35 15.26 28.888 | 0.999452 | 0.0272| 0.029064 0.02934
4.5 19.88 30.5558 | 1.041697| 0.0272| 0.023182 0.02227
5.5 18.02 31.6107| 1.015413| 0.0272| 0.026707 0.02638
1033 6.5 20.69 32.2591| 1.039391| 0.0272| 0.023474 002370425 | 0.0232951 0.02226
7.5 21.05 32.6051| 1.040954| 0.0272| 0.023276 0.02257
8.5 26.59 32.7156| 1.104916| 0.0272| 0.01622 0.01449
9.5 23.69 32.6469 | 1.06853 | 0.0272 | 0.019987 0.01841
10.5 29.67 32.4553| 1.165746| 0.0272 | 0.011106 0.01086
11.5 32.46 32.1977| 1.238323| 0.0272 | 0.006491 0.00678
2.5 10.53 21.6289 | 0.945343| 0.0181 | 0.025252 0.0288
3.5 15.26 24.4151| 0.995476| 0.0181 | 0.018703 0.02007
4.5 19.88 26.0829 | 1.048389| 0.0181 | 0.013298 0.01589
5.5 18.02 27.1378| 1.010368| 0.0181 | 0.017043 0.01816
475 6.5 20.69 27.7862| 1.040542| 0.0181| 0.014018 001386216 | 0.0156261 0.01551
Santa 7.5 21.05 28.1322| 1.041963| 0.0181 | 0.013885 0.01565
Monica 8.5 26.59 28.2427| 1.148086 | 0.0181 | 0.006084 0.00701
9.5 23.69 28.174 | 1.085501| 0.0181| 0.010227 0.01114
10.5 29.67 27.9824| 1.22923 | 0.0181 | 0.002153 0.0033
11.5 32.46 27.7248| 1.280721| 0.0181 | 0.000276 0.00171
2475 2.5 10.53 29.1328 | 0.950816 | 0.0301 | 0.041786 002784939 | 0.0272555 0.0445
3.5 15.26 31.919 | 0.996841| 0.0301| 0.033162 0.03481
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4.5 19.88 33.5868 | 1.036939| 0.0301 | 0.026994 0.02668
55 18.02 34.6417| 1.013169| 0.0301| 0.030515 0.03036
6.5 20.69 35.2901| 1.035904 | 0.0301| 0.02714 0.02671
7.5 21.05 35.6361| 1.037531| 0.0301| 0.026911 0.02506
8.5 26.59 35.7466 | 1.089246| 0.0301| 0.02044 0.01766
9.5 23.69 35.6779| 1.061747| 0.0301 | 0.023697 0.02126
10.5 29.67 35.4863| 1.129424| 0.0301| 0.016327 0.01231
115 32.46 35.2287| 1.184211| 0.0301| 0.011737 0.00813
25 10.53 24.7748| 0.952305| 0.0258 | 0.035135 0.03644
35 15.26 27.561 1 0.0258 | 0.0273 0.02737
4.5 19.88 29.2288| 1.04403 | 0.0258 | 0.021453 0.0202
55 18.02 30.2837| 1.015736| 0.0258 | 0.025074 0.02407
1033 6.5 20.69 30.9321| 1.040718| 0.0258 | 0.021854 002187845 | 0.0211163 0.02005
7.5 21.05 31.2781| 1.042246| 0.0258 | 0.021668 0.02024
8.5 26.59 31.3886| 1.115897| 0.0258 | 0.014078 0.01214
9.5 23.69 31.3199| 1.072817| 0.0258 | 0.018215 0.01619
10.5 29.67 31.1283| 1.186813| 0.0258 | 0.008742 0.00835
11.5 32.46 30.8707 | 1.260485| 0.0258 | 0.004644 0.00443
2.5 10.53 20.018 | 0.938262 | 0.0151| 0.022041 0.02586
3.5 15.26 22.8042 | 0.990968 | 0.0151 | 0.015744 0.01874
4.5 19.88 24.472 | 1.051852| 0.0151| 0.010216 0.0123
55 18.02 25.527 | 1.005193| 0.0151| 0.014305 0.01669
475 6.5 20.69 26.1753| 1.040352| 0.0151 | 0.011142 001115503 | 0.0136692 0.01374
7.5 21.05 26.5213| 1.041696| 0.0151| 0.011031 0.01394
8.5 26.59 26.6319| 1.163732| 0.0151| 0.003363 0.00541
9.5 23.69 26.5632| 1.094344| 0.0151| 0.007196 0.00935
10.5 29.67 26.3715| 1.236041| 0.0151| 0.000441 0.00283
115 32.46 26.1139| 1.269091| 0.0151 0 0
2.5 10.53 28.1468 | 0.951702| 0.0282| 0.038738 0.043
3.5 15.26 30.933 | 0.998061 | 0.0282| 0.030534 0.03296
4.5 19.88 32.6008 | 1.038697 | 0.0282 | 0.02465 0.02444
55 18.02 33.6557 | 1.014291 | 0.0282 | 0.028053 0.02836
Seattle 2475 6.5 20.69 34.3041| 1.037348| 0.0282 | 0.024829 002537841 | 0.0259541 0.02441
7.5 21.05 34.6501| 1.038956 | 0.0282 | 0.024616 0.0247
8.5 26.59 34.7606 | 1.09345 | 0.0282 | 0.018241 0.01683
9.5 23.69 34.6919| 1.063919| 0.0282| 0.021504 0.02073
10.5 29.67 34.5003| 1.139383| 0.0282| 0.013928 0.01288
115 32.46 34.2427| 1.201191| 0.0282| 0.009304 0.00821
2.5 10.53 23.8272| 0.949614 | 0.0224 | 0.030684 0.03327
35 15.26 26.6133| 0.997747| 0.0224 | 0.023492 0.02583
4.5 19.88 28.2812| 1.043547| 0.0224 | 0.018004 0.01829
55 18.02 29.3361| 1.013253| 0.0224 | 0.021502 0.02239
1033 6.5 20.69 29.9845| 1.039238 | 0.0224 | 0.018472 00183932 | 0.0194093 0.01809
7.5 21.05 30.3305| 1.040736| 0.0224 | 0.018308 0.01813
8.5 26.59 30.441 | 1.122935| 0.0224 | 0.010821 0.01155
9.5 23.69 30.3723| 1.074243| 0.0224 | 0.01492 0.01585
10.5 29.67 30.1807 | 1.199689 | 0.0224 | 0.005889 0.00734
11.5 32.46 29.9231| 1.270042| 0.0224 | 0.002576 0.00308
2.5 34.1 3.01 1 0 3.06E18 0
3.5 36.03 5.79 1 0 3.06E18 0
4.5 29.53 7.46 1 0 3.06E18 0
Butte 475 55 23.83 8.52 ! 0 3.06E18 0.00142317 | 0.0012936 0
6.5 24.04 9.16 1 0 3.06E18 0
7.5 19.98 9.51 1 0 3.06E18 0
8.5 14.11 9.62 0.980512 0 0.000835 0
9.5 15.66 9.55 0.993707 0 0.00026 0
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10.5 11.26 9.36 0.931386 0 0.003375 0.00347
115 6.22 9.1 0.772586 0 0.018629 0.01789
25 34.1 11.42 | 1.035199| 0.0013 0 0
3.5 36.03 14.21 | 1.035199| 0.0013 0 0
4.5 29.53 15.88 | 1.035199| 0.0013 0 0
5.5 23.83 16.93 | 1.030424| 0.0013 0 0
2475 6.5 24.04 17.58 | 1.028647 | 0.0013 0 0.00536733 | 0.0063639 0
7.5 19.98 17.93 0.97897 | 0.0013| 0.002139 0.00383
8.5 14.11 18.04 0.84133 | 0.0013| 0.012563 0.01401
9.5 15.66 17.97 | 0.877771| 0.0013| 0.008986 0.01007
10.5 11.26 17.78 | 0.789391| 0.0013| 0.019169 0.0228
115 6.22 17.52 | 0.706509 | 0.0013| 0.035147 0.04158
25 34.1 7.59 1.000532 0 0 0
35 36.03 10.37 | 1.000532 0 0 0
4.5 29.53 12.04 | 1.000532 0 0 0
55 23.83 13.1 1.000532 0 0 0
1033 6.5 24.04 13.74 | 1.000488 0 0 000345523 | 0.003407 0
7.5 19.98 14.09 | 0.992149 0 0.000326 0
8.5 14.11 14.2 0.892492 0 0.005933 0.00679
9.5 15.66 14.13 | 0.932312 0 0.00332 0.00339
10.5 11.26 13.94 | 0.821795 0 0.012318 0.01249
11.5 6.22 13.68 | 0.706773 0 0.030719 0.02888
2.5 34.1 9.26 1.006744 0 0 0
3.5 36.03 12.05 | 1.006744 0 0 0
4.5 29.53 13.72 | 1.006744 0 0 0
55 23.83 14.77 | 1.006136 0 0 0
475 65 24.04 15.42 1.0057 0 0 0.00419332 | 0.0031275 0
7.5 19.98 15.77 | 0.984275 0 0.000667 0
8.5 14.11 15.88 | 0.859568 0 0.008584 0.00643
9.5 15.66 15.81 | 0.900532 0 0.005358 0.00481
10.5 11.26 15.62 | 0.796108 0 0.015378 0.01181
11.5 6.22 15.36 | 0.698677 0 0.032589 0.02362
2.5 34.1 27.96 | 1.347623| 0.0227 0 0
3.5 36.03 30.75 | 1.340124| 0.0227 | 0.000194 0
4.5 29.53 32.42 | 1.172516| 0.0227 | 0.007623 0.00876
5.5 23.83 33.47 1.07207 | 0.0227 | 0.015365 0.01443
Charleston | 2475 6.5 24.04 34.12 | 1.069611| 0.0227 | 0.015601 001583149 | 0.0158159 0.01417
7.5 19.98 34.47 | 1.028126| 0.0227 | 0.020005 0.01903
8.5 14.11 34.58 | 0.967642| 0.0227 | 0.028147 0.02806
9.5 15.66 34.51 0.98459 | 0.0227 | 0.025627 0.02673
10.5 11.26 34.32 0.93558 | 0.0227| 0.03351 0.03426
11.5 6.22 34.06 | 0.864534| 0.0227 | 0.048872 0.0504
2.5 34.1 19.7206| 1.28275 | 0.013 0 0
3.5 36.03 22.5067 | 1.282737| 0.013 0 0
4.5 29.53 24.1746| 1.265567| 0.013 0 0
55 23.83 25.2295| 1.130776| 0.013 | 0.003679 0.00648
1033 6.5 24.04 25.8779| 1.120725| 0.013 | 0.00419 000815784 | 0.0095289 0.00604
7.5 19.98 26.2239| 1.030286| 0.013 | 0.010027 0.01241
8.5 14.11 26.3344 | 0.950344| 0.013 | 0.017769 0.02081
9.5 15.66 26.2657 | 0.969996| 0.013 | 0.015575 0.01709
10.5 11.26 26.074 | 0.915173| 0.013 | 0.022282 0.0242
11.5 6.22 25.8165| 0.839343| 0.013 | 0.035323 0.03739
2.5 34.1 28.0968 | 1.347972| 0.0216 0 0
Eureka 475 3.5 36.03 30.883 | 1.340113| 0.0216 0 001492001 | 0.015286 0
4.5 29.53 32.5508 | 1.170995| 0.0216 | 0.007027 0.00892
55 23.83 33.6057| 1.072141| 0.0216 | 0.014385 0.01484
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6.5 24.04 34.2541| 1.069746 | 0.0216 | 0.014606 0.0146
7.5 19.98 34.6001| 1.028481| 0.0216| 0.018824 0.01968
8.5 14.11 34.7106 | 0.968079| 0.0216 | 0.026655 0.02745
9.5 15.66 34.6419 | 0.985002 | 0.0216 | 0.024232 0.02404
10.5 11.26 34.4503 | 0.936047| 0.0216| 0.031819 0.03239
115 6.22 34.1927| 0.86504 | 0.0216| 0.046628 0.04507
25 34.1 40.02 | 1.179897 | 0.0335| 0.014499 0.01093
35 36.03 42.81 | 1.172759| 0.0335| 0.015107 0.00941
4.5 29.53 44.48 | 1.106253| 0.0335| 0.021725 0.01611
5.5 23.83 4553 | 1.058176| 0.0335| 0.027817 0.02498
2475 6.5 24.04 46.18 | 1.057319| 0.0335| 0.027938 00301022 | 0.0265829 0.02481
7.5 19.98 46.53 | 1.023431| 0.0335| 0.033086 0.03071
8.5 14.11 46.64 | 0.970184 | 0.0335| 0.042927 0.04015
9.5 15.66 46.57 | 0.985258 | 0.0335| 0.039897 0.03733
10.5 11.26 46.38 | 0.941029| 0.0335| 0.049418 0.04747
115 6.22 46.12 | 0.875371| 0.0335| 0.067724 0.06556
2.5 34.1 34.6958 | 1.261011| 0.0271| 0.005238 0.0052
3.5 36.03 37.482 | 1.241703| 0.0271| 0.006234 0.0052
4.5 29.53 39.1498 | 1.116936 | 0.0271 | 0.014989 0.01222
55 23.83 40.2047| 1.062567 | 0.0271| 0.020529 0.01956
1033 6.5 24.04 40.8531| 1.061338 | 0.0271| 0.020671 002161463 | 0.0210457 0.01935
7.5 19.98 41.1991| 1.025253 | 0.0271| 0.025184 0.02579
8.5 14.11 41.3096| 0.969342 | 0.0271| 0.033822 0.0342
9.5 15.66 41.2409| 0.985111| 0.0271 | 0.031156 0.03106
10.5 11.26 41.0493| 0.939086 | 0.0271 | 0.039527 0.04022
11.5 6.22 40.7917| 0.871353| 0.0271 | 0.055744 0.05627
2.5 34.1 11.4807| 1.029045| 0.0017 | 0.000287 0
3.5 36.03 14.2669| 1.029045| 0.0017 | 0.000287 0
4.5 29.53 15.9347| 1.029045| 0.0017 | 0.000287 0
55 23.83 16.9897| 1.024088 | 0.0017 | 0.000491 0
475 6.5 24.04 17.638 | 1.022273 | 0.0017 | 0.000568 000621314 | 0.004032 0
7.5 19.98 17.9841| 0.972139| 0.0017 | 0.002983 0.00103
8.5 14.11 18.0946| 0.835417| 0.0017 | 0.014118 0.0092
9.5 15.66 18.0259| 0.871419| 0.0017 | 0.010321 0.00766
10.5 11.26 17.8342| 0.784113| 0.0017 | 0.021106 0.01442
115 6.22 17.5766| 0.702044 | 0.0017 | 0.037975 0.02647
2.5 34.1 26.8838 | 1.347067| 0.0221 0 0
35 36.03 29.67 | 1.342326| 0.0221 0 0
4.5 29.53 31.3378| 1.190503| 0.0221| 0.006208 0.00707
5.5 23.83 32.3927| 1.075433| 0.0221| 0.014526 0.01401
Memphis | 2475 6.5 24.04 33.0411| 1.072466| 0.0221 | 0.014801 001516711 | 0.0164597 0.0157
7.5 19.98 33.3871| 1.02886 | 0.0221 | 0.019304 0.02023
8.5 14.11 33.4976 | 0.967383 | 0.0221 | 0.027415 0.03082
9.5 15.66 33.4289 | 0.98456 | 0.0221 | 0.024908 0.02769
10.5 11.26 33.2373| 0.934969 | 0.0221 | 0.032749 0.03687
11.5 6.22 32.9797| 0.863276| 0.0221 | 0.048046 0.05266
2.5 34.1 20.8078| 1.290603| 0.0141 0 0
3.5 36.03 23.594 | 1.29054 | 0.0141 0 0
4.5 29.53 25.2618 | 1.261344| 0.0141 0 0.00175
5.5 23.83 26.3168| 1.11251 | 0.0141| 0.005382 0.00714
1033 6.5 24.04 26.9651| 1.103504| 0.0141| 0.005904 0.00913039 | 0.0107039 0.00861
7.5 19.98 27.3111| 1.023892| 0.0141| 0.011596 0.01321
8.5 14.11 27.4217| 0.950082| 0.0141| 0.019205 0.02148
9.5 15.66 27.353 | 0.968973| 0.0141| 0.016988 0.01984
10.5 11.26 27.1613| 0.915644 | 0.0141 | 0.023828 0.0265
11.5 6.22 26.9037| 0.840815| 0.0141 | 0.037209 0.03928
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25 34.1 17.7174| 1.196712| 0.0092 0 0
35 36.03 20.5036 | 1.196712| 0.0092 0 0
4.5 29.53 22.1714| 1.191914| 0.0092 0 0
55 23.83 23.2264 | 1.101421| 0.0092| 0.002601 0.00325
475 6.5 24.04 23.8747| 1.091371| 0.0092 | 0.003084 00082857 | 0.0088749 0.00469
7.5 19.98 24.2207 | 0.989957 | 0.0092 | 0.009512 0.0104
8.5 14.11 24.3313| 0.898569 | 0.0092 | 0.018871 0.0191
9.5 15.66 24.2626| 0.91936 | 0.0092| 0.016338 0.01758
10.5 11.26 24.0709 | 0.863433| 0.0092 | 0.023841 0.02588
11.5 6.22 23.8133| 0.789775| 0.0092 | 0.037942 0.03809
25 34.1 26.0823| 1.339966 | 0.0241| 0.000707 0
35 36.03 28.8685| 1.336782| 0.0241| 0.000811 0
4.5 29.53 30.5363| 1.200662| 0.0241| 0.006791 0.00885
55 23.83 31.5912| 1.074867| 0.0241| 0.016334 0.01651
portiand | 2475 6.5 24.04 32.2396 | 1.071407| 0.0241| 0.016678 001713037 | 0.0187369 0.01601
7.5 19.98 32.5856 | 1.025776| 0.0241| 0.021752 0.02335
8.5 14.11 32.6961| 0.963689 | 0.0241| 0.030614 0.03411
9.5 15.66 32.6274 | 0.980988 | 0.0241 | 0.027881 0.03134
10.5 11.26 32.4358| 0.931117 | 0.0241 | 0.036415 0.043
11.5 6.22 32.1782| 0.859189| 0.0241 | 0.053021 0.06047
25 34.1 22.1459| 1.300316| 0.0189 0 0
3.5 36.03 24.9321| 1.300098 | 0.0189 0 0
4.5 29.53 26.5999 | 1.249879| 0.0189 | 0.001703 0.00244
55 23.83 27.6548 | 1.093622| 0.0189 | 0.010226 0.00999
1033 6.5 24.04 28.3032| 1.086203| 0.0189 | 0.010795 001296204 | 0.0137767 0.01146
7.5 19.98 28.6492| 1.018939| 0.0189 | 0.016934 0.01747
8.5 14.11 28.7597 | 0.950351| 0.0189 | 0.025554 0.02737
9.5 15.66 28.691 | 0.968594 | 0.0189| 0.022977 0.0244
10.5 11.26 28.4994| 0.91662 | 0.0189| 0.030971 0.03294
11.5 6.22 28.2418 | 0.84288 | 0.0189 | 0.04657 0.05045
2.5 34.1 15.8333| 1.154773| 0.0076 0 0
3.5 36.03 18.6194| 1.154773| 0.0076 0 0
4.5 29.53 20.2873| 1.153732| 0.0076 0 0
55 23.83 21.3422| 1.101967 | 0.0076 | 0.001506 0.00106
475 6.5 24.04 21.9906 | 1.093637 | 0.0076 | 0.001869 0.00787746 | 0.0074606 0.00266
7.5 19.98 22.3366 | 0.990687 | 0.0076 | 0.007803 0.00725
8.5 14.11 22.4471| 0.88097 | 0.0076| 0.01865 0.0173
9.5 15.66 22.3784| 0.905014 | 0.0076 | 0.015713 0.01585
10.5 11.26 22.1867 | 0.843386| 0.0076 | 0.024082 0.02212
115 6.22 21.9292| 0.768815| 0.0076 | 0.038911 0.03627
2.5 34.1 27.0598 | 1.34725 | 0.0245| 0.000638 0
3.5 36.03 29.846 | 1.342115| 0.0245| 0.000805 0
sLe 4.5 29.53 31.5138| 1.187328 | 0.0245 | 0.007856 0.0089
55 23.83 32.5687| 1.07471 | 0.0245| 0.016761 0.01534
2475 6.5 24.04 33.2171| 1.07184 | 0.0245| 0.01705 001733688 | 0.017972 0.01503
7.5 19.98 33.5631| 1.028643 | 0.0245 | 0.021886 0.02273
8.5 14.11 33.6736 | 0.967341 | 0.0245 | 0.030625 0.03382
9.5 15.66 33.6049 | 0.984478| 0.0245| 0.027925 0.02919
10.5 11.26 33.4133| 0.934989 | 0.0245| 0.036362 0.04077
11.5 6.22 33.1557| 0.863409 | 0.0245| 0.052773 0.05822
2.5 34.1 21.3975| 1.304753| 0.0177 0 0
3.5 36.03 24.1836 | 1.304641| 0.0177 0 0
1033 4.5 29.53 25.8515| 1.266734| 0.0177 | 0.000563 001129721 | 0.0126863 0.00114
55 23.83 26.9064 | 1.112052| 0.0177 | 0.008013 0.00929
6.5 24.04 27.5548 | 1.103661 | 0.0177 | 0.00858 0.01077
7.5 19.98 27.9008| 1.02915 | 0.0177 | 0.014686 0.01513
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8.5 14.11 28.0113| 0.957373| 0.0177 | 0.022975 0.02541
9.5 15.66 27.9426| 0.97609 | 0.0177| 0.02053 0.02238
10.5 11.26 27.7509 | 0.923007 | 0.0177| 0.028093 0.03122
11.5 6.22 27.4934| 0.848109| 0.0177| 0.042859 0.04854
25 34.1 25.1953| 1.335505| 0.0226 | 0.000313 0
35 36.03 27.9815| 1.333561| 0.0226 | 0.000374 0
4.5 29.53 29.6493| 1.216591| 0.0226 | 0.005111 0.00534
5.5 23.83 30.7043| 1.079073| 0.0226 | 0.014646 0.01309
475 6.5 24.04 31.3526 | 1.074921| 0.0226 | 0.015033 001571825 | 0.0150126 0.0147
7.5 19.98 31.6986| 1.02612 | 0.0226 | 0.020166 0.01914
8.5 14.11 31.8092| 0.962989 | 0.0226 | 0.028782 0.02854
9.5 15.66 31.7405| 0.980498 | 0.0226 | 0.02613 0.02503
10.5 11.26 31.5488| 0.930113| 0.0226 | 0.034405 0.03331
115 6.22 31.2912| 0.857649 | 0.0226 | 0.050533 0.04797
25 34.1 32.4538| 1.30423 | 0.0333| 0.006181 0.00304
3.5 36.03 35.24 | 1.284581| 0.0333| 0.00722 0.0044
4.5 29.53 36.9078 | 1.126209 | 0.0333 | 0.019354 0.01463
55 23.83 37.9627 | 1.064602 | 0.0333 | 0.026696 0.02362
San Fran | 2475 6.5 24.04 38.6111| 1.063149 | 0.0333 | 0.026894 002740267 | 0.0245235 0.02345
7.5 19.98 38.9571| 1.025898 | 0.0333 | 0.03242 0.03069
8.5 14.11 39.0676 | 0.968667 | 0.0333 | 0.04292 0.04179
9.5 15.66 38.9989 | 0.98478 | 0.0333 | 0.039684 0.03707
10.5 11.26 38.8073| 0.937877 | 0.0333 | 0.049812 0.04895
115 6.22 38.5497| 0.869155| 0.0333 | 0.069308 0.06503
2.5 34.1 28.5838 | 1.346275| 0.0286 | 0.002248 0.00188
35 36.03 31.37 | 1.336948| 0.0286 | 0.002603 0.00151
4.5 29.53 33.0378| 1.163386| 0.0286 | 0.012262 0.01062
55 23.83 34.0927| 1.070546 | 0.0286 | 0.021109 0.01819
1033 6.5 24.04 34.7411| 1.068327| 0.0286 | 0.021367 002151319 | 0.020169 0.01986
7.5 19.98 35.0871| 1.027785| 0.0286 | 0.02656 0.02556
8.5 14.11 35.1976| 0.967811 | 0.0286 | 0.036223 0.03555
9.5 15.66 35.1289 | 0.984628 | 0.0286 | 0.03324 0.03257
10.5 11.26 34.9373| 0.935942 | 0.0286 | 0.042564 0.04157
11.5 6.22 34.6797| 0.865239| 0.0286 | 0.060613 0.05748
2.5 34.1 23.1656 | 1.325674 | 0.0213 | 0.000116 0
35 36.03 25.9517| 1.325175| 0.0213| 0.000132 0
4.5 29.53 27.6196 | 1.253826| 0.0213| 0.002705 0.00335
5.5 23.83 28.6745| 1.097252| 0.0213| 0.011931 0.01248
475 6.5 24.04 29.3229| 1.09098 | 0.0213| 0.012448 0.01400302 | 0.0140145 0.01217
7.5 19.98 29.6689 | 1.030789| 0.0213| 0.018223 0.01825
8.5 14.11 29.7794 | 0.964006 | 0.0213 | 0.026828 0.02731
9.5 15.66 29.7107| 0.98213 | 0.0213 | 0.024218 0.02409
10.5 11.26 29.5191| 0.930266 | 0.0213 | 0.032339 0.03218
11.5 6.22 29.2615| 0.856265| 0.0213 | 0.048186 0.04665
San Jose 2.5 34.1 29.3758 | 1.342961 | 0.0338 | 0.004587 0.00133
3.5 36.03 32.162 | 1.331086 | 0.0338 | 0.005128 0.00104
4.5 29.53 33.8298 | 1.153375| 0.0338 | 0.017108 0.01278
5.5 23.83 34.8847| 1.069299 | 0.0338| 0.026635 0.02107
2475 6.5 24.04 35.5331| 1.067313| 0.0338| 0.026904 002699332 | 0.0230305 0.02273
7.5 19.98 35.8791| 1.027702| 0.0338| 0.032789 0.02965
8.5 14.11 35.9896 | 0.968328 | 0.0338 | 0.043801 0.0405
9.5 15.66 35.9209 | 0.984994 | 0.0338 | 0.040406 0.03772
10.5 11.26 35.7293| 0.936686 | 0.0338 | 0.051005 0.04768
11.5 6.22 35.4717| 0.866393| 0.0338 | 0.071405 0.06554
1033 2.5 34.1 26.1018 | 1.345735| 0.0272 | 0.001724 001961717 | 0.0187036 0
3.5 36.03 28.888 | 1.342504 | 0.0272| 0.001839 0
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4.5 29.53 30.5558 | 1.205406 | 0.0272| 0.008414 0.00875
55 23.83 31.6107 | 1.079347| 0.0272| 0.018804 0.01768
6.5 24.04 32.2591| 1.075886 | 0.0272| 0.019176 0.01734
7.5 19.98 32.6051| 1.030122| 0.0272| 0.024683 0.02468
8.5 14.11 32.7156 | 0.967792| 0.0272| 0.034285 0.03433
9.5 15.66 32.6469| 0.98516 | 0.0272| 0.031326 0.03137
10.5 11.26 32.4553| 0.935088 | 0.0272| 0.040558 0.04027
11.5 6.22 32.1977| 0.862867 | 0.0272| 0.058463 0.05614
25 34.1 21.6289| 1.305028| 0.0181 0 0
35 36.03 24.4151| 1.304889| 0.0181 0 0
4.5 29.53 26.0829 | 1.263325| 0.0181 | 0.000866 0.001
55 23.83 27.1378| 1.107572| 0.0181 | 0.008632 0.01054
475 6.5 24.04 27.7862| 1.09947 | 0.0181 | 0.009199 00117508 | 0.0127982 0.01008
7.5 19.98 28.1322| 1.02719 | 0.0181 | 0.015304 0.01605
8.5 14.11 28.2427| 0.956384 | 0.0181 | 0.023669 0.02679
9.5 15.66 28.174 | 0.97497 | 0.0181| 0.021191 0.02348
10.5 11.26 27.9824 | 0.922177| 0.0181 | 0.028866 0.03148
11.5 6.22 27.7248| 0.847548| 0.0181 | 0.043852 0.04429
2.5 34.1 29.1328 | 1.343917 | 0.0301 | 0.002952 0.00161
3.5 36.03 31.919 | 1.332837| 0.0301| 0.003399 0.00128
4.5 29.53 33.5868 | 1.156007 | 0.0301 | 0.013968 0.01001
55 23.83 34.6417| 1.069392 | 0.0301 | 0.022752 0.02059
San_ta 2475 6.5 24.04 35.2901| 1.067342| 0.0301 | 0.023003 002313403 | 0.0217706 0.0203
Monica 7.5 19.98 35.6361| 1.027477| 0.0301 | 0.028351 0.02707
8.5 14.11 35.7466 | 0.967938| 0.0301 | 0.038362 0.03957
9.5 15.66 35.6779| 0.984645| 0.0301 | 0.035272 0.03507
10.5 11.26 35.4863 | 0.936235| 0.0301 | 0.044928 0.04651
115 6.22 35.2287| 0.865834 | 0.0301 | 0.063585 0.06435
2.5 34.1 24.7748| 1.338748| 0.0258 | 0.001438 0
3.5 36.03 27.561 | 1.337235| 0.0258 | 0.001491 0
4.5 29.53 29.2288 | 1.229356 | 0.0258 | 0.006226 0.00664
55 23.83 30.2837| 1.086177 | 0.0258 | 0.016847 0.01554
1033 6.5 24.04 30.9321| 1.081626 | 0.0258 | 0.017304 001816325 | 0.0173968 0.01514
7.5 19.98 31.2781| 1.030767 | 0.0258 | 0.023093 0.02236
8.5 14.11 31.3886| 0.96679 | 0.0258 | 0.032567 0.03375
9.5 15.66 31.3199| 0.98448 | 0.0258| 0.02966 0.02896
10.5 11.26 31.1283| 0.933623 | 0.0258 | 0.038719 0.03938
11.5 6.22 30.8707| 0.860582| 0.0258 | 0.056315 0.05518
2.5 34.1 20.018 | 1.27941 | 0.0151 0 0
35 36.03 22.8042| 1.279388| 0.0151 0 0
4.5 29.53 24.472 | 1.259451| 0.0151 0 0
55 23.83 25.527 | 1.120769 | 0.0151| 0.005594 0.00722
475 6.5 24.04 26.1753| 1.111009 | 0.0151 | 0.006163 000987561 | 0.0112699 0.0086
7.5 19.98 26.5213| 1.023905| 0.0151 | 0.012556 0.01435
8.5 14.11 26.6319 | 0.946169 | 0.0151 | 0.020989 0.02303
9.5 15.66 26.5632 | 0.965502 | 0.0151 | 0.018583 0.02184
Seattle 10.5 11.26 26.3715| 0.911367 | 0.0151 | 0.025952 0.02966
11.5 6.22 26.1139| 0.836145| 0.0151| 0.04026 0.042
2.5 34.1 28.1468 | 1.348228| 0.0282| 0.002025 0.00186
3.5 36.03 30.933 | 1.340221| 0.0282| 0.002322 0.0015
4.5 29.53 32.6008 | 1.170529| 0.0282| 0.011449 0.01072
2475 5.5 23.83 33.6557 | 1.072282| 0.0282| 0.020537 00209712 | 0.0212369 0.0181
6.5 24.04 34.3041| 1.069906 | 0.0282| 0.020808 0.01968
7.5 19.98 34.6501| 1.028708 | 0.0282 | 0.025998 0.02674
8.5 14.11 34.7606 | 0.968334 | 0.0282 | 0.035589 0.03896
9.5 15.66 34.6919| 0.98525 | 0.0282 | 0.032627 0.03454
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10.5 11.26 34.5003 | 0.936309 | 0.0282| 0.04188 0.04406
115 6.22 34.2427| 0.865313| 0.0282| 0.059801 0.06359
25 34.1 23.8272| 1.328673| 0.0224 | 0.000456 0
3.5 36.03 26.6133| 1.327866 | 0.0224 | 0.000482 0
4.5 29.53 28.2812| 1.242006 | 0.0224 | 0.003782 0.004
5.5 23.83 29.3361| 1.089884 | 0.0224 | 0.013506 0.01324
1033 6.5 24.04 29.9845| 1.084377| 0.0224 | 0.013992 001523002 | 0.0162518 0.01483
7.5 19.98 30.3305| 1.0286 | 0.0224| 0.019669 0.02041
8.5 14.11 30.441 | 0.963262 | 0.0224 | 0.028474 0.0318
9.5 15.66 30.3723| 0.98116 | 0.0224 | 0.025787 0.02883
10.5 11.26 30.1807 | 0.929833| 0.0224 | 0.034157 0.03737
11.5 6.22 29.9231| 0.856383| 0.0224 | 0.050471 0.05476
0.5 9.77 3.4288 | 0.995592 0 0.000181 0
15 9.77 7.51685| 0.935006 0 0.003164 0.00204
25 9.77 9.32013| 0.888823 0 0.006205 0.00529
3.5 10.59 10.406 | 0.88595 0 0.006421 0.005
4.5 10.74 11.1017| 0.872638 0 0.007472 0.00775
55 10.09 11.525 | 0.842156 0 0.010203 0.00947
6.5 9.53 11.7294| 0.820438 0 0.012468 0.0114
7.5 9.08 11.746 | 0.806719 0 0.014057 0.0139
475 8.5 8.69 11.6023| 0.798269 0 0.015102 00141604 | 0.0111318 0.01484
9.5 8.33 11.3314| 0.793217 0 0.015753 0.01428
10.5 8 10.9751| 0.790655 0 0.016091 0.01583
115 7.71 10.5808| 0.78998 0 0.016181 0.01557
125 7.44 10.1947| 0.789681 0 0.016221 0.01536
135 7.19 9.85419| 0.78897 0 0.016316 0.01514
145 6.97 9.58258 | 0.78765 0 0.016494 0.01683
155 6.77 9.38911| 0.785181 0 0.016831 0.0164
16.5 6.59 9.2716 | 0.781624 0 0.017325 0.01787
17.5 6.42 9.22088 | 0.776884 0 0.018 0.01722
0.5 9.77 11.8466| 0.853975| 0.0013| 0.011236 0.01202
15 9.77 15.9346| 0.782263 | 0.0013| 0.020245 0.02214
2.5 9.77 17.7379| 0.76429 | 0.0013| 0.023176 0.0266
Butte 35 10.59 18.8238| 0.768582 | 0.0013| 0.022447 0.02523
4.5 10.74 19.5194| 0.765569 | 0.0013 | 0.022957 0.02799
55 10.09 19.9428| 0.753472| 0.0013 | 0.025102 0.02934
6.5 9.53 20.1472| 0.744467 | 0.0013 | 0.026806 0.03295
7.5 9.08 20.1638| 0.738091 | 0.0013 | 0.028071 0.03304
8.5 8.69 20.0201| 0.733305| 0.0013 | 0.029055 0.0359
2415 9.5 8.33 19.7492| 0.729454 | 0.0013 | 0.029868 0.02460863 | 0.0323323 0.03691
10.5 8 19.3929| 0.726325| 0.0013 | 0.030544 0.03798
115 7.71 18.9986| 0.72386 | 0.0013| 0.031086 0.03741
125 7.44 18.6125| 0.721556 | 0.0013| 0.031599 0.03884
135 7.19 18.272 | 0.719245| 0.0013 | 0.032123 0.03813
145 6.97 18.0004| 0.716991| 0.0013| 0.03264 0.0397
155 6.77 17.8069| 0.714606 | 0.0013 | 0.033196 0.04084
16.5 6.59 17.6894| 0.712122| 0.0013| 0.033784 0.04026
17.5 6.42 17.6387| 0.709438| 0.0013 | 0.03443 0.04125
0.5 9.77 8.00883 | 0.923501 0 0.00385 0.00313
15 9.77 12.0969| 0.819754 0 0.012544 0.01282
2.5 9.77 13.9002| 0.784589 0 0.016912 0.01671
1033 3.5 10.59 14.986 | 0.786199 0 0.016691 001930997 | 0.0221663 0.01665
4.5 10.74 15.6817| 0.778981 0 0.017699 0.01712
55 10.09 16.105 | 0.760285 0 0.020526 0.02039
6.5 9.53 16.3094| 0.747504 0 0.022657 0.02224
7.5 9.08 16.326 | 0.739181 0 0.024139 0.02479

A-27




8.5 8.69 16.1824| 0.733476 0 0.025201 0.0255
9.5 8.33 15.9115| 0.729325 0 0.025998 0.02492
10.5 8 15.5551| 0.726315 0 0.026589 0.02615
115 7.71 15.1608| 0.724259 0 0.027 0.0278
125 7.44 14.7748| 0.722419 0 0.027372 0.02723
135 7.19 14.4342| 0.720477 0 0.027769 0.02694
145 6.97 14.1626| 0.71843 0 0.028194 0.0283
155 6.77 13.9691| 0.716002 0 0.028704 0.02985
16.5 6.59 13.8516| 0.713236 0 0.029295 0.02934
17.5 6.42 13.8009| 0.710039 0 0.029992 0.03044
0.5 9.77 9.68521 | 0.885041 0 0.006491 0.00587
15 9.77 13.7733| 0.791634 0 0.015961 0.01143
25 9.77 15.5765| 0.765034 0 0.019777 0.013
3.5 10.59 16.6624| 0.768038 0 0.019314 0.01324
4.5 10.74 17.3581| 0.76308 0 0.020082 0.01442
55 10.09 17.7814| 0.748104 0 0.022553 0.01668
6.5 9.53 17.9858| 0.737542 0 0.02444 0.01712
7.5 9.08 18.0024| 0.730398 0 0.02579 0.01997
475 8.5 8.69 17.8587| 0.725269 0 0.026797 002156844 | 0.0156491 0.01912
9.5 8.33 17.5879| 0.721324 0 0.027595 0.02062
10.5 8 17.2315| 0.718268 0 0.028227 0.02016
11.5 7.71 16.8372| 0.715989 0 0.028707 0.02185
12.5 7.44 16.4512| 0.713892 0 0.029154 0.02159
13.5 7.19 16.1106| 0.711748 0 0.029618 0.02134
145 6.97 15.839 | 0.709594 0 0.03009 0.02106
155 6.77 15.6455| 0.707206 0 0.030622 0.02271
16.5 6.59 15.528 | 0.704621 0 0.031207 0.0223
175 6.42 15.4773| 0.701743 0 0.031869 0.02384
0.5 9.77 28.3835| 0.938484 | 0.0227 | 0.032989 0.03321
15 9.77 32.4715| 0.922866 | 0.0227 | 0.035878 0.03603
2.5 9.77 34.2748| 0.916762| 0.0227 | 0.037069 0.03876
35 10.59 35.3607 | 0.923743| 0.0227| 0.03571 0.03616
Charleston 4.5 10.74 36.0563 | 0.923342| 0.0227 | 0.035787 0.03778
5.5 10.09 36.4797| 0.913913| 0.0227 | 0.037636 0.03806
6.5 9.53 36.684 | 0.906123 | 0.0227 | 0.039231 0.04042
7.5 9.08 36.7007 | 0.90015 | 0.0227 | 0.040496 0.04106
8.5 8.69 36.557 | 0.89529 | 0.0227| 0.041553 0.04389
2415 9.5 8.33 36.2861 | 0.891058 | 0.0227 | 0.042494 0.03878484 | 0.0399041 0.04494
10.5 8 35.9298 | 0.88735 | 0.0227 | 0.043335 0.046
11.5 7.71 35.5355| 0.884201 | 0.0227 | 0.044062 0.04514
12.5 7.44 35.1494 | 0.881218| 0.0227 | 0.044762 0.04632
13.5 7.19 34.8088 | 0.878313| 0.0227 | 0.045453 0.04602
145 6.97 34.5372| 0.875599 | 0.0227 | 0.046108 0.04721
155 6.77 34.3438| 0.872918| 0.0227 | 0.046763 0.04837
16.5 6.59 34.2262 | 0.870296 | 0.0227 | 0.047413 0.04803
17.5 6.42 34.1755| 0.867609 | 0.0227 | 0.048088 0.04915
0.5 9.77 20.1422| 0.926664 | 0.013 | 0.020718 0.02213
15 9.77 24.2303| 0.903152| 0.013 | 0.02402 0.02645
2.5 9.77 26.0335| 0.894802| 0.013 | 0.025293 0.02725
3.5 10.59 27.1194| 0.901373| 0.013 | 0.024287 0.02622
1033 4.5 10.74 27.8151| 0.900355| 0.013 | 0.024441 002675788 | 0.0291824 0.02772
5.5 10.09 28.2384| 0.88994 | 0.013 | 0.02606 0.02811
6.5 9.53 28.4428| 0.881503| 0.013 | 0.027438 0.02891
7.5 9.08 28.4594 | 0.875159| 0.013 | 0.028514 0.03167
8.5 8.69 28.3157| 0.870118| 0.013 | 0.029396 0.0326
9.5 8.33 28.0449| 0.865832| 0.013 | 0.030165 0.0338
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10.5 8 27.6885| 0.862158| 0.013 | 0.030837 0.03335
115 7.71 27.2942| 0.859101| 0.013 | 0.031407 0.03464
125 7.44 26.9082| 0.856212| 0.013 | 0.031954 0.03436
135 7.19 26.5676 | 0.853375| 0.013 0.0325 0.03568
145 6.97 26.296 | 0.850693| 0.013 | 0.033023 0.0354
155 6.77 26.1025| 0.847992| 0.013 | 0.033558 0.0367
16.5 6.59 25.985 | 0.845302| 0.013 | 0.034098 0.03636
17.5 6.42 25.9343| 0.842501| 0.013 | 0.034669 0.0376
0.5 9.77 28.5185| 0.938851| 0.0216 | 0.031334 0.03252
15 9.77 32.6065| 0.923307 | 0.0216 | 0.034106 0.03401
25 9.77 34.4098 | 0.917228| 0.0216 | 0.035249 0.03527
35 10.59 35.4957 | 0.924215| 0.0216 | 0.033938 0.03481
4.5 10.74 36.1913| 0.923821| 0.0216 | 0.034011 0.0346
55 10.09 36.6147 | 0.914404| 0.0216| 0.035792 0.03526
6.5 9.53 36.819 | 0.906621 | 0.0216 | 0.037328 0.03796
7.5 9.08 36.8357 | 0.900651| 0.0216| 0.038547 0.03882
475 8.5 8.69 36.692 | 0.895793| 0.0216 | 0.039566 003690356 | 0.037157 0.03979
9.5 8.33 36.4211| 0.891561| 0.0216 | 0.040474 0.04089
10.5 8 36.0648 | 0.887852 | 0.0216 | 0.041286 0.0403
11.5 7.71 35.6705| 0.884702 | 0.0216 | 0.041988 0.04158
12.5 7.44 35.2844 | 0.881717 | 0.0216 | 0.042663 0.04275
13.5 7.19 34.9438 | 0.878811| 0.0216 | 0.04333 0.04395
14.5 6.97 34.6722| 0.876096 | 0.0216 | 0.043962 0.04364
15.5 6.77 34.4788 | 0.873415| 0.0216 | 0.044595 0.04486
16.5 6.59 34.3612| 0.870793| 0.0216 | 0.045222 0.04456
17.5 6.42 34.3105| 0.868107 | 0.0216 | 0.045873 0.04578
0.5 9.77 40.4435| 0.938726 | 0.0335| 0.049969 0.04923
15 9.77 44.5315| 0.928113 | 0.0335| 0.052586 0.0519
2.5 9.77 46.3348 | 0.923821| 0.0335| 0.053681 0.05134
3.5 10.59 47.4207| 0.930949 | 0.0335| 0.051874 0.04924
4.5 10.74 48.1163| 0.931039| 0.0335| 0.051851 0.04943
Eureka 5.5 10.09 48.5397| 0.922622| 0.0335| 0.053992 0.05167
6.5 9.53 48.744 | 0.915539 | 0.0335| 0.055859 0.05363
7.5 9.08 48.7607 | 0.910007 | 0.0335| 0.057362 0.0544
8.5 8.69 48.617 | 0.905408 | 0.0335| 0.058642 0.05516
2475 9.5 8.33 48.3461| 0.901318| 0.0335| 0.059803 0.05568359 | 0.0536036 0.05772
10.5 8 47.9898| 0.897667 | 0.0335| 0.060859 0.05848
11.5 7.71 47.5955| 0.894516 | 0.0335| 0.061786 0.05948
125 7.44 47.2094| 0.891522| 0.0335| 0.062679 0.0605
13.5 7.19 46.8688 | 0.888627 | 0.0335| 0.063555 0.06154
14.5 6.97 46.5972| 0.885949 | 0.0335| 0.064376 0.06259
15.5 6.77 46.4038 | 0.883345| 0.0335| 0.065185 0.06365
16.5 6.59 46.2862 | 0.880836| 0.0335| 0.065973 0.06342
17.5 6.42 46.2355| 0.878302| 0.0335| 0.066779 0.06447
0.5 9.77 35.1175| 0.938593 | 0.0271 | 0.039627 0.04133
15 9.77 39.2055| 0.926202 | 0.0271 | 0.042216 0.04314
2.5 9.77 41.0088| 0.921252 | 0.0271| 0.043295 0.04444
3.5 10.59 42.0947| 0.928341| 0.0271| 0.041758 0.04221
4.5 10.74 42.7903| 0.928253| 0.0271 | 0.041777 0.04231
1033 5.5 10.09 43.2137| 0.919453| 0.0271 | 0.043693 004508365 | 0.0457251 0.04454
6.5 9.53 43.418 | 0.912099 | 0.0271| 0.045358 0.04517
7.5 9.08 43.4347| 0.906397 | 0.0271| 0.04669 0.04594
8.5 8.69 43.291 | 0.901695| 0.0271| 0.047816 0.04849
9.5 8.33 43.0201| 0.897546| 0.0271 | 0.048832 0.04949
10.5 8 42.6638| 0.893868 | 0.0271| 0.04975 0.05047
11.5 7.71 42.2695| 0.890713| 0.0271| 0.05055 0.05186
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125 7.44 41.8834| 0.887719| 0.0271 | 0.051322 0.05096
135 7.19 41.5428| 0.884816| 0.0271| 0.05208 0.05207
145 6.97 41.2712| 0.88212 | 0.0271 | 0.052794 0.05317
155 6.77 41.0778| 0.879484| 0.0271 | 0.053502 0.05429
16.5 6.59 40.9602| 0.87693 | 0.0271 | 0.054197 0.054
17.5 6.42 40.9095| 0.874336| 0.0271 | 0.054911 0.05513
0.5 9.77 11.9024| 0.847595| 0.0017 | 0.012745 0.00822
15 9.77 15.9904| 0.77696 | 0.0017 | 0.022261 0.01402
25 9.77 17.7937| 0.759287 | 0.0017 | 0.025339 0.01766
35 10.59 18.8796| 0.763575| 0.0017 | 0.024562 0.01796
4.5 10.74 19.5753| 0.76062 | 0.0017 | 0.025095 0.01713
5.5 10.09 19.9986| 0.748656 | 0.0017 | 0.027358 0.01933
6.5 9.53 20.203 | 0.739738| 0.0017 | 0.029157 0.02012
7.5 9.08 20.2196 | 0.733418| 0.0017 | 0.030493 0.02298
475 8.5 8.69 20.0759| 0.728669 | 0.0017 | 0.031533 002684683 | 0.0188564 0.02237
9.5 8.33 19.805 | 0.724845| 0.0017 | 0.032392 0.02368
10.5 8 19.4487| 0.721736| 0.0017 | 0.033107 0.02335
115 7.71 19.0544| 0.719283 | 0.0017 | 0.033681 0.02476
12.5 7.44 18.6683| 0.716991| 0.0017 | 0.034225 0.02456
13.5 7.19 18.3278| 0.714693| 0.0017 | 0.034779 0.02436
14.5 6.97 18.0562| 0.712452| 0.0017 | 0.035326 0.02578
15.5 6.77 17.8627| 0.710083| 0.0017 | 0.035914 0.02552
16.5 6.59 17.7452| 0.707617| 0.0017 | 0.036534 0.02523
17.5 6.42 17.6945| 0.704954 | 0.0017 | 0.037216 0.02654
0.5 9.77 27.3055| 0.938566 | 0.0221 | 0.032115 0.03404
15 9.77 31.3935| 0.922278 | 0.0221 | 0.035076 0.03869
2.5 9.77 33.1968| 0.91594 | 0.0221 | 0.036294 0.03932
3.5 10.59 34.2827| 0.922896 | 0.0221 | 0.034959 0.03877
4.5 10.74 34.9783| 0.922432| 0.0221 | 0.035047 0.0385
55 10.09 35.4017 | 0.912882 | 0.0221 | 0.036895 0.04052
Memphis 6.5 9.53 35.606 | 0.905008 | 0.0221| 0.038486 0.04285
7.5 9.08 35.6227 | 0.898983| 0.0221 | 0.039746 0.04346
8.5 8.69 35.479 | 0.894094 | 0.0221| 0.040797 0.04427
2475 9.5 8.33 35.2081| 0.889847| 0.0221| 0.04173 0.03800647 0.041527 0.0453
10.5 8 34.8518 | 0.886134 | 0.0221 | 0.042563 0.04633
115 7.71 34.4575| 0.882989 | 0.0221| 0.04328 0.04745
12.5 7.44 34.0714 | 0.880009 | 0.0221 | 0.043971 0.0486
13.5 7.19 33.7308 | 0.877105| 0.0221 | 0.044654 0.04828
14.5 6.97 33.4592 | 0.874388 | 0.0221 | 0.045301 0.04943
15.5 6.77 33.2658 | 0.8717 | 0.0221 | 0.045951 0.05057
16.5 6.59 33.1482 | 0.869065| 0.0221 | 0.046597 0.0502
17.5 6.42 33.0975| 0.86636 | 0.0221 | 0.047269 0.0513
0.5 9.77 21.2295| 0.925136 | 0.0141 | 0.022473 0.02468
15 9.77 25.3175| 0.903521 | 0.0141 | 0.025658 0.02705
2.5 9.77 27.1208 | 0.895595| 0.0141 | 0.026918 0.02964
3.5 10.59 28.2067 | 0.902222 | 0.0141 | 0.025861 0.02847
4.5 10.74 28.9023| 0.901312| 0.0141 | 0.026004 0.02817
55 10.09 29.3257| 0.891087 | 0.0141 | 0.027658 0.03059
1033 6.5 9.53 29.5301| 0.882777| 0.0141| 0.029068 002842732 | 0.030988 0.03102
7.5 9.08 29.5467| 0.87651 | 0.0141| 0.030172 0.03373
8.5 8.69 29.403 | 0.871511| 0.0141| 0.03108 0.0347
9.5 8.33 29.1321| 0.867244| 0.0141| 0.031873 0.03419
10.5 8 28.7758| 0.863573| 0.0141| 0.03257 0.03535
115 7.71 28.3815| 0.860508 | 0.0141 | 0.033163 0.03661
125 7.44 27.9954 | 0.857611 | 0.0141 | 0.033732 0.0363
13.5 7.19 27.6549| 0.85477 | 0.0141 | 0.034298 0.03758
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14.5 6.97 27.3833| 0.852089| 0.0141 | 0.034841 0.03729
155 6.77 27.1898| 0.849398| 0.0141 | 0.035393 0.03853
16.5 6.59 27.0723| 0.846726| 0.0141 | 0.035949 0.03818
17.5 6.42 27.0216| 0.84395 | 0.0141 | 0.036536 0.03938
0.5 9.77 18.1391| 0.879808 | 0.0092 | 0.021408 0.02145
1.5 9.77 22.2271| 0.852338| 0.0092 | 0.025616 0.02664
2.5 9.77 24.0304| 0.84349 | 0.0092| 0.02711 0.02706
3.5 10.59 25.1163| 0.84957 | 0.0092 | 0.026076 0.02779
4.5 10.74 25.8119| 0.848384 | 0.0092 | 0.026275 0.02711
5.5 10.09 26.2353| 0.838166 | 0.0092 | 0.028045 0.02946
6.5 9.53 26.4397| 0.829949| 0.0092 | 0.029543 0.03195
7.5 9.08 26.4563| 0.823812| 0.0092 | 0.030707 0.0326
475 8.5 8.69 26.3126 | 0.818972| 0.0092 | 0.031654 002865581 | 0.0297872 0.03349
9.5 8.33 26.0417| 0.814889| 0.0092 | 0.032472 0.033
10.5 8 25.6854 | 0.811416| 0.0092 | 0.033184 0.03415
115 7.71 25.2911| 0.808546 | 0.0092 | 0.033782 0.03538
12.5 7.44 24.905 | 0.805837 | 0.0092 | 0.034355 0.03505
13.5 7.19 24.5645| 0.803169| 0.0092 | 0.034929 0.03632
14.5 6.97 24.2929| 0.800635| 0.0092 | 0.035481 0.03799
15.5 6.77 24.0994 | 0.798067 | 0.0092 | 0.03605 0.03722
16.5 6.59 23.9819| 0.795494 | 0.0092 | 0.036628 0.03884
17.5 6.42 23.9312| 0.792799| 0.0092 | 0.037242 0.03803
0.5 9.77 26.504 | 0.935268 | 0.0241 | 0.035625 0.04071
1.5 9.77 30.592 | 0.918505| 0.0241| 0.038918 0.04446
2.5 9.77 32.3953| 0.912007 | 0.0241 | 0.040269 0.04522
3.5 10.59 33.4812| 0.918916| 0.0241 | 0.038834 0.0449
4.5 10.74 34.1768| 0.918404 | 0.0241 | 0.038939 0.04432
55 10.09 34.6002 | 0.908793| 0.0241 | 0.040954 0.0464
6.5 9.53 34.8045| 0.900883 | 0.0241 | 0.042684 0.04807
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2475 9.5 8.33 34.4066 | 0.885703| 0.0241 | 0.046201 0.04213059 | 0.0479216 0.05224
10.5 8 34.0503| 0.882001| 0.0241| 0.0471 0.05318
115 7.71 33.656 | 0.878869 | 0.0241| 0.047873 0.0542
12.5 7.44 33.2699 | 0.875903| 0.0241 | 0.048617 0.05524
13.5 7.19 32.9293| 0.87301 | 0.0241 | 0.049353 0.0563
14.5 6.97 32.6577| 0.870302 | 0.0241 | 0.050052 0.05735
15.5 6.77 32.4643| 0.867617 | 0.0241 | 0.050754 0.05839
16.5 6.59 32.3468| 0.864982 | 0.0241 | 0.051452 0.05804
175 6.42 32.296 | 0.862274| 0.0241| 0.05218 0.05906
0.5 9.77 22.5676| 0.924283| 0.0189 | 0.02966 0.03
1.5 9.77 26.6556 | 0.904389| 0.0189 | 0.033171 0.03528
2.5 9.77 28.4589 | 0.896914 | 0.0189 | 0.034584 0.03783
3.5 10.59 29.5448| 0.903601 | 0.0189 | 0.033318 0.03679
4.5 10.74 30.2404| 0.90281 | 0.0189 | 0.033465 0.03648
55 10.09 30.6638| 0.892795| 0.0189 | 0.035386 0.03854
6.5 9.53 30.8681| 0.884627 | 0.0189 | 0.037026 0.04075
1033 75 9.08 30.8848| 0.878445| 0.0189 | 0.038313 003634379 | 0.0391326 0.04129
8.5 8.69 30.7411| 0.873492| 0.0189 | 0.039374 0.04206
9.5 8.33 30.4702| 0.869247| 0.0189 | 0.040305 0.04306
10.5 8 30.1139| 0.865578| 0.0189 | 0.041127 0.04408
115 7.71 29.7196| 0.862505| 0.0189 | 0.041827 0.04519
12.5 7.44 29.3335| 0.859597| 0.0189 | 0.042499 0.04631
13.5 7.19 28.9929| 0.856751| 0.0189 | 0.043168 0.04597
14.5 6.97 28.7213| 0.854071| 0.0189 | 0.043806 0.04712
15.5 6.77 28.5279| 0.851391 | 0.0189 | 0.044453 0.04822
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16.5 6.59 28.4104 | 0.848738| 0.0189 | 0.045103 0.04982
17.5 6.42 28.3596 | 0.845991| 0.0189 | 0.045785 0.04891
0.5 9.77 16.2549| 0.868523 | 0.0076 | 0.020327 0.01859
15 9.77 20.343 | 0.832958 | 0.0076| 0.0258 0.02314
25 9.77 22.1463| 0.82288 | 0.0076 | 0.027557 0.02511
35 10.59 23.2321| 0.828646 | 0.0076 | 0.02654 0.0258
4.5 10.74 23.9278| 0.827193| 0.0076 | 0.026793 0.02531
5.5 10.09 24.3511| 0.816749| 0.0076 | 0.028676 0.02742
6.5 9.53 24.5555| 0.808437| 0.0076 | 0.030256 0.02976
7.5 9.08 24.5721| 0.80228 | 0.0076 | 0.031475 0.03064
475 8.5 8.69 24.4285| 0.797466 | 0.0076 | 0.032459 002909594 | 0.0276003 0.03152
9.5 8.33 24.1576| 0.793442| 0.0076 | 0.033302 0.03268
10.5 8 23.8012| 0.790046 | 0.0076 | 0.034029 0.03221
115 7.71 23.4069 | 0.787264 | 0.0076 | 0.034635 0.03348
125 7.44 23.0209 | 0.784642| 0.0076 | 0.035215 0.03316
135 7.19 22.6803| 0.782049 | 0.0076 | 0.035798 0.03447
145 6.97 22.4087| 0.779576| 0.0076 | 0.036362 0.0341
155 6.77 22.2152| 0.77705 | 0.0076 | 0.036946 0.0354
16.5 6.59 22.0977| 0.774501 | 0.0076 | 0.037544 0.035
175 6.42 22.047 | 0.771815| 0.0076 | 0.038184 0.03619
0.5 9.77 27.4815| 0.938466 | 0.0245| 0.035702 0.03876
15 9.77 31.5695| 0.922293| 0.0245| 0.038868 0.04241
2.5 9.77 33.3728| 0.915995| 0.0245| 0.040171 0.04468
3.5 10.59 34.4587 | 0.922954 | 0.0245| 0.038734 0.04219
4.5 10.74 35.1543| 0.922501 | 0.0245 | 0.038826 0.04204
55 10.09 35.5777| 0.912972| 0.0245| 0.04081 0.04571
6.5 9.53 35.782 | 0.905112| 0.0245| 0.042517 0.04771
7.5 9.08 35.7987 | 0.899097 | 0.0245 | 0.043869 0.0482
8.5 8.69 35.655 | 0.894213| 0.0245| 0.044996 0.05091
ske 2415 9.5 8.33 35.3841| 0.889969 | 0.0245 | 0.045998 0.04200648 | 0.0465573 0.05186
10.5 8 35.0278 | 0.886257 | 0.0245| 0.046892 0.05283
115 7.71 34.6335| 0.883112| 0.0245| 0.047663 0.05388
125 7.44 34.2474| 0.880131| 0.0245| 0.048404 0.05497
135 7.19 33.9068 | 0.877227| 0.0245| 0.049137 0.05406
145 6.97 33.6352| 0.874512| 0.0245| 0.049832 0.05514
155 6.77 33.4418| 0.871825| 0.0245| 0.050529 0.05619
16.5 6.59 33.3242| 0.869192 | 0.0245| 0.051221 0.05781
17.5 6.42 33.2735| 0.866491 | 0.0245| 0.05194 0.05882
0.5 9.77 21.8191| 0.931692| 0.0177 | 0.026716 0.02838
15 9.77 25.9072| 0.910742| 0.0177 | 0.030142 0.03355
2.5 9.77 27.7104 | 0.902963| 0.0177 | 0.031509 0.0356
35 10.59 28.7963| 0.909669 | 0.0177 | 0.030328 0.03486
4.5 10.74 29.492 | 0.908806 | 0.0177| 0.030478 0.03415
55 10.09 29.9153| 0.898599| 0.0177| 0.0323 0.03614
6.5 9.53 30.1197| 0.890291 | 0.0177 | 0.033855 0.03828
7.5 9.08 30.1363 | 0.884015| 0.0177 | 0.035073 0.0408
1033 8.5 8.69 29.9926( 0.879 0.0177 | 0.036076 003317519 | 0.0373115 0.04163
9.5 8.33 29.7218| 0.87471 | 0.0177 | 0.036954 0.04098
10.5 8 29.3654 | 0.871012| 0.0177| 0.037727 0.04204
115 7.71 28.9711| 0.86792 | 0.0177| 0.038385 0.04319
125 7.44 28.5851| 0.864996 | 0.0177 | 0.039017 0.04436
135 7.19 28.2445| 0.862131| 0.0177 | 0.039645 0.04565
145 6.97 27.9729| 0.85943 | 0.0177 | 0.040246 0.04518
155 6.77 27.7794| 0.856724| 0.0177 | 0.040857 0.04633
16.5 6.59 27.6619| 0.85404 | 0.0177 | 0.041471 0.04591
17.5 6.42 27.6112| 0.851256| 0.0177 | 0.042117 0.047
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05 9.77 | 25617 | 0.934939| 0.0226 | 0.033523 0.03386
15 9.77 | 29.705 | 0.917549 | 0.0226 | 0.036803 0.03504
25 9.77 | 31.5083| 0.910838 | 0.0226 | 0.038145 0.03641
35 1059 | 32.5942| 0.917719| 0.0226 | 0.036769 0.03561
45 10.74 | 33.2898| 0.917148| 0.0226 | 0.036882 0.03553
55 10.09 | 33.7132| 0.907432| 0.0226 | 0.038844 0.03797
6.5 953 | 33.9176| 0.899451 | 0.0226 | 0.040528 0.03862
75 9.08 | 33.9342| 0.893365| 0.0226 | 0.041857 0.03949
475 8.5 8.69 | 33.7905| 0.833447| 0.0226| 0042061 oo | | 0.04049
95 833 | 33.5196| 0.884194 | 0.0226 | 0.043938 0.04174
105 8 33.1633| 0.88049 | 0.0226 | 0.044806 0.04122
115 771 | 32.769 | 0.877363| 0.0226 | 0.045552 0.0424
12,5 7.44 | 32.3829| 0.874402| 0.0226 | 0.046269 0.0436
13.5 719 | 32.0424| 0.871512| 0.0226 | 0.046979 0.04483
145 6.97 | 31.7708| 0.868803 | 0.0226 | 0.047654 0.04453
15.5 6.77 | 31.5773| 0.866113 | 0.0226 | 0.048333 0.04575
16.5 659 | 31.4598| 0.863469 | 0.0226| 0.04901 0.04545
175 6.42 | 31.4091| 0.860746| 0.0226 | 0.049717 0.04666
05 9.77 | 32.8755| 0.938344| 0.0333| 0.0497 0.04922
15 9.77 | 36.9635| 0.925031 | 0.0333| 0.052992 0.05148
25 9.77 | 38.7668| 0.919746| 0.0333| 0.054356 0.0528
35 1059 | 39.8527| 0.926806| 0.0333 | 0.052541 0.05077
45 10.74 | 40.5483| 0.926628| 0.0333 | 0.052586 0.04904
55 10.09 | 40.9717| 0917641 0.0333 | 0.054909 0.05298
6.5 953 | 41.176 | 0.910158 | 0.0333| 0.056921 0.05495
75 9.08 | 41.1927| 0.904374| 0.0333| 0.058525 0.0557
8.5 8.69 | 41.049 | 0.899624 | 0.0333| 0.059876 0.05658
San Fran | 2475 95 833 | 407781 0.89545 | 0.0333| 0.06108g| O-0°0°1386| 00543496 ) oo0ag
10.5 8 40.4218| 0.891762 | 0.0333 | 0.062179 0.05985
115 7.71 | 40.0275| 0.888608 | 0.0333| 0.063128 0.06087
12,5 7.44 | 39.6414| 0.885616 | 0.0333| 0.064042 0.06191
135 719 | 39.3008| 0.882712| 0.0333| 0.064941 0.06297
145 6.97 | 39.0202| 0.88001 | 0.0333| 0.065789 0.06202
15.5 6.77 | 38.8358| 0.87736 | 0.0333| 0.066631 0.06308
16.5 659 | 38.7182| 0.874785| 0.0333| 0.06746 0.06485
175 6.42 | 38.6675| 0.872164 | 0.0333| 0.068314 0.0659
05 9.77 | 29.0055| 0.938447| 0.0286| 0.04203 0.04115
15 9.77 | 33.0935| 0.923192| 0.0286 | 0.045381 0.04446
25 9.77 | 34.8968| 0.917214| 0.0286 | 0.046762 0.04571
35 10.59 | 35.9827| 0.924209| 0.0286| 0.04515 0.0435
45 10.74 | 36.6783| 0.923843| 0.0286 | 0.045233 0.04354
55 10.09 | 37.1017| 0.914481| 0.0286 | 0.047406 0.04567
6.5 953 | 37.306 | 0.906738| 0.0286| 0.04928 0.04613
75 9.08 | 37.3227| 0.900793 | 0.0286 | 0.050766 0.0489
1033 8.5 869 | 37.179 | 0.895949| 0.0286 | 0.052009| oo | oo | 0.0498
9.5 833 | 36.9081| 0.891726| 0.0286 | 0.053117 0.05084
10.5 8 36.5518| 0.88802 | 0.0286 | 0.054108 0.05186
115 771 | 36.1575| 0.88487 | 0.0286 | 0.054965 0.05097
12,5 7.44 | 35.7714| 0.881885| 0.0286 | 0.055789 0.05208
135 719 | 35.4308| 0.87898 | 0.0286 | 0.056603 0.0532
145 6.97 | 35.1592| 0.876268| 0.0286 | 0.057373 0.05431
15.5 6.77 | 34.9658| 0.873591 | 0.0286 | 0.058143 0.05543
16.5 659 | 34.8482| 0.870976| 0.0286 | 0.058905 0.05514
175 6.42 | 34.7975| 0.868299 | 0.0286 | 0.059696 0.05626
S 05 977 | 235872 0.936913] 0.0213| 003118 | o T "~ 100329
15 977 | 27.6753| 0.917793| 0.0213| 0.034617 0.03578
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25 9.77 29.4786 | 0.910523| 0.0213| 0.036011 0.03687
3.5 10.59 30.5645| 0.917346| 0.0213| 0.034701 0.03423
4.5 10.74 31.2601 | 0.916626 | 0.0213 | 0.034837 0.03595
55 10.09 31.6834| 0.906621| 0.0213| 0.03678 0.03651
6.5 9.53 31.8878| 0.89844 | 0.0213| 0.038442 0.03717
7.5 9.08 31.9045| 0.892232| 0.0213| 0.03975 0.03805
8.5 8.69 31.7608 | 0.887244| 0.0213| 0.04083 0.03906
9.5 8.33 31.4899 | 0.882954 | 0.0213| 0.041781 0.04022
10.5 8 31.1336| 0.879237| 0.0213| 0.042622 0.04184
115 7.71 30.7392| 0.876114| 0.0213| 0.043341 0.04107
125 7.44 30.3532| 0.873159| 0.0213| 0.044032 0.0423
135 7.19 30.0126 | 0.870269 | 0.0213| 0.044717 0.04356
145 6.97 29.741 | 0.867552| 0.0213| 0.045371 0.04328
155 6.77 29.5475| 0.864842| 0.0213| 0.046032 0.04452
16.5 6.59 29.43 | 0.862167| 0.0213 | 0.046694 0.04424
175 6.42 29.3793| 0.859401| 0.0213| 0.047387 0.04546
0.5 9.77 29.7975| 0.938728 | 0.0338 | 0.050508 0.04824
15 9.77 33.8855| 0.923907 | 0.0338 | 0.054229 0.05007
2.5 9.77 35.6888 | 0.918083| 0.0338 | 0.055763 0.05134
3.5 10.59 36.7747| 0.925096 | 0.0338| 0.05392 0.04915
4.5 10.74 37.4703 | 0.924772| 0.0338 | 0.054004 0.04932
55 10.09 37.8937| 0.91549 | 0.0338| 0.056459 0.05142
6.5 9.53 38.098 0.9078 | 0.0338 | 0.058576 0.05335
7.5 9.08 38.1147| 0.901889 | 0.0338 | 0.060257 0.05413
8.5 8.69 37.971 | 0.897064 | 0.0338 | 0.061663 0.05501
2415 9.5 8.33 37.7001| 0.892849| 0.0338 | 0.062919 0.05803215 | 0.0532105 0.0576
10.5 8 37.3438 | 0.889146 | 0.0338 | 0.064043 0.05833
11.5 7.71 36.9495| 0.885994 | 0.0338 | 0.065015 0.05938
12.5 7.44 36.5634 | 0.883006 | 0.0338 | 0.065951 0.06045
13.5 7.19 36.2228 | 0.880099 | 0.0338 | 0.066874 0.06152
145 6.97 35.9512| 0.877388| 0.0338| 0.067747 0.0626
155 6.77 35.7578| 0.874716| 0.0338 | 0.068618 0.06367
16.5 6.59 35.6402 | 0.872109 | 0.0338| 0.069479 0.06344
17.5 6.42 35.5895| 0.869443| 0.0338 | 0.070371 0.0645
0.5 9.77 26.5235| 0.939243 | 0.0272 | 0.039706 0.03997
15 9.77 30.6115| 0.922422| 0.0272 | 0.043262 0.04324
2.5 9.77 32.4148| 0.915901| 0.0272| 0.04472 0.04429
35 10.59 33.5007 | 0.92284 | 0.0272| 0.04317 0.04193
4.5 10.74 34.1963| 0.922327| 0.0272| 0.043283 0.04207
5.5 10.09 34.6197| 0.912678| 0.0272| 0.045457 0.0441
6.5 9.53 34.824 | 0.904735| 0.0272| 0.047325 0.04665
7.5 9.08 34.8407 | 0.898668 | 0.0272| 0.048801 0.04743
1033 8.5 8.69 34.697 | 0.893753| 0.0272| 0.050029 004672578 | 0.0456954 0.04818
9.5 8.33 34.4261| 0.889493| 0.0272 | 0.051117 0.04923
10.5 8 34.0698 | 0.885775| 0.0272 | 0.052086 0.05027
11.5 7.71 33.6755| 0.88263 | 0.0272 | 0.052919 0.05158
12.5 7.44 33.2894 | 0.879651 | 0.0272 | 0.053721 0.05273
13.5 7.19 32.9488 | 0.876746 | 0.0272 | 0.054514 0.05191
145 6.97 32.6772| 0.874026 | 0.0272| 0.055266 0.05305
155 6.77 32.4838| 0.87133 | 0.0272| 0.056023 0.05419
16.5 6.59 32.3662 | 0.868684 | 0.0272| 0.056775 0.05391
17.5 6.42 32.3155| 0.865964 | 0.0272| 0.057558 0.05503
0.5 9.77 22.0506 | 0.930538| 0.0181 | 0.027513 0.03095
Santa 475 15 9.77 26.1386 | 0.909906 | 0.0181 | 0.030957 003402503 | 0.0361089 0.03349
Monica 25 9.77 27.9419| 0.902214 | 0.0181 | 0.032334 0.03432
3.5 10.59 29.0278 | 0.908922| 0.0181 | 0.03113 0.03367
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4.5 10.74 29.7234| 0.908081| 0.0181 | 0.031279 0.03328
55 10.09 30.1468 | 0.897922| 0.0181 | 0.033126 0.0358
6.5 9.53 30.3511| 0.889648 | 0.0181 | 0.034703 0.0364
7.5 9.08 30.3678 | 0.883394 | 0.0181| 0.03594 0.03724
8.5 8.69 30.2241| 0.878391| 0.0181 | 0.036959 0.03822
9.5 8.33 29.9532| 0.87411 | 0.0181| 0.037851 0.03938
10.5 8 29.5969 | 0.870417| 0.0181 | 0.038637 0.04067
115 7.71 29.2026 | 0.867326| 0.0181 | 0.039306 0.04019
125 7.44 28.8165| 0.864404 | 0.0181 | 0.039949 0.04143
135 7.19 28.4759| 0.86154 | 0.0181 | 0.040588 0.04269
145 6.97 28.2043| 0.858843| 0.0181 | 0.041199 0.04239
155 6.77 28.0109| 0.856141| 0.0181 | 0.041819 0.04363
16.5 6.59 27.8934 | 0.853464 | 0.0181 | 0.042443 0.04332
175 6.42 27.8426| 0.850688 | 0.0181 | 0.043098 0.04454
0.5 9.77 29.5545| 0.938416 | 0.0301 | 0.044444 0.04619
15 9.77 33.6425| 0.923468 | 0.0301 | 0.047861 0.0509
2.5 9.77 35.4458 | 0.917599 | 0.0301 | 0.04927 0.05029
3.5 10.59 36.5317 | 0.924605| 0.0301 | 0.047593 0.04823
4.5 10.74 37.2273| 0.924268 | 0.0301 | 0.047672 0.04995
55 10.09 37.6507 | 0.914964 | 0.0301 | 0.049916 0.05036
6.5 9.53 37.855 | 0.90726 | 0.0301| 0.051851 0.05225
7.5 9.08 37.8717| 0.901339| 0.0301 | 0.053388 0.05498
8.5 8.69 37.728 | 0.89651 | 0.0301| 0.054674 0.05549
2475 9.5 8.33 37.4571| 0.892294 | 0.0301 | 0.055821 0.05134801 | 0.0525522 0.05615
10.5 8 37.1008 | 0.88859 | 0.0301 | 0.056849 0.05714
11.5 7.71 36.7065| 0.88544 | 0.0301 | 0.057738 0.05818
12.5 7.44 36.3204 | 0.882453 | 0.0301 | 0.058593 0.05924
13.5 7.19 35.9798 | 0.879548 | 0.0301 | 0.059437 0.06031
14.5 6.97 35.7082 | 0.876837 | 0.0301 | 0.060235 0.06138
15.5 6.77 35.5148 | 0.874164 | 0.0301 | 0.061032 0.06245
16.5 6.59 35.3972| 0.871555| 0.0301 | 0.061821 0.06219
17.5 6.42 35.3465| 0.868886 | 0.0301 | 0.062638 0.06324
0.5 9.77 25.1965| 0.93881 | 0.0258 | 0.037691 0.03823
15 9.77 29.2845| 0.921028 | 0.0258 | 0.041323 0.04284
2.5 9.77 31.0878 | 0.914182| 0.0258 | 0.042807 0.04369
3.5 10.59 32.1737| 0.921078 | 0.0258 | 0.041312 0.04128
4.5 10.74 32.8693| 0.920476| 0.0258 | 0.041441 0.04289
5.5 10.09 33.2927| 0.910667 | 0.0258 | 0.043588 0.0433
6.5 9.53 33.497 | 0.902616 | 0.0258 | 0.045428 0.04578
7.5 9.08 33.5137| 0.896483| 0.0258 | 0.046879 0.0463
1033 8.5 8.69 33.37 | 0.891533| 0.0258 | 0.048083 004478326 | 0.0449944 0.04887
9.5 8.33 33.0991| 0.887256 | 0.0258 | 0.049147 0.04793
10.5 8 32.7428 | 0.883536 | 0.0258 | 0.050091 0.04898
11.5 7.71 32.3485| 0.880397 | 0.0258 | 0.0509 0.05036
12.5 7.44 31.9624 | 0.877426| 0.0258 | 0.051679 0.05176
13.5 7.19 31.6218 | 0.874525| 0.0258 | 0.05245 0.05093
14.5 6.97 31.3502| 0.871805| 0.0258 | 0.053183 0.05206
15.5 6.77 31.1568 | 0.869101 | 0.0258 | 0.053922 0.0532
16.5 6.59 31.0392| 0.86644 | 0.0258 | 0.054658 0.05487
17.5 6.42 30.9885| 0.863698 | 0.0258 | 0.055428 0.05401
0.5 9.77 20.4397| 0.922204 | 0.0151| 0.024312 0.02795
15 9.77 24.5277| 0.899367 | 0.0151| 0.027877 0.03174
Seattle 475 2.5 9.77 26.331 | 0.891175| 0.0151| 0.029261 003086935 | 0.0341644 0.03251
3.5 10.59 27.4169| 0.897734| 0.0151| 0.028148 0.03139
4.5 10.74 28.1125| 0.896751 | 0.0151 | 0.028312 0.03118
55 10.09 28.5359 | 0.886433| 0.0151 | 0.030089 0.03345

A-35




6.5 9.53 28.7403| 0.878068| 0.0151| 0.0316 0.0341
7.5 9.08 28.7569 | 0.871774| 0.0151| 0.032782 0.03691
8.5 8.69 28.6132| 0.866766 | 0.0151| 0.03375 0.03787
9.5 8.33 28.3423| 0.862504 | 0.0151 | 0.034594 0.03704
10.5 8 27.986 | 0.858846 | 0.0151| 0.035334 0.0382
115 7.71 27.5917| 0.8558 | 0.0151| 0.035961 0.03987
125 7.44 27.2056 | 0.852921| 0.0151| 0.036563 0.03914
135 7.19 26.8651| 0.850095| 0.0151| 0.037163 0.04042
145 6.97 26.5935| 0.847424| 0.0151| 0.037738 0.04013
155 6.77 26.4 0.844738 | 0.0151 | 0.038325 0.04138
16.5 6.59 26.2825| 0.842065| 0.0151| 0.038917 0.04106
17.5 6.42 26.2318| 0.839282| 0.0151| 0.039543 0.04227
0.5 9.77 28.5685| 0.939082| 0.0282| 0.041297 0.04438
15 9.77 32.6565| 0.923564 | 0.0282 | 0.044662 0.04883
25 9.77 34.4598 | 0.917494| 0.0282 | 0.046047 0.04956
3.5 10.59 35.5457 | 0.924484 | 0.0282 | 0.044455 0.04753
4.5 10.74 36.2413 | 0.924093 | 0.0282 | 0.044543 0.04742
55 10.09 36.6647 | 0.914678 | 0.0282 | 0.046704 0.04945
6.5 9.53 36.869 | 0.906897 | 0.0282 | 0.048566 0.05155
7.5 9.08 36.8857 | 0.900928 | 0.0282 | 0.050042 0.05213
8.5 8.69 36.742 | 0.89607 | 0.0282| 0.051275 0.05439
2475 9.5 8.33 36.4711| 0.891838| 0.0282| 0.052373 0.04804717) 0.0512393 0.05537
10.5 8 36.1148 | 0.888128 | 0.0282| 0.053355 0.05636
115 7.71 35.7205| 0.884977| 0.0282| 0.054203 0.05741
12.5 7.44 35.3344 | 0.881991 | 0.0282 | 0.055019 0.05848
13.5 7.19 34.9938 | 0.879084 | 0.0282 | 0.055824 0.05956
14.5 6.97 34.7222 | 0.876369 | 0.0282 | 0.056587 0.06064
15.5 6.77 34.5288 | 0.873688 | 0.0282 | 0.057351 0.06171
16.5 6.59 34.4112| 0.871066 | 0.0282 | 0.058107 0.06142
17.5 6.42 34.3605| 0.86838 | 0.0282 | 0.058892 0.06246
0.5 9.77 24.2488 | 0.935833 | 0.0224 | 0.033068 0.03496
15 9.77 28.3369 | 0.917333| 0.0224 | 0.036531 0.04077
2.5 9.77 30.1402 | 0.910257 | 0.0224 | 0.03794 0.04148
3.5 10.59 31.2261| 0.917098 | 0.0224 | 0.036576 0.04082
4.5 10.74 31.9217| 0.916429 | 0.0224 | 0.036708 0.04074
55 10.09 32.345 | 0.906527 | 0.0224 | 0.038703 0.04099
6.5 9.53 32.5494 | 0.898416 | 0.0224 | 0.040412 0.04292
7.5 9.08 32.5661| 0.892252| 0.0224 | 0.041758 0.04557
1033 8.5 8.69 32.4224 | 0.887289 | 0.0224 | 0.042872 003977663 | 0.0432123 0.04642
9.5 8.33 32.1515| 0.883014 | 0.0224 | 0.043854 0.04745
10.5 8 31.7952| 0.879302| 0.0224 | 0.044724 0.04851
115 7.71 31.4009 | 0.876179| 0.0224 | 0.045468 0.04965
12.5 7.44 31.0148| 0.873223 | 0.0224 | 0.046184 0.04917
13.5 7.19 30.6742| 0.870334 | 0.0224 | 0.046894 0.05049
14.5 6.97 30.4026 | 0.867621 | 0.0224 | 0.04757 0.05164
15.5 6.77 30.2092 | 0.864919| 0.0224 | 0.048252 0.05279
16.5 6.59 30.0916 | 0.862255| 0.0224 | 0.048935 0.05245
17.5 6.42 30.0409 | 0.859505| 0.0224 | 0.049649 0.05357
0.5 37.29 3.4288 1 0 3.06E18 0
15 37.29 7.51685 1 0 3.06E18 0
2.5 37.29 9.32013 1 0 3.06E18 0
Butte 475 3.5 40.54 10.406 1 0 3.06E18 3.0646E18 0 0
4.5 41.15 11.1017 1 0 3.06E18 0
5.5 38.57 11.525 1 0 3.06E18 0
6.5 36.34 11.7294 1 0 3.06E18 0
7.5 34.52 11.746 1 0 3.06E18 0
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8.5 32.94 11.6023 1 0 3.06E18 0
9.5 31.52 11.3314 1 0 3.06E18 0
10.5 30.2 10.9751 1 0 3.06E18 0
115 29.03 10.5808 1 0 3.06E18 0
125 27.95 10.1947 1 0 3.06E18 0
135 26.98 9.85419 1 0 3.06E18 0
145 26.09 9.58258 1 0 3.06E18 0
155 25.29 9.38911 1 0 3.06E18 0
16.5 24.56 9.2716 1 0 3.06E18 0
17.5 23.89 9.22088 1 0 3.06E18 0
0.5 37.29 11.8466| 1.035199 | 0.0013 0 0
15 37.29 15.9346| 1.035199 | 0.0013 0 0
25 37.29 17.7379| 1.035199 | 0.0013 0 0
35 40.54 18.8238| 1.035199 | 0.0013 0 0
4.5 41.15 19.5194| 1.035199 | 0.0013 0 0
55 38.57 19.9428| 1.035199 | 0.0013 0 0
6.5 36.34 20.1472| 1.035199| 0.0013 0 0
7.5 34.52 20.1638| 1.035199| 0.0013 0 0
2475 8.5 32.94 20.0201| 1.03519 | 0.0013 0 0
9.5 31.52 19.7492| 1.035138 | 0.0013 0 0
10.5 30.2 19.3929| 1.035011| 0.0013 0 0
115 29.03 18.9986| 1.034795| 0.0013 0 0
125 27.95 18.6125| 1.034446| 0.0013 0 0
135 26.98 18.272 | 1.033924 | 0.0013 0 0
14.5 26.09 18.0004| 1.033122| 0.0013 0 0
15.5 25.29 17.8069| 1.031938| 0.0013 0 0
16.5 24.56 17.6894| 1.030195| 0.0013 0 0
17.5 23.89 17.6387| 1.027701| 0.0013 0 0
0.5 37.29 8.00883 | 1.000532 0 0 0
15 37.29 12.0969| 1.000532 0 0 0
2.5 37.29 13.9002| 1.000532 0 0 0
3.5 40.54 14.986 | 1.000532 0 0 0
4.5 41.15 15.6817| 1.000532 0 0 0
55 38.57 16.105 | 1.000532 0 0 0
6.5 36.34 16.3094| 1.000532 0 0 0
7.5 34.52 16.326 | 1.000532 0 0 0
1033 8.5 32.94 16.1824| 1.000532 0 0 0
9.5 31.52 15.9115| 1.000532 0 0 0
10.5 30.2 15.5551| 1.000532 0 0 0
115 29.03 15.1608| 1.000532 0 0 0
125 27.95 14.7748| 1.000532 0 0 0
135 26.98 14.4342| 1.000532 0 0 0
14.5 26.09 14.1626| 1.000532 0 0 0
15.5 25.29 13.9691| 1.000532 0 0 0
16.5 24.56 13.8516| 1.000532 0 0 0
17.5 23.89 13.8009| 1.000442 0 0 0
0.5 37.29 9.68521| 1.006744 0 0 0
15 37.29 13.7733| 1.006744 0 0 0
2.5 37.29 15.5765| 1.006744 0 0 0
3.5 40.54 16.6624 | 1.006744 0 0 0
Charleston | 475 4.5 41.15 17.3581| 1.006744 0 0 0
5.5 38.57 17.7814| 1.006744 0 0 0
6.5 36.34 17.9858| 1.006744 0 0 0
7.5 34.52 18.0024| 1.006744 0 0 0
8.5 32.94 17.8587| 1.006744 0 0 0
9.5 31.52 17.5879| 1.006744 0 0 0
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10.5 30.2 17.2315| 1.006744 0 0 0
115 29.03 16.8372| 1.006744 0 0 0
125 27.95 16.4512| 1.006729 0 0 0
135 26.98 16.1106| 1.006678 0 0 0
145 26.09 15.839 | 1.006575 0 0 0
155 25.29 15.6455| 1.006384 0 0 0
16.5 24.56 15.528 | 1.006043 0 0 0
17.5 23.89 15.4773| 1.005468 0 0 0
0.5 37.29 28.3835| 1.357973| 0.0227 0 0
15 37.29 32.4715| 1.335021| 0.0227 | 0.000354 0.00199
25 37.29 34.2748| 1.308377| 0.0227 | 0.001242 0.00108
35 40.54 35.3607 | 1.338443| 0.0227 | 0.000246 0
4.5 41.15 36.0563 | 1.337474| 0.0227 | 0.000277 0
5.5 38.57 36.4797| 1.290363| 0.0227 | 0.001898 0.00263
6.5 36.34 36.684 | 1.234887 | 0.0227 | 0.004249 0.00442
7.5 34.52 36.7007 | 1.192328 | 0.0227 | 0.006454 0.00658
8.5 32.94 36.557 | 1.162515| 0.0227 | 0.008251 0.00722
2415 9.5 31.52 36.2861 | 1.141559| 0.0227 | 0.009659 0.00453097 | 0.0043642 0.00819
10.5 30.2 35.9298 | 1.125844| 0.0227 | 0.010801 0.00912
115 29.03 35.56355| 1.114166 | 0.0227 | 0.011702 0.01032
125 27.95 35.1494 | 1.104356 | 0.0227 | 0.012496 0.01144
135 26.98 34.8088 | 1.095934| 0.0227 | 0.013205 0.01261
145 26.09 34.5372| 1.088154| 0.0227 | 0.013884 0.01395
155 25.29 34.3438| 1.080985| 0.0227 | 0.014531 0.01315
16.5 24.56 34.2262 | 1.07419 | 0.0227 | 0.015164 0.01442
17.5 23.89 34.1755| 1.067713| 0.0227 | 0.015785 0.01571
0.5 37.29 20.1422| 1.28275 | 0.013 0 0
15 37.29 24.2303| 1.282713| 0.013 0 0
2.5 37.29 26.0335| 1.282458| 0.013 0 0
3.5 40.54 27.1194| 1.282713| 0.013 0 0
4.5 41.15 27.8151| 1.282707| 0.013 0 0
55 38.57 28.2384 | 1.282029| 0.013 0 0
6.5 36.34 28.4428| 1.278523| 0.013 0 0
7.5 34.52 28.4594 | 1.270264| 0.013 0 0
1033 8.5 32.94 28.3157| 1.257475| 0.013 0 000023282 | 0.0008714 0
9.5 31.52 28.0449| 1.241961| 0.013 0 0.00131
10.5 30.2 27.6885| 1.225096| 0.013 0 0.00254
115 29.03 27.2942| 1.209137| 0.013 | 0.000397 0.00376
125 27.95 26.9082| 1.193325| 0.013 | 0.000971 0.00299
135 26.98 26.5676| 1.178011| 0.013 | 0.001566 0.00421
145 26.09 26.296 | 1.162387| 0.013 | 0.002216 0.00544
155 25.29 26.1025| 1.146824| 0.013 | 0.002911 0.00666
16.5 24.56 25.985 | 1.131186| 0.013 | 0.003659 0.00788
17.5 23.89 25.9343| 1.115731| 0.013 | 0.004452 0.00712
0.5 37.29 28.5185| 1.359082| 0.0216 0 0
15 37.29 32.6065| 1.334761| 0.0216 0 0
2.5 37.29 34.4098 | 1.307207 | 0.0216 | 0.000845 0.00125
3.5 40.54 35.4957| 1.338359| 0.0216 0 0
4.5 41.15 36.1913| 1.337348| 0.0216 0 0
Eureka 475 5.5 38.57 36.6147| 1.288828| 0.0216| 0.001491 0.00407054 | 0.0042774 0.00296
6.5 36.34 36.819 | 1.232939 | 0.0216 | 0.003782 0.00483
7.5 34.52 36.8357 | 1.190652| 0.0216 | 0.005904 0.00687
8.5 32.94 36.692 | 1.161249| 0.0216| 0.00762 0.0075
9.5 31.52 36.4211| 1.140651| 0.0216 | 0.008957 0.00845
10.5 30.2 36.0648 | 1.125216| 0.0216 | 0.010041 0.00937
11.5 29.03 35.6705| 1.113736| 0.0216 | 0.010896 0.01055
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125 27.95 35.2844 | 1.104079| 0.0216| 0.011649 0.01165
135 26.98 34.9438| 1.095776| 0.0216| 0.012323 0.01282
145 26.09 34.6722| 1.088095| 0.0216| 0.01297 0.01217
155 25.29 34.4788| 1.081007 | 0.0216| 0.013586 0.01337
16.5 24.56 34.3612| 1.074281| 0.0216| 0.014189 0.01471
175 23.89 34.3105| 1.067861| 0.0216| 0.014782 0.014
0.5 37.29 40.4435| 1.227495| 0.0335| 0.010868 0.0079
15 37.29 44.5315| 1.169899 | 0.0335| 0.015355 0.00979
25 37.29 46.3348| 1.155219| 0.0335| 0.016678 0.00911
35 40.54 47.4207| 1.177418| 0.0335| 0.014708 0.00757
4.5 41.15 48.1163| 1.177267| 0.0335| 0.014721 0.00779
55 38.57 48.5397| 1.151156| 0.0335| 0.017059 0.00936
6.5 36.34 48.744 | 1.134127| 0.0335| 0.018726 0.01123
7.5 34.52 48.7607 | 1.121703| 0.0335 | 0.020019 0.01342
2475 8.5 32.94 48.617 | 1.11165 | 0.0335| 0.021116 0.01808805 | 0.0121072 0.01599
9.5 31.52 48.3461| 1.103105| 0.0335| 0.022087 0.01663
10.5 30.2 47.9898 | 1.095438 | 0.0335| 0.022988 0.01729
11.5 29.03 47.5955| 1.088804 | 0.0335| 0.023792 0.01819
125 27.95 47.2094| 1.082612| 0.0335| 0.024563 0.01907
135 26.98 46.8688| 1.076886 | 0.0335| 0.025295 0.02
145 26.09 46.5972| 1.071346| 0.0335| 0.026021 0.02294
155 25.29 46.4038 | 1.066066 | 0.0335| 0.026729 0.02212
16.5 24.56 46.2862| 1.060935| 0.0335| 0.027432 0.02311
17.5 23.89 46.2355| 1.055941| 0.0335| 0.028133 0.02437
0.5 37.29 35.1175| 1.326782| 0.0271| 0.002369 0.00246
15 37.29 39.2055| 1.232029| 0.0271| 0.006763 0.00539
2.5 37.29 41.0088| 1.196302| 0.0271 | 0.008907 0.00647
3.5 40.54 42.0947| 1.241602| 0.0271 | 0.006239 0.00468
4.5 41.15 42.7903| 1.239981| 0.0271 | 0.006326 0.00477
55 38.57 43.2137| 1.182491| 0.0271 | 0.009825 0.00655
6.5 36.34 43.418 | 1.150275| 0.0271| 0.012184 0.00853
7.5 34.52 43.4347| 1.132027 | 0.0271| 0.013669 0.00898
1033 8.5 32.94 43.291 | 1.119528 | 0.0271| 0.014756 001060596 | 0.0082865 0.01146
9.5 31.52 43.0201| 1.109805| 0.0271| 0.015643 0.01219
10.5 30.2 42.6638| 1.101465| 0.0271| 0.016434 0.01308
11.5 29.03 42.2695| 1.094425| 0.0271| 0.017124 0.01409
125 27.95 41.8834| 1.087922| 0.0271| 0.017781 0.015
135 26.98 41.5428| 1.08193 | 0.0271 | 0.018403 0.01612
145 26.09 41.2712] 1.076121| 0.0271 | 0.019022 0.01726
155 25.29 41.0778| 1.070564 | 0.0271 | 0.019629 0.01843
16.5 24.56 40.9602 | 1.065139| 0.0271 | 0.020236 0.01963
17.5 23.89 40.9095| 1.059837| 0.0271 | 0.020844 0.02082
0.5 37.29 11.9024| 1.029045| 0.0017 | 0.000287 0
15 37.29 15.9904| 1.029045| 0.0017 | 0.000287 0
2.5 37.29 17.7937| 1.029045| 0.0017 | 0.000287 0
3.5 40.54 18.8796| 1.029045| 0.0017 | 0.000287 0
4.5 41.15 19.5753| 1.029045| 0.0017 | 0.000287 0
55 38.57 19.9986| 1.029045| 0.0017 | 0.000287 0
Memphis | 475 6.5 36.34 20.203 | 1.029045| 0.0017 | 0.000287 0.0002978 0 0
7.5 34.52 20.2196 | 1.029045| 0.0017 | 0.000287 0
8.5 32.94 20.0759| 1.029035| 0.0017 | 0.000287 0
9.5 31.52 19.805 | 1.028979| 0.0017 | 0.00029 0
10.5 30.2 19.4487| 1.028845| 0.0017 | 0.000295 0
115 29.03 19.0544| 1.028619 | 0.0017 | 0.000304 0
12.5 27.95 18.6683| 1.028254| 0.0017 | 0.000319 0
13.5 26.98 18.3278| 1.027712| 0.0017 | 0.000341 0
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145 26.09 18.0562| 1.026882 | 0.0017 | 0.000376 0
155 25.29 17.8627| 1.025661 | 0.0017 | 0.000426 0
16.5 24.56 17.7452| 1.02387 | 0.0017| 0.000501 0
175 23.89 17.6945| 1.021315| 0.0017 | 0.000608 0
0.5 37.29 27.0355| 1.352932| 0.0221 0 0
15 37.29 31.1235| 1.340863| 0.0221 0 0
25 37.29 32.9268 | 1.323042| 0.0221 | 0.000516 0.00138
35 40.54 34.0127| 1.342785| 0.0221 0 0
4.5 41.15 34.7083 | 1.342189| 0.0221 0 0
55 38.57 35.1317| 1.309223| 0.0221| 0.000977 0.00284
6.5 36.34 35.336 | 1.260379 | 0.0221| 0.002826 0.00455
7.5 34.52 35.3527| 1.216777| 0.0221| 0.00482 0.00654
2475 8.5 32.94 35.209 | 1.183458| 0.0221| 0.006608 0.0036699 | 0.0045251 0.00705
9.5 31.52 34.9381| 1.158946 | 0.0221 | 0.008093 0.0099
10.5 30.2 34.5818 | 1.140214| 0.0221 | 0.009339 0.01072
11.5 29.03 34.1875| 1.126279| 0.0221 | 0.010334 0.01182
12.5 27.95 33.8014 | 1.114648| 0.0221 | 0.011211 0.01286
13.5 26.98 33.4608 | 1.104762| 0.0221 | 0.011993 0.01396
145 26.09 33.1892| 1.095717| 0.0221| 0.01274 0.01308
155 25.29 32.9958| 1.087477| 0.0221 | 0.013446 0.01434
16.5 24.56 32.8782| 1.079762| 0.0221 | 0.014131 0.01549
17.5 23.89 32.8275| 1.072507| 0.0221| 0.014798 0.01679
0.5 37.29 21.2295| 1.290611| 0.0141 0 0
15 37.29 25.3175| 1.29047 | 0.0141 0 0
2.5 37.29 27.1208 | 1.289822| 0.0141 0 0
3.5 40.54 28.2067 | 1.290487| 0.0141 0 0
4.5 41.15 28.9023| 1.29047 | 0.0141 0 0
55 38.57 29.3257| 1.288883| 0.0141 0 0
6.5 36.34 29.5301| 1.282199| 0.0141 0 0
7.5 34.52 29.5467| 1.268755| 0.0141 0 0
1033 8.5 32.94 29.403 | 1.250389 | 0.0141 0 0.00049726 | 0.0013035 0.00125
9.5 31.52 29.1321| 1.230211 | 0.0141 | 0.000189 0.00231
10.5 30.2 28.7758 | 1.209926 | 0.0141 | 0.000904 0.0033
11.5 29.03 28.3815| 1.191846 | 0.0141 | 0.001596 0.00433
125 27.95 27.9954 | 1.174757 | 0.0141 | 0.002303 0.00539
13.5 26.98 27.6549| 1.158843| 0.0141 | 0.003011 0.0065
145 26.09 27.3833| 1.14316 | 0.0141| 0.003759 0.00762
155 25.29 27.1898| 1.128018| 0.0141| 0.004533 0.00875
16.5 24.56 27.0723| 1.113223| 0.0141| 0.005342 0.00989
17.5 23.89 27.0216| 1.098963| 0.0141| 0.006175 0.00905
0.5 37.29 18.1391| 1.196712| 0.0092 0 0
15 37.29 22.2271| 1.196712| 0.0092 0 0
2.5 37.29 24.0304 | 1.196686 | 0.0092 0 0
3.5 40.54 25.1163| 1.196711| 0.0092 0 0
4.5 41.15 25.8119| 1.19671 | 0.0092 0 0
55 38.57 26.2353| 1.196613| 0.0092 0 0
6.5 36.34 26.4397| 1.195831| 0.0092 0 0
Portland 475 5 34.52 26.4563) 1193338 | 0.0092 0 0.00014022 | 0.0005316 0
8.5 32.94 26.3126 | 1.188467 | 0.0092 0 0
9.5 31.52 26.0417| 1.181352| 0.0092 0 0
10.5 30.2 25.6854 | 1.172347| 0.0092 0 0.00182
115 29.03 25.2911| 1.162719| 0.0092 | 9.8E05 0.00123
125 27.95 24905 | 1.15217 | 0.0092| 0.00048 0.00258
135 26.98 24.5645| 1.141023| 0.0092 | 0.000904 0.00388
14.5 26.09 24.2929 | 1.128712| 0.0092 | 0.001399 0.00309
15.5 25.29 24.0994 | 1.115518| 0.0092 | 0.001961 0.00425
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16.5 24.56 23.9819| 1.10133 | 0.0092| 0.002605 0.00539
175 23.89 23.9312| 1.086406 | 0.0092| 0.003331 0.00651
0.5 37.29 26.504 | 1.34336 | 0.0241| 0.000597 0
15 37.29 30.592 | 1.334364 | 0.0241| 0.000891 0
25 37.29 32.3953| 1.319781| 0.0241| 0.001392 0.00148
35 40.54 33.4812| 1.335827| 0.0241| 0.000843 0
4.5 41.15 34.1768 | 1.335355| 0.0241| 0.000858 0
55 38.57 34.6002 | 1.307837| 0.0241| 0.001824 0.00276
6.5 36.34 34.8045| 1.263048| 0.0241| 0.00364 0.00424
7.5 34.52 34.8212| 1.220339| 0.0241| 0.005708 0.00606
8.5 32.94 34.6775| 1.186357| 0.0241| 0.007636 0.00833
2475 9.5 31.52 34.4066 | 1.160762| 0.0241| 0.00928 0.00467667 ) 0.0047642 0.01088
10.5 30.2 34.0503| 1.140951| 0.0241| 0.010682 0.0115
115 29.03 33.656 | 1.126137 | 0.0241| 0.011811 0.01234
125 27.95 33.2699| 1.113755| 0.0241| 0.012812 0.01319
13.5 26.98 32.9293| 1.103238 | 0.0241 | 0.013706 0.01412
14.5 26.09 32.6577| 1.093631 | 0.0241 | 0.014559 0.01508
15.5 25.29 32.4643| 1.084899 | 0.0241 | 0.015367 0.01608
16.5 24.56 32.3468 | 1.076753| 0.0241| 0.016149 0.0171
17.5 23.89 32.296 | 1.069128 | 0.0241| 0.016908 0.01815
0.5 37.29 22.5676| 1.300415| 0.0189 0 0
15 37.29 26.6556 | 1.299886 | 0.0189 0 0
2.5 37.29 28.4589 | 1.298133| 0.0189 | 2.6E05 0
3.5 40.54 29.5448| 1.299969 | 0.0189 0 0
4.5 41.15 30.2404 | 1.299922| 0.0189 0 0
55 38.57 30.6638 | 1.295963| 0.0189 | 9.44E05 0
6.5 36.34 30.8681| 1.282882| 0.0189| 0.00052 0
7.5 34.52 30.8848| 1.26122 | 0.0189| 0.001278 0.00281
1033 8.5 32.94 30.7411| 1.235816| 0.0189 | 0.002258 0.00172442 | 0.0023365 0.00335
9.5 31.52 30.4702| 1.210969 | 0.0189 | 0.003323 0.00588
10.5 30.2 30.1139| 1.188078 | 0.0189 | 0.004409 0.00641
11.5 29.03 29.7196| 1.16894 | 0.0189 | 0.005402 0.00706
12.5 27.95 29.3335| 1.151706 | 0.0189 | 0.006369 0.00796
13.5 26.98 28.9929 | 1.136276| 0.0189 | 0.007299 0.00906
14.5 26.09 28.7213| 1.121578 | 0.0189 | 0.008246 0.01008
15.5 25.29 28.5279| 1.107805| 0.0189 | 0.009191 0.01123
16.5 24.56 28.4104 | 1.094695| 0.0189 | 0.010146 0.01236
17.5 23.89 28.3596 | 1.082335| 0.0189 | 0.011099 0.01352
0.5 37.29 16.2549| 1.154773| 0.0076 0 0
15 37.29 20.343 | 1.154773| 0.0076 0 0
2.5 37.29 22.1463| 1.154773| 0.0076 0 0
35 40.54 23.2321| 1.154773| 0.0076 0 0
4.5 41.15 23.9278| 1.154773| 0.0076 0 0
55 38.57 24.3511| 1.154766 | 0.0076 0 0
6.5 36.34 24.5555| 1.154632| 0.0076 0 0
7.5 34.52 24.5721| 1.154025| 0.0076 0 0
SLC 475 8.5 32.94 24.4285| 1.152526 | 0.0076 0 6.944E05 | 0.0001592 0
9.5 31.52 24.1576| 1.149907 | 0.0076 0 0
10.5 30.2 23.8012| 1.14607 | 0.0076 0 0
115 29.03 23.4069 | 1.141445]| 0.0076 0 0
125 27.95 23.0209| 1.135829| 0.0076 | 0.000168 0
135 26.98 22.6803| 1.129315| 0.0076 | 0.000409 0.00181
145 26.09 22.4087| 1.12146 | 0.0076| 0.00071 0.00138
155 25.29 22.2152| 1.112298| 0.0076 | 0.001075 0.00296
16.5 24.56 22.0977| 1.101613| 0.0076 | 0.001521 0.00237
17.5 23.89 22.047 | 1.089467 | 0.0076 | 0.002056 0.00374
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0.5 37.29 27.4815| 1.353543| 0.0245| 0.000438 0
15 37.29 31.5695| 1.338417| 0.0245| 0.000928 0
25 37.29 33.3728| 1.317778| 0.0245| 0.001645 0.0013
35 40.54 34.4587 | 1.340779| 0.0245| 0.000849 0
4.5 41.15 35.1543| 1.340069 | 0.0245| 0.000873 0
5.5 38.57 35.5777| 1.302488| 0.0245| 0.002215 0.00274
6.5 36.34 35.782 | 1.250965 | 0.0245| 0.004415 0.00442
7.5 34.52 35.7987| 1.207335| 0.0245| 0.006675 0.00644
8.5 32.94 35.655 | 1.175022 | 0.0245| 0.008633 0.00895
2475 9.5 31.52 35.3841| 1.15166 | 0.0245| 0.010224 0.00508039 | 0.0046167 0.00977
10.5 30.2 35.0278| 1.133956| 0.0245| 0.011541 0.0106
115 29.03 34.6335| 1.120817| 0.0245| 0.012585 0.01171
125 27.95 34.2474| 1.109843| 0.0245| 0.013503 0.01275
135 26.98 33.9068 | 1.100497 | 0.0245| 0.014321 0.01384
145 26.09 33.6352| 1.091926 | 0.0245| 0.015102 0.01494
15.5 25.29 33.4418 | 1.084093 | 0.0245 | 0.015841 0.01417
16.5 24.56 33.3242| 1.076733 | 0.0245 | 0.016559 0.01525
17.5 23.89 33.2735| 1.069781 | 0.0245| 0.01726 0.0164
0.5 37.29 21.8191| 1.304786| 0.0177 0 0
15 37.29 25.9072| 1.304523| 0.0177 0 0
2.5 37.29 27.7104 | 1.303491| 0.0177 0 0
3.5 40.54 28.7963| 1.30456 | 0.0177 0 0
4.5 41.15 29.492 | 1.304533| 0.0177 0 0
55 38.57 29.9153| 1.3021 | 0.0177 0 0
6.5 36.34 30.1197| 1.292896| 0.0177 0 0
7.5 34.52 30.1363| 1.275902| 0.0177 | 0.000257 0.00154
1033 8.5 32.94 29.9926 | 1.254204| 0.0177| 0.001001 0.00108598 | 0.0017392 0.00254
9.5 31.52 29.7218| 1.231582| 0.0177| 0.001852 0.00347
10.5 30.2 29.3654| 1.20973 | 0.0177 | 0.002754 0.00437
115 29.03 28.9711| 1.190821| 0.0177 | 0.003606 0.00537
12.5 27.95 28.5851| 1.17335 | 0.0177 | 0.004457 0.00641
13.5 26.98 28.2445| 1.15738 | 0.0177 | 0.005293 0.0075
14.5 26.09 27.9729| 1.141894| 0.0177 | 0.006162 0.00856
15.5 25.29 27.7794| 1.127155| 0.0177 | 0.007046 0.00967
16.5 24.56 27.6619 | 1.112934| 0.0177 | 0.007955 0.01071
17.5 23.89 27.6112| 1.099377| 0.0177 | 0.008878 0.01005
0.5 37.29 25.617 | 1.337314 | 0.0226 | 0.000256 0
15 37.29 29.705 | 1.33201 | 0.0226 | 0.000423 0
2.5 37.29 31.5083| 1.321972| 0.0226 | 0.00075 0
35 40.54 32.5942| 1.332894| 0.0226 | 0.000395 0
4.5 41.15 33.2898 | 1.332586 | 0.0226 | 0.000405 0
5.5 38.57 33.7132| 1.312962| 0.0226 | 0.001055 0.0019
6.5 36.34 33.9176| 1.275515| 0.0226 | 0.002445 0.00221
7.5 34.52 33.9342| 1.235389 | 0.0226 | 0.004189 0.00425
475 8.5 32.94 33.7905| 1.200985| 0.0226 | 0.005933 0003668 | 0.0035997 0.00645
San Fran 9.5 31.52 33.5196| 1.173855| 0.0226 | 0.007497 0.00713
10.5 30.2 33.1633| 1.152276| 0.0226 | 0.008876 0.00991
11.5 29.03 32.769 | 1.135906 | 0.0226 | 0.010011 0.01097
125 27.95 32.3829| 1.122125| 0.0226 | 0.011031 0.01198
135 26.98 32.0424| 1.110384| 0.0226 | 0.01195 0.01105
145 26.09 31.7708 | 1.099643| 0.0226 | 0.012833 0.01227
155 25.29 31.5773| 1.08989 | 0.0226 | 0.013672 0.01338
16.5 24.56 31.4598 | 1.080818 | 0.0226 | 0.014486 0.0146
17.5 23.89 31.4091| 1.072374| 0.0226 | 0.015274 0.01581
0.5 37.29 32.8755| 1.354464| 0.0333| 0.003857 0.0017
2475 15 37.29 36.9635| 1.273808| 0.0333 | 0.007824 0.01348696 | 0.0093631 0.00408
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25 37.29 38.7668 | 1.231502| 0.0333| 0.010459 0.00634
35 40.54 39.8527| 1.282802| 0.0333| 0.007318 0.00473
4.5 41.15 40.5483| 1.280888 | 0.0333 | 0.007424 0.00464
5.5 38.57 40.9717| 1.212308 | 0.0333 | 0.011809 0.00779
6.5 36.34 41.176 | 1.167562 | 0.0333| 0.015396 0.00918
7.5 34.52 41.1927| 1.14222 | 0.0333| 0.01774 0.01108
8.5 32.94 41.049 | 1.126113| 0.0333| 0.019364 0.0132
9.5 31.52 40.7781| 1.114543| 0.0333| 0.0206 0.01566
10.5 30.2 40.4218| 1.105189| 0.0333 | 0.021645 0.01615
115 29.03 40.0275| 1.097589 | 0.0333 | 0.022525 0.01703
125 27.95 39.6414| 1.090716| 0.0333 | 0.023346 0.01978
135 26.98 39.3008 | 1.08446 | 0.0333| 0.024114 0.0206
145 26.09 39.0292| 1.078429| 0.0333| 0.024875 0.02156
155 25.29 38.8358 | 1.072675| 0.0333| 0.02562 0.02251
16.5 24.56 38.7182| 1.067064 | 0.0333 | 0.026364 0.0235
17.5 23.89 38.6675| 1.06158 | 0.0333 | 0.027109 0.02464
0.5 37.29 29.0055| 1.360366 | 0.0286 | 0.001737 0
15 37.29 33.0935| 1.330758| 0.0286 | 0.002845 0.00133
2.5 37.29 34.8968 | 1.300048 | 0.0286 | 0.004136 0.00201
3.5 40.54 35.9827 | 1.335015| 0.0286 | 0.002678 0.00155
4.5 41.15 36.6783 | 1.333854 | 0.0286 | 0.002723 0.00147
55 38.57 37.1017| 1.280527 | 0.0286 | 0.005042 0.00305
6.5 36.34 37.306 1.2237 | 0.0286 | 0.008117 0.00634
7.5 34.52 37.3227| 1.182706 | 0.0286 | 0.01082 0.00839
1033 8.5 32.94 37.179 1.1549 | 0.0286 | 0.012933 0.00804798 | 0.0061015 0.01072
9.5 31.52 36.9081| 1.135619| 0.0286| 0.01455 0.01127
10.5 30.2 36.5518 | 1.121185| 0.0286| 0.01585 0.01201
115 29.03 36.1575| 1.1104 | 0.0286 | 0.016875 0.01485
125 27.95 35.7714| 1.101273| 0.0286 | 0.017781 0.01564
135 26.98 35.4308 | 1.093378| 0.0286 | 0.018594 0.01663
14.5 26.09 35.1592 | 1.086035| 0.0286 | 0.019376 0.01767
15.5 25.29 34.9658 | 1.079226 | 0.0286 | 0.020123 0.01874
16.5 24.56 34.8482| 1.072732| 0.0286 | 0.020857 0.01983
17.5 23.89 34.7975| 1.066505| 0.0286 | 0.021581 0.02094
0.5 37.29 23.5872| 1.325987 | 0.0213 | 0.000107 0
15 37.29 27.6753| 1.324723| 0.0213 | 0.000146 0
2.5 37.29 29.4786 | 1.321287| 0.0213| 0.000254 0
35 40.54 30.5645| 1.324933| 0.0213| 0.00014 0
4.5 41.15 31.2601| 1.324838| 0.0213| 0.000142 0
5.5 38.57 31.6834| 1.31748 | 0.0213| 0.000375 0
6.5 36.34 31.8878| 1.297236| 0.0213| 0.001052 0.00144
7.5 34.52 31.9045| 1.268334| 0.0213| 0.00212 0.00209
475 8.5 32.94 31.7608 | 1.23804 | 0.0213 | 0.003383 000236865 | 0.002676 0.00456
9.5 31.52 31.4899| 1.210717 | 0.0213 | 0.004667 0.00515
San Jose 10.5 30.2 31.1336| 1.186959| 0.0213 | 0.00591 0.00782
11.5 29.03 30.7392| 1.167882| 0.0213 | 0.007002 0.00873
12.5 27.95 30.3532| 1.1512 | 0.0213| 0.008033 0.00977
13.5 26.98 30.0126 | 1.136604 | 0.0213 | 0.008999 0.01099
145 26.09 29.741 | 1.122967 | 0.0213| 0.009958 0.01011
155 25.29 29.5475| 1.110396 | 0.0213| 0.010895 0.01132
16.5 24.56 29.43 | 1.098591| 0.0213| 0.011823 0.01249
17.5 23.89 29.3793| 1.087576| 0.0213| 0.012734 0.01367
0.5 37.29 29.7975| 1.362946 | 0.0338 | 0.003729 0
15 37.29 33.8855| 1.323528 | 0.0338 | 0.005486 0.00273
2475 2.5 37.29 35.6888 | 1.288125| 0.0338| 0.007306 0.01170142) 0.0074297 0.00301
35 40.54 36.7747| 1.328918| 0.0338| 0.00523 0.00105
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4.5 41.15 37.4703| 1.327515| 0.0338 | 0.005296 0.00295
5.5 38.57 37.8937| 1.26727 | 0.0338| 0.008501 0.00585
6.5 36.34 38.098 | 1.210332| 0.0338| 0.012312 0.00715
7.5 34.52 38.1147| 1.172035| 0.0338 | 0.015412 0.01093
8.5 32.94 37.971 | 1.146909 | 0.0338| 0.017727 0.01102
9.5 31.52 37.7001| 1.129656 | 0.0338 | 0.019462 0.01339
10.5 30.2 37.3438| 1.116682| 0.0338 | 0.020853 0.01594
115 29.03 36.9495| 1.106872| 0.0338 | 0.021956 0.01674
125 27.95 36.5634 | 1.098467 | 0.0338 | 0.022938 0.01748
135 26.98 36.2228 | 1.091113| 0.0338| 0.023827 0.01834
145 26.09 35.9512| 1.08421 | 0.0338| 0.024687 0.01928
155 25.29 35.7578| 1.077755| 0.0338 | 0.025515 0.02029
16.5 24.56 35.6402| 1.071556| 0.0338| 0.026332 0.02117
17.5 23.89 35.5895| 1.065571| 0.0338| 0.027142 0.02222
0.5 37.29 26.5235| 1.349187| 0.0272| 0.001601 0
15 37.29 30.6115| 1.340054 | 0.0272| 0.001928 0
2.5 37.29 32.4148| 1.325298 | 0.0272| 0.002482 0.00151
3.5 40.54 33.5007 | 1.341538| 0.0272| 0.001874 0
4.5 41.15 34.1963| 1.341059| 0.0272 | 0.001892 0
55 38.57 34.6197| 1.313236| 0.0272 | 0.002959 0.00294
6.5 36.34 34.824 | 1.268107 | 0.0272| 0.004959 0.00448
7.5 34.52 34.8407| 1.22518 | 0.0272 | 0.007228 0.00622
1033 8.5 32.94 34.697 | 1.191076 | 0.0272| 0.009336 000607804 | 0.004808 0.00848
9.5 31.52 34.4261| 1.165414| 0.0272 | 0.011131 0.00907
10.5 30.2 34.0698 | 1.145561| 0.0272| 0.012658 0.01175
115 29.03 33.6755| 1.130719| 0.0272| 0.013887 0.01271
125 27.95 33.2894| 1.118315| 0.0272| 0.014976 0.01364
135 26.98 32.9488| 1.107779| 0.0272| 0.015948 0.01465
145 26.09 32.6772| 1.098154| 0.0272| 0.016875 0.01566
155 25.29 32.4838| 1.089406 | 0.0272| 0.017752 0.0167
16.5 24.56 32.3662 | 1.081244 | 0.0272 | 0.018602 0.01775
17.5 23.89 32.3155| 1.073602 | 0.0272 | 0.019425 0.0188
0.5 37.29 22.0506 | 1.305076| 0.0181 0 0
15 37.29 26.1386 | 1.304747| 0.0181 0 0
2.5 37.29 27.9419| 1.303523| 0.0181 0 0
3.5 40.54 29.0278| 1.304795| 0.0181 0 0
4.5 41.15 29.7234| 1.304763| 0.0181 0 0
5.5 38.57 30.1468 | 1.301918| 0.0181 0 0
6.5 36.34 30.3511| 1.291598| 0.0181 0 0
7.5 34.52 30.3678| 1.273175| 0.0181 | 0.000527 0.00137
475 8.5 32.94 30.2241| 1.250266 | 0.0181 | 0.001337 000124759 | 0.0019594 0.00229
9.5 31.52 29.9532| 1.226855| 0.0181| 0.00225 0.00314
10.5 30.2 29.5969 | 1.20458 | 0.0181 | 0.003206 0.00596
Santa 11.5 29.03 29.2026 | 1.185516| 0.0181| 0.0041 0.00687
Monica 125 27.95 28.8165| 1.168048 | 0.0181 | 0.004985 0.00782
13.5 26.98 28.4759| 1.152189| 0.0181 | 0.00585 0.00881
14.5 26.09 28.2043| 1.136899 | 0.0181 | 0.006742 0.00984
15.5 25.29 28.0109 | 1.122421| 0.0181 | 0.007644 0.01095
16.5 24.56 27.8934| 1.108516| 0.0181 | 0.008567 0.01005
17.5 23.89 27.8426| 1.095309 | 0.0181 | 0.009499 0.01128
0.5 37.29 29.5545| 1.361955| 0.0301 | 0.002263 0
15 37.29 33.6425| 1.325695| 0.0301 | 0.003698 0.00109
2.5 37.29 35.4458 | 1.291657 | 0.0301 | 0.005242 0.00354
2415 3.5 40.54 36.5317 | 1.330732| 0.0301 | 0.003487 0.00924498 | 0.0065679 0.00132
4.5 41.15 37.2273| 1.329402| 0.0301 | 0.003542 0.00125
5.5 38.57 37.6507 | 1.271139| 0.0301 | 0.006276 0.00458
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6.5 36.34 37.855 | 1.214062 | 0.0301| 0.009641 0.00603
7.5 34.52 37.8717| 1.174878| 0.0301 | 0.012446 0.00998
8.5 32.94 37.728 | 1.14893 | 0.0301| 0.014571 0.01016
9.5 31.52 37.4571| 1.131077| 0.0301| 0.016173 0.01264
10.5 30.2 37.1008| 1.11768 | 0.0301| 0.017457 0.01327
115 29.03 36.7065| 1.107593| 0.0301 | 0.018474 0.01409
125 27.95 36.3204 | 1.098985| 0.0301 | 0.019377 0.01682
135 26.98 35.9798| 1.091481| 0.0301| 0.020192 0.01776
145 26.09 35.7082| 1.084458| 0.0301| 0.02098 0.01868
155 25.29 35.5148| 1.077907| 0.0301 | 0.021736 0.01965
16.5 24.56 35.3972| 1.071628| 0.0301 | 0.022482 0.02064
175 23.89 35.3465| 1.065578| 0.0301| 0.02322 0.02165
0.5 37.29 25.1965| 1.340061| 0.0258 | 0.001392 0
15 37.29 29.2845| 1.335998 | 0.0258 | 0.001535 0
25 37.29 31.0878| 1.327723| 0.0258 | 0.001832 0
35 40.54 32.1737| 1.336681| 0.0258 | 0.001511 0
4.5 41.15 32.8693| 1.336432| 0.0258| 0.001519 0
55 38.57 33.2927| 1.319966 | 0.0258 | 0.002119 0.00167
6.5 36.34 33.497 | 1.286068 | 0.0258 | 0.003484 0.00386
7.5 34.52 33.5137| 1.247589 | 0.0258 | 0.005275 0.00575
1033 8.5 32.94 33.37 | 1.213304| 0.0258 | 0.007123 000490955 | 0.003941 0.00789
9.5 31.52 33.0991| 1.185596 | 0.0258 | 0.008821 0.00855
10.5 30.2 32.7428 | 1.163212| 0.0258 | 0.010343 0.00926
11.5 29.03 32.3485| 1.146077 | 0.0258 | 0.011609 0.01024
125 27.95 31.9624 | 1.131573| 0.0258 | 0.012756 0.01117
135 26.98 31.6218| 1.119173| 0.0258 | 0.013794 0.01216
145 26.09 31.3502| 1.107804| 0.0258 | 0.014797 0.01319
155 25.29 31.1568 | 1.097468| 0.0258 | 0.015753 0.0143
16.5 24.56 31.0392| 1.087854| 0.0258 | 0.016681 0.01529
17.5 23.89 30.9885| 1.078917| 0.0258| 0.01758 0.01638
0.5 37.29 20.4397| 1.27941 | 0.0151 0 0
15 37.29 24.5277| 1.279355| 0.0151 0 0
2.5 37.29 26.331 | 1.279024 | 0.0151 0 0
3.5 40.54 27.4169| 1.279358| 0.0151 0 0
4.5 41.15 28.1125| 1.279349| 0.0151 0 0
55 38.57 28.5359| 1.278489| 0.0151 0 0
6.5 36.34 28.7403| 1.274286| 0.0151 0 0
7.5 34.52 28.7569 | 1.264805| 0.0151 0 0
475 8.5 32.94 28.6132| 1.250618| 0.0151 0 0.00055446 | 0.0012932 0.0015
9.5 31.52 28.3423| 1.233873| 0.0151| 0.000516 0.0027
10.5 30.2 27.986 | 1.216064 | 0.0151| 0.001159 0.00377
115 29.03 27.5917| 1.199495| 0.0151| 0.001803 0.00487
Seattle 12.5 27.95 27.2056 | 1.183298| 0.0151 | 0.00248 0.00596
13.5 26.98 26.8651| 1.167789| 0.0151 | 0.003174 0.00507
14.5 26.09 26.5935| 1.152126 | 0.0151 | 0.003924 0.00616
15.5 25.29 26.4 1.136666 | 0.0151 | 0.004718 0.00723
16.5 24.56 26.2825| 1.121259| 0.0151 | 0.005566 0.00828
17.5 23.89 26.2318| 1.106146| 0.0151 | 0.006457 0.00932
0.5 37.29 28.5685| 1.359625| 0.0282 | 0.001618 0
15 37.29 32.6565| 1.334782| 0.0282 | 0.00253 0.00132
2.5 37.29 34.4598 | 1.30689 | 0.0282 | 0.003664 0.00201
3.5 40.54 35.5457 | 1.338447 | 0.0282 | 0.002389 0.00155
2415 4.5 41.15 36.2413| 1.337421| 0.0282 | 0.002428 0.00755818 | 0.0061035 0.00147
55 38.57 36.6647 | 1.288378 | 0.0282 | 0.004488 0.00304
6.5 36.34 36.869 | 1.232344 | 0.0282| 0.007385 0.00639
7.5 34.52 36.8857 | 1.190161| 0.0282| 0.010044 0.00845
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8.5 32.94 36.742 | 1.160909 | 0.0282| 0.01218 0.01078
9.5 31.52 36.4711| 1.140442| 0.0282| 0.013838 0.01132
10.5 30.2 36.1148| 1.125107| 0.0282| 0.015178 0.01201
115 29.03 35.7205| 1.113698| 0.0282 | 0.016234 0.01483
125 27.95 35.3344| 1.104096 | 0.0282| 0.017164 0.01558
135 26.98 34.9938| 1.095835| 0.0282| 0.017995 0.01656
145 26.09 34.7222| 1.088189 | 0.0282| 0.018792 0.01757
155 25.29 34.5288| 1.08113 | 0.0282| 0.019551 0.01859
16.5 24.56 34.4112| 1.074428| 0.0282 | 0.020294 0.01963
175 23.89 34.3605| 1.068027 | 0.0282| 0.021025 0.02069
0.5 37.29 24.2488| 1.32926 | 0.0224 | 0.000437 0

15 37.29 28.3369 | 1.327167 | 0.0224 | 0.000504 0

25 37.29 30.1402 | 1.322128| 0.0224 | 0.000669 0
3.5 40.54 31.2261| 1.32752 | 0.0224 | 0.000493 0
4.5 41.15 31.9217| 1.327376| 0.0224 | 0.000498 0
55 38.57 32.345 | 1.316918 | 0.0224 | 0.000842 0

6.5 36.34 32.5494| 1.291372| 0.0224 | 0.001746 0.00263
7.5 34.52 32.5661| 1.258221| 0.0224| 0.003068 0.0048

1033 8.5 32.94 32.4224 | 1.225805| 0.0224 | 0.004546 000312358 | 0.0032622 0.005

9.5 31.52 32.1515| 1.197939 | 0.0224 | 0.005985 0.0075
10.5 30.2 31.7952| 1.174495| 0.0224 | 0.007333 0.00826
11.5 29.03 31.4009| 1.15608 | 0.0224 | 0.008491 0.00927
12.5 27.95 31.0148| 1.140226 | 0.0224 | 0.009564 0.01025
13.5 26.98 30.6742| 1.126511| 0.0224 | 0.010553 0.0113
145 26.09 30.4026 | 1.113821| 0.0224| 0.011522 0.01243
155 25.29 30.2092| 1.10221 | 0.0224 | 0.012458 0.01349
16.5 24.56 30.0916 | 1.091368| 0.0224 | 0.013376 0.01467
17.5 23.89 30.0409| 1.081287| 0.0224 | 0.014271 0.01579
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Table A- 8 Ishihara and Yoshimine Volumetric Strain Model Supplementary Validation

Data
Soil Profile Simplified Procedure Full PBEE
Profile | Location | Tk Diztmhp[lr?]] (Neocs™ | CSR® K s s 1o i Site ¥, equiv K, equiv g Sie
25 11.53 0.0704 1 0 2.36E18 0
35 15.64 0.0798 1 0 2.36E18 0
4.5 18.75 0.086 1 0 2.36E18 0
55 18.45 0.0906 1 0 2.36E18 0
475 6.5 20.69 0.0933 1 0 2.36E18 2 3500E18 0 0
7.5 20.8 0.0952 1 0 2.36E18 0
8.5 25.92 0.0962 1 0 2.36E18 0
9.5 24.26 0.0967 1 0 2.36E18 0
10.5 30.55 0.0976 1 0 2.36E18 0
11.5 33.75 0.0985 1 0 2.36E18 0
2.5 11.53 0.12532| 0.976904 0 0.000784 0.00169
3.5 15.64 0.14204| 0.991704 0 0.000267 0
4.5 18.75 0.15304| 1.000391 0 0 0
5.5 18.45 0.1612 | 0.994223 0 0.000185 0
1 Butte 2475 65 20.69 0.1661 | 1.002122 0 0 0.00016665 | 0.0002379 0
7.5 20.8 0.16946 | 1.001383 0 0 0
8.5 25.92 0.17135| 1.006927 0 0 0
9.5 24.26 0.17223| 1.006654 0 0 0
10.5 30.55 0.17388| 1.006927 0 0 0
11.5 33.75 0.17558| 1.006927 0 0 0
2.5 11.53 0.09577| 0.998254 0 5.5E05 0
3.5 15.64 0.10853| 0.999358 0 2.01E05 0
4.5 18.75 0.11692| 0.999877 0 3.85E06 0
5.5 18.45 0.12314| 0.999522 0 1.5E05 0
1033 6.5 20.69 0.12685| 0.999949 0 1.59E06 1 2986E05 0 0
7.5 20.8 0.1294 | 0.999921 0 2.47E06 0
8.5 25.92 0.13082 1 0 2.36E18 0
9.5 24.26 0.13146 1 0 2.36E18 0
10.5 30.55 0.1327 1 0 2.36E18 0
11.5 33.75 0.13397 1 0 2.36E18 0
2.5 11.53 0.11133]| 0.991561 0 0.000272 0
3.5 15.64 0.12666 | 0.996394 0 0.000114 0
4.5 18.75 0.13703| 0.999366 0 1.99E05 0
5.5 18.45 0.14499| 0.996844 0 9.99E05 0
475 6.5 20.69 0.15011| 0.99977 0 7.22E06 6.983E05 0 0
7.5 20.8 0.15393| 0.999379 0 1.95E05 0
8.5 25.92 0.15648| 1.001177 0 0 0
9.5 24.26 0.15815| 1.00116 0 0 0
1 Charleston 10.5 30.55 0.16058| 1.001177 0 0 0
115 33.75 0.16309| 1.001177 0 0 0
2.5 11.53 0.38562| 0.930521| 0.024 | 0.035168 0.036
3.5 15.64 0.43986| 0.977171| 0.024 | 0.027178 0.02797
4.5 18.75 0.47725| 1.007352| 0.024 | 0.022798 0.02261
2475 5.5 18.45 0.50656 | 1.004339| 0.024 | 0.023209 | 0.02078472| 0.020756 | 0.02333
6.5 20.69 0.5262 | 1.024277| 0.024 | 0.020591 0.0208
7.5 20.8 0.5415 | 1.025069| 0.024 | 0.020492 0.02061
8.5 25.92 0.556253| 1.076778| 0.024 | 0.014768 0.01244
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9.5 24.26 0.56057| 1.055126| 0.024 | 0.016993 0.01566
10.5 30.55 0.57142| 1.300478| 0.024 | 0.001672 0.00213
115 33.75 0.58269| 1.373545| 0.024 0 0
25 11.53 0.21945| 0.938813| 0.0148 | 0.020255 0.02047
35 15.64 0.2501 | 0.998241| 0.0148| 0.01334 0.0158
4.5 18.75 0.2711 | 1.049711| 0.0148| 0.008899 0.0103
5.5 18.45 0.28745| 1.026647 | 0.0148 | 0.010735 0.01222
1033 6.5 20.69 0.29826| 1.10785 | 0.0148 | 0.005191 0.00803964 | 0.0101237 0.00968
7.5 20.8 0.30657 | 1.093532| 0.0148 | 0.005996 0.00929
8.5 25.92 0.31243| 1.311244| 0.0148 0 0.00294
9.5 24.26 0.31657 | 1.248661 | 0.0148 0 0.00454
10.5 30.55 0.32227| 1.361041 | 0.0148 0 0
11.5 33.75 0.32819| 1.361289| 0.0148 0 0
25 11.53 0.3882 | 0.930517 | 0.0249 | 0.036504 0.03389
35 15.64 0.4437 | 0.977154 | 0.0249| 0.02834 0.02691
4.5 18.75 0.4826 | 1.007294 | 0.0249 | 0.023852 0.02135
55 18.45 0.5136 | 1.004309 | 0.0249| 0.02427 0.02227
475 6.5 20.69 0.535 1.02418 | 0.0249 | 0.021588 00217792 | 0.0197741 0.01947
7.5 20.8 0.5522 | 1.024979 | 0.0249 | 0.021485 0.0193
8.5 25.92 0.5653 | 1.075003 | 0.0249| 0.015753 0.01257
9.5 24.26 0.5754 | 1.054412| 0.0249| 0.01795 0.01401
10.5 30.55 0.5885 | 1.290198 | 0.0249 | 0.002334 0.00374
11.5 33.75 0.6021 | 1.372944 | 0.0249 0 0
2.5 11.53 0.9252 | 0.930467 | 0.0364 | 0.053701 0.05073
3.5 15.64 1.0585 | 0.976992 | 0.0364 | 0.043864 0.04056
4.5 18.75 1.1523 | 1.006857 | 0.0364 | 0.03819 0.03443
55 18.45 1.2274 | 1.004139 | 0.0364 | 0.038684 0.03563
Eureka 2475 6.5 20.69 1.28 1.0237 | 0.0364 | 0.035225 00357747 | 0.0324897 0.03134
7.5 20.8 1.3226 | 1.024619 | 0.0364 | 0.035068 0.03142
8.5 25.92 1.3553 | 1.065498 | 0.0364 | 0.028596 0.02324
9.5 24.26 1.3811 | 1.051768 | 0.0364 | 0.030661 0.02659
10.5 30.55 1.4143 | 1.192662 | 0.0364 | 0.014099 0.01482
11.5 33.75 1.4489 | 1.267362 | 0.0364 | 0.008673 0.0063
2.5 11.53 0.62637| 0.930467 | 0.0315| 0.046436 0.0435
3.5 15.64 0.71639| 0.976992 | 0.0315| 0.037177 0.03433
4.5 18.75 0.77957| 1.006857 | 0.0315| 0.031965 0.02953
5.5 18.45 0.83011| 1.004139| 0.0315| 0.032416 0.02893
1033 6.5 20.69 0.86526 | 1.023701| 0.0315| 0.029275 002979371 | 0.0268497 0.02617
7.5 20.8 0.89366 | 1.024619| 0.0315| 0.029133 0.02628
8.5 25.92 0.91532| 1.065563| 0.0315| 0.023331 0.01815
9.5 24.26 0.93231| 1.051775| 0.0315| 0.025176 0.02139
10.5 30.55 0.95422| 1.198528 | 0.0315| 0.010306 0.00979
11.5 33.75 0.97706| 1.313213 | 0.0315| 0.004042 0.00256
2.5 11.53 0.12653| 0.974325 0 0.000879 0
3.5 15.64 0.14431| 0.989517 0 0.00034 0
4.5 18.75 0.15655| 0.99885 0 3.62E05 0
55 18.45 0.16614 | 0.990467 0 0.000309 0
475 6.5 20.69 0.17256 | 0.999926 0 2.31E06 0.00021386 0 0
7.5 20.8 0.17754| 0.998219 0 5.61E05 0
Memphis 8.5 25.92 0.18112| 1.007062 0 0 0
9.5 24.26 0.18372| 1.006259 0 0 0
10.5 30.55 0.18724| 1.007078 0 0 0
115 33.75 0.19089 | 1.007078 0 0 0
2.5 11.53 0.35136| 0.930646 | 0.0252 | 0.036952 0.03676
2475 3.5 15.64 0.40142| 0.977517| 0.0252 | 0.028694 | 0.02171207 | 0.0215159| 0.0285
4.5 18.75 0.43631| 1.008152 | 0.0252 | 0.024104 0.02353
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55 18.45 0.464 | 1.004695| 0.0252| 0.024592 0.02419
6.5 20.69 0.48299| 1.025125| 0.0252 | 0.021816 0.02167
7.5 20.8 0.49811| 1.025728| 0.0252 | 0.021738 0.02143
8.5 25.92 0.50941| 1.10447 | 0.0252 | 0.013224 0.0138
9.5 24.26 0.51805| 1.058364 | 0.0252 | 0.01782 0.01667
10.5 30.55 0.52937| 1.324315| 0.0252 | 0.001354 0.00223
115 33.75 0.54115| 1.374282| 0.0252 | 4.93E05 0
25 11.53 0.2324 | 0.935179| 0.0157| 0.022059 0.02246
35 15.64 0.26543| 0.990969 | 0.0157 | 0.015109 0.01613
4.5 18.75 0.2884 | 1.03447 | 0.0157| 0.010941 0.01374
5.5 18.45 0.30657 | 1.018441| 0.0157 | 0.012365 0.01457
1033 6.5 20.69 0.31898| 1.056179| 0.0157 | 0.0092 000983784 | 0.0118566 0.01114
7.5 20.8 0.32882| 1.049023| 0.0157 | 0.009751 0.01272
8.5 25.92 0.33612| 1.289401 | 0.0157 0 0.00382
9.5 24.26 0.34165| 1.213278| 0.0157 | 0.001259 0.00665
10.5 30.55 0.34894 | 1.363665| 0.0157 0 0
11.5 33.75 0.35652 | 1.364682 | 0.0157 0 0
2.5 11.53 0.18889| 0.85374 | 0.0072| 0.020261 0.01758
3.5 15.64 0.21581| 0.915694 | 0.0072 | 0.012503 0.01057
4.5 18.75 0.23457| 1.045697 | 0.0072 | 0.003169 0.00662
55 18.45 0.24945| 0.981705| 0.0072 | 0.006851 0.0081
475 6.5 20.69 0.25966 | 1.066047 | 0.0072| 0.002271 00061792 | 0.0068744 0.00532
7.5 20.8 0.26779| 1.052836 | 0.0072 | 0.002841 0.00668
8.5 25.92 0.27387| 1.185236 | 0.0072 0 0
9.5 24.26 0.27851| 1.150365| 0.0072 0 0.00101
10.5 30.55 0.28459| 1.202662 | 0.0072 0 0
115 33.75 0.29093| 1.202662 | 0.0072 0 0
2.5 11.53 0.33616| 0.93075 | 0.0296 | 0.043514 0.0423
3.5 15.64 0.38424| 0.977815| 0.0296 | 0.034453 0.03365
4.5 18.75 0.41785| 1.008822 | 0.0296 | 0.029282 0.02728
55 18.45 0.44462| 1.004998 | 0.0296 | 0.029886 0.02996
portiand | 2475 6.5 20.69 0.46309| 1.025828 | 0.0296 | 0.026706 002624585 | 0.0253137 0.02572
7.5 20.8 0.4779 | 1.026279 | 0.0296 | 0.02664 0.02536
8.5 25.92 0.48906| 1.123313| 0.0296 | 0.015101 0.0154
9.5 24.26 0.4977 1.0608 | 0.0296 | 0.021956 0.01963
10.5 30.55 0.50893 | 1.334644| 0.0296 | 0.002515 0.00307
115 33.75 0.52063 | 1.374416| 0.0296 | 0.001281 0
2.5 11.53 0.25579| 0.932084 | 0.0205 | 0.029554 0.03151
35 15.64 0.29234| 0.983728 | 0.0205 | 0.021694 0.02334
4.5 18.75 0.31786| 1.021843| 0.0205 | 0.017006 0.01824
5.5 18.45 0.33817| 1.011006 | 0.0205 | 0.018251 0.0205
1033 6.5 20.69 0.35216| 1.039562 | 0.0205| 0.015109 001484601 | 0.0169453 0.01608
7.5 20.8 0.36335| 1.037402 | 0.0205| 0.015332 0.01761
8.5 25.92 0.37177| 1.250932 | 0.0205| 0.00196 0.0074
9.5 24.26 0.37826| 1.162135| 0.0205 | 0.005804 0.01112
10.5 30.55 0.38672| 1.36537 | 0.0205 0 0
11.5 33.75 0.39553 | 1.369222 | 0.0205 0 0
2.5 11.53 0.1656 | 0.817047 | 0.0049 | 0.021514 0.0091
3.5 15.64 0.18858 | 0.970165| 0.0049 | 0.005403 0.00582
4.5 18.75 0.20423| 1.030802| 0.0049 | 0.002243 0.00225
5.5 18.45 0.21634| 0.994205| 0.0049 | 0.004003 0.00469
SLC 475 6.5 20.69 0.22424| 1.041274| 0.0049 | 0.00181 | 0.00488151 | 0.0033768| 0.00273
7.5 20.8 0.23024 | 1.034256| 0.0049 | 0.002097 0.00243
8.5 25.92 0.23437| 1.098245| 0.0049 0 0
9.5 24.26 0.2372 | 1.086409 | 0.0049 | 0.000239 0
10.5 30.55 0.24118| 1.101812| 0.0049 0 0
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115 33.75 0.2453 | 1.101812 | 0.0049 0 0
25 11.53 0.36081 | 0.930594| 0.0271| 0.03973 0.04072
35 15.64 0.41129| 0.97739 | 0.0271| 0.03114 0.03171
4.5 18.75 0.44591| 1.007891| 0.0271 | 0.026338 0.02552
55 18.45 0.47292| 1.004588| 0.0271 | 0.026829 0.02797
2475 6.5 20.69 0.49084| 1.02491 | 0.0271 | 0.023916 002376167 | 0.0236852 0.02387
7.5 20.8 0.50465| 1.025588 | 0.0271 | 0.023824 0.02359
8.5 25.92 0.51444] 1.099995| 0.0271 | 0.015193 0.01337
9.5 24.26 0.52141| 1.058027 | 0.0271 | 0.019697 0.01792
10.5 30.55 0.53097| 1.323466 | 0.0271 0.002 0.0025
11.5 33.75 0.54088 | 1.374288| 0.0271| 0.00055 0
25 11.53 0.24226| 0.935731| 0.0184 | 0.025879 0.02723
3.5 15.64 0.27604 | 0.989942| 0.0184 | 0.018366 0.02037
4.5 18.75 0.29915| 1.031667 | 0.0184 | 0.013817 0.01505
55 18.45 0.31711| 1.018096 | 0.0184 | 0.015192 0.01727
1033 6.5 20.69 0.32896| 1.05101 | 0.0184 | 0.012019 001213972 | 0.0143017 0.01458
7.5 20.8 0.33803| 1.048279| 0.0184 | 0.012262 0.01449
8.5 25.92 0.34439| 1.284986 | 0.0184 | 0.000208 0.00466
9.5 24.26 0.34885| 1.207038 | 0.0184 | 0.002653 0.00854
10.5 30.55 0.35503 | 1.368828 | 0.0184 0 0
11.5 33.75 0.36144 | 1.370141| 0.0184 0 0
2.5 11.53 0.30901| 0.931174| 0.0255| 0.037295 0.0359
3.5 15.64 0.3532 | 0.978902 | 0.0255| 0.02886 0.02752
4.5 18.75 0.3841 | 1.01109 | 0.0255| 0.024043 0.02232
55 18.45 0.40871| 1.006119 | 0.0255 | 0.024744 0.025
475 6.5 20.69 0.42569| 1.028238| 0.0255 | 0.021742 002130471 | 0.0206609 0.02049
7.5 20.8 0.4393 | 1.028236 | 0.0255| 0.021743 0.02025
8.5 25.92 0.44956| 1.16349 | 0.0255| 0.008862 0.01138
9.5 24.26 0.4575 | 1.068369 | 0.0255| 0.017017 0.0158
10.5 30.55 0.46782| 1.351905| 0.0255| 0.00068 0.00171
11.5 33.75 0.47858 | 1.374398 | 0.0255| 0.000125 0
2.5 11.53 0.51425| 0.930467 | 0.0379| 0.05589 0.05031
3.5 15.64 0.58832| 0.976995| 0.0379 | 0.045924 0.04014
4.5 18.75 0.6404 | 1.006868 | 0.0379 | 0.040128 0.03407
55 18.45 0.68213| 1.004142 | 0.0379| 0.040635 0.03521
San Fran | 2475 6.5 20.69 0.71126| 1.023712| 0.0379 | 0.037087 003719463 | 0.0316771 0.03109
7.5 20.8 0.73487| 1.024627| 0.0379 | 0.036927 0.03104
8.5 25.92 0.75297| 1.066179| 0.0379 | 0.03016 0.02382
9.5 24.26 0.76725| 1.05188 | 0.0379 | 0.032376 0.02661
10.5 30.55 0.78559| 1.214645| 0.0379 | 0.013321 0.01031
115 33.75 0.80473| 1.347954| 0.0379 | 0.005182 0.00143
2.5 11.53 0.39147| 0.930511| 0.0325| 0.048043 0.04444
3.5 15.64 0.44767| 0.977137 | 0.0325| 0.038619 0.03553
4.5 18.75 0.48708| 1.00725 | 0.0325| 0.033257 0.03085
55 18.45 0.51857| 1.004289 | 0.0325| 0.033759 0.03175
1033 6.5 20.69 0.54044| 1.024127 | 0.0325| 0.030502 003041742 | 0.0273664 0.02751
7.5 20.8 0.55808 | 1.024937 | 0.0325| 0.030374 0.02771
8.5 25.92 0.5715 | 1.074241| 0.0325| 0.023327 0.01696
9.5 24.26 0.58199| 1.054145| 0.0325| 0.026029 0.02138
10.5 30.55 0.59555| 1.285906 | 0.0325 | 0.005733 0.00571
11.5 33.75 0.60967 | 1.372653| 0.0325| 0.002273 0
2.5 11.53 0.27563| 0.932687 | 0.0257 | 0.037223 0.0346
3.5 15.64 0.31368 | 0.982523| 0.0257 | 0.028475 0.02639
San Jose | 475 4.5 18.75 0.33949| 1.018251| 0.0257 | 0.023229 | 0.0200339 | 0.0194827| 0.02133
55 18.45 0.35936| 1.010345| 0.0257 | 0.02432 0.02383
6.5 20.69 0.37221| 1.036765| 0.0257 | 0.020821 0.01966
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7.5 20.8 0.38185| 1.035918| 0.0257 | 0.020927 0.0194
8.5 25.92 0.38837| 1.234667 | 0.0257 | 0.004912 0.00975
9.5 24.26 0.3927 1.1454 | 0.0257 | 0.010237 0.01365
10.5 30.55 0.39893| 1.368489| 0.0257 | 0.000306 0
115 33.75 0.40538| 1.373918| 0.0257 | 0.000176 0
25 11.53 0.42143| 0.930482| 0.0379 | 0.055973 0.05048
35 15.64 0.47961| 0.977051| 0.0379 | 0.045995 0.04042
4.5 18.75 0.51907| 1.007041| 0.0379 | 0.040173 0.0345
5.5 18.45 0.54945| 1.004211| 0.0379 | 0.040701 0.03555
2475 6.5 20.69 0.5691 | 1.023934 | 0.0379| 0.037123 00367947 | 0.0313626 0.03146
7.5 20.8 0.58384| 1.024804 | 0.0379 | 0.036971 0.03154
8.5 25.92 0.5938 | 1.071952| 0.0379| 0.029365 0.02146
9.5 24.26 0.60043| 1.053529| 0.0379 | 0.032184 0.02565
10.5 30.55 0.60996 | 1.277081| 0.0379 | 0.008929 0.00752
115 33.75 0.61981| 1.37221 | 0.0379 | 0.004187 0
2.5 11.53 0.33715| 0.930758 | 0.0326 | 0.048149 0.04474
3.5 15.64 0.38373| 0.977848| 0.0326 | 0.038631 0.03404
4.5 18.75 0.41533| 1.008965| 0.0326 | 0.033103 0.02961
55 18.45 0.43967| 1.005133| 0.0326 | 0.033751 0.03062
1033 6.5 20.69 0.45543| 1.026223 | 0.0326| 0.0303 002951814 | 0.026139 0.02641
7.5 20.8 0.46727| 1.026719 | 0.0326 | 0.030222 0.0264
8.5 25.92 0.47529| 1.136821 | 0.0326 | 0.016356 0.0152
9.5 24.26 0.48065| 1.063548 | 0.0326 | 0.024851 0.01903
10.5 30.55 0.48832| 1.34403 | 0.0326 | 0.0033 0.00249
11.5 33.75 0.49626 | 1.374556 | 0.0326 | 0.002247 0
2.5 11.53 0.24619| 0.934663 | 0.0213 | 0.030356 0.03181
3.5 15.64 0.28033| 0.988205| 0.0213 | 0.022124 0.02352
4.5 18.75 0.30358| 1.029142| 0.0213 | 0.017081 0.01869
55 18.45 0.32155| 1.016448| 0.0213 | 0.018539 0.02091
475 6.5 20.69 0.33328| 1.04862 | 0.0213| 0.015013 001486946 | 0.016896 0.01673
7.5 20.8 0.34216| 1.046248 | 0.0213 | 0.015255 0.01636
8.5 25.92 0.34826| 1.280341| 0.0213| 0.001331 0.00587
9.5 24.26 0.35243| 1.2015 | 0.0213| 0.004297 0.01071
10.5 30.55 0.35831| 1.368576 | 0.0213 0 0
11.5 33.75 0.36439| 1.370068 | 0.0213 0 0
2.5 11.53 0.41621| 0.930485| 0.0355 | 0.052374 0.04966
35 15.64 0.47424| 0.977061 | 0.0355| 0.042617 0.03956
4.5 18.75 0.51394| 1.007065| 0.0355 | 0.036997 0.03395
5.5 18.45 0.5448 | 1.004219 | 0.0355| 0.037506 0.03474
Sar!ta 2475 6.5 20.69 0.56515| 1.023954 | 0.0355 | 0.034073 003388735 | 0.0303704 0.03072
Monica 7.5 20.8 0.58074| 1.024817 | 0.0355| 0.033929 0.03094
8.5 25.92 0.59166 | 1.072144 | 0.0355| 0.026668 0.01964
9.5 24.26 0.59933| 1.053561 | 0.0355| 0.029363 0.02353
10.5 30.55 0.60995| 1.277086 | 0.0355| 0.007625 0.00536
11.5 33.75 0.62095| 1.372155| 0.0355| 0.003286 0
2.5 11.53 0.30594 | 0.931317| 0.0291| 0.04265 0.04121
3.5 15.64 0.34848| 0.979237 | 0.0291 | 0.033538 0.03243
4.5 18.75 0.37752| 1.01185 | 0.0291 | 0.028207 0.0264
5.5 18.45 0.40003 | 1.006653| 0.0291 | 0.02901 0.02877
1033 6.5 20.69 0.41479| 1.029447| 0.0291 | 0.025611 00247921 | 0.0240348 0.02483
7.5 20.8 0.42604 | 1.029447| 0.0291 | 0.025611 0.02452
8.5 25.92 0.43385| 1.180968 | 0.0291 | 0.009994 0.01194
9.5 24.26 0.43925| 1.084288| 0.0291 | 0.018678 0.0177
10.5 30.55 0.44681| 1.358796 | 0.0291| 0.00158 0.00161
11.5 33.75 0.45463| 1.374469 | 0.0291| 0.001132 0
Seattle 475 2.5 11.53 0.22259| 0.934767| 0.0177 | 0.025043 | 0.01067121| 0.013356 | 0.0266
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35 15.64 0.25347| 0.993271| 0.0177 | 0.017178 0.01996
4.5 18.75 0.27451| 1.040434| 0.0177 | 0.012332 0.01452
55 18.45 0.29078| 1.021877| 0.0177 | 0.014098 0.01659
6.5 20.69 0.30141| 1.09684 | 0.0177 | 0.007915 0.01208
7.5 20.8 0.30947| 1.083348| 0.0177 | 0.008853 0.01376
8.5 25.92 0.31502| 1.305374| 0.0177 0 0.00231
9.5 24.26 0.31882| 1.242087| 0.0177 | 0.001165 0.00691
10.5 30.55 0.32418| 1.357554 | 0.0177 0 0
11.5 33.75 0.32972| 1.357834| 0.0177 0 0
25 11.53 0.39313| 0.930509 | 0.0336 | 0.049589 0.04774
35 15.64 0.44806 | 0.977135| 0.0336 | 0.040033 0.03773
4.5 18.75 0.48571| 1.007263| 0.0336 | 0.034566 0.03188
55 18.45 0.51505| 1.004303| 0.0336 | 0.035078 0.0325
2475 6.5 20.69 0.53447| 1.024185| 0.0336 | 0.031744 003155366 | 0.0286644 0.02866
7.5 20.8 0.54941| 1.025 0.0336 | 0.031612 0.02882
8.5 25.92 0.55996| 1.07571 | 0.0336 | 0.024206 0.01883
9.5 24.26 0.56744| 1.054775| 0.0336 | 0.027083 0.02118
10.5 30.55 0.57773| 1.29671 | 0.0336 | 0.005688 0.00511
11.5 33.75 0.58839| 1.37339 | 0.0336 | 0.002594 0
2.5 11.53 0.28969| 0.931822 | 0.0265| 0.038709 0.03861
3.5 15.64 0.33003| 0.980551 | 0.0265| 0.029936 0.0297
4.5 18.75 0.35761| 1.014502 | 0.0265| 0.024768 0.02343
55 18.45 0.37902| 1.008081 | 0.0265| 0.025689 0.02564
1033 6.5 20.69 0.39312| 1.032384 | 0.0265 | 0.022337 002153649 | 0.0216914 0.0218
7.5 20.8 0.40388| 1.031958| 0.0265 | 0.022393 0.02148
8.5 25.92 0.4114 | 1.206849 | 0.0265| 0.006808 0.01171
9.5 24.26 0.41665| 1.112949| 0.0265 | 0.013551 0.014
10.5 30.55 0.42395| 1.364264 | 0.0265 | 0.000658 0.00184
11.5 33.75 0.43151| 1.374162| 0.0265 | 0.000409 0
2.5 13.78 0.074 1 0 2.36E18 0
3.5 15.62 0.077 1 0 2.36E18 0
4.5 16.95 0.084 1 0 2.36E18 0
55 19.87 0.088 1 0 2.36E18 0
475 6.5 21.47 0.09 1 0 2.36E18 2 350018 0 0
7.5 23.12 0.092 1 0 2.36E18 0
8.5 24.83 0.093 1 0 2.36E18 0
9.5 27.79 0.094 1 0 2.36E18 0
10.5 29.76 0.094 1 0 2.36E18 0
115 31.81 0.095 1 0 2.36E18 0
2.5 13.78 0.123 | 0.997796 0 6.96E05 0
35 15.62 0.14 0.993482 0 0.000209 0
4.5 16.95 0.152 | 0.991571 0 0.000272 0
Butte 55 19.87 0.159 | 1.001881 0 0 0
2475 6.5 21.47 0.164 | 1.004534 0 0 7 0678ED5 0 0
7.5 23.12 0.167 | 1.006244 0 0 0
8.5 24.83 0.169 | 1.006874 0 0 0
9.5 27.79 0.17 1.006927 0 0 0
10.5 29.76 0.171 | 1.006927 0 0 0
11.5 31.81 0.172 | 1.006927 0 0 0
2.5 13.78 0.093 | 0.999782 0 6.83E06 0
3.5 15.62 0.106 | 0.999555 0 1.4E05 0
4.5 16.95 0.115 | 0.999435 0 1.77E05 0
1033 5.5 19.87 0.12 0.999962 0 1.2E06 5.1158E06 0 0
6.5 21.47 0.124 1 0 2.36E18 0
7.5 23.12 0.126 1 0 2.36E18 0
8.5 24.83 0.128 1 0 2.36E18 0
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9.5 27.79 0.129 1 0 2.36E18 0
10.5 29.76 0.129 1 0 2.36E18 0
11.5 31.81 0.13 1 0 2.36E18 0
25 13.78 0.109 | 0.998818 0 3.72E05 0
35 15.62 0.124 0.99737 0 8.31E05 0
4.5 16.95 0.135 0.99649 0 0.000111 0
5.5 19.87 0.142 0.99991 0 2.81E06 0
475 6.5 21.47 0.147 | 1.000673 0 0 3.017E05 0 0
7.5 23.12 0.151 | 1.001089 0 0 0
8.5 24.83 0.154 | 1.001177 0 0 0
9.5 27.79 0.156 | 1.001177 0 0 0
10.5 29.76 0.158 | 1.001177 0 0 0
115 31.81 0.159 | 1.001177 0 0 0
25 13.78 0.401 | 0.957261| 0.024 | 0.030401 0.02986
35 15.62 0.461 | 0.976884| 0.024 | 0.027223 0.02791
4.5 16.95 0.502 | 0.990124| 0.024 | 0.025226 0.02542
55 19.87 0.529 | 1.017043| 0.024 | 0.021513 0.02179
Charleston | 2475 6.5 21.47 0.551 | 1.030724| 0.024 | 0.019795 001965701 | 0.019439 0.01998
7.5 23.12 0.567 | 1.044549| 0.024 | 0.018168 0.01633
8.5 24.83 0.579 | 1.059668| 0.024 | 0.016507 0.0147
9.5 27.79 0.589 1.14267 | 0.024 | 0.009288 0.00804
10.5 29.76 0.598 | 1.241567| 0.024 | 0.003831 0.00464
11.5 31.81 0.606 | 1.337602| 0.024 | 0.000609 0.00173
2.5 13.78 0.223 | 0.982116| 0.0148| 0.015006 0.01553
3.5 15.62 0.255 | 0.994368 | 0.0148| 0.013727 0.01576
4.5 16.95 0.278 | 1.004678| 0.0148| 0.012714 0.01464
55 19.87 0.293 | 1.065489 | 0.0148| 0.007772 0.00911
1033 6.5 21.47 0.304 | 1.140414| 0.0148| 0.003583 0.0068497 | 0.0086592 0.00713
7.5 23.12 0.313 | 1.205384| 0.0148| 0.001129 0.00534
8.5 24.83 0.319 | 1.267475| 0.0148 0 0.00356
9.5 27.79 0.324 | 1.343862| 0.0148 0 0
10.5 29.76 0.328 | 1.359461| 0.0148 0 0
11.5 31.81 0.333 | 1.361289| 0.0148 0 0
2.5 13.78 0.404 | 0.957247| 0.0249 | 0.031638 0.02711
3.5 15.62 0.465 | 0.976874| 0.0249 | 0.028385 0.02687
4.5 16.95 0.508 | 0.990113| 0.0249| 0.026338 0.02434
5.5 19.87 0.537 | 1.016993| 0.0249| 0.02253 0.02049
475 6.5 21.47 0.56 1.030628 | 0.0249 | 0.020769 002067058 | 0.0186401 0.01856
7.5 23.12 0.578 | 1.044305| 0.0249| 0.019109 0.01668
8.5 24.83 0.592 | 1.058993| 0.0249| 0.017442 0.01492
9.5 27.79 0.605 | 1.139264| 0.0249| 0.010155 0.00994
10.5 29.76 0.616 | 1.229563| 0.0249 | 0.004784 0.00427
11.5 31.81 0.627 | 1.329255| 0.0249| 0.00111 0.00135
2.5 13.78 0.993 | 0.957095| 0.0364 | 0.047931 0.04316
Eureka 3.5 15.62 1.143 | 0.976787 | 0.0364 | 0.043905 0.04055
4.5 16.95 1.249 | 0.990045| 0.0364 | 0.041319 0.03703
55 19.87 1.323 | 1.016731| 0.0364 | 0.036431 0.03201
2475 6.5 21.47 1.381 | 1.030137| 0.0364 | 0.034137 003439393 | 0.0310811 0.03072
7.5 23.12 1.426 1.04318 | 0.0364 | 0.032008 0.02715
8.5 24.83 1.463 1.05594 | 0.0364 | 0.030022 0.02573
9.5 27.79 1.495 | 1.120822| 0.0364 | 0.021329 0.02082
10.5 29.76 1.525 | 1.173313| 0.0364 | 0.015829 0.01691
115 31.81 1.554 | 1.221286| 0.0364| 0.0118 0.01161
2.5 13.78 0.663 | 0.957095| 0.0315| 0.040969 0.03749
1033 3.5 15.62 0.763 | 0.976787| 0.0315| 0.037215| 0.02861684 | 0.0257079| 0.03431
4.5 16.95 0.834 | 0.990045| 0.0315| 0.034829 0.03228
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55 19.87 0.883 | 1.016731| 0.0315| 0.030366 0.02712
6.5 21.47 0.921 | 1.030138| 0.0315| 0.028293 0.02553
7.5 23.12 0.951 | 1.043181| 0.0315| 0.026381 0.02383
8.5 24.83 0.975 | 1.055948| 0.0315| 0.024606 0.02047
9.5 27.79 0.996 | 1.121013| 0.0315| 0.016934 0.01401
10.5 29.76 1.015 | 1.174845| 0.0315| 0.012084 0.01011
11.5 31.81 1.034 | 1.231915]| 0.0315| 0.008116 0.00635
25 13.78 0.124 | 0.997173 0 8.94E05 0
35 15.62 0.142 | 0.991754 0 0.000266 0
4.5 16.95 0.155 | 0.988839 0 0.000363 0
5.5 19.87 0.164 | 1.000103 0 0 0
475 6.5 21.47 0.17 1.003423 0 0 9 221E05 0 0
7.5 23.12 0.175 1.00573 0 0 0
8.5 24.83 0.179 | 1.006837 0 0 0
9.5 27.79 0.182 | 1.007078 0 0 0
10.5 29.76 0.185 | 1.007078 0 0 0
115 31.81 0.187 | 1.007078 0 0 0
2.5 13.78 0.365 0.9576 | 0.0252| 0.032015 0.03061
3.5 15.62 0.419 | 0.977099| 0.0252 | 0.028761 0.02846
4.5 16.95 0.457 0.9903 | 0.0252 | 0.026704 0.02629
55 19.87 0.484 | 1.017573| 0.0252 | 0.022812 0.02269
Memphis | 2475 6.5 21.47 0.504 | 1.031635| 0.0252 | 0.020984 002053796 | 0.0202722 0.02089
7.5 23.12 0.52 1.046317| 0.0252 | 0.019198 0.0174
8.5 24.83 0.532 | 1.063526| 0.0252| 0.017254 0.016
9.5 27.79 0.542 | 1.176242| 0.0252| 0.007849 0.00971
10.5 29.76 0.552 | 1.273413| 0.0252| 0.003066 0.00461
115 31.81 0.561 1.35272 | 0.0252| 0.000573 0.00189
2.5 13.78 0.236 | 0.974286| 0.0157 | 0.016982 0.01736
3.5 15.62 0.271 | 0.987869 | 0.0157 | 0.015445 0.01608
4.5 16.95 0.296 | 0.998794| 0.0157 | 0.014286 0.01493
55 19.87 0.313 | 1.040368| 0.0157 | 0.010448 0.01263
1033 6.5 21.47 0.326 | 1.093373| 0.0157 | 0.006658 00083923 | 0.0101623 0.01082
7.5 23.12 0.336 | 1.167282| 0.0157 | 0.002922 0.0074
8.5 24.83 0.343 | 1.236932| 0.0157 | 0.000554 0.00407
9.5 27.79 0.35 1.333308 | 0.0157 0 0.00183
10.5 29.76 0.356 | 1.359812| 0.0157 0 0
11.5 31.81 0.362 | 1.364657| 0.0157 0 0
2.5 13.78 0.189 | 0.910193| 0.0072| 0.013084 0.00941
35 15.62 0.217 | 0.913603| 0.0072| 0.012722 0.01048
4.5 16.95 0.237 0.9196 | 0.0072| 0.012102 0.01061
5.5 19.87 0.25 1.054338| 0.0072| 0.002774 0.00503
475 6.5 21.47 0.261 | 1.092705| 0.0072 | 0.001251 000545391 | 0.0054327 0.00465
7.5 23.12 0.269 | 1.131906| 0.0072 | 2.18E05 0.00231
8.5 24.83 0.275 | 1.166606 | 0.0072 0 0.00167
9.5 27.79 0.281 | 1.198747| 0.0072 0 0
10.5 29.76 0.286 | 1.202511| 0.0072 0 0
Portland 11.5 31.81 0.291 | 1.202662| 0.0072 0 0
2.5 13.78 0.348 | 0.957925| 0.0296 | 0.038103 0.03531
3.5 15.62 0.4 0.977295| 0.0296 | 0.034545 0.03358
4.5 16.95 0.436 | 0.990462| 0.0296 | 0.032268 0.03136
5.5 19.87 0.462 | 1.018072| 0.0296 | 0.027859 0.02672
2475 6.5 21.47 0.481 | 1.032472| 0.0296 | 0.025749 | 0.02494455 | 0.0235875| 0.02342
7.5 23.12 0.497 | 1.047834| 0.0296 | 0.023634 0.02018
8.5 24.83 0.509 | 1.066574| 0.0296 | 0.021239 0.01706
9.5 27.79 0.519 | 1.195063| 0.0296 | 0.009339 0.01184
10.5 29.76 0.529 1.28942 | 0.0296 | 0.004242 0.00683
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115 31.81 0.538 | 1.358756| 0.0296 | 0.001739 0.00121
25 13.78 0.26 0.965616 | 0.0205 | 0.024241 0.02415
35 15.62 0.3 0.981524 | 0.0205 | 0.021992 0.02329
4.5 16.95 0.327 | 0.993672| 0.0205| 0.020386 0.02256
55 19.87 0.346 | 1.028962| 0.0205| 0.016224 0.0172
1033 6.5 21.47 0.361 | 1.049081| 0.0205| 0.014158 001342025 | 0.0153228 0.01556
7.5 23.12 0.372 | 1.109401| 0.0205| 0.009097 0.01382
8.5 24.83 0.381 | 1.187243| 0.0205| 0.004529 0.01054
9.5 27.79 0.389 | 1.308862| 0.0205| 0.000263 0.00351
10.5 29.76 0.396 | 1.355545]| 0.0205 0 0
11.5 31.81 0.403 | 1.368673| 0.0205 0 0
25 13.78 0.165 | 0.986699 | 0.0049 | 0.004417 0.00476
3.5 15.62 0.189 | 0.967474| 0.0049 | 0.005573 0.00577
4.5 16.95 0.205 | 0.969148| 0.0049 | 0.005467 0.0057
55 19.87 0.216 | 1.035855| 0.0049| 0.00203 0.00248
475 6.5 21.47 0.224 | 1.057849| 0.0049| 0.00118 0.00243443 | 0.0025551 0.00137
7.5 23.12 0.23 1.077964 | 0.0049 | 0.0005 0
8.5 24.83 0.234 | 1.092692| 0.0049 | 5.34E05 0
9.5 27.79 0.238 | 1.101467| 0.0049 0 0
10.5 29.76 0.241 | 1.101812| 0.0049 0 0
11.5 31.81 0.244 | 1.101812| 0.0049 0 0
2.5 13.78 0.375 | 0.957465| 0.0271 | 0.034613 0.03361
3.5 15.62 0.43 0.977016 | 0.0271| 0.031203 0.03166
4.5 16.95 0.468 | 0.990235| 0.0271| 0.029044 0.02955
55 19.87 0.493 | 1.017422| 0.0271| 0.02496 0.02479
sLe 2475 6.5 21.47 0.512 | 1.031416| 0.0271| 0.023037 002251435 | 0.021717 0.02144
7.5 23.12 0.527 | 1.045955| 0.0271| 0.021162 0.01815
8.5 24.83 0.537 | 1.062981| 0.0271| 0.019118 0.01518
9.5 27.79 0.546 | 1.173092| 0.0271| 0.009214 0.00964
10.5 29.76 0.554 | 1.272014| 0.0271 | 0.003891 0.0049
11.5 31.81 0.561 | 1.352723| 0.0271| 0.001121 0
2.5 13.78 0.247 | 0.971776| 0.0184 | 0.020667 0.02139
3.5 15.62 0.283 | 0.986989| 0.0184 | 0.018726 0.02031
4.5 16.95 0.308 | 0.998789| 0.0184 | 0.01732 0.01948
55 19.87 0.325 | 1.038064 | 0.0184 | 0.013202 0.01391
1033 6.5 21.47 0.337 | 1.072955| 0.0184| 0.010187 001071251 | 0.0125916 0.01203
7.5 23.12 0.346 | 1.154354| 0.0184| 0.004989 0.01067
8.5 24.83 0.353 | 1.227552| 0.0184| 0.001908 0.00633
9.5 27.79 0.359 | 1.332745]| 0.0184 0 0.00136
10.5 29.76 0.364 | 1.363958| 0.0184 0 0
11.5 31.81 0.368 | 1.370081| 0.0184 0 0
2.5 13.78 0.318 | 0.959149| 0.0255| 0.032159 0.02956
3.5 15.62 0.366 | 0.978071| 0.0255| 0.028994 0.02746
4.5 16.95 0.4 0.991079 | 0.0255 | 0.026959 0.02512
55 19.87 0.423 | 1.019825| 0.0255| 0.022849 0.02149
475 6.5 21.47 0.441 | 1.035183| 0.0255| 0.02086 00200483 | 0.0187199 0.01976
7.5 23.12 0.455 1.05266 | 0.0255| 0.018762 0.01635
8.5 24.83 0.466 1.08636 | 0.0255| 0.015172 0.01314
San Fran 9.5 27.79 0.476 | 1.233243| 0.0255| 0.004908 0.00613
10.5 29.76 0.485 | 1.318484| 0.0255| 0.001629 0.00256
115 31.81 0.493 1.36719 | 0.0255| 0.000297 0
2.5 13.78 0.541 | 0.957097| 0.0379| 0.050058 0.04456
3.5 15.62 0.623 | 0.976788| 0.0379| 0.045966 0.04013
2475 4.5 16.95 0.68 0.990046 | 0.0379 | 0.043329| 0.03596443 | 0.030759 | 0.03826
55 19.87 0.72 1.016736| 0.0379 | 0.038326 0.03364
6.5 21.47 0.752 | 1.030148| 0.0379| 0.03597 0.03044
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7.5 23.12 0.777 | 1.043211| 0.0379| 0.033776 0.02706
8.5 24.83 0.797 | 1.056061| 0.0379| 0.031716 0.02402
9.5 27.79 0.814 | 1.122533| 0.0379| 0.022527 0.01834
10.5 29.76 0.83 1.181755| 0.0379 | 0.016197 0.01383
115 31.81 0.846 | 1.254968| 0.0379| 0.010323 0.00799
25 13.78 0.408 | 0.957229| 0.0325| 0.042479 0.03861
35 15.62 0.469 | 0.976865| 0.0325| 0.03867 0.03523
4.5 16.95 0.513 | 0.990104 | 0.0325| 0.036239 0.03347
5.5 19.87 0.543 1.01696 | 0.0325| 0.03165 0.02845
1033 6.5 21.47 0.566 | 1.030572| 0.0325| 0.029496 00291332 | 0.025915 0.02503
7.5 23.12 0.584 1.04419 | 0.0325| 0.027453 0.02367
8.5 24.83 0.599 | 1.058681| 0.0325| 0.025399 0.02074
9.5 27.79 0.612 | 1.137933| 0.0325| 0.016159 0.01372
10.5 29.76 0.623 | 1.224997| 0.0325| 0.009174 0.00889
11.5 31.81 0.635 | 1.325895| 0.0325| 0.00396 0.00263
2.5 13.78 0.283 | 0.962903| 0.0257 | 0.031713 0.02852
3.5 15.62 0.324 | 0.980817| 0.0257 | 0.028746 0.02634
4.5 16.95 0.352 0.99358 | 0.0257 | 0.026764 0.02583
55 19.87 0.37 1.026181| 0.0257 | 0.022173 0.02059
475 6.5 21.47 0.384 1.04483 | 0.0257 | 0.019834 001868768 | 0.0175121 0.01712
7.5 23.12 0.394 | 1.077577| 0.0257 | 0.016188 0.01594
8.5 24.83 0.401 | 1.164253| 0.0257 | 0.008907 0.01115
9.5 27.79 0.407 | 1.297609| 0.0257 | 0.002361 0.00305
10.5 29.76 0.411 | 1.355251| 0.0257 | 0.000637 0
115 31.81 0.416 | 1.372996| 0.0257 | 0.000198 0
2.5 13.78 0.44 0.957145| 0.0379 | 0.050132 0.04306
3.5 15.62 0.504 | 0.976816| 0.0379| 0.046043 0.0404
4.5 16.95 0.547 0.99007 | 0.0379| 0.043405 0.03878
55 19.87 0.576 | 1.016841| 0.0379| 0.038383 0.03213
San Jose | 2475 6.5 21.47 0.597 1.03037 | 0.0379| 0.036005 003546239 | 0.0297578 0.02906
7.5 23.12 0.613 | 1.043781| 0.0379 | 0.033754 0.02799
8.5 24.83 0.624 | 1.057801| 0.0379 | 0.031513 0.02306
9.5 27.79 0.632 | 1.134604| 0.0379 | 0.021159 0.01669
10.5 29.76 0.64 1.214175| 0.0379| 0.0134 0.0109
11.5 31.81 0.647 | 1.320694| 0.0379 | 0.006498 0.00372
2.5 13.78 0.349 | 0.957919| 0.0326 | 0.042493 0.03728
35 15.62 0.4 0.977316 | 0.0326 | 0.038731 0.034
4.5 16.95 0.434 | 0.990507 | 0.0326 | 0.036308 0.03201
5.5 19.87 0.457 | 1.018254| 0.0326| 0.031571 0.02729
1033 6.5 21.47 0.474 | 1.032845| 0.0326 | 0.029272 002813201 | 0.0240106 0.02408
7.5 23.12 0.486 | 1.048839| 0.0326 | 0.0269 0.02108
8.5 24.83 0.495 1.06902 | 0.0326 | 0.02412 0.01854
9.5 27.79 0.502 | 1.209797| 0.0326 | 0.010266 0.01041
10.5 29.76 0.508 | 1.303757| 0.0326 | 0.004946 0.00454
11.5 31.81 0.514 | 1.363889| 0.0326 | 0.002598 0
2.5 13.78 0.251 | 0.969819| 0.0213 | 0.024729 0.02419
3.5 15.62 0.288 | 0.985306| 0.0213 | 0.02252 0.02346
4.5 16.95 0.313 | 0.997367| 0.0213| 0.020908 0.02284
5.5 19.87 0.329 | 1.036146| 0.0213| 0.016314 0.01772
Santa 475 6.5 21.47 0.342 | 1.061681| 0.0213| 0.013735 001329842 | 0.0147203 0.01428
Monica 7.5 23.12 0.351 | 1.145609| 0.0213| 0.007276 0.01105
8.5 24.83 0.357 | 1.221765| 0.0213| 0.003414 0.00889
9.5 27.79 0.363 | 1.329891| 0.0213| 9.39E07 0.00113
10.5 29.76 0.367 | 1.363344| 0.0213 0 0
11.5 31.81 0.371 | 1.369986| 0.0213 0 0
2475 25 13.78 0.434 | 0.957155| 0.0355| 0.046641| 0.03259001 | 0.028555 | 0.04258
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35 15.62 0.498 | 0.976822| 0.0355| 0.042664 0.03953
4.5 16.95 0.542 | 0.990073| 0.0355| 0.040113 0.03798
55 19.87 0.571 | 1.016854| 0.0355| 0.035281 0.0316
6.5 21.47 0.593 1.03039 | 0.0355| 0.033005 0.02834
7.5 23.12 0.609 | 1.043826| 0.0355| 0.030854 0.02555
8.5 24.83 0.621 | 1.057889| 0.0355| 0.028718 0.02102
9.5 27.79 0.631 | 1.134755| 0.0355| 0.018956 0.01482
10.5 29.76 0.64 1.214175| 0.0355| 0.01175 0.00848
11.5 31.81 0.648 | 1.320252| 0.0355| 0.005416 0.00258
25 13.78 0.316 | 0.959336| 0.0291| 0.037136 0.03391
35 15.62 0.362 | 0.978288| 0.0291| 0.033703 0.03238
4.5 16.95 0.394 | 0.991327| 0.0291| 0.031481 0.03032
55 19.87 0.415 | 1.020486 | 0.0291| 0.026909 0.02571
1033 6.5 21.47 0.43 1.036458 | 0.0291 | 0.024629 002341361 | 0.0219754 0.0227
7.5 23.12 0.442 | 1.055052| 0.0291| 0.022165 0.01971
8.5 24.83 0.451 | 1.103188| 0.0291| 0.016657 0.01532
9.5 27.79 0.457 | 1.251159| 0.0291| 0.005786 0.00708
10.5 29.76 0.463 | 1.331602| 0.0291 | 0.002443 0.00235
11.5 31.81 0.469 | 1.370177| 0.0291 | 0.001251 0
2.5 13.78 0.225 | 0.977825| 0.0177 | 0.019038 0.01914
3.5 15.62 0.258 | 0.989907| 0.0177 | 0.017571 0.01987
4.5 16.95 0.281 | 1.000499| 0.0177 | 0.016356 0.01885
55 19.87 0.296 | 1.053433| 0.0177| 0.011193 0.01338
475 6.5 21.47 0.307 | 1.130719| 0.0177| 0.005838 0.00919409 | 0.0114473 0.01176
7.5 23.12 0.315 | 1.198748| 0.0177| 0.002659 0.00717
8.5 24.83 0.321 | 1.261529| 0.0177 | 0.0006 0.00443
9.5 27.79 0.326 | 1.339553| 0.0177 0 0
10.5 29.76 0.33 1.35586 | 0.0177 0 0
115 31.81 0.334 | 1.357834]| 0.0177 0 0
2.5 13.78 0.409 | 0.957225| 0.0336 | 0.043956 0.03903
3.5 15.62 0.47 0.976862 | 0.0336 | 0.040086 0.03769
4.5 16.95 0.511 | 0.990108| 0.0336 | 0.03761 0.03411
55 19.87 0.539 | 1.016982| 0.0336 | 0.032924 0.02954
Seattle 2475 6.5 21.47 0.56 1.030628 | 0.0336 | 0.030716 003020297 | 0.0265271 0.02633
7.5 23.12 0.575 | 1.044367| 0.0336 | 0.028606 0.02338
8.5 24.83 0.587 | 1.059238| 0.0336| 0.026449 0.02059
9.5 27.79 0.596 | 1.141116| 0.0336| 0.016703 0.01355
10.5 29.76 0.605 | 1.236858| 0.0336| 0.009016 0.00849
115 31.81 0.613 | 1.334902| 0.0336| 0.004007 0.00214
2.5 13.78 0.298 | 0.960807 | 0.0265| 0.033293 0.03172
35 15.62 0.341 | 0.979318| 0.0265| 0.030138 0.02964
4.5 16.95 0.371 | 0.992214| 0.0265 | 0.028077 0.02729
55 19.87 0.391 | 1.022825| 0.0265 | 0.023613 0.02271
1033 6.5 21.47 0.406 1.03992 | 0.0265| 0.021369 002022742 | 0.0197525 0.01937
7.5 23.12 0.417 | 1.060894| 0.0265 | 0.018844 0.01633
8.5 24.83 0.425 | 1.133809| 0.0265| 0.011774 0.01345
9.5 27.79 0.432 | 1.274629| 0.0265 | 0.003564 0.00662
10.5 29.76 0.438 | 1.344239| 0.0265| 0.0012 0.00277
11.5 31.81 0.443 | 1.371968| 0.0265| 0.000464 0
2.5 31.55 0.0644 1 0 2.36E18 0
3.5 33.24 0.0743 1 0 2.36E18 0
4.5 26.77 0.0842 1 0 2.36E18 0
Butte 475 5.5 23.88 0.0898 1 0 2.36E18 | 6.1054E05 | 0.000101 0
6.5 23.83 0.093 1 0 2.36E18 0
7.5 19.78 0.0952 1 0 2.36E18 0
8.5 14.01 0.0961 | 0.999677 0 1.01E05 0
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9.5 16.11 0.0963 | 0.999982 0 5.75E07 0
10.5 11.6 0.0955 | 0.998385 0 5.09E05 0
115 6.53 0.0941 | 0.972204 0 0.000959 0.00171
25 31.55 0.1146 | 1.006927 0 0 0
35 33.24 0.1322 | 1.006927 0 0 0
4.5 26.77 0.1499 | 1.006927 0 0 0
5.5 23.88 0.1597 | 1.006835 0 0 0
2475 6.5 23.83 0.1655 | 1.006692 0 0 0.00500985 | 0.0048723 0
7.5 19.78 0.1695 | 0.996795 0 0.000102 0
8.5 14.01 0.1712 | 0.883621 0 0.005593 0.00885
9.5 16.11 0.1714 | 0.951212 0 0.001815 0.00382
10.5 11.6 0.1702 | 0.740508 0 0.022587 0.018
115 6.53 0.1677 | 0.63808 0 0.048009 0.04375
25 31.55 0.0875 1 0 2.36E18 0
35 33.24 0.101 1 0 2.36E18 0
4.5 26.77 0.1145 1 0 2.36E18 0
55 23.88 0.122 1 0 2.36E18 0
1033 6.5 23.83 0.1264 1 0 2.36E18 000229371 | 0.0014078 0
7.5 19.78 0.1295 | 0.999683 0 9.96E06 0
8.5 14.01 0.1307 | 0.985296 0 0.000485 0
9.5 16.11 0.1309 | 0.99469 0 0.000169 0
10.5 11.6 0.1299 | 0.960154 0 0.001435 0.00155
11.5 6.53 0.128 | 0.678925 0 0.036215 0.02204
2.5 31.55 0.1018 | 1.001177 0 0 0
3.5 33.24 0.1179 | 1.001177 0 0 0
4.5 26.77 0.1342 | 1.001177 0 0 0
55 23.88 0.1437 | 1.001177 0 0 0
475 6.5 23.83 0.1496 | 1.001177 0 0 0.00421615 | 0.0013592 0
7.5 19.78 0.154 | 0.997448 0 8.06E05 0
8.5 14.01 0.1563 | 0.936488 0 0.002494 0.00167
9.5 16.11 0.1574 | 0.971605 0 0.000982 0
10.5 11.6 0.1571 | 0.775642 0 0.016814 0.00324
11.5 6.53 0.1558 | 0.641656 0 0.04689 0.01682
2.5 31.55 0.3525 | 1.374538| 0.024 0 0
3.5 33.24 0.4095 | 1.374589| 0.024 0 0
4.5 26.77 0.4674 | 1.189249| 0.024 | 0.006375 0.00848
5.5 23.88 0.502 | 1.055727| 0.024 | 0.016928 0.01437
Charleston | 2475 6.5 23.83 0.5244 | 1.053133| 0.024 | 0.01721 001660981 | 0.0174502 0.01577
7.5 19.78 0.5417 | 1.016173| 0.024 | 0.021626 0.02292
8.5 14.01 0.5519 | 0.95965 | 0.024 0.03 0.03221
9.5 16.11 0.558 | 0.981767| 0.024 | 0.026473 0.02823
10.5 11.6 0.5592 | 0.931341| 0.024 | 0.035015 0.03848
11.5 6.53 0.5566 | 0.856457| 0.024 | 0.051045 0.05674
2.5 31.55 0.2006 | 1.361289 | 0.0148 0 0
3.5 33.24 0.2328 | 1.361289 | 0.0148 0 0
4.5 26.77 0.2655 | 1.354059 | 0.0148 0 0
55 23.88 0.2849 | 1.28188 | 0.0148 0 0.00368
1033 6.5 23.83 0.2972 | 1.261621| 0.0148 0 000733153 | 0.0089121 0.00297
7.5 19.78 0.3067 | 1.039948 | 0.0148| 0.009648 0.01129
8.5 14.01 0.3121 | 0.953274| 0.0148| 0.018369 0.01998
9.5 16.11 0.3151 | 0.979295| 0.0148| 0.015313 0.01752
10.5 11.6 0.3154 | 0.923024 | 0.0148 | 0.022481 0.02531
11.5 6.53 0.3135 | 0.848185| 0.0148 | 0.035676 0.03892
2.5 31.55 0.35481| 1.374523 | 0.0249 0 0
Eureka 475 3.5 33.24 0.41311| 1.374591 | 0.0249 0 0.01739166 | 0.0164205 0
4.5 26.77 0.47264| 1.184061 | 0.0249 | 0.007186 0.00837
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55 23.88 0.50898 | 1.055003 | 0.0249 | 0.017884 0.01468
6.5 23.83 0.53321| 1.052516| 0.0249 | 0.018163 0.01407
7.5 19.78 0.55249| 1.016127| 0.0249 | 0.022646 0.02172
8.5 14.01 0.56466| 0.95965 | 0.0249 | 0.031226 0.03023
9.5 16.11 0.5727 | 0.981765| 0.0249| 0.027615 0.02784
10.5 11.6 0.57585| 0.931342| 0.0249 | 0.036346 0.03536
115 6.53 0.57515| 0.856457| 0.0249 | 0.0526 0.05092
25 31.55 0.8457 | 1.244254 | 0.0364 | 0.010159 0.00631
35 33.24 0.98545| 1.290586 | 0.0364 | 0.00733 0.00309
4.5 26.77 1.12844| 1.091282 | 0.0364 | 0.025006 0.02008
5.5 23.88 1.21637| 1.048942| 0.0364| 0.0311 0.02663
2475 6.5 23.83 1.2756 | 1.048567 | 0.0364 | 0.031158 003099781 | 0.0272772 0.02641
7.5 19.78 1.32315| 1.015953 | 0.0364 | 0.036568 0.03367
8.5 14.01 1.35386| 0.95965 | 0.0364 | 0.047397 0.04426
9.5 16.11 1.37474| 0.98176 | 0.0364 | 0.042923 0.04097
10.5 11.6 1.384 | 0.931344 | 0.0364 | 0.053505 0.05011
115 6.53 1.38403| 0.856459 | 0.0364 | 0.070924 0.06956
2.5 31.55 0.57257| 1.341271| 0.0315| 0.002966 0.00131
3.5 33.24 0.66696 | 1.361627 | 0.0315| 0.002272 0
4.5 26.77 0.76346| 1.092538 | 0.0315| 0.020024 0.01572
55 23.88 0.82262| 1.048972| 0.0315| 0.025564 0.02171
1033 6.5 23.83 0.86231| 1.048582 | 0.0315| 0.025618 002487968 | 0.0223397 0.02132
7.5 19.78 0.89404 | 1.015953| 0.0315| 0.03049 0.02854
8.5 14.01 0.91436| 0.95965 | 0.0315| 0.040468 0.03975
9.5 16.11 0.928 0.98176 | 0.0315| 0.036307 0.03582
10.5 11.6 0.93378| 0.931344| 0.0315| 0.046249 0.04402
11.5 6.53 0.93332| 0.856459| 0.0315| 0.063584 0.06098
2.5 31.55 0.11567| 1.007078 0 0 0
3.5 33.24 0.13436| 1.007078 0 0 0
4.5 26.77 0.15332| 1.007078 0 0 0
55 23.88 0.16464 | 1.006884 0 0 0
475 6.5 23.83 0.17197| 1.0066 0 0 000587889 | 0.0025415 0
7.5 19.78 0.17762| 0.991624 0 0.00027 0
8.5 14.01 0.18093| 0.827966 0 0.010351 0.00471
9.5 16.11 0.18287| 0.922326 0 0.003216 0.00298
10.5 11.6 0.18323| 0.722442 0 0.02609 0.00865
115 6.53 0.18235| 0.633028 0 0.049615 0.02225
2.5 31.55 0.32118| 1.374578| 0.0252 | 4.25E05 0
35 33.24 0.37373| 1.374578| 0.0252 | 4.25E05 0
4.5 26.77 0.42729| 1.231185| 0.0252 | 0.004861 0.00895
5.5 23.88 0.45981| 1.062209| 0.0252 | 0.017397 0.01577
Memphis 2475 6.5 23.83 0.48134| 1.057749| 0.0252 | 0.017889 001719662 | 0.0182215 0.01512
7.5 19.78 0.49833| 1.016529 | 0.0252 | 0.022953 0.02371
8.5 14.01 0.50888 | 0.959647 | 0.0252 | 0.031661 0.03465
9.5 16.11 0.51566| 0.98178 | 0.0252 | 0.028018 0.029
10.5 11.6 0.51803| 0.931334 | 0.0252 | 0.036819 0.04071
11.5 6.53 0.51692| 0.85645 | 0.0252 | 0.053148 0.05885
2.5 31.55 0.21244| 1.364682 | 0.0157 0 0
3.5 33.24 0.24712| 1.364682 | 0.0157 0 0
4.5 26.77 0.28243| 1.35161 | 0.0157 0 0
5.5 23.88 0.30381| 1.256335| 0.0157 | 4.05E05 0.00444
1033 6.5 23.83 0.31789| 1.231673| 0.0157 | 0.000703| 0.00790512 | 0.0101061| 0.00544
7.5 19.78 0.32896 | 1.030576| 0.0157 | 0.011276 0.01332
8.5 14.01 0.33577| 0.954162 | 0.0157 | 0.019468 0.02203
9.5 16.11 0.34008 | 0.978341| 0.0157 | 0.016512 0.01957
10.5 11.6 0.34147| 0.924908 | 0.0157 | 0.023567 0.02724
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11.5 6.53 0.34056 | 0.850288| 0.0157 | 0.037004 0.04211
25 31.55 0.17267| 1.202662 | 0.0072 0 0
35 33.24 0.20092| 1.202662 | 0.0072 0 0
4.5 26.77 0.22972| 1.201548 | 0.0072 0 0
55 23.88 0.2472 | 1.173484 | 0.0072 0 0.002
475 6.5 23.83 0.25877| 1.161669 | 0.0072 0 000789272 | 0.0085573 0.00146
7.5 19.78 0.26791| 1.003867 | 0.0072 | 0.005409 0.00861
8.5 14.01 0.27358| 0.847611| 0.0072| 0.02119 0.02027
9.5 16.11 0.27722| 0.875245| 0.0072 | 0.017247 0.0162
10.5 11.6 0.2785 | 0.817057 | 0.0072| 0.026316 0.02672
11.5 6.53 0.2779 | 0.749409 | 0.0072| 0.040943 0.04284
25 31.55 0.30729| 1.374533| 0.0296 | 0.001278 0
3.5 33.24 0.35773| 1.374533| 0.0296 | 0.001278 0
4.5 26.77 0.40921| 1.250943| 0.0296 | 0.006043 0.00958
55 23.88 0.44061| 1.066775| 0.0296 | 0.021214 0.01714
portland | 2475 6.5 23.83 0.46151| 1.061116| 0.0296 | 0.021916 002087671 | 0.0209683 0.01824
7.5 19.78 0.4781 | 1.016829 | 0.0296 | 0.028047 0.02746
8.5 14.01 0.48855| 0.959622 | 0.0296 | 0.037782 0.04058
9.5 16.11 0.4954 | 0.981771| 0.0296 | 0.033758 0.03544
10.5 11.6 0.49803| 0.931304 | 0.0296 | 0.043399 0.04613
11.5 6.53 0.49733| 0.856422 | 0.0296 | 0.060531 0.06647
2.5 31.55 0.23382| 1.369222 | 0.0205 0 0
3.5 33.24 0.27217| 1.369222 | 0.0205 0 0
4.5 26.77 0.31129| 1.340454 | 0.0205 0 0.00117
55 23.88 0.33512| 1.209936 | 0.0205 | 0.003513 0.00939
1033 6.5 23.83 0.35096 | 1.181935| 0.0205 | 0.004784 001119608 | 0.0148217 0.01005
7.5 19.78 0.36351| 1.022894 | 0.0205 | 0.016889 0.01956
8.5 14.01 0.37138| 0.956385| 0.0205 | 0.025624 0.03119
9.5 16.11 0.37652| 0.979305| 0.0205 | 0.022296 0.02781
10.5 11.6 0.37844| 0.927782 | 0.0205| 0.030295 0.03699
11.5 6.53 0.37782| 0.853113| 0.0205| 0.045407 0.05633
2.5 31.55 0.15138| 1.101812 | 0.0049 0 0
3.5 33.24 0.17557| 1.101812 | 0.0049 0 0
4.5 26.77 0.2 1.101756 | 0.0049 0 0
55 23.88 0.21438| 1.093771| 0.0049 | 2.22E05 0
475 6.5 23.83 0.22348| 1.089559| 0.0049 | 0.000145 0.00944688 | 0.0064142 0
7.5 19.78 0.23034| 1.005679| 0.0049 | 0.003406 0.00318
8.5 14.01 0.23413| 0.79134 | 0.0049 | 0.025979 0.01619
9.5 16.11 0.2361 | 0.826749 | 0.0049 | 0.019991 0.01141
10.5 11.6 0.23601| 0.75496 | 0.0049 | 0.033464 0.0228
115 6.53 0.23432| 0.687036| 0.0049 | 0.051345 0.03851
2.5 31.55 0.32982| 1.374581 | 0.0271| 0.000542 0
3.5 33.24 0.38291| 1.374581 | 0.0271| 0.000542 0
SLC 4.5 26.77 0.43669| 1.221054 | 0.0271| 0.006307 0.00843
55 23.88 0.46865| 1.060491 | 0.0271| 0.019407 0.01501
2475 6.5 23.83 0.48916| 1.056667 | 0.0271| 0.019858 00189301 | 0.0197306 0.01611
7.5 19.78 0.50487| 1.016452 | 0.0271| 0.025097 0.02562
8.5 14.01 0.5139 | 0.959648 | 0.0271| 0.034219 0.03866
9.5 16.11 0.519 0.98178 | 0.0271| 0.030411 0.03374
10.5 11.6 0.5196 | 0.931336| 0.0271| 0.039582 0.04594
115 6.53 0.51667| 0.856452| 0.0271 | 0.056303 0.06401
2.5 31.55 0.22145| 1.370141| 0.0184 0 0
3.5 33.24 0.257 | 1.370141| 0.0184 0 0
1033 4.5 26.77 0.29296| 1.35216 | 0.0184 0 0.00944374 | 0.0127556 0
55 23.88 0.31425| 1.244652 | 0.0184 | 0.001347 0.00656
6.5 23.83 0.32784| 1.220314 | 0.0184 | 0.002162 0.0073
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7.5 19.78 0.33818| 1.030988 | 0.0184 | 0.013884 0.01647
8.5 14.01 0.34403| 0.95766 | 0.0184 | 0.022601 0.0282
9.5 16.11 0.34724| 0.981616| 0.0184 | 0.019395 0.02306
10.5 11.6 0.34743| 0.928555| 0.0184 | 0.027027 0.03411
11.5 6.53 0.34526 | 0.853689| 0.0184 | 0.041394 0.053
25 31.55 0.28247| 1.374398| 0.0255 | 0.000125 0
35 33.24 0.32884 | 1.374398| 0.0255 | 0.000125 0
4.5 26.77 0.37616| 1.28691 | 0.0255| 0.002683 0.006
5.5 23.88 0.40502| 1.107304| 0.0255 | 0.013216 0.01314
475 6.5 23.83 0.42423| 1.077834| 0.0255 | 0.016026 001642643 | 0.0165228 0.01418
7.5 19.78 0.43949| 1.017965| 0.0255 | 0.023099 0.02253
8.5 14.01 0.44909| 0.959559| 0.0255 | 0.032087 0.03275
9.5 16.11 0.45539| 0.981782| 0.0255 | 0.028402 0.02829
10.5 11.6 0.4578 | 0.931216 | 0.0255| 0.037287 0.03788
115 6.53 0.45715]| 0.856337| 0.0255| 0.053689 0.05186
2.5 31.55 0.47009| 1.36792 | 0.0379 | 0.004336 0
3.5 33.24 0.54773| 1.372993| 0.0379 | 0.004133 0
4.5 26.77 0.62716| 1.098655| 0.0379 | 0.025554 0.0187
55 23.88 0.67597| 1.04931 | 0.0379| 0.032786 0.02697
San Fran | 2475 6.5 23.83 0.70883| 1.048768 | 0.0379 | 0.032874 003098842 | 0.0259753 0.02656
7.5 19.78 0.73519| 1.015956 | 0.0379 | 0.038467 0.03324
8.5 14.01 0.75218| 0.95965 | 0.0379| 0.049516 0.04581
9.5 16.11 0.7637 | 0.98176 | 0.0379| 0.044966 0.04018
10.5 11.6 0.76877| 0.931344| 0.0379 | 0.055693 0.05154
115 6.53 0.76871| 0.856459| 0.0379 | 0.073003 0.06921
2.5 31.55 0.35785| 1.374499| 0.0325| 0.002214 0
3.5 33.24 0.41679| 1.374591| 0.0325| 0.002211 0
4.5 26.77 0.47701| 1.179781| 0.0325| 0.01245 0.01279
55 23.88 0.51389| 1.054537 | 0.0325| 0.025974 0.02025
1033 6.5 23.83 0.5386 | 1.052179| 0.0325| 0.026306 002453254 | 0.0219274 0.02151
7.5 19.78 0.55832| 1.016105| 0.0325| 0.031789 0.02974
8.5 14.01 0.5709 | 0.95965 | 0.0325| 0.041997 0.0407
9.5 16.11 0.5793 | 0.981764 | 0.0325| 0.037758 0.03502
10.5 11.6 0.58279| 0.931342| 0.0325| 0.047863 0.04498
11.5 6.53 0.58238| 0.856457 | 0.0325| 0.065272 0.06229
2.5 31.55 0.25196 | 1.373918| 0.0257 | 0.000176 0
35 33.24 0.29204| 1.373918| 0.0257 | 0.000176 0
4.5 26.77 0.33247| 1.32893 | 0.0257 | 0.001363 0.00216
5.5 23.88 0.35612| 1.180275| 0.0257 | 0.00787 0.01103
475 6.5 23.83 0.37094 | 1.154472| 0.0257 | 0.009581 001501628 | 0.0154595 0.01395
7.5 19.78 0.38202| 1.022886 | 0.0257 | 0.022607 0.02147
8.5 14.01 0.38796| 0.959471| 0.0257 | 0.032307 0.03104
9.5 16.11 0.39089 | 0.982216 | 0.0257 | 0.028523 0.02873
10.5 11.6 0.39039| 0.930937 | 0.0257 | 0.037562 0.03608
11.5 6.53 0.38723| 0.856039 | 0.0257 | 0.054015 0.052
San Jose 2.5 31.55 0.38523| 1.374092 | 0.0379| 0.004112 0
3.5 33.24 0.44652| 1.374592 | 0.0379 | 0.004093 0
4.5 26.77 0.50834| 1.150734| 0.0379 | 0.019365 0.0154
5.5 23.88 0.54449| 1.052328 | 0.0379 | 0.032374 0.02433
2475 6.5 23.83 0.56715| 1.050812| 0.0379 | 0.032616 003014823 | 0.0252533 0.02559
7.5 19.78 0.58409| 1.016039| 0.0379 | 0.038528 0.03363
8.5 14.01 0.59318| 0.95965 | 0.0379 | 0.0496 0.04599
9.5 16.11 0.59766 | 0.981763| 0.0379 | 0.045047 0.04048
10.5 11.6 0.59689 | 0.931343| 0.0379| 0.05578 0.05165
11.5 6.53 0.59206 | 0.856459| 0.0379| 0.073084 0.06925
1033 25 31.55 0.3082 | 1.374562| 0.0326 | 0.002247 | 0.02363531 | 0.0209747 0
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35 33.24 0.35725| 1.374562| 0.0326 | 0.002247 0
4.5 26.77 0.40674| 1.253697 | 0.0326 | 0.007485 0.00953
55 23.88 0.4357 | 1.068192 | 0.0326 | 0.024229 0.01814
6.5 23.83 0.45387| 1.062741| 0.0326 | 0.02496 0.01919
7.5 19.78 0.46747| 1.017095| 0.0326 | 0.03176 0.02843
8.5 14.01 0.47479| 0.959649 | 0.0326 | 0.042148 0.04086
9.5 16.11 0.47843| 0.981824| 0.0326 | 0.037891 0.03532
10.5 11.6 0.47786| 0.931325| 0.0326 | 0.048026 0.04515
11.5 6.53 0.47404| 0.85644 | 0.0326 | 0.065442 0.06238
25 31.55 0.22505| 1.370068 | 0.0213 0 0
35 33.24 0.26099 | 1.370068 | 0.0213 0 0
4.5 26.77 0.2973 | 1.349803 | 0.0213 0 0.00178
55 23.88 0.31865| 1.237473| 0.0213 | 0.002791 0.00719
475 6.5 23.83 0.33214| 1.213205| 0.0213 | 0.003775 001133013 | 0.0139291 0.00954
7.5 19.78 0.3423 | 1.029469 | 0.0213| 0.017044 0.01819
8.5 14.01 0.3479 | 0.957485| 0.0213| 0.026604 0.03074
9.5 16.11 0.3508 | 0.981289 | 0.0213| 0.023078 0.02681
10.5 11.6 0.35063 | 0.928481 | 0.0213| 0.031438 0.03565
11.5 6.53 0.34808 | 0.853643 | 0.0213 | 0.046824 0.05081
2.5 31.55 0.38046| 1.374194 | 0.0355| 0.003213 0
3.5 33.24 0.44152| 1.374592 | 0.0355| 0.003198 0
4.5 26.77 0.50331| 1.155207 | 0.0355| 0.016851 0.01363
5.5 23.88 0.53989| 1.052596 | 0.0355| 0.029508 0.02244
Santa 2475 6.5 23.83 0.56322| 1.050964 | 0.0355 | 0.029755 002766615 | 0.0242404 0.02364
Monica 7.5 19.78 0.58099| 1.016045| 0.0355| 0.035421 0.03283
8.5 14.01 0.59104| 0.95965 | 0.0355| 0.046124 0.04445
9.5 16.11 0.59656 | 0.981763| 0.0355| 0.0417 0.03934
10.5 11.6 0.59688 | 0.931343| 0.0355| 0.052184 0.05025
115 6.53 0.59316| 0.856458| 0.0355| 0.069637 0.06952
2.5 31.55 0.27966 | 1.374469 | 0.0291| 0.001132 0
3.5 33.24 0.32444| 1.374469 | 0.0291| 0.001132 0
4.5 26.77 0.36971| 1.29379 | 0.0291| 0.003851 0.00689
55 23.88 0.39642| 1.119625| 0.0291| 0.015039 0.01517
1033 6.5 23.83 0.41338| 1.092747 | 0.0291| 0.017752 001913499 | 0.0193853 0.01608
7.5 19.78 0.42622| 1.018741| 0.0291| 0.027167 0.02646
8.5 14.01 0.43339| 0.959636 | 0.0291 | 0.037079 0.03819
9.5 16.11 0.43723| 0.981936| 0.0291 | 0.03307 0.03488
10.5 11.6 0.43724| 0.931269| 0.0291 | 0.042659 0.04425
11.5 6.53 0.43428 | 0.856381 | 0.0291 | 0.059726 0.06091
2.5 31.55 0.20347| 1.357834 | 0.0177 0 0
35 33.24 0.23598| 1.357834 | 0.0177 0 0
4.5 26.77 0.26883 | 1.349661 | 0.0177 0 0
55 23.88 0.28816| 1.273877 | 0.0177| 0.000271 0.00473
475 6.5 23.83 0.30038| 1.253465| 0.0177 | 0.000827 000911403 | 0.0118192 0.00562
7.5 19.78 0.30961| 1.035475| 0.0177| 0.012787 0.01584
8.5 14.01 0.31469| 0.950637 | 0.0177 | 0.022682 0.02773
9.5 16.11 0.31735| 0.97641 | 0.0177| 0.019216 0.02229
Seattle 10.5 11.6 0.31723| 0.920638| 0.0177 | 0.027299 0.03234
11.5 6.53 0.31496 | 0.846031| 0.0177| 0.04182 0.04841
2.5 31.55 0.35936 | 1.374486| 0.0336 | 0.002557 0
3.5 33.24 0.41715| 1.374591| 0.0336 | 0.002554 0
4.5 26.77 0.47567| 1.181087| 0.0336 | 0.013079 0.01262
2475 5.5 23.88 0.5104 | 1.054864 | 0.0336| 0.02707 | 0.02549798 | 0.0231295| 0.02006
6.5 23.83 0.53265| 1.052553 | 0.0336 | 0.027403 0.02134
7.5 19.78 0.54965| 1.016138 | 0.0336 | 0.033064 0.0306
8.5 14.01 0.55937| 0.95965 | 0.0336 | 0.043465 0.04379
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9.5 16.11 0.56482| 0.981767| 0.0336 | 0.039156 0.0386
10.5 11.6 0.56535| 0.931342| 0.0336 | 0.049407 0.0493
115 6.53 0.56205| 0.856457| 0.0336 | 0.066858 0.06809
25 31.55 0.26481| 1.374162| 0.0265 | 0.000409 0
35 33.24 0.30726| 1.374162| 0.0265 | 0.000409 0
4.5 26.77 0.35021| 1.313116| 0.0265 | 0.002157 0.00447
5.5 23.88 0.3756 | 1.150203 | 0.0265| 0.010499 0.01339
1033 6.5 23.83 0.39177| 1.12331 | 0.0265 | 0.012646 001629799 | 0.0178859 0.01442
7.5 19.78 0.40406 | 1.020284 | 0.0265 | 0.023961 0.02335
8.5 14.01 0.41097 | 0.959494| 0.0265 | 0.033526 0.03638
9.5 16.11 0.41473| 0.981942| 0.0265| 0.02971 0.03111
10.5 11.6 0.41487| 0.931073| 0.0265 | 0.038857 0.04385
11.5 6.53 0.41219| 0.85619 | 0.0265 | 0.055488 0.05997
0.5 10.52 0.11026 | 0.986073 0 0.000458 0
15 10.52 0.11808 | 0.972956 0 0.000931 0
2.5 11.15 0.12062 | 0.975157 0 0.000848 0
3.5 11.77 0.12148| 0.979843 0 0.000677 0
4.5 10.86 0.12186| 0.968882 0 0.001086 0
55 10.9 0.12117| 0.971012 0 0.001004 0
6.5 10.11 0.1201 | 0.96148 0 0.001381 0
7.5 9.46 0.1185 | 0.95298 0 0.001738 0.00165
475 8.5 8.92 0.11651| 0.946469 0 0.002026 000116087 | 0.0006681 0.0013
9.5 8.84 0.11422| 0.954515 0 0.001672 0.00152
10.5 8.43 0.11174| 0.953957 0 0.001696 0.00136
115 8.06 0.10912| 0.955009 0 0.001651 0.00128
125 7.74 0.10639| 0.95776 0 0.001534 0.00125
135 7.45 0.10361| 0.961286 0 0.001389 0.00129
145 7.19 0.10082 | 0.965249 0 0.001229 0.00137
155 6.95 0.09805| 0.969144 0 0.001076 0.00148
16.5 6.73 0.09533| 0.972839 0 0.000935 0.00162
17.5 6.54 0.09268 | 0.976456 0 0.0008 0.00179
0.5 10.52 0.19609 | 0.69085 0 0.033192 0.0299
15 10.52 0.21004 | 0.683781 0 0.034961 0.03291
2.5 11.15 0.21458| 0.691028 0 0.033149 0.03084
Butte 35 11.77 0.21613| 0.6994 0 0.031142 0.02879
4.5 10.86 0.21685| 0.686021 0 0.034393 0.03125
55 10.9 0.21565| 0.687025 0 0.034141 0.03154
6.5 10.11 0.21378| 0.676662 0 0.03681 0.03447
7.5 9.46 0.21097 | 0.668543 0 0.039003 0.03776
8.5 8.92 0.20747| 0.66201 0 0.040832 0.03826
2415 9.5 8.84 0.20343| 0.66195 0 0.040849 0.03704523 | 0.0351966 0.03843
10.5 8.43 0.19906 | 0.657281 0 0.042191 0.03903
115 8.06 0.19442| 0.653163 0 0.043399 0.04029
125 7.74 0.1896 | 0.649767 0 0.044412 0.0414
135 7.45 0.18469 | 0.646826 0 0.045301 0.04233
145 7.19 0.17975| 0.644372 0 0.046051 0.04203
155 6.95 0.17485| 0.642275 0 0.046698 0.04235
16.5 6.73 0.17003| 0.640561 0 0.047231 0.042
17.5 6.54 0.16533| 0.639439 0 0.047582 0.04357
0.5 10.52 0.14989 | 0.746346 0 0.021536 0.00934
15 10.52 0.16053| 0.725185 0 0.025533 0.0143
2.5 11.15 0.16398 | 0.734915 0 0.02363 0.01212
1033 35 11.77 0.16515| 0.748451 0 0.021166 | 0.02783855 | 0.0182477| 0.01033
4.5 10.86 0.16567 | 0.724966 0 0.025577 0.01576
55 10.9 0.16473| 0.727468 0 0.025076 0.01426
6.5 10.11 0.16327| 0.710801 0 0.028558 0.01839
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7.5 9.46 0.1611 | 0.698731 0 0.031299 0.0216
8.5 8.92 0.15839| 0.689929 0 0.033419 0.0222
9.5 8.84 0.15528 | 0.692402 0 0.032813 0.02273
10.5 8.43 0.15191| 0.68744 0 0.034037 0.02343
115 8.06 0.14834| 0.683697 0 0.034982 0.02321
125 7.74 0.14463| 0.681413 0 0.035568 0.02457
135 7.45 0.14086 | 0.680106 0 0.035907 0.02417
145 7.19 0.13707| 0.679801 0 0.035986 0.02462
155 6.95 0.1333 | 0.680251 0 0.03587 0.02458
16.5 6.73 0.1296 | 0.681465 0 0.035555 0.02314
17.5 6.54 0.12599 | 0.683762 0 0.034966 0.02375
0.5 10.52 0.17312| 0.707521 0 0.029284 0.01079
15 10.52 0.18597 | 0.694294 0 0.032355 0.0127
25 11.15 0.19063| 0.70194 0 0.030552 0.0117
35 11.77 0.19273| 0.711591 0 0.028385 0.01089
4.5 10.86 0.19417| 0.693957 0 0.032436 0.0128
55 10.9 0.19397| 0.694799 0 0.032234 0.0111
6.5 10.11 0.19321| 0.681882 0 0.035448 0.01345
7.5 9.46 0.19164| 0.672118 0 0.038026 0.014
475 8.5 8.92 0.18946 | 0.664509 0 0.040125 003523838 | 0.0132427 0.01524
9.5 8.84 0.1868 | 0.664519 0 0.040123 0.01567
10.5 8.43 0.18383| 0.65926 0 0.041619 0.01502
11.5 8.06 0.18058 | 0.654699 0 0.042946 0.0169
12.5 7.74 0.17714| 0.650988 0 0.044046 0.01671
135 7.45 0.17357| 0.647794 0 0.045007 0.01654
145 7.19 0.16991| 0.645131 0 0.045818 0.01682
155 6.95 0.16623 | 0.642834 0 0.046525 0.0151
16.5 6.73 0.16256 | 0.640919 0 0.04712 0.01536
175 6.54 0.15894 | 0.639596 0 0.047533 0.01562
0.5 10.52 0.59703| 0.917411| 0.024 | 0.037695 0.04398
15 10.52 0.64265| 0.917411| 0.024 | 0.037695 0.04311
2.5 11.15 0.66028 | 0.925642| 0.024 | 0.036094 0.04111
35 11.77 0.6693 | 0.933457| 0.024 | 0.03462 0.04066
Charleston 4.5 10.86 0.67624| 0.92189 | 0.024 | 0.036818 0.04398
5.5 10.9 0.67766| 0.922412| 0.024 | 0.036716 0.04209
6.5 10.11 0.67727| 0.911886| 0.024 | 0.038797 0.0458
7.5 9.46 0.67416| 0.902833| 0.024 | 0.040651 0.04611
8.5 8.92 0.66897| 0.895016 | 0.024 | 0.042299 0.04815
2415 9.5 8.84 0.66211| 0.893834 | 0.024 | 0.042552 0.03962546 | 0.0453767 0.04826
10.5 8.43 0.65415| 0.887669 | 0.024 | 0.043888 0.04907
11.5 8.06 0.64519| 0.881947 | 0.024 | 0.045151 0.05011
12.5 7.74 0.63547| 0.876871| 0.024 | 0.046291 0.05115
135 7.45 0.62519| 0.87216 | 0.024 | 0.047364 0.05216
145 7.19 0.61452| 0.867844| 0.024 | 0.04836 0.05335
155 6.95 0.60362| 0.863777| 0.024 | 0.04931 0.05455
16.5 6.73 0.59261| 0.859976| 0.024 | 0.050207 0.05575
17.5 6.54 0.58162| 0.856634| 0.024 | 0.051003 0.05694
0.5 10.52 0.34025| 0.908671 | 0.0148 | 0.024663 0.02914
15 10.52 0.36601 | 0.908587 | 0.0148 | 0.024676 0.03016
2.5 11.15 0.37575| 0.916745| 0.0148 | 0.023416 0.0295
3.5 11.77 0.38056 | 0.924506 | 0.0148 | 0.022265 0.02857
1033 4.5 10.86 0.38413| 0.913006 | 0.0148 | 0.023988| 0.02625172 | 0.0319565| 0.03049
5.5 10.9 0.38454| 0.913522| 0.0148 | 0.023908 0.03058
6.5 10.11 0.38389| 0.903082| 0.0148 | 0.025555 0.03269
7.5 9.46 0.38167| 0.89411 | 0.0148| 0.027039 0.03309
8.5 8.92 0.37827| 0.886365| 0.0148 | 0.028372 0.03394
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9.5 8.84 0.37391| 0.885194| 0.0148 | 0.028577 0.03411
10.5 8.43 0.36893| 0.879087 | 0.0148 | 0.029669 0.03497
115 8.06 0.36339| 0.873421| 0.0148 | 0.030709 0.03617
125 7.74 0.35743| 0.868393 | 0.0148 | 0.031655 0.03589
135 7.45 0.35117| 0.863728| 0.0148 | 0.032552 0.03706
145 7.19 0.34471| 0.859454| 0.0148 | 0.03339 0.03844
155 6.95 0.33814| 0.855427 | 0.0148 | 0.034194 0.03844
16.5 6.73 0.33154| 0.851663 | 0.0148 | 0.034959 0.03785
17.5 6.54 0.32498 | 0.848354 | 0.0148 | 0.035641 0.0392
0.5 10.52 0.59874| 0.917412| 0.0249 | 0.039076 0.03835
15 10.52 0.64559| 0.917412| 0.0249 | 0.039076 0.03808
25 11.15 0.66461| 0.925642| 0.0249 | 0.037446 0.03724
35 11.77 0.67518| 0.933458 | 0.0249 | 0.035944 0.03665
4.5 10.86 0.68385| 0.921891| 0.0249 | 0.038183 0.03894
55 10.9 0.68709| 0.922412| 0.0249 | 0.03808 0.03899
6.5 10.11 0.68864 | 0.911887| 0.0249 | 0.040198 0.04096
7.5 9.46 0.68753| 0.902834 | 0.0249 | 0.042082 0.04171
475 8.5 8.92 0.68439| 0.895017 | 0.0249 | 0.043755 004103425 | 0.0408315 0.04393
9.5 8.84 0.67957| 0.893834 | 0.0249 | 0.044012 0.04385
10.5 8.43 0.67365| 0.887669 | 0.0249 | 0.045366 0.04479
11.5 8.06 0.66668 | 0.881948 | 0.0249 | 0.046646 0.04579
12.5 7.74 0.65891| 0.876871| 0.0249| 0.0478 0.04681
13.5 7.45 0.65049| 0.872161 | 0.0249 | 0.048885 0.04785
14.5 7.19 0.64159| 0.867845| 0.0249 | 0.049891 0.04765
155 6.95 0.63235| 0.863778| 0.0249 | 0.05085 0.04875
16.5 6.73 0.62288| 0.859977| 0.0249 | 0.051755 0.04988
17.5 6.54 0.61329| 0.856635| 0.0249 | 0.052557 0.04901
0.5 10.52 1.4252 | 0.917413| 0.0364 | 0.056647 0.05476
15 10.52 1.53767| 0.917413| 0.0364 | 0.056647 0.05465
2.5 11.15 1.5841 | 0.925644 | 0.0364 | 0.054781 0.05265
35 11.77 1.61059| 0.93346 | 0.0364 | 0.053035 0.05035
4.5 10.86 1.63272| 0.921893 | 0.0364 | 0.055628 0.05363
Eureka 5.5 10.9 1.64204| 0.922414 | 0.0364 | 0.05551 0.05365
6.5 10.11 1.64744| 0.911889 | 0.0364 | 0.057913 0.05557
7.5 9.46 1.64658| 0.902836 | 0.0364 | 0.060009 0.05752
8.5 8.92 1.64091| 0.895019 | 0.0364 | 0.061836 0.05952
2415 9.5 8.84 1.6313 | 0.893836 | 0.0364 | 0.062114 0.05875164 | 0.0565891 0.05951
10.5 8.43 1.61903| 0.887671| 0.0364 | 0.063564 0.06154
11.5 8.06 1.60428| 0.88195 | 0.0364 | 0.064915 0.0625
12.5 7.74 1.58755| 0.876873| 0.0364 | 0.066115 0.06348
13.5 7.45 1.56924| 0.872163| 0.0364 | 0.067229 0.06576
14.5 7.19 1.5497 | 0.867847 | 0.0364 | 0.068248 0.06655
155 6.95 1.52926| 0.86378 | 0.0364 | 0.069206 0.06755
16.5 6.73 1.50818| 0.859978 | 0.0364| 0.0701 0.06857
17.5 6.54 1.48672| 0.856637 | 0.0364 | 0.070882 0.06958
0.5 10.52 0.96545| 0.917413| 0.0315| 0.049272 0.04862
15 10.52 1.04137| 0.917413| 0.0315| 0.049272 0.04851
2.5 11.15 1.07249| 0.925644 | 0.0315| 0.047472 0.04619
3.5 11.77 1.09007| 0.93346 | 0.0315| 0.0458 0.04406
4.5 10.86 1.10463| 0.921893| 0.0315| 0.048288 0.0475
1033 5.5 10.9 1.11049| 0.922414| 0.0315| 0.048174| 0.0513641 | 0.0500851| 0.04752
6.5 10.11 1.11367| 0.911889 | 0.0315| 0.050502 0.04946
7.5 9.46 1.11258| 0.902836 | 0.0315| 0.052551 0.05186
8.5 8.92 1.10823| 0.895019 | 0.0315| 0.054353 0.05192
9.5 8.84 1.10119| 0.893836| 0.0315| 0.054628 0.05387
10.5 8.43 1.09235| 0.887671| 0.0315| 0.056072 0.05439
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115 8.06 1.08185| 0.88195 | 0.0315| 0.057427 0.05493
125 7.74 1.07001| 0.876873| 0.0315| 0.058638 0.05591
135 7.45 1.05711| 0.872163| 0.0315| 0.05977 0.05888
145 7.19 1.04341| 0.867847 | 0.0315| 0.060813 0.0579
155 6.95 1.02911| 0.86378 | 0.0315| 0.0618 0.05894
16.5 6.73 1.01442| 0.859978 | 0.0315| 0.062725 0.05998
17.5 6.54 0.9995 | 0.856637 | 0.0315| 0.063541 0.06101
0.5 10.52 0.19595| 0.691044 0 0.033145 0.01432
15 10.52 0.2109 | 0.683543 0 0.035022 0.01608
25 11.15 0.21666 | 0.690276 0 0.033334 0.01524
35 11.77 0.21959| 0.697899 0 0.031495 0.0146
4.5 10.86 0.22183| 0.68446 0 0.034788 0.01614
55 10.9 0.22226 | 0.684863 0 0.034686 0.01641
6.5 10.11 0.22209| 0.674526 0 0.037378 0.01843
7.5 9.46 0.22103| 0.666377 0 0.039603 0.02083
475 8.5 8.92 0.21929| 0.659745 0 0.041479 00375847 | 0.0179467 0.02185
9.5 8.84 0.217 | 0.659083 0 0.04167 0.02008
10.5 8.43 0.21435]| 0.654144 0 0.043109 0.02119
11.5 8.06 0.21137| 0.649683 0 0.044437 0.02295
12.5 7.74 0.20814 | 0.645837 0 0.045602 0.02256
13.5 7.45 0.20473| 0.642347 0 0.046676 0.02219
14.5 7.19 0.2012 | 0.639224 0 0.047649 0.02233
15.5 6.95 0.19759| 0.63634 0 0.048559 0.02249
16.5 6.73 0.19394| 0.633707 0 0.049398 0.02263
17.5 6.54 0.19031 | 0.631488 0 0.050111 0.02275
0.5 10.52 0.54253| 0.917403 | 0.0252 | 0.039567 0.04459
15 10.52 0.58471| 0.917403 | 0.0252 | 0.039567 0.04411
2.5 11.15 0.60161| 0.925634 | 0.0252 | 0.037927 0.04353
3.5 11.77 0.61081| 0.93345 | 0.0252 | 0.036414 0.043
4.5 10.86 0.61824| 0.921883 | 0.0252 | 0.038668 0.04459
5.5 10.9 0.62073| 0.922404 | 0.0252 | 0.038565 0.04307
Memphis 6.5 10.11 0.62165| 0.911878| 0.0252 | 0.040694 0.0467
7.5 9.46 0.62014| 0.902826 | 0.0252 | 0.042589 0.0484
8.5 8.92 0.61678| 0.895009 | 0.0252 | 0.044271 0.0491
2475 9.5 8.84 0.61189| 0.893826 | 0.0252 | 0.044529 0.04153387) 0.0469255 0.05049
10.5 8.43 0.606 | 0.887661| 0.0252| 0.045889 0.05129
11.5 8.06 0.59919| 0.88194 | 0.0252 | 0.047175 0.05231
12.5 7.74 0.59164 | 0.876863 | 0.0252 | 0.048333 0.05333
13.5 7.45 0.58353| 0.872153| 0.0252 | 0.049422 0.05431
14.5 7.19 0.57501| 0.867837 | 0.0252 | 0.050432 0.05546
15.5 6.95 0.5662 | 0.86377 | 0.0252| 0.051394 0.05663
16.5 6.73 0.55722| 0.859969 | 0.0252 | 0.052301 0.05779
17.5 6.54 0.54816 | 0.856627 | 0.0252 | 0.053105 0.05895
0.5 10.52 0.35906 | 0.910867 | 0.0157 | 0.025755 0.031
15 10.52 0.38687| 0.910823 | 0.0157 | 0.025762 0.03183
2.5 11.15 0.39793| 0.918997 | 0.0157 | 0.02447 0.03141
3.5 11.77 0.40388| 0.926766 | 0.0157 | 0.023288 0.03072
4.5 10.86 0.40865| 0.915261 | 0.0157 | 0.025054 0.03251
5.5 10.9 0.41012| 0.915778| 0.0157 | 0.024972 0.03264
1033 6.5 10.11 0.41056 | 0.905321| 0.0157 | 0.02666 | 0.02737298 | 0.0341593| 0.03285
7.5 9.46 0.40938 | 0.896331| 0.0157 | 0.02818 0.03509
8.5 8.92 0.40696 | 0.888568 | 0.0157 | 0.029544 0.03757
9.5 8.84 0.40354| 0.887394| 0.0157 | 0.029755 0.03753
10.5 8.43 0.39945| 0.881273| 0.0157 | 0.030871 0.03836
11.5 8.06 0.39476| 0.875593| 0.0157 | 0.031935 0.03803
12.5 7.74 0.38958| 0.870552 | 0.0157 | 0.032901 0.03926
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135 7.45 0.38404 | 0.865876| 0.0157 | 0.033817 0.04032
145 7.19 0.37824| 0.861591| 0.0157 | 0.034673 0.04165
155 6.95 0.37225| 0.857553| 0.0157 | 0.035493 0.04163
16.5 6.73 0.36616 | 0.853779| 0.0157 | 0.036272 0.04097
17.5 6.54 0.36004 | 0.850462| 0.0157 | 0.036968 0.04228
0.5 10.52 0.29167| 0.803407| 0.0072| 0.02889 0.03059
15 10.52 0.31435| 0.802984 | 0.0072 | 0.028973 0.03109
25 11.15 0.32343| 0.810213| 0.0072 | 0.027584 0.03044
35 11.77 0.32838| 0.817138| 0.0072 | 0.026301 0.02996
4.5 10.86 0.33237| 0.806791| 0.0072 | 0.028235 0.03158
5.5 10.9 0.33371| 0.807243| 0.0072 | 0.028148 0.03167
6.5 10.11 0.3342 | 0.797944 | 0.0072| 0.029973 0.03345
7.5 9.46 0.33339| 0.789982 | 0.0072 | 0.031604 0.03561
475 8.5 8.92 0.33159| 0.783122| 0.0072 | 0.033062 003070156 | 0.0336771 0.03612
9.5 8.84 0.32896| 0.782089| 0.0072 | 0.033286 0.03623
10.5 8.43 0.32579| 0.776685| 0.0072 | 0.034474 0.03899
115 8.06 0.32213| 0.771674| 0.0072 | 0.035604 0.03844
125 7.74 0.31807| 0.767229| 0.0072 | 0.036628 0.0398
13.5 7.45 0.31371| 0.763106 | 0.0072 | 0.037597 0.04084
14.5 7.19 0.30913| 0.759329| 0.0072| 0.0385 0.04015
15.5 6.95 0.3044 | 0.75577 | 0.0072| 0.039365 0.04011
16.5 6.73 0.29957| 0.752446 | 0.0072 | 0.040184 0.04143
17.5 6.54 0.2947 | 0.749524 | 0.0072| 0.040914 0.04273
0.5 10.52 0.51866 | 0.917373| 0.0296 | 0.046352 0.05189
15 10.52 0.55919| 0.917373| 0.0296 | 0.046352 0.05151
2.5 11.15 0.57559| 0.925604 | 0.0296 | 0.044593 0.0492
3.5 11.77 0.58467| 0.933419| 0.0296 | 0.042961 0.0472
4.5 10.86 0.59209| 0.921853| 0.0296 | 0.045389 0.05197
55 10.9 0.5948 | 0.922374| 0.0296 | 0.045278 0.05044
6.5 10.11 0.59604 | 0.911849| 0.0296 | 0.047557 0.05378
Portland 7.5 9.46 0.59497| 0.902796 | 0.0296 | 0.04957 0.05563
8.5 8.92 0.59214| 0.89498 | 0.0296 | 0.051346 0.05612
2475 9.5 8.84 0.58786 | 0.893797| 0.0296 | 0.051617 0.04841854) 0.0537913 0.05762
10.5 8.43 0.58261| 0.887632| 0.0296 | 0.053045 0.05812
115 8.06 0.57647| 0.881911| 0.0296 | 0.054386 0.05909
125 7.74 0.56962| 0.876835| 0.0296 | 0.055589 0.06156
13.5 7.45 0.56223| 0.872125| 0.0296 | 0.056716 0.06214
14.5 7.19 0.55442| 0.867809 | 0.0296 | 0.057756 0.0632
15.5 6.95 0.54632| 0.863742| 0.0296 | 0.058742 0.06428
16.5 6.73 0.53803| 0.859941 | 0.0296 | 0.059669 0.06535
17.5 6.54 0.52965| 0.856599 | 0.0296 | 0.060487 0.06642
0.5 10.52 0.39475| 0.913847| 0.0205 | 0.032789 0.04252
15 10.52 0.42555| 0.913835| 0.0205| 0.032792 0.04336
2.5 11.15 0.43798| 0.922034 | 0.0205| 0.031306 0.04121
3.5 11.77 0.44482| 0.929822 | 0.0205| 0.029942 0.03894
4.5 10.86 0.4504 | 0.918294 | 0.0205| 0.031977 0.04206
55 10.9 0.45239| 0.918813 | 0.0205| 0.031883 0.04213
6.5 10.11 0.45326| 0.908327 | 0.0205| 0.033819 0.04567
1033 7.5 9.46 0.45236 | 0.899309 | 0.0205 | 0.035551| 0.0346091 | 0.0452415| 0.0459
8.5 8.92 0.45012| 0.891522| 0.0205 | 0.037097 0.04984
9.5 8.84 0.44678| 0.890344 | 0.0205 | 0.037335 0.04793
10.5 8.43 0.4427 | 0.884203 | 0.0205| 0.038593 0.05067
115 8.06 0.43795| 0.878504 | 0.0205 | 0.039787 0.05165
125 7.74 0.43266 | 0.873447| 0.0205 | 0.040867 0.05265
13.5 7.45 0.42695| 0.868755| 0.0205| 0.041887 0.0536
14.5 7.19 0.42094 | 0.864456 | 0.0205| 0.042837 0.05474
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155 6.95 0.4147 | 0.860405| 0.0205| 0.043744 0.05392
16.5 6.73 0.40833| 0.856618| 0.0205 | 0.044603 0.05508
17.5 6.54 0.40189| 0.85329 | 0.0205| 0.045367 0.05624
0.5 10.52 0.2571 | 0.737781| 0.0049 | 0.037505 0.02799
15 10.52 0.27639| 0.736553 | 0.0049 | 0.037807 0.02819
25 11.15 0.28355| 0.743278| 0.0049 | 0.036176 0.02758
35 11.77 0.28694 | 0.749876| 0.0049 | 0.034625 0.02511
4.5 10.86 0.28938| 0.739855| 0.0049 0.037 0.02859
5.5 10.9 0.28941| 0.740294 | 0.0049 | 0.036893 0.0287
6.5 10.11 0.28862| 0.731518| 0.0049 | 0.039061 0.03058
7.5 9.46 0.28664 | 0.72409 | 0.0049 | 0.040964 0.03268
475 8.5 8.92 0.28377| 0.717731| 0.0049 | 0.042642 003980131 | 0.0304979 0.03338
9.5 8.84 0.28017| 0.716815| 0.0049 | 0.042888 0.03353
10.5 8.43 0.2761 | 0.711834 | 0.0049 | 0.044238 0.03423
115 8.06 0.27161| 0.707226 | 0.0049 | 0.045511 0.03536
125 7.74 0.26683 | 0.703151| 0.0049 | 0.046655 0.03665
135 7.45 0.26182| 0.699378| 0.0049 | 0.04773 0.03607
145 7.19 0.25669 | 0.695931| 0.0049 | 0.048725 0.03745
15.5 6.95 0.25149| 0.692691 | 0.0049 | 0.04967 0.03745
16.5 6.73 0.24628| 0.689672 | 0.0049 | 0.050561 0.03883
17.5 6.54 0.24112| 0.687032 | 0.0049 | 0.051346 0.03818
0.5 10.52 0.55924| 0.917405| 0.0271 | 0.042423 0.04969
15 10.52 0.60166 | 0.917405| 0.0271 | 0.042423 0.05079
2.5 11.15 0.6178 | 0.925636 | 0.0271| 0.040728 0.04892
3.5 11.77 0.62582| 0.933452 | 0.0271| 0.039162 0.04636
4.5 10.86 0.63184| 0.921885| 0.0271| 0.041495 0.04958
55 10.9 0.63266 | 0.922406 | 0.0271| 0.041388 0.04964
6.5 10.11 0.63175| 0.911881 | 0.0271| 0.043586 0.05112
7.5 9.46 0.62828| 0.902828 | 0.0271 | 0.045536 0.05475
SLC 8.5 8.92 0.62286| 0.895011| 0.0271| 0.047263 0.05527
2475 9.5 8.84 0.61586 | 0.893828| 0.0271 | 0.047528 0.04443844 | 0.052626 0.05671
10.5 8.43 0.60784| 0.887663 | 0.0271 | 0.048921 0.05748
115 8.06 0.59889| 0.881942| 0.0271 | 0.050234 0.05824
125 7.74 0.58926 | 0.876865| 0.0271 | 0.051416 0.06056
135 7.45 0.57912| 0.872155| 0.0271 | 0.052524 0.06148
145 7.19 0.56865| 0.867839| 0.0271 | 0.053551 0.06257
15.5 6.95 0.55798| 0.863772| 0.0271| 0.054527 0.06367
16.5 6.73 0.54726| 0.859971| 0.0271| 0.055446 0.06477
17.5 6.54 0.53658 | 0.856629 | 0.0271| 0.05626 0.06585
0.5 10.52 0.37575| 0.914479| 0.0184 | 0.029391 0.03893
15 10.52 0.40412| 0.914455| 0.0184 | 0.029395 0.04004
2.5 11.15 0.41481| 0.922661 | 0.0184 | 0.027999 0.03958
3.5 11.77 0.42003| 0.930457 | 0.0184 | 0.026719 0.03719
4.5 10.86 0.42388| 0.918915| 0.0184 | 0.02863 0.0404
55 10.9 0.42423| 0.919435| 0.0184 | 0.028542 0.04045
6.5 10.11 0.4234 | 0.908939 | 0.0184 | 0.030363 0.04213
7.5 9.46 0.42084| 0.899914 | 0.0184 | 0.031998 0.0457
1033 8.5 8.92 0.41697| 0.892122| 0.0184 | 0.033462| 0.03111954 | 0.0427113| 0.04625
9.5 8.84 0.41205| 0.890943| 0.0184 | 0.033687 0.04635
10.5 8.43 0.40643 | 0.884798| 0.0184 | 0.034881 0.04702
115 8.06 0.4002 | 0.879095| 0.0184 | 0.036017 0.04796
125 7.74 0.39352| 0.874034| 0.0184 | 0.037046 0.04896
135 7.45 0.38651| 0.869339| 0.0184 | 0.03802 0.04993
145 7.19 0.37928 | 0.865037| 0.0184 | 0.038928 0.05113
15.5 6.95 0.37194| 0.860983 | 0.0184 | 0.039797 0.05234
16.5 6.73 0.36457| 0.857195| 0.0184 | 0.040621 0.05355
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17,5 654 | 0.35725| 0.853864| 0.0184 | 0.041355 0.05472
05 1052 | 0.47677| 0.917284] 0.0255| 0.040052 0.03925
15 1052 | 0.51402| 0.917283| 0.0255 | 0.040052 0.03909
25 1115 | 05291 | 0.925513| 0.0255 | 0.038402 0.03854
35 11.77 | 0.53744| 0.933328| 0.0255| 0.03688 0.03602
45 10.86 | 0.54426| 0.921762| 0.0255 | 0.039148 0.03997
55 109 | 0.54675| 0.922283| 0.0255| 0.039044 0.038
6.5 1011 | 05479 | 0.911759| 0.0255 | 0.041186 0.04001
75 9.46 | 0.54691| 0.902708| 0.0255| 0.043001 0.0428

475 8.5 892 | 054431| 0.894892| 0.0255| 0044781 || 0.04338
95 8.84 | 0.54037| 0.893709 | 0.0255| 0.04504 0.04495
105 8.43 | 0.53555| 0.887545| 0.0255| 0.046406 0.04585
115 8.06 | 0.52991| 0.881825| 0.0255| 0.047697 0.04683
12,5 7.74 | 0.52361| 0.876749| 0.0255 | 0.048859 0.04784
135 7.45 | 0.51682| 0.872039 | 0.0255 | 0.049952 0.04892
145 719 | 0.50964| 0.867723| 0.0255| 0.050965 0.04864
15.5 6.95 | 0.50219| 0.863657 | 0.0255| 0.05193 0.04971
16.5 6.73 | 0.49458| 0.859856 | 0.0255| 0.05284 0.05079
175 654 | 0.48687| 0.856515| 0.0255 | 0.053646 0.05189
05 1052 | 0.79229| 0.917413| 0.0379 | 0.058852 0.05437
15 1052 | 0.85477| 0.917413| 0.0379 | 0.058852 0.0543
25 1115 | 0.88053| 0.925644| 0.0379 | 0.056977 0.0523
35 11.77 | 08952 | 0.93346 | 0.0379 | 0.055219 0.05015
45 10.86 | 0.90743| 0.921893| 0.0379 | 0.057829 0.05329
5.5 10.9 | 0.91253| 0.922414| 0.0379| 0.05771 0.0533
6.5 1011 | 0.91546| 0.911889| 0.0379 | 0.060121 0.05524
75 9.46 | 0.91489| 0.902836| 0.0379| 0.062217 0.05721
8.5 892 | 0.91166| 0.895019 | 0.0379| 0.064039 0.05921

San Fran | 2475 95 884 | 0.90623| 0.893836 | 0.0379 | 0.064315| 000094475 | 0.0562647) ) hoo1q
10.5 8.43 | 0.89932| 0.887671| 0.0379| 0.065757 0.06122
115 8.06 | 0.89104| 0.88195 | 0.0379| 0.067095 0.06218
12,5 7.74 | 0.88165| 0.876873| 0.0379| 0.068282 0.06316
135 7.45 | 0.87139| 0.872163| 0.0379| 0.06938 0.06559
145 719 | 0.86046| 0.867847 | 0.0379| 0.070382 0.06621
15.5 6.95 | 0.84902| 0.86378 | 0.0379| 0.071323 0.06721
16.5 673 | 0.83723| 0.859978| 0.0379| 0.072198 0.06821
175 654 | 0.82524| 0.856637 | 0.0379| 0.072962 0.06922
05 1052 | 0.60352| 0.917412| 0.0325| 0.05092 0.04823
15 1052 | 0.65092| 0.917412| 0.0325| 0.05092 0.04816
25 1115 | 0.67029| 0.925642| 0.0325 | 0.049101 0.04769
35 11.77 | 0.68118| 0.933458| 0.0325 | 0.047408 0.04546
45 10.86 | 0.69018| 0.921891| 0.0325 | 0.049926 0.04715
5.5 10.9 | 0.69373| 0.922412| 0.0325 | 0.049811 0.04715
6.5 1011 | 0.6956 | 0.911887| 0.0325 | 0.052161 0.04911
75 9.46 | 0.69479| 0.902834| 0.0325| 0.054227 0.05127

1033 8.5 892 | 069194| 0.895017| 0.0325| 0.05604 | .o | oo | 00533
9.5 8.84 | 0.68741| 0.893835| 0.0325| 0.056316 0.05328
10.5 8.43 | 0.68176| 0.887669 | 0.0325 | 0.057767 0.05407
115 8.06 | 0.67506| 0.881948| 0.0325| 0.059125 0.05631
12,5 7.74 | 0.66753| 0.876871| 0.0325 | 0.060338 0.05727
135 7.45 | 0.65935| 0.872161| 0.0325| 0.06147 0.05825
145 719 | 0.65067| 0.867845| 0.0325 | 0.062511 0.05924
15.5 6.95 | 0.64162| 0.863778| 0.0325| 0.063496 0.06026
16.5 6.73 | 0.63233| 0.859977 | 0.0325| 0.064418 0.06128
175 654 | 0.62291| 0.856635| 0.0325| 0.065229 0.06231

San Jose | 475 05 1052 | 0.42836| 0.916968| 0.0257 | 0.040345 | 0.04232681 | 0.04118 | 0.03939
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15 10.52 0.46028 | 0.916964 | 0.0257 | 0.040346 0.03922
25 11.15 0.47194| 0.925191| 0.0257 | 0.03869 0.03861
35 11.77 0.4773 | 0.933004 | 0.0257| 0.037162 0.0361
4.5 10.86 0.48105| 0.921441| 0.0257 | 0.039439 0.03809
55 10.9 0.48074| 0.921962 | 0.0257 | 0.039334 0.03813
6.5 10.11 0.47906 | 0.911441| 0.0257 | 0.041484 0.04014
7.5 9.46 0.47539| 0.902392 | 0.0257 | 0.043394 0.04292
8.5 8.92 0.47022| 0.894579| 0.0257 | 0.045089 0.04346
9.5 8.84 0.46384 | 0.893397| 0.0257 | 0.045349 0.04303
10.5 8.43 0.45669 | 0.887235| 0.0257 | 0.046719 0.04598
115 8.06 0.44885| 0.881516| 0.0257 | 0.048013 0.04696
125 7.74 0.44053| 0.876442| 0.0257 | 0.049178 0.04797
135 7.45 0.43187| 0.871734| 0.0257 | 0.050273 0.049
145 7.19 0.423 0.86742 | 0.0257 | 0.051288 0.04877
155 6.95 0.41404| 0.863355| 0.0257 | 0.052254 0.04984
16.5 6.73 0.4051 | 0.859556 | 0.0257 | 0.053165 0.05093
175 6.54 0.39627| 0.856216| 0.0257 | 0.053972 0.05004
0.5 10.52 0.65495| 0.917413| 0.0379 | 0.058939 0.05442
15 10.52 0.70375| 0.917413| 0.0379 | 0.058939 0.05435
2.5 11.15 0.72159| 0.925644 | 0.0379 | 0.057065 0.05234
3.5 11.77 0.72978| 0.933459| 0.0379 | 0.055306 0.05018
4.5 10.86 0.73551| 0.921892| 0.0379 | 0.057916 0.05333
55 10.9 0.73504| 0.922414| 0.0379 | 0.057798 0.05335
6.5 10.11 0.73248| 0.911888| 0.0379 | 0.060209 0.05528
7.5 9.46 0.72686 | 0.902835| 0.0379 | 0.062304 0.05725
8.5 8.92 0.71895| 0.895018 | 0.0379 | 0.064126 0.05925
2415 9.5 8.84 0.7092 | 0.893836 | 0.0379 | 0.064402 0.06103151 | 0.0563062 0.05923
10.5 8.43 0.69826| 0.887671| 0.0379 | 0.065843 0.06126
11.5 8.06 0.68628 | 0.881949 | 0.0379| 0.067181 0.06223
12.5 7.74 0.67356| 0.876873 | 0.0379 | 0.068367 0.0632
135 7.45 0.66031| 0.872162| 0.0379 | 0.069464 0.06561
145 7.19 0.64675| 0.867846| 0.0379 | 0.070466 0.06625
155 6.95 0.63306 | 0.863779| 0.0379 | 0.071406 0.06725
16.5 6.73 0.61939| 0.859978| 0.0379 | 0.07228 0.06826
17.5 6.54 0.60589 | 0.856636| 0.0379 | 0.073043 0.06926
0.5 10.52 0.52392| 0.917393| 0.0326 | 0.051087 0.04828
15 10.52 0.56298 | 0.917393| 0.0326 | 0.051087 0.04821
2.5 11.15 0.57729| 0.925623 | 0.0326 | 0.049266 0.04773
35 11.77 0.58388| 0.933439| 0.0326 | 0.047571 0.04554
4.5 10.86 0.5885 | 0.921872| 0.0326 | 0.050092 0.04718
5.5 10.9 0.58818| 0.922393| 0.0326 | 0.049977 0.04719
6.5 10.11 0.58618| 0.911868| 0.0326 | 0.052329 0.04915
7.5 9.46 0.58174| 0.902816 | 0.0326 | 0.054396 0.05135
1033 8.5 8.92 0.57546| 0.894999 | 0.0326 | 0.05621 005318939 | 0.0503977 0.05338
9.5 8.84 0.56771| 0.893816 | 0.0326 | 0.056487 0.05333
10.5 8.43 0.55901| 0.887651| 0.0326 | 0.057938 0.05411
11.5 8.06 0.54948| 0.88193 | 0.0326 | 0.059296 0.05639
12.5 7.74 0.53935| 0.876853 | 0.0326 | 0.060509 0.05735
135 7.45 0.52879| 0.872143| 0.0326 | 0.061641 0.05834
145 7.19 0.51799| 0.867827 | 0.0326 | 0.062682 0.05933
155 6.95 0.50708| 0.86376 | 0.0326 | 0.063666 0.06034
16.5 6.73 0.49618 | 0.859959| 0.0326 | 0.064588 0.06137
17.5 6.54 0.48541| 0.856617 | 0.0326 | 0.065399 0.06238
0.5 10.52 0.38227| 0.914422| 0.0213 | 0.034004 0.03846
I\/?c?nnifzz 475 15 10.52 0.41093| 0.914403| 0.0213 | 0.034008 | 0.03585593 | 0.0407945| 0.03808
2.5 11.15 0.42154| 0.922609 | 0.0213 | 0.032492 0.03725
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35 11.77 0.42656 | 0.930403| 0.0213 | 0.031098 0.03666
4.5 10.86 0.43016| 0.918865| 0.0213 | 0.033177 0.0389
55 10.9 0.43016| 0.919384 | 0.0213 | 0.033081 0.03894
6.5 10.11 0.42895| 0.90889 | 0.0213 | 0.035055 0.04088
7.5 9.46 0.42598 | 0.899866 | 0.0213 | 0.03682 0.04161
8.5 8.92 0.42166| 0.892074| 0.0213 | 0.038393 0.04386
9.5 8.84 0.41627| 0.890895| 0.0213 | 0.038635 0.04374
10.5 8.43 0.41018| 0.88475 | 0.0213 | 0.039915 0.04466
115 8.06 0.40348| 0.879048| 0.0213 | 0.041127 0.04566
125 7.74 0.39632| 0.873988 | 0.0213 | 0.042224 0.04668
135 7.45 0.38885| 0.869293| 0.0213 | 0.043259 0.04771
145 7.19 0.38119| 0.864991| 0.0213 | 0.044221 0.04751
155 6.95 0.37342| 0.860937| 0.0213| 0.04514 0.04861
16.5 6.73 0.36566 | 0.857149| 0.0213 | 0.04601 0.04973
175 6.54 0.35796 | 0.853818| 0.0213 | 0.046783 0.05087
0.5 10.52 0.64553| 0.917413| 0.0355| 0.055311 0.05481
15 10.52 0.69428| 0.917413| 0.0355| 0.055311 0.05466
2.5 11.15 0.71264| 0.925643 | 0.0355| 0.053453 0.05266
3.5 11.77 0.72161| 0.933459| 0.0355| 0.051717 0.05036
4.5 10.86 0.72823| 0.921892| 0.0355 | 0.054296 0.05363
55 10.9 0.72882| 0.922413| 0.0355| 0.054179 0.05364
6.5 10.11 0.7274 | 0.911888 | 0.0355| 0.056574 0.05554
7.5 9.46 0.72301| 0.902835| 0.0355 | 0.058666 0.05749
8.5 8.92 0.71636 | 0.895018 | 0.0355 | 0.060494 0.05949
2415 9.5 8.84 0.7079 | 0.893835| 0.0355| 0.060772 0.05741962 | 0.0565826 0.05947
10.5 8.43 0.69825| 0.88767 | 0.0355| 0.062225 0.0615
11.5 8.06 0.68755| 0.881949 | 0.0355| 0.063581 0.06246
12.5 7.74 0.67607| 0.876872 | 0.0355| 0.064787 0.06344
13.5 7.45 0.66402| 0.872162 | 0.0355| 0.065907 0.06574
14.5 7.19 0.6516 | 0.867846 | 0.0355| 0.066934 0.0665
155 6.95 0.63899| 0.863779| 0.0355| 0.067901 0.06751
16.5 6.73 0.62633 | 0.859978 | 0.0355 | 0.068804 0.06853
17.5 6.54 0.61375| 0.856636 | 0.0355 | 0.069595 0.06954
0.5 10.52 0.47478| 0.917331| 0.0291| 0.045595 0.04867
15 10.52 0.5105 | 0.91733 | 0.0291| 0.045595 0.04852
2.5 11.15 0.52385| 0.925561 | 0.0291 | 0.043847 0.04621
35 11.77 0.53026 | 0.933376| 0.0291 | 0.042227 0.04408
4.5 10.86 0.53493| 0.921809| 0.0291 | 0.044638 0.04749
5.5 10.9 0.53514| 0.922331| 0.0291 | 0.044528 0.04751
6.5 10.11 0.53387| 0.911806 | 0.0291 | 0.046792 0.04943
7.5 9.46 0.53041| 0.902754 | 0.0291 | 0.048794 0.0518
1033 8.5 8.92 0.52528 | 0.894938| 0.0291 | 0.050562 004765275 | 0.0504007 0.05383
9.5 8.84 0.51882| 0.893755| 0.0291| 0.050832 0.0538
10.5 8.43 0.51149| 0.887591 | 0.0291 | 0.052254 0.05434
11.5 8.06 0.50339| 0.88187 | 0.0291| 0.053591 0.05683
12.5 7.74 0.49473| 0.876794 | 0.0291| 0.054791 0.05781
13.5 7.45 0.48566 | 0.872084 | 0.0291 | 0.055915 0.05879
14.5 7.19 0.47633| 0.867768 | 0.0291 | 0.056953 0.0598
155 6.95 0.46687 | 0.863701| 0.0291 | 0.057938 0.06083
16.5 6.73 0.45739| 0.8599 | 0.0291 | 0.058865 0.0599
17.5 6.54 0.44798 | 0.856559| 0.0291 | 0.059683 0.06095
0.5 10.52 0.34558 | 0.906341| 0.0177 | 0.029736 0.03785
15 10.52 0.3715 | 0.906271| 0.0177| 0.029749 0.03738
Seattle 475 25 11.15 0.38112| 0.914408| 0.0177 | 0.028342| 0.03148406 | 0.0393701| 0.03688
3.5 11.77 0.38568 | 0.922146| 0.0177| 0.027051 0.03424
4.5 10.86 0.38897| 0.910683 | 0.0177 | 0.028979 0.03785
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55 10.9 0.389 | 0.911198| 0.0177| 0.028891 0.0379
6.5 10.11 0.38794| 0.900787| 0.0177 | 0.030726 0.03826
7.5 9.46 0.38528 | 0.891839| 0.0177 | 0.032373 0.04051
8.5 8.92 0.38141| 0.884114| 0.0177 | 0.033846 0.04101
9.5 8.84 0.37657| 0.882947| 0.0177 | 0.034072 0.04104
10.5 8.43 0.3711 | 0.876856 | 0.0177| 0.035274 0.04394
115 8.06 0.36508 | 0.871204| 0.0177 | 0.036416 0.04498
125 7.74 0.35864 | 0.866188| 0.0177 | 0.037451 0.04404
135 7.45 0.35192| 0.861536| 0.0177 | 0.03843 0.0451
145 7.19 0.34502| 0.857272| 0.0177 | 0.039343 0.04696
155 6.95 0.33803| 0.853256| 0.0177 | 0.040216 0.04616
16.5 6.73 0.33103| 0.849502 | 0.0177 | 0.041044 0.04738
175 6.54 0.3241 | 0.846202| 0.0177| 0.041781 0.04859
0.5 10.52 0.60947| 0.917412| 0.0336 | 0.052492 0.05356
15 10.52 0.65563 | 0.917412| 0.0336 | 0.052492 0.05325
2.5 11.15 0.67313| 0.925642 | 0.0336 | 0.050657 0.05115
3.5 11.77 0.68178| 0.933458 | 0.0336 | 0.048947 0.05073
4.5 10.86 0.68824| 0.921891 | 0.0336 | 0.051489 0.0522
55 10.9 0.68902| 0.922412| 0.0336 | 0.051373 0.05223
6.5 10.11 0.68791| 0.911887 | 0.0336 | 0.053742 0.05406
7.5 9.46 0.68401| 0.902834 | 0.0336 | 0.05582 0.05796
8.5 8.92 0.67797| 0.895017| 0.0336 | 0.057641 0.05994
2475 9.5 8.84 0.67023| 0.893835| 0.0336 | 0.057919 0.05459946 | 0.055878 0.05995
10.5 8.43 0.66136| 0.88767 | 0.0336 | 0.059373 0.06197
11.5 8.06 0.6515 | 0.881948 | 0.0336 | 0.060732 0.06294
12.5 7.74 0.64088| 0.876871| 0.0336 | 0.061944 0.06392
13.5 7.45 0.62972| 0.872161 | 0.0336 | 0.063074 0.064
14.5 7.19 0.61821| 0.867845| 0.0336 | 0.064112 0.06503
15.5 6.95 0.60649| 0.863778 | 0.0336 | 0.065092 0.06606
16.5 6.73 0.59471| 0.859977 | 0.0336 | 0.066009 0.06711
17.5 6.54 0.58299| 0.856635| 0.0336 | 0.066815 0.06815
0.5 10.52 0.4494 | 0.917128| 0.0265| 0.041679 0.04788
15 10.52 0.48329| 0.917126 | 0.0265| 0.041679 0.04732
2.5 11.15 0.49601| 0.925355| 0.0265| 0.039998 0.04535
3.5 11.77 0.50218| 0.933168 | 0.0265| 0.038445 0.04476
4.5 10.86 0.50672| 0.921604 | 0.0265| 0.040758 0.04622
5.5 10.9 0.50705| 0.922125| 0.0265 | 0.040652 0.04628
6.5 10.11 0.50597| 0.911603 | 0.0265 | 0.042834 0.048
7.5 9.46 0.50283| 0.902553| 0.0265 | 0.04477 0.05031
1033 8.5 8.92 0.49811| 0.894738| 0.0265 | 0.046486 004368263 | 0.0495047 0.05265
9.5 8.84 0.49213| 0.893556 | 0.0265 | 0.046748 0.05267
10.5 8.43 0.48532| 0.887393 | 0.0265 | 0.048134 0.05481
11.5 8.06 0.47779| 0.881673 | 0.0265| 0.049441 0.05573
12.5 7.74 0.46971| 0.876598 | 0.0265 | 0.050616 0.0567
13.5 7.45 0.46124| 0.871889 | 0.0265| 0.051721 0.05769
14.5 7.19 0.45252| 0.867574 | 0.0265| 0.052743 0.05878
15.5 6.95 0.44367| 0.863509 | 0.0265| 0.053716 0.05985
16.5 6.73 0.43479| 0.859709 | 0.0265| 0.054633 0.05898
17.5 6.54 0.42598 | 0.856368 | 0.0265 | 0.055444 0.06008
0.5 38.63 0.07424 1 0 2.36E18 0
15 38.63 0.08837 1 0 2.36E18 0
2.5 37.76 0.09618 1 0 2.36E18 0
Butte 475 35 36.48 0.10234 1 0 2.36E18 | 2.3599F18 0 0
4.5 34.15 0.10873 1 0 2.36E18 0
55 35.45 0.10972 1 0 2.36E18 0
6.5 33.79 0.11242 1 0 2.36E18 0
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7.5 32.35 0.11364 1 0 2.36E18 0
8.5 31.07 0.11379 1 0 2.36E18 0
9.5 31.42 0.11302 1 0 2.36E18 0
10.5 30.36 0.11197 1 0 2.36E18 0
115 29.4 0.11045 1 0 2.36E18 0
125 28.51 0.10859 1 0 2.36E18 0
135 21.7 0.10649 1 0 2.36E18 0
145 26.94 0.10422 1 0 2.36E18 0
155 26.23 0.10185 1 0 2.36E18 0
16.5 25.57 0.09943 1 0 2.36E18 0
17.5 24.94 0.097 1 0 2.36E18 0
0.5 38.63 0.13203| 1.006927 0 0 0
15 38.63 0.15719| 1.006927 0 0 0
25 37.76 0.17109| 1.006927 0 0 0
35 36.48 0.18208 | 1.006927 0 0 0
4.5 34.15 0.19347| 1.006927 0 0 0
55 35.45 0.19528| 1.006927 0 0 0
6.5 33.79 0.20011| 1.006927 0 0 0
7.5 32.35 0.20231| 1.006927 0 0 0
2475 8.5 31.07 0.20262 | 1.006927 0 0 0 0
9.5 31.42 0.20129| 1.006927 0 0 0
10.5 30.36 0.19946 | 1.006927 0 0 0
115 29.4 0.1968 | 1.006927 0 0 0
125 28.51 0.19353| 1.006927 0 0 0
13.5 27.7 0.18982| 1.006927 0 0 0
14.5 26.94 0.18581| 1.006927 0 0 0
15.5 26.23 0.18161| 1.006927 0 0 0
16.5 25.57 0.17733| 1.006897 0 0 0
17.5 24.94 0.17304| 1.00684 0 0 0
0.5 38.63 0.14275 1 0 2.36E18 0
15 38.63 0.16994 1 0 2.36E18 0
2.5 37.76 0.18494 1 0 2.36E18 0
3.5 36.48 0.19679 1 0 2.36E18 0
4.5 34.15 0.20908 1 0 2.36E18 0
55 35.45 0.21099 1 0 2.36E18 0
6.5 33.79 0.21618 1 0 2.36E18 0
7.5 32.35 0.21852 1 0 2.36E18 0
1033 8.5 31.07 0.21881 1 0 2.36E18 1.9649E07 0
9.5 31.42 0.21733 1 0 2.36E18 0
10.5 30.36 0.21531 1 0 2.36E18 0
115 29.4 0.2124 1 0 2.36E18 0
125 28.51 0.20882 1 0 2.36E18 0
13.5 27.7 0.20477 1 0 2.36E18 0
14.5 26.94 0.2004 | 0.999974 0 8.2E07 0
15.5 26.23 0.19584 | 0.999876 0 3.87E06 0
16.5 25.57 0.19119| 0.999737 0 8.26E06 0
17.5 24.94 0.18653| 0.999561 0 1.38E05 0
0.5 38.63 0.11656| 1.001177 0 0 0
15 38.63 0.13918| 1.001177 0 0 0
2.5 37.76 0.15199| 1.001177 0 0 0
3.5 36.48 0.16236 | 1.001177 0 0 0
Charleston | 475 4.5 34.15 0.17324| 1.001177 0 0 0 0
5.5 35.45 0.17564| 1.001177 0 0 0
6.5 33.79 0.18086 | 1.001177 0 0 0
7.5 32.35 0.18378| 1.001177 0 0 0
8.5 31.07 0.18504 | 1.001177 0 0 0
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9.5 31.42 0.18483| 1.001177 0 0 0
10.5 30.36 0.1842 | 1.001177 0 0 0
115 29.4 0.1828 | 1.001177 0 0 0
125 28.51 0.18081| 1.001177 0 0 0
135 21.7 0.17838| 1.001177 0 0 0
145 26.94 0.17563| 1.001177 0 0 0
155 26.23 0.17266 | 1.001177 0 0 0
16.5 25.57 0.16954 | 1.001177 0 0 0
17.5 24.94 0.16635| 1.001164 0 0 0
0.5 38.63 0.40199| 1.374589| 0.024 0 0
15 38.63 0.48096 | 1.374589| 0.024 0 0
25 37.76 0.52646| 1.374589 | 0.024 0 0
35 36.48 0.56385| 1.374589| 0.024 0 0
4.5 34.15 0.60336| 1.37404 | 0.024 0 0
5.5 35.45 0.61363| 1.374589| 0.024 0 0
6.5 33.79 0.63398| 1.37173 | 0.024 0 0
7.5 32.35 0.64649| 1.342499| 0.024 | 0.000483 0.00156
8.5 31.07 0.65334| 1.279918 | 0.024 | 0.002353 0.00366
2475 9.5 31.42 0.65514| 1.297725| 0.024 | 0.001759 0.00193855 | 0.0022484 0.00223
10.5 30.36 0.65548| 1.238585| 0.024 | 0.003959 0.00421
115 29.4 0.6531 | 1.194404| 0.024 | 0.006094 0.00794
125 28.51 0.64863 | 1.159122| 0.024 | 0.00818 0.00993
135 21.7 0.64254| 1.12984 | 0.024 | 0.010218 0.01047
145 26.94 0.63521| 1.103809| 0.024 | 0.012301 0.01293
15.5 26.23 0.62697| 1.080097 | 0.024 | 0.014447 0.01372
16.5 25.57 0.61807| 1.064808 | 0.024 | 0.015969 0.01452
17.5 24.94 0.60874| 1.059294 | 0.024 | 0.016546 0.0158
0.5 38.63 0.22909| 1.361289 | 0.0148 0 0
15 38.63 0.27392| 1.361289 | 0.0148 0 0
2.5 37.76 0.2996 | 1.361289 | 0.0148 0 0
3.5 36.48 0.3206 | 1.361289 | 0.0148 0 0
4.5 34.15 0.34273| 1.361289 | 0.0148 0 0
55 35.45 0.34821| 1.361289 | 0.0148 0 0
6.5 33.79 0.35935| 1.361289 | 0.0148 0 0
7.5 32.35 0.36601 | 1.361289 | 0.0148 0 0
1033 8.5 31.07 0.36943| 1.360491 | 0.0148 0 2243107 | 0.000198 0
9.5 31.42 0.36998 | 1.360954 | 0.0148 0 0
10.5 30.36 0.36968 | 1.358225| 0.0148 0 0
115 29.4 0.36785| 1.350737 | 0.0148 0 0
125 28.51 0.36483| 1.337558 | 0.0148 0 0
135 21.7 0.36091| 1.320361 | 0.0148 0 0.00139
145 26.94 0.35632| 1.30075 | 0.0148 0 0.00266
15.5 26.23 0.35122| 1.28061 | 0.0148 0 0.00388
16.5 25.57 0.34579| 1.261267 | 0.0148 0 0.00309
17.5 24.94 0.34014 | 1.242636 | 0.0148 | 7.27E05 0.0044
0.5 38.63 0.40314 | 1.374591 | 0.0249 0 0
15 38.63 0.48316| 1.374591 | 0.0249 0 0
2.5 37.76 0.52991| 1.374591 | 0.0249 0 0
3.5 36.48 0.5688 | 1.374591| 0.0249 0 0
4.5 34.15 0.61014| 1.373929 | 0.0249 0 0
Eureka 475 5.5 35.45 0.62218| 1.374591 | 0.0249 0 0.00220309 | 0.0023434 0
6.5 33.79 0.64463 | 1.371124| 0.0249 | 3.85E05 0
7.5 32.35 0.65932| 1.338226| 0.0249 | 0.000861 0.00135
8.5 31.07 0.6684 | 1.271497 | 0.0249| 0.003011 0.00342
9.5 31.42 0.67242| 1.288739| 0.0249 | 0.002384 0.00398
10.5 30.36 0.67502| 1.231172| 0.0249 | 0.004709 0.00597
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115 29.4 0.67486| 1.189357| 0.0249 | 0.006877 0.00774
125 28.51 0.67255| 1.15524 | 0.0249 | 0.009019 0.00989
135 21.7 0.66854 | 1.126911| 0.0249 | 0.011098 0.0105
145 26.94 0.66319| 1.101603| 0.0249 | 0.01322 0.01103
155 26.23 0.65681| 1.078409| 0.0249 | 0.01541 0.01388
16.5 25.57 0.64964 | 1.063498 | 0.0249 | 0.016954 0.01474
17.5 24.94 0.6419 | 1.05827 | 0.0249| 0.017522 0.01411
0.5 38.63 0.95959| 1.374593| 0.0364 | 0.003519 0
15 38.63 1.15079| 1.374593 | 0.0364 | 0.003519 0
25 37.76 1.26304| 1.374517 | 0.0364 | 0.003522 0
35 36.48 1.35684 | 1.360403 | 0.0364 | 0.004063 0
4.5 34.15 1.45673| 1.278297 | 0.0364 | 0.008023 0.00544
5.5 35.45 1.4869 | 1.319439| 0.0364 | 0.005851 0.00235
6.5 33.79 1.54214| 1.265463 | 0.0364 | 0.008789 0.00795
7.5 32.35 1.57902| 1.232909 | 0.0364 | 0.010948 0.01025
2475 8.5 31.07 1.60257| 1.204681| 0.0364 | 0.013098 0.00921434 | 0.0071795 0.01313
9.5 31.42 1.61413| 1.212584| 0.0364 | 0.012468 0.01382
10.5 30.36 1.62232| 1.188027| 0.0364 | 0.0145 0.01543
115 29.4 1.62397| 1.164186 | 0.0364 | 0.016697 0.0173
125 28.51 1.62043| 1.140725| 0.0364 | 0.019095 0.01938
135 21.7 1.61278| 1.118277| 0.0364 | 0.021628 0.02192
145 26.94 1.60188| 1.096304 | 0.0364 | 0.024349 0.02246
155 26.23 1.58842| 1.075015| 0.0364 | 0.027228 0.02319
16.5 25.57 1.57298| 1.061242 | 0.0364 | 0.029225 0.02422
17.5 24.94 1.55606| 1.056736| 0.0364 | 0.029901 0.0252
0.5 38.63 0.65004 | 1.374593| 0.0315| 0.001864 0
15 38.63 0.77936| 1.374593| 0.0315| 0.001864 0
2.5 37.76 0.85512| 1.374593| 0.0315| 0.001864 0
3.5 36.48 0.91832| 1.374502| 0.0315| 0.001867 0
4.5 34.15 0.98557| 1.327639| 0.0315| 0.003471 0.00114
55 35.45 1.00558| 1.36433 | 0.0315| 0.002185 0
6.5 33.79 1.04249| 1.304391| 0.0315| 0.004411 0.00221
7.5 32.35 1.06693| 1.246793| 0.0315| 0.007247 0.00685
1033 8.5 31.07 1.08233| 1.208323| 0.0315| 0.009628 0.00608929 | 0.0045623 0.0098
9.5 31.42 1.0896 | 1.217585| 0.0315| 0.009014 0.00848
10.5 30.36 1.09458| 1.189507 | 0.0315| 0.01096 0.01026
115 29.4 1.09512| 1.164644 | 0.0315| 0.012913 0.01213
125 28.51 1.09217| 1.140877| 0.0315| 0.015003 0.01437
135 21.7 1.08644| 1.118334| 0.0315| 0.017208 0.01669
145 26.94 1.07854| 1.096328 | 0.0315| 0.019589 0.01715
155 26.23 1.06893| 1.075026 | 0.0315| 0.022126 0.01978
16.5 25.57 1.05801| 1.061247| 0.0315| 0.023897 0.0206
17.5 24.94 1.04611| 1.056739| 0.0315| 0.024499 0.0218
0.5 38.63 0.13193| 1.007078 0 0 0
15 38.63 0.15784| 1.007078 0 0 0
25 37.76 0.17275| 1.007078 0 0 0
3.5 36.48 0.18499| 1.007078 0 0 0
4.5 34.15 0.19792| 1.007078 0 0 0
5.5 35.45 0.20126 | 1.007078 0 0 0
Memphis | 475 6.5 33.79 0.2079 | 1.007078 0 0 0 0 0
7.5 32.35 0.21196| 1.007078 0 0 0
8.5 31.07 0.21417| 1.007078 0 0 0
9.5 31.42 0.21472| 1.007078 0 0 0
10.5 30.36 0.21478| 1.007078 0 0 0
11.5 29.4 0.21396| 1.007078 0 0 0
125 28.51 0.21245| 1.007078 0 0 0
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135 21.7 0.21041| 1.007078 0 0 0
145 26.94 0.20797| 1.006973 0 0 0
155 26.23 0.20523| 1.00674 0 0 0
16.5 25.57 0.20228 | 1.006374 0 0 0
175 24.94 0.19918| 1.005868 0 0 0
0.5 38.63 0.36529| 1.374578| 0.0252 | 4.25E05 0
15 38.63 0.4376 | 1.374578 | 0.0252| 4.25E05 0
25 37.76 0.47968 | 1.374578| 0.0252 | 4.25E05 0
35 36.48 0.51458 | 1.374578| 0.0252 | 4.25E05 0
4.5 34.15 0.55161| 1.374513 | 0.0252 | 4.4E05 0
55 35.45 0.56208 | 1.374578| 0.0252 | 4.25E05 0
6.5 33.79 0.58192| 1.373662| 0.0252 | 6.36E05 0
7.5 32.35 0.5947 | 1.356954 | 0.0252| 0.000465 0.00183
2475 8.5 31.07 0.60236| 1.307971| 0.0252 | 0.001857 0.00191431 | 0.0022974 0.00377
9.5 31.42 0.60545| 1.322329| 0.0252 | 0.001413 0.00232
10.5 30.36 0.60724| 1.268489 | 0.0252 | 0.003256 0.00403
11.5 29.4 0.60654| 1.21587 | 0.0252 | 0.005612 0.00732
12.5 28.51 0.60389| 1.169408 | 0.0252 | 0.008282 0.00929
135 21.7 0.59972| 1.136758 | 0.0252 | 0.010568 0.01158
145 26.94 0.59437| 1.108643| 0.0252 | 0.012857 0.01395
155 26.23 0.58811| 1.083528| 0.0252 | 0.015186 0.01454
16.5 25.57 0.58116| 1.06728 | 0.0252 | 0.016851 0.01535
17.5 24.94 0.57373| 1.061088| 0.0252 | 0.01752 0.01638
0.5 38.63 0.24175| 1.364682 | 0.0157 0 0
15 38.63 0.28953| 1.364682 | 0.0157 0 0
2.5 37.76 0.31728| 1.364682 | 0.0157 0 0
35 36.48 0.34025| 1.364682 | 0.0157 0 0
4.5 34.15 0.3646 | 1.364682 | 0.0157 0 0
55 35.45 0.37138| 1.364682 | 0.0157 0 0
6.5 33.79 0.38432| 1.364682 | 0.0157 0 0
7.5 32.35 0.39258 | 1.364664 | 0.0157 0 0
1033 8.5 31.07 0.39745| 1.362454 | 0.0157 0 22209805 | 0.000345 0
9.5 31.42 0.39929| 1.363489 | 0.0157 0 0
10.5 30.36 0.40027 | 1.357417| 0.0157 0 0
11.5 29.4 0.3996 | 1.343458| 0.0157 0 0
12.5 28.51 0.39765| 1.321867 | 0.0157 0 0.00122
135 21.7 0.3947 | 1.296319 | 0.0157 0 0.00223
145 26.94 0.39097| 1.269232 | 0.0157 0 0.00308
155 26.23 0.38665| 1.242751| 0.0157 | 0.000395 0.00584
16.5 25.57 0.38189| 1.218003| 0.0157 | 0.001111 0.00663
17.5 24.94 0.37683| 1.19446 | 0.0157 | 0.001889 0.00766
0.5 38.63 0.19638| 1.202662 | 0.0072 0 0
15 38.63 0.23526 | 1.202662 | 0.0072 0 0
2.5 37.76 0.25788| 1.202662 | 0.0072 0 0
3.5 36.48 0.27664 | 1.202662 | 0.0072 0 0
4.5 34.15 0.29655| 1.202662 | 0.0072 0 0
55 35.45 0.30218 | 1.202662 | 0.0072 0 0
6.5 33.79 0.31284| 1.202662 | 0.0072 0 0
Portland 475 7.5 32.35 0.31971| 1.202662 | 0.0072 0 0 0 0
8.5 31.07 0.32384| 1.202643 | 0.0072 0 0
9.5 31.42 0.3255 | 1.202662 | 0.0072 0 0
10.5 30.36 0.32646| 1.202199 | 0.0072 0 0
115 29.4 0.32608 | 1.200027 | 0.0072 0 0
125 28.51 0.32466 | 1.194915| 0.0072 0 0
135 27.7 0.32242| 1.186667 | 0.0072 0 0
14.5 26.94 0.31954| 1.175631| 0.0072 0 0.0019
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155 26.23 0.31617| 1.162833 | 0.0072 0 0.00126
16.5 25.57 0.31244| 1.149379 | 0.0072 0 0.00259
175 24.94 0.30844 | 1.135571| 0.0072 0 0.0039
0.5 38.63 0.34922| 1.374533| 0.0296 | 0.001278 0
15 38.63 0.41849| 1.374533| 0.0296 | 0.001278 0
25 37.76 0.45893| 1.374533| 0.0296 | 0.001278 0
35 36.48 0.49255| 1.374533| 0.0296 | 0.001278 0
4.5 34.15 0.52827| 1.374533| 0.0296 | 0.001278 0
55 35.45 0.5386 | 1.374533| 0.0296 | 0.001278 0
6.5 33.79 0.55794| 1.374073| 0.0296 | 0.001291 0
7.5 32.35 0.57056 | 1.362003 | 0.0296 | 0.001641 0.00146
2475 8.5 31.07 0.5783 | 1.320395| 0.0296 | 0.003019 0.00332269 | 0.0029214 0.00471
9.5 31.42 0.58167| 1.33294 | 0.0296 | 0.002574 0.00334
10.5 30.36 0.58379| 1.283292| 0.0296 | 0.004507 0.00602
115 29.4 0.58354| 1.231688| 0.0296 | 0.007079 0.00926
12.5 28.51 0.58142| 1.184863 | 0.0296 | 0.010043 0.01293
13.5 27.7 0.57783| 1.144581 | 0.0296 | 0.013184 0.0148
14.5 26.94 0.57309| 1.112174| 0.0296 | 0.016183 0.01683
155 26.23 0.56746| 1.086131| 0.0296 | 0.018942 0.01716
16.5 25.57 0.56115| 1.069214 | 0.0296 | 0.020917 0.01973
17.5 24.94 0.55436 | 1.062529| 0.0296 | 0.021739 0.02066
0.5 38.63 0.26578| 1.369222 | 0.0205 0 0
15 38.63 0.31848| 1.369222 | 0.0205 0 0
2.5 37.76 0.34921| 1.369222 | 0.0205 0 0
3.5 36.48 0.37474| 1.369222 | 0.0205 0 0
4.5 34.15 0.40185| 1.369222 | 0.0205 0 0
55 35.45 0.40965| 1.369222 | 0.0205 0 0
6.5 33.79 0.42429| 1.369222 | 0.0205 0 0
7.5 32.35 0.4338 | 1.368775| 0.0205 0 0
1033 8.5 31.07 0.43961| 1.362312| 0.0205 0 00002674 | 0.0010288 0
9.5 31.42 0.44208 | 1.364942 | 0.0205 0 0
10.5 30.36 0.4436 | 1.351037| 0.0205 0 0.0015
11.5 29.4 0.44332| 1.325862 | 0.0205 0 0.00204
12.5 2851 0.44162| 1.293295| 0.0205| 0.00067 0.00405
13.5 27.7 0.4388 | 1.259401| 0.0205| 0.001679 0.0078
14.5 26.94 0.43511| 1.226401 | 0.0205| 0.002849 0.00956
155 26.23 0.43074| 1.195713| 0.0205 | 0.004136 0.01014
16.5 25.57 0.42587| 1.167654 | 0.0205 | 0.005509 0.01272
17.5 24.94 0.42063| 1.141012| 0.0205| 0.007015 0.0138
0.5 38.63 0.17311| 1.101812 | 0.0049 0 0
15 38.63 0.20685| 1.101812 | 0.0049 0 0
2.5 37.76 0.22608 | 1.101812 | 0.0049 0 0
3.5 36.48 0.24173| 1.101812 | 0.0049 0 0
4.5 34.15 0.25819| 1.101812 | 0.0049 0 0
55 35.45 0.26207| 1.101812 | 0.0049 0 0
6.5 33.79 0.27017| 1.101812 | 0.0049 0 0
7.5 32.35 0.27488| 1.101812 | 0.0049 0 0
SLC 475 8.5 31.07 0.27714| 1.101812 | 0.0049 0 2.5378E06 0 0
9.5 31.42 0.27722| 1.101812 | 0.0049 0 0
10.5 30.36 0.27666 | 1.101812 | 0.0049 0 0
115 29.4 0.27495| 1.101655| 0.0049 0 0
125 28.51 0.27235| 1.100928 | 0.0049 0 0
135 21.7 0.26909 | 1.099392 | 0.0049 0 0
145 26.94 0.26533| 1.09691 | 0.0049 0 0
15.5 26.23 0.26122| 1.093598 | 0.0049 | 2.72E05 0
16.5 25.57 0.25686 | 1.089741| 0.0049 | 0.00014 0
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175 24.94 0.25237| 1.085462| 0.0049 | 0.000267 0

0.5 38.63 0.37654 | 1.374581| 0.0271 | 0.000542 0

15 38.63 0.45028 | 1.374581| 0.0271 | 0.000542 0

25 37.76 0.49258 | 1.374581| 0.0271 | 0.000542 0

35 36.48 0.52722| 1.374581| 0.0271 | 0.000542 0

4.5 34.15 0.56374| 1.37445 | 0.0271 | 0.000546 0

55 35.45 0.57289| 1.374581| 0.0271 | 0.000542 0

6.5 33.79 0.59137| 1.37342 | 0.0271 | 0.000572 0

7.5 32.35 0.6025 | 1.355082 | 0.0271| 0.001055 0.00191

8.5 31.07 0.6083 | 1.304792| 0.0271| 0.002631 0.00385
2475 9.5 31.42 0.60938| 1.320489| 0.0271 | 0.002096 0.00257252 | 0.002316 0.00247

10.5 30.36 0.60907| 1.267332| 0.0271 | 0.004088 0.00418

115 29.4 0.60624 | 1.216072| 0.0271 | 0.006578 0.00743

125 28.51 0.60146| 1.171037| 0.0271 | 0.009355 0.00928

135 21.7 0.59519| 1.137685| 0.0271 | 0.011847 0.01146

14.5 26.94 0.58779| 1.109659 | 0.0271| 0.014277 0.01376

15.5 26.23 0.57957| 1.08454 | 0.0271| 0.01675 0.01422

16.5 25.57 0.57077| 1.068239 | 0.0271| 0.018518 0.01501

17.5 24.94 0.56161| 1.061965| 0.0271 | 0.019236 0.01796

0.5 38.63 0.25299| 1.370141 | 0.0184 0 0

15 38.63 0.30244| 1.370141 | 0.0184 0 0

2.5 37.76 0.33074| 1.370141 | 0.0184 0 0

3.5 36.48 0.35385| 1.370141 | 0.0184 0 0

4.5 34.15 0.3782 | 1.370141| 0.0184 0 0

55 35.45 0.38415| 1.370141| 0.0184 0 0

6.5 33.79 0.39634| 1.370141| 0.0184 0 0

7.5 32.35 0.40358 | 1.370062| 0.0184 0 0
1033 8.5 31.07 0.40723| 1.36713 | 0.0184 0 57409805 | 0.0005548 0

9.5 31.42 0.40771| 1.36854 | 0.0184 0 0

10.5 30.36 0.40726| 1.361509| 0.0184 0 0

11.5 29.4 0.40511| 1.346503 | 0.0184 0 0.00177

12.5 2851 0.40167| 1.324439| 0.0184 0 0.00279

13.5 27.7 0.39723| 1.29925 | 0.0184 0 0.00359

14.5 26.94 0.39205| 1.273168 | 0.0184 | 0.000517 0.00423

15.5 26.23 0.38633| 1.248106 | 0.0184 | 0.001239 0.00678

16.5 25.57 0.38023| 1.225015| 0.0184 | 0.001996 0.00733

17.5 24.94 0.37391| 1.20327 | 0.0184 | 0.002799 0.00815

0.5 38.63 0.32101| 1.374398| 0.0255 | 0.000125 0

15 38.63 0.38469 | 1.374398| 0.0255| 0.000125 0

2.5 37.76 0.42186| 1.374398| 0.0255 | 0.000125 0

35 36.48 0.45277| 1.374398| 0.0255 | 0.000125 0

4.5 34.15 0.4856 | 1.374398 | 0.0255| 0.000125 0

55 35.45 0.4951 | 1.374398 | 0.0255| 0.000125 0

6.5 33.79 0.51288| 1.374344 | 0.0255| 0.000127 0

7.5 32.35 0.52447| 1.368739 | 0.0255| 0.000259 0
475 8.5 31.07 0.53159| 1.341603 | 0.0255| 0.000956 000143916 | 0.0017461 0.0012

San Fran 9.5 31.42 0.53468| 1.350565| 0.0255| 0.000715 0.00162

10.5 30.36 0.53664 | 1.312166 | 0.0255| 0.001826 0.00389

115 29.4 0.53641| 1.265865| 0.0255 | 0.003484 0.00557

125 28.51 0.53446 | 1.220362 | 0.0255 | 0.005537 0.00886

135 21.7 0.53116| 1.180074| 0.0255 | 0.007793 0.009

145 26.94 0.5268 | 1.143701| 0.0255| 0.01026 0.01122

155 26.23 0.52162| 1.110395| 0.0255 | 0.012944 0.0138

16.5 25.57 0.51583| 1.079176| 0.0255| 0.01589 0.01443

17.5 24.94 0.50958| 1.067883 | 0.0255| 0.017069 0.01552
2475 0.5 38.63 0.53345| 1.374593| 0.0379 | 0.00407 | 0.00881507 | 0.005572 0
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15 38.63 0.63971| 1.374593| 0.0379 | 0.00407 0

25 37.76 0.70206 | 1.374593| 0.0379 | 0.00407 0

35 36.48 0.75415| 1.374593| 0.0379 | 0.00407 0

4.5 34.15 0.80962| 1.35876 | 0.0379 | 0.004715 0.00194

5.5 35.45 0.82632| 1.373437| 0.0379 | 0.004116 0

6.5 33.79 0.85694 | 1.336629| 0.0379 | 0.005698 0.00295

7.5 32.35 0.87735| 1.271977| 0.0379 | 0.009213 0.00627

8.5 31.07 0.89036| 1.219911| 0.0379 | 0.012898 0.01003

9.5 31.42 0.89669 | 1.231677| 0.0379 | 0.011988 0.01099

10.5 30.36 0.90115| 1.195755| 0.0379 | 0.014922 0.0135

115 29.4 0.90197| 1.167306| 0.0379 | 0.017597 0.01662

125 28.51 0.89991| 1.142027| 0.0379 | 0.020266 0.01824

135 21.7 0.89557| 1.118864 | 0.0379 | 0.022973 0.0204

145 26.94 0.88943| 1.096587 | 0.0379 | 0.025831 0.02277

155 26.23 0.88186| 1.075162| 0.0379 | 0.028828 0.02326

16.5 25.57 0.8732 | 1.061324 | 0.0379| 0.0309 0.02416

17.5 24.94 0.86372| 1.056784 | 0.0379| 0.031603 0.02501

0.5 38.63 0.40636 | 1.374591| 0.0325| 0.002211 0

15 38.63 0.48715| 1.374591| 0.0325| 0.002211 0

2.5 37.76 0.53444| 1.374591 | 0.0325| 0.002211 0

3.5 36.48 0.57386| 1.374591| 0.0325| 0.002211 0

4.5 34.15 0.61579| 1.373824 | 0.0325| 0.002235 0

55 35.45 0.62819| 1.374591 | 0.0325| 0.002211 0

6.5 33.79 0.65114| 1.370711| 0.0325| 0.002336 0

7.5 32.35 0.66628 | 1.335805| 0.0325| 0.00357 0.00256
1033 8.5 31.07 0.67577| 1.267384 | 0.0325 | 0.006676 0.00528458 | 0.0033442 0.00498

9.5 31.42 0.68018| 1.284675| 0.0325| 0.005793 0.004

10.5 30.36 0.68315| 1.228839| 0.0325 | 0.008926 0.00838

115 29.4 0.68334| 1.187601 | 0.0325| 0.011833 0.01174

125 28.51 0.68136| 1.154013| 0.0325| 0.014649 0.01339

13.5 27.7 0.67765| 1.126062 | 0.0325| 0.017347 0.0153

14.5 26.94 0.67258| 1.101014 | 0.0325| 0.020069 0.01742

15.5 26.23 0.66645| 1.077991 | 0.0325| 0.022848 0.01984

16.5 25.57 0.6595 | 1.063195| 0.0325| 0.024784 0.02041

17.5 24.94 0.65196| 1.058048 | 0.0325| 0.025486 0.02144

0.5 38.63 0.28842| 1.373918 | 0.0257 | 0.000176 0

15 38.63 0.34447| 1.373918| 0.0257 | 0.000176 0

2.5 37.76 0.37629| 1.373918| 0.0257 | 0.000176 0

35 36.48 0.4021 | 1.373918 | 0.0257 | 0.000176 0

4.5 34.15 0.4292 | 1.373918 | 0.0257 | 0.000176 0

5.5 35.45 0.43532| 1.373918| 0.0257 | 0.000176 0

6.5 33.79 0.44844| 1.373918| 0.0257 | 0.000176 0

7.5 32.35 0.45589| 1.372907 | 0.0257| 0.0002 0
475 8.5 31.07 0.45923| 1.36341 | 0.0257 | 0.00043 000077732 | 0.0010293 0

9.5 31.42 0.45896 | 1.367538 | 0.0257 | 0.000329 0

San Jose 10.5 30.36 0.45761| 1.350747 | 0.0257 | 0.000754 0.00145

11.5 29.4 0.45436| 1.323642 | 0.0257 | 0.001521 0.00201

12.5 28.51 0.44965| 1.291104 | 0.0257 | 0.002589 0.00403

135 21.7 0.44385| 1.258853| 0.0257 | 0.003835 0.00782

145 26.94 0.43724| 1.228358 | 0.0257 | 0.005215 0.00961

155 26.23 0.43006| 1.20058 | 0.0257 | 0.00667 0.01022

16.5 25.57 0.42251| 1.175638| 0.0257 | 0.008161 0.01283

17.5 24.94 0.41475| 1.15228 | 0.0257 | 0.009737 0.01393

0.5 38.63 0.44098 | 1.374592 | 0.0379 | 0.004093 0
2475 15 38.63 0.52668 | 1.374592 | 0.0379 | 0.004093| 0.00793152 | 0.0043398 0

2.5 37.76 0.57534| 1.374592| 0.0379 | 0.004093 0
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35 36.48 | 06148 | 1.374592| 0.0379| 0.004093 0
45 3415 | 0.65623| 1.372708| 0.0379 | 0.004167 0
55 3545 | 0.66559| 1.374592 | 0.0379 | 0.004093 0
65 33.79 | 0.68566| 1.367933| 0.0379 | 0.004359 0
75 32.35 | 0.69704| 1.324342| 0.0379 | 0.006316 0.0034
85 31.07 | 0.70215| 1.256242 | 0.0379 | 0.010272 0.00861
95 3142 | 0.70173| 1.273362| 0.0379 | 0.009159 0.00778
105 3036 | 0.69968| 1.224413| 0.0379 | 0.012584 0.01017
115 204 | 06947 | 1.185422 0.0379 | 0.015901 0.01499
125 2851 | 0.6875 | 1.153216| 0.0379| 0.0191 0.01623
135 277 | 0.67863| 1.125977| 0.0379 | 0.022169 0.01811
145 26.94 | 0.66853| 1.101262| 0.0379| 0.02527 0.02026
155 26.23 | 0.65755| 1.078377| 0.0379 | 0.028427 0.02272
16.5 2557 | 0.64601| 1.063622 | 0.0379 | 0.030615 0.02337
175 2494 | 0.63414| 1.058467 | 0.0379 | 0.031409 0.02431
05 38.63 | 0.35275| 1.374562| 0.0326 | 0.002247 0
15 38.63 | 0.42134| 1.374562| 0.0326 | 0.002247 0
25 37.76 | 0.46029| 1.374562| 0.0326 | 0.002247 0
35 36.48 | 0.49189| 1.374562 | 0.0326 | 0.002247 0
45 3415 | 0.52507| 1.374562 | 0.0326| 0.002247 0
55 3545 | 0.53261| 1.374562| 0.0326 | 0.002247 0
6.5 33.79 | 0.54871| 1.374226| 0.0326 | 0.002258 0
75 32.35 | 0.55787| 1.364286| 0.0326 | 0.002584 0

1033 85 3107 | 0.56201| 1.328362 | 0.0326| 0.003908 | (oo | oo | 000358
95 31.42 | 056173| 1.341093| 0.0326 | 0.00341 0.00237
105 3036 | 0.56015| 1.298122 | 0.0326 | 0.005202 0.00545
115 204 | 0.55622| 1.251385| 0.0326 | 0.007618 0.0082
125 2851 | 0.55052| 1.207859 | 0.0326 | 0.010402 0.01174
135 277 | 0.54347| 1.170319| 0.0326 | 0.013306 0.01354
145 26.94 | 0.53543| 1.136767 | 0.0326 | 0.016362 0.0155
155 26.23 | 0.52669| 1.106225| 0.0326 | 0.019576 0.01778
16.5 2557 | 05175 | 1.077804| 0.0326 | 0.022981 0.01846
175 2494 | 0.50805| 1.068264 | 0.0326| 0.02422 0.01935
05 38.63 | 0.25738| 1.370068| 0.0213 0 0
15 38.63 | 0.30754| 1.370068| 0.0213 0 0
25 37.76 | 0.33611| 1.370068| 0.0213 0 0
35 36.48 | 0.35935| 1.370068| 0.0213 0 0
45 34.15 | 0.38379| 1.370068| 0.0213 0 0
55 3545 | 0.38952| 1.370068 | 0.0213 0 0
6.5 33.79 | 0.40154| 1.370068| 0.0213 0 0
75 3235 | 0.4085 | 1.369951| 0.0213 0 0

a5 85 31.07 | 0.41181| 1.366637 | 0.0213 0 000014683 | 00006315 °
95 3142 | 0.41188| 1.368234| 0.0213 0 0
105 3036 | 0.41101| 1.360654 | 0.0213 0 0

,\f:nr:g 115 204 | 0.40843| 1.344966 | 0.0213 0 0.00155
125 2851 | 0.40453| 1.322391| 0.0213 | 0.000181 0.00239
135 277 | 0.39964| 1.297014| 0.0213 | 0.000845 0.00497
145 26.94 | 0.39402| 1.271012| 0.0213]| 0.001621 0.00525
155 26.23 | 0.38787| 1.246211| 0.0213 | 0.002467 0.00743
16.5 2557 | 0.38137| 1.223487| 0.0213 | 0.003343 0.00967
175 2494 | 0.37466| 1.202167 | 0.0213 | 0.004266 0.01051
05 38.63 | 0.43464| 1.374592| 0.0355| 0.003198 0
15 38.63 | 05196 | 1.374592| 0.0355| 0.003198 0

2475 25 37.76 | 0.56821| 1.374592| 0.0355 | 0.003198| 0.00673394 | 0.003634 | 0
35 36.48 | 0.60792| 1.374592| 0.0355 | 0.003198 0
45 34.15 | 0.64974| 1.372936| 0.0355 | 0.003258 0
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5.5 35.45 0.65996 | 1.374592| 0.0355 | 0.003198 0

6.5 33.79 0.68091| 1.368377 | 0.0355| 0.003424 0

7.5 32.35 0.69334| 1.325779| 0.0355 | 0.005164 0.00227

8.5 31.07 0.69962| 1.257 0.0355 | 0.008814 0.00628

9.5 31.42 0.70045| 1.274036| 0.0355 | 0.007798 0.00551

10.5 30.36 0.69967 | 1.224415| 0.0355 | 0.010994 0.00987

115 29.4 0.69599| 1.185188| 0.0355 | 0.014089 0.01101

125 28.51 0.69007 | 1.152896| 0.0355| 0.017079 0.01444

135 21.7 0.68244| 1.125649| 0.0355 | 0.019955 0.01622

145 26.94 0.67354| 1.100958 | 0.0355 | 0.022868 0.01801

155 26.23 0.66371| 1.078106| 0.0355 | 0.025845 0.02035

16.5 25.57 0.65324 | 1.063384 | 0.0355| 0.027914 0.02296

17.5 24.94 0.64237| 1.05826 | 0.0355| 0.028663 0.02387

0.5 38.63 0.31967| 1.374469| 0.0291 | 0.001132 0

15 38.63 0.38206 | 1.374469| 0.0291 | 0.001132 0

2.5 37.76 0.41767| 1.374469| 0.0291 | 0.001132 0

3.5 36.48 0.44671| 1.374469| 0.0291 | 0.001132 0

4.5 34.15 0.47727| 1.374469| 0.0291 | 0.001132 0

55 35.45 0.48459| 1.374469 | 0.0291| 0.001132 0

6.5 33.79 0.49975| 1.374463 | 0.0291| 0.001132 0

7.5 32.35 0.50865| 1.370389 | 0.0291| 0.001245 0
1033 8.5 31.07 0.51301| 1.348764 | 0.0291| 0.001885 000233599 | 0.0018191 0.00101

9.5 31.42 0.51336| 1.356983 | 0.0291 | 0.001634 0.00146

10.5 30.36 0.51253| 1.325859 | 0.0291 | 0.002641 0.00351

115 29.4 0.50957| 1.285821| 0.0291 | 0.004183 0.0069

125 28.51 0.50497 | 1.244693| 0.0291 | 0.006116 0.00804

135 21.7 0.49913| 1.20755 | 0.0291 | 0.008229 0.01005

145 26.94 0.49237| 1.173984 | 0.0291 | 0.010496 0.012

155 26.23 0.48493| 1.143728| 0.0291 | 0.012879 0.01431

16.5 25.57 0.47704| 1.116168| 0.0291 | 0.015369 0.0169

17.5 24.94 0.46888 | 1.089607 | 0.0291 | 0.018091 0.01766

0.5 38.63 0.23268| 1.357834 | 0.0177 0 0

15 38.63 0.27803| 1.357834 | 0.0177 0 0

2.5 37.76 0.30388| 1.357834 | 0.0177 0 0

3.5 36.48 0.32492| 1.357834 | 0.0177 0 0

4.5 34.15 0.34704| 1.357834 | 0.0177 0 0

5.5 35.45 0.35225| 1.357834 | 0.0177 0 0

6.5 33.79 0.36315| 1.357834 | 0.0177 0 0

7.5 32.35 0.36948 | 1.357834 | 0.0177 0 0
475 8.5 31.07 0.3725 | 1.356929 | 0.0177 0 12747805 | 0.0003611 0

9.5 31.42 0.37261| 1.357451| 0.0177 0 0

10.5 30.36 0.37186| 1.354559| 0.0177 0 0

11.5 29.4 0.36956 | 1.346853 | 0.0177 0 0

Seattle 12.5 2851 0.36607 | 1.333555| 0.0177 0 0.00167

13.5 27.7 0.36169| 1.316453 | 0.0177 0 0.00284

14.5 26.94 0.35664 | 1.297153 | 0.0177 0 0.0038

15.5 26.23 0.3511 | 1.277493| 0.0177| 0.000178 0.00467

16.5 25.57 0.34525| 1.258739| 0.0177 | 0.000678 0.00551

17.5 24.94 0.33921| 1.240769| 0.0177 | 0.001206 0.00651

0.5 38.63 0.41036| 1.374591 | 0.0336 | 0.002554 0

15 38.63 0.49067 | 1.374591 | 0.0336 | 0.002554 0

2.5 37.76 0.5367 | 1.374591| 0.0336 | 0.002554 0
2475 3.5 36.48 0.57436| 1.374591 | 0.0336 | 0.002554 | 0.00561538 | 0.0034591 0

4.5 34.15 0.61406| 1.373858 | 0.0336 | 0.002578 0

5.5 35.45 0.62392| 1.374591| 0.0336 | 0.002554 0

6.5 33.79 0.64394| 1.371165| 0.0336 | 0.002669 0
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7.5 32.35 0.65594 | 1.339378| 0.0336 | 0.003829 0.00228
8.5 31.07 0.66213| 1.275 0.0336 | 0.006788 0.00654
9.5 31.42 0.66317| 1.293564 | 0.0336 | 0.00584 0.00552
10.5 30.36 0.66271| 1.234904 | 0.0336 | 0.009141 0.00811
115 29.4 0.65949| 1.192839| 0.0336 | 0.012134 0.01152
125 28.51 0.65415| 1.158151| 0.0336 | 0.015078 0.01323
135 21.7 0.6472 | 1.129255| 0.0336 | 0.017909 0.01517
145 26.94 0.63902| 1.103465| 0.0336 | 0.020761 0.01731
155 26.23 0.62995| 1.079898| 0.0336 | 0.02366 0.01966
16.5 25.57 0.62026 | 1.064698 | 0.0336 | 0.025688 0.02023
175 24.94 0.61018| 1.059239| 0.0336 | 0.026449 0.02122
0.5 38.63 0.30258 | 1.374162| 0.0265 | 0.000409 0
15 38.63 0.36169| 1.374162| 0.0265 | 0.000409 0
25 37.76 0.39548| 1.374162| 0.0265 | 0.000409 0
35 36.48 0.42306 | 1.374162| 0.0265 | 0.000409 0
4.5 34.15 0.4521 | 1.374162 | 0.0265| 0.000409 0
55 35.45 0.45914| 1.374162| 0.0265 | 0.000409 0
6.5 33.79 0.47363| 1.374162| 0.0265 | 0.000409 0
7.5 32.35 0.48219| 1.37199 | 0.0265| 0.000463 0
1033 8.5 31.07 0.48647| 1.356971| 0.0265| 0.000849 000126859 | 0.0015597 0.00135
9.5 31.42 0.48695| 1.362961 | 0.0265| 0.000692 0.00176
10.5 30.36 0.48631| 1.338832| 0.0265| 0.001356 0.00212
11.5 29.4 0.48365| 1.304247 | 0.0265| 0.002458 0.00397
12.5 28.51 0.47943| 1.266114 | 0.0265| 0.003914 0.00733
135 21.7 0.47404| 1.230269| 0.0265 | 0.005561 0.00931
145 26.94 0.46776| 1.197305| 0.0265| 0.00736 0.01163
155 26.23 0.46084 | 1.167523| 0.0265 | 0.009259 0.0121
16.5 25.57 0.45347| 1.140598 | 0.0265 | 0.011233 0.0147
17.5 24.94 0.44584 | 1.11499 | 0.0265| 0.013369 0.01583
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APPENDIX B: SamplelLiquefaction Parameter Maps

Figure B- 1 CSR% for Alaska (Tr = 475 years)
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